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T,e Maya erected his vaults in four principasl members - two

walls first, and then two half-vaults which, above the cap-stone, merge
into on mass, which we have been c¢alling the roof cap, or cap.
He did not bihd the base of his half vaults to the walls, but he hid the
essential disconection of his two half vsaults by this connected mam nry
through the cap. It will be readily agreed that the dead weight of the
front half of this cap rests on the front half-vault, the rear half on
the rear halfpvault. Each half vault plus its cap therefore acts as a
separte unit so far as the éownward forces of gravity are concerned.
Wa-will-try-Lozeheow-tater-thatzwhere There will be a slight tendency
bend of its own weight
of the cap to Ped in the middle between the tops of the soffit slopes,
bﬁt the gap is so short that we méy disregard this., We will try show
that no other forces than compression, from each side toward the center,
will be brogght to bear on this cap unless samething else moves., We are
thus justified in theoretically cutting this cap vertically over the
center of the room, and treating each half vault and its =mp hsalf cap
as a member of the structure. T:e half-vaults of which we talk will

have the form of Fig incl uding the cap. I; figuring the weight, we will

also include the roofing concrete on each half-vault as part of it, but



since this had 1little or no strength, we will not consider it a
structural member of the building, but a dead load which the latter

must support. On the other hand we assume, at first, that each member is
infinitely strong so that none of the forces involved can change its
shape or volume - that is, stretch it or crush it.

Let us examine two or three cross sections of half-vaults,
apart from their walls. In Fig =mx thexiefizhandxprekianxixzrextiy
azEontianzk inpxefzEhazwaxk the center of gravity is between 4 and
s. W* may consider that all the weight acté through the center of
gravity c¢; and since the wall is infinitely strong, it will meet an
equal and opposite reacting force from the wall at d? and this is the
condition of equilbinrim, since there are no moment arms to create
rotational movement . The forces meet head-oyl . Further, this unit is
to a certain extent in stable equdlbrium. If it is tipped to the left
(rotated about ¢) the center of gravity will move up as well as to the
left. Unless the mowement goes too far, as soon as the tipping force is
released, gravity will pull the unit back into place. The same is true
for a tipping about s as an axis, though to a less extent.

The degree of resistance to such tipp®ng forces is equalized for

either direction in Fig 2 , which is a balanced dowble half vault used

over Xmtthe inner halves of two paraellel rooms . Tt will be clear without

further mmment that either of these forms can be pizgadxsm bullt up ern



independently on the walls indicated, and combined to form as many
ranges of rooms as is desired; two of form one for a single range,

and these combined with one of form two for each additional rance
desired. So long as internal deforming stress in the walls are considered,
each half vault and its supporting wall will be independently stablg,

and sol of course, will they be stable when combined.

I; form 3 (Fig. 3) the half-vault is even more more stable
so far as re$istance to rotating arohunf point 4 is concerned, but what
i1s gained for this direction is lost for the other. The slightest push

to the right will send it over, as the center of gravity on this
rotating Immediately begings to descend.

In figure 4 the center of gravity is out beyong point s and
the half vault will obviously rotate of itself about point s (at least
until it slips off) as in Fig. 5. It is clear that we can prevent this

suitable

rotation by applying a/horizontal force F1 as shown in Fig . Let us

suppose we are dealing with a model, and the wall is set on a board
floating in a tube of water. If we keep up our force Fl,\the half vault wi
will not tip, but the whole thing will move across the tubg. If we fix

wall to the thble, and eliminate frictin between the bottbm of the



half vault it will simply slip across the top of the wall, as in
Fig To prevent its doing so we would have to provide a force to
which we will make just sufficient for the task, and no more.
the right, F2 in Fig. s /Now Riguxm F2 must exactly equal F zma 1
for equilibrium. This is because we arre here dealing only with the
the prevention af a movement of translation, the whole mass moving from
one position to another. We long ago stopped any movement up or down
by balancing the weight through ¢ with the equal and onrosite reaction
froce through s. We must similarly balance F1 to the left with F2 to the
If F2 were greater than F-2 the half-vault would be pushed off
right, in an equal amount and opposite direction./ to the right; if less,
it would continue to the left, though at a slower rate.
In a Maya building there 1is plenty of friction between the
vault and the top of the wall, and it is the wall, acting through
this friction, that supplies the counter thrust force F-2. So long
as there is equilibrium, the force F-2, headed outward, is transmitted
through the cap and half vault to the wall, and the wall reacts with
wall
an equal force directed inward, just asthe f£leew» reacts with a vertical
upward reaction agalnst the weight at s.
Now we know that F-1, which we had to supply (from the
other half-vault in a real building) to keep our half-vault from

rotating, exactly equals F2. Further that ¥x® F-1 is exactly enough (and

no more) to prevent the rotation of Fig , SkxoexxlxxBkg by assumpti



But we do not know the amount of Fil as yet, and since it varies
for different vault forms we must work it out, and must beging by going
back to the force which made it necessary - the rotational force or
moment ®Ex® which seeks to cause the turning around an axis at s, the

spring of the vault.

threatened
Fig is the same vault form at a larger scale. Twe/tipping

is a motion of rotation about the vault spring és an axis (s) and therefor

a force acting on
involves/a lever or moment arm, which is the perpendicular distance

from the line of action of the force to the axis of rotation. The force
i{s the half-vault weight acting through the vertical line through the
center of gravity c. The perpendicular diatance to it is dthe line sa.
The measureme of a rotational force is a moment, in this case w (the
welght) times sa the moment arm. F-1l is a rotational force 1in equal

amount - that is of the same moment, but its lever arm, the perpendicular

i) ;
distance from its line of actioﬁ‘to the axis (@b is much longer). Therefor
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Since the two moments are equalm(one just balances the other)
y Fop / [

( T2 Tzl 4.0 -1 pasadsd o g o~ 2B 1US.

}m-l equals 15000—and—F=1- e:‘qua‘%s’mbs.’ This {‘s the force which
Iq
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would have to be distributed over a length of vault equal to the thid ness

79 2-
of the cut section which gave us the actual weight of 1888 1Ds,.

A Now if wetéﬁéggé the soffit slope (and consequently the
;&vault height, but keep eWerything else constant, the wvalue of Fil (which
as we have seen must equal the thrust to be met by F-2) will decrease.
This is indicated by broken lines in the Figure. While the moment arm
s-a is the same, the weight is greater, and the moment or rotational
force to be counteracted is greater. But the momnet arm of F-2 has
so lengthened as to more than make up for this. T, e calcuatation will
now be « Thus 1t
is seen that whlle a steep vault for a given span snd wall is heavier,
it introduces less side thrust and is more nearly stable. TRial with
_GIveEN £ ihe A f » o 1S EX 7 e,
vafieus*lepeswwi}lvdﬁaw that 1f%t%e upper facade slopey, both the
weight aﬁd its moment arm increase, buﬁmfhéwéombihedveffect does not equal

the advantage of the -moment arm or leverage of F-2. Oniyp=when—the

siope—






her the upper facade is vertical or has a gi

) e slope, for a given span ke (offsets and cap-stone exposure remai
the same, of course) a steep soffit slope will reduce the side

) thrust, though 1t will increase the downward component or weight,

Therefore



2., After erection, the direction of the resultant of the
equal amount of thrust in Lbs,.,, when comibined with the greater
dovnward fa ce of the weight, 1n pounds, will be changed by the
diffeferc e in the relation of the moment or I veer army of the one to
the other, and as we shall see, this will be favorable to the
stability of the wall, and impose a 1essef strain on it, internally,

Now suppose the change 1n the soffit slope 1s applled to

a half-vault with a positively batterred upper facaae. Both the
weight and its moment arm will be increased, Notwithstanding this
the moment arm of the counter-thrust will be so incr~ased as to

compensate for this



Now if we increase the soffit slope km 31 degress from the vertics

we will incre ase the moment arm of the counter thrust to 13,8 cms,,

but the weight to 1104 Lbs, The moment arm of the thrust (produced by th
weight of the kalf vault) will remain the same, That 1s, the new

center of grabity of the half vault will be directly over the former,
Working these out we will find the amourt of cou~ter thrust in Lﬁs.

28 Lbs, ..
we will find 1t zgaim the same/ T at is, 1104 Lbs. times .35 cms

3864066 386440 Lb-cms

equals /6636-Ebss-ems,, and this, divided by the new moment of the

counter-yirust, 13.8, still equals 28 Lbs. Increasing the slope to

24 degress from the vertical gives the same result, The firty-degree

slope with which we started 1s a very flat hypothetical soffit, the

other two slopes which are known, approzimately at Piedras Nagras,

The spread is a wide vne, and we may conclude that raising the

sof fit slope, with a vertical upper facade, does not irngxrxsaxkRex
thet is the counter thrust which must equal it,

affmek the amount of side thrust,/in Lbs, per lineal measure of the

the vault, We should note two things however:

Before the counter thrust has been applied, the tendency to the

increasing
rotate about point s has increased as as the/Weight, times the

e
spme moment arm (sa) has increased, T at is, the steeper slope calls

for more outsig
e
SUPPort while it is being erected,



Trial with a positively batterred upper facade will show that

both the weight and its moment arm% increase, but the longer

moment arm of the counter-thri st (F=2% will still more than ® mrensate,
With a negatively batterred upper facade, as the soffit slope is
raised, the weight only increases, Tfe moment arm of the welpght

is lessened and thet of the counter thrust is inceased. In any case
theh, raising the soffit slope will deérease the actual number of

pounds of thrust, per unit length of vault. Ruk
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