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Abstract

In this paper, we recalculate the theoretical maximum number of tiers in a human pyramid,

originally calculated in a previous PST paper, using the ultimate compressive and yield strength

of cortical bone. We found the maximum number of tiers to be between 8 and 10 before the ring

metacarpal bone begins to yield and 14 to 17 before breakage.

Introduction

A PST paper in 2014 titled ‘Pyramid of
Geezers’ [1] calculated the theoretical maximum
number of tiers possible in a human pyramid un-
der the assumptions, both implied and stated,
that: arm strength was the limiting factor for
tiers, the weight of a person above is evenly dis-
tributed across the people below and is evenly
split across each limb [1]. We believe that weight
is not evenly distributed across each tier, as grav-
ity acts directly downwards, and explore the lim-
iting factor being the compressive strength of
their bones rather than the muscle, as we be-
lieve you can hold much more than you can lift.
We ignore joints for simplicity’s sake.

n=1

Figure 1: Diagram showing the forces acting
directly downwards through limbs in a human
pyramid.

Theory

In a human pyramid, hands and knees are
placed on the shoulders and hips of the people
below, This would create essentially a straight
line of arms and legs down to the ground. We
assume that all the weight acts down each ‘col-
umn’, as can be seen by the arrows in figure 1,
of limbs and is split evenly over each limb. We
derived the following equation:

F(n):{(n—l/Q)mg n € 2N (1)

nmg otherwise

Where F(n) is the maximum force experi-
enced (felt by the bottom centre member(s)),
n is the number of tiers in the human pyra-
mid, m is the mass of each person and g is the
force of gravity. We assume that each person’s
limbs are completely straight and the bones in-
side take the weight of the person above them.
The arm bones will be the weakest link as the
femur is well known to be the strongest bone
in the body and it is assumed that the partic-
ipants are on their knees and fists rather than
open palms as this keeps the forces as straight as
possible. The seven bones we need to consider



are: the humerus, the Ulna, the Radius and the
four metacarpal bones in the palm (the thumb
is off to the side thus we assume that no weight
is placed on it). All these bones are the same
type, Cortical bone, with an ultimate compres-
sive strength of 205 + 17.3 MPa [2]. We have
used femoral cortical bone strength in this case,
as the strengths are assumed to be similar across
each bone due to the low variation in porosity
among cortical bone [2]. We know the breaking
forces of the Ulna, Humerus and Radius to be 9.9
+ 2.28 kN, 19.75 £+ 4.7 kN and 8.03 + 2.86 kN
respectively [3]. We take the strength (pressure)
and the area to calculate the force at which the
four metacarpal bones break using the definition
of pressure.

Discussion
Bone Diameter (mm) Breaking Force (N)
Index Metacarpal 2.6 1090 + 92.0
Middle Metacarpal 2.7 1170 £ 98.7
Ring Metacarpal 2.3 852 £ 71.9
Little Metacarpal 3.0 1450 £ 122
Table 1: The minimum diameter [4] of each

metacarpal bone and its breaking force.

The Radius and the Ulna run parallel, thus we
assume that the force would be equally split be-
tween them and the same for each metacarpal.
The ring metacarpal is clearly the weakest and
would break first. Because the metacarpal is
holding 1/4 of the weight from the arm, which is
holding 1/4 of the total weight, the total force is
split 16 times, therefore the break would occur

when the person undergoes a total force of 13.6
+ 1.15 kN.

While the bone would break at this force, it is
likely the human pyramid would fail much ear-
lier as the compressive yield strength of Cortical
bone is 115.06 + 16.36 MPa [2]. Therefore, the
metacarpal ring would begin to yield at 7.65 £
1.09 kN. Figure 2 shows the two values and uses
a mass of 83.6 kg for the average man, as in the
original paper [1] for direct comparison.
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Figure 2: Maximum force felt by the centre
member(s) at the bottom of an n-tiered hu-
man pyramid. Ranges of maximum force before
breakage (pink) and yielding (blue) are shown.

Conclusion

In conclusion, we found that in a human pyra-
mid the maximum number of tiers is 8 to 10 be-
fore yielding begins and 14 to 17 before break-
age of the ring metacarpal bone. This is slightly
higher than in the original paper [1].
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