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The satellite pyramid of Meidum and the problem
of the pyramids attributed to Snefru

Franck Monnier

Since' their partial clearance by Ernest Mackay in 1910, the insubstantial remains of the satellite
pyramid at Meidum have invoked only occasional comment, which usually only repeats the original
excavation report. Fifty years after its excavation, architects Vito Maragioglio and Celeste Rinaldi
did propose a reconstruction, but since then no one has focused on the monument, which now lies
under the sands once again.’

A new analysis of the data collected by the British archaeologist, however, raised some questions
which led me to revise and correct aspects of the reconstruction. To better understand the situation
of the satellite pyramid within the complex, I was then forced to review opinions regarding the
probable identity of the owner of the main Meidum pyramid itself.

Fig. 1. The remains of the satellite pyramid of Meidum (on the right in the photograph) are located at the
foot of the larger monument, and are now completely covered by sand (Photo: Franck Monnier).

1 | would like to thank Felix Arnold and Hana Navratilova for helping me to improve this article. I'm also grateful to David lan
Lightbody and Sandra Rosendahl for proof-reading the English text of the manuscript and to Daniel Malnati and Michel Michel
for proof-reading the French version. Any remaining mistakes are the author’s responsibility.

2 Petrie et al. (1910), pp. 10-11, pl. VII-IX.

3 Maragioglio and Rinaldi (1964), pp. 26-28, tav. 7.
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The scope of my investigation then widened to include all the pyramids attributed to Snefru and
the chronological build sequence that produced those structures, which has been the subject of
many debates. The product of this architectural and historical research project is a plausible and
coherent scenario regarding the giant architectural projects undertaken by the king throughout his
reign.*

Description and reconstruction of the satellite pyramid of Meidum

Description of the archaeological remains by Ernest Mackay (1910)

The remnants of the satellite pyramid had been spotted by Petrie in 1891, a short distance south
of the main pyramid.’ Later, in 1909, Ernest Mackay was commissioned to completely clear the
remains of the monument, which allowed him to identify its main characteristics.’

The internal chambers are now reduced to an excavation pit dug into the bedrock, but the few
remaining elements of masonry reveal a very simple layout. A descending passage enters the
structure from the north and runs straight south to a point where two superimposed closing blocks
seal the access to a short horizontal corridor. This corridor, which is covered with hotizontal
lintels, eventually opens into what seems to have been a small funerary chamber.” The walls have
disappeared, but the boundaries of the pit reveal a ground plan that was certainly square or slightly
rectangular. A tunnel dug by eatly explorers enters on the south side of the excavation area. It
continues south for almost 7 m before reaching the surface through a vertical shaft. This passage
may have been dug in a later period by Egyptians who re-used the monument for burials. Two
bodies were found in the small horizontal corridor, lying over a mound of backfill which Mackay
dated to the 22™ Dynasty.*

Only a few elements of the superstructure remained, but enough to give an idea of its original
appearance. Mackay uncovered a few scattered masonry elements on the east and west sides of the
pyramid including two or three rows of blocks, scarcely squared and mortared in place. They were
inclined at 30° to the horizontal, and rested on rocky ground which was also sloped to support them.’

The locations of the architectural remnants on the site indicate that the monument had a square
base of approximately 50 cubits length on each side."” Mackay concluded it was a small pyramid
which was intended to be used to bury a member of the royal family."" A small fragment of carved
stone was unearthed on the eastern side. A falcon, of which only the two legs remain, had been
engraved on it, suggesting that at least one stele had been erected there.

According to the plan drawn by the British Egyptologist, the northern side of the satellite pyramid
was less than 5 m from the south side of the main pyramid, and its east side was 16 m west of the
north-south axis of the main pyramid."

4 The general outline of this study appears in the chapters devoted to Snefru’s pyramids in my book Lére des géants. Une
description détaillée des grandes pyramides d’Egypte (Monnier (2017), pp. 64-111). This article gives me the opportunity to
present more comprehensive details of this particular study.

5 Petrie (1892), p. 10.

6 Petrie et al. (1910), pp. 10-11.

7 Petrie et al. (1910), pp. 10-11. The largest lintel is 4.72 m long, 1.06 m high and approximately 0.56 m thick.

8 Petrie et al. (1910), p. 10.

9 Petrie et al. (1910), p. 11.

10 Petrie et al. (1910), p. 11.

11  Petrie et al. (1910), p. 11.

12  Petrie et al. (1910), pp. 11-12.

13 Petrie et al. (1910), pl. VIII.
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Fig. 2. Site plan of the satellite pyramid of Meidum

(after Pettie ez al. (1910), pl. VIII, scale: 1/800).
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Fig. 3. Cross-section and plan view of the satellite pyramid of Meidum

(after Pettie e al. (1910), pl. IX, scale: 1/200).
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2 PASSAGE WAY.

3 PASSAGE END.

Fig. 4. Remains of the satellite pyramid of Meidum
(after Petrie ez al. (1910), pl. VII (1-3)).
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Description of the archaeological remains and reconstruction by Maragioglio and Rinaldi (1964)

In 1963, architects Vito Maragioglio and Celeste Rinaldi described the monument by repeating
the information collected by Mackay." They do not appear to have recorded any additional details
from the site themselves, probably because sand had mostly covered it since the excavations carried
out at the beginning of the 20" century. Their plans were almost identical to those produced by
Mackay, with only dimensions having been added (Figs. 5 and 6). Their main contribution was to
comment and interpret the archaeological documentation and to offer a reconstruction of the
monument based on those documents.

They found that Mackay’s proposed inclination for the descending passage of approximately 25°
was problematic, as it implied an entrance situated at ground level and not in the north face, as
was normal practice for such monuments at the beginning of the 4" Dynasty."” Although there are
exceptions to almost every architectural rule made at that time, their concerns seem justified in
view of the fact that the masonry layers of the superstructure were also inclined. The plans in the
report published by Petrie and Mackay were rudimentary and unclear in certain respects, but after
analyzing their data, I am inclined to think that, to reduce the volume of stone cutting and setting
operations required, the slope of the descending passage followed that of the construction layers,
which were inclined at 30°. Consequently, the corridor was also inclined at 30°, and this is how
Maragioglio and Rinaldi reconstructed it in their plan.'s

Fig. 5. Plan of the satellite pyramid of Meidum (after Maragioglio and Rinaldi (1964), tav. 7 (fig. 2)).

14 Maragioglio and Rinaldi (1964), pp. 26-28, tav. 7.
15 Maragioglio and Rinaldi (1964), p. 48 (obs. 28).
16 Maragioglio and Rinaldi (1964), tav. 7 (fig. 6).
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Fig. 6. Cross-section and plan view of the satellite pyramid of Meidum
(after Maragioglio and Rinaldi (1964), tav. 7 (fig. 1)).
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Fig. 7. Cross-section of the blocks on the edge of the satellite pyramid of Meidum
(after Maragioglio and Rinaldi (1964), tav. 7 (fig. 4)).

Another significant point raised by the Italian architects was the unusual proximity of the satellite
pyramid to the main pyramid of less than 5 m."” Again I share their opinion when they dated the
satellite pyramid’s construction to before the so-called ‘E3’ stage of the main pyramid’s construction,
that is to say shortly after or during one of the first two stages which are known as ‘E1” and ‘E2."

17 Maragioglio and Rinaldi (1964), p. 46 (obs. 25).

18 Ludwig Borchardt was the first to discern and understand the three different states of the monument he named E1, E2 and
E3 (Borchardt (1928)). The first two consist of a step pyramid which was enlarged once. The third is the one that turned the
monument into a smooth-sided pyramid.
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Fig. 9. Reconstructed section of the satellite pyramid of Meidum according
to Maragioglio and Rinaldi ((1964), tav. 7 (fig. 3)). The reconstructed part is
shown in red. The blocks at the base of the central core are hypothetical.

In the earlier phases, the satellite pyramid would have been located at 24 and 19 m respectively
from the side of the larger pyramid. These distances are much more conventional, and would have

facilitated the construction of the satellite pyramid by leaving a reasonably large clear space for the
builders."”

With this in mind, Maragioglio and Rinaldi referred to the characteristics of the main pyramid to
reconstruct the superstructure of the smaller building. The core layers inclined at 30° revealed a
construction technique similar to that of the main pyramid, where the masonry elements were
inclined towards the center of the monument by 15° with respect to the horizontal

This comparison led them to reconstruct the subsidiary pyramid with a stepped structure similar
to that of its larger neighbor, that is to say, with three consecutive outer layers sloped at 75° to the
horizontal, leaning against a central core.

19 A fragment of stele engraved with a hawk was discovered near this monument. That steles of the upper temple relating
to the final stage E3 were not decorated is another argument suggesting that the satellite pyramid is at a stage prior to E3
(Maragioglio and Rinaldi (1964), p. 46 (obs. 27)).

20 Maragioglio and Rinaldi (1964), pp. 12-14.
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A propoxed reconstruction

The observations made by the Italian architects were pertinent, but I do not agree with the
reasoning that led them to reconstruct the small pyramid with stepped, steeply inclined outer layers,
inclined at 75°. If that had been the case, the inclination of the foundation elements discussed
earlier, constructed around the perimeter of the base, would not have followed the observed angle
of 30°, but would have been at an angle of 15° (90-75=15).

A structure of this general configuration, but with foundations inclined at 30°, leads me to conclude
that the external faces of the pyramid had a slope of 60°.*' Sloping-layer structures were developed
during the reign of Djoser,”” and were replicated up to the time when the eatly stages of the
Meidum pyramid were being built. The form increased the stability of the structure while avoiding
labor-intensive slope cutting of casing block faces. While the general arrangement of the cross-
section proposed by Maragioglio and Rinaldi was interesting in some respects, it is clear that the
inclination of the outer layers of their putative superstructure did not match the inclination of the
foundation blocks found 7z situ. Furthermore, only the periphery of the base was cut to receive
inclined stones. The core rests entirely on a leveled foundation, and this invalidates the part of their
hypothesis which envisaged several concentric layers.

In the light of these facts, it seems that the satellite pyramid was more probably a true pyramid,
with flat and steeply inclined faces in comparison with other monuments of this kind.” It remains a

Satellite pyramid Main pyramid

Fig. 10. Construction techniques with sloping layers applied at Meidum.

21 The slope of the faces is always perpendicular to the laying beds of the blocks in the layer pyramids. There is a cutting of the
facing blocks when this technique is occasionally used in later periods, especially in Dahshur-South (Maragioglio and Rinaldi
(1964), pp. 56-58) and Abu Rawash (Valloggia (2011), p. 42). Mackay did not report anything like that at Meidum. If there
was such an adjustment, the faces would have been even more inclined, moving them even further away from the model
established by Maragioglio and Rinaldi (fig. 7).

22  Lauer(1936),p. 17.

23 | have already set out this view in Monnier (2017), p. 73, excluding the possibility of an atypical two-step pyramid with sloping
faces of 60 °, the height of which would not exceed 12 m.

The Italian architects had rejected the hypothesis of flat faces arguing that the inclined beds were used only in the step
pyramids (Maragioglio and Rinaldi (1964), p. 45 (obs. 25)). The outer envelope of the Dahshur-South pyramid entirely
invalidates this argument. Their error of judgment was induced by the proximity of the step pyramid E1 or E2.
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matter of discussion why the Egyptian architects would have chosen to erect a small ‘true’ pyramid

next to the pyramid of Meidum, which in its earlier phases was only a step pyramid.

PR 00 2300 O A, A AT
3 g__\gx\\‘m,\x‘\x_ N
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Fig. 11. Reconstruction of the satellite pyramid of Meidum proposed by
the author (Hast-West cross section and isometric view).

Positioning the satellite pyramid in the chronology of Snefru’s building projects

The attribution of the Meidum pyramid

The debate surrounding the ownership of the Meidum pyramid divides scholars into two main

camps. On the one hand are supporters of a single attribution to Snefru,?* and on the other hand

is a group who believes that Huni first built a step pyramid and then completed its second stage,
and that Snefru then completed a third phase of construction during which the monument was
transformed into a smooth-sided pyramid.” If there were once scholars who attributed the Meidum

pyramid to Huni alone,® such a viewpoint is rarely expressed today.”’

None of the hypotheses can be stated definitively due to a lack of documentary evidence, but it will

be argued here that the evidence available is cleatly in favor of one of them.

24
25

26
27

Lehner (1997), p. 97; Verner (2001a), pp. 166-168; Stadelmann (2010), pp. 31-38 ; Monnier (2017), pp. 64-67.

Lauer (1962), pp. 218-220; Edwards suggests such a possibility (1992, pp. 120-122); Vercoutter (1992), pp.265-266; Reader
(2015), p. 221.

Maragioglio and Rinaldi (1964), p. 8.

Harpur (2001), p. 25.
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Some authors find it unlikely that Snefru, the first king of the 4™ Dynasty, who commissioned two
latge pyramids at Dahshur,” could also have overseen the construction of a third monument of
similar magnitude, given that his reign was not, apparently, particulatly long.” It therefore became
conventional to claim that his father Huni first built a step pyramid at Meidum, which was then
modified to acquite the form of a true pyramid with smooth faces.”

But as Rainer Stadelmann recalled in a recent publication,” no mention of Huni has ever been
found anywhere near the site of Meidum. Admittedly, no inscriptions mentioning Snefru have
been found that can be dated to the period of the pyramid’s construction either, but the Egyptians
of the New Kingdom regarded Snefru as the sole owner of the monument. Some of the graffiti
left on the walls of the funerary temple during the New Kingdom refers to the ‘temple of
Snefru™* (hwt ntr Snfrw). Other texts that appear to date back to the 6™ Dynasty also mention
the name of Snefru.”” Another notable piece of evidence is the name of a domain called ‘Snefru
is stable’ (dd Snfrw) that sometimes designated a town, and sometimes a pyramid.** According
to Jean Yoyotte, based on the few examples recovered so far, the location associated with the
toponym should be at Meidum,” and this point of view is now generally accepted.’

It is worth noting that officials who served during the reign of Snefru, such as Nefermaat, Rahotep,
and Ranefer, were buried in large mastabas located at Meidum.”” By studying the monuments
belonging to the first of these officials, Nefermaat, archaeologist Yvonne Harpur appears to have
reached conclusions that undermine any hypothesis that attributes all of the construction phases
of the Meidum pyramid to Snefru.’® Her conclusions also reinforce those hypotheses which ate in
opposition to such a proposal.”’

By carrying out a detailed archaeological survey of the mastabas of the Meidum necropolis, and
in particular of mastaba n°16 which belonged to Nefermaat and Atet, the American archaeologist
was able to confirm the existence of several construction phases, which included modifications
and enlargements.”’ The decoration within the tomb and arranged in the outer chapel also
showed, by the diversity of the techniques used and variations in the themes represented, that
construction continued over a long period of time. The decoration also made it possible to
deduce genealogical information about the tomb’s owners, and threw further light on the era as
a whole.

Described in his tomb as the ‘eldest son of the king’s body’,* Nefermaat is known to have officiated
as a vizier and overseer of all the royal building works, and although the king in question is not
named, Nefermaat’s period of service is almost universally placed chronologically during the reign
of Snefru.”” This conclusion is reinforced due to the mention of Snefru in an inscription made in

28 Read Monnier (2017), pp. 106-111.

29 Lauer (1962), pp. 218-220.

30 Lauer (1962), pp. 218-220; Reader (1995), p. 221.

31 Stadelmann (2010), pp. 31-38.

32 Navrétilova (2011), p. 117.

33  Petrie (1892), pl. XXXII (n°1). Their dates remain to be confirmed.

34 Posener-Kriéger (1976), pp. 268, 623-624; Baud (1999), Il, p. 404.

35 Yoyotte (1963), pp. 92-98.

36 For example: Lehner (1997), p. 97; Verner (2001a), p. 166-168. See also the bibliography in Harpur (2001), p. 275 (n. 5).
37 Petrie (1892), pp. 11-21, pls. 5-7; Harpur (2001).

38 Harpur (2001), pp. 21-33.

39 See note 24.

40 Harpur (2001), pp. 35-47.

41 Petrie (1892), p. 39.

42 LAV, 376-377 (William Kelly Simpson); Strudwick (1985), pp. 110-111 (n°86); Baud (1999a), I, p. 490.
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Fig. 12. The mastaba of Nefermaat at Meidum. The pyramid is in the background.
(Photo: Franck Monnier)

a niche of the tomb of the vizier, which refers to a domain founded during his reign called ‘the
nurse of Snefru’ (mnt Snfrw).*

Uncertainty remains as to Nefermaat’s filial relationship with the king. While he is referred to as
son of the king’s body, he is not mentioned anywhere in recovered texts as the son of Snefru in
particular. According to Harpur, the fact that the vizier is referred to as eldest royal son is also
problematic.** The logic behind the archaeologist’s conclusions is as follows: could he be the son of
Snefru, since texts made in his tomb at the time he was buried at Meidum state that his offspring
totaled fifteen children, nine of whom had already reached adulthood?*

Since a child at that time reached adulthood at about 15 years, and assuming that Nefermaat began
to conceive offspring when he was 15 or 16 years old, then he must have died at a minimum age of
39 or 40 years. This is the minimum age of the eldest son added to the minimum age of Nefermaat
when he first became a father (24 + 15 or 16).*

Furthermore, if Snefru also saw his eldest son born in his 16" or 17" year, then this implies that he
must have been at least 55 years old (15 or 16 plus 39 or 40) when Nefermaat died. By that time,
the great burial site of the sovereign at Meidum had already undergone many changes.*” Harpur
also thinks that Nefermaat must have been buried at Meidum before the royal necropolis had been
transferred to Dahshur, otherwise he would have wished to relocate his tomb to be close to the

43  Petrie (1892), p. 39, pl. XIX.

44 Harpur (2001), p. 29.

45  Harpur (2001), p. 28.

46 Harpur (2001), p. 29.

47 Read Monnier (2017), pp. 64-111.
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sovereign’s new funerary site. Based on these calculations, Harpur concluded that the vizier died
in Snefru’s fifteenth regnal year which corresponds to the 8™ census year of his reign.* Finally, if
we suppose a quasi-constant biennial rate of censuses,” and given the existence of a count which
refers to Snefru’s 24" census year in Dahshur, the implication is that the king survived until he was
at least 85 years old.”

Harpur considered that it was unlikely that the king lived to this relatively old age,”" and doubted
that Nefermaat was Snefru’s son. She suggested, instead, that Nefermaat’s father was the king Huni,
who preceded Snefru. This in turn led her to the conclusion that construction of the pyramid at
Meidum was begun during the reign of Huni, and the vizier wanted to be buried near his father, for
whom the original step pyramid of Meidum had been erected. Huni, the last king of the 3™ Dynasty,
would therefore be responsible for the eatly stages of the monument, while his successor Snefru
subsequently transformed it into a true pyramid in an act of filial piety.”

The rigorous analysis set out by Yvonne Harpur means that estimates of the contribution made by
Snefru to the total quantity of construction achieved at Meidum could be reduced, and it indicates
that Huni could indeed have been buried there.

Despite the undeniable value of the argumentation, there are many separate hypotheses put forward
in order to reach such a conclusion. For example, there is no evidence that the fifteen children
represented in Nefermaat’s tomb all have the same mother, who was assumed to have been Atet,
since another probable wife, Neb, is represented twice in their tomb, including one occurrence with
the vizier.” Although Neb never appears with children, it cannot be excluded that she is the mother
of at least one of Nefermaat’s.

? Huni |- Meresankh |

? Snefru Hetepheres |

Nebi ([ e Nefermaat Atet Khufu ———------
17
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Fig. 13. Genealogy related to Nefermaat
(in red is the hypothesis by Harpur ((2001), pp. 21-33)).

48 Harpur (2001), p. 25.
49  Harpur (2001), p. 29. The biannual rate of censuses suffers from at least one exception during the reign of Snefru (see below).
50 Harpur (2001), p. 29. It seems to me that the calculation of Yvonne Harpur should give 55+16x2, or 87 years.
51  Harpur (2001), p. 29.
52 Reader (2015), p. 221.
53 Harpur (2001), p. 30.
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His children are depicted twice in the mastaba. The older scene displays fifteen children, including
six who are shown as adults, while the second depiction raises the numbert of adults to nine.”* That
implies that an interval of at least three years had elapsed between the two phases of decoration,
meaning that the construction of the tomb took a substantial length of time. Given this level of
commitment at Meidum, it is conceivable that Nefermaat would have been reluctant to commence
building an equivalent eternal dwelling place in Dahshur. Furthermore it is not certain that he
possessed the right to undertake the construction of a second tomb at all, or that he ever expressed
a wish to be buried at the new site of Dahshur with Snefru, while the Meidum complex was still
considered part of the main funerary domain (cf. below).

In conclusion, placing the vizier’s death prior to the inauguration of the necropolis at Dahshur is
a hypothesis which remains possible, but involves a substantial degree of uncertainty. The margin
of error is considerably increased by all the possibilities offered by the offspring, who cannot
be certified as coming from the same mother.” Furthermore, the minimum age of Snefru is
calculated based on a census system that is supposed to be biannual and regular; something that is
not confirmed by related documents.”

The information is therefore too vague to state definitely that Snefru lived a minimum of 85 years.
The real length of time was probably less, but even if he did live this long, is such an age so unlikely
that the possibility should be ruled out? Other, even longer reigns during the Old Kingdom suggest
that it was possible.”’

It is known that funerary temples could host cultic activities for several generations. They were
maintained and supplied by domains founded for the purpose. However, the upper temple of
Meidum shows no trace of such activities, and this seems incompatible with the proposal that
Huni, or any king, was ever buried in the adjacent pyramid.”®

The internal structure of the pyramid is made up of successive sloping layers, and is typical of the
construction technique used for pyramids during the 3" Dynasty. Many researchers are therefore
convinced that the internal structure of the Meidum pyramid must date back to the end of the 3¢
Dynasty, and that, consequently, Huni initiated its construction.” However, the archacological evidence
does not support dating this construction technique to the 3* Dynasty alone. For example, Snefru
had a small provincial pyramid erected at Seila with this structural form.”” There is no architectural
evidence to prevent the proposal that Snefru commissioned the Meidum pyramid, and then asked
his architects to modify the project twice. In fact, there is nothing dating to the Old Kingdom which
indicates that a sovereign could appropriate the burial of his predecessor.®" At most, there is some
evidence of spoliation, or the destruction of older structures for re-use in later funerary complexes.*

54  Harpur (2001), p. 28.

55 ‘Lalongueur d'un régne est cependant trés variable, de méme que I'age de I'accession au tréne, ce qui brouille les données,
d’autant plus que ces informations sont inconnues pour cette période. Cela rend donc tout calcul référent a la succession des
générations tres largement artificiel, surtout que le regne de Snéfrou est particuliérement long’ (Baud (1999a), I, p. 490).

56 Especially because of the 7" and 8t counts which do not include any odd census (royal annals of the Palermo stone (Wilkin-
son (2001), pp. 143-146; Jiménez Serrano (2004), p. 54). Read Baud, (1999b), pp. 120-121. The short synthesis proposed by
Miroslav Verner offers a very useful bibliography on the subject (Verner (2008), p. 39).

57 The reigns of Pepi | and Pepi Il would have lasted respectively at least 50 and 60 years (Gourdon (2016), pp. 34-41).

58 It is also doubtful whether Snefru wanted to stop any religious activity dedicated to his father for several decades with the
sole aim of modifying his supposed pyramid for purely aesthetic reasons.

59 Lauer (1962), pp. 218-220.

60 Swelim (2010).

61 Stadelmann (1985), p. 80.

62 The pyramids of Amenemhat | and Senusret | at Licht (Goedicke (1971) and also Harpur (2001), p. 24).
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The chronological calculations seem to indicate that Snefru ruled for a maximum of 46 years,” so
would he have been able to construct all three giant pyramid projects in this limited period of time?

A comparison can be made with the pyramid of Khufu, whose construction is better studied. With
a volume of nearly 2,600,000 m?, the Great Pyramid was apparently completed in less than 27
years.”* A simple calculation of proportionality based on this figure suggests that the ‘Red” pyramid,
at 1,750,000 m’, may not have required more than 18 years of construction activity. This estimate
should perhaps be revised downwards, considering the size and number of buildings that were
annexed to the pyramid of Khufu, as well as its funerary chambers that were far more complex
than those of the pyramids of Dahshur-North.” Based on this calculation, all of Snefru’s projects
could, therefore, have been completed in around forty years. There is nothing to prevent us from
thinking that Snefru could have built all three of these great pyramids during his reign.

While there is no convincing evidence that Huni was the builder of the Meidum pyramid, there
is substantial evidence in favor of Snefru, and the vast majority of researchers no longer seek to
‘remove him from the equation’. Despite this, there are scholars who still assign only the third stage
of the site’s construction (E3) to Snefru’s reign. Given the absence of any text which mentions
Huni, this point of view remains a subjective appraisal, which can only be defended by undermining
the arguments in favor of his successor. While the various pieces of evidence available are more or
less solid, all of them lead in the direction of Snefru.®

The chronology of the three building sites of Snefru and the position of the satellite pyramid of Meidum

Assuming then that Snefru built all three giant pyramids of Meidum and Dahshur from beginning
to end, the sequence of operations remains to be determined. Where should each project be placed
within the chronology of his reign? The intention here is not to analyze all of the architectural
evidence and all documentation relating to the pyramids of Meidum and Dahshur, since I have
already set out the results of my research on this subject in recent publications.” Here I shall
restrict myself to summarizing the essential points with respect to the objectives of this article.

It is known that Snefru laid the foundations of the ‘Red’ pyramid during the 15 census year,”
while the highest census year reference ever collected for his reign refers to the 24™ census.”
Another inscription referring to the 15" count, found on a foundation block of the valley temple
in Dahshur-South,” seems to show that the Bent pyramid was completed, or almost completed, in
its current form by that time.”!

63  We know that there is no odd year between the seventh and eighth counts. All the dates collected at Meidum present a serious
imbalance between the years of the census and the years after the census (the so-called ‘années intercalaires’), the latter being
much fewer (Verner (2001b), pp. 365-372). However, no one is yet in a position to respond satisfactorily to this problem. A rule
of 46 years is a maximum limit and it is possible that it was lower. | have demonstrated with a very simple calculation that 40
years would have been enough to accomplish his projects. Also, | give myself a safety margin by working with this value.

64 27 yearsis the highest possible length on the assumption of a regular biannual count, given that the year following the 13t count
is the highest ever recorded for the reign of Khufu, and probably the one that marks the end of his reign (Tallet (2017), pp. 5-10).

65 | cannot share the assumptions and conclusions of Rolf Krauss that Snefru would have reigned only 24 years and the ‘Red’
pyramid would have required only ten years of work (Krauss (1996)). It would be to admit a strictly annual account for the
censuses, which the documentation refutes.

66  Removing the first two stages of the Meidum pyramid would not bring anything fundamental to the problem. This would only
remove 13% of the total volume of the three pyramids, i.e. only 5 years of work from the supposed 40 years.

67 Monnier and Puchkov (2016) and Monnier (2017).

68 Stadelmann (1986), p. 234, fig. 1.

69  Stadelmann (2008), pp. 104-110.

70 Stadelmann (2011), p. 741.

71 Monnier (2017), p. 107.
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Many dated masons’ marks, similar to those found on the Dahshur plateau, were discovered at
the Meidum pyramid.”” The dates exhibit great heterogeneity, and all are between the 7" and the
23 count.” No eatlier dates have been found, but this can be explained by the origin of the
blocks, which were all extracted from the outer layers of the building completed during phases E2
and E3.” The evidence suggests that construction was catried out continuously throughout the
reign, and in a way that meant a burial place was always available at short notice, even if it proved
impossible to finish the newer projects due to the premature death of the king,

Nearly 18 years would have been required to complete the ‘Red’ pyramid, which represents 45%
of the total volume of masonry used in all of Snefru’s funerary projects. By postulating that
quarrying, transport, and construction continued throughout his reign, then this leaves 22 years for
the Dahshur-South and Meidum projects.

Volume
Seila Meidum Meidum? Dahshur-South Dahshur-South Dahshur-North  Total
(Satellite pyramid) (Satellite pyramid)  (Bent pyramid) (‘Red’ pyramid)
6,000 m? 6,000 m® 640,000 m? 24,000 m? 1,467,000 m? 1,750,000 m? 3,893,000 m?
0.15% 0.15% 16.44% 0.62% 37.68% 44.95% 100%

Table 1. Volume of the pyramids attributed to Snefru.

During the 7" census year, Snefru launched a raid into Nubia and brought back 4,000 men, 3,000
women, and 200,000 head of cattle,” and there is little doubt that this booty was required to satisfy
the growing need for provisions and manpower at the increasingly large building sites. Phase E2 of
the step pyramid of Meidum had certainly been completed by that time; its 500,000 m’ could have
been laid in approximately 5 years.

Building work was then moved to Dahshur-South. The project was to construct a pyramid with
smooth and sloping faces of 60°, the very first of its kind.” When building work had reached a
minimum height of 26 m, it was decided to enlarge its base by enclosing it with masonry outer
layers, arranged in slightly inclined beds. Both parts of the project were able to reach a height of 136
m.”™ To do this, the outer faces of the second stage wete inclined by approximately 55°. However,
structural movement in the enveloping masonry then compelled the architects to abruptly diminish
the outer inclination to avoid further ovetloading the structure.”

From that moment on, it was decided to build the upper part following a slope of approximately
44°. Until recently, most scholars agreed that the bent shape was the final shape desired by the
builders, but there were no clear reasons for reaching such a conclusion. The research I conducted

72  Rowe (1931), p. 26, pl. 38 (fig. 2); Posener-Kriéger (1991); Petrie et al. (1910), p. 9, pl. V.

73 Verner (2001b), pp. 365-368.

74  Lauer (1976), p. 79.

75 The volume indicated for this pyramid was calculated with a height of 91.90 m, a value determined by Petrie (Petrie (1892),
p. 6). The measures of Maragioglio and Rinaldi lead to the value of 94.50 m (Maragioglio and Rinaldi (1964), p. 16).

76  Wilkinson 2000, pp. 141-142; Jiménez Serrano (2004), p. 54.

77  Gilles Dormion and Jean-Yves Verd'hurt recently proposed a complete revision of the chronology of the Snefru construction
sites, the pyramids attributed to him, as well as the shapes adopted by each project (Dormion and Verd’hurt (2016)). See my
review: Monnier (2017b).

78 Monnier and Puchkov (2016), p. 29 (fig. 13).

79 Monnier and Puchkov (2016), pp. 28-33.
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jointly with Alexander Puchkov, however, revealed that extending the lines of the upper part

generates the exact profile of the ‘Red’ pyramid, and identical dimensions overall.*’

We concluded that the bent form was only created as a result of the abandonment of the project
before its completion. It seems clear that Snefru’s second great project, the Bent pyramid, should
eventually have had the silhouette of a true pyramid, with sloping faces of approximately 44°.
The upper part was, apparently, to be completed first, and this was surely due to the existence
of a construction ramp which enveloped the lower part. The builders would have intended to
complete the lower outer layer last, after dismantling the scaffolding and ramp. In the end, repeated
subsidence within the structure overcame the motivation of the overseers of works, and they
completed the upper part of the pyramid, but refrained from adding the lower outer layer with
a slope of 44°. The construction ramp was dismantled, the faces were finished, and the pyramid
finally acquired its bent shape.*’ It was then decided to build another pyramid, but in Dahshut-
North, with the intended form already defined.

It may seem curious that a satellite pyramid with sloping-faces, identical in form to that of the
‘Red’ pyramid of Dahshur-North, was erected at Dahshur-South, and not near the former. But
there are some characteristics that favor a close chronological relationship between the two
monuments. The similar quality of the masonty, stones laid with horizontal layers,*> and the
existence of two-sided corbelled chambers with finely cut protrusions in both monuments® lead
me to think that the satellite pyramid of Dahshur-South was erected either during the last phase
of the Bent pyramid’s construction, or during the construction of the ‘Red’ pyramid. Its position,
approximately 52 m (or 100 cubits)* from the south side of the Bent pyramid makes me inclined
to accept the second alternative, since the base around the Bent pyramid had to be clear in order
to set out a ground plan at this precise distance.” The sequence of construction phases was
perhaps challenging for establishing such a large subsidiary building on the outskirts of a great
pyramid which was still under construction, but they may have persevered to ensure that the king
had a satellite pyramid ready in the event of his premature death.

Whatever the reason for building it, it seems that the satellite pyramid did not have to be in the
immediate vicinity of the intended final burial place of Snefru. Its construction made it sacred, so
it could fulfill its intended function, which remains mysterious as we still do not know the exact role
that satellite pyramids held within funerary complexes.*

In this context, the observation made by Jean-Philippe Lauer that the profiles of the satellite
pyramids had to be identical to those of the main pyramids, at least during the 4™ Dynasty, is
significant.”” It can be observed that this relationship held for the funerary complexes of Khufu,*

80 Monnier and Puchkov (2016), p. 29 (fig. 13).

81 Monnier and Puchkov (2016), p. 32.

82 According to Howard Vyse, the upper part of the Bent pyramid of Dahshur-South is made of sloping beds being inclined
3° 30’ downward (Vyse (1842), p. 66).

83 Maragioglio and Rinaldi (1964), p. 74-80, tav. 15; Monnier (2017), pp. 97-99.

84  Same value as the length of each side of the monument (Maragioglio and Rinaldi (1964), p. 76, tav. 15).

85 Fakhry (1959), pp. 89-96; Maragioglio and Rinaldi (1964), tav. 8 (fig. 2). There is also a great similarity between the chambers
of this satellite pyramid and those of Khufu's pyramid at Giza (Monnier (2017), pp. 124-147), indicating a direct succession in
the history of this dynasty.

86 They are to be distinguished from the subsidiary queens’ pyramids. Herbert Ricke, following Gustave Jéquier, considered them
as Ka tombs (Jéquier (1936), 9 and Ricke (1950), pp. 106-107) and not as burials, an opinion often expressed, although being
nuanced (Arnold (1997), p.70). That regular worship could be celebrated there is not established. Read Lehner (1985), pp. 74-
85 and Janosi (1996), pp. 5-30, 181-183, 280-287.

87 Lauer(1968), p. 106.

88 Hawass (1996), p. 385-386.
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(2001b), pp. 365-368 and Gundacker (2007), pp. 24-30. See also Monnier (2017), pp. 106-111).
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Khafre® and Menkaure.” Jéquier also noted it at the queen pyramids of the complex of Pepy II
at Saqqara.”

It is on the basis of all this evidence that I think it is possible to position the satellite pyramid of
Meidum within the wider chronology and construction logic of Snefru’s construction sites. Firstly,
the stele fragment found on the site is reminiscent of the steles engraved with the Horus name of
Snefru found in the complex of Dahshur-South, still oriented towards the east. In addition, the
inclination of the Meidum satellite pyramid’s faces is only paralleled by those of the first phase of
Dahshur-South.”” Soif the satellite pyramid associated with the ‘Red’ pyramid was established near
the monument which directly precedes it in the chronology of the major building sites, then I am
led to think that the satellite pyramid at Meidum was associated with the first phase of the Bent
pyramid project at Dahshur-South.

Locating a ‘satellite pyramid’ at such a distance may seem like a surprising hypothesis, but all of the
evidence indicates that a completed pyramid was always considered an integral part of any great
funeral complex, whatever the distance and the later modifications.

Finally, there are several other notable observations that are worth setting out here. Dahshur-North
and Dahshur-South were sometimes considered to be a pair, as one site, sometimes designated as
‘[The two pyramids] of Snefru are rising’,”> and sometimes separately as [The southern pyramid]
of Snefru is rising”* and (probably) [The northern pyramid] of Snefru is rising”.”> Ultimately,
Snefru was certainly butied in the ‘Red” pyramid at Dahshur-North,” while the upper temple at

Meidum remained unfinished, probably because of the king’s death.

While the ‘Red’” pyramid complex was hastily completed using brick as a building material,”
evidence from the upper temple and the valley temple of the Bent pyramid at Dahshur-South
indicates a lengthy period of cult activity dedicated to the king,”® No monument was thus definitively
abandoned, and all of the temple buildings retained the functions for which they were originally
founded, provided that they were completed. With respect to the pyramids, each new project
relegated the previous one to the rank of a cenotaph.

Due to its proximity to the main pyramid, the satellite pyramid of Meidum could have been
dismantled, or in the worst case, damaged by the final construction phase which converted the
Meidum monument into a smooth-faced pyramid (the final stage E3). Following the logic of the
construction phases described here, the last transformation at Meidum was probably a contingency
against the sudden death of a sovereign who, knowing himself to be ageing would have feared

89 Holscher (1912), pp. 34-35, 57, 64; Maragioglio and Rinaldi (1966), pp. 90-91, 130-131, tav. 17.

90 Reisner (1931), pp. 55-68.

91 Jéquier (1933), pp. 10-11.

92 ltis therefore legitimate to ask whether the internal structure of the Bent pyramid does not have this same section with slop-
ing beds of 30°. Indeed, one can imagine that the transition from the step pyramid to the smooth-faced pyramid took place
gradually, again using at least one outer sloping layer. The enlargement of the first Dahshur-South project was carried out by
means of an inclined bed envelope, but with less slope. The ‘Red’ pyramid and its satellite pyramid are thus perhaps the first
to have been entirely built in horizontal layers.

93 Cited in the Dahshur decree of the year 21 of Pepy | (Borchardt (1905), p. 1-2; Strudwick (2005), pp. 103-105).

94  Maspero (1885), p. 190.

95 This distinction is not attested, but is proved by the existence of the ‘southern pyramid’ (Monnier (2017), p. 106).

96 Human remains were discovered in the ‘Red’ pyramid and analyzed by Ahmed Batrawy who dated them to the Old Kingdom
(Batrawy (1951), pp. 435-440). But the invalidation of some of his conclusions leaves room for doubt (Monnier (2017), pp. 99,
105). Although it is possible that we are dealing with a late reoccupation of the burial site (Maragioglio and Rinaldi (1964),
p. 132), the ‘Red’ pyramid was the best candidate to receive the king’s remains.

97 Stadelmann (1993).

98  Fakhry (1959), pp. 75-87, 97-104, 106-117 and Fakhry (1961).
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that his new tomb at Dahshur-North might not be completed in time. It was therefore expedient
to finish off the step pyramid as a true pyramid, while all the layers of the new giant pyramid at
Dahshur-North were still under construction.

Fig. 16. The three giant pyramids attributed to Snefru: Meidum (on the left), Dahshur-South
(in the middle) and Dahshur-North (on the right) (Photos: Franck Monnier).

Conclusion

In this gigantic puzzle of evidence relating to the funerary domains of Snefru, there are many
remaining questions to be answered.” Any conclusions drawn are founded on assumptions, but
these limitations do not negate the existence of some solid facts. It is now established that Snefru
initiated the two pyramid projects at Dahshur. Numerous indications suggest that he also built the
Meidum pyramid. He certainly completed the Meidum pyramid, and there is a lack of evidence
to say that Huni erected the first stages of that monument. Contrary to widespread opinion, it
was quite possible for Snefru to build all three giant projects at Meidum and Dahshur. If one can
accept that Khufu completed his huge funerary complex in around 27 years, there is nothing to
say that Snefru could not complete his three pyramids in forty years, following a similar system of
quarrying, transport, and installation of stone blocks.

The symbolic hypothesis made by others concerning a supposed duality observed in the architecture
at Dahshur'” (the two-part shape of the Bent pyramid, the two pyramids on the site) is contradicted in
the first instance by a structural analysis of the Bent pyramid, which suffered many small subsidence

events during its construction, and underwent many modifications as a result;'""

and secondly by
the chronological sequence of the construction of the two buildings. If the original intention had
been to create a bipartite domain at Dahshur, it is likely that the two monuments would have been
erected simultaneously and not successively. Moreover, there is absolutely no textual or iconographic
evidence that supports such a hypothesis. This does not, however, mean that the two monuments did
not eventually constitute a coherent whole in the eyes of the Egyptians, and the choice of the second
site did not mean the total abandonment of the first. The earlier monument had been consecrated
by the foundation rituals,'"” and it was undoubtedly still considered an effective part of a funerary
domain that was becoming more and more extensive.'” A similar sequence of events was most likely

followed when the construction site was transferred from Meidum to Dahshur-South.

99 Some uncertainties remain with regard to the translation of fragmentary census dates which were discovered at Meidum and
Dahshur, especially those which are related to the 23t and 24" counts (Arnold (in print), pp. 52-54). This does not change
fundamentally the overall construction sequence proposed here.

100 Varille (1947), pp. 7-8; Nuzzolo (2015).

101 Monnier and Puchkov (2016); Monnier (2017).

102 Montet (1960), pp. 172-180.

103 This is also confirmed by the Pepy | decree (dated to year 21) which considers the two pyramids of Dahshur as one and the
same site (Borchardt (1905), p. 1-2; Strudwick (2005), pp. 103-105).
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The structural analysis and comparative analysis of the monuments studied in this article led me
to reconstruct a general chronological outline, a plausible and coherent sequence of reasoning that
the architects of Snefru followed in response to design innovations, and modifications to those

designs that were required.'”

A reconsideration of the archaeological evidence from the Meidum satellite pyramid also allowed
me to propose a corrected and revised reconstruction of that building. The Meidum monument
should have had the same profile as the first phase of the Dahshur-South project, while the
satellite pyramid later established at Dahshur-South is a miniature replica of the ‘Red’ pyramid
of Dahshur-North. I suggest that the construction processes and the king’s fear of departing for
the netherworld before the completion of his pyramids may have forced him to establish distant
satellite pyramids, although still located in his funerary domain. I therefore date the construction
of the satellite pyramid of Dahshur-South to the end of the king’s reign, and the construction of
the satellite pyramid of Meidum to around the 7" census year during his reign, when the masonry
courses of the first project at Dahshur were just beginning to rise.
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The construction of tomb group QH31 (Sarenput Il)
through QH33.

Part I: The exterior of the funerary complexes

Juan Antonio Martinez-Hermoso, Israel Mellado-Garcia,
Juan Luis Martinez de Dios, Fernando Martinez-Hermoso,
Ana Marfa Espejo-Jiménez and Alejandro Jiménez-Serrano

Nearly 4,000 years ago, several governors of Elephantine constructed funerary complexes
numbered today as QH31, 32 and 33, on the southeast slope of the necropolis of Qubbet el-Hawa
near Aswan. The exterior of these funerary complexes can be considered a magnificent ensemble,
and includes courtyards for each tomb. This present paper provides a detailed description of the
exterior of each tomb and analyzes the building methods used to create them. The methods used
to cut the fagades are studied, as well as the techniques used to remove the bulk of the bedrock to
create the complexes.

Necropolis Qubbet el-Hawa

The governors and high officials of the first Upper Egyptian nome were buried in rock-hewn
funerary complexes in a hill on the west bank of the Nile, situated a little more than a kilometre
north of the island of Elephantine, during the late 6™ and late 12" dynasties. The necropolis,
known today as Qubbet el-Hawa, the ‘dome of the wind’, owes its name to a monument on its top,
dedicated to a Sheikh named Ali Abu el-Hawa.

It is very likely that before its use as a cemetery, Qubbet el Hawa might have been a source of
sandstone, similar to the area between Gebel Gulag and Gebel Tingar.'

The hill rises approximately 180 m above sea level, and about 90 m above the current level of
the Nile river nearby.’In its stratigraphic section, three geological formations can be recognized,
denominated Formation Abu Agag, Formation Timsah, and Formation Umm Barmil.’

On its slopes are several terraces formed from soils containing oolithic iron layers which are highly
resistant to the elements. The most prominent is the iron layer on top of the Abu Agag Formation,
halfway up the hill.

1 Storemyr (2007), p. 26; Hedal and Storemyr (2007), p. 123; Klemm and Klemm (1993), pp. 271-273, photo p. 373; (2008),
pp. 206-207. Concerning the ancient quarries where the sandstone construction material was extracted, see Harrel (2016).

2 Miuiller (1940), pp. 12-14; Storemyr (2007), p. 12.

3 See the stratigraphic section of the hill of Qubbet el-Hawa, in Hedal, BOE and Muiller (2007), pp. 53-54, figs. 1 and 2.
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Fig. 1. Stratigraphic section of the terrace where the main tombs of the necropolis
of Qubbet el-Hawa are located, by Mellado Garcfa (2017). The terrace, between 130 to 135 m above sea
level is located between two layers of sandstone of greater column width, which means they are more
resistant strata.
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One of the reasons for constructing the hypogea along these terraces may be their elevated positions
facing east, which made them visible from Elephantine and the first cataract region.*In addition,
the choice might also be related to the presence of a thick layer of fine-grained sandstone, which
aided construction and the carving of decoration. This layer of sandstone was also under another
layer of sandstone, with a greater proportion of iron, which guaranteed the stability of the ceilings
of the tombs.”

Visible in the vertical section of the tomb facades in this terrace (fig.1), are horizontal strata of
sandstone (compacted and cemented sands), 1.20-1.50 m thick, along with layers of lutites (clays and
superimposed silts), 0.05-0.15 m thick, and iron oxide (hematite) levels.® They can be distinguished
by the coloration of the rock, ranging from the light ochre tones of the sandstones, through the
darker greenish-red of the lutite, to the dark red strips of the hematite layers.

Erosion has had a greater impact on the soft strata of lutites than on the iron sandstones and iron
oxides, both of which have greater mechanical strength. This has led to the formation of furrows
in the lutite layers, and projections in the layers containing more iron, that run through the entire
thickness of the exposed layers, and gives the facades a multi-layered morphology.

The funerary complexes of the higher officials of Elephantine are distributed across several
overlapping terraces,’ although the largest tombs belonging mostly to the governors are located on
the upper terrace,’® at an elevation of 135-130 m above sea level.”

Funerary group of complexes 31-33 in Qubbet el-Hawa

During the 12" dynasty, between the reigns of Amenembhat IT (1878-1843)'%and Amenemhat I11
(1818-1773), three of the governors of Elephantine built their funerary complexes in an alighment
here; QH31 (Sarenput II), QH32 (Khema?, see below) and QH33 (Heqaib-ankh (?) and Heqaib
III). These were located on the southeast slope of the necropolis of Qubbet el-Hawa."" To this
group must be added a smaller tomb, QH34 (anonymous), constructed at the end of this dynasty."

These tombs (fig. 2) became the main part of the burial area of the ruling family of Elephantine
and represented one of the most remarkable funerary architecture ensembles of the necropolis.”
Unfortunately, none of them were completed for various reasons, the main one perhaps being
insufficient ruling periods of governors for concluding the works." From the point of view of
the history of construction, however, the unfinished state of these tombs is more interesting
than other cases that show finished work, because the construction process can be observed and
reconstructed."

4 Giedion (1981), pp. 381-386; Badawy (1966), pp. 163-168.

5 Jiménez Serrano et al. (2012), p. 32.

6 Mellado Garcia (2017).

7 Edel (2008), pp. XXVII-XXIX.

8 Vischak (2006), pp. 51-54; De Morgan (1894), pp. 141-143.

9 Edel (2008), pp. 5-265; Jiménez Serrano et al. (2008), p. 36.

10 All the chronology used in this article has been extracted from Hornung, Krauss and Warburton (2006).

11 Martinez Hermoso (2015), pp. 613-627; Martinez Hermoso (2015), pp. 160-165, figs. 5.1 and 5.3.

12 Jiménez Serrano et al. (2012), p. 112.

13 Martinez Hermoso (2017), pp. 166-176.

14 Harrel and Storemyr (2009), pp. 7-50; Bloxan (2010). On stone extraction techniques in Aswan, see Arnold (1991), pp. 36-40;
Clarke and Engelbach (1930), pp. 26-30.

15 Bierbrier (1982), p. 46.
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For this reason, the study of the group of the funerary complexes QH31 to QH33 allows us to discern
the methods used in the construction of tombs excavated in sandstone during the Middle Kingdom.

Due to the complexity of the works, however, the study has been divided into two parts: work
carried out in the area outside of the funerary chapels, and work carried out in the interior of the
chapels, which includes the funerary spaces.

Description of the exteriors of the ensemble

The group of funerary complexes was created (fig. 3) with tomb QH32 at the centre, and
initially had no neighbouring tombs. The door was in the middle of an area on the hillside where
no previous tombs had been excavated. The high quality of the rock there permitted the excavation
of a facade 4.50 m in height."

Based on to the most commonly used excavation method, which consisted of extraction by levels
(from top to bottom), tomb QH32 must be the oldest of the group (also see footnote)."”

The next phase of construction included, firstly, the design of the courtyard of QH31, on a
slightly lower level with respect to QH32. It extended into the original courtyard of QH32. The
third funerary complex, QH33, did the same, which led to a reduction of the QH32 courtyard
to a simple elevated platform, 2.10 m wide, that only gave access to the funerary chapel. That
pathway also served as a separation wall between the courtyards of QH31 and QH33. From
another perspective, it might be interpreted that the QH32 courtyard was integrated with two
larger ones after their construction.

To the south of QH32, the facade of QH31 was excavated in alignment and with the same
horizontal upper edge, almost 8.00 m high (fig. 4), as the existing tomb. The fagcade of QH33 was
excavated (fig. 5) similarly, but with an imperceptible difference in orientation to the east,

The facades of funerary complexes QH31, QH32 and QH33 were cut deeper into the hill than
the other tombs located on the same slope, and were set back in alignment, which gave them a
unified appearance (figs. 2 and 3). The complete facade of the complex is approximately 40 m in
length, and it is delimited by the magnificent enclosures of QH31 and QH33. Their northern and
southern walls are lightly sloped up the inclination which follows the natural line of the slope.'®

Stone exctraction system

On the floor of the courtyard of QH31 is a series of more or less rectangular holes around
11-19 cm on the sides and of variable depth, in some cases up to 5 cm (fig. 6). Equivalent holes on
the platform outside QH33 are more abundant and larger, between 25 and 16 cm on the sides and
with 14 cm of depth (fig. 7).

At first sight the holes seem to be distributed randomly, but after careful analysis it becomes clear
that they are located above natural cracks or fractures of the rock,"” which permitted them to
enlarge these and cause new cracks in the rock.

The size of the holes, somewhat larger in the courtyard of QH33 than in that of QH31, is probably
related to the thickness of the stone that was to be cut and removed from the rock, either in blocks
or in irregular slabs.

16 Muiller (1940), pp. 52-53.

17 See the section Bulk stone removal from the courtyards below.

18 Martinez Hermoso (2017), pp. 174-175, fig. 5.15.

19 Jiménez Serrano et al. (2008), pp. 43; Jiménez Serrano et al. (2009), pp. 49-50, fig. 4; Jiménez Serrano et al. (2012), p. 109.
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Fig. 2.Partial view of the necropolis of Qubbet el-Hawa. In the centre is the exterior of tombs QH31,
QH32, and QH33. Photograph by Juan Luis Martinez de Dios (2011/12 campaign).

0 10 20 30 40|meters

Fig. 3. Plan and elevation of the exterior of the tombs QH31, QH32, QH33 and QH34.
Diagram taken from (20), fig. 2, by Juan Antonio Martinez Hermoso.
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Fig. 4. Exterior view of QH31 and, on the right, QH32. Photograph by Fernando Martinez Hermoso
(campaign 2014).

-l i

Fig. 5. Exterior view of QH33 and, on the left, QH32. Photograph by Raul Ferndndez Ruiz (2014
campaign).
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Near the edges of the courtyards there are a group of cracks oriented approximately N-S with a
second group intersecting them, creating an angle of 80-90°. These linear fissures are a consequence
of the natural structure of the very rigid sandstone strata, which is a very durable construction
material. When internal movements occur, the strata can be broken, creating groups of fractures
which might be parallel or perpendicular to the surface of these strata. These cracks extend beyond
the courtyards, and also affect the facades and ceilings of the interior of the chapels. A crack which
crosses the courtyard of QH31 and continues to the facade of QH33 is cleatly visible (fig 8).

In the facade of QH31, some more or less vertical cracks were repaired in contemporary times
(date unknown; probably in the interval from the 1940s to the beginning of the works by the
University of Jaén).*” These cracks in the facades were repaired by sealing discontinuities, with
mortar of coloured cement, supposedly to prevent further displacement of the rock.”

Channels and contour ditches

The facade and the courtyard of QH31 were constructed following the method used for open
cast rock quarries.”” This consists of the construction of ‘channels’ separated by an average of
8-11.5 cm, just enough to use a metal tool vertically (picks and/or bronze chisels).” These channels
can still be observed next to the sidewalls and the facade.

In contrast, outside QH33 the method followed was to cut around the entire perimeter of the
courtyard, although in this case the trenches were carved using long picks or chisels cutting down
vertically.** These channels were about 60 cm wide, probably to enable the stonecutters to work
standing in them, or on their knees. This system also allowed them to separate larger blocks from
below by using wedges (as in an open cast quarry).”

These two different methods were probably chosen depending on the characteristics of the rock
and its natural fractures. Thus, the method used to create the courtyard of QH31 allowed the
stonecutters to remove the rock progressively up to the facade. In QH33, however, the excavation
of stone was carried out using a method aimed at finishing the emptying of the courtyard faster,
although as a result it produced a rougher surface.

In both cases, the construction works remained unfinished, ecither as a result of the sudden death
of the owner, or due to other undocumented factors.

Bulk stone removal from the courtyards

The stepped edges in the QH31 courtyard are similar to those seen in an open cast quarry and
indicate the method of excavation used by the builders of the rock-cut tombs.”® On both sides, the
rough faces of the stone terraces (fig.4) reveal a rapid removal of the rock. This haste was most

20 These cracks were not repaired in the photographs that appear in Miiller (1940), Taf. XX-XXI.

21 The stability problems are due to the significant opening of the discontinuities rather than their orientation. The problem is
solved by connecting the blocks, i.e. by injecting mortar or resin along the discontinuity. To avoid this phenomenon damaging
the complex further, it is necessary to reinforce the outer wall and seal the fractures in the roof close to this wall so that no
further displacement is allowed. The intervention consists of filling the joints with injections of cement or resin. It is advisable
to inject air under pressure to clean the inside of the larger apertures before cementing (any greater than 5 mm).

22 Clarke and Engelbach (1930), pp. 12-22; Arnold (1991), pp. 25-34.

23 Harrel and Storemyr (2009), pp. 7, 29; Hedal and Storemyr (2007), pp. 123, 125; Clarke and Engelbach (1930), pp. 12-22;
Stocks (2003), pp. 25-34.

24 Arnold (2003), pp. 232-233.

25 Clarke and Engelbach (1930), p. 16; Arnold (1991), pp. 27-36; Choisy (1904), pp. 53-54, fig. 45.

26 Clarke and Engelbach (1930), p. 15, fig. 12.
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Fig. 6. View of the surface of the southern half of the courtyard of QH31. Photograph by Radl
Fernandez Ruiz (2014 campaign).

Fig. 7. View of the surface of the southern half of the courtyard of QH33. Photograph by Radl
Fernandez Ruiz (2014).
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likely the cause of the unfinished appearance of the facade and the courtyard.”

The work of rock removal outside QH31 was by excavating the different levels of the rock,
from the top to the bottom and from the centre to both sides, horizontally, following the natural
stratigraphy of the rock.

The sandstone was cut into small slabs, thin, flat, elongated stones from the ledges within the rock.
The strata are not completely horizontal but have a slight downward inclination in the SE-NW
direction, from the outside to the interior of the hypogea, and although their surfaces were not
finished, they show the natural appearance of the rock; a flat surface with very few irregularities.

Slabs of sandstone of different sizes, more or less irregular, were separated horizontally using
hammered chisels, taking advantage of the fact that the stratified surfaces facilitated their
extraction.” This method is evidenced by the abundance of notches on the vertical faces of the
stepped rock fronts, in the area close to the entry to QH31 (fig, 9).%

In fact, it is still possible to observe some sandstone slabs obtained by this method in the courtyard
of QH33, which, due to the abandonment of the works,” were simply left leaning on the exterior
face of the wall of the courtyard (fig. 10).

The builders of QH31 quickly excavated the exterior spaces in front of the fagade but did not
finish them, because when they had cleared to the planned levels of the floor and roof of the
tomb, they immediately began the excavation of the interior of the chapel. In fact, it seems that the
primary purpose of the courtyard was to reach the level of the chapel entrance, and then to have a
sufficiently wide and flat area which would facilitate the work in the interior.”

The QH33 courtyard presents a more advanced stage of construction. It is a rectangular space
enclosed by a thick wall cut directly out of the rock, about 1.10 m thick, which runs for 8.75 m,
parallel to the fagade of the tomb.*

In this courtyard two rock platforms are separated from each other by a central corridor of variable
width that varies between 2.30-2.50 m, and which runs in the same direction as the axis of the main
niche of the chapel. The level of the ground in the central corridor coincides with the interior of
the chapel.”

The southern platform (on the left) is completely isolated from the facade and the courtyard walls
by a perimeter trench which creates a passageway. The width measures between 0.60 and 1.0 m.** It
presents a substantially flat surface rising to about 1.70-1.80 m above the lower courtyard level. The
bottom of the passageway was excavated down to the same level as the central corridor.

The northern platform (on the right) is slightly separated from the front wall of the patio, the rest
of its perimeter, including the north wall and the fagade remain unexcavated. Its surface presents
a series of steps towards the northwest corner that forms the fagade and the lateral wall of the
courtyard.” It exceeds the level of the courtyard next to the central corridor by about 2 m, reaching
3 m in the north-western area.

27 Edel (2008), pp. 423-430.

28 Clarke and Engelbach (1930), pp. 13, 16; Arnold (2003), p. 231; Harrel and Storemyr (2009), p. 29.
29 Hedal and Storemyr (2007), p. 125.

30 Jiménez Serrano et al. (2012), p. 109.

31 See longitudinal section of the funerary chapel of QH31 in Martinez Hermoso et al. (2015).

32 Jiménez Serrano et al. (2012), p. 109.

33 Jiménez Serrano et al. (2010), p. 72.

34 Jiménez Serrano et al. (2009), p. 49.

35 Jiménez Serrano et al. (2008), p. 42.
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Fig. 8. To the right is a crack that crosses the courtyard of QH31 and continues, in the background, onto
the facade of QH33. Photograph by Fernando Martinez Hermoso (2014 campaign).

Fig. 9. Detail of fig. 8, with notches for the extraction of stone in the terraced outcrops in the courtyard
of QH31.

The area outside the walls in front of the courtyard of QH33 (fig. 10) has the same floor level as the
interior of the chapel. It is delimited at its northern and southern extents by several steps carved
into the rock, but like the rest of the extetior of the funeral complex, these remain unfinished.”

36 Jiménez Serrano et al. (2012), p. 105.
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Fig. 10. Exterior walls, including a group of sandstone slabs stacked against the outer patio wall of QH33,

and in the distance, a stepped structure carved directly into the rock. Photograph by Juan Luis Martinez de
Dios (2011/12 campaign).

Construction work

If the courtyards of the tombs had been finished, such as was the case for the contemporary
funerary complex QH36 (fig. 11), they would each have been delimited by the facade of the
hypogeum, the vertical side walls, and the walls of sandstone masonry at the front of the enclosure.”

It seems likely that the original design for the enclosure wall of QH33 would have been to raise the
wall to the desired height using pieces of irregular unworked stone including blocks of sandstone
obtained from the excavation itself, set in place without mortar, carefully fitted together at their
interfaces. Later, they would have finished the surfaces of the walls beginning by carving at the top,
since this would prevent damage to lower finished surfaces by falling chunks of stone.”®

Any voids in the core between these two faces would have been filled with rubble and smaller
pieces of stone.” The entire perimeter would probably then have been topped off with rounded
off blocks of the sandstone.*

37 Miiller (1940), pp. 16-17.

38 Arnold (1991), 148-164; Clarke and Engelbach (1930), pp. 96-116; Choisy (1904), pp. 53-56.

39 Choisy (1904), pp. 61-63.

40 See Muiller (1940), Abb. 3, the reconstruction by Hans Wolfgang Miiller of the wall that enclosed the front yard of QH36 tomb
(Sarenput I).
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Fig. 11. View of the outer wall of the courtyard of Sarenput I's funeral complex (QH36). Photograph by
Fernando Martinez Hermoso (2014).

When QH34 was designed, some years after QH33, the available space in that part of
the necropolis was almost non-existent. QH34 was designed without a courtyard, most probably
because the tomb and chapel were considered to be appended to the unfinished funerary complex
of QH33. Although there is no archaeological or textual data, it seems likely that a relationship
existed between those people buried in QH33 and in QH34.

The extetior of QH34* consists of a corridor 7.10 m long by 2.70 m wide. It was originally covered
by a barrel vault supported on the south side by a massive wall of mud bricks and stones, and on
the north side by a steep wall carved from the rock of the hill. In fact, the northern side was the
original corner of the enclosure of QH33 (fig. 12).

The massive wall on the southern side rested directly on the northern platform of the courtyard
of QH33.*

Facades cut into the rock

Of the Middle Kingdom funerary complexes studied here, the facade of QH33 (fig. 5) is the one
that was left in the most un-finished state. In fact, the complete surface can be described as ‘rough’.
That is due to the use of long picks and chisels, struck with stone hammers by the stonecutters. It
was carved easily, since the cut of the stone depended on the mass of the tool and not the speed
with which it was struck.”

41 See Jiménez Serrano et al. (2009), pp. 53-55, plan 5 by Fernando Martinez Hermoso.
42 Jiménez Serrano et al. (2012), p. 112.
43  Harrel and Storemyr (2009), pp. 7-50; Clarke and Engelbach (1930), pp. 96-116; Arnold (2003), pp. 232-233.
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The horizontal marks on the facade of QH33 show each phase of the extraction and the size of
the blocks that were extracted. The facade was gradually exposed using chisels, from the level of
the door lintel of the hypogeum down to the bottom. Itis also possible to see a more finely finished
stripe, about 10 cm in width, which crosses the north side of the facade horizontally from the door,
and continues along the sidewall of the courtyard (fig. 13). This was most probably created by the
master workman as a reference line to indicate the final surface level down to which the facade was
eventually to be finished.* This was never completed.

The fagades of tombs QH31 and QH32 (fig. 4), however, were completely re-worked by the
stonemasons from top to bottom, as was usually done on masonry walls, creating a fagade profile
with a smooth surface. The only decoration that stands out is the simple frame of the door of
QH32, protruding about 5 cm from the vertical surface of the wall of the facade.”

To obtain a flat surface, the facades were probably carved using flat-bladed bronze chisels struck
with wooden mallets.* There are many marks of these tools, for example in the inferior area of
the facade of QH32 (fig. 14), which are still visible due to their short runs and large irregularities
in arrangement, running in parallel but having a disordetly appearance.’

The flat chisel was useful for rapidly removing large areas of soft stone, particularly when it was
not important to obtain a perfectly flat and smooth surface.*

The bronze tools, tempered by hammering and heat, cut the soft rocks easily, although they
went blunt quickly and required constant re-sharpening with stones.”” These tools, however,
were completely unsuitable for the quarrying of hard stone, where stone tools were much more
effective.”

In the facade of QH31 protuberances of harder rock sometimes appear in the horizontal strata
of sandstones with higher levels of iron oxides, due to their higher degree of cementation. The
workers were most likely focused on finishing the hypogeum rather than trimming these nodules,
which would have taken some time to accomplish. Once the work inside the tomb began, the
priorities changed and the exterior works were postponed.”

The finishing of the face was accomplished from top to bottom, in horizontal strips of around 60-
90 cm in height (fig. 15). In order to smooth the surface of the rock, rounded stones of silicified
sandstone (quartzite), commonly found in the vicinity™ of the tombs, were probably used to rub
the face, using the desert sand that is rich in quartz to create a cutting, friction-based action.*

The fine finishing of the QH32 door trim (fig. 10) stands out, however, in comparison to many eatlier
tombs in the necropolis, the facades of the enormous funerary complexes QH31 and QH33 are notable
because all decoration was omitted and more importance was given to the design of their interiors.

44 Jiménez Serrano et al. (2008), pp. 42-43.

45  Miiller (1940), pp. 52-54.

46 Harrel and Storemyr (2009), p. 29; Clarke and Engelbach (1930), p. 17; Arnold (2003), pp. 232-233; Arnold (1991), pp. 41-47.

47 In order to date the stone cutting according to the chisel marks on the sandstone, see Klemm and Klemm (2008). They study
the dating by chisel marks for the specific case of the Silsila quarries.

48  Stocks (2003), p. 27.

49  Harrel and Storemyr (2009), p. 29; Clarke and Engelbach (1930), p. 18.

50 Harrel and Storemyr (2009), p. 29.

51 Martinez Hermoso (2017), pp. 177-179.

52 Hedal and Storemyr (2007), pp. 18, 70.

53 Choisy (1904), p. 54; Harrel and Storemyr (2009), p. 18; Arnold (2003), pp. 232-233.
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Fig. 12. View of the exterior access corridor of QH34. Photograph by Juan Lufs Martinez de
Dios (2012 season).

Fig. 13. Detail of a finished strip of 10 cm in the facade walls and side walls of QH33
Later, the QH34 tomb was excavated and its barrel-vaulted adobe corridor was built.

Photograph by Fernando Martinez Hermoso (2014 campaign).

39
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Fig. 15. Detail of the wall in fig. 14, with tool marks on the
lower left side of the QH32 facade.

Conclusions

QH32, QH31 and QH33 were excavated successively, following the same facade level, with an
equivalent depth of cutting surface and the same horizontal upper edge line, giving the group of
funerary complexes a unified appearance. The ensemble stretches for about 40 m in length across
the landscape and rises to 8 m above its own floor levels. In addition, this set of fagades is set back
further into the hill than the rest of the tombs on this side of the hill.



JAEA 3, 2018 41
The construction of tomb group QH31 (Sarenput 1) through QH33. Part |

Although the builders quickly excavated the exterior spaces in front of the fagades, it was not
a priority to finish them. The main objective was to have a sufficiently wide and flat area which
facilitated the work inside the chapels. The works remained unfinished, either due to a shortage
of time due to the sudden death of their owners during the last constructive phases, or political
changes.

The unfinished condition of the exteriors of the set QH31, QH32, QH33 and
QH34, in comparison to other contemporary tombs of Qubbet el-Hawa that were
fully completed, for example QH30, allows us to determine what tools and methods were used
for the construction of the tombs, excavated from the sandstone of the necropolis of Qubbet el-
Hawa during the 12 dynasty.

Fagades cut into the rock

First, the rock was cut vertically to obtain a profile with a rough surface. In order to accomplish
this, the stonecutters simply cut the rock with long picks and chisels, gently beaten with heavy stone
hammers to remove the surplus parts of the rock.

Secondly, the rough surface of the rock was carved by stonemasons using flat-tipped bronze chisels
struck with wooden mallets, to produce a more or less flat surface, but with many tool marks left
behind, particularly in the lower zone of the facades of QH31 and QH32. Finally, the surface
of the stone was flattened off and finished, from top to bottom in vertical strips. Finishing of
the fagade was achieved using silicified sandstone (quartzite) stones with rounded edges that are
commonly found in the vicinity of the necropolis.

Excavation works

The bulk excavation works were carried out in levels, from the top to the bottom, and from the
centre to the sides in a horizontal direction. The quarrying followed the natural layers of the rock.
The horizontal surfaces resulting from the removal of layers revealed the natural appearance of the
rock, a fine texture with very few large inclusions.

The stone was separated from the underlying layers using hammered wedges, and by taking advantage
of the naturally stratified surfaces which facilitated its removal. In order to obtain blocks and slabs,
a number of more or less rectangular holes were carved, taking advantage of existing cracks or
fractures in the rock and enlarging them, or directed to cause the appearance of new cracks.

In order to delimit the perimeter of the patio in QH31, a channel was carved with an average
width of 8-11 cm, just enough to be able to introduce a metal tool vertically, which facilitated the
extraction of the stone in slabs.

To create the courtyard in QH33, larger trenches approximately 60 cm wide were excavated using
long picks or chisels hammered vertically. These allowed the stonemasons to work standing or on
their knees to extract larger blocks.

Which method was used probably depended on the priorities of the builders when the work was
being planned. In QH31 the carving of the fagade was carried out simultaneously with the removal
of stone from the courtyard, as the stepped stone terraces show. In QH33, however, the stone
removal was carried out in order to finish the courtyard quickly, while the cut of the fagcade was left
with a ‘rough’ surface.
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Excursus: On the original ownership of the funerary complex QH32

Grenfell discovered QH32 most probably in the winter of 1885 and 1886.>* Since then the
hypogeum has usually been attributed to ‘Aku’, who decorated the tomb during the New Kingdom.
However, the plan and the architecture of the tomb cleatly pointed to the 12"dynasty as the original
date of its construction. Hans Miiller” argued this convincingly some decades later. Unfortunately,
no epigraphic evidence survived which would permit an association between the tomb and any
Middle Kingdom individual, although this situation may have changed recently (see below).

The present study confirms that the oldest funerary complex in the area where QH31, QH32, QH33
and QH34 were constructed is QH32. This chronological clue adds new data to indicate the original
ownership of that funerary complex. The argument at its most fundamental level is that, if Sarenput 11
constructed the second tomb immediately to the south of QH32, it means that QH32 predates his era.

To date, only two 12"dynasty funerary complexes belonging to governors have been identified:
QH36 and QH31, which were constructed by Sarenput I and Sarenput II respectively. Between
these two governors of Elephantine we know that there were at least another four governors who
ruled under Amenembhat II, Senwosret 11, and during the early years of the reign of Senwosret
III:>° They were Heqaib I, Ameny,” Ipy,*® and Khema® who was Sarenput II’s father. Only in the
case of Ipy do we know for certain that he established his tomb at Lisht,"” not in Qubbet el-Hawa.
The burial places of the other governors remain unknown.

In the case of Heqaib I, it seems that he only ruled for a short time®' because he did not erect a
naos in the temple of the mythic ancestor, the deified governor Heqaib. Similarly, Ameny seems to
have held office for only a few years.”?

Based on its architecture, the funerary complex QH32 required a significant period of time
to construct and so Khema may be the best candidate for its ownership. QH32 shares many
architectonic features with Sarenput II’s funerary chapel,”> which might also indicate chronological
proximity to the latter. In this regard, it is notable that Khema was Sarenput II’s father, and that
Sarenput II succeed his father. Moreover, the place where Sarenput II constructed his funerary
complex, immediately beside QH32, supports this interpretation. The burial places of Sarenput
I's family (QH35p) and his own funerary complex (QH36) were situated on the northern side of
Qubbet el-Hawa. The main reason that Sarenput II constructed his funerary complex in the new
location would now seem to be its proximity to the burial of his father, Khema.

In 2017, the University of Jaén began the excavation of the funerary structures of QH32.%
Although we are still in the first steps of the archaeological work at the site, future study may be
able to confirm this attribution.

54 Budge (1920), pp. 89-93. This author arrived at Qubbet el-Hawa when Grenfell's troops were clearing the tomb of Sarenput Il
and probably QH32 was cleared some days before.

55 Miiller (1940), pp. 52-61.

56 In general (see Franke (1994), pp. 8-29).

57 Jiménez-Serrano and Sanchez-Ledn (2015).

58 Jiménez-Serrano and Sanchez-Ledn (2016).

59 Sanchez-Ledn and Jiménez-Serrano (2016).

60 Jiménez-Serrano and Sanchez-Ledn (2016), pp. 5-6.

61 Jiménez-Serrano and Sanchez-Leon (2015), pp. 120, 129.

62  Jiménez-Serrano and Sanchez-Le6n (2015), p. 130.

63  Jiménez Serrano and Garcia Gonzalez (2017), pp. 122-123.

64  Jiménez Serrano et al. (2017), in press.
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L'enseignement de la documentation iconographique
de I’Ancien et du Moyen Empire quant

a l'utilisation du traineau

Simon Delvaux

S’appuyer sur I'iconographie égyptienne pour tacher de comprendre les applications concretes
d’un objet d’étude — ici le transport par traineau — n’est pas chose aisée et demande de prendre de
nombreuses précautions intellectuelles. En effet, les scénes figurées dans les tombes égyptiennes
ne sont pas une représentation formelle de I'Egypte antique, mais plus la vision idéalisée d’un
‘cadre de vie’ telle que souhaitée pour (et par ?) le commanditaire. Ces scenes, qui s’inscrivent dans
un programme iconographique précis, ont une valeur performative et demandent donc, pour étre
efficaces, d’étre visuellement crédibles. De plus les artistes ne créaient pas ces représentations ex-
nihilo et puisaient probablement leur inspiration dans le monde qui les entourait, en faisant d’ailleurs
patfois preuve d’individualité dans leur art.'! C’est pourquoi, malgré un cadre iconographique tres
normé, ou la tradition est souvent la regle — le systeme figuratif se ressourcant constamment dans
des périodes jugées plus heureuses® — 'art égyptien n’est pas passéiste et sait intégrer les innovations
techniques de son temps.’

Ainsi, sans juger du degré de réalisme de I'iconographie égyptienne, le parti-pris de cetarticle est donc
de considérer que les scenes de halage de traineaux sont une source d’information suffisamment
fiable pour permettre une étude approfondie de la question du transport par traineau. Celle-ci
s’appuiera sutr une cinquantaine de scénes datant de I’Ancien et du Moyen Empire et sera abordée
sous différents angles. Ainsi, dans un premier temps, on s’intéressera aux technologies mises en
ceuvre. Dans un second temps, on tachera d’identifier les différentes personnes intervenant lors du
halage. Puis, dans un troisicme temps, on s’intéressera a 'acte du trainage en lui-méme. Enfin on
exploitera les différents résultats obtenus précédemment pour proposer des évaluations de masses
de cargaisons ou de besoins en personnel dans des témoignages incomplets ou lacunaires.

Toutefois, les résultats de cette étude ne sauraient étre considérés comme définitifs. Ils constituent
plutot une base pour des recherches ultérieures et ne demandent qu’a étre contredits par de
nouvelles découvertes iconographiques, archéologiques, techniques, etc.

Laboury (2013b), pp. 36-41.

Laboury (1998), p. 138.

Tefnin (1983), pp. 5-17.

Pour des raisons de commodités, ces différentes scénes ont été numérotées et classées dans un tableau contenant différentes
informations comme : le nom du propriétaire du monument dont la scéne est issue, la référence PM et la référence bibliogra-
phigue principale. Il ne sera donc pas fait dans cet article de renvois directs aux ouvrages contenant ces scénes.

A WNP
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Technologies

Traineanx

Grace aux représentations, sept types de traineaux peuvent étre observés. Deux critéres ont été
retenus pour établir cette typologie, la forme, vue de profil, de 'avant et de 'arriére des patins.

AVANT ARRIERE (1) ANGULAIRE (2) ARRONDI (3) AVEC ENCOCHE
(A) RECOURBE | | Q - O ™ O
Al A2 A3
(B) ARRONDI | I Mk /
Bl B2 B3
Q =1 =
(C) ZOOMORPHE | | /> o /Q
Cc1 Cc2

Fig. 1. Typologie des traineaux.

La principale différence entre les traineaux de type 1 et de type 2 est que le premier, de par ses
patins angulaires a 'arri¢re, évite tout recul intempestif du traineau lors de son déplacement. A
Iinverse, les traineaux de type 2 peuvent étre tirés dans un sens comme dans l'autre. La forme
des patins de type B peut faciliter le chargement et le déchargement, les manceuvres n’étant pas
entravées par les patins a 'avant.

A Pexception du type A3, utilisé pour le transport de la statue colossale chez Djéhoutyhotep (scéne 51),
du type B3, utilisé pour le transport de la cuve du mastaba de Sénedjemib Inti (scene 31) et du type C2,
utilisé uniquement pour le transport des sarcophages et des coffres a vases canopes,’ on ne remarque
pas de corrélation entre forme du traineau et nature du chargement. Tout au plus on remarquera que
les statues sont le plus souvent déplacées sur des traineaux de type A et que dans les scenes de halage
de jarres ou de coffres setchat, ce sont les traineaux de type 2 qui sont le plus représentés.

Cordes de halage

Les cordages utilisés pour le halage devaient étre assez résistants pour supporter la masse du
traineau et de la charge. Plusieurs scenes nous montrent un homme en train de tester la solidité de
la corde en tirant dessus. Les cordes étaient confectionnées a partir de fibres végétales provenant
pat exemple du palmier-doum, de 'alfa, des papyrus ou du lin® et nécessitaient du coup d’étre
utilisées avec soin. Ainsi, dans plusieurs scénes, ’homme chargé de verser I’eau devant le traineau
écarte la corde pour ne pas la mouiller. Les cordes de halage peuvent étre attachées aux traineaux
de différentes maniéres.

5 Ceux-ci peuvent cependant étre chargés sur d’autres types de traineaux.
6 Arnold (1991), pp. 268-269 et Teeter (1987), pp. 71-77, pl. VII-IX.
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Fig. 2. Les différentes formes d’attaches. (A) scene 52; (B) scene 25; (C) scene 51;
(D) scene 10.

Les différents types d’attaches sont donc :
A': Les cordes sont nouées a I'avant des patins.
B : Les cordes passent dans des trous pratiqués a 'avant des patins.
C: Les cordes sont attachées a un ou plusieurs anneaux.

D : Les cordes sont attachées a ’'une des traverses

A ces quatre différentes formes d’attaches s’ajoute une cinquieme, que 'on pourrait qualifier de
‘mixte’, la corde de halage servant également a maintenir la cargaison en place.

Fixation de la cargaison

S’il existe des objets possédant un traineau intégré, comme par exemple certains coffres setchat,’
la plupart des cargaisons devaient étre fixées aux traineaux lors du transport. Des différentes scenes
connues, trois grandes techniques de fixation ont été observées.

Dans la premicre technique de fixation, des anneaux, fixés au traineau, servent a I’accrochage de
cordes. Ce systeme est visible dans une version assez simple chez Akhethotep (scenes 1 et 2) ou la
chapelle portative transportée possede elle aussi des anneaux auxquels des cordelettes sont reliées.

Chez Djéhoutyhotep (scene 51), s’ajoute aux anneaux de fixation un systeme de cordage complexe,
mis sous tension grace a la technique dite ‘du tourniquet espagnol’. Cette méthode, qui permet de
tendre fortement une corde, requiert l'utilisation de grandes picces de bois qui, en plus de faciliter
I'enroulage de la corde, permettent une meilleure fixation. Des picces de cuir ou de fibres végétales
tressées protegent la corde de 'usure.® A. Joosse, qui a reproduit la sculpture a une échelle moindre

7 Qui sont alors représentés entreposés encore posés sur leur traineau, comme par exemple dans la tombe de Débéhen, voir :
Hassan (1943), p. 179, fig. 122, pl. L.
8 Goyon et al. (2004), pp. 203-204.
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pour étudier le systéeme de cordage, a constaté plusieurs incohérences dans la représentation,
notamment la corde verticale qui, si on la place au méme endroit, glisse lorsqu’elle est mise sous
tension.’

ILa seconde technique consiste a faire passer les cordages non plus dans des anneaux, mais
directement dans des trous pratiqués a méme les patins. Cette technique est visible dans la scene
de halage d’un hippopotame provenant du temple funéraire de Pépy II (scene 49 et fig. 3), ou les
sangles maintenant les antérieurs et le corps de I'animal passent dans des trous pratiqués dans les
patins. Remarquons toutefois que les liens qui maintiennent la gueule de I'animal sont accrochés
aux patins grace a des anneaux.

-

_

i
|

Fig. 3. Détail des cordages maintenant un hippopotame. Temple funéraire de
Pépy II (scene 49).

Enfin, il existe une troisi¢me technique de fixation que lon pourrait qualifier de ‘mixte’; les
cordes servant au halage du traineau étant les mémes que celles servant a la fixation de la charge.
Cette technique s’entrevoit dans plusieurs scenes de halage de jarres figurées dans les mastabas
de Nebkaouhor (scene 9), de Gemnikai (scenes 37 et 38), de Mérérouka (scene 39), de Mérytéti
(scenes 40 a 45) et enfin dans celui de Nikaouisési (scenes 46 a 48). En combinant les différentes
informations présentes dans ces scenes il est possible de modéliser en trois dimensions ce systéme
d’attache.

Si de nombreuses autres possibilités de restitutions existent (avec plus ou moins d’anneaux, un
cadre en bois différent, etc.), cette modélisation permet de résumer la technique employée : deux
cordes (en rouge et en jaune) partent de l'arriere du traineau puis font le tour d’un cadre en bois
avant de se rejoindre a I'avant du traineau ou elles serviront au halage. En procédant ainsi, les
cordes se tendent lors du transport et protegent de manicre efficace les jarres en les maintenant
en place. Un systeme similaire, cette fois-ci employé pour le transport des statues, a été étudié par
Mark Lehner et Peter Lacovara."

9 Joosse (2002), pp. 67-70.
10 Lehner et Lacovara (1985), pp. 169-174.
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Fig. 4. Modélisation du systeme d’attache ‘mixte’.

Main d’ceuvre

Personnel de halage

Si, avec des attestations rares et variées, il est malaisé d’identifier avec certitude les haleurs.
Quelques remarques d’ordre général peuvent cependant étre faites.

Les chargements de masses et de dimensions moyennes (mobilier funéraire, cages) sont manceuvrés
dans la majorité des exemples pat des prétres (hm-k3 ou d3) agissant en tant qu’équipe (js.f ou f5.7)
appartenant au domaine funéraire. Pour les cargaisons plus imposantes et/ou prestigieuses, il est
fait appel a des hommes formés et entrainés. Ainsi 'on retrouve des pr-w-wj3, équipe du bateau,
pour le transport du pyramidion de Sahouré (scéne 30), des nficw, recrues, pour le transport d’un
hippopotame (scene 49), et enfin, chez Djéhoutyhotep (scene 51), des d3mw, jeunes hommes, des
d3mw n(y) h3.t, jeunes guerriers et la s3w n(y) wbw, congrégation de prétres.

Au groupe des haleurs s#icto sensu s’ajoutent deux autres travailleurs qui semblent veiller au bon
déroulement du halage.

A Tarriere du groupe, figure dans plusieurs scénes un homme qui veille 2 la solidité et au bon
arrimage de la corde lors du départ. Particuliecrement visible dans le mastaba de Gemnikai (scene
306), sa présence peut étre suspectée dans d’autres représentations (scéne 16 par exemple). Enfin,
C’est peut-étre encore lui que 'on retouve dans plusieurs scénes en train d’aider le verseur d’eau en
écartant la corde de halage (scenes 25 a 29). Ce personnage reste pour ’heure non identifié.

A Pavant du groupe on remarque dans au moins vingt-cing scenes un homme qui, installé en téte
de file, dirige le convoi." Ce personnage se distingue des autres haleurs parce qu’il a passé la corde

11 Henri Chevrier les distingue également du reste des haleurs : ‘Nous voyons les ouvriers “tracteurs” en quatre doubles files [...]
et les quatre a la téte de chaque file, qui sont la pour soutenir les extrémités des cordes’ (Chevrier (1970), p. 21).
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sur une épaule (scenes 15 ou 23) ou derricre sa nuque (scenes 3 ou 10) prenant ainsi une position
peu propice au halage. Il peut également se retourner sur le convoi pour surveiller les manceuvres
de départ (scenes 14, 26 ou 50) et, si la situation I'exige, il peut sortir de la file pour crier des ordres
aux haleurs (scenes 7, 8). Malheureusement, bien que représenté de nombreuses fois, son titre n’est
connu que dans une seule scéne conservée dans le mastaba de Rashepsés (scene 26) ou il est : shd
Js(.1), Pinspecteur d’équipe.

Personnel auxiliaire

Régulierement, d’autres personnes interviennent lors du halage de traineaux. L'une d’elles est —
avec douze exemples connus — 'inspecteur. Ce dernier, qui veille a ’équilibre du chargement lors
du transport, nest identifié qu’a six reprises. S’il est toujours shd, inspecteur (scénes 10, 11), son
titre est fréquemment précisé. Il est ainsi, a une occasion shd wt(.w), inspecteur des embaumeurs
(scene 12) et a trois reprises shd hm(.w)-k3, inspecteur des prétres funéraires (scenes 13, 15, 35).
Surveillant la stabilité de la cargaison (statue, jarres, coffres), il peut parfois étre installé a Parriere
du traineau (scenes 11, 12, 17). Cependant, le fait qu’il suive a pied le convoi dans la majorité
des exemples connus laisse a penser qu’il agit ponctuellement, 2 un moment ou la stabilité de la
cargaison est particuliecrement menacée.

>
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Fig. 5. Mastaba de Ty. A : scene 33, B : scene 34 et C: scene 35.
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Un autre travailleur intervenant régulierement est le verseur d’eau. Si, avec quarante-deux exemples
connus, il trés fréquemment représenté, il n’est clairement identifié qua neuf reprises. De fagon
générale il est un hrp, controleur, mais s’ajoutent toujours a ce titre des précisions. Il peut ainsi étre
hrp js.t, controleur d’équipe (scenes 21, 23, 26, 27, 28), hrp js.w(t), controleur d’équipes (scene
33) et enfin, hrp js.t n(y.t) pr-d.t, contréleur d’équipe du domaine funéraire (scénes 34 et 35.). A
I’Ancien Empire, son geste, en plus d’étre totalement utilitaire, est un véritable geste technique. Si
plusieurs scenes témoignent de cette précision, les plus intéressantes proviennent du mastaba de
Ty (scenes 33 a 35) ou, dans des représentations voisines les unes des autres, la variété de postures
du contréleur démontre que 'on a bien ici affaire a des gestes techniques que le ou les dessinateurs
ont souhaité retranscrire de facon précise.”

S’il est difficile aujourd’hui de savoir pourquoi les verseurs d’eau adoptaient tel ou tel geste et en
quoi ces derniers agissaient de fagons adaptées sur la lubrification du sol, ils témoignent qu’apporter
de ’eau pour favoriser le glissement devait répondre a des ‘blocages’ bien précis et n’étre fait que
de maniere ponctuelle. D’ailleurs, lorsqu’il est présent, le traineau est souvent représenté a l'arrét,
le controleur (scénes 4 a 6 et 20) ou un haleur (scéne 24 a 29) écarte la corde — qui n’est donc pas
sous tension — pour verser 'eau. Un seul controleur peut des lors agir sur plusieurs traineaux d’un
méme convoi (scene 37, 38 et 43). Toutefois, il semble que parfois sa présence soit requise de
maniere continue. Cest notamment le cas chez Ptahshepsés (sceéne 21), ou le controleur est figuré
installé a Pavant du traineau. Les autres scénes du mastaba (scenes 22-23) le figurant debout, il
y a de fortes raisons de penser que le controleur de la scene 21 devait agir ainsi sur une période
longue, a un moment ou la route était moins praticable, voire sur la totalité du trajet. Il agit de
méme dans la scéne de transport d’une statue colossale conservée dans la tombe de Djéhoutyhotep
(scene 51). Tres intéressante, cette représentation nous montre le verseur d’eau debout a 'avant du
traineau, en train de verser le contenu d’une jarre. Il est approvisionné par plusieurs hommes' qui
accomplissent leur tache a I'aide de palanches.

Au personnel vu précédemment s’ajoutent de nombreuses personnes — danseurs, encenseurs, prétres,
etc. — dont la présence était probablement aussi importante dans Pesprit d’un ancien Egyptien que
celle des haleurs. 1l y aurait beaucoup a dire sur eux, il nous a semblé préférable de nous concentrer
ici sur le personnel ayant une implication ‘concrete’ dans le bon déroulement du halage.

Manoeuvres

Masse du chargement

Des nombreuses scénes de halage figurant dans les mastabas et tombes de I’époque étudiée,
seules deux nous fournissent les éléments indispensables a une évaluation de leur masse, a savoir
la taille et la matiere de I'objet déplacé puis, pour obtenir le ratio masse/personne, le nombre de
haleurs. La premiere provient du mastaba de Ptahshepses (scéne 23) ou est inscrite la légende :

A i =t ¥

twt n(y) m3t 3 mh 7 h36(y)- smhr wt(y) Pth-Spss

‘Statue en granite, haute de 7 coudées, du gouverneur, 'ami unique Ptahshepses.’

12 Onremarque en effet qu'a l'inverse les haleurs, eux, sont dans des positions identiques d’une scéne a l'autre.
13 Bien que seules trois personnes soient représentées, il faut probablement en imaginer beaucoup plus, le nombre de trois
hommes marquant simplement la pluralité.
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La statue devait mesurer environ 3,67 metres (7 x 0,525 m). Connaissant sa hauteur, on peut
procéder a une reconstitution schématique de la statue en 3 dimensions (fig. 6), ce qui permet d’en
estimer le volume 2 1,99 m°.

Fig. 6. Modélisation schématique de la statue de Ptahshepses (scéne 23).

A partir du volume estimé et avec la masse volumique du granite (en moyenne 2700 kg/m’), nous
pouvons estimer la masse de la statue a 5373 kg (1,99 x 2700 kg). Ce résultat, divisé par le nombre
de seize haleurs présents dans la scéne, nous donne une masse déplacée de 336 kg/pers.

La seconde scene est celle du halage d’un colosse conservée dans la tombe de Djéhoutyhotep
(scene 51) ou est inscrite la Iégende :

O I N

sms twt n(y) 13 mh m jnr n(y) hw.t-Nbw

‘Hscorter une statue de 13 coudées en pierre de Hatnoub.

La statue qui mesurait donc 6,80 metres (13 x 0,525 m) devait voir sa masse atteindre les 58
tonnes.'* Si 'on divise cette masse par le nombre de cent soixante-huit haleurs, on artive 2 un ratio

de 345 kg/pets.

A ces deux exemples s’ajoutent trois scénes dans lesquelles la hauteur des statues a pu étre estimée.
Deux proviennent du mastaba de Ty, la troisieme du mastaba de Ptahshepses.Le ratio observé
est donc relativement constant, la masse par personne allant de 336 a 348 kg/personne soit une
moyenne de 342 kg/pers. On est donc bien en dessous des 833 kg/pers. observés par Henti
Chevrier lors de son expérience a Karnak durant laquelle il fait déplacer un bloc de cinq tonnes par
six hommes."” I faut cependant garder a 'esprit que cette expérience a eu lieu dans des conditions
optimales avec un sol plat recouvert de limon et des ouvriers qualifiés. Et si H. Chevrier remarque

14  Goyon et al. (2004), pp. 203-204 et Arnold (1991), pp. 277-278.
15 Chevrier (1970), pp. 15-39.
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quavec trop de haleurs le traineau est moins manceuvrable, il est probable que les anciens Egyptiens

étaient plus habitués a ce type de manceuvres et que les haleurs modulaient leurs efforts selon les
difficultés rencontrées (terrain en pente, sol moins glissant, etc.). Ces 490 kg/pers. de différence
s’expliquent par des différences dans la nature du terrain et dans les distances a parcourir mais
également par la probable volonté des anciens Egyptiens de ménager les haleurs dans la durée.

Dimensions = Masse estimée NOmbEe Ratio
Provenance —— o de ke /pers
coudees) (g haleurs (kg/pers)
Mastaba de Ptahshepses 23 Statue en granite 7 5373 16 336
Hypogée de Djéhoutyhotep 51 Statue en travertin 13 58000 168 345
Mastaba de Ptahshepses 21 Deux statues en granite 6 (estimé) 7392 22°? 336
dans un naos
Mastaba de Ty 33 Statue en ébene 7 (estimé) 2090 6 348
Mastaba de Ty 33 Statue en acacia 7 (estimé) 2070 6 345

Tableau 1. Ratio kg/pers. dans les différentes scénes ou la masse de la cargaison a pu étre estimée.

La constance de ces estimations pose la question de 'existence ou non d’un tel ratio dans 'ancienne
Egypte et de son éventuelle intégration aux canons artistiques. En effet, Jean-Claude Goyon a émis
I’hypothese que 'un des calculs du Papyrus Anastasi I, dans lequel il est question du transport d’un
obélisque et du nombre d’hommes nécessaires a sa traction, témoigne que les Egyptiens utilisaient
un ratio : ‘telle masse par homme’.'® Dés lors on est amené a se demander si les dessinateurs
utilisaient eux-mémes un tel ratio pour calculer le nombre de haleurs devant étre représentés. Si
rien ne permet a ce jour de I'affirmer, il semblerait que les artistes égyptiens aient pu recevoir une
formation plus large que le seul enseignement de leur art,'” ils auraient donc peut-étre pu calculer
eux-mémes le nombre nécessaire de personnes. A moins que, plus simplement, ils ne se soient
appuyés sur des calculs antérieurs qui leur fournissaient une équivalence simple sur leur grille de
proportion, du type : ‘une statue de X carrés de hauteur = X haleurs’ ou X carrés occupés par
la statue = X haleurs’. §’il a existé, ce calcul conférait a la scene plus de réalisme et donc plus
d’efficacité performative.

Lubrification du sol

Le nombre de haleurs n’est cependant pas le seul aspect a prendre en compte dans la bonne
marche du halage. La lubrification du sol avant le passage du tralneau semble également agir de
maniere importante. Bien documentées, les scenes de halages de statues dans les convois funéraires
a I’Ancien et au Moyen Empire sont celles qui apportent le plus d’informations a ce sujet.

Si Pon regarde les scenes ou un verseur d’eau est présent (fig. 7, courbe), on s’apercoit que
I'adjonction d’un haleur semble réduire le besoin de lubrification du sol. On remarque en effet que
les verseurs d’eau sont plus fréquemment représentés lorsque le traineau est tiré par deux, quatre
ou six haleurs, tandis que leur présence chute a trois, cinq ou sept haleurs. Au-dela de huit haleurs
(soit a partir d’une masse que 'on peut évaluer a environ 2730 kg), il y a toujours un verseur d’eau.
Une question toutefois demeure : le verseur d’eau peut-il concomitamment occuper la fonction
de haleur ? Car, si au-dela de huit haleurs le verseur d’eau semble travailler indépendamment du
groupe et se concentrer uniquement a sa tache, 'on peut se demander si en deca il n’appartient pas

16 Goyon et al. (2004), pp. 182-183.
17 Laboury (2013a), pp. 33-34.



54 JAEA 3, 2018
Delvaux

au groupe des haleurs. En ce cas, il interviendrait en cas de probléme avant de retourner aider au
halage. Cette double fonction expliquerait pourquoi il est moins représenté dans les scenes ou les
haleurs sont en nombre impair.

16
14
12

10

Occurences
oo

L=}

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

B Haleurs —e=\lerseurs d'eau

Fig. 7. Nombre d’occurrences ou le verseur d’eau intervient, en comparaison au nombre de haleurs.
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Fig. 8. Scene de halage d’un hippopotame provenant du temple funéraire de Pépy 11 (scene 49).

Perspectives de recherche

Grace a ces différentes observations il est possible pour certaines scénes ou témoignages écrits,
d’évaluer la masse des cargaisons, le nombre nécessaire d’hommes aux halages, voire de restituer
des lacunes.

Halage d’un hippopotame

La scéne de transport d’un hippopotame dans le temple funéraire de Pépy 1I (fig. 8, scéne 49)
est exceptionnelle. Tres fragmentaire cette scene appartient a un ensemble plus vaste de chasse
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a ’hippopotame ou le roi est représenté debout sur une barque, en train d’harponner un animal
devant sa cour. Bien que de prime abord la scéne ait lair irréaliste, le nombre de six hommes
semblant étre sous-évalué, il n’en est rien. L’hippopotanius amphibins ou hippopotame commun, peut
peser de 1300 kg a 3200 kg.'® Si 'on multiplie le nombre de six haleurs par le ratio minimum de
336 kg/pets., on obtient pout 'hippopotame figurant ici une masse de 2016 kg, soit un animal de
taille moyenne. Notons enfin que 'impression de démesure est due au fait que la scene n’est pas
proportionnée. L’hippopotame, dont la hauteur moyenne au garrot est d’un métre cinquante, est
ici bien trop grand comparé aux haleurs.

Halage du pyramidion de Sahouré

Cette scene provient de la chaussée montante de la pyramide de Sahouré (scene 30). Le bloc ou
se trouvait le tralneau n’ayant a ce jour pas été retrouvé, seule la légende nous informe sur la nature
du chargement :

NN I I 0 A = (ol ) ok Al

[...] dm bnbn.t [r] mr H(=w)-b3(.w)-S3hw-R jn prw-wj3

‘[...] le pyramidion (recouvert d’)or fin a la pyramide :
“Les baon de Sahouré sont apparus” par 'équipe du bateau.’

Sur hypothése d’un pyramidion taillé dans une pierre dontla masse volumique serait de 2700 kg/m?,
ce qui peut correspondre aux granites ou a certains calcaires, deux propositions de restitution vont
étre faites. L'une s’appuie sur les dimensions du pyramidion de Dahchour, lautre sur le nombre
visible de haleurs.

Fig. 9. Proposition de restitution 1 (gauche) et 2 (droite) du pyramidion

(le personnage mesure 1,68 m).

18  Voir, par exemple : [http:/animals.nationalgeographic.com/animals/mammals/hippopotamus/].
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La premicre restitution se base donc sur un pyramidion ayant les mémes dimensions que celui
retrouvé aux abords de la pyramide rouge 2 Dahchour (hauteur 1,10 m ; c6té 1,57 m, soit 1,06 m?)."
En envisageant uniquement la masse de la pierre, on obtient une masse de 2862 kg. En divisant
ce nombre par le ratio minimum kg/pers. observé (336 kg/pers.), le nombre nécessaire de haleurs
pour tracter cette masse se situe a un peu plus de huit personnes, soit moitié moins que le nombre
de haleurs conservés.

Pour la seconde restitution, il faut considérer qu’il n’y a pas de lacune dans le nombre de seize
haleurs représentés. Si 'on multiplie ce chiffre par le ratio de 336 kg/pers., la masse du pyramidion
serait donc de 5376 kg, soit un volume total de 1,99 m? (hauteur sans la base 1,31 m ; c6té 1,99 m).

Halage de blocs

Sil’on connait de rares figurations de transport de blocs a partir du Nouvel Empire, les ressources
textuelles, plus nombreuses, nous permettent d’évaluer, pour une telle opération, les besoins
logistiques. Les insctiptions retrouvées au Ouadi Hammamat sont ainsi riches en renseignements.”

Dans l'inscription CM 152,?" il est fait mention d’un bloc de douze coudées de long halé par deux cents
hommes. En prenant toujours le ratio de 336 kg/pets. et en le multipliant par le nombre de haleurs,
on arrive a une masse du bloc évaluée a 67200 kg, Si 'on considere qu’il s’agit d’un bloc de granite
(masse volumique de 2700 kg/m”), le volume du bloc devait étre de 24,89 m’. Si 'on modélise (fig. 10)
un bloc de 24,89 m’, celui-ci peut avoir comme dimensions en métres : L. 6,30 x 1. 2,10 x h. 1,88.

Fig. 10. Proposition de restitution du bloc de I'inscription CM 152 (le personnage mesure 1,68 m).

19  Volume du pyramidion seul de 0,90 m® auquel il faut ajouter la base d'installation ici estimée a 0,16 m?.

20 Les inscriptions notées CM renvoient a I'ouvrage Couyat et Montet (1912). Les inscriptions notées G renvoient a I'ouvrage
Goyon (1957).

21 Farout (1994), p. 159.
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Dans une autre inscription (CM 149),% il est fait mention d’un bloc mesurant dix coudées de long et
huit coudées de large. La hauteur n’est pas mentionnée, mais 'on peut penser qu’elle est aussi de 8
coudées.” Avec ces dimensions, on obtient un bloc de 92,6 m’, soit une masse de 250 tonnes pour
un bloc de granite (fig. 11). Divisé pat le ratio de 336 kg/pers., on artive 2 un nombre de sept cent
quarante-quatre haleurs.” Ce nombre d’hommes n’a rien d’étonnant, d’autres inscriptions (G 61 et
CM 87) mentionnent en effet des blocs halés par cinq cents, mille, mille cinq cents ou deux mille
hommes.” Le convoi utilisé pout le transport de ce bloc était donc peut-étre de mille hommes.
Lécart d’environ deux cent cinquante hommes observables entre les estimations données pour
I'inscription CM 149 et les chiffres fournis dans les inscriptions G 61 et CM 87 correspondant alors,
soit a une réserve de main d’ceuvre, soit aux personnels auxiliaires tels que ceux observés pour le
transport de la statue de Djéhoutyhotep (verseurs d’eau, porteurs d’eau, encenseurs, porteurs de
madriers, médouou, etc.).

Fig. 11. Proposition de restitution du bloc de I'inscription CM 149 (le personnage mesure 1,68 m).

Halage d’une stéle

Dans l'un des registres latéraux d’une stele découverte en 2008 au Gebel Silsileh,” figure le
chargement sur un bateau d’une st¢le installée sur un traineau. Le traineau, qui va quitter la carriere,
s’engage sur un plan incliné. Devant le traineau, un homme tient un objet. Pour Ph. Martinez, il

22 Farout (1994), p. 159.

23  Sil'on bascule le bloc sur le c6té, la largeur devient la hauteur et inversement.

24  Avec un bloc mesurant 10 coudées de hauteur, on arrive a une masse de 312 tonnes, soit un nombre de neuf cent vingt-huit
haleurs.

25  Farout (1994), inscription G 61, p. 147 et inscription CM 87, p. 148.

26 Martinez (2009), pp. 133-172.
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s’agit soit d’une cale, soit d’une jarre d’eau, la seconde solution me semblant cependant étre la
meilleure.”” Un homme est debout sur la stele. Il 1éve un baton pour donner le signal de départ
aux haleurs. Ceux-ci, au moins au nombre de quinze hommes,” sont guidés par un inspecteur
d’équipe qui, retourné vers le bateau, dirige la marche. Connaissant le nombre de haleurs, il est
possible de calculer la masse de la cargaison. En utilisant toujours le méme ratio de 336 kg/pets., la
masse peut étre évaluée a 5040 kg. Celle-ci étant tres probablement en grés, son volume maximum
est estimable a 2,65 m’. Modélisée (fig. 12), on obtient, par exemple, une stéle aux dimensions
suivantes : H. 3,54 m, 1.1,90 m, ép. 0,37 m.

Fig. 12. Proposition de restitution de la stele (le personnage mesure 1,68 m).

Conclusion

Ces différentes propositions ont pour principal intérét de nous permettre de se figurer ce a
quoi le halage d’une cargaison X pouvait ressembler et ainsi mettre en avant la dimension ‘réaliste’
des témoignages. En comparant ces différentes estimations, on constate que I'on reste toujours
dans I'ordre du possible et du réalisable. e nombre de haleurs — figuré, cité ou évalué — semble
correspondre aux besoins en hommes et la masse des cargaisons n’a rien d’extravagant, bien au
contraire.

Mais ces estimations n’ont pas vocation de prouver que les ratios observés dans cet article (de
336 a 348 kg/pers.) sont justes, précis et infaillibles. En effet, respecter dans les représentations
un ‘réalisme’ formel n’était pas nécessairement la priorité des anciens Egyptiens pour qui le fond
primait sur la forme. C’est pourquoi ces estimations servent a donner des ordres de grandeur, a
relativiser les différents témoignages qui nous sont parvenus. Oui, six hommes peuvent trainer un
hippopotame. Oui, seize hommes suffisent au halage d’un pyramidion, etc.

27  Au-dela d'un certain nombre de haleurs et donc d’'une masse élevée, il y a toujours un verseur d'eau (supra, p. 53, Lubrification
du sol).
28 Cette partie du registre est peu lisible. Ce nombre semble cependant étre le bon.
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Et finalement, si 'on compare les différents chargements évoqués dans larticle avec d’autres
également déplacés par traineaux,” on remarque que les données qui nous sont parvenues illustrent
seulement le transport de charges relativement maniables et plutot légeres™ et qu’en matiere de
mobilisation de main-d’ceuvre, de génie civil ou d’innovations techniques, nous ne pouvons pour
I’heure qu’effleurer en surface la réalité du transport par traineau et espérer de nouvelles découvertes
dans les années a venir.

A. Pyramidion de Sahouré (proposition 1).

B. Pyramidion de Sahouré (proposition 2)
C. Bloc de pierre (inscription CM 152).

D. Statue de Ptahsepsés.

E. Stele du Gebel Silsileh.

F. Bloc de pierre (inscription CM 149).

G. Statue de Djéhoutyhotep

H. Colosse de Memnon.

I. Obélisque de Louxor-Concorde.

J. Obélisque de Karnak-Latran.

K. Obélisque inachevé.
.omml i “ J I K

B C

Fig. 13. Comparaison entre les cargaisons évoquées dans l'article (A-G) et d’autres (H-K).
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Numerical modelling and mechanical behaviour analysis

of gable vaults in pharaonic construction

Claire Girardeau,' Thierry Verdel® and Franck Monnier’

Ancient' Egyptian monumental funerary architecture developed rapidly from the reign of
pharaoh Djoser in the 3™ dynasty, around 2,650 B.C., until it reached its zenith during the reigns
of Khufu and Khafre in the 4™ dynasty. The two largest pyramids were built at Giza at that
time.” Funerary chambers of the 3" dynasty were built underground, whereas during the reign of
Khufu’s father Snefru, at the start of the 4™ dynasty, funerary chambers began to be built in the
superstructure of pyramids for the first time. Pyramids at Meidum and Dahshur which belonged to
Snefru contain chambers built just above the ground level, with access corridors leading down from
raised entrances in the sloped faces of the monuments.® Then came the Khufu’s pyramid, with a
funerary chamber located more than 40 m above the ground, in the middle of the superstructure.”

The challenge of raising larger blocks to higher levels was increased by the need to protect the inner
passages and chambers from an increasing mass of overlying masonry, reaching several hundred
thousand tons in Khufu’s monument.

To protect these burial spaces, the Egyptians initially developed monumental corbelled vaults, and
subsequently developed equally imposing rafter vaults (also called gable vaults).® The stone rafter
vaults found in the majority of pyramids from the 4™ through the 13" dynasties are among the
most impressive structures ever produced by the Egyptian architects, in response to one of the
most significant technical challenges they encountered.’

Traditional arches are made up of several voussoirs held together in compression. Rafter vaults
are effectively simple arches, composed of pairs of voussoirs in the form of two sloping beams,
facing each other to form a structure shaped like an inverted V." In most cases, distinct rafters are
juxtaposed next to each other to form a thick apexed roof, which is described structurally as a type

1 GeoRessources Laboratory, CNRS, University of Lorraine, Mines Nancy, Nancy, France
(claire.girardeau@mines-nancy.org).

GeoRessources Laboratory, CNRS, University of Lorraine, Mines Nancy, Nancy, France
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Maragioglio and Rinaldi (1965), tav. 2; Dormion (1996), pl. 5.

The term commonly used in French is ‘Vo(te en chevrons’ (Monnier (2013), pp. 129-130), which can be translated as ‘rafter
vault’ and also ‘gable-roof vault’.
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Fig. 1a. Position of the saddle vaults in the Great Pyramid of Khufu: the
entrance (A), the Queen’s Chamber (C) and the King’s Chamber (D).

Fig. 1b. Stone rafter vault covering the entrance to the Great Pyramid.
(Franck Monnier)
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of vault. Several layers of rafters can also be superimposed. This study addresses single-layer and
double-layer vaults, although it should be noted that triple-layer vaults were occasionally used in
ancient Egyptian monuments (fig. 1).

Many studies have addressed the mechanical behaviour of masonry vaults and arches,'" but few
have dealt with solid stone rafters. The purpose of this article is to investigate their mechanical
behaviour using the distinct element method and associated numerical tools. The article is not
intended to be a definitive or a comprehensive research report, but a presentation of initial results,
and a demonstration of the potential of this approach as an aid to the study of ancient Egyptian
architectural structures.

Study background

The theoretical study of the gable vaults drew on methods developed to study classic masonry
arches, as rafter vaults function as simple two-voussoir arches. In 1969, Heyman introduced plastic-
limit analysis to the study of masonry structures.'” His methodology assumes that the material and
structure have the following properties:

- The structure has no tensile strength, i.e., joints between voussoirs separate on tension.
This is a reasonable assumption as joints between voussoirs are typically dry or contain
only weak mortar, and the assumption of no tensile strength tends on the ‘safe’ side, i.e.
the vaults are always assumed to be weaker than they may in fact be in reality.

- The stone is assumed to have an infinite compressive strength. This assumption tends
to over-estimate the strength of the stone and is therefore inherently ‘unsafe’, but it is a
reasonable working principle in structures where forces in the material were typically too
low for crushing to occur.

- Sliding failure along joints cannot occur. This assumption greatly simplifies the mechanical
analysis, even if it is not always realistic.

With the development of computerized modelling and more specifically after the introduction of
the distinct element method by Peter Cundallin 1971, it became possible to take the joints between
blocks into account as well as to model large displacements between blocks. The mechanical,
numerical, analysis of masonry structures such as arches became possible, producing results that
were highly representative of the real structures.

Thrust lines

In an arched structure, the line of thrust is a theoretical line that represents the path of the
resultant compressive forces acting on and through the structure from different directions. Arches
are stable under their own weight, or under external loads, if we find at least one thrust line lying
wholly within the structure, and this holds for individual beams in a gable vault. The example
illustrated in figure 2 shows such a thrust line in green in an arrangement similar to the situation
experienced by the second layer of beams covering the entrance to Khufu’s pyramid. Only one side
of the vault is shown in each of the two diagrams.

11 Heyman (1969).
12 Heyman (1969).
13 Cundall (1971).



68 JAEA 3, 2018
Girardeau, Verdel & Monnier

P PN

g/m

7y

Cx

= '

2y

Ay g
R

Fig. 2. Loading and possible thrust line in a single rafter such as the upper left one over the
entrance to Khufu’s pyramid. On the left, the beam is treated as a solid structure, while on the
right the beam is evaluated as if it were comprised of 4 separate voussoirs. The forces are re-
solved for each individual block. The masonry above is simplified and modelled as producing

a homogeneous vertical load on the rafter.

In addition to evaluating if the structure is stable, a plastic limit analysis can also determine if the
structure will begin to fail, and what the maximum load bearing capacity of the structure might be
before that occurred. Using Heyman’s simplified assumptions, the maximum load conditions'* for
single span arches are found when one thrust line runs entirely within the masonry but intersects
three times with the intrados or the extrados. This extreme limit situation is where the structure
satisfies the three conditions for equilibrium but is at the point of collapse. If the arch is not solid
then any deflection in this case will lead to the formation of hinge points, and if the structure is
loaded up to the point at which it will begin to yield/crush at an interface point, then this state will
constitute the maximum global load limit before rupture.

Analysing geometric arrangements and load scenarios by evaluating structures in this extreme
situation, however, produces hypothetical situations that are not necessarily representative of
reality. Thanks to numerical modelling, more complex geometrical conditions can be studied more
easily, and the distinct element method" is the most suitable approach for achieving that end. To
analyse and better understand the mechanical behaviour of vault rafters the current study follows
the methodology established by Idtis ¢# /' which:

14 Heyman (1969).
15 Cundall (1971).
16 |Idris et al. (2008).
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- Evaluates geometric situations and load cases using distinct element method/UDEC
code.

- Defines a safety factor which allows analysis of the mechanical state of the materials.

- Compares different geometries and load cases to understand the overall behaviour of

rafters.

Fig. 3. Thrust line and formation of hinges in a vault.

Numerical modelling methodology

Geometry

During modelling of rafters and their surrounding context, the Universal Distinct Element Code
(UDEC) software can analyse systems containing many blocks and interface joints. The modelling
is simplified by assuming that the masonry around the rafters is a continuous homogenous material
with consistent mechanical properties throughout. This hypothesis is questionable, but greatly
simplifies calculations when using this approach. The stiffness of the surrounding matrix is
assumed to be low compared to the stiffness of individual continuous blocks, to take the existence
of multiple small joints in the surrounding masonry into account.

The structural geometry of gable vaults and their abutment walls on either side was chosen from
numerous real-world examples that could have been analysed, as the vaults provided an opportunity
to carry out systematic investigation of particular design principles. One of our main objectives was
to study the effect of the inclination of the rafters on the performance of the vault. Angle 6 was set
as a variable, while point A (fig. 4) remains fixed in all models. To model the variable depth of the
vault under a masonry superstructure, a homogenous load was applied along the upper boundary
of the modelled structure and could be varied according to the depth case being tested. Examples
incorporating one or two layers of rafters were investigated. In all cases, the thickness of the different
layers of rafters was a constant 2 m while their length changed as the angle of the rafters varied, so
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that the span of the vault remained a constant 10 m in every case.'” The undetlying principles of the
geometry used are shown in figure 4, which illustrates a case for a two-layer rafter arrangement.
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Fig. 4. Model geometry, boundary conditions and mesh.

Mechanical characteristics

To model masonry rafters, the physical and mechanical properties of the stones used for the
construction must be realistically represented, while it is assumed that there is no mortar between
blocks. This assumption is a safe and realistic hypothesis, as most architectural surveys indicate an
absence of mortar in the eatlier structures of this kind." Only frictional forces at the interfaces
are considered. For the mechanical properties of the stones, pharaonic monuments were mostly
constructed using limestone, so available reference values for Young’s modulus and Poisson’s ratio

in limestone were used, as well as reference values relating to friction angles. Information compiled
by Nakhla ¢ a/. regarding the density and compressive strength of limestones from Giza was also
used.” Since the different reference values vatied to some degree, this study used the lowest, which
allowed the failure of stones to be more easily observable. Mahrous e# a/. also produced a dataset
relating compressive strength to tensile strength for Egyptian limestones, which let us determine an
appropriate tensile strength for our modelling® Table 1 presents the values selected for the analyses.

Masonry of central structure Surrounding masonry Masonry joints

Parameter Unit Value Parameter Unit Value Parameter

p (Density) kg/m® 2050 p kg/m® 2050 Jkn (normal stiffness) GPa/m 12
E (Young’s

modulus) GPa 12 E GPa 1.2 Jks (shear stiffness) GPa/m 4.7
v (Poisson’s

ratio) 0.27 v 0.27 Jc (cohesion) MPa 0
C (cohesion) MPa 2 C MPa 2 Jo (angle of friction) ° 35
¢ (angle of

friction) ° 35 ® ° 35 JTs (tensile strength) MPa 0
Ts (tensile

strength) MPa 1 Ts MPa 1

Table 1. Properties of materials and interface joints used in the modelling (Nakhla ez a/. (2006);
Mabhrous ¢z al. (2010)).

17 This is a reasonable value to use for the total span width. Even in chambers that are less than 10 m wide, the gable vault
extends over and beyond the side walls, which are typically not load bearing.

18 El-Naggar (1999), pp. 87-129.

19  Nakhla et al. (2006).

20 Mahrous et al. (2010).
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Numerical modelling results

Introduction of a safety factor

To evaluate the stress levels and identify zones where failure may occur, a safety factor fwas
calculated. This factor evaluates the stress state in a zone and estimates how close it is to the failure
criterion. The calculation of this safety factor follows an established methodology referred to as
the Mohr Coulomb failure criterion method. The definition of the factor is represented in figure 5,
which follows a graphical convention typical for this type of analysis. In practice, when the factor /
falls under 1, there is failure, while a value around 4 shows that there is little or no threat of failure.
Coloured bars are displayed under each test case diagram to show the colour coding used to display
the safety factor. Red signifies an increased risk of failure as fapproaches 1, and yellow indicates a
lower risk of failure as fapproaches or exceeds 4.

0L a2
f=Mlﬂ['F,i'

Fig. 5. Safety factor definition, where C is the cohesion, ¢ the friction angle,
and T the tensile strength of the material. o1 and 62 are the computed
maximum and minimum principal stresses.

The calculations were carried out for an isotropic (the material has no characteristic orientation)
material with linear elasticity, in a single two-dimensional plane. The section studied was then
replicated/extruded over a distance perpendicular to the section, to produce a 3-dimensional model.

The results, including the grid point positions, principal stress values in elements, and stress values
at contact points between blocks, were then exported to Mathematica® to be analysed. Only the
results for the left rafter(s) and abutment support wall were calculated, as the structures are all
symmetrical around the central vertical plane of the model, as would be the stress distribution.

Stress analysis

When loaded, the rafters and abutments walls are subject to distinctive stress distributions with
zones that vary significantly between higher and lower stresses. More precisely, it appears that
tensile stresses tend to develop along the underside of the rafter, the intrados, towards the upper
end where opposing rafters meet. The intensity of the stress in that area increases as the depth of
superstructure above increases, or the angle of inclination of the rafter decreases.

This area seems to be the first failure zone encountered when there is a single layer of rafters. When
there are two layers of rafters, the first failure zone is located on the intrados of the uppermost
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rafter, while the lower rafter exhibits shearing failure zones around the interface with the abutment
wall, as well as less severe tensile stress zones on the intrados.

Moreover, the vertical contact surface between pairs of rafters shows relatively high tensile stresses,
but these tend to be less severe for the upper layer. Around the abutments, failure tends to occur
near the lower contact point with the rafter, which is a highly compressed region. Figure 6 illustrates
this behaviour with reference to the safety factor.

depth: 70 m
¢ angle: 30°

f
|
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Fig. 6. Safety factor distribution for an angle of 30° and a depth of 70 m
(zones highlighted in white have the lowest safety factor experienced by the
abutment, or in each rafter).
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