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PREFACE 

T
HE purpose of this volume is to discuss some of the problems incident
to the construction of a stone building in ancient Egypt. The material 

has been drawn partly from the architectural notes' made during the past 
thirty years by the late Mr. Somers Clarke, and partly from my own notes 
on the mechanical methods known to the Egyptians. 

It might be imagined that the literature dealing with ancient Egyptian 
constructional methods would be very considerable, but this is far from the 
case. Though excellent works exist on architectural style, no work of any 
merit has yet appeared which discusses, in any detail, such prosaic subjects 
as the quarrying and dressing of a block, the function of mortar, the quality 
of the ancient foundations: in fact the successive steps taken by the old 
architects from the time the king ordered a temple until, with its surfaces 
dressed, sculptured, and painted, he dedicated it to the god. The more these 
various steps are studied, the more obvious it becomes that the Egyptian 
constructional methods differed radically from those of classical, medieval, 
or modern architects. 

'vVe do not pretend to have covered the subject exhaustively, and the 
following pages should rather be considered as merely a preliminary survey 
of a very wide field; indeed some chapters, such as those in which an inquiry 
is made into the methods of dressing the blocks, and into the explanation 
of the 'oblique joints', which are such a striking feature of the ancient 
masonry, are admittedly only tentative, and may well have to be modified 
in the light of future research. This applies equally to the problems of 
pyramid construction, where we are lamentably short of accurate data, 
owing to the fact that practically no pyramid prior to the Vth dynasty has 
been completely cleared of the debris surrounding it. 

Sir Flinders Petrie, as far back as 1883, in a lecture given before the 
Anthropological Society,' pointed out, among other matters, many striking 
peculiarities in the ancient technique of stone dressing and cutting, and 
admitted that much was yet dark to him. It can almost be said that none 
of the features which puzzled him then has been proper! y explained since 
-at least in print. The reason is not far to seek; parties having concessions
to excavate in Egypt have, in most cases, to take as a first consideration the····· 

' These notes, contained in twenty-four architect's note-books, have been depo,ited in the Manuscript 
Department of the British Museum. 1 Sec page 202. 
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necessity for acquiring objects of art for the societies which finance them
3/ld 1i1 this 111:lffer pyr.wud wd temple exc,1v.11i'ons ,1re notori'ously un-

1 

productive, and it is only within the last five years that the Egyptian 
Government has been able to provide funds for the excavation, under 
competent scholars, of the immensely important sites of Saqqara and 
Dahshuri which have already yielded a rich harvest. 

The student with a knowledge of constructional work, engineering, or 
kindred subjects who desires to study the ancient building craft has hitherto 
been badly handicapped by lack of accurate data, not only as regards the 
details of the monuments, but on what is already definitely known con
cerning the methods and appliances used by the Egyptians, and on their 
knowledge of mathematics, astronomy, and other sciences. The result has 
been that many able architects and engineers have made statements con
cerning the manner in which blocks were transported and raised, and the 
monuments built, which they would never have written had the known 
evidence been available without a laborious delve into a host of works quite 
unknown to the general public. It is in this connexion that we hope the 
following pages may prove useful. 

It is much to be regretted that, for some months before his death, my 
late friend and collaborator, owing to a stroke resulting in almost total 
deafness and blindness, was unable to assist in the final revision of his material 
and mine; indeed several chapters drawn almost entirely from my notes 
have had to go to press without his ever having been able to review their 
contents.' 

We owe our warmest thanks to Mr. Cecil Firth and Mr. A. Lucas, of my 
Department, and to Dr. G. Reisner, Director of the Harvard Boston ex
cavations, for valuable help and information, which is acknowledged as it 
is used; to Mr. J. Hewett, of the Survey of Egypt, for preparing many of 
our drawings for publication; to Prof. Sir Flinders Petric for reading most 
of the volume when in manuscript and making many very valuable sugges
tions; and lastly to M. Pierre Lacau, the Director General, Antiquities 
Department, for permitting me to take and use many photographs of 
objects in the Cairo Museum and at Saqqara. 

R. E. 

1 Namely, Chapters 11-V and Vlll-X. Mr. Clarke was only able partially to revise with me 
Chnptcrs II, Ill, JV, and VIII. 
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I
N these da,/s it has, happily, been realized that, to make a study of a
country, w.ikth_g ancient or modern,a grea deal more must be done than 

describe its geography, catalogue its kings, discuss its internal politics, and 
relate how industriously it fell foul of its neighbo�;· vve mu�t not forget, 
for instance, the immense importance of being able to g'auge the degree 
of civilization to which the inhabitants of the country may have risen. 

The most satisfactory road leading to the knowledge of the civilization 
of a people is a study of its arts and crafts. The arts of Egypt, and many of 
its crafts, have been extensively studied by more or less competent scholars. 
The most striking of the latter, namely, the building craft, has, however, not 
received anything like the attention it deserves. This appears to be because 
very few persons possessing the requisite architectural and mechanical 
knowledge have sufficient leisure to devote to this study, since least of all 
branches of Egyptology can it be acquired otherwise than by personal 
examination of the many sites where the necessary information can be 
gathered-a scrap here and a scrap there. 

Before we can completely account for the extreme conventionality-even 
monotony-of ancient Egyptian architecture, several factors have to be 
taken into consideration. For instance, it must be realized that the stone 
quarries were not open to the use of every one, at any rate until late times. 
The Egyptian world at large appears not to have been permitted to build 
with stone except in a very restricted manner. The quarrying and working
up of the material seem to have been in the hands of the state. It was 
natural, therefore, that when methods of work had once been established, 
the tendency to a hide-bound system, common to all bureaucracies, should 
develop itself and become crystallized-so thoroughly crystallized that we 
see, in Egypt, the same things done in the same way from the earliest 
dynasties down to the period of the Roman occupation, a matter of some 
3,500 years. 

There are other factors which must have contributed very much towards 
the stereotyping of methods, such as the geographical isolation of Egypt 
from other civilized nations who were keen builders, which deprived them'' .. 
of that healthy rivalry in architecture which had such a great effect on the 
western European nations. An even more important factor was the lack 
of variety in building material. The Egyptian had limestone in the north 
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of his country and sandstone in the south, and both were worked and used 
by very much the same methods and required no radical difference of 
treatment. Granite and quartzite were also used, but sparingly, owing to 
the difficulty of quarrying and dressing. The only development of any 
moment in Egyptian architecture seems to have taken place when the 
sandstone quarries of Silsila were brought into general use, which enabled 
considerable spaces to be spanned and roofed with an easily \>vorked stone. 

In Egypt we observe comparatively few characteristics in architectural 
detail, or in the masonry, which can be described as local features, forced on 
the masons by the limitations of the available materials. How different is 
this from the infinite variety we find at home-a variety which has given 
birth to all manner of ingenious and beautiful methods of mastering the 
difficulties encountered. To take England as an example; in the eastern 
counties, stone is rare, but Aint is abundant. The fertile invention of our 
forefathers quickly evolved from these materials that ingenious combina
tion of Aint-walling and stone dressings which gives such an individual 
character to the buildings in those parts of England. Again, in Somerset 
and the adjacent counties, where there is an abundance of excellent free
stone, we find a type of architectural detail and masonry perfectly suited 
to the material, but differing great! y from that of the eastern counties; it 
also differs from that evolved in Yorkshire, where the plentiful, but hard, 
stone made the working more laborious, but the result most noble and grave. 

If we cease to compare district with district, but contrast the blossoming 
of medieval architecture in England and France, we can observe, amongst 
other differences, one which is most certainly due to the fact that it was 
easy in the 1le de France to procure any quantity of excellent stone in 
blocks of considerable size. If we examine the masonry of most of the 
largest of the medieval churches in England, we are surprised to find how 
small are the blocks from which such vast structures are built. In many of 
the great French churches, on the other hand, the average size of a stone 
block is at least four times that of those used in the English churches. The 
Frenchman could, in consequence, safely undertake to build those struc
tures of astounding hardihood in conception and execution which, with us, 
were not even contemplated. 

The last factor which plays a large part in the development of archi
tecture in 

I 

most countries is the presence and condition of roads. For in
stance, in England, during the blossoming of church building which began 
soon after the Conquest, we find a people ambitious to put up great 
buildings, but without any roads on which they could carry their materials, 
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with the result that only blocks of insignificant size could be used. As time 
went on, waterways were improved and roads-of a sort-developed. Vie 
then find that the masonry improves, and that stone is brought from greater 
distances. Consequently, having a larger command of materials, the masons 
could venture on and master difficulties which at first had been quite 
beyond their powers. In Egypt there was no such progress; the Nile was a 
good road before the First Dynasty and is still so to-day. 

The more we know of the building craft of the ancient Egyptians, the 
quarrying, the stone-dressing, the masonry of walls, pylons, pyramids, and 
columns, the more are we amazed at the strange contradictions in their 
character which are revealed. \Ve cannot help admitting that they were 
perhaps the best organizers of human labour the world has ever seen, and 
their method of carrying out a task always appears to be the most efficient 
and economical, in princi pie at any rate, when we take into account the 
appliances which they knew and the methods of transport at their disposal. 
Their powers of transport by water were astonishing; whether thousands 
of blocks were required for a temple or whether a single block weighing 
r ,ooo tons had to be brought, their boat-building powers were fully equal 
to the demand made upon them. Some of their masonry has never been 
excelled for fineness of jointing, although the blocks may weigh up to r 5
tons apiece, and we look with even greater respect on the giant structures 
they erected when we discover that the only mechanical appliances they 
knew were the lever, the roller, and the use of vast embankments. On the 
other hand, we are often equally astonished at their short-sightedness in 
matters which we now consider of primary importance, such as the neces
sity for 'breaking joint' and the value of good foundations. Their neglect in 
the matter of foundations is strikingly exemplified in the series of mortuary 
temples of the XVIIth and XIXth dynasties at Thebes. As soon as one 
had fallen into disrepair owing to bad masons' work, neglect in foundations, 
or overlooking the gradual rise of the Nile bed, the reigning king took the 
blocks of the older temple (unless he had a special regard for the king 
commemorated therein) and his architects committed exact! y the same 
faults in masonry, foundations, and choice of site as their predecessors, 
ignoring completely the examples before them of what would in a few 
years be the inevitable fate of the new building. 1 The Egyptians' pro-

1 It has been suggested that the kings may not have 
cared overmuch how long the buildings lasted, once 
the meritorious act of building and dedicating them 
had been performed. This can, however, hardly 

be reconciled with the fact that the Theban mo,-·· 
tuary temples were apparently constructed for the 
express purpose of maintaining the worship of the 
dead king, who ranked as a god. 
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pensity to 'spoil the ship for a ha'p'orth �f tar' can be notice_d at almost
every stage of their work. 1 Although their walls usually c�ns1st:d of but 
two skins of masonry, with the space between them filled 111 with rough 
blocks or even rubble, they frequently-at any rate in the New Kingdom 
-used superfluous half-drums of columns in the facing, adding consider
ably to the weakness of a form of wall which, at best, was none too rigid. 2 

The collapse of the Ramesseum, where half-drums w�re '.requently used, 
was brought about almost entirely by faulty work of this krnd. \/Ve can see 
this false economy in the very last stages of the building, namely, in the 
placing of the architraves and the roof-slabs, where any weakness would 
be expected to be specially guarded against. . . . Egyptian maspnry rose to a peak of excellence dunng the_ reign of Kmg
Khufu, after which no advance in methods of construction was made, 
though new forms of architecture developed. The quality of the masonry, 
broadly speaking, steadily deteriorated. 
1 Sec Figs. 127, 168 and 169, and 17+. i This fault can also be seen in the Colosseum al Rome. 

I 

THE EARLIEST EGYPTIAN MASONRY 

I
N a country of so uniform a character as Egypt, it might well be expecte_dthat it would be a simple matter to discover the prototypes of the archi

tectural forms met with in stone buildings. As a matter of fact, however, 
one has to be ,·ery cautious in committing oneself too defin!tely by i�sisting 
that any single form of primitive reed-and-mud construction of wh�ch the 
people in earliest times might be expected to have ma?e use conta111s the 
germ of all the architectural forms found, for example, 111 a pylon. Several 
authors have brought forward more or less ingenious suggestions to explain 
Egyptian architectural forms, 1 but none -of them can be said to be com
plete! y satisfactory. 

It seems likely, indeed almost certain, that both brickwork and reed-and
mud constructions played their part in the evolution of Egyptian forms; it 
has even been suggested that the panelling seen in the mastabas had its 
origin in portable ,vooden huts (p. 214), though this extremely ingenious 
theory is not universally accepted. . . . . It is not without interest to consider what the most prurntlve form of 
house may have been like. Nowadays, though in his villa�e the Egypti�n 
peasant lives in a brick hut, when he has to spend any considerable time 111 

the fields he makes a shanty of maize-stalks (Arab. 6111). His method of 
constructing such a shanty is to lash the reeds, on the ground, into, as it 
were, a large mat, by means of palm-ropes. These mats, when set uprig_ht, 
form the walls of the hut. Sometimes the bottoms of the reeds are buned 
:1 few inches deep; at other times they merely stand on the surface of the 
ground. To give the structure more rigidity, bundles of maize stalks about 
three inches thick arc often lashed horizontally near the top of the wall 
and vertically at the corners. It has been held that this is the prototype 
of the torus mouldings and rolls which, in Egyptian buildings, are usually 
represented with lashings round them. 

In ancient Egypt, maize-stalks were not known,_ and one of the cot::,:: 
monest reeds seems to have been the papyrus. Tim plant has a pecult,1r 
head, which was freely imitated in stone columns and d�picted in tomb
scenes. If we assume that the papyrus plants were used with the heads left 

• PETRIE, Ar/J and Crojfl, p. 63. 
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6 THE EARLJEST EGYPTI1IN NIASONRY 

OD, the effect of a }jne of them forming the wall of a hut or enclosure would 
resemble in no small degree a. cornice. In the curve of many Egyptia.n 
stone cornices we have, however, a form of decoration which cannot, ap
parently, be referred to a reed construction; often it strongly suggests the 
palm-frond. 

It has therefore been suggested I that the Egyptian cornice and torus 
moulding took their rise from a primitive form of hut constructed of palm
fronds interlaced in a framework of poles. Some confirmation is found for 
this suggestion in the representations of certain shrines on the walls of 
tombs and temples. In a scene of the shrine of a lion-god on a block found 
at Memphis,2 the face of the shrine is covered with a criss-cross pattern, 
and similar examples are known elsewhere. It must be admitted, however, 
that, in modern times, the peasant makes very little use of the palm-frond 
for the walls of his shanty, though such palm-huts are not unknown. Other 
suggestions have been brought forward to account for the origin of the 
cornice and torus roll, but a discussion of them is somewhat outside the 
scope of thi� volume. 

It might well be imagined that the pyramid could justly be considered 
to be the direct descendant of a conical pile of stones placed over the grave 
of a primitive chief, but the evidence is strongly against this being the case. 
The earliest superstructures known 3 are not conical at all, but rounded, and 
it is clear that the pyramid grew, by distinct stages, out of the low platform, 
square in plan and with a batter on its sides, which formed a superstructure 
for the early Old Kingdom tombs. A pyramid, in fact, is the development 
of a compound 'mastaba'.-1 

Columns can be referred back in many cases to extremely prurnttve 
forms. A bundle of reeds, when suitably worked up with mud, can be 
made to support such heavy weights as the counterpoise of the water
raising appliance now known as the slllldt1j. Another and stronger sup
porting medium is the palm-trnnk, which is of no use for planks. It 
requires no great stretch of the imagination to furnish a column with a head 
suggestive of the material from which it has been derived; thus, at Abus1r, 
columns of the Vth dynasty are found with palm-frond capitals, while the 
papyrus column appears to be of even earlier date, since the capit�l of a 
pilaster of this form is found at Saqqara dated to the IIIrd dynasty (Fig. 7). 
1 PETRIE, Art! and Craft!, p. 63. 
: PETRIE, Th, Palau of Aprin (Monphi, II), 
Pl. XVJll. 
J PETRIE, Gi:uh and Rifd, Pl.VE. 
• The superstructures of ancient tombs, rectangular 

in plan and with a batter on each face, have long 
been known among archaeologists under tlus name. 
It is the /\rabic word for the mud platform used as 
a scat outside the doors of the houses. 

THE EARLIEST EGYPTIAN MASONRY 7 

The next step in the decoration of columns seems to have been to furnish them 
with floral capitals suggestive of the lotus or lily, which it was the custom to 
tie round the tops of the posts supporting the roofs of houses. The Lotus 
Column comes into use :is early as the Vth dynasty (Fig. 159). 

A hut, in Egypt, is roofed with reeds or palm-fronds, which keep out the 
heat admirably. There is no evidence to show th:it planks were ever used 
for this purpose. It would not be justifiable, therefore, to suppose that the 
flat roof-blocks of the temples had their origin in planks; it is more probable 
that they developed naturally from the use of good stone. 

The earliest stone roofs known are of blocks laid on edge, the depth 
being at least twice the breadth. The under sides of these blocks are cut 
into a semicircle, often painted to represent logs or palm-trunks laid side 
by side. This form of roofing is seen in some of the IIIrd and IV th dynasty 
mastabas at Saqqara and Gtza, and it also appears in the newly discovered 
chapels of the time of King Zoser. Such a series of blocks has the disadvantage 
of offering many opportunities for rain to enter, though it must be admitted 
that, in the Zoser masonry, the good condition of the paint on the under side 
of these stone 'logs' shows that very little rain actually did come through. 
When the increasing use of sandstone made it possible to roof comparatively 
large spaces with slabs rather than with blocks of the form just described, 
it seems that the tradition of the log-roof almost fell into oblivion. 

Having very briefly surveyed the manner in which some of the more 
important architectural forms may have taken their rise, we have next to 
inquire into the actual birth of masonry in Egypt. Until recently this 
seemed fairly clear. At Abydos, in the tomb of King Kha'sekhemui of the 
Ilnd dynasty, 1 the tomb-chamber was lined with stone instead of having 
a lining of wood like those of his predecessors. The tomb-chamber measured 
1 7 feet by Io feet and was nearly 6 feet in depth. Besides this building, 
a granite jamb for the temple gateway was found at Hieraconpolis. 2 

Sa-nakht, the first king of the III rd dynasty, had a mastaba at Beit Khallaf, 
200 feet long by 80 feet wide, which contained three small stone chambers, 
and at Beit Khallaf there is also a large mastaba, 3 oo feet long and 1 50

feet wide and over 3 o feet high, which some consider to have been one of 
the tombs of King Zoser. In it there is a long descending passage, barred 
by five great portcullis blocks moving in masonry, leading to a wide hori
zontal passage. At the bottom there are a dozen chambers over 50 fee� •·· 
underground. From clay sealings, there is no doubt that it must be dated 

' PETRI[, liiuory of Egypt (1923), i, p. 37, and 2 QurBELL, liimiconpoli!, i, Pl. II. Now in the 
Royal Tomb!, ii, pp. 12-14. Cairo J'vluseum. 
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8 THE EARLIEST EGYPTIAN MASONRY 

at any rate to Zoser's reign.' The next example of masonry known was the 
Step Pyramid of Zoser; this, for size, far exceeded anything which went 
before it, though all that could be seen of it until recently was the rather 
coarse core. It contained peculiar decoration, such as a chamber beautifully 
lined with glazed tiles, on which account some scholars considered that 
much of it had been reconstructed in late times. The Illrd dynasty was 
followed by a period, believed to be of :ibout I oo years, during which five 
kings reignt:d, of whom we know nothing s:ive the names.2 The so-called 
False Pyramid of Sncferu, the l:ist king of the IIIrd dynasty or the first 
of the IVth dyn:isty, w:is the next piece of masonry known, and its fine 
casing and well-built pyramid-temple arc nearly on a level in quality with 
the pyramids at Giza which followed it. 

This, then, was the supposed sequence leading up to the gigantic con
structions undertaken in the IVth dynasty. The recent researches carried 
out by the Antiquities Dcp:irtment :it S:iqqara have, however, compelled 
schol:irs to revise their views very considerably on the birth of m:isonry in 
Egypt, for the buildings around the Step Pyramid, also certainly of the 
IIIrd dynasty, are of a type of masonry never hitherto encountered, and 
show architectural features which are quite new to archaeologists. 

A superficial examination of the m:isonry of King Zoser's reign might 
well give the impression that, apart from its delicacy and its pleasing archi
tectural forms, it is of superior quality to that of the pyramids and temples 
that followed it, and the idea seems to be gaining ground that this form 
of masonry became, for some mysterious reason, a lost art. This is entirely 
erroneous. The Zoscr masonry is, generally speaking, of much poorer 
quality than that of good mastaba and pyramid masonry of the IVth and 
Vth dynasties, and the structures, owing to the smallness of the blocks 
used, were not calculated to last any great time. Either during the end of 
the reign of Zoser or in the little-known period which followed it, greater 
strength was sought, especially in the royal funerary buildings, and the 
size of the building-blocks was greatly increased. As soon as the weight of 
the blocks became such that they could not be lifted by a party of men, 
considerable changes in the dressing and laying technique had to be evolved, 
since the Egyptian appears never to have invented the pulley :ind lifting
tackle (p. 8 5). The more the III rd dynasty small-block masonry is 
studied, the more clear it becomes th:it the megalithic masonry which 
followed is mere! y a development from it. 

1 GARSTANC, MahJ1no and Bh K//al/tif. Pis. VI O The AbyJos list only gives three kings in this 
& VI I. period. PETRIE, 1/iJlory of Egypt (1923), i, p. 39· 

Fig. I. Parr of the fac;ade of the chapd of a princess of the l 11 rd dJ1JJasty S· .• (Pl h b I · · · ' · ·1<.J<p ra. 1ntograp y t 1<· An1111u1tJt'S D<:partmcnt, Egyptian Government) 

Fig. 2. Fluted columnoids in the small tem11lc behind the Jrd r.'Sti' . I I S • I I ! rd d, (Pl 
-,t ,a temp c at ,a<.jqara ) 1135t)'· totograph by the A111i11uitics Department, f:gyptian Government) · 
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Fig. 3. Colo1111adc nf K.ing Zoscr at tht' south-cast COrllt'I' of the lt'lnt'll_<� wall round the
Step Pyramid. 111 rd dynasty; Sa4qi\ra. (Photograph hy the A11114u1t1L-s Dcpart111c111, 

F.g.yptian Govcrnme111)

Fig.+· Cross hall at west c1�d �f_Zoscr's colo1111:ul�. I I _I rd dynasty; Sa(1q:tra.
(Photograph by the A11t1qu1ttL-S lkpanrncnt, l·.g.ypt1a11 Go,-cmmcnt) 
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The great surprise which Zoser has provided for the student has been 
the use of pilasters, though the presence of flutings on some of them created 
more interest among the general public. Flutings occur sporadically almost 
throughout the dynasties (p. 139), though pilasters are hardly known even 
at such late times as those of the Ptolemaic and Roman temples of Edfu, 
Qalabsha, and Dendera. A pilaster may be described as a 'ghost of a column', 
and has little, if any, constructive value; it belongs to the masonry of a wall, 
but makes it no stronger. In the masonry of Zoser, the strange anomaly is 
found of the presence of the pilaster but not of the free-standing column. 
A part from their decoration, they arc of two types, the true pilaster ( Fig. 1) 
and what may architecturally be described as a pilaster, but must really be 
considered as the incorporation of a wall and a column (Figs. 2-4). Mr. 
Cecil Firth, describing these in the Anna/es du Service, vol. xxv, p. I 58, 
remarks: 'It is quite clear that the builder was perfectly acquainted with the 
free-standing column, but that in this case he preferred to carve it at the 
end of a short wall in order to support the heavy roof of limestone beams 
painted red to represent logs of wood .. .' 

Dr. G. Reisner, referring to the Giza mastabas of the IVth dynasty, has 
kindly informed one of the writers that: 
'slabs of limestone, of an extreme length of 2 50 to 2 8 5 cm., formed a practical 
roofing material; the longer slabs are from 50 to 80 cm. thick. The limestone in 
the walls lies in its natural position with the strata horizontal, as also do the roofing
slabs and the architraves. The square pillars used in the fourth dynasty have the 
natural strata running vertically. The stone is so well selected and the architrave 
so carefully set that the splintering of a column is very rare indeed. The strain on 
the middle part of the architrave and the roofing-slab was not more than the stone 
could bear. The span over which the weight was borne was usually between 
120 cm. and I 50 cm. and over these roofs there was usually only a layer of filling

20 to 100 cm. thick.' 
It seems that Zoser's architects could trust the stone to span a gap of some 
nine feet, but did not dare to put roofing-slabs on an architrave spanning 
this distance; on the other hand, it may have been that it was the supporting 
power of free-standing columns constructed of small blocks that they 
doubted. It must not be imagined that at this period the actual use of logs 
for roofing was merely a tradition from the dim past. Dr. Reisner has in
formed the writers that the northern corridor and the magazines of the 
M ycerinos tern pie at Giza were roofed with wooden logs. 1 

1 In the great lllrd dynasty mastaba on the north 
of the Step Pyramid, baulks of wood were placed 
along the top of the masonry walls lining the corri-

dnrs, and on these the roofing beams were laid. In 
this building the under sides of the roof-blocks were 
rounded to represent logs. The purpose of the 
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Among the more interesting architectural forms found in the Zoser 
masonry may be cited the ribbed columns which formed the colonnade on 
the south-east corner of the girdle-wall of the Step Pyramid (Figs. 3 & 4). 
This form of column is never subsequently encountered. Its capital was a 
simple one, surmounted by a wide abacus. 1 Another str:rnge form is the 
papyrus-stalk pilaster, with the triangular section which is characteristic 
of the reed (Fig. 3 & Fig. 1 53). The capital represents the spreading 
papyrus flower, and this form continued to be used, on columns, until 
the latest dynastic times. The fas:ade of the upper part of one of the 
buildings was originally ornamented with a series of slender fluted pilasters 
-three to each chapel-supporting a curved or arched cornice. These
pilasters, so far as is yet known, terminated above in a form resembling two
pendant leaves, one on e:ich side ( figs. 5 & 6 ), which were pierced from
front lo back with a roughly cylindrical hole, perhaps to :issist in the sus
pension of an :iwning for sheltering the unroofed court in front. They
may, on the other h:ind, have received copper spouts for draining the roof.

An interesting problem arises in connexion with the Zoser masonry, 
whether the architectur:il forms and technique developed during the reign 
of Zoser or vvhether they had a considerable history behind them. At first 
it seems incredible that they could have been evolved so quickly, and the 
presence of the pilaster has been held to be proof absolute that free-standing 
columns must have existed in earlier stone buildings. The writers are in
clined to believe that the art of laying finely dressed blocks may well have 
developed during Zoser's reign, the forms being translated from brick and 
from vegetable growths. Free-standing columns must, indeed, have been 
kno\.vn before Zoser's time, but perhaps only in the primitive form of palm
:rnd tree-trunks and reeds stiffened with mud (p. 6 ). Such columns, 
when translated into stone, had, it seems, to be strengthened by combining 
them with the walls, and from this the pilasters in the chapels of the IIJrd 
dynasty princesses may have :i.t once developed. In other countries, where 
free-standing columns seem to have been constructed from the outset, the 
pilaster did not develop for a long time afterwards. It is possible that free
standing stone columns may have been tried by Zoser's architects, but that 
they were not found to be suflicientl y strong to bear architraves and roof
blocks. It is too early to be certain on these points, and future excavations 
at Saqqara may provide evidences of free-standing columns. Even in the 
chapels :i.nd colonnades already cle:i.red, traces of progress c:i.n be observed; 

baulks was to neutralize any unevenness of pressure I Sec LAUER, Annalu du Stroiu, vol. nvii, pp. 
which the roof blocks might exert oa the wall. 1 12-3 3, where a restoration of 1he capital is shown. 

Fig. 5- I-lead of a pilastt:r. Masonry of �ing Zost:r; 
I I !rd d_vna�ty; Sa'ltFira. (l'

_
hotograph by Aniiyuitics

Dcparrr11e111, F.gypuan Go\'cntmcnt) 

Fig. 6. Diagonal elevation of the 
hl·ad of thc pilastcr shown in 

F�IJ- 5 

Fig. i- Pilaster imitating the head and stalk of a papyrus plant, from 
the chapel nf a _I I I_

r�I d_vmsr_v princess of Sac1q,i ra. (Photograph by the
Ant1qu1t1l-S Dcpanmcm, Egyptian Government) 
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TIIE EARLIEST EC YPTIAN MASONRY II 

the courses on the masonry become more and more straight, and other 
tricks of the craft enabling closer joints to be constructed can be seen in 
their growth. Building with more or less rough stone blocks had been 
known in Egypt for some centuries before Zoser, and the knowledge of 
cutting and dressing the hardest rocks had been well known from early pre
dynastic times, so it is less surprising that, when once builders had conceived 
the idea of copying the attractive architectural forms seen in the houses in 
such a fine, easily worked stone as was found in the Tura-Ma'sara quarries, 
the art should have developed with great rapidity. When gigantic struc
tures built of great blocks were constructed, intended to last for all time, 
the delicate decoration of Zoser was no longer used, since it would have 
been out of place in a building where grandeur and extreme accuracy of 
work were the objects of the architects. 
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QUARRYING: SOFT ROCKS 

-OOCKS may, for convenience in studying the ancient methods of 
.l.'-.quarrying, be divided into 'soft' and 'hard'. Entirely different methods 
of 'getting' the stone were used for the one and for the other. The soft rocks 
which were used for building are the limestones and the sandstones and, to 
a much smaller extent, the calcite, or Egyptian alabaster. The hard rocks 
are the granites, the basalts, the diorites, and the quartzitcs. 

Limestone extends from Cairo up the river as far as Esna, where it gives 
way to sandstone, which, with occasional outcrops of granite and diorite, 
extends throughout Nubia. 

From the earliest times, the principal limestone quarries were those of 
Tura and l'vfa'sara, which lie about four miles south of Cairo. Another 
interesting series extends from Beni Hasan to Sheykh 'Abada; in fact, 
wherever a stratum of good building-stone occurs anywhere near the Nile, 
there may be seen the ancient workings (Fig. 8). Since stone is required 
to-day for the construction of embankments to check the encroachments 
of the Nile, a certain number of ancient quarry-faces have had to be sacri
ficed, though the Antiquities Department endeavours to respect as many 
of the ancient workings as possible. This sometimes involves great expense, 
as, for example, in the case of the Beni Hasan quarries, where stone has to 
be brought from a considerable distance up river in order to keep the 
ancient Egyptian quarries intact. It is a great pity that no 'learned society' 
sends out a qualified person to make a complete study of the ancient quarries. 
The reason for this neglect appears to be that such a study would not be 
likely to furnish objects of interest to museums, to the securing of which 
new information is too often a secondary consideration. 

During the period in which limestone was the principal building-stone 
-the Old :rnd apparently the J\liddk Kingdoms-buildings are conspicu
ous by the relative smallness of their apartments. Limestone is not the
medium for architraves; the most that can be spanned, for instance, by
Tura or Ma'sara limestone is about nine feet. Even when such a space is
spanned by an architrave, it will not bear roof-blocks with any likelihood
of lasting. It \,Vas necessary, in the early masonry at Gha, to obtain granite
for the purposes of roofing if any apartment of considerable size was re
quired, or else to construct a corbelled or a pent roof (Figs. 218 & 219).
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Fig. 8. Ancient limestone quarry. Bcni Hasan 
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Fig. 9. En<l of a gallery: i\ la'sara quarries 
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Fig. 1 o. Top of a quarry-face in a galkry al l\ la'sara, showing where the stone 
has been cut to waste at the roof to 'get' a new series of blocks. The slots on the 

right were tu enalii<: the quarrymen to climb up to tl11:ir work 

Fig. 1 1. Entrances to ancient galleries in the limestone ,1uarries at l\ la'sara. Note the tigurc 
standing before the central opening 
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It was due to the exploitation of the fine sandstone quarries at Silsila 
that the New Kingdom architects were able to build on such a magnificent 
scale. We are very short of information on Old Kingdom temples in Upper 
Egypt, but we may safely assume that, had the value of sandstone for roofing 
been known, it would surely have been brought to Giza, and that the archi
tecture would have been very different from what it actually was. The same 
remarks apply to the Middle Kingdom, though our knowledge of this 
period is practically confined to the XI th dynasty temple at El-Deir el
Bahari and to the Labyrinth at Hawara, neither of which shows apartments 
of any great size. 

All the soft stone blocks were quarried on the same general principles; 
the vertical faces of the blocks were cut out by means of metal tools and the 
blocks were finally detached from below by the action of wedges. The most 
striking point to be observed in ancient Egyptian quarries is the orderliness 
with which the stone was 'got'. Instead of being wrenched from the hill
side, as is so often done to-day, in ancient times it was removed in roughly 
rectangular blocks. 

Vve may, for convenience, divide the soft stone quarries into 'open' and 
'covered'. The open type is found where the good stone starts from the 
surface, as at Beni Hasan, Silsila, and Qertassi, and the covered type where 
it only lies in a stratum at a considerable depth below the surface, as in 
many of the Tura and Ma'sara quarries (Fig. 9). Though the principle 
used in detaching a block was the same for both, the order in which the 
blocks were got was sometimes considerably different. 

In a covered quarry, the faces were nearly always maintained vertical, 
and worked as far down as possible before a new set of blocks vvas extracted 
from the face behind. One vertical face having been finished, the rock was 
cut to waste at the roof of the gallery as far in as was required to get behind 
what was to be a new series of blocks, a kind of shelf being made, of a 
sufficient height-usually a little over a yard-for a man to kneel or squat 
in it and make a vertical cut at the back of the line of blocks, and other 
cuts to separate one block from its neighbours. This line was removed by 
driving small wedges in from the front, thus lifting the block from its base. 
Slots up the face of the quarry are often seen, by which the ancient quarry
men climbed up to their work (Fig. 10). It will be noticed, on the quarry 
faces shown, that no traces of wedges can be seen. It is only when a quarry 
is excavated until the lowest workings of any particular face are reached, 
that it is possible to observe the wedge-marks on the rock from above which 
a block has been lifted. In the case of the Tura limestone the rock parts 



( 

( 

( 

( 

( 

( 

( 

C 

( 

1+ QUARRYING 

with great ease; in modern quarrying, two very small slots are cut at the 
base of the block, and a few taps with a sledge-hammer on chisels inserted 
into these easily liberate il. 

In the Turn and Ma'sara quarries, laminations are not very marked in 
the best strata, but in the quarries in which they occur, sud; as those at 
Silsila, they are freely taken advantage of. 

Many of the quarries had sloping ways leading down from them, some
times very steep, possibly so that the blocks could be rolled dovvn to the 
sleds on vvhich they were transported (p. 88). Since the blocks were not 
fine-dressed at the quarry,such rough treatment would not cause any serious 
damage. 

Few things arc more impressive than the large covered quarries. At Tura 
and Ma'sara, for example, they appear from the river as almost rectangular 
openings-some like great doorways, others wider than they are high ( Fig. 
I I). The entrances appear as dense black spots against the intense bright
ness of the sunlit cliffs. From the floor-levels of the openings, long shoots of 
rubbish may be traced descending into the plain below. On approaching 
one of the openings, one begins to see that within there are massive pillars, 
more or less square in plan, but very irregularly placed. They support the 
overlying strata, in which the rock is not of sufficiently good quality for 
building. The opening, which appears of insignificant size from a distance, 
is often in reality more than twenty feet high, and the gallery sometimes 
goes hundreds of yards into the mountain, pillar following pillar until they 
arc lost in pitch blackness. Herodotus states (Book II, sect. 24) that the 
quarries which supplied stone for the Giza pyramids were on the east bank 
of the Nile, but such a statement should be accepted with some caution, 
since, like so many ancient authors, he did not sift his evidence with over
much care. It is almost certain, however, that the stone for the casing of 
the pyramids and the fine lining of the countless mastabas which extend 
from Abu Rawfish to Saqq5.ra came from the Muqattam-Tura-Ma'sara 
area. The limestone from this region was not only sent freely to the great 
Delta cities, such as Sais, Tanis, Buto, Bubastis, and Mendes, but it was 
even shipped up-river for door-jambs and lintels as far south as Aswan. 
The drain on the quarries during the three thousand odd years they were 
in use is almost past imagination, and the appearance of the cliffs in their 
original state can hardly be gauged. 

The open quarries, of which Silsila and BeniHasan are the finest examples, 
are hardly less striking than the closed ones. At Silsila, the Nile flows 
through a narrow gorge without :my cultivation on either side of it. For 
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half a mile along each bank, huge bays-some almost like courtyards-can 
be seen one after another on both banks of the river, the quarry-faces being 
almost vertical, and showing the same orderliness of work which seems 
always to have characterized ancient Egyptian methods. The quarries are 
open to the sky, since the good stone extends downwards almost from the 
surface. The cleavage of the stone is horizontal, and at intervals there are 
vertical faults extending far down into the ground, and quite unstained. 
Some of the faces are as much as forty feet high. Unlike the Tura and 
Ma'sara quarries, those at Silsila show few evidences of tunnelling. 

The Beni Hasan quarries are not worked in the form of closed bays, but 
otherwise the stone seems to have been extracted by methods exactly 
similar to those used at Silsila. They extend for at least three miles along 
the cliffs in two very definite strata, away from which the stone is powdery 
and poor. The best stone is an extremely hard limestone full of little fossils. 

South of Silsila there are many sandstone quarries, but none of any 
magnitude until the First Cataract has been passed and Qertassi is reached. 
From here came the stone used for Philae, with its temples, quays, and 
colonnades, and for the temple of Qertassi itself. It is obvious that a very 
great amount of stone has been taken from this place-far more than would 
be required for Philae alone. It must, therefore, have been exported for 
other temples, but it is difficult to determine for which, since the Nubian 
temples all had their quarries close to them, and it can hardly be assumed 
that the stone was transported across the First Cataract. 

Proceeding south from Qertassi, the quality of the sandstone becomes, 
generally speaking, worse and worse, and the temples constructed from the 
local quarries have suffered in consequence. At Soleb, for instance, be
tween the Second and Third Cataract, there is the ruin of a stately and 
ambitious temple of Amcnophis III, closely resembling in its architectural 
treatment the temple 6f that king at Luxor. Constructed as it is of the 
miserable Nubian sandstone, the architect must have met with the greatest 
difficulties; the stone was quite unsuited to the conventional trabeated 
design on a large scale, and it must have given way very early in the history 
of the structure. At Gebel Barkal, the material was, if possible, even worse, 
and the temples are consequently in a deplorable state of ruin. 

The chief difference between 'getting' the stone in a covered and in an 
open quarry is that, in the latter, a larger number of blocks at one level can 
be worked 011 simultaneous! y, whereas in the former the part cut to waste 
below the roof rarely extends inwards for more than three blocks' breadth. 
When work in an open quarry has been stopped, the floor presents the 
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16 QUARRYING 

appearance of steps (fig. 1 2 ). In such quarries, the tops of the blocks to 
be 'got' were often marked out by a succession of inJentations with a chisel 
or with red ochre, the double line so indicated-th:it is, the top of the next 
separating trench-being some 4f inches wide. In the Silsila quarries, 
there is a block that h:is not yet been det:iched from its bed, but is in all 
other respects ready for removal. It measures 20 feet by 2 feet 7 inches by 
5 feet high and was intended, no doubt, for one of the massive architraves 
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Fig. 12. Diagram showing method of extraction 

of blocks in a quarry. 

which extend from column to column to carry the roof-slabs. Only two 
ends of the block had to be cut, since advantage was taken of the vertical 
faults which are a feature of these quarries. 

At Silsila, the blocks were removed in the usual manner by the action 
of wedges driven in horizontally at the base, the distance between successive 
wedge-slots being some 4t inches. Occasionally, traces of wedges which 
have been used vertically may be seen, where a block has been torn from 
the quarry-face instead of from its bed. Wedges acting vertically seem 
never to have been used in the iVla'sara quarries. 

Another interesting example of ancient quarrying is seen Ln the area 
north of the Second Pyramid, whence large blocks have been removed to 
leave this side of the pyramid level and to fill up the low parts on the 
southern side. Even in this 'cutting and filling' work, the same economy 
in extraction can be observed (Fig. 13). The bottoms of the separating 
trenches, which measure some two feet in width, can still be seen over a large 
area, the blocks which were removed having been, on the average, nine 
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Fig. 1 3- Le1·dlc<l area on the 11onh side of the Second Pyramid at Gi7��- The blocks
rcmon:<l from here, measuring nine feet square, were used to fill up the low ground on the 

southern side 
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Fig. 14. Tool-marks on a c1uarry-face near Beni Hasan 
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nine feet square. \,Vhether, at any period during the working of this quarry, 
it ever had the appearance of steps (Fig. 12) is uncertain; it seems likely, 
however, that the blocks were removed layer by layer, since it was required 
to leave this area level, and such would be the most practical method. 

In ancient Egyptian quarrying, it is remarkable how narrow are the 
cuttings used for separating a block from the parent rock or from its neigh
bour. Except for the largest blocks, the cuts rarely exceed 4½ inches 
in width. The difficulty of making a cut with a chisel of any depth 
is by no means trifling. A plain copper chisel (Fig. 263) struck with a 
wooden mallet, seems to have been the normal method of cutting the soft 
rocks, and if this was the method used at the bottoms of some of the 
separating trenches between successive blocks, the chisels would have 
had to be of considerable length. A very fine copper chisel, measuring 
19 inches in length (Fig. 263) is known from Gebelein, but unfortunately 
its date is uncertain, though it is undoubtedly pre-Roman. In spite 
of the existence of such long chisels, it has, however, seriously to be con
sidered whether some form of mason's pick can have been known to the 
Egyptians. To-day, in the Tura quarries, stone is cut with a pick, vvhich is 
a hammer with a steel head of some five pounds weight pointed at both ends, 
the haft varying from one foot to two feet in length. This is held in both 
hands and the stone is struck with fairly soft blows. The marks left on 
the quarry-face after extracting blocks with this tool very strongly resemble 
those left by the ancient quarrymen. The work with a mason's pick leaves 
cuts lying more or less on a curve, whereas those made by a chisel and 
mallet are generally either straight or quite irregular. Many of the 
Egyptian quarry-faces show the cuts distinctly lying on the arc of a circle 
(Fig. 14), but this is not sufficient proof that the Egyptians knew the 
mason's pick of the type used at the present time; certainly no example 
has been found, nor is it depicted in the sculptures. It is quite ·within 
the bounds of possibility, however, that some form of pointed tool was 
attached adzewise to a haft for use in quarrying. At any rate, the adze 
is amply vouched for in ancient times, and is known to have been used, 
in the late dynasties at least, for stone dressing. If such a tool were used 
by the Egyptians, it would have had to be fairly heavy, or else weighted 
in some manner, since the value of the mason's pick for cutting stone 
depends on its mass rather than on the force with which it is brought. , .. 
down. The problem of the forms of quarrying tools used for soft rocks 
has to be left in this rather unsatisfactory state until further evidence is 
forthcoming. 
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The nature of the metal of the stone-cutting tools also presents problems 
which have not yet been satisfactorily solved. This, however, applies to 
the attack on the hard rocks rather than the soft, and is discussed in 
Chapter III. There is little reason to believe that the tools were of other 
metal than copper or bronze, which will cut the softer rocks with compara
tive ease if tempered by hammering and heating, though admittedly at the 
expense of constant re-sharpening. 

In quarrying a block of any great size, as, for example, one for a large 
sarcophagus, the separating trenches would have, of necessity, to be at 
least two feet wide to enable a man to get into them and work, and to take 
the points of large levers by means of which the block could be handled 
(p. 88). The British School of Archaeology in Egypt, during their 
season at Qiiu, kindly cleared, for one of the writers, a small quarry from 
which a block of such � size had obvious! y been extracted (Fig. 1 5). The 
rock in this quarry is a very hard limestone. The quarrying of the higher 
level (above AB) has been done by pounding it with balls of hard stone, 
probably dolerite, the normal method for the hard rocks (p. 26 ), while 
a large block, which measured about 9 feet by 5 feet by 5 feet deep has 
been cut out by means of metal tools. In the illustration, the probable 
dimensions of the block extracted are indicated by dotted lines. The tool
marks on the sides of the separating trenches are almost parallel, and rarely 
pass into one another ( Fig. 1 6); this suggests that the tool was driven into 
the stone almost vertically, that small trenches were cut across the line 
of the separating trench at intervals of from one to two inches, and that 
the stone between these trenches was chipped or hammered away. It must 
be admitted that to do this would require a tool of great hardness. 

It has been remarked that the blocks were detached from their beds by 
means of wedges, and it is of interest to determine whether they were small 
pieces of metal hammered into the slots cut for them, either with or without 
the two metal strips on either side of the wedge ('plug') now known as 
'feathers', or whether the wedge was made of wood and caused to expand 
by being wetted with water. For the smaller limestone blocks it is certain 
that hammered wedges were employed, quite possibly, in some cases, in 
conjunction with 'feathers'. \Vedgcs of iron arc actually known from ex
cavations in the Ramcsseum, but they are of late dynastic date.' 'Feathers' 
arc also known in late Egyptian times, though no examples of early date 
have been preserved. In the quarries of the Wady Hammamiit there are 
frequent references to workers of iron, who may well have been those who 

1 For further notes on wedges, sec p. 23. 
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forged the wedges. In the Qiiu quarry already described it will be seen 
(Fig. 1 5) that below, where the block has been removed there arc trenches 
which had been cut partly beneath it. On the surface 'from above which 
the block was torn there arc no traces of wedge-slots, from which it may 
be c_o��luded that the trenches played some part in the extraction. By no
poss1bd1ty could any fo:m of hammered wedge have been used in this case, 
th?ugh wood packed into the trench and made to expand by wetting 
might well have been the medium employed to tear the block from its 
base. In the granite quarries of Aswan, wedge-marks arc sometimes seen 

Fig. 1 7. Sketch-plan of the em ranee passage to one of the enclosed 
bays in the ancient sandstone quarries of Gebel Silsib. 

of so great a size that, without the Qiiu example, it might be deduced that 
expanding wooden wedges had been employed. 

Apart from the problem of the methods employed in extracting the 
block_s, a study of the quarries reveals many features difficult of explanation,
especial! y when the floor of the quarry is not clear of debris, which is the 
cas_e in the vast majority of them. In the Silsila quarries, for instance, no
?at1sfactory explanation is forthcoming of the reason why they were left 
rn the form of enclosed bays, the more so since the passage between the 
bay and the river is rarely straight, sometimes, on the contrary, having quite 
a tortuous course. Since the quarries are quite close to the river, it is a 
possibility that the descent was found to be too steep, and that the quarry-· ,. 
men feared that a block would be difficult to control down a straight path. 
The floors of such of these passages as have been examined arc quite rough, 
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and there are no indications that they had been prepared for sleds (p. 89). 
At certain salient points in these zigzag entrances to the quarries (Fig. 
1 7, A), holes have been cut in the angles of the rock. These holes are more 
or less square in section and measure about 12 inches in height and 
some 6 inches in width. A rope passed through them might conceivably 
have assisted in handling the blocks, but it must be admitted that the holes 
show no signs of the friction which a rope so used would be expected to 
produce. Similar piercings can be seen at the water's edge. These holes 
are not only known in the Silsila quarries, but also occur here and there 
at Tura and Ma'sara. In the latter quarries a pair of holes of the same 
dimensions as those cited can be seen about 15 feet above the present 
ground level at the entrance to one of the galleries (Fig. 1 8). No explana
tion of their use is at present forthcoming. In the Qau quarry, on the other 
hand, the hole at A (Fig. r 5) can be explained; its undoubted function 
was to serve for the attachment of a rope to enable the quarrymen to 
clamber up on to the platform from the slope leading to the cultivation, in 
order to save a detour of some twenty yards. It is more prudent to leave the 
explanation of these holes until the floor of the quarry near them is cleared, 
when some such connexion as that observed in the Qau quarry may well 
be forthcoming. 

Alabaster (calcite), being a soft rock, was quarried in much the same 
manner as the limestones and sandstones. The best known of these quarries, 
the Het-Nub of the ancient inscriptions, lies out in the desert about 15 
miles south-cast of El-' A mama. In form it is a gigantic pit cut down into 
the rock to a depth of more than 60 feet and approached by a narrow 
sloping way (fig. 19). The whole excavation measures about zoo yards 
across. On the sides of the entrance passage arc the names of some of the 
overseers who were responsible for getting the stone and those of the kings 
who sent them, some of which date back to the IV th dynasty. The quarry
faces arc constantly intersected by large faults, which must have rendered 
the extraction of masses of rock of practically any size an easy matter once 
the initial excavation h.td been carried out. The quarry is now full of great 
boulders, fallen, or brought down from the sides, and it seems like I y that 
the blocks were part( y dressed inside the quarry. At the top of the entrance 
passage there is ample evidence that the dressing was carried still farther 
after the block had been raised to desert level. from the quarry to the 
cultivation, wherever the desert track became difficult, embankments can 
be traced--often of very considerable size-some spanning gorges, others 
forming a flat track over the undulating desert. 

"'1• •. 
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Fig. 18. Holes cut for an unknown purpose in a quarry

face I 5 feet above the prcscm ground level. Ma'sara 
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The quarry inscriptions give the date at which stone was taken and 
tht: name of the person in charge of the work, but furnish very little 
information, if any, on tht: melhods employed. One inscription at Tura, 
of the time of Amenophis III, tells how the king ordered galleries to be 
re-opened for the purpose of quarrying the fine limestone of 'Ayan after 
His Majesty had found that they had fallen into disrepair.' Another class 
of inscription, of late date, is frequently noticed in the Tura and Ma'sara 
quarries, consisting of a dedicatory note, usually in Demotic, to the 
deity who was supposed to preside over the gallery, and mentioning the 
name and affiliation of the works-foreman.• In these quarries, it seems 
that a record of the amount of �tone extracted by a gang was kept on the 
roof, by marking on it the position of the vertical face at the beginning of 
the work. 

At Gebelein, there is an interesting inscription of the time of King 
Nesibanebded, of the XXIst dynasty, in vvhich it is stated that 3,000 men 
were sent there to get stone for repairing the canal-wall of Tuthmosis III, 
which had fallen into ruin.J There are suggestions that the king himself 
paid a visit to the work. In the Het-Nub alabaster quarry, there is an 
inscription of the time of King Mernere', of the Vth dynasty, where a 
noble called Uni records that an offering-table of that material was cut and 
brought to the Nile in seventeen days, and that a large boat was prepared 
in the same short time to transport it.-1 In the tomb of Dhuthotpe at El
Bersha, it is stated that in the time of Senusret III, of the XIIth dynasty, 
a statue 1 3 cubits ( 22 feet) high-which would have weighed some 60 
tons-was transported from the same quarry. The inscription comments 
on the difficulty of the road from the quarry to the river.5 At Silsila, an 
inscription of Seti I records that the king, in his sixth regnal year, sent 
an expedition of 1,000 men to transport a monument, and that he paid 
the party 20 delm1 (4 lb.) of bread and two bundles of vegetables daily per 
head, and that each received two linen garments per month.6 

The use of troops in the quarries was not entire! y for keeping order 
among the quarrymen. In a letter of the VIth dynasty found at Saqqiira,7 

an army officer in charge of a detachment stationed at the Tura quarries, 
in rep! y to an order from headquarters to draw clothing, complains that 
when he recently spent six days with his men at the Residence-city, he 

1 BREASTED, A11citnl Ruord,, ii,§ 875. 
: S1•1cCELDERC, Anna/tJ du SaYJict, vi, pp. 2 19-33. 
3 BREASTED, Ancient RaordJ, iv, § 629. 
• Ibid. i, § 323; see also p. 3+· 

s }bid. i, § 696; sec also p. 85. 
6 / bid. iii, § 206. 
7 For the translation and discussion of this letter sec 
GUNN, An11n!tf du SaYJiu, ,·ol. uv, PP· 2+2-s 5· 
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was not issued with clothing, and points out that to bring them over again 
for that purpose means the loss of a whole Jay's output of work. If the 
detachment had been merely on guard it is hardly likely that the officer 
would complain of a day in town. On the other hand, if he were responsible 
for so much stone being supplied in a given time, his complaint is more 
easily understood. 

III 

QUARRYING: HARD ROCKS 

T
HE principal hard rocks used for building in ancient Egypt were the
pink and grey granites from Aswan; the use of all the others is on! y 

occasional. Basalt was used in the temples of the Great and Second 
Pyramids of Giza and in two of the Vth dynasty temples at Abusir. The 
walls of the great cenotaph of Seti I at Abydos, commonly known as 
The Osireion, and the burial chamber in the pyramid of Amenemhet III 
at Hawara,I are of quartzite. 

The schists from the Wady Hammamat, though much prized, and 
used for sarcophagi and statues, were never employed in building. 

Granite, of various colours, occurs on the east bank of the Nile at Aswan, 
and the ancient quarries are found chiefly in the area bounded by the Nile 
and the Aswan-Shella! railway. Boulders from which blocks have been 
detached by means of wedges can be seen by the thousand, and all over the 
area great embankments, which facilitated the transport of the blocks to 
the Nile, can be traced leading from the quarries. 

Basalt is found at Abu Za'bal, near Khanqa, and there are outcrops at 
Post No. 3 on the Cairo-Suez road and also at Kerdasa, near Giza. It 
seems likely that the pavement of that material in the Great Pyramid 
temple came partly from Kerdasa, though there is no definite proof of it. 

Quartzite, the hardest of the Egyptian rocks, occurs at Gebel Ahmar 
(The Red Mountain) near Cairo, and there is another outcrop near Gebel
ein, from which the Colossi at Thebes are believed to have come. 

Although quartzite is not often found used for building, its quarrying 
demands study, since the extreme hardness of some of its varieties neces
sitated a technique not used in the quarrying of the granites. 

Two methods of quarrying were used on the granites, namely wedging 
and pounding with balls of dolerite. The earliest traces of wedges used for 

1 Sec PETRIE, K almn, Gurob, and 1/awara, p. t 6, 
\\'here he states that: 'the sepulchre is an elaborate 
and massive construction. The chamber itself is a 
monolith 267·5 inches long, 9+·2 wide and 73·9 
high to the top of the enormous block, with a course 
t 8· 5 high upon that, giving a total height inside of 
92·4 ... The thickness of the upper course is 36 
inches from its face, but the chamber itself is about 

2 5 inches, according to the outside seen in 1he forced 
passage from the western well. It would according!)' 
weigh about t 10 tons. The workmanship is excel
lent; the sides arc flat and regular, and the inner 
corners so sharply wrought that-though I looked'" 
lt them-I never suspected that there was not a 
joint there until I failed to find any joints in the 
sides ... .' 
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splitting granite, which can be definitely dated, are those on the back of 
the roof-blocks in the pyramid of Menkewre' at Giza. The best place, 
however, for the study of ancient wedging on the hard rocks is at Aswan, 
though unfortunately none of the many examples can be dated. Here the 
wedge-slots are oblong in shape, usually about three inches in length and 
tapering sharply inwards, the interior being quite smooth. It seems that 
these slots were not used with wetted wooden wedges (p. 1 8), since their 
taper and the smoothness of their sides would cause the wood to jump out 
rather than exert the required lateral pressure. The line of wedge-slots is 

Fig. 20. Wedge-slots cut in a trench in the 
granite quarries at Aswan. 

frequently cut inside a channel (Fig. 20); the reason seems to be that the 
wrface of the boulders is more or less decomposed, and tends to crumble, 
and would therefore give no hold to the wedges. Here and there one can 
observe very large wedge-slots which may have been used for wooden 
wedges made to expand by water. The cutting of wedge-slots almost in
evitably involves the use of a metal tool, though a chisel-shaped piece of 
dolerite, attached to a haft or held in the hand, might conceivably have 
bruised them out. It must be borne in mind, however, that tool-marks are 
found on certain granite quarry-faces at ,\swan which could not have been 
made with a stone. Certain scholars believe that the Egyptians could not 
cut the hard rocks with a n1ctal tool. Though this is surely erroneous, it is 
certain that they could not cut the hard rocks with a chisel as they cut the 
limestones, sandstones, and alabaster. 

In all ancient work on the hard rocks which has been left in an unfinished 
condition, it is clear that the stone has been struck with a pointed tool, 
and it is difficult to believe that this tool was of stone (Figs. 21 & 22). In 
an unfinished schist statuette of Sa'itc date, in the Cairo Museum (f<ig. 23), 
the marks of the tool can be clear! y seen; each ulow has removed a small 
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Fig. 23. Unfinished schist statuette of Sa·ite date in the 
Cairo l\luscurn. (The scale is in inches) 

Fig. 2+. I\ lmkrn quarrying of granite; Asw,in. (I\ lctrc scale) 
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fragment of the stone without any apparent bruising, and a succession of a 
dozen blows or more can be traced without any evidence of wear on the tool. 

Nowadays, the only metal used on the hard rocks is steel. To attempt 
to use copper, however much one may temper it by heating and hammering 
it, is to ask oneself whether the Egyptians did not use a tool of a hardness 
approaching tool-steel. It is tolerably certain that steel of this hardness was 
not known to the Egyptians. In the ancient language, the words for near! y 
all the metals have been identified, and it is incredible that the word for iron 
should have covered steel also. Further, cutl<!ry such as razors, chisels, adzes, 
axes, &c., is almost always of copper.' Had hard steel been known, such 
implements would be expected to have been made from it. An examina
tion by microscopic section of the copper of the ancient tools shows that 
they had never been raised to the annealing temperature, at which the 
crystalline structure disappears. Ancient copper tools are no longer of any 
great hardness; the edge of a chisel, for instance, soon burrs away if used to 
cut moderate! y hard limestone. If certain alloys, such as tin, are present, 
copper can be brought to a temper not far short of mild steel, but this is 
not sufficiently hard for cutting out the corners of, for example, a quartzite 
sarcophagus, which the Egyptians could do with great accuracy. It is 
possible that the Egyptians possessed the now lost art of giving copper a 
very high temper. Temper, which is a molecular or crystalline strain, can 
disappear in the course of time. We hear now and then of methods being 
discovered of giving copper a very high temper, but no definite details of 
any of them ever seem to come to hand. 

The modern method of splitting granite by wedges gives us very little 
help in understanding the ancient technique. The tools used nowadays for 
cutting the hole to take the splitting medium in granite are called points, 
and are made from �-inch hexagonal steel bar. The bar is cut into lengths 
of 6 inches and drawn out by the smith to a blunt point, making it about 
8 inches in length. The points are sharpened on a stone and are tempered 
after sharpening so that the hard skin shall not be ground away. Special 
precautions are taken by good workmen to harden as little as possible of the 
tool, so that, when it breaks off, a minimum amount of metal is lost. To 
ensure this, the points are cooled after heating by standing them in a stone 
trough made to hold ,-vater not more than an inch deep. The holes for the 
wedges are cut with these points, with the aid of a hammer of about 6, lb. 
in weight, and they are placed about 3 or 4 inches apart along the proposed 
1 A notable exception is the fine hunting-dagger of Tut'ankhamiin, which is of iron with a decorated 
gold handle. 
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line of fracture (Fig. 24). Each one is made about 2 inches deep, not 
oblong like the ancient examples, but of elliptical form, the longer axis 
being along the line of intended fracture. A good cutter will make his 
wedge-holes wider below the surface than at it, so that the point of the 
wedge or 'plug' shall be clear of the stone at the bottom. The steel plugs 
used to split the granite arc from 3 to 5 inches long, and arc of oval section, 
with a taper of three-quarters to half an inch along their length. They are 
placed in the holes with their larger diameter at right angles to the Ii ne of 
the fracture, and they are jammed tight by means of a hand hammer. They 
are then struck, in succession, one blow each with a sledge-hammer, very 
careful watch being kept for any sign that the crack is not running along 
the intended line. If this happens, it can often be corrected in time by 
starting a new series of holes leading back to the point at which the fracture 
began to go wrong. No traces of such corrections have been observed in 
the ancient work. 

In modern work, care is taken that a block, once wedged off the parent 
boulder, falls conveniently outwards; but if this does not happen, it can 
always be freed by means of crowbars or tackle. In the Aswan quarries, 
blocks are sometimes seen which have been detached by wedges from the 
parent boulder, but have not fallen away from it. It seems that they were 
abandoned by the ancient quarrymen because they did not possess the 
metal crowbars which, apart from such implements as tongs actuated by 
tackle, vvould be the only means by which they could be conveniently 
removed. It was apparently easier to start work on another block than to 
cut large recesses in the stone into which the points of their wooden levers 
could be inserted for getting the block out. 

Three forms of hammer used by the Egyptians are known, though no 
information is available as to which form was used to drive in the wedges. 
The first form is the ordinary sculptor's mallet (Fig. 264); the second 
is a club-shaped piece of wood, which was used both for chisels and for 
hammering in stakes (Fig. 3 6 & Fig. 6 1); and the third was a two-handled 
implement which was used for dealing heavy blows (Fig. 38), and of which 
actual examples (one in black granite) have been preserved.' It is likely 
that the last corresponded to our sledge-hammer. No hammer of modern 
type has been found, though it would be somewhat rash to assert that it 
was not known. 

The second method of quarrying granite, used when the surface outcrop 
of boulders did not provide a block of suitable dimensions, is the process 

I ENCELDACII, Tht Proolhn of tht 06diI!u, Fig. 10, p .. p. 
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which we have called pounding, the systematic bruising away of the rock 
by means of balls of a very tough greenish stone called dolerite, which 
occurs in some of the desert valleys between the Nile and the Red Sea. 
These balls vary from 5 to 1 2 inches in diameter and weigh on the average 
1 2 pounds. They were most! y used in the hand ( Fig. 240, & Fig. 266 ), 
though in making a great separating trench it is conceivable that they 
were shod on to some form of haft and used much as a road-rammer 
is used in Egypt to-day. It is known, at all events, that a dolerite pounding 
tool was sometimes attached to a haft, since a piece of dolerite of the 
XI th dynasty has actually been discovered, bound by leather thongs on to 
two pieces of wood; it had been used in the excavation of the hill-tombs at 
El-Deir el-Bahari 1 (Fig. 266). Since the process of pounding applied to 
a large obelisk has been described by one of the writers in detail elsewhere,2 

an outline of the method will suffice here. 
To find a flawless piece of granite of any great size, it was necessary to 

go down to a considerable depth. There are indications, at Aswan, that the 
top layers of rock were removed by burning large fires on or against the 
granite. These fires appear to have been banked up with crude brick. 
When hot, granite can be made to break up by pouring water upon it, 
which renders it so soft and crumbling that it can almost be broken away 
with the fingers. The burning process, however, had to stop before it came 
near to the block it was required to remove. The next step was to render 
the top of the block more or less flat, which was done entirely by pounding 
it with the dolerite balls. On the pyramid ion of the great unfinished obelisk 
at Aswan, traces of the use of these balls can be clear! y seen (Fig. 2 5 ). Here 
the surface is divided into squares of about twelve inches side. While this 
was taking place-or so it appears-test-holes, of squarish form and about 
a yard wide, were sunk at intervals along what was to be the separating 
trench, probably with a view to finJing out whether there were likely to 
be any serious flaws in the block. This work may well have been carried 
out by the best workmen working in short spells. These test-holes were 
made entirely by pounding-a most laborious process in such a con
fined space. 

\,Vhen the work on the test-holes was well advanced, the separating trench 
was begun. In the case of the Aswan obelisk this was nearly 300 feet long 
in all (Fig. 26 ). The width of the trench is some 2 feet 6 inches, and vertical 
lines, drawn in red ochre, can still be seen, which had been projected down 
1 From the excavations of the Metropolitan 1 ENCELDACII, Tht Problem of tht Obdit/11. 
Museum, New York. Now in the Cairo Museum. 
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from time to time, and which divide the trench into intervals of feet along 
its length. The appearance of a foot length uf trench at the bottom was 
that of two circular depressions (Fig. 27). The method by which a maxi
mum number of men might pound the rock without interfering with one 
another seems to have been that each man was made to work on a two-foot 
length of trench, the pounding being carried out in four positions, each 
man in the trench working in the same relative position in his portion, 
namely, pounding on the left and right half of his two-foot length of 
trench, both with his back to, and facing, the monument which was being 
extracted. Thus there would always be one foot between a man and his 
neighbours. When a man was pounding in one of the four positions he 
would have to remove, at short intervals, the granite powder or fragments 
which collected on the part on which he was working, and his natural 
procedure would be to brush the powder on to the portion of his work on 
which he was neither sitting nor pounding. A more efficient method 
could hardly be imagined. 

The effect of such a system of work would be to leave the sides of the 
trench in the form of corrugations. The same appearance is also seen in 
a quarry-face above the Aswan obelisk (Fig. 28) from in front of which 
another monument of considerable size has been removed. 

If, during any part of the work, a suspicious fissure or discoloration ap
peared, it was immediately given special attention, being pounded deeply 
along its length in order to determine whether it would be likely to prove 
a serious flaw as the work deepened. Parts of these grooves were often 
polished. Signs of this procedure can be seen in many places on the 
Aswan obelisk. 

vVhen the required depth in the separating trench was reached, the 
monument had to be detached from below. In the case of an obelisk, the 
use of wedges, whether hammered or wetted, would be certain to set 
up uneven strains along its length, and such a long thin block of stone 
would certainly not stand it. Hence it was also pounded out from below, 
presumably by driving galleries at intervals under it, filling them with 
packing of some kind, and then pounding out the remainder. This must 
have been the most laborious part of the whole work, since it would have 
to be done in a very cramped position. From a bed from which a smaller 
obelisk or similar monument has been removed, it seems that, though 
the two-foot job of each man was maintained, within that length the work 
wns quite irregular, which is what would be expected. It is probable 
that monuments of the sarcophagus type were removed by wedging, 

.... ;..;; . ::.:; ,� �·--; ·-
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Fig. 25. The unfinished obelisk at Aswan. (From The Proh!e111 of the
Ohelisl-s (Fisher Unwin), Fig. 4) 
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Fig. 2�. T �P, of the pyramidion of the unfinished obelisk at Asw,1.n.
(I· rom 'J he Problem of the Obelisks (Fisher Unwin), Fig. 5) 
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but that the old quarrymen, having taken very great trouble in getting 
down to good rock and pounding out the separating trenches, preferred to 
take some more in pounding out the monument from below, if there were 
the slightest risk of it snapping across owing to the uneven strain which the 
wedges would be certain to set up. 

The quarry-face above the Aswan obelisk (Fig. 29) mentioned on p. 28 
shows many features of interest. Its surface is covered with lines and 
marks in red ochre made by the ancient quarrymen. Many of these marks 
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Fig. 29. \Vorkmen's markings on the quarry-face near the Aswan obelisk. 
arc as yet inexplicable, but the vertical red lines clearly indicate that the 
corrugations, or foot-lengths, are connected in pairs. Further, it seems 
like! y that the work on the separating trenches ( of which this is, so to speak, 
the back wall) was measured by depth, and not by volume of stone ex
tracted. The markings, which have the appearance of red chains, stop at 
about sixty-two inches above what was the bottom of the trench. From this it 
seems likely that, from time to time, the foreman stood a three-cubit rod 1 

on the bottom of each section of trench and marked a small horizontal line 
in red ochre to indicate the position of the top of the rod. This line appears 
then to have been connected to those above it by an inverted Y. Within 
the squares (numbered in the drawing by Roman numerals) there arc'"' 
traces of inscriptions in red, now too faint to be legible. From evidence in 
other quarries, it is probable that these were the names of the gangs which 

' This ingenious suggestion was mode by Sir Flinders Petric. 
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supplied the labour for that particular two-foot length of trench. At Giza, 
on the roof-blocks in the relieving chambers in the Great Pyramid, and 
elsewhere where such names occur, there are generally fantastic phrases in 
praise of the king. 

From experiments made by one of the writers at Aswan, the assertion of 
Queen Hatshepsowet on the base of her standing obelisk at Karnak that 
the quarrying of the two obelisks took seven months, is quite credible.' 

Such is the process of pounding, which, from the presence of the dolerite 
balls, appears to have been used with certain modifications on all the hard 
rocks if a large monument were required. It is sometimes found used on 
the hard limestones, and in the quarry at Qau (p. 1 8), the extraction of 
the monument, \.vhatever it may have been, ,vhich lay above the large 
rectangular block (i.e. above AB, Fig. I 5), was certainly carried out by 
pounding, and there is no trace of any metal tool having been used. The 

Fig. 30. Section through a separating-trench 
in quartzite quarry at Gebel Ahmar. 

rock tombs at Qau were also large! y hollowed out by pounding, the finer 
work only having been done by a metal tool. 

In quarrying quartzite, the Egyptians seem to have used a metal tool in 
conjunction with the dolerite pounders, and an examination of the hardest 
red quartzite outcrop at Gebel Ahrnar throws some interesting light on the 
methods employed. As was the case with granite, if a boulder could not be 
found from which a block could be removed by means of wedges alone, 
a separating trench was cut round the portion which it was required to 
remove, and the block was finally liberated by wedges, generally acting 
from below. The ancient wedge-marks still visible in the Gebel Ahmar 
quarries are not a series of slots, but form one continuous trench running 
nearly the whole length of the side of the block. It seems very likely that 
the wedges were of wetted wood (p. 1 8). Traces of these long wedge
trenches can be seen in many places at Gebel Ah mar; z they are about 
1 BREASTED, Ancient Record 1, ii,§ 3 18. Aswan quarries, though we have no information 
2 Wedge-trenches arc occasionally met with in the as to their date. Fig. 31. _Quarry-face in the quartzite outcrop at Gehcl Ahmar,showing

the rcma1mlcr of a scparat111g.-1rc11ch by means of which a block has been 
extracted from above A BCD. (The scale is 8 inches long) 
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Fig. 32. Front \'icw of a yuarry-facc at Gcbd Ahmar, showing 
the ridges which arc peculiar to the quarrying of quart?.itc. 

(The scale 011 the photograph is one foot) 

Fig. 33. V crtical quarry-face at Gebel Ahmar, showing marks 
made by a poi 11tcd tool. (The scale is in inches) 
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three inches deep with a slight taper. Their sides are fairly smooth, but 
not polished. 

The method of cutting a separating trench in quartzite shows certain 
differences from that used for granite. In granite, balls of dolerite can be 
used to bruise away the stone, and, if necessary, a shaft can be sunk in 
granite by this means. The hard red quartzite of Gebel Ah mar cannot, it 
appears, be broken up to any great extent by the pounders alone, though a 
projecting lump can easily be jarred off by a heavy blow. The method of 
making a separating trench in quartzite seems to have been as follows: 
a line of holes, as close together as possible and about two inches in depth, 
was made with a blunt-pointed tool along what were to be the two walls of 
the trench, and another line of holes was made midway between them 
(Fig. 3 o ). These lines of holes became, as it were, miniature separating 
trenches, leaving two ridges of rock between them, which were then jarred 
off by blows with the dolerite pounders, and the process repeated. On the 
quarry-face of the greater part of this outcrop there is a slope of some r o0 

from the vertical (Fig. 3 1 ). If a tool similar to a mason's pick were used, 
it will be seen (Fig. 30) that the tendency would be, after the ridges had 
been jarred off, to make the next line of holes slight! y inside the previous 
series owing to the width of the tool, which would have the result of leaving 
a ridge along the side of the separating trench (Fig. 3 r, A,B). These 
ridges are a feature of the Gebel Ahmar quarries (Fig. 32) and are not, to 
the writers' knowledge, met with anywhere else. In a few places, the walls 
of the separating trenches were maintained vertical, which must have been 
the case for all large work. In these cases no ridges are left on the quarry
face (Fig. 3 3). 

An examination of the hard rock quarries shows clearly that a pointed tool, 
most probably of metal, was used in cutting them, and it is likely that it was 
some form of mason's pick. The alternative would be a point used in con
junction with a mallet. It is a well-known fact among stonemasons that 
moderate blows with a heavy tool have a greater effect than the most violent 
blows with a hammer on such a light tool as a punch, though the reason is 
somewhat hard to explain.' vVith what success, however, the hard rocks 
could be cut with a copper pick is a matter of speculation, and might well 
be tried by a person accustomed to using this tool, since skill plays a very 
1 An analogous case is seen in the manner in which 
a quarrrman uses his heavy crowbar or 'jumping 
iron' when pounding out a long cylindrical bore to 
take a blasting charge. He brings it down fairly 
gently, and checks 1he rebound wi1h his hand, 

giving the tool a slight turn before delivering th�. 
next blow. However hard it is jabbed down, 'in 
the hands of an amateur hardly any progress is 
made, and the edge of the tool is quickly rendered 
useless. 
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great part in such work, and a practised workman might obtain results 
\vhich could not be obtained by an amateur. Another indication that a 
mason's pick may have been used on the hard rocks is found in certain 
statues, where deep and narrow recesses had to be cut, such as those into 
which it was intended to inlay the eyes, into which such a tool could not 
enter. If a point struck by a mallet had been used to dress the statues, it 
would have been equally easy to cut out any form of recess with it. An 
examination, however, shows that they were always cut out by means 
of a series of tubular drills of different sizes (fig. 245). This shows that 
the temper of their metal was such that it was found quicker, or more 
economical, to drill than to cut the hard rocks. It is very likely that the 
point was used, but as sparingly as possible.' 

At Gebel Ahmar there is a ledge of rock on which a quarryman has 
given a few taps ,vith his tool, either idly or to try its temper or point. It 
seems that the point of the tool he used was about one-eighth of an inch 
square. It will be noticed that the loss of metal in a blunt-pointed pick 
would not be great, though one would expect that very frequent repainting 
would be necessary if the metal were copper as we know it. The marks 
on an unfinished schist statuette (Fig. 23), however, show that the tool 
retained its point for a remarkably long time. The Egyptian stoneworkers 
never seem to have used a metal tool on the hard rocks if pounding vvere 
in any way possible, unless it was to cut the holes for the use of wedges. 
Granite false-doors and other monuments are often seen with the internal 
angles left slight! y rounded. In the tomb of Rakhmirc' there is a scene in 
which a craftsman is shown pounding out the details of a uraeus on the 
head of a sphinx (Fig. 241) with what appears to be a stone chisel which 
he holds in his hand. In the great pink granite colossus, I ying unfinished 
in the Asw:ln quarries, it can clear! y be seen that it had been dressed to what 
were to be almost its final contours by the use of pounders alone. 

A few records exist concerning the numbers of men sent out on expedi
tions for quarrying the hard rocks. In the IX-Xth dynasties, a little-known 
king called Imh6tep 2 sent his son Kenufer to the Hammam:lt quarries 
with 1 ,ooo men of the palace, 1 oo quarrymen, 1,200 soldiers, 50 oxen, and 
200 asses. King Menthuhotpe IV,J of the XIth dynasty, also sent an ex
pedition there, numbering 10,000 men, to quarry stone for a large sarco
phagus. Here, 3,000 sailors, probably pressed from the Delta provinces, 
were used to move the lid, which measured 13 feet 10 inches by 6 feet 5 
1 Er,;:cEJ.BAcu, 'Evid..::ncc for the use of a mason's : BRtASTto, Ancitnt Ruord1, i, § 390. 
pick in ancient Egypt', A1111al" du Sac•ia, ui,. ' Ibid. i, § 4+8. 
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inches by 3 feet 2 inches, from the quarry_ t� the river. It is related that
'not a man perished, not a trooper was m1ss111g, not an ass died and not
a workman was enfeebled'. 

In the reign of King 1\.menemhet III,1 of t!1e XIIt� ?ynasty, an official
of the &ame name was sent on the Hammamat exped1t1on for 1 o statues,
each 8 feet 8 inches high. The personnel was as follows:

Necropolis soldiers 
Sailors 
Quarrymen 
Troops 

Under Ramesses IV,2 there is a record of a very 
8,362 persons sent to the Hammamat quarries for 
The personnel consisted of the following: 
High Priest of Amiin, Ramesse-nakht, Director of Works
Civil and military oAicers of rank . . . 
Subordinate officers 
Trained artificers and artists 
Quarrymen and stonecutters 
Gendarmes 
Slaves 
Infantry 
Men from 'Ayan 
Dead (excluded from total) 

20 
30 
30 

2,000 
large expedition of 
monumental stone. 

9 
362 

IO 

130 
50 

2,000 
5,000 

800 

900 

8,362 

Before leaving the subject of quarrying, it may be remarked t_hat the·
Egyptians classified their rocks by appearance, hardncs� an? locality, de
scribing the material of a temple, for example, as fine wlute limestone from
'Ayan. They had a word for limesto1�e, for sandstone, for alabaster and
for granite, but the basalts and the sclusts seem to have been all grouped
together under one term. On the other hand, each variety of quartzite from
Gebel Ahmar had its separate name. 

1 BREASTED, A11cim1 Ruord,, i, § 710. ' I bid. iv, § 466. 
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TRANSPORT BARGES 

T
HE working of hard stones, such as granite, diorite, basalt, and
quartzite, was practised by the ancient Egyptians from predynastic 

times, and it can be assumed that the knowledge of building barges to carry 
heavy weights kept pace with the demand for blocks of ever-increasing 
size, since the quarries for these materials arc, generally speaking, far away 
from the large towns and cemeteries where they were wanted, and the Nile 
was the sole practical means of communication. As far back as the XIIth 
dynasty we know of a block of quartzite being transported, presumably 
from the Gebel Ahmar, near Cairo, to the entrance to the Fayyum. This 
was the monolithic chamber, weighing over I oo tons, which King Amen
emhct III built into his brick pyramid at Hawara (p. 23). In the New 
Kingdom ships were built which carried blocks of granite, some of which 
weighed nearly 1 ,ooo tons, from Aswan to Luxor. The determination of 
the nature of these 'august barges', as the Egyptians called them, is one of 
the most perplexing problems that the archaeologist has to face. 

Knowledge of ancient Egyptian boats is derived from the following 
sources: (a) the overall dimensions given by Egyptian and classical writers, 
(6) the actual royal barges of the XII th cl ynasty found buried near the
north pyramid at Dahsht1r, (c) the many representations of ships, both 
pleasure and cargo, mostly of modest dimensions, on the walls of ancient 
tombs, and (d) the numerous models of pleasure, cargo, and religious boats 
which, in certain dynasties, were deposited in the tombs. 

The only dimensions of ancient bo:its which have come down from purely 
Egyptian sources are those of the cedar-wood boat of King Sneferu, 1 which 
was of 100 cubits length (172 feet); that of Uni,2 of the VIth dynasty, 
which was of acacia-wood and measured 60 cubits ( 103 feet) in length 
with a beam of 30 cubits (51 feet 6 inches), which he, in his autobiography, 
asserts took only seventeen days to construct, and that made for King 
Tuthmosis I,3 which measured 1 20 cubits ( 206 feet) in length with a 40-
cubit (69 foot) beam. Classical writers give certain indications of the sizes 
of ancient ships and boats, but these afford very little real help. Pliny, in 

1 Sc11AFER, £in llrudutiicl alttigyptiulur Annalen, p. 30. 
1 BREASTED, Anritnl Rtcord1, i, \ 323. , !6id. ii,§ 105. 
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his Natural History (Bk. xx xvi, cap. I 4) relates that King Ptolemy Phila
clelphus constructed a boat to carry an obelisk to Alexandria, and describes 
how a canal was cut passing under the obelisk (which was lying on its side) 
and how the boat was unballasted beneath the obelisk and so took its weight. 

Fig. 35. Plan of royal barge shown in Fig. 34. (After Reisner.) 

� 

Fig. 36. Iloat-buildcrs, from the XI I th-dynasty tomb of Khnemhotpe at Beni Hasan. 

Other classical writers state that great ships were built for use on the Nile, 
and vessels of 40 and even 50 banks of oars are mentioned; but if by the 
word 'banks'' these writers mean ranges of rowers, one above the other, 
their statements can hardly be believed. Ptolemy Philadelphus is said to 
have caused a boat to be built over , oo yards long and nearly Io yards 
high, and it is also said that the number of ships belonging to this king 
exceeded those of any other king, and that he had two of 30 banks and 
four of , 4 banks. 

1 To••• Ancitnl S!,ips, pp. 3-9 and I 5. 
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Not only could the Egyptians build boats to carry immense weights, but 
they could also build sea-going ships. 1 There are records of such ships as 
far back as the time of King Sneferu of the !Vth dynasty, and, throughout 
the history of Egypt, expeditions were constantly being sent by water to 
the coasts of Palestine and round the eastern Mediterranean. In the reign 
of Queen Ifatshepsowet a large trading expedition was dispatched to 
the Red Sea coast (P1111t): a magnificent series of sculptures of the ships 
can be seen on the walls of her temple at El-Deir el-Bahari. 2 

The Egyptians seem to have constructed their boats in a manner quite 
different from those of modern times, and their methods were the subject 
of comment by Herodotus (II, 96 ). The skin of the boat was made by 
jointing small pieces of wood together, the boat itself being entirely without 
ribs. Lateral rigidity depended on the thwarts, which ran from side to side 

-[I§] IlJ 
Fig. 37. Model pum-likc boat. Middle Kingdom. From 

El-Bersha. The mast is shown in Fig. 43. 

throughout the length of the boat. From the sculptures it can be seen that 
longitudinal rigidity was obtained by a rope or ropes attached at each end, 
which passed over two stiff stays at one-third and two-thirds of the way 
along the boat, thus forming what the English call a 'queen-truss' and the 
Americans a 'hog-frame'. A royal barge from Dahshur, of the X!Ith 
dynasty, which is preserved in the Cairo Museum (Fig. 34) is thus con
structed, the pieces of wood being tenoned :rnd mortised into one another 
(Fig. 35),3 and the construction of such boats is frequently depicted in the 
tomb scenes (Figs. 36 4 & 38), the patchwork principle by which they were
built up being sometimes very clearly shown. 

Whether the construction of boats from small pieces of wood was the 
result of the lack, in Egypt, of trees which would provide long planks,s is 

' �cc BREASTED, Ancient Tivm, Fig .. p, p. 58. 
i NA\'ILLE, Tiu Ttmpk �f Deir El Bahari, vol. iii, 
Pis. LXXJJ ct seq. 
3 REISNER, Modt/1 of Ship, and Boa/J ( Catalogue 
Glnlral Ju Mu1le Ju Caire), p. S+. 
• From LEl's1us, Dmkmiiltr, ii, Pl. 1 26.

s The home-grown wood used by the nncicnt 
Egyptians seems to have been mainly the Acacia 
Ni!otica (Arnb. fUnf) and the srcamorc-fig (Arnb. 
gammh;). Neither of these is suitable for providing 
long planks. 
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38 TRANSPORT IlARGES 

uncertain, but we have here a very important question, and one very diffi
cult of solution in the light of our present knowledge, namely, were all 
ships built on the patchwork principle or not? Here, model boats afford 
little help, since they are either constructed solid or are of punt-like form 
(fig. 38 '), and obviously represent quite small craft. It seems likely that 
ships of moderate dimensions were so constructed. 

The only contemporary representation of a great weight-carrying barge 

Fig. +o. Steering-system of the trading ships of Queen 
Hatshepsowct. XV JI Ith dynasty. Tc111plc of EI-Deir 

cl-13ahari. 

is at El-Deir el-Bahari, where a vessel is represented carrying two obelisks,2 
placed end to end upon it ([-'ig. 39). It will be noticed in the illustration 
that in spite of its great size the traditional shape of Egyptian boats is main
tained. This was almost certainly derived from the primitive papyrus 
boats which are still used 011 the upper ile ( fig. 41 ). The vessel is also 
represented with three ranges of what appear to be thwarts. In attempting 
to glean information from this sculpture several points must be appreciated; 

' Middle Kingdom, from EI-Ilcrsha. 
' It used to be considered ,hat the 1wo obelisks were 
iot those of Karnak, but two which once stood 

before the Temple of El-Deir cl-Ilahari. Recent 
excavations, however, have tended to show that 

this temple w.,s never provided with obelisk:;. 

Fig. +t. Modd of a papyrus boat (mmkrn) used at the present day 011 the Upper Nile. It is likely 
that the traditional form of F.gyptian boat was derived fro111 this form of craft 

Fig. +2. Steering-paddle of a mndc·I ship of the Xltl, dynast_v from the tomb of Mckctrc' at 
Thebes. Now in the Cairo Museum 
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TRANSPORT BARGES 39 
first, it must be remembered that the artist cannot have done his drawing 
on the walls from the actual ship, but probably did it from rough sketches 
which he had made when he attended the arrival of the obelisks in his 
official capacity. It docs not follow that he must have been an expert in 
the details of ships; indeed, from his representation of the tackle, it seems 
he was not. Secondly, it must be borne in mind that an Egyptian, when 
he wished to represent one object in another, or behind another, often drew 
what was inside or further away above that which was nearer. The drawing 

Fig. 4 3. Mast-head of the small punt shown 
in Fig. 38. Middle Kingdom; El-Bersha. 

of the barge gives an impression of top-heaviness with the two obelisks 
standing high on its deck, and it may be that they were really inside. This 
rather rules out the possibility that it was provided with three ranges of 
thwarts, unless the barge was built round the obelisks. While waiting for 
further information the student is completely in the dark regarding the 
internal structure of these barges; the patchwork method of boat-building 
seems hopelessly inadequate to resist the strain that the skin of the barge 
would have to endure, even if it were internally stiffened with a series of· ··· 
queen-trusses. It is extremely likely that the great barges were solid rafts 
made of tree-trunks, the whole raft being, if necessary, shaped to give it the 
appearance of a true ship. Their draught would admittedly be great, but 
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40 TRANSPORT BARGES 

not too great to prevent them passing down the Nile during flood-time. 
The time given by Uni (p. 34)-seventeen days-for the construction of 
his great barge makes this more likely, since it is not stated that it was 
shaped like those of Queen Hatshepsowet. 

The presence of the series of stiffening-ropes on the great barge of 
Queen Hatshepsowet and the thwarts, the ends of which can be seen in the 
sculpture (Fig. 39), need not necessarily imply that the boat was of the 
patchwork kind already described. In a solid raft, made of many logs 
lashed together or otherwise attached, they would probably have been very 

Fig. 44. Lowering the mast of :1 IV th-dynasty ship. Tomb of Abibi. From Saqqar:1; now in 
the Cairo Museum. 

necessary for keeping it in shape. Such is the unsatisfactory state of our 
knowledge of the great weight-carrying barges. 

The peculiar form of Egyptian ships necessitated a steering-system 
different from that used to-day. In moderate-sized craft the primitive 
method was often used, of one or more paddles held in the hand and passing 
through rings or lashings at one side of the boat as far aft as convenient. 
Such a 'rudder' can be seen in the tomb of Seknufer of the IVth dynasty 
at G1za. 1 Here three men are steering with three paddles. A development 
of the primitive method was to attach the steering paddle at two points 
and to fit it with a lever, corresponding to a tiller, by which it could be 
rotated, the paddle thus acting as a true rudder. Sometimes one paddle 
only was used; at other times there was one on each side. In the great 

1 LErs1us, Denkmiiler, ii, Pl. 28. 
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obelisk-barges of Queen Hatshepsowet there are two fixed paddles on each 
side. It must not be supposed that, in the two-paddle steering-gear, the 
boat was made to turn, say, to the right, by turning the right paddle-blade 
flat to the water and vice versa; to do this would be to unship the paddle. 
Each paddle was a separate steering rudder, and the boat could be steered 
both to port and starboard by either of the paddles, though the efficiency 
of each differed according to which direction the turn was made. In the 

Fig. 45. IV th-dynasty ship under full sail. Tomb of lpi. From Saqqara, now in the Cairo 
Museum. 

multiple-paddle steering-system, one paddle formed the rudder and the 
others reinforced it when necessary. Fig. 40 shows the details of a fixed 
rudder in one of the ships which took part in the expedition to Punt under 
Queen Hatshcpsowet. The paddle (A) rests in an upright ( B), and is pre
vented from slipping down by a stay-rope (C), and held to the hull by a 
loop (D). The paddle was rotated on its axis by a tiller (E). Ropes 
attached to one side of the boat passed over the steering-pillars and thence 
down to the other side, being tightened by a tourniquet (F). The last was 
to ensure rigidity in the steering-gear. 

When the primitive form of Egyptian boat was departed from, and the 
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stern made rounded, one steering paddle only was required, placed cen
trally. A steering-system of this type is seen in a model ship of the XIth 
dynasty from the tomb of Meketre' at Thebes (Fig. 42). 1 The object of 
the attachment at the top of the supporting-pillar was to prevent the rope 
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R.E:

Fig. +6. Composite drawing of the mastheads of the trading
ships of Queen Hatshepsowct with sails hoisted. XVII!th 

dynasty; El-Deir el-Dahari. 

holding the paddle from slipping down the pillar. A single steering-paddle 
with the traditional form of boat is sometimes seen, as, for example, in the 
XIIth dynasty tomb of Khnemhotpe at Beni Hasan. In this case the sup
porting pillar is very high, and the long paddle is attached almost at the 
end of the pointed stern by a loop of ropc.2 

In the Old and Middle Kingdoms boats seem usually to have been fitted 
with double masts, which were joined at the top by transverse metal or 

1 Now in the Cairo Museum. Sec Bu/loin of tht 2 LtPs1us, Dtnkmiiltr, ii, Pl. 127. 
Maropoliton Muuum of Ntru York, 1918-20. 
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wooden rods (Fig. 4 3 '). The earliest known boat of this type is found in 
a sculpture of the time of King Sneferu of the IV th dynasty. In the tomb 
of a noble called Abibi, also of the IVth dynasty, there is a sccne 2 in which 
men are in the act of lowering the double mast (Fig. 44), and what is pro-

e 

Fig.+ i · Composite drawing of the mastheads of Queen 
Hacshcpsowec's trading-ships with sails lowered. 

bably a double-masted ship under sail is found in the tomb-sculpture of a 
IVth dynasty noble called Ipi·1 (Fig. 45). 

From other scenes it appears that, when a mast was lowered, it was 
stacked, together with the yards, on two upright \.vooden supports, whose 
�ops were recessed in the same manner as those which supported the steer
ing-paddles. It seems likely that the cross-members of the double-masted 
ships, seen at the mast-head, were used as attachments for the numerous 
stays which passed from the mast to the stern. 

A study of the means by which the sail was hoisted is of great importance, 
1 From REISNER, Modt/1 of Ship, ond Boa/I (Cata
log11t Glnlral du Mullt d11 Caire), p. S+· 

2 Now in the Cairo Museum (Cat. Gin. No. t + 19). 
J Now in the Cairo Museum (Cat. Gin. No. t 536). 
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since it is the only direct evidence concerning the lifting-tackle used by the 
Egyptians, and has to be very careful! y taken into account in the inquiry 
into the methods used in masonry for laying the blocks. 

In the ship of lpi (Fig. 45) the tackle is fairly clearly indicated. 
The mast is stayed by numerous guys attached to the stern and one to the 
bow. (In the single-masted boats there must surely have been stays on 
either side, though they are never represented in the sculptures nor in the 
models.) The sail, which is provided with yards above and below, is con
trolled by two men, one holding two lines attached to the top yard and the 
other a similar pair attached to the lower yard. The lower yard is supported 
by four stays attached to the mast. The top yard, and consequently the 
sail, is supported by the main halliards, though in this scene neither their 
number nor means of attachment is very clear. In this ship there are no 
pulleys; their place is taken by what appear to be wooden or metal rings 
lashed to the mast. In the great trading ships of the XVIIIth dynasty from 
El-Deir el-Bahari (Figs. 46 & 47 ') it will be seen that only two halliards 
are used to support the upper yard when under sail, the rest (a-Ii) being 
merely stays supporting the lower yard. The curious attachment on the 
mast to which they are made fast cannot therefore be a series of pulleys, as 
some have supposed. At the only place where a pulley would be expected 
none exists, the main halliards merely passing over what may be a smooth 
metal frame lashed to the peak of the mast. In a ship of any size it is clear 
that the friction between the halliard and the member over which it passes 
would be very great vvhen the sail was being hoisted. Since it is known, 
from other scenes, that men were accustomed to stand on the lower yard, 
it is not unlikely that they helped the hoisting of the yard by pushing from 
below, the halliard taking up the slack rather than doing much actual 
pulling. This may well be the reason for the apparently excessive number 
of stays supporting the lower yard, which is remarkable in all the models 
and sculptures of sailing-ships. 

Although hundreds of models and pictures of sailing boats are known, 
a pulley occurs in none of them, at any rate in dynastic times,2 and the 
evidence brought forward suggests that pulleys were unknown. Further, 
if they had been used, in building, for lifting the blocks of stone, it would 

1 In Ihesc drawings the corresponding stays on the 
right side of the mast have been omitted for the sake 
of clearness. Jn the sculptures of Hatshcpsowct's 
boats 1he stays which held up the upper yard when 
the sail was lowered arc mostly left out, only a few 
being shown hanging loose when the sail was 

hoisted. It must also be remembered that the 
fiuings of the mast arc turned by the artist through 
a right-angle so that the sail may be visible. 
2 The earliest known pulleys in Egypt arc of Coptic 
or Roman date. 
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be expected that a model pulley would have been found in the foundation 
deposits under the temple walls among the tools, rollers, baskets, brick
moulds, and other objects which were so frequently placed there; yet none 
is found. 

The examination of Egyptian boats in greater detail is outside the range 
of this volume. The reader who wishes to study all classes of Egyptian 
craft should consult REISNER, Catalogue General du M111ee du Caire; 
Mode/1 of Sliip1 am/ BoatJ, and BoREAux, Etude de Nautique Egyptie11ne 
(Memoires de l'Institut fran{ais). The latter has recently appeared ( 1927), 
and gives the references to all articles on Egyptian shipping which have 
been published. 
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I
N ancient times, as at the present day, many things had to be done before
the mason could begin building. Plans-perhaps models-of the pro

posed building had to be submitted to the king, who, either personally or 
by deputy, formally set out the limits of the building, conducted the 
foundation ceremonies, and made the necessary sacrifices to the god to 
whom the building was to be dedicated. The architect, in his turn, after 
preparing the plans, had to organize a constant and sufficient supply of 
stone from the quarries, which were often far away, and after the 
preliminary formalities were over accurate! y set out the lines of the 
proposed walls. 

It is fortunate tint a considerable amount is known about the preparations 
made before building. Actual plans and models have been preserved; 
temple sculptures give some idea of the nature of the foundation cere
monies, and tomb-scenes occasionally give glimpses of the ancient methods 
of measuring land. For the rest, the student has to rely on deduction based 
on observed facts. 

It seems certain that there were palace archives where plans of temples 
were preserved, since in one of the crypts at Dendera an inscription states 
that the plan of the temple was found, written in ancient characters, in the 
palace of King Pepi. Another passage relates that a restoration had been 
made by King Tuthmosis III after a plan had been found dating to the time 
of King Khufu. The ancient references of this kind are always rather 
vague, and make the reader wonder whether he is reading facts or whether 
it is entirely an invention of the priests in order to magnify their office and 
all things connected with it. 

The Egyptians were able to draw an object from different aspects, 1 show
ing side- and end-elevations, for example, but only one drawing has been 
preserved as a definite proof of this (Fig. 48). 2 It seems to have been found 

1 Jt is doubtful how far the Egyptians made use of 
sectional drawings in the construction of their build
ings. A truly sectional representation of a house, 
showing the contents of each storey, is known in the 
New Kingdom (MACKAY, Ancimt Egypt (191 5), 
p. 1 7 I). It is by no means ccrt,1in that the scene in
the tomb of Rakhmirc' (Fig. 86, p. 92), which ap-

pears to represent a sloping embankment leading up 
to the top of three columns embedded in brickwork, 
is meant to be sectional; it is quite as likely that the 
embankment is meant to be in elevation and the 
remainder in plan. 
1 PETRIE, Ancitr.t Egypt (1926), p. 24. Now at 
University College, London. 
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at Ghorab, and may date to the XVIIIth dynasty. It represents the front 
and side elevations of what appears to be a portable shrine, and is drawn in 
black ink on a piece of papyrus squared in red. Plans of tombs and estates 
are known, often showing the doorways, pylons, altars, &c., in elevation 
on the same drawing, somewhat after the fashion of medieval European 
maps. The Egyptians dimensioned their plans more or less, but, to our 
eyes, the dimensions are very meagre. Their style of building was more 
traditional than that of modern times, and the more traditional the type of 
building was, the less ,vas the necessity for entering into a mass of detail. 
Most of the plans of the ancient Egyptians are, however, amply sufficient 
to give a clear understanding of what they were intended to represent. 

Though the use of a squared surface for an architectural drawing is only 
known in the example already cited (Fig. 48), it must have been a very 
usual procedure, since nearly all the sculptures on the tomb and temple 
walls were originally drawn by the artist over squares (p. 199). The 
method of drawing the squares was to measure equal increments along the 
edges of the surface on which the work was to be done by touching it with 
a string, dipped in ochre or lampblack, and held at corresponding points at 
each side. The Egyptians do not appear to have made very much use 
of a straight-edge for ruling; neither the reed-pens nor, in most c:ises, the 
surfaces on which they drew, were suitable for the ruling of a line. The 
cords by which the squaring was carried out are sometimes found wrapped 
round the reed-brushes with which the colours were put on (Fig. 266). 

One of the most interesting dimensioned plan-elevations is that of the 
tomb of Ramesses IV, on a papyrus preserved in Turin (Fig. 49), which is 
very fully discussed by Alan Gardiner and Howard Carter in the 'Journal 
of Egyptian Arclineology, vol. iv. In the plan the doorways are shown in 
elevation, the openings being painted yellow. Inscriptions in hieratic give 
the names of the various parts of the tomb and their dimensions in cubits, 
palms and digits (p. 6 3 ). The plan measures 3 3" 8 by 9· 6 inches. The 
hillside in which the tomb was cut is symbolized by a brownish surface 
covered with a inu\titude of bead-like dots in rows of red and white a\ter
natel y, recalling our ideas of lwtc/1i11g. Though it is possible that the corre
sponding under-side was similar, it is more likely that the line bounding the 
dots below was horizontal, and represented the bottom of the mountain, 
which, like the doors, was meant to be considered as an elevation, though 
the tomb WqS in plan. The plan of the tomb itself is, to our modern ideas, 
rather unsystematically dimensioned; for instance, it will be noticed that 
the thickness of the doorways is not given. Walls were indicated by two 
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parallel lines a short distance apart. A very interesting part of the tomb is 
Chamber Y, where, round the sarcophagus, are five series of walls which 
cannot be anything but a 'nest' of shrines similar to those found intact in 
the tomb of Tut'ankhamGn. It will be seen that, immediately within the 
outer shrine, there is something supported by four corner-posts, which is 
bounded by a single line, and not by the two lines which serve to indicate 
the wall; this is almost certainly the pall covering all the inner shrines. It 
may be of interest to give the translations (after Dr. Gardiner) of the 
hieratic notes on the drawing. 

CHAMBER W: 

a. Its door is fastened.'
b. Tlze fourth (corridor) of length 2 5 cubits; breadtl, of 6 C11bits; l,eig!,t of 9 C11bits

4 pa!111J; being drawn in outlines, graven wit/, tl,e cl,iul, filled wit/, colours
and completed. 

c. T/1e slide of 20 cubits; breadtl, 5 cubits I palm.
d. Tliis chamber is of 2 C11bits; brefldtl, of I cubit 2 palms; dept!, of I cubit 2 p,zlms.

CHAMBER X: 

a. Its door is f aJ/ened.
b. Tht Hall of f//fliting of (length) 9 cubiu; breadt/1 of 8 cubit.<; l1eigl1t of 8 cubits,

being drawn in outlines, graven with t1 clzisel,filled with colours and completed.
c. End of tl,e sarcoplzagus-slide of tl1rce cubits. (This dimension is misplaced,

so as to make room for the elevation of the door.)

CHAMBER Y: 

a. Its door is fastened.
b. T!,e House of Gold wl,erein ONE 2 rests, of 16 cubitJ; breadth of 16 cubitJ;

height of Io cubiu, being drawn in outlines, graven with tlze chisel, filled
with colours and completed, being provided with the equipment of His Majesty 
011 every side of it, together with the Divine En11ead wlzich is in tlze Deel 
(Underworld). 

c. Total, pegi1111i11g from thefint corridor to the House of Gold, I 36 cubits 2 palms.
d. Beginning from tlze House of Gold to tl,e Treasury of tl1e Innermost, 24 cubits

3 palms. Total, 160 cubits 5 palms.

CHAMBER Z: 

a. Ju door is fastened.
b. The Corridor of 1/,e Shabri-place of 1+ cubiu 3 pti!ms; brefldrh of 5 cubiu;

l,eig/11 of 6 cubitJ 3 palms ?. digits, being drnwn in outlines, grnven wit/, the
clzisel, filled wit/1 colours and completed. T!ltlt so11t!1 of it as well. 

c. The Resting Pl11ce of 1/,e Gods, of 4 cubits 4 palms; lzeig/11 of I cubit 5 palms;
depth of I C11bit 3 palms 2 digiu. 

1 Prob.1bly meaning 'Doorway to be fitted with door and bolts'. 
2 A common term for the King. 
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Fig. 50. l'la11, on limestone, of what is probably the tomb of Ramesscs f X fr ti V II fI t·. • • , om 1c a ey o t tc r..111gs at Thebes. (Cairo Museum) 

• 

Fig. 51. Plan of a building 011 a limestone
0ake from the Valle y of the K:i11gs at Thebes.

New Kingdom
Fig. 52. Plan-elevation of the door of ashri°n�
a_pproachcJ by a double night of stairs, on a
l11nesto11e 0akc from the Valley of the Kings

at Thebes. New Kingdom
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PREPARATIONS DEFORE BUILDING 51 
d. Tlie Left Hand Treamry of Io wbits; breadth of 3 cubitJ; height of 3 cubits

3 palms.
c. Tl1e Trensury of the {1111er1110J1 of 10 cubit.<; breadt/1 of 3 wbits 3 palms; height

of 4 cubits.

The measurements, as given on the papyrus, agree fairly well with those 
actually observed in the tomb of Ramesses IV, some being exact, while in 
other cases it is more probable that alterations in the original scheme are 
the reason for the observed differences than that they are errors. In the 
illustration the actual plan and section of the tomb of Ramesscs IV are 
given for comparison with the ancient plan. On the reverse side of the 
papyrus there is a series of dimensions also referring to a royal tomb, but 
those that can be compared with the plan of the tomb of Ramesses IV are 
totally at variance with it. It is likely that they refer to a different tomb 
al together. 

Another plan of a royal tomb, almost certainly that of King Ramesses IX 
at Thebes, was found on a piece of limestone in the Valley of the Kings 
(Fig. 50). It measures 32·7 inches in length. The drawing is in red, the 
space between the parallel lines being filled in with white. The jambs and 
lintels of the doors are painted yellow. This plan should not be looked upon 
as the architect's original plan of the tomb, but rather as a sketch-plan for 
the guidance of the workmen. 

In the same category must be placed two limestone ostraka also from the 
Valley of the Kings at Thebes and now in the Cairo Museum. The first 
( fig. 5, ), drawn in red ink, represents a building whose roof was to have 
been supported by four columns of rectangular section. The door is shown 
laid out flat in the usual Egyptian manner at the top of the plan, but with
out any details. At the bottom of the plan is a note in hiqatic which reads: 
'Breadth, 15 cubits'. Opposite the top right-hand column is the figure '8', 
which probably formed part of a similar note reading 'Length, 18 cubits'. 
It seems likely that the artist intended to have a space of four cubits between 
the walls and the columns and between the columns themselves, and that, 
when he totalled up the number of cubits in the length of the building by 
making small 'ticks' on the right-hand wall, he found that it came to 16 
cubits and not 18, and that he thereupon erased his note on the length. The 
proportions of the section of the columns as drawn on the ostrakon are 
about 2 to it. Assuming that these were the desired dimensions, and that• 
the same spacing was to be observed in the breadth as in the length, the 
former amounts to 1 5 cubits as stated by the artist. Traces of 'ticks' can 
also be observed on the bottom wall. These have been scratched out and 
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cannot now be counted for the whole length of the wall. lt is clear, how
ever, that opposite the columns were two 'ticks', showing that the artist's
original intention had been to furnish the hall with square columns. The 
ostrakon measures 9½ by 7½ inches.' 

The second (Fig. 52) is of rather Jess interest, and represents the double 
door of a temple or shrine, fitted with its pivots and bolts, approached by 
a double stairway. On the left the artist or some other person has sketched 
a royal head. It measures 16 by r r inches. 

L-1 '- ,u L ...

"' it j1& 
---

) '// f'
,, 

= 

••• 

Fig. 53. An architect's diagram, defining a curve by co-ordi
nates. Probably II I rd dynasty. S:iqqara. (From A1111a/,s du 

Service, xxv, p. 197.) 

An architect's diagram of great importance has lately been found by the 
Department of Antiquities at Saqqara (Fig. 53). It is a limestone fiake, 
apparently complete, measuring about 5 x 7 x 2 inches, inscribed on one 
face in red ink, and probably belongs to the IIIrd dynasty. In the five 
spaces formed by the curve and the vertical lines are lineal measures ex
pressed in cubits, palms, and digits (p. 63), as follows: 

I. '1 cubit, 3 palms, 1 digit' (+ 1 digits).
'2. '2 cubits, 3 palms' (68 digits).
3. '3 cubits' (84 digits).
4. '3 cubits, '2 palms, 3 digits' (95 digits).
5. '3 cubits, 3 palms, '2 digits' (98 digits).
1 For a fuller discussion of this ostrakon sec ENGELBACII, Annala du Stroia, vol. uvii, pp. 72-5. 
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It seems clear that each measurement refers to the height of the vertical 
line to the left of it, and that these lines must be taken as all rising from the 
same datum level. The vertical lines will thus be offsets or co-ordinates 
which by their lengths determine the positions of a series of points on the 
curved I ine. 0 bviousl y, for this diagram to be of use, the distances of the 
vertical lines from one another (the ordinates) must be known. These data, 
however, are not given. It is natural to suppose that the vertical lines are 
intended to be equidistant, and the very fact that the distance is not specified 
makes it most probable that it is to be understood as one cubit, an implied 
unit elsewhere (Journal oj Egyptian Arcliaeology, xii. r 34). If a curve be 

.. 

•• 

,. 23 ,o 
140 - ----------------, 

Fig. 5+· Scale-drawing of the curve whose particulars arc 
indicated on the ancient diagram shown in Fig. 53-

drawn to these ordinates and co-ordinates and made to drop to zero on the 
right, it will be seen that it is very similar to that of the ostrakon, except 
that it drops less sharply than the latter between 41 and o. 1 The curve docs 
not seem to be part of an ellipsc.2 This ostrakon was found near the remains 
of a solid saddle-backed construction, the top of which, as far as could be 
ascertained from its half-destroyed condition, closely approximated to the 
curve obtained from the data on the ostrakon (Fig. 54). It seems very 
like I y indeed that the diagram on the ostrakon was intended to serve as a 
guide to the masons in constructing the saddle-back. If this be true, it 
shows that the system of drawing a curve by co-ordinates was understood. 

' For a full description of this interesting ostrakon, 
sec GUNN, Annalu du Stroia, vol. uvi, pp. 
197-202, from which the above notes arc partly
transcribed. 

: The question whether the Egyptians knew the 

method of tracing an ellipse by following round with 
a pencil, or its equivalent, held inside a string 
ntuchcd to two given points (the foci), keeping the 
string taut all the time, is discussed by DARE;« in 
the Annala d11 Stroiet, viii, pp. 237-.p. 
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Fig. 55. Plan of an estate, from the XVII Ith dynas�y tomb of �crire' 
at El-'Amarn.i. (After PERROT & C111P1Ez, L Art .Egyptw,.) 

Fig. 56. Restoration of the estate of which part of the ancient plan is shown in 
Fig. 55. (After PERROT & C111r1Ez.) 
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Since it is not truly to scale, we can infer that the curve was originally
drawn by the architect to the form which pleased him, most probably on
papyrus, and that he scaled off the co-ordinates from that and transferred
his diagram rough! y on to a flake for the instruction of the masons. 

In many of the tombs of the nobles at El-' Amarna I it was the custom to
have plans of the royal palace, and sometimes of private estates, sculptured
on the walls; one of the best is seen in the tomb of Meri re' (Fig. 5 5). The
appearance of the estate can be restored from it with tolerable accuracy
(Fig. 56). 

A plan of an estate, which possesses considerable interest, was recently
bought from a dealer in Luxor. Under the title of An Architect's Pinn

from Thebes, it is described by Mr. N. de G. DAVIES,' who examines the
question whether it was drawn to scale, and is of opinion that it was not.
He remarks:
'The broad expanse of water at the bottom of the picture (Fig. 57) suggests either
a canal or the River Nile in good flood, the space between this and the thin parallel
line representing the sloping bank up which the rising waters will extend. Between
this and the main boundary or river wall is another strip J'2 ells (cubits) deep,
planted with a double row of trees behind a low wall. . . . The entrance to the
estate comprises a square enclosure, the centre of which is occupied by a tank 29 ells
long and 23 ells odd broad. It has sloping sides down which and up which again
half a dozen steps lead in a direct line from the entrance. The tank leaves ten ells'
breadth round it within the enclosure, and this space is planted with a row of trees. 
The court is entered on the river side from a forecourt '21 ells 4 palms long, which
extends along the bank almost to the water's edge. In the gateway to this a pedestal
is set on which a burden or sacred bark might be depositec:'. preparatory to carry
ing it down the steps .... The open lines which form the walls of the forecourt
may indicate stone-work, in contrast to the solid black boundary wall of crude
brick.'

Another drawing, worthy of consideration, is a map on papyrus made
for the use of gold-miners of the time of King Seti I (Fig. 58). It
represents two parallel valleys among the mountains with a winding valley
connecting them. The entrances to four galleries arc shown, together with
a water cistern and a stcla of the king close by. At the top right corner are
the houses of the miners. The original is now in Turin. 3 

When the area in front of the southern colonnade of the XI th dynasty
temple of El-Deir el-Bahari was being cleared by the Metropolitan
Museum of Art, New York, circular tree-plots were found arranged in
1 DAVIES, El,Arnnrnn, i, Pl. XXXII; sec also : Journal of Egypri,111 Archaeology, ml. iv, p. 19+, 
Pis. XXV and XXVJJ I; vol. iii, Pl. XXX, and ' Lust us, Awccal,I, Pl. XXII.
ml. vi, Pl. XXVJII.
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rows and containing, in most cases, the stumps of the ancient tamarisk
trees. About t_his time a _ limestone ostrakon was found which was clearly
the pl�n or project for layrng out the grove (Fig. 59). Mr. H. E. WrNLOCK, 
who directed the excavations, describes it as follows: 1 
'first, we must remember that drawings to scale were practically unknown to the

'-A/.VV'--A.A./V\/VVVVW���/'-.A0,A /'VVVVVV'/VV"\,A/',,·.�'-.A.A.AAA� ��A�/V'V\/VV'-.f>.AA/\/VVVVVV'-..../VVV'-..AA�,.,,� AA/VV'V\/'V'0V' '-./'v"- I' '"-../'V',..�,._ " "'- AA� :'.\ �/".A/�/V'
'-./ ' 

Fig. 57. An architect's plan of an estate, on a
wooden panel, from Thebes. (From the 7ournal 

of Egyptian .Archaeology, iv, p, 194.)
Egyptians, who were careless even of proportions. We need not be surprised to
find, therefore, that �he square temple �nd the ramp _leading to it are represented
by a mere symbol laid out on a centre l111e .... To right and left dots are laid out 
at the intersectio�1 of ruled lines. To the left we find three long rows of seven dot��
each-the tamansk grove already excavated-but a closer examination of the stone
sho�s a f�urth ro�v erased. Now it is an important fact that the left, or southern
portico (Fig; 60 ), 1s shorter than the right, and it is easy to see what has happened.

1 Bullttin of the Mttropolitan Muuum of Art; Th, Egyptian Exptditio11, 1921, 1922; p. 26. 
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The old landscape architect has paced o� the length of the right-h�nd portico and 
found that he could work in four rows of trees. Then he has gone 111to the temple, 

:;_J/J.1-� ... .t•i ;rff L 
0 i-------

Fig. 58. Map on papyrus for the use of gold-miners of the time of King Seti I. It represents 
two parallel valleys among the mountains with a winding valley �onnecting t_hem. The entrances 
to four galleries arc shown, with a cistern and a stela of the k111g. (Now 111 Turn, Museum.) 

and squatting down on the floor has laid out a symmetrical design with four _rows
on both sides which has stood until some more observant colleague has po111ted 
out his mistake in supposing that both colonnades were of the same width, and he 
has scratched out his fourth row on the left ... .' 

PREPARATIONS BEFORE BUILDING 59 
It can hardly be doubted that the Egyptians, in addition to plans drawn 

on stone and on papyrus, made use of scale models. For certain details of 
their crafts, such, for example, as the determination of the point of balance 
of an obelisk, it would have been their only method of obtaining a solution, 
since their mathematics were very primitive.' In the Cairo Museum there 

Fig. 59. Landscape architect's project 
for a gro\'e of trees in front of the X Ith 
dyna;ty temple at El-Deir el-Bahari. 
(From the B11/l,ti11 of the A1t1ropolita11 
M11u11111 of Art, New York, 1921-2, 

p. 2 7.)

TEMPLE PLATFORM 

Colonnade Colonna.de: 

Fig. 60. The temple grove of the 
X Ith dynasty temple at El-Deir cl
Bahari as found. (From the B11/lcti11 
of tl1e Mtlropolitn11 Musmm of Art, 

New York, 1921-2, p. 27.J 

:ire many models of gatew:iys, towers, pylons, and other pieces of archi
tecture, but none that can be definite! y called an architect's scale-model. 
A model, reputed to li::ve been found near Cairo many years ago, and 
r:irely referred to in text-books, may, however, have fulfilled that purpose�· 
It has been described as follows: 2 

'The model is of granite; it is 44·25 inches long, 34·65 inches wide, and 9·25 
1 See Chapter XX. ' GoRRtNCE, Egyptian Obt!i1k1, p. 70 and Pl. XXXII. 
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inches deep. It shows a double flight of steps ascending to the level of the sanc
tuary. On either side of these steps are, first, sockets in which were formerly set 
models of the great sphinxes guarding the entrance. At the top of the steps are 
again, on either side, sockets for two smaller sphinxes. Beyond these are marked 
the positions of the two great pylons .. . and on the inner sides of these pylons are 
seen holes marking the place of the double gate of the sanctuary .... Farther on 
are shown the positions of the great walls enclosing the sanctuary.' 

The model appears to date to the time of Seti I. 
The commencement of a temple in ancient times appears to have been 

attended with many formalities, the most important of which seem, if we 
are to beli�ve the sculptures, to have been carried out by the king himself. 
In the late temples, built when Egypt was under Ptolemaic or Roman rule, 
it can hardly be believed that the kings or emperors came to the temple in 
person and carried out all the details which they arc shown in the sculptures 
as performing, though in dynastic times they may well have done so. It 
appears that the scenes, in such late times, had become mere! y traditional. 
Though scenes of foundation ceremonies are known in many temples of 
the dynastic period, the most complete examples are found in the temples 
of Edfu and Dendera. In these the king is first seen leaving the palace, 
preceded by the four standards of the primitive tribes of Upper Egypt; the 
Jackal of the First Cataract, the Hawk of Edfu, the emblem of Thebes, and 
the Ibis of Hermopolis. In turn we see him pegging out the limits of the 
temple area with Safkhet, the Goddess of History (Fig. 61 ), turning the 
first sod with a hoe before the god of the temple, throwing what may be 
seeds or grains of incense into the foundation trench, making a mud brick, 
and finally presenting the temple to the god. An Egyptian temple was not 
considered complete until it had been 'ornamented', that is, painted or 
sculptured throughout, but many years seem sometimes to have elapsed 
between the end of the building operations and the complete decoration of 
all the walls. At various stages of the painting and sculpturing, in the case 
of the tern pie of Ed fu, the king formally presented the sculptures to the god, 
and in the scenes he is often depicted as offering the k/1eker-a hieroglyph 
meaning 'adornment'-to represent this stage in the proceedings. The 
inscriptions accompanying the foundation ceremonies are mostly very 
stereotyped, and are of value only in giving dates and the order of building. 

Though the foundation scenes make no reference to them, objects were 
usually buried under and round temples and walls. These are now known 
as 'foundation deposits'. Sometimes they consist of animal sacrifices only; 
at other times a variety of objects was deposited, consisting of plaques 
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inscribed with the name of the king, pottery, fayence and stone vases, 
and specimens of the tools with which the work had been carried out. 
Queen Hatshepsowet, in her temple at El-Deir el-Bahari, put in miniature 
copper tools, some with their wooden handles, brick-moulds (Fig. 263), 
'rockers' (Fig. 89), mallets, hoes, &c., while in other temples the whole 

Fig. 61. Part of the foundation ceremonies per
formed at the temple of Eclfu. The king is seen 
pegging out the limits of the temple with the god
dess Safkhet, cutting the first sod, pouring seed or 
grains of incense i1110 the foundation-trench, and 
moulding the first mud-brick. (From RocHEMON-

n1x-C11ASSINAT, Lt T,mplt d' Edfou, Pl. XI.) 

deposit was made of rough red pottery. Good collections of foundation 
objects can be seen in the Cairo Museum. No fixed rule seems to have 
been observed for the position of the objects with regard to the temples and 
walls, though different periods show preferences. The most varied collec
tions of objects are found in the N cw Kingdom. In the Temple of El-Deir .. 
el-Bahari not only were they put beneath the walls, but also in pits round 
the courtyard. 

Although the Egyptians did not always take the trouble to make the 
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foundations of their buildings level, they were capable, if th_ey_ wishe_d to do
so of levelling a large surface with great accuracy. No mformat10n has
co'me down on the method employed, but it can fairly saf�ly be assumed
that they achieved their purpose by the natural method winch the modern
cultivator uses, namely, by taking advantage of the fact that the s�rface of
still water is always at one level. In a building on alluvium, levelling pre
sents no difficulties, since water channels can be run over the area to be
levelled in as many places as is desired. To level a stone surface, however,
vvould require certain modifications in �his m

_
ethod. The most acc�rately

levelled area of which exact data are available 1s the pavement on which the
casing-blocks of the Great Pyramid rest. It does n�t exte�d under the
whole pyramid, since it is known that a c�re �f rock nses up 111to �he

_ 
mass

of the building. How far the pavement 1s l:ud under the pyramid 1s not
known, but outside the casing it extends for about two feet. A recent
examination of the pavement by the Survey of Egypt showed that the
visible parts lie on an almost perfect plane, though the whole plane slopes
up from the north-west to the south-cast corner to the extent of just over
half an inch.

The Egyptian method of flattening a stone surface was to �btain, at dif
ferent points upon it, small surfaces lying on the plane to which_ t�1e whole
area was afterwards to be reduced. Though the method of obt:11n111g these
'facing-surfaces' 1 must have been different for various classes of work, the
procedure of reducing the whole area to the plane: afte

_
r they had �een

found, seems to have been by means of 'boning-rods , which are descnbed
on page IO 5. . The method of obtaining the fac111g-surfaces when lcvellrng a pavement
would probably have been to flood the area with water by bank(ng up the
edges with mud, and to cut clown the rough surface at conve111ent plac�s
to a fixed distance below the surface of the water. In such a method cert:un
precautions would have to be taken, such as m_aking a fin�! check of th

_
e

facing-surfaces as nearly simultaneously as 
_
possible on a std� day. In this

manner the levelling of a surface of any size could be earned out to
_
the

limit of visual accuracy; it is only a question of patience and good organiza
tion of skilled labour.

The slight slope of the pavement of the Great Pyramid can co�ceivably
be accounted for if we suppose that a north-west breeze was blow111g at_the
time of the checking of the facing surfaces. This would be amply sufficient
, We have used the tcrtn 'facing-surfaces' to the plane of which the whole face of the stone was 
describe the small surfaces made on stonework to afterwards to be dressed. 
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to pile up the water towards the south-west and to produce the error
observed.

The unit of measurement of the Egyptian in building was the Royal
Cubit, which varies considerably in different dynasties and even in the
same dynasty. It will suffice to give a few examples of the length of this unit:

Great Pyramid (after PETRIE) . • 20-62 in. 
Royal Tombs at Thebes (after CARTER) 20-595 in.'
Quarries at Aswan . 20· 67 in. 
Ptolemaic (cubit rods from Dendera) 20· 1 and 20-77 in.

The cubit was divided into seven palms, and these, in turn, were subdivided
into four digits. All measurements of buildings given by the Egyptians in
their writings are in these units.

Our knowledge of the value of the cubit is derived from actual cubit
rods, both in wood and stone, which have been preserved; from dimen
sioned lengths and levels inscribed by the ancient masons on stonework and
on quarry-faces, and from the measurement of the lengths, breadths,
widths of doorways, &c., of finished buildings where, more often than not,
even cubits were used.2 

The common form of cubit rod was of rectangular section-often square
-with one edge bevelled. It was divided into seven parts, the last, or the
last two, being again divided into four. Often a line is found dividing the
rod into halves, and occasionally there is an extra mark close to the fourth
palm, which may be some kind of foot, but which cannot as yet b� more
definitely placed. Stone cubit rods of late date are known, some with the
digits subdivided into halves, thirds, quarters up to sixteenths, some having
what appear to be astronomical data on them, but these must be considered
as ceremonial objects rather than the tools used by the masons. Two stone
cubit rods of Roman date from Dendera have their faces subdivided into
fourths, fifths, sixths, and sevenths respectively.

It is not known whether the ancient Egyptians had the grotesque mix
ture of units used by the modern Egyptians in their trading, such as the
span, the clenched fist with the thumb extended, and so forth.3 It is likely,
however, that many foreign and local measures were in use at the same time
as the Royal Cubit, but it is extremely doubtful if these were �mployed in
architecture. Writers have tried to prove that the uneven heights of the
• J 011r11al of Egyptian Archatology, iv, p. 149 
(convened from metric). 
: The method of obtaining ancient units by this 
means is described in PETRIE, l11duC1ivt Mtlrology. 

' Cubit rods of 26·8 inches, divided into 7 palms, of 
tJ,e Xllth dynasty arc known (PETRIE, Wtigh11 a11d 
Mta1urt1, p. ,�o). 
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courses in the Great Pyramid are due to the presence of foreigners who 
were employed on its construction and who used their own units. 1 The 
fact that the top of a course was flattened or levelled after it was laid (p. 1 oo) 
by itself rules out this theory (apart from its improbability), since the 
course would have to be reduced to the height of the )O\,,·est block in it, 
and the result would not be likely to represent any particular unit. Though 
the work in the granite quarries at Aswan was divided into what appear 
to be foot-lengths, this should not be taken as proof that the foot was an 
Egyptian measure, since it is possible that what has been called the 'foot' 
may have been what had been found by experience to be the minimum 
length in which a workman could carry out his poundings (p. 26 ). At 

Fig. 62. Field-surveying, from the tomb of Amcnhotpe
si-se at Thebes. (From DAVIES, The Tomh of Two 

Officials of T11thmosis If/, Pl. X.) 

any rate, the Egyptian makes no reference to a foot. As for the 'Pyramid 
Inch' it has no existence outside the minds and writings of those technically 
known as 'Pyramid Cranks', who require it to help out their fantastic 
theories on the prophecies supposed to be embodied in the lengths of the 
passages and other dimensions in the Great Pyramid. 

The determination of the Egyptian units of length from the measure
ments of different parts of buildings is, at best, a rather unsatisfactory 
undertaking, except when the determination is only required very approxi
mately. The faces of Egyptian masonry were left rough and dressed 
afterwards, which would not conduce to leaving a finished face measurable 
to an exactly even unit. In medieval masonry, on the other hand, such 
a method may be extremely valuable. 

The only records of the means used by the Egyptians for surveying are 
found in the tomb-scenes and in certain statuettes. From these it appears 
that a cord was used in land measurement. In a scene from the tomb of 

1 Sec TARRELL, /lncitnl Egypt (1925), p. 36. Fig. 63. Ba�,lt statuct1_c of the �cribc Pcnanhurct, holding the 
royal surveying cord, tied with the c:ichct of the god Amun. 

(Photograph hy the Survey of Egypt) 
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Amenhotpe-si-se (No. 75), at Thebes,r men can be seen measuring the 
standing corn belonging to the estate of the god Amun (Fig. 62). Although 
they arc not shown in this scene, it appears from similar scenes in other 
tombs z that the cord was furnished with knots at regular intervals. In 
order, perhaps, to show it was a standard measure, the cord had a tying-up 
string furnished with a uraeus-crowned head of a ram, this probably being 
the cachet of the god. When the measuring-cord was in use the cachet was 
attached to the shoulder of one of the men holding it. In a statuette of the 
scribe Penanhuret, in the Cairo Museum, he is seen holding on his knees the 
royal surveying-cord which is also furnished with the cachet (Fig. 63). 

The unit of area for measuring land was the stat, the Greek 'aroura', 
which was equal to r square khet or roo cubits squared (2735 sq. m. or 
about ; acre). The stat was divided into 2 remen, 4 hese6, or 8 sa. Other 
subdivisions of the stat were expressed in terms of the cubit of land, 
i.e. a strip of land I oo cubits in length by one cubit in depth (,h- stat).
A thousand of land, or k/10, was equal to 10 stat.

The unit of capacity for corn was the hekat of 292 cubic inches ( 4· 78 5 
litres or 8· 42 pints), which was divided into Io l,enu ('hin') and also sub
divided as far as .'-.. The double- and quadruple-/1ekat are also known 
as measures. Another unit of capacity was the kht1r, which was equal to 
5 quadruple l1ekat or i of a cubic cubit. It is possible, however, that masonry 
was measured by the cubic cubit only. 

Though no measuring-cord has been preserved from ancient times, a 
mason's cord-and-reel of the Xlth dynasty is known (Fig. 266). The 
cord is wound on a split reed, which revolves round a spindle, the latter 
being in one piece with the handle. 

Having briefly reviewed the systems of measurement of the Egyptians, 
together with the little that is known of their methods of measuring, we 
have to consider how accurately they could survey the limits of a temple or 
other construction. The Great Pyramid appears to be by far the most 
accurately set-out monument in Egypt, and, until quite recently, it was 
thought that no side of the base differed from another by more than r· 8 
inches. This, on a side of some 9,000 inches, means an accuracy of r in 
5,000. Since steel-taping, with suitable corrections, can hardly attain 
this degree of accuracy, students of the Great Pyramid were somewhat 
nonplussed to account for such precision. Recently, however, the lengths ,. 
of the sides of the Great Pyramid have been determined by the Survey 
1 DAVIES, Tiu Tomb1 of T,uo O_fficia/1 of T111/11no1i1 2 CouN CAMPBELL, Truo Th,ban Prinu1, p. 86, 
///, p. 11 and Pl. X. and BoRcnARDT, Algypri1ch, �i1Jchrif1, xiii, p. 70. 
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of Egypt by finding a number of points where the edge of the casing
blocks met the pavement; and by plotting these points the true azimuth
of each side has been determined. 1 The results show that the sides of the
Pyramid base had the following lengths:

NorthEast SouthWest
Mean

9065·, inches9o7o· 5 )) 9073·0 ,,9069-2 ))
9o69·45 ))

It will be seen from this that the difference between the longest and the
shortest sides is 7·9 inches, which is more easily explicable than the
result from the earlier survey. Whether such accuracy could be obtained
by means of a measuring cord cannot be determined without personal
experiment. In the opinion of the writer it could, given a flat, level surface. 
Even if the cord, on experiment, could not be made to give this accuracy,
there is no need to assume that any complicated apparatus was used. The
old method of putting measuring rods alternate) y end to end could give an
accuracy far superior to that of the Great Pyramid. The original triangula
tion base for the Survey of England on Salisbury Plain was set out by
means of rods, though there were, of course, many corrections applied and
precautions taken which the Egyptians cannot be expected to have known. 
vVith modern corrections, rod-surveying can be done to an accuracy of I in
250,000. Using two model cubit rods of hard wood, one of the writers was
able to set them end to end twenty-five times and return along the same line
successively lo the starting-point without any discrepancy which could be
measured. It must be remembered, however, that there is 110 proof at all thatthe Egyptians measured by putting rods end to end in the manner described. 

As regards the means used by the Egyptians to obtain a good right angle
one has to rely on supposition, but it is unjustifiable even to hint that any
instrument in the nature of a theodolite was used as long as simple appliances
can be made to give the maximum accuracy observed. From the recent 
determination already referred to, it seems that the angles of the Great
Pyramid base had the following values:

North-castSouth-east South-west North-west
1 CoLE, Suroty of Egypt Paptr 39; BORCHARDT, 
lii11g111 und Ridtu11g111 dtr oitr Gru11d,a111tn dtr 

900 + 3'2" 900 -3'33"900 +0'33"900 -0'7." 
grom11 Pyramid, bti Gitt; EscELBACH, Prfos of 
Survty Pap,r 39, AnnaltJ du Stroia, uv, p. 167. 

PREPARATIONS BEFORE BUILDING 6 There is thus a maximum error from the right angle of Jf minutes of ar/In the _case of t�e Great !'yramid, the square could not be corrected by�1easurn:g the d_iagonals, smce a core of rock rises into the mass of the build-111g. Tl11S _pract1callr rul
_
es �ut the possibility that the right angle was setout by a tn�ngle havrng 1�s sides proportional to, say, 3, 4, and 5, or 5, 12,and I 3, which the Egyptians may well have known. A right angle can be set out with fair accuracy by purely visual methods,
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Fig. 64, Diagram 10 illus1ra1c rhe principle on which a 
righr angle may be set our by visual merhods. 

though exactly what fo:m the sig�Hing-appliance had in ancient Egypt we
have n� means of knowing. The mstrument made by one of the writers to
detcr�me what accuracy could be obtained by visual methods consisted of
two picc_es o� wood about 7 feet long set rough I y at right angles to each
other, :vith p'.ns put at the end of each arm and at the joint. The method
br which a_ right an?Ie

_ 
was obtained to a line Ar was as follows: the ap

pliance, which was s
_
1mi lar to that shown in the illustration (Fig. 64), was

placed so �hat th� p1'.1 at t�1e angle ·was exactly over the point r, and the
line xr sighted Ill lrnc with Ar. Sighting along rz, a peg was put in
a

_
bout Joo yards _away at p. The _ appliance was then turned through a 

r!ght-angle, the p�n at the ang�e berng kept over r, and the pins rz were . ,
s'.ght�d so as to he along A�. Another peg p' was placed beside p by
s1ghtrng al_ong YX, and the distance between p and p' was bisected (at P)
and the nght-angle (AYP) thus obtained was checked by means of a
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theodolite. It was found that in no experiment did the error from the right 
angle obtained by this visual method exceed I½ minutes. It is possible that 
the appliance actually used by the pyramid-builders was of a nature akin 
to the Roman groma, 1 which consisted of two pieces of wood attached in 
the middle to form a cross, from the four arms of which were suspended 
plumb-lines, the whole being in turn suspended from the middle of the 
cross. The principle of the gromn is the same as that in the visual method 
described. 'vVhether such an appliance, being thus suspended, would be 
steady enough to permit of very accurate readings being taken may well 
be doubted. 

Though, in general, the temples were not oriented with any very great 
accuracy, the pyramids, and especially the Greal Pyramid, were oriented 
very closcl y to true North. Since we have no reason to believe that the 
Egyptians used Polaris, it is probable that they sighted on a star which only 
sets for a few hours, and bisected the angle between the setting position, the 
observer, and the rising position. Again, it is possible that they took their 
observations on the extreme positions of a circumpolar star. It seems that 
by such observations it is possible to obtain an orientation as close as that 
of the Great Pyramid, neither the east nor the west side of which is closer 
than 2 minutes 30 seconds to true north. The actual orientation of the 
four sides is as follows:: 

West side 
East side 
North side 
South side 

r For information on this appliance, sec Diuovuy, 
Sept. 1925, and St.0LEl", Ancitnt Egypt (1926), 
P· 65. 
2 The subject of the oricntotion of the Pyramid is 
discussed at length in BoRCIIARoT, liingm und 
Richtungtn duvitr Grundianl(n d,r grouen Pyramid, 

2' 30" W. of N. 
5'30" W. ofN. 
2'28" S. of 'A'. 
1'57'' S. ofW. 

lui Giu, p. 9, where other rc:fcrcnccs to orientation 

may be found. It may also be obsen·ed that the 
present orientation of the Great PJramid mar 
well be considerably different from that when it 
was constructed, since the direction of True North 
is likclr to 1,.-·c changed during ncarlr 5,000 rears. 

VI 

FOUNDATIONS 

E
GYPT presents certain peculiarities of soil which are not common to
other countries; the absence of rain and the consequent general dry

ness give the builder great advantages, and the dry, hard rock or rocky 
debris, found almost every1,vhere, makes a firm and suitable basis on which 
to build. 

On the other hand, the alluvial soil which forms the level floor of the 
Nile valley offers some peculiar difficulties to the builder. When the allu
vium is dry, it is capable of bearing immense weights, but with the rise of 
the Nile it becomes soft and yielding-a very trcacfiGrous surface indeed. 
At low Nile, when its surface is baked by the summer sun and it becomes 
thorough( y dry, the mass contracts, and wide and deep cracks arc formed 
in all directions. 

The annual deposit of sediment by the rich water of high Nile has slowly 
elevated not only the surface of the valley-floor but also the level of the 
river-bed. The bottom of the trough in which the Nile rises and falls is 
itself raised. In consequence, many buildings which, when they were 
founded, stood well above the level of high Nile, are now inundated every 
season. The floor of the temple of Ptah at J\lemphis is more than eight feet 
below what is now arable land, and is flooded every year. In the Delta the 
ancient temples often lie at a for greater depth than this. The forecourts 
of the temple of Abydos and of the Ramesseum at Thebes have suffered 
badly from the sinking of the ground under the immense weight of the 
masonry, and the temples of Karnak, in places, used to stand several feet 
deep in water each year, though in the last case elaborate precautions arc 
now being tried in order to keep them dry all the year round. The huge 
funerary temple of Amenophis III, which stood behind the colossi of 
'l'vlemnon' at Thebes, has now almost completely disappeared, though there 
is contemporary evidence to prove that it was once one of the largest and 
most splendid of all the temples in Egypt. 1 Yet the site was chosen with so 
little foresight that, well under two hundred years from its completion, the 
flooding of its foundations had rendered it ir. such a state that it was ap-

• 

parently only fit to serve as a quarry for the new temple of King Meneptah. 
At present what foundations remain are six feet or more below cultivation 

1 llREASTCo, Anri.:nt Record,, ii, \ 90+. 
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level. The colossi :1lone h:1ve esrnped the general destruction. It may be 
remar�ed that one cannot always put down the destruction of a temple to 
the action of water or to bad foundations; a personal dislike of the founder 
by a subseque'.lt king m�1st always be �aken into account. The temple of 
Men�ptah, which was built from the rums of the temple of Amenophis III, 
was itself almost completely destroyed, though it has always stood well 
above flood-level. 

�he rise i1� level of the Nile is a thing so obvious that it is impossible to 
believe that 1t had n?t been to a certain extent studied by a people so ad
vanced as the Egyptians; yet in many places new monuments and temples 
were se� up, or old ones rebuilt, at a level so little above the high Nile of 
the penod that a few moments' thought would have foreseen their in
evitable fate. 

An interesting example of the accumulation of the alluvial soil can be 
studied at Hieracon polis-the ancient Nekhen-which shared with Nekl1e6 
(now EI-Kab) the honour of being the frontier city of the south in the 
earliest dynastic times, if, indeed, it did not exist before that. When the 
site was excavated,! vertical measurements were taken from a datum line 
established just above the level of the highest part of the temple ruins. At 
a depth of 1 3 feet 2 inches below datum, the lowest level was found, which 
was a rough stone facing to a sandy mound. This mound was evidently the 
site of a holy place. The desert surface lay a good three feet below these 
stone faces. What type of building originally stood on this mound it is 
impossible to conjecture, but at a depth of 6 feet 7 inches below datum 
there are foundations of a temple which is more or less dated by the well
known copper statue of Pepi II now in the Cairo Museum. It is certain 
th�t, when t_his_ mound began to grow, the desert level was well above high
Nile. As this site must have been under observation from the earliest years, 
the �radual encroachment of the Nile must have been sufficiently evident, 
yet 1t seems that the place continued in use, an<l that a temple, with crude 
brick foundations, was built at a period when the certainty of a further rise 
of the Nile was beyond question. It must be borne in mind, however, that 
it was not entirely due to lack of observation that a site was adhered to in 
spite of the rise of the Nile. Most of the primitive gods seem to have been 
water-deities, to judge from the fact that their images were represented on 
the sculptures as mounted on boats when they stood on the altar. A holy 
site, once established, could not well be changed. 

It is extremely difficult to gauge the proximity of an ancient site to the 
1 QurnELL and GREEN, l1itraconpoli1, Part 11. 
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Nile at any given period. For example, in the Description de L'Egypte, 
Plate 5, it can be seen that the main channel of the Nile passes on the west 
side of what is known as the 'Gezira' at Luxor, which is now dry most of 
the year, and, from the rather vague description of Pococke in 1 772, it 
passed still farther west in his day. There is evidence to show that the Nile 
at Luxor in dynastic times has shifted its course more than once, and that 
it has at times passed close to the foot-hills opposite the valley leading to 
the Tombs of the Kings. 

The earliest buildings which have survived are constructed on the hard 
desert surface, since those built elsewhere have been swallowed up by the 
rising Nile bed. It is therefore not known if there was any difference 
between the foundations of the ancient buildings constructed on alluvium 
and those of the later buildings. The most convenient monuments of the 
Old Kingdom whose foundations can be studied are the pyramids and mas
tabas of Giza. The procedure in laying the first course of blocks was to 
recess the rock so that, when the blocks were laid, the rough top surfaces 
of a series of them-often the whole course-should be all more or less at 
one level. The top of the course was dressed after the blocks were laid. In 
the case of a pavement the same system was used, the surface being dressed 
last of all. It will be seen (Chapter IX) that this is the fundamental prin
ciple of Egyptian building practice, the blocks being always laid with the 
least possible amount of dressing on them. 

Advantage was often taken of this method of laying blocks when the 
desert on which a wall was to be constructed was sloping, the foundation 
trench having the appearance of a series of steps. Sometimes, when the 
surface of the desert was sloping back from the line of the proposed wall, 
the first line of blocks was laid on beds which also sloped back at an angle. 
This can best be seen in the Queens' pyramids to the east of the Great 
Pyramid. A series of blocks, with beautifully fine rising joints between 
them, can often be seen lying on beds which slope back at different angles 
to the face of the wall. This method was an alternative to filling, and un
doubtedly more solid in such examples as the ·casing-stones of a pyramid 
or mastaba. 

When the surface of the ground was of such a nature as that on which the 
temples of El-Deir el-Bahari at Thebes were built, there was little need 
for elaborate foundations. These temples stand on the detritus from the 
limestone cliffs above them. The bottom of a trench, a yard or so deep, -,,v;;
neither better nor worse than the surface of the ground. Further, there was 
nothing to fear from the rise of the Nile, and rain is a great rarity; therefore 
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they were built with practically no foundations at all. Their ruin is not due 
to the foundations, but to bad workmanship, which is worse in the XVIII th 
than in the XI th dynasty temple. 

Another example of building on such a surface is that of the little temple 
of Tuthmosis III at El-Kab. Herc the foundations arc of the most in
different kind. The ground consists of soft disintegrated sandstone debris, 
and it was trenched to a sufficient depth to receive one la ycr of small blocks 
of stone. This was all the preparation that was made; nevertheless, as long 
as water did not make its way into the subsoil, it was sufficient. The build
ing stood nearly perfect until early in the last century, when a Pasha pulled 
it down to use the stone for a sugar mill! Standing, as it did, barely five 
yards high, it was only a simple construction, but the same indifference to 
the adequacy of foundations is also found in larger columnar buildings, and 
on ground which was manifestly not too firm. 

The best example of a temple built on alluvium is that of Karnak. The 
site must have been a holy one from early times, but those who were 
responsible for building the small shrines in the XIIth dynasty could hardly 
have forcsc�n the colossal series of structures, occupying some 600 acres, to 
which the little shrine would cventuall y give rise. All the buildings of 
Karnak have one thing in common: their foundations arc poor, and, since 
they rest on alluviun1, the gradual infiltration of water into the subsoil, and, 
until recently, on the surface, has made many of them extremely insecure. 

The method of making a foundation in the alluvium at Karnak was 
generally a very simple one. A trench of the necessary width and length 
was dug and the bottom of the trench was filled to a depth of some eighteen 
inches with dry sand. 1 A very level surface could thus be obtained on 

1 Jn rebuilding on the site of an older conmuction, 
however, 1he Egyptians often did not !rouble 10 ex
pose the old sand-bed, thinking, perhaps, that the 
chips and rubbish made as good a foundation. The 
late .M. Lcgrain, Director of Works at Karnak, 

Compo1ition of Soil 

Ground level 
Stone foundations 
Masonry chips and rubbish 
Soil containing flints 
Earth . 
Flints, ash, pottery, and bone fragments 
Earth 
Sand 

cleared the south-west corner of Pylon VIII to 
observe on what layers of materials it rested. He 
gives the following figures (Anna/ti du Service dtJ 
Antiquit/J, iv, p. 23): 

Thitk,,m of Ltvt! nl Bollom 
LnJa (mtlrn) of Lnytr (murtJ) 

O·OO 

0·70 0·70 
0·20 0·90 
0·50 1·40 
0·80 2·20 

0·20 2·40 
0·30 2·70 

'r ' . � .. 

_';\ii:·. ....... .. 

r." 6 Foundations of a column (no. 24) in the north-cast part of the H ypostyl<.: Hall at �arnak,
,·,g. 5. 

(From the A1111nles du Service, Vol. XX 111)

.. .. .. _,._ .!· t_t 

....... 

,... 66 1>r•·:s"1tl asp<.:ct of tl11: p_vlon of Ramcsscs I at �arnak
,·,g. . ' '  
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which to lay the first course of the masonry. Sand thus used, when care is 
taken that it cannot escape laterally, is one of the best materials on which to 
build. It was not here that the ancient architects built badly; it was rather 
their habit of putting, between the sand and the huge blocks forming the 
walls and columns, a few courses of small, friable stones (Fig. 6 5). Why 
this was done it is extremely difficult to say; it might be imagined that it 
was in order to economize in the large blocks, since they would not show 
beneath the ground, but this hardly explains it, since practically the whole 

Fig. 67. Foundations of the pylon of Ramesses I (No. II) at Karnak. 
(From a photograph by the late M. G. Legrain.) 

surface of the walls and columns was covered with gesso and painted, thus 
covering all the joints. 

Any blocks seem to have served for the foundation of a pylon; for 
example, in the consolidation work by the Antiquities Department on 
Pylon III ( of Amenophis III) at Karnak, fine alabaster blocks were found 
bearing scenes and inscriptions of Amenophis I. 1 These blocks have since 
been re-assembled and form no inconsiderable part of a chapel. The 
foundations of Pylon II (Fig. 67) consist of wretched little blocks, totally 
inadequate to support the immense weight of the pylon, which had been 
taken from a destroyed temple erected by the heretic king Akhenaten. 
These blocks do not even extend beyond the base of the massive wall whi�h
rests on them. The effect has been that they have become crushed under 
the weight, and the large blocks resting on them have, in consequence, 

1 P1LLET, .Anna/ts du Seroict, xxii, pp. 238-40; niii, p. II 2. 
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74 FOUNDATIONS 

split. This pylon has indeed suffered (Fig. 66); its collapse has been 
due not only to its internal weakness, but to one of the governors of 
Luxor usin,g it as a quarry, gunpowder being employed to help to extract
the blocks. 

In the Festival Hall of Tuthmosis III at Karnak the foundations are 
of the same poor quali�y (Fi�. 68). The set of small blocks of which they 
"vere composed was laid at nght angles to the length of the wall (i.e. as 
'headers'). The settling of some of these small blocks has resulted in the 
cracking of the large blocks in the upper courses. 

If the foundations of the pylons and walls were bad, those of the columns 

F;g. 68. Foundations of the Fcstiml Hall of 
Tuthmosis III at Karnak, showing how they 
were laid as 'headers'. 13eing of insignificant size, 
the setting of one of them often resulted in the 

breaking of one of the large blocks above. 

were worse. A hole was dug in the alluvium, not so that the foundations 
should be wider below than at ground level, but sometimes the reverse! 
Small stones, rough! y rectangular, measuring some 20 x Io x 8 inches, 
w�re laid in a pit containing a bare 1 8 inches of sand, the pit being often 
w1d�r- at the top than below. O_n this insecure base rested the great pair of
semicircular half-drums on which the giant column was erected. It can 
easily be imagined that the constant flooding of the subsoil did not improve 
the stability of the columns in the Great H ypostyle Hall. Before the late 
M. George Legrain became Director of Works at Karnak, one of the
columns in the northern portion of the hall had declined very perceptibly
from the vertical, and it was decided to take it down drum by drum and
re-erect it on a more secure foundation. It was then that one of the writers
was enabled to study not only the foundations but the manner in which
the various parts were mortared together. The re-erection was duly carried
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out and the column made secure. Lately, the foundations of many more 
columns have been consolidated without taking them down, the column 
being strutted and the foundations replaced by concrete, half being done 
one year and the remainder the next.1 

On the 3rd October I 899, a most unexpected calamity befell the Hypo
style Hall.2 For centuries the rising waters of the Nile had not flowed 
into the ruins of Karnak, but had entered by infiltration. The Nile water 
itself would do comparatively little harm to the masonry, but the water 
rising through the soil, charged with salts, was having a most disastrous 
effect, converting the stone, in places, into a fine floury dust. It was de
cided that the best course would be to open a free passage for the Nile and 
thus let in clean water. On the above-named day, eleven columns in the 
north part of the hall fell down, the noise being heard in Luxor, some two 
miles away. In addition to this, many other columns were shaken and 
partially dislocated. All the columns, for some unknown reason, fell to
wards the west (i.e. riverwards), and it was a strange sight to see the huge 
masses tilted over from the very base. The insecure foundations had given 
way, and it is remarkable how insufficient some of them had been for their 
purpose. The columns, falling, pivoted on their bases, and the large, flat 
base-drums on which they stood were driven into the ground, the upper 
drums falling apart and lying in long rows. Fortunately, none of the greater 
columns in the central rows of the hall fell over, but they did not escape 
the accident by reason of their better foundations, for they also stand 
mostly on comparatively poor little blocks, carelessly placed in a hole. An 
examination of the interior of the holes which contained the foundation of 
the fallen columns �howed that the action of the salty infiltration water had 
reduced them to sueh a state that the slightest friction would turn them 
into powder. 3 

Recent excavations by the Antiquities Department round the bases of 
the columns of the Hypostyle Hall have shown that at some period in their 
history an attempt had been made to fill up the space between the founda
tions of some of the columns. It seems, however, that this work was never 
completed. 

The superb column of King Taharqa (Fig. 69), the last survivor of ten, 
was leaning in such a dangerous manner towards the north-east, that it h�� 
1 PtLLET, Annn/tJ du Stroiu, xxiii a "'l·, where the 
procedure is described. 
' For an account of Lhe accident and its conse
quences, sec A1111alt1 du Strvia, i, p. 12 I. 
J As an experiment, a large trench, 7 metres deep, 

has been dug round the main group of temples, �nd 
drainage-pipes have been laid within the temple area 
in the hope of preventing furiher infiltration. It 
remains to be seen whether this will have the desired 
effect. 
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76 FOUNDATIONS 

recently had to be taken down block by block and rebuilt on secure 
foundations.' 

The foundations of the obelisks were very little better than tho�e of the 
pylons and columns. Though a couple of them were removed to Rome in 
late times, all the remainder-at least eight-have fallen except two; those 
of Queen Hatshepsowet and of King Tuthmosis I. The last has a very 
decided lean riverwards ( Fig. 70) and it seems to be only a question of time 
until it also crashes down. Nothing can be done to bring it back to the 
vertical, as it is badly cracked in the middle. The bases of the fallen obelisks 
all show a lean in the same direction, and though earthquakes and the 
Assyrians may have played their part in the overthrow of the Karnak 
obelisks, most of the damage must be attributed to bad foundations, which 
consist of a few courses of fairly well squared sandstone blocks resting on 
a metre of sand (Fig. 7 1 ). As long as the alluvium remained dry, this was 
sufficient, wonderful as it may seem, seeing that they were upwards of 
60 feet high and weighed more than 2 50 tons. With the flooding of the 
subsoil, however, the powdering of the foundation blocks rendered the 
foundation hopelessly inadequate. 

At or about the XXVth dynasty, a change took place in the laying of 
foundations, this period also showing a marked reaction, an effort to return 
to better forms and better sculpture. It was then discovered that it was well 
to have some regard to the foundations of a building. Advancement would 
not be expected from Ethiopia, yet under the princess of that country the 
buildings show a prodigality of materials in the foundations. Far from 
making a few trenches and holes to receive the walls and columns, the 
whole area of the temple was completely covered with carefully laid blocks 
three or four courses deep. This method continued in use until Roman 
times, and was made use of however small the building was. The temples 
of Dendera, Edfu, and Kem Ombo are all constructed in this way. The 
large temple of Nectanebos II at EI-Kab, which stands on a slight hillock, 
has, where the ground slopes downwards, foundations of not less than eight 
courses of stone, forming a platform on which the structure rests, and the 
little temple of the same king outside the main gate at El-Kab has a plat
form of large squared stones, though it consists of but one apartment sur
rounded by a colonnade. At Korn Abu Billo, in the Delta, a small temple 
has been built in late times in the accumulated town rubbish, far above the 
highest water-mark; yet it has for foundations a platform more than nine 
courses deep (Fig. 72 ). 

1 C11tVRitR, Anna/ts du Sert,.ifr, xxviii, p. 120. 

Fig. 69. Colum11 of King Taharqa at Karnak, leaning from the vertical 
owi 11g to the settling of its fou11datio11s. It has recently bee11 taken down 

block by block and rebuilt 

Fig. 70. Obelisk of King _Tuthn�osis I at Kar�1ak, sl_1owi11g itsyrescnt 
deviation from the \'Crllcal owtll!; to the settling of its foundat1011s 
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Fig. 7 1. Sandstone foundations of the pedestal of the fallen obelisk of 
Tuthmosis ·1 I I, before Pylon VI; Karnak 

Fig. 1 1. Remains of a ,mall llo1na11 temple at Kim, Abu Billo, showing the massive platform
011 which it is built 

FOUNDATIONS n 

It must not be imagined that the Egyptians were not aware of the fre
quent failure of their foundations. At a quarry near Gebelein there is a 
stela of the XXIst dynasty, where it is related that the king, when in his 
palace at Memphis, had a dream in which the god Thout appeared to him 
and warned him that the Nile was attacking the foundations of the canal
wall of Tuthmosis III at Karnak. 1 The king thereupon ordered his 
engineers to take 3,000 men to obtain stone from Gebelein in order to 
effect repairs. Since nearly all the stone-work of Tuthmosis III at Karnak 
is sandstone from Gebel Silsila, it is not quite clear why limestone should 
have been chosen for the repairs, and where, if at all, they were carried out. 

Before leaving the subject of foundations, it may be of interest to con
sider the quality of medieval buildings in Europe. There is a favourite 
saying in England that, in the old days, our forefathers knew how to build 
well, and did it. An examination of nearly all our great medieval buildings 
reveals to us that the foundations were mostly left out; indeed our ancestors 
did not build well as a rule. It is the thickness of the walls, the mere mass, 
that has enabled the buildings to stand as well as they have; their arcated 
style of architecture, moreover, is very flexible, provided that the arches 
are pointed and not semicircular. It was nothing unusual, however, for 
towers to fall down in a comparatively short time after they were built. 
Sir T. G. Jackson has shown how the buttresses in the north wall of Win
chester Cathedral were merely stuck on without foundations. They were 
supposed to strengthen the walls against which they were placed; in reality, 
they were pulling them down. Since we, in medieval times, with not only 
the splendid example of the Romans before us, but also the experience of 
our civilized neighbours, so neglected our foundations on a soil that was 
continually flooded, we should be lenient in our criticism of the Egyptians. 
They had no such advantages. 

1 DREASTto, Ancient Ruord,, iv, § 629. 
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l'vIORTAR 

T
O the modern mind, mortar plays a very important _part in t!1e con
struction of a building, whether it be of stone or bnck, and 111 these 

days cement is of even greater importance still. This results very naturally 
fr�m the fact to which attention has already been called, namely, that, with 
us, buildings are composed of stones of insignificant size, or of brick. The 
material which binds these small parts into a solid mass must therefore play 
a part of the greatest importance. . . Where megalithic building was the custom, with the blocks we1gh1ng
anything from five to fifty tons each, the cohesive power of the mortar was 
of very little· importance. The component parts of the structure were held 
together by friction occasioned by dead weight. . The Egyptian masons did not regard mortar in any way as a cementrng 
medium, and some of the most serious students of Egyptian methods of 
constructi;n do not seem to have appreciated this fact. Sir (then Mr.) 
W. M. F. Petrie, ,vriting on the casing-blocks of the Great Pyramid, made
the following statement: 1 

'Several measures were taken of the thickness of the joints in the casing-stones. The 
mean thickness of the joints of the north-eastern casing-stones is o-o� inch_es; and 
therefore the mean variation of the cutting of the stone from a straight lrne and_ from a true square is but o·o r on a length of 7 5 inches up the face, an amount of 
accuracy equal to the most modern opticians' straight-edges of such a length. 
These joints, with an area of some 35 square feet each, were not only worked as 
finely as this but cemented throughout. Though the stones were br?u_ght as close 
as to inch, or, in fact, into contact, and the mean opcn111g of the J0_1nt was but 
1�0 inch, yet the builders managed to fill the joint with cement; despite the great 
area of it, and the weight of rhe stone to be moved-some 16 tons. To merely 
place such stones in exact contact at the sides would be careful work; but to do so 
with cement in the joint seems almost impossible.' 
It was, however, the presence of the mortar in the bedding-joints which 
enabled the blocks to be laid. Without it, the Egyptians could not have 
l:iid them at all. Apart from its value in facilitating setting, mortar plays 
an equally important part in masonry. Since the lower courses of a lofty 
stone wall support a great weight, it is essential that the top of a course 

1 PETRIE, Tiu Pyrar.;id1 and T,mpla of Giuh (new ed. 1885), p. 13. 
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should evenly support the course above it, otherwise cracked blocks will 
result. A coat of hard-setting mortar will provide the much-needed level 
surface, distribute the weight, and preserve the integrity of the blocks. 

The north of England, Devonshire, and the Scottish Lowlands are among 
the places where masonry and stone-setting with comparatively large 
blocks can be well studied. Mortar is made use of to form an even bed and 
to facilitate 'setting', which is the technical term for getting a block exactly 
into place; the mortar being, practically speaking, a lubricant. It is obvious 
that unless a stone of considerable weight is laid on a bed of such a nature, 
so that it can be adjusted hither and thither, good setting cannot be ob
tained. For masonry of any fineness, a layer of so�e sort must �e used 
having the consistency of butter-in other words, a lime-cream, ':luch as a 
cement or mortar is without value. In the south of England, this creamy 
mixture is known as 'fine-stuff' or 'butter' and in the north as 'softening'. 

Egyptian mortar consists of gypsum and sand, �ith a considerable �d
mixture of impurities. Mr. A. Lucas, formerly DJrector of the Chemical 
Department, Egyptian Government, states that he has, as yet, found n_o 
lime in Egypt before Roman times. He suggests that the �cason _for thts 
is that the lime-making requires a much greater heat than 1s required f?r 
converting gypsum into plaster, which was universally used for mortar lI1 

masonry, an economy in fuel being a consideration in a sparsely :1ooded 
country like Egypt. The crude gypsum employed �y the E�yp�ian\ has 
been analysed by him and proved to have the followlllg constttutton: 

Speci111C11 1 Speci111C11 2 Specimw 3 
Sand . 7·6 3·7 2· I 

Gypsum . 75·4 85·2 89·9 
Carbonate of lime 17·0 I I· I 8·o 

100·0 100·0 100·0 

The material used as mortar is subject to great variation in different 
examples. Mr. Lucas's analysis of fifteen specimens of . mortar from the
Sphinx, the Giza Pyramids, and Karnak gave the followrng results: 

Sand 
Gypsum 

A1ax. per cent. 

2s-s
89·2
71·8Carbonate of lime, &c. 

Min. per cent. 

, LucAS, Miilak" in Clumical Ma/Ur, fr,9um1ly in Ancfrnl Egyptian Mauria/J, p. 230, by the same 
mad, in Archa,ology (Journal of Egyp1ian Archa,o- author. 
logy, vol. x, pages r 28-3 1 ). Other analyses are given 
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As will be shown in Chapter IX, the Egyptians did not lift their blocks 
by tackle in order to set them. They had to rely entire! y on hauling or 
rolling and the use of levers for this purpose. Thus the mortar played a 
part of primary importance in Egyptian masonry, since without it large 
blocks could not have been set at all. In the case of the great blocks already 
mentioned, which formed the casings of pyramids, considerable experience 
would be necessary to give the correct thickness to the mortar bed on which 
the blocks were lowered, so that it would squeeze out into, say, -/0 inch 
when the blocks �vere finally in position. If pure, the gypsum mortar sets 
quickly,, though this process is very much retarded if it is as impure as that 
used in ancient Egypt. From tentative experiments made by one of the 
writers, it seems like! y that between the process of lowering the block on 
to the semi-liquid mortar bed and sliding it 'home', very little time must 
have elapsed, and this has to be carefully considered when attempting to 
determine how such blocks were actually laid. 

Though mortar on the bed on which a block was to be laid was essential 
for the laying process, that observed in the rising joints was not. The only 
useful purpose which it can have served was to fill up any small gaps and 
render the joint of the same.appearance as the bedding-joints, and possibly 
to prevent plants from sprouting in the joints and thus splitting the edges 
of the stones. If the mortar were put on the rising joints in any thickness, 
it would take a very great_ pressure indeed to force it out to the thickness 
actually seen in the masonry, a pressure which the Egyptians can have had 
no means of applying, particubrly since the laying of a block had to be 
carried out during the time the mortar was still viscid (p. 110). Further, 
it is unlikely that the Egyptians would unnecessarily complicate a process 
already delicate and difficult unless very little extra labour was involved 
thereby. The most likely possibility is that the mortar, of suitable con
sistency, was, as it were, painted on the rising joint immediate! y before the 
block was slid into position. Two other possibilities might be imagined, 
namely, that the mortar was poured into the rising joints after the blocks 
were in position, or that the mortar found its own way in when the upper 
course was being laid. It seems very improbable, however, that the mortar 
could run into such a narrow gap. In some examples of megalithic masonry, 
such as the south pyramid at DahshC1r and that of U nas at Saqqara, it 
seems likely that some pairs of blocks never had mortar between them, 
though without taking them apart it is very difficult to be certain on 
this point. 

In the Great Pyramid, though the destruction wrought on it is deplor-
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able, we are, through it, able to observe how the mortar was made use of 
and to study its nature. In the body of the pyramid the blocks are very 
roughly shaped and not at all carefully built together. Co_nsiderable gaps
are found which are in part filled with a mixture of small pieces of stone 111 

Fig. 73. Lower surface of the 
abacus of one of the columns 
(no. 46) of the Great Hypo
style Hall at Karnak after 
removal for restoration. It 
was only mortared at M,M. 

s.c.

Fig. 74. Roman ma
sonryat Philac,show
inghollowi11g of joint 
to receive the mortar. 

Fig. 7 5. Roman masonry at Phi
be, showing hollow rising joints. 

a matrix of poor mortar. That this mortar has, or ever had, much cohesive

quality may well be doubted, but the filling i� �f any considerable holes

between the blocks tends to give increased solidity to the whole mass of_ ,.

the building. 
When the columns in the Great H ypostyle Hall at Karnak fell, 111 I 899

(p. 7 5), the stones of these columns came apart and lay on the ground
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and partly on each other like rows of huge cheeses. The manner in which 
the mortar had been made use of was very clear! y revealed. While the 
stones la l. still unto�ched by the resto_rers, one of the writers had an 
opportunity of studyrng them. In certarn cases, columns had to be taken 
down, for although they had not actually fallen, they had been pushed so 
far out from the vertical that the only way to avoid further catastrophe was 
to rebuild them. When the abacus of a column ( no. 46) was lifted off the 
top drum, on which it had rested for some 3,000 years, it c�uld be �een that
the mortar, which had been spread in rather a thick layer, did not he eve�ly 
over the whole bedding-joint but was concentrated in two places only (F1g. 
73, M, M), the rest of the bed of the abacus not having touched the stone 

I' 
I, s.c. 

� 
Fig. 76. Roman masonry at 
Qabbsha showing hollow
ing of upper surface of the 
column drums and the out
let-troughs for the super-

fluous mortar. 

Fig. 77. Col umn 
drum at Qalabsha. The 
upper surface has been 
roughly tooled to give 
a key to the mortar. 

Roman date. 

Fig. 78. Lower half-drum 
of a capital at Qalabsha. 

Roman date. 

which supported it. The abacus had to carry the massive monolithic archi
trave which extended from column to column, and was in turn weighted 
down by the heavy roof-slabs which covered the hall. By all theory, the 
abacus should have split, but its mass appears to have been sufficient to 
withstand the unevenness of pressure to which it had been subjected in 
consequence of this economy in mortar. 

It is not until Roman times that cement-mortar is found, when an en
tirely different technique for mortaring the joints appears. At Philae, in 
the masonry on the east side of the entrance to the sanctuary, the blocks are 
dovetailed and dowelled (p. 1 1 2 ), and under the dowel-hole a groove leads 
down to a square recess in the rising joint, possibly so that the mortar could 
be run down into the joint whilst the stones were in contact (Fig. 74). In 
the cornice-stones which cap the walls in this part of the temple, the channel 
between the interior of the joint and the top of the masonry has the form 
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of two triangular indentations in one of the stones forming the joint (Fig. 
7 5). Though the mortar may have been introduced by the little channels 
described, it is far more likely that they were escapes for surplus mortar in 
the joint when the blocks were brought together. At Qalabsha, in the outer 
court between the pylon and the hall, the tops of the drums of the columns 
were slightly sunk in the middle and roughened to give a key to the mortar, 
there being two little troughs on opposite sides of the drum so that �he 
surplus could escape (Fig. 76). By no means could mortar have been 111-

troduced through them, which suggests that the channels described above 
may have been for the same purpose. In the same temple, c�lumn-dr�ms 
without any hollowing of the upper surface can be seen, wluc� are fairly 
flat and roughly tooled to within a few inches from the edges (F1g. 77). In 
all these examples, the under surface of the drums seems generally to ha�e 
been left fairly smooth and not tooled to hold the mortar. At Qalabsha, 111 

some of the half-drums which formed the lower part of the great capitals, 
two grooves of almost triangular section can be seen running vertically 
down the joint (Fig. 78). They may possibly have been for the mortar to 
form a dowel. 

It seems that mortar was spread on with the hand, and here and there 
the impress of the fingers can still be se�n sharp _ and. clear. !here is no
evidence to show that it was ever spread, 111 Egyptian times, with a trowel, 
though a plasterer's tool which functions on the same principle is known 
(Fig. 263). 
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VIII 

HANDLING THE BLOCKS 

O
NE of the most disputed points in connexion vvith the mechanical
achievements of the ancient Egyptians is the question of what means 

of handling the blocks they knew, and what they did not know. The view 
taken by some imaginative writers in the past was that the Egyptians used 
the most wonderful appliances, and in their publications they even give 
descriptions of some of them, though their assertions are unsupported by 
any evidence. On the other hand, certain authors of the last generation 
were of opinion that not only were the Egyptians ignorant of such means 
of obtaining great mechanical advantage as the system of pulleys, or the 
capstan and its derivatives, but that they did not even use the roller or 
the lever. 

If the contemporary records are searched for information on the ancient 
methods of handling blocks, very little indeed is found. In their tombs, the 
great architects who were responsible for the building of the temples or the 
erection of the giant monoliths give practically no information on the means 
they employed, and classical writers such as Herodotus and Pliny I give us 
such garbled and impossible stories, gathered, no doubt, from ignorant 
dragomans, that they are of little or no value. Apart from the meagre in
formation obtained from contemporary records, there are two roads by 
which one can hope to attain to a knowledge of the Egyptians' methods of 
handling the blocks; one is by a study of such specimens of their appliances 
as have been found in excavations, and of the traces they have left on the 
monuments on which they were used; the other is by rigorously ruling out 
all hypotheses which do not explain every fact which can be observed in 
the ancient buildings, and by refraining from crediting the Egyptians with 
any mechanical contriv'.lnce unless there is a certain amount of evidence for 
it, or until every primitive appliance has been proved incapable of carrying 
out the piece of work which is being studied. Another false piece of reason
ing must also be guarded against, which is to assume that identical methods 
must necessarily have been used in their entirety for handling a colossus 
and for dealing with small building-blocks. 

1 \Ve have refrained from giving 1hcsc at length. 
The more reasonable c,n be found in ENCELDACII, 
Tiu Problem of the ObdiJ/11, pp. 68and91, and nn 

almost complete collection is given in GoRRtNCE, 
Egyftian Obdi1k,, p. r 54 et "7· 
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One of the most important questions to consider is whether capstans and 
srsten_1s of pull�ys were know?. As regards the former, though the prin
ciple 1s of the simplest, there 1s not a particle of evidence that it was ever 
employed, and every piece of moving work can be explained without it. 
When, for example, Dhuthotpe moved an alabaster statue of himself, which 
must have weighed some 60 tons, from the quarry to the Nile (Fig. 79), 

Fig. 79. Scene of rite transport of a statue in the XV I I Ith dynasty. 

he did not use a capstan, bu� mounted it on a sled, running undoubtedly 
?n sleepers, but apparently without rollers, and had it pulled by 172 men,r 
1f we take the number of men shown in the actual scene as correct. A man 
on th� t�es of tl�e statue is pouring water or oil on the sleepers to lessen 
tl

'.
e fnct1on, whil� three others are carrying a large, irregular! y shaped 

p1e�e of w?od .. It _1� not at all certain what this is for, but it may be a sleeper
wh_1ch he 1s bn�g111� f�om behin_d to lay in front of the statue. Its irregt�-:
lan�y may possibly 111d1cate that 1t was merely a rough plank, flattened only 
on its bcanng surface. Another inscription relates that it took 3,000 men 

1 NEWBERRY, EI-Ba1/,,/,, i, Pl. XV. 
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to bring in a sarcophagus-lid, weighing wme I 8 tons, from the Wady 
Hammamit to the Nile. 1 With a few capstans, 100 men could have 
carried out the work in a month. The system of pulleys, and even the simple 
pulley, must equally have been unknown. No dressed blocks in position 
show any traces of slots for 'lewises', or other marks which would pre
sumably be present if the Egyptians had used lifting tackle. Traces of 
recesses, however, for receiving the points of levers are frequent in large 
Egyptian blocks from the IVth dynasty onwards. In many temples they 
can be seen in the ends of the roof-slabs and of the architraves. They are 

R.lf. 

Fig. 80. Transverse section of part of the 
end of an alabaster sarcophagus-lid, show
ing holes through which a rope could be 
passed to assist in getting the lid into place. 

(XIIth dynasty; Cairo Museum.) 

also especially noticeable in the ends of the great blocks forming the lintel 
of the gateway of N ectanebos II at Karnak. On the lids of large sarcophagi 
bosses are often left at the end of the lids, which, at first sight, appear to have: 
been for passing ropes round, but the shape of many of them rules out this 
possibility, since their flatness below and their considerable taper would 
render them most unsuitable for holding the bight of a rope. It seems that 
they were for taking the points of levers. The holes in the ends of certain 
stone sarcophagi of the Middle Kingdom, however, are certainly to enable 
ropes to be used in lowering or sliding on the lid (Fig. 80). But this is no 
proof at all that a pulley was used in conjunction with the ropes, since a lever 
can be used with a rope as shown in the illustration, and this is a common 
method in modern practice. 

In megalithic masonry, such as the casing-blocks of pyramids, small 
bosses were left low down on the front face of the block for the same pur
pose. Examples of these can be seen in the unfinished granite facing of 
the Third, Pyramid at Gtza (Figs. 99 & r oo ), and traces of them can 

1 BREASTED, Ancitnl Ruord1, i, § 448. 
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Fig. 81. Traces of handling-bosses in the quart""l.itc masonry of 
the 'Osi rcion' of Seri I at A bydos 

-� -
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Fig. 82. Wheeled baggagc-waggons, drawn by oxen, used by the Hiuites during a campaign 
of h:.ing Ramesscs I I; from his temple at Abydos 
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Fig. 83. Scaling-ladder, fitted with wheels and kqn from slipping by a handspike, from th� Vth 
dynasty tomb of Kacmhc,it at Saqq,ira. This is the only representation of a wheel known 111 the 

Old Kingdom. (Photograph supplied by Cecil Firth, Esq.) 
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also be observed in the partly dressed quartzite masonry in the cenotaph 
of Seti I at Abydos, popularly called the 'Osireion' (Fig. 81 ), though here 
they have been almost removed in the rough dressing of the •..valls of this 
building. By no possibility could ropes have been used in connexion with 
these bosses; further, they indicate that the blocks were handled from the 
front during the laying process (p. 110). Another argument against the 
use of tackle for handling the blocks is gained from a study of the models 
of ships and boats and the representations of them on tomb and temple 
walls (Chapter V). It is seen that, even in the largest sea-going ships, the 
halliards which raise the lower boom or yard do not pass through anything 
like a pulley, but over what appears to be a frame or else through rings 
attached to the masthead. This lack of means to change the direction of a 
pull on a rope with any efficiency had a marked effect on the form of 
rigging used. Had a pulley or system of pulleys been known, it would 
surely have been used in ships. 

Certain recesses in the casing-blocks of the temple of the Second Pyra
mid have been explained I on the assumption that they were to take the 
ends of great 'tongs', by which they were lifted into place. This, however, 
does not explain how the casing-blocks of the other monuments in the 
necropolis at Giza were laid, since they do not show such recesses. Another 
suggestion made in connexion with this temple was that the holes observed 
in the foundations of the pavement were to take the legs of a gyn for raising 
the statues of the king into a vertical position; again implying the use of 
tackle. It seems that the holes were, however, to take the feet of scaffold
poles by means of which the statues, &c., were finally dressed (Fig. 232). 
They would afterwards be covered up by the pavement. Such holes are 
found all over the foundation recesses of pavements at Giza; some appear 
to have been to take the point of levers when used as handspikes, while 
others may have been used in conjunction with anchorages for ropes. 

The pulley involves the use of the wheel, and for heavy work, a very 
strong wheel indeed. As far as is known, the wheel played a very small 
part in the life of the ancient Egyptian; the word for it is almost certainly 
of foreign origin, and it is not found applied to chariots or waggons until the 
New Kingdom, though this may well be because horses do not appear in 
Egypt much before that date. The wheels of the known Egyptian chariots are .. 
extreme! y flimsy affairs, and it is doubtful if any wheel built on lines similar"· 
to those which have come down to us would take any load or endure hard 
wear. In the wars of Ramesses II against the Hittites, it is clear, from the 

1 Hot.scnER, D111 Grabtl,nAma/ dn Konigi Cluplmn, pp. 7+ and 75. 
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camp scenes in the Ramcsscum and elsewhere, that he used chariots, but 
there is no evidence that he used waggons for transporting his gear. The 
most he seems to have had arc quite small carts. The Hittites, on the other 
hand, had wheeled waggons, drawn by horses and oxen (Fig. 82), piled up 
with all kinds of goods. In Assyria, solid wheels were used to move heavy 
weights as early as the eighth century n.c., 1 but all the known evidenc� on 
the methods of transport for builJiug matc,i::!� t:�cd by th,. F.gypt1ans 
indicates that the sled alone was used. 

It might be considered surprising that no wheeled vehicle _except the 
chariot is represented in the hundreds of scenes on tomb walls which portray 
the daily life of the dynastic Egyptians, especially since the Nile mud can 
be made i,nto an ideal surface for wheeled traffic. It must be remembered, 

Fig. 84. Block mounted on sled and drawn by a team of oxen, from the Tura Quarries. 
XVII Ith dynasty. (From D,rnF.SSY, Am10lts du Struic,, xi, p. 263.) 

however, that, even to-day, the fella(, makes very little use of carts, and 
many villages in Egypt cannot be approached e�en on _a bicycle. �ntil 
quite recently there was 1�0 road betw�en successive capitals of provinces 
in Upper Egypt. The Nile was the _highway of Egypt, an? the donkey
the universal means of transport for light goods over short distances. 

It must not be assumed that the use of the wheel apart from chariots was 
quite unknown, even as far back as the, Old Kin�dom. In th� tomb of
Kaemhesit, of the Vth dynasty, at Saqqara, there 1s a scene (Fig. 83) of 
men clambering up a scaling-ladder fitted with solid wheels, which is 
prevented from slipping out by a man using a baulk of wood as a hand-
spike. _ _ 

To doubt that the lever was used is no longer possible. The recesses Ill 

the large blocks and the handling bosses alrcad y mentioned could not be 
for any other purpose than to take the points of levers, and in robbed sarco
phagi which are not fitted with handling bosses, it can often be observed 
that part of the cover has been c�t away �o enable th: end of a !_eve: to be 
inserted; and, if this is not sufficient, a piece of acacia-wood, with its end 

1 LAYARO, The Mon11mtn/J of Nintrth and lla6y/o,r, Pis. X-XVII. 
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cut to a rough chisel-point, was actually found in a tomb at El-Bersha close 
to a robbed sarcophagus, which it had obviously been used to open.' 

The sled _mentioned as used for the transport of the 60-ton statue of
Dhuthotpe 1s by no mean� the only evidence we have of this being the 
usual �ethod for transporting blocks of all sizes. In the quarries of Tura, 
there is _a scene of a block mounted on a sled being drawn by a team of
oxen (Fig. 84). It appears to date to the reign of Amasis I.2 The obelisks 
of Hatshcpsowet, which the well-known scene in the Deir cl-Bahari 
Temple at Thebes represents loaded together on to a giant barge (Fig. 39), 
arc both on sleds, though here the details of the actual lashing are 

-BJ

I 
a 

- ... -- 111111 
Fig. 85. Woo�cn sled of the X:I!th dynasty from Dahshur, on which a royal barge had been transported (Fig. 34). The original 1s 14 feet long. (After REISNER, Modt!s of Ships and 

Boals, p. 89.) 

rather vague, since the hauling ropes would never be attached to the middleof the lashings, but rather to the sled itself as in the scene in fhe tomb ofDhuthot�e, where the lashings, tightened by means of a tourniquet, areshown with great cle�rness. A large wooden sled (Fig. 8 5) was foundnear the south _pyramid of Dahshur,3 w�ich had been used to transport aroyal barge (Fig. 34). Many sarcophagi are also made as if mounted onsled-runners, the ou�er woo?cn coffin_ of Yuya and the mummiform granitesarcophag_us of Para mcssu Ill tl�e Cairo Museum being typical examples. The c�1dence. for rollers havrng been used in conjunction with sleds iscomparatively slight, though their use is almost unquestionable. Exampleshave been found at_ Saqqara (Fig. 26�), and in the quarry near the XIIth dynasty pyranud of El-LahO.n, which appear to be of acacia wood.�·
1 DAR£ssv, Anna/ts du S,roitt, i, p. 28. 
• ibid., xi, p. 263. 
J The figure is from REISNER, Catalogu, Glnlra/ du 

Mull, du Cain; Modt!, of Ships and Boa 11, p. 89. 

Also sec DE MoRCAN, Fouillts a Dal,tliour (Mars
Juin 1894), p. 83. 
• PtnJE, Tools and lfl'tapon,, xlix, nos. 38 and 39. 
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They are slightly thicker in the middle than at the ends, which are rounded.
Similar pieces of wood, which appear to represent rollers, occur in several
foundation deposits. The absence of large rollers in the few quarries which
have been examined is in no ·way surprising; then, as to-day, a roller was
used until it split too badly to be of further use; it then became firewood. A
sound roller was a valuable object, and the chances are much against one
being lost. The same remarks apply even more strongly to large levers.

Since Dhuthotpe's statue is represented as mounted on the sled without
rollers being shown, writers have believed that they were not used at all.
Assuming that the 172 men shown in the scene were the number actually
employed, we get a pull of some 8 tons, which might well be sufficient to
move it if the sleepers were well greased or watered. It is stated that when
the obelisk now in the Place de la Concorde at Paris was being hauled up
a very slight incline, mounted on a wooden 'cradle' running on a specially
prepared greased w:i y, it took :i pull of 94 tons to move i t. 1 This would
correspond to the force exerted by at least 2,000 men. To pull a colossus
of nearly r ,ooo tons would have required more than 20,000 men, since the
crushing on the runners and sleepers would greatly increase the relative
friction factor. Such a number could not conceivably be put on to a block
when introducing it into a temple or up an embankment, or loading it on
to its barge.

The Assyrians knew the value of the roller as a lessener of friction at
least as early as the eighth century n.c. In the scene of the transport of
a colossal winged bull 2 at Nineveh, a gang of men are continually supplying
rollers under the front of the sled, while others arc helping to overcome the
initial friction from the back with levers. Between Egypt and North
Mesopotamia there were close, though not always amicable, relations from
the fifteenth century n.c. onwards, and it is incredible that Assyria should
have known the roller and not Egypt. A nation which moved blocks and
which never deduced the value of a roller for reducing friction from such
homely occurrences as slipping on a vvalking-stick left on the floor would
be sub-human in intellect, which the Egyptians certainly were not. It
must be determined, however, why rollers were not invariably used. In
the case of moderate sized blocks, and with sufficient men on the spot, the
running of the sled over transversely laid sleepers is a considerably quicker
process than the use of rollers, which need a good deal of attention to
avoid jamming or running sideways. Another disadvantage of the roller is
that it requires longitudinal track-baulks, which need careful laying over
' LEOAS, L'Oblli1qut tit Louxor. 0 LA,'ARD, Tiu Monumtn/1 of Nintvth anti Babylon, Pis. X-XVJ !. 

uneven ground, since
length.
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they have to be supported almost throughout their
Evidence has been brou_ght �orward that the Egyptians did not use liftingtac�le, and all that that 1mphes, but that their only methods of movinga lai ge bl�ck were by means of sleds and levers; it remains to be determinedhow, for rnstance, a large building such as the Great Hypostyle Hall atKarnak w_as constructed. It seems that the very simplest method was used,that �f filling with earth as the courses grew higher. The first course wouldbe latd, together with the bases of all the columns. The whole interiorwould be filled with the Nile mud, which hardly requires any ramming,and emb�nkments would also be made all round the outside of the courseso as to give a platform a few yards wide for handling the blocks from thefront. The scco�d course and the corresponding drums of the columnswould then be laid and the filling continued. The blocks would be hauledup supply embankments placed at convenient points. The slope of theseembankments would depend on the size of the blocks used in the building and as the building grew higher, would extend far out from it. Using sud�a metl_1od, a maximum number of men could work at the same time, andt!1ere is no need to assume any �omplicated apparatus. It might be considered that to fill such a hall with earth would be laborious beyond thebounds of reason, but this is far from being the case. The hall measures

1 7° feet by 3 29 feet, and it can be calculated that the whole of it could befi_Ilcd, by 1 ,ooo youths, to the depth of the roof of the north and southa1sles-:-that is some fifty feet-in less than six weeks, assuming a six hours'working day and an average carry of 300 yards. To fill to the height ofon� drum would take less than a week. The modern Egyptians, withthe'.r baskets, which they call muqtnj or ghalnq, can work at the most asto111shmg pace, and their endurance is phenomenal. The late Director of\Vor_ks at Karnak, M. George Legrain, used the filling method freely in his
:epa1nng work, though he naturally took advantage of modern tackle whenit woul� save time. He used to affirm that he could have carried out all hiswork w1�ho�1t tackle, and using only the primitive methods. To maintainthe vert1cal1ty of the wall during construction would not be a difficultmatter, s111ce we know that the blocks were left rough on the faces anddressed after tl�e wall was built. A few pits, lined with brick along thewal_ls, �ould easily be made, down which a plumb line could be lowered to 111�111ta111 t�e gene:al verticality of the masonry. In the case of a batterbcrn� requ1r_ed, as Ill a pylon or mastaba face, a man would be lowered intothe pit to ad1ust the point of the plumb-bob on measuring marks left at the



( l 

(1 

C 

( 

( \ 

( l 

C 

C 

C 

( 

92 HANDLING TIIE BLOCKS 
foot of the masonry, and the masonry would be set back to the required 
batter by calculation from the length of the plumb-line. Egyptian mathe
matics were well equal to this calculation. 

The evidence that the Egyptians made use of embankments of brick and 
earth is considerable. There is (a) written evidence, (6) pictorial evidence, 
and (c) remains of at least two embankments in an unfinished piece of 
masonry. To take these in order; in a papyrus now known as the Papyrus 
Anastasi I, 1 there is a collection of model letters intended for students to 
copy. They are supposed to be written by a scribe called Hori, who twits 
another called Amenemope with not being up to his job (among other 
failings). In one of his paragraphs, he asks whether Amenem5pe can get 

Fig. 86. Scene from a tomb, probably representing the construction of a huilding by means of a 
brick embankment. XVIIlth dynasty; Thebes. (From NEWBERRY, Rekhmnrn, Pl. XX.) 

out an estimate of the number of bricks required in the construction of an 
embankment 730 cubits (418·3 yards) in length, 60 cubits (34·4 yards) at 
the high end and 55 cubits (3 1· 5 yards) broad, having a batter, presumably 
at its sides, of 1 5 cubits (8· 6 yards). Though the technical terms are ex
tremely obscure, it seems that the embankment was to have been, as it 
were, a brick box, divided into compartments which were to be filled with 
earth. There seem to be some errors, probably due to repeated copying, in 
the figures giving the dimensions of the internal compartments, but the 
overall dimensions are quite clear. 

An even more interesting piece of evidence for constructional em bank
ments is found in the tomb of Rakhmirc' (no. 100) at Thebes, who in
cluded many scenes of arts and crafts on the walls of his tomb-chapel. Here 
can be seen (Fig. 86) an embankment leading up to the top of what must 
surely be masonry embedded in brickwork. It may possibly represent 

1 A translation of the relevant parts of this papyrus 01Jfli1k1, p. 90. The whole papyrus is pu blishcd 
may be found in ENGELDACII, Tht Probltm of tht by ALAN GARDINER in Egyptian Hitrntic Ttx/J. 
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Fig. 88. Rcmai11s of the co11structio11al cmb:111kmc11t 011 the cast face 
of Pylon I at 1--:arnak, showing traces of thc i11tcrnal structurc 

Fig. 89. Ancient model of a woodc11 appliance for handling blocks, 
from a foundation dcposit of Queen Harshcpsowct in hcr temple at El

Deir d-Bahari. (Cairo l\luscum) 
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three columns, and if this is so, the drawing is a truly sectional one. On 
the other hand, it may be the usual half plan and half elevation so common 
among the Egyptians (Chapter V) and represent the walls as viewed from 
the top and the embankment as seen from the side. This, perhaps, is more 
likely. On the left is seen what may be a roofing-block on the way up, 
though the writers arc at a total loss to explain the details of it. The in
scriptions give no descriptive information at all. It is a thousand pities that 
this unique piece of evidence should have been so ruined by the natives who, 
until quite recently, made the tomb-chapel their home. 

The actual remains of a constructional embankment are still visible on 
the east and west sides of the great unfinished pylon at Karnak, now known 
as Pylon I (Figs. 87 and 88). The tremendous masses of masonry forming 
the pylons appear to have been begun under King Sheshonq I of the 
XXIInd dynasty. The constructional embankments were apparent! y made 
in the following manner: solid and stout walls were built of mud brick, 
spaced from two to three yards apart, and placed at right angles to the face 
of the intended pylon. These walls had necessarily to be of some substance, 
for as the masonry rose, course by course, so did they, until they would be 
at last of the same height as the pylon, which would have been some 140 feet 
when finished. As they grew higher, these brick-filled embankments must 
have been extended backwards so that the slope of the outer face should 
not become too steep. Between these parallel brick walls, earth-perhaps 
consolidated vvith water-was introduced. Here and there also inferior 
brickwork was built in. The value of brick walls in stiffening the em
bankment must have been considerable. It is interesting to observe that 
the brick wall and the filling do not touch the face of the masonry; a 
gap of about sixteen inches is left. The northern tower of the pylon had 
a large mass of similar construction remaining in its place, which once 
partly buried the small temple of Seti II. A great deal of this embankment 
has now been removed, but it is much to be hoped that, in the interests of 
archaeology, the mass now to be seen will be allowed to remain; it docs no 
harm and is a leaf of no mean value in the history-book of the ancient 
Egyptians. In the present ruined condition of the embankments, it is 
difficult to say which were the supply embankments, and which were merely 
the platforms in front of the course.' 

Embankments being well vouched for, the question arises whether the 
blocks were invariably hauled up the constructional slopes on sleds. It 
seems that this must very largcl y have depended on the size of the blocks. 

1 From NewDERR>", Tiu Lift of Rrkhmara, Pl. XX.
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It will be seen, in Chapter IX, that unless vve assume that �!eds were used at 
the top of the masonry, it is almost impossible to expla111 the metho� of 
laying the great blocks seen in the Old Kingd?m_ masonry (p. 10_9). Smee 
the steeper the embankment is, the less material 1s necessary for 1t and the 
less is the space required, it seems very likely that, in the case of moderate 
sized blocks, they may have been rolled up the slope�, and only_ mounte� 
on sleds when they had to be moved any considerable distance ho_nzo_ntally. 

vVhen a block was being shifted, either on a sled or otherwise, 1t must 
frequently have become jammed, and it is interesting �o speculate on the 
extent to which the 'Spanish windlass' was employed 111 such cases: The
principle of this appliance is to pass a rope round and round the obJect _ to 
be hauled and a fixed anchorage and twist the strands bet_ween them w1�h
a stick in the manner of a tourniquet. Simple forms of this can be seen 111 
the lashings of the statue of Dhuthotpe (Fig. 79 ), an� in the stiffen�ng �f 
the rudder-posts of a ship (Fig. 40 ). Though there 1� no proof of 1t, this 
principle may have been extensive! y used by the �gyptians. 

In certain foundation deposits of the New K111gdom, small appliances 
have been found which archaeologists now know as 'rockers' (Fig. 87). 
Prof. Petrie, in his Aris and Crafts i11 Ancient Egypt, p. 7 5, sugge�ts that 
the stone was placed on the appliance and that � wedge-shaped piece ?f 
wood was placed below one side of it and the appliance rocked _up on to 1t; 
another similar piece of wood was then placed on the otl:er side and the 
stone rocked back in the other direction, this process be111g repeated by 
inserting new pieces of wood alternate) y on e�ch side previous_ to rocking 
it, thus gradually raising the block. The appltanc� may conce�vably have 
been used for this purpose when the block to be raised was so s1t_uate? th�t 
the construction of a ramp was impossible. M. Auguste Cho1sy, 111 his 
L'Art de Batir chez /es Egyptiem, would have us believe that not only were 
the rockers used in raising the blocks up the sides of pyramids when they 
were being constructed, but that the brick constructional-embankments 
(p. 92) were made in the form of huge stairway� and that th� blocks were 
r:iised from one step to the next by rockers. 2 It 1s far_ more _ likely �h�t the 
rocker, being the ideal appliance for giving small mo�1o_ns with a m1n1mum 
of effort to anything resting upon it, was used for sh1ft111g the block _about 
during the dressing process, and as such was included with the tools 111 the 

, Another constructional embankment has been , The use of rockers for raising the blocks up to the 
traced in the temple of the Second Pyramid at Giza courses in pyrnmid construction can be shown lo be 
(H!luc11ER, Do, Grabdtnlmal Jn Kor.;g, Chtrhrtn, impo,siblc (p. 121 ). 
P· 7:). 
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foundation deposits. The possible use of the rocker in dressing the blocks 
is discussed on p. 103. 

Though the building methods of the Egyptians do not depend on scaf
folding, it must not be assumed that this was, to them, an unknown art; on 
the contrary, there is very good evidence that it was both known and used 
(Fig. 2 3 2) in work on large statues, and it was probably free! y employed in 
facing the masonry of buildings of moderate dimensions, though in the case 
of very large walls, pylons, and pyramids it is much more likely that this 
process was carried out to the plane of previously established facing-sur
faces (p. 62) while the constructional embankments were being removed. 

There is no reason to suppose that the Egyptians were so hidebound by 
convention that constructional embankments were used for all buildings, 
however small. Where the blocks could be handled by a party of men 
without the aid of levers, it is probable that all earthworks, except, perhaps, 
a steep supply embankment, were dispensed with. 

The popular conception of the ancient architects as intellectual supermen 
has to be considerably modified when an unprejudiced study is made of 
their works. Amazing as it may seem, no advance was made in their 
mechanical methods from the IVth dynasty onwards, and it is difficult to 
determine what was the factor which enabled them to make their early pro
gress. The Egyptian mind was not, in matters unconnected with religion, 
speculative. His mathematics were so cumbersome I as to be inadequate 
for any really refined calculation, and were rigidly practical. He could use 
primitive appliances with an almost incredible refinement and was a superb 
organizer of labour-therein lay his genius. The more, however, his 
constructional methods are studied, the more one is convinced that if any 
detail in a piece of work has to be explained by an apparatus of any com
plication, then that explanation is certain! y wrong. 

t Sec Chapter XX. 
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DRESSING i\ND LAYING THE BLOCKS 

AN understanding of the methods used by the Egyptians in dressing 
.fl.and laying stone blocks would seem, at first sight, to be simple enough. 
In reality, however, the reverse is the case. from cl::issical times down to 
the present day, the methods used have undergone no very great change. 
The general principle can be thus outlined: A rough stone block is stood 
on a tbt surface, such as a heavy woodrn table (sometimes called a 'banker') 
.1nd is dressed by mc:ins of a chisel or toothed :idze ('comb'), :ind tested for 
rectangufarity by :i m;1son 's square. The block is then ljll'tl and loll'crcd 

into pfacc on the course by means of tackle, often in conjunction with some 
simple /Jo/ding ;1ppli:111ce such :is a lewis or tongs. An cx:imination of 
Egyptian masonry, on the other hand, soon convinces all but the wilfully 
blind that the underlying principles of the craft were radically different 
from those mentioned, and that the student must divest himself of all 
preconceived ideas based on modern practice before he can hope to under
stand the various processes which, in Egypt, led to a finished stone building. 

It is strange that no serious attempt has, to the writer's knowledge, 
hitherto been made to discuss, in detail, what the Egyptian methods of 
construction may have been. An inquiry has, therefore, to be conducted 
from the very beginning. It is for this reason that so much attention has 
been devoted, in Chapters IV and VIII, to the methods of handling the 
blocks which were known to the Egyptians, where the evidence brought 
forward is strongly against their having known or used tackle of any kind 
for lifting heavy weights. Since the Egyptians have left practically no 
information :it :ill on their building methods, the student has to rely on 
deduction based on evidence in the monuments themselves, and, since an 
assertion, or even a suggestion, that this or that method was or may have 
been employed is utterly valueless without the evidence on which it is 
based, it has been felt necessary to give that evidence as fully as possible. 

Egyptian masonry can be divided into two classes, namely small-block 
masonry, where the blocks were sufficiently light to permit them to be 
lifted by a party of men, and megalithic masonry, where the builders, being 
unacquainted with lifting tackle such as the system of pulleys, had to roll or 
slide the blocks into position. 

Given a sufficiency of binding material, once the idea had been originated 

Fig. 90. Masonry in the tt'mplc of J-:.i,1g Zoscr, north-west of the Stq� l'yrarni<l; 111 rd dynasty, 
Saqqiira. (Photograph by the Amiquitics Department, Egyp11an Govcrnrncrn) 

Fig. 91. Panelled boundary-wall of the Step Pyramid at Saql1ara. I I I rd dynasty 
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Fig. 92. Top of one of the bays (Fif:-91? ,,) in the boumlary wall of the Step Pyramid at Saqq,1ra, 
showing the poorness of Jo111t111g 111 the small-block masonry of 1-.::ing Zoscr 

Fig. 93. Ribbed columnoid in the cross hall at the west end ofZoser's 
colo1111adc at SaqlJatra. The courses arc not parallel 
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of using stone as a medium for building, two types of masonry would tend 
to develop; the first method would be to build with the flattest face of the 
block to the front, and the second would be to endeavour to obtain as close 
a fit as possible between neighbouring blocks. The first was used freely at 
most epochs for retaining walls, but it must have been from the second 
method that the fine masonry in Egypt took its rise, where the object may 
have been to imitate the fine and regular joints observed in good brickwork. 
It might be imagined that the next step would be to cut the stone into 
rectangular blocks of equal depth and to lay them just as blocks are laid 
to-day. But a brick is not cut; it is cast, and the Egyptian does not seem 
to have acquired the idea of testing a block with a square until it was per
fectly true. This may possibly be partly accounted for by the fact that he 
never learned, even in the smaller brick walls, the art of internal bonding 
(p. 1 13). Hence the only joints which he would aim at making close would 
be the joints on which the blocks lay, which are known as the bedding 

joints, and those between neighbouring blocks along the course, or rising 
joints. It is probable that it never occurred to the Egyptian that there 
would be any advantage in using truly rectangular blocks; at any rate they 
can almost be said not to exist until the very latest times. 

The masonry of Zoser (Figs. 90-5) is inferior to the better examples of 
later times in that the fineness of the joints between two adjacent blocks, 
which appears so good when viewed from the front, only extends inwards 
for at most a couple of inches; afterwards the joints become wide and 
irregular and are filled in with thick white gypsum mortar (Figs. 92 & 94). 
The tops of the blocks were generally made to slope downwards from the 
face, probably after they were laid (p. 107), thus enabling the bedding 
joints to be made close at the face of the wall, since the larger the surfaces 
are which are required to be in close contact, the greater must be the pres
sure exerted in bringing them together in order to squeeze out the super
fluous mortar. The difficulty of obtaining a close joint between contiguous 
blocks was admirably overcome in the succeeding dynasties, where the 
rising joints between blocks of the largest size are close from front to 
back (Fig. 96). In the Zoser masonry, fineness of jointing at the face of the 
walls was only obtained at the expense of solidity. 

Where the masonry was to be covered by a pavement, as in the casing
blocks of the Step Pyramid (Fig. 9 5) and many of the shrines round it, the 
front of the blocks was left in the state in which they were laid, and it can 
thus be deduced that it was after the laying had taken place that the face 
of the wall was dressed smooth. This is confirmed by the fact that at the 
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98 DRESSING AND LAY ING THE BLOCKS 
internal corners of walls the rising joints do not come at the corner of the 
wall itself. This feature is noticeable throughout the dynasties (Fig. 230). 
It seems also that in the Zoser masonry the tops of the blocks were likewise 
left in the rough until after they were laid, since in the columns of the 
cross-hall of the western colonnade (Fig. 94) the bedding joints, though 
flat, are not parallel, which could hardly happen if the blocks were laid 
with their top surfaces dressed. This peculiarity is not confined to the 
IIIrd dynasty. 

The manner in which a block was laid in the Zoser and other small
block masonry appears to have been as follows. It was brought up on to 
the course and laid close to that which was last laid, and two surfaces, ex
tending inwards from the front of the blocks for about two inches, were 

J/1' .... ··. :: ..
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. . . . ·. · .. ; .. 
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Fig. 94. Plan and section of an ex.1mple of Zoser's small-block 
masonry at Saqqara. (Slightly exaggerated.) 

made to fit. The faces of the blocks behind these dressed surfaces were 
cut away so that there should be no contact (fig. 94). Since a block 
could be lifted, it could be tried against its neighbour as many times as 
necessary until the required closeness of fit was obtained. The rising joints 
,vere made, in general, approximate! y vertical, but if the conformation of 
the blocks was such that an oblique joint was more convenient, then an 
oblique joint was made. In what may be the earliest example of the small
block masonry, namely the festival temple, the traces of laborious fitting 
are more frequent than in the remainder of the buildings round the Step 
Pyramid. Here it can be seen that the bedding joints arc at times very 
irregular. It may be that in this example, the part of the top of the course 
on which a block was to be laid was dressed immediately before this was 
done. The tops of the courses are not smooth, but are usually scored with 
the marks of tools. This n1ay have been occasioned partly by the dressing 
of the rising joints when the blocks were standing on the course, but may 
a\so havi:, been for the purpose of giving a key to the mortar. 

Fig. 95. Remains of the casing-blocks of the Step Pyramid of Saqqara (111 rd dynasty). Tht: 

dressing of the rough faces of the blocks, after they were laid, has not been completed 011 the 
lowest course, probably since it lay below ground or pavement level. (Photo. by Cecil Firth, Esq., 

Antiquities Department, Saqqara) 

Fig. 96. Casing-blocks 011 the north side of the Great Pyramid. The joi11ts in these blocks do not 
gap more than !,�" at any point in their surfaces. Behind arc the 'packing-blocks' of the second 

cou rsc 

Fig. 97. South face of a mastaba at Giza. The levelling of the casing-blocks, which have now 
disappeared, was carried, at AB and CD, a short way into the core-blocks. At EF and GH, 
traces of the levelling of the i11tcrmcdiatc casing-blocks can be scrn. The core-blocks are about 

four feet high 
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Fig. 99. Granite casing-blocks, only partly faced, near the entrance lO the Third Pyramid at 
Giza, showing bosses under which the poinrs of levers engaged during the laying. The average 

height of a course is about four feet 

Fig. , oo. Granite casing-blocks on the cast side of 1he Third Pyramid at Gi7-�, where the facing 
has been nearly completed, showing oblique rising joints 
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A peculiarity in the small-block masonry of Zoser is the number of 
patches which are noticeable at the joints. It seems likely that, during the 
adjusting or the dressing process, the blocks frequently became chipped, 
and that when this happened, the faulty parts were cut out, oblong slots 
being forme<l, the sides of which taper inwards, and pieces of stone were 
cut to fit into them. The patching was done with considerable neatness, 
and occurs most frequently in the festival temple and least in the cross-hall 

Fig. 98. Restoration of section of part of the casing- and 
core-blocks of the mastaba shown in Fig. 97. 

(Fig. 3). The correction of faults by patching occurs throughout the 
dynasties, but not so frequently as in Zoser's masonry. 

The methods used by the IIIrd dynasty architects did not die out during 
the ensuing dynasties. As long as a block could be conveniently lifted, they 
continued to be used in all but the finest masonry. In many of the IVth 
and Vth-dynasty mastabas at Giza, masonry can be observed where the 
blocks fit tightly at the face but the joint only extends inwards for at most 
a couple of inches. When, however, it was desired to lay blocks, especially 
those of large size, with a perfectly fitting rising joint from the front to the 
back, a considerable modification of technique had to be evolved. 

Before entering into the question of the manner in which the blocks in . 
fine megalithic masonry were dressed, it is necessary to determine how 
many faces were made smooth before a block was laid. It has been shown 
that in the Zoser masonry the likelihood is that the only faces cut before 
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laying were those which were to form the rising and the bedding joints. In 
the megalithic masonry the same practice appears to have been followed. 
From the many unfinished pieces of masonry which have been preserved 
(Figs. 99 & mo)' it is certain that the front of laid masonry was dressed 
after all the blocks forming the wall or building had been laid. The evi
dence that the tops of the blocks were dressed after they had been laid is 
almost conclusive. In certain of the Giza mastabas from which the packing
and the casing-blocks have disappeared, it can be seen (figs. 97 & 98) that 
the flattening of the top of a course had been carried back to a distance 
sufficient to involve part of the core-blocks as well. This can also be ob
served in the Great Pyramid, where the tops of some of the packing-blocks 
(p. 122) have only been partly levelled, the difference between the levelled 
surface and the original top of the block being a matter of several inches. 
Another indication is that in many examples of masonry, the bedding 
joints of one course, though flat, are sometimes not parallel with those of 
another (Fig. 120), which would only happen if the tops of a series 
of blocks were dressed together after laying. Further, it will be seen 
(p. 107) that in the form of masonry in which blocks of unequal heights 
were employed, it is only by such an assumption that a satisfactory ex
planation i:an be found for its peculiarities. 

The backs of the blocks in a building were, in most cases, only very 
roughly dressed, if at all. Exceptions are, hovvever, encountered, of which 
the finest examples arc the casing-blocks in the Great Pyramid (Fig. 96). 
The fact that the Egyptians could, if they so wished, obtain quite a good 
fit at the back of their blocks as well as at the sides is important in the 
consideration of the methods used in dressing the blocks. 

fine megalithic masonry shows two striking peculiarities to which 
modern masonry furnishes no parallel. First, the blocks, though they may 
fit perfectly against their neighbours from the front to the back, arc not 
truly rectangular in any sense and often not even approximately so, thus 
giving rise to what may be termed 'oblique' rising joints ( Figs. 99-1 o 1, 
110 & 1 Ir); secondly, in many buildings the blocks used in a course are 
of very unequal heights (Figs. 101 & 102); sometimes both features occur 
in the same piece of masonry (Figs. 101 & 103). 

The presence of oblique joints between successive blocks certainly rules 
out the mason's square as having played any part in their shaping, though 
squares were kno,,vn to the Egyptians (Fig. 264), and must have been 
freely used in the facing of the angles of laid masonry. Oblique joints 

1 Sec olso Fig,. St and 23+. 
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Fig. 1 02. Masonry with blocks of un
equal heights. Temple of Arrn:nophis 111 

at Luxor, cast side 

i 

�;· 
Fig. 103. Wall ofTuthmosis 111, south 

of the sanctuary at K.arnak 

Fig. 1 o+. i\lmld, illustratini; 111asn11ry of 'Type A', 011 the from face of which a batter has bec11 
cut, disclosing tla: obli,1uity of the risi11g joi11ts 

DRESSING AND LAY ING THE BLOCKS IOI appear, at first sight, to be entirely without motive, but their presence is so common at all periods that a mechanical reason has to be found for them, since it cannot be assumed that they were made for fun or as a tour de force. If the masonry containing oblique joints be carefully examined, it will be noticed that, very often, in a course, the planes of a series of rising joints are all approximately at right angles to a plane, and that this plane is either the bedding joint (Figs. 104 & r o 5) or the vertical plane through the front edge of the course (Fig. 106). More rarely, rising joints are encountered 

Fig. 105. Masonry of 'Type A'. The planes of all the rising 
joints are vertical. 

Fig. I06. Masonry of 'Type B', where the planes of all the rising 
joints are at right angles to the front faces of the blocks. 

where the planes are oblique in every sense. These forms demand close study. The fact that the planes of the rising joints are oblique shows that one block was shaped to fit another particular block; that they arc often closely at right angles to a plane suggests that the blocks were lined up in some manner for dressing and that parallel, and often vertical, planes were cut between each pair of blocks, and that the bedding joints (upon which they would eventually rest) were formed by reducing the top or a side of the whole line to one vertical plane or else by making the top of each block level, the latter method being far less probable. A method by which the rising joints might well have been formed is by measuring off equidistant pairs of marks at the end of each pair of blocks (Fig. 107; ab= cd; a'/;'= c'd') and by dressing the faces of the blocks to vertical planes below the two point� 
ac, 6d, a'c', &c. The presence of a rising joint.oblique in all senses could be explained by assuming that, instead of dressing the block below two points to a vertical plane, three equidistant pairs of marks were measur5.9_off on 
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102 DRESSING AND LAYING THE BLOCKS 

each pair of blocks, and that the rising joints ,verc d resscd to the plane of 
the three marks on each block. If such work were done with great accuracy, 
the blocks would fit perfectly together when l:ud on their bedding surfaces 
without there being any need for preliminary trying of one against the 
other. It is more than doubtful, however, if two parallel rlanes could be 
cut accurately enough to ensure the fine fit observed in so many �f the 
ancient monuments; indeed, competent stonemasons who have been rnter
rogated on this point have been unanimously of opinion �hat it 

_
is not 

possible, though perfect flatness and verticality can be obtarned without 

R.f:. 
Fig. IOi- Plan of blocks lined up on their sleds for drt-ssing, to illustrate the likelihood

that the planes between successive blocks were made parallel.

any great difficulty; but the fact that th� r!sing j�ints are only approxi
mately at right angles to a plane' makes it

_ 
11nposs'.ble that they can �a�e 

been so dressed and laid without any previous fi.tt111g. If, therefo_re, it 1s 
assumed that the blocks were tried one against the other before lay111g, the 
dressing process becomes simpler, and can be thus

_
formulated: The blocks 

having been lined up in the manner already described, flat surface_s are cut 
at the ends of each of them, often vertically below two marks (Fig. 107), 
and these surfaces arc rendered perfect! y flat and as nearly parallel as
possible. These flat surfaces arc then brought into close contact, and one 
face of the whole line of blocks reduced to one flat surface to form the 
bedding joint. If this explanation be true, the method has to be determined 
by which large blocks can be brought into close _contact. If the blocks lay 
on sleds (p. 89) without projecting runners, this would ?c by no n�e�ns 
impossible, though the sled is not the most handy appliance for, g1v111�
small motions to a block. The appliance which has been calle� a rockc: 
(Fig. 89) is, on the other hand, ideal for the purpose, s111ce on It 

1 An inacniou, and accurate appuatu1 for mcasur• 

ing 1hc angle of• pl•nc with the vertical wns de-
,i gncd ond surplicd by Dr. H. E. Hurst, Director 
of the Physica Department, Egyp1ian Government. 
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a block can easily be tilted forwards and back and turned a_nd raised in the 
manner already described by inserting large w�d�es (Fig. �67) below 
the 'runners'. Since the lower surfac:e of a rocker 1s, in the ancient models, 
slightly flattened, a block can also be dragged along on it, though for this 
it is inferior to the sled. 

In the i.\\ustrati.ons (Figs. 10i & 109) 1 an attempt has been made to 
1 cpresent part of the suggested dressing process by means of models. The 
blocks arc lined up on the rockers, which 1i.c on sleepers embedded in a 
chip heap. Approximately parallel but perfectly flat surfaces have been 
cut between each pair > and the blocks have been brought into close contact. 
The tops of all the blocks have then (Fig. r 09) been made flat and lcveJ3 
to form a bedding joint. An alternative method would have been to reduce 
the front face of the whole series to a plane, which in practice would 
probably have been a vertical plane. 

It will be observed that, provided the blocks arc laid on a flat bed, they 
will fit with an accuracy depending on the care with which their dressed 
surfaces have been brought into contact. In practice, as soon as the foreman 
was satisfied that the two blocks lay tightly together, the rocker would 
probably be partly embedded in chips to prevent any further motion. 

The method described can be extended, in theory, to any number of 
blocks, for if the planes between each pair had been cut very nearly parallel, 
the small errors could be corrected by adjusting the blocks vertically and 
horizontally when they were brought into contact. 4 Other considerations, 
however, tend to indicate that there must have been a very definite limit 
to the number dressed together (p. 1 1 1 ). 

In the case of the immense blocks, such as arc seen, for instance, in the 
granite casing of the III rd Pyramid at Giza (Fig. 99) and on the lime
stone casing of the Pyramid of Unas at Saqqiira (Fig. 1 I 1 ), it might be 
doubted whether any rocker could be constructed to take their weight. 
It has been remarked, however, that bringing them into contact on their 
transport sleds is not an impossibility, though it would admittedly take a 
much longer time. 

Masonry of'Type A' and 'Type B' (figs. 105 & 106) is contem
porary in the Old Kingdom, but after that time it appears that type B is 
1 In the illustration two of the joints have been 
represcnlcd ns having been dressed to a ver1icnl 
plane, while the tl,ird is oblique in every sense. 
' Either when on the rockers or while still on the 
sleds on which they were transported from the 
quarry. 

3 For notes on flattening and levelling a surface, , 
sec p. 105. 
4 It will be observed th•t the more accurately the 
planes forming the rising joints arc made parallel, 
the less will be the waste of stone when the bedding 
joints arc cut. 
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exclusively employed. Occasionally both types occur in the s:une wall. In 
the remains of the wall of the funerary temple of the Pyramid of Unas, 
shown in the illustration (Fig. 1 10 ), the angle ABC is a right angle and so 
is the angle DCB, though the planes of the rising joints arc oblique. In the 
next joint to the left on the bottom course, not shown in the photograph, 
the plane of the rising joint is oblique in every sense. Such examples of 
the different forms of jointing in one wall arc, as far as the writer is yet 
aware, rare. 

An advantage of 'Type A' masonry, where the tops of the line of blocks 
were flattened or levelled and where the blocks were laid upside down to 
the position in which they were dressed, was that, if necessary, another line 
of blocks, which might form, for instance, packing-blocks in the case of 
a pyramid, could be dressed at the same time, and made to fit against the 
first line. If the packing-blocks on the north side of the Great Pyramid be 
examined it will be observed that the fit between them and the casing
blocks (Fig. 1 12) is good, though not nearly as perfect as that between two 
casing-blocks, and it will also be noticed that the rising joints are very 
closely vertical, though oblique to the vertical plane through the pyramid 
edge. Further, each packing-block, generally speaking, lies behind a casing-

. block, which could hardly happen fortuitously, and which gives good 
reason to suppose that not only were the casing-blocks lined up in the 
manner described, but that the corresponding packing-blocks were lined 
up alongside, and that parallel vertical plane surfaces were also cut between 
the casing- and the packing-blocks and between successive packing-blocks. 
\1/hen, after a series of blocks had been dressed, they were brought together 
so that the tops of the blocks could be cut to form the bedding joint 
(Fig. 109) it must often have happened that the packing-block did not 
lie exactly behind its casing-block. A piece had therefore to be cut from 
the corner of one or the other before they could be brought into contact. 
Such cuts can be frequently seen, and they arc generally quite roughly 
carried out. The position of the packing-blocks ( and therefore presumably 
of the casing-blocks) was marked, by means of a saw-cut, on the fl.at bed 
on whicl-\ they would lie. This m:iy have been done by measurement be
fore a series of blocks was laid in order to ensure that the rising joints would 
break with those of the course below. 

Though the method by which it has been suggested that the blocks were 
dressed may seem fantastic in the extreme, it is not necessarily so. First, it 
is the only explanation yet brought forward which accounts for the curious 
features observed in Egyptian masonry; secondly, it involves the minimum 

Fig. 108. I\ I odds of blocks, between each pair of which approximately parallel faces ha\'e been 
cut, brought into close contact 

Fig. 109. The same blocks, after th<: tops of the series have been made flat to form a bedding joint 
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Fig. 111. Remains of the ca,i11� at the_ cntrancc ro ch .. pyramid of Una� at Saqq,ir:t. The iiart A-8, though now broken, cons1srcJ of one hluck. (J>I J 1nrograp 1 supplied by Cecil Finh, E,q.) 
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amount of handling of a block before laying; thirdly, a maximum number 
o� 111en can be emplo�'ed �imultaneously without their unduly interfering
wtth one another. If this be the true explanation, it is but another of the
many examples of the m:,gnificent powers of organization possessed by the
ancient directors of works.

'!"he actual method of obtaining a vertical plane below two given marks, 
whtch seems to h.1vc been found most convenient when dressing a block, 
cannot br detailed \·cry pre.:iscly, though valuable hints can be found in 

,,,,.-
...;�r-s-fl°�=1=1===:liisa;:;:EJE====a3'�'=3E=1F� r" 

Fig. 1 12. Plan of pan of the north face of the Great Pyramid. AB, casing.blocks (sec Fig. 96); 
c, packing-blocks for fim course of casing (also shown behind ,,u; o, remains of packing• 
blocks for the second course. ab, paving•blocks on which the casing of the pyramid is laid. 

(After BoRCIIARDT, Liingm 1111d Richt1111gm dcr vier Gnmdkantm der grossm 
Pyrnmide b,i Giu, Plate 3.) 

tomb scenes. In the tomb of Rakhmire' at Thebes (no. IOo) there is a 
scene of masons dressing the face of a block of stone. Two stages of the 
work are shown, but unfortunately not the initial stage. On the left (Fig. 
1 1 3), two workmen are depicted, each holding a short piece of wood, both 
pieces being of equal length, whose tops arc connected by a string. An 
ancient set of these 'boning-rods' is preserved in the Cairo Museum 
(Fig. 265). One of the workmen is indicating to another how much 
material he is to take off, which he has gauged by standing a third piece of 
\\'OOd, of equal length to the other two, up against the taut string. It must 
be remembered that, in the scene, the boning-rods are represented as flat 
against the face of the stone, whereas in reality only their tops would be 
visible. The boning-rods are obvious! y standing on surfaces to the plane 
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of which it was required to reduce the whole face. In the right scene, the 
block has been flattened as far as could be done by the previous method, 
and the final stage in the dressing is being carried out by a man with a chisel, 
which he is tapping with his fist instead of \.Vith a mallet, his work being 
tested by his companion by means of a stretched thread held against the 
face of the block. It is hard! y necessary again to remark that, to define 
a required plane surface, three points, which may be termed 'facing sur
faces' (p. 62), are necessary unless the plane is to be vertical, in which 
case on! y two are needed. In the scene it appears that the workmen arc 

Fig. 113. Ancient scene of workmen dressing a stone block. 
Ilclow, on the lefr, three men are flattening the surface by 
means of 'boning-rods', while on the right the last touches 
are being gi\'en, and the flatness tested by holding a thread 
against the face. (From NEWBERRY, Reihmnrn, Pl. XX.) 

reducing the face of the block to a vertical plane, but no clue is given as to 
the manner in which the facing surfaces were obtained. It may well have 
been some simple combination of the plumb-line and the boning-rods. 
If the blocks were on the rockers during the dressing process, the final 
testing for verticality could be performed by means of a plumb-line held 
directly against the face of the block. 

A problem which demands consideration is 7vhy the Egyptians so often 
laid their masonry with oblique joints. It might be said that they did so 
because there was no particular need for them to do otherwise if the blocks 
were required to be laid in a certain order. This, however, hardly answers 
the question, since it cannot have escaped ihe Egyptians that there would 
be an advantage in having the planes of all the rising joints parallel to one 
another, so that, in the event of any modification of the order of laying, 

Fig. 1 1 +· Afrcr the first course is bid, marks arc made 011 the blocks to 
indicate where blocks+, 5, 6 of the second course will lie

Fig. t 15. The beds for the blocks of 1hc second course arc prepared. 
The amount of stone cur away clcpc11di11g 0111he height of blocks 4, 5, 6 

Fig. t 16. The second course is laid, and marked to show positions of 
blocks i, 8, aml 9 

Fig. 1 I 7. The beds fi,r blocks 7, 8, and 9 arc prepared 

Fig. t t 8. The third course is laid Fig. 1 19. The front face of the wall is dressed 

Figs. 114-19. l\lodcls illustrati11g the ancient rna1111cr of constructing a wall with blocks of 
unequal heights 
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such as one block proving defective or becoming broken in the handling, 
any block could be laid against any other. It is like! y that the idea under-
1 ying the use of oblique joints may have been that of cutting the stone as 
little as possible. This must especially have applied to the great granite 
blocks which formed the lower sixteen courses of the Third Pyramid at 
G\'za. The method of dressing granite blocks by pounding with balls of 
dolerite was most laborious (p. 27); so much so, in fact, that this casing. 
was never completed but left in the half-and-half stage (Figs. 99 & rno ). 
In dressing such blocks, if advantage could be taken of the irregularities of 
any pair by making an oblique joint between them, this would certainly 
be done. 

Though in many walls and other buildings, the blocks were delivered 
from the quarry so nearly uniform in height that, when the tops of the 
courses were dressed, they could all be reduced to one plane, this was 
not always the case. In many buildings (Figs. 1 o 1 & !02) blocks of 
very different heights were used. If such blocks had been dressed com
plete! y and laid as they were, the result would have been an inordinate 
number of straight joints and a consequent lack of solidity in the completed 
structure. To obviate this, the Egyptian marked out, on the rough top of 
the course already laid, the place where the ends of the blocks which were 
to be laid on it would come, the marking often being done with a saw-cut. 
The spaces between the cuts were then levelled to any convenient depth 
considered necessary, and the next course of blocks laid on the beds thus 
prepared for it. Though extreme examples of this masonry are often seen 
( Fig. 8 2 ), the ruk seems to have been to attempt to keep the beds of a 
certain number· of successive blocks at one level. The probable process 
can be illustrated more clearly by means of models (Figs. r 14-19), where 
the blocks waiting to be laid are I ying on their sides with their bedding 
joint to the front. This is very likely how they lay in actual practice, and 
they may well have been dressed in this position. It is possible that, in a 
wall, the blocks were arranged on the ground at least two courses ahead 
of that actually being laid. Though a course has been described as having 
been levelled, in some cases the beds arc not level, but only flat. This 
peculiarity, well shown in the little temple of Amenophis III at El-Kab 
(Fig. 120, AB), naturally tends to make a poor joint between the last 
block on the slanting bed and that on a bed that is level or at another angle. 
The presence of such slanting beds is one of the most convincing proofs 
that the top of a course was dressed after laying. 

Though the masonry with blocks of unequal heights appears in the great 
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majority of cases to be of 'Type B' (Fig. 106), in some of the granite 
walls of the valley temple of the Second Pyramid not only c_an �is_ing
joints which arc oblique in every sense be obser�ed_, but also bedd111g �0111ts
which follow almost zigzag courses. Though 1t 1s perhaps rnechamcally 
possible that the blocks were dressed in the manner suggested for casing-

�--L-�---,--...,_--.--i s.c 

o 10 10 JO ◄O so 61 10 
ru, 

Fig. 1 20. Elevation or hair the fap<lc or the small 
desert temple or Amcnophis I I I at EI-K,,b. This 
temple has been constructed or blocks or unequal 
heights. It will be noticed that the bedding joints 
or some of the blocks (A n) arc at a distinct slope. 

and packing-blocks of pyramids (p. 1 22), and laid as a wall instead of as a 
course, it is hardly likely that this was done, since it would mean that the 
tops of the blocks were dressed before they were laid, which, as has been 
shown, is contrary to the practice of the ancient builders, who were hide
bound by convention and worked by rule of thumb. It is more likely that 
the blocks were taken up to the course and laborious! y fitted against their 
neighbours, though measurement may have played a part in the process. 
It must be remembered that the granite was obtained, not from a smooth 
quarry face as in the case of the soft rocks, but from boulders, which would 
result in its being supplied in a diversity of shapl:s. It seems that the builders 
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found it more convenient to expend time in fitting irregular blocks together 
if by this means they could in any way reduce the amount of stone which 
had to be removed from the blol:ks by the very slow process of pounding 
with balls of dolerite (p. 27). The joints in the granite walls of the valley 
temple of the Second Pyramid arc not comparaqle in fineness with those 
of the casing-blocks of the pyramids. 

The question of the dressing of blocks in normal Egyptian masonry 
having been discussed in some detail, the next problem is how they were 
actually laid. Though walls, column-drums, architraves, and roof-beams 
all offer their own special difficulties, a consideration of them all is outside 
the scope of the present volume. One instance must suffice, and if one of 
the most difficult cases is chosen, there need be little fear that an explana
tion of the method of laying the others will not be forthcoming. 

The casing-blocks of the Great Pyramid (Fig. 96) are about the best 
examples which could be taken, since they show finer joints than any other 
masonry in Egypt, and perhaps in the world; they are nearly as finely 
jointed to the packing-blocks behind them, and they are of great size, 
some being nearly fifteen tons in weight. 

Several factors have to be taken into account before attempting to deter
mine the process of laying such blocks.' It has been shown that the sole 
means of removing them from the sleds was by levers, and that no lifting 
tackle was used (Chapter VIII); in considering the use of levers, it has to 
be borne in mind that very little forward motion can have been obtained 
with them. Though here and there holes can be seen in the pavement or 
on the courses in which levers may have engaged when used as handspikes, 
or in which the fulcra of the levers may have been anchored, they must be 
disregarded in the inquiry, since they are exceptional. For instance, in the 
blocks of the Great Pyramid, though the pavement extends for about two 
feet in front of the blocks, there is no trace of anything which might have 
served as an anchorage, neither is there, on the top of the course, any 
apparent means by which a block might have been eased along the course 
to bring it close up to its neighbour. The most that can be said regarding 
the occasional holes in the pavements and courses is that they may have 
been brought into use if a block proved refractory-if something went 
wrong. 

Let it be assumed that it is required to lay a block for the casing of a· 

1 The reader's attention is again called to the slid i'nto rosition before it dried, and is in no wise 
function of mortar in megalithic masonry. 1t is, n cement (sec p. 80). 
as it were, a lubricant, on which the block could be 
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pyramid, weighing fifteen tons, whose_ top and �ront '.ace arc rough, the 
latter having handling bosses under which the po111c� of_lcvers can engage,
and that this block, by careful dressing (p. 103), will, 1f properly pu�hed
home, fit both against its neighbour along the course and ag:unst the packing
block behind (p. 104). Let it be also assum:d that the top of the course o_n 
vvhich it is to be laid is dead flat and that, 111 front of the course, there 1s
a platform of brick and rubble (p. 9�) extending sori:1e forty feet out from
the stonework. Such are the cond1t1ons under wl11cl1 a block was ap
parently laid in the casing of the Great Pyramid. The block wot'.ld pro
bably be brought along the course (if it was not the _ lowest)_ on . its sled 1 
until it lay within a couple of inches of the blocks aga111s� which 1t was to 
be laid. The next problem is the removal of the sic?, _which would not be
simple. Almost the only meth?d, in_ the _ absence of hft111g tackle, ':vould be 
to raise the block slight! y by pmm1ng 1t by means of lever_s, actrng from
the front under the bosses, against the packing-blocks beh111d. Th� sled
could then be taken away, and the block let dov�n on to some pack111g at
a lower level. Since levers acting on fulcra which are not ancl!ored can 
only give a forward motion for a ve�y short di�tance, it seems likely that
the lowering would have to be done 111 five or six stages. \.Vhen at lengt_h
the block was resting on the packing on! y an inch or two above the bed It
would be ready for the mortar. The problem of getting the bloc� very
tightly against the next casing-blo':k has, howeve�, n�t ye� been considered.
The rising joints of such blocks w�11ch can �e studied 111 this and otl�er pyra
mids show no trace of levers havmg been introduced beneath their edges,
nor against the faces. Had they been eased home by m:a�1s of levers,
traces would surd y have been left. A method of great s1mp�1':1ty :,,V?uld be
to put a baulk of timber across the free corner of the outer ns111g-Jo1�1t f�ce
and let a gang of men haul it home by ropes attached to the two proJec�rng
ends of the baulk. It seems the only method which would give the r�qu1red
result, though there is no proof that it was used. Before releas111g the 
packing below the block, the mortar would be prepar�d so as to be of
suitable consistency. What this may have been_, expenence alone c?ul?
tell. It suffices to say that it was such that tl:e we1?ht of the block, while it
was being slid into position on it, squeezed 1t_out into a filt:1 n?t more_ t�1an 
�� inch thick. It is possible that the mortar, 111 an almost hqu1d �ond

'.
t1_on,

was slopped under the block and smeared lightly over the vcr�1cal_ J0111ts
while the b\ock was sti\\ )ammed against the packmg-blocks behmd 1t after
, On to which it mull h,vc been turned £rom the ,ocket �?· 94). h must be noted that the ,led
wou\d h.'\vc to be w\thou\. pro}cc\mg runncn. 
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the last pac�ng had been removed, and that it was let down on to its bed
and �a�le? 111 against its neighbour immediately afterwards. The reason
why it 1s likely _t�at the last operation was done with speed is that mortar,
under the cond1tions stated, would only remain viscid for a short while 
after which the block would no longer be movable. It would be only i�
the last stag� that the men on_ the levers might attempt to get as much
forv.:ard mo�10n as they could, 111 order to make the block lie as tightly as
possible agarnst the blocks behind it. 

On the assu_mptio_n that the theories just outlined are, in the main, cor
rect, the question anses whether the whole course was laid from one end to 
the other or whether the laying was carried out from each end simultane
ously a�d a block i�sert�d to fill the gap in the middle. Though no certain
answer is forthcomrng, 1t seems safe to assume that, at times, an accident
happened t� a block during the dressing or transport, which rendered it
unfit for l�yrng. One therefore has to believe that the Egyptians could, if
they so ":!Shed, �ut a block to fit between the oblique rising joints of two 
already la1�. This would happen regularly if the la-ying were done from two
or more po111ts on the course. It is hardly safe to assume that the occasional
presence of relatively small blocks in the casing of the south pyramid of
DahshQr and of the Second and Third Pyramids of Giza resulted from
th

1

� causes sta�ed, but a pair _of smal! blocks in � course of the Third Pyramid
(Pig. roo) gives a strong impress10n of havrng been inserted after those
on either side of them were in place. 

. Si1�ce t�e Egyptians must have bee� able to fit a block against one already
laid, It might_ well be asked whether, 111 the case of the casing-blocks of the 
Grea� Pyram1? and of other fine megalithic masonry, it was not the regular
practice to bnng the block up on to the course and dress its rising joint
parallel to that of the last block laid, as appears to have been done in the
Zoser masonry (p._98). Two reasons may be advanced against this having
been the case. Fmt, on the tops of _the �ou:ses in the best megalithic
masonry, no traces are found which l")'Ugl�t rndicate that tone dressing had
taken place there, and traces would certa111ly be expected similar to those 

�een on the pavement of the Great Pyramid, which resulted from the dress
mg of the fr�n_ t face of the lowest course of_ casing-blocks which lay 011 it.
H�re the position of _the edge ?f the pyramid can be determined at many .. ,.
pornts where the cas111g has disappeared. Secondly, fitting one block to
another laid block, wh�n it had to be done, must have been a very lengthy
process, whatever appliances were used. To carry it out hundreds of tJ1ou
sands of times for the casing of a pyramid would take time beyond all
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reckoning. The fact that the great pyra�ids were each_ constructed d�ring

a king's reign is difficult enough to explarn, even �ssum1ng a comparattvely

rapid process to have been used by means of which many blocks could be 

dressed simultaneous\ y. 

s.c.

Fig. 1 :i. t. Dovetail recess in the 
architraves of 'The Temple of 
the Sphinx' at Giza, with hole 
for dowel passing clown into the 

Fig. 1 :i.:i.. Double archi
trave united by dovetails. 

top of the column. 

- .· ... -=.·?\�-�-· �
�� --:::::. 
� _.,---�-� 

- .. . . : :. \ ·, . -� 
S C. 

Medinet Habu. 

Fig. 123. Dovetail and wooden 
cramp, nearly five feet in length, 
in an architrave in the Court of 

Shcshonq at Karnak. 

The use of dovetails to connect two blocks is known from the Old King
dom to late times, but they are not by any means always used, even in the 
best masonry. In the Great Pyramid they are not found, nor in the majority 
of the finest mastabas. In the temple called 'The Temple of the Sphinx' 
they occur between the ends of the architraves (Fig. 121 ), where they were 
also often accompanied by peg-dowels passing down into the tops of the 
columns. At all periods, they are very commonly used between the blocks 
of a double architrave (Fig. 1 22 ). In some buildings they are of very large 
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siz�, those uniting the_ architraves in the Court of Sheshonq I at Karnak 
be111g nearly five feet 111 length (Fig. 123). 

. Dovetails have b�en found in wo�d, in lea�, in copper, and occasionally
111 stone. Each vanety can be seen 111 the Cairo Museum. Their function 
is undoubte�ly not th_at of stre�gthening the masonry. The tensile strength
or the capacity to resist shear rn, for example, a wooden dovetail would be 

quite insufficient to prevent any settling or bulging tendency in a wall. 
The most �hat can be said is that they were to keep one block against 
anothe� while the mortar was drying-especially if the beds on which they 
were laid were not very level-and perhaps, in masonry of moderate-sized 
blocks, they may have played a part in preventing the blocks from be
coming shifted while the other blocks near them were being handled. In 

Fig. 1 :2.4. Horizontal section of a wall 
of Ra messes 11 I at Medi net Habu. 

many examples of masonry which have had to be taken down for restora
tion, the dovetail recesses have been found to be filled with mortar. It is 
likely, once the mortar had set and the neighbouring blocks had been laid, 
that the dovetails were removed for use on other blocks. The dovetails of 
wood and stone which are sometimes found with the cartouches of the king 
cut upon them were probably inserted after the course had been laid to 
,er_ve as � record of the builder which could not be removed by usurpers. 
lt 1s certa111 that a stone dovetail would have little practical value. 

In the New Kingdom, the quality of the masonry of walls is, in general, 
very poor. Where the walls are solid there is a total lack of internal bond 
(Fig. I 24). The common form of wall, however, was not solid, but con
sisted of two parallel walls of masonry with ill-laid blocks or even rubble 

between them (Figs. 1 26 & 1 27). Even in the parallel faces of masonry, 
superfluous half-drums of columns are found, rendering the wall even more 

insecure (Figs. I 27 & 1 28). So weak, indeed, are some of the walls in the 

most_ grandiose _ temples, that they are only saved from falling by the heavy 
arclut:aves which _rest _ upon th_em (Fig. 1 27). Good hollow masonry is
sometimes met with 111 late times, the temenos wall in the temple of 
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Qalabsha in Nubia being an example (Fig. 125); it is about twelve feet 
thick, the outer skin consisting of good blocks of stone, all laid as 
stretchers, with dovetails between each pair. The space between the outer 
and inner skin is filled with rubble. It was an economical method of building 
an imposing wall, sufficiently strong to resist attacks from the half-civilized 
people from the south. A thin ,vall, however, constructed in this manner 
is very bad practice, particularly if it has to support great weights. 

The pylons of the New Kingdom show none of the excellence of fit 

Fig. 125. Good hollow masonry of Roman 
date in the tcrncnos wall of the temple at 

Qalabsha. le measures 12 feet thick. 

within the mass which is seen, for instance, in the packing-blocks of pyra
mids. Even when the pylon is solid, the laying of the blocks is almost 
haphazard. The more common form of pylon is, however, far worse from 
the point of view of solidity, being. composed of cdls filled in with rough 
stones. The pylon of Ramesses I (No. II) at Karnak is a striking example 
of this form of construction ( f-ig. 1 30 ). Here, re-used blocks were so care
lessly thrown in that one of the writers was able to crawl in between them 
nearly to ground level. The settling of the core-blocks has caused the jambs 
of the great gateway to bulge almost into the arc of a circle. The whole 
structure is now in a most ruinous condition ( Fig. 66 ). The temple 
of Soleb, in Nubia, dating to the reign of Amenophis III, had its pylon 
constructed in almost the same manner as that of Ramesses I. The towers 
of the pylon were about seventy-eight feet wide at the base, and constructed 
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Fig. 126. \Vall flanking the Great Colonnade.: 
of Luxor Ternplc. The lower part is solid, 
while the upper part was hollow and lillcd with 
rubble. It dates to the reigns of A111e11ophis I I I 

and Tut'ankhamun 

-

Fig. 127. Remains of a hollow wall in the 
Ramcsseum, showing the poor quality of the 
masomy. A surplus half-drum of a column 

has been used at A 

�,,..-- ......
..... 

,.. . .., • I •� 

Fig. 128. Portion of the north face and the back of rhc blocks of the south half o_f a hollow wall
nf A111c11ophis I I I at Luxor 'I 'cmplc, showing surplus half-drums of columns used In the masonry. 

'l 'hc south face of the wall, which was never dressed, is shown in Fig. 233 
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Fig. I 29. Western t0wcr of the pylon of King Haremhab at Karnak 

DRESSING AND LAYING THE IlLOCKS 115 

of very poor sandstone. The result has been its almost total collapse owing 
to the pressure exercised on the outer walls by the loose blocks within the 
cells. Since the pylon was some sixty feet high, this pressure must have been 
very considerable. The pylon of Haremhab at Karnak is an even worse 
piece of work ( Fig. 1 29 ). Its outer skin is on! y one block thick and it was 
apparently constructed without any cells. The interior was filled with small 

Fig. 1 30. Sketch-plan of the horizontal section of the north tower of Pylon I I at 
Karnak, built by King Ramcsses !. It consists of cells filled in with re-used blocks 

of King Akhcnaten. 

Fig. 131. Sectional plan of the pylon of Edfu Temple, showing the chambers, stairs, and ports to 
hold the supports of the llagstavcs. (From Ron1MENTE1x, Lt Temple d' Edfou, Pl. I.) 

blocks taken from a sun-temple that King Akhenaten had built at Karnak. 
Though few methods are worse from the point of view of stability than 
cells filled with a jumbled mass of blocks, a pylon built with stairs and 
chambers within it can be very strong indeed, since good masonry is en
sured almost throughout, and the making of the chamber involves at least 
a certain amount of internal bonding, while unnecessary weight on the 
foundations is avoided. Such is the case in the great pylon at Edfu (Fig. 
1 3, ). Its excellence, however, must be credited to foreign influence rather 
than to Egyptian building practice. 

Having examined the normal details of Egyptian masonry, it may not 
be out of place to cite a few abnormal examples, though space forbids any-
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thing like a complete examination of the strange forms occasionally en
countered. At Saqqara, for instance, the corner of the back wall of what is 
believed to be the festival temple of King Zoser is laid in the arc of a circle 
of about thirty feet radius. No other wall of such a form has been found 
elsewhere in Egypt. 

Occasionally, masonr y is seen with courses laid on beds concave to the 
horizon, following the practice in brick (p. 2 1 I). Examples can be seen in 
some of the ancient Nubian houses at Qalabsha (Fig. 132) and Tafeh. 
Such forms, however, are not known before Ptolemaic times, and are not 

s.c.

Fig. 1 32. Masonry laid on a concave bed in a house ruin at Qalabsha. 
Roman date. 

used in temple construction. In the masonry with oblique joints ('Type A', 
Fig. IO 5) a variant is met with in some of the queens' pyramids of the 
IV th dynasty at Giza, where the masonry is laid on beds which slope 
down and back from the line of the course at different angles. The joints 
between the blocks laid on beds with a different slope appear to be at right 
angles to the vertical plane passing through the front line of the blocks. 
These pyramids have now been excavated and studied with great care by the 
Boston-Harvard Expedition (Dr. G. Reisner), and a great deal of valuable 
information on oblique joints and on the Giza masonry in general may be 
expected when the results of this work arc published. 

X 

PYRAMID CONSTRUCTION 

T
HE manner in which pyramids were constructed has long been a dis
puted point among scholars. This applies not on! y to the technique 

of dressing and laying the blocks, but also to the order in which the com
ponent parts were built. A pyramid is not just a piled mass of stone, but 
rather a structure involving many peculiar features not seen in pylons and 
walls, all of which must carry a meaning if only they are read aright. 

The student of pyramid construction is, at the outset, badly handicapped, 
not only by the lack of published information which is in any way reliable, 
but by the fact that so few of the pyramids-especially the oldest and most 
important-have even been properly cleared of the debris which surrounds 
them. The sides of the Great Pyramid are still large I y encumbered with 
rubbish, and this applies also to the Step Pyramid of Saqqara and to the 
pyramid of Meydum. To add to the difficulties of understanding the 
development of the pyramid, the builders of two, at Dahshur, have not yet 
been definitely identified, though it is quite likely that they may be of very 
early date. 

It must not be imagined that literature on pyramids is non-existent. 
There arc valuable works on the pyramids of Meydum,' of Giza,: and those 
of the Vth dynasty at Abusir,J but no work of any merit at all has appeared 
on pyramids in general, nor have the details and peculiarities of their masonry 
been viewed in a constructive sense. 

Now that we have reviewed, as far as possible, the manner in which a stone 
building was constructed in ancient Egypt, it seems very desirable to try to 
apply the information gained thereby, with a view to attempting to under
stand the general principles underlying the construction of a pyramid, 
though a complete inquiry must necessarily wait for the clearance and com
petent examination of all the Old Kingdom pyramids. 

It is not proposed, in the following pages, to give statistics on the size of 
these colossal structures (see frontispiece) nor on their internal plans; such 
information may be obtained in any guide book; neither does it appear 
necessary to give a resume of the theories of some of the older writers, still' 
1 PETRIE, Mtdum (1892). J BoRCIIARDT, Das Grnbdtnkma/ dn Konig,, (a) 
' PETRIE, Tht Pyramids and Ttmpln of Giza Sahuri', (b) Nuuourri', (c) Ntf,rirktri'. 
(1885). 
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Jess of those of modern cranks,1 which have already been definitely dis
proved. It will suffice to review the theories which still have supporters. 

Before an attempt is made to determine the manner in which pyramids 
were constructed, the methods suggested by various authors must be shown 
either to lead to an impossible situation, or to involve methods with which 
there is reason to believe that the Egyptians were not acquainted. Two 
other points must also be borne in mind; one is that the evidence discussed 
in the foregoing chapters has tended to show that the Egyptians carried out 
their great building ,vorks with the most primitive appliances, and, second] y, 
that it would be quite unjustified to assume that there is any radical dif
ference between the method of constructing a pyramid and that used for 
any other structure, except in so far as must result from the pyramid's 
peculiar shape. 

The pyramid seems to be a sun-emblem,2 and in those of Sneferu at 
Meydum and of Khufu at Giza the proportions are such that, if a circle be 
imagined whose circumference is equal to the perimeter of the base of the 
pyramid, the radius of that circle will be its height. This gives an angle of 
5 1 ° 5 1' for the angle of the casing ( or tan-• ½�). 3 There is no reason to 
believe that the Egyptians were in any way aware of the incommensurable 
nature of 1r. 

The development of the Egyptian pyramid can be traced with a certain 
amount of clearness. The earliest known is the Step Pyramid of Saqqara, 
which has definite! y been attributed to King Zoser of the IIIrd dynasty. 
It is not square, but oblong in plan, and seems to show evidence of changes 
of design. What is clear, however, is that it consists of skins of masonry, 
one withir\ the other, each skin being apparently faced throughout down to 
the ground level, the masonry between successive skins being of poorer 
quality. The angle of the faces of these skins, or 'accretion faces' as they are 
commonly called, is approximately a rise of 4 on a horizontal distance of 1, 
this being the angle found on most of the mastaba faces in the Old King
dom. This pyramid has been described as a compound mastaba, and its 
construction has been vaguely explained by saying that there was a primi
tive mastaba which has been successively heightened and enlarged. 

The next pyramid (Fig. 133) seems to be that of Meydum, which was 
built for King Sneferu of the IVth dynasty, though he is believed to have 
had another at Dahshur. Whether the Meydum pyramid was ever com-
1 These are admirably and amusingly discussed 
and refuted by BoRCIIARDT, Gegm die Zahlen111y11ik 
Rn dtr gro,11n Pyramid, 61i Gitt. 
2 BREASTED, DttJdopmtnt of Rtligion and Thought 

in .Ancient Egypt, pp. I 1, I 5. 
J Other pyramids ,how considerable deviation, 
from this •ngle. 

1 
I 
I 
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pletcd is still a matter of conjecture. Unlike the Step Pyramid, it is square 
m plan and of an accuracy of squareness of base and of level not much in
ferior to that of the Great Pyramid (p. 62 ). It shows, with certain varia
tions,' the same in tern al structure as that of the Step Pyramid, but it was 
covered with an outside facing of very good masonry at an angle of r 4 on 
a rise of r r, thus being, as far as we yet know, the first true pyramid. 

Fig. 133. Internal structure of the Pyramid of Sneferu at Meydum. 
(After P£TRtE, Medum, Pl. II.) 

It �ight well_ be imagi�ed that, once the form of a pyramid had been 
established, the mternal skins of masonry would disappear, but they do not. 
Tho�gh the Giza pyramids of Khufu, Kha'fre' and Menkewre' are not 
suffiaently destroyed to make their internal construction certain all the 
queens' pyramids of th_e same date on the Giza plateau show inter;al faces,
and so do the �yram1ds of the Vth dynasty at Abusir. The tendency 
amon_g students 1s to assu�e _that these 'accretion-faces' played an essential
part 111 the process of buildmg. For example, in HOLSCHER, DaJ Grab-r 

1 ln each 'Step' of Zoser's pyramid there are two angles to the sloping face, which is not the case in parallel skins of masonry. Further, the 'core-blocks' that of Me)'d0m, where they arc on level beds. behind some of the skins of this pyramid are at right 



( I 

( 

\_ I 

( 

( 

{ 

( 

( 

( 

( 

( 

( 

( 

( 

( 

C 

( 

( 

( 

( 

' 

120 PYRAMID CONSTRUCTION 

denkmal des Ko11igs Cl1epl1ren (frontispiece), a pyramid is shown under con
struction in the form of stages, brick ramps leading up against the masonry 
from one stage to another (Fig. r 34). This has been reproduced in 
BREASTED, Ancient Times, together with a brief explanatorv note on this 
suggested method of construction. 

Before discussing the merits of certain of the modern theories of pyramid 
construction, two points established in previous chapters must be given the 
fullest con!iideration; first, that in Egyptian building, the blocks were 
handled from the front during the process of laying (Chap. VIII); secondly, 
that no lifting tackle, other than levers, was used (pp. 4 3 & 8 5). 

Fig. 134. Suggested method of 
constructing a pyramid by ramps 
running from stage to stage. (After 
HoLSCIIER, Das Grabdmkmnl dn 

Ko11ig1 Clup/11-,,,, frontiipiu,.) 

The theory that pyramids were constructed in stages, with ramps running 
from stage to stage against the masonry, has, for its main objection, the fact 
that the blocks could not then be handled from the front while they were 
being laid. Further, it leaves unsolved the question of the method of putting 
on the casing. 

Another theory, which, strangely enough, still has supporters, is based on 
a statement of Herodotus, which is of sufficient interest to quote at length. 
In Book II, Cap. 125, he states: 

'This (the Great) pyramid was built thus; in the form of steps .... When they 
had first b�ilt it in this mann<:r, th�y raised the remaining stones by machines made 
of short pieces of wood: hav111g lifted them from the ground to the first range of 
steps, when the stone arrived there, it was put on another machine that stood ready 
on the first range, and from this it was drawn to the second range on another 
machine; for the machines were equal in number to the ranges of steps (or, they 
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removed the machine, which was only one, and portable, to each range in succes
sion, whenever they wished to raise the stone higher, or I should relate it in both 
wars, as it is related). The highest parts of it,_ therefore, were first finis_hed, and 
afterwards they completed the parts next following; but last of all they fi111shed the 
parts on the ground and that were lowest.' 

The finding of the wooden appliances known as 'rockers' (Fig. 89) in 
foundation deposits of the New Kingdom, has been seized on by certain 
scholars to prove that the method outlined by Herodotus was that actually 
used. Let it be assumed that there were rockers, in unending numbers, 
strong enough to support blocks up to Io tons in weight, and that the blocks 
were rocked up step by step and laid. When the top was reached, the 
appearance of the monument would be very much like that of the Giza 
pyramids to-day. In the putting on of the facing two possibilities present 
themselves; either the top casing-blocks were also rocked up and the lower 
courses in some mysterious manner slipped in 6elow them, which is a me
chanical impossibility, or that the appearance of the casing-blocks, before 
their faces were dressed, was also that of a series of steps-for by no other 
means could they also be rocked up. This is directly contradicted by the 
appearance of the unfinished casing-blocks in the Third Pyramid (Figs. 99 & 
1 oo ), and also by all other known examples of unfinished masonry. 

The third theory is that a primitive mastaba was successively heightened 
and enlarged. Such a method is a possibility; but successively to enlarge, or 
widen, the primitive mastaba means the shifting back both of the supply 
embankments and the foothold embankments all round the courses after 
each \.vid<::ning, which would be about the most wasteful method of con
struction, as regards labour, which could be conceived. Observation of the 
ancient methods always tends to show that the Egyptian was a most efficient 
organizer of work, though changes in design, not uncommon on the part 
of the old architects, must sometimes have involved much extra labour. 

Since the assumption that the 'accretion faces' were a necessity for the 
construction of a pyramid seems to lead to a conclusion which is impossible 
or unlikely, it is justifiable to ask whether such faces may not have been 
considered by the Egyptians an aid to the stability of the structure, 
particularly since it is known that the core of all of th�m, apart _fr?m the
accretion faces, is of rough masonry, or even whether 1t was thetr mtense 
conservatism-or even a religious motive '-which made them retain the. , .. 
mastaba angle in the internal masonry of their royal tombs. It is possible 

1 The fact that the internal faces of the earlier proceeding-makes it necessary to take this view 
pyramids were dressed smooth-a perfectly useless into consideration. 
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that both these factors played a part. Once this is admitted, the problem of 
the order of construction becomes very much more simple, for it can then be 
assumed that a pyramid was, as a rule, laid out to its full length and width 
at the outset, and that the building process consisted mere! y of heightening 
parallel skins of masonry. Thus there would be no moving back of the 
main supply- and foothold-embankments at all. 

In the pyramids of Zoser and Sneferu, the 'accretion faces' are dressed 
smooth, and the masonry is of nearly the same quality as that of the outer 
casing; on the other hand, in the queens' pyramids at Giza and in the pyra
mids of Abusir, the 'accretion faces' arc not dressed at all (Fig. 13 5). Here, 
at the outset, is a feature in the earliest pyramids which was discontinued
as far as is yet known-in all the later pyramids. The explanation of the 
discontinuance of this practice seems to be that, in order to dress the accre
tion faces smooth, they had to be kept at a considerably higher level than 
the rest of the course, and that, if the dressing of these faces was abolished, 
the whole pyramid could be built course by coursc---or nearly so-
throughout. 

For the sake of definition, the masonry of a pyramid may be divided into 
four classes; these are (Fig. 13 5): ( 1) the core, which lies between successive 
'accretion faces', and which is of rough masonry; ( 2) the in tern al or 'accre
tion' faces; (3) the packing-blocks between the outermost accretion faces 
and the casing-blocks; and (4) the casing-blocks. 

If the internal faces of a pyramid arc to be dressed, a considerable number 
of courses would need to be exposed at a time, since the dressing of each 
individual course to a batter of 4 on I would result in bad cumulative 
errors. In the Meydurn Pyramid, the error out of the square of one of the 
internal faces is as much as two feet. 1 It need not therefore be assumed that 
more than some twenty feet of a facing was ever exposed. A confirmation 
of this is that, though it was obviously intended to dress all the internal faces 
of this pyramid, a series of eight courses of blocks (Fig. 133, WX, 1'-Z) 
was left undressed in what is now the uppermost face but one. This 
can perhaps be explained by assuming that it was soon to be covered over 
with the core-blocks, and the omission may well have been due to lack of 
inspection or to haste in that period of the construction. 

It has been shown that embankments in front of the course are necessary 
in masonry involving blocks of any size, and where good laying is required, 
and this must have applied to the inner facings of the pyramids as well as 
to the casing-blocks, particular! y if they were to be fine-dressed. Thus if, 

1 PETRIE, Mtdum (1892), pp. 6 and 7. 
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for example, ten courses of internal facing had to be constructed above the 
level of the main course of the pyramid, there would have to be secondary 
embankments all round each face:. These would have to be moved back for 
each successive facing and so on until they became part of the main em
bankments round the pyramid. This would be a waste of labour, but not to 
be compared with that involved in moving back the main embankments. 
If, on the other hand, the internal faces were to be left rough, the construc
tion would be much simplified, since the whole pyramid could then be 

Fig. 135. Section of the pyramid of King Sahu re' of the Vth dynasty at Abusir. 
(After BORCHARDT, Dm Grnbdmkmal des Kii11igs Sahure', p. 29.) 

con_str�cted almost course by course, the angle of the 'accretion faces' being
ma1nta1ned accurately by measurement in from the outer casing (p. 125). 
It is therefore possible that the Egyptians, perhaps after their work on the 
pyramid of Meydum, dispensed with the useless fine-dressing of the in
ternal faces in order to simplify their task; it is a development in pyramid 
masonry which is quite comprehensible. 

It may justifiably be asked whether the Great and Second Pyramids of 
C!za possess inter�al facings. By all analogy they should, since every pyra
mid of the Old Kmgdom before and after them has these facings, as far as 
can be gathered from those which have become sufficiently destroyed to 
permit an examination of their interior. It has been suggested by certain· 
scholars' that the presence of internal facings is proved by the existence of 
the so-called 'girdle-blocks' in the ascending passage leading to the grand 

1 BoRCIIARDT, Gtgtn die Za/,/tnmyrtil ... , p. 6. 
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gallery. This passage passes, at intervals of Io cubits ( r 7 feet 2 inches), 
right through the middle of single blocks of limestone, and part! y through 
the blocks of masomy between. The passage has been driven through 
already laid masonry, and it has been held that the 'girdle-blocks' are the 
faces of internal accretions. Four arguments can be brought against this 
theory; (a) the relative closeness of successive faces, if evenly spaced through 
the pyramid, would amount to there being no less than fifteen of them, 
which is at variance with the proportions of the internal facings in all the 
other known pyramids; (b) if the passage were cut at a slope through already 
laid masonry-was a change of plan, in fact-it would hardly be expected 
to pass through the middle of a block each time it met one of the internal 
facings; (c) it is against all analogy that the masonry between successive 
facings should be good, and in this case the masonry is wonderfully fine, 
though in the places where the true core-blocks can be seen they are, like 
those of all other pyramids, of rough, ill-laid blocks; (d) most of the rising 
joints between the girdle-blocks and those next to them are very nearly 
vertical, and some are perfect! y so, which would certain! y not be the case 
if the girdle-blocks were the faces of internal 'accretions'. The purpose of 
this unique and extraordinary method of construction is quite unknown. 

If a pyramid were built in the manner suggested, the passages and cham
bers would be constructed by means of small subsidiary embankments, the 
blocks forming the sides of a passage, for example, being laid to a con
venient height above the general level of the course, and the roofing being 
put on and the passage extended as the main course became higher. If a 
passage with the girdle-blocks described above were deliberately sought for, 
no particular difficulty would be encountered; the Egyptians were no 
strangers to driving a tunnel through rock and making it straight. The 
blocks would, however, have to be arranged to give the 'girdles' at regular 
intervals; it is most unlike! y that this is the result of chance. 

On the order of laying of the core-blocks-the more or less rough 
masonry which forms the main bulk of a pyramid-information is very 
scanty. It appears, howevt:r, that the principle of cutting down into the 
rock or into already laid masonry, observed in pavements and the later walls, 
to receive that of the course above, was freely used. 

How the Egyptians dressed the enormous surfaces which form the faces 
of the pyramids, how they made them meet accurately in a point, and how 
they avoided twist, are problems rather difficult of solution. The most that 
can be done is to attempt to determine the principles underlying the process 
without entering into too many refinements. It must be realized that, to 
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put a batter on the face of a piece of masonry, a plumb-line must be used; 
fur�her, it must be remembered that in all unfinished masonry in Egypt, 
which has come down to us, the blocks were· laid with their faces rough and 
fi_ne-dressed aft�rwarrls. This dressing could be carried out in two ways, 
etther by coven�g the whole surface with scaffolding, or by reducing it to 
the plane of fa:111g-surfaces (p. 62), made when the masonry was being
constructed, which would presumably be done, in the case of a pyramid or 
pyl�n, when the constructional embankments were being removed. Scaf
fold111g could only have been used for work of moderate size. In the case of 
the Great Pyramid, each face is some five acres in area, and rises to a height 
o_f 160 yards, a�d to cover such an area with scaffolding would be imprac
ticable_ mecha111cally, especially since no traces of 'pot-lugs' are found in
the cas111g at the top of the Second Pyramid at Giza or in that of the South 
Pyramid of Dahshur into which the butts of the scaffold-poles could have 
engaged, and the whole kept steady. During the removal of the embank
ments, however, light scaffolding, with the butts of the poles buried in the 
rubble, 

_
may �ell have been u�ed to cover a height of some thirty feet above 

them, s111ce 1t cannot be believed that the dressing of the blocks to the
facing-surfaces, if done little more than a man's height at a time, could give 
the almost perfect flatness observed in the pyramids whose casing has been 
preserved. 

Twist in the pyramid could have been avoided by a very elementary 
�1etho?, name! y 

_
by establishing points outside the base of the pyramid in

ltne with both diagonals and axes, and projecting these lines up the cm
�ankments on to the co�rse u�der construction by sighting-poles or plumb
hnes. Gre�t accura_cy 1s poss1ble by such methods. The obtaining of the 
t�ue pyra1md angle 1s however a much more diflicult matter. Two possibili
ties present themselves; one is that the size of the square at the height of 
the course was calculated, and a square of the calculated dimensions was 
described on the already established diagonals and axes; the other is that it 
was

_ 
found by plu�bin� and measurement. In the records left to us by the 

�nc1ent masons, �1me�1s1ons and levels are indicated by a triangle (generally 
111 red ochre) with e1ther the base projected out or a second line drawn 
parallel to the base,' accompanied by indications of the number of cubits, 
palms, and digits (p. 6 3). In such marks the base of the triangle or the 
parallel line usually shows whence the measurement was to be taken and the 
apex of_the triangle the direction of measurement. These levels show no great
pretenswns to accuracy. Since there is no evidence, from any of the partly 

' BoRCIIARoT, Dai Grabdt"kma/ da Ko"ig, Newourri', p. 154. 
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destroyed pyramids, that vertical pits were left in the masonry from which 
the height of the work could be accurately obtained at any course, and 
since the use of the rough level-records found on the blocks would involve 
very large cumulative errors, it is fairly safe to assert that the size of the 
square at any particular course was not calculated. The alternative solution is 
that a plumb-line was used in the embankments outside the course and the 
necessary proportion of 1 1 to 14 measured in from it. From these measure
ments, the facing-surfaces could be established to which tJ1e whole of the 
casing would afterwards be dressed when the embankments were being re
moved. This seems to be the only solution which meets the observed facts, 
and it is worth examining more closely. In the case of the Great Pyramid, 
it appears that the error of the square at what is now the top cannot have 
exceeded a foot. If the angle of the casing for each of the 200 courses had 
been separately obtained by plumbing, the observed accuracy could never 
have been obtained. From the writer's experiments, it appears that plumb
ing cannot be carried to an accuracy of much more than ½ inch with the 
Egyptian plumb-bobs which have been preserved, even if the plumb-line is 
sheltered from the wind and all the obvious precautions taken. vVith 200 

repetitions, the cumulative error could well be three times as great as that 
observed. If, on the other hand, the plumbing-point on any course could 
be kept open for some seventeen feet, only about thirty shifts of the 
plumbing-point would be necessary during the construction of the pyramid, 
and the observed accuracy could well be attained. 

Since it appears likcl y that the plumbing was done from a point outside 
the face of the pyramid and that this plumbing was not done consecutively 
at each separate course, it must necessarily follow that there were pits or 
trenches in the embankments. What the exact form of these pits or trenches 
was we have no idea, neither can we determine how many of them were 
used for each face. 

The foothold-embankments round the course under construction cannot 
have had \1 breadth, at the top, of much less than forty feet, if parties of men 
had to manipulate large levers for the laying of the casing-blocks, and it is 
not without interest to determine how far, by means of pits or trenches in 
the embankments, the plumbing could be carried before a new plumbing 
position would have to be used. Since the angle of the casing of a pyramid 
is a rise of r 4 on a horizontal distance of 1 1, if the pit were commenced close 
to the face, it would be fifty-one feet deep by the time it reached the edge of 
the embankment higher up. Thus only ten shifts would be necessary in 
the construction of the Great Pyramid. Although these figures are merely 
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tent�tive, they serve to show that the observed accuracy could be obtained 
by simple n:ietho?s. A practical application may make matters more clear. 

Let 1t be 1mag111ed that a pyramid is under construction and that the base 
has been set out to the necessary accuracy (p. 6 5), and, after laying the 
blocks of the first course (P· r 0_9 ), the line of the base has been exposed
(where tl�e edge of the casrng will touch the pavement) at, say, two points 
on �ach stde and some forty feet in from the corners, the top of the course 
havrng been tr�ly levelled. Having measured in from a plumb-line over 
the exposed po111ts on the base, on the first course, two points can be ob-
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Fig. 136. Diagram illustrating suggested 
method of dressing the faces of a pyramid. 

tained on each side (a 6, c d, ef, g h, Fig. 136) on the plane to which the 
:,vh�le of the surface of the face w�ll afterwards be reduced, by measuring 
111 4 o� the length of the plumb-hne. From these points, which become 
the fac111g-surfaces of the course (p. 62), a square can be established which 
can be ch�c�ed _b� �easuring its_ sides (ano sometimes its diagonals) r and
by �scertau11ng 1f 1t hes on the diagonals of the pyramid which have been 
projected up on to the course (V W, X Y), as suggested on p. 125. The 
accura�y of the square can be further checked by ascertaining, by measure
ment, 1f the axes of the pyramid base, when also projected up on to the 
course (RS, T U), pass through the middle of each side and thus avoid the · 
possibility of the would-be square becoming a rhomb�s. With such pre-
1 In the Great Pyramid, for a considerable number 
of courses, the diagonals could not be measured, 

since a mass of rock rises up into the body of the 
pyramid to an unknown height. 
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128 PYRAMID CONSTRUCTION 

cautions, a square of very great accuracy is possible. The process would be 
repeated for the higher courses from the same plumbing-point on the pave
ment, until the top of the plumb-line had reached the extreme edge of the 
foothold-embankment; it would then be shifted in to the exposed facing
surface of the course last laid. 

In the case of the pyramids, there is no evidence on the precise form 
taken by the facing-surfaces before they were covered up by the construc
tional embankments for the next courses. In later times, two forms arc 
known (Chapter XVIII). 

In the Third Pyramid at Giza the sixteen lowest courses are cased with 
granite blocks (Figs. 99 & 100), which were never dressed, though there is 
evidence to show that the dressing of the limestone casing-now broken 
up-which covered the upper part of the pyramid was completed. It is 
likely that the granite courses were left unfinished owing to the enormous 
labour necessary to dress the hard rocks (p. 27). The granite casing has 
no visible facing-surfaces on it; perhaps the intention had been to dress 
the granite courses, at leisure, to the plane of the finished limestone casing 
above. Some base must however have been set out at ground-level, and 
since the granite blocks sho,v no trace of facing-surfaces on to which plumb
ing could have been done, we can infer that the Egyptians were capable of 
plumbing, in one operation, for a height of at least fifty-four feet up a 
pyramid, which would mean that the top of the plumbing-pit, or trench, 
could be 'forty-two feet out from the face of the masonry. It will be seen 
that these figures agree with the hypothetical calculations on p. 1 26. 

JVlost pyramids have individual peculiarities which are as yet difficult to 
explain. For instance, in the Great Pyramid, as possibly in certain others, 
a large depression in the packing-blocks runs down the middle of each face, 
implying a line of extra thick facing there. Though there is no special diffi
culty in arranging the blocks of a course in such a manner that they in
crease in size at the middle, there is no satisfactory explanation of the feature 
any more than there is of the 'girdle-blocks' already discussed. To assume 
that vertical lines of blocks were laid from the top of the pyramid to the 
bottom, to serve in some manner as a guide, is incompatible with the deduc
tion that large embankments were used, without which many of the pecu
liarities of ancient Egyptian stonework are inexplicable. Another reason 
which can be advanced against such a strange order of laying having taken 
place is that the height of the casing-blocks of the Great Pyramid shows a 
periodical decrease for a certain number of courses up the face, which must 
surely mean that the available stone (or perhaps that from one quarry) was 
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wor�ed o_ut be(orc a new supplr was drawn upon. The assumption that such
verucal l�nes of �locks were laid would mean that the amount of periodic 
�ecrease 111 the height of the courses was exactly foreseen. Other considera
t101�s, such as the levelling of the tops of the courses after laying are also 
agarnst such a supposition being true. 

' 

In c?nclusion, the reader is again reminded (see the Preface) that the 
foregorng notes on P.Y:amid construction are not to be regarded as a com
plete and fin�] �xpos1t1on of_ the many problems hitherto unexplained, but
rather as preliminary deductions which seem to follow from the information 
at present available, and which may have to be considerably modified in 
the light of future research. 
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XI 

PAVEMENTS AND COLUMN-BASES 

I
N constructing a pavement, the Egyptians did not generally make use
of rectangular slabs; the whole system is a patcl_1work (Fig. 13?), the

blocks being laid to their full depth in recesses cut rnto the foundations to 

Fig. 137. Part of the pavement in the valley temple of the Second Pyramid (rl_,e Temple of 
the Sphinx') at Gi-.i.a; I Vth dynasty. (After HOLSCHER, Dns Grnhdmkmnl du Komgs Chephrm.) 

receive rhem, so that their rough upper surfaces should all lie at about the 
same height. The top of the pavement-slabs was smoothed and levelled 
after all the blocks had been laid. That die dressing of the top of the slabs 
was, like those of the blocks in a course, done last, can be easily deduced 
from a careful study of Egyptian pavements, even includin� those of the 
latest periods. For instance, in the Temple of Edfu, where, rn the Hypo
stylc Hnll, the level of the pavement between the middle ranges of pillars 
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is about five inches below the remninder, blocks may be seen at the step 
dressed partly to one level and partly to the other. In some buildings, the 
pnvement seems to have been laid last of nll; at Philae, for example, the 
walls have in some cases been cut to waste to receive the paving-slabs 
(Fig. 138). 

In the case of the monolithic pillars which required no base, as, for ex
ample, in the temple of the Second Pyramid, the pavement, after being 
laid, was cut away so that the pillars could be passed down through it to 
rest on the foundation. In other structures, such as the 'Osireion' of Seti I 
at Abydos, the huge square granite pillars rest on the pavement. 

Fig. 138. Part of a wall in the temple of 
Isis at Philae, showing cutting to waste 
for the laying of a pavement and for the 

formation of a pilaster. 

The Egyptians never gave very great attention to the bases of their 
columns, either from a decorative or from a structural stand point; they are 
either entirely absent or are of the simplest forms, often rising very little 
above the floor-level. As examples of the curious methods of construction 
evolved by the Egyptians they are, however, of considerable interest, and 
show several varieties of technique, few of which can be definitely assigned 
to one period. They fall rough! y into two classes. In the first, the bases 
stand on already laid and flattened paving-blocks. In the second, the base
blocks rest on the same foundation as the pavement, and may either be 
square or circular in plan or of the same irregular form as the other•·· 
paving-slabs. 

The first class, of which good examples can be seen in the temple of 
Luxor, docs not call for much description. Structurally they are bad, as the 
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pavement-slabs are liable to be split under the weight unless they are of very 
great thickness. 

The second class shows many varieties. The granite column-bases which 
supported the great monolithic columns in the north pyramid temple at 

Fig. 139. Granite base for monolithic column in 
the northern pyramid temple at Abusir. The 
basalt paving-blocks butt against it. (Vth dynasty.) 

Fig. 140. llasc for one of the octagonal columns in the 
Xlth drnasty temple at El-Deir cl-Bahari, showing 
marks left by the masons as a guide for the setting of the 

column. The columns arc 22 inches diameter. 

Abus1r of the Vth dynasty rest on the foundations of the temple, and the 
basalt p:wement butts up against them (Fig. 139). A more common 
method of construction was to cut the base from a block which was nothing 
more than a paving-slab of greater height than the rest, and which was laid 
with those of the rest of the pavement. In the XIth dynasty temple of El
Deir el-Bahari, the base of the octagonal columns forms part of a more or 
less square block, which only rises about 1f inches above floor-level (Fig. 
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140). In the adjoining temple of the XVIIIth dynasty the masonry is of 
a poorer quality, and columns, vYeakened by patches, can be seen, whose 

A 

Fig. q2. F not-stones below the base of a column at 
Edfu. 

bases sometimes form part of two blocks, showing that they were merely 
ordinary paving-blocks cut down less than the remainder (Fig. 141 ). In 
the Temple of Edfu, the column-bases sometimes rest on squared blocks 
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which lie on the foundation (fig. r 42). The pavement does not come up 
to the level of the square base-blocks, a ledge three inches deep (AB) being 
left, which shows either that there was another layer of blocks over those of 
the present pavement or, and this is more likely, that the difference was 
made up with a thick layer of plaster. 

An interesting column-base is recorded from Abydos in the area known 
as the 'Korn El-Sultan' (Fig. 143). It dates to the reign of Ramesses II, 
and is composed of one block of sandstone 2 feet 6 inches high. The upper 
part is rounded and the lower part square, the sides of the latter measuring 

---

��mmirn��2 
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---=· · 

C. 

--

Fig. 1 +3- Sandstone base of a limestone 
column at A bydos, the height of the an
cient pavement being shown by that of 

the rough tooling of the block. (A.) 

""\ 
---

. -.J ___ s.c 

Fig. 1 ++· Circle scored on the 
base of a column, exposed after 
the diameter of the lower part 
of the column had been re-

duced. Karnak. 

7 feet 3 inches. The whole base is roughly tooled to within a foot of the 
top, showing that the pavement level must have been at that height, thus 
resting on part of the base and butting against the remainder. The founda
tions of this base were of insignificant blocks of li:11cstone, set together with 
poor mortar and stone chips. The shaft of the column was also of limestone. 

Guide-marks, scored into the stone with a pointed tool, arc frequent on 
base-blocks, and they arc sometimes seen on the paving in cases where the 
base rests on the pavement. They usually take the form of two lines at right 
angles, ur four nicks, and were intended to mark the axis of the column 
or base. Occasionally a circle is seen on the base-blocks, which may either 
be a line clown to which the column was to be dressed after erection or else 
the marks of the tools used during the dressing. In the H ypostyle Hall at 
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Karnak the foot-stone of the columns is scored with a circle (Fig. r 44) 
whose diameter is the greatest diameter of the column. Though it may 
have been a guide-line for the masons, it is more like! y that the bottom of 
the column was originally of its present greatest diameter and that the line 
was left by the tools in the dressing when it was sculptured and its size 
reduced. The use of these guide-lines is discussed in Chapter XII. 
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COLUMNS 

C
OLUMNS, in Egypt, may be roughly divided into two classes, both
of which can be traced back to very remote times. The first type 

imitates, in stone, such vegetable growths as bundles of reeds tied together 
and stiffened with mud, palm-trunks, &c.; the second type is the square
sectioned pillar with its later derivations, which may possibly have had 
its origin-if an origin indeed be sought for such a simple form-in the 
supports left to sustain the roof in quarries and rock-tombs. 

The great difficulty with which the Egyptians had to contend was to roof 
a chamber of any considerable size. In the primitive huts, on which so 
much of their architectural style is based, a few posts will keep up quite a 
large area of reed and palm-frond roofing, but to cover :1 space with stone 
requires a great number of supports. It may justly be said that in the Great 
H ypostyl� Hall at Karnak one cannot see the hall for the columns. 

In the IV th dynasty the greatest space which could be spanned with 
limestone blocks was just over nine feet; larger chambers had either to be 
covered with granite or by some form of pent or corbelled roof (Figs. 218 
& 219 ). When the Silsila sandstone quarries were brought into general 
use it was found that this stone could be used for very much longer archi
traves. The Egyptians ,vere, no doubt, sensible of the need for reducing 
the number of columns as far as possible, and we find them using sand
stone to span a distance which, in the central aisle of the H ypostyle Hall 
at Karnak, amounts to nearly thirty feet. Although an excellent material 
for general building purposes, sandstone is not capable, when used over 
such distances, of bearing roofing-slabs for long in addition to its own 
weight, and it can hardly be doubted that the architraves and roof-slabs at 
Karnak began to give \vay within three centuries of the completion of the 
building. 

The square-sectioned column is known from the IVth dynasty until the 
end of the New Kingdom, both in its monolithic and built-up forms. Dur
ing the Middle and the early part of the New Kingdom, it underwent, at 
times, a development into the polygonal column, which is both simple and 
pleasing. The first step in this development must have been the cutting off 
of the angles of the square column (Fig. 145), which produced the octa
gonal form (Fig. 146) which is found in the Xlth dynasty temple of El-

. . 
COLUMNS 

,37D�1r el-Bahan and elsew!1ere. A further cutting of the angles resulted ina s1xt�en-s1ded_ column (Fig. 147), which occurs in many temples and tombsboth 111 the �l1dd_le and the New Kingdoms. 
Champolhon, 1111pressed by the polygonal column, and rememberingthat the Greek Done column (Fig. 148) is fluted, christened the Egyptian

\ I 

s.c.

Fig. 145. Square-sectioned column. 
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Fig. 146. Octagonal column. XIth 
dynasty; El-Deir cl-Bahari. 

column ot: the polygonal type 'Proto-Doric'; but Egyptian columns are not
?II fluted, 11� f��t they _more ofte_n have flat facets. In other respects the termPr�to-Donc ts a misnomer; 111_ tl�e Gre�k form there is a very distincttap�r upwards, and at the top 1t 1s furnished with a large overhangingcapital made '.rom a block of stone separate from the shaft of the column. In tl_1e Egyptian column the 'abacus' docs not project all round; the four .. ,.
�ardt_nal faces of the column are almost on the same plane as the correspond-111g sides of the block above it. 1 

1 In
. 

some of the most serious works on Egyptian 
nrchttccturc the draughtsman commits the error of 

representing the block of stone abo1•c the column 
projecting all round the capital. 
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A variation in the treatment of the polygonal column was to leave slight 

ridges between successive facets (Fig. 149). In examples in the temple of

l 

I 

•. LI 

} ,,
.': 

• 1' 

5 c. 

Fig. 147. Sixteen-sided column, Xllth
XV I I Ith dynasty. 

\ 

� )j 

I- ------------ I s C 

Fig. 148. Greek Doric column. 

Fig. 149. Plan of part of a polygonal column, showing ridgl-s between

the facets. 

Khonsu at Karnak, when examined by one of the writers some years ago,

there were traces of the plaster on the facets, not filling up the gap between

successive ridges, but lying flat on the stone. Such ridges, though known in

other temples, arc comparatively rare. 
Fig. I 50. Polygonal column surmounted by a mask of the oddcss 11 

of /\mcnophis l I I at El-K,1b g 
athor 111 the small temple 
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COLUJ\lNS 139 
One of the most effective examples of the ornamentation of the poly

gonal column is seen in the little temple of Amenophis III at El-Ki\b 
(Fig. 150). The four columns which support the roof are sixteen-sided, 
and, facing the central nave, a vertical band occupies the space of two facets. 

s.c.

Fig. 151. Fluted column in the rock-hewn temple 
of Amcnophis II I at 13eit cl-Wali in Nubia. 

At the top there is a mask of the goddess Hathor, with the customary little 
shrine above it. 

Polygonal columns enjoyed but a short life in comparison with those 
derived from vegetable sources. It seems that they did not please the vulgar 
minds of Ramesses II and his followers. At any rate, after his time they are 
no longer found. 

Fluted columns arc no very great rarity in Egypt. The principle of 
fluting was known, and freely employed, by King Zoscr of the IIIrd 
dynasty (Figs. I & 2), though no free-standing Auted columns have been 
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yet found in his work. In the Old Kingdom they seem not to have been 
used after Zoser, as far as we yet know, but they reappear again in the 
Middle Kingdom at Hawiira' and 'Kahun'z and in some of the rock tombs 
at Beni Hasan. In the New Kingdom the only temple in Egypt in which 
a fluted column has been found to our knovvledgc is that of !\·Jut at Karnak, 
"'here, among the ruins, there arc a base and a top-drum below the capital 

of a truly fluted column. Four bands are carried up the 
cardinal faces, and between each pair of bands are seven 
slightly hollowed flutings. The column is about thirty
eight inches in diameter. At the temple of Sedenga, in 
Nubia, a column is still standing with thirty flutings anJ 
two vertical strips bearing inscriptions of Amenophis III. 
Another at Beit cl-\Vali, which, unlike that of Ameno
phis III, is cut out of the rock (fig. 151 ), has the unusual Fig. 152. Section of a 

papyrus stalk. feature of a n:urow band below which the flutings begin.
Down the four cardinal faces arc vertical strips, not fluted 

but flat, which die at the top into the 'abacus'. The column has a distinct 
taper, but no bulging or 'entasis'. 

Columns imitating vegetable growths are common from very early times. 
They are based mostly on the papyrus-plant, the lotus or lily and the palm. 

One of the most pleasing forms of column based on the papyrus is that 
imitating a bundle of these plants with their heads left spread out. The 
shaft is circular in plan, and is slightly reduced where it stands on its flat, 
circular base, this part of the shaft being carved and painted to represent 
a group of large leaves pointed at the top. The shaft diminishes as it ascends, 
and is surmounted by a wide capital which springs immediately above 
several horizontal lines round the shaft, relics of the bands which tied to
gether the reeds. Though the column thus shows that its prototype was 
many reeds tied LOgetht:r, there are indications that it was also meant to 
recall a single plant. For example, up the shafts of some examples, ridges 
may be observed at every third of its circumference (figs. 1 sz & 153); 
this is a feature of the papyrus stalk. The peculiar section of Zoscr's 
pilaster ([-'ig. 7), \\'hich is crowned by :1 capital which strongly suggests 
the papyrus-head, must have had a similar origin. This type of column 
is unknown, as yet, in the Old and i\,Jiddle Kingdoms, and docs not appear 
in the New Kingdom until the XIXth dynasty, when it is used for the two 
middle ranges of columns in the great halls of that period. One of the most 
1 PETRIE, Th LnbJrinth, G,ruh and Mnz.ghunt!i, ' PETRIE, / 1/ahun, K ah,w and Curo/,, Pl. VI. 
Pl. XXIX. 
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COLUl\1:-1S 141 
impressive examples is the Great Colonnade at Luxor Temple, which was 
finished by King Tut'ankhamun (Fig. 154). Though slightly smaller than 
the central aisle of the Great H ypostylc Hall at Karnak, and not flanked by 
rows of lesser columns, it is undoubtedly more attractive. The capitals have 
a majestically curved outline, and extend far beyond the diameter of the 
column. The ten columns which flank the central nave of the Great Hypo
style Hall at Karnak have capitals 18 feet :icross the lip, and arc built up 
of a few large blocks (Fig. 155). One block forms half the top course of the 
capital, the dimensions of which, in the rough, must have been 20 feet by 

Fig. 1 55. Capital of a column in the cen
tral aisle of the Great I !all at Karnak, 
showing mason's guide-lines to assist in 
placing the abacus and the architraves. 
This capiial measures nearlv 20 feet across 

the top. 

Fig. 1 56. Pan of plan and sectional 
elevation of the papyrus capiml of 
l(ing· Taharqa, showing how it was 
built of small stones. (For a photo-

graph of this column sec Fig. 69.) 

1 o feet by 2 feet 6 inches deep. The capital is so large that it was found
necessary to construct it of three deep courses of stone. That the Egyptians 
cul out the form of the column and capital after the stones were in position 
is shown by the fact that the lower horizontal joint is not at the point of the 
springing of the capital from the shaft, but below it. The quantity of stone 
cut to "vaste in making these capitals must have been very great. 

The columns of the Ilypostylc Hall at Karnak and those of Luxor 
Temple are examples of the most solid form of construction, and were 
intended to carry very great weights. In contrast to these, the beautiful 
column of King Taharqa, the last survivor of ten which stood before the 
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Fig. 157. l\Ionolithic granite 
column of the Vth dynasty, 
from the pyramid-temple of
KingSahure'at Abusir. (After 
IloRCIIARDT, Das Grahdrnk
ma/d,s Ko11igsSaJ1111·c', Pl.XI.) 

COLUMNS 
Second Pylon at Karnak (Fig. 69), deserves 
attention. These papyri form columns were as tall 
as those in the central nave of the Great Hall 
of Karnak, but were never intended to carry 
any heavy load, being constructed of compara
tively small blocks of stone (Fig. 1 56). 1 Not 
only has each drum of the column many more 
stones than those already described, but there 
are many more joints vertically and courses hori
zontally. Such numerous joints arc comparatively 
harmless when no huge architraves or stone slabs 
were to rest on the column, but had these columns 
been loaded with such weights as were carried by 
those of the H ypostyle Hall at Karnak they would 
inevitably have collapsed. The capital of Ta
harqa does not spread to the same extent as those 
of Karnak, and the rectangular block or abacus 
at the top of the capital is made of quite small 
blocks. This range of columns was not roofed at 
any time. Fine as they are, their construction is 
bad. When newly built, with all the joints filled 
with mortar and the whole surface painted and 
sculptured, their weakness would not be apparent, 
but inundation and perhaps earthquakes ha\·e 
played fearful havoc with this building. 

The second type of papyrus column' imitates 
a number of bunches of the plant bound together, 
the heads being tied in instead of being allowed 
to spread. They date from the Vth dynasty; 
fine monolithic examples in granite were found 
in the pyramid-temple of King Sahure' at Abus1r 
(Fig. t 57), standing over t\\"elvc feet in height. 
After the Old Kingdom, the space between suc
cessive bundles is filled by small bundles of what 
seem to be reeds, cut off short at top and bottom. 
Like the other form of papyrus column, the shaft 

1 SccalsoC11EvR1 En,A11nalt1 du Scr:1irt xxTii, p. 14.1. 
' The dc,·clopmcnt of this and the prcviouo column 
is well illustrated in JtQUIER, ln tllmtn/J dtl'.4rd,i-

tu//,rt Egyp1iu:t1t, pp. 20 1-30. Herc, the papyrus 
column with the spreading capital is termed 1c-an1-
raniformc' while the second type is 'papyriforme'. 

' 
. 

••- - ,., ·l �. � . ·... 
• � . ' 

Fig. 1 58. l\lnrtuan• tL"mplc of RamCSSL'S I I (The Ramcsscum) at Thebes, from the north-cast.· 
(Photograph by Gaddis and Seif, Luxor) 

Fig. t 59. Lotus column of lirncsto11c, from the Vth dynasty pyramid-temple of 
King Sahu re' at Abusir. (Photograph by the Antiquities Department) 
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is reduced in size near the base and tapers up 
towards the top. The edge of the bundles which 
go to make the shaft are all ridged in the better 
examples. This form of papyrus column be
comes the chief type for the temples of the 
XIXth dynasty,' when it degenerates into 
gouty monstrosities which reach perhaps their 
most unpleasing shapes under Ramesses II 
(Fig. r 58). In these the modelling of the shaft 
disappears and the column is covered with 
decorations and inscriptions in the most un
suitable way imaginable. 

The Lotus column (Fig. 1 59) is contem
porary with the second form of papyrus column, 
both being found in the temples of the Vth 
dynasty at Abusir. It obviously represents 
several lotus buds with their stalks bound to
gether in the same manner as the bundles in 
the papyrus column; in fact, the two types are 
very closely allied. In good examples the chief 
differences arc that the lotus column is not re
duced in size near the base, and that the bund Jes 
arc round and not ridged. The papyrus heads, 
bound together at the top, are in _this column 
replaced by lotus buds, with smaller plants in
troduced between successive buds under the 
lines below the capital, which represent the 
bands with which they were tied. In this feature 
the papyrus columns of the second form seem 
to have copied the lotiform column, since, from 
the tomb scenes, it appears that it was a very 
common custom to bind lotus buds at the top 
of the pillars supporting the roofs of houses and 
shrines. On the other hand, in a more im
portant aspect, it is clear that the lotus column 
was the successor of the papyrus column, since 
by no manner of means can the weak stems of 
a lotus plant be made into a support, however 

1 M. Jcquicr calls tl1is type 'monostyle'. 

143

Fig. 160. Monolithic granite 
palm column of the Vth dyn�ty 
from the pyramid temple ot King 
Sahurc' at Abusir. (After BoR
CllARDT, Das G.-abde11k111al dn 

Konig, Sah11r,', Pl. IX.) 
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small. The lotus columns are less frequent than the papyrus, judging from 
the nmnber of examples known to us. They arc seen at Beni Hasan in the 
Middle Kingdom,' and are fair! y frequent in Sa1te and Ptolemaic times. 

The column imitating the palm is also found in the Vth dynasty temple 
of Sahure' at Abus1r (Fig. 1 60 ). Though known in the Middle Kingdom, 
only two examples are found in the New Kingdom, namely, at the temple 
of Amenophis III at Soleb and that of Seti I at Sesebi, both sites being in 

s.c.

Fig. 161. Mason's guide-lines on 
the abacus of a column in the 
Great Hall at Karnak; XIXth 

dynasty. 

Nubia. In Ptolemaic times they become frequent, and it is on 1 y in this period 
that the shafts are made to represent the surfaces of a palm trunk. 

Other types of column are occasionally found in Egyptian temples, such 
as a cylindrical column surmounted by a square abacus: and a curious 
type representing the tr:\ditional form of the tent-pole (Fig. 174). A 
full description of these and the beautiful composite capitals J used just 
before and during the Ptolemaic era is, hm-vcver, outside the scope of this 
volume, since their interest lies in their style rather than in the details of 
their construction. 

1 NrwnERRr, Bcni lia1an, ii, Pl. X. 
' JtQUIER,LU tlbntn/J dt l'Archituturt Egyptitnr.t, 
Fig. 101, from the temple of Snhurc' nt Abusfr 
(Vth dynastr)' and Fig. 102 from the temple of 

Seti I at Abydos. 
J A very good selection of these composite columns 
can be seen in JtQu1£•, op. tit. 

.:_.:....,..---.:::�. 

·- ... 

_ , IA.-_ 
� ' .. . � ... ., 

, L ... � ·-

-· 
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Fig. 162. Unfinished column, arcl1i1ra,·c and cornice in the court of 
Shcshon11 [, at 1-:.amak 
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COLUMNS 145

In order to assist in the placing of the architraves, lines were drawn, or a 
series of dots made with a metal point, not only on the abacus, but on the 
top of the capital, to ensure that the abacus should be properly dressed. 
Such guide-lines can be seen both in the column of the central nave of the 
G rcat H ypostyle Hall at Karnak (Fig. 155) and on the smaller columns 
that flank them (Fig. 161 ). 

Columns, like walls and pavements, were always dressed after the blocks 
forming them had been laid. This is proved not only by the frequent in
corporation of the base or the capital into the shaft, but also by the examples 
of columns which have either vvholly or partly been left unfinished. Un
finished columns are rare; the best example is seen in the south-east corner 
of the XXVth dynasty court on the east of Pylon I at Karnak (Fig. 162). 
This had to wait for the completion of the pylon, since it was covered by 
the constructional slope by means of which the pylon was being built. For 
some reason of which we are ignor:111t this great pylon was never finished, 
and since the constructional embankments have largely disappeared in the 
course of the ages we can now study the corner of the court and see, not 
only an unfinished column and architrave, but the repairs which were under 
way in the little temple of Seti II beside the northern tower (fig. 239). 
In the column, between the bedding joints of the blocks which were to 
form the capital, the stone has been dressed in rings which were but little 
larger than the diameter of the corresponding part of the finished column 
next to it. 

The east wall of one of the chambers (F of Baedeker's plan) in the temple 
of Seti I at Abydos had originally been intended as a row of columns. The 
blocked-out form of these is still visible (Fig. 163), since the wall, which 
was made to incorporate with them, has now been broken away. The 
columns arc of sandstone, and were shaped by a round, blunt-ended tool 
before being finished with a chisel and scraped with a hand-tool like the 
remainder of the work. 

In the drums of columns whose bedding surfaces have become visible, it 
is comparatively rare to see any guide-lines, though they are by no means 
unknown. Some of the drums of the columns of the side-aisle in the Great 
Hall at Karnak have their top surfaces intersected by two lines, at right 
angles, marked on the stone with a pointed tool, these lines indicating the 
centre of the drum. It is very probable that the upper surfaces of all blocks ,. 
for column-drums not only were marked with lines or nicks from which 
the centre could be found, but also had circles cut on them showing the line 
down to which the stone was afterwards to be dressed. Unless the axial lines 
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were continued across the surface of the drum, as at Karnak, all guide-lines 
would be absent on the drum of a finished column. 

Since the drums were laid with the outer surfaces only rough I y shaped
if at all-and since, like all other Egyptian masonry, they were probably 
laid with the top surface also rough, it follows that the only fine-dressing 
done on a block for a column-drum would be to flatten one surface as a 
bed.• \Vhen the blocks were laid the top would be levelled and the axis 
of the column established. This would almost certainly be done by sighting 

Fig. I 63. Column in the temple of Seti I at Abydus. 
Owing to a change of plan, the line of columns was 
converted into a wall. The destruction of the wall 
shows the state in which the column-drums were laid. 

or running a line down the r:111k and file of all the columns in the hall and 
marking where these lines touched the outer edges of the surface of the 
drums. These could be joined, as at Karnak, thus giving the axis, or centre 
of the column; or else short lines, or even nicks, would be left, from which, 
by means of threads, the centre could be found and the circle of the 
requisite size drawn.' 

The manner in which a monolithic column would be shaped, such, for 
example, as one of the granite papyrus columns at Abus'ir, is unknown 
from any ancient indications, but our knowledge of Egyptian crafts enables 
us to limit the possible methods by which they may have done it. Such 

' If the Jrum were of two blocks, the rising joints 
between them would, of course, also ha\'c to be 
fine-dressed. 
• We h.-·e no information on the Egypti•n method

of drawing a circle; most likely the point of the 
marking tool was passed through a loop in the end 
of a piece of string hclJ at the centre. 

COLUMNS 147 
a column would arrive from the quarry as a long block, perhaps of more or 
less rectangular form, and would certainly be erected before being shaped. 
A base would, however, first have to be dressed on which it could stand, and, 
further, it would have to be dressed so that a vertical column of the required 
form could be shaped from it without any further movement or adjustment. 
There seems but one manner by which this process could be carried out by 

' ' s.c. 
· ,

Fig. 1 64. Hole in the granite pavement of the temple of the Scc�n_d
Pyramid at Giza. One side of the hole was cut to a slope to fac1h

tatc the insertion of the butt of the square pillar. 

simple methods. Points on the two extremities of the block would first be 
chosen to define the axis of the finished column. Careful consideration and 
measurement would be necessary in choosing these points so that there should 
be enough stone round the axis to furnish a column of the required shape. 
The next problem would be to dress the base; that is, to make a plane to 
which the axial line should be at right angles or 'normal'. A simple method, 
which may well have been used, would be to lever up the block until the two 
axial points chosen were exactly level (p. 62) and, at the base-end, to make 
a truly vertical facing-surface from the top to the bottom of the block. The 
next step would be to turn the column through a right-angle, re-level the 
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two axial points, and make another vertical facing-surface passing through 
a point about the middle of the one previously made. The base would then 
be dressed to a true plane on the two facing-surfaces (p. 105). The block, 
when erected on this surface, would then stand with the chosen axis vertical. 

The method by which a monolithic column was erected cannot be de
fined too close! y, though several possible methods can be suggested. In the 
temple of the Second Pyramid the square columns have been slipped in 
through holes in the pavement on to the rock foundation. One side of the 
hole was cut sloping (Fig. 1 64), down which the butt of the column, which 
must have been dressed, seems to have been slipped. \•Vhether the column 
was got into an upright position by means of levers, or was erected by 
means of a constructional embankment, as may have been the case with 
obelisks,' there is no means of knowing. It seems likely that levers were 
used in all but extreme cases. As an example of the last, the gigantic square
sectioned columns of the so-called 'Osireion' of Seti I at Abydos may be 
cited. The building is below desert level, and is walled by huge blocks of 
quartzite, :rnd the pillars, which supported a granite roof, we

_
re of squar

_
e 

section, measuring 1 3 feet in height with a side of 7 feet 6 mches. It is 
likely that they may have been let down into the hall by filling the whole of 
it with sand and removing the sand gradually from under the columns. In
this case the pillars rest on the pavement and not in the manner of those of 
the Second Pyramid temple at Giza. 

The dressing of a monolithic column may have been carried out by 
marking a circle on the floor or the base or upon a prepared platform and 
measuring in from the plumb-lines in accordance, perhaps, with a scale 
drawing of the column. By this means any number of facing-surfaces could 
be obtained at different heights, though we have no information at all either 
on their number or form.: The forming of pillars in a rock-hewn temple or 
tomb must have been an even more difficult proceeding than that of a 
monolithic column, and here again we are very short of any precise indica
tions which might enable us to determine the most likely method adopted. 
In certain of the XVIII th dynasty rock-tombs at El-' Amarna, which have 
been left unfinished, it seems that the floor was the last to be dressed, and 
partly excavated tombs can bt: s<.:<.:ll wht:re the floor was still undefined, but 
where not on! y the roof, but the capitals and part of the shafts of the columns 
had been dressed. Though several methods could be suggested which would 

, The method by which obelisks may have bee11 
erected is fully described in ENCEJ.IIACII, Tht !'rob
/on of tht Obt!iJkt. 

: EscEtnACII, Annoln du Strviu xxviii, pp. 
14+-152. 
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explain all the obseryed facts, it would be unwise to formulate them before 
a very detailed examination had been made of the accuracy of the rock
hewn columns of EI-' Amarna and elsewhere. 

. The only. determ
_
i11ation of the accuracy of an Egyptian column of

circul�r scct10n which has yet been made is one on the red granite
monolithic columns of the Vth dynasty from 
Abus,r (Fig. I 60 ). It was found that on a portion 
z m. 60 cm. long, where the mean diameter tapers 
from 9 1· z cm. down to 79· 8 cm., the error from 
the mean diameter was never greater than 8 milli
metres. 

The taper, however, shows a lesser degree of 
accuracy, which probably means that this column, 
like the unfinished example at Karnak, was dressed 
by first forming rings of the desired diameter at 
regular intervals up the shaft, and then smoothing 
the parts between them, and not by means of a series 
of vertical facing-surfaces. It is likely that some 
form of templet was used, though there is no direct 
evidence that this was the case. 

A 

The Egyptians, particularly in the XIXth dynasty, di : ·./ 
very frequently made use of stone from an earlier sc 
building when constructing a new temple. More Fig. 165. Column in the

rarely, column-drums were re-employed, and new temple east of the Fcsti
colurnns constructed from them. East of the Festival val Hall of Tuthmosis I 11 

H 11 f T I · at Karnak. It is made up a o ut 1mos1s III at Karnak there is a temple partly of older polygonal 
appropriated by Ramesses II. In this building it drums and partly of dru111s 
can be seen that some of the columns arc entirely of Ramcsscs I 1, who 

composed of re-used polygonal drums, others are usurped the temple. 

partly Ra messes II's and partly polygonal drums (Fig. r 6 5). They were ""ell 
covered with a thick coat of plaster, which hid the delicate facets of the older 
work, and, when the coarse carving and moulding of Ramesses II was treated 
with its coat of gesso, the presence of earlier masonry vvas entirely hidden, 
and no one would suspect that the imposing columns were composed of 
scraps eked out with plaster which was sometimes over three inches thick. 

Though the word restoration in Egyptian actually meant, more often. 
than not, the re-use of the blocks of the older building,' repairs were, at 
' An interesting little point orises in this connexion criticism of king, who apparently usurped the 
which might make posterity more lenient in its buildings of their ancestors under the pretext of 
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times, actually carried out in a monument. An interesting example of 
ancient repairs to columns can be seen in the Great Hall at Karnak. At the 
east end the faulty parts of the columns have been cut out and filled with 
a patchwork of smaller blocks (Fig. 166 ). Here they have not been dressed 
to the shape of the column, possibly because some other masonry was in
tended to butt up against them. In the central aisle, however, the repairs 
have been very carefully dressed (Fig. 167). They probably date to Ptole
maic times, or perhaps slight! y earlier. 

restoration. The ancient masons, having no lifting 
tackle (Chapter VJIJ), could not take down the 
blocks of a building, if the)' were of an)' size, without 
defacing the scenes and sculptures. On the other 
hand, it must be admitted that the kings never seem 
to have ordered that an exact replica of the older 
scenes be re-sculptured-which the ancient artists 

were well capable of carrying out. To inscribe a 
line to the effect that the building had been erected 
by the ancestor and restored by the reigning king 
'after it had been found in a ruinous condition' 
seems to have been considered ample. Too often, 
or so it appears, even this \Vas omitted. 

I 
., 

I ,�
·�- l 1 

, 
9".ll'<'L"">--

Fig. 166. East c11<l of the Grear Hall at Karnak, showing ancient repairs to the columns 

Fig. 167_- Part of a column in the central aisle of the Great Hall at l(arnak, showing ancient 
repairs. fhough the patches have been dressed, 110 sculpturing has been carried out with the 

exception of the co111plctio11 of the cartouche of Ramesses I I 
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/.. 168 P.·11·t of the south colo11nadc of thc court of Shcsho11q I at �amak, showing short
·,g. . 

architrarc and patch 

... 

- . .

Fig. 169. Roof-slab (right) packed up to compensate for a11 architrave of insuflicicm depth. 
Ramcsscum, Tlu:bes 

XIII 

ARCHITRAVES: ROOFS: PROVISION AGAINST RAIN 

B
EFORE the great sandstone quarries, such as those of Gebel Silsila,
were exploited on a large scale, the on] y means the Egyptians had of roof

ing a chamber of any size was to have supports for the architrave not more 
than three yards apart, or else to make use of granite. The enormous labour 
involved in dressing granite surfaceg seems to have deterred the Egyptians 
from employing it for roofs as a general rule, though in the Old King
dom, where time and expenditure seem to have been no object, granite is 
freely used for roofing, as in the Great Pyramid and 'The Temple of the 
Sphinx'. 

When sandstone came into general use, gaps of eight yards or more 
could be bridged, and this greatly affected the size of the buildings and 
their proportions. The Egyptians, naturally enough, spanned the largest 
gaps possible with their materials and, at times, loaded them far beyond 
what we should consider the margin of safety. 

The architraves were placed on the columns with considerable ingenu
ity, and were often dovetailed together and prevented from slipping 
while under construction by cramps and peg-dowels (Figs. 121 & 1 22 ). 

Where the Egyptian was unsound in his building-practice was that the 
bearing-surfaces which he provided for his architraves were often totally 
insufficient. Though, in the best work, the architrave goes as far back on to 
the wall as practicable, in too many cases it merely rests on a few inches of 
bearing-surface, which, if it is sheared, necessarily brings down the archi
trave with it. Having expended enormous labour on constructing the walls 
and columns of a building, the architects frequently made use of blocks 
which were not of the requisite size. F or example, in the colonnade in the 
court of Sheshonq I at Karnak (Fig. 168), one of the architraves is at least 
eight inches too short, and it has been placed so that it rests on the edge 
of the abacus of its column, the space between it and the next architrave 
being filled with a badly cut patch. In the Ramesseum one of a pair of 
architraves was not of the necessary depth. Instead of obtaining another, 
small pieces of stone were placed on it to bring it up to the depth of its fellow .. ,. 
(Pig. 169). When the packing was covered with plaster and gesso, and 
painted, no trace of the defective construction would be apparent. It must 
be admitted, however, that many architraves having these defects have been 
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152 ARCHITRAVES: ROOFS: 
equal to their load throughout the ages, when others, laid on sounder 
principles, have foiled. 

Three methods were in general use by the Egyptians in forming the 
joint between two architraves on a column. \,Vhen the two were in a l_ine, 
a simple straight joint was always used (Fig. 1 21 ). When two were required 
at right angles, the joint ran from the inside of the bend at an angle of 
45° until a point either on the axes of the architraves or slightly beyond 
them 1 ( Fig. 1 70) was reached, the joint then passing out at right angles 

,I 

... ----- ... 
,� .. ,,, , ' 

I • ,\ 
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' . ' 
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Fig. I 70. Plan of jointing of two 
architraves at right angles; New King
dom. The dotted line shows the form 
found in the Vth dynasty temples at 

Fig. 171. Plan of joi111ing of three architraves. 

Abusir. 

to the line of the architraves. A T-joint between three architraves was 
made by cutting the end of one to a blunt point to fit into a corresponding 
V-shaped recess in the other two (Fig. 171 ).1 

Though the placing of two architraves side by side-a very common
practice-is good construction, saving a great deal of trouble in the matter 
of laying them and being almost as strong as one of _a singl� bloc�, the 
Egyptians at times committed the grave fault of forming their architrave 
of two blocks, one resting upon the other. Such architraves can be seen 
here and there in the Great Hall at Karnak, sometimes consisting of four 

, In the figure, the dotted line shows the form of 
joint found in the Vth dynasty temples at Abusir 
(see BoRCIIARDT, Das Gra6J,nkmol Jn Konig, 
Sohuri', i, p. 45). 
: For examples of the arrangement of the arehi-

traves in 'The Temple of the Sphinx', the temple of 
Seti 1 nt 1\bydos, and the temples of Luxor and 
�arnak, sec Jt2u1ER, us F.llmtnll J, l'Arthilulurt 
Egyp1itnnr, pp. 281-4. 
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separate blocks (Fig. 1 72 ). It is to be doubted whether the architects 
realized the great difference in rigidity between two beams placed one upon 
the other and a single beam of the same height. That the Egyptians must 
have been alive to the failure of their architraves is certain, but there are 
very few instances of repairs having been undertaken in those which 
threatened to foll. In one of the architraves of the Great Hall at Karnak, 
however, where the lower part has at some time shelled off, holes were cut 
in the abaci of the columns for the insertion of small beams ( Fig. I 73). The 
beams perished long ago, but the architrave still held together as a 'flat 
arch'. The date of the repair is unknown. 

Fig. I 72. Composite architrave in the Great 
Hall at 1-::arnak. (After JEQ\JIE� L,s EllmmlI 

de l'Arrhi/t{/111·, Egyptimm, Fig. 1 8+.J 

In the limestone chambers of the Old Kingdom roof-beams were nar
row and deep, and were frequently rounded below to imitate logs (p. 7). 
In the New Kingdom flat roof-slabs were universally used for roofing; 
these, though relatively less rigid than blocks laid on edge, were much mo:e 
economical and involved a less number of joints through which the ra111 

might enter. 
The roof-slabs have, generally, suffered more than any other parts of the 

temples. The reason is obvious; they were in a condition for wh�ch the 
material is most unsuited. Stone will stand a great deal of compression but 
very little tension. The under-surface of a roof-slab is in tension, while the 
upper part is in compression. Further, the upper surface is exposed to ei
tremes of temperature, while the lower surface is not. All these factors 
tended towards disintegration, and the Egyptians' habit of frequently leav
.ing an insufficient bearing-surface for their roof-slabs (Fig. 174) made 
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matters worse. Even in such a relatively modern construction as Edfu 
Temple, which was built when a tendency towards solid foundations was 
manifest, the slabs rest on an insignificant angle of wall. Since earthworks 
and the filling up of the temple were necessary to replace a roof-slab or an 
architrave, it is astonishing that the Egyptians did not pay greater attention 
to the solidity of their roofs. 

I 

I " .. 

��Wt �c 

Fig. I 73. I !oles in the abacus of a column in the Great H:dl at 
Karnak, in which beams appear to have engaged to support the 
lower pa rt of the arc hi trn ve, which has n<>w shelled off. 1 "he date 

of the repair is unknown. 

In contrast to his lack of care for foundations, the Egyptian took great 
pains in dealing with the problem of rain. His paints were fairly water
proof (p. 200), and the infrequent rain against the painted surface on the 
outside of a temple would do no very great harm. Inside it was far other
vvise; rain Howing on the roof collects all the mud and dust which have 
become deposited on it, and the effect of water, with mud in suspension, 
pouring down a painted surface can well be imagined, especially when it 
has dried on. In temples, therefore, many more or less ingenious means 
were employed whereby the joints between successive roof-slabs were made 
rain proof, and the water led off towards spouts which threw it clear of the 
temple walls. 

Fig. 17+. Roof-slab resting on the edge of an architra,·e in the Fcsti1·al Temple ofTuthmosis f 11 
at l\:arnak 
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'While in the Old Kingdom temples the water was prevented from enter
ing between the roof-slabs by the mortar between the vertical joints only 
(though probably they had a thick layer of mortar above as well), by the 
New Kingdom, if not before, it had become usual to cut a square channel, 
half in one slab and half in the other, and to fill this with a fillet of stone. 
This is the method used in the temple of Seti I at El-Qurna, in the 
Ramesseum, in the temple of Ramesses III at Karnak, and in many others 
which have still retained their roof-slabs more or less intact. An efficient 
variation of this was to leave a ridge on either side of the channel above the 

' \, •. • I 

. . '. 
< - 9•.-► . ' 

' ' ½ ' 

��� �·� 
�� ��: 

5 C. 

Fig. 1 i 5. Joint between two roof-slabs in the temple 
of Seti I at Abydos. In the plan, a light-opening is 
shown with the joint-trough 011 each side. J 11 the sec
tion, the joint-trough is filled with the stone roll which 

rendered the joint watertight. 

Fig. 1 76. Section of a stone 
roll filling the joint-troughs 
between the roof-slabs in 
the temple of Ra messes I I I 

at Meclioet l Iabu. 

straight joint between the slabs (Fig. 175), and to fill the channel with a 
long piece of stone, rounded at the top, forming, as it were, a roll, which 
threw off the rain from the straight joints without depending on the mortar 
for making the joint waterproof. In the temple of Seti I at Abydos, where 
this method of forming a rainproof joint was used, the joint-channels stop 
short of the front face of the temple, possibly to prevent the projecting roll 
being seen. In the temple of Ramesses III at Medinet Habu the rolls are 
of less height than at A bydos, and there is no ridge on either side of the 
joint-trough (Fig. 1 76 ). It will be seen that this is less efficient than that 
previously described, but it was less in the way if processions were to pass 
over the roof. On the eastern roof of the first court of this temple the rolls, 
which are nearly all perfect, generally consist of four stones, each about 
fourteen feet in length, between each pair of roof-slabs. 
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In the temple of Ramesses III at Karnak, and in several other structures 
of the New Kingdom, the joint-troughs are filled with a square-sectioned 
strip of stone which does not rise above the level of the slabs. The only 
advantage of this method of constructing a joint is that the distance through 
which the rain has to penetrate in order to get through the mortar is longer 
than if there were a straight joint between the slabs. It is not impossible 
that, in many cases, the projecting rolls have been smoothed off the roof 
in later times. 

In order to hasten the flow of water from off the roof-slabs, these were 
often cut with a slope on them in such a manner that a minimum amount 

Fig. 1 ii· Roof-slab cut to direct the Aow 
nf rain-water. Temple of Seti I; EI-

Qurna. 

of stone was removed and that the water was discharged at any required 
point from it (figs. 1 77 & 178). The discharge-points are not always at 
the end of the block, but are found :ilso at the sides and even in the middle, 
depending on the position of the main gutter by which the water from the 
slabs was led off to the spouts. The arrangement of the gutters varies in 
different temples, the temples of Seti I :it El-Qurna (Fig. 179) and 
Abydos (fig. 1 So) being good examples for study. In the temple of 
Abydos, where a joint-trough crosses a gutter, the stone is cut to form a 
square hole of about eight inches side, which was, no doubt, filled with a 
stone through which the gutter was continued. The rolls naturally stop 
short of such intersections. 

Another method of dealing with rain was to have the whole roof dressed 
to a slope to lend the water in the desired direction. This method is generally 
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used in conjunction with a mosaic of small blocks laid above the roof-slabs 
(Fig. 181 ). Though more usual in the late temples, such as Dendera, the 

Broken 

·/;, 

� 
�)-:1--�-.-----,,--_-_-.�----�-�--1

1 � �A

/�i: 

Broken 

s.c.
Fig. 179. Skctch-pbn of part of the lower roof of the temple of Seti I 
at EI-Qurna, showing direction of the Row of water off the roof-sbbs 

and along the gutters. (Higher roofs at A and B.) 

system of covering the roof-slabs with a mosaic of polygonal stones is knowI? 
quite early in the New Kingdom. In the small temple ofTuthmosis III at 
Medin et Habu part of the roof has the slabs covered with an upper coating 
of such stones. At the edge of the mosaic there is a slight ledge to prevent 
the water from overflowing, and to lead it to the place where it could be 
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. . 

conveniently discharged. In another part of the roo'. the p�oJectrng
( Fig. 1 76) was cut away so that a mosaic could be laid over lt. 

R 

R 

R 

R 

G 
s.c. 

Fig. 180. Sketch of th� plan of_ pan of the roof of the temple of
Seti I at Abydos, show111g the J1rcct1011 of flow of water off each 

1 roof-slab into the gutters (G). R, roof destroyed. R, r_olls fill1n_g up 
joim-troughs between the slabs. L, light or vcnulauon opcmngs. 

roll 

In some temples, notably the Festival Ilall of Tut(1�1osis III at Karnak, 
no drainage system is apparent. The blocks have no JOlllt-troughs between 
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them, and are not cut to facilitate the flow of water over them. Possibly 
there was a thick layer of mortar or plaster over the whole roof. 

In the Temple of Isis at Philae the roof was covered with a mosaic of 
smaller blocks, but these have largely disappeared. The water was led off 
the roof by a careful arrangement of the slope of the blocks as a whole, and 
not by leading the rain off individual blocks into specially cut channels. 

Fig. 1 8 I. Pavement of polygonal blocks laid over roof-slabs. 
Temple of Dendera. Roman date. 

The water in this temple is conducted to spouts, which discharge it into 
the small open courts below, whence it is led outside the temple. 

The Mammisi or 'Birth-house' at Philae had a somewhat similar system 
of roof-drainage to that of the large temple. The water from the upper 
roof (Fig. 182) was made to flow to two water-spouts, the flow being ac
celerated, near the main spout, by channels cut in the roof-slabs. On this 
roof there appears to have been no upper pavement. The lower roof (D) 
had its own spouts and discharged its water on to the colonnade below. An 
interesting feature of the roof of the colonnade is to be noticed in some of its 
roof-slabs, which are set almost radially and are of very different shapes. 
This arrangement of roof-slabs can also be seen in the roofs of the XXVth 
dynasty shrines at Medtnet Habu. 

Water-spouts show very little variation of form in Egyptian architecture, 
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Fig. 1 82. Drainage system of the roof of the 'Mammisi' at Philae. Flelow is a section 
through AB, the depression in the top of the cornice being exaggerated. C, roof broken 
away. D, lower roof, covered hy a pavement of polygonal blocks. S and S2, water-

spouts. The arrows show the direction of the flow of water. 

Fig. 183. Section of the upper part of a colonnade in the Temple of Dakka, showing how 
.� water-channel was carried under the roof of the colonnade to drain the lower roof behind it. 

.A, section of the channel. Roman date. 

. '' . 
\ 
< � .-t' 

. . ' . 
. 'l!_. \:�'· ...- ,·"'-, � .Y., ... lt· ,... 
141 ,:- --. �-
. ""'' ( ""'· . \:� '"'". 
... �:.� �' . ·,c'.. ' 

1 � ' • ;.1 ' 

···r,. .. 
.. 

-:� ,." " , ... ,�/'\ 

. ' ...... ' �.,,.,�1J' '\�!•\: .•. • ·�..i�;:: ·•

' �I_ ..,_�... • ','qW\.,��� 
-�':\� ' . ' .. :\"••-� ..... , ... 

,\ I \ \ . ... •• 

I �\ ',J,., \•'�I,·,�.�-•• • 1\ '1
�,,,;V \ f\ • -

� t:.t � \ . . 

�:-:-'cl' 
,. .t . , ' •\' \ \ 

\ ·' . .-/i� · �\., .�,c�, ·"'
.... ·1· ! �.�,,, 

. " ' . �-- \\ ·· .; \� · 
· · �w-w.·• · : · ·, 

-· ''1,"'-l"i' i.: • , I• l� ll, 
\ 

., . l ' \ 

Fig. 1 B+. Drip-channel in 1hc outer wall of the tcrnple of 
Ramcsses 11 at A bydos 
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the forms being either a lion's head, which is known from the Vth dynasty 
to Roman times, or a plain projecting spout-block in which is cut a rect
angular channel. In the temple of Dakka in Nubia an exceptional method 
of draining the roof can be seen. Here it was desired to carry the water from 
a roof without permitting it to flow on to the floor of a colonnade with a 
higher roof which was built around it; a channel was accordingly con
structed which passed, bridge-wise, just below the roof of the colonnade. 
The channel, where it spans the gap between the two walls, has, curiously 
enough, a joint in the middle (Fig. I 8 3). 

In the temple of Ramesses II at Abydos the wall on the outside of the 
temple has a vertical recess of semicircular section cut in it (Fig. 184). The 
sculptures pass inside this recess, showing that it is contemporary with the 
masonry. Its function may have been to catch any drips from a water
spout, and prevent them from spreading over the painted surface of the wall. 
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XIV 

DOORS AND DOORWAYS 

T
HE Egyptians gave considerable importance to the doorways in the
temples and tomb-chapels. Whilst northern races had of necessity to 

shut out cold and intemperate weather, which tended to keep the doors of 
comparatively modest dimensions, the southern races could use them not 
only as an entrance, but as the main source of light. 

The doorways between the pylon towers were often of great height
sometimes forty feet or more-and a type of door-frame was invented, all 
in stone, which, while maintaining the majesty of the doorway, did not 
require that the doors themselves should be of impossibly large size. 

The great doors of the temples have naturally disappeared long ago, and 
ancient records furnish no evidence concerning their structure beyond re
lating how they were overlaid with gold or clectrum. Information has to 
be gathered from the representations of doors in tomb-chapels, and from 
the doors of modest dimensions which chance has preserved. 

Among the wooden doors which have been preserved from dynastic 
times may be cited the door found in the mastaba of N eferma'ct of the IV th 
dynasty from Meydum, 1 the solid door from the Vth dynasty mastaba of 
Kaemhcsit at Saqqara1 (Fig. r 8 5), and one from El-Lahun (Fig. r 86) 
which, from an almost erased scene on it containing cartouches, appears to 
be of the time of King Osorkon I of the XXIInd dynasty.3 

The door of Ncferma'ct was never hinged, at any rate when placed in 
the tomb. It measured 28· 7 5 inches in width and was composed of two 
thick planks fastened together by countersunk cross-pieces. On either side 
of it stood two wooden jambs, and to secure it in place a great wooden 
beam, r 6 inches thick, was let down on to it. 

The fine wooden door from the mastaba of Kaemhesit is of one piece, 
and is in perfect condition except for warping. The sculptor's name, Ithu, 
is carved on it behind the leg of the noble's figure, and forms one of the 
rare instances where a craftsman has been permitted to put his name to his 
work.4 It is provided on the back with a series of seven horizontal battens. 

' Published in PETR1t, Tiu laoyrint/,, Gtrzth and 
Maz.ghunrh, p. 2 5 and Pl. XVI. 
' Now in Cairo Museum, Journal d'tntrt!t, No. 
47749· 
J fn Cairo Museum; tcmporarr register, No. 

20.5.24+ 
4 Another instance is seen in the statue of Zoscr 
dedicated by lmhotep and 'signed' by the sculptor. 
(Sec GuNN, Annala du Stroiu, uvi, p. 177.) 
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Fig. 187. 'False Joor· in 1hc mas1aba ofSeshcshct at Saqq;ira, showing 
imita1ion of the two lt:a1·cs, bolt and lower pi,-ots. Vd1 Jynasty 

Fig. 188. Upper and l,lwer Joor-pirn1s of brom.c. Scale J, Cairo ;\Juscum 
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These are not sufficiently stout to have been of any use in preventing warping, 
and may well have been placed there to maintain the tradition of a door con
structed of planks. 

Doors are frequently represented in stone. In the masonry of Zoser 
some of the shrines have imitations of open doors which are part of 
the masonry of the building. One can be seen on the extreme left of 
Fig. 3. 1 The panelled boundary wall of the Step Pyramid also has the 
representation of a large double door on the middle of the south side in the 
masonry, but beyond the vertical line showing that they were double, and 
the bottom pivots, no other details are given (Fig. 91, B). The most 
frequent type of doors represented in stone is what are now called 'false 
doors', through which the spirit of the deceased was supposed to come from 
his tomb-chamber into his chapel to receive the offerings made for him. 
They are often sculptured and painted with all the details of a real door. 
Good examples can be seen in the Cairo Museum and in the Vth dynasty 
mastaba of Mereruka (Mera) and his wife Sesheshet at Saqq/\ra (Fig. 187). 
Here the doors are clearly represented as being formed of a series of planks 
held together by horizontal battens. It is not known whether the great 
temple doors, some of which must have weighed three or four tons, were 
of this form or not. 

The Egyptians did not make use of hinges of modern form for their 
doors, though the principle of the hinge' was known to them and used for 
the lids of boxes. A hinge with one plate attached to the door and the 
other to the door-frame is at best weak, since a heavy door will sink, in 
the course of time, by its own weight, and is apt to bend it out of shape. 
In the Egyptian method of hanging a door no frame was necessary; their 
doors moved on pivots, one rising upwards and fitting into a socket in the 
lintel and the other going downwards and revolving in a recess in the sill or 
in a hard stone block. The pivots of the wooden doors already described 
are all in one piece with the woodwork of the door itself; in others, and 
certainly in the great temple doors, they were of copper or bronze. In all 
doors and representations of them, the top and bottom pivots have forms 
which hardly varied throughout the whole course of Egyptian history 
(Fig. 188). 

A large temple door was hung by passing up the top pivot into the cir
cular socket in the lintel and dropping it so that the bottom pivot engaged- •· 

• See also FtRTII, Anno!tJ du Strvia, niv, Pl. 1; omtn, Pl. LVIJ, where hinges of modern form arc 
No. 2. shown on an ivory caske1. 
1 Sec CARTER and MACE, Tht Tomb of Tut·nnH· 
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in the socket in the sill. In order to do this, the top pivot had to be made 
sufficiently long to engage in the socket after the door had been let down. 
The result of this method of hanging a door was that the leaves could not 
be a good fit at the top, since a considerable gap was left between 
them and the lintel. This was lessened by cutting a groove, sometimes 
sloping, leading down to the bottom of the lower socket, which was filled 
in with a strip of stone after the door had been hung. By this means, when 
the upper pivot had been pushed into place, the lower pivot could be 
passed along the groove into its socket, and very little letting down of the 
door was necessary. Sometimes the lower part of the upper socket was of 
wood. This could, if necessary, be raised while already engaged in the top 
pivot of the door, and fixed by wedges when the door was in its place. The 

5 C 

Fig. 189. Upper door-socket in the temple of Kom Ombo, showing 
manner in which the upper pivot passes through a block of wood (A) 

held in position by wooden wedges (BC). 

remains of such a socket with part of the wood still in place are found in the 
temple of Korn Ombo (Fig. 1 89 ), and recesses in the top of the jambs, 
apparently for a similar purpose, exist in other temples. At the temple of 
Seti I at Abydos one of the recesses still contains the remains of a palm
wood socket. A good example of a groove for the passing in of the lower 
pivot can also be seen in the temple of Korn Ombo (Fig. 190 ), the length 
of the groove being 2 feet 3 inches and the depth where the pivot rested 
4f inches. 

In temples the doors were almost always hung so that they opened back 
into recesses in the sides of the doorway. 

The stone frames forming the doorways between the towers of a 
pylon show several peculiarities. In the unfinished pylon (Fig. 87) at 
Karnak it will be seen that the doorway, which has been dressed smooth, 
is not bonded into the masonry of the towers. Pylon towers, even when 
constructed with stairways and chambers within them, are very heavy 
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pieces of masonry and would tend to sink somewhat by their own weight, 
particularly when one considers how poor were Egyptian foundations in 
most cases. The more free such masses were to move, the less likely would 
they be to drag down the door-jambs with them. It is probable that the 
construction of the doorway with straight joints between it and the pylon 
towers had, for its intention, the avoidance of this difficulty. If, however, 
the pylons of the different dynasties are examined, it is noticed that the 
doorways are bonded into the pylon towers as often as not, and no rule 
seems to be observed in this matter. For instance, in the Tuthmosid pylon 
(No. VIII) at Karnak, in Luxor Temple, in the temple of Khonsu, and in 
Edfu Temple the doorway is bonded into the masonry of the pylon towers, 
while in the temple of Medinet Habu (Ramesses III), the unfinished pylon 

Fig. 190. Lower socket of a doorway at the temple 
of Kom Ombo, showing groove in the sill to enable 

the door-pivot to be passed into its socket. 

at Karnak (No. I), the Ethiopian pylon at Medinet Habu,' and others the 
doorway merely butts on to the remainder of the masonry of the pylon. In 
cases where the doorway forms a separate entity the edge of the cornice 
usually passes into the masonry of the towers, with the result that the settling 
of the masonry of the towers often breaks them off. In the Ethiopian pylon 
at Medinet Habu this risk is obviated by the doorway being formed, as it 
were, in a square frame of masonry, which leaves about two feet between 
the extreme edge of the cornice and the tower. This frame of masonry 
butts on to that of the pylon towers. The effect of this method of construc
tion has been to preserve the cornice intact. 

In the Roman doorway at Dendera it seems as if the intention had origi
nally been to construct a pylon, which never materialized, ·and it has been 
inferred from this that it was the Egyptian custom to construct the door
ways of pylons first and the towers afterwards. In this doorway the faces 
which would have abutted on to the towers are not faced except for about 

1 JtQUIER, Lo Trmpln P10/lmaifu" ti Romain,, Pl. 12. 



( 

C 

C 

C 

C 

{ 

( 

( 

( 

C 

166 DOORS AND DOORWAYS 
a foot in from the front face; the remainder is left in a rough state in pre
cisely the same manner as the gateways which engaged in the brick girdle
walls (Fig. 191 ). Though in isolated cases a doorway may have been 
constructed before the towers, it is very unlikely that it was the rule, even 

_ _ _ _ _ _ 16 ft - - - -
.. � - - -

Fig. 191. Part of the great stone gateway in the brick temenos wall north 
of the temple of Monthu at Karnak. The surface in contact with the 
brick was left rough. The wall must have been at least as high as the top 

of the cornice, which is about 50 feet. 

when the doorway and the towers are not interbonded. Such a method of 
construction would be wasteful in the extreme, since great embankments 
(p. 9 1) would have to be made and removed for each piece of work and 
no advantage would be gained. In the unfinished pylon at Karnak, though 
the door-frame is separate from the towers, the courses of the door-frame 
and pylon are at the same height thro1,1ghout, in contrast to those in the 
temple of Medinet Babu. Since the method of laying a block (p. 98) 

Fig. 192. Gateway north of the temple of Monthu at Karnak which engage<.! in the 
great temcnos wall which once enclosed the temple. Ptolemaic date 

Fig. 193· Gateway of Ptolemy If, south of the temple of 1-::honsu at Karnak. The brick 
temenos wall round the main group of temples passcu from here eastwards 10 the southern 

pylon of Haremhab 
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involved the dressing of the top of the course after it was in position, it is 
very likely that the whole was constructed course by course. Nor need it 
be assumed that the Mcdinet Habu doorway was ever, during construction, 
at a great difference of level from the remainder of the pylon masonry. In 
this q1se the usual Egyptian method was followed of using blocks of ir
regular height, while in the unfinished pylon of Karnak the intention was 
to keep the bedding joints of the courses regular. 

The stone gateways constructed in the great brick temenos walls of 
Karnak are too well known to require any detailed description (Figs. 
191-3). Gateways of this type appear shortly before Ptolemaic times. The
sides, against which the bricks lay, are left rough, and it is clear from the
break in the cornice (Fig. I 9 1) that the brick walls were as high as
the masonry, which is about fifty feet. By the unfinished pylon, and in
many places round the group of temples, the wall can still be traced
(Fig. 2 53); it is, in places, near! y thirty feet thick. By the gateways it
has, however, almost entirely disappeared.

In temples many doorways are of quite simple form, a lintel being laid 
across the regular masonry of the wall. Often the jambs and lintel are of 
hard rock such as granite. This form of doorway offers no constructional 
problems of any interest. 

The method of hanging a door in ancient Egypt by means of vertical 
pivots gave rise to a peculiar form of door-frame for which we seem to have 
no term in architecture. There is no true lintel, but the top pivots engage 
in masonry projecting from the jambs, which was almost invariably deco
rated with the cornice moulding on the front and back and on the inside. 
This type of frame is known as early as the XVIIIth dynasty, where it 
can be seen represented in the plans on the tomb-walls at El-' Amfrrna 
(Fig. 5 5). When a door was to be fitted to a hypostyle hall whose front 
face consisted of columns with screen walls between them (Fig. 20 5),
such a form of doorway was about the only one which would be tolerable 
from the point of view of appearance, and it is the form very commonly 
used in late temples. This type of door was even used in stone in the 
middle of brick walls, which must have given an effect the reverse of 
pleasing. 

The sills of the great doors of the temples often stand as much as a foot. 
above the level of the remainder of the pavement, and are usually of hard 
rock. The door shut against these sills. The reason may have been to 
prevent water running into the inside of the temple. 

The doors of pyramids have formed the subject of a considerable amount 
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of speculation. Strabo, referring to the Great Pyramid, relates that there is' 
'a stone that may be taken out, which being raised up, there _is a sloping
passage'. This has been taken to mean that there was a ston�, hi_nged at th_e 
top of each side, which opened flap-wise .. Some support 1s given to this
idea by an examination of the_ south pyramid of Dal�shur ,1 where there are
recesses near the top of each side of the entrance which sug�est t;1at a �ap
door may have swung in them;l but the entranc� to the Tlmd I_ yram1d at
Giza (Fig. 99) shows no such recesses at all, and 1t can1�ot be believed that, 
once kings were buried in their pyramids, they were 111 any way open to 
the priests or to the public; their temples were the pla�cs where t�e offer
ings and the prayers were made. In the south pyramid at D�hshur there 
arc two entrance passages descending into two separate bunal chambers 
with corbelled roofs. These chambers are at different levels, but one now 
breaks into the other,4 Though one entrance is now open, the other is 

(iJ 
� 

Fig. 194. Bron7.c door-bolt from l\lcmphis. Scale¼- Cairo Museum. 

completely blocked up with stone the whole way do":'n the entrance p�s
sage. This must sure! y have been the manner of clos111g all the �yram1ds 
when they had received the body of the king. All the pyram1?s were 
apparent! y robbed in that period following the fall ?f the Old. Km_gdom
known as the First Intermediate, though the worship of the krng 111 the 
vicinity of many of the pyramids was carried out until quite late time�.s 
By Strabo's time it is not impossible that the cntr:rnce_to the Great Pyramid
may have been fitted with some such door as he describes, though there are 
no traces of one to-day, as the casing has disappeared. 

The portcullis, being, as it were, a form of door, merits a brief notice. It 
was used to close entrances of underground passages from very early times. 
The great mastaba of the IIIrd dynasty at 13eit Khallaf,6 believed by some 
to be that of King Zoser, has its descending passage barred by five gr�at 
portcullis blocks of stone engaging in masonry, and others can be studied 
• Ed. Bohn, iii. 249. 
• The date of this pyramid is unknown, and i1 may 
possibly come between those of Zoscr and Snefo_ru. 
It has the peculiarity of its casing abruptly changing 
its slope. At the time of writing, excavations arc 
being curicd out on this monument. 

J Sec PETRIE, 'J'ht PyromidJ ond 'l'tmpln o/Giz.th 

(new ed. t 885). 
• PURINC

1 
Tht Pyromid1 o/Gi:r.a, Pl. VII. 

s Twenty-one priests of Khufu's pyramid arc 
known, c.itcnding from the !Vth to the XXV!th 
dynasties. Sec PETRIE, //iJlory, 1923, p. 60. 
6 GARSTANC, /\ldaJnO 011d BU Khollaf. Pis. VI 
and VII. 
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in the pyramids of Giza, Saqq:ira, and Abusir. As a protection to the tomb 
chambers, once entrance had been effected within the pyramid or mastaba, 
portcullises proved of little value, since the tomb robbers rarely attempted 
to interfere with them, but mere! y cut a passage round or under them. 

The common form of Egyptian bolt for a two-leaf door is a piece of 
metal or wood flat on one side and rounded on the other which slides in 
two staples on one leaf and in one or two on the other (Fig. 194). Actual 
bolts in bronze and wood have been found in town sites, and examples are 
frequent on the doors of small shrines. An examination of the door-frames 
in the temples shows clearly not only that vertical bolts were used which 
�ngage_d into the sill and the lintel, and bolts for single-leaf doors engaging 
111 the pmb, but that the doors could be barred from inside, recesses into 
which the bar was slipped being not uncommon in temple doors. The form 
?f the vertical bolts is not known, and that of the bolts working into the 
pmb can only be determined by deduction,' since no actual examples of 
this sort have yet been found. 
' For reconstructions of the bolts of the doors of the mo/ da Konig, So hurt, Fig. 34

1 
p. 38, and Fig. 72, 

temples at Abu,ir, sec Bo•ct1ARDT1 
Do, Gro6dtd- p. 59. 
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WINDOWS AND VENTILATION OPENINGS 

I
N Egypt, with its penetrating sunshine, windows played a compara
tively small part in architecture until the New Kingdom, when the 

clerestory and screen walls became popular. The true source of light was 
the door. 

A very primitive form of window, which was used throughout the history 
of Egyptian architecture, consists of a narrow slit, usually opening into the 

Fig1. 195-7- Sections of light-openings between the walls and the roof-slabs in the temple of 
Tuthmosis III at I\Icdinct Habu. 

temple just under the join of the roof and the wall. These slits were far too 
high to see through, and too narrow to enable anyone outside on the roof 
to look inside. Among the earliest examples are those in the valley temple 
of the Second Pyramid ('The Temple of the Sphinx') at Giza. The exact 
direction which the slit windows take through the wall and roof-slabs seems 
to have depended on convenience; some are cut entirely from the wall, 
some from the roof-slabs, while others pass through both; they usually 
open out on to the sides of the temple, but occasionally they pass out to 
the top of the roof (Figs. 195-20 1 ). In the seven parallel sanctuaries of the 
temple of Seti I at Abydos they enter the temple in the curve of the false
arch (Fig. 220 ). This form of light-opening is very rarely decorated. 
In Dendera, however, the sloping sills of many of the slits are carved to 
represent the rays of the sun entering through them. 

WINDOWS AND VENTILATION OPENINGS 171 
I,� most of the ter1:ples in which the Aa� stone roofs, or fragments of them, 

survive, small openings can be seen (Fig. 17 5) through the roof which 

s.c. 

Fig. 199. Section of 
light-opening at Deir 
El - Medina. Ptole-

maic date. 

Fig. 198. Light-opening in a roof-slab in the 
temple ofTuthmosis III at Medine! Habu, 

Fig1. 100, 20 t. Sections of light-openings in the temple of 
Opet at Karnak. Ptolemaic date. 

.. ,,· ,, ' 
·".'-', -

Fig. 202. Ventilation opening 
between two roof-slabs. Temple 

of Seti I at Abydos. 

would admit a certain amount of light and also serve for ventilation and 
consider�ble �ngenuity is often shown to avoid weakening the roof, the 
holes berng pierced at the junction of two roof slabs. 

The extraordinary ventilation-channels in the Great Pyramid are too 
well known to require a detailed description. It suffices to remark that they 
serve the apartments known as the King's and the Queen's Chambers. 
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After running for a short distance horizontally, they suddenly turn up
wards at an angle of about 3 o0 for some seventy yards, to come out on the face
of the pyramid. The internal section is square, the channel being cut out 
of one stone, while another stone forms the lid. They are not pierced 
through blocks laid on horizontal beds, but the blocks in which they are cut 
are laid at the same angle as the line of the ventilation passage, as is the case 
with the large passages in the pyramid. Where these channels have been 
broken away to make a forced passage, their construction can be easily 
studied. 

The clerestory is not found before the New Kingdom. The remains of 
a magnificent example of this period is in the Hypostyle Hall at Karnak 
(Figs. 203 & 204). They are also found in the temple of Seti I, in the 
Ramesseum at Thebes, and in the temple of Khonsu at Karnak. They 
seem to have given way in later times almost entirely to the practice of 
using screen walls between the pillars forming the first hypostyle hall of the 
temples (Fig. 20 5). At any rate, in the Ptolemaic and Roman temples, 
such as Edfu and Dendera, no clerestories were used. Screen walls, as far 
as we know from surviving monuments, antedate the clerestories, a fine 
example with very low screen walls being seen in the XVII!th dynasty 
temple at Medinet Habu. 

It is not until very late times that windows are found in the outer walls 
of the temples. The earliest examples of such windows are seen in the little 
temple of Hakor at Karnak, where they are cut in the form of gratings 
from a single block of stone. 

Ornamental windows seem to have been known from very early times. 
In the masonry of Zoser, the side of one of the chapels was decorated with 
a row of hieroglyphs known as the dad-sign.' There is no doubt that these 
are a representation of a window, since the space between three or four 
signs had actually been cut through, converting the signs into mullions. In 
the Xlth dynasty, a false door is known, surmounted by a representation of 
a grilled window, in which hieroglyphic signs and floral patterns form the 
mullions.1 A similar window is represented on the door of a model kiosk 
and garden found in the Xlth dynasty tomb of Meketre' at El-Deir el
Bahari,3 and others in the sanctuaries of the temple of Seti I at Abydos. 4 

The palace of Ramesses III, which once stood at Medinet Babu, was fur
-:

nished with mullioned windows in which divine figures and cartouches as 

' C. M. F1RT11, Amroln du Strvia, xxv, p. t 58. 
' NAVILLE, Tit, Ekoentlt Dynouy Tempi, of Dtir 
d·Boltori, ii, Pl. XIV. 

l Now in Cairo Museum (Journal d' Entrlt, No. 
46721). 
4 J tQUI r.R, Us Trmpln Romluidfl ti Soitts. 
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Fig. 206. Sandstone window from the palace of Ramcsscs III at Mcdinet Habu, now in Cairo 
Museum. Scale approximately t. (From drawings by Yusif Effendi Khafagy.) 
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Fig. 207. Sandstone window from the palace ofRamesscs III at Medinet Habu now in Cai;o 
Museum. Scale approximately f. (From drawing by Yusif Effendi Kh;fagy.) 
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well as hieroglyphs were introduced to form the mullions (Figs. 206 & 207). 
These are of compar:itively co:irse work in sandstone. It is strange that, 
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Fig. 208. Window in the temple of Deir cl-Medina at Thebes. The part 
lettered A-F is of one block. Ptolemaic date. 

though they were discovered many years ago, no complete publication of 
them has appeared. Still another window reputed to have come from 
Den�era, i_n �hich _ pillars surmounted by Hathor-headed capitals form the 
mullions, 1s cited Ill BuncE, Egyptiafl Sculptures ;,, the BritiJh Muuum,

pl. xlix. The block forming it is shaped like the fa�ade of a temple and 

decorated with two winged serpents on the cornice and the architrave, and 
flanked by serpents, wearing the crowns of Upper and Lower Egypt on a 
li.ly and papyrus plant respectively. lt is very likely that fancy windows of 
the forms described were common in Egyptian buildings and houses, but 
were not generally used in temples. 

At Deir cl-Medina there is a very curious ornamental window (Fig. 
208) which shows some interesting points in its construction. Its duty was
to light a stair leading to the roof. It has three mullions, which present a
flat unornamented face to the exterior, but are of semicircular form when
seen from within. Two of the mullions are decorated with Horus-headed
capitals, while the centr� one is carved with leaves. r·n the plan, the part
A B C D E F is of one stone, and it is certain that the window was cut
through after the blocks had been built into place.
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STAIRS 

S
TAIRS were known in Egypt from the earliest times. In the first
dynasty, a very large brick stairway was found leading down into the 

tomb of King Den' at Abydos and another into that of his successor 'Az
ieb. 2 Stairways cut in the rock are known from an equally early period, 

Fig. 209. Stairway in the temple of Edfu. 
(A ftcr a photograph in J EQUIER, Les Ttmplts 

Ptolimai·qun ,t Romain,, Pl. XXXI I.) 

many examples having been found leading down into the early dynastic 
tombs at El-Lahun.J 

The earliest stairway yet known which is constructed of laid blocks is 
one leading up to the roof of one of the small chapels which are believed to 
have formed the 'heb-sed' or festival temple of King Zoser at Saqqara (Fig. 
2 1 o ). It is free-standing, and shows peculiarities not encountered else
where. Each step is formed of a separate block which engages in a small 
recess cut into the block below it. The angle of the 'riser' or front of the 
step is not vertical, but nearly at right angles to the surface or 'tread'. The 
treads have a very steep angle of slope and the stairway resembles a plain 
dromos more than any other example of later times. Here, however, in 
contrast to later stairways, each step has been separately constructed. In 
later times it was almost always the custom to lay the blocks first and to cut 

• PETRI£, Roya/Tomin, ii, Pl. LVI A, Nos. 3 and+· l PETRIE, lohun, ii, p. 22 and Pis. XLI, XLII. 
: Jcid. i, Pl. LXVI, 2. 

Fig. 1 Io. St-�irwav leading up to the roof of the festival temple of Kin' Zoscr a Saqq.,rn. I I I rd dv11ast_v. (Photograph supplied lw Cecil Fi rth, Es�.) 
't 

fig. 2_1 1- Rc'.11ai11s of a srairwav in tlic pylon 
of 1 ur/1 n10s1s / / / (Pylon VI I) ac l{_amak 
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Fig. 212. Remains of a stairway in the pylon of ,\mcnnphis 111 at K.arnak 

Fig. 213. Linc of roof-slabs covering the stair-passage in the pylon of the Ramcsseum
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the steps in them afterwards. Sloping treads are very common in Egyptian 
buildings, but examples are known both in the Old and the Middle King
doms in which the steps are level and the risers vertical. 

The stairways leading up to the doors of temples, when each successive 
hall is at a higher level than the last, are clearly developments of the dromos. 
In these, the riser is very low and the tread sloping. At times they were 
Ranked by a plain border at an even slope from the top to the bottom, and 
at other times stone was left to form a low parapet, generally with a rounded 
top, on either side of the steps. From the total lack of connexion between 
the steps and the rising and bedding joints of the blocks from which they 
arc built, it is certain that the steps were cut after the masonry was laid 
(Fig. 209). 

In the XVIIIth dynasty temple at El-Deir el-Bahari, a stairway leading 
up to a platform or altar presents some peculiar features. It appears that an 
evenly sloping way was first constructed and the surface dressed, and that, 
afterwards, a new series of blocks was laid on this surface, in which stairs 
were cut. The advantages of such a system of construction, if any, are not 
manifest. It may possibly have been a change of plan on the part of the 
architect. 

Most of the larger pylons were provided with internal stairways, which, 
as a rule, passed from a small doorway in the end of one of the towers up 
to the level of the door-lintel, whence other stairways led up to the roof of 
each tower. During the construction of certain pylons, such, for example, 
as the unfinished pylon at Karnak (Fig. 87), a corresponding sloping 
passage led from the end of the other tower to the lintel of the doorway, 
which was filled in after the pylon was completed. In such late pylons as that 
of the temple of Edfu, the stairways, which are winding, arc kept open in 
both towers, and give access to the many chambers which were constructed 
in them ( fig. I 3 1 ). 

The method of constructing a stairway in a pylon shows two modifica
tions, generally-but not invariably-depending on whether the pylon 
consists of a solid mass of more or less well-laid blocks, or whether it is but 
a stone 'box' into which odd blocks of stone were heaped (Fig. 1 30 ). In the 
former type the whole stairway is constructed of blocks laid on horizontal 
beds, and one block may include not on! y several steps but part of the side 
of the passage as well ( Fig. 2 1 1 ). In the latter method the blocks from 
which the steps were to be cut were dressed to a continuous slope, and on 
this slope were laid the blocks for the walls of the passage (Fig. 21 2). It is 
obvious that the former method is conducive to much greater stability in 
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the masonry of the pylon. In the XVIIIth and XIXth dynasties, both the

forms of stairway arc found, but in the Ptolemaic and Roman pylo_ns the

blocks arc almost always laid on horizontal beds. In near! y all the stairways

within the pylons the upper surface of the sides ?f the p�ssagc was dressed 

to the slope of the stairway, and roof-slabs �ere s1_mply l:11d·across from _one

to the other, being left rough on the outside (Fig. 21 3). No precautions

were taken to prevent the roof as a whole from sliding along on its bed. In

the Grand Gallery of the Great Pyramid, however, �he lower ed_gc of each

roof-slab engaged in a recess cut into the top of the s1_cle-walls (F1?. 228) .. 

In the Royal tombs at Thebes, when the descendmg passage 1s steep, It 

is cut into steps with a plain sloping w�y left in the micldl _e . Th_is was pos

sibly to prevent the sarcophagus damagmg t�1e steps when It �a5,mtroduced 

into the tomb. In the Grand Gallery, lead111g up to the Krng s Chamber

of the Great Pyramid, the steps arc in the middle, two side slides being left

next to the vvalls. No satisfactory explanation has yet been forthcoming for

these slides nor for the deep recesses cut at intervals along their length. 

It must not be supposed that the Egyptians never built up _stairways

whose steps consisted of more or less separate blocks._ In certa111 of tl_1e

storehouses in the Vth dynasty temples at Abusir,1 stairs are '.ound, built 

up against the walls leading up to the roof or upper story, w!11ch _are _co�

structed of comparatively small blocks. In one case• the gu1de-l111e 11�d1-

cating the slope of the stairway can still be seen painted on the wall against

which the stairway was to be built. . . . . 
The modern form of stair, where each step 1s a cantilever engag111g 111 the 

wall, is not known in Egyptian stonework. 'vVith woo?en beams, however,

it may well have been the common form of house sta1rway.l 

• BoRCIIARDT, Dos Grobdrnkmol dt1 Konigs 

N,Jerirluri', pp. 3 3, 34·

' BoRCIIARDT, Das Rt-I ftiligtum dtJ K onigs Ntu:o
J(rri', p. 23. J Anritnt Egypt, 1916, p. 171. 

XVII 

ARCHES AND RELIEVING ARCHES 

T!-IOUGH brick arches are know� as far back as �he first dynasty, none 
111 stone has yet been found earlier than the Middle Kingdom. The 

stone arch of mod�n� type, where t!1e �oussoirs are held in place and support 
one another by friction, hardly exists 111 the Egyptian monuments. A false 
arch, cut from already laid blocks in a corbelled or pointed roof is the 
only form used. 

' 

�ri_ck ar�hes are of tw? kin?s: those constructed with the ordinary
b�1ld111g bn�k, and those 111 which a form of brick specially designed for 
this purpose 1s employed. 

The first type of brick arch dates from the earliest times but never to 
k 

, , 
our nowledge, has a span of more than a few feet. In the great mastaba 
of the IIIrd . dynasty at Beit Khallaf, one is· found roofing the descending
passage. I� IS descnbe_d by GARSTANG in Maha.rna and Bet Khalliij, P· 9,
as follo�s: The arch

'. 
like others of the same period which have been found, 

was built on the ?rd111ary form of bricks placed edgeways side to side and 

packed above w!th pebble� and mud. mortar to provide the necessary 
wedge-form. . . . Though 111 modern times such an arch is constructed on 
a support, called 'centring', which is removed after it is complete, when the 

sp�n _is small, on� can be constructed without centring, and it seems-though
this 1s �ot certam-that none was used in ancient Egypt for·brickwork,
otherwise large arches of this type would be expected, and, in the small 
exam�les, neater work than that actually observed. It suffices, however, 
to_ realize that the principle of the true arch must have been known. Arches 
with th� bric�s laid lengthways-as stretchers-along the axis of the arch 
as de�cnbed 111 the mastaba at Beit Khallaf, were used at most periods, 
especially for roofing small tombs, and they are very occasionally found 

constructed of small, rough blocks of stone. On the outside of the arch 
where the bricks gap, the spaces are always filled in with pebbles or sherds'. 
. The seco_nd form of brick arch, which was used for spanning very con

siderable_ distanc�s and for supporting great weights, was constructed of 
much thrnner bn�ks than those used for building walls. They measure· 
about 14 X 7 � I½ mchcs, and were scored heavily with the fingers on one 
or both of their largest faces while still wet. They were laid on their longest 
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182 ARCHES AND RELIEVING ARCHES 

edge in the form of rings (Fig. 2 r 4), each ring leaning against the one next 
to it. Though they occur in the Old Kingdom, the best known arches of 
this type are those in the Ramesseum (Fig. 2 1 5). To construct them, they 
had to be commenced from a wall at the end of the tunnel. If, as in the 
case of an archway, there was no wall at the end, one had to be constructed, 
which was removed when the arch was complete. Pebbles or sherds were 
inserted to fill in the gaps between the bricks on the outside of the ring in 
exactly the same manner as for the first type of arch. Having thus con-

Fig. 21�. Method of constructing an arch without cc11tring, by 
mca11s of special bricks. Ramcsscum; Thebes. 

structed an arch or rings, other rings were laid above it, with the bricks 
sometimes on the slant and at other times laid upright. In great archways, 
the rings of special bricks were used as a centring for a succession of rings 
of ordinary building brick bid as stretchers in the direction of the tunnel 
(Fig. 21 6 ). Though used as centring, the rings of special bricks were not 
removed when the upper rings were complete. In the great brick arches 
in the gateways at El-' Asas1f at Thebes, one, with a span of 13 feet, has 
six rings of brick still remaining, about four having disappeared from in
side. Here it cannot be determined how many rings of special arch-bricks 
were used. In the other archway, whose span is 9 feet 6 inches, one ring 
of special bricks supports three of ordinary bricks. This is also the case 
with the archway in the brick pylon of Sheshonq at Didi' Abu'! Naga at 
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Thebes. In the tunnel through the temenos wall of the 'Osireion' of Seti I 
at Abydos, which is nine feet wide, there are no fewer than five rings of 
special arch-bricks. 

In these composite arches, the spring of each successive ring is generally 

s.c.

Fig. 216. Great brick archway, the inner rings, constructed of 
special arch-bricks, forming a centring for rings of ordinary bricks 

laid as in modern arches. 

I I 
1 I /I I 
, ..... - - - - - - /- JO - - - - - - � 

Fig. 217. Interlocking arch-brick from the offer
ing chamber of the tomb ofSabef. Old Kingdom. 

Giza. 

slightly higher than that of the one below it (Fig. 216 ), giving a structure 
of very great strength. 

Arches constructed without centring are known from the Old King- · -
dom. A very curious form of interlocking arch-brick belonging to this 
period was found in the offering-chamber of a man named Sabef at Giza 
(Fig. 217). 
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184 ARCHES AND RELIEVING ARCHES 
Two forms of roofing gave rise to false arches in stone; the first is the

pointed roof formed by pairs of large slabs leaning against each other, 
gable-wise. The uppermost relieving chamber of the King's Chamber in
the Great Pyramid and the burial chamber of the Pyramid of Unas are
roofed in this manner and the same form of roofing is frequently seen in the 
burial chambers of the J'vliddle Kingdom,' during which period the under
surface of the slabs was sometimes cut to give the effect of an arch. Considerable ingenuity is often shown in the manner in which the top of the
slabs is treated in order to prevent them from slipping. Good examples of

� - - - - - - - 7'- 2.· - - - - - -· - --� 

Fig. 218. False arch, cut from two granite blocks, 
in a Middle Kingdom mastaba at Dahshur. (From 
OE MORGAN, Fouilln a Dnhchour, Mars-j11i11, 

Fig. 219. Corbelled roof 
in the chamber of a 
XI Ith dynasty mastaba 
at Dahshur. (From DE 
MORGAN, op. cit., p. 9.) 

I 894, p. 55.) 

this form of false arch can be seen in the chamber of the Xlth dynasty
temple of El-Deir el-Bahari,: in the Pyramid of El-Lahun,3 and in some 
of the mastabas at Dahshur (Fig. 218). In the New Kingdom it is no
longer found. 

The second form of roofing from which false arches were formed was the 
corbelled roof.4 Corbelling consists of laying each course, after the wall of
the chamber or passage has attained the required height, somewhat further
forward than the one below, the process continuing until the opposite 
courses meet, or until they are close enough to be spanned by a single roof-
• GAUTIER•Jt2u1£R, Fouil/e, dt Lirht, p. 71. 
> NAVILLE, Th, Xlth Dynouy Ttmplt of Deir ,I.
llahari, ii, Pl. XX! I. 
3 PETRIE, Lahun, ii, Pl. XXV. 

• Corbelled roofs in brick, covering small graves, 
arc known from very early times. See REtSH£R, 
Tht Early Dynallic Ctmtltria at Nagn td Dtir, i, 
p.42. 

ARCHES AND RELIEVJNG ARCHES 8 block. Th� earliest corbelled roofs of any size are those of the chamber\�the pyramid _of S�eferu at Meyd um, and in the Grand Galler of theGreat Pyram_1d (Fig. 228). In the Middle Kingdom, corbellin� is frcquentl_Y s�en in the roofing of mastabas (Fig. 2 19 ). In the New Kingdom the pnnc1ple was freely used for tl_ie construction of false arches, thoughthe number of corbelled courses 1s far less than in the Old Kingdom

s.c.
Fig. 220. False arch in the s.,nc_tuaries of the temple of Seti I at Abydos. LL, lightopenings through rhe roof-slab. 

·��
.., ,.. 
- ..

I I s.c.
Fig. 221. Corbelled arch in the central sanctuary of theXV I! Ith dynasty temple at El-Deir el-Bahari. 

examples. Su�h arches can be seen i n the seven parallel sanctuaries in the 
temple of Sett I at Abydos (fig. _220 ), in tl_1e central sanctuary of the 
XVIIIth dynasty temple .at El-Deir el-Ba_han (Fig. 221), in the temple
of _Ramesses III at Med1net Habu and 111 many other temples of the
penod. The �ncient Egyptians, like their modern descendants, could construct
small bnck cupolas or domes wit�1out the aid of centring. They were used
to cover small chambers and kilns' and occasionally for roofing tomb-

' MARICTTE, A6ydo1, ii, Pb. LXVI t, LXVJI. 
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186 ARCHES AND RELi EV ING ARCHES 

shafts to prevent them from becoming filled with sand.• They were con
structed in rings, the bricks composing each ring being slightly corbelled 
over those below, and at the same time tilted forward with the aid of sherds 

------------- -· 6'· 6" ----- ----------

Fig. 222. Arch in lhc caslcrn sanctuary of the XXVth

dynasty shrines at Medine! l!abu. 

Fig. 223- Arch in the western s.�nctuary of the XXVth-
dynasty shrines at Medine! 1-Iabu. 

and limestone chips. At the time of writing (May 1927) a small chamber 
with a domed roof, dating to the Old Kingdom, has been discovered by 
the Vienna Academy of Sciences (Dr. Junker), but exact details arc not 
yet available for publication. 

The arch having its crown held by a keystone does not make its appear-
• ENctLDACII, Ri?flh and M,mphis, VI, p. 7. 

ARCHES AND RELIEVING ARCHES 187 

ancc until Sa'ite times. Even then it cannot be considered a true arch, since 
it is still largely dependent on corbelling. At Medinet Habu, there are three 
small shrines of the XXVth dynasty with arched roofs to their sanctuaries, 
both of which show special peculiarities. These shrines are in a perfect 
state of preservation, the part above the arches being covered by a roof, 
hence these interesting examples cannot be studied as fully as could be 
wished. The most that can be done is to determine the angle of the joints 
by inserting the blade of a knife into them where they gap sufficiently to 
permit it. In the first arch (Fig. 222), the four courses above the spring 
have been corbelled, and the joint between the uppermost of them and the 
next blocks is sufficiently flat to have permitted the next course (A) to be 

Fig. 224. Joggled arch of Ptolemaic date from the 
tombs at Korn Abu Billo. 

retained in position while the keystone was inserted. In the other two arches 
(Fig. 223), three courses were corbelled, the upper of these courses having 
a much greater depth than the others. Here, it cannot be determined 
whether the pair of keystones in every alternate ring was placed in position 
at the same moment or whether each was supported on the course below 
by joggling, cramps, or other means.' 

The joggled arch in stone, where each voussoir except the keystone 
hangs on to that below owing to the peculiar shaping of the bedding joints 
(Fig. 224), is not known before Ptolemaic times, when it is found, among 
other places, in the tombs at Korn Abu Billo in the Delta. In these tombs, 
which are of limestone, the arch is rather ovoid than semicircular, with a 
span of some seven feet. The voussoirs are rough on the outside of the 
tomb, and the tool-marks on the curved roof show that the surfaces insido 
were dressed after the blocks had been laid. 

• The use of dovctail-cromps 10 keep two voussoirs late arch in the innermost hypostyle hall of Luxor 
in position during 1hc construction i! known in a Temple. 
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188 ARCHES AND RELIEVING ARCHES 

Even as late as the reign of Diocletian, the Egyptian method of con
structing a stone arch without centring is maintained, and in the north-ea�t 
corner of Philae it is found applied to a miniature triumphal arch of classic 

SC. 

Fig. 225. Triumphal arch of Diocletian at 
Philae. 

Fig. 226. Voussoir of one of the de
stroyed arches in the triumphal arch

way of Diocletian at Philae. 

s.c.

Fig. 227. Diagram showing method of laying the 
fourth voussoirs in the triumphal arch of Diocletian 

at Philae. 

type-an archway just over four feet wide, side Ranked by smaller ones. It 
is clear from an inspection of the joints in the masonry of these arches (Fig. 
225) that the blocks have been laid with the outer faces rough, and have
been dressed after they were in position. One of the arches is partly de
stroyed, and its voussoirs can be studied. In the upper joint of the first
voussoir a groove has been cut (Fig. 226) into which a corresponding pro
jection on the lower face of the second voussoir is made to fit. The second

ARCHES AND RELIEVING ARCHES 189 

stone is thus prevented from slipping over the first. The third stone is 
attached to the second by similar means. The manner of attaching the 
fourth voussoirs can be seen from the inside of the perfect arch (Fig. 227). 
They arc cut with a small projection on the outer edge of their joints by 
which they hang on a corresponding ledge in the joint of the third pair. 

The Egyptians understood the necessity of relieving the pressure of super
incumbent masonry on the roofs of their buildings. In the Great Pyramid, 
above the massive granite roof-blocks of the King's Chamber, there arc 

Fig. 228. Section of relieving chambe� 
above the King's Chamber in the Great 
Pyramid. (After PERROT & C111PJEZ, 
Histoir, d, /'.Art dam l'.Antiquitl, p. 227.) 

four low chambers similarly roofed (Fig. 228), and above these again is 
still another chamber roofed by pairs of huge blocks of limestone leaning 
against each other. It is a debatable point whether such a number of reliev
ing chambers is necessary; it certainly would not be needed in an inter
bonded mass of masonry, but the cores of pyramids are of roughly dressed 
blocks without any bonding, and, further, the straight joints of the accre
tion faces, if they exist in this pyramid (p. 123), would tend to produce 
a great vertical pressure on any roof chamber below, since they would pre
vent the weight of the upper courses of masonry from being evenly spread 
over the whole area of the course at which the chamber was built. In the 
Vth dynasty pyramids at Abusir, as many as three pairs of blocks meeting 
at a point one above the other were considered necessary to protect the 
chamber below ( Fig. 1 3 5).
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190 ARCHES AND RELIEVING ARCHES 

In the brick pyramid of Hawara, of the XIIth dynasty, the precautions
taken to relieve the pressure of the brickwork on the masonry are even
more elaborate. The walls and bottom of the chamber are, we are informed
(p. 23, foot-note), of one piece of quartzite, and the former are heightened
by one course of blocks. The chamber is roofed by three great horizontal
beams of quartzite resting on the sides. Above this it is again roofed by
longitudinal beams resting on blocks along the edges of the lower roof.

Fig. 229. Relieving device in the gateway of 
Nectanebos I I at Karnak. 

Above this again there is a pointed roof composed of great pairs of lime
stone blocks leaning against each other, which must weigh nearly fifty tons
each. All the blocks were well dressed at the joints and mortared together.
The pointed roof rests on the masonry filling built up round the sepulchre.
To make assurance doubly sure, an arch of brick, six courses deep, was
constructed over the pointed roof. The courses of the arch were laid al
ternately in stretchers and headers, and the space between the arch and
the pointed roof was composed of bricks laid in mud mortar. Above the
arch the bricks were laid in sand. Fuller details of the relieving arch could
not have been obtained without very extensive excavation in the mass of
the pyramid.

ARCHES AND RELIEVING ARCHES r9r 

. As t_he pr�ctice of erecting vast piles of masonry above royal burials fell
into disuse 111 the New Kingdom, the relieving arch, necessary in such
structures, also disappeared. In none of the temples were they necessary.
In the great gateway of Nectanebos II in the eastern temenos wall at
Karna�, however, an effective means of preventing the breaking of the
great l111tel-_bl_ocks was taken, which may be considered as a relieving arch.
The lower JOlllts of the blocks which were placed above the lintel-blocks
were slightly recessed so that they should only bear on the blocks below
th�m at the parts which rested on the jambs (Fig. 229). Thus, in the
middle, �ach beam had only to sustain its own weight. This practice was
not cont.J.nued by t�e Ptolemies in their great gateways at Karnak (Figs.
r 92 & r 93). The lintel of one of these has failed.

It may well_ be asked why the Egyptians, understanding the principle
of centn'.1g, did not. apply tt_ t� stone arches, especially since it was the
custom, 111 constructing a butldrng of any size, to surround it with em
bankments and fill the interior with earth. In such cases it would to all
appearance, be a simple matter to make a centring of earth and t� build
�he arch_ upon it. The invariable Egyptian custom of laying a block with
HS face rn the rough would have made centring almost impracticable for
a stqne arch, since the rough face on the soffit of the arch would have rested
on the centring and prevented the voussoir from being properly laid·
further, a corbelled arch was quite as simple, if not simpler, to construct. '

It should be noted that the Egyptian arches which have a keystone, like
th�se of Medinet Habu and Philae, are all in comparatively small buildings
built of small blocks. It is very likely that, if the blocks were small enough
to be handled by three or four men, the cumbersome constructional em
bankments were not used at all.
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XVIII 

FACING, SCULPTURING, AND PAINTING THE MASONRY 

T
HE earliest temples known to have been sculptured and painted are
those at Abusir,' where the work, in low relief, is of exceptionally fine 

quality, as regards both proportion and colour. The IV th dynasty temples 
of the pyramid of Sneferu at Meydum and those of Giza are perfectly 
plain, though the tomb-chapels of the same period in both places are pro
fusely adorned with scenes and inscriptions.• 

Very little is known of the temples of the Middle Kingdom, but, by the 
New Kingdom, a temple was not considered complete until all the surfaces 
of the masonry had been sculptured and painted. Some of the temples, how
ever, did not reach this stage. 

An examination of the temples of the New Kingdom gives the im
pression that there can have been no collaboration between the architects 
and the artists, and joints sometimes occur in the most unsuitable places 
on the scenes (Fig. 150). It must be remembered, however, that when the 
temple was complete the joint, in the masonry did not show; everything 
was covered with gesso, on which the painting was done. For many 
years all looked well, but there must have been plenty of examples in the 
temples of past reigns of what would be the ultimate result of this careless 
manner of procedure, when the gesso had begun to flake off. This lack of 
foresight is one of the most remarkable traits in the character of the ancient 
Egyptians. 

The practice of the Egyptians of laying their blocks with the minimum 
number of dressed sides had the result of leaving the face of the masonry 
of a building, when the blocks had all been laid, quite rough. 

Fortunately, unfinished buildings of nearly all periods have been pre
served, both in megalithic and small-block masonry. Among the more 
important of these are the granite casing of the Third Pyramid at Giza 
(Figs. 99 & 100), the wall of the court of Amenophis III in Luxor 
Temple (Fig. 233), the quartzite walls of the 'Osireion' of Seti I at Abydos 
(Fig. 81 ), the First Pylon at Karnak of the XXVth dynasty (Fig. 87), 
1 BoRCIIARDT, Da1Crabdtnkma/ dt1 KOnigrSahurr'. 
1 Some of the chambers recently discovered in the 
royal mastab4 of the I I I rci dynasty at Saqqara, within 
the boundary wall of the Step Pyramid (Fig. 91,

p. 96), arc decorated with fine reliefs of King Zoscr. 
It is not yet certain (May 1927) what the purpose of 
this mastaba may have been. 

FACING, SCULPTUR1NG, AND PAlNTlNG THE MASONRY 

and h fi · J d · · 193 
t � �n n1s 1e repam undertaken in the small shrines of Seti II 

When It 1s understood that the face of the masonry was the last to b� 

-------,,

\, 

' 

\ 

\ 

\ 

s.c.

F_i�. 2��- Diagram showing that, in Egyptian buildings, the 
:1s1n� JOint between the blocks does not necessarily occur at the 
in tenor corners of a wall, since_ the front face of the masonry was 
dressed after the blocks were laid. 'Temple of the Sphinx'; Giza. 

Fig. 231. Doorway in the temple of Seti I at 
Abydos. The parts A, B, and C arc all con

tained in one block of stone. 

d�essed, the curious posi�ion in which the joints of the masonry are found with regard to the architectural details is easily comprehensible. In the . ,.:'�Iley temple of the Second Pyramid at Giza, for instance the risingJ�?ts of the blocks are rarely at the internal corners of the building( ig. 230), and, to take an extreme example from the temple of Seti I
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194 FACING, SCULPTURING, AND PAINTING THE MASONRY 

at Abydos (Fig. 2 3 1 ), the end of the cornice of a doorway, part of 
the moulding and the corner of the tlanking wall are all cut from one 
block. 

The tools used in dressing the faces of the masonry were, for the hard 
stones, the dolerite pounders and mauls ( Fig. 266 ), and a blunt-pointed 
tool, perhaps akin to the mason's pick, and for the soft stones, the chisel 
struck by the mallet (Fig. 263), and, in later masonry, some form of 
adze. For the harder limestones the pounders and the pick were used as 
well as chisels. Both the hard and the soft rocks were at times drilled 
and sawn (p. 203). No scene has been preserved where the dressing of 

r·" 
.:\'""""f"'F9F=;/i<=='ri�=\iii' 

II i 
l.lc:·:·:�::::'.::.'.:_:,,... __ =-::

1 
__ �------Y 

Fig. 232. Scaffolding in the XVIIIth dynasty, from the tomb of 
Rakhrnirc' at Thebes. (After NEWBERRY, R,klimarn, Pl. XX.) 

the face of a wall is depicted, but there is a certain amount of evidence to 
be gathered from the monuments themselves and by the elimination 
of impossibilities. In the pyramids, we are led to suppose that the 
surfatcs were dressed, during the removal of the constructional embank
ments, to the plane of facing-surfaces left while the courses were being 
laid (p. I 24). 

In the two examples of hard-rock masonry where the blocks have never 
been faced-the casing of the Third Pyramid and the walls of the 'Osireion' 
-no 'facing-surfaces' are found. In the former case it was doubtless
the intention of the masons to dress the surface of the granite to the
plane of the finished limestone casing above (p. 128) and in the latter, since
the whole surface could easily be scaffolded, the process could wait the con
venience of the builders. As it happened, the dressing of the 'Osircion'

Fig. 233. Unfinished wall i11 the temple of Amc11ophis I I I at Luxor. (The back of this 
wall is shown i11 Fig. 127) 

Fig. 234· Thc_unfinishcd pylon (No. 1) at 1-.::arnak, from the north-cast 
showing remains nf 1hc constructional embankments 

' 
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Fig. 235. ;\(aso11ry of the u11ti11ishcJ pylon at K.amak 

1-'ig. 236. i\lasonrv of the unlinishcJ pylon at K.amak
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seems to have proved too laborious for either Seti I or his successors to 
complete. 

The outer surface of the wall which bounded the court of Amenophis III 
at Luxor Temple on the cast and south-cast has never been faced (Fig. 2 3 3). 
At intervals of about forty feet on the cast wall and at two points at the 
south-cast corner, there arc what appear to be vertical facing-surfaces run
ning up the masonry. Though they have not been fine-dressed, and seem 
to be unfinished, they arc at the batter to which the wall was to be finally 
dressed, judging from that of the corresponding wall on the west side. They 
may well have been cut into the masonry by measurement from a plumb
line as the first step to dressing the whole surface. It is not clear why 
this face of the court-wall was never completed, and the outer faces of the 
whole of this side of the temple of Amenophis III hardly sculptured at 
all, either by him or by his predecessors. In Egypt, such unfinished work 
is constantly encountered-especially in tombs-and is most difficult to 
explain satisfactorily. 

It is probable that in all but the highest structures, such as pyramids or 
pylons, the dressing and sculpturing was carried out by means of scaffold
ing, with which the Egyptians were well acquainted (Fig. 232). 

The procedure for reducing the whole surface of the masonry to the 
plane of the facing-surfaces was no doubt similar to that used for flattening 
a single block (p. 1 o 5). 

The great unfinished pylon at Karnak furnishes several interesting hints 
on the manner in which the dressing was to have been carried out. There 
is little doubt that it was abandoned with the constructional embankments 
all round it, and that these have largely been removed in the course of ages 
for sibakh, or manure to spread on the fields. 

The blocks of which it is composed are drafted, but this drafting is very 
different from that seen in medieval and modern masonry. In the first 
place, the quarry surfa.:es still on the faces of the blocks are vertical, while 
the 'drafts' arc very much deeper at the top of the blocks than at the bottom 
(Fig. 234). Further, the top drafts of a line of blocks were cut after they 
were laid, since the tool-marks on them frequently pass from one block to
the others. In the places where the top of a line of blocks is exposed for any
considerable distance, it can be seen that the line of the top draftings on 
them is perfectly straight as far as can be traced, which seems to indicate 
that the line was obtained by measurement from plumb-lines at each end of 
the towers, and marks the amount of stone to be removed in order to obtain 
the required batter of the pylon, which is about a rise of 7 on a horizontal 
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distance of r. In other words, it is almost certain that the top drafts of the 
blocks of each course are the 'facing-surfaces' to which the whole face 
,,·ould afterwards be dressed. The lower draft of the blocks seems to have 
been cut before laying, and the intention was most likely to lay a block so 
that its lower edge lay as nearly as possible on that of the block below, the 
drafting on its lower edge being to expose the facing-surface over which it 
lay. The 'drafts' between an upper and a lower block, however, by no 
means invariably coincide (Fig. 2 3 5, A), and here and there they have been 
re-cut in order to make them do so. Whether the drafts on the rising joints 
of the blocks were cut before laying is uncertain. They rarely coincide 

Fig. 237. One of the blocks forming the 
torus moulding in the unfinished pylon at 
Karnak, showing recessing of the block 

and masons' guide-lines. 

with those of the neighbouring blocks, but on one side of the ns111g J0111t 
the draft has been cut to make a straight strip between the upper draft of 
its own block and that of the block below it, thus forming a vertical 'facing
surface' (Figs. 2 3 5 & 2 3 6, B). It thus appears that when the blocks form
ing the pylon had all been laid, the masonry behind the constructional 
embankments was covered with facing-surfaces to the plane of which the 
whole face of the pylon could easily be dressed while the embankments were 
being removed, which is what has already been postulated in the case of 
pyramids (p. 124). The dressing seems to have actually taken place for the 
gateway, and it is likely that the embankments were removed from this 
part of the pylon as soon as possible in order to clear the entrance into the 
temple. Why the remainder of the pylon was never faced will probably 
never be known for certain. In this pylon the torus moulding is constructed 
with the same precautions for the final dressing (Figs. 237 & 238). The 

F:'g. 2.38. Surplus stone left at the corner of 
the u11li11ishcd p1do11 at Karnak ti,r the: torus 

· n1ouldi11g

. ..__ 
• I • 

• 1 I -� - t· 
'7-. , 

Fir,. 2.39. Unfinished repairs to the srnall 
temple of Seti 11 at Karnak 
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draft lines along the top of the courses are continued on to the block at the 
corner which is to form part of the moulding, where a square projection 
was allowed for, which could afterwards be cut down to form the required 
circle. Guide-lines are left to assist in the setting of the block of the next 
course. 

Two other remarkable features can be seen in the masonry of this pylon; 
the first is the presence of recesses cut down here and there into the top of 
the rough, projecting quarry-face on the blocks. As many as three such 
recesses are sometimes found in a single stone. Their position, and the fact 
that their presence is only occasional, shows that they were not used in con
nexion ,vith any lifting appliance such as tongs. We suggest that they were 

Fig. 2+0. Workmen dressing the sur
face of a stone offering-table with 
pounding-balls; from the XVII!th
dynasty tomb of Rakhmirc'. (After 

NEWBERRY, R,khmara, Pl. XX.) 

Fig. 241, Men polishing and working 
with a stone chisel on a sphinx, from 
the tomb of Rakhmirc' at Thebes; 
XV I !Ith dynasty. (After N EWDERRY, 

R,khmara, Pl. XX.) 

merely for holding the workmen's tools, since similar cuttings in the quarries 
at Tura and Ma'sara can often be seen. The second feature consists of 
large lumps of white mortar adhering at very irregular intervals to the 
bedding joints of the blocks (Figs. 2 3 5 & 2 3 6, C). If one of these is 
removed, the flatness of the drafting below it seems to be of unusual excel
lenc�. \Ve can suggest no explanation of these lumps of mortar. This 
pylon is well worthy of a very detailed study, since a great deal of new 
information might well be gathered from it. 

The western part of the small temple of Seti II at Karnak seems to 
have been repaired at the same time that the unfinished pylon was com
menced, namely, in the XXVth dynasty, and, with the rise in the masonry 
of the pylon, it became buried within the constructional embankments 
(Fig. 239). It was, no doubt, intended to dress the faces of the repaired. 
part when the constructional embankments were removed, but this, for 
some unknown reason, never took place. The repairs are exceedingly 
rough; the stones are neither well set nor well arranged. Many of the 
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198 FACING, SCULPTURING, AND PAJNTING THE MASONRY 
stones are 'drafted' like those of the pylon, and the bedding joints arl!'
mostly horizontal. ..,, 

When the whole surface of a wall or pylon had been flattened, it maj"' 
have been given a rubbing with polishing stones. Large pieces of hard 
sandstone with a flat surface on them are often found, which may have been 
used for this purpose. For the hard rocks, some form of polishing powder 
must have been used in conjunction with the polishing stones. The tomb 
of Rakhmire' at Thebes contains two scenes depicting the dressing and 
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Fig. 242. Proportion squares in the tomb of 
Wah (No. 22) at Thebes. from MACKAY, 
Journal of Egyptian Archaeology, iv, pp. 74-

85. (Block kindly lent by the Editor.) 

polishing of what arc probably monuments of hard stone; in the first (Fig. 
240 ), three men arc using the dolerite pounding-balls for dressing the 
surface of an offering table, while the foreman, stick in hand, seems to be 
inqui.ing why the work is not proceeding more quickly. In the second 
scene (Fig. 24,) a man is pounding out as much detail as he can into the 
uraeus on the head of the Sphinx, using a piece of stone-probably also of 
dolerite-having a chisel edge, in order to get as far as possible into the 
angles. On the back of the Sphinx a man is rubbing with a polishing stone 
while a colleague is standing by with a bowl and a brush, probably con
taining the polishing powder which he is ready to smear on the stone. 
Polishing stones are known in granite, in basalt, in quartzite, and in sand-
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stone (Fig. 266). When its surfaces had been dressed, the building was 
complete as far as the architects were concerned, and the artists began 
their work. In cases where it was required to cover the wall with scenes in 
re\i.d,_the. ':>\\rfac.e. wa':> fo<ot c.a�e.w1 'IN\\h 'i>C\u.are.':>, iene.ra\\'i \n re.o., o.r?..'INt\ 't,'i 
p\u:-\ung a stretched cord di.ppe.d i.n ochre (Fi.g. 266) whi.cb was hc\d 
aga111st the surface. These squares not only gave the vertical and hori
-z.on:a\ anc\ enab\cc\ t\1e. i.nscr"i\)t\ons to be proper\'j space.a. ano. ma\nta\neo. 
straight, but they also �ermi.tted t�e ngur�s to be drawn to the proper 
canon of proport10n, which was subject to fairly fixed rules in the different 
dynasties• (Figs. 242 & 243). 

The draughtsman then sketched the scenes and inscriptions and either 
he or another draughtsman gave a clear outline to the whole scene. Correc-

Fi
f 

2+3. P�oportion squares in the tomb of Tati (No. 154) 
at fh�bcs. I• rom MACKAY, J.ournol of Egyptia11 .tfrcha,ology, 

"', pp. 7+-85. (Block kindly lent by the editor.) 

tions, presumably by a superior hand, are often seen at this and other 
stages of the work (Fig. 244). The sculptor followed the draughtsman, and 
cut away the ground to a depth of about one-eighth of an inch, so that the 
figure stood out, square edged, on the ground or field. The man who 
reduced the field appears to have been followed by a superior sculptor, who 
rounded off the edges of the fi�ures and put in some modelling on the limbs
and faces of t!1e �gurcs

'. 
and, 111 the _b�st work, on the hieroglyphs. A coat 

of gesso-wluch 1s a m1�ture of wh1t11�g and glue-was then put over the 
whole work, probably with a brush; this was followed by a coating of size 
and the scene was ready for the painter. In painting the small details of th� 
scenes a�1d _ins�riptions, the artist was not always very careful in following 
�he de�a1ls 111d1cated by the sculptor, but in general the work done by him,. 
1s admirably even and delicate. 

We are indebted to Mr. A. Lucas, late Director of the Chemical Depart-
' MACl<AY, Jour11al of Egyptia11 Ardatology, iv, pp. 74-85. 
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ment and now working for the Antiquities Department, for the following 
notes on the composition of the ancient pigments: 

'Most of the Egyptian pigments were naturally-occurring mineral substances, 
,imply powticrcti. 

'The white was generally carbonate of lime, but sometimes sulphate of lime. 
'The black was carbon, being sometimes soot and sometimes a coarse material, 

probably powdered charcoal. 
'The grey was a mixture of black and white. 
'The red was red ochre, either natural or made by calcining yellow ochre. In 

Roman times, however, red lead was also employed as well as pink made from 
madder. 

'The; browns were all natural ochres. 
'The yellow was of two kinds, one being natural yellow ochre and the other, 

which, however, was not used until about the XV!llth dynasty, was sulphide of 
arsenic (orpimcnt), and as this latter does not occur in Egypt, the supply must have 
been imported. 

'The principal blue was an artificial frit, consisting of a crystalline copper-lime
silicate made from malachite, limestone, and powdered quartz pebbles, possibly 
with the aid of natron-though this latter was not necessary. This is known as 
early as the Xlth dynasty. Another and earlier blue was powdered azurite, a 
naturally occurring basic carbonate of copper, which was used before the artificial 
frit was discovered. Still another blue, the occasional use of which has been 
reported, was a cobalt compound. 

'The green used was of two kinds; that employed at first being powdered mala
chite-a copper ore found in Egypt-and at a later date a green frit, analogous to 
the blue frit already mentioned. 

'The medium with which the colours were put on was water and not oil, with 
size, gum, or white of egg. It has not yet been definitely established which of the 
three was used. 

'The Egyptian painting was in reality a distemper.' 
Imitative p:iinting is known in Egypt at a very early date. The lower 

surface of the roof-slabs in the IIIrd-d ynasty tomb of Hetephernebti was 
p:iinted to represent logs. Dr. G. Reisner has kindly sent us the following 
note on his work at Ci'za: 

'The painting o( chapcl walls and roofs to imitate red granite is quite common. 
In one of the tombs recently discovered by us, the whole ofFering room was cut in 
the solid rock (nummulitic limestone) and painted on the roof and walls to imitate 
red granite with the exception of the seams on the west and north walls, which were 
sized with pl:ister and modelled to imitate fine white limestone. I know of three other 
tombs in our work at Giza, and a strle, on which the imitative colouring of granite is 
well preserved. /\II were of Drn. Vor Dyn. VI; nonewereofDyn. IV. The imitation 
of wood graining also occurs, but only on the "false door", and more often on 
plastered crude brick than on stone. The imitation of wooden roofing (logs) occurs 

Fig. 2++ Correction in the pnsc of a king after the scene had 
been sculptured. Temple of A111cn11phis 111 at Luxnr 

Fig. 1.+5. Eye :_,ml eyebrow nf a srnall nhsidian head of 1-::ini; Tuthmosis 11 I, frorn 1-::arnak,
show111g method of cutting the stone hv a line of drill-holes. Full si7.e 
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in both stone and crude-bricks. The two cases on crude brick were both in "leaning
co11rse" vaults. The wood was painted red (no graining) in all cases.' 

In the Xlth-dynasty temple at El-Deir cl-Bahari, some very delicate 
and interesting specimens of imitative painting were revealed during its 
clearance.' Here the graining of the wood is painted on highly elaborated 
shrines and occasionally on parts of the temple structure. 

Of the personalities of the artists to whom the sculpturing and painting 
of the monuments is due, we know comparatively little. The 'outline 
draughtsmen', sculptors-or 'wielders of the chisel'-and painters seem to 
have been of the middle classes, to judge from those whose tombs are known 
in the Theb:111 Necropolis. None of the highest titles is associated with 
those borne by the artists. At Deir cl-Medina there is a small collection of 
graves of sculptors, but the bad quality of the rock in which they were 
permitted to make their tombs prevented them from giving good samples 
of their art. In these tombs there seems to be no case where a sculptor has 
also the titles of painter or outline-draughtsman. Each man seems to have 
had his special job, and they may well have had some sort of guild, though 
there is 110 proof of it in dynastic times. 

Many visitors to the monuments express surprise that the painting could 
have been carried out in the darkness of the tombs and in the dim light of 
the temples. The Egyptian lamp was of the simplest type, merely a wick 
floating in oil. It is not infrequently represented in the scenes in the tombs, 
where it usually takes the form of an open receptacle mounted on a tall foot 
which, in the smaller examples, can be grasped in the hand. In the pictures, 
there arise from the receptacle what we may assume to be wicks or flames, 
always curved over at the top as if blown by a current of air.1 Stand-lamps 
in limestone have been found in the pyramid of El-Lahun,1 and repre
sentations of them in stone in the 'Labyrinth' at J-fawara.1 In Egyptian 
houses, small dishes were also used as lamps. They usually have their rims 
pinched into a spout to enable the oil to be poured out if necessary. Dishes 
used as lamps can be seen in the Cairo Museum. The absence of smoke
blackening in the tombs of the Kings is also not difficult of explanation. If 
olive-oil is used, there is very little smoke, and a suitable covering over the 
lamp, for which various methods rcadil y suggest themselves, would very 
easily prevent carbon being deposited on the ceiling. 

1 NAVILLE, Tiu X/1!, Dyna//)' Ttmplt al Dtir ti 
Ba!tari, ii, Pis. Xll, XIII, XV, XVI, XV!II, and 
XIX. 
: TYLOR and GRIFFITII, ff/all Dra:ring1 and Mo.••· 
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Though the cutting of hieroglyphs in the soft rocks presents few diffi
culties to the sculptor, that on, for instance, a granite doorway is a very 
different matter. Pounding with balls of dolerite, or even with pointed 
stones of the same material, was of little avail where sharp corners and 
narrow channels were required, as, for example, in incising hieroglyphs.
Though the final stage of the sculpturing of the hard rocks, apart from the
polishing, was often carried out entirely by means of a pointed implement,
such as a mason's pick, in cases where the width of the channel would not
permit the use of such a tool, or where the material to be cut was extreme! y 
brittle, a line of little drill-holes, close together, was sunk, and the inter
mediate portions chipped away (Fig. 245)'. The ancient Egyptians could
drill the hardest rocks, but much is yet dark regarding the actual technique.
The interest of ancient drilling was first brought to the notice of the public
by Sir Flinders (then i\lr.) Petrie as far back as 1883, at a lecture to the 
Anthropological Institute,' since when no advance of any moment seems to 
have been made in the understanding of the processes used. In the lecture 
referred to, he cites some examples of drilling in the hard rocks, three of 
which arc especially worthy of consideration. The first is a granite drill
core, which is grooved round and round by a graving-point. The grooves 
form a spiral, and in one part a single groove may be traced around the core 
for a length of five rotations, equal to three feet. He remarks that even at 
the ends of this groove there is no sensible difference in its character, as 
there .vould be, for instance, if the cutting-point had begun to fail. At the:
end of the spiral the grooves become confused, owing merely to the irregu
lar action of the tool. The second specimen is part of a drill-hole in dioritc. 
The hole has been 4½ inches in diameter, or 14 inches in circumference. 
As seventeen equidistant grooves appear to be due to successive rotations 
of the same cutting-point, a single cut is thus 20 feet in length. The third 
specimen-a piece of diorite-shows a series of grooves, each ploughed out 
to a deplh of rJo inch at a single cut without any irregularity or 'starting'
of the tool. 

Sometimes very large tubular drills were used, even on the bard rocks. 
A good example c:1n be seen in the fine diorite statue of King Kha'fre' in
the Cairo Museum, where the drilling process, used for the removal of the 
material between the legs, bas been carried down too deeply. From this 
it is clear that the diameter of the drill was nearly two inches. 

A hard stone can be drilled by two methods; one is by a tool revolving at 
' PETRIE, 'On the '.\lcchanical l\lcthods of the Ancient Egyptians' (Jo11rnnl of tlu An1/rropologiral 
lnui1uu, ,\ugust 1883). 
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20, a v:ry 1g 1 speed, a�d th� oth�r by �reat pressure on a slow-moving tool o� great hardness_ or 111 conlunct10n with a cutting powder. As an exam leoft� e_ffect 0,btamed by high speeds, one of the writers, at Messrs. Farr!:eran . nnd(ey s marble works, saw a piece of biscuit-tin, formed into acyl�nder with a rag�ed edge, fixed into a high-velocity drill, by means of
"".l11ch a ho!e wa� easily sunk in a piece of porphyry. The Egyptians had nohigh�vel?c1ty dnlls; the greatest speed obtainable with a small drill was byrotatmg it by means of a bow, exact! y as the Egyptian carpenters do to-day.

Fig. 246. Man drilling out 
the interior of a stone vase. 
Vth dynasty; from Abusir. 

It is fairly c_ertain that in ancient times a considerable weight was putupon. tl�e dnll. _In a �ccne fr_o� the Vth-dynasty temple of Sahure' atAbusir, a man 1s dep1c_ted dnl(mg out the interior of a stone vase (Fig.246 ). The t?p of the dnll-shaft 1s fitted with a curious eccentric handle andhas heavy w�1ghts attac�ed to it. He is rotating the drill both by the handle and by pushmg the weights round with his hand. 
Not only could t�e Egyptians drill the hardest rocks, but they could alsosaw th_e�. The saw111g of the hard rocks presents very similar problems to the dnllmg. In the basalt triads of King Menkewre' of the IVth d t h h ynas y, �-one a� not ad the back smoothed, and on it saw marks can be clearly .. seen (�1g. 247). Some of the scorings made by the saw are nearly an eighthof an rnch apart, though here it is incredible that they represent successive

1 Now in the Cniro l\lusc:um. 
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strokes of the tool. The granite coffer of the Great Pyramid also exhibits 
traces of saw-cuts. On this Professor Petrie remarks that the saw must have 
been over eight feet in length, since the grooves run lengthways on the side 
of the coffer, which is 7 feet 6 inches long, and some length of stroke must 
be allowed for. In this, the grooves arc very much closer than those in the 
triad of Menkcwrc'. Saw-cuts arc known as narrow as 0·03 inch, which 
almost certainly rules out the possible use of a blade with fixed jewels set 
in it. 

To-day, granite is sawn by means of small chilled shot, the movement 
being imparted by a blade, without teeth, a quarter of an inch thick. It is 
also possible to cut granite, porphyry, and other hard rocks with sand in
stead of shot, but this is a very slow process. One of the writers has cut 
granite, using fragments of emery about 1�-inch 'diameter' in conjunc
tion with a steel saw with its teeth almost ground away and its temper 
destroyed. The emery was used wet, and as much weight as possible put 
on to the saw, which was raised every few strokes to enable fresh emery to 
penetrate into the groove. Though the cut thus made showed longitudinal 
marks on the side of the groove, it must be admitted that they were not as 
deep nor as far apart as those in the ancient examples. Experiments with 
quartz instead of emery gave almost identical results. 

It is quite likely that the ancient saws and drills were toothed, not 
for cutting the stone, but to move whatever cutting agent may have 
been used along the groove. By experiment alone, and the use of different 
cutting agents and different weights on the tool, can one hope to solve the 
problem of the ancic.:nt drilling and sawing. This could well be done by any 
one having access to a workshop and with sufficient leisure to devote to the 
subject. 

In the soft rocks, when a channel was required to be made, it was some
times drilled with specially made flint borers (Figs. 248 & 249) which 
were, no doubt, rotated by a shaft to which weights were attached (Fig. 246 ). 
Flint borers are known as early as the Old Kingdom. 

It may not be out of place to consider what the appearance of the interior 
of a completed temple of the New Kingdom may have been. The general 
effect striven for was an increase of mystery as the successive halls-each 
small�r than the last-were traversed, and the climax of the effect was the 
small, dark chamber which contained the image of the venerated object. 
The interior of the temple did not, however, produce the impression of 
gloom which now strikes the visitor, since the ceiling, walls, and columns 
were all brightly coloured. The ceilings were usually painted blue and 

Fig. 2+7. Back c,fa has.111 triad nf 1-:.ing Mcnkcwrc', showing 
marks left hy saw. Scale J. Cai ro Museum 

,; 

. 

I• 

.., "' 
fig. 248. Flint borers frorn Saqq,1rn; pmh
bly Old 1'.i,1gdo111. (Pho1t•grnph lw C. 1'1. 

Firth, F:sq.) 

Fig. 2+9. Trial holes mad<: with fli111 borers 
i11 :1 I I I rd dynasty srcfo from S.1qq:ir.i. 

(Phorogrnph b_v C. I\ I. Firth, Esq.) 
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studded with stars, and the walls and columns covered with inscriptions 
and scenes either in low or in sunk relief. Not only was colour freely used, 
but many conspicuous parts of the temple, such as doors, the lower parts 
of the door-jambs and even the abaci of some of the columns were, as 
the Egyptians put it, 'overlaid with gold' or 'overlaid with clectrum'.• 
This expression seems to cover not only the nailing of thin gold plates 
on to wooden pegs driven into slots in the masonry, but also the more 
economical gilding by means of gold-leaf. The huge doors which divided 
one hall from its neighbour must have been a magnificent spectacle when 
'overlaid' with gold, presenting a surface of some forty feet high by 
eight feet wide. What appears now as garish must have been soflened down 
to an extremely pleasing effect when seen in the subdued light inside the 
temple. 

Comparatively little is known of the appearance of the outside of the 
temples from the point of view of decoration, as the colour with which the 
sculptures were painted has mostly disappeared. There is no doubt, how
ever, that, from the New Kingdom onward, many of the temples were as 
bright! y painted outside as they were inside. 

It is well to note that the Egyptians did not regard the scenes and the 
inscriptions on the temple-walls entirely as �ecoration. Certain objects and 
acts represented on the walls were thought to be created or to take place in 
the next world. The scenes on the walls seem sometimes to have served as 
records, as in the foundation scenes, as magical instruction to the deceased, 
as in the case of the Tombs of the Kings, and as actual offerings to the 
gods made by the king in whose honour the temple was built. That 
some had a purpose other than that of impressing the visitor with the 
glories of the king is very clear, since in such a case as the tomb of Seti I no 
person would ever enter it once the king was buried; yet the decoration is 
superb. 

Though the Egyptians adorned their temples so sumptuously, they seem 
to have taken no pains, at any rate in late times, to keep them free from the 
incrustations of private mud-brick houses. This indifference-or perhaps 
toleration-can be seen in the mosques to-day, where sheds and shops are 
built against them freely. In the case of many of the later temples, houses 
were built against the mud-brick temenos walls, and in the course of cen-. 
turies the level of the town reached almost, if not quite, to the top of the 
wall, the temple thus standing in a vast hollow in the middle of the town. 
The temples of Edfu, Esna, and Dendera arc striking examples of this. 

1 Elcctrum was a silver-gold alloy. lloth silver and copF<r \\Crc also used for ·o,•crlaying'. 
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Herodotus, ,vho visited Egypt about 460 n.c., remarks, on the temple of

Bubastis (Zagazig):' 

'The temple stands in the middle of the city and is visible on al_l sides as one

walks around it, for, as the city has been raised by cmbank!nent 2 while the temple

has been left as it was originally built, you look down on 1t wherever you arc. 

It seems that the Egyptians at this time cared only for the effects of hei�ht

and majesty in a temple to be felt when the spectator was inside the bnck

temenos wall. 

, Book II, Chapter r 38. . 
• Meaning that the houses have been built on the 
ruins of former houses, so th>l the level of the whole 

town has risen. The huge 'tells' or mounds in 
Egypt, some of which rise 10 , height of 60 feet or 
more, hove been formed in this manner. 

XIX 

BRICKWORK• 

I
N the comparative! y rainless climate of Egypt, the alluvial mud of the
Nile, when made into bricks, forms a most convenient building material. 

Further, the mud itself can be used as the mortar. The bricks are not 
burnt, but merely dried in the fierce rays of the sun.2 

The technique of brickmaking and bricklaying in Egypt has never 
changed from the earliest times until to-day, so that a study of modern 
methods gives great help in understanding those of ancient times. There is, 
however, one important side of ancient brickwork for the understanding of 
which modern methods arc of little value, namely, the technique of the 
giant brick walls, which sometimes attain a height of forty-five feet and a 
thickness of anything up to eight y.J Such walls were constantly constructed 
by the Egyptians. It might well be imagined that to make a great brick 
wall would be more difficult than to build an ordinary house-wall, but this 
is not the case by any means. Many factors arise, to which a house-wall is 
not subject, which, curiously enough, tend to affect the solidity of a great 
mass of brickwork. The modern Egyptian does not build giant walls ; 
there is no reason why he should. The small brick wall is always subject 
to damage by rain and by cracking, but it is astounding how much rain 
the mud houses in some of the Delta villages endure, though there is, 
as might well be expected, a limit, which was reached in the heavy down
pours of the winter of 1923. Cracking can be minimized by using well
matured bricks and by certain other elementary precautions. On the great 
walls, rain had very little effect; wind-erosion played a far greater part 
in reducing them to the faceless condition in which most of them are seen 
to-day. 

It is fortunate that good examples of ancient brickwork of practically 
every period of Egyptian history have been preserved, in spite of the gradual 

1 Brick arches arc described in Chapter XVII. 
• J\lud-briclu arc not alwnys the mo!I convenient 
building m>tcrial in Egypt. In ccrtnin rnrts of 
Upper Egypt, nbovc Esnn, there is not sufficient 
good alluvium for making crude bricks in any 
considernblc qunntity, and the soil is often too 53ndy 
for the bricks 10 ha,•e any cohesive quality. As a 
compensntion for this, the bad limestone gives pince 

10 a very good, soft, and durable snndstone, which 
hns the ndvantnge of brcnking up into more or less 
rectangular forms. Stuck together with the alluvium 
as a mortar, all ncccssnry materials for house-build-
ing nre nt hand. 
3 The wnll ofTnnis \\'3S of this thickness, and was 
all the work of King Ra messes I I. 
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rise in the level of the alluvium, which has engulfed so many of the ancient 
sites. The limits of ancient Thebes with its hundred gates, as seen by the 
classical writers, can hardly now be traced, and Memphis, Heliopolis, 
Mendes, Buto, and a host of other towns, important in classical times, are 
now but heaps of brick debris, the top layers being of comparatively 
recent date. As a house fell, the unbroken bricks were salved; the remainder 
were broken up and a level floor made of them, and a new house was con
structed which was consequently just a little higher, in level, than its pre
decessor. The result of this process, which went on for thousands of years, 
was that the towns in course of time stood on a hill, or tell, as the modern 
Egyptians call it. In some ancient sites the process is still going on; in 
others the inhabitants of the town have migrated to a more convenient spot, 
leaving the tell standing grim and deserted. Such a tell is a very valuable 
piece of property, since the ancient debris is used by the natives for manure, 
or sibakh, to spread on the fields. The need of siMkli has resulted in terrible 
havoc among the ancient tells. Bubastis and Athribis-to mention but a 
couple-have now been reduced nearly to cultivation level. Only a few, 
such as Buto and Tanis, have escaped extensive damage owing to their 
isolation, and they will no doubt provide a rich harvest to any excavators 
of the future who have sufficient funds-and patience-to bear some fruit
less years of preliminary \\'Ork while the upper layers of debris are being 
removed. 

The method of maki11g or 'striking' bricks used to-day by the Egyptian 
is worth descriptio11. 

The brickmaker (Fig. 250), called /mmonb in Arabic, searches for a 
deposit of Nile mud of a suitable consistency for his purpose,' and clears as 
large and flat a space as possible. His assistants dig up the mud and put it 
into a smallish hole i11 the ground (111a'ga11a or 111akli111arrz), where water is 
added to it until it has the consistency of a very thick paste. The mixing 
is done with the aid of a cultivator's hoe (fr1s or tliria), the feet assisting in 
the operation. If chaff' (til.,11) is available, it is mixed in varying quantities 
1 A very close cxamin:ttion of the soil is necessary 
before the great differences in their ,·aluc for brick
m:tking can be appreciated. On the same island one 
may obscn-c that :Hone end of il there may be s1nd 

anJ at the other 3llu\'ium. Succcssi\'c scrtior,s of 
the ri\·cr bank show the same abrupt v:niations. 
The brickmakcr has consequcntl)' learnt to make his 
own mixtures of mud and sand. With a good sand 
and alluvium he can make tolerablr hard bricks, 
..ind dispense with the: chaff which, in the southern 

parts of Egypt, is es pensive. Burning material, such 
as maize-stalks (b,i/), is also costl)', hence burnt 
brick� ,,re not used to-d:ty in the country unless it be 
b:· the rich 'notable' who wishes to make a good 
show. It may also be remarked that camel and 
donkey manure, the common fuel of the countrr
man, is useless for burning bricks. 
: Obtained from threshing-floors after the oxen 
ha\'e troddei, the corn. t-lanurc is occasionally 
added, giving an exceptionally tough brick. 

Fig. 250. J\lodern brickmaker and his assistant; Luxor. (Photograph by Gaddis and Seif) 
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with the mud paste; if there is notion the bricks are made without it, but 
sand is often added with good effect. Having thoroughly mixed up the 
paste, an :issist:int takes :i round or oval mat (6111;sli) made of strips of palm 
leaf (kldi!), having handles on either side, and, having dusted it over with 
fine dry mud to prevent sticking, he puts as much of the paste on i.t as he 
c:in carry and leaves it beside the brickmaker. The brickmaker squats 
down, holding an oblong wooden mould fitted with a handle-of which 
example� are known in the Xllth and the XVIIIth dynasties (Fig. 263, 
p. 224)-thc mould being of the size of the bricks he wishes to 'strike'
(rjarao). Having filled the mould with the mud paste, the brickmakcr
scrapes off the surplus and lifts off the mould, leaving a sticky mud brick,
just sufficiently hard to retain its form. He continues 'striking' a series of

Fig. 251. Captives making bricks for the storehouses of the temple of A mun; XVII Ith dynasty. 
(After NF.WHERRY, R,khmnro, Pl. XXL) 

such bricks, one alongside the other, until all his available space is filled. 
The bricks must then be left to dry until they arc hard enough to be 
stacked and a new series made. In ancient Egypt the method was identical 
with that used to-day, the only difference being that in the old scenes 
(Fig. 2 5 1) the mud is carried in a pot instead of on a mat. Nowadays, in 
addition to the mat, almost any receptacle is used, particularly petrol and 
paraffin tins. 

Brick walls are built without scaffolding; the builders walk on the top of 
the piece they have built. Since they are barefooted their weight helps to 
solidify the work. 

In ancient times two kinds of bricks were used, the house-bricks, which 
measure about 9 x 4t x 3 inches, and the bricks used for government work, 
such as walls of towns, temples, and fortresses. The latter were of much. ,. 
greater size than the former, the average dimensions taken at random being 
as follows: 

Nubian Fortresses (Middle Kingdom) 12 x 6 x 3 inches 
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El-Kab (New Kingdom) inches 
Karnak (New Kingdom) 

Armant 

ll 

ll 

,, 

In the construction of a great brick wall, precautions had to be taken to 
ensure that the interior of the mass dried as quickly as possible, and that 
there should be no cracking or shrinkage during the drying. In walls built 
on the alluvium, the uneven settling of the soil after the Nile flood had also 
to be taken into very serious consideration. 

The drying was helped by leaving air-passages running transversely 
through the wall, which connected with similar passages running longi
tudinally. They were usually two bricks high and half a brick wide. In 
the great wall at Karnak the air-p:1ssagcs occur at every thirteen courses, 
or just over six feet up the wall, and are 2 feet 9 inches apart along the 
course. 

Another precaution to ensure quick drying and to assist in preventing 
longitudinal cracking was to lay mats of recd or �alja grass, or loose rnshes, 
over the whole area of the wall at regular intervals, varying in different 
examples between three :111d seven courses. Traces of the reeds can be seen 
in nearly all the great walls, and this precaution seems to have been deemed 
essential for the stability of a brick mass from the Old Kingdom down to 
the latest times, both in Upper Egypt and in the Delta. Still another pre
caution was sometimes taken to prevent cracking, which consisted of the 
insertion in the body of the brickwork of grids of wooden beams laid longi
tudinally and transversely through it about every fifth course. 

In the Old and Middle Kingdoms the great walls were laid on level beds. 
In the New Kingdom, however, though precisely at what period we cannot 
determine,' the wall was divided up into comparatively short sections, one 
section being laid on a bed concave to the horizon, and the adjoining sec
tions on convex or level beds (Figs. 252-5). Each section is-in theory at 
any rate-a separate entity, and the bricks of one do not course with those 
of another.= \\"here the original faces of the wall arc preserved, they have 
the appearance of panelling, the faces of alternate sections being laid from 
a few inches to near! y two feet in front of the others. 

1 h has been considered that the brick wall (fig. 
2 s+) bounding the area at Abydos known as the 
'Korn cl-Suhin' is .t-liddlc Kingdom. Although 
sculptures of this period h.-·c been found in the near 
vic:iniry, the date of the brick wa11 has yet to be 

definitely established. 
' They arc not found exclusively on alluvium. The 
wall nf El-Kab, for instance, is laid on the surface 
of the desert. 
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Fig. 15+. Brick 1_.:irdle-wall at Abydus (Kum cl-Suhfu1), 
,howi11g sections laid ahcrnatclyo11 concave and level beds 

Fig. 155. Part of the outer fac� of �lu:' brick 1_.:irdlc-wall at 
.-\ h_vdns (fig. 2 s+), shnw1n1_.: stra1g.h� Jollll hctwecn wall and 

the �:ucwav, and part of the nng.rnal face of the wall 

Fig. 256. Ruman hm,sc-wall, 15 feel hig,h, al Kom Washim, con,lructcd on a 
conca\'C \i<:d. \'ro\iahly f,hh century ,,. n. (l'hnto�ra9h hy ) . �tarkey, £.sq.) 
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In the interior of the walls the bricks are almost always laid all headers, 
but the faces arc laid in alternate courses of headers and stretchers-a 
method now known as English Bond (Fig. 255). The object must have 
been to attempt to make the courses of headers inside the wall break joint 
with those above and below them, and thus to avoid the chance of a longi
tudinal split in the wall. As an additional safeguard, however, the layers of 
rushes or matting over the bedding joints at regular intervals were almost 
invariably employed. 

It has been supposed by some students that the late brick walls were con
structed by first building the towers on concave beds and then filling in 
the space between them with brickwork on convex or level beds, or vice 
versa. In many walls, however, it is not uncommon to find several con
secutive sectio1)s without any straight joint dividing them. This can be 
very clearly seen in the wall of El-Kab, where a line of bricks of a slightly 
different colour from the rest runs through several sections continuously. 
In the wall at Armant the size of the bricks abruptly changes when a level 
of about five feet above the ground is reached, this change occurring 
throughout the sections of which the wall is composed. This would hardly 
happen had the sections been built at different times. Another reason for 
supposing that the sections were sometimes built simultaneously is that the 
longitudinal beams inserted in the mass of the brickwork not infrequently 
pass from one section to another. It docs not follow, however, that the early 
examples of walls of this type were not constructed in alternate sections to 
facilitate dryingi indeed it is very likely that the peculiarities of the examples 
mentioned, all of which are of late date, arc due to ignorance on the part 
of the builders of the original purpose of the sections, and arc a blind con
tinuation of a type which had, as it were, become standardized. Some 
students, on the other hand, arc of opinion that the idea underlying the 
practice of constructing a wall in sections was to prevent longitudinal con
traction and the breaking up of the mass. 

The custom of building brick walls on curved beds was continued down 
to Roman times, and examples arc found, not only in town walls, but in 
the larger houses as well (Fig. 256). The modern Egyptian, however, 
never builds his mud-brick walls otherwise than on level beds, and with 
level courses throughout. 

In the construction of brick pyramids, such as those of El-Lahun, 
Hawiira, and Dahshur, many of the precautions described :-1bovc are taken. 
The drying of the interior would be an even slower process t/1an that of 

one of the great walls. The general method underlying the construction 
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of a brick pyramid seems to have been to give it a framework of fairly large 
brick walls, two running at right angles to form the diagonals, and others, 

Fig. 257. Probable internal structure of the brick pyramid 
at El-Lahun. (After PERROT & C111 P1Ez, J-listoire de L'Art 

dam l'A11tiq11iti', i, p. 2 1 1.) 

Fig. 258. Stone faci:i!\ toa brick pyramid at Dahsh,,r. (From DE MORGAN, 
Fouillcs a Dnhrho11r, Mnrs-jui11, 1894, p. 48.) 

not bonded into the diagonals, running parallel to its sides. The structure 
was very likely completed, after the framework had been allowed to dry, by 
laying brickwork and filling with brick-earth between the walls already laid 
(Fig. 2 57). In certain brick pyramids stone was employed to strengthen 
the diagonal walls; great blocks of limestone can be seen used for this pur-

Fig. 1,'). R
_
cm�i11s nf �-1tew,1_v in the Old 1-:.ing.d,un brick f,,nrcss (i) at Abv<los. ('The 

Shuna ), show111!! tr.1n·s of the plastered panels with which it was fa�cd 
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pose at the corners of some of the courses of the pyramid of EI-Lahun. In 
the few cases where any of the stone facing remains on the brick pyramids 
(Fig. 2 58), the brickwork behind it is laid in the form of steps. This was 
almost certainly constructed last, and arranged to suit the different heights 
of the stone courses. 

Two curious forms of brickwork remain to be noticed: the 'wavy walls', 
and the brick panelling used on the walls of mastabas and occasionally, in 
early times, on the great enclosure walls. 

The Egyptians discovered early that if they wished to construct a wall 
on) y half a brick in thickness, a good method of doing so was to make it 

L 
l :::t -.-J] ----

• ¾tl:L
Fig. 260. Undulating brick girdle-wall, 4 I½ 
inches thick, round the Middle Kingdom pyra
mid at Mazghuna. (After PETRIE, TJ,, Labyrinth, 

G,ruh a11d Mazgh111i,h, Pl. XXXIX.) 

run, not in a straight line, but undulating to and fro along its length, a 
complete undulation taking place every six bricks' length or so. Sundry 
walls of this type have been found used to keep back the sand during 
the excavation of tombs. In the Middle Kingdom walls of consider
able size were built in this manner, a good example being seen in the 
temenos wall of the destroyed pyramid at Mazghuna, which is 41 t inches 
thick (Fig. 260 ). Others are known at Abydos, and at Koshtemna in 
Nubia. 

In the Old Kingdom the walls of the mastabas, and even those of some 
of the brick forts, as at Hieraconpolis and Abydos (Fig. 259), have their 
exterior faces constructed in the form of panelling, and even in the earliest 
times this is sometimes of considerable intricacy (Fig. 26 1 ). Since this 
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effect is reproduced on many of the Old Kingdom and Middle Kingdom 
sarcophagi, which arc obviously meant to imitate houses, we must look for 
some feature in very early houses to which it may owe its origin. In some 
of the graves in the protod ynastic cemeteries at Tarkhan, the tomb
chambers had been covered in, and sometimes lined with wooden planks, 
a fair proportion of which had been perforated at various points and in 

Fig. 261. Pinn of part of a brick wall surrounding a 
protodynastic mastaba at Tarkhan. (After PETRIE, Tar

khan, i, Pl. XV I 11.) 

� 

�-,·�-

Fig. 262. Section uf planks found in the proto
dynas1ic cemetery of Tarkh:111, showing how 
they may have been bound together for use as 
walls of portable houses. (After PETRIE, Tnr-

khr111, i, Pl. IX.) 

various ways along their edges. Prof. Petrie, after a detailed examination 
of these planks, came to the conclusion that they had been taken from 
ancient wooden houses, which had been more or less portable, and which 
had been, as it were, laced together by thongs. Planks so joined would 
form a house having very much the appearance of being panelled ( Fig. 261 ). 
The writers arc not aware how far this explanation is general! y accepted; at 
any rate, no better reason has yt:t been ac.lvance<l for the slots in these 
ancient planks. 

In Egypt, as in other countries, bricks were now and then made of special 
forms for special purposes, but space forbids a list of the various 'sport' 
bricks which have been found. T,vo examples, however, are of interest. 

BRICKWORK 215 

In the brick pyramids which were placed above the XIXth dynasty tombs 
at Dira' Abu') Naga at Thebes, the outside bricks of the course immediately 
below the pyramid proper have their edges moulded into the form of a 
cornice. Bricks in the form of a quadrant of a circle are also known in the 
houses of the XVIIIth dynasty at El-'Amarna, which were used in the 
construction of columns. 
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EGYPTIAN i\IATHEMATICS 

S
INCE mathematics of a sort must play a part in all constructional work
of any magnitude, as, for example, in the determination of the areas and 

proportions of buildings and the calculation of the batter on pyramids and 
walls, it may not be out of place, before concluding the present survey of 
the Egyptians' building methods, to attempt briefly to review what is at 
present known of their manner of calculating. 

Our knowledge is derived from the following sources: 
(a) A papyrus dated to the time of King 'Auserre'-Apepa, a Hyksos

king, and purporting to have been copied from a document of the time of 
King Amenemhet III, and now known as the 'Rh ind Papyrus'. 1 

(b) A document now known as the 'Moscow Papyrus', of the Middle
Kingdom; still partly unpublished.• 

(c) Portions of XIIth dynasty papyri, known as the 'Kahfan Frag
ments'. l 

(d) A Middle Kingdom papyrus, now in Berlin. 4 

(e) Two wooden tablets, of the Middle Kingdom, in the Cairo Museum
(Cat. no. 25367/8),; 

(f) A Demotic papyrus of the Roman Period, containing tables of 
fractions.6 

(g) Several tables of fractions of Byzantine date.7
(/1) A Coptic ostrakon with tables of fractions.8 
(i) The 'Mathematical Papyrus from Akhmim', dating to between the 

sixth' and the ninth centuries 11.. o.9 
To these must be added a long satirical letter known as Anastasi 

Papyrus I, which has already been quoted (p. 92), and which, though 
it gives no working out of problems, shows that the Egyptians were able 
1 PEET, Tht Rhind Mathtmntica/ l'opyr111. 
' TuRA1Ev, Ancient Egypt, 1917, pp. 100-2. Also 
see footr,ote on p. 2 2 J. 
l GRIFFITII, Hitrotic Papyri fr•m Kahun and 
Curo/,, pp. t 5-1 8. 
• ScHACK•Sc11ACKENBURC, AtgyptiJCl1t Z,i11chrif1, 
38, 135 ff. 
s PnT, Journal of Egyptia� Arrhatology, ix, pp. 
91 ff. 
6 REVILLOUT, Mllangt11ur la mltro/ogit,lll't.-onomit 

politiqut dt /'ancitnnt l!gyptt, and HuLTSCH, Ntut 
Btitriigt zur oegyptiJChtn Ttilungiruhnung (Bi6/io
thaa Mathtmatica, ser. 3, vol. ii, pp. 177-84). 
7 TuoMPSOI', Ancitnt Egypt, 1914, p. 52. 
8 SETIIE, Pon Zahltn und Zahlworltn 6,i dtn ollln 
Atgyp1trn, 70, 7 1 ,  and CRUM, Coptic Ourda, no. 
4-80. 
9 DAILi.ET, u Popyru1 mothlmotiquc d'AAhmim 
(Mlm. MiJJ.fronr. du Coirt), vol. 9, fasc. t. 
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to calculate th_e n�mber of bricks required for a sloping embankment with 
a batter and with internal compartments, and to determine the weight of an 
obelisk. 
. Of the above docum�nts T�e Rhind Mathematical Papyrus is the most
important, from the pornt of view both of completeness and of the variety 
of subjects treated. 1 

. Before t�e natur_e of the E�yptians' mathematics can be properly appre
ciated, the1r peculiar mentality has to be borne in mind. This has been 
apt!� ex�ressed in �he following terms: 'Despite the reputation for philo
sophic w1sdo� attributed to the Egyptians by the Greeks, no people has 
ever shown 1tsel� �ore ave�se to . speculation or �ore whole-heartedly
devote_d to matena) interests. ' This statement applies even more forcibly 
to their mathematics than to the other branches of their science. Prof. 
Pe�t sums up /he mentality of th_e Egyptian as regards mathematics by
sayrng that he does not speak or tlunk of 8 as an abstract number, he thinks 
of 8 lo_aves or 8 s_he_ep. He d?es not work out the slope of the sides of a
�yram1d �ecause 1t mte_rests him to know it, but because he needs a prac
tical working rule to give to the mason who is to dress the stones. If he 
resolves f, into_A+ �\+Tt1, it is not because this fact in itself appeals to him in
any way, but simply because sooner or later he will come across the fraction 
t) in a sum, and since he has no machinery for dealing with fractions whose
numerators are greater than unity, he will then urgently need the resolution
above stated' , 3 

'!'he Egyptian system of notation was decimal. There was a sign each for 
unit_y,_ for ten, for one-hundred, and for the higher powers of ten as far as 
a mi)hon. Int:gers were expressed by writing each sign as often as it was 
r�quired. �t w_1ll be seen _that with this system it would require twenty-four 
h1eroglyph1c signs to wnte the number 879, though in the cursive script 
many abbreviations were used. 

It was in the ?1anncr in which frac_tions were expressed that the Egyptian
system ?f notation sh�ws such peculiar features, rendering their method of 
cal_c�lat1on so very ?1/ferent from ou�s. A fraction was represented by 
wntmg the mo�th-s1gn, probably reading ro and meaning 'a part', above 
the number which we should describe as the denominator. In Egyptian, 
• Pro_f. Poet's work on the Rhind papyrus (op. cit.) 
con1a1ns all the student requires to know in the first 
instance of the other documents, and should be in 
the hands of any one desiring more than a most 
superficial knowledge of Egyptinn mathematics. 
Apart from some help received from Mr. Battis-

combc Gunn, and from some notes of Prof. Alan 
Gardiner, nearly all the information in the present·• 
chapter has been taken from Prof. Pcct's publication. 
• GARDINER, Egyptian Grammar, p. 4. 
l PEET, op. cit., p. 10. 
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the number following the word ro had an ordinal me.1ning, and ;• me:ins

'part five' or the 'fifth part', which concludes a row o( equal parts together 
constituting a single set of five. As being the part which concluded the row 
into one series of the number indicated, the Egyptian ro-fraction was 
necessarily a fraction with, as we should say, unity as the numerator. To the 
Egyptian mind it would have seemed nonsense and self-contradictory to 
write ro L for in any series of seven, only one part could be the seventh, 
namely, that which occupied the seventh place in a row of seven equal parts 
laid out for inspection.' The Egyptian, though he must have been able to 
realize, for example, what four parts out of seven meant, had to express j 
as ½+r�i similarly, U had to be expressed as l+r\+o�, or by other aliquot 
fractions giving the same sum. 

In addition to the ro-sign, the Egyptian had one to express J and, 
curiously enough, :mother representing t which actually meant 'the two 
parts' (out of three), and still another for�- Though the sign for§ plays an 
important part in Egyptian arithmetic, that for� does not appear to be used 
at all, having only a metrological use. 

The rhost important computations for the Egyptian were those in which 
multiplication and division entered, the latter operation often presenting 
considerable difficulties. 

In order to carry out Jivision processes more rapidly, the Egyptian had 
worked out the values, expressed as a series of ro-fractions, of the number 
2 divided by all the odd numbers up to Io 1, and these the scribe used very 
much as we use our logarithm-tables. There seem to have been other 
�ables giving the value of 3 of numbers, though what their range may 
have been is not known. It appears that it was not until very late times 
that the expression of other divisions, such as 1 .;. 7, 2 .;. 7,: 3 .;. 7, &c., as a 
sum of aliquot parts, was set out in the form of tablcs. l 

The resolutions of 2 divided by the odd numbers from 5 to 47 were: 

2.;-5 + -?s
2.;-7 + ;.I.
2.;-9 J 

0 + i's 
2-i-11 l ' + �a 
2-i-IJ 4 + s"i + rA, 
2.;-15 I lo + l6 

1 GARDINER, Egyptian Grammar, p. 196, bu1 sec 
also p. 222 of this volume. 
' The Demotic papyrus (p. 2 16) contains part of 
such a list. 

2.;-17 1� + s'r + I 
t>S 

2.;-19 I 

\:! + I 

:o + I 
!11 

2-i-21 i', + ·.1! 
2.;-23 I 

l:! + 1:!!a
2.;-2 5 .� + ,\ 
2-i-2 7 r's + I 

!I 

l In the Rhind papyrus, the resolutions of z divided 
by the odd numbers arc not gi,•cn in the form shown 
above, but each is treated as a separate liulc theorem 

to pro\·c .. its correctness. 
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2-;.'l9 � + l, + ,\-. + 1b 'l-;. 39 h + �,
2-;.Jr,;_�+rtt+m 2.;-4 1 -/..+ ih+\11. 
'l-;-33 �'l + -l, H,n -h + i6 + I� + ,hr 
2.;-35 i� + t! 2.;-45 !I! + -Jr, 
H J 7 � + rlr + 2h 2 .;-4 7 � + rlr + �lo 

It is not always clear why the Egyptians selected these values for the 
division of 2 in preference to the alternative solutions of many of them. 
It seems that these tables were the result of the accumulated experience of 
many generations, the equivalents given having been found the most easy 
with which to work. 

The Egyptian method of multiplication and division was little more than 
a system of trial and error carried out by doubling, halving, and multiplying 
by two-thirds. Two-thirds of a quantity was taken at one operation, and 
from it, if necessary one-third, one-sixth, etc. were found. The process of 
finding two-thirds of whole numbers offers no difficulties. With regard to 
fractions, the ancient method \.vas to add the half to the sixth part. Thus 
i oft is ih+!a; likewise fr of r\ was taken as !!\!+6\. Why one-third of a 
quantity was not taken first has not, as yet, been satisfactorily explained. 
Multiplying by a number greater than two (except IO) seems to have been 
very rarely performed. The Rhind papyrus, being a more or less advanced 
work, hardly gives any examples of simple multiplication or division. All 
show some peculiar complication, and nearly all omit some steps which were 
obvious to the Egyptian but not always so to the modern mind. Following 
are examples of a simple multiplication and division carried out according to 
the ancient method, which may enable the reader better to understand the 
literal translation of a more or less similar problem from the Rhind papyrus, 
in which several steps are omitted. 

'\_ r (times 1 ! I=) TU
"2 ,, H 
"+ ,, 7 

8 ,, 14 

"-. I 6 " 28 
• Hl� ,, 

"- l ,, Hi'! 
Total' 2 J! Answer 40 ½ 1 

(The addition of the fractions is discussed on p. 221.) 
1 Of items marked with .:i tick. 



( 

( 
( 

C 

( 

( 

( 

( 

{ 

( 

( 

( 

( 
{ 

( 

( 

( 

( 

( 

' 

( 

( 

( 

( 

220 
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Summo11 49 from I I (divide 49 by I I) 

, (multiplied by 1 , makes) , , 
2 ,, 2'1 

'\. 4 ,, 44 
Total 4 Remai11der 5 

Two s11111mo11ed from 1 1 is i -la Fou11d (p. 2 18). 

Treat 2 lo find S 
, (times 2 is) 2 

\__2 ,, 4 
'\. ½ " 

.Amwer 2� 

Multiply! a\ by 2� 
1 (times i jg is) A Jt 

'\.2 " !� 

'\. ½ ,, Ir (because! of 2-;- 11 must be equal to 1-;-1 r)
Total 2½ Amwer ! Ir J, 

Add the whole number 4 
Final answer 4 ! ft is 

It will be seen that the processes are ( 1) to ascertain how many complete 
times r r goes into 49, and with what remainder, and ( 2), knowing the 
value of 2-;- 1 1, to find, by multiplying it by 2t, what is the value of the 
remainder, 5, divided by 11. 

(3) Rhind Problem no. 30
'ff a scribe JaJ to thee: 

"1 o has become g h of what?"

Lei him hear: 
You are to treat 5 fil to fi11d Io

'\_1 s la 

2 I½ 

"4 Ji'� 
"- s 6� lo 

Total I 3 (Re111ai11der)' :Ii, 
� is multiplied 2 3 times to find I ;'0 
Total, 1!1is q11a111i1y 1/1al JaJS it, I JJ

:1 

1 The word 'Remainder' in this problem is omitted in the papyru,. 
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(Proof) 
I I JJs 

'-� 8§-1&1!a 
·,-1o 't -lo� 

Total 10 

lll 

It will be noticed that the process of the addition of the fractions and 
the determination of what fraction of i � amounts to tu are not given. 
Other problems, however, give the full working for the addition of frac
tions, which differs little in principle from the modern method of reducing 
them all to a common denominator. In Rhind Problem no. 3 2, a series of 
fractions have to be added and proved to have the value of ¼, and the 
working is as follows: 

1� 1h �la f8 ,� 9h ah � -h ,h uh 
76 8 4 5oj 2 sl 25 q 38 , 9 2 1 ' 

Total 228 (i.e.)¼ 
Prof. Peet explains the process by saying that 'all the fractions or aliquot 

parts seem to have been reduced to the terms of the highest aliquot part, 
namely the 91 2th part: under each fraction is placed, in red, the number 
of 91 2ths contained in that fraction, a number which, it will be observed, is 
nofin all cases a whole number. The step must involve a certain amount of 
rough working, which is always omitted in the papyrus. The red figures 
are now added and come to 228, which is ¼ of 912. Therefore the sum 
of all these fractions is the required ¼ ••• .'' 

In Rhind Problem no. 30, cited above, the addition of the fractions 
was considerably simpler, and would have been worked out as follows: 

9 added to lo h In !lo 
20 3 2 3 

Total (for the fractions) 29, giving a result for the sum of the fractions 
as :Iii short of unity, and for the who!t: sum that amount short of 1 o. 

The second omitted step in the problem, namely the determination of 
how many times ,� make i iii, would have been by the normal method 
of division, and the working would have been: 

'\. 1 (times !lo is) -1.
" 2 h 

)) 

)) i 
10 

\_20 
Total 23 i+1\+Ji, or f+ia 

c In the papyrus this row of numbers is in red. 2 PEET, op. cit., p. 17. 
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222 EGYPTJAN MATHEMATICS 

On the other hand, it is very possible that the Egyptian would at once 
recognize th:lt 3 times !?

a 
is.�, and his rough working would then have been: 

I �ij 

"- 3 i'o 
10 l 

". '.\O 

Total '2 3 5+
1
� 

Prof. Peet explains the step by saying• 'since 5 I� is aa, a step which 
is completely omitted, the reply must be �

3
'. To carry out this step by 

that chain of reasoning seems to the writer to imply that the Egyptian 
understood what. sJ meant, or as he might have thought of it, 2 3 parts 
out of 30, and this is strongly suggested by his method of adding frac
tions by means of a common denominator. Be this as it may, his notation 
was incapable of expressing such a fraction other than as a series of aliquot 
parts, helped out, if necessary, with the fraction i-

In the Rhind Papyrus a seemingly unnecessary number of examples is 
given of multiplication and division, which we, with algebra to help us, 
could cover with a few lines of explanation or by a formula. The reason 
for this is that each problem when worked out by the system of trial multi
plications offers its peculiar difficulties, some of which take a considerable 
amount of ingenuity to solve. 

Equations of the first degree are solved by simple method of trial, and 
equations of the second degree where there is virtually one unknown were also 
understood. In the Berlin papyrus ( see p. 2 1 6) 1 oo square cu bits have to be 
divided into two squares whose sides are to one another in the ratio of I to 1-

The conception of squaring and extracting the square root was familiar 
to the Egyptians. vVhilc the former process is merely a question of multi
plication, the reverse process for all but the simplest quantities must have 
involved a long series of trials. The Berlin Papyrus gives the solutions for 
the square root of 6¼ and 1 � .�-

Although the ancient approximation of the ratio of the circumference of 
a circle to its diameter, er rr, is not given in the mathematical papyri, the 
determination of the area of a circle occurs in the Rhind Papyrus (no. 50). 
The method was to subtract J of the diameter from it and to square the 
result. This vvould now be expressed by the formula A = (E D)1• This 
approximation is fair! y close, the area thus obtained being· 7902 D: instead 
of the true value -7854 D:, and must have been originally obtained by 
drawing a circle on a finely squared surface and counting the squares. 

• PEET, op. tit., p. 65. 
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Though there is a fair amount of evidence that in late times triangular 
fields were measured for taxation by halving the product of the longest and 
shortest sides, there is little doubt that in the earlier periods the area was 
correctly known to be half the product of the base and the vertical height 
or emroyet. Further it was known that the area was one-half that of the 
rectangle described on its base with the same vertical height. 

The volume of a cylinder was found by multiplying the square of dia
meter minus its ninth part (sec above) by the length, and that of a sym
metrical pyramid (at least) was undoubtedly known to be one-third the base 
area multiplied by the height. How this was originally determined is not 
known, since to prove it mathematically requires knowledge beyond that 
which the Egyptians possessed, and to demonstrate it practically by cutting 
out a pyramid from a parallelopiped is a very complicated process. Mr. 
Battiscombc Gunn has suggested to me that it was arrived at by weighing 
a parallelopiped of clay or mud and then weighing the pyramid cut from 
it, a simple and practical method which the Egyptian would very likely 
have used. 

One of the most surprising solutions obtained by the Egyptians was the 
determination of the volume of a truncated pyramid. If H is the vertical 
height, a the side of the square base,and b that of the square top, the formula 
for the volume is 7 (a' +ab+b' ), which was the form in which it was 
known to the Egyptians. A truncated pyramid can be resolved into a 
parallelopiped, four wedges and four oblique pyramids which can be as
sembled to form one symmetrical pyramid. It can be shown' that, by a 
simple graphical process, the formula found by the breaking up of the 
figure can be converted into the more handy one used to-day by the 
simplest of graphical methods. 

Enough has been brought forward to indicate the general characteristics 
of the Egyptian methods of computation. The knowledge of multiplica
tion and division was amply sufficient to solve any problem which might be 
encountered in constructing a temple, pyramid, or wall and ascertaining 
the weight of the material used. How much further the Egyptian had pro
gressed must remain unknown until further discoveries are forthcoming, 
but it is very unlikely that mathematics of a much more advanced nature 
were ever in the possession of the scribes. To obtain such it would have 
been necessary for the Egyptian to change, not only his system of notation, 
but also the nature of his mind. 
• G CNN and PEET, Fo11r Gtomtlritol Prob/uni frorn t!tt Moscow Mat!ttmatital Papyrus (Journal of 
Egyptian Artltotology, xv, pp. 167-185). 
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APPENDIX I 

ANCIENT EGYPTIAN TOOLS 

T1-1E tools shown in the illustrations (Fig. 89, p. 93, and Figs. 263-7) form a fairly 
complete collection of those known to have been used by the ancient architects, 
quarrymen, and masons. All are in the Cairo Museum with the exception of the 
mason's cord and reel, which is in the Metropolitan Museum, New York. 

Among the tools not shown may be mentioned the cubit rod, the stonemason's 
adze, the brickmaker's hoe, and the 'plug and feathers' (p. 18). The cubit rod 
has been omitted, since a description suffices and since the Cairo Museum possesses 
but one example which might conceivably have been used by the masons, namely 
the very rough, ill-divided rod found in the tomb of Senniitem at Thebes. The fine 
wooden specimens from the tomb of Tut'ankhamiin, though now on view in Cairo, 
are not yet available for description. 

Though carpenter's adzes, and models of them, are well known, none has yet 
been found which is known to have been used in stone-dressing. The shape of the 
blade changes considerably during the course of Egyptian history, but the manner 
of its attachment to the haft remained practically the same (Fig. 36). 

Many brickmakers' (or cultivators') hoes have been found. They are always of 
wood, the 'tang' of the blade fitting into a hole in the haft, the two members being 
retained at the desired angle by a lashing of palm-rope (Fig. 2 51 ). The metal-hafted 
hoe, called/ as or tfiria, of the form used to-day in Egypt (Fig. 2 50 ), does not appear 
to date further back than Roman times. 

Iron splitting-wedges and 'feathers' have been found in the Ramesseum,' but 
they are,certainly of very late dynastic, if not of Roman date. 

Photographs of Egyptian hammers have been omitted, as good examples are 
represented in the hands of the ancient boat-builders (Fig. 36). Hammer's of 
modern form, with metal heads, have not been found of dynastic date, nor arc they 
represented in the tomb-scenes. 

Of the two tools which may well have been known, namely the mason's pick and 
the testing-plate, no example or illustration has been found. This also applies to 
the tubular drill, which was freely used. 

The stonemason's wedge of wood (Fig. 267), probably of the Vth dynasty, is of 
considerable interest. It is stained with mud and bears unmistakable signs of 
crushing, and is fitted with a handle to prevent the fingers from being pinched when 
in use. This, and the wooden roller shown with it, have quite recently been found 
near the pyramid of Pepi II at Saqqara, and arc hitherto unpublished. They have 
been included here by kind permission of the Director-General of the Antiquities 
Department and of M. Gustave Jequier, who discovered them. 

1 PF.TRI£, Toolt and W,aponi, Pl. XIII, B. 16, 17. 

- - ·--=

�if 263. a, long cop�er quarryman's chisel, '.rom Gebelein; b, copper mason's chisel New
Kingdom , from Ghorab; c, coppc� mason's chisel; d, copper mortise chisel; e, woode,: brick
mould, XV I I I th dynasty, fro,_n '! hebcs;f, copper plasterer's tool, date unknown. The scale

JS 111 inches. (All in Cairo Museum) 

Fig. 264. Square, level, and plum b-rule, from the tomb of Sennutem a t  Thebes; XXth

dynasty. Mason's mallet from Saqq,lra; Old Kingdom. Scale in inches. (Cairo Museum) 
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Fig. 266. Polishing tools(?) of black granite; date u11k 11ow11, from Saqq:1ra. Poundi 11g-ball 
of dolerite, from Aswf111. Dolerite maul on haft; XIth dynasty, from Thebes. (Cai ro 

lVIuseum.) Scale in inches 

F,i[. 26i. Wedge for handling stone and roller, probably of the Vt/1 dynasty, 
from near the pyramid of Pepi I I at Saqq:1ra. Both show clear traces of crush
i11g. Scale in inches. (By permission of the Antiquities Dept. an<l the finder, 

M. Gustave JequierJ
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APPENDIX II 

LIST OF LOCALITIES IN EGYPT AND LOWER NUBIA 

MENTIONED IN THE VOLUME 

ON the map, modern names are printed in plain type, classical names in capitals, 
and ancient Egyptian names in italics. 

In the list below, the positions of the sites are given to the nearest degree of 
latitude. Those in brackets are too far south to be shown on the map. 

The spelling of the modern Arabic names is that adopted by the Survey of 
Egypt, except that in the text the diacritical marks distinguishing the palatalized 
letters have been omitted, and all accents except the circumflex indicating a vowel 
pro1101111ced long and carrying the stress. 

Plau lat. 

Abu Rawash . 30 
Abu Simbel 22 

Abu Za'bal 30 
Abydos 26 
Alciandria 31 
'Amarna (Sec El-'Amarna) 
Armant 25 
Ashmuncin (El-) 28 
As\\'5.n 24 
Athribis 30 
'Ayan 30 

B<it cl-Wali 24 
Beit Khallaf 26 
Bcnha JO 

Bcni Hasan 28 
Bubastis 31 
Buto . JI 

Cairo 30 

Dahshur 30 
Dakka 23 
Deir cl-Bahari (Sec El-Deir cl-Bahari) 
Dendcra 26 
Dcndiir 23 
Derr 23 
Diri' Abu') Naga 26 

Edfu . 25 
£].'Amirna. 28 
El-Bersha 28 
El-Deir el-Bahari 26 
El-Hiba 29 

Plau 

El-Kilb 
El-Lahun 
EI-Qurna 
EI-Sabu'a 
Ermcnt (Sec Armant) 
Esna . 

Fayyum (El-) 

Gebel Ahmar 
(Gebel Barko! 
Gcbelein . 
Gebel Silsila . 
Ghorab (Mcdinct Ghoriib) 
Gi,,, (El-) 
Gunia (See EI-Qurna) 
Gurob (Sec Ghoriib) 

Hcrmopolis Magna 
Hct-Nub 
Hibeh (See EI-Hiba) 
Hieraconpolis 

Illahun (Sec EI-Lah0n) 
lpsarnboul (See Abu Simbcl) 

Kalabsha (See Qalabsha) 
Karnak ( El-) . 
Kerdasa 
Kcnassi (Sec Qcrtassi) 
Khiinka (El-) 
Korn Abu Billo 
Korn Ombo 
Kurna (Sec El-Qurna) 

Lat. 

25 
29 
26 
23 

30 
I 8) 
25 
25 
29 
30 

26 
30 

30 
30 
24 
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Plau. 
L.,hun (Sec El-l.,hOn) 
Lisht (El-) 
Luxor 

Ma'sara 
Maharraka 
MazghOna 
Mcdinet Habu 
Memphis 
Mendes 
MeydOm 
Mitrahina 

Muqattam 

Nckhcb 
Nckhcn 

Pl,ilac 
Port Sa'id 

Qalabsha 
Qiu 
Qermsi . . . .  
Qurna (Sec El-Qurna) 

Re-au 

APPENDIX II 

Lot. !'/au. 

30 
S.1 cl-llag>r 
Sabu'a (Sec El-Sabu·a) 

26 S.,is 
Sakkara (Sec Saqqira) 

30 Sin el-Hagar 
Saqq:,rn 23 

29 (Scdcnga 
26 (Scsebi 
30 Shcllill (El•) 

Shcykh 'Abada JI 
Shcykh Sa'id . 29 
Silsila (Gebel) 30 

30 (Soleb 
Suez 

25 
Tanis 25 
Tarkhan 
Tell el-,\marna (See El-' Amiirna) 

2+ Tell Farn'in 
JI Tell Truai 

Thebes 
24 Tura. 
27 

24 Wady Haifa . 
Wady Hammamit 

30 Zagazig (El-Za,13ziq) 

Lat. 
31 

Jf 

31 
30 
20) 
20) 
24 
28 

28 
25 

20) 
JO 

31 
29 

JI 

JI 

26 
JO 

22 

26 

JI 

APPENDIX III 

CHRONOLOGY 

ALTHOUGH the dates of the kings from the XVIII th dynasty onwards are known 
with very fair accuracy, there 1s still a difference of opinion among scholars as 
to the dates of those previous to that period, which depends on whether the time 
which elapsed between the Xllth and the XVIIIth dynasties was long or short.' 
Since the short dating is by far the more generally accepted, the writers have 
adopted it in the following list and have followed, up to and including the XXVth 
dynasty, the chronology used by Dr. J. H. Breasted. 

In the following list, only the names of the kings mentioned in the volume are 
given. The number before a king's name shows his place in the dynasty. 

No. 5

6 

DYNASTY I (8 Kings) 
Den (Udymu ?) l c. 3400-2980 n.c.

(9 Kings) 

'Az.-ieb 
7 Smerkhet 

DYNASTY II 
8 Kha'-sekhemui 

DYNASTY lII (9 Kings). ,. 2980-2900 n.c. 
1 Sa-nakht 
3 Zoser 
9 Sneferu 

DYNASTY IV (8 Kings). ,. 2900-2750 n.c. 
1 Khufu (Cheops) 
J Kha'fre' (Chcphrcn) 
-1- Menkewre' (Mycerinus) 

DYNASTY V (10 Kings). c. 2750-2625 e.c.
2 Sahurc' 
3 Neferirkerc' 
6 Newoserre' 

10 Unas 

• The student who desires to study the mcri1s of 1he Hi,torical Studit1, ii; MEYER, A,gypti,r/u CArono• 
two systems should consult the following works: /ogi, (Koniglichc Prcussischc Akadcmic, 1904). 
ll1u.:ASTED, Antitnl Ruord1

1 i. 38-7 S; PtTRIE, 
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DYNASTY VI (6 Kings). c. 262 5-24 7 5 n.c.
3 Pepi I
4 Mernerc'
5 Pepi II

DYNASTIES VII-X. c. 2475-2160 o.c.
First Intermediate Period

DYNASTY XI (7 Kings). c.2160-2000 o.c.
7 Menthuhotpe IV

DYNASTY XII (8 Kings).
5 Senusret llI (Sesostris) . 
6 Amenemhet Ill (Amenemmes)

,. 2000-1788 o.c.

DYNASTIES XIII-XVII. ,. 1788-1580 n.c.
Second Intermediate Period, which includes the 1-Iyksos

1887-18+9
1849-1801

DYNASTY XVIII (12 Kings and t Queen). c. 1580-1350 n.c.
1580-1557

: } 1557-1501
I I and Queen Hat-

1 Amasis I ('Ahmosc)
2 Amenophis I . . 
3 Tuthmosis I ('Thothmes') . 
4 Tuthmosis l II, including Tuthmosis

shepsowet
8 Tuthmosis IV
9 Amcnophis 111

10 Amenophis IV-J\khenaten
1 1 Smenkhkeri:'
12 Tut'ankhaten =Tut'ankhamun
13 Ay (Eye)

DYNASTY XlX (8 Kings).
I Haremhab
2 Ramesscs I
3 Seti l
4 Ramcsscs II
5 Meneptah 
8 Seti 11

DYNASTY XX ( 1 1 Kings).
2 Ramcsscs 11 l
3 Ramesses IV
8 Ramesses IX

1501-1447
1420-141 I
1411-1375

},375-,350 

C. 1350-1205 ll.C. 

1350-1315
1315-1314
I 313-1292
1292-1225
1225-1215
1209-1205

C. I 200-1090 D. C. 

1198-1167
I 167-1161
1142-1123

APPENDIX III 

DYNASTY XXI (10 Kings). c. 1090-945 o.c.
1 Nesibenebded (Srnendes)

DYNASTY XXII (9 Kings). c. 945-745 o.c.
1 Sheshonq I (Sesonchis, SH1s11AK)2 Osorkon I 

DYNASTY XXV (3 Kings). c. 712-663 n.c.
3 Taharqa (Taracos, T1R1111K1111)

DYNASTY XXIX (4 Kings). c. 398-379 n.c.
2 Hakor (Achoris)

DYNASTY XXX (3 Kings). C. 378-340 8.C.
3 Nectn.nebos II (Nekht-ncbf)

PTOLEMAIC PERIOD. c. 332-57 n.c.
2 Ptolemy ll, PhilaJclphus
3 Ptolemy III, Euergetes .

ROMAN PERIOD 30 O.C.-1\.D. 378
2 Nero
6 Galba
8 Vespasian

10 Domitian
46 Diocletian

229 

688-663

393-380

/1. D. 5+-68
68-69
69-79
81-96

284-305
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APPENDIX IV 
LIST OF WORKS QUOTED 

B,\ILLET. Le Papyrus mathematique d'Akhmim (Mcm. Miss. fran<;. du Caire.
I 892). 

BoRCIIARDT. Das Grabdenkmal des Ko11igs Neferirkerc'. (J. C. Hinrichs,
Leipzig. 1909.) 

Das Grabdenkmal des Konigs Newoserrc'. (Hinrichs, Leipzig.
1907.) 

Das Grabdenkmal des Konigs Sahurc'. (Hinrichs, Leipzig. 191 3.)
Das Re-Heiligtum des Konigs Neuserre'. (Hinrichs, Leipzig.

1907.) 
Gegen die Zahlenmystik an der grossen Pyramide bei Gise. (Beh

rend & Co., Berlin. 1922.) 
Langen und Richtungen der vier Grundkantcn dcr grossen Pyramide

bei Gise. (Springer, Berlin. 1926.) 
BRE,\STED. Ancient Records. (5 vols., Camb. Univ. Press.)

Development of Religion and Thought in Ancient Egypt. (Chas.
Scribner & Sons, N.Y. 1912.) 

BRUNTON. Lahun I, The Treasure. (Bernard Quaritch, London. I 920.)
BoREUx. f:tude de Nautique £gyptienne. (Mcm. Jn�t. Fran�ais, Cairo. 1926.)
BuoGE. Egyptian Sculptures in the British Museum. 
C,RTER & MACE. The Tomb of Tut·ankh·amen. (2 vols., Cassell, London. 1923

CHOISY. 
CoLE. 

and 1927.) 
L' Art de Batir chez !es Egyptiens. (Gauthier Villa rs, Paris. 1 903.)
Determination of the exact size and orientation of the Great Pyramid.

(Survey of Egypt, paper no. 39, Cairo, Govt. Press. 1925.) 
CouN CAMPBELL Two Theban Princesses. (Oliver & Boyd, London. 191 0.)
DAVIES! El Amarna. (6 vols., Bernard Quaritch, London. 1903-8.) 

The Tombs of Two Officials of Tuthmosis IV. (Egypt Exp!.
Society, London. 1923.) 

DE MoRCAN. Fouilles a Dahchour. (2 vols., Holzhausen, Vienna. (1 ) Mars
juin 189+; (2) 1895.) 

ENGELBACH. The Problem of the Obelisks. (Fisher Unwin, London. 1923.)
Riqqeh and Memphis VI. (Brit. School of Arch. in Egypt, London.

1914.) 
F1sHER. Giza. The Minor Cemetery. (Univ. Press, Philadelphia. 1924.)
GARDINER. Egyptian Hieratic Texts. (J. C. Hinrichs, Leipzig. 19 I 1.) 

Egyptian Grammar. (Clarendon Press, Oxford. 192 7.) 
GARST,\NG. Mahasna and Bet KhalHlf. (Bernard Quaritch, London. 1902.) 
GAUTIER & JtQUIER. Fouilles de Licht. (Ernest Leroux, Paris. 1896.)
GRIFFITH. Hieratic Papyri from Kahun and Gurob. (Bernard Quaritch, London.

I 898.) 

Ho1.sc11ER. 

]EQUJER. 

LA YARD. 

LEDAS. 
LEPSIUS. 

LUCAS. 
MEYER. 

NAVILLE. 

NEWBERRY. 

PERRING. 
PERROT & 

PEET. 

PETRIE. 
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Das Grabdenkmal des Konigs Chephren. (Hinrichs, Leipzig. 
191 2.) 

Les f:lements de !'Architecture Egyptienne. (Auguste Picard, Paris. 
1924.) 

Les Temples Ptolema1ques et Romains. (Albert Morance Paris. 
1926.) 

' 

Les Temples Ramcssides et Saites. (Albert Morance, Paris. 1926.) 
The Monuments of Nineveh and Babylon. (J. Murray, London. 

18 53-) 
L'Obelisquc de Louxor. (Paris. 18 39.) 
Denkmaler. (Nicolaische Buchhandlung, Berlin.) 
Auswahl. (Ge�rg Wigar�d, Leipzig. 18 42.) 
Anc1en� Egyptian Mater!als. (�d,�ar? Arnold, London. 1926.) 
Aegypt1sche Chronologte. (Ko111gliche Preussische Akademic. 

1904.) 
The Eleventh Dynasty Temple of Deir el-Bahari. (Egypt Exp!. 

Fund. 1907, 191 0, 1913.) 
The Temple of Deir el-Bahari. (Egypt. Expl. Fund. 1907, 1910, 

191 3.) 
Beni Hasan. (2 vols., Egypt. Exp!. Fund. 1893.) 
The Life of Rekhmara. (Constable, London. 1900.) 
El Bersheh. (2 vols., Egypt. Expl. Fund. 1893.) 
The Pyrami?s �f Giza. �3 vols., James Frazer, London. 1840-2.) 

CH1r1Ez. H1sto1re de I Art clans l'Antiquite. (Hachette Paris. 
188 2.) 

) 

The Rhind Mathematical Papyrus. (Hodder & Stoughton, London. 
I 923.) 

A History of Egypt; vol. I. (Tenth edition, revised, Methuen, 
London. 1923.) 

Gizch and Rifeh. 
Historical Studies II. (Brit. School of Arch. in Egypt, London. 

191 1 .) 
Illahun Kahun & Gurnb. (David Nutt, London. , 89 r.) 
Inductive Metrology. (Hargraves, London. 1877 .) 
Kahun Gurob and Hawara. (Kegan Paul, London. 1890.) 
Lahun 11. (Bernard Quaritch, London. 1923.) 
Med um. (Davi? Nutt, London. 1892.) 
On the mechanical methods of the Ancient Egyptians. Uournal of 

the Anthropological Inst., Aug. 188 2.) 2 vols. 
�oyal Tombs. (2 vols., _Egypt. Expl. Fund. 1900 and 1901 .) 
'I arkhan I �nd Memphis V. (Bernard Quaritch, London. 191 3). 
The Labyrinth, Gerzeh and Mazghuneh. (Bernard Quaritch 

London. 191 2.) 
' 

The Palace of Apries and Memphis II. (Brit. School of Arch. in 
Egypt. 1909.) 
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The Pyramids and Temples of Gizch. (New ed., Leadenhall Press, 

London. 1885.) 
Tools and Weapons. (Brit. School of Arch. in Egypt, London. 

1917.) 
Weights and Measures. (Brit. School of Arch. in Egypt, London. 

1926.) 
QurnELL. Hierakonpolis I. (Bernard Quaritch, London. I 900.) 

QuIBELL & GREE N. Hierakonpolis II. (Bernard Quaritch, London. 1902.) 

REISNER.' Models of Ships and Boats. (Cat. Gen. du Musce £gyptien, Cairo.) 

The Early Dynastic Cemeteries at Naga cd Deir. (Hinrichs, Leipzig. 

1908.) 
Roc11EMENTEIX & C11Ass1NAT. Le Temple d'Edfou. (Mem. Miss. Arch. 

Fran�ais. 1892, 1897, 1918.) 
Sc11.iiFER. 
SETIIE, 

£in Bruchsti.ick altagyptischer Annalen. 
Von Zahlen und Zahlworten bei den alten Aegyptern. (Tri.lbner, 

Strassburg. 191 6.) 
ToRR. Ancient Ships. (Camb. Univ. Press.) 

TvLoR & GRIFFITH. The Tomb of Paheri at El Kab. (Egypt. Exp!. Fund. 1894.) 

PERIODICALS 

Ancient Egypt. (British School of ArchaeolO$Y in EgJpt. Macmillan, London.) 

Annales du Service des A ntiquites. (Antiquities Department, Cairo.) 
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NOTE: The names of Sites and Kings arc spelt as in Appendices II and III where 
alternative forms will be found. 
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Ab3cus, 82,137,141,145,151,153. 
Abibi, boat of, 43. 
Abu Rawash, 14. 
Abusir, column-bases 31, 1 32. 
-columnsa1,6, 142,149. 
-drilling scene from, 203. 
-pyrnmids of(m Pyramids of Abusir). 
-rcl!eving device in pyramid of, 189. 
-sta1rway:u, r8o. 
Abu Za'bal, basalt outcrop at, 23. 
Abydos, brick wall ,t, 210 footnote, 21 3. 
-column-base at, 6, 142, 149. 
-'Osircion', bride tunnel in, 18 3. 
--pillars in, 131,148. 
--unfinished masonry in, 87, 146, 192. 
-Royal Tombs at, 7. 
-Temple of Seti I, column in, t 46. 
--corbelled roof in, 185.
--roof drainage in, 15 5, 1 58.
--windows in, 170,172. 
-tomb of 'Az-iCb at, 178. 
-tomb of Den (Udymu) at, 178. 
Ar aria Nilotirn, 36, 88, 89. 
'Accretion-faces' in pyramids, t t 8, 121.
Adze, 17,194,224.
Akhenaten, temple of, at Karnak, 73, 115. 
Alabasier quarries, 19-21. 
Alexandria, transport of an obdisk to, 35. 
Amenemhct Ill, pyramid of, at Hawara, 23, 34.
-quarrying expedition under, 33.
Amenophis 111, quarry inscription of, 27. 
-temple of, at Beit cl-Wali, 140.
--at El-K:ib, 1 39.
--.it Luror, 107,113, 1;1, 140,165,192,195. 
--al Sedenga, 1 40. 
--,tSoleb, 15, 114. 
--al Thebc,, 1 70.
Anchorages, 87.
Angles of the casings of pyramids, 118.
Antiquities Department, 8, r 2, 52, 7 3, 7 5.
Apepa, papyrus wri1tcn during the reign of, 2 16. 
Arabic, modern brickmaking terms in, 208. 
Arches, brick, .i Abydos, 183. 
-at llcit Khallaf, 181. 
-at Thebes, 182. 
- at the R.1mcsscum, 182. 
-centring fur, 181, 19r. 

Arches, of ordinary bricks, 181. 
-of special arch-bricks, 1 8 t, 183. 
Arches, relieving, 189.
Arches, stone, corbelled, in a mastaba al D3hsh0r 

185. 
' 

-in the temple of El-Deir el-llahari, 18 5.
- in the temple of R.tmcsses III 31 Medinet Habu, 

I 85. 
-!n the tcmple ofSeti latAbydos, 185. 
-m XXVth dynasty shrines at Medinet Habu, 

186. 
Arches, stone, joggled, 18;. 
Arches, stone, pent-roof, in Middle Kingdom 

Mastaba,, 184. 
-in the X Ith dynasty temple of El-Deir cl-

llahari, 184. 
-in the pyrnmid of EI-Lahun, 184.
Architect's diagram defining a curve, 52.
Architccu' drawings, 46-59.
Architectural forms, prototypes of, 5-7.
Architraves, ancient repairs to, 173. 
-composite, 1 52. 
-defective, 151. 
-failures in, 1 36, 1 52. 
-jointing of, 151,152.
-limestone, 9, 12.
-of Shcshonq at Karnak, t 52. 
-peg-dowels in, t 12, t 5 1. 
-sandstone, 1 36. 
-span of,9, 12, 16,151.
-walls held by, 11 3. 
Arca of circle, ancient method of determining, 222. 
Arc• of triangle, ancient method of determining, 

2 23. 
Arm,nt, great brick wall at, 209, 2 1 1. 
'Aroura', unit of:uc;i, 65. 
Arsenic, sulphide of, used in pigments, 200. 
'August barges', H· 
'Ayarr, 21, 33. 
'A,.-ii:b, King, 178. 

B,rgcs (m Boats). 
Basal!, 2, 23, J+, 132. 
Beams used in the grc,t brick walls, 21 1. 
'BcJding joinu', 98, 116, 1 +s, 197, 198,211. 
Bcit cl-Wali, temple a1, 140. 
Beil Khallaf, mastab.1 at, 7, 168. 
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Ilcit Khallftf, Ill rd dynasty brick arch at, 181. 
Jlcni Hasan, fluted columns at, 1 39. 
-lotus columns at, 1+4. 
- quarries nt, 12-1 5. 
'Birth-house' nt Philac, roof drainage in, 1 59. 
lllnck paint, 200. 
Blocks, building, dre>sings of, 71, 101-9. 
- fitting before laying, 98, 102. 
-laying of, So, 98, 107, 109. 
-lining-up before dressing, 101. 
-number of faces dressed before laying, 71. 
-oblique joints between, I oo. 
Blue paint, 200. 

Boat-building, 36. 
Boats, dimensions of ancient, 3-�
-from Dahshilr, H, 36. 
-ofAbibi,+J, 
-of J:-la1shcpsowe1, carrying obe.lisks, 3 7, 39, 41, 

89. 
-oflpi,+J· 
-of Khnemhotpc, +2. 
-of Mcketrc, .p. 
-of Sekniifcr, 40. 
-of Sncfcru, 32, 36, 43· 
-ofTuthmosis I, H· 
-of Uni, +o. 
-papyrus, modern, 38. 
-possibility of some having been rafts, 39. 
-steering-system of ancient Egyptian, 40. 
Bolts, door, 52, 168. 
Bonding, internal, rarity of, 97. 
-in the great brick walls, 2 t 1. 
-of doorways, 165. 
'Boning-rods', 105. 
Boring stone wi1h flints, 204. 
Bosses, handling-, on blocks, 86. 
Bow-drill, 203. 
Brick arches (m Arches, brick). 
Brick cupolas, 186. 
Brickmaking, 208. 
Brick-moulds, 209. 
Brick pyramids, 2 1 1. 
Bricks, mud, dimensions of, 209. 

-making of, 208. 
-special forms of, 1 8 j, 204. 
Brick walls, great, at Abydos, 2 1 o footnote. 
-at Armant, 209. 
-at El-Kilb, 210,211,213. 
-at Karnak, 166, 219· 
-at Tanis, 207 footnote. 
-beams used in, 21 1. 
-bonding in, 21 1. 
- constructed in sections, 209, 2 11. 
-panclling in, 209. 

Brick walls, precautions nga.inst cracking in, 21 o. 
- reeds used in, 209. 
- undula1ing, 21 3. 
Brown paint, 200. 

Dubastis, temple of, 205, 208. 
Burning granite, 27. 
Buto, 14, 208. 

Capitals, at Karnak, 141. 
-fluted, 10. 
- Horus-headed, 1 39· 
-Lotus, 143. 
-Palm, 144. 
-Papyrus, 6, 10. 
Carbon, used in pigments, zoo. 
C>Sing-blocks of pyramids, 14, 78, 100, 121. 
Casualties in quarrying expedition, 33. 
Centring, 181, 19 1. 
Chaff used in brickmnking, 208. 
Chisels, 1 7, 194. 
Choisy, M. Augu!te, 94. 
Circle, determination of the arc.i. of, 212. 

Clerestory, 170, 1 72. 
Cobalt, used in pigment!, 200. 
Colonnade, of Sheshonq nt Karnak, I I 2, I 5 1. 
-of Tut'ankhamiin 11 Luxor, I 40. 
-ofZoser at Saqqara, 1 o. 
Colossi of Thebes, 69. 
Colossus, unfinished, at Aswan, 32. 
Column-bases, t 3 1, 1 H· 
Columns, abaci of, 82. 
-composite, t 44. 
-converted into a wall, 1 H· 
-cylindrical, 144. 
-decorated, al EI-Kab, 1 39· 
-erection of monolithic, 14 7. 
-facets on, 137. 
-fluted, I 39. 
-free-standing, absence of, in the Hird dynasty, 

10. 
-granite, Vth dyn.:asty, 6, 14:. 
-Greek 'Doric', 137. 
-guide-lincs on, 1 44. 
-imitating vegetable growths, 6, 10, I 36. 
-in Hypostyle Hall at Karnak, 74, 75,136,145, 

149. 
-in 'Osircion' at Abydos, 146. 
-in temple of Second Pyramid, 148. 
-Lotus, 7, 143. 
-'Monostyle', 143 footnote. 
-octagonal, 1 32, I 36. 
-ofTaharqa at Karnak, 75, t,p. 
-Palm, 144. 
-Papyrus, 140. 
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transport of a sratue of, 21, 85, 89, Columns, polygonal, 1 36, 149. 

- 'Proto-Doric', , 37. 
-repairs to, 75, 149. 
-ribbed, in Jllrd dynasty, 10. 
-ridges on facets of, 1 38. 
-shaping of, t 46, 1 48. 
-�ixtccn-sidcJ, 137. 
-square-sectioned, 1 36. 
-'Tent-pole', 1+4. 
-unfinished, 145. 
'Comb', 96. 
Composite architraves, 1 52. 
Composite columns, 144. 
Concave beds, bricks laid on, 2 10. 
-masonry laid on, 116. 
Construction of :indent boats, 36. 
Constructional embankments, 91-4, 121,145,148, 

195· 
Co-ordinates, ancient knowledge of, 52. 
Copper, lcmpering of, 25. 
Copper tools, 18,224. 
Corbelled arches (su Arches). 
Corbelling, 12, 184. 
Cord-and-reel, 65. 
Cord, dipped in ochre, for draning lines, 48, 199, 

224. 
Core-blocks of pyramids, 122. 
Cornice, origin of, 6. 
Corrections, ;incicnt, in scenes, t 99. 
Covered quarries, 13-15. 
Cramps in a latcarch, 185 footnote. 
Crowbars, 26. 
Cubit, 29, 50, 52, 56, 63, 65, 92, 224. 
Cupola, brick, 186. 
Curve defined by co-ordinatc.s, 52. 
Culling and filling, 16. 
Cylindrical column,, 144. 

DahshOr, boat from, 34, 36. 
-corbelled roof from, 184. 
-false arch at, I 84. 
-pyramids at, So, 168. 
Dakka temple, drainage in, 161. 
Davies, Mr. N. de G., 56. 
Dt6tn, unit of weight, 21. 

Deir cl-Medina, sculptors' graves at, 201. 
- windows at, t 71, 176. 
Demotic quarry-inscriptions, 2 1. 
Den, stairway of King, 178. 
Dendera temple, cubit rods from, 63. 
-doorway in pylon of, 165. 
-inscription in cry·pt of, 46. 
-roof drainage in, 1 57. 
-window-s in, 170. 

Dhuthotpe, 
9o, 94. 

Diagram of a curve defined by co-ordinates, 5 2. 
Digit, unit of measurement, 50, 52, 63. 
Dimensioning, ancient method of, 48. 
Dimensions of ancient boats, 34. 
Diocletian, arches of, 188. 
Dioritc, drilling of, 202. 
Dir.i' Abu'I Naga (Thebes), arch at, 182. 
-unusual bricks from, 21 5. 
Distemper, 200. 

Division, ancient method of performing, 220. 
Dolerite tools, 18, 23, 27, 194,198,202,224. 
Domes, brick, 1 86. 
Doors, ancient drawings of, 49, 51, 52. 
-bolts of, 52, 168. 
-false-, 163,173,200. 
-method of hnnging, 163. 
-of Kaemhesit, Ncferma'ct nnd Osorkon I, 162. 
-overlaid with gold, 162,205. 
-sills of, 164, 167. 
-supposed, of pyramids, 167. 
Doorways, between columns, 167. 
- in temenos walls, 166. 
-of pylons, 164. 
-shown in elevation on plans, 49, SI. 
'Doric' column, 137. 
'Dovetails', 112. 

Dowels, peg, 112, 151. 
'Drafting' of blocks, apparent, 195, 198. 
Drainage, roof, 1 54-61. 
Dressing stone, ancient scenes showing, 106, 198. 
-methods of, 98, Io 1-9. 
- models illustrating, 103. 
Drilling stone, 194, 202. 
Drip-channel at Abydos, 161. 

Earliest masonry, 5-11. 
Earliest sculptures in temples, 192. 
Edfu 1emple, column-base in, 133. 
-doorway of pylon in, 165. 
-pavement in, r 30. 
-pylon of, 11 5. 
-roof-slabs in, 1 54· 
-stairway in pylon of, 11 5, 179. 
Egg, white of, used in painting, 200. 
EJ.CAm.irn:a, doorways :u, ,67. 
-plans of tomb-walls at, 56. 
El-'Asasif (Thebes), archway at, 182. 
El-Hersha, inscription of Scnusret lll at, 21. 
-scene of the transport of a statue at, 85. 
El-Deir el-Bahari temples, ancient plan of temple 

grove in, 56. 
-column-bases in, r 32. 
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El-Deir cl-&hari temples, corbelled arch in, t 8 5. 
-foundation deposits from, 61. 
-imitati\'c painting in, -zot. 
-obelisks represented in, 37, 89. 
-octagonal columns in, 132, 137. 
-shipping scene of Hatshepsowet in, 37. 
-stairway in, t 79· 
-tackle of ships represented in, 44. 
Electrum, 205. 
Elevations, side and front, 46. 
El-Kab, decorated column at, t 39. 
-great brick wall at, 2 lo. 
-m.isonry at, 76. 
Ell (m Cubit). 
EI-LahOn, brick pyramid at, 211. 
-decorated column from, 1 39. 
-false arch in pyramid of, 1 84. 
- lamps found in pyramid of, 201. 
-stairways in tombs at, 178. 
EI-Qurna, temple of, clerestory in, l 7 J· 
--roof drainage in, 1 5 5. 
Embankments, constructionnl, 91-.1, 121, t +5, 

148, 195. 
f:rnroya, 223. 
'English Bond', 211. 
'Emasis', 140. 
Esna, t 2, 205. 
Expeditions for quarrying, 2 1, 3 2. 

Facets on columns, 1 37. 
Facing pyr>mids, probable method of, 1 26. 
'Facing-surfaces', 52, 95,148, 194. 
False arches (u, Arches). 
'False.doors', 163,173,200. 
'False Pyramid' (uc Pyramid of Sneferu). 
'Feathers', 18, 22.J.. 
Festival Temple ofTuthmosis III (m Karnak). 
Festival Temple of Zoscr (m Saqq:ira). 
Finger, unit of measurement (ru Digi1). 
Firth, 1\1 r. C. M ., 9. 
Fissures, examination of, by ancient quarrymen, 

28. 
Flint tools, 20+. 
Flow of water from roofs of temples, l 56. 
Fluted columns, 1 39· 
Fluted pilasters, 1 o. 
Foot, double, 2 8, 6.1. 
Found.,tion ceremonies, 60. 
Foundation deposits, 45, 60, 9·f· 
Foundations, 62-74. 
Fractions, ancient method of c:tprcssing, 2 17. 
Frames of doorways, 164. 
Frit, 200. 

Gar.rmi:r. (Sycomore fig), 36. 
Gardiner, Dr. Alan, 48. 
Gateway of Nectanebos JI, relieving device in, 

190. 
-of the temenos wall at Karnak, 166. 
Gebel Ahmar, quartzite qunrries of, 23, 30, 32. 
Gcbclein, quarry inscription Bt, 2 1, 77. 
-quarryman's chisel from, 2 24. 
Gcsso,73, 151,191,199. 
'Girdle-blocks', in the Great Pyramid, 124. 
Giza, brick cupola at, 186. 
-G real Pyramid at (m Pyramid, Great). 
-imitative painting in m:istabas at, 200. 

-interlocking arch-bricks from, 183.
-mastubas at, 99. 
- queens' pyramids at, 1 16. 
-Second Pyramid at (ru Pyramid, Second). 
-Third Pyramid at (tu Pyramid, Third). 
Gold, 205. 
Graining wood, 200. 
Granite, ancient quarrying of, 24, 27. 
-burning of, 27. 
-casing blocks of, in Third Pyramid, 86, 107, 

128, 194. 
-modern quarrying of, 2 5. 
Great Pyramid (ru Pyramid, Great). 
Greek Doric column, 1 37. 
Green paint, composition of, 200. 
Grey paint, composition of, 200. 
Groma, 68. 
Groove in door-sills, 16.f. 
Guide lines, masons', on column-bases, 134. 
- on columns, 144. 
-on stairw:ws, 180. 
-on unfinisi,cd torus moulding, t 97. 
Gum, 'ZOO. 
Gu1tcrs in roofs, t 56. 
Guys (m Stays). 

Half-drums of columns re-used, 1 13. 
Haliards, 4-4. 
Hammamat, Wady, t 8, 23, 33, 86. 
Hammers (ru l>lallets). 
Handling-bosses on blocks, 86. 
Ilandspikes, 87. 
Harcmhab, King, pylon of, at Karnak, 11 5. 
Hatshepsowet, Queen, expedition under, 36. 
-great barge of, 37, 39, 41, 89. 
Haw:1rn, fluted column from, 1 39· 
-models of lamps from, 20 t. 
-pyramid of /\mencmhct I I I at, 2 3, 34, 189. I - 'The Labyrinth' at, 13. 
'Headers'.211. 
/Illar, unit of capacity, 65. 
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Herodotus, 14, 36, 84, 120, 205. 
Hesch, unit of area, 65. 
Fltt-Nul, alabaster quarry, 19-21. 
Hieratic writing, 48, 50. 
!fin, unit of capacity, 65. 
Hinges, 163. 
Hoc, 208, 2 24. 
'House of Gold', 50. 
Houses, primitive forms of, s. 
Hurst, Dr. H. E., 102 footnote. 
Hypostyle Hall of Karnak, 74, 75, 

t 52, 172. 

lmhotep, King, expedition under, 32. 
Imitative painting, 200. 

8r, 91, l 50, 

Internal bonding, 97. 
ln!crnal facings of pyr,mids, 118, t 2 1, 
lp1, boat of, 43, 44. 
Iron, 18, 25. 
Isis, temple of, at Philae, 1 31, 1 59. 
lthu, sculptor in wood, 162. 

Joggled arches (m Arches). 
Joints, 'bedding', 98, 116, 145, 
-in arcltitravcs, 1 52. 
-in lllrd dynasty masonry, 98. 
-oblique, 100, 106. 
-'rising', 100-4. 
'Jumping-iron', J 1. 

'Kahun ', fluted column at, 139· 
Karnak, column ofTarharqa at, 75. 
-court of Shcshonq I, nrchitravc in, J 12, 1 St. 
-doorw.,ys in pylons at, 165. 
-Fes1i,•al I )all ofTuthmosi, 111, columns in, 144. 
---foundations of, 74. 
---roof drainage in, 158. 
-gatewar of Nectanebos I I at, 190. 
-great brick wall at (tu Brick walls). 
-Hypostyle Hall of, architraves in, t 52. 
--clcreSlory of, 172. 
--columns of, 74, 7 5, 81, 1 50. 
--unfinished repairs in, 1 50. 
-masons' guide-lines at, 134, 144, 196. 
-pylon of Harmchab at, 11 5. 
- pylon oflumesscs I at, 73. 
-small lemple of Seti II at, 93, 145, 193, 197. 
-lemple of Khonsu at, 1 38, 165. 
- temple of lumesscs II I at, 1 5 5. 
-'Tent-pole' column at, 144. 
-unfinished column at, 145. 
-unfinished pylon at, masonry of. 93, 165, 192, 

195· 
--stairway in, 179. 

Kenufer, son of lmhlltcp, quarrying expedition 
under, 32. 

Kcrdisa, basalt outcrop at, 23. 
Keystone, 187, 191. 
Kha'frc', King, pyramid of(m Pyramid, Second). 
-statue of, 202. 
Klrar, unit of capacity, 65. 
Kha'sekhemui, King, 7.
Klttt, unit of area, 65.
Khnemhotpc, boat of, 42.
K

l
ro, unit of area, 65. 

Khonsu, temple of, at Karnak, 138, 165. 
Khufu, !{jng, pyramid of (tu Pyramid, Great). 
'King's Chamber' (ru Pyramid, Great). 
Korn Abu Billo, foundations of a temple at, 76. 
-joggled arch at, 1 87. 
Ktlm cl-Sultan, column-ba,e at, 134. 
-great brick wall at, 21 o footnote. 
Kom Wuhim, Roman house-wall at, 211. 

Ladder, scaling•, 88. 
Lamps, ancient, 20,. 
Land, units for measuring, 65. 
L,ying stone blocks, 80, 98, 107, 109. 
Lead, red, 200. 
'Least Common Denominator', ancient equivalent 

of, 22 t. 
Letter of1hc Vth dyna,t)', 21. 
Levelling, accuracy of ancient, 62. 
Levels, 70, 12 5. 
Levers, t8, 26, 80, 86, 88, 110, 148. 
'Lewis', 86, 96. 
Lifting tackle, 8, 44, 87, 91, 96. 
Light-slits, r70. 
Lime, carbonate of, used in pigments, 200. 
Limestone> architrave5 of, 91 r 2. 
- limitations of, as a building material, 12. 
-qu.1rries, 12-16, 18-21. 
-used in pigments, 200. 
Logs imitated in stone, 7, 8, 200. 
-roofs made of, 9. 
Lotus column, 7, J.f3· 
Lucas, l\lr. A., 79, 199. 
Luxor Temple, columns in, r 40. 
-doorway in pylon of, 165. 
-'facing surfaccs' in, 195. 
-masonry, in, 107, 113, 192, 195. 
- pavement in, 131. 

Malachite, 200. 
Mallets, 17, 26, 194, 224. 
l\lanurc used in brickmaking, 208. 
Ma1sara quarries, t 1-16, 197. 
l\lasonry, facing laid, 124, 192-8. 
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Masonry, oblique joints in ancient, 100, 106. 
-on concove beds, 1 16. 
-small-block, of the lllrd dynasty, 8, 96. 
-'TypeA' and'TypeD', 101,103. 
-unfinished, 86,125,145,192,195. 
-with blocks of unequal height, 107. 
Masons, ancient scene of, 105, 198. 
Mason's pick, 17, 31, 19.t, 202, 22+. 
Mason's square, 96, 100, 224. 
Masubas, angle of, casing of, 1 r 8. 
-the origin of pyramids, 6, 1 18. 
-lop of p rimi1ive, 6. 
Masts, 42. 
.Ma1hematics, ancient Egyptian treatises on, 2 16. 
-characteristics of ancient Egyptian, 2 r 7. 
Measurement, of quarry-work, 21, 29. 
-uniu of, 63-5. 
l\Iedinct Habu, Palace of Rarncsscs 111, windows 

of, 173. 
- Temple of Ra messes 111, arch in, 18 5. 
--doo rway in, 165. 
--roof-slabs in, 1 55. 
-Temple of Tuthrnosis Ill. doorway in, 165. 
-- roof drainage in, 1 57. 
--window in, 171. 
-XXVth dynasty shrines, arches in, 185. 
Meketrc', model boat of, 42. 
-model kiosk of, 1 7 3.
Memphis, 6, 69, 208. 
Mendes, 14, 208. 
Menkcwrc', King, log roofs in temple of, 9. 
Menthuhotpe JV, quarrying expedition under, 32. 
Mcreruka (JV!cra), 'false-door' of, 163. 
Mcrirc', tomb of, at El-'Am:lrna, 5+-6. 
�1crncrc', King, quarrying inscription of, 21.
Metal of ancient tools, 1 8, 24, 2 5. 
Mcydum, pyramid of (su Pyramid of Sncfcru). 
Miners' map on papyrus, 56. 
Models illustrating ancient method of building, 

107. 
- illustrating ancient method of dressing blocks, 

102. 
-scale, 59. Modern granite quarrying, 2 5. 
Monolithic folumn, erection of, 148. 
-shaping of, I 46. 
Monolithic quartzite chamber, 23, H· 
Mortar, 78-83, 110, 11 3, 155, 197. 
Mosaic of polygonal blocks on temple roofs, 1 57. 
Moulding, Torus, origin of, 6. 
-shaping of, 197. 
Mullions, 173. 
Multiplication, ancient method of performing, 2 19. 
Myccrinus (sa Mcnkcwrc'). 

Natron, 200. Nccunebos 11, gateway of, at Karnak, 86, 190. 
Ncsibanebdcd (SmcnJcs), quariy inscription of 

King, 21. Numeral-system of the ancient Egyptians, 2 17. 
Obelisk, barge carrying, J+, 39, 4 1, 89. 
-qu:trrying an, -z7. 
-Inns port of, under P1olemy Philadelphus, 3 5. 
Oblique joinlS in masonry, 1 oo, 106. 
Obsidian, cutting of, 202 (Fig. 245). 
Ochre, 16, 27, 29, ,�8, 199,224. 
Octagonal columns, 13 2, 1 36. 
Offering table, scene showing shaping of, 198 . 
Open quarries, 1 3. 
Orpimcnt used in pigments, 200. 
·osireion' (su Abydos). 
Ostraka, 5 1. 
Oudine-draugh1sman, 199,201. 
Packing-blocks in pyramids, 104, 109, 122. 
Paddles, steering, 40. 
Painting, imitative, 200. 
Paints, composition of ancient. 200. 
Palace of Ra messes II I (sa Medi net Habu). 
Pall shown in nncient 10111u-plan, 50. 
Palm, unit of length, 50, 52, 56, 63. 
Palm columns, 14 I· 
Palm-frond cnpi1als, 6, 160. 
Palm-fronds pos,ibly used m construc1ing early 

hulS, 6. 
Panelling in brick, 5,210,213. 
-in Hone, 5, 2 t 3. 
Papyrus columns, 140. 
Papyrus, used in constructing early huts, 6. 
Patches in masonry, 99, 151. 1Patchwork masonry', 108. 
Pavement, accuracy of levelling of the Great 

Pyramid, 62. 
Pavements, 6z, 1 30. 
Peg-<lowcls, 1 I z, I 5 1. 
Pcnanhiiret, statuette of, 6 5. 
Pendant-leaf capi1al, 10. 
Pent roofs, 12, 1 84, 1 89. 
Petric, Sir W. J\!. Flinders, ;8, 94, 202, 21 +· 
Phil•c, arch at, 188. 
-pilaster and pavement :tt, 131. 
- roof drainage 31, 1 59. 
- quarries for temples of, 1 5. 
rr (Pi), 118,222. 
Pick, ma.son's, 17, 31, 19,1, 202,224. 
Pigments, composition of ancicn1, 200. 
Pib.stcrs, 6, 9, 1 o, 131. 
PivolS of doors, 163, 167. 

Planes of joints i� ancient masonry, 100, io6. 
Planks, wooden, In early graves, 214. 

INDEX 

Plans, nncicni, in tomb •t El-'Amiirna, >3, 56. -of a column chnmber, 5 1. 
-of a doorway, 50. 
-of an estate, 5 3, 56. 
-of a mining district, 56. 
-of 1hc tomb of Ra messes JV, 48. 
-of 1he tomb of Ramcssc, IX, 5 1. 
Plasicr, 1 34, 149, 1 � 1. 
Platforms, ancient construc1ional 9, 121. 
'Plug and Feathers', 18, 224. ' ' 
Plumb-line, 91, 106, 125, ,48, 195. 
Plu_m�rule, 224 (Fig. 264). 
Pohslung stone, 198, 224 (Fig. 266). 
Polygonal columns, 1 36. 
-re-used hy Ramcssc, II, 149. 
Portcullis, 7, 168. 'Pot-Ju_gs', a�scncc of tr.1ccs of, in pyramids, 125_ Pound111g with stone balls (sa Dolerite). Problems, ancicn1 solu1ions of m,thcmatical 220 ';roto-Dori�' column (ut Fluted columns).' 
I iolemy PhilaJdphus, ship of, 35. 

• 239 
Pyramid of _Amcncmhi:t Ill at HawAro, monolithic cham�r i_n, 23, 3+, 190. --rcl1cving arch in, 190. 
Pyramid of Senusrct I I at EI-LahOn, brickwork of 

2 Jr. , 
--false arch in, 184. 
Pyramid of Snefcru nt Mcyd,,m, accrclion faces in 

122. ' 
--corbelled roof in, 1 8 >.
--dale of, 8, 118. 
--�cmplc of, 8,192. Pyramid of Una� at Saqqiira, masonry in, Bo, 103. --pent roof m, 184. 
Pyramids, 'accretion faces' in, 1 1 8, 1 2 t.-angles of casing of, 118.
-as sun.emblems, 1 1 8. -av?idancc of twist in construction of, 124_ -bnck, 211. 
-casi�g-blocks of, 86, 103, 122. 
-closmg o� after burial of king, 168. 
-construcuonal cmbankmcnlS for, 122. 
-core-blocks of, 122. 

Pull
6
eys, unknown in ancient Egypt, 44, s5, 

9 
Punt, expedition to, 36. 

-doors of, 1 67. 
87, -(ormed from enlarged masubas, 6. -mtcrnal facings of, 1 18, 12 1. 

-packing-blocks of, 104, 109, 122. Pylon, brick, of Shcshonq at Thebes 
-doorways of, 164. ' 
-Edfu, 11 5, 169. 
-of Amcnophis Ill, 73,114. 
-ofHarcmhab at Karnak, 93, ,65, ,79, 195_ 
-of Ra messes I at Karnak, 7 3, 1 , 4. 
-un�nishcd, at Karnak, 11 5. Pyramid, Great, of Giza, accuracy of levelling of 62. ' 
--accur,cy of length of sides of, 6s.
--accuracy of orientation of, 68. 
--casing-blocks of, 14, 109. 
--cubit, length of, 63. 
--destroyed temple of, 23. 
--door of, according to Strabo's account 168. 
--fineness of jointing of blocks in 78 ' 
--'girdle blocks' in, 1 24. ' . 
--Grand Gallery in, 180, 185. 
--groove down core-blocks in 128. 
--'Ki_ ng's Chamber' in, 171, ;8,i, 189. 
--laying �f blocks 111 construction of, 109. --monar in, 78, 79. 
--packing-blocks in, 104. 
--po'.sibility of internal facings in, 123. 
--relieving chambers i n, 184. 
--saw-marks in coffer of, 204. 
--size of, 66. 
--ventilation channels in, 171. 

-pec�liari1ies of different, 12 5, 128. -possible method by which they were faced 1 26. 194· ' 
-proportions of, 1 1 8. 
-supposed use of 'rockers' during construc1ion of, 94. 
Pyramid, Second, al Giza, 'cut1ing and filling' in 16. ' 
--1cmplc of, 148. 
--valley temple of, dovc1ails in architraves in 

I 1 2. ' 
---lights-slits in, 1 70. 
---masonry in, 108, 1 +B ,93. 
---pillars in, 1.�8. ' 
Pyramid� o( Abusir! 'a�cretion-faccs' in, 199, 122. --rcl1evmg device m, 189. 
--temples of, column-bases in, 1 32. 
---columns in, 6, 1 42. --

:--
drilling scene from, 203. Pyramid, S1ep, of Zoscr at Saqqarn, building, connected with the, 8, 10, 98. 

-colonnade near, 10, 98. 
7 con�tru_c!j�nal problems in the, 1 o, 97. 
1 yramid, l lurd, at Giza, masonry of casing of, 86, 

103, 107, 118, 121, 194. 
-wcdgc-slolS of con1cmporaiy date in, 24. 
Pyramid, truncated, volume of, 223. 
-volume of, 223. 
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240 INDEX 
Qalabsha, columns at, 82. 
-house-ruins at, 116. 
-temple of, 83. 
-wall at, 114. 
Qiiu,quarry at, 18, 19, 30. 
Qertnssi, quarry at, 1 J, 1 5.
Quarries, at Aswan, 19, 23, 27-9, 63.
-at Beni Hasan, 12-1 5. 
-at Gebel Ahmar, 23, 30. 
- at Gcbclcin, 2 I. 
-at Ma'sarn, 11-16, 21,197. 
-at Muqattam, 14. 
-at Qau, 18, 19, 30. 
-at Qertassi, 13, 15. 
-at Sheykh 'Abada, 12. 
-at Tura, 11-15, zt, 89,197. 
-covered, I J, I 5· 
-entrances to, r 4, I 9, 20. 

-guide-marks in, 16, 29. 
-Ht! Nub (alabaster), 19-z 1.
-inscriptions in, 20, 21, 32, 85. 
-north of Second Pyramid at Giza, 16. 
-open,13,15. 
-quartzite, 23, 30.
Quarrying, ancient expeditions for, z t, J z, 8 5.
-an obelisk, z 7. 
-by burning, 27. 
-metal tools used in, 1 8, 24, z 5. 
-modern methods atTura, 14. 
-modern methods for granite, 2 5. 
-wedges used in, 14, 16, 18, 26, 28, 30. 

Rain, pr�cautions against damage by, 1 5-f-6 t. 
Rakhmirc', scenes from the tomb of, 32, 92, 105, 

198. 
Ra'messe-nakht, Director of Works, 33. 
Ramesses J, pylon of, at Karnak, 7 3, 11 +· 
Ra messes II, temple of, at Karnak, 73, t q ..

- column-base of, 1 J+· 
-column usurped by, 149. 
Ra messes I II, palace of, at Medi net Habu, 17 3. 
-temple of, at Karnak, t 5 5. 
Ramesses IV, ancient plan of tomb of, 48. 
-quarrying expedition under, jj. 
Ramesseum, 1,1, 173,182. 
Rate of work i� pounding granite, 30. 
Records, ancient written, 20, 2 1, 3 5, 46, 50, 52, 

85. 
Red lead, zoo. 
Red paint, composition of, 200. 
Reeds used in brick walls, z 10. 
Reisner, Prof. George, 9, 116, zoo. 
Rekhmara, tomb of (m R.1khmirc'). 
Relieving arches and devices, 1 84. 

Rantn, unit of area, 65. 
Repairs, ancient, r 50, 153, t 97. 
R,�use ofcolumn-drurm in walls, 113. 
Rhind Mathematical Papyrus, 216. 
Ribs, lack of, in ancient boats, 36. 
Rings at mastheads of shirs, 44· 
'Riser', 178. 
'Rockcrs',61,94, 102,, 10,121. 

Rocks, ancient classification of, 3 J. 

Rollers, 8 5, 89, 90, zz4. 
Rolls, filling joints between roof-slabs, 1 5 5. 
Roofing, of Giza mastabas, 7. 
-primitive, 7. 
-with granite, I 5 I, I 89. 
-with limestone, 9, I 53· 
-with stone cut to imitate logs, 7, 9, 153, zoo. 
Roofs, pent, 1 2, 1 84, 189. 
-drainage of, 15,1-61. 
Ropes, stay•, in ships, 44. 
Royal Tombs at Thebes, 48, 63, 180. 
Rubble used in New 'Kingdom walls, 113. 
Rudders (m Steering system). 

Sa, unit of arc.1, 65. 
Sabef, interlocking bricks from mastaba of, 163. 
Sahu re' (ut Pyramids of Abusir). 
Sais, export of stone to, 14. 
Sanakht, King, 7 • 
Sandstone, architraves of, 1 36, 1 5,. 
-development of masonry due to the use of, t 3, 

I 5 I. 

-Nubian, I 5. 
-quarries, '3-16, 19,151. 
-varying qualities of, 15. 
Saqqirn, colonnade of Zoscr at, 1 a. 
-door of Kaemhesit from, 162. 
- false-door of Mereruka at, 163. 
-Festival Temple ofZoscr at, 98. 
-pent roof in Pyramid of Unas at, 184. 
-recent excavations at, 8, 10, 52. 
-rounded wall at, 116. 
- Vlth dynasty letter from, z I. 

-small-block masonry at, 8, 98. 
- Step Pyr,mid of (ut Pyr,mid, Step). 
-l Jlrd dynasty pilasters at, 9. 
Sawing stone, 10+, 194, 203. 
Scaffolding,87,95, 125, 19+, 195. 
Scale drawings, 56. 
Scaling-ladders, 88. 
Screen-walls, 173 · 
Sculptors, 162, 199. . Second Pyramid at Giza (1tt Pyramid, Second). 
Sectional drawings, 46 footnote. 
Sections, walls constructed in, 2 to. 

INDEX 
Sedcnga, Outed column, in temple of, 140. 
Sekniifer, boat of, 40. 
Separating trcncl1es in quarries, 16-18, 27, 30. 
Sesebi, column in temple of, 144. 
Scsheshet, false-door of, 163. 
Seti I, miners' map of the time of, 56. 
-'Osireion' of(ut Abydos). 
-quarrying inscrip1ion of, 21. 
- temples of (m Ahydos 2nd EI-Qurna). 
Seti II, small temple of (m Karnak). 
Sheshonq, arch of, at TJ1ebcs, 18z. 
Sheykh 'Abada, quarries at, 12. 
Ships (m Boats). 
Shrine, working drawing of, 46. 
Shrines, nest of, in a royal tomb, 50. 
-of the XXVth dynasty at Medinet Habu, 

arches in, 1 86. 
Sil,,HI,, 208. 
Silsila quarries,. 13-16, I 9, 1 5 t. 
Size, 199. 
Sleds, 85, 89, 93, 102, 109. 
Slits for admitting light, 170. 
Slots in quarry-face, 13. 
Small-block masonry of the I llrd dynasty, 8, 96. 
Sneferu, pyramid of (m Pyramid of Sneferu). 
Socket for door pivot, t 64. 
Soils suitable for brickmaking, zo8. 
Solcb, temple at, 1 5, 114. 
Span of architraves, 9, 12, 16, 151. 
Sphinx, scene of workmen polishing a, 198. 
-so-called Temple of The (ut Pyramid, Second, 

Valley Temple). 
Square, mason's, 96, I oo, 2 24. 
Square-sectioned columns, 1 36. 
Sq�aring a surface for drawing, 48, 199. 
Starrways, 52, 178. 
Stal, unit of area, 65. 
Stays, 44. 
Steering system of boats, 40. 
Step Pyramid (u, Pyramid, Step). 
Strabo, 168. 
Straight-edge, 48. 
'Stretchers', 182, 2 r r. 
Sulphide of arsenic used in pigments, 200. 
Sun/ (Acacia Ni!otica), 36, 88, 89. 
Sycamore-fig, 36. 

•rabies of fractions, ancient, 217, 218. 

Tackle, 8, 44, 87, 91, 96. 
Tafch, house ruins at, 116. 
Taharqa, King, column of, 7 5, I 41. 
Tanis, 14. 
Tarkhan, early brickwork at, 2 14. 
-planks found at, 214. 

Tt!IJ, zo6 footnote, zo8. 
Temenos walls (1tt Brick walls, great). 
Tempering copper, 25. 
Temple of Amenophis !JI (m Beil cl-Wili, EJ.

Kab, Luxor, and Sedenga). 
-Bubastis, 205, zo8. 
-Deir el-Medina, 171,176.
- El-Deir cl-Bahari (m El-Deir cl-Bahari). 
-Karnak (m Karnak). 
-Khonsu (1tt Karnak). 
- Korn Abu Billo, 76. 
-Kam Ombo, 164. 
-Qalabsha, 83, I 14. 
-Ramesses II (1tt Abydos and Ramesseum). 
-Ramesses III (1tt Karnak). 
-Seti I (ut Abydos, El-Qurna and Scsebi). 
-Seti !I (m Karnak). 
-Tuthmosis !JI (,u Karnak and Medinet Habu). 
-Zoser (1tt Saqqara). 
'Tent-pole' column, 144. 
Test-holes in granite quarrying, 27. 
Thcbes_(ut El-Qurna, El-'Asasif, Deir cl-Medina, 

Medmet Habu, and Ramesseum). 
Third Pyramid at Giza (1tt Pyramid, Third). 
Thwarts, 36, 38. 
Tilm, 208. 
T-joint in architraves, 1 52. 
'Tongs', 26, 87, 96,197. 
Tool-marks on quarry-faces, 18. 
Too!s,ancient metal, 18, 24, 25,194. 
--stone, 18, 27-30, 32, 194,198,202,204. 
--wooden, 26,194,224. 
Torus moulding, 6, 197. 
'Tread' of stair, 78. 
Trenches, separating•, in quarries, 16-18, 27, 

JO. 
Triangle, ancient knowledge of the area of, 223. 
Truncated pyramid, ancient formula for the 

,,oJumc of, 223. 
Tura quarries, 11-15, 17, z1, 89, 197. 
Tut'ankh:imUn, colonnade of, 140. 

-hinges in a box of, 163 footnote. 
-shrine and canopy of, 50. 
Tuthmosis I, boat constructed for, 34. 
-obelisk of, 76. 
Tuthmosis Ill, temples of(stt Karnak and Medinet 

Habu). 
Twist, avoidance of, in pyramid construction, 12 5. 

Unas, pyramid of(m Pyramid ofUna.s). 
Uni, record of, 2 1. 
Units of area, 65. 
Units of capacity, 65. 
Units of length, 29, 50, 52, 56, 63, 65, 92,224. 
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242 INDEX 

Valley-temple of Second Pyramid (ru Pyramid, 
Second). 

Ventilation-channels in the Great Pyramid, 171. 
Venical planes, dressing blocks with joints to, 101. 
Volume of pyramid, 223. 
Volume of truncated pyramid, 223. 
Voussoirs, 187. 

\Vady Hammamat,quarrics of, 18, 23, 33, 86. 
Walls, brick (ue Brick walls). 
- 1facing•surfaccs' on, 194. 
- hollow stone, 113. 
Water, probably used in levelling, 62. 

Waterspouts, 159. 
Wedges for spliuing stone, 13, 16, 18, 23-6, 28, 

30, 22+. 
Wheels, 87. 
White paint, composition of, 200. 
Windows, 170-7. 

Yards of ships, H· 
Yc.llow paint, 200. 

Zoscr, masonry of (ut 0/10 Saqqara), 8-1 o, 97, 173, 
178. 
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