Appendix A11 Pile Cap Design Calculations

In this example we have a pile cap with 12 HP14x102 piles providing support. The piles have an 85 kip
compression capacity, a 12 kip tension capacity and a 14 kip shear capacity. The pile cap is 42" thick with a
6" pile embedment and made from 4 ksi lightweight concrete. A load combination of 1.0*DL+ 1.0*LL is used
for the service LC and a load combination of 1.2*DL + 1.6*LL is used for the strength LC.

Geometry, Materials and Criteria

L.,,:=183 in Wiapi=134 in tegpi=42 in embed:=6 in
£, =60 ksi £,:=4 ksi A:=0.75 Peone= 11+ 2
ft
H,eq:=24 in N:=12 Number of Piles
L,4:=24 in dyie=14 in Side Dimension of Pile
W ea=24 in dpe,=0.75 in  Diameter of reinforcement
o
B in 49 in i 14 in Side
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*Camensions in: i
l,:=49 in Distance from c/1 of pedestal to c/I of piles in the x direction.
l,:=24.5 in Distance from c/1 of pedestal to c/I of 1st piles in the z direction.
ly,:=73.5 in Distance from c/1 of pedestal to c/I of 2nd piles in the z direction.
w,=1,— red —37 in Distance from piles centroid to face of pedestal in x
direction.
wy, =1, — Ped —12.5 in Distance from 1st piles centroid to face of pedestal in

z direction.
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Distance from 2nd piles centroid to face of pedestal in

ped _ 61.5 in z direction.

Wy i=ly, —

z

Effective Depth Calculations (for bending)

c:=1.54n  Cover (top and bottom)

d:=t.,,—embed —c—d,,,=33.75 in Distance from the top of cap to centroid of
bottom reinforcement

dyop = teq,—€mbed =36 in Distance from the top of cap to the top of the
piles

Applied Loads
P;:=250 kip V,:=20 kip
P,:=350 kip V,:=40 kip
tcap . tcap .
M=V «|H, .+ 5 =150 kip- ft M :=V . Hp8d+T =75 kip- ft
Wped *= Hped ¢ Lped ‘ Wped * Peone =0.88 kip Weqp = Lcap ¢ Wcap : tcap * Peone = 65.562 kip

Pyt i=Py+ P+ w,eq+w,,,=666.442 kip

Pile Forces (Service)

We will assume the individual pile forces are correct and use the RISAFoundation output.

P o1 :=54.1593 kip Pites:=59.2103 kip

pile P,,:=76.1068 kip P,:=84.1884 kip
Pricxi=56-6083 kiv 0,025 kip ~ Lrie’=4956TE KD b 6 7509 kip
Prpites=59.0573 kip P,,:=83.9435 kip Ppiero=52.0164 kip P,.:=72.6782 kip
Ppics:=615062 Kip g7 8610 kip |t =PAAOBAKID 26 5066 kip
Ppires=51.8634 kip P,5:=72.4333 kip Priterz=56.9144 Kip P,15:=80.515 kip
Pyieg=54-3124 kD p 76 3517 hip
Pije71=56.7613 kip

P,.:=80.2701 kip
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Pile Cap Flexural Design

For the flexural design we are simply taking the worst case moment at either face of the
pedestal and checking against that. To do this I simply compare the pile forces for each side of
the pedesal and take the worst case forces.

Woap—W e .
wucapresistm =1.2. (u) ‘ Lcap ¢ tcap *Peone = 32.292 klp

Lcap — Mped .
Wycapresistz = L2ef—F7—|" Wcap ‘ tcap *Peone =34.178 kip

cap

4

. L _Lped
M= <Pu3+Pu7+Pu11>'wlz+ (Pu4+Pu8+Pu12> *Woy, — Wycapresiste ",

M, =(1.438-10%) kip-ft

Wcap_ ped .
Muz:: <Pu1+Pu2 +Pu3+Pu4> 'ww_wucapresistz'f:932'815 k:zp-ft

Here are the calculations for minimum steel for both temperature and shrinkage and flexure.

A, ingi=-0018+ Lo+ t.,,=13.835 in’ A ginzi=-0018 W+ t.,,=10.13 in’
200- ?b{ *Legp+d 200 %. Woapd
Ay fressbor = o =20.588 in® A, pesipori=—— =15.075 in’
fy f?!

. 2
Asrequbot :=6.226 .21
Values given in the program
Asprovacbot =12.812. ’i’)’L2

A .
am::M: 1.235 in
0.85+Logy- f.

. a, 3 .
PhiMnz ::0.9-A8pmwbot-fy-(d—?): (1 91.10 > kip- ft

M,
=—=0.753
PhiMnx

Mz'
.2
Asreqdzbot :=9.609 in
Values given in the program

A =14.137 -in?

sprovzbot :
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Asprovzbot * f y

= SProvaol TV _1.862 in
0.85+ W gy f-

a’z .
PhiMnz:=0.9+A,p 00t fy* (d - ?) =(2.088-10°) kip- ft

uc My 0.488
M= phinina

In the x direction the Asreqd (and even 4/3 Asreqd) is less than the minimum
temperature and shrinkage steel, the program uses that minimum.

In the z direction the 4/3*Asreq'd is greater than the As S&T, thus we use
9.609*4/3 =12.812 in "2.

Pedestal Punching Shear Check
dy:=d=33.75 in Effective depth of slab for pedestal punching.

L,:=W

ped + db =57.75 in

Side dimensions for the shear perimeter.

LQ = Lped + db = 5775 Zn

P ileped::Pul+Pu2+Pu3+Pu4+Pu5+Pu8+Pu9+Pu10+Pu11+Pu12:783'109 I{?Zp

up

This value represents the sum of the factored axial forces in piles outside of the
pedestal punching shear perimeter.

Wycapped *= 1.2. <Wcap ‘ Lcap —L,- L2> ‘ tcap *Peone =67.975 kip

This is the self-weight of the pile cap that is outside of the pedestal punching
shear perimeter.

Pupunch ::Pupileped - wucapped =715.134 klp
Myypeq=1.6 <M, =240 kip- ft

Force in the pedestal.

M zpeqi=1.6-M, =120 kip- ft

o

b,=2- <L1 + L2> =231 in Punching shear perimeter.

Cq:i= ?1 =28.875 in This is the distance from centroid to extreme fiber.
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A.i=b,dy= (7.796 . 103> in’ Ac is the perimeter area of the shear cone.

3 2
T dy (ngd+db> N <Wped+6db> -dy’ N dy <Lped+db>2' (Lpea+dy) = (4.704-10°) in*

Jc is the polar moment of inertia and this equation can be found in the commentary to section
11.11.7.2 of the ACI 318-11.

v:=04

P M .C M .C
v ._ " upunch + Y uzxped " 1 + Y uzped " “1

umax * =0.102 kst
Ac Jc Jc

This is the critical punching shear stress, combining the axial and moment forces transmitted
through the pedestal. Punching equations can be found in the commentary to section 11.11.7.2
of the ACI 318-11. Note that here we are combining the stresses due to the moments to get the
worst case stress at a corner of the pedestal punching shear perimeter.

Ibf?

m

f.:=4000-

PhiV e = 0.75 -4+ \[f, + b+ dyy = (1.479+10% ) kip

. AP h‘ivcpunch .
PhiV, =2 ) 149 ksi
o U

Vumaz
PunChcodecheck = W =0.719

ny

Pile Punching Shear Check

Here we will do a punching shear check for pile 4, the worst case one. The program looks at
each pile and calculates a punching shear perimeter for Interior, Edge and Corner scenarios
and chooses the smallest value for the check.

For round piles, we calculate an equivalent square dimension such that the perimeter of both

are equal.
dyie=14 10 dioppunch = teap — €MbEd =36 in
I . dtoppunch .

pite = 11ein+d; +————=43 in

Because there is no top reinforcement in the pile cap, the slab is considered unreinforced for
pile punching. Because of this our Phi factor is now 0.55 and we essentially take 2/3 of the
original strength (thus 4 goes to 8/3). The ratio of 2/3*(0.55/0.75) is 0.4888. In the program
we use a blanket 50% reduction.
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¢:=0.55 b,=2-L,;, =86 in

pile
. 8 . .
PhiVey o=@« A- 3 \/f_C by dy,=215.389 kip If we were to calculate it exactly.

0.75-Xe4+1/f, b, -d
2

Greder[f, by d
2

PhiVe P —920.284 kip

punch2 =

This is the value the
program reports.

PhiVe pynen, risa = P —161.542 kip

P,,=87.862 kip

Pu4
Uptio=————=0.399
Ph/LVCpunchZ
One Way Shear Check
wy,=12.5 in w,=37 in

d=33.75 in d=33.75 in

Because in the x direction w > d, the critical location is at a distance d from the pedestal. This
means that we need to calculate the weight of the pile cap resisting the shear at this location.

Wean=Woea )
wucapresistzshear = % - d) ‘ Lcap : tcap *Peone = 10.397 k’Lp

ucapresistrshear

Because in the z direction w < d, the critical location is at the face of the pedestal.
Because of this we can use the wucapresistz that we used for the moment calculation.

Vuz:: u3+Pu4+Pu7+Pu8+Pu11+Pul2_wucapresistz:459'197 k'l’p

M,,=(1.438-10°) kip- ft M,,=932.815 kip- ft

dz > wz, therefore the critical location for shear at the face of the pedestal.

AS providedz = 12.8122 «in” AS provideds = Asming = 13.835 in”
AS, o AS,ovi
providedz providedx
Dorons = 210 _ 0.002833 Do i=— 2T 0.00224
provz Wcap . prove Lcap .d
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Shear strength in the x direction

dz > wz, therefore the critical location for shear at the face of the pedestal and CRSI Design
Handbook equation 13-2 on P.13-26 is used .

uzxr

=1.114 Mu/Vu*d must be less than or equal to 1.0, so use 1.0.
MVratio:=1
d . Ibf . .
Vo= | ——|* (3.56—2.5-MVratio) | 1.9+ X+ 1/ f +2500 —-+ 0y, - MVratio | =262.46 psi
1z m

Uemaz ™= 10- V fc =632.456 p31

Ve_ai=v,,-W,,,-d=(1.187-10%) kip

cap®

Shear strength in the z direction

dz < wz, therefore the critical location for shear is at a distance d from the face of the pedestal
and ACI 318-11 Equation 11-5 is used.

uz

=1.044 Mu/Vu*d must be less than or equal to 1.0, so use 1.0.
ux ®
MVratio:=1
Ibf . .
Vo i=1.9+ A4/ f. +2500 *—5* Pprove *MVratio=95.725 psi
mn

Ve z1:=v 4+ Ly, d=591.221 kip
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Pedestal Design

Inputs
dpediongbar =1 1M dypedshearbar = 0-5 1 coverp.;:=1.5 in Wea=24 in
- dpedlongbar _ . .
e =W peqg— COVET g — dpyeashearbar ———————=21.5 in A=0.75
Concrete Shear Capacit
ched = 2 . )\ . V fC . Wped L dped = 48.952 klp
Steel Shear Capacit
dpedshearbar2 - . 9 .
Ay =2 1 =0.393 in Spedshear =10 N
A, f -d
V, = A Fy"dpea =50.658 kip Vomaz =8\ fe + e * Wpea=261.078 kip
Spedshear
V,i=min <V51 , Vsmmc) =50.658 kip
Combined Bending and Axial Forces
Puped = ]..2 ‘Pd+ 1.6 'Pl + 1.2 .Hped . Wped .Lped 'pconc = 861.056 k'l/p
M,,,=16-V,-H, ;=128 kip- ft M,,,=1.6-V -H, =64 kip- ft

For this pedestal the interaction diagram actually produces a worst case code check at the top of

the pedestal. Thus, the axial force in the pedestal is not including the pedestal self-weight and
the moment at the top is zero in both directions.

All. 8



