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834 West 75 North, Kaysville, UT 84037 – 801.915.4525 

Basis for Design 
 

1. BUILDING CODE: 2015 International Building Code 

2. Design: 
Roof Loading 

Dead Load     = 25 psf 
Live Load     = 20 psf 
Snow Load     = 165 psf  

Floor Loading 
Dead Load     = 40 psf 
Live Load     = 40 psf  

3. Lateral Design: 
Wind Loading 

Basic Wind Speed (3s – Gust)   = 115 mph 
Importance Factor    = 1.0 
Wind Exposure     = C  

Seismic Loading 
Seismic Use Group    = I 
Ss, S1      = 0.587, 0.310 
R      = 6.5 
Soil Site Class     = D 
Seismic Design Category   = D 
Lateral Force Resisting System   = Wood Shear Walls 
Analysis Procedure    = Equivalent Method  

4. Foundation Design: 
Traditional foundations designed in conformance with recommendations per the 
minimum recommendations of the 2015 IBC. All footings shall extend a minimum 
of 42” below grade. Allowable dead plus live load soil pressure equals 1500 psf.  

 
5. Concrete Design: 

Concrete footings and slabs on grade  f’c=2500 psi 
 

6. Concrete Reinforcing: 
Rebar #5 and larger ASTM A615 grade 60 (fy=60 ksi), bars #4 and smaller ASTM 
A615 grade 40 minimum (fy=40 ksi). WWF ASTM A185. PT strands 270 ksi. ½” dia. 
seven wire.  

 
7. Wood Design:  

Sawn Lumber: shall have the following minimum grade (unless noted otherwise): 
 Location     Specification 
 2x4 Studs, blocking, top plates  Douglas Fir Stud Grade 
 2x6 Studs, blocking, top plates  Douglas Fir #2 
 Joists, top plates    Douglas Fir #2 
 All other sawn lumber    Douglas Fir #2 
 6x beams and 6x posts   Douglas Fir #1 
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834 West 75 North, Kaysville, UT 84037 – 801.915.4525 

 
Glu-lam Beams: Douglas Fir Combination 
 Fb      = 2400 psi 
 Fv      = 165 psi 
 Fc (perpendicular)    = 650 psi 
 E      = 1,800,000 psi 
  
 Location     Specification 
 Simple span     24F-V4 
 Cantilevered & Multi-span   24F-V8 
 
Plywood or OSB: C-D or C-C sheathing conforming to the following nominal 
thickness, span, rating and nailing pattern U.N.O.: 
 Thickness Span Rating  Edge Nailing  Field Nailing 
 3/8”  24/0   8d @ 6” o.c.  8d @ 12” o.c. 
 1/2”   32/16   8d @ 6” o.c.  8d @ 12” o.c. 
 3/4”  40/20   10d @ 6” o.c.  10d @ 10” o.c. 
 
All nails except 16d nails shall be common nails U.N.O. 16d sinker, 16d box, or 12d 
common U.N.O. Nails shall be driven so that the heads are flush with wood 
surface. Over-driven or under-driven nails will not be acceptable. Nailing shall be 
per IBC Table 2304.9.1 nailing schedule.  

 
8. Connection Hardware: 

Shall be Simpson Strong-tie, USP, or ICBO approved equivalent.  
 

9. Inspection: 
As required by the governing municipality.  

 
10. Special Inspection: 

Not required (U.N.O. on the plans)  
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Benjamin
Typewritten Text
Lat: 40.622286       Long: -111.593692       Elev: 8170 ft.

Benjamin
Typewritten Text



10 PSF
2.3 PSF
3 PSF

0.8 PSF
2.8 PSF
6.1 PSF
25 PSF

20 PSF

8 PSF (As Occurs)

15 PSF
3.4 PSF
3.5 PSF
1.5 PSF
2.8 PSF
10 PSF
3.3 PSF
40 PSF

40 PSF

10 PSF
1.2 PSF
1.4 PSF
0.3 PSF
2.8 PSF
4.3 PSF
20 PSF

30 PSF (As Occurs)dditional Stone/Brick Veneer Load

3/8” Plywood Sheathing
2x6 Framing

Insulation
5/8” Gypsum Board Finish

Misc.
Floor Dead Load

7/8” Stucco

Floor
Floor Finish

3/4” Plywood Sheathing
Wood I-Joists

Insulation
5/8” Gypsum Board Ceiling

Partition
Misc.

Floor Dead Load

Floor Live Load

Wall

Gravity Design Loads
Based on ASCE 7-10 & IBC 2015

Additional Soffit Load

Roof
Asphault Shigles/ Standing Seam

15/32” Plywood Sheathing
Roof Trusses

Insulation
5/8” Gypsum Board Ceiling

Misc.
Roof Dead Load

Roof Live Load
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Po = 43 psf
S = 63 psf
Ao = 4.5 ft 
A = 8.17 ft

Pg = 235 psf

Elevation above sea level/1000 - 

Ground Snow Load

Base ground snow load - 
Change in snow load with elevation - 

Base ground snow elevation/1000 - 
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235 psf
1
1 Use Figure 7-2a
1 1

165 psf 165 psf

psf

Unbalanced Sloped Roof Snow Load on 
the Leeward Side, psu:

247 psf
Unbalanced Sloped Roof Snow Load on 

the Leeward Side, psu:
247 psf

Unbalanced Sloped Roof Snow Load on 
the Windward Side, psu:

psf
Unbalanced Sloped Roof Snow Load on 

the Windward Side, psu:
49

For Eave to Ridge Distance of 20 ft. or Less For Eave to Ridge Distance Greater than 20 ft.

Snow Loads
for Flat, Hip, and Gable Roofs

Ground Snow Load, pg:

Exposure Factor, Ce:

Thermal Factor, Ct: Roof Slope Factor, Cs:

Importance Factor, I: Cs:

Flat Roof Snow Load, pf: Sloped Roof Snow Load, ps:

Unbalanced Snow Loads

 1520 East Hills Circle, Bountiful, UT 84010 - Phone: 801.915.4525
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30 pcf 25 ft
6 ft 12.5 ft
5.5 ft Drifting Calcs Req'd

3.5 ft 2.6 ft

3 ft
14 ft

104 psfMaximum Drift Intensity, pd:

Drift Width, W:

Drifting

Snow Density, g: Length of Upper Roof, lu:
hc: Length of Lower Roof, ll:
hb:

For Leeward Drifting For Windward Drifting

hdl: hdw:

Maximum Drifting Height, hd:

 1520 East Hills Circle, Bountiful, UT 84010 - Phone: 801.915.4525
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1 :12

110 psfSliding Snow on Lower Roof, pslide:

Sliding Snow Load shall be Superimposed on 
Balanced Snow Load

Sliding Snow

Roof Slope:

For Slippery Roofs For All Other Roofs

Design for Sliding Snow Design for Sliding Snow not Req'd

 1520 East Hills Circle, Bountiful, UT 84010 - Phone: 801.915.4525
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Basement Floor 
Design 
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8'-0” (2) 2x4 2250# 8'-0” (2) 2x6 4000#

Wood Post Design
Based on ASCE 7-10 & IBC 2015

Post Height Post Type Allowable 
Vertical Load Post Height Post Type Allowable 

Vertical Load

8'-0” (4) 2x4 11500# 8'-0” (4) 2x6 22000#
8'-0” (3) 2x4 7800# 8'-0” (3) 2x6 12000#

8'-0” 4x4 6500# 8'-0” 4x6 10000#
8'-0” (5) 2x4 14000# 8'-0” (5) 2x6 30000#

8'-0” 6x8 23000#
8'-0” 4x6 10000# 8'-0” 6x6 17500#

8'-0” 4x10 17000#

Post Height Post Type Allowable 
Vertical Load

8'-0” 4x8 14000#

Post Height Post Type Allowable 
Vertical Load

9'-0” (2) 2x4 2100# 9'-0” (2) 2x6 3350#

9'-0” (4) 2x4 9500# 9'-0” (4) 2x6 20000#
9'-0” (3) 2x4 6500# 9'-0” (3) 2x6 10000#

9'-0” 4x4 5500# 9'-0” 4x6 10000#
9'-0” (5) 2x4 12000# 9'-0” (5) 2x6 29000#

9'-0” 6x8 22000#
9'-0” 4x6 8500# 9'-0” 6x6 16000#

9'-0” 4x10 14000#

Post Height Post Type Allowable 
Vertical Load

9'-0” 4x8 11500#

10'-0” (3) 2x4 5450# 10'-0” (3) 2x6 8550#

Post Height Post Type Allowable 
Vertical Load

10'-0” (2) 2x4 1750# 10'-0” (2) 2x6 2750#

10'-0” (5) 2x4 9900# 10'-0” (5) 2x6 26000#
10'-0” (4) 2x4 7900# 10'-0” (4) 2x6 17000#

10'-0” 4x6 7150# 10'-0” 6x6 14500#
10'-0” 4x4 4550# 10'-0” 4x6 7150#

10'-0” 4x10 11950# 10'-0” 8x8 34000#
10'-0” 4x8 9400# 10'-0” 6x8 19900#

11'-0” (2) 2x4 1400# 11'-0” (2) 2x6 2300#

Post Height Post Type Allowable 
Vertical Load Post Height Post Type Allowable 

Vertical Load

11'-0” (4) 2x4 6600# 11'-0” (4) 2x6 15500#
11'-0” (3) 2x4 4700# 11'-0” (3) 2x6 7400#

11'-0” 4x4 3800# 11'-0” 4x6 6000#
11'-0” (5) 2x4 8300# 11'-0” (5) 2x6 25000#

11'-0” 6x8 19000#
11'-0” 4x6 6000# 11'-0” 6x6 13500#

11'-0” 4x10 10100#

Post Height Post Type Allowable 
Vertical Load

11'-0” 4x8 7900#

12'-0” (3) 2x4 4000# 12'-0” (3) 2x6 6300#

Post Height Post Type Allowable 
Vertical Load

12'-0” (2) 2x4 1200# 12'-0” (2) 2x6 1900#

12'-0” (5) 2x4 7000# 12'-0” (5) 2x6 23000#
12'-0” (4) 2x4 5500# 12'-0” (4) 2x6 13500#

12'-0” 4x6 5000# 12'-0” 6x6 12500#
12'-0” 4x4 3200# 12'-0” 4x6 5000#

12'-0” 4x10 8500#
12'-0” 4x8 6700# 12'-0” 6x8 17500#
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Lateral Design 
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*W
*W
*W

*W

 (Use only for Equivalent Lateral Force Analysis)

A
May be reduced by half for flexible diaphragms. Shall not be taken as less than 2.

B
See Long-Period Transition maps in ASCE 7-05 Figure 22-15 (page 228)

Design Base Shear (V) : 0.065

Minimum Base Shear (Vmin) : 0.010
Maximum Base Shear (Vmax) : 0.186 Max : 0.065

Occupancy Importance Factor (I) : 1.00

Analytical Procedure
Equivalent Lateral Force Analysis (Section 12.8)

Seismic Base Shear (Vs) : 0.065

X : 0.750
Ta : 0.256

TL 
B: 8

Sds : 0.587

Seismic Design Category : D
Ct : 0.020

SM1 : 0.465

Sd1 : 0.310

W0 
A: 3

Cd : 4
SMS : 0.881

R : 6.5

SS : 0.720
S1 : 0.243

Site Class : D

ype of Seismic Force Resisting System : Light Framed walls with wood structural panels.

Diaphragm Type : Flexible

Soil Profile Type : D

Horizontal Irregularity : None
Vertical Irregularity : None

Building Height (ft.) : 30
# of Stories : 2

Use & Occupancy : II

Design Method : ASD

Earthquake Design
Based on ASCE 7-10 & IBC 2015

Design Input
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V1 25 32 53 25 15
V2 25 32 53 25 15
V3 25 32 40 25 15
V4 25 32 81 25 15
V5 25 32 76 25 15
V6 25 32 38 25 12
V7 25 32 31 25 12
V8
V9
V10
V11
V12
V13
V14
V15
V16
V17
V18

0V18 0.0645

0
V17 0.0645 0
V16 0.0645

0
V15 0.0645 0
V14 0.0645

0
V13 0.0645 0
V12 0.0645

0
V11 0.0645 0
V10 0.0645

0
V9 0.0645 0
V8 0.0645

159.070549
V7 0.0645 2067 133.332857
V6 0.0645 2466

322.011429
V5 0.0645 4707 303.627363
V4 0.0645 4992

219.060659
V3 0.0645 2655 171.262088
V2 0.0645 3396

Base Shear 
(plf)

V1 0.0645 3396 219.060659

Equivalent Lateral Analysis of Structure
Based on ASCE 7-10 & IBC 2015

Seismic Design

Base Shear

Line
Seismic 
Coeff.

Wt. of Roof 
(plf)

Wt. of 3rd 

Floor (plf)
Wt. of 2nd 

Floor (plf)
Wt. of 1st 

Floor (plf)
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K = 1.00

V1

V2

V3

V4

V5

V6
CV3 = 0 V13 =

CV1 = 0 V11 =
W*HTotal = 29592

CV2 = 0 V12 =

WR (plf)= 2466 HR (ft)= 12 WR*HR
K = 29592

W1 (plf)= H1 (ft)= 0 W1*H1 
K = 0

W*HTotal = 70605

CV2 = 0 V12 =

W2 (plf)= H2 (ft)= 0 W2*H2 
K = 0

CVR = 1 V1R = 159.07
W3 (plf)= H3 (ft)= 0 W3*H3 

K = 0

W1 (plf)= H1 (ft)= 0 W1*H1 
K = 0

CV3 = 0 V13 =

CV1 = 0 V11 =
W2 (plf)= H2 (ft)= 0 W2*H2 

K = 0

CVR = 1 V1R = 303.63
W3 (plf)= H3 (ft)= 0 W3*H3 

K = 0
WR (plf)= 4707 HR (ft)= 15 WR*HR

K = 70605

CV3 = 0 V13 =

CV1 = 0 V11 =
W*HTotal = 74880

CV2 = 0 V12 =

WR (plf)= 4992 HR (ft)= 15 WR*HR
K = 74880

W1 (plf)= H1 (ft)= 0 W1*H1 
K = 0

W*HTotal = 39825

CV2 = 0 V12 =

W2 (plf)= H2 (ft)= 0 W2*H2 
K = 0

CVR = 1 V1R = 322.01
W3 (plf)= H3 (ft)= 0 W3*H3 

K = 0

W1 (plf)= H1 (ft)= 0 W1*H1 
K = 0

CV3 = 0 V13 =

CV1 = 0 V11 =
W2 (plf)= H2 (ft)= 0 W2*H2 

K = 0

CVR = 1 V1R = 171.26
W3 (plf)= H3 (ft)= 0 W3*H3 

K = 0
WR (plf)= 2655 HR (ft)= 15 WR*HR

K = 39825

CV3 = 0 V13 =

CV1 = 0 V11 =
W*HTotal = 50940

CV2 = 0 V12 =

WR (plf)= 3396 HR (ft)= 15 WR*HR
K = 50940

W1 (plf)= H1 (ft)= 0 W1*H1 
K = 0

W*HTotal = 50940

CV2 = 0 V12 =

W2 (plf)= H2 (ft)= 0 W2*H2 
K = 0

CVR = 1 V1R = 219.06
W3 (plf)= H3 (ft)= 0 W3*H3 

K = 0

W1 (plf)= H1 (ft)= 0 W1*H1 
K = 0

CV3 = 0 V13 =

CV1 = 0 V11 =
W2 (plf)= H2 (ft)= 0 W2*H2 

K = 0

CVR = 1 V1R = 219.06
W3 (plf)= H3 (ft)= 0 W3*H3 

K = 0

Equivalent Lateral Analysis of Structure
Based on ASCE 7-10 & IBC 2015

Vertically Distributed Shear

WR (plf)= 3396 HR (ft)= 15 WR*HR
K = 50940
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V7

V8

V9

V10

V11

V12

W*HTotal = 0

CV2 = #DIV/0! V12 =
W1 (plf)= H1 (ft)= 0 W1*H1 

K = 0 CV1 = #DIV/0! V11 =
W2 (plf)= H2 (ft)= 0 W2*H2 

K = 0

CVR = #DIV/0! V1R =
W3 (plf)= H3 (ft)= 0 W3*H3 

K = 0
WR (plf)= HR (ft)= 0 WR*HR

K = 0
CV3 = #DIV/0! V13 =

CV3 = #DIV/0! V13 =

CV1 = #DIV/0! V11 =
W*HTotal = 0

CV2 = #DIV/0! V12 =

WR (plf)= HR (ft)= 0 WR*HR
K = 0

W1 (plf)= H1 (ft)= 0 W1*H1 
K = 0

W*HTotal = 0

CV2 = #DIV/0! V12 =

W2 (plf)= H2 (ft)= 0 W2*H2 
K = 0

CVR = #DIV/0! V1R =
W3 (plf)= H3 (ft)= 0 W3*H3 

K = 0

W1 (plf)= H1 (ft)= 0 W1*H1 
K = 0

CV3 = #DIV/0! V13 =

CV1 = #DIV/0! V11 =
W2 (plf)= H2 (ft)= 0 W2*H2 

K = 0

CVR = #DIV/0! V1R =
W3 (plf)= H3 (ft)= 0 W3*H3 

K = 0
WR (plf)= HR (ft)= 0 WR*HR

K = 0

CV3 = #DIV/0! V13 =

CV1 = #DIV/0! V11 =
W*HTotal = 0

CV2 = #DIV/0! V12 =

WR (plf)= HR (ft)= 0 WR*HR
K = 0

W1 (plf)= H1 (ft)= 0 W1*H1 
K = 0

W*HTotal = 0

CV2 = #DIV/0! V12 =

W2 (plf)= H2 (ft)= 0 W2*H2 
K = 0

CVR = #DIV/0! V1R =
W3 (plf)= H3 (ft)= 0 W3*H3 

K = 0

W1 (plf)= H1 (ft)= 0 W1*H1 
K = 0

CV3 = #DIV/0! V13 =

CV1 = #DIV/0! V11 =
W2 (plf)= H2 (ft)= 0 W2*H2 

K = 0

CVR = #DIV/0! V1R =
W3 (plf)= H3 (ft)= 0 W3*H3 

K = 0

W*HTotal = 24804

WR (plf)= HR (ft)= 0 WR*HR
K = 0

W1 (plf)= H1 (ft)= 0 W1*H1 
K = 0 CV1 = 0 V11 =

W2 (plf)= H2 (ft)= 0 W2*H2 
K = 0 CV2 = 0 V12 =

W3 (plf)= H3 (ft)= 0 W3*H3 
K = 0 CV3 = 0 V13 =

Equivalent Lateral Analysis of Structure
Based on ASCE 7-10 & IBC 2015

WR (plf)= 2067 HR (ft)= 12 WR*HR
K = 24804 CVR = 1 V1R = 133.33

Designed By: bpt 
Checked By: bpt

09.03.2018 
Page 86 of 154



Building Information

75 ft

28 ft
16 ft
3 ft

Design Input

Step 1
II

Step 2
115 mph

Step 3
0.85

C
1.00

0.18
-0.18

Step 4
16.00 ft

900 ft
9.50

0.860

Step 5
24.763 psf

Step 6
1 /12

5.00 degrees

Wind Design for Low-Rise Buildings
Based on ASCE 7-10 & IBC 2015

Risk Category of Building =

Wind Directionality Factor, Kd =
Exposure Category =

Horizontal dimension of building measured parallel to wind 
direction (L) =

Horizontal dimension of building measured perpendicular to wind 
direction (B) =

Mean Roof Height (h)  =
Width of Pressure Coefficient Zone (a)  =

Topographic Factor, Kzt =
Enclosure Classification =

Internal Pressure Coefficient, (Gcpi) =

Velocity Pressure Exposure Coefficient, Kz =

Mean Roof Height, z =

Velocity Pressure, qz =

Roof Pitch =
Roof Angle =

a =
zg =

Enclosed Building

Basic Wind Speed for applicable risk category, V =
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1 2 3 4 1E 2E 3E 4E
0.40 -0.69 -0.37 -0.29 0.61 -1.07 -0.53 -0.43
0.53 -0.69 -0.48 -0.43 0.80 -1.07 -0.69 -0.64
0.56 0.21 -0.43 -0.37 0.69 0.27 -0.53 -0.48
0.56 0.56 -0.37 -0.37 0.69 0.69 -0.48 -0.48
0.40 -0.69 -0.37 -0.29 0.61 -1.07 -0.53 -0.43

1 2 3 4 5 6 1E 2E 3E 4E 5E 6E
-0.45 -0.69 -0.37 -0.45 0.40 -0.29 -0.48 -1.07 -0.53 -0.48 0.61 -0.43
-0.45 -0.69 -0.37 -0.45 0.40 -0.29 -0.48 -1.07 -0.53 -0.48 0.61 -0.43

0 0.40 -0.69 -0.37 -0.29 0.61 -1.07 -0.53 -0.43
5 0.40 -0.69 -0.37 -0.29 0.61 -1.07 -0.53 -0.43

Step 7
Load Case A (Transverse)

1 2 3 4 1E 2E 3E 4E
5.45 -21.54 -13.62 -11.64 10.65 -30.95 -17.58 -15.11

Load Case B - (Longitudinal)
1 2 3 4 5 6 1E 2E 3E 4E 5E 6E

-15.60 -21.54 -13.62 -15.60 5.45 -11.64 -16.34 -30.95 -17.58 -16.34 10.65 -15.11

5.00

90
5.00

Roof Angle
0-90

0-5
20

30-45

Roof Angle

Load Case A - (Transverse)
Building Surface

External Pressure Coefficients

Building Surface
Load Case B - (Longitudinal)

External Pressure Coefficients
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Wind Loading @ Roof Level
19
17 1 2 3 4 1E 2E 3E 4E
0 46.31 -3.76 -2.37 -98.93 44.20 -1.64 -0.69 -29.47

28
6
3

1 2 3 4 5 6 1E 2E 3E 4E 5E 6E
-133 -21.5 -13.6 -133 51.8 111 -6.31 -9.41 -3.96 -6.31 49.4 32.9

Wind Loading @ Roof Level minus 1
0 1 4 1E 4E
0 0.00 0.00 0.00 0.00

28
6
3

Wind Loading @ Roof Level minus 2
0 1 4 1E 4E
0 0.00 0.00 0.00 0.00

28
6
3

143.85

436.32

Height to Ridge (ft) =
Height to Top Plate (ft) =

a (ft) =

Load Case A (Transverse)

Total Horizontal Load (plf)
Height to Sill/Sole Plate (ft) =

Least Horizontal Dimension (ft) =
2a (ft) =

Total Horizontal Edge Load (lbs)

Height to Top Plate (ft) =
Height to Sill/Sole Plate (ft) =

Least Horizontal Dimension (ft) =
2a (ft) =

a (ft) =

All Load Cases

Total Horizontal Load (plf)
0.00

Total Horizontal Edge Load (lbs)
0.00

Load Case A (Transverse)
Height to Top Plate (ft) =

Height to Sill/Sole Plate (ft) =
Least Horizontal Dimension (ft) = Total Horizontal Load (plf)

2a (ft) = 0.00
a (ft) = Total Horizontal Edge Load (lbs)

0.00

Load Case B (Longitudinal)

Total Horizontal Load (plf)
162.32

Total Horizontal Edge Load (lbs)
247.01
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0 
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w
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xx
 p

lf

v3
r=

17
2 

pl
f

25
' -

 8
 3

/4
"

w
=x

xx
 p

lf

v1
r=

22
0 

pl
f

20
' -

 1
0 

1/
2"

w=xxx plf

v4r=323 plf
14' - 7 3/4"

w=xxx plf

v5r=304 plf
15' - 4 1/4"

w
=x

xx
 p

lf
v6

r=
16

0 
pl

f

24
' -

 5
 1

/2
"

w=xxx plf
v7r=134 plf

29' - 1
1 7/8"

1
2

3
4

5 6 7

8

9

10

11
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Wall Thickness (W): 8 in
Footing Width (D): 18 in Effective Area of Footing: 7 ft2

Footing Thickness (t): 12 in Allowable Soil Bearing: 1500 psf
Wall Height (h): 2.5 ft

Effective Footing Length (L): 4.67 ft

Allowable Point Load: lbs

Allowable Load at Top of Concrete Wall

10500
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Concrete f'c = 2500 psi
Rebar Fy = 60000 psi
Unit Weight = 150 lb/ft³8 in

3.49 ft

1.41 ft1.41 ft

12 in

15
 ft 14

 ft

1.41 ft8 in

2.5 ft

3.
5 

ft

0.
5 

ft

#5 @ 12 in (S&T)
#5 @ 8 in

Toe Bars:  #4 @ 12 in
Footing S/T Bars:  #4 @ 9 in

#5 @ 12 in (S&T)
#5 @ 8 in

Design Detail

Check Summary
Ratio Check Provided Required Combination

----- Stability Checks -----
0.955 Sliding 1.57 1.50 0.6D + 1.0H
0.845 Bearing Pressure 2000 psf 1691 psf 1.0D + 1.0H
0.332 Bearing Eccentricity 2.32 in 6.99 in 1.0D + 1.0H

----- Toe Checks -----
0.147 Shear 7.88 k/ft 1.16 k/ft 1.4D + 1.6H
0.215 Moment 7.66 ft·k/ft 1.65 ft·k/ft 1.4D + 1.6H
0.090 Min Strain 0.0444 0.0040 1.4D + 1.6H
0.000 Min Steel 0.02 in² 0 in² 1.4D + 1.6H
0.546 Development 21.96 in 12 in 1.4D + 1.6H
0.500 S&T Max Spacing 9 in 18 in 1.4D + 1.6H
0.972 S&T Min Rho 0.0019 0.0018 1.4D + 1.6H

----- Heel Checks -----
0.618 Shear 4.8 k/ft 2.97 k/ft 1.4D + 1.6H
0.839 Moment 2.5 ft·k/ft 2.1 ft·k/ft 1.4D + 1.6H

----- Stem Checks -----
0.976 Moment 10.76 ft·k/ft 10.5 ft·k/ft 1.4D + 1.6H
0.773 Shear 5.12 k/ft 3.96 k/ft 1.4D + 1.6H
0.000 Max Steel Infinite 0.0040 1.4D + 1.6H
0.000 Min Steel 0 in²/in 0 in²/in 1.4D + 1.6H
1.167 Base Development 9 in 10.5 in 1.4D + 1.6H
0.000 Horz Bar Rho 0.0000 0.0000 1.4D + 1.6H
0.667 Horz Bar Spacing 12 in 18 in 1.4D + 1.6H

Criteria

Use basic criteria from common project settings No
Building Code IBC 2015
Concrete Load Combs ASCE 7-10 (Streng...
Masonry Load Combs ASCE 7-10 (ASD)
Stability Load Combs ASCE 7-10 (ASD)
Apply Sds Factor to Seismic Combinations for Ev Yes
Sds (from ASCE 7) 0.59
Restrained Against Sliding No
Neglect Bearing At Heel Yes
Use Vert. Comp. for OT No
Use Vert. Comp. for Sliding No
Use Vert. Comp. for Bearing Yes
Use Surcharge for Sliding & OT Yes
Use Surcharge for Bearing Yes
Neglect Soil Over Toe No
Neglect Backfill Wt. for Coulomb No
Factor Soil Weight As Dead Yes
Use Passive Force for OT Yes
Assume Pressure To Top Yes
Extend Backfill Pressure To Key Bottom No
Use Toe Passive Pressure for Bearing No
Required F.S. for OT 1.50
Required F.S. for Sliding 1.50
Has Different Safety Factors for Seismic No
Allowable Bearing Pressure 2000 psf
Req'd Bearing Location Middle third
Wall Friction Angle 25°
Friction Coefficent 0.35
Soil Reaction Modulus 172800 lb/ft³
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Loads

13
.5

 ft

3.
5 

ft

14
.5

 ft 11
 ft

0.
5 

ft

γ = 100 lb/ft³
γEFP = 40 lb/ft³

3.
5 

ft

γ = 100 lb/ft³
γEFP = 250 lb/ft³

Loading Options/Assumptions
Passive pressure neglects top 0 ft of soil.

Load Combinations

ASCE 7-10 (Strength)
 1.4D + 1.6H
 1.4D + 0.9H
 1.2D + 1.6H
 1.2D + 0.9H
 0.9D + 1.6H
 0.9D + 0.9H

Load Combination Stem
M-applied

Stem
M-allow

Stem
V-applied

Stem
V-allow

Stem
Min. ld

Stem
Actual ld

Heel
M-applied

 (ft·k/ft) (ft·k/ft) (k/ft) (k/ft) (in) (in) (ft·k/ft)
1.4D + 1.6H 10.5 10.76 3.96 5.12 10.5 9 2.1
1.4D + 0.9H 5.91 10.76 2.23 5.12 10.5 9 2.1
1.2D + 1.6H 10.5 10.76 3.96 5.12 10.5 9 1.8
1.2D + 0.9H 5.91 10.76 2.23 5.12 10.5 9 1.8
0.9D + 1.6H 10.5 10.76 3.96 5.12 10.5 9 1.35
0.9D + 0.9H 5.91 10.76 2.23 5.12 10.5 9 1.35
Load Combination Heel

M-allow
Heel

V-applied
Heel

V-allow
Toe

M-applied
Toe

M-allow
Toe

V-applied
Toe

V-allow
 (ft·k/ft) (k/ft) (k/ft) (ft·k/ft) (ft·k/ft) (k/ft) (k/ft)
1.4D + 1.6H 2.5 2.97 4.8 1.65 7.66 1.16 7.88
1.4D + 0.9H 2.5 2.97 4.8 1.65 7.66 1.16 7.88
1.2D + 1.6H 2.5 2.54 4.8 1.41 7.66 0.99 7.88
1.2D + 0.9H 2.5 2.54 4.8 1.41 7.66 0.99 7.88
0.9D + 1.6H 2.5 1.91 4.8 1.06 7.66 0.75 7.88
0.9D + 0.9H 2.5 1.91 4.8 1.06 7.66 0.75 7.88

Strength Check Results Summary

Load Combination Sliding
Force

Resisting
Force

Sliding
F.S.

Sliding
F.S. Req'd

Sliding
F.S. Req'd Seis...

Bearing Pressure
Actual

Bearing Pressure
Allowable

aring Eccentricity
Actual

aring Eccentricity
Allowable

 (lb/in) (lb/in) (psf) (psf) (in) (in)
1.0D + 1.0H 350.4 602 1.718 1.500 1.500 1691 2000 2.32 6.99
1.0D + 0.6H 210.3 412.9 1.964 1.500 1.500 1691 2000 2.32 6.99
0.6D + 1.0H 350.4 550.3 1.570 1.500 1.500 1015 2000 2.32 6.99
0.6D + 0.6H 210.3 361.2 1.718 1.500 1.500 1015 2000 2.32 6.99

Stability Check Results Summary
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Backfill Pressure

13
.5

 ft

3.
5 

ft

14
.5

 ft 11
 ft

0.
5 

ft

γ = 100 lb/ft³
γEFP = 40 lb/ft³ -580 psf

14
.5

 ft

350.4 lb/in14
.5

 ft

4.
83

 ft

-540 psf
303.8 lb/in

4.
5 

ft

Equivalent Fluid Pressure
σh H γfluid   14.5 ft 40 lb ft³ /     580 psf =  =  = 

 Lateral Earth Pressure

σh H γfluid   13.5 ft 40 lb ft³ /     540 psf =  =  = 
 Lateral Earth Pressure (stem only)
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Passive Pressure
3.

5 
ft

γ = 100 lb/ft³
γEFP = 250 lb/ft³

1500 psf

6 
ft

375 lb/in 0.
5 

ft

Equivalent Fluid Pressure
σh H γfluid   6 ft 250 lb ft³ /     1500 psf =  =  = 

 Lateral Earth Pressure

Wall/Soil Weights

43.67 lb/in

116.7 lb/in

20.83 lb/in

159 lb/in

29.44 lb/in
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Bearing Pressure

1691 psf
848.5 psf

369.6 lb/in

1.55 ft

e = 2.32 in

129.4 lb/in

F μ R   0.350 369.6 lb in /     129.4 lb in /  =  =  = 
 Friction

Bearing Pressure Calculation
Contributing Forces

Vert Force ...offset Horz Force ...offset OT Moment
Backfill Pressure -0 lb/in - 0 lb/in - -0 in·lb/ft
Footing Weight -43.67 lb/in 1.75 ft 0 lb/in - -10982.62 in·lb/ft
Stem Weight -116.67 lb/in 1.75 ft 0 lb/in - -29343.44 in·lb/ft
Key Weight -20.83 lb/in 1.75 ft 0 lb/in - -5239.9 in·lb/ft
Backfill Weight -159 lb/in 2.79 ft 0 lb/in - -63800.87 in·lb/ft
Soil over toe Weight -29.44 lb/in 0.71 ft 0 lb/in - -2996.13 in·lb/ft
Stem Base Shear -0 lb/in - -206.12 lb/in 1 ft 29681 in·lb/ft
Stem Base Moment 0 lb/in - 0 lb/in - 0 in·lb/ft

-369.61 lb/in -82682.24 in·lb/ft
82682.24 in·lb ft /  - 

369.61 lb in /  -    1.55 ft = 
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Overturning Check
Check not performed; wall has lateral support.

Sliding Check
Sliding Force(s)

Backfill pressure 350.4 lb/in
Total: 350.4 lb/in

Resisting Force(s)
Passive pressure @ toe 375 lb/in
Friction 129.4 lb/in
Lateral Support Reaction 97.63 lb/in
Total: 602 lb/in

F.S.  RF
SF     602 lb in / 

350.4 lb in /     1.718 > 1.50 OK  =  =  = 

Bearing Capacity Check
Bearing pressure < allowable (1691 psf < 2000 psf) - OK
Bearing resultant eccentricity < allowable (2.32 in < 6.99 in) - OK

Wall Top Displacement
Not calculated because this wall has a lateral restraint.

Stability Checks  [1.0D + 1.0H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Overturning Check
Check not performed; wall has lateral support.

Sliding Check
Sliding Force(s)

Backfill pressure 350.4 lb/in
Total: 350.4 lb/in

Resisting Force(s)
Passive pressure @ toe 375 lb/in
Friction 77.62 lb/in
Lateral Support Reaction 97.63 lb/in
Total: 550.3 lb/in

F.S.  RF
SF     550.3 lb in / 

350.4 lb in /     1.570 > 1.50 OK  =  =  = 

Bearing Capacity Check
Bearing pressure < allowable (1015 psf < 2000 psf) - OK
Bearing resultant eccentricity < allowable (2.32 in < 6.99 in) - OK

Wall Top Displacement
Not calculated because this wall has a lateral restraint.

Stability Checks  [0.6D + 1.0H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

 14

 12.6

 11.2

 9.8

 8.4

 7

 5.6

 4.2

 2.8

 1.4

 00 2 4 6 8 10 12
Moment (ft·k/ft)

Offset (ft)

Moment

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0 in² in / 60000 psi 1.69 in 0 in 2 /  -       0 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 0 ft from base  [Negative bending]

a As fy 
0.85 F'c    0.04 in² in / 60000 psi 

0.85 2500 psi     1.09 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0.04 in² in / 60000 psi 5.69 in 1.09 in 2 /  -       10.76 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 0 ft from base  [Positive bending]

a As fy 
0.85 F'c    0.04 in² in / 60000 psi 

0.85 2500 psi     1.09 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0.04 in² in / 60000 psi 5.69 in 1.09 in 2 /  -       10.76 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 12.5 ft from base  [Positive bending]

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0 in² in / 60000 psi 1.69 in 0 in 2 /  -       0 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 14 ft from base  [Negative bending]

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0 in² in / 60000 psi 5.69 in 0 in 2 /  -       0 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 14 ft from base  [Positive bending]

Stem Flexural Capacity
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

 14

 12.6

 11.2

 9.8
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 5.6
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 0-6 -4 -2 0 2 4 6
Shear (k/ft)

Offset (ft)

Shear

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 5.69 in       6.83 k ft /  =  =  = 
φVn φ Vc   0.750 6.83 k ft /     5.12 k ft /  =  =  = 

 Shear Capacity (ACI 318-14 11.5.5.1, 22.5.1.1, 22.5.5.1) @ 0 ft from base  [Positive shear]

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 5.69 in       6.83 k ft /  =  =  = 
φVn φ Vc   0.750 6.83 k ft /     5.12 k ft /  =  =  = 

 Shear Capacity (ACI 318-14 11.5.5.1, 22.5.1.1, 22.5.5.1) @ 0 ft from base  [Negative shear]

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 5.69 in       6.83 k ft /  =  =  = 
φVn φ Vc   0.750 6.83 k ft /     5.12 k ft /  =  =  = 

 Shear Capacity (ACI 318-14 11.5.5.1, 22.5.1.1, 22.5.5.1) @ 14 ft from base  [Positive shear]

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 5.69 in       6.83 k ft /  =  =  = 
φVn φ Vc   0.750 6.83 k ft /     5.12 k ft /  =  =  = 

 Shear Capacity (ACI 318-14 11.5.5.1, 22.5.1.1, 22.5.5.1) @ 14 ft from base  [Negative shear]

Stem Shear Capacity
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BENJAMIN THOMAS, P.E.
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ψe  1.0          uncoated hooked bars  = 
ψc  0.70          based on side cover and extension cover  = 
ψr  1.0          no confining reinforcement  = 
λ  1.0          normal weight concrete  = 

ldh
fy ψe ψc ψr   
50 λ F'c  

db   60000 psi 1.0 0.70 1.0   
50 1.0 2500 psi  

 0.63 in     10.5 in =  =  = 

8 db   8 0.63 in     5.0    minimum limit, does not control  =  = 

 Main vertical stem bars  (bottom end)  -  Development Length Calculation (ACI 318-14 11.7.1.2, 25.4.2.3, 25.4.3)

ψt  1.0          bars are not horizontal  = 
ψe  1.0          bar not epoxy coated  = 
ψs  0.80          bars are #6 or smaller  = 
λ  1.0          normal weight concrete  = 
s 2  /  8 in 2  /  4 in =  = 
cover db 2  /  +  2 in 0.63 in 2  /  +  2.31 in =  = 
cb  2.31 in          lesser of half spacing, ctr to surface  = 
Ktr  0.0          no transverse reinforcement  = 
cb Ktr + 

db 
 2.31 in 0.0 +  

0.63 in    3.70 =  = 

ld
3.
40

fy
λ F'c 

ψt ψe ψs  
2.5  db   3.

40
60000 psi

1.0 2500 psi 
1.0 1.0 0.80  

2.5   0.63 in     18 in =  =  = 

 Main vertical stem bars  (top end)  -  Development Length Calculation (ACI 318-14 11.7.1.2, 25.4.2.3, 25.4.3)

Stem Development/Lap Length Calculations
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Note:  Design toe moment is not limited to stem moment because stem base is pinned
Mtoe  1.65 ft·k ft /  = 

 Controlling Moment

a As fy 
0.85 F'c    0.02 in² in / 60000 psi 

0.85 2500 psi     0.47 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0.02 in² in / 60000 psi 8.75 in 0.47 in 2 /  -       7.66 ft·k ft /  =  =  = 
φMn  7.66 ft·k ft    ≥    Mu  /  1.65 ft·k ft /  =  = 

 Flexure Check (ACI 318-14 13.3.2.1, 7.5.2.1, »22.3, »22.2, 7.5.1.1a)

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 8.75 in       10.5 k ft /  =  =  = 
φVn φ Vc   0.750 10.5 k ft /     7.88 k ft /  =  =  = 
φVn  7.88 k ft    ≥    Vu  /  1.16 k ft /  =  = 

 Shear Check (ACI 318-14 13.3.2.1, 7.5.3.1, »22.5.1, »22.5.5, 7.5.1.1b)

β1  0.850          F'c ≤ 4000 psi  = 

a As fy 
0.85 F'c    0.02 in² in / 60000 psi 

0.85 2500 psi     0.47 in =  =  = 

εt 0.003 d
a β1 / 1 -     0.003 8.75 in

0.47 in 0.850 / 1 -     0.0444 =  =  = 

εt  0.0444    ≥    0.004 = 

 Minimum Strain Check (ACI 318-14 13.3.2.1, 7.3.3.1)

φMn  7.66 ft·k ft    ≥    4 3 /  Mu   /  4 3 /  1.65 ft·k ft /     2.19 ft·k ft /  =  =  = 
Check is waived per ACI 9.6.1.3 

 Minimum Steel Check (ACI 318-14 13.3.2.1, 9.6.1)

ρST_prov
AST
t sST    0.2 in² in / 

12 in 9 in     0.0019 =  =  = 

ρST_prov
AST
t sST    0.2 in² in / 

12 in 9 in     0.0019 =  =  = 

0.0018 60000 
fy

   0.0018 60000 
60000 psi     0.0018 =  = 

ρST_min  0.0018 = 
ρST_prov  0.0019    ≥    ρST_min  0.0018 =  = 
18 inch limit governs
sST_max  18 in = 
sST  9 in    ≤    sST_max  18 in =  = 

 Shrinkage and Temperature Steel (ACI 318-14 13.2.8.1, 7.6.4.1, 24.4.3.2, 24.4.3.3)

Mu
φMn

   1.65 ft·k ft / 
7.66 ft·k ft /     0.2148          ratio to represent excess reinforcement  =  = 

ψt  1.0          12 inches or less cast below  3.00 inches -   = 
ψe  1.0          bar not epoxy coated  = 
ψs  0.80          bars are #6 or smaller  = 
λ  1.0          normal weight concrete  = 
s 2  /  12 in 2  /  6 in =  = 
cover db 2  /  +  3 in 0.5 in 2  /  +  3.25 in =  = 
cb  3.25 in          lesser of half spacing, ctr to surface  = 
Ktr  0.0          no transverse reinforcement  = 
cb Ktr + 

db 
 3.25 in 0.0 +  

0.5 in    6.50 =  = 

ld
3.
40

fy
λ F'c 

ψt ψe ψs  
2.5  db   3.

40
60000 psi

1.0 2500 psi 
1.0 1.0 0.80  

2.5   0.5 in     14.4 in =  =  = 

Factoring ld by the excess reinforcement ratio 0.2148  per 25.4.10:  ld    3.09 in = 
12 inch minimum controls
ld_prov  21.96 in    ≥    ld  12 in =  = 

 Development Check (ACI 318-14 13.2.8.1, 25.4.2.3, 25.4.10)

Toe Unfactored Loads

12
 in #4 @ 12 in

Unfactored Loads

150 psf (Self-wt)
250 psf (Soil)

1691 psf 1350 psf

Toe Factored Loads

12
 in #4 @ 12 in

1.4D + 1.6H

210 psf (Self-wt)
350 psf (Soil)

2367 psf 1890 psf
2367 psf1890 psf

2.22 k/ft

Toe Checks  [1.4D + 1.6H]
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Note:  Design heel moment is not limited to stem moment because stem base is pinned
Mheel  2.1 ft·k ft /  = 

 Controlling Moment

λ  1.0          normal weight concrete  = 
Unreinforced, use plain concrete provisions:  ACI 14.5.5
Note:  Effective thickness reduced by 2 inches for concrete cast on soil ACI 22.4.8 

Vn
4
3 λ F'c h     4

3 1.0 2500 psi 10 in       8 k ft /  =  =  = 

φVn φ Vn   0.60 8 k ft /     4.8 k ft /  =  =  = 
φVn  4.8 k ft    ≥    Vu  /  2.97 k ft /  =  = 

 Shear Check (ACI 318-14 13.3.2.1, 7.5.3.1, »22.5.1, »22.5.5, 7.5.1.1b)

Unreinforced, use plain concrete provisions:  ACI 14.5.2
Note:  Effective thickness reduced by 2 inches for concrete cast on soil ACI 22.4.8 

Mn 5 λ F'c Sm     5 1.0 2500 psi 200 in³ ft /       4.17 ft·k ft          as limited by tension  /  =  =  = 
Mn 0.85 F'c Sm    0.85 2500 psi 200 in³ ft /      35.42 ft·k ft          as limited by compression  /  =  =  = 
Tension controls
φMn φ Mn   0.60 4.17 ft·k ft /     2.5 ft·k ft /  =  =  = 
φMn  2.5 ft·k ft    ≥    Mu  /  2.1 ft·k ft /  =  = 

 Flexure Check (ACI 318-14 13.3.2.1, 7.5.2.1, »22.3, »22.2, 7.5.1.1a)

Heel Unfactored Loads
12 in

Unfactored Loads

150 psf (Concrete self-wt)
1350-1350 psf (Soil weight)

 (neglect bearing pressure)

Heel Factored Loads

12 in

1.4D + 1.6H

210 psf (Concrete self-wt)
1890-1890 psf (Soil weight)

 (neglect bearing pressure)
2.97 k/ft

Heel Checks  [1.4D + 1.6H]
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Stem Internal Forces

-864 psf

1.87 k/ft

3.96 k/ft

-0 ft·k/ft

Stem Internal Forces

 14

 12.25

 10.5

 8.75

 7

 5.25

 3.5

 1.75

 00 3 6 9 12
Moment (ft·k/ft)

Moment

Stem Internal Forces

 14

 12.25

 10.5

 8.75

 7

 5.25

 3.5

 1.75

 0-2 -0.5 1 2.5 4
Shear (k/ft)

Shear

Stem Joint Force Transfer
Location Force
@ stem base 3.96 k/ft

Stem Internal Forces

-864 psf

Stem Forces  [1.4D + 1.6H]
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 14

 12.6

 11.2

 9.8

 8.4

 7

 5.6

 4.2

 2.8

 1.4

 00 2 4 6 8 10 12
Moment (ft·k/ft)

Offset (ft)

Moment

φMn  10.76 ft·k ft    ≥    Mu  /  10.5 ft·k ft /  =  = 
 Check (ACI 318-14 11.5.5.1b)    @ 5.8 ft from base  [Positive bending]

φMn  10.76 ft·k ft    ≥    Mu  /  2.9 ft·k ft /  =  = 
 Check (ACI 318-14 11.5.5.1b)    @ 12.5 ft from base  [Positive bending]

φMn  10.14 ft·k ft    ≥    Mu  /  2.64 ft·k ft /  =  = 
 

 Check (ACI 318-14 11.5.5.1b)    @ 12.59 ft from base  [Positive bending]

Stem Moment Checks  [1.4D + 1.6H]
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 14

 12.6

 11.2

 9.8

 8.4
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 5.6

 4.2

 2.8

 1.4

 0-6 -4 -2 0 2 4 6
Shear (k/ft)

Offset (ft)

Shear

φVn  5.12 k ft    ≥    Vu  /  3.96 k ft /  =  = 
 Shear Check (ACI 318-14 11.5.5.1c) @ 0 ft from base  [Positive shear]

φVn  5.12 k ft    ≥    Vu  /  1.87 k ft /  =  = 
 

 Shear Check (ACI 318-14 11.5.5.1c) @ 13.58 ft from base  [Negative shear]

Stem Shear Checks  [1.4D + 1.6H]

QuickRWall 5.0 (iesweb.com) C:\Users\spiri\be...\Cantilevered Retaining Wall (11 ft wall).rwd Page 15 of 16 Thursday  11/02/17   4:54 PM

Designed By: bpt 
Checked By: bpt

09.03.2018 
Page 121 of 154



BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

φMn  0 ft·k ft    ≥    4 3 /  Mu   /  4 3 /  0 ft·k ft /     0 ft·k ft /  =  =  = 
Check is waived per ACI 9.6.1.3 

 Minimum Steel Check (ACI 318-14 9.6.1) @ 0 ft from base  [Stem in negative flexure]

φMn  0 ft·k ft    ≥    4 3 /  Mu   /  4 3 /  0 ft·k ft /     0 ft·k ft /  =  =  = 
Check is waived per ACI 9.6.1.3 

 Minimum Steel Check (ACI 318-14 9.6.1) @ 14 ft from base  [Stem in negative flexure]

β1  0.850          F'c ≤ 4000 psi  = 

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

εt 0.003 d
a β1 / 1 -     0.003 1.69 in

0 in 0.850 / 1 -     INF =  =  = 

εt  INF    ≥    0.004 = 

 Maximum Steel Check (ACI 318-14 9.3.3.1) @ 0 ft from base  [Stem in negative flexure]

β1  0.850          F'c ≤ 4000 psi  = 

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

εt 0.003 d
a β1 / 1 -     0.003 1.69 in

0 in 0.850 / 1 -     INF =  =  = 

εt  INF    ≥    0.004 = 

 Maximum Steel Check (ACI 318-14 9.3.3.1) @ 14 ft from base  [Stem in negative flexure]

ρt
As_horz shorz / 

t    0.31 in² 12 in / 
8 in     0.0032 =  =  = 

ρt_min  0.0020          bars No. 5 or less, not less than 60 ksi  = 
ρt  0.0032    ≥    ρt_min  0.0020 =  = 
3 h   3 8 in     24 in =  = 
18 inch limit governs
shorz  12 in    ≤    shorz_max  18 in =  = 

 Wall Horizontal Steel (ACI 318-14 11.6.1, 11.7.3)

Mu
φMn

   0 ft·k ft / 
0 ft·k ft /     INF          ratio to represent excess reinforcement  =  = 

ψe  1.0          uncoated hooked bars  = 
ψc  0.70          based on side cover and extension cover  = 
ψr  1.0          no confining reinforcement  = 
λ  1.0          normal weight concrete  = 

ldh
fy ψe ψc ψr   
50 λ F'c  

db   60000 psi 1.0 0.70 1.0   
50 1.0 2500 psi  

 0.63 in     10.5 in =  =  = 

8 db   8 0.63 in     5.0    minimum limit, does not control  =  = 
ldh_prov  9 in    <    ldh  10.5 in =  = 

 Development Check (ACI 318-14 11.7.1.2, 25.4.2.3, 25.4.10)

Stem Miscellaneous Checks  [1.4D + 1.6H]
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Concrete f'c = 2500 psi
Rebar Fy = 60000 psi
Unit Weight = 150 lb/ft³8 in

2.5 ft

0.92 ft0.92 ft

12 in

11
 ft 10

 ft

0.92 ft8 in

1 ft

3.
5 

ft

0.
5 

ft

#4 @ 12 in (S&T)
#4 @ 12 in

Toe Bars:  #4 @ 12 in
Footing S/T Bars:  #4 @ 9 in

#4 @ 12 in (S&T)
#4 @ 12 in

Design Detail

Check Summary
Ratio Check Provided Required Combination

----- Stability Checks -----
0.908 Sliding 1.65 1.50 0.6D + 1.0H
0.865 Bearing Pressure 2000 psf 1730 psf 1.0D + 1.0H
0.679 Bearing Eccentricity 3.39 in 4.99 in 1.0D + 1.0H

----- Toe Checks -----
0.042 Shear 7.88 k/ft 0.33 k/ft 1.4D + 1.6H
0.089 Moment 7.66 ft·k/ft 0.68 ft·k/ft 1.4D + 1.6H
0.090 Min Strain 0.0444 0.0040 1.4D + 1.6H
0.000 Min Steel 0.02 in² 0 in² 1.4D + 1.6H
0.751 Development 15.98 in 12 in 1.4D + 1.6H
0.500 S&T Max Spacing 9 in 18 in 1.4D + 1.6H
0.972 S&T Min Rho 0.0019 0.0018 1.4D + 1.6H

----- Heel Checks -----
0.294 Shear 4.8 k/ft 1.41 k/ft 1.4D + 1.6H
0.258 Moment 2.5 ft·k/ft 0.64 ft·k/ft 1.4D + 1.6H

----- Stem Checks -----
0.749 Moment 4.96 ft·k/ft 3.72 ft·k/ft 1.4D + 1.6H
0.381 Shear 5.17 k/ft 1.97 k/ft 1.4D + 1.6H
0.000 Max Steel Infinite 0.0040 1.4D + 1.6H
0.000 Min Steel 0 in²/in 0 in²/in 1.4D + 1.6H
0.933 Base Development 9 in 8.4 in 1.4D + 1.6H
0.000 Horz Bar Rho 0.0000 0.0000 1.4D + 1.6H
0.667 Horz Bar Spacing 12 in 18 in 1.4D + 1.6H

Criteria

Use basic criteria from common project settings No
Building Code IBC 2015
Concrete Load Combs ASCE 7-10 (Streng...
Masonry Load Combs ASCE 7-10 (ASD)
Stability Load Combs ASCE 7-10 (ASD)
Apply Sds Factor to Seismic Combinations for Ev Yes
Sds (from ASCE 7) 0.59
Restrained Against Sliding No
Neglect Bearing At Heel Yes
Use Vert. Comp. for OT No
Use Vert. Comp. for Sliding No
Use Vert. Comp. for Bearing Yes
Use Surcharge for Sliding & OT Yes
Use Surcharge for Bearing Yes
Neglect Soil Over Toe No
Neglect Backfill Wt. for Coulomb No
Factor Soil Weight As Dead Yes
Use Passive Force for OT Yes
Assume Pressure To Top Yes
Extend Backfill Pressure To Key Bottom No
Use Toe Passive Pressure for Bearing No
Required F.S. for OT 1.50
Required F.S. for Sliding 1.50
Has Different Safety Factors for Seismic No
Allowable Bearing Pressure 2000 psf
Req'd Bearing Location Middle third
Wall Friction Angle 25°
Friction Coefficent 0.35
Soil Reaction Modulus 172800 lb/ft³
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Loads

9.
5 

ft

3.
5 

ft

10
.5

 ft 7 
ft

0.
5 

ft

γ = 100 lb/ft³
γEFP = 40 lb/ft³

3.
5 

ft

γ = 100 lb/ft³
γEFP = 250 lb/ft³

Loading Options/Assumptions
Passive pressure neglects top 0 ft of soil.

Load Combinations

ASCE 7-10 (Strength)
 1.4D + 1.6H
 1.4D + 0.9H
 1.2D + 1.6H
 1.2D + 0.9H
 0.9D + 1.6H
 0.9D + 0.9H

Load Combination Stem
M-applied

Stem
M-allow

Stem
V-applied

Stem
V-allow

Stem
Min. ld

Stem
Actual ld

Heel
M-applied

 (ft·k/ft) (ft·k/ft) (k/ft) (k/ft) (in) (in) (ft·k/ft)
1.4D + 1.6H 3.72 4.96 1.97 5.17 8.4 9 0.64
1.4D + 0.9H 2.09 4.96 1.11 5.17 8.4 9 0.64
1.2D + 1.6H 3.72 4.96 1.97 5.17 8.4 9 0.55
1.2D + 0.9H 2.09 4.96 1.11 5.17 8.4 9 0.55
0.9D + 1.6H 3.72 4.96 1.97 5.17 8.4 9 0.41
0.9D + 0.9H 2.09 4.96 1.11 5.17 8.4 9 0.41
Load Combination Heel

M-allow
Heel

V-applied
Heel

V-allow
Toe

M-applied
Toe

M-allow
Toe

V-applied
Toe

V-allow
 (ft·k/ft) (k/ft) (k/ft) (ft·k/ft) (ft·k/ft) (k/ft) (k/ft)
1.4D + 1.6H 2.5 1.41 4.8 0.68 7.66 0.33 7.88
1.4D + 0.9H 2.5 1.41 4.8 0.68 7.66 0.33 7.88
1.2D + 1.6H 2.5 1.21 4.8 0.58 7.66 0.28 7.88
1.2D + 0.9H 2.5 1.21 4.8 0.58 7.66 0.28 7.88
0.9D + 1.6H 2.5 0.91 4.8 0.44 7.66 0.21 7.88
0.9D + 0.9H 2.5 0.91 4.8 0.44 7.66 0.21 7.88

Strength Check Results Summary

Load Combination Sliding
Force

Resisting
Force

Sliding
F.S.

Sliding
F.S. Req'd

Sliding
F.S. Req'd Seis...

Bearing Pressure
Actual

Bearing Pressure
Allowable

aring Eccentricity
Actual

aring Eccentricity
Allowable

 (lb/in) (lb/in) (psf) (psf) (in) (in)
1.0D + 1.0H 183.8 333.6 1.816 1.500 1.500 1730 2000 3.39 4.99
1.0D + 0.6H 110.3 230.2 2.088 1.500 1.500 1730 2000 3.39 4.99
0.6D + 1.0H 183.8 303.6 1.652 1.500 1.500 1038 2000 3.39 4.99
0.6D + 0.6H 110.3 200.2 1.816 1.500 1.500 1038 2000 3.39 4.99

Stability Check Results Summary
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Backfill Pressure

9.
5 

ft

3.
5 

ft

10
.5

 ft 7 
ft

0.
5 

ft

γ = 100 lb/ft³
γEFP = 40 lb/ft³ -420 psf

10
.5

 ft

183.8 lb/in10
.5

 ft

3.
5 

ft

-380 psf
150.4 lb/in

3.
17

 ft

Equivalent Fluid Pressure
σh H γfluid   10.5 ft 40 lb ft³ /     420 psf =  =  = 

 Lateral Earth Pressure

σh H γfluid   9.5 ft 40 lb ft³ /     380 psf =  =  = 
 Lateral Earth Pressure (stem only)
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Passive Pressure
3.

5 
ft

γ = 100 lb/ft³
γEFP = 250 lb/ft³

1125 psf 4.
5 

ft

210.9 lb/in

0.5 ft

Equivalent Fluid Pressure
σh H γfluid   4.5 ft 250 lb ft³ /     1125 psf =  =  = 

 Lateral Earth Pressure

Wall/Soil Weights

31.21 lb/in

83.33 lb/in

8.33 lb/in

72.44 lb/in

19.06 lb/in
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Bearing Pressure

1730 psf

330.7 psf

214.4 lb/in

0.97 ft

e = 3.39 in

75.03 lb/in

F μ R   0.350 214.4 lb in /     75.03 lb in /  =  =  = 
 Friction

Bearing Pressure Calculation
Contributing Forces

Vert Force ...offset Horz Force ...offset OT Moment
Backfill Pressure -0 lb/in - 0 lb/in - -0 in·lb/ft
Footing Weight -31.21 lb/in 1.25 ft 0 lb/in - -5610.01 in·lb/ft
Stem Weight -83.33 lb/in 1.25 ft 0 lb/in - -14980 in·lb/ft
Key Weight -8.33 lb/in 1.25 ft 0 lb/in - -1498 in·lb/ft
Backfill Weight -72.44 lb/in 2.04 ft 0 lb/in - -21270.55 in·lb/ft
Soil over toe Weight -19.06 lb/in 0.46 ft 0 lb/in - -1255.84 in·lb/ft
Stem Base Shear -0 lb/in - -102.78 lb/in 1 ft 14801 in·lb/ft
Stem Base Moment 0 lb/in - 0 lb/in - 0 in·lb/ft

-214.38 lb/in -29813.4 in·lb/ft
29813.4 in·lb ft /  - 

214.38 lb in /  -    0.97 ft = 
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Overturning Check
Check not performed; wall has lateral support.

Sliding Check
Sliding Force(s)

Backfill pressure 183.8 lb/in
Total: 183.8 lb/in

Resisting Force(s)
Passive pressure @ toe 210.9 lb/in
Friction 75.03 lb/in
Lateral Support Reaction 47.63 lb/in
Total: 333.6 lb/in

F.S.  RF
SF     333.6 lb in / 

183.8 lb in /     1.816 > 1.50 OK  =  =  = 

Bearing Capacity Check
Bearing pressure < allowable (1730 psf < 2000 psf) - OK
Bearing resultant eccentricity < allowable (3.39 in < 4.99 in) - OK

Wall Top Displacement
Not calculated because this wall has a lateral restraint.

Stability Checks  [1.0D + 1.0H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Overturning Check
Check not performed; wall has lateral support.

Sliding Check
Sliding Force(s)

Backfill pressure 183.8 lb/in
Total: 183.8 lb/in

Resisting Force(s)
Passive pressure @ toe 210.9 lb/in
Friction 45.02 lb/in
Lateral Support Reaction 47.63 lb/in
Total: 303.6 lb/in

F.S.  RF
SF     303.6 lb in / 

183.8 lb in /     1.652 > 1.50 OK  =  =  = 

Bearing Capacity Check
Bearing pressure < allowable (1038 psf < 2000 psf) - OK
Bearing resultant eccentricity < allowable (3.39 in < 4.99 in) - OK

Wall Top Displacement
Not calculated because this wall has a lateral restraint.

Stability Checks  [0.6D + 1.0H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

 10

 9

 8

 7

 6

 5

 4

 3

 2

 1

 00 0.83 1.67 2.5 3.33 4.17 5
Moment (ft·k/ft)

Offset (ft)

Moment

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0 in² in / 60000 psi 1.75 in 0 in 2 /  -       0 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 0 ft from base  [Negative bending]

a As fy 
0.85 F'c    0.02 in² in / 60000 psi 

0.85 2500 psi     0.47 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0.02 in² in / 60000 psi 5.75 in 0.47 in 2 /  -       4.96 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 0 ft from base  [Positive bending]

a As fy 
0.85 F'c    0.02 in² in / 60000 psi 

0.85 2500 psi     0.47 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0.02 in² in / 60000 psi 5.75 in 0.47 in 2 /  -       4.96 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 8.8 ft from base  [Positive bending]

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0 in² in / 60000 psi 1.75 in 0 in 2 /  -       0 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 10 ft from base  [Negative bending]

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0 in² in / 60000 psi 5.75 in 0 in 2 /  -       0 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 10 ft from base  [Positive bending]

Stem Flexural Capacity
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

 10

 9

 8

 7

 6

 5

 4

 3

 2

 1

 0-6 -4 -2 0 2 4 6
Shear (k/ft)

Offset (ft)

Shear

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 5.75 in       6.9 k ft /  =  =  = 
φVn φ Vc   0.750 6.9 k ft /     5.17 k ft /  =  =  = 

 Shear Capacity (ACI 318-14 11.5.5.1, 22.5.1.1, 22.5.5.1) @ 0 ft from base  [Positive shear]

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 5.75 in       6.9 k ft /  =  =  = 
φVn φ Vc   0.750 6.9 k ft /     5.17 k ft /  =  =  = 

 Shear Capacity (ACI 318-14 11.5.5.1, 22.5.1.1, 22.5.5.1) @ 0 ft from base  [Negative shear]

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 5.75 in       6.9 k ft /  =  =  = 
φVn φ Vc   0.750 6.9 k ft /     5.17 k ft /  =  =  = 

 Shear Capacity (ACI 318-14 11.5.5.1, 22.5.1.1, 22.5.5.1) @ 10 ft from base  [Positive shear]

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 5.75 in       6.9 k ft /  =  =  = 
φVn φ Vc   0.750 6.9 k ft /     5.17 k ft /  =  =  = 

 Shear Capacity (ACI 318-14 11.5.5.1, 22.5.1.1, 22.5.5.1) @ 10 ft from base  [Negative shear]

Stem Shear Capacity
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

ψe  1.0          uncoated hooked bars  = 
ψc  0.70          based on side cover and extension cover  = 
ψr  1.0          no confining reinforcement  = 
λ  1.0          normal weight concrete  = 

ldh
fy ψe ψc ψr   
50 λ F'c  

db   60000 psi 1.0 0.70 1.0   
50 1.0 2500 psi  

 0.5 in     8.4 in =  =  = 

8 db   8 0.5 in     4.0    minimum limit, does not control  =  = 

 Main vertical stem bars  (bottom end)  -  Development Length Calculation (ACI 318-14 11.7.1.2, 25.4.2.3, 25.4.3)

ψt  1.0          bars are not horizontal  = 
ψe  1.0          bar not epoxy coated  = 
ψs  0.80          bars are #6 or smaller  = 
λ  1.0          normal weight concrete  = 
s 2  /  12 in 2  /  6 in =  = 
cover db 2  /  +  2 in 0.5 in 2  /  +  2.25 in =  = 
cb  2.25 in          lesser of half spacing, ctr to surface  = 
Ktr  0.0          no transverse reinforcement  = 
cb Ktr + 

db 
 2.25 in 0.0 +  

0.5 in    4.50 =  = 

ld
3.
40

fy
λ F'c 

ψt ψe ψs  
2.5  db   3.

40
60000 psi

1.0 2500 psi 
1.0 1.0 0.80  

2.5   0.5 in     14.4 in =  =  = 

 Main vertical stem bars  (top end)  -  Development Length Calculation (ACI 318-14 11.7.1.2, 25.4.2.3, 25.4.3)

Stem Development/Lap Length Calculations
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Note:  Design toe moment is not limited to stem moment because stem base is pinned
Mtoe  0.68 ft·k ft /  = 

 Controlling Moment

a As fy 
0.85 F'c    0.02 in² in / 60000 psi 

0.85 2500 psi     0.47 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0.02 in² in / 60000 psi 8.75 in 0.47 in 2 /  -       7.66 ft·k ft /  =  =  = 
φMn  7.66 ft·k ft    ≥    Mu  /  0.68 ft·k ft /  =  = 

 Flexure Check (ACI 318-14 13.3.2.1, 7.5.2.1, »22.3, »22.2, 7.5.1.1a)

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 8.75 in       10.5 k ft /  =  =  = 
φVn φ Vc   0.750 10.5 k ft /     7.88 k ft /  =  =  = 
φVn  7.88 k ft    ≥    Vu  /  0.33 k ft /  =  = 

 Shear Check (ACI 318-14 13.3.2.1, 7.5.3.1, »22.5.1, »22.5.5, 7.5.1.1b)

β1  0.850          F'c ≤ 4000 psi  = 

a As fy 
0.85 F'c    0.02 in² in / 60000 psi 

0.85 2500 psi     0.47 in =  =  = 

εt 0.003 d
a β1 / 1 -     0.003 8.75 in

0.47 in 0.850 / 1 -     0.0444 =  =  = 

εt  0.0444    ≥    0.004 = 

 Minimum Strain Check (ACI 318-14 13.3.2.1, 7.3.3.1)

φMn  7.66 ft·k ft    ≥    4 3 /  Mu   /  4 3 /  0.68 ft·k ft /     0.91 ft·k ft /  =  =  = 
Check is waived per ACI 9.6.1.3 

 Minimum Steel Check (ACI 318-14 13.3.2.1, 9.6.1)

ρST_prov
AST
t sST    0.2 in² in / 

12 in 9 in     0.0019 =  =  = 

ρST_prov
AST
t sST    0.2 in² in / 

12 in 9 in     0.0019 =  =  = 

0.0018 60000 
fy

   0.0018 60000 
60000 psi     0.0018 =  = 

ρST_min  0.0018 = 
ρST_prov  0.0019    ≥    ρST_min  0.0018 =  = 
18 inch limit governs
sST_max  18 in = 
sST  9 in    ≤    sST_max  18 in =  = 

 Shrinkage and Temperature Steel (ACI 318-14 13.2.8.1, 7.6.4.1, 24.4.3.2, 24.4.3.3)

Mu
φMn

   0.68 ft·k ft / 
7.66 ft·k ft /     0.0886          ratio to represent excess reinforcement  =  = 

ψt  1.0          12 inches or less cast below  3.00 inches -   = 
ψe  1.0          bar not epoxy coated  = 
ψs  0.80          bars are #6 or smaller  = 
λ  1.0          normal weight concrete  = 
s 2  /  12 in 2  /  6 in =  = 
cover db 2  /  +  3 in 0.5 in 2  /  +  3.25 in =  = 
cb  3.25 in          lesser of half spacing, ctr to surface  = 
Ktr  0.0          no transverse reinforcement  = 
cb Ktr + 

db 
 3.25 in 0.0 +  

0.5 in    6.50 =  = 

ld
3.
40

fy
λ F'c 

ψt ψe ψs  
2.5  db   3.

40
60000 psi

1.0 2500 psi 
1.0 1.0 0.80  

2.5   0.5 in     14.4 in =  =  = 

Factoring ld by the excess reinforcement ratio 0.0886  per 25.4.10:  ld    1.28 in = 
12 inch minimum controls
ld_prov  15.98 in    ≥    ld  12 in =  = 

 Development Check (ACI 318-14 13.2.8.1, 25.4.2.3, 25.4.10)

Toe Unfactored Loads

12
 in #4 @ 12 in

Unfactored Loads

150 psf (Self-wt)
250-250 psf (Soil)

1730 psf 1217 psf

Toe Factored Loads

12
 in #4 @ 12 in

1.4D + 1.6H

210 psf (Self-wt)
350-350 psf (Soil)

2422 psf 1704 psf
2422 psf
1704 psf

1.38 k/ft

Toe Checks  [1.4D + 1.6H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Note:  Design heel moment is not limited to stem moment because stem base is pinned
Mheel  0.64 ft·k ft /  = 

 Controlling Moment

λ  1.0          normal weight concrete  = 
Unreinforced, use plain concrete provisions:  ACI 14.5.5
Note:  Effective thickness reduced by 2 inches for concrete cast on soil ACI 22.4.8 

Vn
4
3 λ F'c h     4

3 1.0 2500 psi 10 in       8 k ft /  =  =  = 

φVn φ Vn   0.60 8 k ft /     4.8 k ft /  =  =  = 
φVn  4.8 k ft    ≥    Vu  /  1.41 k ft /  =  = 

 Shear Check (ACI 318-14 13.3.2.1, 7.5.3.1, »22.5.1, »22.5.5, 7.5.1.1b)

Unreinforced, use plain concrete provisions:  ACI 14.5.2
Note:  Effective thickness reduced by 2 inches for concrete cast on soil ACI 22.4.8 

Mn 5 λ F'c Sm     5 1.0 2500 psi 200 in³ ft /       4.17 ft·k ft          as limited by tension  /  =  =  = 
Mn 0.85 F'c Sm    0.85 2500 psi 200 in³ ft /      35.42 ft·k ft          as limited by compression  /  =  =  = 
Tension controls
φMn φ Mn   0.60 4.17 ft·k ft /     2.5 ft·k ft /  =  =  = 
φMn  2.5 ft·k ft    ≥    Mu  /  0.64 ft·k ft /  =  = 

 Flexure Check (ACI 318-14 13.3.2.1, 7.5.2.1, »22.3, »22.2, 7.5.1.1a)

Heel Unfactored Loads
12 in

Unfactored Loads

150 psf (Concrete self-wt)
950-950 psf (Soil weight)

 (neglect bearing pressure)

Heel Factored Loads

12 in

1.4D + 1.6H

210 psf (Concrete self-wt)
1330-1330 psf (Soil weight)

 (neglect bearing pressure)
1.41 k/ft

Heel Checks  [1.4D + 1.6H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

Stem Internal Forces

-608 psf

0.91 k/ft

1.97 k/ft

-0 ft·k/ft

Stem Internal Forces

 10

 8.75

 7.5

 6.25

 5

 3.75

 2.5

 1.25

 00 1 2 3 4
Moment (ft·k/ft)

Moment

Stem Internal Forces

 10

 8.75

 7.5

 6.25

 5

 3.75

 2.5

 1.25

 0-1 -0.25 0.5 1.25 2
Shear (k/ft)

Shear

Stem Joint Force Transfer
Location Force
@ stem base 1.97 k/ft

Stem Internal Forces

-608 psf

Stem Forces  [1.4D + 1.6H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

 10

 9

 8

 7

 6

 5

 4

 3

 2

 1

 00 0.83 1.67 2.5 3.33 4.17 5
Moment (ft·k/ft)

Offset (ft)

Moment

φMn  4.96 ft·k ft    ≥    Mu  /  3.72 ft·k ft /  =  = 
 Check (ACI 318-14 11.5.5.1b)    @ 4.14 ft from base  [Positive bending]

φMn  4.96 ft·k ft    ≥    Mu  /  1.1 ft·k ft /  =  = 
 Check (ACI 318-14 11.5.5.1b)    @ 8.8 ft from base  [Positive bending]

φMn  4.6 ft·k ft    ≥    Mu  /  1.01 ft·k ft /  =  = 
 

 Check (ACI 318-14 11.5.5.1b)    @ 8.89 ft from base  [Positive bending]

Stem Moment Checks  [1.4D + 1.6H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

 10

 9

 8

 7

 6

 5

 4

 3

 2

 1

 0-6 -4 -2 0 2 4 6
Shear (k/ft)

Offset (ft)

Shear

φVn  5.17 k ft    ≥    Vu  /  1.97 k ft /  =  = 
 Shear Check (ACI 318-14 11.5.5.1c) @ 0 ft from base  [Positive shear]

φVn  5.17 k ft    ≥    Vu  /  0.91 k ft /  =  = 
 

 Shear Check (ACI 318-14 11.5.5.1c) @ 9.6 ft from base  [Negative shear]

Stem Shear Checks  [1.4D + 1.6H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

Cantilever Wall (Garage)

φMn  0 ft·k ft    ≥    4 3 /  Mu   /  4 3 /  0 ft·k ft /     0 ft·k ft /  =  =  = 
Check is waived per ACI 9.6.1.3 

 Minimum Steel Check (ACI 318-14 9.6.1) @ 0 ft from base  [Stem in negative flexure]

φMn  0 ft·k ft    ≥    4 3 /  Mu   /  4 3 /  0 ft·k ft /     0 ft·k ft /  =  =  = 
Check is waived per ACI 9.6.1.3 

 Minimum Steel Check (ACI 318-14 9.6.1) @ 10 ft from base  [Stem in negative flexure]

β1  0.850          F'c ≤ 4000 psi  = 

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

εt 0.003 d
a β1 / 1 -     0.003 1.75 in

0 in 0.850 / 1 -     INF =  =  = 

εt  INF    ≥    0.004 = 

 Maximum Steel Check (ACI 318-14 9.3.3.1) @ 0 ft from base  [Stem in negative flexure]

β1  0.850          F'c ≤ 4000 psi  = 

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

εt 0.003 d
a β1 / 1 -     0.003 1.75 in

0 in 0.850 / 1 -     INF =  =  = 

εt  INF    ≥    0.004 = 

 Maximum Steel Check (ACI 318-14 9.3.3.1) @ 10 ft from base  [Stem in negative flexure]

ρt
As_horz shorz / 

t    0.2 in² 12 in / 
8 in     0.0021 =  =  = 

ρt_min  0.0020          bars No. 5 or less, not less than 60 ksi  = 
ρt  0.0021    ≥    ρt_min  0.0020 =  = 
3 h   3 8 in     24 in =  = 
18 inch limit governs
shorz  12 in    ≤    shorz_max  18 in =  = 

 Wall Horizontal Steel (ACI 318-14 11.6.1, 11.7.3)

Mu
φMn

   0 ft·k ft / 
0 ft·k ft /     INF          ratio to represent excess reinforcement  =  = 

ψe  1.0          uncoated hooked bars  = 
ψc  0.70          based on side cover and extension cover  = 
ψr  1.0          no confining reinforcement  = 
λ  1.0          normal weight concrete  = 

ldh
fy ψe ψc ψr   
50 λ F'c  

db   60000 psi 1.0 0.70 1.0   
50 1.0 2500 psi  

 0.5 in     8.4 in =  =  = 

8 db   8 0.5 in     4.0    minimum limit, does not control  =  = 
ldh_prov  9 in    ≥    ldh  8.4 in =  = 

 Development Check (ACI 318-14 11.7.1.2, 25.4.2.3, 25.4.10)

Stem Miscellaneous Checks  [1.4D + 1.6H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)

Concrete f'c = 2500 psi
Rebar Fy = 60000 psi
Unit Weight = 150 lb/ft³8 in
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15°

Toe Bars:  #4 @ 12 in
Footing S/T Bars:  #4 @ 9 in

#5 @ 12 in (S&T)
#5 @ 12 in

Design Detail

Check Summary
Ratio Check Provided Required Combination

----- Stability Checks -----
0.708 Bearing Pressure 2000 psf 1416 psf 1.0D + 1.0H
0.580 Bearing Eccentricity 3.48 in 6 in 1.0D + 1.0H

----- Toe Checks -----
0.090 Shear 7.88 k/ft 0.71 k/ft 1.4D + 1.6H
0.136 Moment 7.66 ft·k/ft 1.04 ft·k/ft 1.4D + 1.6H
0.090 Min Strain 0.0444 0.0040 1.4D + 1.6H
0.000 Min Steel 0.02 in² 0 in² 1.4D + 1.6H
0.632 Development 18.99 in 12 in 1.4D + 1.6H
0.500 S&T Max Spacing 9 in 18 in 1.4D + 1.6H
0.972 S&T Min Rho 0.0019 0.0018 1.4D + 1.6H

----- Heel Checks -----
0.391 Shear 4.8 k/ft 1.88 k/ft 1.4D + 1.6H
0.439 Moment 2.5 ft·k/ft 1.1 ft·k/ft 1.4D + 1.6H

----- Stem Checks -----
0.761 Moment 7.43 ft·k/ft 5.65 ft·k/ft 1.4D + 1.6H
0.567 Shear 5.12 k/ft 2.9 k/ft 1.4D + 1.6H
0.000 Max Steel Infinite 0.0040 1.4D + 1.6H
0.000 Min Steel 0 in²/in 0 in²/in 1.4D + 1.6H
1.167 Base Development 9 in 10.5 in 1.4D + 1.6H
0.000 Horz Bar Rho 0.0000 0.0000 1.4D + 1.6H
0.667 Horz Bar Spacing 12 in 18 in 1.4D + 1.6H

Criteria

Use basic criteria from common project settings No
Building Code IBC 2015
Concrete Load Combs ASCE 7-10 (Streng...
Masonry Load Combs ASCE 7-10 (ASD)
Stability Load Combs ASCE 7-10 (ASD)
Apply Sds Factor to Seismic Combinations for Ev Yes
Sds (from ASCE 7) 0.59
Restrained Against Sliding Yes
Neglect Bearing At Heel Yes
Use Vert. Comp. for OT No
Use Vert. Comp. for Sliding No
Use Vert. Comp. for Bearing Yes
Use Surcharge for Sliding & OT Yes
Use Surcharge for Bearing Yes
Neglect Soil Over Toe No
Neglect Backfill Wt. for Coulomb No
Factor Soil Weight As Dead Yes
Use Passive Force for OT Yes
Assume Pressure To Top Yes
Extend Backfill Pressure To Key Bottom No
Use Toe Passive Pressure for Bearing No
Required F.S. for OT 1.50
Required F.S. for Sliding 1.50
Has Different Safety Factors for Seismic No
Allowable Bearing Pressure 2000 psf
Req'd Bearing Location Middle third
Wall Friction Angle 25°
Friction Coefficent 0.35
Soil Reaction Modulus 172800 lb/ft³
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)

Loads
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Loading Options/Assumptions
Passive pressure neglects top 0 ft of soil.

Load Combinations

ASCE 7-10 (Strength)
 1.4D + 1.6H
 1.4D + 0.9H
 1.2D + 1.6H
 1.2D + 0.9H
 0.9D + 1.6H
 0.9D + 0.9H

Load Combination Stem
M-applied

Stem
M-allow

Stem
V-applied

Stem
V-allow

Stem
Min. ld

Stem
Actual ld

Heel
M-applied

 (ft·k/ft) (ft·k/ft) (k/ft) (k/ft) (in) (in) (ft·k/ft)
1.4D + 1.6H 5.65 7.43 2.9 5.12 10.5 9 1.1
1.4D + 0.9H 3.18 7.43 1.63 5.12 10.5 9 1.1
1.2D + 1.6H 5.65 7.43 2.9 5.12 10.5 9 0.94
1.2D + 0.9H 3.18 7.43 1.63 5.12 10.5 9 0.94
0.9D + 1.6H 5.65 7.43 2.9 5.12 10.5 9 0.71
0.9D + 0.9H 3.18 7.43 1.63 5.12 10.5 9 0.71
Load Combination Heel

M-allow
Heel

V-applied
Heel

V-allow
Toe

M-applied
Toe

M-allow
Toe

V-applied
Toe

V-allow
 (ft·k/ft) (k/ft) (k/ft) (ft·k/ft) (ft·k/ft) (k/ft) (k/ft)
1.4D + 1.6H 2.5 1.88 4.8 1.04 7.66 0.71 7.88
1.4D + 0.9H 2.5 1.88 4.8 1.04 7.66 0.71 7.88
1.2D + 1.6H 2.5 1.61 4.8 0.9 7.66 0.61 7.88
1.2D + 0.9H 2.5 1.61 4.8 0.9 7.66 0.61 7.88
0.9D + 1.6H 2.5 1.21 4.8 0.67 7.66 0.45 7.88
0.9D + 0.9H 2.5 1.21 4.8 0.67 7.66 0.45 7.88

Strength Check Results Summary

Load Combination Sliding
Force

Resisting
Force

Sliding
F.S.

Sliding
F.S. Req'd

Sliding
F.S. Req'd Seis...

Bearing Pressure
Actual

Bearing Pressure
Allowable

aring Eccentricity
Actual

aring Eccentricity
Allowable

 (lb/in) (lb/in) (psf) (psf) (in) (in)
1.0D + 1.0H 284.5 167 0.587 1.500 1.500 1416 2000 3.48 6
1.0D + 0.6H 170.7 131.5 0.770 1.500 1.500 1416 2000 3.48 6
0.6D + 1.0H 284.5 135.7 0.477 1.500 1.500 849.3 2000 3.48 6
0.6D + 0.6H 170.7 100.2 0.587 1.500 1.500 849.3 2000 3.48 6

Stability Check Results Summary
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)

Backfill Pressure
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Equivalent Fluid Pressure
σh H γfluid   11.14 ft 55 lb ft³ /     612.8 psf =  =  = 

 Lateral Earth Pressure

σh H γfluid   9.83 ft 55 lb ft³ /     540.6 psf =  =  = 
 Lateral Earth Pressure (stem only)
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)

Passive Pressure
1.

33
 ft

γ = 100 lb/ft³
γEFP = 250 lb/ft³

332.5 psf

1.
33

 ft

18.43 lb/in

0.44 ft

Equivalent Fluid Pressure
σh H γfluid   1.33 ft 250 lb ft³ /     332.5 psf =  =  = 

 Lateral Earth Pressure

Wall/Soil Weights

37.48 lb/in

86.08 lb/in

95.51 lb/in

1.52 lb/in

3.21 lb/in
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)

Bearing Pressure

1416 psf

375.7 psf

223.8 lb/in

1.21 ft

e = 3.48 in

78.33 lb/in

F μ R   0.350 223.8 lb in /     78.33 lb in /  =  =  = 
 Friction

Bearing Pressure Calculation
Contributing Forces

Vert Force ...offset Horz Force ...offset OT Moment
Backfill Pressure -0 lb/in - 0 lb/in - -0 in·lb/ft
Footing Weight -37.48 lb/in 1.5 ft 0 lb/in - -8092.8 in·lb/ft
Stem Weight -86.08 lb/in 1.5 ft 0 lb/in - -18585.74 in·lb/ft
Backfill Weight -95.51 lb/in 2.42 ft 0 lb/in - -33225.41 in·lb/ft
Backfill Weight -1.52 lb/in 2.61 ft 0 lb/in - -570.48 in·lb/ft
Soil over toe Weight -3.21 lb/in 0.58 ft 0 lb/in - -269.19 in·lb/ft
Stem Base Shear -0 lb/in - -151.2 lb/in 1 ft 21773 in·lb/ft
Stem Base Moment 0 lb/in - 0 lb/in - 0 in·lb/ft

-223.81 lb/in -38970.78 in·lb/ft
38970.78 in·lb ft /  - 

223.81 lb in /  -    1.21 ft = 

Note:  Bearing resultant used for friction calcs is 223.8 lb/in - reduced per user options (for sliding check).
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)

Overturning Check
Check not performed; wall has lateral support.

Sliding Check
Check not performed; restrained against sliding.

Bearing Capacity Check
Bearing pressure < allowable (1416 psf < 2000 psf) - OK
Bearing resultant eccentricity < allowable (3.48 in < 6 in) - OK

Wall Top Displacement
Not calculated because this wall has a lateral restraint.

Stability Checks  [1.0D + 1.0H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)
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 00 1.33 2.67 4 5.33 6.67 8
Moment (ft·k/ft)

Offset (ft)

Moment

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0 in² in / 60000 psi 1.69 in 0 in 2 /  -       0 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 0 ft from base  [Negative bending]

a As fy 
0.85 F'c    0.03 in² in / 60000 psi 

0.85 2500 psi     0.73 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0.03 in² in / 60000 psi 5.69 in 0.73 in 2 /  -       7.43 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 0 ft from base  [Positive bending]

a As fy 
0.85 F'c    0.03 in² in / 60000 psi 

0.85 2500 psi     0.73 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0.03 in² in / 60000 psi 5.69 in 0.73 in 2 /  -       7.43 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 8.83 ft from base  [Positive bending]

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0 in² in / 60000 psi 1.69 in 0 in 2 /  -       0 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 10.33 ft from base  [Negative bending]

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0 in² in / 60000 psi 5.69 in 0 in 2 /  -       0 ft·k ft /  =  =  = 

 Capacity (ACI 318-14 11.5.2.2, »22.3, »22.2)    @ 10.33 ft from base  [Positive bending]

Stem Flexural Capacity
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)
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Shear (k/ft)

Offset (ft)

Shear

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 5.69 in       6.82 k ft /  =  =  = 
φVn φ Vc   0.750 6.82 k ft /     5.12 k ft /  =  =  = 

 Shear Capacity (ACI 318-14 11.5.5.1, 22.5.1.1, 22.5.5.1) @ 0 ft from base  [Positive shear]

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 5.69 in       6.82 k ft /  =  =  = 
φVn φ Vc   0.750 6.82 k ft /     5.12 k ft /  =  =  = 

 Shear Capacity (ACI 318-14 11.5.5.1, 22.5.1.1, 22.5.5.1) @ 0 ft from base  [Negative shear]

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 5.69 in       6.82 k ft /  =  =  = 
φVn φ Vc   0.750 6.82 k ft /     5.12 k ft /  =  =  = 

 Shear Capacity (ACI 318-14 11.5.5.1, 22.5.1.1, 22.5.5.1) @ 10.33 ft from base  [Positive shear]

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 5.69 in       6.82 k ft /  =  =  = 
φVn φ Vc   0.750 6.82 k ft /     5.12 k ft /  =  =  = 

 Shear Capacity (ACI 318-14 11.5.5.1, 22.5.1.1, 22.5.5.1) @ 10.33 ft from base  [Negative shear]

Stem Shear Capacity
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)

ψe  1.0          uncoated hooked bars  = 
ψc  0.70          based on side cover and extension cover  = 
ψr  1.0          no confining reinforcement  = 
λ  1.0          normal weight concrete  = 

ldh
fy ψe ψc ψr   
50 λ F'c  

db   60000 psi 1.0 0.70 1.0   
50 1.0 2500 psi  

 0.63 in     10.5 in =  =  = 

8 db   8 0.63 in     5.0    minimum limit, does not control  =  = 

 Main vertical stem bars  (bottom end)  -  Development Length Calculation (ACI 318-14 11.7.1.2, 25.4.2.3, 25.4.3)

ψt  1.0          bars are not horizontal  = 
ψe  1.0          bar not epoxy coated  = 
ψs  0.80          bars are #6 or smaller  = 
λ  1.0          normal weight concrete  = 
s 2  /  12 in 2  /  6 in =  = 
cover db 2  /  +  2 in 0.63 in 2  /  +  2.31 in =  = 
cb  2.31 in          lesser of half spacing, ctr to surface  = 
Ktr  0.0          no transverse reinforcement  = 
cb Ktr + 

db 
 2.31 in 0.0 +  

0.63 in    3.70 =  = 

ld
3.
40

fy
λ F'c 

ψt ψe ψs  
2.5  db   3.

40
60000 psi

1.0 2500 psi 
1.0 1.0 0.80  

2.5   0.63 in     18 in =  =  = 

 Main vertical stem bars  (top end)  -  Development Length Calculation (ACI 318-14 11.7.1.2, 25.4.2.3, 25.4.3)

Stem Development/Lap Length Calculations
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)

Note:  Design toe moment is not limited to stem moment because stem base is pinned
Mtoe  1.04 ft·k ft /  = 

 Controlling Moment

a As fy 
0.85 F'c    0.02 in² in / 60000 psi 

0.85 2500 psi     0.47 in =  =  = 

φMn φ As fy d a 2 /  -       0.90 0.02 in² in / 60000 psi 8.75 in 0.47 in 2 /  -       7.66 ft·k ft /  =  =  = 
φMn  7.66 ft·k ft    ≥    Mu  /  1.04 ft·k ft /  =  = 

 Flexure Check (ACI 318-14 13.3.2.1, 7.5.2.1, »22.3, »22.2, 7.5.1.1a)

λ  1.0          normal weight concrete  = 

Vc 2 λ F'c d     2 1.0 2500 psi 8.75 in       10.5 k ft /  =  =  = 
φVn φ Vc   0.750 10.5 k ft /     7.88 k ft /  =  =  = 
φVn  7.88 k ft    ≥    Vu  /  0.71 k ft /  =  = 

 Shear Check (ACI 318-14 13.3.2.1, 7.5.3.1, »22.5.1, »22.5.5, 7.5.1.1b)

β1  0.850          F'c ≤ 4000 psi  = 

a As fy 
0.85 F'c    0.02 in² in / 60000 psi 

0.85 2500 psi     0.47 in =  =  = 

εt 0.003 d
a β1 / 1 -     0.003 8.75 in

0.47 in 0.850 / 1 -     0.0444 =  =  = 

εt  0.0444    ≥    0.004 = 

 Minimum Strain Check (ACI 318-14 13.3.2.1, 7.3.3.1)

φMn  7.66 ft·k ft    ≥    4 3 /  Mu   /  4 3 /  1.04 ft·k ft /     1.39 ft·k ft /  =  =  = 
Check is waived per ACI 9.6.1.3 

 Minimum Steel Check (ACI 318-14 13.3.2.1, 9.6.1)

ρST_prov
AST
t sST    0.2 in² in / 

12 in 9 in     0.0019 =  =  = 

ρST_prov
AST
t sST    0.2 in² in / 

12 in 9 in     0.0019 =  =  = 

0.0018 60000 
fy

   0.0018 60000 
60000 psi     0.0018 =  = 

ρST_min  0.0018 = 
ρST_prov  0.0019    ≥    ρST_min  0.0018 =  = 
18 inch limit governs
sST_max  18 in = 
sST  9 in    ≤    sST_max  18 in =  = 

 Shrinkage and Temperature Steel (ACI 318-14 13.2.8.1, 7.6.4.1, 24.4.3.2, 24.4.3.3)

Mu
φMn

   1.04 ft·k ft / 
7.66 ft·k ft /     0.1363          ratio to represent excess reinforcement  =  = 

ψt  1.0          12 inches or less cast below  3.00 inches -   = 
ψe  1.0          bar not epoxy coated  = 
ψs  0.80          bars are #6 or smaller  = 
λ  1.0          normal weight concrete  = 
s 2  /  12 in 2  /  6 in =  = 
cover db 2  /  +  3 in 0.5 in 2  /  +  3.25 in =  = 
cb  3.25 in          lesser of half spacing, ctr to surface  = 
Ktr  0.0          no transverse reinforcement  = 
cb Ktr + 

db 
 3.25 in 0.0 +  

0.5 in    6.50 =  = 

ld
3.
40

fy
λ F'c 

ψt ψe ψs  
2.5  db   3.

40
60000 psi

1.0 2500 psi 
1.0 1.0 0.80  

2.5   0.5 in     14.4 in =  =  = 

Factoring ld by the excess reinforcement ratio 0.1363  per 25.4.10:  ld    1.96 in = 
12 inch minimum controls
ld_prov  18.99 in    ≥    ld  12 in =  = 

 Development Check (ACI 318-14 13.2.8.1, 25.4.2.3, 25.4.10)

Toe Unfactored Loads

12
 in #4 @ 12 in

Unfactored Loads

150 psf (Self-wt)
33-33 psf (Soil)

1416 psf 1011 psf

Toe Factored Loads

12
 in #4 @ 12 in

1.4D + 1.6H

210 psf (Self-wt)
46.2-46.2 psf (Soil)

1982 psf 1416 psf
1982 psf

1416 psf

1.68 k/ft

Toe Checks  [1.4D + 1.6H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)

Note:  Design heel moment is not limited to stem moment because stem base is pinned
Mheel  1.1 ft·k ft /  = 

 Controlling Moment

λ  1.0          normal weight concrete  = 
Unreinforced, use plain concrete provisions:  ACI 14.5.5
Note:  Effective thickness reduced by 2 inches for concrete cast on soil ACI 22.4.8 

Vn
4
3 λ F'c h     4

3 1.0 2500 psi 10 in       8 k ft /  =  =  = 

φVn φ Vn   0.60 8 k ft /     4.8 k ft /  =  =  = 
φVn  4.8 k ft    ≥    Vu  /  1.88 k ft /  =  = 

 Shear Check (ACI 318-14 13.3.2.1, 7.5.3.1, »22.5.1, »22.5.5, 7.5.1.1b)

Unreinforced, use plain concrete provisions:  ACI 14.5.2
Note:  Effective thickness reduced by 2 inches for concrete cast on soil ACI 22.4.8 

Mn 5 λ F'c Sm     5 1.0 2500 psi 200 in³ ft /       4.17 ft·k ft          as limited by tension  /  =  =  = 
Mn 0.85 F'c Sm    0.85 2500 psi 200 in³ ft /      35.42 ft·k ft          as limited by compression  /  =  =  = 
Tension controls
φMn φ Mn   0.60 4.17 ft·k ft /     2.5 ft·k ft /  =  =  = 
φMn  2.5 ft·k ft    ≥    Mu  /  1.1 ft·k ft /  =  = 

 Flexure Check (ACI 318-14 13.3.2.1, 7.5.2.1, »22.3, »22.2, 7.5.1.1a)

Heel Unfactored Loads
12 in

Unfactored Loads

150 psf (Concrete self-wt)
983 psf (Soil weight)
0-31.24 psf (Soil weight)

 (neglect bearing pressure)

Heel Factored Loads

12 in

1.4D + 1.6H

210 psf (Concrete self-wt)
1376 psf (Soil weight)
0-43.74 psf (Soil weight)

 (neglect bearing pressure)
1.88 k/ft

Heel Checks  [1.4D + 1.6H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)

Stem Internal Forces

-865.04 psf

1.35 k/ft

2.9 k/ft

-0 ft·k/ft

Stem Internal Forces

 10.33

 9.04

 7.75

 6.46

 5.17

 3.87

 2.58

 1.29

 00 1.5 3 4.5 6
Moment (ft·k/ft)

Moment

Stem Internal Forces

 10.33

 9.04

 7.75

 6.46

 5.17

 3.87

 2.58

 1.29

 0-2 -0.75 0.5 1.75 3
Shear (k/ft)

Shear

Stem Joint Force Transfer
Location Force
@ stem base 2.9 k/ft

Stem Internal Forces

-865.04 psf

Stem Forces  [1.4D + 1.6H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)

 10.33

 9.3

 8.26

 7.23

 6.2

 5.17

 4.13

 3.1

 2.07

 1.03

 00 1.33 2.67 4 5.33 6.67 8
Moment (ft·k/ft)

Offset (ft)

Moment

φMn  7.43 ft·k ft    ≥    Mu  /  5.65 ft·k ft /  =  = 
 Check (ACI 318-14 11.5.5.1b)    @ 4.28 ft from base  [Positive bending]

φMn  7.43 ft·k ft    ≥    Mu  /  1.96 ft·k ft /  =  = 
 Check (ACI 318-14 11.5.5.1b)    @ 8.83 ft from base  [Positive bending]

φMn  7.23 ft·k ft    ≥    Mu  /  1.96 ft·k ft /  =  = 
 

 Check (ACI 318-14 11.5.5.1b)    @ 8.87 ft from base  [Positive bending]

Stem Moment Checks  [1.4D + 1.6H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)

 10.33

 9.3

 8.26

 7.23

 6.2

 5.17

 4.13

 3.1

 2.07

 1.03

 0-6 -4 -2 0 2 4 6
Shear (k/ft)

Offset (ft)

Shear

φVn  5.12 k ft    ≥    Vu  /  2.9 k ft /  =  = 
 Shear Check (ACI 318-14 11.5.5.1c) @ 0 ft from base  [Positive shear]

φVn  5.12 k ft    ≥    Vu  /  1.35 k ft /  =  = 
 

 Shear Check (ACI 318-14 11.5.5.1c) @ 9.91 ft from base  [Negative shear]

Stem Shear Checks  [1.4D + 1.6H]
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BENJAMIN THOMAS, P.E.
5IVE ENGINEERING

16032 (Burton Solitude Spec Home - Think)

φMn  0 ft·k ft    ≥    4 3 /  Mu   /  4 3 /  0 ft·k ft /     0 ft·k ft /  =  =  = 
Check is waived per ACI 9.6.1.3 

 Minimum Steel Check (ACI 318-14 9.6.1) @ 0 ft from base  [Stem in negative flexure]

φMn  0 ft·k ft    ≥    4 3 /  Mu   /  4 3 /  0 ft·k ft /     0 ft·k ft /  =  =  = 
Check is waived per ACI 9.6.1.3 

 Minimum Steel Check (ACI 318-14 9.6.1) @ 10.33 ft from base  [Stem in negative flexure]

β1  0.850          F'c ≤ 4000 psi  = 

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

εt 0.003 d
a β1 / 1 -     0.003 1.69 in

0 in 0.850 / 1 -     INF =  =  = 

εt  INF    ≥    0.004 = 

 Maximum Steel Check (ACI 318-14 9.3.3.1) @ 0 ft from base  [Stem in negative flexure]

β1  0.850          F'c ≤ 4000 psi  = 

a As fy 
0.85 F'c    0 in² in / 60000 psi 

0.85 2500 psi     0 in =  =  = 

εt 0.003 d
a β1 / 1 -     0.003 1.69 in

0 in 0.850 / 1 -     INF =  =  = 

εt  INF    ≥    0.004 = 

 Maximum Steel Check (ACI 318-14 9.3.3.1) @ 10.33 ft from base  [Stem in negative flexure]

ρt
As_horz shorz / 

t    0.31 in² 12 in / 
8 in     0.0032 =  =  = 

ρt_min  0.0020          bars No. 5 or less, not less than 60 ksi  = 
ρt  0.0032    ≥    ρt_min  0.0020 =  = 
3 h   3 8 in     24 in =  = 
18 inch limit governs
shorz  12 in    ≤    shorz_max  18 in =  = 

 Wall Horizontal Steel (ACI 318-14 11.6.1, 11.7.3)

Mu
φMn

   0 ft·k ft / 
0 ft·k ft /     INF          ratio to represent excess reinforcement  =  = 

ψe  1.0          uncoated hooked bars  = 
ψc  0.70          based on side cover and extension cover  = 
ψr  1.0          no confining reinforcement  = 
λ  1.0          normal weight concrete  = 

ldh
fy ψe ψc ψr   
50 λ F'c  

db   60000 psi 1.0 0.70 1.0   
50 1.0 2500 psi  

 0.63 in     10.5 in =  =  = 

8 db   8 0.63 in     5.0    minimum limit, does not control  =  = 
ldh_prov  9 in    <    ldh  10.5 in =  = 

 Development Check (ACI 318-14 11.7.1.2, 25.4.2.3, 25.4.10)

Stem Miscellaneous Checks  [1.4D + 1.6H]
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Psf

Mark
FS20
FS26
FS30
FS36
FS40
FS46
FS50
FS56
FS60
FS66
FS70
FS76
FS80 12

7.5 7.5 1 4 84.38 12
8 8 1 4 96.00

11
6.5 6.5 1 4 63.38 10
7 7 1 4 73.50

9
5.5 5.5 1 4 45.38 9
6 6 1 4 54.00

8
4.5 4.5 1 4 30.38 7
5 5 1 4 37.50

6
3.5 3.5 1 4 18.38 6
4 4 1 4 24.00

5
2.5 2.5 1 4 9.38 4
3 3 1 4 13.50

Isolated Footing Design
Based on ASCE 7-10 & IBC 2015

3

Allowable Soil Bearing = 1500

Width Length Depth Bar Size Axial # of Bars
2 2 1 4 6.00
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