
ENGINEERING ANALYSIS FOR:
EAST TOWN CROSSING

APARTMENTS
PIONEER & SHAW

PUYALLUP, WA
BUILDING B

DESIGN CRITERIA
BUILDING CODE: 2018 INTERNATIONAL BUILDING CODE (IBC) AS AMENDED BY THE
LOCAL JURISDICTION.
VERTICAL LOADS
ROOF LIVE LOAD: 25 PSF (SNOW)
ROOF DEAD LOAD: 25 PSF
RESIDENTIAL FLOOR LIVE LOAD: 40 PSF (REDUCIBLE) : 60 PSF (FOR DECKS)
STAIRWAY LANDING AREAS: 150 PSF (INCLUDING Ip=1.5)
FLOOR DEAD LOAD: 30 PSF (INCLUDES 1 12" GYP TOPPING)
SNOW DESIGN DATA (ASCE 7-16) WIND DESIGN DATA (ASCE 7-16)
FLAT SNOW LOAD: N/A BASIC WIND SPEED (ASD) V= 85MPH
SNOW EXPOSURE FACTOR, Ce=1.0, ULTIMATE WIND SPEED V= 110MPH
SNOW IMPORTANCE FACTOR, Is=1.0, RISK CATEGORY: II   EXPOSURE: B
THERMAL FACTOR, Ct=1.1 IMPORTANCE FACTOR, Iw= 1.0

TOPOGRAPHIC FACTOR, Kzt= 1.0
SEISMIC DESIGN DATA (ASCE7-16)
SEISMIC RESPONSE SYSTEM: WOOD SHEARWALLS
EQUIVALENT LATERAL FORCE PROCEDURE (ASCE 7-16)
RISK CATEGORY: II SEISMIC IMPORTANCE FACTOR, Ie= 1.0
MAPPED SPECTRAL RESPONSE ACCELERATION: Ss=1.24, S1=0.476
DESIGN SPECTRAL RESPONSE ACCELERATION: Sds=0.831, Sd1=0.476
SITE CLASS: D SEISMIC DESIGN CATEGORY: D
SEISMIC RESPONSE COEFFICIENT: Cs= 0.091
DESIGN BASE SHEAR: 111,513#
SOIL PROPERTIES:
BEARING CAPACITY: 2,000 PSF
LATERAL CAPACITY: 250 PSF/FT
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ASDIP Foundation 4.8.2.1 SPREAD FOOTING DESIGN www.asdipsoft.com

Footing Length (X-dir)  ............

Footing Width (Z-dir)  ..............

Footing Thickness  ..................

Soil Cover  ..............................

Column Length (X-dir)  ...........

Column Width (Z-dir)  ..............

Offset (X-dir)  ...........................

Offset (Z-dir)  ...........................

3.50

3.50

8.0

0.00

6.0

6.0

0.00

0.00

Base Plate (L x W)  ..... 6.0  x  6.0 in

ft

ft

in

ft

in

in

in

in

OK

OK

OK

Dead Live RLive Snow Wind Seismic

Axial Force  P  .............

Moment about X  Mx  ..

Moment about Z  Mz  ..

Shear Force  Vx  .........

Shear Force  Vz  .........

4.4

0.0

0.0

0.0

0.0

13.7

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

kip

k-ft

k-ft

kip

kip

Gross Allow. Soil Pressure  .......

Soil Pressure at Corner 1  .........

Soil Pressure at Corner 2  .........

Soil Pressure at Corner 3  .........

Soil Pressure at Corner 4  .........

Bearing Pressure Ratio  .................

Ftg. Area in Contact with Soil  ........

X-eccentricity / Ftg. Length  ............

Z-eccentricity / Ftg. Width  ..............

2.0

1.5

1.5

1.5

1.5

0.77

100.0

0.00

0.00

ksf

ksf

ksf

ksf

ksf

%

OK

OK

OK

- Moment Mx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 3.50 * 3.50 * 8.0 / 12 * 0.15 = 0.7  kip

Arm = 3.50 / 2 = 1.75 ft Moment = 0.7 * 1.75 = 1.3  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Soil cover = 0.6 * (3.50 * 3.50 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Buoyancy = 0.6 * 3.50 * 3.50 * 62 * (0.67) = -0.3  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.3 * 1.75 = -0.5  k-ft

- Axial force P = 0.6 * 4.4 + 0.6 * 0.0 = 2.6  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 2.6 * 1.75 = 4.6  k-ft

- Resisting moment X-X = 1.3 + 0.0 + 0.0 + 4.6 + -0.5 = 5.4  k-ft

- Overturning safety factor X-X = =
5.4

0.0
= 53.71 > 1.50 OK
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- Moment Mz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 3.50 * 3.50 * 8.0 / 12 * 0.15 = 0.7  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.7 * 1.75 = 1.3  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Soil cover = 0.6 * (3.50 * 3.50 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Buoyancy = 0.6 * 3.50 * 3.50 * 62 * (0.67) = -0.3  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.3 * 1.75 = -0.5  k-ft

- Axial force P = 0.6 * 4.4 + 0.6 * 0.0 = 2.6  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 2.6 * 1.75 = 4.6  k-ft

- Resisting moment Z-Z = 1.3 + 0.0 + 0.0 + 4.6 + -0.5 = 5.4  k-ft

- Overturning safety factor Z-Z = =
5.4

0.0
= 53.71 > 1.50 OK

Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

Resisting moment X-X = 2.1 + 0.0 + 0.0 + -0.9 + 31.7 = 32.9  k-ft

Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

Resisting moment Z-Z = 2.1 + 0.0 + 0.0 + -0.9 + 31.7 = 32.9  k-ft

Resisting force = 1.2 + 0.0 + 0.0 - 0.5 + 18.1 = 18.8  kip

X-coordinate of resultant from maximum bearing corner:

Xp = =
32.9 - 0.0

18.8
= 1.75  ft

Z-coordinate of resultant from maximum bearing corner:

Zp = =
32.9 - 0.0

18.8
= 1.75  ft

X-ecc = 3.50 / 2 - 1.75 = 0.00  ft

Z-ecc = 3.50 / 2 - 1.75 = 0.00  ft

Area = 3.50 * 3.50 = 12.3  ft²

Sx = 3.50 * 3.50² / 6 = 7.1  ft³

Sz = 3.50 * 3.50² / 6 = 7.1  ft³

- Footing is in full bearing. Soil pressures are as follows:

P1 = 18.8 * (1 / 12.3 + 0.00 / 7.1 + 0.00 / 7.1) = 1.54  ksf

P2 = 18.8 * (1 / 12.3 - 0.00 / 7.1 + 0.00 / 7.1) = 1.54  ksf

P3 = 18.8 * (1 / 12.3 - 0.00 / 7.1 - 0.00 / 7.1) = 1.54  ksf

P4 = 18.8 * (1 / 12.3 + 0.00 / 7.1 - 0.00 / 7.1) = 1.54  ksf 2 of 7
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Internal friction angle = 28.0 deg

Passive coefficient

Pressure at mid-depth = 4.33 * 110 * (0.00 + 8.0 / 12 / 2) = 0.16  ksf

X-Passive force = 0.16 * 8.0 / 12 * 3.50 =  0.4  kip

Z-Passive force = 0.16 * 8.0 / 12 * 3.50 =  0.4  kip

Friction force = Max (0, 3.1 * 0.35) =  1.1  kip

- Sliding safety factor X-X = =
1.00 * 0.4 + 1.00 * 1.1

0.0
= 14.44 > 1.50 OK

- Sliding safety factor Z-Z = =
1.00 * 0.4 + 1.00 * 1.1

0.0
= 14.44 > 1.50 OK

- Uplift safety factor = =
0.0 + 0.7 + 0.0 - 0.3

0.0
= 99.99 > 1.00 OK

Concrete f'c = 2.5  ksi Steel fy = 40.0  ksi Soil density = 110  pcf

d Top X-dir = 8.0 - 2.0 - 0.8 / 2 = 5.6  in

d Top Z-dir = 8.0 - 2.0 - 0.8 - 0.8 / 2 = 4.9  in

d Bot X-dir = 8.0 - 3.0 - 0.5 / 2 = 4.8  in

d Bot Z-dir = 8.0 - 3.0 - 0.5 - 0.5 / 2 = 4.3  in

2 * 0.75 * √(2500) * 3.5 * 12 * 4.8 / 1000 = 15.0  kip

2 * 0.75 * √(2500) * 3.5 * 12 * 4.3 / 1000 = 13.4  kip

ACI Eq. (22.5.5.1)

- Shear forces calculated as the volume of the bearing pressures under the effective areas:

One-way shear Vux (- Side) =  8.8  kip

One-way shear Vux (+ Side) =  8.7  kip

One-way shear Vuz (- Side) =  8.8  kip

One-way shear Vuz (+ Side) =  8.7  kip

<  15.0  kip   OK

<  15.0  kip   OK

<  13.4  kip   OK

<  13.4  kip   OK
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Plain ϕMnx = 5 * 0.60 * √(2500) * 3.50 * 8.0² / 6 / 1000 = 1.5  k-ft

Plain ϕMnz = 5 * 0.60 * √(2500) * 3.50 * 8.0² / 6 / 1000 = 1.5  k-ft

ACI Eq. (14.5.2.1a)

Use Plain Concrete Flexural Strength at Top

- Top moments calculated as the overburden minus the bearing pressures times the lever arm:

Top moment -Mux (- Side) =  0.0  k-ft

Top moment -Mux (+ Side) =  0.0  k-ft

Top moment -Muz (- Side) =  0.0  k-ft

Top moment -Muz (+ Side) =  0.0  k-ft

<  5.6  k-ft   OK

<  5.6  k-ft   OK

<  5.6  k-ft   OK

<  5.6  k-ft   OK

1.0 / (3.50 * 12 * 4.3) = 0.0056 q = 0.0056 * 40 / 2.5 = 0.090

1.0 / (3.50 * 12 * 4.8) = 0.0050 q = 0.0050 * 40 / 2.5 = 0.080

2 * 1.00 / (1.00 + 1) = 1.003.50 / 3.50 = 1.00 ACI 13.3.3.3

Bending strength

ϕMnx =  0.90 * 3.50 * 12 * 4.3² * 2.5 * 0.090 * (1 - 0.59 * 0.090) =  12.1 k-ft

ϕMnz =  0.90 * 3.50 * 12 * 4.8² * 2.5 * 0.080 / 1.00 * (1 - 0.59 * 0.080 / 1.00) =  13.6 k-ft

ACI 22.2.2

- Bottom moments calculated as the bearing minus the overburden pressures times the lever arm:

Bottom moment Mux (- Side) =  8.8  k-ft

Bottom moment Mux (+ Side) =  8.8  k-ft

Bottom moment Muz (- Side) =  8.8  k-ft

Bottom moment Muz (+ Side) =  8.8  k-ft

<  12.1  k-ft   OK

<  12.1  k-ft   OK

<  13.6  k-ft   OK

<  13.6  k-ft   OK

ratio = 0.73

ratio = 0.73

ratio = 0.65

ratio = 0.65

X-As min = 0.0018 * 3.50 * 12 * 8.0 =  0.6 in² <  1.0  in²   OK ACI 8.6.1.1

Z-As min = 0.0018 * 3.50 * 12 * 8.0 =  0.6 in² <  1.0  in²   OK ACI 8.6.1.1

X-As max for 0.005 tension strain =  3.20 in²

Z-As max for 0.005 tension strain =  3.20 in²

ACI 21.2.2

ACI 21.2.2

>  1.00 in² OK

>  1.00 in² OK

X-Cover factor = Min (2.5, (3.0 + 0.50 / 2, 9.0 / 2) / 0.50) =  2.5

ACI Eq. (25.4.2.3a)Straight

X-Ld = Max (12.0, 3 / 40 * 40.0 * 1000  / (2500)½ * 1.0 * 0.8 * 1.0 / 2.5 * 0.50 * 0.65) = 12.0 in

Hooked ACI 25.4.3

X-Ldh = Max (8 db, 6, 0.02 * 40.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.50 * 0.65) = 6.0 in

-X Ld provided = 3.50 * 12 / 2 + 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK

+X Ld provided = 3.50 * 12 / 2 - 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK 4 of 7
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Z-Cover factor = Min (2.5, (3.0 + 0.50 / 2, 9.0 / 2) / 0.50) =  2.5

ACI Eq. (25.4.2.3a)Straight

Z-Ld = Max (12.0, 3 / 40 * 40.0 * 1000  / (2500)½ * 1.0 * 0.8 * 1.0 / 2.5 * 0.50 * 0.65) = 12.0 in

Hooked ACI 25.4.3

Z-Ldh = Max (8 db, 6, 0.02 * 40.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.50 * 0.73) = 6.0 in

-Z Ld provided = 3.50 * 12 / 2 + 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK

+Z Ld provided = 3.50 * 12 / 2 - 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK

X-bar spacing = 9.0 in <  Min ( 3 * t, 18.0) = 18.0 in OK

Z-bar spacing = 9.0 in <  Min ( 3 * t, 18.0) = 18.0 in OK

ACI 7.7.2.3

Area 6.0 * 6.0 = 36.0  in²

Sx = 6.0 * 6.0² / 6 = 36.0  in³

Sz = 6.0 * 6.0² / 6 = 36.0  in³

Bearing 27.2 / 36.0 + 0.0 * 12 / 36.0 + 0.0 * 12 / 36.0 = 0.8  ksi

Min edge =

Min edge = Min (3.50 * 12 / 2 - 0.0 - 6.0 / 2,  3.50 * 12 / 2 - 0.0 - 6.0 / 2 = 18.0  in

Area

A2 = Min [3.50 * 12 * 3.5 * 12,  (6.0 + 2 * 18.0) * (6.0 + 2 * 18.0)] = 1764.0  in²

ACI R22.8.3.2

Footing 0.65 * 0.85 * 2.5 * Min [2, √(1764.0 / 36.0)] = 2.8  ksi

Footing 0.0  ksi ACI 22.8.3.2

Footing bearing 2.8 + 0.0 = 2.8  ksi >  0.8  psi   OK
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Hooked ACI 25.4.3

Ldh = Max (8 db, 6, 0.02 * 60.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.75 * 0.13) = 6.0 in

Ld provided = 3.00 * 12 = 36.0 in >  23.5  in   OK

Ldh provided = 8.00 - 3.0 = 5.0 in <  6.0  in   NG

X-Edge = 4.5 / 2 = 2.3  in αsx = 20

Z-Edge = 4.5 / 2 = 2.3  in αsz = 20

αs = 20 + 20 = 40 Col type = Interior β = 6.0 / 6.0 = 1.00 ACI 22.6.5.2

Perimeter

bo = 20 / 10 * (6.0 + 4.5 / 2 + 2.3) + 20 / 10 * (6.0 + 4.5 / 2 + 2.3) = 42.0  in

ACI 22.6.4.2

Area (6.0 + 4.5 / 2 + 2.3) * (6.0 + 4.5 / 2 + 2.3) = 110.3  in²

ϕVc =

ϕVc = 0.75 * Min (2 + 4 / 1.00,  40 * 4.5 / 42.0 + 2,  4) * √(2500) = 150.0  psi

ACI 22.6.5.2

Punching force

F = 27.2 + 0.07 * 110.3 / 144 - 1.8 = 25.5  kip

b1 = 6.0 + 4.5 / 2 + 2.3 = 10.5  in b2 = 6.0 + 4.5 / 2 + 2.3 = 10.5  in

γvx factor = = 1 -
1

1 + (2/3) √(10.5 / 10.5)
= 0.40

γvz factor =

ACI Eq. (8.4.4.2.2)

ACI Eq. (8.4.2.3.2)
= 1 -

1

1 + (2/3) √(10.5 / 10.5)
= 0.40

X2z = 10.5 / 2 = 5.3  in X2x = 10.5 / 2 = 5.3  in

Jcz =

Jcz = 10.5 * 4.5³ / 6 + 10.5³ * 4.5 / 6 + 10.5² * 10.5 * 4.5 / 2 = 3632 in⁴

Jcx =

Jcx = 10.5 * 4.5³ / 6 + 10.5³ * 4.5 / 6 + 10.5² * 10.5 * 4.5 / 2 = 3632 in⁴

ACI R8.4.4.2.3

ACI R8.4.4.2.3

Stress due to P = 25.5 / (42.0 * 4.5) * 1000 = 134.9  psi

Stress due to Mx = 0.40 * 0.0 * 12 * 5.3 / 3632 * 1000 = 0.0  psi

Stress due to Mz = 0.40 * 0.0 * 12 * 5.3 / 3632 * 1000 = 0.0  psi

Punching stress = 134.9 + 0.0 + 0.0 = 134.9  psi <  150.0  psi   OK
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Footing Length (X-dir)  ............

Footing Width (Z-dir)  ..............

Footing Thickness  ..................

Soil Cover  ..............................

Column Length (X-dir)  ...........

Column Width (Z-dir)  ..............

Offset (X-dir)  ...........................

Offset (Z-dir)  ...........................

3.00

3.00

8.0

0.00

6.0

6.0

0.00

0.00

Base Plate (L x W)  ..... 6.0  x  6.0 in

ft

ft

in

ft

in

in

in

in

OK

OK

OK

Dead Live RLive Snow Wind Seismic

Axial Force  P  .............

Moment about X  Mx  ..

Moment about Z  Mz  ..

Shear Force  Vx  .........

Shear Force  Vz  .........

8.0

0.0

0.0

0.0

0.0

5.2

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

kip

k-ft

k-ft

kip

kip

Gross Allow. Soil Pressure  .......

Soil Pressure at Corner 1  .........

Soil Pressure at Corner 2  .........

Soil Pressure at Corner 3  .........

Soil Pressure at Corner 4  .........

Bearing Pressure Ratio  .................

Ftg. Area in Contact with Soil  ........

X-eccentricity / Ftg. Length  ............

Z-eccentricity / Ftg. Width  ..............

2.0

1.5

1.5

1.5

1.5

0.76

100.0

0.00

0.00

ksf

ksf

ksf

ksf

ksf

%

OK

OK

OK

- Moment Mx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 3.00 * 3.00 * 8.0 / 12 * 0.15 = 0.5  kip

Arm = 3.00 / 2 = 1.50 ft Moment = 0.5 * 1.50 = 0.8  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 3.00 / 2 - 0.0 / 12 = 1.50  ft Moment = 0.0 * 1.50 = 0.0  k-ft

- Soil cover = 0.6 * (3.00 * 3.00 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 3.00 / 2 = 1.50  ft Moment = 0.0 * 1.50 = 0.0  k-ft

- Buoyancy = 0.6 * 3.00 * 3.00 * 62 * (0.67) = -0.2  kip

Arm = 3.00 / 2 = 1.50  ft Moment = 0.2 * 1.50 = -0.3  k-ft

- Axial force P = 0.6 * 8.0 + 0.6 * 0.0 = 4.8  kip

Arm = 3.00 / 2 - 0.0 / 12 = 1.50  ft Moment = 4.8 * 1.50 = 7.2  k-ft

- Resisting moment X-X = 0.8 + 0.0 + 0.0 + 7.2 + -0.3 = 7.7  k-ft

- Overturning safety factor X-X = =
7.7

0.0
= 76.73 > 1.50 OK
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- Moment Mz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 3.00 * 3.00 * 8.0 / 12 * 0.15 = 0.5  kip

Arm = 3.00 / 2 = 1.50  ft Moment = 0.5 * 1.50 = 0.8  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 3.00 / 2 - 0.0 / 12 = 1.50  ft Moment = 0.0 * 1.50 = 0.0  k-ft

- Soil cover = 0.6 * (3.00 * 3.00 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 3.00 / 2 = 1.50  ft Moment = 0.0 * 1.50 = 0.0  k-ft

- Buoyancy = 0.6 * 3.00 * 3.00 * 62 * (0.67) = -0.2  kip

Arm = 3.00 / 2 = 1.50  ft Moment = 0.2 * 1.50 = -0.3  k-ft

- Axial force P = 0.6 * 8.0 + 0.6 * 0.0 = 4.8  kip

Arm = 3.00 / 2 - 0.0 / 12 = 1.50  ft Moment = 4.8 * 1.50 = 7.2  k-ft

- Resisting moment Z-Z = 0.8 + 0.0 + 0.0 + 7.2 + -0.3 = 7.7  k-ft

- Overturning safety factor Z-Z = =
7.7

0.0
= 76.73 > 1.50 OK

Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

Resisting moment X-X = 1.4 + 0.0 + 0.0 + -0.6 + 19.8 = 20.6  k-ft

Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

Resisting moment Z-Z = 1.4 + 0.0 + 0.0 + -0.6 + 19.8 = 20.6  k-ft

Resisting force = 0.9 + 0.0 + 0.0 - 0.4 + 13.2 = 13.7  kip

X-coordinate of resultant from maximum bearing corner:

Xp = =
20.6 - 0.0

13.7
= 1.50  ft

Z-coordinate of resultant from maximum bearing corner:

Zp = =
20.6 - 0.0

13.7
= 1.50  ft

X-ecc = 3.00 / 2 - 1.50 = 0.00  ft

Z-ecc = 3.00 / 2 - 1.50 = 0.00  ft

Area = 3.00 * 3.00 = 9.0  ft²

Sx = 3.00 * 3.00² / 6 = 4.5  ft³

Sz = 3.00 * 3.00² / 6 = 4.5  ft³

- Footing is in full bearing. Soil pressures are as follows:

P1 = 13.7 * (1 / 9.0 + 0.00 / 4.5 + 0.00 / 4.5) = 1.53  ksf

P2 = 13.7 * (1 / 9.0 - 0.00 / 4.5 + 0.00 / 4.5) = 1.53  ksf

P3 = 13.7 * (1 / 9.0 - 0.00 / 4.5 - 0.00 / 4.5) = 1.53  ksf

P4 = 13.7 * (1 / 9.0 + 0.00 / 4.5 - 0.00 / 4.5) = 1.53  ksf 2 of 7
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Internal friction angle = 28.0 deg

Passive coefficient

Pressure at mid-depth = 4.33 * 110 * (0.00 + 8.0 / 12 / 2) = 0.16  ksf

X-Passive force = 0.16 * 8.0 / 12 * 3.00 =  0.3  kip

Z-Passive force = 0.16 * 8.0 / 12 * 3.00 =  0.3  kip

Friction force = Max (0, 5.1 * 0.35) =  1.8  kip

- Sliding safety factor X-X = =
1.00 * 0.3 + 1.00 * 1.8

0.0
= 21.08 > 1.50 OK

- Sliding safety factor Z-Z = =
1.00 * 0.3 + 1.00 * 1.8

0.0
= 21.08 > 1.50 OK

- Uplift safety factor = =
0.0 + 0.5 + 0.0 - 0.2

0.0
= 99.99 > 1.00 OK

Concrete f'c = 2.5  ksi Steel fy = 40.0  ksi Soil density = 110  pcf

Use Plain Concrete Shear Strength

ϕVcx = 4/3 * 0.60 * √(2500) * 3.0 * 12 * 8.0 / 1000 = 11.5  kip

ϕVcz = 4/3 * 0.60 * √(2500) * 3.0 * 12 * 8.0 / 1000 = 11.5  kip

ACI 14.5.5.1

- Shear forces calculated as the volume of the bearing pressures under the effective areas:

One-way shear Vux (- Side) =  3.5  kip

One-way shear Vux (+ Side) =  3.5  kip

One-way shear Vuz (- Side) =  3.5  kip

One-way shear Vuz (+ Side) =  3.5  kip

<  11.5  kip   OK

<  11.5  kip   OK

<  11.5  kip   OK

<  11.5  kip   OK
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Plain ϕMnx = 5 * 0.60 * √(2500) * 3.00 * 8.0² / 6 / 1000 = 1.3  k-ft

Plain ϕMnz = 5 * 0.60 * √(2500) * 3.00 * 8.0² / 6 / 1000 = 1.3  k-ft

ACI Eq. (14.5.2.1a)

Use Plain Concrete Flexural Strength at Top

- Top moments calculated as the overburden minus the bearing pressures times the lever arm:

Top moment -Mux (- Side) =  0.0  k-ft

Top moment -Mux (+ Side) =  0.0  k-ft

Top moment -Muz (- Side) =  0.0  k-ft

Top moment -Muz (+ Side) =  0.0  k-ft

<  4.8  k-ft   OK

<  4.8  k-ft   OK

<  4.8  k-ft   OK

<  4.8  k-ft   OK

Use Plain Concrete Flexural Strength at Bottom

- Bottom moments calculated as the bearing minus the overburden pressures times the lever arm:

Bottom moment Mux (- Side) =  4.7  k-ft

Bottom moment Mux (+ Side) =  4.7  k-ft

Bottom moment Muz (- Side) =  4.7  k-ft

Bottom moment Muz (+ Side) =  4.7  k-ft

<  4.8  k-ft   OK

<  4.8  k-ft   OK

<  4.8  k-ft   OK

<  4.8  k-ft   OK

ratio = 0.97

ratio = 0.98

ratio = 0.97

ratio = 0.98

4 of 7

City of Puyallup 
Development & Permitting Services

ISSUED PERMIT
Building

Fire

Engineering

Planning

Public Works

Traffic



Project:

Engineer:

Descrip: Grid 3F Footing

Page # ___

1/11/2024

ASDIP Foundation 4.8.2.1 SPREAD FOOTING DESIGN www.asdipsoft.com

Area 6.0 * 6.0 = 36.0  in²

Sx = 6.0 * 6.0² / 6 = 36.0  in³

Sz = 6.0 * 6.0² / 6 = 36.0  in³

Bearing 17.9 / 36.0 + 0.0 * 12 / 36.0 + 0.0 * 12 / 36.0 = 0.5  ksi

Min edge =

Min edge = Min (3.00 * 12 / 2 - 0.0 - 6.0 / 2,  3.00 * 12 / 2 - 0.0 - 6.0 / 2 = 15.0  in

Area

A2 = Min [3.00 * 12 * 3.0 * 12,  (6.0 + 2 * 15.0) * (6.0 + 2 * 15.0)] = 1296.0  in²

ACI R22.8.3.2

Footing 0.65 * 0.85 * 2.5 * Min [2, √(1296.0 / 36.0)] = 2.8  ksi

Footing 0.0  ksi ACI 22.8.3.2

Footing bearing 2.8 + 0.0 = 2.8  ksi >  0.5  psi   OK
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Hooked ACI 25.4.3

Ldh = Max (8 db, 6, 0.02 * 60.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.75 * 0.09) = 6.0 in

Ld provided = 3.00 * 12 = 36.0 in >  15.5  in   OK

Ldh provided = 8.00 - 3.0 = 5.0 in <  6.0  in   NG

X-Edge = 3.00 * 12 / 2 - 0.0 - 6.0 / 2 = 15.0  in αsx = 10

Z-Edge = 3.00 * 12 / 2 - 0.0 - 6.0 / 2 = 15.0  in αsz = 10

αs = 10 + 10 = 20 Col type = Corner β = 6.0 / 6.0 = 1.00 ACI 22.6.5.2

Perimeter

bo = 10 / 10 * (6.0 + 8.0 / 2 + 15.0) + 10 / 10 * (6.0 + 8.0 / 2 + 15.0) = 50.0  in

ACI 22.6.4.2

Area (6.0 + 8.0 / 2 + 15.0) * (6.0 + 8.0 / 2 + 15.0) = 625.0  in²

Use Plain Concrete Shear Strength

ϕVc =

ϕVc = 0.60 * Min (1 + 2 / 1.00,  2) * 4/3 √(2500) = 80.0  psi

ACI 14.5.5.1

Punching force

F = 17.9 + 0.07 * 625.0 / 144 - 2.8 = 15.4  kip

b1 = 6.0 + 8.0 / 2 + 15.0 = 25.0  in b2 = 6.0 + 8.0 / 2 + 15.0 = 25.0  in

γvx factor = = 1 -
1

1 + (2/3) √(25.0 / 25.0)
= 0.40

γvz factor =

ACI Eq. (8.4.4.2.2)

ACI Eq. (8.4.2.3.2)
= 1 -

1

1 + (2/3) √(25.0 / 25.0)
= 0.40

X2z = 25.0² / 2 / (25.0 + 25.0) = 6.3  in X2x = 6.3  in

Jcz =

Jcz = 25.0 * 8.0³ / 12 + 25.0³ * 8.0 / 12 + 25.0 * 8.0 * (25.0 / 2 * 6.3)² + 25.0 * 8.0 * 6.3² = 27108 in⁴

Jcx =

Jcz = 25.0 * 8.0³ / 12 + 25.0³ * 8.0 / 12 + 25.0 * 8.0 * (25.0 / 2 * 6.3)² + 25.0 * 8.0 * 6.3² = 27108 in⁴

ACI R8.4.4.2.3

ACI R8.4.4.2.3

Stress due to P = 15.4 / (50.0 * 8.0) * 1000 = 38.5  psi

Stress due to Mx = 0.40 * 0.0 * 12 * 6.3 / 27108 * 1000 = 0.0  psi

Stress due to Mz = 0.40 * 0.0 * 12 * 6.3 / 27108 * 1000 = 0.0  psi

Punching stress = 38.5 + 0.0 + 0.0 = 38.5  psi <  80.0  psi   OK

6 of 7

City of Puyallup 
Development & Permitting Services

ISSUED PERMIT
Building

Fire

Engineering

Planning

Public Works

Traffic



Project:

Engineer:

Descrip: Grid 3F Footing

Page # ___

1/11/2024

ASDIP Foundation 4.8.2.1 SPREAD FOOTING DESIGN www.asdipsoft.com

Concrete Design  ..................

Load Combinations  ..............

ACI 318-14

ASCE 7-10/16

7 of 7

City of Puyallup 
Development & Permitting Services

ISSUED PERMIT
Building

Fire

Engineering

Planning

Public Works

Traffic



Project:

Engineer:

Descrip: Grid 5G Footing

Page # ___

1/11/2024

ASDIP Foundation 4.8.2.1 SPREAD FOOTING DESIGN www.asdipsoft.com

Footing Length (X-dir)  ............

Footing Width (Z-dir)  ..............

Footing Thickness  ..................

Soil Cover  ..............................

Column Length (X-dir)  ...........

Column Width (Z-dir)  ..............

Offset (X-dir)  ...........................

Offset (Z-dir)  ...........................

3.50

3.50

8.0

0.00

6.0

6.0

0.00

0.00

Base Plate (L x W)  ..... 6.0  x  6.0 in

ft

ft

in

ft

in

in

in

in

OK

OK

OK

Dead Live RLive Snow Wind Seismic

Axial Force  P  .............

Moment about X  Mx  ..

Moment about Z  Mz  ..

Shear Force  Vx  .........

Shear Force  Vz  .........

5.2

0.0

0.0

0.0

0.0

16.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

kip

k-ft

k-ft

kip

kip

Gross Allow. Soil Pressure  .......

Soil Pressure at Corner 1  .........

Soil Pressure at Corner 2  .........

Soil Pressure at Corner 3  .........

Soil Pressure at Corner 4  .........

Bearing Pressure Ratio  .................

Ftg. Area in Contact with Soil  ........

X-eccentricity / Ftg. Length  ............

Z-eccentricity / Ftg. Width  ..............

2.0

1.8

1.8

1.8

1.8

0.89

100.0

0.00

0.00

ksf

ksf

ksf

ksf

ksf

%

OK

OK

OK

- Moment Mx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 3.50 * 3.50 * 8.0 / 12 * 0.15 = 0.7  kip

Arm = 3.50 / 2 = 1.75 ft Moment = 0.7 * 1.75 = 1.3  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Soil cover = 0.6 * (3.50 * 3.50 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Buoyancy = 0.6 * 3.50 * 3.50 * 62 * (0.67) = -0.3  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.3 * 1.75 = -0.5  k-ft

- Axial force P = 0.6 * 5.2 + 0.6 * 0.0 = 3.1  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 3.1 * 1.75 = 5.5  k-ft

- Resisting moment X-X = 1.3 + 0.0 + 0.0 + 5.5 + -0.5 = 6.2  k-ft

- Overturning safety factor X-X = =
6.2

0.0
= 62.11 > 1.50 OK
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- Moment Mz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 3.50 * 3.50 * 8.0 / 12 * 0.15 = 0.7  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.7 * 1.75 = 1.3  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Soil cover = 0.6 * (3.50 * 3.50 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Buoyancy = 0.6 * 3.50 * 3.50 * 62 * (0.67) = -0.3  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.3 * 1.75 = -0.5  k-ft

- Axial force P = 0.6 * 5.2 + 0.6 * 0.0 = 3.1  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 3.1 * 1.75 = 5.5  k-ft

- Resisting moment Z-Z = 1.3 + 0.0 + 0.0 + 5.5 + -0.5 = 6.2  k-ft

- Overturning safety factor Z-Z = =
6.2

0.0
= 62.11 > 1.50 OK

Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

Resisting moment X-X = 2.1 + 0.0 + 0.0 + -0.9 + 37.1 = 38.4  k-ft

Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

Resisting moment Z-Z = 2.1 + 0.0 + 0.0 + -0.9 + 37.1 = 38.4  k-ft

Resisting force = 1.2 + 0.0 + 0.0 - 0.5 + 21.2 = 21.9  kip

X-coordinate of resultant from maximum bearing corner:

Xp = =
38.4 - 0.0

21.9
= 1.75  ft

Z-coordinate of resultant from maximum bearing corner:

Zp = =
38.4 - 0.0

21.9
= 1.75  ft

X-ecc = 3.50 / 2 - 1.75 = 0.00  ft

Z-ecc = 3.50 / 2 - 1.75 = 0.00  ft

Area = 3.50 * 3.50 = 12.3  ft²

Sx = 3.50 * 3.50² / 6 = 7.1  ft³

Sz = 3.50 * 3.50² / 6 = 7.1  ft³

- Footing is in full bearing. Soil pressures are as follows:

P1 = 21.9 * (1 / 12.3 + 0.00 / 7.1 + 0.00 / 7.1) = 1.79  ksf

P2 = 21.9 * (1 / 12.3 - 0.00 / 7.1 + 0.00 / 7.1) = 1.79  ksf

P3 = 21.9 * (1 / 12.3 - 0.00 / 7.1 - 0.00 / 7.1) = 1.79  ksf

P4 = 21.9 * (1 / 12.3 + 0.00 / 7.1 - 0.00 / 7.1) = 1.79  ksf 2 of 7
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Internal friction angle = 28.0 deg

Passive coefficient

Pressure at mid-depth = 4.33 * 110 * (0.00 + 8.0 / 12 / 2) = 0.16  ksf

X-Passive force = 0.16 * 8.0 / 12 * 3.50 =  0.4  kip

Z-Passive force = 0.16 * 8.0 / 12 * 3.50 =  0.4  kip

Friction force = Max (0, 3.5 * 0.35) =  1.2  kip

- Sliding safety factor X-X = =
1.00 * 0.4 + 1.00 * 1.2

0.0
= 16.12 > 1.50 OK

- Sliding safety factor Z-Z = =
1.00 * 0.4 + 1.00 * 1.2

0.0
= 16.12 > 1.50 OK

- Uplift safety factor = =
0.0 + 0.7 + 0.0 - 0.3

0.0
= 99.99 > 1.00 OK

Concrete f'c = 2.5  ksi Steel fy = 40.0  ksi Soil density = 110  pcf

d Top X-dir = 8.0 - 2.0 - 0.8 / 2 = 5.6  in

d Top Z-dir = 8.0 - 2.0 - 0.8 - 0.8 / 2 = 4.9  in

d Bot X-dir = 8.0 - 3.0 - 0.5 / 2 = 4.8  in

d Bot Z-dir = 8.0 - 3.0 - 0.5 - 0.5 / 2 = 4.3  in

2 * 0.75 * √(2500) * 3.5 * 12 * 4.8 / 1000 = 15.0  kip

2 * 0.75 * √(2500) * 3.5 * 12 * 4.3 / 1000 = 13.4  kip

ACI Eq. (22.5.5.1)

- Shear forces calculated as the volume of the bearing pressures under the effective areas:

One-way shear Vux (- Side) =  10.2  kip

One-way shear Vux (+ Side) =  10.2  kip

One-way shear Vuz (- Side) =  10.2  kip

One-way shear Vuz (+ Side) =  10.2  kip

<  15.0  kip   OK

<  15.0  kip   OK

<  13.4  kip   OK

<  13.4  kip   OK
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Plain ϕMnx = 5 * 0.60 * √(2500) * 3.50 * 8.0² / 6 / 1000 = 1.5  k-ft

Plain ϕMnz = 5 * 0.60 * √(2500) * 3.50 * 8.0² / 6 / 1000 = 1.5  k-ft

ACI Eq. (14.5.2.1a)

Use Plain Concrete Flexural Strength at Top

- Top moments calculated as the overburden minus the bearing pressures times the lever arm:

Top moment -Mux (- Side) =  0.0  k-ft

Top moment -Mux (+ Side) =  0.0  k-ft

Top moment -Muz (- Side) =  0.0  k-ft

Top moment -Muz (+ Side) =  0.0  k-ft

<  5.6  k-ft   OK

<  5.6  k-ft   OK

<  5.6  k-ft   OK

<  5.6  k-ft   OK

1.0 / (3.50 * 12 * 4.3) = 0.0056 q = 0.0056 * 40 / 2.5 = 0.090

1.0 / (3.50 * 12 * 4.8) = 0.0050 q = 0.0050 * 40 / 2.5 = 0.080

2 * 1.00 / (1.00 + 1) = 1.003.50 / 3.50 = 1.00 ACI 13.3.3.3

Bending strength

ϕMnx =  0.90 * 3.50 * 12 * 4.3² * 2.5 * 0.090 * (1 - 0.59 * 0.090) =  12.1 k-ft

ϕMnz =  0.90 * 3.50 * 12 * 4.8² * 2.5 * 0.080 / 1.00 * (1 - 0.59 * 0.080 / 1.00) =  13.6 k-ft

ACI 22.2.2

- Bottom moments calculated as the bearing minus the overburden pressures times the lever arm:

Bottom moment Mux (- Side) =  10.3  k-ft

Bottom moment Mux (+ Side) =  10.3  k-ft

Bottom moment Muz (- Side) =  10.3  k-ft

Bottom moment Muz (+ Side) =  10.3  k-ft

<  12.1  k-ft   OK

<  12.1  k-ft   OK

<  13.6  k-ft   OK

<  13.6  k-ft   OK

ratio = 0.85

ratio = 0.85

ratio = 0.76

ratio = 0.76

X-As min = 0.0018 * 3.50 * 12 * 8.0 =  0.6 in² <  1.0  in²   OK ACI 8.6.1.1

Z-As min = 0.0018 * 3.50 * 12 * 8.0 =  0.6 in² <  1.0  in²   OK ACI 8.6.1.1

X-As max for 0.005 tension strain =  3.20 in²

Z-As max for 0.005 tension strain =  3.20 in²

ACI 21.2.2

ACI 21.2.2

>  1.00 in² OK

>  1.00 in² OK

X-Cover factor = Min (2.5, (3.0 + 0.50 / 2, 9.0 / 2) / 0.50) =  2.5

ACI Eq. (25.4.2.3a)Straight

X-Ld = Max (12.0, 3 / 40 * 40.0 * 1000  / (2500)½ * 1.0 * 0.8 * 1.0 / 2.5 * 0.50 * 0.76) = 12.0 in

Hooked ACI 25.4.3

X-Ldh = Max (8 db, 6, 0.02 * 40.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.50 * 0.76) = 6.0 in

-X Ld provided = 3.50 * 12 / 2 + 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK

+X Ld provided = 3.50 * 12 / 2 - 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK 4 of 7
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Z-Cover factor = Min (2.5, (3.0 + 0.50 / 2, 9.0 / 2) / 0.50) =  2.5

ACI Eq. (25.4.2.3a)Straight

Z-Ld = Max (12.0, 3 / 40 * 40.0 * 1000  / (2500)½ * 1.0 * 0.8 * 1.0 / 2.5 * 0.50 * 0.76) = 12.0 in

Hooked ACI 25.4.3

Z-Ldh = Max (8 db, 6, 0.02 * 40.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.50 * 0.85) = 6.0 in

-Z Ld provided = 3.50 * 12 / 2 + 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK

+Z Ld provided = 3.50 * 12 / 2 - 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK

X-bar spacing = 9.0 in <  Min ( 3 * t, 18.0) = 18.0 in OK

Z-bar spacing = 9.0 in <  Min ( 3 * t, 18.0) = 18.0 in OK

ACI 7.7.2.3

Area 6.0 * 6.0 = 36.0  in²

Sx = 6.0 * 6.0² / 6 = 36.0  in³

Sz = 6.0 * 6.0² / 6 = 36.0  in³

Bearing 31.8 / 36.0 + 0.0 * 12 / 36.0 + 0.0 * 12 / 36.0 = 0.9  ksi

Min edge =

Min edge = Min (3.50 * 12 / 2 - 0.0 - 6.0 / 2,  3.50 * 12 / 2 - 0.0 - 6.0 / 2 = 18.0  in

Area

A2 = Min [3.50 * 12 * 3.5 * 12,  (6.0 + 2 * 18.0) * (6.0 + 2 * 18.0)] = 1764.0  in²

ACI R22.8.3.2

Footing 0.65 * 0.85 * 2.5 * Min [2, √(1764.0 / 36.0)] = 2.8  ksi

Footing 0.0  ksi ACI 22.8.3.2

Footing bearing 2.8 + 0.0 = 2.8  ksi >  0.9  psi   OK
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Hooked ACI 25.4.3

Ldh = Max (8 db, 6, 0.02 * 60.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.75 * 0.15) = 6.0 in

Ld provided = 3.00 * 12 = 36.0 in >  27.5  in   OK

Ldh provided = 8.00 - 3.0 = 5.0 in <  6.0  in   NG

X-Edge = 4.5 / 2 = 2.3  in αsx = 20

Z-Edge = 4.5 / 2 = 2.3  in αsz = 20

αs = 20 + 20 = 40 Col type = Interior β = 6.0 / 6.0 = 1.00 ACI 22.6.5.2

Perimeter

bo = 20 / 10 * (6.0 + 4.5 / 2 + 2.3) + 20 / 10 * (6.0 + 4.5 / 2 + 2.3) = 42.0  in

ACI 22.6.4.2

Area (6.0 + 4.5 / 2 + 2.3) * (6.0 + 4.5 / 2 + 2.3) = 110.3  in²

ϕVc =

ϕVc = 0.75 * Min (2 + 4 / 1.00,  40 * 4.5 / 42.0 + 2,  4) * √(2500) = 150.0  psi

ACI 22.6.5.2

Punching force

F = 31.8 + 0.07 * 110.3 / 144 - 2.0 = 29.9  kip

b1 = 6.0 + 4.5 / 2 + 2.3 = 10.5  in b2 = 6.0 + 4.5 / 2 + 2.3 = 10.5  in

γvx factor = = 1 -
1

1 + (2/3) √(10.5 / 10.5)
= 0.40

γvz factor =

ACI Eq. (8.4.4.2.2)

ACI Eq. (8.4.2.3.2)
= 1 -

1

1 + (2/3) √(10.5 / 10.5)
= 0.40

X2z = 10.5 / 2 = 5.3  in X2x = 10.5 / 2 = 5.3  in

Jcz =

Jcz = 10.5 * 4.5³ / 6 + 10.5³ * 4.5 / 6 + 10.5² * 10.5 * 4.5 / 2 = 3632 in⁴

Jcx =

Jcx = 10.5 * 4.5³ / 6 + 10.5³ * 4.5 / 6 + 10.5² * 10.5 * 4.5 / 2 = 3632 in⁴

ACI R8.4.4.2.3

ACI R8.4.4.2.3

Stress due to P = 29.9 / (42.0 * 4.5) * 1000 = 157.9  psi

Stress due to Mx = 0.40 * 0.0 * 12 * 5.3 / 3632 * 1000 = 0.0  psi

Stress due to Mz = 0.40 * 0.0 * 12 * 5.3 / 3632 * 1000 = 0.0  psi

Punching stress = 157.9 + 0.0 + 0.0 = 157.9  psi >  150.0  psi   NG
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Concrete Design  ..................

Load Combinations  ..............

ACI 318-14

ASCE 7-10/16
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Footing Length (X-dir)  ............

Footing Width (Z-dir)  ..............

Footing Thickness  ..................

Soil Cover  ..............................

Column Length (X-dir)  ...........

Column Width (Z-dir)  ..............

Offset (X-dir)  ...........................

Offset (Z-dir)  ...........................

3.00

3.00

8.0

0.00

6.0

6.0

0.00

0.00

Base Plate (L x W)  ..... 6.0  x  6.0 in

ft

ft

in

ft

in

in

in

in

OK

OK

OK

Dead Live RLive Snow Wind Seismic

Axial Force  P  .............

Moment about X  Mx  ..

Moment about Z  Mz  ..

Shear Force  Vx  .........

Shear Force  Vz  .........

8.0

0.0

0.0

0.0

0.0

5.2

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

kip

k-ft

k-ft

kip

kip

Gross Allow. Soil Pressure  .......

Soil Pressure at Corner 1  .........

Soil Pressure at Corner 2  .........

Soil Pressure at Corner 3  .........

Soil Pressure at Corner 4  .........

Bearing Pressure Ratio  .................

Ftg. Area in Contact with Soil  ........

X-eccentricity / Ftg. Length  ............

Z-eccentricity / Ftg. Width  ..............

2.0

1.5

1.5

1.5

1.5

0.76

100.0

0.00

0.00

ksf

ksf

ksf

ksf

ksf

%

OK

OK

OK

- Moment Mx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 3.00 * 3.00 * 8.0 / 12 * 0.15 = 0.5  kip

Arm = 3.00 / 2 = 1.50 ft Moment = 0.5 * 1.50 = 0.8  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 3.00 / 2 - 0.0 / 12 = 1.50  ft Moment = 0.0 * 1.50 = 0.0  k-ft

- Soil cover = 0.6 * (3.00 * 3.00 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 3.00 / 2 = 1.50  ft Moment = 0.0 * 1.50 = 0.0  k-ft

- Buoyancy = 0.6 * 3.00 * 3.00 * 62 * (0.67) = -0.2  kip

Arm = 3.00 / 2 = 1.50  ft Moment = 0.2 * 1.50 = -0.3  k-ft

- Axial force P = 0.6 * 8.0 + 0.6 * 0.0 = 4.8  kip

Arm = 3.00 / 2 - 0.0 / 12 = 1.50  ft Moment = 4.8 * 1.50 = 7.2  k-ft

- Resisting moment X-X = 0.8 + 0.0 + 0.0 + 7.2 + -0.3 = 7.7  k-ft

- Overturning safety factor X-X = =
7.7

0.0
= 76.73 > 1.50 OK
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- Moment Mz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 3.00 * 3.00 * 8.0 / 12 * 0.15 = 0.5  kip

Arm = 3.00 / 2 = 1.50  ft Moment = 0.5 * 1.50 = 0.8  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 3.00 / 2 - 0.0 / 12 = 1.50  ft Moment = 0.0 * 1.50 = 0.0  k-ft

- Soil cover = 0.6 * (3.00 * 3.00 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 3.00 / 2 = 1.50  ft Moment = 0.0 * 1.50 = 0.0  k-ft

- Buoyancy = 0.6 * 3.00 * 3.00 * 62 * (0.67) = -0.2  kip

Arm = 3.00 / 2 = 1.50  ft Moment = 0.2 * 1.50 = -0.3  k-ft

- Axial force P = 0.6 * 8.0 + 0.6 * 0.0 = 4.8  kip

Arm = 3.00 / 2 - 0.0 / 12 = 1.50  ft Moment = 4.8 * 1.50 = 7.2  k-ft

- Resisting moment Z-Z = 0.8 + 0.0 + 0.0 + 7.2 + -0.3 = 7.7  k-ft

- Overturning safety factor Z-Z = =
7.7

0.0
= 76.73 > 1.50 OK

Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

Resisting moment X-X = 1.4 + 0.0 + 0.0 + -0.6 + 19.8 = 20.6  k-ft

Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

Resisting moment Z-Z = 1.4 + 0.0 + 0.0 + -0.6 + 19.8 = 20.6  k-ft

Resisting force = 0.9 + 0.0 + 0.0 - 0.4 + 13.2 = 13.7  kip

X-coordinate of resultant from maximum bearing corner:

Xp = =
20.6 - 0.0

13.7
= 1.50  ft

Z-coordinate of resultant from maximum bearing corner:

Zp = =
20.6 - 0.0

13.7
= 1.50  ft

X-ecc = 3.00 / 2 - 1.50 = 0.00  ft

Z-ecc = 3.00 / 2 - 1.50 = 0.00  ft

Area = 3.00 * 3.00 = 9.0  ft²

Sx = 3.00 * 3.00² / 6 = 4.5  ft³

Sz = 3.00 * 3.00² / 6 = 4.5  ft³

- Footing is in full bearing. Soil pressures are as follows:

P1 = 13.7 * (1 / 9.0 + 0.00 / 4.5 + 0.00 / 4.5) = 1.53  ksf

P2 = 13.7 * (1 / 9.0 - 0.00 / 4.5 + 0.00 / 4.5) = 1.53  ksf

P3 = 13.7 * (1 / 9.0 - 0.00 / 4.5 - 0.00 / 4.5) = 1.53  ksf

P4 = 13.7 * (1 / 9.0 + 0.00 / 4.5 - 0.00 / 4.5) = 1.53  ksf 2 of 7
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Internal friction angle = 28.0 deg

Passive coefficient

Pressure at mid-depth = 4.33 * 110 * (0.00 + 8.0 / 12 / 2) = 0.16  ksf

X-Passive force = 0.16 * 8.0 / 12 * 3.00 =  0.3  kip

Z-Passive force = 0.16 * 8.0 / 12 * 3.00 =  0.3  kip

Friction force = Max (0, 5.1 * 0.35) =  1.8  kip

- Sliding safety factor X-X = =
1.00 * 0.3 + 1.00 * 1.8

0.0
= 21.08 > 1.50 OK

- Sliding safety factor Z-Z = =
1.00 * 0.3 + 1.00 * 1.8

0.0
= 21.08 > 1.50 OK

- Uplift safety factor = =
0.0 + 0.5 + 0.0 - 0.2

0.0
= 99.99 > 1.00 OK

Concrete f'c = 2.5  ksi Steel fy = 40.0  ksi Soil density = 110  pcf

Use Plain Concrete Shear Strength

ϕVcx = 4/3 * 0.60 * √(2500) * 3.0 * 12 * 8.0 / 1000 = 11.5  kip

ϕVcz = 4/3 * 0.60 * √(2500) * 3.0 * 12 * 8.0 / 1000 = 11.5  kip

ACI 14.5.5.1

- Shear forces calculated as the volume of the bearing pressures under the effective areas:

One-way shear Vux (- Side) =  3.5  kip

One-way shear Vux (+ Side) =  3.5  kip

One-way shear Vuz (- Side) =  3.5  kip

One-way shear Vuz (+ Side) =  3.5  kip

<  11.5  kip   OK

<  11.5  kip   OK

<  11.5  kip   OK

<  11.5  kip   OK
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Plain ϕMnx = 5 * 0.60 * √(2500) * 3.00 * 8.0² / 6 / 1000 = 1.3  k-ft

Plain ϕMnz = 5 * 0.60 * √(2500) * 3.00 * 8.0² / 6 / 1000 = 1.3  k-ft

ACI Eq. (14.5.2.1a)

Use Plain Concrete Flexural Strength at Top

- Top moments calculated as the overburden minus the bearing pressures times the lever arm:

Top moment -Mux (- Side) =  0.0  k-ft

Top moment -Mux (+ Side) =  0.0  k-ft

Top moment -Muz (- Side) =  0.0  k-ft

Top moment -Muz (+ Side) =  0.0  k-ft

<  4.8  k-ft   OK

<  4.8  k-ft   OK

<  4.8  k-ft   OK

<  4.8  k-ft   OK

Use Plain Concrete Flexural Strength at Bottom

- Bottom moments calculated as the bearing minus the overburden pressures times the lever arm:

Bottom moment Mux (- Side) =  4.7  k-ft

Bottom moment Mux (+ Side) =  4.7  k-ft

Bottom moment Muz (- Side) =  4.7  k-ft

Bottom moment Muz (+ Side) =  4.7  k-ft

<  4.8  k-ft   OK

<  4.8  k-ft   OK

<  4.8  k-ft   OK

<  4.8  k-ft   OK

ratio = 0.97

ratio = 0.98

ratio = 0.97

ratio = 0.98
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Area 6.0 * 6.0 = 36.0  in²

Sx = 6.0 * 6.0² / 6 = 36.0  in³

Sz = 6.0 * 6.0² / 6 = 36.0  in³

Bearing 17.9 / 36.0 + 0.0 * 12 / 36.0 + 0.0 * 12 / 36.0 = 0.5  ksi

Min edge =

Min edge = Min (3.00 * 12 / 2 - 0.0 - 6.0 / 2,  3.00 * 12 / 2 - 0.0 - 6.0 / 2 = 15.0  in

Area

A2 = Min [3.00 * 12 * 3.0 * 12,  (6.0 + 2 * 15.0) * (6.0 + 2 * 15.0)] = 1296.0  in²

ACI R22.8.3.2

Footing 0.65 * 0.85 * 2.5 * Min [2, √(1296.0 / 36.0)] = 2.8  ksi

Footing 0.0  ksi ACI 22.8.3.2

Footing bearing 2.8 + 0.0 = 2.8  ksi >  0.5  psi   OK
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Hooked ACI 25.4.3

Ldh = Max (8 db, 6, 0.02 * 60.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.75 * 0.09) = 6.0 in

Ld provided = 3.00 * 12 = 36.0 in >  15.5  in   OK

Ldh provided = 8.00 - 3.0 = 5.0 in <  6.0  in   NG

X-Edge = 3.00 * 12 / 2 - 0.0 - 6.0 / 2 = 15.0  in αsx = 10

Z-Edge = 3.00 * 12 / 2 - 0.0 - 6.0 / 2 = 15.0  in αsz = 10

αs = 10 + 10 = 20 Col type = Corner β = 6.0 / 6.0 = 1.00 ACI 22.6.5.2

Perimeter

bo = 10 / 10 * (6.0 + 8.0 / 2 + 15.0) + 10 / 10 * (6.0 + 8.0 / 2 + 15.0) = 50.0  in

ACI 22.6.4.2

Area (6.0 + 8.0 / 2 + 15.0) * (6.0 + 8.0 / 2 + 15.0) = 625.0  in²

Use Plain Concrete Shear Strength

ϕVc =

ϕVc = 0.60 * Min (1 + 2 / 1.00,  2) * 4/3 √(2500) = 80.0  psi

ACI 14.5.5.1

Punching force

F = 17.9 + 0.07 * 625.0 / 144 - 2.8 = 15.4  kip

b1 = 6.0 + 8.0 / 2 + 15.0 = 25.0  in b2 = 6.0 + 8.0 / 2 + 15.0 = 25.0  in

γvx factor = = 1 -
1

1 + (2/3) √(25.0 / 25.0)
= 0.40

γvz factor =

ACI Eq. (8.4.4.2.2)

ACI Eq. (8.4.2.3.2)
= 1 -

1

1 + (2/3) √(25.0 / 25.0)
= 0.40

X2z = 25.0² / 2 / (25.0 + 25.0) = 6.3  in X2x = 6.3  in

Jcz =

Jcz = 25.0 * 8.0³ / 12 + 25.0³ * 8.0 / 12 + 25.0 * 8.0 * (25.0 / 2 * 6.3)² + 25.0 * 8.0 * 6.3² = 27108 in⁴

Jcx =

Jcz = 25.0 * 8.0³ / 12 + 25.0³ * 8.0 / 12 + 25.0 * 8.0 * (25.0 / 2 * 6.3)² + 25.0 * 8.0 * 6.3² = 27108 in⁴

ACI R8.4.4.2.3

ACI R8.4.4.2.3

Stress due to P = 15.4 / (50.0 * 8.0) * 1000 = 38.5  psi

Stress due to Mx = 0.40 * 0.0 * 12 * 6.3 / 27108 * 1000 = 0.0  psi

Stress due to Mz = 0.40 * 0.0 * 12 * 6.3 / 27108 * 1000 = 0.0  psi

Punching stress = 38.5 + 0.0 + 0.0 = 38.5  psi <  80.0  psi   OK
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Concrete Design  ..................

Load Combinations  ..............

ACI 318-14

ASCE 7-10/16
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Footing Length (X-dir)  ............

Footing Width (Z-dir)  ..............

Footing Thickness  ..................

Soil Cover  ..............................

Column Length (X-dir)  ...........

Column Width (Z-dir)  ..............

Offset (X-dir)  ...........................

Offset (Z-dir)  ...........................

3.50

3.50

8.0

0.00

6.0

6.0

0.00

0.00

Base Plate (L x W)  ..... 6.0  x  6.0 in

ft

ft

in

ft

in

in

in

in

OK

OK

OK

Dead Live RLive Snow Wind Seismic

Axial Force  P  .............

Moment about X  Mx  ..

Moment about Z  Mz  ..

Shear Force  Vx  .........

Shear Force  Vz  .........

5.2

0.0

0.0

0.0

0.0

16.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

kip

k-ft

k-ft

kip

kip

Gross Allow. Soil Pressure  .......

Soil Pressure at Corner 1  .........

Soil Pressure at Corner 2  .........

Soil Pressure at Corner 3  .........

Soil Pressure at Corner 4  .........

Bearing Pressure Ratio  .................

Ftg. Area in Contact with Soil  ........

X-eccentricity / Ftg. Length  ............

Z-eccentricity / Ftg. Width  ..............

2.0

1.8

1.8

1.8

1.8

0.89

100.0

0.00

0.00

ksf

ksf

ksf

ksf

ksf

%

OK

OK

OK

- Moment Mx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 3.50 * 3.50 * 8.0 / 12 * 0.15 = 0.7  kip

Arm = 3.50 / 2 = 1.75 ft Moment = 0.7 * 1.75 = 1.3  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Soil cover = 0.6 * (3.50 * 3.50 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Buoyancy = 0.6 * 3.50 * 3.50 * 62 * (0.67) = -0.3  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.3 * 1.75 = -0.5  k-ft

- Axial force P = 0.6 * 5.2 + 0.6 * 0.0 = 3.1  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 3.1 * 1.75 = 5.5  k-ft

- Resisting moment X-X = 1.3 + 0.0 + 0.0 + 5.5 + -0.5 = 6.2  k-ft

- Overturning safety factor X-X = =
6.2

0.0
= 62.11 > 1.50 OK
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- Moment Mz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 3.50 * 3.50 * 8.0 / 12 * 0.15 = 0.7  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.7 * 1.75 = 1.3  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Soil cover = 0.6 * (3.50 * 3.50 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Buoyancy = 0.6 * 3.50 * 3.50 * 62 * (0.67) = -0.3  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.3 * 1.75 = -0.5  k-ft

- Axial force P = 0.6 * 5.2 + 0.6 * 0.0 = 3.1  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 3.1 * 1.75 = 5.5  k-ft

- Resisting moment Z-Z = 1.3 + 0.0 + 0.0 + 5.5 + -0.5 = 6.2  k-ft

- Overturning safety factor Z-Z = =
6.2

0.0
= 62.11 > 1.50 OK

Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

Resisting moment X-X = 2.1 + 0.0 + 0.0 + -0.9 + 37.1 = 38.4  k-ft

Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

Resisting moment Z-Z = 2.1 + 0.0 + 0.0 + -0.9 + 37.1 = 38.4  k-ft

Resisting force = 1.2 + 0.0 + 0.0 - 0.5 + 21.2 = 21.9  kip

X-coordinate of resultant from maximum bearing corner:

Xp = =
38.4 - 0.0

21.9
= 1.75  ft

Z-coordinate of resultant from maximum bearing corner:

Zp = =
38.4 - 0.0

21.9
= 1.75  ft

X-ecc = 3.50 / 2 - 1.75 = 0.00  ft

Z-ecc = 3.50 / 2 - 1.75 = 0.00  ft

Area = 3.50 * 3.50 = 12.3  ft²

Sx = 3.50 * 3.50² / 6 = 7.1  ft³

Sz = 3.50 * 3.50² / 6 = 7.1  ft³

- Footing is in full bearing. Soil pressures are as follows:

P1 = 21.9 * (1 / 12.3 + 0.00 / 7.1 + 0.00 / 7.1) = 1.79  ksf

P2 = 21.9 * (1 / 12.3 - 0.00 / 7.1 + 0.00 / 7.1) = 1.79  ksf

P3 = 21.9 * (1 / 12.3 - 0.00 / 7.1 - 0.00 / 7.1) = 1.79  ksf

P4 = 21.9 * (1 / 12.3 + 0.00 / 7.1 - 0.00 / 7.1) = 1.79  ksf 2 of 7
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Internal friction angle = 28.0 deg

Passive coefficient

Pressure at mid-depth = 4.33 * 110 * (0.00 + 8.0 / 12 / 2) = 0.16  ksf

X-Passive force = 0.16 * 8.0 / 12 * 3.50 =  0.4  kip

Z-Passive force = 0.16 * 8.0 / 12 * 3.50 =  0.4  kip

Friction force = Max (0, 3.5 * 0.35) =  1.2  kip

- Sliding safety factor X-X = =
1.00 * 0.4 + 1.00 * 1.2

0.0
= 16.12 > 1.50 OK

- Sliding safety factor Z-Z = =
1.00 * 0.4 + 1.00 * 1.2

0.0
= 16.12 > 1.50 OK

- Uplift safety factor = =
0.0 + 0.7 + 0.0 - 0.3

0.0
= 99.99 > 1.00 OK

Concrete f'c = 2.5  ksi Steel fy = 40.0  ksi Soil density = 110  pcf

d Top X-dir = 8.0 - 2.0 - 0.8 / 2 = 5.6  in

d Top Z-dir = 8.0 - 2.0 - 0.8 - 0.8 / 2 = 4.9  in

d Bot X-dir = 8.0 - 3.0 - 0.5 / 2 = 4.8  in

d Bot Z-dir = 8.0 - 3.0 - 0.5 - 0.5 / 2 = 4.3  in

2 * 0.75 * √(2500) * 3.5 * 12 * 4.8 / 1000 = 15.0  kip

2 * 0.75 * √(2500) * 3.5 * 12 * 4.3 / 1000 = 13.4  kip

ACI Eq. (22.5.5.1)

- Shear forces calculated as the volume of the bearing pressures under the effective areas:

One-way shear Vux (- Side) =  10.2  kip

One-way shear Vux (+ Side) =  10.2  kip

One-way shear Vuz (- Side) =  10.2  kip

One-way shear Vuz (+ Side) =  10.2  kip

<  15.0  kip   OK

<  15.0  kip   OK

<  13.4  kip   OK

<  13.4  kip   OK
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Plain ϕMnx = 5 * 0.60 * √(2500) * 3.50 * 8.0² / 6 / 1000 = 1.5  k-ft

Plain ϕMnz = 5 * 0.60 * √(2500) * 3.50 * 8.0² / 6 / 1000 = 1.5  k-ft

ACI Eq. (14.5.2.1a)

Use Plain Concrete Flexural Strength at Top

- Top moments calculated as the overburden minus the bearing pressures times the lever arm:

Top moment -Mux (- Side) =  0.0  k-ft

Top moment -Mux (+ Side) =  0.0  k-ft

Top moment -Muz (- Side) =  0.0  k-ft

Top moment -Muz (+ Side) =  0.0  k-ft

<  5.6  k-ft   OK

<  5.6  k-ft   OK

<  5.6  k-ft   OK

<  5.6  k-ft   OK

1.0 / (3.50 * 12 * 4.3) = 0.0056 q = 0.0056 * 40 / 2.5 = 0.090

1.0 / (3.50 * 12 * 4.8) = 0.0050 q = 0.0050 * 40 / 2.5 = 0.080

2 * 1.00 / (1.00 + 1) = 1.003.50 / 3.50 = 1.00 ACI 13.3.3.3

Bending strength

ϕMnx =  0.90 * 3.50 * 12 * 4.3² * 2.5 * 0.090 * (1 - 0.59 * 0.090) =  12.1 k-ft

ϕMnz =  0.90 * 3.50 * 12 * 4.8² * 2.5 * 0.080 / 1.00 * (1 - 0.59 * 0.080 / 1.00) =  13.6 k-ft

ACI 22.2.2

- Bottom moments calculated as the bearing minus the overburden pressures times the lever arm:

Bottom moment Mux (- Side) =  10.3  k-ft

Bottom moment Mux (+ Side) =  10.3  k-ft

Bottom moment Muz (- Side) =  10.3  k-ft

Bottom moment Muz (+ Side) =  10.3  k-ft

<  12.1  k-ft   OK

<  12.1  k-ft   OK

<  13.6  k-ft   OK

<  13.6  k-ft   OK

ratio = 0.85

ratio = 0.85

ratio = 0.76

ratio = 0.76

X-As min = 0.0018 * 3.50 * 12 * 8.0 =  0.6 in² <  1.0  in²   OK ACI 8.6.1.1

Z-As min = 0.0018 * 3.50 * 12 * 8.0 =  0.6 in² <  1.0  in²   OK ACI 8.6.1.1

X-As max for 0.005 tension strain =  3.20 in²

Z-As max for 0.005 tension strain =  3.20 in²

ACI 21.2.2

ACI 21.2.2

>  1.00 in² OK

>  1.00 in² OK

X-Cover factor = Min (2.5, (3.0 + 0.50 / 2, 9.0 / 2) / 0.50) =  2.5

ACI Eq. (25.4.2.3a)Straight

X-Ld = Max (12.0, 3 / 40 * 40.0 * 1000  / (2500)½ * 1.0 * 0.8 * 1.0 / 2.5 * 0.50 * 0.76) = 12.0 in

Hooked ACI 25.4.3

X-Ldh = Max (8 db, 6, 0.02 * 40.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.50 * 0.76) = 6.0 in

-X Ld provided = 3.50 * 12 / 2 + 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK

+X Ld provided = 3.50 * 12 / 2 - 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK 4 of 7
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Z-Cover factor = Min (2.5, (3.0 + 0.50 / 2, 9.0 / 2) / 0.50) =  2.5

ACI Eq. (25.4.2.3a)Straight

Z-Ld = Max (12.0, 3 / 40 * 40.0 * 1000  / (2500)½ * 1.0 * 0.8 * 1.0 / 2.5 * 0.50 * 0.76) = 12.0 in

Hooked ACI 25.4.3

Z-Ldh = Max (8 db, 6, 0.02 * 40.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.50 * 0.85) = 6.0 in

-Z Ld provided = 3.50 * 12 / 2 + 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK

+Z Ld provided = 3.50 * 12 / 2 - 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK

X-bar spacing = 9.0 in <  Min ( 3 * t, 18.0) = 18.0 in OK

Z-bar spacing = 9.0 in <  Min ( 3 * t, 18.0) = 18.0 in OK

ACI 7.7.2.3

Area 6.0 * 6.0 = 36.0  in²

Sx = 6.0 * 6.0² / 6 = 36.0  in³

Sz = 6.0 * 6.0² / 6 = 36.0  in³

Bearing 31.8 / 36.0 + 0.0 * 12 / 36.0 + 0.0 * 12 / 36.0 = 0.9  ksi

Min edge =

Min edge = Min (3.50 * 12 / 2 - 0.0 - 6.0 / 2,  3.50 * 12 / 2 - 0.0 - 6.0 / 2 = 18.0  in

Area

A2 = Min [3.50 * 12 * 3.5 * 12,  (6.0 + 2 * 18.0) * (6.0 + 2 * 18.0)] = 1764.0  in²

ACI R22.8.3.2

Footing 0.65 * 0.85 * 2.5 * Min [2, √(1764.0 / 36.0)] = 2.8  ksi

Footing 0.0  ksi ACI 22.8.3.2

Footing bearing 2.8 + 0.0 = 2.8  ksi >  0.9  psi   OK
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Hooked ACI 25.4.3

Ldh = Max (8 db, 6, 0.02 * 60.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.75 * 0.15) = 6.0 in

Ld provided = 3.00 * 12 = 36.0 in >  27.5  in   OK

Ldh provided = 8.00 - 3.0 = 5.0 in <  6.0  in   NG

X-Edge = 4.5 / 2 = 2.3  in αsx = 20

Z-Edge = 4.5 / 2 = 2.3  in αsz = 20

αs = 20 + 20 = 40 Col type = Interior β = 6.0 / 6.0 = 1.00 ACI 22.6.5.2

Perimeter

bo = 20 / 10 * (6.0 + 4.5 / 2 + 2.3) + 20 / 10 * (6.0 + 4.5 / 2 + 2.3) = 42.0  in

ACI 22.6.4.2

Area (6.0 + 4.5 / 2 + 2.3) * (6.0 + 4.5 / 2 + 2.3) = 110.3  in²

ϕVc =

ϕVc = 0.75 * Min (2 + 4 / 1.00,  40 * 4.5 / 42.0 + 2,  4) * √(2500) = 150.0  psi

ACI 22.6.5.2

Punching force

F = 31.8 + 0.07 * 110.3 / 144 - 2.0 = 29.9  kip

b1 = 6.0 + 4.5 / 2 + 2.3 = 10.5  in b2 = 6.0 + 4.5 / 2 + 2.3 = 10.5  in

γvx factor = = 1 -
1

1 + (2/3) √(10.5 / 10.5)
= 0.40

γvz factor =

ACI Eq. (8.4.4.2.2)

ACI Eq. (8.4.2.3.2)
= 1 -

1

1 + (2/3) √(10.5 / 10.5)
= 0.40

X2z = 10.5 / 2 = 5.3  in X2x = 10.5 / 2 = 5.3  in

Jcz =

Jcz = 10.5 * 4.5³ / 6 + 10.5³ * 4.5 / 6 + 10.5² * 10.5 * 4.5 / 2 = 3632 in⁴

Jcx =

Jcx = 10.5 * 4.5³ / 6 + 10.5³ * 4.5 / 6 + 10.5² * 10.5 * 4.5 / 2 = 3632 in⁴

ACI R8.4.4.2.3

ACI R8.4.4.2.3

Stress due to P = 29.9 / (42.0 * 4.5) * 1000 = 157.9  psi

Stress due to Mx = 0.40 * 0.0 * 12 * 5.3 / 3632 * 1000 = 0.0  psi

Stress due to Mz = 0.40 * 0.0 * 12 * 5.3 / 3632 * 1000 = 0.0  psi

Punching stress = 157.9 + 0.0 + 0.0 = 157.9  psi >  150.0  psi   NG
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Footing Length (X-dir)  ............

Footing Width (Z-dir)  ..............

Footing Thickness  ..................

Soil Cover  ..............................

Column Length (X-dir)  ...........

Column Width (Z-dir)  ..............

Offset (X-dir)  ...........................

Offset (Z-dir)  ...........................

3.50

3.50

8.0

0.00

6.0

6.0

0.00

0.00

Base Plate (L x W)  ..... 6.0  x  6.0 in

ft

ft

in

ft

in

in

in

in

OK

OK

OK

Dead Live RLive Snow Wind Seismic

Axial Force  P  .............

Moment about X  Mx  ..

Moment about Z  Mz  ..

Shear Force  Vx  .........

Shear Force  Vz  .........

4.4

0.0

0.0

0.0

0.0

13.7

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

kip

k-ft

k-ft

kip

kip

Gross Allow. Soil Pressure  .......

Soil Pressure at Corner 1  .........

Soil Pressure at Corner 2  .........

Soil Pressure at Corner 3  .........

Soil Pressure at Corner 4  .........

Bearing Pressure Ratio  .................

Ftg. Area in Contact with Soil  ........

X-eccentricity / Ftg. Length  ............

Z-eccentricity / Ftg. Width  ..............

2.0

1.5

1.5

1.5

1.5

0.77

100.0

0.00

0.00

ksf

ksf

ksf

ksf

ksf

%

OK

OK

OK

- Moment Mx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 3.50 * 3.50 * 8.0 / 12 * 0.15 = 0.7  kip

Arm = 3.50 / 2 = 1.75 ft Moment = 0.7 * 1.75 = 1.3  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Soil cover = 0.6 * (3.50 * 3.50 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Buoyancy = 0.6 * 3.50 * 3.50 * 62 * (0.67) = -0.3  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.3 * 1.75 = -0.5  k-ft

- Axial force P = 0.6 * 4.4 + 0.6 * 0.0 = 2.6  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 2.6 * 1.75 = 4.6  k-ft

- Resisting moment X-X = 1.3 + 0.0 + 0.0 + 4.6 + -0.5 = 5.4  k-ft

- Overturning safety factor X-X = =
5.4

0.0
= 53.71 > 1.50 OK
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- Moment Mz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 3.50 * 3.50 * 8.0 / 12 * 0.15 = 0.7  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.7 * 1.75 = 1.3  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Soil cover = 0.6 * (3.50 * 3.50 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.0 * 1.75 = 0.0  k-ft

- Buoyancy = 0.6 * 3.50 * 3.50 * 62 * (0.67) = -0.3  kip

Arm = 3.50 / 2 = 1.75  ft Moment = 0.3 * 1.75 = -0.5  k-ft

- Axial force P = 0.6 * 4.4 + 0.6 * 0.0 = 2.6  kip

Arm = 3.50 / 2 - 0.0 / 12 = 1.75  ft Moment = 2.6 * 1.75 = 4.6  k-ft

- Resisting moment Z-Z = 1.3 + 0.0 + 0.0 + 4.6 + -0.5 = 5.4  k-ft

- Overturning safety factor Z-Z = =
5.4

0.0
= 53.71 > 1.50 OK

Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

Resisting moment X-X = 2.1 + 0.0 + 0.0 + -0.9 + 31.7 = 32.9  k-ft

Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

Resisting moment Z-Z = 2.1 + 0.0 + 0.0 + -0.9 + 31.7 = 32.9  k-ft

Resisting force = 1.2 + 0.0 + 0.0 - 0.5 + 18.1 = 18.8  kip

X-coordinate of resultant from maximum bearing corner:

Xp = =
32.9 - 0.0

18.8
= 1.75  ft

Z-coordinate of resultant from maximum bearing corner:

Zp = =
32.9 - 0.0

18.8
= 1.75  ft

X-ecc = 3.50 / 2 - 1.75 = 0.00  ft

Z-ecc = 3.50 / 2 - 1.75 = 0.00  ft

Area = 3.50 * 3.50 = 12.3  ft²

Sx = 3.50 * 3.50² / 6 = 7.1  ft³

Sz = 3.50 * 3.50² / 6 = 7.1  ft³

- Footing is in full bearing. Soil pressures are as follows:

P1 = 18.8 * (1 / 12.3 + 0.00 / 7.1 + 0.00 / 7.1) = 1.54  ksf

P2 = 18.8 * (1 / 12.3 - 0.00 / 7.1 + 0.00 / 7.1) = 1.54  ksf

P3 = 18.8 * (1 / 12.3 - 0.00 / 7.1 - 0.00 / 7.1) = 1.54  ksf

P4 = 18.8 * (1 / 12.3 + 0.00 / 7.1 - 0.00 / 7.1) = 1.54  ksf 2 of 7
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Internal friction angle = 28.0 deg

Passive coefficient

Pressure at mid-depth = 4.33 * 110 * (0.00 + 8.0 / 12 / 2) = 0.16  ksf

X-Passive force = 0.16 * 8.0 / 12 * 3.50 =  0.4  kip

Z-Passive force = 0.16 * 8.0 / 12 * 3.50 =  0.4  kip

Friction force = Max (0, 3.1 * 0.35) =  1.1  kip

- Sliding safety factor X-X = =
1.00 * 0.4 + 1.00 * 1.1

0.0
= 14.44 > 1.50 OK

- Sliding safety factor Z-Z = =
1.00 * 0.4 + 1.00 * 1.1

0.0
= 14.44 > 1.50 OK

- Uplift safety factor = =
0.0 + 0.7 + 0.0 - 0.3

0.0
= 99.99 > 1.00 OK

Concrete f'c = 2.5  ksi Steel fy = 40.0  ksi Soil density = 110  pcf

d Top X-dir = 8.0 - 2.0 - 0.8 / 2 = 5.6  in

d Top Z-dir = 8.0 - 2.0 - 0.8 - 0.8 / 2 = 4.9  in

d Bot X-dir = 8.0 - 3.0 - 0.5 / 2 = 4.8  in

d Bot Z-dir = 8.0 - 3.0 - 0.5 - 0.5 / 2 = 4.3  in

2 * 0.75 * √(2500) * 3.5 * 12 * 4.8 / 1000 = 15.0  kip

2 * 0.75 * √(2500) * 3.5 * 12 * 4.3 / 1000 = 13.4  kip

ACI Eq. (22.5.5.1)

- Shear forces calculated as the volume of the bearing pressures under the effective areas:

One-way shear Vux (- Side) =  8.8  kip

One-way shear Vux (+ Side) =  8.7  kip

One-way shear Vuz (- Side) =  8.8  kip

One-way shear Vuz (+ Side) =  8.7  kip

<  15.0  kip   OK

<  15.0  kip   OK

<  13.4  kip   OK

<  13.4  kip   OK
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Plain ϕMnx = 5 * 0.60 * √(2500) * 3.50 * 8.0² / 6 / 1000 = 1.5  k-ft

Plain ϕMnz = 5 * 0.60 * √(2500) * 3.50 * 8.0² / 6 / 1000 = 1.5  k-ft

ACI Eq. (14.5.2.1a)

Use Plain Concrete Flexural Strength at Top

- Top moments calculated as the overburden minus the bearing pressures times the lever arm:

Top moment -Mux (- Side) =  0.0  k-ft

Top moment -Mux (+ Side) =  0.0  k-ft

Top moment -Muz (- Side) =  0.0  k-ft

Top moment -Muz (+ Side) =  0.0  k-ft

<  5.6  k-ft   OK

<  5.6  k-ft   OK

<  5.6  k-ft   OK

<  5.6  k-ft   OK

1.0 / (3.50 * 12 * 4.3) = 0.0056 q = 0.0056 * 40 / 2.5 = 0.090

1.0 / (3.50 * 12 * 4.8) = 0.0050 q = 0.0050 * 40 / 2.5 = 0.080

2 * 1.00 / (1.00 + 1) = 1.003.50 / 3.50 = 1.00 ACI 13.3.3.3

Bending strength

ϕMnx =  0.90 * 3.50 * 12 * 4.3² * 2.5 * 0.090 * (1 - 0.59 * 0.090) =  12.1 k-ft

ϕMnz =  0.90 * 3.50 * 12 * 4.8² * 2.5 * 0.080 / 1.00 * (1 - 0.59 * 0.080 / 1.00) =  13.6 k-ft

ACI 22.2.2

- Bottom moments calculated as the bearing minus the overburden pressures times the lever arm:

Bottom moment Mux (- Side) =  8.8  k-ft

Bottom moment Mux (+ Side) =  8.8  k-ft

Bottom moment Muz (- Side) =  8.8  k-ft

Bottom moment Muz (+ Side) =  8.8  k-ft

<  12.1  k-ft   OK

<  12.1  k-ft   OK

<  13.6  k-ft   OK

<  13.6  k-ft   OK

ratio = 0.73

ratio = 0.73

ratio = 0.65

ratio = 0.65

X-As min = 0.0018 * 3.50 * 12 * 8.0 =  0.6 in² <  1.0  in²   OK ACI 8.6.1.1

Z-As min = 0.0018 * 3.50 * 12 * 8.0 =  0.6 in² <  1.0  in²   OK ACI 8.6.1.1

X-As max for 0.005 tension strain =  3.20 in²

Z-As max for 0.005 tension strain =  3.20 in²

ACI 21.2.2

ACI 21.2.2

>  1.00 in² OK

>  1.00 in² OK

X-Cover factor = Min (2.5, (3.0 + 0.50 / 2, 9.0 / 2) / 0.50) =  2.5

ACI Eq. (25.4.2.3a)Straight

X-Ld = Max (12.0, 3 / 40 * 40.0 * 1000  / (2500)½ * 1.0 * 0.8 * 1.0 / 2.5 * 0.50 * 0.65) = 12.0 in

Hooked ACI 25.4.3

X-Ldh = Max (8 db, 6, 0.02 * 40.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.50 * 0.65) = 6.0 in

-X Ld provided = 3.50 * 12 / 2 + 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK

+X Ld provided = 3.50 * 12 / 2 - 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK 4 of 7
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Z-Cover factor = Min (2.5, (3.0 + 0.50 / 2, 9.0 / 2) / 0.50) =  2.5

ACI Eq. (25.4.2.3a)Straight

Z-Ld = Max (12.0, 3 / 40 * 40.0 * 1000  / (2500)½ * 1.0 * 0.8 * 1.0 / 2.5 * 0.50 * 0.65) = 12.0 in

Hooked ACI 25.4.3

Z-Ldh = Max (8 db, 6, 0.02 * 40.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.50 * 0.73) = 6.0 in

-Z Ld provided = 3.50 * 12 / 2 + 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK

+Z Ld provided = 3.50 * 12 / 2 - 0.0 - 6.0 / 2 - 2.5 = 15.5 in >  12.0  in   OK

X-bar spacing = 9.0 in <  Min ( 3 * t, 18.0) = 18.0 in OK

Z-bar spacing = 9.0 in <  Min ( 3 * t, 18.0) = 18.0 in OK

ACI 7.7.2.3

Area 6.0 * 6.0 = 36.0  in²

Sx = 6.0 * 6.0² / 6 = 36.0  in³

Sz = 6.0 * 6.0² / 6 = 36.0  in³

Bearing 27.2 / 36.0 + 0.0 * 12 / 36.0 + 0.0 * 12 / 36.0 = 0.8  ksi

Min edge =

Min edge = Min (3.50 * 12 / 2 - 0.0 - 6.0 / 2,  3.50 * 12 / 2 - 0.0 - 6.0 / 2 = 18.0  in

Area

A2 = Min [3.50 * 12 * 3.5 * 12,  (6.0 + 2 * 18.0) * (6.0 + 2 * 18.0)] = 1764.0  in²

ACI R22.8.3.2

Footing 0.65 * 0.85 * 2.5 * Min [2, √(1764.0 / 36.0)] = 2.8  ksi

Footing 0.0  ksi ACI 22.8.3.2

Footing bearing 2.8 + 0.0 = 2.8  ksi >  0.8  psi   OK
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Hooked ACI 25.4.3

Ldh = Max (8 db, 6, 0.02 * 60.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.75 * 0.13) = 6.0 in

Ld provided = 3.00 * 12 = 36.0 in >  23.5  in   OK

Ldh provided = 8.00 - 3.0 = 5.0 in <  6.0  in   NG

X-Edge = 4.5 / 2 = 2.3  in αsx = 20

Z-Edge = 4.5 / 2 = 2.3  in αsz = 20

αs = 20 + 20 = 40 Col type = Interior β = 6.0 / 6.0 = 1.00 ACI 22.6.5.2

Perimeter

bo = 20 / 10 * (6.0 + 4.5 / 2 + 2.3) + 20 / 10 * (6.0 + 4.5 / 2 + 2.3) = 42.0  in

ACI 22.6.4.2

Area (6.0 + 4.5 / 2 + 2.3) * (6.0 + 4.5 / 2 + 2.3) = 110.3  in²

ϕVc =

ϕVc = 0.75 * Min (2 + 4 / 1.00,  40 * 4.5 / 42.0 + 2,  4) * √(2500) = 150.0  psi

ACI 22.6.5.2

Punching force

F = 27.2 + 0.07 * 110.3 / 144 - 1.8 = 25.5  kip

b1 = 6.0 + 4.5 / 2 + 2.3 = 10.5  in b2 = 6.0 + 4.5 / 2 + 2.3 = 10.5  in

γvx factor = = 1 -
1

1 + (2/3) √(10.5 / 10.5)
= 0.40

γvz factor =

ACI Eq. (8.4.4.2.2)

ACI Eq. (8.4.2.3.2)
= 1 -

1

1 + (2/3) √(10.5 / 10.5)
= 0.40

X2z = 10.5 / 2 = 5.3  in X2x = 10.5 / 2 = 5.3  in

Jcz =

Jcz = 10.5 * 4.5³ / 6 + 10.5³ * 4.5 / 6 + 10.5² * 10.5 * 4.5 / 2 = 3632 in⁴

Jcx =

Jcx = 10.5 * 4.5³ / 6 + 10.5³ * 4.5 / 6 + 10.5² * 10.5 * 4.5 / 2 = 3632 in⁴

ACI R8.4.4.2.3

ACI R8.4.4.2.3

Stress due to P = 25.5 / (42.0 * 4.5) * 1000 = 134.9  psi

Stress due to Mx = 0.40 * 0.0 * 12 * 5.3 / 3632 * 1000 = 0.0  psi

Stress due to Mz = 0.40 * 0.0 * 12 * 5.3 / 3632 * 1000 = 0.0  psi

Punching stress = 134.9 + 0.0 + 0.0 = 134.9  psi <  150.0  psi   OK
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Footing Length (X-dir)  ............

Footing Width (Z-dir)  ..............

Footing Thickness  ..................

Soil Cover  ..............................

Column Length (X-dir)  ...........

Column Width (Z-dir)  ..............

Offset (X-dir)  ...........................

Offset (Z-dir)  ...........................

2.00

2.60

8.0

0.00

6.0

6.0

0.00

0.00

Base Plate (L x W)  ..... 6.0  x  6.0 in

ft

ft

in

ft

in

in

in

in

OK

OK

OK

Dead Live RLive Snow Wind Seismic

Axial Force  P  .............

Moment about X  Mx  ..

Moment about Z  Mz  ..

Shear Force  Vx  .........

Shear Force  Vz  .........

4.5

0.0

0.0

0.0

0.0

5.5

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

kip

k-ft

k-ft

kip

kip

Gross Allow. Soil Pressure  .......

Soil Pressure at Corner 1  .........

Soil Pressure at Corner 2  .........

Soil Pressure at Corner 3  .........

Soil Pressure at Corner 4  .........

Bearing Pressure Ratio  .................

Ftg. Area in Contact with Soil  ........

X-eccentricity / Ftg. Length  ............

Z-eccentricity / Ftg. Width  ..............

2.0

2.0

2.0

2.0

2.0

0.99

100.0

0.00

0.00

ksf

ksf

ksf

ksf

ksf

%

OK

OK

OK

- Moment Mx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 2.60 * 2.00 * 8.0 / 12 * 0.15 = 0.3  kip

Arm = 2.60 / 2 = 1.30 ft Moment = 0.3 * 1.30 = 0.4  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 2.60 / 2 - 0.0 / 12 = 1.30  ft Moment = 0.0 * 1.30 = 0.0  k-ft

- Soil cover = 0.6 * (2.60 * 2.00 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 2.60 / 2 = 1.30  ft Moment = 0.0 * 1.30 = 0.0  k-ft

- Buoyancy = 0.6 * 2.60 * 2.00 * 62 * (0.67) = -0.1  kip

Arm = 2.60 / 2 = 1.30  ft Moment = 0.1 * 1.30 = -0.2  k-ft

- Axial force P = 0.6 * 4.5 + 0.6 * 0.0 = 2.7  kip

Arm = 2.60 / 2 - 0.0 / 12 = 1.30  ft Moment = 2.7 * 1.30 = 3.5  k-ft

- Resisting moment X-X = 0.4 + 0.0 + 0.0 + 3.5 + -0.2 = 3.7  k-ft

- Overturning safety factor X-X = =
3.7

0.0
= 37.47 > 1.50 OK
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- Moment Mz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 2.60 * 2.00 * 8.0 / 12 * 0.15 = 0.3  kip

Arm = 2.00 / 2 = 1.00  ft Moment = 0.3 * 1.00 = 0.3  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 2.00 / 2 - 0.0 / 12 = 1.00  ft Moment = 0.0 * 1.00 = 0.0  k-ft

- Soil cover = 0.6 * (2.60 * 2.00 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 2.00 / 2 = 1.00  ft Moment = 0.0 * 1.00 = 0.0  k-ft

- Buoyancy = 0.6 * 2.60 * 2.00 * 62 * (0.67) = -0.1  kip

Arm = 2.00 / 2 = 1.00  ft Moment = 0.1 * 1.00 = -0.1  k-ft

- Axial force P = 0.6 * 4.5 + 0.6 * 0.0 = 2.7  kip

Arm = 2.00 / 2 - 0.0 / 12 = 1.00  ft Moment = 2.7 * 1.00 = 2.7  k-ft

- Resisting moment Z-Z = 0.3 + 0.0 + 0.0 + 2.7 + -0.1 = 2.9  k-ft

- Overturning safety factor Z-Z = =
2.9

0.0
= 28.82 > 1.50 OK

Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

Resisting moment X-X = 0.7 + 0.0 + 0.0 + -0.3 + 13.0 = 13.4  k-ft

Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

Resisting moment Z-Z = 0.5 + 0.0 + 0.0 + -0.2 + 10.0 = 10.3  k-ft

Resisting force = 0.5 + 0.0 + 0.0 - 0.2 + 10.0 = 10.3  kip

X-coordinate of resultant from maximum bearing corner:

Xp = =
10.3 - 0.0

10.3
= 1.00  ft

Z-coordinate of resultant from maximum bearing corner:

Zp = =
13.4 - 0.0

10.3
= 1.30  ft

X-ecc = 2.00 / 2 - 1.00 = 0.00  ft

Z-ecc = 2.60 / 2 - 1.30 = 0.00  ft

Area = 2.60 * 2.00 = 5.2  ft²

Sx = 2.00 * 2.60² / 6 = 2.3  ft³

Sz = 2.60 * 2.00² / 6 = 1.7  ft³

- Footing is in full bearing. Soil pressures are as follows:

P1 = 10.3 * (1 / 5.2 + 0.00 / 2.3 + 0.00 / 1.7) = 1.98  ksf

P2 = 10.3 * (1 / 5.2 - 0.00 / 2.3 + 0.00 / 1.7) = 1.98  ksf

P3 = 10.3 * (1 / 5.2 - 0.00 / 2.3 - 0.00 / 1.7) = 1.98  ksf

P4 = 10.3 * (1 / 5.2 + 0.00 / 2.3 - 0.00 / 1.7) = 1.98  ksf 2 of 7
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Internal friction angle = 28.0 deg

Passive coefficient

Pressure at mid-depth = 4.33 * 110 * (0.00 + 8.0 / 12 / 2) = 0.16  ksf

X-Passive force = 0.16 * 8.0 / 12 * 2.60 =  0.3  kip

Z-Passive force = 0.16 * 8.0 / 12 * 2.00 =  0.2  kip

Friction force = Max (0, 2.9 * 0.35) =  1.0  kip

- Sliding safety factor X-X = =
1.00 * 0.3 + 1.00 * 1.0

0.0
= 12.84 > 1.50 OK

- Sliding safety factor Z-Z = =
1.00 * 0.2 + 1.00 * 1.0

0.0
= 12.20 > 1.50 OK

- Uplift safety factor = =
0.0 + 0.3 + 0.0 - 0.1

0.0
= 99.99 > 1.00 OK

Concrete f'c = 2.5  ksi Steel fy = 40.0  ksi Soil density = 110  pcf

Use Plain Concrete Shear Strength

ϕVcx = 4/3 * 0.60 * √(2500) * 2.6 * 12 * 8.0 / 1000 = 10.0  kip

ϕVcz = 4/3 * 0.60 * √(2500) * 2.0 * 12 * 8.0 / 1000 = 7.7  kip

ACI 14.5.5.1

- Shear forces calculated as the volume of the bearing pressures under the effective areas:

One-way shear Vux (- Side) =  0.6  kip

One-way shear Vux (+ Side) =  0.6  kip

One-way shear Vuz (- Side) =  2.1  kip

One-way shear Vuz (+ Side) =  2.1  kip

<  10.0  kip   OK

<  10.0  kip   OK

<  7.7  kip   OK

<  7.7  kip   OK
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Plain ϕMnx = 5 * 0.60 * √(2500) * 2.00 * 8.0² / 6 / 1000 = 0.9  k-ft

Plain ϕMnz = 5 * 0.60 * √(2500) * 2.60 * 8.0² / 6 / 1000 = 1.1  k-ft

ACI Eq. (14.5.2.1a)

Use Plain Concrete Flexural Strength at Top

- Top moments calculated as the overburden minus the bearing pressures times the lever arm:

Top moment -Mux (- Side) =  0.0  k-ft

Top moment -Mux (+ Side) =  0.0  k-ft

Top moment -Muz (- Side) =  0.0  k-ft

Top moment -Muz (+ Side) =  0.0  k-ft

<  3.2  k-ft   OK

<  3.2  k-ft   OK

<  4.2  k-ft   OK

<  4.2  k-ft   OK

Use Plain Concrete Flexural Strength at Bottom

- Bottom moments calculated as the bearing minus the overburden pressures times the lever arm:

Bottom moment Mux (- Side) =  3.0  k-ft

Bottom moment Mux (+ Side) =  3.0  k-ft

Bottom moment Muz (- Side) =  2.0  k-ft

Bottom moment Muz (+ Side) =  2.0  k-ft

<  3.2  k-ft   OK

<  3.2  k-ft   OK

<  4.2  k-ft   OK

<  4.2  k-ft   OK

ratio = 0.94

ratio = 0.94

ratio = 0.48

ratio = 0.48
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Area 6.0 * 6.0 = 36.0  in²

Sx = 6.0 * 6.0² / 6 = 36.0  in³

Sz = 6.0 * 6.0² / 6 = 36.0  in³

Bearing 14.2 / 36.0 + 0.0 * 12 / 36.0 + 0.0 * 12 / 36.0 = 0.4  ksi

Min edge =

Min edge = Min (2.00 * 12 / 2 - 0.0 - 6.0 / 2,  2.60 * 12 / 2 - 0.0 - 6.0 / 2 = 9.0  in

Area

A2 = Min [2.00 * 12 * 2.6 * 12,  (6.0 + 2 * 9.0) * (6.0 + 2 * 9.0)] = 576.0  in²

ACI R22.8.3.2

Footing 0.65 * 0.85 * 2.5 * Min [2, √(576.0 / 36.0)] = 2.8  ksi

Footing 0.0  ksi ACI 22.8.3.2

Footing bearing 2.8 + 0.0 = 2.8  ksi >  0.4  psi   OK
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Hooked ACI 25.4.3

Ldh = Max (8 db, 6, 0.02 * 60.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.75 * 0.07) = 6.0 in

Ld provided = 3.00 * 12 = 36.0 in >  12.3  in   OK

Ldh provided = 8.00 - 3.0 = 5.0 in <  6.0  in   NG

X-Edge = 2.00 * 12 / 2 - 0.0 - 6.0 / 2 = 9.0  in αsx = 10

Z-Edge = 2.60 * 12 / 2 - 0.0 - 6.0 / 2 = 12.6  in αsz = 10

αs = 10 + 10 = 20 Col type = Corner β = 6.0 / 6.0 = 1.00 ACI 22.6.5.2

Perimeter

bo = 10 / 10 * (6.0 + 8.0 / 2 + 9.0) + 10 / 10 * (6.0 + 8.0 / 2 + 12.6) = 41.6  in

ACI 22.6.4.2

Area (6.0 + 8.0 / 2 + 9.0) * (6.0 + 8.0 / 2 + 12.6) = 429.4  in²

Use Plain Concrete Shear Strength

ϕVc =

ϕVc = 0.60 * Min (1 + 2 / 1.00,  2) * 4/3 √(2500) = 80.0  psi

ACI 14.5.5.1

Punching force

F = 14.2 + 0.07 * 429.4 / 144 - 3.8 = 10.6  kip

b1 = 6.0 + 8.0 / 2 + 9.0 = 19.0  in b2 = 6.0 + 8.0 / 2 + 12.6 = 22.6  in

γvx factor = = 1 -
1

1 + (2/3) √(22.6 / 19.0)
= 0.42

γvz factor =

ACI Eq. (8.4.4.2.2)

ACI Eq. (8.4.2.3.2)
= 1 -

1

1 + (2/3) √(19.0 / 22.6)
= 0.38

X2z = 19.0² / 2 / (19.0 + 22.6) = 4.3  in X2x = 6.1  in

Jcz =

Jcz = 19.0 * 8.0³ / 12 + 19.0³ * 8.0 / 12 + 19.0 * 8.0 * (19.0 / 2 * 4.3)² + 22.6 * 8.0 * 4.3² = 12836 in⁴

Jcx =

Jcz = 22.6 * 8.0³ / 12 + 22.6³ * 8.0 / 12 + 22.6 * 8.0 * (22.6 / 2 * 6.1)² + 19.0 * 8.0 * 6.1² = 19204 in⁴

ACI R8.4.4.2.3

ACI R8.4.4.2.3

Stress due to P = 10.6 / (41.6 * 8.0) * 1000 = 31.8  psi

Stress due to Mx = 0.42 * 0.0 * 12 * 6.1 / 19204 * 1000 = 0.0  psi

Stress due to Mz = 0.42 * 0.0 * 12 * 4.3 / 12836 * 1000 = 0.0  psi

Punching stress = 31.8 + 0.0 + 0.0 = 31.8  psi <  80.0  psi   OK

6 of 7

City of Puyallup 
Development & Permitting Services

ISSUED PERMIT
Building

Fire

Engineering

Planning

Public Works

Traffic



Project:

Engineer:

Descrip: Typical exterior Footing 6,000# point load

Page # ___

1/11/2024

ASDIP Foundation 4.8.2.1 SPREAD FOOTING DESIGN www.asdipsoft.com

Concrete Design  ..................

Load Combinations  ..............

ACI 318-14

ASCE 7-10/16
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Footing Length (X-dir)  ............

Footing Width (Z-dir)  ..............

Footing Thickness  ..................

Soil Cover  ..............................

Column Length (X-dir)  ...........

Column Width (Z-dir)  ..............

Offset (X-dir)  ...........................

Offset (Z-dir)  ...........................

1.50

2.60

8.0

0.00

6.0

6.0

0.00

0.00

Base Plate (L x W)  ..... 6.0  x  6.0 in

ft

ft

in

ft

in

in

in

in

OK

OK

OK

Dead Live RLive Snow Wind Seismic

Axial Force  P  .............

Moment about X  Mx  ..

Moment about Z  Mz  ..

Shear Force  Vx  .........

Shear Force  Vz  .........

3.0

0.0

0.0

0.0

0.0

4.5

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

kip

k-ft

k-ft

kip

kip

Gross Allow. Soil Pressure  .......

Soil Pressure at Corner 1  .........

Soil Pressure at Corner 2  .........

Soil Pressure at Corner 3  .........

Soil Pressure at Corner 4  .........

Bearing Pressure Ratio  .................

Ftg. Area in Contact with Soil  ........

X-eccentricity / Ftg. Length  ............

Z-eccentricity / Ftg. Width  ..............

2.0

2.0

2.0

2.0

2.0

0.99

100.0

0.00

0.00

ksf

ksf

ksf

ksf

ksf

%

OK

OK

OK

- Moment Mx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 2.60 * 1.50 * 8.0 / 12 * 0.15 = 0.2  kip

Arm = 2.60 / 2 = 1.30 ft Moment = 0.2 * 1.30 = 0.3  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 2.60 / 2 - 0.0 / 12 = 1.30  ft Moment = 0.0 * 1.30 = 0.0  k-ft

- Soil cover = 0.6 * (2.60 * 1.50 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 2.60 / 2 = 1.30  ft Moment = 0.0 * 1.30 = 0.0  k-ft

- Buoyancy = 0.6 * 2.60 * 1.50 * 62 * (0.67) = -0.1  kip

Arm = 2.60 / 2 = 1.30  ft Moment = 0.1 * 1.30 = -0.1  k-ft

- Axial force P = 0.6 * 3.0 + 0.6 * 0.0 = 1.8  kip

Arm = 2.60 / 2 - 0.0 / 12 = 1.30  ft Moment = 1.8 * 1.30 = 2.3  k-ft

- Resisting moment X-X = 0.3 + 0.0 + 0.0 + 2.3 + -0.1 = 2.5  k-ft

- Overturning safety factor X-X = =
2.5

0.0
= 25.18 > 1.50 OK
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- Moment Mz = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  k-ft

- Shear Force Vx = 0.6 * 0.0 + 0.6 * 0.0 = 0.0  kip

Arm = 0.00 + 8.0 / 12 = 0.67  ft Moment = 0.0 * 0.67 =  0.0  k-ft

- Passive Force = 0.0  kip Arm = 0.27  ft Moment = 0.0  k-ft

- Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

- Footing weight = 0.6 * 2.60 * 1.50 * 8.0 / 12 * 0.15 = 0.2  kip

Arm = 1.50 / 2 = 0.75  ft Moment = 0.2 * 0.75 = 0.2  k-ft

- Pedestal weight = 0.6 * 6.0 / 12 * 6.0 / 12 * 0.0 * 0.15 = 0.0  kip

Arm = 1.50 / 2 - 0.0 / 12 = 0.75  ft Moment = 0.0 * 0.75 = 0.0  k-ft

- Soil cover = 0.6 * (2.60 * 1.50 - 6.0 / 12 * 6.0 / 12) * 0.0 * 110 = 0.0  kip

Arm = 1.50 / 2 = 0.75  ft Moment = 0.0 * 0.75 = 0.0  k-ft

- Buoyancy = 0.6 * 2.60 * 1.50 * 62 * (0.67) = -0.1  kip

Arm = 1.50 / 2 = 0.75  ft Moment = 0.1 * 0.75 = -0.1  k-ft

- Axial force P = 0.6 * 3.0 + 0.6 * 0.0 = 1.8  kip

Arm = 1.50 / 2 - 0.0 / 12 = 0.75  ft Moment = 1.8 * 0.75 = 1.4  k-ft

- Resisting moment Z-Z = 0.2 + 0.0 + 0.0 + 1.4 + -0.1 = 1.5  k-ft

- Overturning safety factor Z-Z = =
1.5

0.0
= 14.52 > 1.50 OK

Overturning moment X-X = 0.0 + 0.0 = 0.0  k-ft

Resisting moment X-X = 0.5 + 0.0 + 0.0 + -0.2 + 9.8 = 10.0  k-ft

Overturning moment Z-Z = 0.0 + 0.0 = 0.0  k-ft

Resisting moment Z-Z = 0.3 + 0.0 + 0.0 + -0.1 + 5.6 = 5.8  k-ft

Resisting force = 0.4 + 0.0 + 0.0 - 0.2 + 7.5 = 7.7  kip

X-coordinate of resultant from maximum bearing corner:

Xp = =
5.8 - 0.0

7.7
= 0.75  ft

Z-coordinate of resultant from maximum bearing corner:

Zp = =
10.0 - 0.0

7.7
= 1.30  ft

X-ecc = 1.50 / 2 - 0.75 = 0.00  ft

Z-ecc = 2.60 / 2 - 1.30 = 0.00  ft

Area = 2.60 * 1.50 = 3.9  ft²

Sx = 1.50 * 2.60² / 6 = 1.7  ft³

Sz = 2.60 * 1.50² / 6 = 1.0  ft³

- Footing is in full bearing. Soil pressures are as follows:

P1 = 7.7 * (1 / 3.9 + 0.00 / 1.7 + 0.00 / 1.0) = 1.98  ksf

P2 = 7.7 * (1 / 3.9 - 0.00 / 1.7 + 0.00 / 1.0) = 1.98  ksf

P3 = 7.7 * (1 / 3.9 - 0.00 / 1.7 - 0.00 / 1.0) = 1.98  ksf

P4 = 7.7 * (1 / 3.9 + 0.00 / 1.7 - 0.00 / 1.0) = 1.98  ksf 2 of 7
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Internal friction angle = 28.0 deg

Passive coefficient

Pressure at mid-depth = 4.33 * 110 * (0.00 + 8.0 / 12 / 2) = 0.16  ksf

X-Passive force = 0.16 * 8.0 / 12 * 2.60 =  0.3  kip

Z-Passive force = 0.16 * 8.0 / 12 * 1.50 =  0.2  kip

Friction force = Max (0, 1.9 * 0.35) =  0.7  kip

- Sliding safety factor X-X = =
1.00 * 0.3 + 1.00 * 0.7

0.0
= 9.53 > 1.50 OK

- Sliding safety factor Z-Z = =
1.00 * 0.2 + 1.00 * 0.7

0.0
= 8.36 > 1.50 OK

- Uplift safety factor = =
0.0 + 0.2 + 0.0 - 0.1

0.0
= 99.99 > 1.00 OK

Concrete f'c = 2.5  ksi Steel fy = 40.0  ksi Soil density = 110  pcf

Use Plain Concrete Shear Strength

ϕVcx = 4/3 * 0.60 * √(2500) * 2.6 * 12 * 8.0 / 1000 = 10.0  kip

ϕVcz = 4/3 * 0.60 * √(2500) * 1.5 * 12 * 8.0 / 1000 = 5.8  kip

ACI 14.5.5.1

- Shear forces calculated as the volume of the bearing pressures under the effective areas:

One-way shear Vux (- Side) =  0.0  kip

One-way shear Vux (+ Side) =  0.0  kip

One-way shear Vuz (- Side) =  1.6  kip

One-way shear Vuz (+ Side) =  1.6  kip

<  10.0  kip   OK

<  10.0  kip   OK

<  5.8  kip   OK

<  5.8  kip   OK
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Plain ϕMnx = 5 * 0.60 * √(2500) * 1.50 * 8.0² / 6 / 1000 = 0.6  k-ft

Plain ϕMnz = 5 * 0.60 * √(2500) * 2.60 * 8.0² / 6 / 1000 = 1.1  k-ft

ACI Eq. (14.5.2.1a)

Use Plain Concrete Flexural Strength at Top

- Top moments calculated as the overburden minus the bearing pressures times the lever arm:

Top moment -Mux (- Side) =  0.0  k-ft

Top moment -Mux (+ Side) =  0.0  k-ft

Top moment -Muz (- Side) =  0.0  k-ft

Top moment -Muz (+ Side) =  0.0  k-ft

<  2.4  k-ft   OK

<  2.4  k-ft   OK

<  4.2  k-ft   OK

<  4.2  k-ft   OK

Use Plain Concrete Flexural Strength at Bottom

- Bottom moments calculated as the bearing minus the overburden pressures times the lever arm:

Bottom moment Mux (- Side) =  2.3  k-ft

Bottom moment Mux (+ Side) =  2.3  k-ft

Bottom moment Muz (- Side) =  0.9  k-ft

Bottom moment Muz (+ Side) =  0.9  k-ft

<  2.4  k-ft   OK

<  2.4  k-ft   OK

<  4.2  k-ft   OK

<  4.2  k-ft   OK

ratio = 0.96

ratio = 0.96

ratio = 0.22

ratio = 0.22
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Area 6.0 * 6.0 = 36.0  in²

Sx = 6.0 * 6.0² / 6 = 36.0  in³

Sz = 6.0 * 6.0² / 6 = 36.0  in³

Bearing 10.8 / 36.0 + 0.0 * 12 / 36.0 + 0.0 * 12 / 36.0 = 0.3  ksi

Min edge =

Min edge = Min (1.50 * 12 / 2 - 0.0 - 6.0 / 2,  2.60 * 12 / 2 - 0.0 - 6.0 / 2 = 6.0  in

Area

A2 = Min [1.50 * 12 * 2.6 * 12,  (6.0 + 2 * 6.0) * (6.0 + 2 * 6.0)] = 324.0  in²

ACI R22.8.3.2

Footing 0.65 * 0.85 * 2.5 * Min [2, √(324.0 / 36.0)] = 2.8  ksi

Footing 0.0  ksi ACI 22.8.3.2

Footing bearing 2.8 + 0.0 = 2.8  ksi >  0.3  psi   OK
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Hooked ACI 25.4.3

Ldh = Max (8 db, 6, 0.02 * 60.0 * 1000  / (2500)½ * 1.0 * 0.7 * 0.0 * 0.75 * 0.05) = 6.0 in

Ld provided = 3.00 * 12 = 36.0 in >  12.0  in   OK

Ldh provided = 8.00 - 3.0 = 5.0 in <  6.0  in   NG

X-Edge = 1.50 * 12 / 2 - 0.0 - 6.0 / 2 = 6.0  in αsx = 10

Z-Edge = 2.60 * 12 / 2 - 0.0 - 6.0 / 2 = 12.6  in αsz = 10

αs = 10 + 10 = 20 Col type = Corner β = 6.0 / 6.0 = 1.00 ACI 22.6.5.2

Perimeter

bo = 10 / 10 * (6.0 + 8.0 / 2 + 6.0) + 10 / 10 * (6.0 + 8.0 / 2 + 12.6) = 38.6  in

ACI 22.6.4.2

Area (6.0 + 8.0 / 2 + 6.0) * (6.0 + 8.0 / 2 + 12.6) = 361.6  in²

Use Plain Concrete Shear Strength

ϕVc =

ϕVc = 0.60 * Min (1 + 2 / 1.00,  2) * 4/3 √(2500) = 80.0  psi

ACI 14.5.5.1

Punching force

F = 10.8 + 0.07 * 361.6 / 144 - 3.9 = 7.1  kip

b1 = 6.0 + 8.0 / 2 + 6.0 = 16.0  in b2 = 6.0 + 8.0 / 2 + 12.6 = 22.6  in

γvx factor = = 1 -
1

1 + (2/3) √(22.6 / 16.0)
= 0.44

γvz factor =

ACI Eq. (8.4.4.2.2)

ACI Eq. (8.4.2.3.2)
= 1 -

1

1 + (2/3) √(16.0 / 22.6)
= 0.36

X2z = 16.0² / 2 / (16.0 + 22.6) = 3.3  in X2x = 6.6  in

Jcz =

Jcz = 16.0 * 8.0³ / 12 + 16.0³ * 8.0 / 12 + 16.0 * 8.0 * (16.0 / 2 * 3.3)² + 22.6 * 8.0 * 3.3² = 8210 in⁴

Jcx =

Jcz = 22.6 * 8.0³ / 12 + 22.6³ * 8.0 / 12 + 22.6 * 8.0 * (22.6 / 2 * 6.6)² + 16.0 * 8.0 * 6.6² = 18229 in⁴

ACI R8.4.4.2.3

ACI R8.4.4.2.3

Stress due to P = 7.1 / (38.6 * 8.0) * 1000 = 23.0  psi

Stress due to Mx = 0.44 * 0.0 * 12 * 6.6 / 18229 * 1000 = 0.0  psi

Stress due to Mz = 0.44 * 0.0 * 12 * 3.3 / 8210 * 1000 = 0.0  psi

Punching stress = 23.0 + 0.0 + 0.0 = 23.0  psi <  80.0  psi   OK
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Concrete Design  ..................

Load Combinations  ..............

ACI 318-14

ASCE 7-10/16
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