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Reinforced Concrete Shear Wall Foundation (Strip Footing) Analysis and Design

A 12 in. thick structural reinforced concrete shear wall is to be supported by a strip footing. The shear wall carries
service dead and live loads of 10 kips/ft and 12.5 Kips/ft respectively. The allowable soil pressure is 5000 psf. The

wall footing is to be based 5 ft below the final ground surface. Design the footing for flexure, shear and allowable soil

pressure.
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Figure 1 — Reinforced Concrete Wall 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 15-1

spMats Engineering Software Program Manual v8.12, StucturePoint LLC., 2016
Design Data

¢’ = 3,000 psi normal weight concrete

fy =60,000 psi

Wall thickness = 12 in.

Distance from the ground level to the footing base = 5 ft

Dead load, D = 10 kips/ft

Live load, L = 12.5 kips/ft

Soil density, ys = 120 pcf

Concrete density, yc = 150 pcf for normal weight concrete

Allowable soil pressure, ga = 5000 psf
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1. Preliminary Member Sizing

1.1

1.2.

Footing Cross Sectional Dimensions

In order to calculate the allowable net soil pressure, it is necessary to guess the footing thickness for a first trial
in order to estimate the footing self-weight. Generally footing thickness of 1 to 1.5 times the wall thickness will

be adequate. Assuming the footing thickness is equal to the thickness of the wall (t = 12 in.).

The allowable net soil pressure is equal to the allowable soil pressure minus the self-weight of the footing and

soil weight over the footing:

g, = d, —Weight ., —Weight,;, =5 ksf —(1ftx0.15 kcf ) —((5 ft —1ft)x0.12 kcf ) = 4.37 ksf

This value is the balance of allowable soil pressure available to resist applied loads (dead, live, etc.) from the

wall. Estimate the minimum base area of foundation based on unfactored forces and moments transmitted by

wall foundation to soil. ACI 318-14 (13.3.1.1)
A’equired = Pservice = 10+125 = 515 ftz
a, 4.37

Considering a 1 ft strip of wall and footing, the minimum footing width is 5.15 ft. Try 5.17 ft (5 ft 2 in.).

Factored Net Pressure

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

P, 12x10+1.6x125

4 =6.19 ksf
1x5.17

qnu:A

footing
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2. Shear Capacity Check

For this type of foundation, one-way shear is dominant in comparison with two way shear and is therefore a

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

wall.

d=t, —cover—d,/2=12-3-0.5/2=8.75in.

V, =Gy X Avipuary = 6.19%(16.25/12x1) = 8.38 kips/ft

N, = ¢x2x x\[f, xb, xd
AV, =0.75x2x1.0x /3000 x12x8.38/1000 = 8.26 kips/ft

Where ¢ =0.75
Vi > ¢V = Thicker footing is required, try 13 in.

d=t, —cover—d, /2=13-3-0.5/2=9.75in.

V, = Gy X Ay = 6:19%(15.25/12x1) = 7.87 kips/ft

N, = ¢x2x 2x\[f, xb, xd

AV, =0.75x 2x1.0x /3000 x12x9.75/1000 = 9.61 kips/ft

Vu<¢Ve > o0k

-~ use footing with 13 in. thick and 5 ft 2 in. wide.

ACI 318-14 (22.5.5.1)

ACI 318-14 (Table 21.2.1)

ACI 318-14 (22.5.5.1)
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Figure 2 — Strip Footing Plan Showing Tributary Area for One-Way Shear
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3. Flexural Reinforcement Design

The critical section for moment is at the face of the wall. The design moment is:

by
e _ 6 19 (25/12x1) x 220 12

MU =y X Aributaw x =134 klp-ft/ft

Used =9.751in.

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 =9.26 in.

M, _  13.4x12000

= — = =0.321in’/ft
pf, jd  0.9x60000x9.26

A

Af,  0.321x60000

Recalculate 'a’ for the actual A =0.321in*/ft >a = = =0.629in.
0.85f' b 0.85x3000x12
c.2a_0629 .. .
S, 085
& = (m) d,—0.003= (mjx 9.75-0.003 = 0.037 > 0.005
c 0.74
Therefore, the assumption that section is tension-controlled is valid.
A - M, _ 13.4x12000 0316 in2/ft
¢f,(d-a/2) 0.9x60000x(9.75-0.629/2)
0.0018x 60,000
A ., = Greater of f xbxh ACI 318-14 (7.6.1.1)
0.0014
A i, =0.0018x12x13=0.281 in.*/ft < 0.316 in.* /ft
3h 3x13=39in. .
Smax = lesser of .= lesser of . =18in. ACI 318-14 (7.7.2.3)
18in. 18in.

Provide #4 bars at 7 in. on centers (< smax) With As = 0.34 in.?/ft. Note that #5 bars at 11 in. on centers with As =
0.34 in.?/ft can be also used. Reinforcement along the wall length is governed by shrinkage and temperature

requirements and is detailed below.
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Figure 3 — Strip Footing Plan Showing Tributary Area for Flexure
4. Reinforcement Detailing
4.1. Development Length
Check if the simplified development length equation can be used:
Bars used are #4 (< #6)
Clear spacing of the bars being developed exceeds 2d, (7 —0.5=6.5in.>2x0.5=1.0in.)
Clear cover exceeds d, (3—-0.5=2.5in.>0.51in.)
Use the simplified equation:
f¥Yw¥
l, = 2—==|d, =(6O,OOOX1'OX1'0)XO.5= 21.9in. ACI 318-14 (Table 25.4.2.2)
' 25%1.0x+/3000
2574/ T,
Where:
A=1.0 (Light weight modification factor: normal weight concrete) ACI 318-14 (Table 25.4.2.4)

Y, =1.0 (Casting position modification factor: less than 12 in. of fresh concrete placed below horizontal

reinforcement) ACI 318-14 (Table 25.4.2.4)

¥, =1.0 (Epoxy modification factor: uncoated or zinc-coated reinforcement) ~ ACI 318-14 (Table 25.4.2.4)

The provided bar length is equal to:

Iy, provides = lviputary —COVEr =25-3=221in.21, =21.9in. > o.k.
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4.2. Shrinkage and Temperature Reinforcement

Shrinkage and temperature reinforcement is checked along the length of the footing and is calculated as

follows:

0.0018x 60,000
A shrinkage = COreater of f xbxh ACI 318-14 (24.4.3.2)

0.0014

A grivage = 0.0018x62x13=1.45 in.?

5h 5x13=65in. .
Smax = l€SSEr Of .= lesser of =18in. ACI 318-14 (24.4.3.3)
18in. 18in.

Provide 5-#5 bars at 13.84 in. on centers (< smax) With As = 1.55 in.? (Note that 3-#7 bars at 18 in. on centers

\

with As = 1.80 in.? can be also used).
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Figure 4 — Wall Footing Reinforcement Details
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5. Strip 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.

For illustration and comparison purposes, the following figures provide a sample of the input modules and results
obtained from an spMats model created for the reinforced concrete strip footing (shear wall foundation) in this

example.

Project
Define
Assign . .
3 Loads = surface " Concentrated
Solve urface

Options | Ingert || Delete || hodify | |Imp0n...

Label Case ‘'z [psf]
Dead 'wall Load A -DEAD -10000.0000
Live ‘wal Load B - LIVE -12500.0000

sTmats

Project
Define

Assign Loads - Surface " . Bl Case A [defined] -
Solve - Concentrated
5 =- Surface
LT LT - Dead Wall Load H
-|.. Case B [defined]
.. Concentrated
é--Surface
Live Wall Load
[#-Case C
- CaseD
[#-Case E
- Case F
[
[E
[
[

7. Case G
¢ Case H
7 Casel

o Cace |

Label Dead Wall Load
Case A
Wz -10000.0000 psf

[ Resst || Zoomin [Zoomout| Pan | | NomalView | ®=6.v=2 [t
Figure 5 —Defining and Assigning Loads (spMats)
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The following 3 figures provide relevant segments of spMats model results output:

Project

Define

Assign ’ El Envelope
- Mux
- Muy

I Top

Solve

Optiens

- Pressure Down

- Displacement Up

*. Displacement Down
(- Service

&1 Displacement

E—— - Pressure

pr—
| ) ) B s B .
= Ultimate

e e e e e e e e e s e s s e e
iiﬁiﬁ t - Displacement
—— - Mha

‘Wall Face

‘Wall Face

STRUCTUREPOINT - spMats v8.12 (IM)
Licensed to: StructurePoint, License ID: 66184-1055149-4-2C6B6-2C6B6
C:\TSDA\Strip Footing\Strip Footing.ma8

CSb - ELEMENT BOTTOM DESIGN MOMENT AND REINFORCEMENT:

Units --> Moment (kip-ft/ft), As (in"2/ft)
Flags --> [m] Minimum controls. [x] Exceeds maximum. [*] Cannot compute.
Elem Node Ld Comb. Max. M(ux) As(xx) Node Ld Comb. Max. M(uy) As(yy)

1038 1126 -6.81 0.28lm 1126

Figure 6 —Ultimate Moment Contour (spMats)
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Project
Define

Assign — N— . P
Solve o
6 Muy
B At
- Asy
- Top
' Bottom
- Pressure Down
i~ Displacement Up
. Displacement Down
[ Service
Wall Face 4 Displacement
&) Pressure
(=) Ultimate
Wal] Face Bl Displacement
- Moo
My
G My
& M
@ Mr2

Options

I:l:

EHNENE RE
slglﬁlz-lﬁ

—

026
—_—
#

STRUCTUREPOINT - spMats v8.12 (TM)
Licensed to: StructurePoint, License ID: 66184-1055149-4-2C6B6-2CEB6E
C:\TSDA\Strip Footing\Strip Footing.ma8

C5b - ELEMENT BOTTOM DESIGN MOMENT AND REINFORCEMENT:

Units --> Moment (kip-ft/ft), As (in*2/ft)

Flags --> [m] Minimum controls. [x] Exceeds maximum. [*] Cannot compute.
Elem Node Ld Comb. Max. M(ux) As(xx) Node Ld Comb. Max. M(uy) As(yy)

1764 1862

Figure 7 —Required Reinforcement Contour (spMats)
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Figure 8 —Vertical Displacement Contour (spMats)
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6. Design Results Comparison and Conclusions
Table 1 — Comparison of Strip Footing Analysis and Design Results
Mu (klp'ft/ft) Vu (kIpS/ft) Asvmin (lnzlﬂ) Asvrequired (|n2/ﬁ)
Hand 13.40 7.87 0.28 0.316
Reference 13.40 8.51 0.28 0.330
spMats 13.37 7.81 0.28 0.315

Where V, is obtained from spMats using the value of M, at the one-way shear critical section (at distance d from the
face of the wall) as follows (see Figure 6):
x(1-d) V = M, x2 4.96x2

V,
M, = area under shear diagram = ————~= >V, = = 7.81 kips/ft
2 (I-d) 1271

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

automated exact results obtained from the spMats program except where the author made simplifying assumptions.

For example, the reference calculated required reinforcement area and one-way shear at the critical section based on
three simplification assumptions:
1. jd =0.95xd =9.025in. (Actual jd =d —a/2=9.436in.)

2. d=9.5in. (Actual d =9.75in. based on the bar size used)

3. Avinuary TOr one-way shear in the reference example was calculated based on the initial assumption of the
footing thickness (based on 12 in. footing thickness).

spMats results show exact values for jd and d, resulting in lower required area of steel. Similar differences in one-way
shear values as the reference uses the initial assumption of the footing thickness to calculate the applied factored shear

instead of the final selected footing thickness (13 in.) used in spMats and hand solution.

The required reinforcement is calculated in spMats by default based on maximum moment within an element (the
upper left or right nodes from element 1764 as shown in Figure 7). If the “average moment within an element” option
is selected by the user to compute the required reinforcement, then the averaged required reinforcement for the two

adjacent elements 1764 and 1836 should be used for comparison.

When defining the design parameters in spMats, close attention should be paid to locating the top and bottom layers
of reinforcement in both the x- and y-directions. In this example, the main reinforcement is located along the y-axis,
then locating the reinforcement layer along the y-axis at the bottom of the reinforcement layer along the x-axis will
lead to a more economical design. The following Figure shows the Design Parameters module in spMats with values
used in this example where 3 in. clear cover and #4 bars are used.
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Project
Define
Assign
Solve
Options Label
IDF’1

#-Dir

Top Layer I 375
Bottam Layer I 375

in. Reinf. Ratio (% of Ag per layer]
018

W-Dir

325
325

Label Hatiol Top La_per><|

Top Layert | Bottamn Layer |

Biottom Layer v’ |

DF1 01800 3.7500

Figure 9 —Defining Design Parameters (spMats)
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