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In its purest form, a true pyramid consists of four identical triangles which "spring" from 
a square base and culminate at a common point.  When reduced to its plane geometric 
components, it is an easy form to comprehend.  It is a far more daunting task to create 
the form in the built environment. 
 
Imagine how difficult it would be to construct the four faces of a proposed pyramid, 
whose base is a square covering 13 acres, such that they would meet precisely at a 
point almost 50 stories above the ground.  Imagine further that the available 
technology makes no use of transits and other sophisticated measuring devices.  
Almost 5000 years ago, the ancient Egyptians accomplished that very feat at the Great 
Pyramid in Giza.   
 
It is to this issue, the construction procedures that controlled the pyramidal form and 
their importance, that this paper is devoted.  By presenting this material, many of the 
long held complex mathematical theories and supernatural conjecture, as to how the 
pyramids were built, can no longer be seriously considered.  It is an ignorance of 
pyramid construction procedure which has created the environment in which these 
theories could flourish.  By design, this work takes some of the "magic" out of the 
pyramids.   
 
To date, many pyramid researchers have acknowledged in their work that "control" of 
the pyramidal form would have been a most important aspect of the construction 
process.  I.E.S. Edwards wrote "... imperfections in the setting of the stones would not 
only mar the outside appearance, but, unless counteracted, would lead to irregularity 
in the pyramidal form"(1).  Yet, few have put forth any theories which "standup" when 
subjected to practical construction analysis.  This paper will specifically show the 
control procedures which "counteracted" the potential affects of the "imperfections" as 
stated by Edwards.  These solutions are grounded in an understanding of the 
construction process (which in its basic form has not changed to this day) and an 
enthusiasm for problem-solving.  Surely, those are human qualities which were as 
prevalent among the Egyptian pyramid builders as they are among the builders of 
today. 
 
 
 
(1) I.E.S. Edwards, The Pyramids of Egypt (Harmondsworth, Middlesex 1961) 261 
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THE SIGNIFICANCE OF CONTROL.................................................... 
 
Unlike the realities of the huge machinery and impressive quantities of materials used 
in construction, control is an abstract, a process of procedures.  These procedures are 
not part of the structure, nor a part of the building's final function.  As such, they are 
not readily observable and their significance is rarely understood.  Control can be 
defined as a system of procedures which establishes and then maintains the geometry 
of a structure during the course of the construction process.  This paper's mission is to 
impress upon the reader the significance of control and how mastery of specific control 
procedures allowed the Egyptian builders to construct true pyramids. 
 
Buildings are composed of many individual elements which are typically organized into 
systems.  The combination of all the systems results in the completed building.  For 
example, a brick veneer system may be composed of hundreds of thousands of 
individual bricks, set in mortar, laid in horizontal courses and mechanically fastened to 
the building's structure.  The spatial orientation of each brick, that is each piece of the 
brick veneer system, needs to be controlled.  Each brick must be set level with 
adjacent bricks, and its exposed face must align with the vertical plane established by 
previously placed bricks.  Those steps represent control procedures which are applied 
to the setting of each and every brick.   In a similar way, the entire brick wall, the 
system itself, must be properly oriented in the building and have the correct shape as 
prescribed in the construction drawings.  It is the sum of the control procedures for the 
individual elements, as well as the control procedures for each of the systems, which 
results in the building being constructed to its true geometric form.  That form may be 
a square, a rectangle, a circle or even a pyramid. 
 
Control is organized on two levels: "primary control" and "secondary control".  Primary 
control consists of those procedures which establish and then maintain the geometry 
of an entire building system (such as the brick veneer system) or several building 
systems.  Secondary control maintains the orientation of the  individual elements or 
pieces within each building system (such as a single brick in the brick veneer system).  
Control procedures can be further classified as external or internal.   External 
procedures are those which use references, or control data, which are outside of the 
building.  Internal procedures are applied using control data which are inside or on the 
building.  Both internal and external procedures can be either primary or secondary.  
  
It is important to note that the basic techniques for control have not changed in 5000 
years.  However, our technology has advanced to the point where geometric control, 
for today's typical buildings, is an easily accomplished part of the construction process.  
 
The more complex a building's form, the more important and difficult it is to maintain 
control.  The Egyptians, with much simpler technology, managed to control a far more 
complex form than the common geometries which we construct today.  Today's 
buildings are "hollow" structures which create interior space for human occupancy.  
The open nature of today's buildings allows for internal control procedures to be 
applied from within the space of each floor, or vertically from basement to rooftop.  



D. A. Narducci III and Michael T. Lally – In Control at the Pyramids  - Page 3 
 

 
Pyramids, however, are solid masonry monuments (except for the minor volume 
occupied by chambers and access passageways) not intended for daily occupancy.  
The lack of internal open space, from which to control the geometry and execute the 
construction, complicated the builders' task.  Movement of materials had to occur 
primarily on the outside and on top of the structure, not within and through the 
structure as happens today.  The inclined sides of the pyramid form made the use of 
typical control procedures (such as use of plumb lines) impractical.  The sloped sides 
also made the installation of scaffolding and construction from outside the form 
impossible. 
 
Without control, many problems would arise in today's building  environment.  For 
example, without adequate site control, buildings would be incorrectly placed causing 
zoning, drainage, grading, access and solar orientation problems.  Without internal 
building controls, walls would not be plumb (vertical), ceilings and floors would not be 
level, windows and doors would not fit into openings, chimneys would not stand 
straight, roofs would not meet at ridges, etc..  Similar problems would have plagued 
the pyramid builders, perhaps with the exception of zoning and solar orientation 
issues.  If internal control procedures were not successfully applied, accurately 
maintaining the series of diminishing squares that occur at each successive course of 
a pyramid's outer casing stones would have been impossible.  Loss of control would 
have resulted in unsmooth faces, "hips" which were not straight and an apex which 
was not centered over the base below.  Simply put, in ancient or current times, without 
active control, planned squares would not be actual squares, rectangles not 
rectangles, circles not circles and pyramids not pyramids.  
 
 
CONTROL PROCEDURES IN TODAY'S BUILDINGS........................................ 
 
The secret to controlling a building's form lies in the "repetitive reference" to an 
established series of points or lines which allow for true vertical and horizontal 
orientation of the building's component systems.  In surveying, the parallel concept is 
the "point of beginning".  That is the acknowledged point from which all subsequent 
map directions begin.  For a building it is much the same.  Before a building even 
takes shape, there must be a point, line or plane from which the builder can reference 
the location and orientation of the building's main structural system.  For modern 
buildings, it is typically the foundation structure which is oriented on the site through 
reference to established "datum" information.  This reference information is external to 
the building.  Floors, walls, roofs and eventually finish systems all "build-on" and 
reference to the newly constructed foundation, not to any external information.  This is 
an important concept.  While using the foundation as the form's template, or primary 
control data, builders utilize internal control procedures for construction of the 
subsequent component systems.  These internal procedures maintain verticality 
(plumb), horizontality (level) and squareness. 
 
For illustration, examine these control principles and their application in the 
construction of a simple "stick-framed" single family house.  After initial site 
mobilization, the excavation of the house's foundation is the first major focus.  But 
before the excavator is even delivered to the site, a surveyor must stake-out the exact 
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location of the foundation walls, as shown on the site plan.  Using modern survey 
equipment, the layout crew will establish one or more "benchmarks" at secure 
locations in close proximity to the final house location.  These benchmarks are new 
reference points whose exact locations are known relative to established control data.  
A benchmark may be established by driving a nail into the base of a large tree 
(scheduled to remain) and then documenting the nail's exact location (both vertical and 
horizontal distances) relative to an established concrete monument at a 
 
 
 

 
property corner.  From this benchmark, using a transit, the new foundation corners can 
be precisely marked.  Wooden stakes are typically driven into the ground at offset 
distances from the proposed new foundation's corners.  The stakes are offset from the 
actual corners so that the excavator has room to work around the foundation perimeter 
without disturbing the stakes.  If by chance a stake is disturbed, or even lost during the 
excavation work, the point it refers to can be easily re-established from the 
benchmark.  Once the excavation is complete, footings and foundation walls can be 
precisely placed by "measuring back" from the offset stakes.  Vertical placement 
(elevation) of the bottom of the footings can be exactly set by direct reference to the 
benchmark.  In a poured basement foundation wall, the top of the pour is usually 
marked by a chalk line "snapped" inside the form work.  This line is set level by 
repeated reference to the benchmark.   Before the concrete walls are poured, a 
secondary level of control occurs internally within the basement space to ensure that 
the concrete forms are plumb and square.  This secondary control takes place using 
simple tools and old techniques.  It is important to note that the control procedures for 
the foundation placement relied on external reference data. 
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Some of the tools employed by today's builders, for secondary internal control 
procedures, are shown in Fig. 2..  For comparison, they are illustrated adjacent to 
speculative tools used by the Egyptians for similar purposes.  They are all simple 
implements.   One can hardly fail to notice that in 5000 years, these basic tools have 
not changed very much. 
 
 
 

 
 
 
 
 
 
 
Once the building's foundation is complete, a significant change occurs in the control 
process.  The two-tiered, primary and secondary reference system still controls the 
geometry.  However, the primary reference data will no longer be external to the 
structure.  Framed floors, walls and roofs will not use the foundation offset stakes, or 
the benchmark, for their primary reference.  These systems will rely on the foundation 
for their primary control.  The foundation structure itself will be the primary control data 
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which ultimately controls the final geometry of the entire structure.   Secondary control 
will occur internally from within the space being created.  This secondary control is 
achieved with the use of levels, measuring tapes, chalk lines and squares.  For 
example, the first floor framing is placed directly on the top of the foundation walls 
(new primary control data), with perhaps minor perimeter adjustments for square 
(employing secondary control procedures).  The height of the first floor walls is 
measured directly off the top of the first floor deck (primary control data) and openings 
are placed in exterior walls and interior walls (employing secondary control 
procedures).  With the aid of levels, exterior walls are erected plumb (secondary 
control procedures) and aligned with the outside face of the floor deck (primary control 
data).  The process repeats itself for the rest of the construction.  Each system is built 
sequentially directly on the previous system.  But all are predicated on the foundation 
system. 
 
 
CONTROL PROCEDURES FOR PYRAMID CONSTRUCTION.................................... 
 
As stated above, the basic principles for control of a building's geometry have not 
changed in 5000 years.  This is not an unreasonable conclusion since the construction 
process itself has not changed, despite significant changes in equipment and 
materials.  If one can understand the procedures and techniques for control in today's 
buildings, one can appreciate the purity and practicality of the control solutions for 
pyramid construction, as presented in this paper. 
 
There are many unanswered questions concerning pyramid construction.  Most start 
with "How did they..... lift all that stone?... get all that stone to the site?.... cut the stone 
so precisely?.  The list goes on.  This paper answers a less frequently asked, but 
equally important question:  How did they they build that form so precisely?   
 
The answer lies in the builders' successful application of geometric control procedures 
during the course of the construction process.  In the above text a definition of 
geometric control has been stated and its role in the construction of a stick-framed 
building has been presented.  With that information in mind, the following discussion 
presents the specific control procedures employed by the pyramid builders. 
 
One of the first steps during the design phase of a pyramid project was site selection, 
much the same as in the aforementioned house example.  However, that process is 
not relevant to the goals of this paper and is therefore not discussed here.  Once 
selected, the site would need to be prepared for the construction of the new pyramid.  
After the leveling operation was complete, one of the first activities would be the exact 
placement of the pyramid's foundation.   
 
As we know from field documentation of existing pyramids, the four sides were 
precisely oriented perpendicular to the four compass axes.  Much has been written on 
the technique by which a false horizon can be constructed and, through star sighting, a 
highly accurate North/South axis can be established.  There is no reason to further 
discuss those theories here.  But it is important to note that, just as today's surveyors 
"stake-out" proposed buildings using external control data (benchmarks), so too did 
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the pyramid builders.  The stars were the external control data which allowed for the 
establishment of a true North/South axis to which the entire pyramid foundation was 
oriented. 
 
Once the true North/South axis was marked on the level pyramid site, the four corners 
of the pyramid's foundation could be determined using simple geometry.  Bear in mind 
that these four corners were not the corners of the final geometric form one would see 
after the construction was complete.  Instead, these corners marked the corners of the 
structural foundation system for the pyramid, a stepped core. 
 
From examination of extant pyramids, we know that pyramids are composed of four 
primary masonry parts; 1) the stepped core consisting primarily of rough stone, 2) the 
finished faces of the core, consisting of dressed stone, 3) the backing stone behind the 
casing stone and 4) the dressed casing stone. 
 
The core blocks and accretion walls, whose final form represented a stepped pyramid, 
comprise the foundation system.  This initial-phase structure was constructed in 
platforms of diminishing size using horizontally laid blocks, or as accretion walls with 
inclined stone coursing.  In either case, the completed foundation became the 
"template" for the final true pyramid form which would eventually encase it. 
  
Religious or other ceremonial requirements may have initially dictated the stepped 
form.  Perhaps, the stepped form was simply the "next generation" of the mastaba 
form, in use since the First Dynasty, 400 years before the first stepped pyramid 
appeared at Saqqara in the Third Dynasty.  
 
It was at King Sneferu's pyramid at Meidum (Fourth Dynasty c. 2610 B.C.) that the 
Egyptians first applied the construction procedures which allowed construction of the 
true pyramid form over a stepped pyramid.  Figure 3. shows the many phases of 
construction which shaped the pyramid of Meidum.  The E1 phase (as noted by L. 
Borchardt) produced a 7-step pyramid.  Builders of the E2 phase enlarged the 
structure to an 8-step pyramid.   
 
It was during the process of the E2 work that the builders realized that the same basic 
principles of control which they were applying to construct the additional step, would 
also allow for the application of sloped sides.  
 
The builders of E2 devised and applied the "measure-back" control procedures using 
the existing E1 stepped form as their foundation or template.  Perhaps, with this viable 
construction method in hand, the pyramid builders moved to the Dahshur site to start 
in earnest on what would be the first planned and executed true pyramid.  Of course, 
problems at the Bent Pyramid ruined their intentions.  The E3 phase, the true pyramid 
form at Meidum, may have been built after the disappointments of the Bent pyramid, 
and during, or after the Red Pyramid was constructed. 
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The control procedures devised and perfected at Meidum precipitated the "boom" of 
true pyramid construction which marked the Fourth Dynasty. 
 
Below is a outline of the specific procedures which were followed by the ancients in the 
construction of the pyramid forms, both stepped and true.   
 
 
HOW THEY DID IT 
.................................................................................................................................... 
 
1.0  Phase One - THE CORE 
 
The following steps outline the procedures executed for the construction of a stepped 
structure (Phase One), which served as the core, or foundation for a true pyramid 
(Phase Two).  This simple model is intended as a tool for understanding.  Assume that 
the core was built on a perfectly level site.  This model core is to be 200 FT x 200 FT 
and 100 FT in height with five 20 FT high steps or platforms.  Each platform sets back 
20 FT.. 
 
In this model the incline, or the slope of the sides of the stepped-core is 45 Degrees.  
This slope is the angle created by a line connecting a series of points at the outermost 
edges of the platforms, and the plane of the base.  Refer to Fig. 4.. 
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The final angle of this model's true pyramid (Phase Two) will be the same as the angle 
of the core sides (45 Degrees).  At Meidum, the angle of the core sides (E2) is 
approximately 52 Degrees, a 14 to 11 ratio of rise to run.  Not surprisingly to these  
authors, that is the same angle as Meidum's true pyramid sides (E3).  Interestingly, 
most subsequent pyramids shared that same 52 Degree angle.  The "measure-back" 
control procedures used by the E3 builders at Meidum, resulted in the 52 Degree 
angle.  There was no magic in the selection of 52 Degrees, it was simply the angle that 
was dictated by the already existing core geometry.  A more complete analysis of 
pyramid angle is planned for a future discussion.  It suffices to state within the context 
of this discussion that the principles of control as applied to the geometry of this 
paper's model core are also applicable to a core of any angle. 
 
 
 
 
1.1  STEP ONE: Orientation and Base Layout 
 
Using the North/South axis established by external astral reference, the length of the 
West side of the first platform was marked along the North/South axis line.  Then by 
measuring the diagonals, the other three sides were established.  Refer to Fig. 5..  The 
lines were permanently marked by chiseling a narrow slot in the bedrock base.   These 
four lines, which represented the square of the first platform of the core, became the 
primary control data for the entire pyramid.  All subsequent control procedures made 
reference, directly or indirectly, to this square. 
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1.2  STEP TWO: Construction of the First Course of the First Platform 
 
For this model, the stone which composes each of the platforms were laid in level 
courses, and the outside faces of the perimeter stones of each platform created 
vertical planes.  The outside edges of the perimeter stones for the first course were 
aligned with the four sides of the square as marked in Step One.  Secondary control 
procedures, as illustrated in Fig. 6.b., were then applied at the outside faces of all 
perimeter stones to ensure plumbness.   
 
After placing all perimeter stones, the interior area was filled with "backing-stone". 
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1.3  STEP THREE: Completion of the Remaining Courses of the First Platform 
 
In this model, each platform was composed of five courses, each four feet high.  The 
second and all subsequent courses for this platform, began with the placement of the 
four corner stones.  Refer to Fig. 7..  Once the two outside edges of the corner stones 
are aligned with the outside edges of the stones below, the plumbness of the outside 
faces was checked.  This secondary control procedure was accomplished using the 
plumb-rule as shown in Fig. 6.b..  Then, between the corner stones and in line with 
their outside top edges, four string lines were "pulled".   The string lines were 
supported at intermediate points to prevent sagging and other movement.  These 
vertical supports are called "triggings" and would have been secured into small 
sockets cut into the stones below.  The remaining perimeter stones were placed 
between the corner stones by aligning the outside bottom edges with the outside top 
edges of the course below.  The outside top edges were aligned with the string lines.  
These last two procedures represented internal secondary control.  When the entire 
perimeter was enclosed, except for access points, the interior area was filled with 
backing-stone as per Step Two.  The same procedures were repeated for the 
remaining three courses of the platform.  Each course resulted in a new, "parallel" 
square being constructed over the lower square.  When completed, the first platform 
was a perfect square in plan, twenty feet high.  It was then necessary to set controls 
and begin construction of the second platform.   
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1.4  STEP FOUR: Construction of the Second and Subsequent Platforms 
 
A new control procedure was employed before construction of the new platform 
began.  It was necessary to mark a new square on the top of the completed platform.  
This was done by dropping a plumb-line down to the initial square marked on the base, 
or offset points to the base square, then measuring horizontally along the top of the 
completed platform.  This "measure-back" procedure was done at two locations on 
each of the sides, near the corners of the completed platform (See Fig. 8.a.).  Once 
the planned step distance was marked (See Fig. 8.b.), a line could be established by 
connecting the two new points.  
 
This new line, marking one side of the new square, would be chiseled into the top of 

the first platform.  This procedure was then repeated on the other three sides.  The 
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newly marked square then served as the primary control data for the construction of 
the second platform.   
 
Modifications would have been made to the backing-stone to ensure a level surface in 
the area where the new control square for the second platform was chiseled into the 
stone.  The top surface of the first platform's final perimeter course would have been 
used as a reference for maintaining level.   
 
Future placement of the true pyramid's casing stone or construction of each 
subsequent platform would not have required that the faces of each platform be planar 
surfaces.  This means that it would not have been crucial for the outside faces of each 
course of the perimeter stone to align with the outside faces of the course below.  
However, it was essential that each course be parallel with the one below, and also be 
a true square.  Therefore, if there was a setback at each course, the setback distance 
from the lower course had to be the same on all four sides.  And the control of the 
placement of each setback course would have been achieved by reference to the 
primary control square marked on the platform below.  In this way, cumulative error 
would have been avoided.  Refer to Fig. 9.. 
 
 
 

 
 
 
 
 
For simplicity, this model shows the face stones in each platform in a vertical plane, as 
indicated in Fig. 8.b.. 
 
1.5  STEP FIVE: Completion of the Remaining Platforms 
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The remaining platforms were constructed by repeating the procedures outlined in 
Step Four.  It is probable that an additional secondary control technique was employed 
when each new smaller primary control square was marked at the start of each new 
platform.  That procedure was the checking of the "squareness" of the new square 
established by Step Four procedures.  The check was accomplished by measuring the 
diagonals of the square.  A perfect square has diagonals of the same length. 
 
The core of the pyramid was then complete.  See Fig. 10..  By transferring the base 
primary control square onto each new platform, the geometry of the form was 
controlled during the entire process.  It was then possible to begin Phase Two, the 
construction of the sloped sides, the true pyramid form.  
 
 
2.0  Phase Two - THE TRUE PYRAMID 
 
The stepped core, produced in Phase One, served as the foundation system for the 
rest of the pyramid's finish systems.  This foundation became the primary control data 
for the building's  final geometry.  The pyramid's outer casing  
 
 
 
 
 

 
 
 
 
stone and backing-stone represent the finish system which was "built-on" and 
referenced to the foundation, much the same way the aforementioned house framing 
and subsequent finish systems "build-on" the house's concrete foundation.  Secondary 
internal control procedures controlled the placement of each of the casing stones, 
similar to the way individual bricks are set into a brick veneer system.  Some of the 
simple tools which were used for secondary control are shown in Fig. 2.. 
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Using the stepped core constructed in Phase One above, let's now examine in a step 
by step format the construction procedures for Phase Two. 
 
2.1  STEP ONE: Layout of New Base Square Outside Core 
 
At a distance "x" from a point near corner A on the primary control base square of the 
first platform, a new point A1 was marked.  It would also have been possible to 
measure out from an offset point near corner A.  When measuring out, it was always 
necessary to measure along a line which was perpendicular to the face of the platform.  
From a point near corner B, the same procedure was repeated.  Refer to Fig. 11..  A 
string line was then "pulled" between points A1 and B1 establishing a new line parallel 
to primary control line AB.  The distance "x" would have been determined based on the 
true pyramid's final angle and the space required for working and moving stone in the 
area between the proposed finish face and the existing platform faces (See Fig. 4.b.).   
 
 

 
The new line A1B1 marked the outside edge of all the final casing stones for the 
pyramid's first course along the West side of the pyramid.  This procedure was then 
repeated at the other three sides of the pyramid.  The lines were extended far enough  
to intersect and identify the new corner points.  Lines B2C1, C2D1 and D2A2 
established the edges of the casing stones for the North, East and South sides. 
 
2.2  STEP TWO: Horizontal Control Lines on Platform Faces 
 
Similar to the procedures followed in Step One, horizontal lines were marked, at an 
increment equal to the height of the designed outer casing stones.  However, in this 
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case the lines were marked on the vertical faces of the platforms, not on the horizontal 
plane of the base.  Refer to Fig. 12..  Since the platform surfaces at the primary control 
squares were level, they served as the control data from which to mark the horizontal 
lines.  It is important to note that each horizontal line was measured up from the level 
platform surface below.  This avoided the incremental errors which would have resulted 
if measurements were made from one horizontal line to the next.  This procedure was 
repeated on all platform faces.  This step was necessary because the model core has 
planar faces.  If the faces were set back at each course, their top outside edges could 
have served as horizontal control lines. 
 
2.3  STEP THREE:  Placement of the First Course of Casing Stone 
 
The first course of the casing stone was placed up to lines A1B1, B2C1, C2D1 and 
D2A2 as established in Step One.  The outside finish face of each casing stone was 
precisely dressed to its finish angle before placement.  This was important because, 
once placed, the finish face of each stone played an important role in the control of the 
pyramid's geometry.   Since the base around this model was level, there was no need to 
control the orientation of the finish faces of each casing stone in this first course.  The 
backing-stone was then placed behind the casing stones.  Refer to Fig. 12.. 
 
2.4  STEP FOUR: Placement of the Second Course of Casing Stone and Hip 
Construction 
 
Refer to Fig. 13..  The first two casing stones of the second course were placed at the 
locations shown in Fig. 13.a..  Their outside bottom edges were set precisely on the 
ashlar line of the course below (see Fig. 13.b.).  The ashlar lines of the lower course 
represented the square which served as primary control data for the placement of this 
new course. The final orientation of the finish faces of these first two stones was  
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checked by using the set-triangle.  This internal secondary control procedure verified 
that the true design slope of the pyramid was being maintained.   If necessary, minor 
adjustments to the surfaces on which the stones were set, or to the bottom of the 
stones themselves, would have been made to maintain the correct outside angle.  The 
only other method by which to control the angle would have been to modify the 
dressed finish face.  That approach seems impractical.   
 
 

 
With these two stones in place, parallel to the AB side of the core, a string line was 
stretched between the top outside edges of the newly placed stones to establish a new 
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ashlar line.  Since it is difficult to "pull" a line very far without the problem of sagging, 
intermediate "triggings" were set at regular intervals to support the line.  The triggings 
were set at precisely the same "measure-back" distance from the face of the platform 
as the top outside edge of the first two stones of this course.  The primary reference 
data, on the face of the platform, was one of the horizontal lines marked in Step Two.  
Now the rest of the casing stones along the AB side of the core were set by placing 
the outside bottom edges precisely on the ashlar line of the lower course and the top 
outside edges along the new ashlar line defined by the string line.  Modifications were 
then made to the surface below the stones, or the bottom of the stones themselves, to 
ensure alignment with these two references.  The above procedures were then 
repeated along the other three sides of the pyramid. 
 
At this point, the corner or hip stones were installed.  Like the other casing stones, the 
hip stones were dressed to the pyramids design angle before final setting.  The control 
of the placement of the four hip stones was done in conjunction with the two initial 
stones which were placed on each side of the pyramid as described above.  Refer to 
Fig. 14..  The hip stones were first set at each corner, aligning their bottom outside 
edges precisely along the perpendicular ashlar lines of the lower course.  Then by 
extending "measure-back" dimension "M" from the face of the platform through stones 
"G" and "H" (Fig. 14.), the upper corner point of the hip stones was controlled.  As was 
the case with all other casing stones, the surfaces on which the hip stones were 
placed or, the bottom of the hip stones themselves, were modified to maintain 
alignment with the control data.  
 

 
Then, with all the sides and hip stones in place, the area between the newly-placed 
casing stones and the platform was infilled with backing-stone on all sides. 



D. A. Narducci III and Michael T. Lally – In Control at the Pyramids  - Page 19 
 

 
 
2.5  Step Five:  Placement of the Casing Stone for All Subsequent Courses 
                             (up to the top platform) 
 
The procedures outlined in Step Four were repeated for all subsequent courses of 
casing stone until the top step was reached.  The "measure-back" distance, as shown 
if Fig. 13.b., varied for each course but was the same on all sides for any given course.   
 
2.6  Step Six: Placement of Casing Stone Above the Top Platform 
 
At this point, the only stones left to be placed were those above the top platform.  In 
this model, those stones represented less than 1% of the total volume of the whole 
pyramid.   Since there were no vertical platform faces to measure-back to, new control 
procedures were required to maintain the geometry.  But because the entire work area 
was open, and completely accessible from the inside, control procedures were much 
simpler. 
 
Diagonals were easily measured and compared to maintain parallel, diminishing 
squares as each new course was placed.  In addition, the center point of the entire 
structure was then projected up to the apex.  With simple bracing, a wood pole was 
constructed to "hold" the apex.  From the top of this wood pole, four string lines were 
stretched to the uppermost four hip stones.  By employing these internal control 
procedures, the square geometry of the remaining courses was maintained.  And the 
four hips of the pyramid were sure to meet at the pyramid's top point.   
 
Before the last stone, the pyramidion, was placed, the wood pole and "hip strings" 
were removed.  The last stone was then set, and the construction of the true pyramid 
was complete.  See Fig. 15 

 
THE PHASING OF THE CONSTRUCTION................................................ 
 
The process put forth in this paper defines two separate and distinct construction 
phases: the first, for the building of the pyramid's foundation, and the second, for the 
installation of the casing stone, true pyramid's finish system.  Although not discussed, 
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the reason for the separate phases lies in the constraints resulting from the ramping 
systems which were necessary to transport the stones for each of the phases. 
 
This subject of ramps is indeed a significant part of the construction process and one 
which will be dealt with in greater detail in another paper.  It suffices to say here that 
the core was constructed in its entirety before the final finishing operation began.  
During core construction, stone was moved along ramps which ran parallel to the 
sides, from platform to platform.  The ramping system for the finishing phase was an 
altogether different system. 
 
 
EVIDENCE AND SUMMARY........................................................... 
 
Field research reveals that the faces of the cores of several pyramids are composed of 
dressed stone.  The question has been asked: Why dress these outer faces if the 
construction of the final true pyramid would completely bury all these surfaces?  The 
one valid explanation is that these faces were part of the control system which was 
employed by the builders in constructing the sloped sides of the pyramid.  The 
dressing of the faces provided a more accurate surface from which to "measure-back" 
and maintain geometric control.  Such field documentation strongly supports the 
concepts presented in this paper.  With regard to the distinct and separate phases of 
construction, I.E.S. Edwards has recorded two dates which were found on casing 
stones at Dahshur(2).  The first indicates the twenty-first year of the reign of King 
Senefru and is located at the Northeast corner of the pyramid.  The second bears a 
date of the following year and is located half-way up the structure.  It would have been 
impossible for the completed true pyramid structure to have reached that height in 
such a short period of time, especially considering the fact that at the half-way point 
more than 85% of the stone would have been placed.  The one year period is realistic 
if the only work completed during that period was partial installation of the finish casing 
stone system.  This field data strongly supports the phasing concepts presented here. 
 
In summary, the principles put for in this paper focus on the significance of the 
geometric control procedures which were used by the builders of the pyramids.  The 
specific procedures described above would have been easily accomplished in the field 
with the use of simple tools.  Many authors have described procedures by which the 
construction followed a "one course at a time" approach to the entire pyramid.  These 
theories are weak.  Through analysis one can easily see that the ability to maintain 
geometric control with that method of construction would have been impossible.  
Without utilizing internal primary control data for reference, the incremental error which 
would have resulted by ratio measurements on the outside of each course (or several 
courses) would have been disastrous.  And the idea that one could control the entire 
geometry of this complex form by sighting along the "hips" to a distance of more than 
700 FT (as would be the case at the Great Pyramid), or along the sloped sides, is 
naive as best.  
 
Accurately constructing diminishing, parallel and centered squares is the key to 
successful pyramid construction.  And based on what we know the Egyptians had for 
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tools and technology, that success could only have been achieved by employing the 
concepts presented herein. 
 
 
Subsequent excavations at pyramid sites will add information supporting the ideas 
presented here.  Future papers are intended to complement this presentation and 
provide construction theories regarding the movement and placement of stone and the 
angles of construction. 
 
 
 
 
 
 
(2) Edwards, op. cit. 230 
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