A NEW HYPOTHESIS TO BUILT ALL EGYPTIAN
SMOOTH PYRAMIDS OF OLD KINGDOM
Michel MICHEL
The building of the Egyptian smooth pyramids is still an archaeological mystery.
Many theories have been suggested. Generally they focus on the pyramid of Khufu,
are only based on statements of principle and do not take consideration of the
archeology.
Our approach has been first to carefully analyze the chronology of their building to
understand their architectural evolution, and then to study the configuration of several
of these monuments to eliminate or favor certain tracks among the hypothesis most
frequently mentioned.
These investigations and the observation of a common architectural feature of all
smooth pyramids of the Old Kingdom allows us to suggest a possible solution to this
problem, applicable to most of them and in agreement with our current knowledge.
Schematically our method is simply to build a Step Pyramid 1 and then to convert this
initial structure in smooth pyramid.
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Fig. 1 : Artistic view of a pyramid being built. The internal stepped structure is completed.
Conversion in smooth pyramid will start from the top. (Illustration by the author)

1

3 to 9 steps, the thickness of which varies from 8 m to 18 m depending on the height of the pyramid.

The chronology of their erection, reflect of their architectural evolution.
-

The first pyramid is a step pyramid (Fig. 2).
The following pyramid is also a Step Pyramid (Fig. 3).
This last was enlarged and converted into a smooth pyramid by Sneferu.
(Later, it partially collapse).
All the following pyramids will be smooth pyramids with internal stepped
structure.

Fig. 2 : Pyramid of Djoser at Saqqarah

Fig. 3 : Pyramid of Huni at Meïdum

INVENTORY
Regardless of the materials used, the blocks are just squared, except the coating that
have a neat finish. Their proportions are extremely variable 2, but their thickness
usually reveals the one of their bed career 3. Their weight can vary from a few
hundred kilograms to nearly 70 tons. The stones have certainly not been molded as
some researchers suggest (DAVIDOVITS, 2002), but hoisted and transported from
their respective extraction sites.
Lifting machinery that have been thought until today, are not adapted to a massive
displacement of materials and to hauling heavy loads (Choisy, 1904, 75-84) (StrubROESSLER, 1952, 26) , CROON (see LAUER, 1988, 277), (ALBERTELLI, 1993,
172-173). They seem conceivable occasionally but generally inappropriate.
Because of their robustness and their apparent effectiveness, sleds seem a more
likely use. They are inseparable of the ways and of the ramps, certainly equipped
and wetted 4 , that facilitate their displacement and allow the elevation of heavy loads
they carry

2

These are sometimes formless rubble stones.
Often extracted from local quarries, their upper and lower sides are naturally flat; we designate them
in this document as "calibrated local blocks”.
4
A character, pouring water in front the runners of sleds, is frequently represented on the scenes of transport
by sled (ARNOLD, 1991, 61)
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Several configurations have been suggested: internal ramps (Houdin, 2006) based
on the assumption - not proved 5 - according to which the positioning of the coating is
only possible from the inside, the frontal ramps of mud-bricks that require an
excessive amount of material (LAUER, 1988, 220), the spiral ramps and wrap ramps
of mud-bricks that encounter maneuverability problems of the sleds at the corners of
the monument (GOYON, 1990, 193, fig. 73) (ARNOLD, 1991, 98), and finally the
lateral ramps of mud-bricks that only allow the building of step pyramids
(HÖLSCHER , 1912, 71-73). However, we will be inspired by this one because of the
apparent omnipresence of an internal stepped structure.6.
The various levels of degradation of smooth pyramids 7 of the Old Kingdom suggest
that they may have a common structure. It generally consists of an area of
heterogeneous filling made of rubble and debris 8, and whose shape resembles that
of a step pyramid (Fig. 1, A), of one 9 or more 10 retaining walls 11 of calibrated local
blocks that compensate the instability of the heterogeneous area of each step (Fig.1,
B), an additional masonry of calibrated local blocks to give the pyramid its
substantially final shape and allow the coating (Fig .1, C), and finally a coating of high
quality blocs12 (Fig.1, D).

Fig. 1 : Cutaway of a typical pyramid of the
Old Kingdom (Illustrations by the author)

5

Archaeology has never revealed anything that can prove this type of development.
Or « stepped structure »
7
And those that were intended to take advantage of this finish, but have not been completed.
8
Sometimes placed by spilled beds to increase their stability.
9
At the periphery only. This method could have been adopted at the Pyramid of Menkaure.
10
Then they are concentric. Their rigorous superposition evokes accretions (Fig. 1, E).
11
Depending on the technique used, their thickness or number depends on the accumulation of charges that
each step suffers. Their slight slope toward the center of the building and / or their pose in spilled beds
increases their efficiency.
12
Generally in high quality limestone and sometimes completed by granite.
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Fig. 2 : Pyramid G1b of Mérititès I at Giza
(© Franck Monnier)

Fig. 4 : Queen pyramid G3b à Giza
(© Franck Monnier)

Fig. 3 : Breach of the pyramid of
Menkaure at Giza (© Franck Monnier)

Fig. 5 : Pyramid of Néferirkaré Kakaï à
Abousir (© Franck Monnier)

The existence of an internal stepped structure is
often evident (Fig. 2, 3, 4, 5).

Page

4

It could be the same for the pyramid of Cheops,
as suggested by this densitogramme (Fig. 6),
that materializes density distribution that has
been detected. (BUI, 2011, 47).

Fig. 6 : Densitogramme of the pyramid of Cheops at Giza,
developed by H.D. BUI (EDF), J. LAKSHMANAN (CPGF)
and his colleagues 1988.
(© Hui Duong Bui & Fondation E.D.F)

Another point of view
Further that this internal stepped structure can have a symbolic significance 13, we
think it could be an imprint of the construction method adopted for the building,
including the first stage in the proceedings.
The use of lateral ramps of mud-bricks (Fig. 7, A), suggested by the German
architect and Egyptologist Uvo Hölscher, provides a rational and economical answer
14
how to build a step pyramid. However, it is inappropriate to build a smooth
pyramid.

Fig. 7 : Analysis of the building
method suggested by Uvo Hölscher
(HÖLSCHER, 1912, 71-73)
(Illustration by the author)

Indeed, the conversion of a Step Pyramid in a smooth pyramid involves replacing the
ramps by additional masonry15 (Fig.7, B). No more conveying means is then
available to complete the transformation.
Our hypothesis is simply to consider ramps of stones rather than of bricks to build the
initial stepped structure. Then, we could move some stones to transform the ramps in
additional masonry, because their volumes are equivalent. Thus, nearly 91% of the
materials used to build ramps and make them operational16 would be sufficient and
ready to be converted into additional masonry and 50% of this volume would not
require additional manipulation. The exploitation of useful materials would be
optimized.
This study seeks to propose a comprehensive construction scheme applicable to
most pyramids built of stones17 and of which each generation of architects of the Old
Kingdom was inspired depending on local constraints or architectural evolution 18.
Here is what would be the unfolding:

13

Stairs for the celestial ascent of the soul of Pharaoh. (Pyramid text1090 a-d P.257).
It requires much less material than the frontal ramp.
15
To give the pyramid substantially final shape and allow the installation of the final coating.
16
9% of bricks are still needed to smooth the ramps (cf. infra).
17
Does not include brick pyramids and Nubian pyramids.
18
Building by spilled beds or horizontal layers, eg.

Page

5

14

Moving blocks surpluses
The use of brick is limited to the
construction
of
small
structures
designed to smooth the ramps (Fig. 8,
sawtooth on the bottom ramp).
Our method requires far fewer bricks
than those recommended by Georges
Goyon and Jean-Philippe Lauer.
We only suggested these structures by
dotted on the upper ramp because they
have masked the implantation of the
coating in the ramps in their final
position (Fig. 8 shifted clear blocks).
Fig. 8 : Initial configuration. (Illustration by the author on the scale of the pyramid of Menkaure)
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Fig. 9 : Moving surpluses blocks (Illustrations by the author)

Each level of blocks, located beyond the slope line of the final pyramid, materialized
by coating blocks, is stacked and moved to the other end of the ramp. The two upper
levels have been moved here (Fig. 9 A, a little more clear blocks down).
The transfer of blocks from top to bottom would benefit of the progressive dismantling
of smoothing brick structure (suggested by the dotted lines, Fig. 9 A) and bottom-up
could be achieved by the use of secondary ramps or any process hoisting.

In summary, 50% of the materials involved in the manufacture of the additional
masonry require no additional operation, 25% will be lowered without the use of any
additional way and 25% require the use of a lifting process.
When all the surpluses blocks have been transferred, half of the coating is laid bare
and requires no manipulation (Fig. 9 B).
Implementation of the coating
To complete the device, additional blocks of coating are routed through the bottom
ramps that are still usable (Fig. 10 A).
The stack of these blocks may be provided through the use of small secondary
ramps (Fig. 10 B), or some method of lifting.

Fig. 10 : Transportation of additional blocks (Illustrations by the author)

The integration of a part of the coating to the masonry of the ramps is not essential.
The installation of the entire coating may occasionally be a final stage without being
an obstacle to the transformation of ramps.
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Management of the coating
When the blocks above (Fig. 11 A, highlighted) are embedded under those
established earlier during the organization of the higher level, all the coating is set
(Fig. 11 A, darker area).
We can now proceed to a complete facing (Fig. 11 B). It begins from the top. Thus,
the lower level that are not yet refaced can be used as supports to masons.
Each of these operations is made simultaneously on each face, starting from the top
and ending with the basis of the building.

Fig. 11 : Positioning and facing of the coating (Illustrations by the author)

At the scale of the pyramids of Khafre or Khufu, when the summit of the last level is
reached, there is still about thirty meters to build.
We proceed in the same way, on a reduced scale, and being limited to three steps as
for small pyramids of queens. We still benefit of a ramp width of 6.30 m, enough to
allocate personnel assigned to move generally less than 2.5 ton loads.
Finally, the pyramidion19 may be raised vertically, only on the last 14.5 meters, using
levers and successive makeready. The construction would then be completed.
The hauling team
The haulers could be distributed on either side of
each rope, spaced laterally about 1 m and
longitudinally to 1 50 m in accordance with numerous
representations20.
Eight haulers thus would occupy an area of 6 m2, or
one hauler to 0.75 m2 (Fig. 12).
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Fig. 12 : Arrangement of haulers (Illustration by the author)

19

The study of the top of the pyramid of Chephren leads to an estimate of the weight of the original
pyramidion of nearly 7 tons (SWELIM, 1996, 59).
20
Including the famous scene carrying a colossal statue of Djehoutyhotep at El-Bersheh.

General configuration of ramps
By building the ramps, back to back in pairs, against a solid faced corner, we would
have lubricated ramps used for the transport of materials on sleds (Fig. 13, south and
north), dry ramps21 assigned to the hauling staff (Fig. 13, west and east) and a
permanent controls of the alignment edges (Fig. 13, dashed line).

Fig. 13 : General configuration of the ramps at the scale of the pyramid of Cheops
(Illustration by the author)

At the scale of the pyramid of Cheops, until 113 meters high, ramps may have a
constant width of about 13 meters.
It could therefore develop at least three parallel tracks hauling22 per lubricated ramp.
At 60.5 meters high - as shown here - the surface of dry ramps would be sufficient to
safely accommodate 1240 haulers and occasionally twice this number23.
Because ramps begin shorters as you approach of the summit their ability to
accommodate staff hauling diminishes. But in any circumstance, the number it is
possible to collect on each seems consistent24 with the most stringent requirements.
Granite lintels of 70 tons, limestone rafters of 45 tons, a pyramidion of 7 tons, blocks
of 2.5 tons and blocks of 1.4 tons thus could be sent respectively to 60.5 meters, 78
meters, 130 meters, 138.5 meters and 144.5 meters high, without additional
development, without excessive effort and at a steady pace25.

Page

9

21

Any risk of sliding or getting bogged down of the hauling team would be excluded. These ramps
may also have the appearance of usable stairs.
22
See series of sleds on the bottom ramp of the south face (Fig.13).
23
See explanation infra.
24
See Appendix "Calculations" at end of document.
25
In contrast to lifting machines, because they use a reduction factor of forces that generates a
proportional increase in execution time.

The corners
Robust vertical and cylindrical angle gears26 would allow haulers pulling loads
longitudinally from the lower ramps using ropes figured black (Fig. 14), and have
exceptionally reinforcement of all or part of the team assigned to the construction of
the next step from rising ramps (Fig .14, A) and that, using the ropes figured in white
(Fig. 14).
When a convoy reaches the top of a ramp, the same additional team could use the
ropes rated B (Fig. 14) to transfer the load laterally27 to take the following ramp in the
best conditions (Fig. 14, arrows).

Fig. 14 : Illustration of moving a 70-ton lintel on the pyramid of Cheops (Illustration by the author)

Hauling team could be static 28 or movable 29.
A
The hauling of each heavy granite lintel of the pyramid of Cheops could be ensured
by the use of three sleds. For each of the two ramps used together to hauling, nine
ropes would enable eighteen lines of haulers is spread over a width of 9 m with a
cumulative margin of safety that could reach 4 m.
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If they were made of hard wood and greased leather-wrapped (to avoid soiling the ropes), their
performances were comparable to those of the pulleys.
27
Transition on a zone of intermediate sliding (Fig. 14, black sleds).
28
The staff pulls the ropes to it (long length of rope and efforts concentrated on the arms).
29
Staff accompanies strings. Staff rotation is therefore essential. When a team reaches one end of the
ramp, another team replaces the other end (shorter strings efforts spread throughout the body and
taking advantage of the slope effect, but requires more staff).

Exploitation of the local relief
A few pyramids 30 take advantage of the local relief by integrating to their overall
volume a significant percentage of natural rock (Raynaud, BOISSE, MAKROUM and
BERTHO, 2008, 19). Schematically we believe that the goal would be to develop an
initial platform perfectly level - at least in the periphery31 - on which the building itself,
as described above, could begin. This platform 32 would consist of natural rock
leveled or specifically cut (Fig. 15 B), and completed by the addition of blocks (Fig.
15 C) extracted from peripheral excavations33 (A) or from local quarries. Finally, a
prominent natural hill (Fig. 15 B ') could complete the device. The access to the
upper part of the platform could be provided from two opposite corners, by temporary
"bridges" cute in the natural rock (Fig. 15 D) or made of mud-bricks (Fig. 15 E). The
coating of this platform might be willing - at least partially - immediately after its
construction, from the top and occasionally in spilled beds as Abu Rawash
(VALLOGGIA, 2001, 59).

Fig. 15 : Initial platform and internal hill. (Illustration by the author)

This platform whose height varies according to the edifice 34, therefore constitutes an
independent structure. Not being affected by the construction method itself, no
evidence on the transformation ramps can not be detected.
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Chéops, Chephren, Djedefré, Khentkawes …
Clear region of the platform.
32
Of very variable height depending on the pyramid concerned.
33
It is this process that is used in the pyramid of Chephren.
34
Probably close to 12 meters for the pyramid of Chephren.
31

How to validate this hypothesis?
Another feature of these monuments should also be taken into account. Indeed, we
observe that the peripheral thickness of each layer is constant, but its vertical
evolution is highly variable because it depends on the one of the geological layer
from where the blocks are extracted. This approach minimizes the work of extracting
blocks in career by taking advantage of the natural variations in thickness of the
geological layers successively exploited. In addition, it contributes to an essential
aesthetic and technical coherence by assigning a common thickness to the coating
layer and the one of the additional masonry on which it is placed.
Because the transformation of ramps is to move blocks from one level to another,
generally the initial thickness of a moved block will be incompatible with the one that
its new position requires. This problem could be easily solved by changing the
orientation35 of all or part of the displaced block, stacking and re-cutting them if
necessary. Such a complication could be easily detected because, if a block has
been adjusted or switched, its original thickness should be frequently maintained and
therefore observable.
Conclusion
Based on a simple and rational concept, this technique of construction would be in
the logical framework of the architectural evolution of the Old Kingdom of Egypt36. It
would be solid, economical, would accommodate the different ways of conceiving the
internal stepped structure 37, and could apply to all the pyramids remaining consistent
with observations. Most importantly, it could easily be validated or invalidated by
most comprehensive surveys of the masonry.
Appendix: Calculations
Calculating the force (F) exerted by the haulers for carrying a weight (W) on a slope
() with a coefficient of friction ()using the formula:
F = (W x sin ) + (W x cos  x ) = number of haulers X effort ofeach of them.
For our simulations, we set at 12 kg 38 the maximum force exerted by each hauler
and 0.2539 the coefficient of friction, parameters that seem very reasonable.
By applying these parameters to the characteristics40 of our model for the study, we
observe that our hypothesis satisfy the the more stringent requirements.

35

Tilting or turnaround.
Mastaba / step pyramid / smooth pyramid. It would also allow the transformation of a step pyramid
already built like Meydum..
37
In horizontal or spilled beds.
38
Value recommended by the Public Works Administration for hauling barges, some researchers have
chosen to ignore this factor. (GOYON, 1990, 125)
39
The one of oak on wet oak (REDTENBACHER, GRASHOF, 1861, 122)
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For example41, a load of 70 t may be hoisted to 60.5 meters high by 2356 haulers
because the required ramp length (197 m) is less than that available (208 meters).
But a pyramidion of 7 t could not reach a height of 138.5 meters because, beyond
130 m, ramps are too short.
Height
*
25,5 m
43 m
60,5 m
78 m
95,5 m
113 m
121,5 m
130 m
138,5 m
138,5 m
144,5 m

Slope
*

Weight
42

Nber.
haulers

Surface
43
requied

Long.
44
requied

Long*. dispo.
without helper

Platform + main internal structure of 6 steps (width of ramps = 13 m)
6°26’
70 t
2104
1582 m2
176 m
146 m
7°36’
70 t
2220
1669 m2
185 m
124 m
9°03’
70 t
2356
1771 m2
197 m
104 m
11°11’
45 t
1860
1398 m2
155 m
84 m
14°40’
7t
289
217 m2
24 m
64 m
21°43’
7t
351
264 m2
29 m
44 m
Internal complementary structure of 3 steps (width ramps = 6.30 m)
14°40’
7t
289
217 m2
36 m
32 m
21°43’
7t
351
264 m2
44 m
22 m
41°05’
7t
494
371 m2
62 m
12 m
41°05’
2,5 t
176
132 m2
22 m
12 m
41°05’
1,4 t
99
74 m2
12 m
12 m

Long*. dispo.
45
with helper
292 m
247 m
208 m
169 m
129 m
88 m
63 m
44 m
24 m
24 m
idem

Fig. 16 : Study model applied to the pyramid of Cheops (Illustration by the author)

40

Notified by an asterisk in the table.
See gray lines.
42
70 t = Heavier granite lintels, 45 t = heavier rafters, 7t= the pyramidion.
43
Calculated on the basis of 0.75 m2 per hauler (see explanation infra).
44
Calculated on the basis of a wide distribution of haulers, respectively 9 meters and 6 meters (see
explanation infra).
45
Staff exceptionally used on two successive ramps. (See explanation below). Concern about 200
blocks.
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