
STRUCTURAL CALCULATIONS

675 East 500 South, Suite 400 – Salt Lake City, Utah 84102 – 801.486.3883 – www.reaveley.com

Prepared For:
R & A

4200 Sepulveda Boulevard, Suite 100
Culver City, CA 90230

P: 310-730-6698

Prepared By:
Craig Wilkinson, SE

Clayton Burningham, PE

2017.080
Summit Powder Mountain

SPM - PARCEL 4 BLDG
Footings and Foundations Permit

06/27/2017

www.reaveley.com


CALCULATIONS INDEX

675 East 500 South, Suite 400 – Salt Lake City, Utah 84102 – 801.486.3883 – www.reaveley.com

01 - DESIGN CRITERIA.........................................................................................................DC - 1 to 16

02 - GRAVITY LOADS............................................................................................................GL - 1 to 16

03 - GRAVITY FRAMING.......................................................................................................GF - 1 to 26

04 - LATERAL LOADS, DRIFT, AND IRREGULARITIES...............................................................LAT - 1 to 30

05 - LATERAL FORCE RESISTING SYSTEM............................................................................LFRS - 1 to 17

06 - FOOTINGS, PIERS, AND FOUNDATION WALLS..........................................................FTG - 1 to 110

www.reaveley.com


01
DESIGN CRITERIA
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Elevation: 8615'
Latitude: 41.36283°N
Longitude: 111.74423°W
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General Criteria

RAM Manager 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC

BUILDING CODE FOR LIVE LOAD REDUCTION: IBC
Live Load Reduction Method: General

ROOF LOADS:
Consider Snow Loads, Ignore Roof Live Loads

DETERMINING NUMBER OF STORIES FOR LIVE LOAD REDUCTION:
Include Roof Levels: No

Include Unreducible Levels: Yes

Include Storage Levels: Yes

SELF-WEIGHT:
Automatically calculate and include Self-Weight for Member Dead Loads:

Beams: Yes

Columns: Yes

Walls: Yes

Slabs / Decks: Yes

Automatically calculate and include Self-Weight for Story Masses:

Beams: Yes

Columns: Yes

Include half mass of columns above and below

Walls: Yes

Include half mass of walls above and below

Slabs / Decks: Yes
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GRAVITY LOADS



SURFACE LOADS
2017.080 Powder Mountain Parcel 4

ROOF AND FLOOR LOADING

NUMBER 01 02 03 04 05 06 07 08 09 10 11 12 13 14

LABEL TYP FLOOR EVENT SPACE
EXIT AND 

CORRIDOR
GYMNASIUM TERRACE

TERRACE OVER 

MECH
TYP ROOF

UNHEATED 

TERRACE
CONC ROOF

TYP FLOOR 

OVER MECH
DEAD LOADS

METAL DECK 2.7 2.7 2.7 2.7 2.7 2.7 2.9 0 2.7 2.7 0 0 0 0

CONCRETE TOPPING 56.3 56.3 56.3 56.3 56.3 56.3 0 100 56.3 56.3 0 0 0 0

PURLINS 3 3 3 3 3 3 3 3 3 3 0 0 0 0

GIRDERS 2 2 2 2 2 2 2 2 2 2 0 0 0 0

COLUMNS 4 4 4 4 4 4 4 4 4 4 0 0 0 0

MOMENT FRAMES 0 0 0 0 0 0 0 0 5 0 0 0 0 0

DEFL CONC WEIGHT 5 5 5 5 5 5 5 5 5 5 0 0 0 0

HOUSEKEEPING PADS 0 0 0 0 0 0 0 0 0 0 0 0 0 0

FIREPROOFING 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ROOFING 0 0 0 0 55.3 55.3 5.25 55.3 55.3 0 0 0 0 0

FLOORING 3 3 3 3 0 0 0 0 0 3 0 0 0 0

CEILING BELOW 4 4 4 4 4 0 4 0 4 4 0 0 0 0

OWSJ 0 0 0 0 0 0 3.6 0 0 0 0 0 0 0

MECHANICAL 3 3 3 27 3 27 3 0 3 27 0 0 0 0

SPRINKLERS 2 2 2 2 2 2 2 0 2 2 0 0 0 0

LANDSCAPE 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MISCELLANEOUS 3 3 3 3 3.2 3.2 2.7 3.2 3.2 4 0 0 0 0

TOTAL DL 88.0 88.0 88.0 112.0 140.5 160.5 37.4 172.5 145.5 113.0 0.0 0.0 0.0 0.0

SUPERIMPOSED (RSS) 20.0 20.0 20.0 44.0 72.5 92.5 25.5 63.5 72.5 45.0 0.0 0.0 0.0 0.0

CONST (RSS) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 0.0 0.0 0.0 0.0

LIVE LOAD 100 100 100 100 100 100 20 100 20 20 0 0 0 0

REDUCIBLE REDUCIBLE UNREDUCIBLE REDUCIBLE UNREDUCIBLE ROOF ROOF ROOF ROOF ROOF REDUCIBLE REDUCIBLE REDUCIBLE REDUCIBLE REDUCIBLE

PARTITION LOADS 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CONST LIVE (RSS) 20 20 20 20 20 20 20 20 20 20 0 0 0 0

SEISMIC MASS

METAL DECK 2.7 2.7 2.7 2.7 2.7 2.7 2.9 0 2.7 2.7 0 0 0 0

CONCRETE TOPPING 56.3 56.3 56.3 56.3 56.3 56.3 0 0 0 56.3 0 0 0 0

JOISTS 3 3 3 3 3 3 3 3 3 3 0 0 0 0

GIRDERS 2 2 2 2 2 2 2 2 2 2 0 0 0 0

COLUMNS 4 4 4 4 4 4 4 4 4 4 0 0 0 0

MOMENT FRAMES 0 0 0 0 0 0 0 0 5 0 0 0 0 0

DEFL CONC WEIGHT 5 5 5 5 5 5 5 5 5 5 0 0 0 0

HOUSEKEEPING PADS 0 0 0 0 0 0 0 0 0 0 0 0 0 0

FIREPROOFING 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ROOFING 0 0 0 0 55.3 55.3 5.25 55.3 55.3 0 0 0 0 0

FLOORING 3 3 3 3 0 0 0 0 0 3 0 0 0 0

CEILING 4 4 4 4 4 0 4 0 4 4 0 0 0 0

SOFFIT 0 0 0 0 0 0 3.6 0 0 0 0 0 0 0

MECHANICAL 3 3 3 27 3 27 3 0 3 27 0 0 0 0

SPRINKLERS 2 2 2 2 2 2 2 0 2 2 0 0 0 0

LANDSCAPE 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MISCELLANEOUS 3 3 3 3 3.2 3.2 2.7 3.2 3.2 4 0 0 0 0

LIVE 0 0 0 0.0 0 0 0 0 0 0 0 0 0 0

PARTITIONS 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SNOW 0 0 0 0 53.4 53.4 53.4 64.1 53.4 0 0 0 0 0

TOTAL SEISM MASS 88 88 88 112.0 193.8 213.8 90.8 136.5 142.5 113.0 0.0 0.0 0.0 0

SEISMIC MASS (RSS) 20 20 20 44.0 125.8 145.8 78.9 127.5 125.8 45.0 0.0 0.0 0.0 0
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LINE LOAD SUMMARY
2017.080 Powder Mountain Parcel 4

CLADDING LOADS

CURRENT CLADDING SCHEME

DESIGN WEIGHTS

CLADDING 20 psf

WINDOWS 15 psf

GRAVITY

MAX OF 1 FLOOR ANY CLADDING OR 2 STORIES OF CURTAIN WALL

LATERAL

ONE FLOOR OF TRIBUTARY HEIGHT

TRIB 

HEIGHT
CLADDING CURTAINWALL BRICK WINDOWS

20 psf 15 psf 55 psf 15 psf

1 ft 0.020 klf 0.015 klf 0.055 klf 0.015 klf

2 ft 0.040 klf 0.030 klf 0.110 klf 0.030 klf

3 ft 0.060 klf 0.045 klf 0.165 klf 0.045 klf

4 ft 0.080 klf 0.060 klf 0.220 klf 0.060 klf

5 ft 0.100 klf 0.075 klf 0.275 klf 0.075 klf

6 ft 0.120 klf 0.090 klf 0.330 klf 0.090 klf

7 ft 0.140 klf 0.105 klf 0.385 klf 0.105 klf

8 ft 0.160 klf 0.120 klf 0.440 klf 0.120 klf

9 ft 0.180 klf 0.135 klf 0.495 klf 0.135 klf

10 ft 0.200 klf 0.150 klf 0.550 klf 0.150 klf

11 ft 0.220 klf 0.165 klf 0.605 klf 0.165 klf

12 ft 0.240 klf 0.180 klf 0.660 klf 0.180 klf

13 ft 0.260 klf 0.195 klf 0.715 klf 0.195 klf

14 ft 0.280 klf 0.210 klf 0.770 klf 0.210 klf

15 ft 0.300 klf 0.225 klf 0.825 klf 0.225 klf

16 ft 0.320 klf 0.240 klf 0.880 klf 0.240 klf

17 ft 0.340 klf 0.255 klf 0.935 klf 0.255 klf

18 ft 0.360 klf 0.270 klf 0.990 klf 0.270 klf

19 ft 0.380 klf 0.285 klf 1.045 klf 0.285 klf

20 ft 0.400 klf 0.300 klf 1.100 klf 0.300 klf

21 ft 0.420 klf 0.315 klf 1.155 klf 0.315 klf

22 ft 0.440 klf 0.330 klf 1.210 klf 0.330 klf

23 ft 0.460 klf 0.345 klf 1.265 klf 0.345 klf

24 ft 0.480 klf 0.360 klf 1.320 klf 0.360 klf

25 ft 0.500 klf 0.375 klf 1.375 klf 0.375 klf

26 ft 0.520 klf 0.390 klf 1.430 klf 0.390 klf

27 ft 0.540 klf 0.405 klf 1.485 klf 0.405 klf

28 ft 0.560 klf 0.420 klf 1.540 klf 0.420 klf

29 ft 0.580 klf 0.435 klf 1.595 klf 0.435 klf

30 ft 0.600 klf 0.450 klf 1.650 klf 0.450 klf

31 ft 0.620 klf 0.465 klf 1.705 klf 0.465 klf

32 ft 0.640 klf 0.480 klf 1.760 klf 0.480 klf

LINE LOADS

Cheek walls @ south terrace stairs

terrace_stair_cheek 1.125 klf

blw_sm_barn_west 1.5 klf

GL - 2 of 16
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R&A:  IF THIS SHEET IS NOT 30"x 42". IT IS A REDUCED PRINT

SHEET TITLE

THE ABOVE DRAWINGS, SPECIFICATIONS AND 
DESIGNS ARE THE PROPERTY OF R&A. NO PART 
THEREOF SHALL BE COPIED OR USED WITH ANY 
OTHER WORK  OTHER THAN THE SPECIFIC 
PROJECT FOR WHICH THEY HAVE BEEN 
DEVELOPED WITHOUT THE WRITTEN CONSENT 
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LEGEND

SD-31

SD-13a

SD-22

SD-14

72'-9 1/2"

184 PSF FLAT ROOF

FLAT SNOW LOAD
(SEE ATTACHED CALCULATIONS)

#

#

SLIDING SNOW LOAD
(SEE ATTACHED CALCULATIONS)

CURVED ROOF SNOW LOAD
(SEE ATTACHED CALCULATIONS)

DRIFT SNOW LOAD
(SEE ATTACHED CALCULATIONS)

#

#

221 PSF
FLAT ROOF

221 PSF
FLAT ROOF

184 PSF
FLAT ROOF

184 PSF
FLAT ROOF

184 PSF
FLAT ROOF

184 PSF
FLAT ROOF

184 PSF
FLAT ROOF

221 PSF
FLAT ROOF

221 PSF
FLAT ROOF

184 PSF
FLAT ROOF

184 PSF FLAT ROOF

135.66 ft

26.91 ft

SD-1

SD-2

SD-1

SD-2

47
.9

1 
ft

8.
60

 ft

SD-3

6.00 ft

27.01 ft

7.92 ft

12.59 ft

SD-4

59.77 ft
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SD-6

11.74 ft

SD-7
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.8
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ft

SD-8

SD-8
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.3

8 
ft

SD-5

99.31 ft

22.29 ft
SD-9

SD-9
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S1 S1

S2
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SNOW DRIFT SUMMARY
2017.080 Powder Mountain Parcel 4

Roof Step Conditions

a Mark a (ft) h (ft) c (ft) Drift (psf) Drift (psf) Length (ft)

SD-1 136 42.3 27 409 206 27

c SD-2 136 42.3 27 445 243 27

SD-1 136 20.5 27 409 206 27

SD-2 136 20.5 27 445 243 27

SD-3 48 25.8 9 366 302 8.6

SD-4 27 14.8 6 333 288 6

SD-5 60 14.8 8 344 284 8

SD-6 27 24.7 13 296 199 13

SD-7 136 21.8 11.75 409 320 11.8

SD-8 48 21.8 42 329 184 19.4

SD-9 99 8.0 22.3 240 184 14.9

Parapet

Mark h (ft) L (ft) Drift (psf) Length (ft)

L SD-9 8.0 22 240 13.9

Projection

b Mark L1 (ft) h (ft) b (ft) L2 (ft) Drift (psf) Length (ft)

L1 L2

South of big barn

South terrace stair

Note

h

h

h

Note

Pool terrace drift at big barn

Pool terrace drift at big barn; Unheated

Pool terrace drift at upper terrace

Pool terrace drift at upper terrace; Unheated

Top of north stair; Unheated

North of little barn; Unheated

Note

South terrace stair-alternate

G:\Projects\2017\2017-080 Powder Mountain Parcel 4\02 - Calculations\02 - Gravity Loads\Snow Load Summary - Powder Mountain P4 - v3.xlsx
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Calculation Sheet #________

SNOW LOADING
ASCE 7-10 Chapter 7

Project Name 2017.080 Powder Mountain Parcel 4 Engineer CAB

Location SD-1 Date

General Input Information

Structure Importance Type: II - All Other Structures - Table 1.5-1

Roof Exposure: Partially Exposed --- Table 7-2

Terrain Category: Terrain Category C --- Section 26.7

Structure Thermal Properties: All Other Structures --- Table 7-3

Load Type: Utah Snow Load Study

General Output Information

Building Section 14

Ground Snow Load (pg) 263 psf Snow Load Study 136 ft

Exposure Factor (Ce ) 1.00 Table 7-2

Thermal Factor (Ct ) 1.00 Table 7-3

Importance Factor (Is ) 1.00 Table 1.5-2 42.3 ft

Flat Roof Snow Load (pf ) 184 psf Equation 7.3-1

Snow Density (g) 30.0 pcf Equation 7-4 27 ft

Leeward Drifting  

Step Height (hc) 36.2 ft

Flat Roof Snow Depth (hb) 6.1 ft 409 psf Wind Direction

Roof Length (lu) 136 ft

Drift Height (hd) 7.5 ft 225 psf 7.5 ft

Drift Load (pd) 225 psf 206 psf

Drift Length (w) 29.9 ft 184 psf 6.1 ft

27.0 ft

Leeward Drifting Controls Design

Windward Drifting  

Step Height (hc) 36.2 ft

Flat Roof Snow Depth (hb) 6.1 ft 268 psf Wind Direction

Roof Length (lu) 27 ft

Drift Height (hd) 2.8 ft 84 psf 2.8 ft

Drift Load (pd) 84 psf 184 psf

Drift Length (w) 11.2 ft 184 psf 6.1 ft

11.2 ft

 

1

2017-06-17

(c) Copyright Reaveley Engineers Associates, Inc.

Author: J. Ambrose

Software Version:  1.10
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Calculation Sheet #________

SNOW LOADING
ASCE 7-10 Chapter 7

Project Name 2017.080 Powder Mountain Parcel 4 Engineer CAB

Location SD-2 Date

General Input Information

Structure Importance Type: II - All Other Structures - Table 1.5-1

Roof Exposure: Partially Exposed --- Table 7-2

Terrain Category: Terrain Category C --- Section 26.7

Structure Thermal Properties: Unheated and Open-Air Structures --- Table 7-3

Load Type: Utah Snow Load Study

General Output Information

Building Section 14

Ground Snow Load (pg) 263 psf Snow Load Study 136 ft

Exposure Factor (Ce ) 1.00 Table 7-2

Thermal Factor (Ct ) 1.20 Table 7-3

Importance Factor (Is ) 1.00 Table 1.5-2 42.3 ft

Flat Roof Snow Load (pf ) 221 psf Equation 7.3-1

Snow Density (g) 30.0 pcf Equation 7-4 27 ft

Leeward Drifting  

Step Height (hc) 34.9 ft

Flat Roof Snow Depth (hb) 7.4 ft 445 psf Wind Direction

Roof Length (lu) 136 ft

Drift Height (hd) 7.5 ft 225 psf 7.5 ft

Drift Load (pd) 225 psf 243 psf

Drift Length (w) 29.9 ft 221 psf 7.4 ft

27.0 ft

Leeward Drifting Controls Design

Windward Drifting  

Step Height (hc) 34.9 ft

Flat Roof Snow Depth (hb) 7.4 ft 305 psf Wind Direction

Roof Length (lu) 27 ft

Drift Height (hd) 2.8 ft 84 psf 2.8 ft

Drift Load (pd) 84 psf 221 psf

Drift Length (w) 11.2 ft 221 psf 7.4 ft

11.2 ft

 

1

2017-06-17

(c) Copyright Reaveley Engineers Associates, Inc.

Author: J. Ambrose

Software Version:  1.10
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Calculation Sheet #________

SNOW LOADING
ASCE 7-10 Chapter 7

Project Name 2017.080 Powder Mountain Parcel 4 Engineer CAB

Location SD-3 Date

General Input Information

Structure Importance Type: II - All Other Structures - Table 1.5-1

Roof Exposure: Partially Exposed --- Table 7-2

Terrain Category: Terrain Category C --- Section 26.7

Structure Thermal Properties: Unheated and Open-Air Structures --- Table 7-3

Load Type: Utah Snow Load Study

General Output Information

Building Section 14

Ground Snow Load (pg) 263 psf Snow Load Study 48 ft

Exposure Factor (Ce ) 1.00 Table 7-2

Thermal Factor (Ct ) 1.20 Table 7-3

Importance Factor (Is ) 1.00 Table 1.5-2 25.8 ft

Flat Roof Snow Load (pf ) 221 psf Equation 7.3-1

Snow Density (g) 30.0 pcf Equation 7-4 9 ft

Leeward Drifting  

Step Height (hc) 18.4 ft

Flat Roof Snow Depth (hb) 7.4 ft 366 psf Wind Direction

Roof Length (lu) 48 ft

Drift Height (hd) 4.9 ft 146 psf 4.9 ft

Drift Load (pd) 146 psf 299 psf

Drift Length (w) 19.4 ft 221 psf 7.4 ft

9.0 ft

Leeward Drifting Controls Design

Windward Drifting 20 ft Length Governs lu (Figure 7-9)

Step Height (hc) 18.4 ft

Flat Roof Snow Depth (hb) 7.4 ft 294 psf Wind Direction

Roof Length (lu) 20 ft

Drift Height (hd) 2.4 ft 73 psf 2.4 ft

Drift Load (pd) 73 psf 226 psf

Drift Length (w) 9.7 ft 221 psf 7.4 ft

9.0 ft

 

1

2017-06-17

(c) Copyright Reaveley Engineers Associates, Inc.

Author: J. Ambrose

Software Version:  1.10
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Calculation Sheet #________

SNOW LOADING
ASCE 7-10 Chapter 7

Project Name 2017.080 Powder Mountain Parcel 4 Engineer CAB

Location SD-4 Date

General Input Information

Structure Importance Type: II - All Other Structures - Table 1.5-1

Roof Exposure: Partially Exposed --- Table 7-2

Terrain Category: Terrain Category C --- Section 26.7

Structure Thermal Properties: Unheated and Open-Air Structures --- Table 7-3

Load Type: Utah Snow Load Study

General Output Information

Building Section 14

Ground Snow Load (pg) 263 psf Snow Load Study 27 ft

Exposure Factor (Ce ) 1.00 Table 7-2

Thermal Factor (Ct ) 1.20 Table 7-3

Importance Factor (Is ) 1.00 Table 1.5-2 14.8 ft

Flat Roof Snow Load (pf ) 221 psf Equation 7.3-1

Snow Density (g) 30.0 pcf Equation 7-4 6 ft

Leeward Drifting  

Step Height (hc) 7.4 ft

Flat Roof Snow Depth (hb) 7.4 ft 333 psf Wind Direction

Roof Length (lu) 27 ft

Drift Height (hd) 3.7 ft 112 psf 3.7 ft

Drift Load (pd) 112 psf 288 psf

Drift Length (w) 15.0 ft 221 psf 7.4 ft

6.0 ft

Leeward Drifting Controls Design

Windward Drifting 20 ft Length Governs lu (Figure 7-9)

Step Height (hc) 7.4 ft

Flat Roof Snow Depth (hb) 7.4 ft 294 psf Wind Direction

Roof Length (lu) 20 ft

Drift Height (hd) 2.4 ft 73 psf 2.4 ft

Drift Load (pd) 73 psf 249 psf

Drift Length (w) 9.7 ft 221 psf 7.4 ft

6.0 ft

 

1

2017-06-17

(c) Copyright Reaveley Engineers Associates, Inc.

Author: J. Ambrose

Software Version:  1.10
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Calculation Sheet #________

SNOW LOADING
ASCE 7-10 Chapter 7

Project Name 2017.080 Powder Mountain Parcel 4 Engineer CAB

Location SD-5 Date

General Input Information

Structure Importance Type: II - All Other Structures - Table 1.5-1

Roof Exposure: Partially Exposed --- Table 7-2

Terrain Category: Terrain Category C --- Section 26.7

Structure Thermal Properties: All Other Structures --- Table 7-3

Load Type: Utah Snow Load Study

General Output Information

Building Section 14

Ground Snow Load (pg) 263 psf Snow Load Study 60 ft

Exposure Factor (Ce ) 1.00 Table 7-2

Thermal Factor (Ct ) 1.00 Table 7-3

Importance Factor (Is ) 1.00 Table 1.5-2 14.8 ft

Flat Roof Snow Load (pf ) 184 psf Equation 7.3-1

Snow Density (g) 30.0 pcf Equation 7-4 8 ft

Leeward Drifting  

Step Height (hc) 8.7 ft

Flat Roof Snow Depth (hb) 6.1 ft 344 psf Wind Direction

Roof Length (lu) 60 ft

Drift Height (hd) 5.3 ft 160 psf 5.3 ft

Drift Load (pd) 160 psf 284 psf

Drift Length (w) 21.4 ft 184 psf 6.1 ft

8.0 ft

Leeward Drifting Controls Design

Windward Drifting 20 ft Length Governs lu (Figure 7-9)

Step Height (hc) 8.7 ft

Flat Roof Snow Depth (hb) 6.1 ft 257 psf Wind Direction

Roof Length (lu) 20 ft

Drift Height (hd) 2.4 ft 73 psf 2.4 ft

Drift Load (pd) 73 psf 197 psf

Drift Length (w) 9.7 ft 184 psf 6.1 ft

8.0 ft

 

1

2017-06-17

(c) Copyright Reaveley Engineers Associates, Inc.

Author: J. Ambrose

Software Version:  1.10
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Calculation Sheet #________

SNOW LOADING
ASCE 7-10 Chapter 7

Project Name 2017.080 Powder Mountain Parcel 4 Engineer CAB

Location SD-6 Date

General Input Information

Structure Importance Type: II - All Other Structures - Table 1.5-1

Roof Exposure: Partially Exposed --- Table 7-2

Terrain Category: Terrain Category C --- Section 26.7

Structure Thermal Properties: All Other Structures --- Table 7-3

Load Type: Utah Snow Load Study

General Output Information

Building Section 14

Ground Snow Load (pg) 263 psf Snow Load Study 27 ft

Exposure Factor (Ce ) 1.00 Table 7-2

Thermal Factor (Ct ) 1.00 Table 7-3

Importance Factor (Is ) 1.00 Table 1.5-2 24.7 ft

Flat Roof Snow Load (pf ) 184 psf Equation 7.3-1

Snow Density (g) 30.0 pcf Equation 7-4 13 ft

Leeward Drifting  

Step Height (hc) 18.6 ft

Flat Roof Snow Depth (hb) 6.1 ft 296 psf Wind Direction

Roof Length (lu) 27 ft

Drift Height (hd) 3.7 ft 112 psf 3.7 ft

Drift Load (pd) 112 psf 199 psf

Drift Length (w) 15.0 ft 184 psf 6.1 ft

13.0 ft

Leeward Drifting Controls Design

Windward Drifting 20 ft Length Governs lu (Figure 7-9)

Step Height (hc) 18.6 ft

Flat Roof Snow Depth (hb) 6.1 ft 257 psf Wind Direction

Roof Length (lu) 20 ft

Drift Height (hd) 2.4 ft 73 psf 2.4 ft

Drift Load (pd) 73 psf 184 psf

Drift Length (w) 9.7 ft 184 psf 6.1 ft

9.7 ft

 

1

2017-06-17

(c) Copyright Reaveley Engineers Associates, Inc.

Author: J. Ambrose

Software Version:  1.10
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Calculation Sheet #________

SNOW LOADING
ASCE 7-10 Chapter 7

Project Name 2017.080 Powder Mountain Parcel 4 Engineer CAB

Location SD-7 Date

General Input Information

Structure Importance Type: II - All Other Structures - Table 1.5-1

Roof Exposure: Partially Exposed --- Table 7-2

Terrain Category: Terrain Category C --- Section 26.7

Structure Thermal Properties: All Other Structures --- Table 7-3

Load Type: Utah Snow Load Study

General Output Information

Building Section 14

Ground Snow Load (pg) 263 psf Snow Load Study 136 ft

Exposure Factor (Ce ) 1.00 Table 7-2

Thermal Factor (Ct ) 1.00 Table 7-3

Importance Factor (Is ) 1.00 Table 1.5-2 21.8 ft

Flat Roof Snow Load (pf ) 184 psf Equation 7.3-1

Snow Density (g) 30.0 pcf Equation 7-4 12 ft

Leeward Drifting  

Step Height (hc) 15.7 ft

Flat Roof Snow Depth (hb) 6.1 ft 409 psf Wind Direction

Roof Length (lu) 136 ft

Drift Height (hd) 7.5 ft 225 psf 7.5 ft

Drift Load (pd) 225 psf 320 psf

Drift Length (w) 29.9 ft 184 psf 6.1 ft

11.8 ft

Leeward Drifting Controls Design

Windward Drifting 20 ft Length Governs lu (Figure 7-9)

Step Height (hc) 15.7 ft

Flat Roof Snow Depth (hb) 6.1 ft 257 psf Wind Direction

Roof Length (lu) 20 ft

Drift Height (hd) 2.4 ft 73 psf 2.4 ft

Drift Load (pd) 73 psf 184 psf

Drift Length (w) 9.7 ft 184 psf 6.1 ft

9.7 ft
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Calculation Sheet #________

SNOW LOADING
ASCE 7-10 Chapter 7

Project Name 2017.080 Powder Mountain Parcel 4 Engineer CAB

Location SD-8 Date

General Input Information

Structure Importance Type: II - All Other Structures - Table 1.5-1

Roof Exposure: Partially Exposed --- Table 7-2

Terrain Category: Terrain Category C --- Section 26.7

Structure Thermal Properties: All Other Structures --- Table 7-3

Load Type: Utah Snow Load Study

General Output Information

Building Section 14

Ground Snow Load (pg) 263 psf Snow Load Study 48 ft

Exposure Factor (Ce ) 1.00 Table 7-2

Thermal Factor (Ct ) 1.00 Table 7-3

Importance Factor (Is ) 1.00 Table 1.5-2 21.8 ft

Flat Roof Snow Load (pf ) 184 psf Equation 7.3-1

Snow Density (g) 30.0 pcf Equation 7-4 42 ft

Leeward Drifting  

Step Height (hc) 15.7 ft

Flat Roof Snow Depth (hb) 6.1 ft 329 psf Wind Direction

Roof Length (lu) 48 ft

Drift Height (hd) 4.9 ft 146 psf 4.9 ft

Drift Load (pd) 146 psf 184 psf

Drift Length (w) 19.4 ft 184 psf 6.1 ft

19.4 ft

Leeward Drifting Controls Design

Windward Drifting  

Step Height (hc) 15.7 ft

Flat Roof Snow Depth (hb) 6.1 ft 287 psf Wind Direction

Roof Length (lu) 42 ft

Drift Height (hd) 3.4 ft 103 psf 3.4 ft

Drift Load (pd) 103 psf 184 psf

Drift Length (w) 13.7 ft 184 psf 6.1 ft

13.7 ft
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Calculation Sheet #________

SNOW LOADING
ASCE 7-10 Chapter 7

Project Name 2017.080 Powder Mountain Parcel 4 Engineer CAB

Location SD-9 Date

General Input Information

Structure Importance Type: II - All Other Structures - Table 1.5-1

Roof Exposure: Partially Exposed --- Table 7-2

Terrain Category: Terrain Category C --- Section 26.7

Structure Thermal Properties: All Other Structures --- Table 7-3

Load Type: Utah Snow Load Study

General Output Information

Building Section 14

Ground Snow Load (pg) 263 psf Snow Load Study 99 ft

Exposure Factor (Ce ) 1.00 Table 7-2

Thermal Factor (Ct ) 1.00 Table 7-3

Importance Factor (Is ) 1.00 Table 1.5-2 8.0 ft

Flat Roof Snow Load (pf ) 184 psf Equation 7.3-1

Snow Density (g) 30.0 pcf Equation 7-4 22 ft

Leeward Drifting  

Step Height (hc) 1.9 ft

Flat Roof Snow Depth (hb) 6.1 ft 240 psf Wind Direction

Roof Length (lu) 99 ft

Drift Height (hd) 1.9 ft 56 psf 1.9 ft

Drift Load (pd) 56 psf 184 psf

Drift Length (w) 14.9 ft 184 psf 6.1 ft

14.9 ft

 

Windward Drifting  

Step Height (hc) 1.9 ft

Flat Roof Snow Depth (hb) 6.1 ft 240 psf Wind Direction

Roof Length (lu) 22 ft

Drift Height (hd) 1.9 ft 56 psf 1.9 ft

Drift Load (pd) 56 psf 184 psf

Drift Length (w) 14.1 ft 184 psf 6.1 ft

14.1 ft

Windward Drifting Controls Design

2

2017-06-17
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Author: J. Ambrose

Software Version:  1.10
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Project: 2017.080 POWDER MOUNTAIN PARCEL 4
SNOW LOADS

Date: 2017-06-17 By: CAB

BIG BARN:
ASCE 7-10

INPUT VARIABLES:

Ground snow load: ≔pg 263 psf

Flat roof snow load: ≔pf 184 psf

Horizontal distance from eave to ridge: ≔W 24 ft

Angle of eave from horizontal: ≔θ 26 deg

Snow density: ≔γ 30.0 pcf

SLOPED ROOF SNOW LOAD:

≔Cs 1.0 <-- From ASCE 7-10 Figure 7-2 p. 37

≔ps =⋅Cs pf 184 psf <-- ASCE 7-10 Eq. 7.4-1 p. 31

Apply the sloped roof snow load uniformly over the roof in place of the flat roof snow load.

UNBALANCED SNOW LOAD:

≔lu =W 24 ft <-- From ASCE 7-10 § 7.6.1 p. 32

≔S =―――
1

tan ((θ))
2.05

≔hd =⋅⎛
⎝ −⋅⋅0.43 ‾‾‾‾‾‾3

⋅lu ft
−1 ‾‾‾‾‾‾‾‾‾‾‾4

+⋅pg psf
−1 10 1.5⎞⎠ ft 3.5 ft <-- From ASCE 7-10 Figure 7-9 p. 41

≔SLwindward =⋅0.3 ps 55.2 psf ≔SLleeward_up =――
⋅hd γ

‾‾S
74.2 psf ≔distleeward =――――

⋅⋅8 hd
‾‾S

3
13.5 ft

≔SLleeward_down =ps 184.0 psf

Apply the unbalanced snow load per the "Unbalanced Other" figure of ASCE 7-10 Figure 7-5.

SLIDING SNOW LOAD:

Length of sliding snow load perpendicular to building: ≔L 15 ft <-- From ASCE 7-10 § 7.9 p. 33

≔SLsliding =――――
⋅⋅0.4 pf W

L
118 psf <-- From ASCE 7-10 § 7.9 p. 33

Apply the uniform sliding snow load (S1) along the length of the eave at a perpendicular distance of 15' from the eave to the 
roof below. Superimpose the sliding snow load on the balanced snow load. Do not apply it in conjunction with drift.
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NORTH EXTERIOR STAIR:

INPUT VARIABLES:

Stair height: ≔H 19 ft

Projected stair length: ≔Lproj 37 ft

Stair width: ≔B 6.5 ft

Slab weight: ≔DLslab 70 psf

Stringer weight: ≔wDL_stringer 200 plf

Flat snow load: ≔SLflat 221 psf

Sliding snow load: =SLsliding 118 psf

STRINGER REACTIONS:

≔wDL =+wDL_stringer ⋅⋅0.5 B DLslab 0.428 klf

≔wDL_proj =DLproj ⎛⎝ ,,wDL Lproj H⎞⎠ 0.481 klf

≔wSL =⋅⋅0.5 B ⎛⎝ +SLflat SLsliding⎞⎠ 1.101 klf

≔PDL_stringer =⋅Vunif ⎛⎝ ,wDL_proj Lproj⎞⎠ %120 10.7 kip

≔PSL_stringer =⋅Vunif ⎛⎝ ,wSL Lproj⎞⎠ %120 24.4 kip
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LITTLE BARN:
ASCE 7-10

INPUT VARIABLES:

Ground snow load: ≔pg 263 psf

Flat roof snow load: ≔pf 184 psf

Horizontal distance from eave to ridge: ≔W 13.5 ft

Angle of eave from horizontal: ≔θ 30.6 deg

Snow density: ≔γ 30.0 pcf

SLOPED ROOF SNOW LOAD:

≔Cs 1.0 <-- From ASCE 7-10 Figure 7-2 p. 37

≔ps =⋅Cs pf 184 psf <-- ASCE 7-10 Eq. 7.4-1 p. 31

Apply the sloped roof snow load uniformly over the roof in place of the flat roof snow load.

UNBALANCED SNOW LOAD:

≔lu =W 13.5 ft <-- From ASCE 7-10 § 7.6.1 p. 32

≔S =―――
1

tan ((θ))
1.691

≔hd =⋅⎛
⎝ −⋅⋅0.43 ‾‾‾‾‾‾3

⋅lu ft
−1 ‾‾‾‾‾‾‾‾‾‾‾4

+⋅pg psf
−1 10 1.5⎞⎠ ft 2.7 ft <-- From ASCE 7-10 Figure 7-9 p. 41

≔SLwindward =⋅0.3 ps 55.2 psf ≔SLleeward_up =――
⋅hd γ

‾‾S
61.4 psf ≔distleeward =――――

⋅⋅8 hd
‾‾S

3
9.2 ft

≔SLleeward_down =ps 184.0 psf

Apply the unbalanced snow load per the "Unbalanced Other" figure of ASCE 7-10 Figure 7-5.

SLIDING SNOW LOAD:

Length of sliding snow load perpendicular to building: ≔L 15 ft <-- From ASCE 7-10 § 7.9 p. 33

≔SLsliding =――――
⋅⋅0.4 pf W

L
66 psf <-- From ASCE 7-10 § 7.9 p. 33

Apply the uniform sliding snow load (S2) along the length of the eave at a perpendicular distance of 15' from the eave to the 
roof below. Superimpose the sliding snow load on the balanced snow load. Do not apply it in conjunction with drift.
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Floor Type: 2-BASEMENT LEVEL
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Surface Loads
Label DL CDL LL Reduction PLL CLL Mass DL

    psf     psf     psf Type     psf     psf     psf

04 GYMNASIUM 44.0 5.0 100.0 Unreducible 0.0 20.0 44.0

06 TERRACE OVR MECH 92.0 5.0 100.0 Roof 0.0 20.0 146.0

08 UNHEATED TERRACE 63.0 5.0 100.0 Roof 0.0 20.0 127.5

10 TYP FLOOR OVER M 45.0 5.0 20.0 Reducible 0.0 20.0 45.0

Line Loads
Label DL CDL LL Reduction PLL CLL Mass DL

   k/ft    k/ft    k/ft Type    k/ft    k/ft    k/ft

L10 15psf15D7.5M 0.225 0.000 0.000 Unreducible 0.000 0.000 0.120

Page  2/2
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Floor Type: 2-BASEMENT LEVEL
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Snow Loads
Label Type Magnitude 1 Magnitude 2 Magnitude 3

    psf     psf     psf

SL-FLAT-UNHEATED Constant 221.000 --- ---

SL-FLAT-UNHEATED Constant 221.000 --- ---

SL-FLAT Constant 184.000 --- ---

SD-2 Drift 445.000 445.000 243.000

SD-2 Drift 445.000 445.000 243.000

SD-1 Drift 409.000 409.000 206.000
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates
DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Floor Type: 2.5-STAIR
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates
DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Surface Loads
Label DL CDL LL Reduction PLL CLL Mass DL

    psf     psf     psf Type     psf     psf     psf
05 TERRACE 72.0 5.0 100.0 Roof 0.0 20.0 126.0

Line Loads
Label DL CDL LL Reduction PLL CLL Mass DL

   k/ft    k/ft    k/ft Type    k/ft    k/ft    k/ft
L12 terrace_stair_cheek 1.125 0.000 0.000 Reducible 0.000 0.000 1.125

Page  2/2
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Floor Type: 2.5-STAIR
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Snow Loads
Label Type Magnitude 1 Magnitude 2 Magnitude 3

    psf     psf     psf

SL-FLAT Constant 184.000 --- ---

SD-9 Drift 240.000 240.000 184.000

SD-9 Drift 240.000 240.000 184.000
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Floor Type: 3-GROUND LEVEL
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Surface Loads
Label DL CDL LL Reduction PLL CLL Mass DL

    psf     psf     psf Type     psf     psf     psf

01 TYP FLOOR 20.0 5.0 100.0 Reducible 0.0 20.0 20.0

02 EVENT SPACE 20.0 5.0 100.0 Unreducible 0.0 20.0 20.0

03 EXIT & CORRIDOR 20.0 5.0 100.0 Reducible 0.0 20.0 20.0

05 TERRACE 72.0 5.0 100.0 Roof 0.0 20.0 126.0

08 UNHEATED TERRACE 63.0 5.0 100.0 Roof 0.0 20.0 127.5

09 CONC ROOF 72.0 5.0 20.0 Roof 0.0 20.0 125.8

Line Loads
Label DL CDL LL Reduction PLL CLL Mass DL

   k/ft    k/ft    k/ft Type    k/ft    k/ft    k/ft

L2 20psf10D5M 0.200 0.000 0.000 Unreducible 0.000 0.000 0.100

L5 20psf16D8M 0.320 0.000 0.000 Unreducible 0.000 0.000 0.160

L7 15psf28D14M 0.420 0.000 0.000 Unreducible 0.000 0.000 0.210

L9 20psf9D9M 0.180 0.000 0.000 Unreducible 0.000 0.000 0.180

Point Loads
Label DL CDL LL Reduction PLL CLL Mass DL

   kips    kips    kips Type    kips    kips    kips

P1 STAIR INT 1.300 1.300 2.600 Unreducible 0.000 0.520 2.600

P2 STAIR EXT 10.700 10.700 24.400 Unreducible 0.000 1.400 10.700
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Floor Type: 3-GROUND LEVEL
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Snow Loads
Label Type Magnitude 1 Magnitude 2 Magnitude 3

    psf     psf     psf

SL-FLAT Constant 184.000 --- ---

SL-FLAT Constant 184.000 --- ---

SD-3 Drift 366.000 366.000 302.000

SD-8 Drift 329.000 329.000 184.000

SD-7 Drift 409.000 409.000 320.000

SD-6 Drift 296.000 296.000 199.000

SL-FLAT Constant 184.000 --- ---
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Floor Type: 4-UPPER GROUND LVL

1

1

2

2

3S

3S

1R

1R

2R

2R

3.9

3.9

4

4

CSWR

CSWR

3R

3R

4.3

4.3

4.5

4.5

4R

4R

5

5

5R

5R

6R

6R

SWAL

SWAL

7R

7R

6

6

8R

8R

E E

D D

C C

B.9 B.9

B B

SWAL SWAL

A A

Y1

Y2

Y3

X6

X5
9

10

H

G3

G2

G

L2

L2

L
3

L
3

P1

P1

GF - 14 of 26



Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Surface Loads
Label DL CDL LL Reduction PLL CLL Mass DL

    psf     psf     psf Type     psf     psf     psf

01 TYP FLOOR 20.0 5.0 100.0 Reducible 0.0 20.0 20.0

03 EXIT & CORRIDOR 20.0 5.0 100.0 Reducible 0.0 20.0 20.0

09 CONC ROOF 72.0 5.0 20.0 Roof 0.0 20.0 125.8

Line Loads
Label DL CDL LL Reduction PLL CLL Mass DL

   k/ft    k/ft    k/ft Type    k/ft    k/ft    k/ft

L2 20psf10D5M 0.200 0.000 0.000 Unreducible 0.000 0.000 0.100

L3 20psf18D9M 0.360 0.000 0.000 Unreducible 0.000 0.000 0.180

Point Loads
Label DL CDL LL Reduction PLL CLL Mass DL

   kips    kips    kips Type    kips    kips    kips

P1 STAIR INT 1.300 1.300 2.600 Unreducible 0.000 0.520 2.600
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Floor Type: 4-UPPER GROUND LVL
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Snow Loads
Label Type Magnitude 1 Magnitude 2 Magnitude 3

    psf     psf     psf

SL-FLAT Constant 184.000 --- ---

SL-FLAT Constant 184.000 --- ---

SD-5 Drift 344.000 344.000 284.000
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Floor Type: 5-B.O. ROOF
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Surface Loads
Label DL CDL LL Reduction PLL CLL Mass DL

    psf     psf     psf Type     psf     psf     psf

07 TYP ROOF 26.0 5.0 20.0 Roof 0.0 20.0 78.9

Line Loads
Label DL CDL LL Reduction PLL CLL Mass DL

   k/ft    k/ft    k/ft Type    k/ft    k/ft    k/ft

L6 20psf0D8M 0.000 0.000 0.000 Unreducible 0.000 0.000 0.160

L8 15psf0D14M 0.000 0.000 0.000 Unreducible 0.000 0.000 0.210

Page  2/2
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Floor Type: 5-B.O. ROOF
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Snow Loads
Label Type Magnitude 1 Magnitude 2 Magnitude 3

    psf     psf     psf

SL-FLAT Constant 184.000 --- ---
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Floor Type: 6-LITTLE BARN ROOF
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Floor Map

RAM Steel 15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55 06/26/17 22:18:16

Building Code: IBC Steel Code: AISC360-05 LRFD

Snow Loads
Label Type Magnitude 1 Magnitude 2 Magnitude 3

    psf     psf     psf

SL-FLAT Constant 184.000 --- ---
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GRAVITY BASE PLATES
2017.080 Powder Mountain Parcel 4

Base Plate Design Summary

RAM Steel

15.04.00.000

Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55

Building Code: IBC

Steel Code: AISC 360-05 LRFD

 06/26/17  21:52:59

BASE PLATES:

Design Code: AISC 360-05 LRFD

Plate Fy (ksi) . 36

Minimum Dimension From Face of Column to Edge of Plate (in) . 3

Minimum Dimension From Side of Column to Edge of Plate (in) . 0.5

Increment of Plate Dimensions (in) . 1

Increment of Plate Thickness (in) . 0.125

Minimum Footing Dimension Parallel to Web (ft) . 1.5

Minimum Footing Dimension Perpendicular to Web (ft) . 1.5

Keep Base Plate Square:. N

 Column Line  Column Size  Fy  N  B  tp GL Note Support Mark N B tp C Type Remarks Pu

 (ksi)  (in)  (in)  (in) kip Mark Depth Width Vertical Ties

-17.50ft--0.58ft              HSS10X10X5/16   36 16 11 0.75 3S-E exterior pier SBP-6 16 13 1.25 -- T1 118.2 CP-2 24 24 8-#8 #4@8" o.c.

3S-D                          HSS10X10X3/8    36 16 11 1 3S-D exterior pier SBP-6 16 13 1.25 -- T1 234.9 CP-2 24 24 8-#8 #4@8" o.c.

1R-B.9                        HSS10X10X5/16   36 16 12 1.125 1R-B.9 int ftg SBP-6 16 13 1.25 -- T1 309.6 N/A

1R-A                          HSS10X10X3/8    36 16 11 1 1R-A exterior pier SBP-6 16 13 1.25 -- T1 252.7 CP-2 24 24 8-#8 #4@8" o.c.

2R-B.9                        HSS8X8X1/2      36 14 11 1.125 2R-B.9  int pier SBP-4 14 11 1.25 -- T1 289.64 CP-1 18 18 8-#6 #4@8" o.c.

2R-B                          HSS7X7X5/16     36 13 8 0.875 2R-B int pier SBP-2 13 8 1 -- T1 -89.53 CP-1 18 18 8-#6 #4@8" o.c.

2R-A                          HSS10X10X3/8    36 16 11 1 2R-A exterior pier SBP-6 16 13 1.25 -- T1 241.4 CP-2 24 24 8-#8 #4@8" o.c.

3.9-B.9                       HSS8X8X5/8      36 14 14 1.125 3.9-B.9   int pier SBP-3 14 14 1.25 -- T1 361.65 CP-1 18 18 8-#6 #4@8" o.c.

4-D                           HSS10X10X1/2    36 16 12 1.125 4-D   int pier SBP-6 16 13 1.25 -- T1 329.3 CP-2 24 24 8-#8 #4@8" o.c.

3R-A                          HSS10X10X5/16   36 16 11 0.875 3R-A    exterior pier SBP-6 16 13 1.25 -- T1 191.6 CP-2 24 24 8-#8 #4@8" o.c.

4.3-B                         HSS10X10X5/16   36 16 11 0.75 4.3-B int pier SBP-6 16 13 1.25 -- T1 121.3 CP-2 24 24 8-#8 #4@8" o.c.

4.5-C                         HSS10X10X1/2    36 16 12 1.125 4.5-C int ftg SBP-6 16 13 1.25 -- T1 323.2 N/A

4R-A                          HSS10X10X5/16   36 16 11 0.875 4R-A exterior pier SBP-6 16 13 1.25 -- T1 198.1 CP-2 24 24 8-#8 #4@8" o.c.

5-C                           HSS10X10X1/2    36 16 13 1.125 5-C int ftg SBP-6 16 13 1.25 -- T1 335.2 N/A

5-B                           HSS8X8X5/16     36 14 9 1 5-B int ftg SBP-5 14 9 1 -- T1 164.8 N/A

71.71ft-110.58ft              HSS5X5X1/4      36 11 6 0.75 5R-G little barn NW conc wall SBP-1 11 6 0.75 -- T1 43.2 N/A

80.00ft-86.50ft               HSS4X4X1/4      36 10 5 0.25      little barn west post steel beam 3.7 N/A

80.25ft-D                     HSS8X8X3/8      36 14 10 1.125 Y3-D int ftg SBP-4 14 11 1.25 -- T1 257.24 N/A

85.53ft-43.17ft               HSS10X10X1/2    36 16 12 1.125 Y3-C int ftg SBP-6 16 13 1.25 -- T1 314.4 N/A

6R-A                          W10X100         36 18 15 1.125 6R-A WF int ftg SBP-7 18 15 1.125 -- W1 397.3 N/A

90.80ft-64.83ft               HSS8X8X1/4      36 14 9 0.75 Y3-B int ftg SBP-5 14 9 1 -- T1 110.6 N/A

X6-G                          HSS5X5X5/16     36 11 6 0.75 X6-G conc wall SBP-1 11 6 0.75 -- T1 56.4 N/A

95.26ft-21.50ft               HSS8X8X3/8      36 14 9 1 Y2-D int ftg SBP-5 14 9 1 -- T1 195.8 N/A

100.54ft-43.17ft              HSS10X10X5/8    36 16 11 1.125 Y2-C int ftg SBP-6 16 13 1.25 -- T1 300.4 N/A

105.81ft-64.83ft              HSS7X7X1/4      36 13 8 0.75 Y2-B int ftg SBP-2 13 8 1 -- T1 90.84 N/A

X5-G                          HSS5X5X1/4      36 11 6 0.75 X5-G conc wall SBP-1 11 6 0.75 -- T1 48.7 N/A

111.09ft-86.50ft              W10X100         36 18 14 1.125 Y2-A WF int ftg SBP-7 18 15 1.125 -- W1 365.4 N/A

127.96ft-129.95ft             HSS5X5X5/16     36 11 6 0.75 G-10 little barn NE conc wall SBP-1 11 6 0.75 -- T1 46.7 N/A

136.76ft-104.42ft             HSS5X5X5/16     36 11 6 0.75 H-10 little barn SE conc wall SBP-1 11 6 0.75 -- T1 44.0 N/A

BASE PLATE SCHEDULE CONCRETE PIER SCHEDULE

Dimensions Reinf.
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ASCE 7 Windspeed ASCE 7 Ground Snow Load Related Resources Sponsors About ATC Contact

Search Results

Query Date: Thu Jun 15 2017
Latitude: 41.3628
Longitude: 111.7442

ASCE 710 Windspeeds 
(3sec peak gust in mph*):

Risk Category I: 105
Risk Category II: 115
Risk Category IIIIV: 120
MRI** 10Year: 76
MRI** 25Year: 84
MRI** 50Year: 90
MRI** 100Year: 96

ASCE 705 Windspeed:
  90 (3sec peak gust in mph)
ASCE 793 Windspeed:
  70 (fastest mile in mph)

*Miles per hour
**Mean Recurrence Interval

Users should consult with local building officials 
to determine if there are communityspecific wind speed 
requirements that govern.

 Print your results

 

WINDSPEED WEBSITE DISCLAIMER
While the information presented on this website is believed to be correct, ATC and its sponsors and contributors
assume no responsibility or liability for its accuracy. The material presented in the windspeed report should not
be  used  or  relied  upon  for  any  specific  application  without  competent  examination  and  verification  of  its
accuracy, suitability and applicability by engineers or other licensed professionals. ATC does not intend that the
use of  this  information  replace  the sound  judgment of  such competent professionals, having experience and
knowledge  in  the  field of practice, nor  to substitute  for  the standard of care  required of such professionals  in
interpreting and applying the results of the windspeed report provided by this website. Users of the information
from  this website assume all  liability arising  from such use. Use of  the output of  this website does not  imply
approval by the governing building code bodies responsible for building code approval and interpretation for the
building site described by latitude/longitude location in the windspeed load report.

 

Sponsored by the ATC Endowment Fund • Applied Technology Council • 201 Redwood Shores Parkway, Suite 240 • Redwood City, California 94065 • (650) 5951542

Map data ©2017 Google, INEGI
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sheet 1

project    2017.079 POWDER MOUNTAIN PARCEL 4

location    COMPONENT AND CLADDING WIND LOADS

date 6/15/2017 by    CAB

WIND LOADING (ASCE7-10)

In accordance with ASCE7-10 incorporating Errata No. 1 and Errata No. 2

Using the components and cladding design method

Tedds calculation version 2.0.17

135 ft

4
8
 f

t

Plan
48 ft

4
9
.7

 f
t

Elevation  

Building data

Type of roof; Gable

Length of building; b = 135.00 ft

Width of building; d = 48.00 ft

Height to eaves; H = 38.00 ft

Pitch of roof; α0 = 26.0 deg

Mean height; h = 43.85 ft

General wind load requirements

Basic wind speed; V = 115.0 mph

Risk category; II

Velocity pressure exponent coeff (Table 26.6-1); Kd = 0.85

Exposure category (cl.26.7.3); C

Enclosure classification (cl.26.10); Enclosed buildings

Internal pressure coef +ve (Table 26.11-1); GCpi_p = 0.18

Internal pressure coef –ve (Table 26.11-1); GCpi_n = -0.18

Gust effect factor; Gf = 0.85

Topography

Type of feature; Escarpment

Dist upwind of crest at half height of hill/esc.; Lh = 2000 ft

Height of topographic feature; Htopo = 850 ft

Distance from the crest to the building site; xtopo = 0 ft

Height above ground surface at building site; ztopo = 850 ft

Shape and max speed-up factor; K1 = 0.85 × (min(Htopo / Lh, 0.5)) = 0.36

Horizontal attenuation factor; µ = 1.50

Height attenuation factor; γ = 2.50

Speed-up reduction factor with distance of crest; K2 = max(1 - abs(xtopo) / (µ × Lh), 0) = 1.00

Vertical speed up reduction factor (Fig 26.8-1); K3 = exp(-γ × h / Lh) = 0.95

Topographic factor; Kzt = (1 + K1 × K2 × K3)2 = 1.80

LAT - 2 of 30



sheet 2

project    2017.079 POWDER MOUNTAIN PARCEL 4

location    COMPONENT AND CLADDING WIND LOADS

date 6/15/2017 by    CAB

S
ite

425'

425'

2000'

Sketch showing topography  

Velocity pressure

Velocity pressure coefficient (T.30.3-1); Kz = 1.06

Velocity pressure; qh = 0.00256 × Kz × Kzt × Kd × V2 × 1psf/mph2 = 54.9 psf

Peak velocity pressure for internal pressure

Peak velocity pressure – internal (as roof press.); qi = 54.90 psf

Equations used in tables

Net pressure; p = qh × [GCp - GCpi];

Components and cladding pressures - Wall (Figure 30.4-1)

Component Zone Length 
(ft)

Width (ft) Eff. area 
(ft2)

+GCp -GCp Pres (+ve) 
(psf)

Pres (-ve) 
(psf)

<10sf; 4; -; -; 10.0; 1.00; -1.10; 64.8; -70.3

50sf; 4; -; -; 50.0; 0.88; -0.98; 58.0; -63.5

100sf; 4; -; -; 100.0; 0.82; -0.92; 55.1; -60.6

>500sf; 4; -; -; 500.0; 0.70; -0.80; 48.3; -53.8

<10sf; 5; -; -; 10.0; 1.00; -1.40; 64.8; -86.7

50sf; 5; -; -; 50.0; 0.88; -1.15; 58.0; -73.2

100sf; 5; -; -; 100.0; 0.82; -1.05; 55.1; -67.4

>500sf; 5; -; -; 500.0; 0.70; -0.80; 48.3; -53.8
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sheet 3

project    2017.079 POWDER MOUNTAIN PARCEL 4

location    COMPONENT AND CLADDING WIND LOADS

date 6/15/2017 by    CAB
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4
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 f
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Components and cladding pressures - Roof (Figure 30.4-2B)

Component Zone Length 
(ft)

Width (ft) Eff. area 
(ft2)

+GCp -GCp Pres (+ve) 
(psf)

Pres (-ve) 
(psf)

<10sf; 1; -; -; 10.0; 0.50; -0.90; 37.3; -59.3

50sf; 1; -; -; 50.0; 0.36; -0.83; 29.7; -55.5

100sf; 1; -; -; 100.0; 0.30; -0.80; 26.4; -53.8

>500sf; 1; -; -; 500.0; 0.30; -0.80; 26.4; -53.8

<10sf; 2; -; -; 10.0; 0.50; -1.70; 37.3; -103.2

50sf; 2; -; -; 50.0; 0.36; -1.35; 29.7; -84.0

100sf; 2; -; -; 100.0; 0.30; -1.20; 26.4; -75.8

>500sf; 2; -; -; 500.0; 0.30; -1.20; 26.4; -75.8

<10sf; 3; -; -; 10.0; 0.50; -2.60; 37.3; -152.6

50sf; 3; -; -; 50.0; 0.36; -2.18; 29.7; -129.6

100sf; 3; -; -; 100.0; 0.30; -2.00; 26.4; -119.7

>500sf; 3; -; -; 500.0; 0.30; -2.00; 26.4; -119.7

LAT - 4 of 30



sheet 4

project    2017.079 POWDER MOUNTAIN PARCEL 4

location    COMPONENT AND CLADDING WIND LOADS

date 6/15/2017 by    CAB
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sheet 1

project    2017.079 POWDER MOUNTAIN PARCEL 4

location  DIRECTIONAL WIND LOADS

date 6/16/2017 by KN

WIND LOADING (ASCE7-10)

In accordance with ASCE7-10 incorporating Errata No. 1 and Errata No. 2

Using the directional design method

Tedds calculation version 2.0.17

135 ft

4
8
 f

t

Plan
48 ft

4
9
.7

 f
t

Elevation  

Building data

Type of roof; Gable

Length of building; b = 135.00 ft

Width of building; d = 48.00 ft

Height to eaves; H = 38.00 ft

Pitch of roof; α0 = 26.0 deg

Mean height; h = 43.85 ft

General wind load requirements

Basic wind speed; V = 115.0 mph

Risk category; II

Velocity pressure exponent coeff (Table 26.6-1); Kd = 0.85

Exposure category (cl.26.7.3); C

Enclosure classification (cl.26.10); Enclosed buildings

Internal pressure coef +ve (Table 26.11-1); GCpi_p = 0.18

Internal pressure coef –ve (Table 26.11-1); GCpi_n = -0.18

Gust effect factor; Gf = 0.85

Topography

Type of feature; Escarpment

Dist upwind of crest at half height of hill/esc.; Lh = 2000 ft

Height of topographic feature; Htopo = 850 ft

Distance from the crest to the building site; xtopo = 0 ft

Height above ground surface at building site; ztopo = 850 ft

Shape and max speed-up factor; K1 = 0.85 × (min(Htopo / Lh, 0.5)) = 0.36

Horizontal attenuation factor; µ = 1.50

Height attenuation factor; γ = 2.50

Speed-up reduction factor with distance of crest; K2 = max(1 - abs(xtopo) / (µ × Lh), 0) = 1.00
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S
ite

425'

425'

2000'

Sketch showing topography  

Speed up reduction factor equation; K3 = e-γ∗z/Lh;

Topographic factor equation; Kzt = (1 + K1 × K2 × K3)2;

Velocity pressure equation; q = 0.00256 × Kz × Kzt × Kd × V2 × 1psf/mph2;

Velocity pressures table

z (ft) z∗ (ft) Kz (T.27.3-1) z∗ / Lh K3 Kzt qz (psf)

15.00; 7.50; 0.85; 0.00; 0.99; 1.84; 45.10;

25.00; 20.00; 0.94; 0.01; 0.98; 1.83; 49.47;

35.00; 30.00; 1.01; 0.02; 0.96; 1.82; 52.81;

38.00; 36.50; 1.03; 0.02; 0.96; 1.81; 53.53;

43.85; 40.93; 1.06; 0.02; 0.95; 1.80; 55.00;

49.71; 46.78; 1.09; 0.02; 0.94; 1.80; 56.31;

Peak velocity pressure for internal pressure

Peak velocity pressure – internal (as roof press.); qi = 55.00 psf

Pressures and forces

Net pressure; p = q × Gf × Cpe - qi × GCpi;

Net force; Fw = p × Aref;

Roof load case 1 - Wind 0, GCpi 0.18, -cpe

Zone
Ref. 

height 
(ft)

Ext pressure 
coefficient

cpe

Peak 
velocity 
pressure
qp, (psf)

Net pressure
p (psf)

Area
Aref (ft2)

Net force
Fw (kips)

A (-ve) 43.85 -0.43 55.00 -29.95 3604.83 -107.97

B (-ve) 43.85 -0.60 55.00 -37.95 3604.83 -136.80

Total vertical net force; Fw,v = -220.00 kips

Total horizontal net force; Fw,h = 12.64 kips

Walls load case 1 - Wind 0, GCpi 0.18, -cpe

Zone
Ref. 

height 
(ft)

Ext pressure 
coefficient

cpe

Peak 
velocity 
pressure
qp, (psf)

Net pressure
p (psf)

Area
Aref (ft2)

Net force
Fw (kips)

A1 15.00 0.80 45.10 20.77 2025.00 42.06

A2 25.00 0.80 49.47 23.74 1350.00 32.05

A3 38.00 0.80 53.53 26.50 1755.00 46.51
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Zone
Ref. 

height 
(ft)

Ext pressure 
coefficient

cpe

Peak 
velocity 
pressure
qp, (psf)

Net pressure
p (psf)

Area
Aref (ft2)

Net force
Fw (kips)

B 43.85 -0.50 55.00 -33.27 5130.00 -170.70

C 43.85 -0.70 55.00 -42.62 2104.93 -89.72

D 43.85 -0.70 55.00 -42.62 2104.93 -89.72

Overall loading

Projected vertical plan area of wall; Avert_w_0 = b × H = 5130.00 ft2

Projected vertical area of roof; Avert_r_0 = b × d/2 × tan(α0) = 1580.25 ft2

Minimum overall horizontal loading; Fw,total_min = pmin_w × Avert_w_0 + pmin_r × Avert_r_0 = 94.7 kips

Leeward net force; Fl = Fw,wB = -170.7 kips

Windward net force; Fw = Fw,wA_1 + Fw,wA_2 + Fw,wA_3 = 120.6 kips

Overall horizontal loading; Fw,total = max(Fw - Fl + Fw,h, Fw,total_min) = 304.0 kips

Roof load case 2 - Wind 0, GCpi -0.18, -0cpe

Zone
Ref. 

height 
(ft)

Ext pressure 
coefficient

cpe

Peak 
velocity 
pressure
qp, (psf)

Net pressure
p (psf)

Area
Aref (ft2)

Net force
Fw (kips)

A (+ve) 43.85 0.07 55.00 13.06 3604.83 47.09

B (+ve) 43.85 -0.60 55.00 -18.15 3604.83 -65.43

Total vertical net force; Fw,v = -16.48 kips

Total horizontal net force; Fw,h = 49.33 kips

Walls load case 2 - Wind 0, GCpi -0.18, -0cpe

Zone
Ref. 

height 
(ft)

Ext pressure 
coefficient

cpe

Peak 
velocity 
pressure
qp, (psf)

Net pressure
p (psf)

Area
Aref (ft2)

Net force
Fw (kips)

A1 15.00 0.80 45.10 40.57 2025.00 82.15

A2 25.00 0.80 49.47 43.54 1350.00 58.78

A3 38.00 0.80 53.53 46.30 1755.00 81.25

B 43.85 -0.50 55.00 -13.47 5130.00 -69.13

C 43.85 -0.70 55.00 -22.82 2104.93 -48.05

D 43.85 -0.70 55.00 -22.82 2104.93 -48.05

Overall loading

Projected vertical plan area of wall; Avert_w_0 = b × H = 5130.00 ft2

Projected vertical area of roof; Avert_r_0 = b × d/2 × tan(α0) = 1580.25 ft2

Minimum overall horizontal loading; Fw,total_min = pmin_w × Avert_w_0 + pmin_r × Avert_r_0 = 94.7 kips

Leeward net force; Fl = Fw,wB = -69.1 kips

Windward net force; Fw = Fw,wA_1 + Fw,wA_2 + Fw,wA_3 = 222.2 kips

Overall horizontal loading; Fw,total = max(Fw - Fl + Fw,h, Fw,total_min) = 340.6 kips
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Roof load case 3 - Wind 90, GCpi 0.18, -cpe

Zone
Ref. 

height 
(ft)

Ext pressure 
coefficient

cpe

Peak 
velocity 
pressure
qp, (psf)

Net pressure
p (psf)

Area
Aref (ft2)

Net force
Fw (kips)

A (-ve) 43.85 -0.90 55.00 -51.97 1170.98 -60.86

B (-ve) 43.85 -0.90 55.00 -51.97 1170.98 -60.86

C (-ve) 43.85 -0.50 55.00 -33.27 2341.95 -77.93

D (-ve) 43.85 -0.30 55.00 -23.92 2525.75 -60.43

Total vertical net force; Fw,v = -233.76 kips

Total horizontal net force; Fw,h = 0.00 kips

Walls load case 3 - Wind 90, GCpi 0.18, -cpe

Zone
Ref. 

height 
(ft)

Ext pressure 
coefficient

cpe

Peak 
velocity 
pressure
qp, (psf)

Net pressure
p (psf)

Area
Aref (ft2)

Net force
Fw (kips)

A1 15.00 0.80 45.10 20.77 720.00 14.95

A2 35.00 0.80 52.81 26.01 960.00 24.97

A3 49.71 0.80 56.31 28.39 425.04 12.07

B 43.85 -0.26 55.00 -22.03 2104.93 -46.36

C 43.85 -0.70 55.00 -42.62 5130.00 -218.67

D 43.85 -0.70 55.00 -42.62 5130.00 -218.67

Overall loading

Projected vertical plan area of wall; Avert_w_90 = d × H + d2 × tan(α0) / 4 = 2104.93 ft2

Projected vertical area of roof; Avert_r_90 = 0.00 ft2

Minimum overall horizontal loading; Fw,total_min = pmin_w × Avert_w_90 + pmin_r × Avert_r_90 = 33.7 kips

Leeward net force; Fl = Fw,wB = -46.4 kips

Windward net force; Fw = Fw,wA_1 + Fw,wA_2 + Fw,wA_3 = 52.0 kips

Overall horizontal loading; Fw,total = max(Fw - Fl + Fw,h, Fw,total_min) = 98.4 kips

Roof load case 4 - Wind 90, GCpi -0.18, +cpe

Zone
Ref. 

height 
(ft)

Ext pressure 
coefficient

cpe

Peak 
velocity 
pressure
qp, (psf)

Net pressure
p (psf)

Area
Aref (ft2)

Net force
Fw (kips)

A (+ve) 43.85 -0.18 55.00 1.48 1170.98 1.74

B (+ve) 43.85 -0.18 55.00 1.48 1170.98 1.74

C (+ve) 43.85 -0.18 55.00 1.48 2341.95 3.48

D (+ve) 43.85 -0.18 55.00 1.48 2525.75 3.75

Total vertical net force; Fw,v = 9.62 kips

Total horizontal net force; Fw,h = 0.00 kips
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Walls load case 4 - Wind 90, GCpi -0.18, +cpe

Zone
Ref. 

height 
(ft)

Ext pressure 
coefficient

cpe

Peak 
velocity 
pressure
qp, (psf)

Net pressure
p (psf)

Area
Aref (ft2)

Net force
Fw (kips)

A1 15.00 0.80 45.10 40.57 720.00 29.21

A2 35.00 0.80 52.81 45.81 960.00 43.98

A3 49.71 0.80 56.31 48.19 425.04 20.48

B 43.85 -0.26 55.00 -2.23 2104.93 -4.69

C 43.85 -0.70 55.00 -22.82 5130.00 -117.09

D 43.85 -0.70 55.00 -22.82 5130.00 -117.09

Overall loading

Projected vertical plan area of wall; Avert_w_90 = d × H + d2 × tan(α0) / 4 = 2104.93 ft2

Projected vertical area of roof; Avert_r_90 = 0.00 ft2

Minimum overall horizontal loading; Fw,total_min = pmin_w × Avert_w_90 + pmin_r × Avert_r_90 = 33.7 kips

Leeward net force; Fl = Fw,wB = -4.7 kips

Windward net force; Fw = Fw,wA_1 + Fw,wA_2 + Fw,wA_3 = 93.7 kips

Overall horizontal loading; Fw,total = max(Fw - Fl + Fw,h, Fw,total_min) = 98.4 kips
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From Figure 1613.3.1(1) [1]

From Figure 1613.3.1(2) [2]

Design Maps Detailed Report
2012/2015 International Building Code (41.36283°N, 111.74423°W)

Site Class D – “Stiff Soil”, Risk Category I/II/III

Section 1613.3.1 — Mapped acceleration parameters

Note: Ground motion values provided below are for the direction of maximum horizontal
spectral response acceleration. They have been converted from corresponding geometric
mean ground motions computed by the USGS by applying factors of 1.1 (to obtain SS) and
1.3 (to obtain S1). Maps in the 2012/2015 International Building Code are provided for Site
Class B. Adjustments for other Site Classes are made, as needed, in Section 1613.3.3.

SS = 0.810 g

S1 = 0.269 g

Section 1613.3.2 — Site class definitions

The authority having jurisdiction (not the USGS), sitespecific geotechnical data, and/or the
default has classified the site as Site Class D, based on the site soil properties in accordance
with Section 1613.

2010 ASCE7 Standard – Table 20.31 
SITE CLASS DEFINITIONS

Site Class vS N or Nch su
A. Hard Rock >5,000 ft/s N/A N/A

B. Rock 2,500 to 5,000 ft/s N/A N/A

C. Very dense soil and soft rock 1,200 to 2,500 ft/s >50 >2,000 psf

D. Stiff Soil 600 to 1,200 ft/s 15 to 50 1,000 to 2,000 psf

E. Soft clay soil <600 ft/s <15 <1,000 psf

Any profile with more than 10 ft of soil having the
characteristics:

Plasticity index PI > 20,
Moisture content w ≥ 40%, and
Undrained shear strength su < 500 psf

F. Soils requiring site response
analysis in accordance with Section
21.1

See Section 20.3.1

For SI: 1ft/s = 0.3048 m/s 1lb/ft² = 0.0479 kN/m²
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Section 1613.3.3 — Site coefficients and adjusted maximum considered earthquake spectral
response acceleration parameters

TABLE 1613.3.3(1) 
VALUES OF SITE COEFFICIENT Fa

Site Class Mapped Spectral Response Acceleration at Short Period

SS ≤ 0.25 SS = 0.50 SS = 0.75 SS = 1.00 SS ≥ 1.25

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 1.4 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F See Section 11.4.7 of ASCE 7

Note: Use straight–line interpolation for intermediate values of SS

For Site Class = D and SS = 0.810 g, Fa = 1.176

TABLE 1613.3.3(2) 
VALUES OF SITE COEFFICIENT Fv

Site Class Mapped Spectral Response Acceleration at 1–s Period

S1 ≤ 0.10 S1 = 0.20 S1 = 0.30 S1 = 0.40 S1 ≥ 0.50

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.7 1.6 1.5 1.4 1.3

D 2.4 2.0 1.8 1.6 1.5

E 3.5 3.2 2.8 2.4 2.4

F See Section 11.4.7 of ASCE 7

Note: Use straight–line interpolation for intermediate values of S1

For Site Class = D and S1 = 0.269 g, Fv = 1.863
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Equation (1637):

Equation (1638):

Equation (1639):

Equation (1640):

SMS = FaSS = 1.176 x 0.810 = 0.953 g

SM1 = FvS1 = 1.863 x 0.269 = 0.500 g

Section 1613.3.4 — Design spectral response acceleration parameters

SDS = ⅔ SMS = ⅔ x 0.953 = 0.635 g

SD1 = ⅔ SM1 = ⅔ x 0.500 = 0.333 g
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Section 1613.3.5 — Determination of seismic design category

TABLE 1613.3.5(1) 
SEISMIC DESIGN CATEGORY BASED ON SHORTPERIOD (0.2 second) RESPONSE ACCELERATION

VALUE OF SDS
RISK CATEGORY

I or II III IV

SDS < 0.167g A A A

0.167g ≤ SDS < 0.33g B B C

0.33g ≤ SDS < 0.50g C C D

0.50g ≤ SDS D D D

For Risk Category = I and SDS = 0.635 g, Seismic Design Category = D

TABLE 1613.3.5(2) 
SEISMIC DESIGN CATEGORY BASED ON 1SECOND PERIOD RESPONSE ACCELERATION

VALUE OF SD1
RISK CATEGORY

I or II III IV

SD1 < 0.067g A A A

0.067g ≤ SD1 < 0.133g B B C

0.133g ≤ SD1 < 0.20g C C D

0.20g ≤ SD1 D D D

For Risk Category = I and SD1 = 0.333 g, Seismic Design Category = D

Note: When S1 is greater than or equal to 0.75g, the Seismic Design Category is E for
buildings in Risk Categories I, II, and III, and F for those in Risk Category IV, irrespective of
the above.

Seismic Design Category ≡ “the more severe design category in accordance with
Table 1613.3.5(1) or 1613.3.5(2)” = D

Note: See Section 1613.3.5.1 for alternative approaches to calculating Seismic Design
Category.

References

1. Figure 1613.3.1(1): https://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/IBC2012Fig1613p3p1(1).pdf
2. Figure 1613.3.1(2): https://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/IBC2012Fig1613p3p1(2).pdf
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A1 D S Su Wz WxPos WxNeg Ez Ex

Fx 6.16 31.85 26.57 -3.74 -13.88 0.424 -3.69 -25.42

Fy 18.72 81.53 86.13 -94.28 -0.159 19.82 -62.94 -9.64

Fz 1.38 7.47 13.56 -129.06 5.77 2.92 -77.83 10.16

A2

Fx 6.04 31.46 25.89 0.563 -15.64 -0.777 -0.732 -26

Fy 16.79 70.79 65.74 100.02 -7.87 16.07 57.1 -19.62

Fz 0 0 0 -7.39 0 0 -2.12 0

A3

Fx 6.34 33.22 28.6 2.83 -15.22 -0.353 0.748 -25.75

Fy 18.16 80.7 81.97 8.55 -2.87 18.78 1.11 -11.53

Fz 0 0 0 -7.66 0 0 2.26 0

A4

Fx 6.34 33.25 28.9 2.15 -14.98 -0.284 0.383 -25.29

Fy 18.16 80.75 82.35 7.58 -2.57 18.87 0.597 -10.98

Fz 0 0 0 -7.69 0 0 -2.27 0

A5

Fx 6.22 32.53 28.65 1.13 -14.61 -0.279 -0.212 -24.43

Fy 17.97 79.63 81.83 6.07 -2.12 18.84 -0.282 -9.88

Fz 0 0 0 -7.65 0 0 -2.25 0

A6

Fx 5.86 30.48 27.31 2.04 -14.21 -0.501 0.379 -22.92

Fy 16.82 70.86 83.14 -72 6.36 20.27 -46.65 7.52

Fz 0 0 0 -7.6 0 0 -2.19 0

A7

Fx 4.29 21.26 16.66 3.36 -12.59 -1.04 1.4 -20.25

Fy 14.57 58.62 48.91 88.39 -11.38 12.37 48.99 -25.53

Fz -1.36 -7.35 4.6 -109.61 10.21 1.65 -63.27 20.17

A8

Fx 2.58 11.22 2.95 3.56 -8.46 -0.159 1.75 -17.6

Fy 7.7 23.08 14.07 9.2 -8.22 5.52 3.17 -18.41

Fz 0 0 0 -1.7 0 0 -0.557 0.11

Roof Framing Column Reactions
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Criteria, Mass and Exposure Data

RAM Frame 15.04.00.000

Reaveley Engineers + Associates
DataBase: Summitt Powder Mtn Parcel 4 - v55 CW  06/26/17  22:21:36

CRITERIA:

Rigid End Zones: Ignore Effects

Member Force Output: At Face of Joint

P-Delta: Yes Scale Factor: 1.00

Ground Level: 2-BASEMENT LEVEL

Mesh Criteria :

Max. Distance Between Nodes on Mesh Line (ft) :  4.00

Merge Node Tolerance (in) : 0.0100

Geometry Tolerance (in) : 0.0050

Walls Out-of-plane Stiffness Not Included in Analysis.

Sign considered for Dynamic Load Case Results.

Rigid Links Included at Fixed Beam-to-Wall Locations

Eigenvalue Analysis : Eigen Vectors (Subspace Iteration)

DIAPHRAGM DATA:

Story Diaph # Diaph Type

6-LITTLE BARN ROOF 1 Rigid

5-B.O. ROOF 1 Rigid

4-UPPER GROUND LVL 1 Rigid

3-GROUND LEVEL 1 Rigid

2.5-STAIR 1 Rigid

2-BASEMENT LEVEL 1 Rigid

Disconnect Internal Nodes of Beams: Yes

Disconnect Nodes outside Slab Boundary: Yes

STORY MASS DATA:

Includes Self Mass of:

Beams

Columns (Half mass of columns above and below)

Walls (Half mass of walls above and below)

Slabs/Deck

Calculated Values:

Story Diaph # Weight Mass MMI Xm Ym EccX EccY

  kips k-s2/ft  ft-k-s2     ft     ft     ft     ft

6-LITTLE BARN ROOF 1 191.40 5.94 2353 103.58 107.32 3.32 2.23

5-B.O. ROOF 1 580.48 18.03 33485 51.24 64.85 6.91 2.22

None 70.09 2.18 630 98.63 104.97 -- --

4-UPPER GROUND LVL 1 316.61 9.83 4503 99.06 105.98 3.18 2.16

3-GROUND LEVEL 1 2537.03 78.79 261544 57.73 52.85 7.62 6.54

2.5-STAIR 1 237.85 7.39 1106 93.27 10.10 1.35 1.15

None 747.27 23.21 89146 85.95 74.61 -- --

2-BASEMENT LEVEL 1 1238.57 38.46 42710 -21.99 44.56 2.56 5.16

None 460.60 14.30 45366 95.10 69.65 -- --

Story Diaph # Combine

6-LITTLE BARN ROOF 1 1-3-GROUND
LEVEL

5-B.O. ROOF 1 1-3-GROUND
LEVEL

None 1-3-GROUND
LEVEL

4-UPPER GROUND LVL 1 1-3-GROUND
LEVEL
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Criteria, Mass and Exposure Data

RAM Frame 15.04.00.000

Reaveley Engineers + Associates
DataBase: Summitt Powder Mtn Parcel 4 - v55 CW  06/26/17  22:21:36

Story Diaph # Combine

3-GROUND LEVEL 1 None

2.5-STAIR 1 1-3-GROUND
LEVEL

None 1-3-GROUND
LEVEL

2-BASEMENT LEVEL 1 None

None 1-2-BASEMENT
LEVEL

Combined/Merged Values:

Story Diaph # Weight Mass MMI Xm Ym EccX EccY

  kips k-s2/ft ft-k-s2       ft     ft     ft     ft

3-GROUND LEVEL 1 4680.7 145.36 502928 68.52 62.24 7.62 6.54

2-BASEMENT LEVEL 1 1699.2 52.77 237589 9.75 51.36 2.56 5.16

WIND EXPOSURE DATA:

Calculated Values:

Story Diaph # Building Extents (ft) Expose Parapet

Min X Max X Min Y Max Y ft

6-LITTLE BARN ROOF 1 71.07 137.39 86.00 130.59 Full 0.00

5-B.O. ROOF 1 -18.00 120.25 42.67 87.00 Full 0.00

4-UPPER GROUND LVL 1 69.50 133.14 86.00 129.12 Full 0.00

3-GROUND LEVEL 1 -18.25 134.18 -1.58 129.12 Full 0.00

2.5-STAIR 1 79.75 106.75 -1.08 22.00 Full 0.00

2-BASEMENT LEVEL 1 -43.00 8.25 -7.92 95.33 Full 0.00

STORY GRAVITY LOADS DATA:

Includes Weight of:

Beams

Columns

Walls

Slabs/Deck

Live Load Reduction (Calculated)

Reducible : 60.00 %

Storage : 0.00 %

Calculated Values:

Story Diaph # Dead Xc Yc Live Xc Yc

  kips      ft       ft   kips     ft     ft

6-LITTLE BARN ROOF 1 106.40 101.69 106.42 0.00 0.00 0.00

5-B.O. ROOF 1 194.42 51.20 64.90 0.00 0.00 0.00

None 90.11 98.63 104.97 0.00 0.00 0.00

4-UPPER GROUND LVL 1 373.26 100.99 107.81 58.05 119.23 102.09

3-GROUND LEVEL 1 2424.83 60.58 56.31 560.35 28.76 69.52

2.5-STAIR 1 241.34 93.27 8.42 0.00 0.00 0.00

None 911.22 85.95 74.61 0.00 0.00 0.00

2-BASEMENT LEVEL 1 1327.05 -20.33 43.78 135.36 -4.64 23.75

None 30.94 17.62 79.42 0.00 0.00 0.00

Story Diaph # Snow Xc Yc Combine

  kips      ft       ft

6-LITTLE BARN ROOF 1 310.95 104.29 107.55 1-3-GROU
ND LEVEL
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Criteria, Mass and Exposure Data

RAM Frame 15.04.00.000

Reaveley Engineers + Associates
DataBase: Summitt Powder Mtn Parcel 4 - v55 CW  06/26/17  22:21:36

Story Diaph # Snow Xc Yc Combine

5-B.O. ROOF 1 1127.75 51.13 64.83 1-3-GROU
ND LEVEL

None 0.00 0.00 0.00 1-3-GROU
ND LEVEL

4-UPPER GROUND LVL 1 57.21 76.89 94.32 1-3-GROU
ND LEVEL

3-GROUND LEVEL 1 1517.42 51.32 35.72 None

2.5-STAIR 1 131.26 93.34 10.46 1-3-GROU
ND LEVEL

None 0.00 0.00 0.00 1-3-GROU
ND LEVEL

2-BASEMENT LEVEL 1 859.17 -30.21 43.98 None

None 0.00 0.00 0.00 1-2-BASEM
ENT LEVEL

User Specified Values:

Story Diaph # Dead Xc Yc Live Xc Yc

  kips      ft       ft   kips     ft     ft

6-LITTLE BARN ROOF 1 0.00 0.00 0.00 0.00 0.00 0.00

5-B.O. ROOF 1 0.00 0.00 0.00 0.00 0.00 0.00

4-UPPER GROUND LVL 1 0.00 0.00 0.00 0.00 0.00 0.00

3-GROUND LEVEL 1 4341.58 72.57 64.54 618.39 37.26 72.58

2.5-STAIR 1 0.00 0.00 0.00 0.00 0.00 0.00

2-BASEMENT LEVEL 1 1357.99 -19.47 44.59 135.36 -4.64 23.75

Story Diaph # Snow Xc Yc

  kips      ft       ft

6-LITTLE BARN ROOF 1 0.0 0.00 0.00

5-B.O. ROOF 1 0.0 0.00 0.00

4-UPPER GROUND LVL 1 0.0 0.00 0.00

3-GROUND LEVEL 1 3144.6 58.71 53.28

2.5-STAIR 1 0.0 0.00 0.00

2-BASEMENT LEVEL 1 859.2 -30.21 43.98
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Loads and Applied Forces

RAM Frame 15.04.00.000
Reaveley Engineers + Associates
DataBase: Summitt Powder Mtn Parcel 4 - v55 CW  06/26/17  22:21:36

LOAD CASE: EQ

Seismic ASCE 7-10 Equivalent Lateral Force

Site Class: C Importance Factor: 1.00 Ss:  0.810 g S1:  0.270 g TL: 12.00 s

Fa: 1.076 Fv: 1.530 SDs: 0.581 g SD1: 0.275 g

Occupancy Category: II    Seismic Design Category: D

Provisions for: Force

Ground Level: 2-BASEMENT LEVEL

Dir Eccent R Ta Equation Building Period-T

X + And - 5.0 Std,Ct=0.030,x=0.75 Calculated
Y + And - 5.0 Std,Ct=0.030,x=0.75 Calculated

Dir Ta Cu T T-used Cs Eq12.8-2 Cs(max)
Eq12.8-3

Cs(min)
Eq12.8-5

Cs-used k

X 0.517 1.425 0.157 0.157 0.116 0.351 0.026 0.116 1.000

Dir Ta Cu T T-used Cs Eq12.8-2 Cs(max)
Eq12.8-3

Cs(min)
Eq12.8-5

Cs-used k

Y 0.517 1.425 0.087 0.087 0.116 0.631 0.026 0.116 1.000

Total Building Weight (kips)    = 4680.72

APPLIED DIAPHRAGM FORCES

Type: EQ_ASCE710_X_+E_F

Level Diaph.# Ht Fx Fy X Y

ft kips kips ft ft

6-LITTLE BARN
ROOF

1 44.50 0.00 0.00 103.58 109.55

5-B.O. ROOF 1 39.50 0.00 0.00 51.24 67.07

4-UPPER GROUND
LVL

1 30.50 0.00 0.00 99.06 108.14

3-GROUND LEVEL 1 20.50 543.94 0.00 68.52 68.78

2.5-STAIR 1 12.50 0.00 0.00 93.27 11.25

APPLIED STORY FORCES
Type: EQ_ASCE710_X_+E_F

Level Ht Fx Fy

ft kips kips

6-LITTLE BARN
ROOF

44.50 0.00 0.00

5-B.O. ROOF 39.50 0.00 0.00

4-UPPER GROUND
LVL

30.50 0.00 0.00

3-GROUND LEVEL 20.50 543.94 0.00
2.5-STAIR 12.50 0.00 0.00

_________ _________

543.94 0.00

APPLIED DIAPHRAGM FORCES

Type: EQ_ASCE710_X_-E_F

Level Diaph.# Ht Fx Fy X Y
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Loads and Applied Forces

RAM Frame 15.04.00.000
Reaveley Engineers + Associates
DataBase: Summitt Powder Mtn Parcel 4 - v55 CW  06/26/17  22:21:36

ft kips kips ft ft

6-LITTLE BARN
ROOF

1 44.50 0.00 0.00 103.58 105.09

5-B.O. ROOF 1 39.50 0.00 0.00 51.24 62.64

4-UPPER GROUND
LVL

1 30.50 0.00 0.00 99.06 103.83

3-GROUND LEVEL 1 20.50 543.94 0.00 68.52 55.70

2.5-STAIR 1 12.50 0.00 0.00 93.27 8.95

APPLIED STORY FORCES

Type: EQ_ASCE710_X_-E_F

Level Ht Fx Fy

ft kips kips

6-LITTLE BARN
ROOF

44.50 0.00 0.00

5-B.O. ROOF 39.50 0.00 0.00

4-UPPER GROUND
LVL

30.50 0.00 0.00

3-GROUND LEVEL 20.50 543.94 0.00

2.5-STAIR 12.50 0.00 0.00

_________ _________

543.94 0.00

APPLIED DIAPHRAGM FORCES

Type: EQ_ASCE710_Y_+E_F

Level Diaph.# Ht Fx Fy X Y

ft kips kips ft ft

6-LITTLE BARN
ROOF

1 44.50 0.00 0.00 106.89 107.32

5-B.O. ROOF 1 39.50 0.00 0.00 58.15 64.85

4-UPPER GROUND
LVL

1 30.50 0.00 0.00 102.24 105.98

3-GROUND LEVEL 1 20.50 0.00 543.94 76.14 62.24

2.5-STAIR 1 12.50 0.00 0.00 94.62 10.10

APPLIED STORY FORCES

Type: EQ_ASCE710_Y_+E_F

Level Ht Fx Fy

ft kips kips

6-LITTLE BARN
ROOF

44.50 0.00 0.00

5-B.O. ROOF 39.50 0.00 0.00

4-UPPER GROUND
LVL

30.50 0.00 0.00

3-GROUND LEVEL 20.50 0.00 543.94

2.5-STAIR 12.50 0.00 0.00

_________ _________

0.00 543.94
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Loads and Applied Forces

RAM Frame 15.04.00.000
Reaveley Engineers + Associates
DataBase: Summitt Powder Mtn Parcel 4 - v55 CW  06/26/17  22:21:36

APPLIED DIAPHRAGM FORCES

Type: EQ_ASCE710_Y_-E_F

Level Diaph.# Ht Fx Fy X Y

ft kips kips ft ft

6-LITTLE BARN
ROOF

1 44.50 0.00 0.00 100.26 107.32

5-B.O. ROOF 1 39.50 0.00 0.00 44.32 64.85

4-UPPER GROUND
LVL

1 30.50 0.00 0.00 95.88 105.98

3-GROUND LEVEL 1 20.50 0.00 543.94 60.90 62.24

2.5-STAIR 1 12.50 0.00 0.00 91.92 10.10

APPLIED STORY FORCES

Type: EQ_ASCE710_Y_-E_F

Level Ht Fx Fy

ft kips kips

6-LITTLE BARN
ROOF

44.50 0.00 0.00

5-B.O. ROOF 39.50 0.00 0.00

4-UPPER GROUND
LVL

30.50 0.00 0.00

3-GROUND LEVEL 20.50 0.00 543.94

2.5-STAIR 12.50 0.00 0.00

_________ _________

0.00 543.94
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Building Story Shears

RAM Frame 15.04.00.000
Reaveley Engineers + Associates
DataBase: Summitt Powder Mtn Parcel 4 - v55 CW  06/26/17  22:21:36

CRITERIA:

Rigid End Zones: Ignore Effects

Member Force Output: At Face of Joint

P-Delta: Yes Scale Factor: 1.00

Ground Level: 2-BASEMENT LEVEL

Mesh Criteria :

Max. Distance Between Nodes on Mesh Line (ft) :  4.00

Merge Node Tolerance (in) : 0.0100

Geometry Tolerance (in) : 0.0050

Walls Out-of-plane Stiffness Not Included in Analysis.
Sign considered for Dynamic Load Case Results.

Rigid Links Included at Fixed Beam-to-Wall Locations

Eigenvalue Analysis : Eigen Vectors (Subspace Iteration)

Load Case:  D        DeadLoad    RAMUSER

Level Diaph. # Shear-X Shear-Y

      kips       kips
6-LITTLE BARN ROOF 1 0.00 0.00

4-UPPER GROUND LVL 1 -0.00 0.00

3-GROUND LEVEL 1 -0.00 -0.00

2.5-STAIR 1 0.83 -0.00

2.5-STAIR None -0.83 0.00

2-BASEMENT LEVEL 1 -11.30 8.64

2-BASEMENT LEVEL None 0.40 0.00

Summary - Total Story Shears

Level Shear-X Change-X Shear-Y Change-Y

      kips       kips       kips       kips
6-LITTLE BARN ROOF 0.00 0.00 0.00 0.00
5-B.O. ROOF 0.00 0.00 0.00 0.00

4-UPPER GROUND LVL -0.00 -0.00 0.00 -0.00

3-GROUND LEVEL -0.00 -0.00 -0.00 -0.00

2.5-STAIR -0.00 0.00 -0.00 -0.00

2-BASEMENT LEVEL -10.90 -10.90 8.64 8.64

Load Case:  Lp       PosLiveLoad    RAMUSER

Level Diaph. # Shear-X Shear-Y

      kips       kips
6-LITTLE BARN ROOF 1 -0.00 0.00

4-UPPER GROUND LVL 1 0.16 0.06

3-GROUND LEVEL 1 -0.04 -0.22

2.5-STAIR 1 0.20 -0.00

2.5-STAIR None -0.25 -0.17

2-BASEMENT LEVEL 1 -7.05 3.98

2-BASEMENT LEVEL None 0.41 0.00

Summary - Total Story Shears

Level Shear-X Change-X Shear-Y Change-Y

      kips       kips       kips       kips
6-LITTLE BARN ROOF -0.00 -0.00 0.00 0.00

5-B.O. ROOF -0.00 -0.00 -0.00 -0.00

4-UPPER GROUND LVL 0.16 0.16 0.06 0.06
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Building Story Shears

RAM Frame 15.04.00.000
Reaveley Engineers + Associates
DataBase: Summitt Powder Mtn Parcel 4 - v55 CW  06/26/17  22:21:36

3-GROUND LEVEL -0.04 -0.21 -0.22 -0.28

2.5-STAIR -0.04 -0.00 -0.17 0.05

2-BASEMENT LEVEL -6.64 -6.60 3.98 4.15

Load Case:  Ln       NegLiveLoad    RAMUSER

Level Diaph. # Shear-X Shear-Y

      kips       kips
6-LITTLE BARN ROOF 1 0.00 -0.00

4-UPPER GROUND LVL 1 0.00 0.00

3-GROUND LEVEL 1 -0.00 0.00
2.5-STAIR 1 -0.00 -0.00

2.5-STAIR None 0.00 0.00

2-BASEMENT LEVEL 1 0.14 0.05

Summary - Total Story Shears

Level Shear-X Change-X Shear-Y Change-Y

      kips       kips       kips       kips
6-LITTLE BARN ROOF 0.00 0.00 -0.00 -0.00

5-B.O. ROOF 0.00 0.00 -0.00 -0.00

4-UPPER GROUND LVL 0.00 0.00 0.00 0.00

3-GROUND LEVEL -0.00 -0.00 0.00 0.00

2.5-STAIR -0.00 0.00 0.00 -0.00

2-BASEMENT LEVEL 0.14 0.14 0.05 0.05

Load Case:  Sp       PosRoofLiveLoad    RAMUSER

Level Diaph. # Shear-X Shear-Y

      kips       kips
6-LITTLE BARN ROOF 1 -0.00 0.00

4-UPPER GROUND LVL 1 -0.00 -0.00
3-GROUND LEVEL 1 0.00 -0.01

2.5-STAIR 1 0.29 -0.00

2.5-STAIR None -0.29 -0.00

2-BASEMENT LEVEL 1 -7.73 8.26

2-BASEMENT LEVEL None 0.01 0.00

Summary - Total Story Shears

Level Shear-X Change-X Shear-Y Change-Y

      kips       kips       kips       kips
6-LITTLE BARN ROOF -0.00 -0.00 0.00 0.00

5-B.O. ROOF -0.00 -0.00 0.00 0.00

4-UPPER GROUND LVL -0.00 -0.00 -0.00 -0.00

3-GROUND LEVEL 0.00 0.00 -0.01 -0.01

2.5-STAIR 0.00 0.00 -0.01 -0.00

2-BASEMENT LEVEL -7.72 -7.73 8.26 8.26

Load Case:  Sn       NegRoofLiveLoad    RAMUSER

Level Diaph. # Shear-X Shear-Y

      kips       kips
6-LITTLE BARN ROOF 1 0.00 -0.00
4-UPPER GROUND LVL 1 0.00 0.00

3-GROUND LEVEL 1 -0.00 0.00

2.5-STAIR 1 -0.01 -0.00
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Building Story Shears

RAM Frame 15.04.00.000
Reaveley Engineers + Associates
DataBase: Summitt Powder Mtn Parcel 4 - v55 CW  06/26/17  22:21:36

2.5-STAIR None 0.01 0.00

2-BASEMENT LEVEL 1 0.89 0.33

Summary - Total Story Shears

Level Shear-X Change-X Shear-Y Change-Y

      kips       kips       kips       kips
6-LITTLE BARN ROOF 0.00 0.00 -0.00 -0.00

5-B.O. ROOF 0.00 0.00 -0.00 -0.00

4-UPPER GROUND LVL 0.00 0.00 0.00 0.00

3-GROUND LEVEL -0.00 -0.00 0.00 0.00

2.5-STAIR -0.00 0.00 0.00 -0.00

2-BASEMENT LEVEL 0.89 0.89 0.33 0.33

Load Case:  E1       EQ    EQ_ASCE710_X_+E_F

Level Diaph. # Shear-X Shear-Y

      kips       kips
6-LITTLE BARN ROOF 1 -0.00 0.00

4-UPPER GROUND LVL 1 0.00 -0.00

3-GROUND LEVEL 1 544.20 -0.08

2.5-STAIR 1 24.39 0.00

2.5-STAIR None 519.81 -0.08

2-BASEMENT LEVEL 1 -6.31 4.76

2-BASEMENT LEVEL None 0.84 0.00

Summary - Total Story Shears

Level Shear-X Change-X Shear-Y Change-Y
      kips       kips       kips       kips

6-LITTLE BARN ROOF -0.00 -0.00 0.00 0.00

5-B.O. ROOF -0.00 -0.00 0.00 0.00

4-UPPER GROUND LVL 0.00 0.00 -0.00 -0.00

3-GROUND LEVEL 544.20 544.20 -0.08 -0.08

2.5-STAIR 544.20 0.00 -0.08 0.00

2-BASEMENT LEVEL -5.47 -549.67 4.76 4.85

Load Case:  E2       EQ    EQ_ASCE710_X_-E_F

Level Diaph. # Shear-X Shear-Y

      kips       kips
6-LITTLE BARN ROOF 1 -0.00 0.00

4-UPPER GROUND LVL 1 0.00 -0.00

3-GROUND LEVEL 1 544.21 -0.10

2.5-STAIR 1 27.49 0.00

2.5-STAIR None 516.73 -0.10

2-BASEMENT LEVEL 1 -8.36 5.87

2-BASEMENT LEVEL None 0.87 0.00

Summary - Total Story Shears

Level Shear-X Change-X Shear-Y Change-Y

      kips       kips       kips       kips
6-LITTLE BARN ROOF -0.00 -0.00 0.00 0.00

5-B.O. ROOF -0.00 -0.00 0.00 0.00

4-UPPER GROUND LVL 0.00 0.00 -0.00 -0.00

3-GROUND LEVEL 544.21 544.21 -0.10 -0.10

2.5-STAIR 544.21 -0.00 -0.10 -0.00
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Building Story Shears

RAM Frame 15.04.00.000
Reaveley Engineers + Associates
DataBase: Summitt Powder Mtn Parcel 4 - v55 CW  06/26/17  22:21:36

2-BASEMENT LEVEL -7.49 -551.70 5.87 5.97

Load Case:  E3       EQ    EQ_ASCE710_Y_+E_F

Level Diaph. # Shear-X Shear-Y

      kips       kips
6-LITTLE BARN ROOF 1 0.00 -0.00

4-UPPER GROUND LVL 1 0.00 0.00

3-GROUND LEVEL 1 -0.08 544.07

2.5-STAIR 1 -8.55 0.00

2.5-STAIR None 8.47 544.06
2-BASEMENT LEVEL 1 8.91 -4.99

2-BASEMENT LEVEL None -0.23 -0.00

Summary - Total Story Shears

Level Shear-X Change-X Shear-Y Change-Y

      kips       kips       kips       kips
6-LITTLE BARN ROOF 0.00 0.00 -0.00 -0.00

5-B.O. ROOF 0.00 0.00 -0.00 -0.00

4-UPPER GROUND LVL 0.00 0.00 0.00 0.00

3-GROUND LEVEL -0.08 -0.08 544.07 544.07

2.5-STAIR -0.08 -0.00 544.07 -0.00

2-BASEMENT LEVEL 8.68 8.76 -4.99 -549.06

Load Case:  E4       EQ    EQ_ASCE710_Y_-E_F

Level Diaph. # Shear-X Shear-Y

      kips       kips
6-LITTLE BARN ROOF 1 0.00 -0.00

4-UPPER GROUND LVL 1 0.00 0.00

3-GROUND LEVEL 1 -0.10 544.08
2.5-STAIR 1 -12.16 0.00

2.5-STAIR None 12.06 544.08

2-BASEMENT LEVEL 1 11.30 -6.29

2-BASEMENT LEVEL None -0.26 -0.00

Summary - Total Story Shears

Level Shear-X Change-X Shear-Y Change-Y

      kips       kips       kips       kips
6-LITTLE BARN ROOF 0.00 0.00 -0.00 -0.00

5-B.O. ROOF 0.00 0.00 -0.00 -0.00

4-UPPER GROUND LVL 0.00 0.00 0.00 0.00

3-GROUND LEVEL -0.10 -0.10 544.08 544.08

2.5-STAIR -0.10 -0.00 544.08 0.00

2-BASEMENT LEVEL 11.04 11.14 -6.29 -550.37
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Reinforced Concrete SW and Reinforced CMU SW Summary
IBC 2012 & ACI 318 & ACI 530

Project: Powder Mountain Parcel 4 Engineer: 

 Date: 

General Input Information

fy = 60 ksi SDS = 0.58 g f1 = 0.5

Cd/IE = 4.00 f2 = 0.29

Section Cut Length Thickness Type f'c Height dxe Solid Flexure Shear Wall Jamb

ft in psi ft in Grouted? Type Length Bars/Cell DCR DCR Mark Mark

P-01 8.00 12 Concrete 4000 16.00 0.50 2 - # 5 @ 12 in. o.c. 2 - # 5 @ 12 in. o.c. Y 2 12 in. 4 -   # 5 -- # 3 @ 12 in. o.c. 0.15 0.04

P-02 8.00 12 Concrete 4000 16.00 0.50 2 - # 5 @ 12 in. o.c. 2 - # 5 @ 12 in. o.c. Y 2 12 in. 4 -   # 5 -- # 3 @ 12 in. o.c. 0.14 0.03

P-03 8.00 12 Concrete 4000 16.00 0.50 2 - # 5 @ 12 in. o.c. 2 - # 5 @ 12 in. o.c. Y 2 12 in. 4 -   # 5 -- # 3 @ 12 in. o.c. 0.14 0.03

P-04 34.42 18 Concrete 4000 16.00 0.50 2 - # 5 @ 12 in. o.c. 2 - # 5 @ 12 in. o.c. Y 1 12 in. 4 -   # 5 -- # 0 @ 12 in. o.c. 0.04 0.01

P-04-2 5.42 12 Concrete 4000 16.00 0.50 2 - # 5 @ 12 in. o.c. 2 - # 5 @ 12 in. o.c. Y 2 12 in. 4 -   # 5 -- # 3 @ 12 in. o.c. 0.35 0.12

P-05 103.08 18 Concrete 4000 16.00 0.50 2 - # 5 @ 12 in. o.c. 2 - # 5 @ 12 in. o.c. Y 1 12 in. 4 -   # 5 -- # 0 @ 12 in. o.c. 0.03 0.06

P-06 30.58 18 Concrete 4000 16.00 0.50 2 - # 5 @ 12 in. o.c. 2 - # 5 @ 12 in. o.c. Y 1 12 in. 4 -   # 5 -- # 0 @ 12 in. o.c. 0.05 0.10

P-07 56.83 18 Concrete 4000 16.00 0.50 2 - # 5 @ 12 in. o.c. 2 - # 5 @ 12 in. o.c. Y 1 12 in. 4 -   # 5 -- # 0 @ 12 in. o.c. 0.09 0.19

P-08 23.50 18 Concrete 4000 16.00 0.50 2 - # 5 @ 12 in. o.c. 2 - # 5 @ 12 in. o.c. Y 2 12 in. 4 -   # 5 -- # 3 @ 12 in. o.c. 0.19 0.15

P-09 43.33 12 Concrete 4000 16.00 0.50 2 - # 5 @ 12 in. o.c. 2 - # 5 @ 12 in. o.c. Y 1 12 in. 4 -   # 5 -- # 0 @ 12 in. o.c. 0.26 0.16

P-10 19.25 12 Concrete 4000 16.00 0.50 2 - # 5 @ 12 in. o.c. 2 - # 5 @ 12 in. o.c. Y 2 12 in. 4 -   # 5 -- # 3 @ 12 in. o.c. 0.12 0.04

P-11 18.25 12 Concrete 4000 16.00 0.50 2 - # 5 @ 12 in. o.c. 2 - # 5 @ 12 in. o.c. Y 2 12 in. 4 -   # 5 -- # 3 @ 12 in. o.c. 0.23 0.09

P-12-1 19.00 8 Concrete 4000 16.00 0.50 1 - # 5 @ 12 in. o.c. 1 - # 5 @ 12 in. o.c. Y 1 12 in. 2 -   # 5 -- # 0 @ 12 in. o.c. 0.14 0.15

P-12-2 19.00 8 Concrete 4000 16.00 0.50 1 - # 5 @ 12 in. o.c. 1 - # 5 @ 12 in. o.c. Y 1 12 in. 2 -   # 5 -- # 0 @ 12 in. o.c. 0.12 0.11

P-12-3 7.58 8 Concrete 4000 16.00 0.50 1 - # 5 @ 12 in. o.c. 1 - # 5 @ 12 in. o.c. Y 1 12 in. 2 -   # 5 -- # 0 @ 12 in. o.c. 0.07 0.08

P-12-4 7.58 8 Concrete 4000 16.00 0.50 1 - # 5 @ 12 in. o.c. 1 - # 5 @ 12 in. o.c. Y 1 12 in. 2 -   # 5 -- # 0 @ 12 in. o.c. 0.10 0.05

Seismic Data

CW

6/26/2017

Vertical

Horizontal Vertical

Ties

Jamb Reinforcement

Reinforcement Reinforcement

Material Properties   Load Case Data
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 96 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 2.00

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 12 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 2 Cover to CL Vert Bars: 2.19 in.

Jamb Ties:   # 3 12 in. o.c. Jamb Bar Spacing = 7.63 in.

Jamb Vert: 4 -   # 5 rb = 0.0086

D L S E Soil N

P (kips) 84.51 0 67.31 0 dxe = 0.5 in

M (k-ft) -16.07 0.98 -21.72 157.3  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) 2.73 -0.05 3.9 -7.67

General Output Information

Reinforcement Check

r
l
 = 0.0043

rt = 0.0043

Flexural Check

Pu = 130.7 kips c = 11.4 in.

Mu = 178 kip-ft a = 9.7 in.

fMn = 1682 kip-ft   > Mu DCR = 0.11

Pu = 66.3 kips c = 9.6 in.

Mu = 217 kip-ft a = 8.2 in.

fMn = 1469 kip-ft   > Mu DCR = 0.15

Shear Check

Vu = 12.1 kips VMn = 55.5 kips

Max Vn = 582.9 kips

Vn = 443.3 kips

f = 0.75

fVn = 332.5 kips DCR = 0.04

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.215 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 10.24 in <c

Required Length = 5.7 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.22 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.22 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-01

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 96 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 2.00

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 12 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 2 Cover to CL Vert Bars: 2.19 in.

Jamb Ties:   # 3 12 in. o.c. Jamb Bar Spacing = 7.63 in.

Jamb Vert: 4 -   # 5 rb = 0.0086

D L S E Soil N

P (kips) 66.31 0 48.23 0 dxe = 0.5 in

M (k-ft) 1.58 0.98 2.93 157.3  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) -0.36 -0.05 -0.42 -7.67

General Output Information

Reinforcement Check

r
l
 = 0.0043

rt = 0.0043

Flexural Check

Pu = 101.3 kips c = 10.6 in.

Mu = 208 kip-ft a = 9.0 in.

fMn = 1586 kip-ft   > Mu DCR = 0.13

Pu = 52.0 kips c = 9.2 in.

Mu = 203 kip-ft a = 7.8 in.

fMn = 1421 kip-ft   > Mu DCR = 0.14

Shear Check

Vu = 10.6 kips VMn = 89.8 kips

Max Vn = 582.9 kips

Vn = 443.3 kips

f = 0.75

fVn = 332.5 kips DCR = 0.03

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.206 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 10.24 in <c

Required Length = 5.3 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.22 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.22 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-02

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 96 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 2.00

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 12 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 2 Cover to CL Vert Bars: 2.19 in.

Jamb Ties:   # 3 12 in. o.c. Jamb Bar Spacing = 7.63 in.

Jamb Vert: 4 -   # 5 rb = 0.0086

D L S E Soil N

P (kips) 65.62 0 47.63 0 dxe = 0.5 in

M (k-ft) -1.02 0.98 0.36 157.3  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) 0.1 -0.05 0.03 -7.67

General Output Information

Reinforcement Check

r
l
 = 0.0043

rt = 0.0043

Flexural Check

Pu = 100.2 kips c = 10.6 in.

Mu = 204 kip-ft a = 9.0 in.

fMn = 1582 kip-ft   > Mu DCR = 0.13

Pu = 51.4 kips c = 9.2 in.

Mu = 205 kip-ft a = 7.8 in.

fMn = 1420 kip-ft   > Mu DCR = 0.14

Shear Check

Vu = 10.0 kips VMn = 85.0 kips

Max Vn = 582.9 kips

Vn = 443.3 kips

f = 0.75

fVn = 332.5 kips DCR = 0.03

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.203 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 10.24 in <c

Required Length = 5.3 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.22 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.22 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-03

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 65 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 2.95

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 12 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 2 Cover to CL Vert Bars: 2.19 in.

Jamb Ties:   # 3 12 in. o.c. Jamb Bar Spacing = 7.63 in.

Jamb Vert: 4 -   # 5 rb = 0.0086

D L S E Soil N

P (kips) 27.42 0 24.04 0 dxe = 0.5 in

M (k-ft) -1.92 0.93 -0.1 150.62  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) 2.85 -0.12 3.67 -18.83

General Output Information

Reinforcement Check

r
l
 = 0.0043

rt = 0.0043

Flexural Check

Pu = 43.1 kips c = 5.8 in.

Mu = 194 kip-ft a = 4.9 in.

fMn = 614 kip-ft   > Mu DCR = 0.32

Pu = 21.5 kips c = 5.2 in.

Mu = 197 kip-ft a = 4.4 in.

fMn = 563 kip-ft   > Mu DCR = 0.35

Shear Check

Vu = 26.7 kips VMn = 69.5 kips

Max Vn = 394.7 kips

Vn = 300.2 kips

f = 0.75

fVn = 225.1 kips DCR = 0.12

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.280 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 6.93 in > c

Required Length = 2.9 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.22 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.22 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-04-2

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 413 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 0.46

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 18 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 2 Cover to CL Vert Bars: 1.81 in.

Jamb Ties:   # 0 12 in. o.c. Jamb Bar Spacing = 12.00 in.

Jamb Vert: 4 -   # 5 rb = 0.0057

D L S E Soil N

P (kips) 189.31 -0.1 87.39 -12.46 dxe = 0.5 in

M (k-ft) -186.83 2.61 -303.75 -427.21  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) -0.57 -0.21 -0.14 10.38

General Output Information

Reinforcement Check

r
l
 = 0.0029

rt = 0.0029

Flexural Check

Pu = 258.2 kips c = 27.4 in.

Mu = 888 kip-ft a = 23.3 in.

fMn = 23819 kip-ft   > Mu DCR = 0.04

Pu = 164.6 kips c = 25.5 in.

Mu = 409 kip-ft a = 21.7 in.

fMn = 22379 kip-ft   > Mu DCR = 0.02

Shear Check

Vu = 13.9 kips VMn = 375.5 kips

Max Vn = 3761.3 kips

Vn = 2690.8 kips

f = 0.75

fVn = 2018.1 kips DCR = 0.01

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.055 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 44.05 in > c

Required Length = 0.0 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.00 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.00 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-04

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 1237 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 0.16

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 18 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 2 Cover to CL Vert Bars: 1.81 in.

Jamb Ties:   # 0 12 in. o.c. Jamb Bar Spacing = 12.00 in.

Jamb Vert: 4 -   # 5 rb = 0.0057

D L S E Soil N

P (kips) 672.85 25.59 289.41 56.59 dxe = 0.5 in

M (k-ft) 750.32 608.51 776.62 2882.33  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) 12.99 6.03 19.61 -206.53

General Output Information

Reinforcement Check

r
l
 = 0.0029

rt = 0.0029

Flexural Check

Pu = 1055.8 kips c = 63.0 in.

Mu = 5264 kip-ft a = 53.6 in.

fMn = 164513 kip-ft   > Mu DCR = 0.03

Pu = 453.9 kips c = 51.5 in.

Mu = 3159 kip-ft a = 43.8 in.

fMn = 135895 kip-ft   > Mu DCR = 0.02

Shear Check

Vu = 278.7 kips VMn = 8427.6 kips

Max Vn = 11265.8 kips

Vn = 8059.4 kips

f = 0.60

fVn = 4835.6 kips DCR = 0.06

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.061 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 131.95 in > c

Required Length = 0.0 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.00 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.00 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-05

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)

Hooks Engaging Bars
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 367 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 0.52

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 18 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 2 Cover to CL Vert Bars: 1.81 in.

Jamb Ties:   # 0 12 in. o.c. Jamb Bar Spacing = 12.00 in.

Jamb Vert: 4 -   # 5 rb = 0.0057

D L S E Soil N

P (kips) 236.39 30.54 38.02 27.75 dxe = 0.5 in

M (k-ft) 117.59 18.74 187.67 -600.62  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) 6.28 0.92 4.11 105.02

General Output Information

Reinforcement Check

r
l
 = 0.0029

rt = 0.0029

Flexural Check

Pu = 373.5 kips c = 27.0 in.

Mu = 562 kip-ft a = 23.0 in.

fMn = 20763 kip-ft   > Mu DCR = 0.03

Pu = 149.3 kips c = 22.8 in.

Mu = 873 kip-ft a = 19.3 in.

fMn = 17725 kip-ft   > Mu DCR = 0.05

Shear Check

Vu = 146.4 kips VMn = 6008.5 kips

Max Vn = 3342.4 kips

Vn = 2391.1 kips

f = 0.60

fVn = 1434.7 kips DCR = 0.10

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.073 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 39.15 in > c

Required Length = 0.0 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.00 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.00 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-06

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 682 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 0.28

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 18 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 2 Cover to CL Vert Bars: 1.81 in.

Jamb Ties:   # 0 12 in. o.c. Jamb Bar Spacing = 12.00 in.

Jamb Vert: 4 -   # 5 rb = 0.0057

D L S E Soil N

P (kips) 437.6 50.32 77 -79.64 dxe = 0.5 in

M (k-ft) -539.13 -130.14 -435.76 4030.8  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) -4.33 1.51 -8.1 -388.94

General Output Information

Reinforcement Check

r
l
 = 0.0029

rt = 0.0029

Flexural Check

Pu = 519.8 kips c = 46.4 in.

Mu = 4339 kip-ft a = 39.4 in.

fMn = 66022 kip-ft   > Mu DCR = 0.07

Pu = 446.6 kips c = 45.0 in.

Mu = 5663 kip-ft a = 38.3 in.

fMn = 64176 kip-ft   > Mu DCR = 0.09

Shear Check

Vu = 512.9 kips VMn = 8671.4 kips

Max Vn = 6211.2 kips

Vn = 4443.4 kips

f = 0.60

fVn = 2666.0 kips DCR = 0.19

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.084 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 72.75 in > c

Required Length = 0.0 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.00 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.00 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-07

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)

Hooks Engaging Bars
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 282 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 0.68

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 18 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 2 Cover to CL Vert Bars: 2.19 in.

Jamb Ties:   # 3 12 in. o.c. Jamb Bar Spacing = 7.63 in.

Jamb Vert: 4 -   # 5 rb = 0.0057

D L S E Soil N

P (kips) 246.32 54.41 135.12 -70.58 dxe = 0.5 in

M (k-ft) -500.07 -154.78 -561.13 1435.48  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) -6.9 -4.88 -24 -109.99

General Output Information

Reinforcement Check

r
l
 = 0.0029

rt = 0.0029

Flexural Check

Pu = 298.8 kips c = 20.1 in.

Mu = 968 kip-ft a = 17.1 in.

fMn = 12207 kip-ft   > Mu DCR = 0.08

Pu = 284.9 kips c = 19.8 in.

Mu = 2258 kip-ft a = 16.9 in.

fMn = 12063 kip-ft   > Mu DCR = 0.19

Shear Check

Vu = 161.5 kips VMn = 2262.7 kips

Max Vn = 2568.3 kips

Vn = 1837.3 kips

f = 0.60

fVn = 1102.4 kips DCR = 0.15

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.165 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 30.08 in > c

Required Length = 0.0 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.22 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.22 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-08

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 520 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 0.37

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 12 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 2 Cover to CL Vert Bars: 1.81 in.

Jamb Ties:   # 0 12 in. o.c. Jamb Bar Spacing = 12.00 in.

Jamb Vert: 4 -   # 5 rb = 0.0086

D L S E Soil N

P (kips) 410.84 24.1 234.42 -4.65 dxe = 0.5 in

M (k-ft) 148.27 -145.4 7.61 7215.38  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) 51.78 1.71 85.49 -232.55

General Output Information

Reinforcement Check

r
l
 = 0.0043

rt = 0.0043

Flexural Check

Pu = 614.7 kips c = 55.9 in.

Mu = 9505 kip-ft a = 47.5 in.

fMn = 41156 kip-ft   > Mu DCR = 0.23

Pu = 328.1 kips c = 48.1 in.

Mu = 9264 kip-ft a = 40.9 in.

fMn = 36003 kip-ft   > Mu DCR = 0.26

Shear Check

Vu = 342.9 kips VMn = 1003.3 kips

Max Vn = 3157.2 kips

Vn = 2796.0 kips

f = 0.75

fVn = 2097.0 kips DCR = 0.16

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.305 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 55.47 in <c

Required Length = 28.0 in Special Boundary Element not Required

Required Height = 0 in Increase Jamb Length

Lengthwise Ash = 0.00 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.00 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-09

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)

Hooks Engaging Bars
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 231 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 0.83

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 12 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 2 Cover to CL Vert Bars: 2.19 in.

Jamb Ties:   # 3 12 in. o.c. Jamb Bar Spacing = 7.63 in.

Jamb Vert: 4 -   # 5 rb = 0.0086

D L S E Soil N

P (kips) 80.12 23.2 0 0 dxe = 0.5 in

M (k-ft) -56.09 -21.66 3.51 575.45  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) 0.17 -1.7 -0.17 -28.07

General Output Information

Reinforcement Check

r
l
 = 0.0043

rt = 0.0043

Flexural Check

Pu = 117.0 kips c = 20.1 in.

Mu = 664 kip-ft a = 17.0 in.

fMn = 7040 kip-ft   > Mu DCR = 0.09

Pu = 62.8 kips c = 18.5 in.

Mu = 792 kip-ft a = 15.8 in.

fMn = 6589 kip-ft   > Mu DCR = 0.12

Shear Check

Vu = 37.2 kips VMn = 437.5 kips

Max Vn = 1402.5 kips

Vn = 1242.1 kips

f = 0.75

fVn = 931.5 kips DCR = 0.04

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.113 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 24.64 in > c

Required Length = 10.0 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.22 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.22 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-10

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 219 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 0.88

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 12 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 2 Cover to CL Vert Bars: 2.19 in.

Jamb Ties:   # 3 12 in. o.c. Jamb Bar Spacing = 7.63 in.

Jamb Vert: 4 -   # 5 rb = 0.0086

D L S E Soil N

P (kips) 177.68 0 173.41 0 dxe = 0.5 in

M (k-ft) -5.74 5.74 5.06 1194.12  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) 1.37 -0.28 1.49 -58.25

General Output Information

Reinforcement Check

r
l
 = 0.0043

rt = 0.0043

Flexural Check

Pu = 284.1 kips c = 24.5 in.

Mu = 1549 kip-ft a = 20.8 in.

fMn = 7905 kip-ft   > Mu DCR = 0.20

Pu = 139.3 kips c = 20.6 in.

Mu = 1557 kip-ft a = 17.5 in.

fMn = 6816 kip-ft   > Mu DCR = 0.23

Shear Check

Vu = 76.8 kips VMn = 417.4 kips

Max Vn = 1329.7 kips

Vn = 1177.5 kips

f = 0.75

fVn = 883.1 kips DCR = 0.09

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.291 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 23.36 in <c

Required Length = 12.3 in Special Boundary Element not Required

Required Height = 0 in Increase Jamb Length

Lengthwise Ash = 0.22 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.22 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-11

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 228 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 0.84

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 8 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 1 Cover to CL Vert Bars: 1.81 in.

Jamb Ties:   # 0 12 in. o.c. Jamb Bar Spacing = 12.00 in.

Jamb Vert: 2 -   # 5 rb = 0.0065

D L S E Soil N

P (kips) 119.64 21.18 38.66 24.04 dxe = 0.5 in

M (k-ft) -14.14 -5.28 -6.77 371.22  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) -3.81 -1.04 -2.64 -44.01

General Output Information

Reinforcement Check

r
l
 = 0.0032

rt = 0.0032

Flexural Check

Pu = 210.5 kips c = 22.5 in.

Mu = 459 kip-ft a = 19.1 in.

fMn = 4765 kip-ft   > Mu DCR = 0.10

Pu = 62.5 kips c = 16.2 in.

Mu = 494 kip-ft a = 13.8 in.

fMn = 3558 kip-ft   > Mu DCR = 0.14

Shear Check

Vu = 63.5 kips VMn = 732.0 kips

Max Vn = 922.9 kips

Vn = 699.5 kips

f = 0.60

fVn = 419.7 kips DCR = 0.15

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.191 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 24.32 in > c

Required Length = 0.0 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.00 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.00 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-12-1

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)

Hooks Engaging Bars
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 228 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 0.84

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 8 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 1 Cover to CL Vert Bars: 1.81 in.

Jamb Ties:   # 0 12 in. o.c. Jamb Bar Spacing = 12.00 in.

Jamb Vert: 2 -   # 5 rb = 0.0065

D L S E Soil N

P (kips) 110.59 19.54 28.31 -24.04 dxe = 0.5 in

M (k-ft) -17.11 -7.02 -8.96 373.92  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) -2.24 -0.38 -1.6 -39.85

General Output Information

Reinforcement Check

r
l
 = 0.0032

rt = 0.0032

Flexural Check

Pu = 132.3 kips c = 19.1 in.

Mu = 457 kip-ft a = 16.3 in.

fMn = 4133 kip-ft   > Mu DCR = 0.11

Pu = 118.0 kips c = 18.5 in.

Mu = 500 kip-ft a = 15.8 in.

fMn = 4016 kip-ft   > Mu DCR = 0.12

Shear Check

Vu = 55.4 kips VMn = 556.2 kips

Max Vn = 922.9 kips

Vn = 699.5 kips

f = 0.75

fVn = 524.6 kips DCR = 0.11

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.148 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 24.32 in > c

Required Length = 0.0 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.00 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.00 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-12-2

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)

Hooks Engaging Bars
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 91 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 2.11

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 8 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 1 Cover to CL Vert Bars: 1.81 in.

Jamb Ties:   # 0 12 in. o.c. Jamb Bar Spacing = 12.00 in.

Jamb Vert: 2 -   # 5 rb = 0.0065

D L S E Soil N

P (kips) 49.55 9.84 15.08 -38.96 dxe = 0.5 in

M (k-ft) -4.92 -1.97 -2.88 36.87  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) 2.71 1.15 2.07 -8.58

General Output Information

Reinforcement Check

r
l
 = 0.0032

rt = 0.0032

Flexural Check

Pu = 89.5 kips c = 8.9 in.

Mu = 52 kip-ft a = 7.6 in.

fMn = 783 kip-ft   > Mu DCR = 0.07

Pu = 23.9 kips c = 6.0 in.

Mu = 40 kip-ft a = 5.1 in.

fMn = 568 kip-ft   > Mu DCR = 0.07

Shear Check

Vu = 13.3 kips VMn = 102.1 kips

Max Vn = 368.3 kips

Vn = 233.1 kips

f = 0.75

fVn = 174.9 kips DCR = 0.08

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.172 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 9.71 in > c

Required Length = 0.0 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.00 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.00 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-12-3

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Max Pu)

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Min Pu)

Hooks Engaging Bars
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Special Reinforced Concrete Shearwall
IBC & ACI 318

PROJECT NAME: ENGINEER:

LOCATION: DATE:

General Input Information

Length = 91 in. f'c = 4,000 psi SDS = 0.580 hw/lw = 2.11

Height = 16 ft fy = 60 ksi f1 = 0.5 b1 = 0.85

t = 8 in. Cd/IE = 4.00 f2 = 0.29

Size Spacing Jamb Length = 12 in.

Horizontal: # 5 12 in. o.c. Jamb Bar Pattern: 

Vertical: # 5 12 in. o.c. Tie Bar Cover: 1.50 in

 # Mats: 1 Cover to CL Vert Bars: 1.81 in.

Jamb Ties:   # 0 12 in. o.c. Jamb Bar Spacing = 12.00 in.

Jamb Vert: 2 -   # 5 rb = 0.0065

D L S E Soil N

P (kips) 44.57 7.97 12.37 39.58 dxe = 0.5 in

M (k-ft) -0.9 -0.4 -0.19 31.49  Max # sqrt f'c = 8 8 typical (10 for a single pier)

V (kips) 1.15 0.55 1.04 -6.42

General Output Information

Reinforcement Check

r
l
 = 0.0032

rt = 0.0032

Flexural Check

Pu = 117.7 kips c = 10.0 in.

Mu = 39 kip-ft a = 8.5 in.

fMn = 870 kip-ft   > Mu DCR = 0.05

Pu = -16.5 kips c = 4.2 in.

Mu = 42 kip-ft a = 3.6 in.

fMn = 428 kip-ft   > Mu DCR = 0.10

Shear Check

Vu = 9.2 kips VMn = 153.2 kips

Max Vn = 368.3 kips

Vn = 233.1 kips

f = 0.75

fVn = 174.9 kips DCR = 0.05

Boundary Element

ACI 318 Section 18.10.6.2 ACI 318 Section 18.10.6.3

du = 2.00 in 0.2f'c = 0.800 ksi

du/hw = 0.010 fc = 0.199 ksi < 0.2f'c

lw/(600(1.5*du/hw)) = 9.71 in <c

Required Length = 0.0 in Special Boundary Element not Required

Required Height = 0 in

Lengthwise Ash = 0.00 in
2

 Req'd Ash = 0.00 in
2

Crosswise Ash = 0.00 in
2

Tie bar spacing exceeds maximum allowable of 8.00 in.

 Req'd Ash = 0.00 in
2

Powder Mountain Parcel 4

P-12-4

Unfactored Loads

Check per ACI 18.10.6.2?

Transverse Reinforcement

Jamb InputReinforcement

      Load Combination 1   -   1.32*D + 0.5*L + 0.29*S + 1.30*E + 1.00*Soil (Max Pu)

      Load Combination 2   -   0.78*D + -1.30*E + 1.00*Soil (Min Pu)

Hooks Engaging Bars
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RAM Foundation V15.04
Reaveley Engineers + Associates

DataBase: Summitt Powder Mtn Parcel 4 - v55   06/27/17 20:32:16 
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Calculation Sheet #________

CONCRETE PIER ANALYSIS
ACI 318

Project: 2017.080 Powder Mountain Parcel 4 Date: 2017-06-26

Designation: CP-1 SBP-2 Engineer: CAB

Material Properties Base Plate Info y

f'c : 4 ksi Type: T1 width: 18 inches

fy : 60 ksi B= 8

Bar#: 6 N= 13

Cover: 2.375 inches D= 0

f: 0.65 Anchor Ø: 0.75

Offset(y): 0

Factored Loads

Pu : 90.84 kips x x

Mu x : 1 kip-ft length: # Bars:

Mu y : 1 kip-ft 18 3

inches

Preliminary Calculations

Ag  = 324 in
2

Ast  = 3.52 in
2

r = 0.010864

b1= 0.85 # Bars: 3

fP n = 676.4326 kips Minimum Tie Spacing y

#3@ 12 Alternate Bars along width require ties.

#4@ 12 Alternate bars along length require ties.
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Calculation Sheet #________

CONCRETE PIER ANALYSIS
ACI 318

Project: 2017.080 Powder Mountain Parcel 4 Date: 2017-06-26

Designation: CP-1 SBP-3 Engineer: CAB

Material Properties Base Plate Info y

f'c : 4 ksi Type: T1 width: 18 inches

fy : 60 ksi B= 14

Bar#: 6 N= 14

Cover: 2.375 inches D= 0

f: 0.65 Anchor Ø: 0.75

Offset(y): 0

Factored Loads

Pu : 361.65 kips x x

Mu x : 1 kip-ft length: # Bars:

Mu y : 1 kip-ft 18 3

inches

Preliminary Calculations

Ag  = 324 in
2

Ast  = 3.52 in
2

r = 0.010864

b1= 0.85 # Bars: 3

fP n = 676.4326 kips Minimum Tie Spacing y

#3@ 12 Alternate Bars along width require ties.

#4@ 12 Alternate bars along length require ties.
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Calculation Sheet #________

CONCRETE PIER ANALYSIS
ACI 318

Project: 2017.080 Powder Mountain Parcel 4 Date: 2017-06-26

Designation: CP-1 SBP-4 Engineer: CAB

Material Properties Base Plate Info y

f'c : 4 ksi Type: T1 width: 18 inches

fy : 60 ksi B= 11

Bar#: 6 N= 14

Cover: 2.375 inches D= 0

f: 0.65 Anchor Ø: 0.75

Offset(y): 0

Factored Loads

Pu : 289.64 kips x x

Mu x : 1 kip-ft length: # Bars:

Mu y : 1 kip-ft 18 3

inches

Preliminary Calculations

Ag  = 324 in
2

Ast  = 3.52 in
2

r = 0.010864

b1= 0.85 # Bars: 3

fP n = 676.4326 kips Minimum Tie Spacing y

#3@ 12 Alternate Bars along width require ties.

#4@ 12 Alternate bars along length require ties.
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Calculation Sheet #________

CONCRETE PIER ANALYSIS
ACI 318

Project: 2017.080 Powder Mountain Parcel 4 Date: 2017-06-26

Designation: CP-2 SBP-6 Engineer: CAB

Material Properties Base Plate Info y

f'c : 4 ksi Type: T1 width: 22 inches

fy : 60 ksi B= 15

Bar#: 8 N= 18

Cover: 2.5 inches D= 0

f: 0.65 Anchor Ø: 0.75

Offset(y): 0

Factored Loads

Pu : 397.3 kips x x

Mu x : 1 kip-ft length: # Bars:

Mu y : 1 kip-ft 22 3

inches

Preliminary Calculations

Ag  = 484 in
2

Ast  = 6.32 in
2

r = 0.013058

b1= 0.85 # Bars: 3

fP n = 1041.722 kips Minimum Tie Spacing y

#3@ 16 All bars along width require ties.

#4@ 16 All bars along length require ties.

14

x

-11

11

11

-11

-11

x

6

6

-6

-6

6

Column Geometry

Base Plate Size

0

200

400

600

800

1000

1200

1400

0 100 200 300 400 500

f
P

n

fMn

x-x Interaction Curve

0

200

400

600

800

1000

1200

1400

0 100 200 300 400 500

f
P

n

fMn

y-y Interaction Curve

-15

-10

-5

0

5

10

15

-15 -10 -5 0 5 10 15

(c) Copyright Reaveley Engineers Associates, Inc.

FTG - 5 of 110



 

sheet 1 

project  Powder Mountain Parcel 4 

  Retaining Walls 

location  Eden, Utah 

 date 6/26/2017 by  CW 

 

 

RETAINING WALL ANALYSIS & DESIGN - POOL WALL (ACI318/MSJC) 

RETAINING WALL ANALYSIS 

In accordance with International Building Code 2015 

Tedds calculation version 2.9.00 

Retaining wall details 

Stem type Cantilever with inclined front face 

Stem height hstem = 27 ft 

Stem thickness tstem = 30 in 

Slope length to front of stem lslf = 6 in 

Angle to rear face of stem  = 90 deg 

Angle to front face of stem f = 88.9 deg 

Stem density stem = 150 pcf 

Toe length ltoe = 2 ft 

Heel length lheel = 28 ft 

Base thickness tbase = 30 in 

Base density base = 150 pcf 

Height of retained soil hret = 21.5 ft 

Angle of soil surface  = 0 deg 

Depth of cover dcover = 2 ft 

Depth of excavation dexc = 2 ft 

Height of water hwater = 12 ft 

Water density w = 62 pcf 

Retained soil properties 

Soil type Medium dense well graded sand 

Moist density mr = 135 pcf 

Saturated density sr = 145 pcf 

Base soil properties 

Soil type Medium dense well graded sand 

Soil density b = 115 pcf 

Allowable bearing pressure Pbearing = 4600 psf 

Loading details 

Live surcharge load SurchargeL = 350 psf 
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sheet 2 

project  Powder Mountain Parcel 4 

  Retaining Walls 

location  Eden, Utah 

 date 6/26/2017 by  CW 

 

 

  
 

Calculate retaining wall geometry 

Base length lbase = ltoe + lslf + tstem + lheel = 33 ft 

Saturated soil height hsat = hwater + dcover = 14 ft 

Moist soil height hmoist = hret - hwater = 9.5 ft 

Length of surcharge load lsur = lheel = 28 ft 

 - Distance to vertical component xsur_v = lbase - lheel / 2 = 19 ft 

Effective height of wall heff = hbase + dcover + hret = 26 ft 

 - Distance to horizontal component xsur_h = heff / 2 = 13 ft 

Area of wall stem Astem = hstem  (tstem + lslf / 2) = 74.25 ft2 

 - Distance to vertical component xstem = (hstem  tstem  (ltoe + lslf + tstem / 2) + hstem  lslf / 2  (ltoe + 2  lslf / 3)) / 

Astem = 3.621 ft 

Area of wall base Abase = lbase  tbase = 82.5 ft2 

 - Distance to vertical component xbase = lbase / 2 = 16.5 ft 

Area of saturated soil Asat = hsat  lheel = 392 ft2 

 - Distance to vertical component xsat_v = lbase - (hsat  lheel
2 / 2) / Asat = 19 ft 

 - Distance to horizontal component xsat_h = (hsat + hbase) / 3 = 5.5 ft 

Area of water Awater = hsat  lheel = 392 ft2 

 - Distance to vertical component xwater_v = lbase - (hsat  lheel
2 / 2) / Asat = 19 ft 

 - Distance to horizontal component xwater_h = (hsat + hbase) / 3 = 5.5 ft 

Area of moist soil Amoist = hmoist  lheel = 266 ft2 

 - Distance to vertical component xmoist_v = lbase - (hmoist  lheel
2 / 2) / Amoist = 19 ft 
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sheet 3 

project  Powder Mountain Parcel 4 

  Retaining Walls 

location  Eden, Utah 

 date 6/26/2017 by  CW 

 

 

 - Distance to horizontal component xmoist_h = (hmoist  (tbase + hsat + hmoist / 3) / 2 + (hsat + tbase)2/2) / (hsat + tbase + 

hmoist / 2) = 10.802 ft 

Area of base soil Apass = dcover  (ltoe + lslf  dcover / (2  hstem)) = 4.037 ft2 

 - Distance to vertical component xpass_v = lbase - (dcover  ltoe  (lbase - ltoe / 2) + lslf  dcover
2 / (2  hstem)  (lbase - 

ltoe - lslf  dcover / (3  hstem))) / Apass = 1.009 ft 

 - Distance to horizontal component xpass_h = (dcover + hbase) / 3 = 1.5 ft 

Soil coefficients 

Coefficient of friction to back of wall Kfr = 0.450 

Coefficient of friction to front of wall Kfb = 0.450 

Coefficient of friction beneath base Kfbb = 0.450 

Active pressure coefficient KA = 0.330 

Passive pressure coefficient KP = 3.000 

From IBC 2015 cl.1807.2.3 Safety factor 

Load combination 1 1.0  Dead + 1.0  Live + 1.0  Lateral earth 

Sliding check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 11138 plf 

Wall base Fbase = Abase  base = 12375 plf 

Saturated retained soil Fsat_v = Asat  (sr - w) = 32379 plf 

Water Fwater_v = Awater  w = 24461 plf 

Moist retained soil Fmoist_v = Amoist  mr = 35910 plf 

Total Ftotal_v = Fstem + Fbase + Fsat_v + Fmoist_v + Fwater_v = 116263 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 3003 plf 

Saturated retained soil Fsat_h = KA  (sr - w)  (hsat + hbase)2 / 2 = 3710 plf 

Water Fwater_h = w  (hwater + dcover + hbase)2 / 2 = 8494 plf 

Moist retained soil Fmoist_h = KA  mr  ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase)  (hsat + hbase)) 

= 8994 plf 

Total Ftotal_h = Fsat_h + Fmoist_h + Fwater_h + Fsur_h = 24201 plf 

Check stability against sliding 

Base soil resistance Fexc_h = KP  b  (hpass + hbase)2 / 2 = 1078 plf 

Base friction Ffriction = Ftotal_v  Kfbb = 52318 plf 

Resistance to sliding Frest = Fexc_h + Ffriction = 53396 plf 

Factor of safety FoSsl = Frest / Ftotal_h = 2.206 > 1.5 

PASS - Factor of safety against sliding is adequate 

Overturning check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 11138 plf 

Wall base Fbase = Abase  base = 12375 plf 

Saturated retained soil Fsat_v = Asat  (sr - w) = 32379 plf 

Water Fwater_v = Awater  w = 24461 plf 

Moist retained soil Fmoist_v = Amoist  mr = 35910 plf 
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sheet 4 

project  Powder Mountain Parcel 4 

  Retaining Walls 

location  Eden, Utah 

 date 6/26/2017 by  CW 

 

 

Total Ftotal_v = Fstem + Fbase + Fsat_v + Fmoist_v + Fwater_v = 116263 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 3003 plf 

Saturated retained soil Fsat_h = KA  (sr - w)  (hsat + hbase)2 / 2 = 3710 plf 

Water Fwater_h = w  (hwater + dcover + hbase)2 / 2 = 8494 plf 

Moist retained soil Fmoist_h = KA  mr  ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase)  (hsat + hbase)) 

= 8994 plf 

Base soil Fexc_h = -KP  b  (hpass + hbase)2 / 2 = -1078 plf 

Total Ftotal_h = Fsat_h + Fmoist_h + Fexc_h + Fwater_h + Fsur_h = 23123 plf 

Overturning moments on wall 

Surcharge load Msur_OT = Fsur_h  xsur_h = 39039 lb_ft/ft 

Saturated retained soil Msat_OT = Fsat_h  xsat_h = 20408 lb_ft/ft 

Water Mwater_OT = Fwater_h  xwater_h = 46718 lb_ft/ft 

Moist retained soil Mmoist_OT = Fmoist_h  xmoist_h = 97148 lb_ft/ft 

Total Mtotal_OT = Msat_OT + Mmoist_OT + Mwater_OT + Msur_OT = 203313 lb_ft/ft 

Restoring moments on wall 

Wall stem Mstem_R = Fstem  xstem = 40331 lb_ft/ft 

Wall base Mbase_R = Fbase  xbase = 204187 lb_ft/ft 

Saturated retained soil Msat_R = Fsat_v  xsat_v = 615205 lb_ft/ft 

Water Mwater_R = Fwater_v  xwater_v = 464755 lb_ft/ft 

Moist retained soil Mmoist_R = Fmoist_v  xmoist_v = 682290 lb_ft/ft 

Base soil Mexc_R = -Fexc_h  xexc_h = 898 lb_ft/ft 

Total Mtotal_R = Mstem_R + Mbase_R + Msat_R + Mmoist_R + Mexc_R + Mwater_R = 2007667 

lb_ft/ft 

Check stability against overturning 

Factor of safety FoSot = Mtotal_R / Mtotal_OT = 9.875 > 1.5 

PASS - Factor of safety against overturning is adequate 

Bearing pressure check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 11138 plf 

Wall base Fbase = Abase  base = 12375 plf 

Surcharge load Fsur_v = SurchargeL  lheel = 9800 plf 

Saturated retained soil Fsat_v = Asat  (sr - w) = 32379 plf 

Water Fwater_v = Awater  w = 24461 plf 

Moist retained soil Fmoist_v = Amoist  mr = 35910 plf 

Base soil Fpass_v = Apass  b = 464 plf 

Total Ftotal_v = Fstem + Fbase + Fsat_v + Fmoist_v + Fpass_v + Fwater_v + Fsur_v = 126527 

plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 3003 plf 

Saturated retained soil Fsat_h = KA  (sr - w)  (hsat + hbase)2 / 2 = 3710 plf 

Water Fwater_h = w  (hwater + dcover + hbase)2 / 2 = 8494 plf 
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sheet 5 

project  Powder Mountain Parcel 4 

  Retaining Walls 

location  Eden, Utah 

 date 6/26/2017 by  CW 

 

 

Moist retained soil Fmoist_h = KA  mr  ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase)  (hsat + hbase)) 

= 8994 plf 

Base soil Fpass_h = -KP  b  (dcover + hbase)2 / 2 = -3493 plf 

Total Ftotal_h = max(Fsat_h + Fmoist_h + Fpass_h + Fwater_h + Fsur_h - Ftotal_v  Kfbb, 0 plf) 

= 0 plf 

Moments on wall 

Wall stem Mstem = Fstem  xstem = 40331 lb_ft/ft 

Wall base Mbase = Fbase  xbase = 204187 lb_ft/ft 

Surcharge load Msur = Fsur_v  xsur_v - Fsur_h  xsur_h = 147161 lb_ft/ft 

Saturated retained soil Msat = Fsat_v  xsat_v - Fsat_h  xsat_h = 594797 lb_ft/ft 

Water Mwater = Fwater_v  xwater_v - Fwater_h  xwater_h = 418037 lb_ft/ft 

Moist retained soil Mmoist = Fmoist_v  xmoist_v - Fmoist_h  xmoist_h = 585142 lb_ft/ft 

Base soil Mpass = Fpass_v  xpass_v - Fpass_h  xpass_h = 5708 lb_ft/ft 

Total Mtotal = Mstem + Mbase + Msat + Mmoist + Mpass + Mwater + Msur = 1995364 lb_ft/ft 

Check bearing pressure 

Distance to reaction x = Mtotal / Ftotal_v = 15.77 ft 

Eccentricity of reaction e = x - lbase / 2 = -0.73 ft 

Loaded length of base lload = lbase = 33 ft 

Bearing pressure at toe qtoe = Ftotal_v / lbase  (1 - 6  e / lbase) = 4343 psf 

Bearing pressure at heel qheel = Ftotal_v / lbase  (1 + 6  e / lbase) = 3325 psf 

Factor of safety FoSbp = Pbearing / max(qtoe, qheel) = 1.059  

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure 

RETAINING WALL DESIGN 

In accordance with ACI 318-14 

Tedds calculation version 2.9.00 

Concrete details 

Compressive strength of concrete f'c = 5000 psi 

Concrete type Normal weight 

Reinforcement details 

Yield strength of reinforcement fy = 60000 psi 

Modulus of elasticity or reinforcement Es = 29000000 psi 

Cover to reinforcement 

Front face of stem csf = 2 in 

Rear face of stem csr = 2 in 

Top face of base cbt = 2 in 

Bottom face of base cbb = 3 in 

From IBC 2015 cl.1605.2.1 Basic load combinations 

Load combination no.1 1.4  Dead 

Load combination no.2 1.2  Dead + 1.6  Live + 1.6  Lateral earth 

Load combination no.3 1.2  Dead + 1.0  Earthquake + 1.0  Live + 1.6  Lateral earth  

Load combination no.4 0.9  Dead + 1.0  Earthquake + 1.6  Lateral earth 
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project  Powder Mountain Parcel 4 

  Retaining Walls 

location  Eden, Utah 

 date 6/26/2017 by  CW 

 

 

  
 

 

  
 

Check stem design at base of stem 

Depth of section h = 36 in 

Rectangular section in flexure - Section 22.3 

Design bending moment combination 2 M = 238212 lb_ft/ft 

Depth of tension reinforcement d = h - csr - sr / 2 = 33.436 in 

Compression reinforcement provided No.4 bars @ 12" c/c 

Area of compression reinforcement provided Asf.prov =   sf
2 / (4  ssf) = 0.196 in2/ft 

Tension reinforcement provided No.9 bars @ 6" c/c 

Area of tension reinforcement provided Asr.prov =   sr
2 / (4  ssr) = 1.999 in2/ft 

Maximum reinforcement spacing - cl.11.7.2 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Asr.prov  fy / (0.85  f'c) = 2.351 in 

Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.8 

Depth to neutral axis c = a / 1 = 2.939 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.031128 

Section is in the tension controlled zone 
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project  Powder Mountain Parcel 4 

  Retaining Walls 

location  Eden, Utah 

 date 6/26/2017 by  CW 

 

 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Asr.prov  fy  (d - a / 2) = 322386 lb_ft/ft 

Design flexural strength Mn = f  Mn = 290148 lb_ft/ft 

 M / Mn = 0.821 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Asr.des = 1.63 in2/ft 

Minimum area of reinforcement - cl.9.6.1.2 Asr.min = max(3  (f'c  1 psi), 200 psi)  d / fy = 1.419 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 31098 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 56743 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.5.1.1 Vc = s  Vc = 42557 lb/ft 

 V / Vc = 0.731 

PASS - No shear reinforcement is required 

Check stem design at 8 ft 

Depth of section h = 34.222 in 

Rectangular section in flexure - Section 22.3 

Design bending moment combination 2 M = 69037 lb_ft/ft 

Depth of tension reinforcement d = h - csr - sr1 / 2 = 31.722 in 

Compression reinforcement provided No.4 bars @ 12" c/c 

Area of compression reinforcement provided Asf1.prov =   sf1
2 / (4  ssf1) = 0.196 in2/ft 

Tension reinforcement provided No.8 bars @ 12" c/c 

Area of tension reinforcement provided Asr1.prov =   sr1
2 / (4  ssr1) = 0.785 in2/ft 

Maximum reinforcement spacing - cl.11.7.2 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Asr1.prov  fy / (0.85  f'c) = 0.924 in 

Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.8 

Depth to neutral axis c = a / 1 = 1.155 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.079395 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Asr1.prov  fy  (d - a / 2) = 122758 lb_ft/ft 

Design flexural strength Mn = f  Mn = 110482 lb_ft/ft 

 M / Mn = 0.625 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Asr1.des = 0.488 in2/ft 

Minimum area of reinforcement - cl.9.6.1.3 Asr1.mod = 4  Asr1.des / 3 = 0.651 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 12726 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 
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Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 53834 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.5.1.1 Vc = s  Vc = 40376 lb/ft 

 V / Vc = 0.315 

PASS - No shear reinforcement is required 

Check stem design at 16 ft 

Depth of section h = 32.445 in 

Rectangular section in flexure - Section 22.3 

Design bending moment combination 2 M = 10209 lb_ft/ft 

Depth of tension reinforcement d = h - csr - sr2 / 2 = 30.07 in 

Compression reinforcement provided No.4 bars @ 12" c/c 

Area of compression reinforcement provided Asf2.prov =   sf2
2 / (4  ssf2) = 0.196 in2/ft 

Tension reinforcement provided No.6 bars @ 12" c/c 

Area of tension reinforcement provided Asr2.prov =   sr2
2 / (4  ssr2) = 0.442 in2/ft 

Maximum reinforcement spacing - cl.11.7.2 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Asr2.prov  fy / (0.85  f'c) = 0.52 in 

Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.8 

Depth to neutral axis c = a / 1 = 0.65 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.13585 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Asr2.prov  fy  (d - a / 2) = 65848 lb_ft/ft 

Design flexural strength Mn = f  Mn = 59263 lb_ft/ft 

 M / Mn = 0.172 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Asr2.des = 0.076 in2/ft 

Minimum area of reinforcement - cl.9.6.1.3 Asr2.mod = 4  Asr2.des / 3 = 0.101 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 3391 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 51030 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.5.1.1 Vc = s  Vc = 38272 lb/ft 

 V / Vc = 0.089 

PASS - No shear reinforcement is required 

Horizontal reinforcement parallel to face of stem 

Minimum area of reinforcement - cl.11.6.1 Asx.req = 0.0025  (tstem + lslf) = 1.08 in2/ft 

Transverse reinforcement provided No.7 bars @ 13" c/c each face 

Area of transverse reinforcement provided Asx.prov = 2    sx
2 / (4  ssx) = 1.11 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 
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Check base design at heel 

Depth of section h = 30 in 

Rectangular section in flexure - Section 22.3 

Design bending moment combination 1 M = 33326 lb_ft/ft 

Depth of tension reinforcement d = h - cbb - bb / 2 = 26.563 in 

Compression reinforcement provided No.10 bars @ 6" c/c 

Area of compression reinforcement provided Abt.prov =   bt
2 / (4  sbt) = 2.534 in2/ft 

Tension reinforcement provided No.7 bars @ 10" c/c 

Area of tension reinforcement provided Abb.prov =   bb
2 / (4  sbb) = 0.722 in2/ft 

Maximum reinforcement spacing - cl.7.7.2.3 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Abb.prov  fy / (0.85  f'c) = 0.849 in 

Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.8 

Depth to neutral axis c = a / 1 = 1.061 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.072095 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Abb.prov  fy  (d - a / 2) = 94304 lb_ft/ft 

Design flexural strength Mn = f  Mn = 84874 lb_ft/ft 

 M / Mn = 0.393 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Abb.des = 0.281 in2/ft 

Minimum area of reinforcement - cl.7.6.1.1 Abb.min = 0.0018  h = 0.648 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 9940 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 45078 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.7.6.3.1 Vc = s  Vc = 33809 lb/ft 

 V / Vc = 0.294 

PASS - No shear reinforcement is required 

Check base design at heel 

Depth of section h = 30 in 

Rectangular section in flexure - Section 22.3 

Design bending moment combination 2 M = 280902 lb_ft/ft 

Depth of tension reinforcement d = h - cbt - bt / 2 = 27.365 in 

Compression reinforcement provided No.7 bars @ 10" c/c 

Area of compression reinforcement provided Abb.prov =   bb
2 / (4  sbb) = 0.722 in2/ft 

Tension reinforcement provided No.10 bars @ 6" c/c 

Area of tension reinforcement provided Abt.prov =   bt
2 / (4  sbt) = 2.534 in2/ft 

Maximum reinforcement spacing - cl.7.7.2.3 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 
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Depth of compression block a = Abt.prov  fy / (0.85  f'c) = 2.981 in 

Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.8 

Depth to neutral axis c = a / 1 = 3.726 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.019034 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Abt.prov  fy  (d - a / 2) = 327772 lb_ft/ft 

Design flexural strength Mn = f  Mn = 294995 lb_ft/ft 

 M / Mn = 0.952 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Abt.des = 2.405 in2/ft 

Minimum area of reinforcement - cl.7.6.1.1 Abt.min = 0.0018  h = 0.648 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 13508 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 46440 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.7.6.3.1 Vc = s  Vc = 34830 lb/ft 

 V / Vc = 0.388 

PASS - No shear reinforcement is required 

Transverse reinforcement parallel to base 

Minimum area of reinforcement - cl.76.1.1 Abx.req = 0.0018  tbase = 0.648 in2/ft 

Transverse reinforcement provided No.6 bars @ 12" c/c each face 

Area of transverse reinforcement provided Abx.prov = 2    bx
2 / (4  sbx) = 0.884 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 
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RETAINING WALL ANALYSIS & DESIGN - EAST BASEMENT WALL (ACI318/MSJC) 

RETAINING WALL ANALYSIS 

In accordance with International Building Code 2015 

Tedds calculation version 2.9.00 

Retaining wall details 

Stem type Propped cantilever pinned at the base 

Stem height hstem = 21 ft 

Prop height hprop = 21 ft 

Stem thickness tstem = 18 in 

Angle to rear face of stem  = 90 deg 

Stem density stem = 150 pcf 

Toe length ltoe = 1.75 ft 

Heel length lheel = 1.75 ft 

Base thickness tbase = 16 in 

Base density base = 150 pcf 

Height of retained soil hret = 20 ft 

Angle of soil surface  = 0 deg 

Depth of cover dcover = 1 ft 

Depth of excavation dexc = 1 ft 

Height of water hwater = 10 ft 

Water density w = 62 pcf 

Retained soil properties 

Soil type Medium dense well graded sand 

Moist density mr = 135 pcf 

Saturated density sr = 145 pcf 

Base soil properties 

Soil type Medium dense well graded sand 

Soil density b = 115 pcf 

Allowable bearing pressure Pbearing = 4600 psf 

Loading details 

Live surcharge load SurchargeL = 100 psf 

Vertical line load at 0.75 ft PD1 = 1000 plf 

 PL1 = 1000 plf 
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Calculate retaining wall geometry 

Base length lbase = ltoe + tstem + lheel = 5 ft 

Saturated soil height hsat = hwater + dcover = 11 ft 

Moist soil height hmoist = hret - hwater = 10 ft 

Length of surcharge load lsur = lheel = 1.75 ft 

 - Distance to vertical component xsur_v = lbase - lheel / 2 = 4.125 ft 

Effective height of wall heff = hbase + dcover + hret = 22.333 ft 

 - Distance to horizontal component xsur_h = heff / 2 = 11.167 ft 

Area of wall stem Astem = hstem  tstem = 31.5 ft2 

 - Distance to vertical component xstem = ltoe + tstem / 2 = 2.5 ft 

Area of wall base Abase = lbase  tbase = 6.667 ft2 

 - Distance to vertical component xbase = lbase / 2 = 2.5 ft 

Area of saturated soil Asat = hsat  lheel = 19.25 ft2 

 - Distance to vertical component xsat_v = lbase - (hsat  lheel
2 / 2) / Asat = 4.125 ft 

 - Distance to horizontal component xsat_h = (hsat + hbase) / 3 = 4.111 ft 

Area of water Awater = hsat  lheel = 19.25 ft2 

 - Distance to vertical component xwater_v = lbase - (hsat  lheel
2 / 2) / Asat = 4.125 ft 

 - Distance to horizontal component xwater_h = (hsat + hbase) / 3 = 4.111 ft 

Area of moist soil Amoist = hmoist  lheel = 17.5 ft2 

 - Distance to vertical component xmoist_v = lbase - (hmoist  lheel
2 / 2) / Amoist = 4.125 ft 
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 - Distance to horizontal component xmoist_h = (hmoist  (tbase + hsat + hmoist / 3) / 2 + (hsat + tbase)2/2) / (hsat + tbase + 

hmoist / 2) = 8.907 ft 

Area of base soil Apass = dcover  ltoe = 1.75 ft2 

 - Distance to vertical component xpass_v = lbase - (dcover  ltoe (lbase - ltoe / 2)) / Apass = 0.875 ft 

 - Distance to horizontal component xpass_h = (dcover + hbase) / 3 = 0.778 ft 

Soil coefficients 

Coefficient of friction to back of wall Kfr = 0.450 

Coefficient of friction to front of wall Kfb = 0.450 

Coefficient of friction beneath base Kfbb = 0.450 

At rest pressure coefficient K0 = 0.500 

Passive pressure coefficient KP = 3.000 

From IBC 2015 cl.1807.2.3 Safety factor 

Load combination 1 1.0  Dead + 1.0  Live + 1.0  Lateral earth 

Bearing pressure check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 4725 plf 

Wall base Fbase = Abase  base = 1000 plf 

Surcharge load Fsur_v = SurchargeL  lheel = 175 plf 

Line loads FP_v = PD1 + PL1 = 2000 plf 

Saturated retained soil Fsat_v = Asat  (sr - w) = 1590 plf 

Water Fwater_v = Awater  w = 1201 plf 

Moist retained soil Fmoist_v = Amoist  mr = 2362 plf 

Base soil Fpass_v = Apass  b = 201 plf 

Total Ftotal_v = Fstem + Fbase + Fsat_v + Fmoist_v + Fpass_v + Fwater_v + Fsur_v + FP_v = 

13255 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = K0  SurchargeL  heff = 1117 plf 

Saturated retained soil Fsat_h = K0  (sr - w)  (hsat + hbase)2 / 2 = 3141 plf 

Water Fwater_h = w  (hwater + dcover + hbase)2 / 2 = 4746 plf 

Moist retained soil Fmoist_h = K0  mr  ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase)  (hsat + hbase)) 

= 11700 plf 

Base soil Fpass_h = -KP  b  (dcover + hbase)2 / 2 = -939 plf 

Total Ftotal_h = Fsat_h + Fmoist_h + Fpass_h + Fwater_h + Fsur_h = 19764 plf 

Moments on wall 

Wall stem Mstem = Fstem  xstem = 11812 lb_ft/ft 

Wall base Mbase = Fbase  xbase = 2500 lb_ft/ft 

Surcharge load Msur = Fsur_v  xsur_v = 722 lb_ft/ft 

Line loads MP = ((PD1 + PL1))  p1 = 1500 lb_ft/ft 

Saturated retained soil Msat = Fsat_v  xsat_v  = 6559 lb_ft/ft 

Water Mwater = Fwater_v  xwater_v = 4955 lb_ft/ft 

Moist retained soil Mmoist = Fmoist_v  xmoist_v  = 9745 lb_ft/ft 

Base soil Mpass = Fpass_v  xpass_v = 176 lb_ft/ft 
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Total Mtotal = Mstem + Mbase + Msat + Mmoist + Mpass + Mwater + Msur + MP = 37970 

lb_ft/ft 

Check bearing pressure 

Distance to reaction x = Mtotal / Ftotal_v = 2.865 ft 

Eccentricity of reaction e = x - lbase / 2 = 0.365 ft 

Loaded length of base lload = lbase = 5 ft 

Bearing pressure at toe qtoe = Ftotal_v / lbase  (1 - 6  e / lbase) = 1491 psf 

Bearing pressure at heel qheel = Ftotal_v / lbase  (1 + 6  e / lbase) = 3811 psf 

Factor of safety FoSbp = Pbearing / max(qtoe, qheel) = 1.207  

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure 

RETAINING WALL DESIGN 

In accordance with ACI 318-14 

Tedds calculation version 2.9.00 

Concrete details 

Compressive strength of concrete f'c = 4500 psi 

Concrete type Normal weight 

Reinforcement details 

Yield strength of reinforcement fy = 60000 psi 

Modulus of elasticity or reinforcement Es = 29000000 psi 

Cover to reinforcement 

Front face of stem csf = 1.5 in 

Rear face of stem csr = 1.5 in 

Top face of base cbt = 2 in 

Bottom face of base cbb = 3 in 

From IBC 2015 cl.1605.2.1 Basic load combinations 

Load combination no.1 1.4  Dead 

Load combination no.2 1.2  Dead + 1.6  Live + 1.6  Lateral earth 

Load combination no.3 1.2  Dead + 1.0  Earthquake + 1.0  Live + 1.6  Lateral earth  

Load combination no.4 0.9  Dead + 1.0  Earthquake + 1.6  Lateral earth 
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Check stem design at 8.646 ft 

Depth of section h = 18 in 

Rectangular section in flexure - Section 22.3 

Design bending moment combination 2 M = 75833 lb_ft/ft 

Depth of tension reinforcement d = h - csf - sx - sfM / 2 = 15.375 in 

Compression reinforcement provided No.5 bars @ 12" c/c 

Area of compression reinforcement provided AsrM.prov =   srM
2 / (4  ssrM) = 0.307 in2/ft 

Tension reinforcement provided No.8 bars @ 8" c/c 

Area of tension reinforcement provided AsfM.prov =   sfM
2 / (4  ssfM) = 1.178 in2/ft 

Maximum reinforcement spacing - cl.11.7.2 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = AsfM.prov  fy / (0.85  f'c) = 1.54 in 

Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 

Depth to neutral axis c = a / 1 = 1.867 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.02171 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = AsfM.prov  fy  (d - a / 2) = 86031 lb_ft/ft 

Design flexural strength Mn = f  Mn = 77428 lb_ft/ft 

 M / Mn = 0.979 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis AsfM.des = 1.153 in2/ft 

Minimum area of reinforcement - cl.9.6.1.2 AsfM.min = max(3  (f'c  1 psi), 200 psi)  d / fy = 0.619 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Check stem design at base of stem 

Depth of section h = 18 in 

Rectangular section in shear - Section 22.5 

Design shear force V = 19608 lb/ft 
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Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 24753 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.5.1.1 Vc = s  Vc = 18565 lb/ft 

 V / Vc = 1.056 

FAIL - Shear reinforcement is required, cross-section should be revised 

Check stem design at prop 

Depth of section h = 18 in 

Rectangular section in shear - Section 22.5 

Design shear force V = 9390 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 24753 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.5.1.1 Vc = s  Vc = 18565 lb/ft 

 V / Vc = 0.506 

PASS - No shear reinforcement is required 

Horizontal reinforcement parallel to face of stem 

Minimum area of reinforcement - cl.11.6.1 Asx.req = 0.002  tstem = 0.432 in2/ft 

Transverse reinforcement provided No.5 bars @ 12" c/c each face 

Area of transverse reinforcement provided Asx.prov = 2    sx
2 / (4  ssx) = 0.614 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 

Check base design at heel 

Depth of section h = 16 in 

Rectangular section in flexure - Section 22.3 

Design bending moment combination 1 M = 921 lb_ft/ft 

Depth of tension reinforcement d = h - cbb - bb / 2 = 12.688 in 

Compression reinforcement provided No.4 bars @ 12" c/c 

Area of compression reinforcement provided Abt.prov =   bt
2 / (4  sbt) = 0.196 in2/ft 

Tension reinforcement provided No.5 bars @ 10" c/c 

Area of tension reinforcement provided Abb.prov =   bb
2 / (4  sbb) = 0.368 in2/ft 

Maximum reinforcement spacing - cl.7.7.2.3 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Abb.prov  fy / (0.85  f'c) = 0.481 in 

Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 

Depth to neutral axis c = a / 1 = 0.583 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.06225 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Abb.prov  fy  (d - a / 2) = 22912 lb_ft/ft 

Design flexural strength Mn = f  Mn = 20621 lb_ft/ft 

 M / Mn = 0.045 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Abb.des = 0.016 in2/ft 
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Minimum area of reinforcement - cl.7.6.1.1 Abb.min = 0.0018  h = 0.346 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 1425 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 20426 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.7.6.3.1 Vc = s  Vc = 15320 lb/ft 

 V / Vc = 0.093 

PASS - No shear reinforcement is required 

Check base design at heel 

Depth of section h = 16 in 

Rectangular section in shear - Section 22.5 

Design shear force V = 709 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 20426 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.7.6.3.1 Vc = s  Vc = 15320 lb/ft 

 V / Vc = 0.046 

PASS - No shear reinforcement is required 

Transverse reinforcement parallel to base 

Minimum area of reinforcement - cl.76.1.1 Abx.req = 0.0018  tbase = 0.346 in2/ft 

Transverse reinforcement provided No.5 bars @ 12" c/c each face 

Area of transverse reinforcement provided Abx.prov = 2    bx
2 / (4  sbx) = 0.614 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 
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RETAINING WALL ANALYSIS & DESIGN - GRID E AT STAIR (ACI318/MSJC) 

RETAINING WALL ANALYSIS 

In accordance with International Building Code 2015 

Tedds calculation version 2.9.00 

Retaining wall details 

Stem type Propped cantilever pinned at the base 

Stem height hstem = 14 ft 

Prop height hprop = 14 ft 

Stem thickness tstem = 12 in 

Angle to rear face of stem  = 90 deg 

Stem density stem = 150 pcf 

Toe length ltoe = 1.5 ft 

Heel length lheel = 1.5 ft 

Base thickness tbase = 16 in 

Base density base = 150 pcf 

Height of retained soil hret = 13 ft 

Angle of soil surface  = 0 deg 

Depth of cover dcover = 1 ft 

Depth of excavation dexc = 1 ft 

Height of water hwater = 10 ft 

Water density w = 62 pcf 

Retained soil properties 

Soil type Medium dense well graded sand 

Moist density mr = 135 pcf 

Saturated density sr = 145 pcf 

Base soil properties 

Soil type Medium dense well graded sand 

Soil density b = 115 pcf 

Allowable bearing pressure Pbearing = 4600 psf 

Loading details 

Live surcharge load SurchargeL = 100 psf 

Vertical line load at 0.75 ft PD1 = 1000 plf 

 PL1 = 1000 plf 
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Calculate retaining wall geometry 

Base length lbase = ltoe + tstem + lheel = 4 ft 

Saturated soil height hsat = hwater + dcover = 11 ft 

Moist soil height hmoist = hret - hwater = 3 ft 

Length of surcharge load lsur = lheel = 1.5 ft 

 - Distance to vertical component xsur_v = lbase - lheel / 2 = 3.25 ft 

Effective height of wall heff = hbase + dcover + hret = 15.333 ft 

 - Distance to horizontal component xsur_h = heff / 2 = 7.667 ft 

Area of wall stem Astem = hstem  tstem = 14 ft2 

 - Distance to vertical component xstem = ltoe + tstem / 2 = 2 ft 

Area of wall base Abase = lbase  tbase = 5.333 ft2 

 - Distance to vertical component xbase = lbase / 2 = 2 ft 

Area of saturated soil Asat = hsat  lheel = 16.5 ft2 

 - Distance to vertical component xsat_v = lbase - (hsat  lheel
2 / 2) / Asat = 3.25 ft 

 - Distance to horizontal component xsat_h = (hsat + hbase) / 3 = 4.111 ft 

Area of water Awater = hsat  lheel = 16.5 ft2 

 - Distance to vertical component xwater_v = lbase - (hsat  lheel
2 / 2) / Asat = 3.25 ft 

 - Distance to horizontal component xwater_h = (hsat + hbase) / 3 = 4.111 ft 

Area of moist soil Amoist = hmoist  lheel = 4.5 ft2 

 - Distance to vertical component xmoist_v = lbase - (hmoist  lheel
2 / 2) / Amoist = 3.25 ft 
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 - Distance to horizontal component xmoist_h = (hmoist  (tbase + hsat + hmoist / 3) / 2 + (hsat + tbase)2/2) / (hsat + tbase + 

hmoist / 2) = 6.944 ft 

Area of base soil Apass = dcover  ltoe = 1.5 ft2 

 - Distance to vertical component xpass_v = lbase - (dcover  ltoe (lbase - ltoe / 2)) / Apass = 0.75 ft 

 - Distance to horizontal component xpass_h = (dcover + hbase) / 3 = 0.778 ft 

Soil coefficients 

Coefficient of friction to back of wall Kfr = 0.450 

Coefficient of friction to front of wall Kfb = 0.450 

Coefficient of friction beneath base Kfbb = 0.450 

At rest pressure coefficient K0 = 0.500 

Passive pressure coefficient KP = 3.000 

From IBC 2015 cl.1807.2.3 Safety factor 

Load combination 1 1.0  Dead + 1.0  Live + 1.0  Lateral earth 

Bearing pressure check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 2100 plf 

Wall base Fbase = Abase  base = 800 plf 

Surcharge load Fsur_v = SurchargeL  lheel = 150 plf 

Line loads FP_v = PD1 + PL1 = 2000 plf 

Saturated retained soil Fsat_v = Asat  (sr - w) = 1363 plf 

Water Fwater_v = Awater  w = 1030 plf 

Moist retained soil Fmoist_v = Amoist  mr = 608 plf 

Base soil Fpass_v = Apass  b = 173 plf 

Total Ftotal_v = Fstem + Fbase + Fsat_v + Fmoist_v + Fpass_v + Fwater_v + Fsur_v + FP_v = 

8222 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = K0  SurchargeL  heff = 767 plf 

Saturated retained soil Fsat_h = K0  (sr - w)  (hsat + hbase)2 / 2 = 3141 plf 

Water Fwater_h = w  (hwater + dcover + hbase)2 / 2 = 4746 plf 

Moist retained soil Fmoist_h = K0  mr  ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase)  (hsat + hbase)) 

= 2801 plf 

Base soil Fpass_h = -KP  b  (dcover + hbase)2 / 2 = -939 plf 

Total Ftotal_h = Fsat_h + Fmoist_h + Fpass_h + Fwater_h + Fsur_h = 10516 plf 

Moments on wall 

Wall stem Mstem = Fstem  xstem = 4200 lb_ft/ft 

Wall base Mbase = Fbase  xbase = 1600 lb_ft/ft 

Surcharge load Msur = Fsur_v  xsur_v = 487 lb_ft/ft 

Line loads MP = ((PD1 + PL1))  p1 = 1500 lb_ft/ft 

Saturated retained soil Msat = Fsat_v  xsat_v  = 4429 lb_ft/ft 

Water Mwater = Fwater_v  xwater_v = 3346 lb_ft/ft 

Moist retained soil Mmoist = Fmoist_v  xmoist_v  = 1974 lb_ft/ft 

Base soil Mpass = Fpass_v  xpass_v = 129 lb_ft/ft 
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Total Mtotal = Mstem + Mbase + Msat + Mmoist + Mpass + Mwater + Msur + MP = 17667 

lb_ft/ft 

Check bearing pressure 

Distance to reaction x = Mtotal / Ftotal_v = 2.149 ft 

Eccentricity of reaction e = x - lbase / 2 = 0.149 ft 

Loaded length of base lload = lbase = 4 ft 

Bearing pressure at toe qtoe = Ftotal_v / lbase  (1 - 6  e / lbase) = 1597 psf 

Bearing pressure at heel qheel = Ftotal_v / lbase  (1 + 6  e / lbase) = 2514 psf 

Factor of safety FoSbp = Pbearing / max(qtoe, qheel) = 1.83  

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure 

RETAINING WALL DESIGN 

In accordance with ACI 318-11 

Tedds calculation version 2.9.00 

Concrete details 

Compressive strength of concrete f'c = 4500 psi 

Concrete type Normal weight 

Reinforcement details 

Yield strength of reinforcement fy = 60000 psi 

Modulus of elasticity or reinforcement Es = 29000000 psi 

Cover to reinforcement 

Front face of stem csf = 1.5 in 

Rear face of stem csr = 1.5 in 

Top face of base cbt = 2 in 

Bottom face of base cbb = 3 in 

From IBC 2015 cl.1605.2.1 Basic load combinations 

Load combination no.1 1.4  Dead 

Load combination no.2 1.2  Dead + 1.6  Live + 1.6  Lateral earth 

Load combination no.3 1.2  Dead + 1.0  Earthquake + 1.0  Live + 1.6  Lateral earth  

Load combination no.4 0.9  Dead + 1.0  Earthquake + 1.6  Lateral earth 
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Check stem design at 5.851 ft 

Depth of section h = 12 in 

Rectangular section in flexure - Chapter 10 

Design bending moment combination 2 M = 27077 lb_ft/ft 

Depth of tension reinforcement d = h - csf - sx - sfM / 2 = 9.438 in 

Compression reinforcement provided No.5 bars @ 12" c/c 

Area of compression reinforcement provided AsrM.prov =   srM
2 / (4  ssrM) = 0.307 in2/ft 

Tension reinforcement provided No.7 bars @ 10" c/c 

Area of tension reinforcement provided AsfM.prov =   sfM
2 / (4  ssfM) = 0.722 in2/ft 

Maximum reinforcement spacing - cl.14.3.5 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = AsfM.prov  fy / (0.85  f'c) = 0.943 in 

Neutral axis factor - cl.10.2.7.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 

Depth to neutral axis c = a / 1 = 1.143 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.021763 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = AsfM.prov  fy  (d - a / 2) = 32348 lb_ft/ft 

Design flexural strength Mn = f  Mn = 29113 lb_ft/ft 

 M / Mn = 0.930 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis AsfM.des = 0.669 in2/ft 

Minimum area of reinforcement - eqn.10-3 AsfM.min = max(3  (f'c  1 psi), 200 psi)  d / fy = 0.38 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Check stem design at base of stem 

Depth of section h = 12 in 

Rectangular section in shear - Chapter 11 

Design shear force V = 10202 lb/ft 
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Concrete modification factor - cl.8.6.1  = 1 

Nominal concrete shear strength - eqn.11-3 Vc = 2    (f'c  1 psi)  d = 15194 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.4.6.1 Vc = s  Vc = 11396 lb/ft 

 V / Vc = 0.895 

PASS - No shear reinforcement is required 

Check stem design at prop 

Depth of section h = 12 in 

Rectangular section in shear - Chapter 11 

Design shear force V = 5006 lb/ft 

Concrete modification factor - cl.8.6.1  = 1 

Nominal concrete shear strength - eqn.11-3 Vc = 2    (f'c  1 psi)  d = 15194 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.4.6.1 Vc = s  Vc = 11396 lb/ft 

 V / Vc = 0.439 

PASS - No shear reinforcement is required 

Horizontal reinforcement parallel to face of stem 

Minimum area of reinforcement - cl.14.3.3 Asx.req = 0.002  tstem = 0.288 in2/ft 

Transverse reinforcement provided No.5 bars @ 12" c/c each face 

Area of transverse reinforcement provided Asx.prov = 2    sx
2 / (4  ssx) = 0.614 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 

Check base design at toe 

Depth of section h = 16 in 

Rectangular section in flexure - Chapter 10 

Design bending moment combination 2 M = 524 lb_ft/ft 

Depth of tension reinforcement d = h - cbb - bb / 2 = 12.688 in 

Compression reinforcement provided No.4 bars @ 12" c/c 

Area of compression reinforcement provided Abt.prov =   bt
2 / (4  sbt) = 0.196 in2/ft 

Tension reinforcement provided No.5 bars @ 10" c/c 

Area of tension reinforcement provided Abb.prov =   bb
2 / (4  sbb) = 0.368 in2/ft 

Maximum reinforcement spacing - cl.10.5.4 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Abb.prov  fy / (0.85  f'c) = 0.481 in 

Neutral axis factor - cl.10.2.7.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 

Depth to neutral axis c = a / 1 = 0.583 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.06225 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Abb.prov  fy  (d - a / 2) = 22912 lb_ft/ft 

Design flexural strength Mn = f  Mn = 20621 lb_ft/ft 

 M / Mn = 0.025 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Abb.des = 0.009 in2/ft 
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Minimum area of reinforcement - cl.7.12.2.1 Abb.min = 0.0018  h = 0.346 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Chapter 11 

Design shear force V = 1415 lb/ft 

Concrete modification factor - cl.8.6.1  = 1 

Nominal concrete shear strength - eqn.11-3 Vc = 2    (f'c  1 psi)  d = 20426 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.4.6.1 Vc = s  Vc = 15320 lb/ft 

 V / Vc = 0.092 

PASS - No shear reinforcement is required 

Check base design at heel 

Depth of section h = 16 in 

Rectangular section in shear - Chapter 11 

Design shear force V = 295 lb/ft 

Concrete modification factor - cl.8.6.1  = 1 

Nominal concrete shear strength - eqn.11-3 Vc = 2    (f'c  1 psi)  d = 20426 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.4.6.1 Vc = s  Vc = 15320 lb/ft 

 V / Vc = 0.019 

PASS - No shear reinforcement is required 

Transverse reinforcement parallel to base 

Minimum area of reinforcement - cl.7.12.2.1 Abx.req = 0.0018  tbase = 0.346 in2/ft 

Transverse reinforcement provided No.5 bars @ 12" c/c each face 

Area of transverse reinforcement provided Abx.prov = 2    bx
2 / (4  sbx) = 0.614 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 
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CONCRETE RETAINING WALL SCHEDULE (CRW-1) 

 

RETAINING WALL ANALYSIS 

In accordance with International Building Code 2015 

Tedds calculation version 2.9.00 

Retaining wall details 

Stem type Cantilever 

Stem height hstem = 6.5 ft 

Stem thickness tstem = 8 in 

Angle to rear face of stem  = 90 deg 

Stem density stem = 150 pcf 

Toe length ltoe = 0.833 ft 

Heel length lheel = 2.5 ft 

Base thickness tbase = 12 in 

Base density base = 150 pcf 

Height of retained soil hret = 4 ft 

Angle of soil surface  = 0 deg 

Depth of cover dcover = 2.5 ft 

Retained soil properties 

Soil type Medium dense well graded sand 

Moist density mr = 135 pcf 

Saturated density sr = 145 pcf 

Base soil properties 

Soil type Medium dense well graded sand 

Soil density b = 115 pcf 

Allowable bearing pressure Pbearing = 4600 psf 

Loading details 

Live surcharge load SurchargeL = 250 psf 
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Calculate retaining wall geometry 

Base length lbase = ltoe + tstem + lheel = 4 ft 

Moist soil height hmoist = hsoil = 6.5 ft 

Length of surcharge load lsur = lheel = 2.5 ft 

 - Distance to vertical component xsur_v = lbase - lheel / 2 = 2.75 ft 

Effective height of wall heff = hbase + dcover + hret = 7.5 ft 

 - Distance to horizontal component xsur_h = heff / 2 = 3.75 ft 

Area of wall stem Astem = hstem  tstem = 4.333 ft2 

 - Distance to vertical component xstem = ltoe + tstem / 2 = 1.167 ft 

Area of wall base Abase = lbase  tbase = 4 ft2 

 - Distance to vertical component xbase = lbase / 2 = 2 ft 

Area of moist soil Amoist = hmoist  lheel = 16.25 ft2 

 - Distance to vertical component xmoist_v = lbase - (hmoist  lheel
2 / 2) / Amoist = 2.75 ft 

 - Distance to horizontal component xmoist_h = heff / 3 = 2.5 ft 

Area of base soil Apass = dcover  ltoe = 2.083 ft2 

 - Distance to vertical component xpass_v = lbase - (dcover  ltoe (lbase - ltoe / 2)) / Apass = 0.417 ft 

 - Distance to horizontal component xpass_h = (dcover + hbase) / 3 = 1.167 ft 

Area of excavated base soil Aexc = hpass  ltoe = 2.083 ft2 

 - Distance to vertical component xexc_v = lbase - (hpass  ltoe (lbase - ltoe / 2)) / Aexc = 0.417 ft 

 - Distance to horizontal component xexc_h = (hpass + hbase) / 3 = 1.167 ft 
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Soil coefficients 

Coefficient of friction to back of wall Kfr = 0.450 

Coefficient of friction to front of wall Kfb = 0.450 

Coefficient of friction beneath base Kfbb = 0.450 

Active pressure coefficient KA = 0.330 

Passive pressure coefficient KP = 3.000 

From IBC 2015 cl.1807.2.3 Safety factor 

Load combination 1 1.0  Dead + 1.0  Live + 1.0  Lateral earth 

Sliding check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 650 plf 

Wall base Fbase = Abase  base = 600 plf 

Moist retained soil Fmoist_v = Amoist  mr = 2194 plf 

Base soil Fexc_v = Aexc  b = 240 plf 

Total Ftotal_v = Fstem + Fbase + Fmoist_v + Fexc_v = 3683 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 619 plf 

Moist retained soil Fmoist_h = KA  mr  heff
2 / 2 = 1253 plf 

Total Ftotal_h = Fmoist_h + Fsur_h = 1872 plf 

Check stability against sliding 

Base soil resistance Fexc_h = KP  b  (hpass + hbase)2 / 2 = 2113 plf 

Base friction Ffriction = Ftotal_v  Kfbb = 1658 plf 

Resistance to sliding Frest = Fexc_h + Ffriction = 3771 plf 

Factor of safety FoSsl = Frest / Ftotal_h = 2.015 > 1.5 

PASS - Factor of safety against sliding is adequate 

Overturning check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 650 plf 

Wall base Fbase = Abase  base = 600 plf 

Moist retained soil Fmoist_v = Amoist  mr = 2194 plf 

Base soil Fexc_v = Aexc  b = 240 plf 

Total Ftotal_v = Fstem + Fbase + Fmoist_v + Fexc_v = 3683 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 619 plf 

Moist retained soil Fmoist_h = KA  mr  heff
2 / 2 = 1253 plf 

Base soil Fexc_h = max(-KP  b  (hpass + hbase)2 / 2, -(Fmoist_h + Fsur_h)) = -1872 plf 

Total Ftotal_h = Fmoist_h + Fexc_h + Fsur_h = 0 plf 

Overturning moments on wall 

Surcharge load Msur_OT = Fsur_h  xsur_h = 2320 lb_ft/ft 

Moist retained soil Mmoist_OT = Fmoist_h  xmoist_h = 3132 lb_ft/ft 

Total Mtotal_OT = Mmoist_OT + Msur_OT = 5453 lb_ft/ft 
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Restoring moments on wall 

Wall stem Mstem_R = Fstem  xstem = 758 lb_ft/ft 

Wall base Mbase_R = Fbase  xbase = 1200 lb_ft/ft 

Moist retained soil Mmoist_R = Fmoist_v  xmoist_v = 6033 lb_ft/ft 

Base soil Mexc_R = Fexc_v  xexc_v - Fexc_h  xexc_h = 2283 lb_ft/ft 

Total Mtotal_R = Mstem_R + Mbase_R + Mmoist_R + Mexc_R = 10275 lb_ft/ft 

Check stability against overturning 

Factor of safety FoSot = Mtotal_R / Mtotal_OT = 1.884 > 1.5 

PASS - Factor of safety against overturning is adequate 

Bearing pressure check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 650 plf 

Wall base Fbase = Abase  base = 600 plf 

Surcharge load Fsur_v = SurchargeL  lheel = 625 plf 

Moist retained soil Fmoist_v = Amoist  mr = 2194 plf 

Base soil Fpass_v = Apass  b = 240 plf 

Total Ftotal_v = Fstem + Fbase + Fmoist_v + Fpass_v + Fsur_v = 4308 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 619 plf 

Moist retained soil Fmoist_h = KA  mr  heff
2 / 2 = 1253 plf 

Base soil Fpass_h = max(-KP  b  (dcover + hbase)2 / 2, -(Fmoist_h + Fsur_h)) = -1872 plf 

Total Ftotal_h = max(Fmoist_h + Fpass_h + Fsur_h - Ftotal_v  Kfbb, 0 plf) = 0 plf 

Moments on wall 

Wall stem Mstem = Fstem  xstem = 758 lb_ft/ft 

Wall base Mbase = Fbase  xbase = 1200 lb_ft/ft 

Surcharge load Msur = Fsur_v  xsur_v - Fsur_h  xsur_h = -602 lb_ft/ft 

Moist retained soil Mmoist = Fmoist_v  xmoist_v - Fmoist_h  xmoist_h = 2900 lb_ft/ft 

Base soil Mpass = Fpass_v  xpass_v - Fpass_h  xpass_h = 2283 lb_ft/ft 

Total Mtotal = Mstem + Mbase + Mmoist + Mpass + Msur = 6541 lb_ft/ft 

Check bearing pressure 

Distance to reaction x = Mtotal / Ftotal_v = 1.518 ft 

Eccentricity of reaction e = x - lbase / 2 = -0.482 ft 

Loaded length of base lload = lbase = 4 ft 

Bearing pressure at toe qtoe = Ftotal_v / lbase  (1 - 6  e / lbase) = 1856 psf 

Bearing pressure at heel qheel = Ftotal_v / lbase  (1 + 6  e / lbase) = 299 psf 

Factor of safety FoSbp = Pbearing / max(qtoe, qheel) = 2.479  

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure 

RETAINING WALL DESIGN 

In accordance with ACI 318-11 

Tedds calculation version 2.9.00 

Concrete details 

Compressive strength of concrete f'c = 4000 psi 
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Concrete type Normal weight 

Reinforcement details 

Yield strength of reinforcement fy = 60000 psi 

Modulus of elasticity or reinforcement Es = 29000000 psi 

Cover to reinforcement 

Front face of stem csf = 1.5 in 

Rear face of stem csr = 2 in 

Top face of base cbt = 2 in 

Bottom face of base cbb = 3 in 

From IBC 2015 cl.1605.2.1 Basic load combinations 

Load combination no.1 1.4  Dead 

Load combination no.2 1.2  Dead + 1.6  Live + 1.6  Lateral earth 

Load combination no.3 1.2  Dead + 1.0  Earthquake + 1.0  Live + 1.6  Lateral earth  

Load combination no.4 0.9  Dead + 1.0  Earthquake + 1.6  Lateral earth 
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Check stem design at base of stem 

Depth of section h = 8 in 

Rectangular section in flexure - Chapter 10 

Design bending moment combination 2 M = 6051 lb_ft/ft 

Depth of tension reinforcement d = h - csr - sr / 2 = 5.688 in 

Compression reinforcement provided None 

Area of compression reinforcement provided Asf.prov = 0 in2/ft 

Tension reinforcement provided No.5 bars @ 12" c/c 

Area of tension reinforcement provided Asr.prov =   sr
2 / (4  ssr) = 0.307 in2/ft 

Maximum reinforcement spacing - cl.14.3.5 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Asr.prov  fy / (0.85  f'c) = 0.451 in 

Neutral axis factor - cl.10.2.7.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.85 

Depth to neutral axis c = a / 1 = 0.531 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.029146 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Asr.prov  fy  (d - a / 2) = 8378 lb_ft/ft 

Design flexural strength Mn = f  Mn = 7541 lb_ft/ft 

 M / Mn = 0.802 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Asr.des = 0.244 in2/ft 

Minimum area of reinforcement - eqn.10-3 Asr.min = max(3  (f'c  1 psi), 200 psi)  d / fy = 0.228 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Chapter 11 

Design shear force V = 2364 lb/ft 

Concrete modification factor - cl.8.6.1  = 1 

Nominal concrete shear strength - eqn.11-3 Vc = 2    (f'c  1 psi)  d = 8633 lb/ft 
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Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.4.6.1 Vc = s  Vc = 6475 lb/ft 

 V / Vc = 0.365 

PASS - No shear reinforcement is required 

Horizontal reinforcement parallel to face of stem 

Minimum area of reinforcement - cl.14.3.3 Asx.req = 0.002  tstem = 0.192 in2/ft 

Transverse reinforcement provided No.4 bars @ 12" c/c 

Area of transverse reinforcement provided Asx.prov =   sx
2 / (4  ssx) = 0.196 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 

Check base design at toe 

Depth of section h = 12 in 

Rectangular section in flexure - Chapter 10 

Design bending moment combination 2 M = 1394 lb_ft/ft 

Depth of tension reinforcement d = h - cbb - bb / 2 = 8.688 in 

Compression reinforcement provided No.5 bars @ 12" c/c 

Area of compression reinforcement provided Abt.prov =   bt
2 / (4  sbt) = 0.307 in2/ft 

Tension reinforcement provided No.5 bars @ 12" c/c 

Area of tension reinforcement provided Abb.prov =   bb
2 / (4  sbb) = 0.307 in2/ft 

Maximum reinforcement spacing - cl.10.5.4 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Abb.prov  fy / (0.85  f'c) = 0.451 in 

Neutral axis factor - cl.10.2.7.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.85 

Depth to neutral axis c = a / 1 = 0.531 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.046101 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Abb.prov  fy  (d - a / 2) = 12980 lb_ft/ft 

Design flexural strength Mn = f  Mn = 11682 lb_ft/ft 

 M / Mn = 0.119 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Abb.des = 0.036 in2/ft 

Minimum area of reinforcement - cl.7.12.2.1 Abb.min = 0.0018  h = 0.259 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Chapter 11 

Design shear force V = 3052 lb/ft 

Concrete modification factor - cl.8.6.1  = 1 

Nominal concrete shear strength - eqn.11-3 Vc = 2    (f'c  1 psi)  d = 13187 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.4.6.1 Vc = s  Vc = 9890 lb/ft 

 V / Vc = 0.309 

PASS - No shear reinforcement is required 

Check base design at heel 

Depth of section h = 12 in 
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Rectangular section in flexure - Chapter 10 

Design bending moment combination 2 M = 5026 lb_ft/ft 

Depth of tension reinforcement d = h - cbt - bt / 2 = 9.687 in 

Compression reinforcement provided No.5 bars @ 12" c/c 

Area of compression reinforcement provided Abb.prov =   bb
2 / (4  sbb) = 0.307 in2/ft 

Tension reinforcement provided No.5 bars @ 12" c/c 

Area of tension reinforcement provided Abt.prov =   bt
2 / (4  sbt) = 0.307 in2/ft 

Maximum reinforcement spacing - cl.10.5.4 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Abt.prov  fy / (0.85  f'c) = 0.451 in 

Neutral axis factor - cl.10.2.7.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.85 

Depth to neutral axis c = a / 1 = 0.531 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.051753 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Abt.prov  fy  (d - a / 2) = 14514 lb_ft/ft 

Design flexural strength Mn = f  Mn = 13063 lb_ft/ft 

 M / Mn = 0.385 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Abt.des = 0.116 in2/ft 

Minimum area of reinforcement - cl.7.12.2.1 Abt.min = 0.0018  h = 0.259 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Chapter 11 

Design shear force V = 3674 lb/ft 

Concrete modification factor - cl.8.6.1  = 1 

Nominal concrete shear strength - eqn.11-3 Vc = 2    (f'c  1 psi)  d = 14705 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.4.6.1 Vc = s  Vc = 11028 lb/ft 

 V / Vc = 0.333 

PASS - No shear reinforcement is required 

Transverse reinforcement parallel to base 

Minimum area of reinforcement - cl.7.12.2.1 Abx.req = 0.0018  tbase = 0.259 in2/ft 

Transverse reinforcement provided No.5 bars @ 12" c/c each face 

Area of transverse reinforcement provided Abx.prov = 2    bx
2 / (4  sbx) = 0.614 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 
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CONCRETE RETAINING WALL SCHEDULE (CRW-2) 

 

RETAINING WALL ANALYSIS 

In accordance with International Building Code 2015 

Tedds calculation version 2.9.00 

Retaining wall details 

Stem type Cantilever 

Stem height hstem = 9.5 ft 

Stem thickness tstem = 12 in 

Angle to rear face of stem  = 90 deg 

Stem density stem = 150 pcf 

Toe length ltoe = 1 ft 

Heel length lheel = 4 ft 

Base thickness tbase = 12 in 

Base density base = 150 pcf 

Height of retained soil hret = 7 ft 

Angle of soil surface  = 0 deg 

Depth of cover dcover = 2.5 ft 

Retained soil properties 

Soil type Medium dense well graded sand 

Moist density mr = 135 pcf 

Saturated density sr = 145 pcf 

Base soil properties 

Soil type Medium dense well graded sand 

Soil density b = 115 pcf 

Allowable bearing pressure Pbearing = 4600 psf 

Loading details 

Live surcharge load SurchargeL = 250 psf 
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Calculate retaining wall geometry 

Base length lbase = ltoe + tstem + lheel = 6 ft 

Moist soil height hmoist = hsoil = 9.5 ft 

Length of surcharge load lsur = lheel = 4 ft 

 - Distance to vertical component xsur_v = lbase - lheel / 2 = 4 ft 

Effective height of wall heff = hbase + dcover + hret = 10.5 ft 

 - Distance to horizontal component xsur_h = heff / 2 = 5.25 ft 

Area of wall stem Astem = hstem  tstem = 9.5 ft2 

 - Distance to vertical component xstem = ltoe + tstem / 2 = 1.5 ft 

Area of wall base Abase = lbase  tbase = 6 ft2 

 - Distance to vertical component xbase = lbase / 2 = 3 ft 

Area of moist soil Amoist = hmoist  lheel = 38 ft2 

 - Distance to vertical component xmoist_v = lbase - (hmoist  lheel
2 / 2) / Amoist = 4 ft 

 - Distance to horizontal component xmoist_h = heff / 3 = 3.5 ft 

Area of base soil Apass = dcover  ltoe = 2.5 ft2 

 - Distance to vertical component xpass_v = lbase - (dcover  ltoe (lbase - ltoe / 2)) / Apass = 0.5 ft 

 - Distance to horizontal component xpass_h = (dcover + hbase) / 3 = 1.167 ft 

Area of excavated base soil Aexc = hpass  ltoe = 2.5 ft2 

 - Distance to vertical component xexc_v = lbase - (hpass  ltoe (lbase - ltoe / 2)) / Aexc = 0.5 ft 

 - Distance to horizontal component xexc_h = (hpass + hbase) / 3 = 1.167 ft 
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Soil coefficients 

Coefficient of friction to back of wall Kfr = 0.450 

Coefficient of friction to front of wall Kfb = 0.450 

Coefficient of friction beneath base Kfbb = 0.450 

Active pressure coefficient KA = 0.330 

Passive pressure coefficient KP = 3.000 

From IBC 2015 cl.1807.2.3 Safety factor 

Load combination 1 1.0  Dead + 1.0  Live + 1.0  Lateral earth 

Sliding check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 1425 plf 

Wall base Fbase = Abase  base = 900 plf 

Moist retained soil Fmoist_v = Amoist  mr = 5130 plf 

Base soil Fexc_v = Aexc  b = 288 plf 

Total Ftotal_v = Fstem + Fbase + Fmoist_v + Fexc_v = 7743 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 866 plf 

Moist retained soil Fmoist_h = KA  mr  heff
2 / 2 = 2456 plf 

Total Ftotal_h = Fmoist_h + Fsur_h = 3322 plf 

Check stability against sliding 

Base soil resistance Fexc_h = KP  b  (hpass + hbase)2 / 2 = 2113 plf 

Base friction Ffriction = Ftotal_v  Kfbb = 3484 plf 

Resistance to sliding Frest = Fexc_h + Ffriction = 5597 plf 

Factor of safety FoSsl = Frest / Ftotal_h = 1.685 > 1.5 

PASS - Factor of safety against sliding is adequate 

Overturning check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 1425 plf 

Wall base Fbase = Abase  base = 900 plf 

Moist retained soil Fmoist_v = Amoist  mr = 5130 plf 

Base soil Fexc_v = Aexc  b = 288 plf 

Total Ftotal_v = Fstem + Fbase + Fmoist_v + Fexc_v = 7743 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 866 plf 

Moist retained soil Fmoist_h = KA  mr  heff
2 / 2 = 2456 plf 

Base soil Fexc_h = -KP  b  (hpass + hbase)2 / 2 = -2113 plf 

Total Ftotal_h = Fmoist_h + Fexc_h + Fsur_h = 1209 plf 

Overturning moments on wall 

Surcharge load Msur_OT = Fsur_h  xsur_h = 4548 lb_ft/ft 

Moist retained soil Mmoist_OT = Fmoist_h  xmoist_h = 8595 lb_ft/ft 

Total Mtotal_OT = Mmoist_OT + Msur_OT = 13143 lb_ft/ft 
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Restoring moments on wall 

Wall stem Mstem_R = Fstem  xstem = 2137 lb_ft/ft 

Wall base Mbase_R = Fbase  xbase = 2700 lb_ft/ft 

Moist retained soil Mmoist_R = Fmoist_v  xmoist_v = 20520 lb_ft/ft 

Base soil Mexc_R = Fexc_v  xexc_v - Fexc_h  xexc_h = 2609 lb_ft/ft 

Total Mtotal_R = Mstem_R + Mbase_R + Mmoist_R + Mexc_R = 27967 lb_ft/ft 

Check stability against overturning 

Factor of safety FoSot = Mtotal_R / Mtotal_OT = 2.128 > 1.5 

PASS - Factor of safety against overturning is adequate 

Bearing pressure check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 1425 plf 

Wall base Fbase = Abase  base = 900 plf 

Surcharge load Fsur_v = SurchargeL  lheel = 1000 plf 

Moist retained soil Fmoist_v = Amoist  mr = 5130 plf 

Base soil Fpass_v = Apass  b = 288 plf 

Total Ftotal_v = Fstem + Fbase + Fmoist_v + Fpass_v + Fsur_v = 8743 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 866 plf 

Moist retained soil Fmoist_h = KA  mr  heff
2 / 2 = 2456 plf 

Base soil Fpass_h = -KP  b  (dcover + hbase)2 / 2 = -2113 plf 

Total Ftotal_h = max(Fmoist_h + Fpass_h + Fsur_h - Ftotal_v  Kfbb, 0 plf) = 0 plf 

Moments on wall 

Wall stem Mstem = Fstem  xstem = 2137 lb_ft/ft 

Wall base Mbase = Fbase  xbase = 2700 lb_ft/ft 

Surcharge load Msur = Fsur_v  xsur_v - Fsur_h  xsur_h = -548 lb_ft/ft 

Moist retained soil Mmoist = Fmoist_v  xmoist_v - Fmoist_h  xmoist_h = 11925 lb_ft/ft 

Base soil Mpass = Fpass_v  xpass_v - Fpass_h  xpass_h = 2609 lb_ft/ft 

Total Mtotal = Mstem + Mbase + Mmoist + Mpass + Msur = 18823 lb_ft/ft 

Check bearing pressure 

Distance to reaction x = Mtotal / Ftotal_v = 2.153 ft 

Eccentricity of reaction e = x - lbase / 2 = -0.847 ft 

Loaded length of base lload = lbase = 6 ft 

Bearing pressure at toe qtoe = Ftotal_v / lbase  (1 - 6  e / lbase) = 2691 psf 

Bearing pressure at heel qheel = Ftotal_v / lbase  (1 + 6  e / lbase) = 223 psf 

Factor of safety FoSbp = Pbearing / max(qtoe, qheel) = 1.709  

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure 

RETAINING WALL DESIGN 

In accordance with ACI 318-11 

Tedds calculation version 2.9.00 

Concrete details 

Compressive strength of concrete f'c = 4500 psi 
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Concrete type Normal weight 

Reinforcement details 

Yield strength of reinforcement fy = 60000 psi 

Modulus of elasticity or reinforcement Es = 29000000 psi 

Cover to reinforcement 

Front face of stem csf = 1.5 in 

Rear face of stem csr = 2 in 

Top face of base cbt = 2 in 

Bottom face of base cbb = 3 in 

From IBC 2015 cl.1605.2.1 Basic load combinations 

Load combination no.1 1.4  Dead 

Load combination no.2 1.2  Dead + 1.6  Live + 1.6  Lateral earth 

Load combination no.3 1.2  Dead + 1.0  Earthquake + 1.0  Live + 1.6  Lateral earth  

Load combination no.4 0.9  Dead + 1.0  Earthquake + 1.6  Lateral earth 
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Check stem design at base of stem 

Depth of section h = 12 in 

Rectangular section in flexure - Chapter 10 

Design bending moment combination 2 M = 16142 lb_ft/ft 

Depth of tension reinforcement d = h - csr - sr / 2 = 9.625 in 

Compression reinforcement provided No.4 bars @ 12" c/c 

Area of compression reinforcement provided Asf.prov =   sf
2 / (4  ssf) = 0.196 in2/ft 

Tension reinforcement provided No.6 bars @ 12" c/c 

Area of tension reinforcement provided Asr.prov =   sr
2 / (4  ssr) = 0.442 in2/ft 

Maximum reinforcement spacing - cl.14.3.5 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Asr.prov  fy / (0.85  f'c) = 0.577 in 
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Neutral axis factor - cl.10.2.7.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 

Depth to neutral axis c = a / 1 = 0.7 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.03825 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Asr.prov  fy  (d - a / 2) = 20623 lb_ft/ft 

Design flexural strength Mn = f  Mn = 18561 lb_ft/ft 

 M / Mn = 0.870 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Asr.des = 0.383 in2/ft 

Minimum area of reinforcement - eqn.10-3 Asr.min = max(3  (f'c  1 psi), 200 psi)  d / fy = 0.387 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Chapter 11 

Design shear force V = 4471 lb/ft 

Concrete modification factor - cl.8.6.1  = 1 

Nominal concrete shear strength - eqn.11-3 Vc = 2    (f'c  1 psi)  d = 15496 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.4.6.1 Vc = s  Vc = 11622 lb/ft 

 V / Vc = 0.385 

PASS - No shear reinforcement is required 

Horizontal reinforcement parallel to face of stem 

Minimum area of reinforcement - cl.14.3.3 Asx.req = 0.002  tstem = 0.288 in2/ft 

Transverse reinforcement provided No.4 bars @ 12" c/c each face 

Area of transverse reinforcement provided Asx.prov = 2    sx
2 / (4  ssx) = 0.393 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 

Check base design at toe 

Depth of section h = 12 in 

Rectangular section in flexure - Chapter 10 

Design bending moment combination 2 M = 2025 lb_ft/ft 

Depth of tension reinforcement d = h - cbb - bb / 2 = 8.688 in 

Compression reinforcement provided No.5 bars @ 10" c/c 

Area of compression reinforcement provided Abt.prov =   bt
2 / (4  sbt) = 0.368 in2/ft 

Tension reinforcement provided No.5 bars @ 12" c/c 

Area of tension reinforcement provided Abb.prov =   bb
2 / (4  sbb) = 0.307 in2/ft 

Maximum reinforcement spacing - cl.10.5.4 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Abb.prov  fy / (0.85  f'c) = 0.401 in 

Neutral axis factor - cl.10.2.7.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 

Depth to neutral axis c = a / 1 = 0.486 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.050614 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Abb.prov  fy  (d - a / 2) = 13019 lb_ft/ft 
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Design flexural strength Mn = f  Mn = 11717 lb_ft/ft 

 M / Mn = 0.173 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Abb.des = 0.052 in2/ft 

Minimum area of reinforcement - cl.7.12.2.1 Abb.min = 0.0018  h = 0.259 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Chapter 11 

Design shear force V = 3863 lb/ft 

Concrete modification factor - cl.8.6.1  = 1 

Nominal concrete shear strength - eqn.11-3 Vc = 2    (f'c  1 psi)  d = 13987 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.4.6.1 Vc = s  Vc = 10490 lb/ft 

 V / Vc = 0.368 

PASS - No shear reinforcement is required 

Check base design at heel 

Depth of section h = 12 in 

Rectangular section in flexure - Chapter 10 

Design bending moment combination 2 M = 14360 lb_ft/ft 

Depth of tension reinforcement d = h - cbt - bt / 2 = 9.687 in 

Compression reinforcement provided No.5 bars @ 12" c/c 

Area of compression reinforcement provided Abb.prov =   bb
2 / (4  sbb) = 0.307 in2/ft 

Tension reinforcement provided No.5 bars @ 10" c/c 

Area of tension reinforcement provided Abt.prov =   bt
2 / (4  sbt) = 0.368 in2/ft 

Maximum reinforcement spacing - cl.10.5.4 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Abt.prov  fy / (0.85  f'c) = 0.481 in 

Neutral axis factor - cl.10.2.7.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 

Depth to neutral axis c = a / 1 = 0.583 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.046822 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Abt.prov  fy  (d - a / 2) = 17390 lb_ft/ft 

Design flexural strength Mn = f  Mn = 15651 lb_ft/ft 

 M / Mn = 0.918 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Abt.des = 0.337 in2/ft 

Minimum area of reinforcement - cl.7.12.2.1 Abt.min = 0.0018  h = 0.259 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Chapter 11 

Design shear force V = 5386 lb/ft 

Concrete modification factor - cl.8.6.1  = 1 

Nominal concrete shear strength - eqn.11-3 Vc = 2    (f'c  1 psi)  d = 15597 lb/ft 

Strength reduction factor s = 0.75 
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Design concrete shear strength - cl.11.4.6.1 Vc = s  Vc = 11697 lb/ft 

 V / Vc = 0.460 

PASS - No shear reinforcement is required 

Transverse reinforcement parallel to base 

Minimum area of reinforcement - cl.7.12.2.1 Abx.req = 0.0018  tbase = 0.259 in2/ft 

Transverse reinforcement provided No.4 bars @ 12" c/c each face 

Area of transverse reinforcement provided Abx.prov = 2    bx
2 / (4  sbx) = 0.393 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 
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CONCRETE RETAINING WALL SCHEDULE (CRW-3) 

 

 

RETAINING WALL ANALYSIS 

In accordance with International Building Code 2015 

Tedds calculation version 2.9.00 

Retaining wall details 

Stem type Cantilever 

Stem height hstem = 12.5 ft 

Stem thickness tstem = 12 in 

Angle to rear face of stem  = 90 deg 

Stem density stem = 150 pcf 

Toe length ltoe = 1 ft 

Heel length lheel = 6 ft 

Base thickness tbase = 16 in 

Base density base = 150 pcf 

Height of retained soil hret = 10 ft 

Angle of soil surface  = 0 deg 

Depth of cover dcover = 2.5 ft 

Retained soil properties 

Soil type Medium dense well graded sand 

Moist density mr = 135 pcf 

Saturated density sr = 145 pcf 

Base soil properties 

Soil type Medium dense well graded sand 

Soil density b = 115 pcf 

Allowable bearing pressure Pbearing = 4600 psf 

Loading details 

Live surcharge load SurchargeL = 250 psf 
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Calculate retaining wall geometry 

Base length lbase = ltoe + tstem + lheel = 8 ft 

Moist soil height hmoist = hsoil = 12.5 ft 

Length of surcharge load lsur = lheel = 6 ft 

 - Distance to vertical component xsur_v = lbase - lheel / 2 = 5 ft 

Effective height of wall heff = hbase + dcover + hret = 13.833 ft 

 - Distance to horizontal component xsur_h = heff / 2 = 6.917 ft 

Area of wall stem Astem = hstem  tstem = 12.5 ft2 

 - Distance to vertical component xstem = ltoe + tstem / 2 = 1.5 ft 

Area of wall base Abase = lbase  tbase = 10.667 ft2 

 - Distance to vertical component xbase = lbase / 2 = 4 ft 

Area of moist soil Amoist = hmoist  lheel = 75 ft2 

 - Distance to vertical component xmoist_v = lbase - (hmoist  lheel
2 / 2) / Amoist = 5 ft 

 - Distance to horizontal component xmoist_h = heff / 3 = 4.611 ft 

Area of base soil Apass = dcover  ltoe = 2.5 ft2 

 - Distance to vertical component xpass_v = lbase - (dcover  ltoe (lbase - ltoe / 2)) / Apass = 0.5 ft 

 - Distance to horizontal component xpass_h = (dcover + hbase) / 3 = 1.278 ft 

Area of excavated base soil Aexc = hpass  ltoe = 2.5 ft2 

 - Distance to vertical component xexc_v = lbase - (hpass  ltoe (lbase - ltoe / 2)) / Aexc = 0.5 ft 

 - Distance to horizontal component xexc_h = (hpass + hbase) / 3 = 1.278 ft 
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Soil coefficients 

Coefficient of friction to back of wall Kfr = 0.450 

Coefficient of friction to front of wall Kfb = 0.450 

Coefficient of friction beneath base Kfbb = 0.450 

Active pressure coefficient KA = 0.330 

Passive pressure coefficient KP = 3.000 

From IBC 2015 cl.1807.2.3 Safety factor 

Load combination 1 1.0  Dead + 1.0  Live + 1.0  Lateral earth 

Sliding check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 1875 plf 

Wall base Fbase = Abase  base = 1600 plf 

Moist retained soil Fmoist_v = Amoist  mr = 10125 plf 

Base soil Fexc_v = Aexc  b = 288 plf 

Total Ftotal_v = Fstem + Fbase + Fmoist_v + Fexc_v = 13888 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 1141 plf 

Moist retained soil Fmoist_h = KA  mr  heff
2 / 2 = 4263 plf 

Total Ftotal_h = Fmoist_h + Fsur_h = 5404 plf 

Check stability against sliding 

Base soil resistance Fexc_h = KP  b  (hpass + hbase)2 / 2 = 2535 plf 

Base friction Ffriction = Ftotal_v  Kfbb = 6249 plf 

Resistance to sliding Frest = Fexc_h + Ffriction = 8784 plf 

Factor of safety FoSsl = Frest / Ftotal_h = 1.626 > 1.5 

PASS - Factor of safety against sliding is adequate 

Overturning check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 1875 plf 

Wall base Fbase = Abase  base = 1600 plf 

Moist retained soil Fmoist_v = Amoist  mr = 10125 plf 

Base soil Fexc_v = Aexc  b = 288 plf 

Total Ftotal_v = Fstem + Fbase + Fmoist_v + Fexc_v = 13888 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 1141 plf 

Moist retained soil Fmoist_h = KA  mr  heff
2 / 2 = 4263 plf 

Base soil Fexc_h = -KP  b  (hpass + hbase)2 / 2 = -2535 plf 

Total Ftotal_h = Fmoist_h + Fexc_h + Fsur_h = 2869 plf 

Overturning moments on wall 

Surcharge load Msur_OT = Fsur_h  xsur_h = 7894 lb_ft/ft 

Moist retained soil Mmoist_OT = Fmoist_h  xmoist_h = 19655 lb_ft/ft 

Total Mtotal_OT = Mmoist_OT + Msur_OT = 27549 lb_ft/ft 
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Restoring moments on wall 

Wall stem Mstem_R = Fstem  xstem = 2812 lb_ft/ft 

Wall base Mbase_R = Fbase  xbase = 6400 lb_ft/ft 

Moist retained soil Mmoist_R = Fmoist_v  xmoist_v = 50625 lb_ft/ft 

Base soil Mexc_R = Fexc_v  xexc_v - Fexc_h  xexc_h = 3383 lb_ft/ft 

Total Mtotal_R = Mstem_R + Mbase_R + Mmoist_R + Mexc_R = 63220 lb_ft/ft 

Check stability against overturning 

Factor of safety FoSot = Mtotal_R / Mtotal_OT = 2.295 > 1.5 

PASS - Factor of safety against overturning is adequate 

Bearing pressure check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 1875 plf 

Wall base Fbase = Abase  base = 1600 plf 

Surcharge load Fsur_v = SurchargeL  lheel = 1500 plf 

Moist retained soil Fmoist_v = Amoist  mr = 10125 plf 

Base soil Fpass_v = Apass  b = 288 plf 

Total Ftotal_v = Fstem + Fbase + Fmoist_v + Fpass_v + Fsur_v = 15388 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 1141 plf 

Moist retained soil Fmoist_h = KA  mr  heff
2 / 2 = 4263 plf 

Base soil Fpass_h = -KP  b  (dcover + hbase)2 / 2 = -2535 plf 

Total Ftotal_h = max(Fmoist_h + Fpass_h + Fsur_h - Ftotal_v  Kfbb, 0 plf) = 0 plf 

Moments on wall 

Wall stem Mstem = Fstem  xstem = 2812 lb_ft/ft 

Wall base Mbase = Fbase  xbase = 6400 lb_ft/ft 

Surcharge load Msur = Fsur_v  xsur_v - Fsur_h  xsur_h = -394 lb_ft/ft 

Moist retained soil Mmoist = Fmoist_v  xmoist_v - Fmoist_h  xmoist_h = 30970 lb_ft/ft 

Base soil Mpass = Fpass_v  xpass_v - Fpass_h  xpass_h = 3383 lb_ft/ft 

Total Mtotal = Mstem + Mbase + Mmoist + Mpass + Msur = 43171 lb_ft/ft 

Check bearing pressure 

Distance to reaction x = Mtotal / Ftotal_v = 2.806 ft 

Eccentricity of reaction e = x - lbase / 2 = -1.194 ft 

Loaded length of base lload = lbase = 8 ft 

Bearing pressure at toe qtoe = Ftotal_v / lbase  (1 - 6  e / lbase) = 3646 psf 

Bearing pressure at heel qheel = Ftotal_v / lbase  (1 + 6  e / lbase) = 200 psf 

Factor of safety FoSbp = Pbearing / max(qtoe, qheel) = 1.262  

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure 

RETAINING WALL DESIGN 

In accordance with ACI 318-14 

Tedds calculation version 2.9.00 

Concrete details 

Compressive strength of concrete f'c = 4500 psi 
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Concrete type Normal weight 

Reinforcement details 

Yield strength of reinforcement fy = 60000 psi 

Modulus of elasticity or reinforcement Es = 29000000 psi 

Cover to reinforcement 

Front face of stem csf = 1.5 in 

Rear face of stem csr = 2 in 

Top face of base cbt = 2 in 

Bottom face of base cbb = 3 in 

From IBC 2015 cl.1605.2.1 Basic load combinations 

Load combination no.1 1.4  Dead 

Load combination no.2 1.2  Dead + 1.6  Live + 1.6  Lateral earth 

Load combination no.3 1.2  Dead + 1.0  Earthquake + 1.0  Live + 1.6  Lateral earth  

Load combination no.4 0.9  Dead + 1.0  Earthquake + 1.6  Lateral earth 

 

  
 

 

FTG - 56 of 110



 

sheet 52 

project  Powder Mountain Parcel 4 

  Retaining Walls 

location  Eden, Utah 

 date 6/26/2017 by  CW 

 

 

  
 

 

  
 

Check stem design at base of stem 

Depth of section h = 12 in 

Rectangular section in flexure - Section 22.3 

Design bending moment combination 2 M = 33516 lb_ft/ft 

Depth of tension reinforcement d = h - csr - sr / 2 = 9.562 in 

Compression reinforcement provided No.4 bars @ 12" c/c 

Area of compression reinforcement provided Asf.prov =   sf
2 / (4  ssf) = 0.196 in2/ft 

Tension reinforcement provided No.7 bars @ 8" c/c 

Area of tension reinforcement provided Asr.prov =   sr
2 / (4  ssr) = 0.902 in2/ft 

Maximum reinforcement spacing - cl.11.7.2 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Asr.prov  fy / (0.85  f'c) = 1.179 in 
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Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 

Depth to neutral axis c = a / 1 = 1.429 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.017073 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Asr.prov  fy  (d - a / 2) = 40467 lb_ft/ft 

Design flexural strength Mn = f  Mn = 36421 lb_ft/ft 

 M / Mn = 0.920 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Asr.des = 0.825 in2/ft 

Minimum area of reinforcement - cl.9.6.1.2 Asr.min = max(3  (f'c  1 psi), 200 psi)  d / fy = 0.385 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 7219 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 15395 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.5.1.1 Vc = s  Vc = 11546 lb/ft 

 V / Vc = 0.625 

PASS - No shear reinforcement is required 

Horizontal reinforcement parallel to face of stem 

Minimum area of reinforcement - cl.11.6.1 Asx.req = 0.002  tstem = 0.288 in2/ft 

Transverse reinforcement provided No.4 bars @ 12" c/c each face 

Area of transverse reinforcement provided Asx.prov = 2    sx
2 / (4  ssx) = 0.393 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 

Check base design at toe 

Depth of section h = 16 in 

Rectangular section in flexure - Section 22.3 

Design bending moment combination 2 M = 2583 lb_ft/ft 

Depth of tension reinforcement d = h - cbb - bb / 2 = 12.688 in 

Compression reinforcement provided No.6 bars @ 8" c/c 

Area of compression reinforcement provided Abt.prov =   bt
2 / (4  sbt) = 0.663 in2/ft 

Tension reinforcement provided No.5 bars @ 10" c/c 

Area of tension reinforcement provided Abb.prov =   bb
2 / (4  sbb) = 0.368 in2/ft 

Maximum reinforcement spacing - cl.7.7.2.3 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Abb.prov  fy / (0.85  f'c) = 0.481 in 

Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 

Depth to neutral axis c = a / 1 = 0.583 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.06225 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Abb.prov  fy  (d - a / 2) = 22912 lb_ft/ft 
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Design flexural strength Mn = f  Mn = 20621 lb_ft/ft 

 M / Mn = 0.125 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Abb.des = 0.045 in2/ft 

Minimum area of reinforcement - cl.7.6.1.1 Abb.min = 0.0018  h = 0.346 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 5005 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 20426 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.7.6.3.1 Vc = s  Vc = 15320 lb/ft 

 V / Vc = 0.327 

PASS - No shear reinforcement is required 

Check base design at heel 

Depth of section h = 16 in 

Rectangular section in flexure - Section 22.3 

Design bending moment combination 2 M = 35344 lb_ft/ft 

Depth of tension reinforcement d = h - cbt - bt / 2 = 13.625 in 

Compression reinforcement provided No.5 bars @ 10" c/c 

Area of compression reinforcement provided Abb.prov =   bb
2 / (4  sbb) = 0.368 in2/ft 

Tension reinforcement provided No.6 bars @ 8" c/c 

Area of tension reinforcement provided Abt.prov =   bt
2 / (4  sbt) = 0.663 in2/ft 

Maximum reinforcement spacing - cl.7.7.2.3 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Abt.prov  fy / (0.85  f'c) = 0.866 in 

Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 

Depth to neutral axis c = a / 1 = 1.05 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.035929 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Abt.prov  fy  (d - a / 2) = 43710 lb_ft/ft 

Design flexural strength Mn = f  Mn = 39339 lb_ft/ft 

 M / Mn = 0.898 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Abt.des = 0.593 in2/ft 

Minimum area of reinforcement - cl.7.6.1.1 Abt.min = 0.0018  h = 0.346 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 8259 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 21936 lb/ft 

Strength reduction factor s = 0.75 
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Design concrete shear strength - cl.7.6.3.1 Vc = s  Vc = 16452 lb/ft 

 V / Vc = 0.502 

PASS - No shear reinforcement is required 

Transverse reinforcement parallel to base 

Minimum area of reinforcement - cl.76.1.1 Abx.req = 0.0018  tbase = 0.346 in2/ft 

Transverse reinforcement provided No.4 bars @ 12" c/c each face 

Area of transverse reinforcement provided Abx.prov = 2    bx
2 / (4  sbx) = 0.393 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 
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CONCRETE RETAINING WALL SCHEDULE (CRW-4) 

 

 

 

RETAINING WALL ANALYSIS 

In accordance with International Building Code 2015 

Tedds calculation version 2.9.00 

Retaining wall details 

Stem type Cantilever 

Stem height hstem = 16.5 ft 

Stem thickness tstem = 16 in 

Angle to rear face of stem  = 90 deg 

Stem density stem = 150 pcf 

Toe length ltoe = 1.333 ft 

Heel length lheel = 9.333 ft 

Base thickness tbase = 18 in 

Base density base = 150 pcf 

Height of retained soil hret = 14 ft 

Angle of soil surface  = 0 deg 

Depth of cover dcover = 2 ft 

Height of water hwater = 6 ft 

Water density w = 62 pcf 

Retained soil properties 

Soil type Medium dense well graded sand 

Moist density mr = 135 pcf 

Saturated density sr = 145 pcf 

Base soil properties 

Soil type Medium dense well graded sand 

Soil density b = 115 pcf 

Allowable bearing pressure Pbearing = 4600 psf 

Loading details 

Live surcharge load SurchargeL = 100 psf 
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Calculate retaining wall geometry 

Base length lbase = ltoe + tstem + lheel = 12 ft 

Saturated soil height hsat = hwater + dcover = 8 ft 

Moist soil height hmoist = hret - hwater = 8 ft 

Length of surcharge load lsur = lheel = 9.333 ft 

 - Distance to vertical component xsur_v = lbase - lheel / 2 = 7.333 ft 

Effective height of wall heff = hbase + dcover + hret = 17.5 ft 

 - Distance to horizontal component xsur_h = heff / 2 = 8.75 ft 

Area of wall stem Astem = hstem  tstem = 22 ft2 

 - Distance to vertical component xstem = ltoe + tstem / 2 = 2 ft 

Area of wall base Abase = lbase  tbase = 18 ft2 

 - Distance to vertical component xbase = lbase / 2 = 6 ft 

Area of saturated soil Asat = hsat  lheel = 74.667 ft2 

 - Distance to vertical component xsat_v = lbase - (hsat  lheel
2 / 2) / Asat = 7.333 ft 

 - Distance to horizontal component xsat_h = (hsat + hbase) / 3 = 3.167 ft 

Area of water Awater = hsat  lheel = 74.667 ft2 

 - Distance to vertical component xwater_v = lbase - (hsat  lheel
2 / 2) / Asat = 7.333 ft 

 - Distance to horizontal component xwater_h = (hsat + hbase) / 3 = 3.167 ft 

Area of moist soil Amoist = hmoist  lheel = 74.667 ft2 

 - Distance to vertical component xmoist_v = lbase - (hmoist  lheel
2 / 2) / Amoist = 7.333 ft 
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 - Distance to horizontal component xmoist_h = (hmoist  (tbase + hsat + hmoist / 3) / 2 + (hsat + tbase)2/2) / (hsat + tbase + 

hmoist / 2) = 6.948 ft 

Area of base soil Apass = dcover  ltoe = 2.667 ft2 

 - Distance to vertical component xpass_v = lbase - (dcover  ltoe (lbase - ltoe / 2)) / Apass = 0.667 ft 

 - Distance to horizontal component xpass_h = (dcover + hbase) / 3 = 1.167 ft 

Area of excavated base soil Aexc = hpass  ltoe = 2.667 ft2 

 - Distance to vertical component xexc_v = lbase - (hpass  ltoe (lbase - ltoe / 2)) / Aexc = 0.667 ft 

 - Distance to horizontal component xexc_h = (hpass + hbase) / 3 = 1.167 ft 

Soil coefficients 

Coefficient of friction to back of wall Kfr = 0.450 

Coefficient of friction to front of wall Kfb = 0.450 

Coefficient of friction beneath base Kfbb = 0.450 

Active pressure coefficient KA = 0.330 

Passive pressure coefficient KP = 3.000 

From IBC 2015 cl.1807.2.3 Safety factor 

Load combination 1 1.0  Dead + 1.0  Live + 1.0  Lateral earth 

Sliding check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 3300 plf 

Wall base Fbase = Abase  base = 2700 plf 

Saturated retained soil Fsat_v = Asat  (sr - w) = 6175 plf 

Water Fwater_v = Awater  w = 4652 plf 

Moist retained soil Fmoist_v = Amoist  mr = 10080 plf 

Base soil Fexc_v = Aexc  b = 307 plf 

Total Ftotal_v = Fstem + Fbase + Fsat_v + Fmoist_v + Fexc_v + Fwater_v = 27213 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 578 plf 

Saturated retained soil Fsat_h = KA  (sr - w)  (hsat + hbase)2 / 2 = 1232 plf 

Water Fwater_h = w  (hwater + dcover + hbase)2 / 2 = 2811 plf 

Moist retained soil Fmoist_h = KA  mr  ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase)  (hsat + hbase)) 

= 4811 plf 

Total Ftotal_h = Fsat_h + Fmoist_h + Fwater_h + Fsur_h = 9432 plf 

Check stability against sliding 

Base soil resistance Fexc_h = KP  b  (hpass + hbase)2 / 2 = 2113 plf 

Base friction Ffriction = Ftotal_v  Kfbb = 12246 plf 

Resistance to sliding Frest = Fexc_h + Ffriction = 14359 plf 

Factor of safety FoSsl = Frest / Ftotal_h = 1.522 > 1.5 

PASS - Factor of safety against sliding is adequate 

Overturning check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 3300 plf 

Wall base Fbase = Abase  base = 2700 plf 
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Saturated retained soil Fsat_v = Asat  (sr - w) = 6175 plf 

Water Fwater_v = Awater  w = 4652 plf 

Moist retained soil Fmoist_v = Amoist  mr = 10080 plf 

Base soil Fexc_v = Aexc  b = 307 plf 

Total Ftotal_v = Fstem + Fbase + Fsat_v + Fmoist_v + Fexc_v + Fwater_v = 27213 plf 

Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 578 plf 

Saturated retained soil Fsat_h = KA  (sr - w)  (hsat + hbase)2 / 2 = 1232 plf 

Water Fwater_h = w  (hwater + dcover + hbase)2 / 2 = 2811 plf 

Moist retained soil Fmoist_h = KA  mr  ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase)  (hsat + hbase)) 

= 4811 plf 

Base soil Fexc_h = -KP  b  (hpass + hbase)2 / 2 = -2113 plf 

Total Ftotal_h = Fsat_h + Fmoist_h + Fexc_h + Fwater_h + Fsur_h = 7319 plf 

Overturning moments on wall 

Surcharge load Msur_OT = Fsur_h  xsur_h = 5053 lb_ft/ft 

Saturated retained soil Msat_OT = Fsat_h  xsat_h = 3900 lb_ft/ft 

Water Mwater_OT = Fwater_h  xwater_h = 8902 lb_ft/ft 

Moist retained soil Mmoist_OT = Fmoist_h  xmoist_h = 33427 lb_ft/ft 

Total Mtotal_OT = Msat_OT + Mmoist_OT + Mwater_OT + Msur_OT = 51283 lb_ft/ft 

Restoring moments on wall 

Wall stem Mstem_R = Fstem  xstem = 6600 lb_ft/ft 

Wall base Mbase_R = Fbase  xbase = 16200 lb_ft/ft 

Saturated retained soil Msat_R = Fsat_v  xsat_v = 45283 lb_ft/ft 

Water Mwater_R = Fwater_v  xwater_v = 34113 lb_ft/ft 

Moist retained soil Mmoist_R = Fmoist_v  xmoist_v = 73920 lb_ft/ft 

Base soil Mexc_R = Fexc_v  xexc_v - Fexc_h  xexc_h = 2670 lb_ft/ft 

Total Mtotal_R = Mstem_R + Mbase_R + Msat_R + Mmoist_R + Mexc_R + Mwater_R = 178786 

lb_ft/ft 

Check stability against overturning 

Factor of safety FoSot = Mtotal_R / Mtotal_OT = 3.486 > 1.5 

PASS - Factor of safety against overturning is adequate 

Bearing pressure check 

Vertical forces on wall 

Wall stem Fstem = Astem  stem = 3300 plf 

Wall base Fbase = Abase  base = 2700 plf 

Surcharge load Fsur_v = SurchargeL  lheel = 933 plf 

Saturated retained soil Fsat_v = Asat  (sr - w) = 6175 plf 

Water Fwater_v = Awater  w = 4652 plf 

Moist retained soil Fmoist_v = Amoist  mr = 10080 plf 

Base soil Fpass_v = Apass  b = 307 plf 

Total Ftotal_v = Fstem + Fbase + Fsat_v + Fmoist_v + Fpass_v + Fwater_v + Fsur_v = 28147 plf 
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Horizontal forces on wall 

Surcharge load Fsur_h = KA  SurchargeL  heff = 578 plf 

Saturated retained soil Fsat_h = KA  (sr - w)  (hsat + hbase)2 / 2 = 1232 plf 

Water Fwater_h = w  (hwater + dcover + hbase)2 / 2 = 2811 plf 

Moist retained soil Fmoist_h = KA  mr  ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase)  (hsat + hbase)) 

= 4811 plf 

Base soil Fpass_h = -KP  b  (dcover + hbase)2 / 2 = -2113 plf 

Total Ftotal_h = max(Fsat_h + Fmoist_h + Fpass_h + Fwater_h + Fsur_h - Ftotal_v  Kfbb, 0 plf) 

= 0 plf 

Moments on wall 

Wall stem Mstem = Fstem  xstem = 6600 lb_ft/ft 

Wall base Mbase = Fbase  xbase = 16200 lb_ft/ft 

Surcharge load Msur = Fsur_v  xsur_v - Fsur_h  xsur_h = 1791 lb_ft/ft 

Saturated retained soil Msat = Fsat_v  xsat_v - Fsat_h  xsat_h = 41383 lb_ft/ft 

Water Mwater = Fwater_v  xwater_v - Fwater_h  xwater_h = 25210 lb_ft/ft 

Moist retained soil Mmoist = Fmoist_v  xmoist_v - Fmoist_h  xmoist_h = 40493 lb_ft/ft 

Base soil Mpass = Fpass_v  xpass_v - Fpass_h  xpass_h = 2670 lb_ft/ft 

Total Mtotal = Mstem + Mbase + Msat + Mmoist + Mpass + Mwater + Msur = 134347 lb_ft/ft 

Check bearing pressure 

Distance to reaction x = Mtotal / Ftotal_v = 4.773 ft 

Eccentricity of reaction e = x - lbase / 2 = -1.227 ft 

Loaded length of base lload = lbase = 12 ft 

Bearing pressure at toe qtoe = Ftotal_v / lbase  (1 - 6  e / lbase) = 3784 psf 

Bearing pressure at heel qheel = Ftotal_v / lbase  (1 + 6  e / lbase) = 907 psf 

Factor of safety FoSbp = Pbearing / max(qtoe, qheel) = 1.216  

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure 

RETAINING WALL DESIGN 

In accordance with ACI 318-14 

Tedds calculation version 2.9.00 

Concrete details 

Compressive strength of concrete f'c = 4500 psi 

Concrete type Normal weight 

Reinforcement details 

Yield strength of reinforcement fy = 60000 psi 

Modulus of elasticity or reinforcement Es = 29000000 psi 

Cover to reinforcement 

Front face of stem csf = 1.5 in 

Rear face of stem csr = 2 in 

Top face of base cbt = 2 in 

Bottom face of base cbb = 3 in 

From IBC 2015 cl.1605.2.1 Basic load combinations 

Load combination no.1 1.4  Dead 
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Load combination no.2 1.2  Dead + 1.6  Live + 1.6  Lateral earth 

Load combination no.3 1.2  Dead + 1.0  Earthquake + 1.0  Live + 1.6  Lateral earth  

Load combination no.4 0.9  Dead + 1.0  Earthquake + 1.6  Lateral earth 
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Check stem design at base of stem 

Depth of section h = 16 in 

Rectangular section in flexure - Section 22.3 

Design bending moment combination 2 M = 61568 lb_ft/ft 

Depth of tension reinforcement d = h - csr - sr / 2 = 13.5 in 

Compression reinforcement provided No.4 bars @ 12" c/c 

Area of compression reinforcement provided Asf.prov =   sf
2 / (4  ssf) = 0.196 in2/ft 

Tension reinforcement provided No.8 bars @ 8" c/c 

Area of tension reinforcement provided Asr.prov =   sr
2 / (4  ssr) = 1.178 in2/ft 

Maximum reinforcement spacing - cl.11.7.2 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Asr.prov  fy / (0.85  f'c) = 1.54 in 

Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 

Depth to neutral axis c = a / 1 = 1.867 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.018696 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Asr.prov  fy  (d - a / 2) = 74986 lb_ft/ft 

Design flexural strength Mn = f  Mn = 67487 lb_ft/ft 

 M / Mn = 0.912 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Asr.des = 1.069 in2/ft 

Minimum area of reinforcement - cl.9.6.1.2 Asr.min = max(3  (f'c  1 psi), 200 psi)  d / fy = 0.543 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 12275 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 21735 lb/ft 
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Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.5.1.1 Vc = s  Vc = 16301 lb/ft 

 V / Vc = 0.753 

PASS - No shear reinforcement is required 

Check stem design at 8 ft 

Depth of section h = 16 in 

Rectangular section in flexure - Section 22.3 

Design bending moment combination 2 M = 7772 lb_ft/ft 

Depth of tension reinforcement d = h - csr - sr1 / 2 = 13.5 in 

Compression reinforcement provided No.4 bars @ 12" c/c 

Area of compression reinforcement provided Asf1.prov =   sf1
2 / (4  ssf1) = 0.196 in2/ft 

Tension reinforcement provided No.8 bars @ 16" c/c 

Area of tension reinforcement provided Asr1.prov =   sr1
2 / (4  ssr1) = 0.589 in2/ft 

Maximum reinforcement spacing - cl.11.7.2 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Asr1.prov  fy / (0.85  f'c) = 0.77 in 

Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 

Depth to neutral axis c = a / 1 = 0.933 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.040393 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Asr1.prov  fy  (d - a / 2) = 38627 lb_ft/ft 

Design flexural strength Mn = f  Mn = 34764 lb_ft/ft 

 M / Mn = 0.224 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Asr1.des = 0.129 in2/ft 

Minimum area of reinforcement - cl.9.6.1.3 Asr1.mod = 4  Asr1.des / 3 = 0.172 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 2703 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 21735 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.11.5.1.1 Vc = s  Vc = 16301 lb/ft 

 V / Vc = 0.166 

PASS - No shear reinforcement is required 

Horizontal reinforcement parallel to face of stem 

Minimum area of reinforcement - cl.11.6.1 Asx.req = 0.002  tstem = 0.384 in2/ft 

Transverse reinforcement provided No.4 bars @ 12" c/c each face 

Area of transverse reinforcement provided Asx.prov = 2    sx
2 / (4  ssx) = 0.393 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 

Check base design at heel 

Depth of section h = 18 in 
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Rectangular section in flexure - Section 22.3 

Design bending moment combination 1 M = 4719 lb_ft/ft 

Depth of tension reinforcement d = h - cbb - bb / 2 = 14.625 in 

Compression reinforcement provided No.8 bars @ 9" c/c 

Area of compression reinforcement provided Abt.prov =   bt
2 / (4  sbt) = 1.047 in2/ft 

Tension reinforcement provided No.6 bars @ 12" c/c 

Area of tension reinforcement provided Abb.prov =   bb
2 / (4  sbb) = 0.442 in2/ft 

Maximum reinforcement spacing - cl.7.7.2.3 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Abb.prov  fy / (0.85  f'c) = 0.577 in 

Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 

Depth to neutral axis c = a / 1 = 0.7 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.059679 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Abb.prov  fy  (d - a / 2) = 31668 lb_ft/ft 

Design flexural strength Mn = f  Mn = 28501 lb_ft/ft 

 M / Mn = 0.166 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Abb.des = 0.072 in2/ft 

Minimum area of reinforcement - cl.7.6.1.1 Abb.min = 0.0018  h = 0.389 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 6247 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 23546 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.7.6.3.1 Vc = s  Vc = 17659 lb/ft 

 V / Vc = 0.354 

PASS - No shear reinforcement is required 

Check base design at heel 

Depth of section h = 18 in 

Rectangular section in flexure - Section 22.3 

Design bending moment combination 2 M = 68141 lb_ft/ft 

Depth of tension reinforcement d = h - cbt - bt / 2 = 15.5 in 

Compression reinforcement provided No.6 bars @ 12" c/c 

Area of compression reinforcement provided Abb.prov =   bb
2 / (4  sbb) = 0.442 in2/ft 

Tension reinforcement provided No.8 bars @ 9" c/c 

Area of tension reinforcement provided Abt.prov =   bt
2 / (4  sbt) = 1.047 in2/ft 

Maximum reinforcement spacing - cl.7.7.2.3 smax = min(18 in, 3  h) = 18 in 

PASS - Reinforcement is adequately spaced 

Depth of compression block a = Abt.prov  fy / (0.85  f'c) = 1.369 in 

Neutral axis factor - cl.22.2.2.4.3 1 = min(max(0.85 - 0.05  (f'c - 4 ksi) / 1 ksi, 0.65), 0.85) = 0.825 
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Depth to neutral axis c = a / 1 = 1.659 in 

Strain in reinforcement t = 0.003  (d - c) / c = 0.025025 

Section is in the tension controlled zone 

Strength reduction factor f = min(max(0.65 + (t - 0.002)  (250 / 3), 0.65), 0.9) = 0.9 

Nominal flexural strength Mn = Abt.prov  fy  (d - a / 2) = 77574 lb_ft/ft 

Design flexural strength Mn = f  Mn = 69817 lb_ft/ft 

 M / Mn = 0.976 

PASS - Design flexural strength exceeds factored bending moment 

By iteration, reinforcement required by analysis Abt.des = 1.021 in2/ft 

Minimum area of reinforcement - cl.7.6.1.1 Abt.min = 0.0018  h = 0.389 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 9768 lb/ft 

Concrete modification factor - cl.19.2.4  = 1 

Nominal concrete shear strength - eqn.22.5.5.1 Vc = 2    (f'c  1 psi)  d = 24955 lb/ft 

Strength reduction factor s = 0.75 

Design concrete shear strength - cl.7.6.3.1 Vc = s  Vc = 18716 lb/ft 

 V / Vc = 0.522 

PASS - No shear reinforcement is required 

Transverse reinforcement parallel to base 

Minimum area of reinforcement - cl.76.1.1 Abx.req = 0.0018  tbase = 0.389 in2/ft 

Transverse reinforcement provided No.4 bars @ 12" c/c each face 

Area of transverse reinforcement provided Abx.prov = 2    bx
2 / (4  sbx) = 0.393 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 
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RETAINING WALL ANALYSIS & DESIGN - EAST MECH ROOM WALL (ACI318/MSJC) 

RETAINING WALL ANALYSIS 

In accordance with International Building Code 2015 

Tedds calculation version 2.9.00 

Retaining wall details 

Stem type Propped cantilever pinned at the base 

Stem height hstem = 12 ft 

Prop height hprop = 12 ft 

Stem thickness tstem = 12 in 

Angle to rear face of stem  = 90 deg 

Stem density stem = 150 pcf 

Toe length ltoe = 1 ft 

Heel length lheel = 1 ft 

Base thickness tbase = 12 in 

Base density base = 150 pcf 

Height of retained soil hret = 11 ft Angle of soil surface  = 0 deg 

Depth of cover dcover = 1 ft 

Depth of excavation dexc = 1 ft 

Height of water hwater = 5 ft 

Water density w = 62 pcf 

Retained soil properties 

Soil type Medium dense well graded sand 

Moist density mr = 135 pcf 

Saturated density sr = 145 pcf 

Base soil properties 

Soil type Medium dense well graded sand 

Soil density b = 115 pcf 

Allowable bearing pressure Pbearing = 4600 psf 

Loading details 

Live surcharge load SurchargeL = 100 psf 

Vertical line load at 0.75 ft PD1 = 1000 plf 

 PL1 = 1000 plf 
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Calculate retaining wall geometry 

Base length lbase = 3 ft 

Saturated soil height hsat = 6 ft 

Moist soil height hmoist = 6 ft 

Length of surcharge load lsur = 1 ft 

Vertical distance xsur_v = 2.5 ft 

Effective height of wall heff = 13 ft 

Horizontal distance xsur_h = 6.5 ft 

Area of wall stem Astem = 12 ft2 Vertical distance xstem = 1.5 ft 

Area of wall base Abase = 3 ft2 Vertical distance xbase = 1.5 ft 

Area of saturated soil Asat = 6 ft2 Vertical distance xsat_v = 2.5 ft 

  Horizontal distance xsat_h = 2.333 ft 

Area of water Awater = 6 ft2 Vertical distance xwater_v = 2.5 ft 

  Horizontal distance xwater_h = 2.333 ft 

Area of moist soil Amoist = 6 ft2 Vertical distance xmoist_v = 2.5 ft 

  Horizontal distance xmoist_h = 5.15 ft 

Area of base soil Apass = 1 ft2 Vertical distance xpass_v = 0.5 ft 

  Horizontal distance xpass_h = 0.667 ft 

Soil coefficients 

Coeff.friction to back of wall Kfr = 0.450 

Coeff.friction to front of wall Kfb = 0.450 Coeff.friction beneath base Kfbb = 0.450 

At rest pressure coefficient K0 = 0.500 Passive pressure coefficient KP = 3.000 
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From IBC 2015 cl.1807.2.3 Safety factor 

Load combination 1 1.0  Dead + 1.0  Live + 1.0  Lateral earth 

Bearing pressure check 

Vertical forces on wall 

Total Ftotal_v = Fstem + Fbase + Fsat_v + Fmoist_v + Fpass_v + Fwater_v + Fsur_v + FP_v = 6145 plf 

Horizontal forces on wall 

Total Ftotal_h = Fsat_h + Fmoist_h + Fpass_h + Fwater_h + Fsur_h = 6551 plf 

Moments on wall 

Total Mtotal = Mstem + Mbase + Msat + Mmoist + Mpass + Mwater + Msur + MP = 9382 lb_ft/ft 

Check bearing pressure 

Bearing pressure at toe qtoe = 1938 psf Bearing pressure at heel qheel = 2158 psf 

Factor of safety FoSbp = 2.131  

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure 

RETAINING WALL DESIGN 

In accordance with ACI 318-14 

Tedds calculation version 2.9.00 

Concrete details 

Compressive strength f'c = 4500 psi Concrete type Normal weight 

Reinforcement details 

Yield strength fy = 60000 psi Modulus of elasticity Es = 29000000 psi 

Cover to reinforcement 

Front face of stem csf = 1.5 in Rear face of stem csr = 1.5 in 

Top face of base cbt = 2 in Bottom face of base cbb = 3 in 

From IBC 2015 cl.1605.2.1 Basic load combinations 

Load combination no.1 1.4  Dead 

Load combination no.2 1.2  Dead + 1.6  Live + 1.6  Lateral earth 

Load combination no.3 1.2  Dead + 1.0  Earthquake + 1.0  Live + 1.6  Lateral earth  

Load combination no.4 0.9  Dead + 1.0  Earthquake + 1.6  Lateral earth 
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Check stem design at 4.988 ft 

Depth of section h = 12 in 

Rectangular section in flexure - Section 22.3 

Factored bending moment M = 14577 lb_ft/ft 

Compression reinforcement No.5 bars @ 12" c/c Area provided AsrM.prov = 0.307 in2/ft 

Tension reinforcement No.6 bars @ 12" c/c Area provided AsfM.prov = 0.442 in2/ft 

Max.reinforcement spacing smax = 18 in 

PASS - Reinforcement is adequately spaced 

Nominal flexural strength Mn = 20347 lb_ft/ft Strength reduction factor f = 0.9 

Design flexural strength Mn = 18312 lb_ft/ft M / Mn = 0.796 

PASS - Design flexural strength exceeds factored bending moment 

Reinforcement by analysis AsfM.des = 0.349 in2/ft Minimum reinforcement AsfM.min = 0.382 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Check stem design at base of stem 

Depth of section h = 12 in 

Rectangular section in shear - Section 22.5 

Design shear force V = 6533 lb/ft 

Nominal conc.shear strength Vc = 15295 lb/ft Strength reduction factor s = 0.75 

Design conc.shear strength Vc = 11471 lb/ft V / Vc = 0.570 

PASS - No shear reinforcement is required 

Check stem design at prop 

Depth of section h = 12 in 

Rectangular section in shear - Section 22.5 

Design shear force V = 3246 lb/ft 

Nominal conc.shear strength Vc = 15295 lb/ft Strength reduction factor s = 0.75 

Design conc.shear strength Vc = 11471 lb/ft V / Vc = 0.283 

PASS - No shear reinforcement is required 
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Horizontal reinforcement parallel to face of stem 

Min.area of reinforcement Asx.req = 0.288 in2/ft 

Trans.reinforcement provided No.5 bars @ 12" c/c each face Trans.reinforcement provided Asx.prov = 0.614 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 

Check base design at toe 

Depth of section h = 12 in 

Rectangular section in flexure - Section 22.3 

Factored bending moment M = 653 lb_ft/ft 

Compression reinforcement No.4 bars @ 12" c/c Area provided Abt.prov = 0.196 in2/ft 

Tension reinforcement No.5 bars @ 12" c/c Area provided Abb.prov = 0.307 in2/ft 

Max.reinforcement spacing smax = 18 in 

PASS - Reinforcement is adequately spaced 

Nominal flexural strength Mn = 13019 lb_ft/ft Strength reduction factor f = 0.9 

Design flexural strength Mn = 11717 lb_ft/ft M / Mn = 0.056 

PASS - Design flexural strength exceeds factored bending moment 

Reinforcement by analysis Abb.des = 0.017 in2/ft Minimum reinforcement Abb.min = 0.259 in2/ft 

PASS - Area of reinforcement provided is greater than minimum area of reinforcement required 

Rectangular section in shear - Section 22.5 

Design shear force V = 1738 lb/ft 

Nominal conc.shear strength Vc = 13987 lb/ft Strength reduction factor s = 0.75 

Design conc.shear strength Vc = 10490 lb/ft V / Vc = 0.166 

PASS - No shear reinforcement is required 

Check base design at heel 

Depth of section h = 12 in 

Rectangular section in shear - Section 22.5 

Design shear force V = 299 lb/ft 

Nominal conc.shear strength Vc = 13987 lb/ft Strength reduction factor s = 0.75 

Design conc.shear strength Vc = 10490 lb/ft V / Vc = 0.029 

PASS - No shear reinforcement is required 

Transverse reinforcement parallel to base 

Min.area of reinforcement Abx.req = 0.259 in2/ft 

Trans.reinforcement provided No.5 bars @ 12" c/c each face Trans.reinforcement provided Abx.prov = 0.614 in2/ft 

PASS - Area of reinforcement provided is greater than area of reinforcement required 
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SHEAR WALL MAT - P-11 

FOUNDATION ANALYSIS & DESIGN (ACI318) 

In accordance with ACI318-14 

Tedds calculation version 3.0.05 

FOOTING ANALYSIS 

Length of foundation Lx = 24 ft Width of foundation Ly = 6 ft 

Foundation area A = 144 ft2 Depth of foundation h = 18 in 

Depth of soil over foundation hsoil = 12 in Density of concrete conc = 150.0 lb/ft3 

 

  
 

Column no.1 details 

Length of column lx1 = 219.00 in Width of column ly1 = 12.00 in 

position in x-axis x1 = 144.00 in position in y-axis y1 = 36.00 in 

Soil properties 

Gross allow. bearing press. qallow_Gross = 4.6 ksf Density of soil soil = 120.0 lb/ft3 

Angle of internal friction b = 30.0 deg Design base friction angle bb = 22.0 deg 

Coefficient of base friction tan(bb) = 0.404 

Dead surcharge load FDsur = 50 psf Live surcharge load FLsur = 100 psf 

Self weight Fswt  = 225 psf Soil weight Fsoil  = 120 psf 

Column no.1 loads 

Dead load in z FDz1 = 177.7 kips Snow load in z FSz1 = 175.0 kips 

Seismic load in x FEx1 = 60.0 kips 

Seismic load moment in x MEx1 = 1200.0 kip_ft 

Footing analysis for soil and stability 

Load combinations per ASCE 7-10 

1.0D (0.354) 

1.0D + 1.0L (0.376) 

1.0D + 1.0Lr (0.354) 

1.0D + 1.0S (0.618) 
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1.0D + 1.0R (0.354) 

1.0D + 0.75L + 0.75Lr (0.370) 

1.0D + 0.75L + 0.75S (0.569) 

1.0D + 0.75L + 0.75R (0.370) 

1.0D + 0.6W (0.354) 

(1.0 + 0.14  SDS)D + 0.7E (0.724) 

1.0D + 0.75L + 0.75Lr + 0.45W (0.370) 

1.0D + 0.75L + 0.75S + 0.45W (0.569) 

1.0D + 0.75L + 0.75R + 0.45W (0.370) 

(1.0 + 0.10  SDS)D + 0.75L + 0.75S + 0.525E (0.845) 

0.6D + 0.6W (0.212) 

(0.6 - 0.14  SDS)D + 0.7E (0.854) 

Combination 16 results: (0.6 - 0.14  SDS)D + 0.7E 

Forces on foundation 

Force in x-axis Fdx = 42.0 kips Force in z-axis Fdz = 121.7 kips 

Moments on foundation 

Moment in x-axis, about x is 0 Mdx = 2363.4 kip_ft Moment in y-axis, about y is 0 Mdy = 365.1 kip_ft 

Uplift verification 

Vertical force Fdz = 121.7 kips 

PASS - Foundation is not subject to uplift 

Stability against overturning in x direction, moment about x is Lx 

Overturning moment MOTxL = 903 kip_ft Resisting moment MRxL = -1460.4 kip_ft 

  Factor of safety abs(MRxL / MOTxL) = 1.617 

PASS - Overturning moment safety factor exceeds the minimum of 1.00 

Stability against sliding 

Resistance due to base friction FRFriction = 49.17 kips 

Stability against sliding in x direction 

Total sliding resistance FRx = 49.17 kips Factor of safety abs(FRx / Fdx) = 1.17 

PASS - Sliding factor of safety exceeds the minimum of 1.00 

Bearing resistance 

Eccentricity of base reaction 

Eccentricity in x-axis edx = 89.039 in Eccentricity in y-axis edy = 0 in 

Length of bearing, x-axis L'xd = 164.884 in 

Pad base pressures 

Min. base press. qmin = 0 ksf Max. base press. qmax = 2.952 ksf 

Allowable bearing capacity 

Allowable bearing capacity qallow = 4.6 ksf  qmax / qallow = 0.642 

PASS - Allowable bearing capacity exceeds design base pressure 
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FOOTING DESIGN (ACI318) 

In accordance with ACI318-14 

Material details 

Compr. strength of concrete f’c = 4000 psi Yield strength of reinforcement fy = 60000 psi 

Cover to reinforcement cnom = 3 in Concrete type Normal weight 

Concrete modification factor  = 1.00 Column type Concrete 

Analysis and design of concrete footing 

Load combinations per ASCE 7-10 

1.4D (0.219) 

1.2D + 1.6L + 0.5Lr (0.188) 

1.2D + 1.6L + 0.5S (0.265) 

1.2D + 1.6L + 0.5R (0.188) 

1.2D + 1.0L + 1.6Lr (0.188) 

1.2D + 1.0L + 1.6S (0.434) 

1.2D + 1.0L + 1.6R (0.188) 

1.2D + 1.6Lr + 0.5W (0.188) 

1.2D + 1.6S + 0.5W (0.434) 

1.2D + 1.6R + 0.5W (0.188) 

1.2D + 1.0L + 0.5Lr + 1.0W (0.188) 

1.2D + 1.0L + 0.5S + 1.0W (0.265) 

1.2D + 1.0L + 0.5R + 1.0W (0.188) 

(1.2 + 0.2  SDS)D + 1.0L + 0.2S + 1.0E (0.237) 

0.9D + 1.0W (0.141) 

(0.9 - 0.2  SDS)D + 1.0E (0.123) 

Combination 14 results: (1.2 + 0.2  SDS)D + 1.0L + 0.2S + 1.0E 

Forces on foundation 

Ultimate force in x-axis Fux = 60.0 kips Ultimate force in z-axis Fuz = 358.1 kips 

Moments on foundation 

Ultimate moment in x-axis, about x is 0 Mux = 5587.3 kip_ft Ultimate moment in y-axis, 

about y is 0 Muy = 1074.3 kip_ft 

Eccentricity of base reaction 

Eccentricity in x-axis eux = 43.227 in Eccentricity in y-axis euy = 0 in 

Pad base pressures 

Min. ultimate base press. qumin = 0.247 ksf Max. ultimate base press. qumax = 4.726 ksf 

Shear diagram, x axis (kips) 
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Moment diagram, x axis (kip_ft) 

  
 

Moment design, x direction, positive moment 

Ultimate bending moment Mu.x.max = 97.396 kip_ft Tension reinf. provided 7 No.6 bot. bars (10.8 in c/c) 

Area of tension reinf. provided Asx.bot.prov  = 3.08 in2 Min. area of reinforcement As.min = 2.333 in2 

PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 14.625 in Depth of compression block a = 0.755 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.888 in 

Strain in tensile reinf. t = 0.04640 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 219.412 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 197.471 kip_ft  Mu.x.max / Mn = 0.493 

PASS - Design moment capacity exceeds ultimate moment load 

Moment design, x direction, negative moment 

Ultimate bending moment Mu.x.min = -4.802 kip_ft Tension reinf. provided 7 No.6 top bars (10.8 in c/c) 

Area of tension reinf. provided Asx.top.prov  = 3.08 in2 Min. area of reinforcement As.min = 2.333 in2 

PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 14.625 in Depth of compression block a = 0.755 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.888 in 

Strain in tensile reinf. t = 0.04640 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 219.412 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 197.471 kip_ft  abs(Mu.x.min) / Mn = 0.024 

PASS - Design moment capacity exceeds ultimate moment load 

One-way shear design, x direction 

Ultimate shear force Vu.x = 40.696 kips Depth to reinforcement dv = 14.625 in 

Shear strength red. factor v = 0.75 Nominal shear capacity Vn = 133.195 kips 

Design shear capacity Vn = 99.896 kips Vu.x / Vn = 0.407 

PASS - Design shear capacity exceeds ultimate shear load 

Two-way shear design at column 1 

Two-way shear design does not apply. Shear perimeter falls outside extents of foundation. 
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Shear diagram, y axis (kips) 

  
 

Moment diagram, y axis (kip_ft) 

  
 

Moment design, y direction, positive moment 

Ultimate bending moment Mu.y.max = 140.028 kip_ft Tension reinf. provided 22 No.6 bot. bars (13.3 in c/c) 

Area of tension reinf. provided Asy.bot.prov  = 9.68 in2 Min. area of reinforcement As.min = 9.331 in2 

PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 13.875 in Depth of compression block a = 0.593 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.698 in 

Strain in tensile reinf. t = 0.05665 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 657.196 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 591.476 kip_ft  Mu.y.max / Mn = 0.237 

PASS - Design moment capacity exceeds ultimate moment load 

Footing geometry factor f = 4.000 Area of reinf. req. for uniform distr. Asreq = 3.667 in2 

40% of the reinforcement shall be distributed over a 6.00 ft width band centered under the column, the remainder 

distributed among the remainder of the footing 

One-way shear design, y direction 

Ultimate shear force Vu.y = 60.212 kips Depth to reinforcement dv = 13.875 in 

Shear strength red. factor v = 0.75 Nominal shear capacity Vn = 505.458 kips 

Design shear capacity Vn = 379.094 kips Vu.y / Vn = 0.159 

PASS - Design shear capacity exceeds ultimate shear load 

Two-way shear design at column 1 

Two-way shear design does not apply. Shear perimeter falls outside extents of foundation. 
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SHEAR WALL MAT - P-10 

FOUNDATION ANALYSIS & DESIGN (ACI318) 

In accordance with ACI318-14 

Tedds calculation version 3.0.05 

FOOTING ANALYSIS 

Length of foundation Lx = 23 ft Width of foundation Ly = 4 ft 

Foundation area A = 92 ft2 Depth of foundation h = 18 in 

Depth of soil over foundation hsoil = 12 in Density of concrete conc = 150.0 lb/ft3 

 

  
 

Column no.1 details 

Length of column lx1 = 231.00 in Width of column ly1 = 12.00 in 

position in x-axis x1 = 138.00 in position in y-axis y1 = 24.00 in 

Soil properties 

Gross allow. bearing press. qallow_Gross = 4.6 ksf Density of soil soil = 120.0 lb/ft3 

Angle of internal friction b = 30.0 deg Design base friction angle bb = 22.0 deg 

Coefficient of base friction tan(bb) = 0.404 

Dead surcharge load FDsur = 50 psf Live surcharge load FLsur = 100 psf 

Self weight Fswt  = 225 psf Soil weight Fsoil  = 120 psf 

Column no.1 loads 

Dead load in z FDz1 = 80.0 kips Live load in z FLz1 = 24.0 kips 

Seismic load in x FEx1 = 30.0 kips 

Seismic load moment in x MEx1 = 575.0 kip_ft 

Footing analysis for soil and stability 

Load combinations per ASCE 7-10 

1.0D (0.275) 

1.0D + 1.0L (0.353) 

1.0D + 1.0Lr (0.275) 

1.0D + 1.0S (0.275) 

1.0D + 1.0R (0.275) 

1.0D + 0.75L + 0.75Lr (0.334) 
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1.0D + 0.75L + 0.75S (0.334) 

1.0D + 0.75L + 0.75R (0.334) 

1.0D + 0.6W (0.275) 

(1.0 + 0.14  SDS)D + 0.7E (0.565) 

1.0D + 0.75L + 0.75Lr + 0.45W (0.334) 

1.0D + 0.75L + 0.75S + 0.45W (0.334) 

1.0D + 0.75L + 0.75R + 0.45W (0.334) 

(1.0 + 0.10  SDS)D + 0.75L + 0.75S + 0.525E (0.550) 

0.6D + 0.6W (0.165) 

(0.6 - 0.14  SDS)D + 0.7E (0.861) 

Combination 16 results: (0.6 - 0.14  SDS)D + 0.7E 

Forces on foundation 

Force in x-axis Fdx = 21.0 kips Force in z-axis Fdz = 60.4 kips 

Moments on foundation 

Moment in x-axis, about x is 0 Mdx = 1128.1 kip_ft Moment in y-axis, about y is 0 Mdy = 120.7 kip_ft 

Uplift verification 

Vertical force Fdz = 60.357 kips 

PASS - Foundation is not subject to uplift 

Stability against overturning in x direction, moment about x is Lx 

Overturning moment MOTxL = 434 kip_ft Resisting moment MRxL = -694.11 kip_ft 

  Factor of safety abs(MRxL / MOTxL) = 1.599 

PASS - Overturning moment safety factor exceeds the minimum of 1.00 

Stability against sliding 

Resistance due to base friction FRFriction = 24.386 kips 

Stability against sliding in x direction 

Total sliding resistance FRx = 24.386 kips Factor of safety abs(FRx / Fdx) = 1.16 

PASS - Sliding factor of safety exceeds the minimum of 1.00 

Bearing resistance 

Eccentricity of base reaction 

Eccentricity in x-axis edx = 86.286 in Eccentricity in y-axis edy = 0 in 

Length of bearing, x-axis L'xd = 155.141 in 

Pad base pressures 

Min. base press. qmin = 0 ksf Max. base press. qmax = 2.334 ksf 

Allowable bearing capacity 

Allowable bearing capacity qallow = 4.6 ksf  qmax / qallow = 0.507 

PASS - Allowable bearing capacity exceeds design base pressure 

FOOTING DESIGN (ACI318) 

In accordance with ACI318-14 

Material details 

Compr. strength of concrete f’c = 4000 psi Yield strength of reinforcement fy = 60000 psi 

Cover to reinforcement cnom = 3 in Concrete type Normal weight 
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Concrete modification factor  = 1.00 Column type Concrete 

Analysis and design of concrete footing 

Load combinations per ASCE 7-10 

1.4D (0.055) 

1.2D + 1.6L + 0.5Lr (0.066) 

1.2D + 1.6L + 0.5S (0.066) 

1.2D + 1.6L + 0.5R (0.066) 

1.2D + 1.0L + 1.6Lr (0.059) 

1.2D + 1.0L + 1.6S (0.059) 

1.2D + 1.0L + 1.6R (0.059) 

1.2D + 1.6Lr + 0.5W (0.047) 

1.2D + 1.6S + 0.5W (0.047) 

1.2D + 1.6R + 0.5W (0.047) 

1.2D + 1.0L + 0.5Lr + 1.0W (0.059) 

1.2D + 1.0L + 0.5S + 1.0W (0.059) 

1.2D + 1.0L + 0.5R + 1.0W (0.059) 

(1.2 + 0.2  SDS)D + 1.0L + 0.2S + 1.0E (0.064) 

0.9D + 1.0W (0.036) 

(0.9 - 0.2  SDS)D + 1.0E (0.031) 

Combination 14 results: (1.2 + 0.2  SDS)D + 1.0L + 0.2S + 1.0E 

Forces on foundation 

Ultimate force in x-axis Fux = 30.0 kips Ultimate force in z-axis Fuz = 186.3 kips 

Moments on foundation 

Ultimate moment in x-axis, about x is 0 Mux = 2762.5 kip_ft Ultimate moment in y-axis, 

about y is 0 Muy = 372.6 kip_ft 

Eccentricity of base reaction 

Eccentricity in x-axis eux = 39.935 in Eccentricity in y-axis euy = 0 in 

Pad base pressures 

Min. ultimate base press. qumin = 0.267 ksf Max. ultimate base press. qumax = 3.783 ksf 

Shear diagram, x axis (kips) 

  
 

Moment diagram, x axis (kip_ft) 

  
 

Moment design, x direction, positive moment 

Ultimate bending moment Mu.x.max = 21.57 kip_ft Tension reinf. provided 6 No.5 bot. bars (8.2 in c/c) 

Area of tension reinf. provided Asx.bot.prov  = 1.86 in2 Min. area of reinforcement As.min = 1.555 in2 
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PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 14.688 in Depth of compression block a = 0.684 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.804 in 

Strain in tensile reinf. t = 0.05177 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 133.414 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 120.073 kip_ft  Mu.x.max / Mn = 0.180 

PASS - Design moment capacity exceeds ultimate moment load 

Moment design, x direction, negative moment 

Ultimate bending moment Mu.x.min = -1.81 kip_ft Tension reinf. provided 6 No.5 top bars (8.2 in c/c) 

Area of tension reinf. provided Asx.top.prov  = 1.86 in2 Min. area of reinforcement As.min = 1.555 in2 

PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 14.688 in Depth of compression block a = 0.684 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.804 in 

Strain in tensile reinf. t = 0.05177 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 133.414 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 120.073 kip_ft  abs(Mu.x.min) / Mn = 0.015 

PASS - Design moment capacity exceeds ultimate moment load 

One-way shear design, x direction 

Ultimate shear force Vu.x = 8.873 kips Depth to reinforcement dv = 14.688 in 

Shear strength red. factor v = 0.75 Nominal shear capacity Vn = 89.176 kips 

Design shear capacity Vn = 66.882 kips Vu.x / Vn = 0.133 

PASS - Design shear capacity exceeds ultimate shear load 

Two-way shear design at column 1 

Two-way shear design does not apply. Shear perimeter falls outside extents of foundation. 

Shear diagram, y axis (kips) 

  
 

Moment diagram, y axis (kip_ft) 
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Moment design, y direction, positive moment 

Ultimate bending moment Mu.y.max = 36.36 kip_ft Tension reinf. provided 21 No.6 bot. bars (13.4 in c/c) 

Area of tension reinf. provided Asy.bot.prov  = 9.24 in2 Min. area of reinforcement As.min = 8.942 in2 

PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 14 in Depth of compression block a = 0.591 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.695 in 

Strain in tensile reinf. t = 0.05743 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 633.153 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 569.837 kip_ft  Mu.y.max / Mn = 0.064 

PASS - Design moment capacity exceeds ultimate moment load 

Footing geometry factor f = 5.750 Area of reinf. req. for uniform distr. Asreq = 1.004 in2 

30% of the reinforcement shall be distributed over a 4.00 ft width band centered under the column, the remainder 

distributed among the remainder of the footing 

One-way shear design, y direction 

Ultimate shear force Vu.y = 10.773 kips Depth to reinforcement dv = 14.000 in 

Shear strength red. factor v = 0.75 Nominal shear capacity Vn = 488.762 kips 

Design shear capacity Vn = 366.571 kips Vu.y / Vn = 0.029 

PASS - Design shear capacity exceeds ultimate shear load 

Two-way shear design at column 1 

Two-way shear design does not apply. Shear perimeter falls outside extents of foundation. 
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SHEAR WALL MAT - P-1, P-2, P-3 

FOUNDATION ANALYSIS & DESIGN (ACI318) 

In accordance with ACI318-14 

Tedds calculation version 3.0.05 

FOOTING ANALYSIS 

Length of foundation Lx = 14 ft Width of foundation Ly = 4 ft 

Foundation area A = 56 ft2 Depth of foundation h = 16 in 

Depth of soil over foundation hsoil = 12 in Density of concrete conc = 150.0 lb/ft3 

 

  
 

Column no.1 details 

Length of column lx1 = 96.00 in Width of column ly1 = 12.00 in 

position in x-axis x1 = 84.00 in position in y-axis y1 = 24.00 in 

Soil properties 

Gross allow. bearing press. qallow_Gross = 4.6 ksf Density of soil soil = 120.0 lb/ft3 

Angle of internal friction b = 30.0 deg Design base friction angle bb = 22.0 deg 

Coefficient of base friction tan(bb) = 0.404 

Foundation loads 

Dead surcharge load FDsur = 50 psf Live surcharge load FLsur = 100 psf 

Self weight Fswt  = 200 psf Soil weight Fsoil  = 120 psf 

Column no.1 loads 

Dead load in z FDz1 = 85.0 kips Live load in z FLz1 = 67.0 kips 

Seismic load in x FEx1 = 10.0 kips 

Dead load moment in x MDx1 = 16.0 kip_ft Live load moment in x MLx1 = 21.0 kip_ft 

Seismic load moment in x MEx1 = 160.0 kip_ft 
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Footing analysis for soil and stability 

Load combinations per ASCE 7-10 

1.0D (0.437) 

1.0D + 1.0L (0.754) 

1.0D + 1.0Lr (0.437) 

1.0D + 1.0S (0.437) 

1.0D + 1.0R (0.437) 

1.0D + 0.75L + 0.75Lr (0.675) 

1.0D + 0.75L + 0.75S (0.675) 

1.0D + 0.75L + 0.75R (0.675) 

1.0D + 0.6W (0.437) 

(1.0 + 0.14  SDS)D + 0.7E (0.674) 

1.0D + 0.75L + 0.75Lr + 0.45W (0.675) 

1.0D + 0.75L + 0.75S + 0.45W (0.675) 

1.0D + 0.75L + 0.75R + 0.45W (0.675) 

(1.0 + 0.10  SDS)D + 0.75L + 0.75S + 0.525E (0.851) 

0.6D + 0.6W (0.262) 

(0.6 - 0.14  SDS)D + 0.7E (0.429) 

Combination 14 results: (1.0 + 0.10  SDS)D + 0.75L + 0.75S + 0.525E 

Forces on foundation 

Force in x-axis Fdx = 5.3 kips Force in z-axis Fdz = 166.3 kips 

Moments on foundation 

Moment in x-axis, about x is 0 Mdx = 1287.8 kip_ft Moment in y-axis, about y is 0 Mdy = 332.6 kip_ft 

Uplift verification 

Vertical force Fdz = 166.302 kips 

PASS - Foundation is not subject to uplift 

Stability against overturning in x direction, moment about x is Lx 

Overturning moment MOTxL = 123.68 kip_ft Resisting moment MRxL = -1164.11 kip_ft 

  Factor of safety abs(MRxL / MOTxL) = 9.412 

PASS - Overturning moment safety factor exceeds the minimum of 1.00 

Stability against sliding 

Resistance due to base friction FRFriction = 67.19 kips 

Stability against sliding in x direction 

Total sliding resistance FRx = 67.19 kips Factor of safety abs(FRx / Fdx) = 12.8 

PASS - Sliding factor of safety exceeds the minimum of 1.00 

Bearing resistance 

Eccentricity of base reaction 

Eccentricity in x-axis edx = 8.924 in Eccentricity in y-axis edy = 0 in 

Pad base pressures 

Min. base press. qmin = 2.023 ksf Max. base press. qmax = 3.916 ksf 

Allowable bearing capacity 

Allowable bearing capacity qallow = 4.6 ksf  qmax / qallow = 0.851 
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PASS - Allowable bearing capacity exceeds design base pressure 

FOOTING DESIGN (ACI318) 

In accordance with ACI318-14 

Material details 

Compr. strength of concrete f’c = 4000 psi Yield strength of reinforcement fy = 60000 psi 

Cover to reinforcement cnom = 3 in Concrete type Normal weight 

Concrete modification factor  = 1.00 Column type Concrete 

Analysis and design of concrete footing 

Load combinations per ASCE 7-10 

1.4D (0.103) 

1.2D + 1.6L + 0.5Lr (0.182) 

1.2D + 1.6L + 0.5S (0.182) 

1.2D + 1.6L + 0.5R (0.182) 

1.2D + 1.0L + 1.6Lr (0.147) 

1.2D + 1.0L + 1.6S (0.147) 

1.2D + 1.0L + 1.6R (0.147) 

1.2D + 1.6Lr + 0.5W (0.089) 

1.2D + 1.6S + 0.5W (0.089) 

1.2D + 1.6R + 0.5W (0.089) 

1.2D + 1.0L + 0.5Lr + 1.0W (0.147) 

1.2D + 1.0L + 0.5S + 1.0W (0.147) 

1.2D + 1.0L + 0.5R + 1.0W (0.147) 

(1.2 + 0.2  SDS)D + 1.0L + 0.2S + 1.0E (0.155) 

0.9D + 1.0W (0.066) 

(0.9 - 0.2  SDS)D + 1.0E (0.058) 

Combination 14 results: (1.2 + 0.2  SDS)D + 1.0L + 0.2S + 1.0E 

Forces on foundation 

Ultimate force in x-axis Fux = 10.0 kips Ultimate force in z-axis Fuz = 211.7 kips 

Moments on foundation 

Ultimate moment in x-axis, about x is 0 Mux = 1697.5 kip_ft Ultimate moment in y-axis, 

about y is 0 Muy = 423.5 kip_ft 

Eccentricity of base reaction 

Eccentricity in x-axis eux = 12.208 in Eccentricity in y-axis euy = 0 in 

Pad base pressures 

Min. ultimate base press. qumin = 2.132 ksf Max. ultimate base press. qumax = 5.429 ksf 

Shear diagram, x axis (kips) 
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Moment diagram, x axis (kip_ft) 

  
 

Moment design, x direction, positive moment 

Ultimate bending moment Mu.x.max = 82.923 kip_ft Tension reinf. provided 5 No.5 bot. bars (10.3 in c/c) 

Area of tension reinf. provided Asx.bot.prov  = 1.55 in2 Min. area of reinforcement As.min = 1.382 in2 

PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 12.688 in Depth of compression block a = 0.57 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.67 in 

Strain in tensile reinf. t = 0.05377 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 96.12 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 86.508 kip_ft  Mu.x.max / Mn = 0.959 

PASS - Design moment capacity exceeds ultimate moment load 

One-way shear design, x direction 

Ultimate shear force Vu.x = 36.946 kips Depth to reinforcement dv = 12.688 in 

Shear strength red. factor v = 0.75 Nominal shear capacity Vn = 77.033 kips 

Design shear capacity Vn = 57.775 kips Vu.x / Vn = 0.639 

PASS - Design shear capacity exceeds ultimate shear load 

Two-way shear design at column 1 

Two-way shear design does not apply. Shear perimeter falls outside extents of foundation. 

Shear diagram, y axis (kips) 

  
 

Moment diagram, y axis (kip_ft) 

  
 

Moment design, y direction, positive moment 

Ultimate bending moment Mu.y.max = 50.304 kip_ft Tension reinf. provided 14 No.6 bot. bars (12.4 in c/c) 

Area of tension reinf. provided Asy.bot.prov  = 6.16 in2 Min. area of reinforcement As.min = 4.838 in2 
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PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 12 in Depth of compression block a = 0.647 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.761 in 

Strain in tensile reinf. t = 0.04429 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 359.635 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 323.672 kip_ft  Mu.y.max / Mn = 0.155 

PASS - Design moment capacity exceeds ultimate moment load 

Footing geometry factor f = 3.500 Area of reinf. req. for uniform distr. Asreq = 1.489 in2 

44% of the reinforcement shall be distributed over a 4.00 ft width band centered under the column, the remainder 

distributed among the remainder of the footing 

One-way shear design, y direction 

Ultimate shear force Vu.y = 22.358 kips Depth to reinforcement dv = 12.000 in 

Shear strength red. factor v = 0.75 Nominal shear capacity Vn = 255.006 kips 

Design shear capacity Vn = 191.255 kips Vu.y / Vn = 0.117 

PASS - Design shear capacity exceeds ultimate shear load 

Two-way shear design at column 1 

Two-way shear design does not apply. Shear perimeter falls outside extents of foundation. 
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SHEAR WALL MAT - P-5 

FOUNDATION ANALYSIS & DESIGN (ACI318) 

In accordance with ACI318-14 

Tedds calculation version 3.0.05 

FOOTING ANALYSIS 

Length of foundation Lx = 108 ft Width of foundation Ly = 5 ft 

Foundation area A = 540 ft2 Depth of foundation h = 24 in 

Depth of soil over foundation hsoil = 48 in Density of concrete conc = 150.0 lb/ft3 

 

  
 

Column no.1 details 

Length of column lx1 = 1236.00 in Width of column ly1 = 18.00 in 

position in x-axis x1 = 648.00 in position in y-axis y1 = 30.00 in 

Soil properties 

Gross allow. bearing press. qallow_Gross = 4.6 ksf Density of soil soil = 120.0 lb/ft3 

Angle of internal friction b = 30.0 deg Design base friction angle bb = 22.0 deg 

Coefficient of base friction tan(bb) = 0.404 

Foundation loads 

Dead surcharge load FDsur = 50 psf Live surcharge load FLsur = 100 psf 

Self weight Fswt  = 300 psf Soil weight Fsoil  = 480 psf 

Column no.1 loads 

Dead load in z FDz1 = 672.0 kips Live load in z FLz1 = 26.0 kips 

Snow load in z FSz1 = 290.0 kips Seismic load in x FEx1 = 285.0 kips 

Dead load moment in x MDx1 = 750.0 kip_ft Live load moment in x MLx1 = 776.0 kip_ft 

Seismic load moment in x MEx1 = 2882.0 kip_ft 

Footing analysis for soil and stability 

Load combinations per ASCE 7-10 

1.0D (0.468) 

1.0D + 1.0L (0.517) 

1.0D + 1.0Lr (0.468) 

1.0D + 1.0S (0.584) 

1.0D + 1.0R (0.468) 

1.0D + 0.75L + 0.75Lr (0.505) 

1.0D + 0.75L + 0.75S (0.592) 

1.0D + 0.75L + 0.75R (0.505) 

1.0D + 0.6W (0.468) 
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(1.0 + 0.14  SDS)D + 0.7E (0.560) 

1.0D + 0.75L + 0.75Lr + 0.45W (0.505) 

1.0D + 0.75L + 0.75S + 0.45W (0.592) 

1.0D + 0.75L + 0.75R + 0.45W (0.505) 

(1.0 + 0.10  SDS)D + 0.75L + 0.75S + 0.525E (0.660) 

0.6D + 0.6W (0.281) 

(0.6 - 0.14  SDS)D + 0.7E (0.850) 

Combination 16 results: (0.6 - 0.14  SDS)D + 0.7E 

Forces on foundation 

Force in x-axis Fdx = 199.5 kips Force in z-axis Fdz = 581.2 kips 

Moments on foundation 

Moment in x-axis, about x is 0 Mdx = 34188.1 kip_ft Moment in y-axis, about y is 0 Mdy = 1452.9 kip_ft 

Uplift verification 

Vertical force Fdz = 581.16 kips 

PASS - Foundation is not subject to uplift 

Stability against overturning in x direction, moment about x is Lx 

Overturning moment MOTxL = 2805.5 kip_ft Resisting moment MRxL = -31382.63 kip_ft 

  Factor of safety abs(MRxL / MOTxL) = 11.186 

PASS - Overturning moment safety factor exceeds the minimum of 1.00 

Stability against sliding 

Resistance due to base friction FRFriction = 234.804 kips 

Stability against sliding in x direction 

Total sliding resistance FRx = 234.804 kips Factor of safety abs(FRx / Fdx) = 1.18 

PASS - Sliding factor of safety exceeds the minimum of 1.00 

Bearing resistance 

Eccentricity of base reaction 

Eccentricity in x-axis edx = 57.929 in Eccentricity in y-axis edy = 0 in 

Pad base pressures 

Min. base press. qmin = 0.788 ksf Max. base press. qmax = 1.365 ksf 

Allowable bearing capacity 

Allowable bearing capacity qallow = 4.6 ksf  qmax / qallow = 0.297 

PASS - Allowable bearing capacity exceeds design base pressure 

FOOTING DESIGN (ACI318) 

In accordance with ACI318-14 

Material details 

Compr. strength of concrete f’c = 4000 psi Yield strength of reinforcement fy = 60000 psi 

Cover to reinforcement cnom = 3 in Concrete type Normal weight 

Concrete modification factor  = 1.00 Column type Concrete 
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Analysis and design of concrete footing 

Load combinations per ASCE 7-10 

1.4D (0.058) 

1.2D + 1.6L + 0.5Lr (0.053) 

1.2D + 1.6L + 0.5S (0.062) 

1.2D + 1.6L + 0.5R (0.053) 

1.2D + 1.0L + 1.6Lr (0.052) 

1.2D + 1.0L + 1.6S (0.080) 

1.2D + 1.0L + 1.6R (0.052) 

1.2D + 1.6Lr + 0.5W (0.050) 

1.2D + 1.6S + 0.5W (0.079) 

1.2D + 1.6R + 0.5W (0.050) 

1.2D + 1.0L + 0.5Lr + 1.0W (0.052) 

1.2D + 1.0L + 0.5S + 1.0W (0.061) 

1.2D + 1.0L + 0.5R + 1.0W (0.052) 

(1.2 + 0.2  SDS)D + 1.0L + 0.2S + 1.0E (0.060) 

0.9D + 1.0W (0.038) 

(0.9 - 0.2  SDS)D + 1.0E (0.033) 

Combination 16 results: (0.9 - 0.2  SDS)D + 1.0E 

Forces on foundation 

Ultimate force in x-axis Fux = 285.0 kips Ultimate force in z-axis Fuz = 878.2 kips 

Moments on foundation 

Ultimate moment in x-axis, about x is 0 Mux = 51464.8 kip_ft Ultimate moment in y-axis, 

about y is 0 Muy = 2195.6 kip_ft 

Eccentricity of base reaction 

Eccentricity in x-axis eux = 55.202 in Eccentricity in y-axis euy = 0 in 

Pad base pressures 

Min. ultimate base press. qumin = 1.211 ksf Max. ultimate base press. qumax = 2.042 ksf 

Shear diagram, x axis (kips) 

  
 

Moment diagram, x axis (kip_ft) 

  
 

Moment design, x direction, positive moment 

Ultimate bending moment Mu.x.max = 21.639 kip_ft Tension reinf. provided 6 No.6 bot. bars (10.6 in c/c) 

Area of tension reinf. provided Asx.bot.prov  = 2.64 in2 Min. area of reinforcement As.min = 2.592 in2 
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PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 20.625 in Depth of compression block a = 0.776 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.913 in 

Strain in tensile reinf. t = 0.06473 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 267.125 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 240.413 kip_ft  Mu.x.max / Mn = 0.090 

PASS - Design moment capacity exceeds ultimate moment load 

One-way shear design, x direction 

Ultimate shear force Vu.x = 5.856 kips Depth to reinforcement dv = 20.625 in 

Shear strength red. factor v = 0.75 Nominal shear capacity Vn = 156.533 kips 

Design shear capacity Vn = 117.4 kips Vu.x / Vn = 0.050 

PASS - Design shear capacity exceeds ultimate shear load 

Two-way shear design at column 1 

Two-way shear design does not apply. Shear perimeter falls outside extents of foundation. 

Shear diagram, y axis (kips) 

  
 

Moment diagram, y axis (kip_ft) 

  
 

Moment design, y direction, positive moment 

Ultimate bending moment Mu.y.max = 161.408 kip_ft Tension reinf. provided 128 No.6 bot. bars (10.1 in c/c) 

Area of tension reinf. provided Asy.bot.prov  = 56.32 in2 Min. area of reinforcement As.min = 55.987 in2 

PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 19.875 in Depth of compression block a = 0.767 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.902 in 

Strain in tensile reinf. t = 0.06309 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 5488.823 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 4939.94 kip_ft  Mu.y.max / Mn = 0.033 
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PASS - Design moment capacity exceeds ultimate moment load 

Footing geometry factor f = 21.600 Area of reinf. req. for uniform distr. Asreq = 3.518 in2 

9% of the reinforcement shall be distributed over a 5.00 ft width band centered under the column, the remainder 

distributed among the remainder of the footing 

One-way shear design, y direction 

Ultimate shear force Vu.y = 9.913 kips Depth to reinforcement dv = 19.875 in 

Shear strength red. factor v = 0.75 Nominal shear capacity Vn = 3258.158 kips 

Design shear capacity Vn = 2443.618 kips Vu.y / Vn = 0.004 

PASS - Design shear capacity exceeds ultimate shear load 

Two-way shear design at column 1 

Two-way shear design does not apply. Shear perimeter falls outside extents of foundation. 

 

  
 

 

 

  

FTG - 99 of 110



 

sheet 22 

project  Powder Mountain Parcel 4 

  Shear Wall Foundations 

location  Eden, Utah 

 date 6/27/2017 by CW 

 

 

SHEAR WALL MAT - P-7 

FOUNDATION ANALYSIS & DESIGN (ACI318) 

In accordance with ACI318-14 

Tedds calculation version 3.0.05 

FOOTING ANALYSIS 

Length of foundation Lx = 60 ft Width of foundation Ly = 5 ft 

Foundation area A = 300 ft2 Depth of foundation h = 24 in 

Depth of soil over foundation hsoil = 90 in Density of concrete conc = 150.0 lb/ft3 

 

  
 

Column no.1 details 

Length of column lx1 = 680.00 in Width of column ly1 = 18.00 in 

position in x-axis x1 = 360.00 in position in y-axis y1 = 30.00 in 

Soil properties 

Gross allow. bearing press. qallow_Gross = 4.6 ksf Density of soil soil = 120.0 lb/ft3 

Angle of internal friction b = 30.0 deg Design base friction angle bb = 31.0 deg 

Coefficient of base friction tan(bb) = 0.600 

Dead surcharge load FDsur = 50 psf Live surcharge load FLsur = 100 psf 

Self weight Fswt  = 300 psf Soil weight Fsoil  = 900 psf 

Column no.1 loads 

Dead load in z FDz1 = 438.0 kips Live load in z FLz1 = 50.0 kips 

Snow load in z FSz1 = 77.0 kips Seismic load in z FEz1 = 78.0 kips 

Seismic load in x FEx1 = 408.0 kips 

Dead load moment in x MDx1 = 540.0 kip_ft Live load moment in x MLx1 = 566.0 kip_ft 

Seismic load moment in x MEx1 = 3895.0 kip_ft 

Footing analysis for soil and stability 

Load combinations per ASCE 7-10 

1.0D (0.628) 

1.0D + 1.0L (0.727) 

1.0D + 1.0Lr (0.628) 

1.0D + 1.0S (0.684) 

1.0D + 1.0R (0.628) 

1.0D + 0.75L + 0.75Lr (0.703) 

1.0D + 0.75L + 0.75S (0.744) 

1.0D + 0.75L + 0.75R (0.703) 
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1.0D + 0.6W (0.628) 

(1.0 + 0.14  SDS)D + 0.7E (0.958) 

1.0D + 0.75L + 0.75Lr + 0.45W (0.703) 

1.0D + 0.75L + 0.75S + 0.45W (0.744) 

1.0D + 0.75L + 0.75R + 0.45W (0.703) 

(1.0 + 0.10  SDS)D + 0.75L + 0.75S + 0.525E (0.990) 

0.6D + 0.6W (0.377) 

(0.6 - 0.14  SDS)D + 0.7E (0.999) 

Combination 16 results: (0.6 - 0.14  SDS)D + 0.7E 

Forces on foundation 

Force in x-axis Fdx = 285.6 kips Force in z-axis Fdz = 476.4 kips 

Moments on foundation 

Moment in x-axis, about x is 0 Mdx = 17869.4 kip_ft Moment in y-axis, about y is 0 Mdy = 1191.0 kip_ft 

Uplift verification 

Vertical force Fdz = 476.384 kips 

PASS - Foundation is not subject to uplift 

Stability against overturning in x direction, moment about x is Lx 

Overturning moment MOTxL = 3577.85 kip_ft Resisting moment MRxL = -14291.53 kip_ft 

  Factor of safety abs(MRxL / MOTxL) = 3.994 

PASS - Overturning moment safety factor exceeds the minimum of 1.00 

Stability against sliding 

Resistance due to base friction FRFriction = 285.831 kips 

Stability against sliding in x direction 

Total sliding resistance FRx = 285.831 kips Factor of safety abs(FRx / Fdx) = 1 

PASS - Sliding factor of safety exceeds the minimum of 1.00 

Bearing resistance 

Eccentricity of base reaction 

Eccentricity in x-axis edx = 90.125 in Eccentricity in y-axis edy = 0 in 

Pad base pressures 

Min. base press. qmin = 0.395 ksf Max. base press. qmax = 2.781 ksf 

Allowable bearing capacity 

Allowable bearing capacity qallow = 4.6 ksf  qmax / qallow = 0.604 

PASS - Allowable bearing capacity exceeds design base pressure 

FOOTING DESIGN (ACI318) 

In accordance with ACI318-14 

Material details 

Compr. strength of concrete f’c = 4000 psi Yield strength of reinforcement fy = 60000 psi 

Cover to reinforcement cnom = 3 in Concrete type Normal weight 

Concrete modification factor  = 1.00 Column type Concrete 
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Analysis and design of concrete footing 

Load combinations per ASCE 7-10 

1.4D (0.069) 

1.2D + 1.6L + 0.5Lr (0.068) 

1.2D + 1.6L + 0.5S (0.072) 

1.2D + 1.6L + 0.5R (0.068) 

1.2D + 1.0L + 1.6Lr (0.064) 

1.2D + 1.0L + 1.6S (0.078) 

1.2D + 1.0L + 1.6R (0.064) 

1.2D + 1.6Lr + 0.5W (0.059) 

1.2D + 1.6S + 0.5W (0.073) 

1.2D + 1.6R + 0.5W (0.059) 

1.2D + 1.0L + 0.5Lr + 1.0W (0.064) 

1.2D + 1.0L + 0.5S + 1.0W (0.069) 

1.2D + 1.0L + 0.5R + 1.0W (0.064) 

(1.2 + 0.2  SDS)D + 1.0L + 0.2S + 1.0E (0.080) 

0.9D + 1.0W (0.044) 

(0.9 - 0.2  SDS)D + 1.0E (0.047) 

Combination 14 results: (1.2 + 0.2  SDS)D + 1.0L + 0.2S + 1.0E 

Forces on foundation 

Ultimate force in x-axis Fux = 408.0 kips Ultimate force in z-axis Fuz = 1243.3 kips 

Moments on foundation 

Ultimate moment in x-axis, about x is 0 Mux = 43286.9 kip_ft Ultimate moment in y-axis, 

about y is 0 Muy = 3108.3 kip_ft 

Eccentricity of base reaction 

Eccentricity in x-axis eux = 57.791 in Eccentricity in y-axis euy = 0 in 

Pad base pressures 

Min. ultimate base press. qumin = 2.148 ksf Max. ultimate base press. qumax = 6.14 ksf 

Shear diagram, x axis (kips) 

  
 

Moment diagram, x axis (kip_ft) 

  
 

Moment design, x direction, positive moment 

Ultimate bending moment Mu.x.max = 30.266 kip_ft Tension reinf. provided 6 No.6 bot. bars (10.6 in c/c) 

Area of tension reinf. provided Asx.bot.prov  = 2.64 in2 Min. area of reinforcement As.min = 2.592 in2 

PASS - Area of reinforcement provided exceeds minimum 
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Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 20.625 in Depth of compression block a = 0.776 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.913 in 

Strain in tensile reinf. t = 0.06473 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 267.125 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 240.413 kip_ft  Mu.x.max / Mn = 0.126 

PASS - Design moment capacity exceeds ultimate moment load 

One-way shear design, x direction 

Ultimate shear force Vu.x = 0.229 kips Depth to reinforcement dv = 20.625 in 

Shear strength red. factor v = 0.75 Nominal shear capacity Vn = 156.533 kips 

Design shear capacity Vn = 117.4 kips Vu.x / Vn = 0.002 

PASS - Design shear capacity exceeds ultimate shear load 

Two-way shear design at column 1 

Two-way shear design does not apply. Shear perimeter falls outside extents of foundation. 

Shear diagram, y axis (kips) 

  
 

Moment diagram, y axis (kip_ft) 

  
 

Moment design, y direction, positive moment 

Ultimate bending moment Mu.y.max = 220.524 kip_ft Tension reinf. provided 71 No.6 bot. bars (10.1 in c/c) 

Area of tension reinf. provided Asy.bot.prov  = 31.24 in2 Min. area of reinforcement As.min = 31.104 in2 

PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 19.875 in Depth of compression block a = 0.766 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.901 in 

Strain in tensile reinf. t = 0.06319 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 3044.675 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 2740.207 kip_ft  Mu.y.max / Mn = 0.080 

PASS - Design moment capacity exceeds ultimate moment load 
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Footing geometry factor f = 12.000 Area of reinf. req. for uniform distr. Asreq = 4.641 in2 

15% of the reinforcement shall be distributed over a 5.00 ft width band centered under the column, the remainder 

distributed among the remainder of the footing 

One-way shear design, y direction 

Ultimate shear force Vu.y = 13.544 kips Depth to reinforcement dv = 19.875 in 

Shear strength red. factor v = 0.75 Nominal shear capacity Vn = 1810.088 kips 

Design shear capacity Vn = 1357.566 kips Vu.y / Vn = 0.010 

PASS - Design shear capacity exceeds ultimate shear load 

Two-way shear design at column 1 

Two-way shear design does not apply. Shear perimeter falls outside extents of foundation. 
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SHEAR WALL MAT - P-8 

FOUNDATION ANALYSIS & DESIGN (ACI318) 

In accordance with ACI318-14 

Tedds calculation version 3.0.05 

FOOTING ANALYSIS 

Length of foundation Lx = 30 ft Width of foundation Ly = 7 ft 

Foundation area A = 210 ft2 Depth of foundation h = 24 in 

Depth of soil over foundation hsoil = 12 in Density of concrete conc = 150.0 lb/ft3 

 

  
 

Column no.1 details 

Length of column lx1 = 282.00 in Width of column ly1 = 18.00 in 

position in x-axis x1 = 180.00 in position in y-axis y1 = 42.00 in 

Soil properties 

Gross allow. bearing press. qallow_Gross = 4.6 ksf Density of soil soil = 120.0 lb/ft3 

Angle of internal friction b = 30.0 deg Design base friction angle bb = 31.0 deg 

Coefficient of base friction tan(bb) = 0.600 

Foundation loads 

Dead surcharge load FDsur = 50 psf Live surcharge load FLsur = 100 psf 

Self weight Fswt  = 300 psf Soil weight Fsoil  = 120 psf 

Column no.1 loads 

Dead load in z FDz1 = 246.0 kips Live load in z FLz1 = 55.0 kips 

Snow load in z FSz1 = 135.0 kips Seismic load in z FEz1 = 71.0 kips 

Seismic load in x FEx1 = 110.0 kips 

Dead load moment in x MDx1 = 500.0 kip_ft Live load moment in x MLx1 = 700.0 kip_ft 

Seismic load moment in x MEx1 = 1435.0 kip_ft 

Footing analysis for soil and stability 

Load combinations per ASCE 7-10 

1.0D (0.460) 
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1.0D + 1.0L (0.684) 

1.0D + 1.0Lr (0.460) 

1.0D + 1.0S (0.600) 

1.0D + 1.0R (0.460) 

1.0D + 0.75L + 0.75Lr (0.628) 

1.0D + 0.75L + 0.75S (0.733) 

1.0D + 0.75L + 0.75R (0.628) 

1.0D + 0.6W (0.460) 

(1.0 + 0.14  SDS)D + 0.7E (0.789) 

1.0D + 0.75L + 0.75Lr + 0.45W (0.628) 

1.0D + 0.75L + 0.75S + 0.45W (0.733) 

1.0D + 0.75L + 0.75R + 0.45W (0.628) 

(1.0 + 0.10  SDS)D + 0.75L + 0.75S + 0.525E (0.978) 

0.6D + 0.6W (0.276) 

(0.6 - 0.14  SDS)D + 0.7E (0.562) 

Combination 14 results: (1.0 + 0.10  SDS)D + 0.75L + 0.75S + 0.525E 

Forces on foundation 

Force in x-axis Fdx = 57.8 kips Force in z-axis Fdz = 560.2 kips 

Moments on foundation 

Moment in x-axis, about x is 0 Mdx = 10326.1 kip_ft Moment in y-axis, about y is 0 Mdy = 1960.8 kip_ft 

Uplift verification 

Vertical force Fdz = 560.218 kips 

PASS - Foundation is not subject to uplift 

Stability against overturning in x direction, moment about x is Lx 

Overturning moment MOTxL = 1922.87 kip_ft Resisting moment MRxL = -8403.26 kip_ft 

  Factor of safety abs(MRxL / MOTxL) = 4.370 

PASS - Overturning moment safety factor exceeds the minimum of 1.00 

Stability against sliding 

Resistance due to base friction FRFriction = 336.131 kips 

Stability against sliding in x direction 

Total sliding resistance FRx = 336.131 kips Factor of safety abs(FRx / Fdx) = 5.82 

PASS - Sliding factor of safety exceeds the minimum of 1.00 

Bearing resistance 

Eccentricity of base reaction 

Eccentricity in x-axis edx = 41.188 in Eccentricity in y-axis edy = 0 in 

Pad base pressures 

Min. base press. qmin = 0.836 ksf Max. base press. qmax = 4.499 ksf 

Allowable bearing capacity 

Allowable bearing capacity qallow = 4.6 ksf  qmax / qallow = 0.978 

PASS - Allowable bearing capacity exceeds design base pressure 
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FOOTING DESIGN (ACI318) 

In accordance with ACI318-14 

Material details 

Compr. strength of concrete f’c = 4000 psi Yield strength of reinforcement fy = 60000 psi 

Cover to reinforcement cnom = 3 in Concrete type Normal weight 

Concrete modification factor  = 1.00 Column type Concrete 

Analysis and design of concrete footing 

Load combinations per ASCE 7-10 

1.4D (0.134) 

1.2D + 1.6L + 0.5Lr (0.149) 

1.2D + 1.6L + 0.5S (0.175) 

1.2D + 1.6L + 0.5R (0.149) 

1.2D + 1.0L + 1.6Lr (0.136) 

1.2D + 1.0L + 1.6S (0.220) 

1.2D + 1.0L + 1.6R (0.136) 

1.2D + 1.6Lr + 0.5W (0.115) 

1.2D + 1.6S + 0.5W (0.199) 

1.2D + 1.6R + 0.5W (0.115) 

1.2D + 1.0L + 0.5Lr + 1.0W (0.136) 

1.2D + 1.0L + 0.5S + 1.0W (0.162) 

1.2D + 1.0L + 0.5R + 1.0W (0.136) 

(1.2 + 0.2  SDS)D + 1.0L + 0.2S + 1.0E (0.185) 

0.9D + 1.0W (0.086) 

(0.9 - 0.2  SDS)D + 1.0E (0.103) 

Combination 14 results: (1.2 + 0.2  SDS)D + 1.0L + 0.2S + 1.0E 

Forces on foundation 

Ultimate force in x-axis Fux = 110.0 kips Ultimate force in z-axis Fuz = 627.6 kips 

Moments on foundation 

Ultimate moment in x-axis, about x is 0 Mux = 12427.4 kip_ft Ultimate moment in y-axis, 

about y is 0 Muy = 2196.7 kip_ft 

Eccentricity of base reaction 

Eccentricity in x-axis eux = 57.608 in Eccentricity in y-axis euy = 0 in 

Pad base pressures 

Min. ultimate base press. qumin = 0.119 ksf Max. ultimate base press. qumax = 5.858 ksf 

Shear diagram, x axis (kips) 
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Moment diagram, x axis (kip_ft) 

  
 

Moment design, x direction, positive moment 

Ultimate bending moment Mu.x.max = 182.347 kip_ft Tension reinf. provided 9 No.6 bot. bars (9.6 in c/c) 

Area of tension reinf. provided Asx.bot.prov  = 3.96 in2 Min. area of reinforcement As.min = 3.629 in2 

PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 20.625 in Depth of compression block a = 0.832 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.979 in 

Strain in tensile reinf. t = 0.06022 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 400.139 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 360.125 kip_ft  Mu.x.max / Mn = 0.506 

PASS - Design moment capacity exceeds ultimate moment load 

Moment design, x direction, negative moment 

Ultimate bending moment Mu.x.min = -14.494 kip_ft Tension reinf. provided 9 No.6 top bars (9.6 in c/c) 

Area of tension reinf. provided Asx.top.prov  = 3.96 in2 Min. area of reinforcement As.min = 3.629 in2 

PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 20.625 in Depth of compression block a = 0.832 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.979 in 

Strain in tensile reinf. t = 0.06022 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 400.139 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 360.125 kip_ft  abs(Mu.x.min) / Mn = 0.040 

PASS - Design moment capacity exceeds ultimate moment load 

One-way shear design, x direction 

Ultimate shear force Vu.x = 55.639 kips Depth to reinforcement dv = 20.625 in 

Shear strength red. factor v = 0.75 Nominal shear capacity Vn = 219.146 kips 

Design shear capacity Vn = 164.359 kips Vu.x / Vn = 0.339 

PASS - Design shear capacity exceeds ultimate shear load 

Two-way shear design at column 1 

Two-way shear design does not apply. Shear perimeter falls outside extents of foundation. 
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Shear diagram, y axis (kips) 

  
 

Moment diagram, y axis (kip_ft) 

  
 

Moment design, y direction, positive moment 

Ultimate bending moment Mu.y.max = 257.584 kip_ft Tension reinf. provided 36 No.6 bot. bars (10.0 in c/c) 

Area of tension reinf. provided Asy.bot.prov  = 15.84 in2 Min. area of reinforcement As.min = 15.552 in2 

PASS - Area of reinforcement provided exceeds minimum 

Maximum spacing of reinf. smax = 18 in 

PASS - Maximum permissible reinforcement spacing exceeds actual spacing 

Depth to tension reinf. d = 19.875 in Depth of compression block a = 0.776 in 

Neutral axis factor 1 = 0.85 Depth to neutral axis c = 0.913 in 

Strain in tensile reinf. t = 0.06227 

PASS - Tensile strain exceeds minimum required, 0.004 

Nominal moment capacity Mn = 1543.352 kip_ft Flexural strength red. factor f = 0.900 

Design moment capacity Mn = 1389.017 kip_ft  Mu.y.max / Mn = 0.185 

PASS - Design moment capacity exceeds ultimate moment load 

Footing geometry factor f = 4.286 Area of reinf. req. for uniform distr. Asreq = 4.763 in2 

38% of the reinforcement shall be distributed over a 7.00 ft width band centered under the column, the remainder 

distributed among the remainder of the footing 

One-way shear design, y direction 

Ultimate shear force Vu.y = 74.512 kips Depth to reinforcement dv = 19.875 in 

Shear strength red. factor v = 0.75 Nominal shear capacity Vn = 905.044 kips 

Design shear capacity Vn = 678.783 kips Vu.y / Vn = 0.110 

PASS - Design shear capacity exceeds ultimate shear load 

Two-way shear design at column 1 

Two-way shear design does not apply. Shear perimeter falls outside extents of foundation. 
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