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Reinforced Concrete Column Combined Footing Analysis and Design

A combined footing was selected to support a 24 in. x 16 in. exterior column near a property line and a 24 in. x 24 in.
Interior column. Each column carries the service dead and live loads shown in the following figure. The footing
dimensions (25 ft 4 in. x 8 ft) were selected such that the centroid of the area in contact with soil coincides with the

resultant of the column loads supported by the footing.

Check if the selected combined footing preliminary thickness of 36 in. is sufficient to resist two-way punching shear
around the interior and exterior columns supported by the footing. Compare the calculated results with the values

presented in the Reference and model results from spMats engineering software program from StructurePoint.
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Figure 1 — Reinforced Concrete Combined Footing Geometry
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Code
Building Code Requirements for Structural Concrete (ACI 318-14) and Commentary (ACI 318R-14)

Reference
Reinforced Concrete Mechanics and Design, 7™ Edition, 2016, James Wight, Pearson, Example 15-5
spMats Engineering Software Program Manual v8.12, StucturePoint LLC., 2016

Design Data
¢’ = 3,000 psi normal weight concrete
fy =60,000 psi
Preliminary footing thickness = 36 in.
Dead load, D = 200 kips for exterior column and 300 Kips for interior column
Live load, L = 150 Kips for exterior column and 225 kips for interior column
Soil density, ys = 120 pcf
Concrete density, yc = 150 pcf for normal weight concrete
Allowable soil pressure, ga = 5000 psf
Footing length = 25 ft 4 in.
Footing width = 8 ft
Preliminary footing depth = 36 in. with effective depth, d = 32.5in.
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1. Preliminary Member Sizing

1.1. Footing Cross Sectional Dimensions

The footing dimensions (25 ft 4 in. x 8 ft) were selected by the reference such that the centroid of the area in
contact with soil coincides with the resultant of the column loads supported by the footing to achieve uniform

soil pressures.

1.2. Factored Net Pressure

The factored net pressure that will be used in the design of the concrete and reinforcement is equal to:

P, 1.2x(200+300)+1.6x(150+225)
- 25.33x8

=5.92 ksf

qnu:A

footing

The following Figure shows the shear and moment diagrams for the combined footing based on the factored

columns loads and the factored net pressure.

Py = 480 kips Pu =720 kips
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Figure 2 — Shear Force and Bending Moment Diagrams
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2. Two-Way (Punching) Shear Capacity Check

Two-way shear is critical on a rectangular section located at d/2 away from the face of the column as shown in
the following Figures, Where:

b1 = Dimension of the critical section b, measured in the direction of the span for which moments are determined

in ACI 318, Chapter 8.

b, = Dimension of the critical section b, measured in the direction perpendicular to b; in ACI 318, Chapter 8

(see Figure 5).
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Figure 3 — Critical Shear Perimeters around Columns

2.1. Interior column

The factored shear force (Vy) at the critical section is computed as the reaction at the centroid of the critical

section minus the force due to soil pressure acting within the critical section (d/2 away from column face).

2
V, =720-5.92 (5:;5] =589kips
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The factored unbalanced moment used for shear transfer, My, is computed as the sum of the joint moments to
the left and right. Moment of the vertical reaction with respect to the centroid of the critical section is also taken

into account.

M,., = 0 kips-ft

b =c +d=24+325=56.5in.
b,=c,+d=24+325=56.5in.

For the interior column, the location of the centroidal axis z-z is:

The polar moment J; of the shear perimeter is:

1 zz[bg o) (3o }szdc;m

56.5x32.5° 32.5x56.5°
J. =2 +

- - +(56.5><32.5)(0)2)+2><56.5><32.5><28.252 =4,231,103in.*

1
14(2/3)x\fb, I,

Vs ACl 318-14 (8.4.2.3.2)

V= 1 =0.600
" 1+(2/3)x[565/565

¥, =1-y, =1-0.600 = 0.400 ACI 318-14 (Eq. 8.4.4.2.2)

The length of the critical perimeter for the exterior column:
b, =4x56.5=226in.

The two-way shear stress (vy) can then be calculated as:

vV = Vu +YvMunb (bl_CAB)

.= ACI 318-14 (R.8.4.4.2.3)
b, xd J

c

, - 589x1000 0.400x (0x1000) x (56.5— 28.25)
Y 226%32.5 4,231,103

v, = min{4ﬂ\/f_c' , (2+;Jﬂ\/f_cl , [Oi)d ; 2}1\/{' } ACI 318-14 (Table 22.6.5.2)

=80.20 psi
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vV, =min [4><1>< V3000 , (2 + jj x1x+/3000 , (40;2362.5 + 2) x1x \/3000}
Vv, =min[219.1, 328.6 , 424.6] = 219.1 psi
@V, =0.75%x219.1=164.3 psi
Since ¢vc > v, at the critical section, the slab has adequate two-way shear strength at this joint.
2.2. Exterior column
480 kips column load
V, =480 5.92(32'25X 565) — 405.1Kips e cprim Toa
M, = 480x15.65—5.92(32'254’m)x 7,53 = 6950 Kip-in.
-~ 15.65"~
b1 =C + d/2=16+325/2=32.25in. + centroidal axis of shear perimeter
753" -

b, =c,+d =24+325=565in.

74.9 kips soil force

For the exterior column, the location of the centroidal axis z-z is:

_ moment of area of thesidesabout AB  2(32.5x32.25x32.25/ 2)

AB - = =8.60in.
area of thesides 2x32.25x32.5+56.5x32.5

The polar moment J; of the shear perimeter is:

J. = 2(b1d3 +%+(bld) (bl—cAsz]+b2dcf\B

12 2

32.25 2 ) .,
(32.25x32.5) =57-860 | |+56.5x32.5x8.60° =620, 710in.

32.25x325°  32.5x32.25°
J.=2 + +
12 12

ACI 318-14 (8.4.2.3.2)

1
T @I3x b Ib,

V= L =0.665
" 1+(2/3)x~[32.25/565

¥, =1-y, =1-0.665=0.335 ACI 318-14 (Eq. 8.4.4.2.2)
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The length of the critical perimeter for the exterior column:
b, =2x(32.25) +(56.5) =1211in.
The two-way shear stress (vy) can then be calculated as:

Vu + YvMunb (bl_CAB)

v, = ACI 318-14 (R.8.4.4.2.3)
b, xd J

c

_ 405.1x1000  0.335x(6950%1000) x (32.25-8.60)

v, = + =192 psi
121x325 620,710
v, = min{4/1\/f_c' , (2+;Jﬂ\/f_c' | (Oéd N 2)1\/?; } ACI 318-14 (Table 22.6.5.2)

Vv, = min{4><1><\/3000 , (2+ijxlx J3000 , (3012312'5+2j><1x\/3000:|

Vv, =min[219.1, 328.6 , 550.9] = 219.1 psi
@V, =0.75%219.1=164 psi
Since ¢v. < vy at the critical section, the slab does not have adequate two-way shear strength at this joint.

Increase the footing thickness to 40 in. with effective depth, d = 36.5 in.

V, =480-5.92

(34-25“60-5) — 394.8Kips

M, =480x17.16—5.92

(mjx8.04 = 7552 kip-in.

b =c+d/2=16+36.5/2=34.25in.
b,=c,+d =24+36.5=60.5in.
For the exterior column, the location of the centroidal axis z-z is:

_ moment of area of thesidesabout AB  2(36.5x34.25x34.25/ 2)

AB = . = =9.09in.
area of thesides 2x34.25%x36.5+60.5x36.5

The polar moment J; of the shear perimeter is:

g :2(%3 ) (3o }bzdc,;

34.25 2 ) -
(34.25%36.5) =5 —9.09] |+605x36.5x9.00" =865,875in.

34.25x36.5°  36.5x34.25°
J.=2 + +
12 12
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1

- ACI 318-14 (8.4.2.3.2)
1+(2/3)x b, /b,

Vs

¥, = L =0.666
" 1+(2/3)x+[34.25/605

v, =1-y, =1-0.666 =0.334 ACI 318-14 (Eq. 8.4.4.2.2)

The length of the critical perimeter for the exterior column:
b, =2x(34.25) +(60.5) =129 in.

The two-way shear stress (vy) can then be calculated as:

M, (B—C.
v, = Vo, VM (B=Ce) ACI 318-14 (R.8.4.4.2.3)
b, xd J

c

, - 3948x1000 0.334x (7552x1000) x (34.25—-9.09)
Y 129x34.5 865,875

v, =min{4/1\/f;cl, (24—;le, (Ogsd +2J,1E} ACI 318-14 (Table 22.6.5.2)

=157 psi

(o]

v, = min {4><1>< {3000, (2 +‘l‘jx1x 3000, (3°X32'5 N 2)><1>< \/3000}

121
v, =min[219.1, 328.6 , 550.9] = 219.1psi
@V, = 0.75% 219.1=164 psi

Since ¢v; > vy at the critical section, the slab has adequate two-way shear strength at this joint.

Use a combined footing 25 ft 4 in. by 8 ft in plan, 3 ft 4 in. thick, with effective depth 36.5 in.

3. One-Way Shear Capacity Check

The critical section for one-way shear is located at distance d from the face of the column. The one-way shear

capacity of the foundation can be calculated using the following equation:

N, = px2x Ax [T xb, xd ACI 318-14 (22.5.5.1)

Where ¢ = 0.75 ACI 318-14 (Table 21.2.1)
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This example focus on the calculation of two-way shear capacity for combined foundation. For more details on

the one-way shear check for foundation check “Reinforced Concrete Shear Wall Foundation (Strip Footing)

Analysis and Design” example.

4. Flexural Reinforcement Design

4.1. Negative Moment (Midspan)

The critical section for moment is shown in the moment diagram in Figure 2. The design moment is:
M, = 2100 kip-ft
Used =36.5in.

To determine the area of steel, assumptions have to be made whether the section is tension or compression
controlled, and regarding the distance between the resultant compression and tension forces along the footing
section (jd). In this example, tension-controlled section will be assumed so the reduction factor ¢ is equal to 0.9,
and jd will be taken equal to 0.95d. The assumptions will be verified once the area of steel in finalized.

Assume jd =0.95xd =34.68 in.

M, __ 2100x12000 ..

A= of,jd  0.9x60000x34.68

Af,  135x60000

Recalculate 'a’ for the actual A, =13.5in> »a= =
0.85f'.b 0.85x3000x8x12

=3.30in.

_2_330_sa8in,
6. 0.85

& = (@) d, —0.003= (%jx 36.5-0.003 =0.0252 > 0.005

Therefore, the assumption that section is tension-controlled is valid.

Ao M 2100x12000 _134in?
¢f,(d—al2) 0.9x60000x(36.5-3.30/2)

Depending of the method of analysis the minimum area of reinforcement shall be calculated using beam
provisions or one-way slab provisions. In this case both beam and slab provisions will be illustrated.

For beam provisions:

1.

A . =Greaterof | v txbxd ACI 318-14 (9.6.1.2)
200

f

y
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3./3000
A = Greater of | 50090 L (8,12)x36.5 = 290 (8x12)x365=11.7in < 134 n?
' 60,000
60,000
Use 17-#8 top bars with As = 13.43 in.? at midspan.
For slab provisions:
0.0018x 60,000
A .in = Greater of f xbxh ACI 318-14 (7.6.1.1)

4.2.

0.0014

A i = 0.0018x(8x12)x 40 = 6.91in2< 13.4 in?

Use 17-#8 top bars with As = 13.43 in.? at midspan.

In spMats, the slab provisions for minimum reinforcement can be used since the finite element analysis calculates

the required area of steel in both the x (longitudinal) and y (transverse) direction independently.

Positive Moment (At Interior Column)

For beam provisions:

Repeating the same process at Section 4.1, As = 3.3 in.2 << Agmin= 11.7 in.2. Thus, use 15-#8 bottom bars with

As = 11.9 in.2 at the interior column.

For slab provisions:

Repeating the same process at Section 4.1, As = 3.3 in.? << Agmin= 6.91 in.2. Thus, use 9-#8 bottom bars with As

=7.11in.2 at the interior column.

Note code provisions permit the use of reinforcement of one third more than is required by analysis in some

cases.

5. Combined Footing Analysis and Design — spMats Software

spMats uses the Finite Element Method for the structural modeling and analysis of reinforced concrete slab

systems or mat foundations subject to static loading conditions.

The slab, mat, or footing is idealized as a mesh of rectangular elements interconnected at the corner nodes. The
same mesh applies to the underlying soil with the soil stiffness concentrated at the nodes. Slabs of irregular
geometry can be idealized to conform to geometry with rectangular boundaries. Even though slab and soil

properties can vary between elements, they are assumed uniform within each element.
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For illustration and comparison purposes, the following figures provide a sample of the input modules and results
obtained from spMats models created for the reinforced concrete combined footing at a property line in this
example. Two models were created for this example (the first model for the footing with 36 in. thickness that

failed in punching shear check around the exterior column, and the second model for the same footing with a
revised thickness of 40 in.).

sfmats

Project
Define
Assign

lloads = Concentrated e IR, T . — - Concentrated

- Surface

Solve

Options Insert | ‘ Delete | | Mlodify | |Impnrt

Label Caze Pz [kips] g Py [k-fE)

& -DEAD -200.0000 0.0000
& - DEAD -300.0000 0.0000
B - LIVE -150.0000 0.0000
B -LIVE -225.0000 0.0000

Figure 4 —Defining Service Loads (spMats)

sTmats

Project
Define
Assign

Column Dimensions = —

Solve ¢ Matd0
Type F Dim. [in] ¥ Dim. [in]

IHectangIej I 16 I 24

Options

E| Concrete
| Type| # Dim, | ¥ Dim,

.3
Rectangle 16.0000 24.0000 Add R
Fectangle 24,0000 24.0000 =l Reinforcement

oo

E| Design Parameters
E| Column Dimensions
- C16X24
- C24X24

10
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sTmats

Tmats

Project
Define
Assign

Solve

Figure 5 —Defining Columns Dimensions (spMats)

Options

217 218 218
183 184
190 181 192
157 156
163 184 165
121 132
136 137 138
108 106
108 110 111
78 80
82 83 84
52 59
g5 55 &7
7 28
28 28 30

220 221 z2 223 24 225 226 22T 228 220 230 23 z32 233 234 235 236 207 238 0 241
188 187 183 188 190 191 192 193 184 195 186 197 193 199 200 201 202 203 204 205 208
193 184 195 195 197 198 198 200 201 202 203 204 208 206 207 208 208 210 211 212 213 214 215 216
160 181 182 163 184 185 186 167 188 189 170 71 72 173 174 475 76 477 478 7@ de0 181 &R
188 167 B8 180 470 471 172 73 474 176 176 177 178 170 180 181 182 183 1@4 135 183 187 133 120
124 135 136 137 138 139 140 441 142 143 144 145 148 148 140 150 161 152 153 154 185 156
140 141 142 143 144 145 148 147 143 143 150 151 152 153 154 155 156 157 158 158 160 181 162
108 Mm@ 400 14 412 113 M4 8 18 17 118 118 1200 124 122 123 124 125 126 127 128 120 130
112 113 414 115 18 417 118 419 120 121 122 123 124 125 126 127 128 1289 430 131 132 133 134 135
85 85 &7 88 89 80 91 95 97 98 @8 MO0 01 102 03 104
01 102 403 104 105 106 107 108

[3]=-2000
= 1000t
=0000ft

6] =1000 ft

[7]= 2000t

8] = 3000 ft

9] = 4,000 ft

Figure 6 —Mesh Generation (spMats) Showing Node & Element Numbering
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STRUCTUREPOINT - spMats v8.12 (TM)
Licensed to: StructurePoint, License ID: 66184-1055149-4-2C6B6-2C6B6
C:\TSDA\Combined Fecoting\Combined Footing_36.ma8
B6é - Punching Shear Around Columns (Ultimate Load Combinations):
Units ——-> Applied Shear Force Vu (kips), Applied Moments Mux, Muy (k—-ft)
Factored Shear Stress wvu (psi), Factored Shear Resistance Phi*wvec (psi)
Concrete Strength f'c (psi), distances X _Offset, Y Offset (ft)
Average depth (in), Dimensions Bx, By (ft)
Area (in*2), Jxx, Jyy, Jxy (in"4)
Geometry of Resisting Area
Column Average Dimensions Centroid
Node Label Location Depth Bx By ¥ _0Offset Y _Offset
109 Clexz24 Edge 32.50 2.69 4.71 1.97 -0.00
130 c24%24 Inner 32.50 4.71 4.71 -0.00 -0.00
Properties of Resisting Area
Node Column Label Area Jxx Jyy Jxy
109 C16X24 3932.50 2323047.50 620710.00 0.00
130 Cc24X24 7345.00 4231102.50 4231102.50 0.00
Ultimate Load Combination: Ul
Factored Applied Forces:
Node Column Label Vu Mux Gamma_ X Muy Gamma_Y
109 Clex24 -480.00 -0.0 0.469 -316.9 0.335
130 Ccz4X24 -720.00 -0.0 0.400 0.0 0.400
Factored Stress and Capacity:
_Critical Point_
Node Column Label wvu f'c Phi*vc ¥ _Offset Y Offset Status
109 Cl1ex24 -266.99 3000.00 164.32 0.00 2.35 Unsafe
130 cz4x24 -98.03 3000.00 164.32 2.35 2.35 Safe

B7 - Punching Shear Around Piles (Ultimate Load Combinations):

* No piles assigned

Figure 7 — Punching Shear Output 36 in. Strip Footing (spMats)
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s’mats
Project
Define
Assign

View Contours _— . ' ) . I?I"E:nvelope
Solve Mux

Options

l_. L= 266.452 kip-fu/ft x 8 ft = 2132 kip-ft

- Bottom
Asy
Pressure Down
Displacement Up
¢ - Displacement Down
é-SENiCE
* @ Displacement
- [ Pressure
B Ultimate
@ Displacement
&l M
i Myy
& Myy
Mrl
& Mr2

=
e
= 1)

MNomalView | X=3,v=4  |[#

Figure 8 — Ultimate Moment Contour 40 in. Footing (spMats)
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sfmats
Project
Define

Assign View Contou T B T———— - . T— " — — - E"E!'lveh)pe
Solve | & Mux

- Top
. Bottom
srequred = 1.687 in2 it x 8 ft = 13.5 in2 @ Muy
=) Asx
- Top
i... Battom
- Asy
- Pressure Down
- Displacement Up
- Displacement Down

Options

(= = E
Iﬁlﬁ 3

g

- Service
Displacement
[ Pressure

- Ultimate

& Displacement
- M

B Myy

o Moy

& M

- Mr2

S
1611
|
1585
[
1560
—_—
1533
I
1508
—
1484
—_—

A 1.4591]1.2./ﬂx8ﬁ11.'7’i11.24J

5, min

Normal View X=2,¥=0 it

Figure 9 — Required Reinforcement Contour 40 in. Footing (spMats)
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Project
Define
Assign

View Contours ' O — . B Envelope
Solve & Mux

Options -

- Pressure Down

- Displacement Up

- Displacement Down
B- Service

E| Displacement

[ Pressure

|- Ultimate

[#- Displacement
- Wb

- Myy

- My

- Mr

- Mr2

Figure 10 —Vertical Displacement Contour 40 in. Footing (spMats)
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6. Design Results Comparison and Conclusions
Table 1 - Comparison of Two-Way (Punching) Shear Check Results for Footing with 36 in. Thickness
by, in. b,, in. Cag, iN.
Support
Reference Hand spMats Reference Hand spMats Reference Hand spMats
Exterior 32.25 32.25 32.25 56.5 56.5 56.5 8.6 8.6 8.6
Interior 56.5 56.5 56.5 56.5 56.5 56.5 28.25 28.25 28.25
Je, in* T V., Kips
Support
Reference Hand spMats Reference Hand spMats Reference Hand spMats
Exterior 621,000 620,710 620,710 0.335 0.335 0.335 480 480 480
Interior 4,231,103 4,231,103 0.4 0.4 720 720 720
Mu,punching, Kips-ft Vy, PSi dve, psi
Support
Reference Hand spMats Reference Hand spMats Reference Hand spMats
Exterior 579 579 943 192 192 267 164 164.3 164.3
Interior 0 0 0 80.2 80.2 98 164 164.3 164.3
Table 2 - Flexural Reinforcement Comparison - Longitudinal Direction
My, klpS-ft As,required, in.2 AS,minv in2
Reference Hand spMats Reference Hand spMats Reference Hand" spMats”
2100 2100 2132 135 13.4 135 11.7 11.7 11.7
" Using beam provisions to find A mi» to be consistent with Reference approach. However, engineering judgment need to be taken to decide if
the combined footing need to be treated as a one-way slab or beam.

The results of all the hand calculations and the reference used illustrated above are in agreement with the automated

exact results obtained from the spMats program except for vy values.

In spMats, the factored unbalanced moment used for shear transfer, Muny, is calculated as the sum of the moments at

finite element nodes within the critical section (resisting zone). Moment of the vertical reaction with respect to the

centroid of the critical section is also taken into account. The reference take into account only the moments of the

vertical reaction and soil pressure with respect to the centroid of the critical section.
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