LRFD bent 6 pile footing.mcd

PILE FOOTING DESIGN

Number of load cases =

Max load per pile (k) =

Strength of materials (psi) = fc:=3

Max cover for bars on bottom of ftg =

Bar ddiameter for Preliminary calculations (in) =
Max column dimension (in) =

Bend radius (in) =

Unit weight of concrete (kcf) =

Long. column dimension (ft) =
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na:=5 n:=0.na-1
pmax:= 110
fy := 60
cover:=3
bd:=10 stirrupd :=bd  dcolbar := bd
columnd := 36

bendrad := 1

c:=0.150

DL:=3

If column is round set DL = DT

Trans. column dimension (ft) = DT =3

Is column round or square (1 for round 2 for square)

Applied loads (k*ft) =

type:=2

SL := READPRN("sl_foot.prn™) LD := READPRN("Id_foot.prn™)

69835 1372 2505

1070 8795 2928 .
(; 9259 5386 1802 -

Service LD S = ¢ 0 0
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Co106 1579 5379+

Load factor ID=%1043 1611 0 &

+ P2:= LD
1300 1702 3331 - a4
Co 0 0o ~ MT2:=LD

r - -
e0 0 0g ML2:= LD 2"

As:

10of15
=1
P::SLaon

i
MT::SI_al

4o

ML :=SL



LRFD bent 6 pile footing.mcd

Approximate footing dimensions

Length and width: T is along the CL. of bent. First estimate using the max applied "P" load and divide it by the
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max allowable bearing pressure, and take the square root of it and add one.

The following formula will approximate the number of piles based on a perfectly square footing with a 1.5 ft edge
distance and a 3 ft pile spacing. This formula is large, so | have hidden it. If you want to see the formula expand

the area below. It is just an estimate anyway.

20f15

D

Estimated Number of rows and columns =

(based on moment and axial)

Estimate based on Axial load and momnet =

Estimate based on pure axial

Controlling estimate =

pl=6
estl:=plpl
@ ¢
est2:= floorg‘?nax(—SL)-i +1
e pmx g

est := maxestl, est2)

Approx footing dimensions using 2.5 ft pile spacing and 1.5 corner disance =

APPROXIMATE LENGTH AND WIDTH (ft) =

estl =36

est2 =10

est = 36

p2:=(pl- )5+ 3

p2 =155

Depth: The minimum depth shall be the larger of the (development length + 2*bd*cover) and
the minimum embedment length

Development length (in) =

bd

develop := 1200——— + 2bd + cover

|/ (fcX1000)

develop = 26.909

Calculate the required depth based on punching shear of one pile in the corner that is loaded to its capacity.

di:= | for j1 12..144

jl- j-3-15

e ez

-

0.85%2x1

j

Footing Depth to use (ft) =

al

pmax<1000

j5 = 1.8>s/fc>¢000
(break)j4 -~ j) if j5>j3
continue otherwise

i2- g+ A,

D:

50

d1=27
al =225
12
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ACTUAL NUMBER OF PILES TO USE (INPUT BY USER)

Pile spacing = sl:=25
L
Edge distance = edge:=15
A
M . Piles T = piles T:=5
Piles L = piles L:=5
MT _
r P
- ._§ % Transverse Footing dimension (ft) =
T:=(piles_T - 1)>1 + edgex? T=13
. . . Longitudinal Footing dimension (ft) =
/iL Piles L —ﬁr L := (piles L - 1)1 + edgex L=13
CL. bent Total number of piles = piles ;= piles T>piles L
piles =25
Additional P load due to footing
pa.= ZTDAC Pa =507
piles
Constants

T=13 ft L=13 ft D=5 ft

Footing Area (ft"2) = A =Tt A =169

Distance from Longitudinal footing axis to last pile (ft) = CT ::g - edge CT =5

Distance from Transverse footing axis to last pile (ft) = CL = % - edge CL=5
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Footing Inertia

Location of pile rows relative to Transverse axis

al = ceilFISL O
e 2 g

2 = Inver+ 2 if ar= Pl
nl 2

nl>sl otherwise

Location of pile rows relative to Longitudinal axis

g 2 g
b2 = |n2e1+ 3L i p1=PIEST
n2 2

n2sl otherwise

Inertia used in transverse moment calculations =

&0 6
d2:= piles L2 42 = E 625°
€20 g
IT=3 d2 IT = 3125
=a n2 - )

n2

Inertia used in longitudinal moment calculations =

&0 0
c2:= piles T2 2= g 625°
€250 g
IL:=A c2 IL = 3125
.—a C n = .

nl

i

N
9 »
Q M PR

W isls)

nl:=0.al- 1

n2:=0.bl-1
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FOOTING DIAGRAM (NOT TO SCALE)
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Pile Forces at the extreme corner piles

Max Pile (k) =

Min Pile (k) =

Negative ML corner (k) =

Negative MT corner (k) =

Pn MTn>C MLn>CL
PmaxSL_ = + Pa+ +
N piles IT IL

max(PmaxSL) = 108.79

Pn MTn>CT MLn>CL
PminSLn = + Pa- -

piles IT IL

min(PminSL) = - 17.622

Pn MTn>CT MLn>CL
POMLSL = — + Pa+ -
N piles IT IL
Pn MTn>CT MLn>CL
PAMTSL = —— + Pa- +
N piles IT IL

06442 &
E; 10879
PmaxSL = ¢ 79556 +
¢ 507 ©
C =
507 g

(04

217622
& 1305 °
PminSL = C 4656 =
¢ 507 ~
C -
@ 507 g

26282
G15004"
PnMLSL = 21892+
C 507 ~
c =
Q507 g

625384
S 80646
PAMTSL = ¢ 6232 +
€ 507 *
c -
& 507 g
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Transverse Moment Reinforcement

7 of 15

]

10T
X X 5 X
X X X
; ¥ K f
-10 -5 5 10
X X X
X X -53 X

—-10-

X, €n5,0: Tns, 0, Bne, 0

Number of rows of piles creating

transverse moment =

Distance to each row of piles (ft) =
(from f.f. column)

P load on each row of piles (k) =

Moment for each row (k*ft) =

(include number of piles here)

el bTo
5 -
mi := ceilc + mL=2 mia:= 0. ml- 1
e sl (4]
- 5
me_ = |for jT O.mi- 1 o = &0
mla el g
j1 I edge - jsl bT
I 2 2
Jlmla
DT @3
P MT2 &+ —0
n na mla 2 @
m3 =— + Paxl25 +
mlan® piles IT

_gfL578 73261 63025 50635 8557
T 872257 65799 55393 49346 71953 g

mla, n = m'3mla, n>m2m1a>p”es—|‘

é.427 606 1282.062 1190446 886.114 1497.466 ( 0
e 361287 328995 276.967 246.731 359.767 g
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a7888%4 g
é1611.0581
Total moment in each row (k*ft) = mb ::é m mb = ¢1467.414 +
n mila, n )
mila C1132846~
c <
el1857.234 g
Effective depth (in) = d:=Dx2- cover- 15hd- 12 d =435
- : “fy = - o _
Design moment is max of all cases (k*ft) = MuT := ma>(m’5 MuT = 1857.234
AsTa:=0
. ey 4 AsTafy U
Required area of steel (in"2) = AsTa:= rootg).QAsTa#yﬁ - ————— - MuTH2,AsTa
e e 1.7cA X2 gy a
AsTa=9.649
Increase required by 4/3 to = AsT = AsTaxf' AsST = 12.866
take care of cracking 3
BAR PATTERN REQUIRMENTS n8:=0..6
885 ) E@.Sl 0
6 . 0.44 .
¢~ ¢
cC7~+ ¢060~
- = AsT § LX2 - 12
barsT:=5 87 AsoneT = %0797 nbarsT :=floo@E———9+ 1 SparsT :=——— =
¢ + + ng < AsoneT o~ N8"  nbarsT g~ 1
g 9 - g 10 = e ns @ n
G10+ G127+
r - r -
ellg el56 g
Ees o) Ef_ﬂz ) Eé;.Slz 0
6 . 30.. 4,966 .
_ ¢~ ¢ ¢ -
Bar pattern for size of bars, c7+ c2+ ¢6.857 +
number of bars, and _Cgo ™ _C,oT _C +
relative spacing. barsT =% 8 N nbarsT = 17+ SharsT=% 9 -
¢9+ ¢l3+ ¢ -
G100+ %k C 144~

s Lo co
ellg €9%g @18 g
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Longitudinal Moment Reinforcement

[
10T
x x 5% x x
y
XXX X X K X X
E €ns,1
afe1 -8 |6 -4 -2 Jo |20 4" &| s
Bre 1 X X K X X
X X -5 X X
10+
X, €n5,0:fn5,0, Bne, 0
DL §
& e 52
Number of rows of piles creating transverse moment = pl:= ceilc—l—: pl=2 pla:=0.pl-1
S 7]
R 50
Distance to each row of piles (ft) = P2 .= | for j1 0.pl-1 p2= r&% Q
(from f.f. column) P L DL elo
jl.- — - edge- jpsl- —
o2 2
]1p1a
P2 ML2 xa%zpla + =
P load on each row of piles (k) = p3 =— + Paxl.25 + g
plan’ piles IL

gd2601 106993 51368 48057 111633

3=
P e94474 82665 47.065 48.057 84986g

Moment for each row (k*ft) = p4 = p3

: >p2 >pi|e£_T
(include number of piles here) pla,n

pla,n

@205166 1872.386 898.938 841.006 19535860

4 =
P e 472368 413327 235324 240.287 424.928 g
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a@677.534 9
52285.7141
; ) = _8 _ .
Total moment in each row (k*ft) = p5n =a p4p1a, n p5= (;1134.2627
pla C1081.204~
c <
©2378514 g
- - ) = - aof _
Design moment is max of all cases (k*ft) = MuL = max(ps MuL = 2677.534
AsLa:=0
. , A AsLaxy @ )
Required area of steel (in"2) = AsLa:= rootg).9>AsLa>fy>{?% . 022 0. MuL><.L2,AsLal;l
e e 1.7%cxXT X2 gy a
AsLa = 14.019
Increase required by 4/3 = AsL = Asl_axf' AsL = 18.692
to take care of cracking 3
BAR PATTERN REQUIRMENTS n8:=0..6
2635 ) ?-31 0
6 . 0.44 .
¢~ ¢
c7~ c0.60~
- = AsL § TX2 - 12
barsL:= & 8 © AsonelL := Co79 © nbarsL —floor‘ge S 9+ 1 SharsL ,i=———m
+ + ng < AsoneL "~ n8° nbarsL - 1
G0+ G127~
r - r -
ellg el56 g
6 - 43 . 3429 .
_ ¢~ ¢ ¢ -
Bar pattern for size of bars, c7+ ¢332+ C 4645 +
number of bars, and _Cgo+ _Coy+ _C +
relative spacing. barsL=7% 8 - nbarsL = 24+ SharsL = ¥ 6.261 -
C 9 _ (;19? C 8 _
C10+ Ci15+ €10.286~
r - r - r -
ellg el2g €13.091 g
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Shear Checks

LRFD 5.13.3.6; In determining the shear resistance of slabs and footings in the vicinity of concentrated loads or
reaction forces, the more critical of the following conditions shall govern:

1. One was action, with a critical section extending in a plane across the entire width and located at a
distance taken as specified in LRFD 5.8.3.2

2. Two-way action, with a critical section perpendicular to the plane of the slab and located so that its
perimeter, bo, is a minimum but not closer than 0.5dv to the perimeter of the concentrated load or reaction
area.

LRFD 5.8.3.2 Critical section

The location of the critical section for shear shall be taken as the larger of 0.5dv*cotq or dv from the internal face of
support. Since this is a non-prestressed section the value of dv will always govern, | shall therefore use dv from the
face of support.

LRFD 5.13.3.6.2 One way action

For one-was action, the shear resistance of the footing or slab shall satisfy the requirements specified in article 5.8.3.
LRFD 5.8.3.3 Shear capacity for one way action

If Vn < Vc no stirrups are required.

Ve = 0.0316b %/ fobvedy

LRFD 5.13.3.6.3 Two-Way Action

For two-way action for sections without transverse reinforcement, the nominal shear resistance, Vn i Kip, of the
concrete shall be taken as:

0.126 &

vim = 8,063 + == /foboxdv £ 0.126x[fcrhoxdv
e bc @

bc = ratio of long side to short side of the rectangle through wiich the concentrated load or reaction force is transmitted.

bo = the perimeter of the critical section

dv = effective shear depth
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ONE WAY SHEAR: Check Longitudinal Line at d from face

12 of 15

Calculate "d" assuming no. 8 bars dvL :=d - _AsbAy dvL = 42.09
17§ X2
. . _ DT dvL
Distance from CL. footing to edge of shear plane (ft) = g1:= 7 + E gl=5.008
[]
Is the shear plane past the piles = g2:= |"YES' if g1> I edge g2="YES'
(if YES then no adjustment is 2
necessary, otherwise adjust) "NO" otherwise
If NO then suggested footing depth to take care of it  g4:= |"OK" if g2="YES' g4 ="OK"
(CT - g1) + D otherwise
10T
St AR . Allowable shear force = VL := 0.08162x/foL x12dvL
dfs1 -0 |5 3 g 1o VcL = 718.761
X X X X
B, 1 X X5% X
-101
X,€n5,0:fn5,0.Bns,0
Applied shear force (k) =
. — H - O s
gS‘rjln,ns - Jln 0 g@ 9
14 (;O 0.
. .%ﬂ -g 0] o
Joeal 5a=C0 0+
e 25 o ’ go 0+
for j21 0..j- 1 c =
62 MT2 %CT - j2s1) €0 0o
1. .- €E—— +Pa+ Lpiles L>g6a + j1
n.0 " @piles IT Q n
Check
éa%'OK" "OK" ¢
05, o= |OK" if (g4="0K") + (VoL > gsa ] TOK™ oK™
’ _ ' g5= g"OK" "OK" +
NG" otherwise CrOK" "OK" *
c )
@"oOK" "OK" g
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ONE WAY SHEAR: Check Transverse Line at d from face
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Calculate "d" assuming no. 8 bars dvT :=d - dvT = 4253
1.7§cxT¥2
Distance from CL. footing to edge of shear plane (ft) = h1l:= % + dleT hl =504
[
Is the shear plane past the piles = h2:= |"YES' if hl1> L. edge h2 ="YES'
(if YES then no adjustment is 2
necessary, otherwise adjust) "NO" otherwise
If NO then suggested footing depth to take care of it  h4:= |"OK" if h2="YES' h4 ="OK"
(CL- hl) + D otherwise
10T
y X x 5k ) Allowable shear force = VcT := 0.03162x[foL X4 2dvT
XXX
- e X X X X
g 3 ‘ . VCT = 726,265
o fs1 -10 |5 0 5 10
X X X X
M3ne, 1 X X5 X
-101
X, €ns,0:fn5,0.h3n6,0
Applied shear force (k) =
hsa = |j1 - 0 a® 00
n, n6 n G =
00.
. _ - hlg +
j- calg — hsa=c0 0+
e 25 g Co 0+
for j21 0..j- 1 ro 0—:
. 20 0
6r2 ML2 CL - j281) ) evre
1. - €E—— +Pa+ L>piles T»hGa + j1
n,0  &piles IL G n
Check
aa80K" "OK" ¢
Comin g
hS, 6= |"OK" if (h4="OK") + (VeT > g ) OK™ "OK™
' ' h5 = (;"OK" "OK" +
"NG" otherwi -
G"' otherwise CrOK" "OK" =
c <
e"oOK" "OK" g

n7:=0.4{albl) - 1
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Two way shear at d/2

Effective shear depth to luse (in) =  dv := (dvL + dvT)>0.5 dv = 4231
Define shear plane (in) = bo:= |SBBLx2 + o if type=1 bo = 313.24
ee 2 di
(DLX12 + dv)® + (DTH2 + dv)»® otherwise
[*]
Number of piles outiste the shear plane = k=16

(too see how this was determined
expand the area above)

10T Additional load per pile Pa =507
from self weight (k) =
X X g¥ X X P2 5
- >¥xx X X X X X Applied Shearing force (k) = P_2way = k< “; + Pax.257
2 €ns,1 | %@ ¢ | ep 1]
o—— -10 -5 0 5 10
frs,1 X X X X X
X X-g¥% X X 2170
9334 .
g -
P_2way = ¢684.184 +
-10— :
C 76892 ~
c =
X,€n5,0:fns,0 € 9384 g
Allowable shear (k) =
gL 0
max. ¢ o7 o
Ve2:= |bc ~ —EE 90 V2 = 2802358
_adl 00
mnce ==
eeDT go
. 0.126 ¢
1= 2063 + 9>(/E>bo>dv
e bc g
j2- 0.126x[foboxdy
. a2al 00
mnce. ==
eej2 oo
Check aBOK" §
g"OK" .
vu_2wayn = |"OK" if P_2wayn <Vc2 vu_2way = ¢"OK" +
"NG" otherwise S"OK" _

&'0K" g
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SUMMARY
Length "L"
£ i . —£
[
|:_
= )
e 1 _ | o}
= ' ® .
=
. |
74 , . 7 /
|, Piles L\ \ |
A 1
_ _ footing depth "D"
Long. footing axi Transverse footing axis
CL. bent)
L=13
T=13
D=5 65@5 9 ?29 ?5129
¢ - g30; g4.966;
C7~ c2~ C6.857 ~
Required Reinforcing for theTransverse Moment barsT = ¢ 8 : nbarsT = 917j SbarsT=% 9 _
99 - g13+ C 12 -
G100+ cn-~ G144~
ellg €99 el8 g
éeEt 9 6@19 (je 24 0
c 6 - (}43+ c 3429 _
c7~ c32~ C 4645 +
Required Reinforcing for the Longitudinal Moment barsL = g 8 . nbarsL= 924j SharsL = ¢ 6.261 :
C 9~ (;19+ C 8 -
G0+ G5~ 10286~
ellg e12g ©13.091 g
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