
816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 1 of 165

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text
Table of Contents

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text
Site Specific Design Parameters                           Page 2Flexible Diaphragm Analysis                                Page 10     -  N-S Loads at LFRS Gridlines                       Page 23     -  W-E Loads at LFRS Gridlines                      Page 30Shear Wall Design Summary                                Page 39Retrofit Plans                                                         Page 42Relative Floor Strength Checks                             -  Floor Levels 1 and 0                                      Page 48Existing Foundations                                             Page 70       Footing Cases w/ Summary                           Page 72            Shear Wall at Gridline A - Evaluation          Page 73        Shear Wall at Gridline 3 - Retrofit                Page 85        Shear Wall at Gridline F - Retrofit                Page 98Design of New Spread Footings                            Page 112      Footing Cases w/ Summary                            Page 114      SMRF 1 at Gridline 1                                      Page 115          - Fixed Base SMRF Footing Design           Page 125      Shear Wall at Gridline 4                                  Page 129      SMRF 2 at Gridline 6                                      Page 142          - Fixed Base SMRF Footing Design           Page 152Misc Wood Frame Design Values                        Page 156Simpson 1-Bay SMRF 1 at Gridline 1                  Page 164Simpson 1-Bay SMRF's 2-3 at Gridline 6            Page 165

Delimar Sanchez
Typewritten Text



 

816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 2 of 165

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text
SITE SPECIFIC DESIGN PARAMETERS

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text



816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 3 of 165

Delimar Sanchez
Typewritten Text



SEISMIC DESIGN CATEGORY - MAPPED ACCELERATION VALUES

ASCE 7-10 SECTION 11.4 - SEISMIC GROUND MOTION VALUES

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

1. Spectral Response Accelerations (USGS Website)

Longitude:  -122.47482° W

Period              

(secs)

Sa                                   

(g's)

Latitude:     37.74316° N Ss 0.20 1.967

S1 1.00 0.923

2. Site Class and Occupancy Category (ASCE 11.4)

i) Site Class Site Class = D Note: Where soil properties are not known in sufficient detail

 to determine Site Class, Site Class D shall be assumed.

ii) Occupancy Category

Occupancy Category = II (ASCE 7-10 Table 1.5-1)

Occupancy 

Category
I

I or II 1.00

I = 1.00 Importance Factor (Table 11.5-2) III 1.25

IV 1.50

3.  Approximate Fundamental Period (Section 12.8.2)

hn = 45.0 feet  (Building Height) System Ct x

Steel MRF 0.028 0.80

N-S 

Direction

W-E 

Direction

Concrete 

MRF 0.016 0.90

LFRS TMBR SW TMBR SW EBF 0.030 0.75

Ct 0.020 0.020
All other 

systems 0.020 0.75

x 0.75 0.75

Ta =  Ct  h
x
n (12.8-7)

Thus, Ta = 0.35 seconds (N-S Direction)

= 0.35 seconds (W-E Direction)

4. Design Spectral Acceleration Parameters (ASCE 11.4)

a)  At Short Periods

Table 11.4-1 SITE COEFFICIENT, Fa

SDS = 0.67 Sms  = 0.67 Fa Ss

Ss = 1.967 g's (from USGS website) Site Class 0.25 0.50 0.75 1.00 1.25

A 0.80 0.80 0.80 0.80 0.80

Fa =  y1+((y2-y1)/(x2-x1))*(S1-x1) B 1.00 1.00 1.00 1.00 1.00

C 1.20 1.20 1.10 1.00 1.00

x1 = 1.00 secs y1 = 1.00 D 1.60 1.40 1.20 1.10 1.00

x2 = 1.25 secs y2 = 1.00 E 2.50 1.70 1.20 0.90 0.90

F See Section 11.4.7

Fa = 1.000

Fa Values 1.60 1.40 1.20 1.10 1.00

SDS  = 1.311

Table 11.5-2

ASCE 7-10 Table 12.8-2 

Mapped Maximum Considered Earthquake Spectral Response 

Acceleration parameter at Short Period (Ss)

(Interpolated Site Coefficient Value - Table 

11.4-1)

g's  (Site Design Coefficient - Short 

Period)

Site Coefficient Fa at Short Periods

0.00

0.50

1.00

1.50

2.00

2.50

3.00

0.00 0.50 1.00 1.50 2.00 2.50
Ss (seconds)

F
a

 (
g

's
)

Site Class A

Site Class B

Site Class C

Site Class D

Site Class E

Fa Value
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SEISMIC DESIGN CATEGORY - MAPPED ACCELERATION VALUES

ASCE 7-10 SECTION 11.4 - SEISMIC GROUND MOTION VALUES

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Table 11.4-2 SITE COEFFICIENT, Fv

5. Design Spectral Acceleration Parameters - Continued

b)  At T = 1.0 Seconds Site Class 0.10 0.20 0.30 0.40 0.50

A 0.80 0.80 0.80 0.80 0.80

SD1 =  0.67 Sm1  = 0.67 Fv S1 B 1.00 1.00 1.00 1.00 1.00

C 1.70 1.60 1.50 1.40 1.30

S1 = 0.923 g's (from USGS website) D 2.40 2.00 1.80 1.60 1.50

E 3.50 3.20 2.80 2.40 2.40

Fv =  y1+((y2-y1)/(x2-x1))*(S1-x1) F See Section 11.4.7

x1 = 0.40 secs y1 = 1.50 Fv Values 2.40 2.00 1.80 1.60 1.50

x2 = 0.50 secs y2 = 1.50

Fv = 1.500

SD1  = 0.923

6. Seismic Design Category (ASCE 11.6)

Occupancy Category = II Occupancy 

Category
S1 = 0.923 g's (from USGS website) I

II

III

IV

a)  At Short Periods

SDS = 1.311 g's  (Site Design Coefficient - Short Period)

SDC = D (Seismic Design Category, per Table 11.6-1)

I or II III IV

Ts = SD1/SDS Where SD1 = 0.923 g's A A A

SDS = 1.311 g's B B C

Ts = 0.70 C C D

D D D

Conditions to use Table 11.6-1 Only (Section 11.6):

Yes No

1.  S1 < 0.75 seconds x

x

3.  In both orthogonal directions, T ≤ Ts x  (Note: T = Ta per 12.8.2)

4.  Equation Cs = SDS I/R   (12.8-2) is used. x

x

b)  At T = 1.0 Seconds

SD1 = 0.923 g's  (Site Design Coefficient - at 1-Second Period)

I or II III IV

SDC = D (Seismic Design Category, per Table 11.6-2) A A A

B B C

c) Seismic Design Category - Governing C C D

D D D

SDC = E (Seismic Design Category)

0.167 <= SDS <=0.33

0.20 <= SD1

Value of SD1

Table 11.6-2 Seismic Design Category Based on 1-Second 

Period Response Acceleration Parameter

Occupancy Category

SD1 < 0.067

0.067 <= SD1 <=0.133

0.133 <= SD1 <=0.20

0.33 <= SDS <=0.50

Mapped Maximum Considered Earthquake Spectral Response 

Acceleration parameter at 1-sec Period (S1)

Occupancy Category

E

E

S1 < 0.75 g's S1  >=  0.75 g's

(Interpolated Site Coefficient Value - Table 

11.4-2)

g's  (Site Design Coefficient - at 1-Second 

Period)

Value of SDS

F

Per Tables 11-6-1 and 11-

6-2 E

Need to use Table 11.6-2 too!

2.  In both orthogonal directions,                                            

0.80 Ts = 0.80 SD1/SDS  ≥  Ta

5.  Diaphragms are rigid per 12.3.1, or if flexible 

span ≤ 40 ft.

 (Note:  0.80 Ts = 0.80*Sd1/Sds = 0.56 secs ≥  Ta = 0.35 (N-

S),  ≥  Ta = 0.35 (W-E )

0.50 <= SDS

Table 11.6-1 Seismic Design Category Based on Short Period 

Response Acceleration Parameter

SDS < 0.167

Site Coefficient Fv at 1-Second Periods

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

0.00 0.20 0.40 0.60 0.80 1.00

S1 (seconds)

F
v

 (
g

's
)

Site Class A

Site Class B

Site Class C

Site Class D

Site Class E

Fa Value
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BASE SHEAR AND VERTICAL FORCE DISTRIBUTION

ASCE 7-10 CHAPTER 12 - SEISMIC REQUIREMENTS FOR BUILDING STRUCTURES

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

1. Seismic Parameter Data

Occupancy Category = II (ASCE 7-10 Table 1.5-1)

SDC = E (Seismic Design Category)

SDS = 1.311 g's  (Site Design Coefficient - Short Period)

SD1 = 0.923 g's  (Site Design Coefficient - at 1-Second Period)

S1 = 0.923 g's (from USGS website)

N-S E-W

LFRS TMBR SW TMBR SW

Ta 0.35 0.35 seconds (Approximate Fundamental Period)

R 6.5 6.5 Response Modification Factor (Table 12.2-1)

TL = 8.00 Seconds (Long Period Transition Period from Figure 22-15)

I = 1.00 Importance Factor (Table 11.5-2)

2. Determination of Seismic Response Coefficient, Cs   (Section 12.8.1.1)

Cs =  SDS  I / R (12.8-2) Where SDS = 1.311 g's  (Site Design Coefficient - Short Period)

I = 1.00 Importance Factor

R = 6.5 N-S  Response Modification Factor

= 6.5 W-E

= Cs = 0.202 (N-S Direction)

= 0.202 (W-E Direction)

Max Cs values:

Where SD1 = 0.923 g's  (Site Design Coefficient - Short Period)

I = 1.00 Importance Factor

R = 6.5 Response Modification Factor

= 6.5 W-E

T = Ta = 0.35 seconds (Approximate Fundamental Period - N-S direction)

= 0.35 seconds (                    "                            - W-E Direction)

Cs max = 0.409 (N-S  Max Cs Value) TL = 8.00 Seconds (Long Period Transition Period from Figure 22-15)

= = 0.409 (W-E  Max Cs Value)

Min Cs values:

Cs =   0.044 SDS I   >  0.01        (12.8-5) Where SDS = 1.311 g's  (Site Design Coefficient - Short Period)

= 0.058 I = 1.00 Importance Factor

Where S1 = 0.923 g's (from USGS website)

I = 1.00 Importance Factor

= 0.071 R = 6.5 Response Modification Factor

= 6.5 W-E

Cs = 0.071 (N-S  Min Cs Value)

= 0.071 (W-E  Min Cs Value)

Seismic Coefficient Cs - Governing Value:

Cs = 0.202 g's   (N-S Direction)

= 0.202 g's   (W-E Direction)

Loading Direction

3)-(12.8     T  Tfor      
R T

I S
  C L

D1
S ≤=

4)-(12.8     T  Tfor      
R T

I T S
  C L2

LD1
S >=

6)-(12.8      sg' 0.6  Sfor     
R

I 0.5S
  C 1

1
S ≥=
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BASE SHEAR AND VERTICAL FORCE DISTRIBUTION

ASCE 7-10 CHAPTER 12 - SEISMIC REQUIREMENTS FOR BUILDING STRUCTURES

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

3. Determination of Base Shear, V   (Section 12.8)

V =  Cs W     (12.8-1) Where Cs = 0.202 g's   (N-S Direction)

= 0.202 g's   (W-E Direction)

W = 628 kips (Building Weight)

V = 127 kips (N-S Direction)

= 127 kips (W-E Direction)

4. Vertical Distribution of Seismic Forces   (Section 12.8.3)

Where K = 1.00 N-S for T = Ta = 0.35 seconds

= 1.00 W-E for T = Ta = 0.35 seconds

Wx = See Below

hx = See Below

Level

Story 

Weight, Wx   

(kips)

Height, hx        

(feet)
Wx H

k
x

Lateral 

Force,                 

Fx                

(kips)

Story 

Shear, Vx                  

(kips)

Vx * hx  

(kip-ft)

Overturning 

Moment, Mot                  

(kip-ft)

Wx H
k

x

Lateral 

Force,                 

Fx                

(kips)

Story 

Shear, Vx                  

(kips)

Vx * hx  

(kip-ft)

Overturning 

Moment, Mot                  

(kip-ft)

Roof 111 45.0 5,004 38 38 1,698 1,698

3 172 34.0 5,855 44 82 2,783 4,481

2 172 24.0 4,133 31 113 2,713 7,194

1 172 10.5 1,808 14 127 1,330 8,524

= 16,800 = 0

Σ Weight = 628 kips V = 127 kips V = kips

Mot = 8,524 kip-ft Mot =

N-S and E-W Directions

ASCE 7-05 Section 12.8.3

Plot of K Exponent Value vs Building Period

0.00

1.00

2.00

0.00 1.00 2.00 3.00

Period (secs)

K
 V

a
lu

e

11)-(12.8        V C  F vxx =

12)-(12.8      

h w

h w
  C

n

1  i

k

ii

k

xx
vx

∑
=

=

∑
=

n

1  i

k

ii h w ∑
=

n

1  i

k

ii h w

Story Forces and Shears

0

20

40

60

-140 -120 -100 -80 -60 -40 -20 0

Forces (kips)

B
u

il
d

in
g

 H
e

ig
h

t 
(f

e
e

t)

Vns

Fns

Few

Vew

Story Overturning Moments

0

20

40

60

-200,000 0

Overturning Moment (kip-ft)

B
u

il
d

in
g

 H
e

ig
h

t 
(f

e
e

t)

Mns

Mew

Page 2 of 3 Seismic Force Distribution   -   816 Taraval - ASCE 7-10 EQ Parameters.xls   9/13/2018

816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 7 of 165



BASE SHEAR AND VERTICAL FORCE DISTRIBUTION

ASCE 7-10 CHAPTER 12 - SEISMIC REQUIREMENTS FOR BUILDING STRUCTURES

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

5. Determination of Diaphragm Forces, Fpx   (Section 12.10.1.1)

Where W i = Weight tributary to level i

Wpx = Weight tributary to the diaphragm at Level x

Minimum Value: Fpx = 0.20 SDS I Wpx Fpx = 0.2623 Wpx Where SDS = 1.311

I = 1.00 Importance Factor

Maximum Value: Fpx = 0.40 SDS I Wpx Fpx = 0.5245 Wpx

Level
Wpx = Wx   

(kips)

Height, hx        

(feet)

Σ Wx        

(kips)

Fx                

(kips)

Σ Fx                

(kips)

Σ Fx /         

Σ Wx  

Fpx                

(kips)

Σ Wx        

(kips)

Fx                

(kips)

Σ Fx                

(kips)

Σ Fx /       

Σ Wx  

Fpx                

(kips)

Roof 111.2 45.00 111 38 38 0.3393 38

3 172.2 34.00 283 44 82 0.2889 50

2 172.2 24.00 456 31 113 0.2623 45

1 172.2 10.50 628 14 127 0.2623 45

N-S and E-W Directions

g's  (Site Design Coefficient - Short 

Period)

1)-(12.10       W

 W

F 

  F pxn

xi

i

n

xi

i

px

∑

∑

=

=
=
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DETERMINATION OF CODE LEVEL FORCES AT UPPER FLOOR LEVELS

ASCE 7-10 CHAPTER 12 - SEISMIC REQUIREMENTS FOR BUILDING STRUCTURES

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Note : Strength Level forces copied from ASCE 7-10 Determination of Code Level Forces Spreadsheet.

 for Cs = 0.202 g's  

and determined as follows:

AF =   Floor Acceleration at Floor Level x resulting from Seismic Coefficient Cs determined

=  ρ  Wx / Fx for ρ = 1.30 Redundancy Factor (ASCE 7-10 Section 12.3.4)

Wx =   Story Weight from table below;

Fx =   Lateral Force from table below;

Level

Story 

Weight, Wx   

(kips)

Height, hx        

(feet)
Wx H

k
x

Lateral 

Force,                 

Fx                

(kips)

Story 

Shear, Vx                  

(kips)

Vx * hx  

(kip-ft)

Overturning 

Moment, Mot                  

(kip-ft)

Strength 

Level

Adjusted for 

Redundancy 

Factor, ρ

A4 

Service 

Level

Roof 111 45.00 5,004 38 38 1,698 1,698 0.34 0.44 0.24

3 172 34.00 5,855 44 82 2,783 4,481 0.26 0.33 0.18

2 172 24.00 4,133 31 113 2,713 7,194 0.18 0.24 0.13

1 172 10.50 1,808 14 127 1,330 8,524 0.08 0.10 0.06

= 0 =

Σ Weight = 628 kips V = 127 kips

Mot = 8,524 kip-ft

201812.03

N-S and E-W Directions
Floor Acceleration,  AF                                        

(g's)

∑
=

n

1  i

k

ii h w ∑
=

n

1  i

k

ii h w
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DETERMINATION OF DIAPHRAGM SELF WEIGHT

SEISMIC LOADS

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

1. Roof Dead Loads

Roofing (Built-up) : 6.0 psf

2x Straight Sheathing (3 psf x 1 1/2) : 4.5 psf

Roof Framing (2 x 10 @ 16"oc) : 2.6 psf

Insulation (Loose): 1.0 psf

1/2" Plaster over Wood Lath (10.0 psf x 1/2) 5.0 psf

Miscellaneous (mechanical, etc) 1.0 psf

RDL Totals : 20.1 psf

RDL = 21.0 psf

2. Floor Dead Loads

Hardwood Floors : 4.5 psf

2x Straight Sheathing (3 psf x 1 1/2) : 4.5 psf

Framing (2 x 10 @ 16"oc) : 2.6 psf

Insulation (Loose): 0.5 psf

1/2" Plaster over Wood Lath (10.0 psf x 1/2) 5.0 psf

Miscellaneous (mechanical, plumbing, etc) 3.0 psf

Sub-Total : 20.1 psf

Partition Loads : 10.0 psf

FDL Totals : 30.1 psf

FDL = 31.0 psf

3.  Metal Grating Firescape Exit Balconies

2 1/2 x 5/16  19-W-4 Heavy Duty Welded Metal Grating 25.0 psf

Misc Steel Framing + Railings 5.0 psf

FSDL = 30.0 psf

Floor DL  Gravity Loads - Weight Take-off.xls  7/21/2018

816 Taraval Street, San Francisco 
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DETERMINATION OF WALL WEIGHTS

SEISMIC LOADS

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

1.  Interior Wall Loads

Note:   Interior wall loads are assumed as 10 psf partition load over floor areas.

2.  Exterior Wall Loads

a) Exterior Wall facing Street (North)

1" Stucco (142 pcf, from PCA website) 11.8 psf

1-1x Straight Sheathing Layers (3 psf x 1.0") : 3.0 psf

2 x 6 studs @ 16"oc (Plus plates, blocking, etc) 2.5 psf

1/2" Plaster over Wood Lath (10.0 psf x 1/2) 5.0 psf

Insulation, Loose 1.0 psf

Total wall loads: 23.4 psf

WDLa = 24.0 psf

 

b)  Other Sides of Building (South, East and West)

2-1x Straight Sheathing Layers (3 psf x 1.0") : 6.0 psf

2 x 6 studs @ 16"oc (Plus plates, blocking, etc) 2.0 psf

Insulation, Loose 0.5 psf

1/2" Plaster over Wood Lath (10.0 psf x 1/2) 5.0 psf

Total wall loads: 13.5 psf

WDLc = 14.0 psf

Wall DL  Gravity Loads - Weight Take-off.xls  7/21/2018
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DETERMINATION OF SEISMIC LOADS TO LFRS AT GRIDLINES - FLEXIBLE DIAPHRAGM ASSUMPTIONS

ASCE 7-10 CHAPTER 12 - SEISMIC REQUIREMENTS FOR BUILDING STRUCTURES

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

1. Input Data

ρ = 1.30 Redundancy Factor (ASCE 7-10 Section 12.3.4)

Level Wx   AF                                        

Roof Floor A Floor B Decks
RC 

Stairs

Fire 

Escape
Type a Type b Type d Roof 111 0.24

DL  (psf) 22 32 30 25 15 3 172 0.18 Where Wx =   Story Weight at Level x

LL  (psf) - - - - - - - - 2 172 0.13

1 172 0.06 AF =    Floor Acceleration at Level x

V = 0.202 *W   (Seismic Base Shear - Strength Level)

V = 0.152 *W   (                            "                         - 75% V for (E) Bldg per IEBC12 Section A4) Sum = 628 Kips Weight Check:

V = 0.197 *W   (                             "                         - adjusted for Redundancy Factor, ρ) N-S = 634 kips

V = 0.141 *W   (Seismic Base Shear - ASD Level) W-E = 635 kips

(0.28 %)
2. Determination of Tributary Loads

Dead 

Load

Partition 

Loads
Length Width Area DL

Wall 

Segment

Wall 

Dead 

Load

Length Height Wall Area DL
At Floor 

Level
Sum Forces Shears

(psf) (psf) (feet) (feet) (ft^2) (psf) (feet) (feet) (ft^2) (lbs) (lbs) (lbs) (lbs) (lbs)
N-S A R TA20 R 22.0 36.00 4.50 162 3,564 a 25.00 4.50 8.00 36 900 12,483 12,483 2,949 2,949

TA21 R 22.0 36.00 4.50 162 3,564 b 15.00 4.50 6.00 27 405

b 15.00 4.50 6.00 27 405

b 15.00 4.50 6.00 27 405

b 15.00 36.00 6.00 216 3,240

b 15.00 36.00 6.00

3 TA20 F 32.0 36.00 4.50 162 5,184 a 25.00 4.50 10.00 45 1,125 18,918 31,401 3,377 6,327

TA21 F 32.0 36.00 4.50 162 5,184 b 15.00 4.50 10.00 45 675

b 15.00 4.50 10.00 45 675

b 15.00 4.50 10.00 45 675

b 15.00 36.00 10.00 360 5,400

b 15.00 36.00 10.00

2 TA01 F 32.0 80.00 4.50 360 11,520 a 25.00 4.50 12.00 54 1,350 28,080 59,481 3,538 9,865

b 15.00 4.50 12.00 54 810

b 15.00 80.00 12.00 960 14,400

1 TA01 F 32.0 80.00 4.50 360 11,520 a 25.00 4.50 8.00 36 900 21,225 80,706 1,170 11,035

b 15.00 4.50 6.00 27 405

b 15.00 80.00 7.00 560 8,400

B R TA21 R 22.0 36.00 10.50 378 8,316 a 25.00 10.50 8.00 84 2,100 48,839 48,839 11,539 11,539

TA24 R 22.0 36.00 10.50 378 8,316 b 15.00 10.50 6.00 63 945

TA26 R 22.0 80.00 13.00 1,040 22,880 b 15.00 10.50 6.00 63 945

TA22 R 22.0 1.50 8.00 12 264 b 15.00 10.50 6.00 63 945

TA25 R 22.0 2.50 6.50 16 358 a 25.00 13.00 8.00 104 2,600

b 15.00 13.00 6.00 78 1,170

3 TA21 F 32.0 36.00 10.50 378 12,096 a 25.00 10.50 10.00 105 2,625 73,004 121,842 13,032 24,571

TA24 F 32.0 36.00 10.50 378 12,096 b 15.00 10.50 10.00 105 1,575

TA26 F 32.0 80.00 13.00 1,040 33,280 b 15.00 10.50 10.00 105 1,575

TA22 F 32.0 1.50 8.00 12 384 b 15.00 10.50 10.00 105 1,575

TA25 F 32.0 2.50 6.50 16 520 a 25.00 13.00 10.00 130 3,250

TA27 FS 30.0 1.50 17.00 26 765 b 15.00 13.00 10.00 130 1,950

TA28 FS 30.0 2.50 17.50 44 1,313

2 TA02 F 32.0 80.00 24.00 1,920 61,440 a 25.00 24.00 12.00 288 7,200 75,966 197,808 9,572 34,144

TA03 F 32.0 1.50 8.50 13 408 b 15.00 24.00 12.00 288 4,320

TA25 F 32.0 2.50 6.50 16 520

TA27 FS 30.0 1.50 17.00 26 765

TA28 FS 30.0 2.50 17.50 44 1,313

1 TA02 F 32.0 80.00 24.00 1,920 61,440 a 25.00 24.00 8.00 192 4,800 68,808 266,616 3,793 37,937

TA03 F 32.0 1.50 8.50 13 408 b 15.00 24.00 6.00 144 2,160

Code Level Floor Loads

Code Level

Loading 

Direction

Wall 

Gridline 

Location

Floor 

Level

Floors

-

201812.03

Tributary 

Area 

Segment

Diaphragm Loads Wall Loads

Floor 

Type

Seismic Weight

Seismic Loads

Exterior Walls

Type c
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DETERMINATION OF SEISMIC LOADS TO LFRS AT GRIDLINES - FLEXIBLE DIAPHRAGM ASSUMPTIONS

ASCE 7-10 CHAPTER 12 - SEISMIC REQUIREMENTS FOR BUILDING STRUCTURES

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

1. Input Data

ρ = 1.30 Redundancy Factor (ASCE 7-10 Section 12.3.4)

Level Wx   AF                                        

Roof Floor A Floor B Decks
RC 

Stairs

Fire 

Escape
Type a Type b Type d Roof 111 0.24

DL  (psf) 22 32 30 25 15 3 172 0.18 Where Wx =   Story Weight at Level x

LL  (psf) - - - - - - - - 2 172 0.13

1 172 0.06 AF =    Floor Acceleration at Level x

V = 0.202 *W   (Seismic Base Shear - Strength Level)

V = 0.152 *W   (                            "                         - 75% V for (E) Bldg per IEBC12 Section A4) Sum = 628 Kips Weight Check:

V = 0.197 *W   (                             "                         - adjusted for Redundancy Factor, ρ) N-S = 634 kips

V = 0.141 *W   (Seismic Base Shear - ASD Level) W-E = 635 kips

(0.28 %)
2. Determination of Tributary Loads

Dead 

Load

Partition 

Loads
Length Width Area DL

Wall 

Segment

Wall 

Dead 

Load

Length Height Wall Area DL
At Floor 

Level
Sum Forces Shears

(psf) (psf) (feet) (feet) (ft^2) (psf) (feet) (feet) (ft^2) (lbs) (lbs) (lbs) (lbs) (lbs)

Code Level Floor Loads

Code Level

Loading 

Direction

Wall 

Gridline 

Location

Floor 

Level

Floors

-

201812.03

Tributary 

Area 

Segment

Diaphragm Loads Wall Loads

Floor 

Type

Seismic Weight

Seismic Loads

Exterior Walls

Type c

N-S F R TA29 R 22.0 80.00 5.50 440 9,680 a 25.00 21.50 8.00 172 4,300 55,217 55,217 13,046 13,046

(Cont) TA30 R 22.0 36.00 16.00 576 12,672 b 15.00 16.00 6.00 96 1,440

TA31 R 22.0 36.00 16.00 576 12,672 b 15.00 16.00 6.00 96 1,440

TA32 R 22.0 1.50 8.50 13 281 b 15.00 21.50 6.00 129 1,935

TA33 R 22.0 2.50 6.50 16 358 a 25.00 36.00 8.00 288 7,200

b 15.00 36.00 6.00 216 3,240

3 TA29 F 32.0 80.00 5.50 440 14,080 a 25.00 21.50 10.00 215 5,375 81,112 136,329 14,480 27,526

TA30 F 32.0 36.00 16.00 576 18,432 b 15.00 16.00 10.00 160 2,400

TA31 F 32.0 36.00 16.00 576 18,432 b 15.00 16.00 10.00 160 2,400

TA32 F 32.0 1.50 8.50 13 408 b 15.00 21.50 10.00 215 3,225

TA33 F 32.0 2.50 6.50 16 520 a 25.00 36.00 10.00 360 9,000

TA34 FS 30.0 1.50 12.00 18 540 b 15.00 36.00 10.00 360 5,400

TA35 FS 30.0 2.50 12.00 30 900

2 TA05 F 32.0 80.00 13.00 1,040 33,280 a 25.00 21.50 12.00 258 6,450 81,572 217,901 10,279 37,805

TA06 F 32.0 36.00 8.50 306 9,792 b 15.00 21.50 12.00 258 3,870

TA07 F 32.0 36.00 8.50 306 9,792 b 15.00 36.00 12.00 432 6,480

TA32 F 32.0 1.50 8.50 13 408 b 15.00 36.00 12.00 432 6,480

TA33 F 32.0 2.50 6.50 16 520 b 15.00 8.50 12.00 102 1,530

TA34 FS 30.0 1.50 12.00 18 540 b 15.00 8.50 12.00 102 1,530

TA35 FS 30.0 2.50 12.00 30 900

1 TA05 F 32.0 80.00 13.00 1,040 33,280 a 25.00 21.50 8.00 172 4,300 68,444 286,345 3,773 41,578

TA06 F 32.0 36.00 8.50 306 9,792 b 15.00 21.50 6.00 129 1,935

TA07 F 32.0 36.00 8.50 306 9,792 b 15.00 36.00 7.00 252 3,780

b 15.00 36.00 7.00 252 3,780

b 15.00 8.50 7.00 60 893

b 15.00 8.50 7.00 60 893
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DETERMINATION OF SEISMIC LOADS TO LFRS AT GRIDLINES - FLEXIBLE DIAPHRAGM ASSUMPTIONS

ASCE 7-10 CHAPTER 12 - SEISMIC REQUIREMENTS FOR BUILDING STRUCTURES

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

1. Input Data

ρ = 1.30 Redundancy Factor (ASCE 7-10 Section 12.3.4)

Level Wx   AF                                        

Roof Floor A Floor B Decks
RC 

Stairs

Fire 

Escape
Type a Type b Type d Roof 111 0.24

DL  (psf) 22 32 30 25 15 3 172 0.18 Where Wx =   Story Weight at Level x

LL  (psf) - - - - - - - - 2 172 0.13

1 172 0.06 AF =    Floor Acceleration at Level x

V = 0.202 *W   (Seismic Base Shear - Strength Level)

V = 0.152 *W   (                            "                         - 75% V for (E) Bldg per IEBC12 Section A4) Sum = 628 Kips Weight Check:

V = 0.197 *W   (                             "                         - adjusted for Redundancy Factor, ρ) N-S = 634 kips

V = 0.141 *W   (Seismic Base Shear - ASD Level) W-E = 635 kips

(0.28 %)
2. Determination of Tributary Loads

Dead 

Load

Partition 

Loads
Length Width Area DL

Wall 

Segment

Wall 

Dead 

Load

Length Height Wall Area DL
At Floor 

Level
Sum Forces Shears

(psf) (psf) (feet) (feet) (ft^2) (psf) (feet) (feet) (ft^2) (lbs) (lbs) (lbs) (lbs) (lbs)

Code Level Floor Loads

Code Level

Loading 

Direction

Wall 

Gridline 

Location

Floor 

Level

Floors

-

201812.03

Tributary 

Area 

Segment

Diaphragm Loads Wall Loads

Floor 

Type

Seismic Weight

Seismic Loads

Exterior Walls

Type c

W-E 1 R TA40 R 22.0 50.00 18.00 900 19,800 b 15.00 18.00 6.00 108 1,620 33,601 33,601 7,939 7,939

TA41 R 22.0 8.50 1.50 13 281 b 15.00 18.00 6.00 108 1,620

TA42 R 22.0 8.50 1.50 13 281 a 25.00 50.00 8.00 400 10,000

3 TA40 F 32.0 50.00 18.00 900 28,800 b 15.00 18.00 10.00 180 2,700 48,844 82,445 8,719 16,658

TA41 F 32.0 8.50 1.50 13 408 b 15.00 18.00 10.00 180 2,700

TA42 F 32.0 8.50 1.50 13 408 a 25.00 50.00 10.00 500 12,500

TA43 FS 30.0 17.50 1.50 26 788

TA44 FS 30.0 12.00 1.50 18 540

2 TA10 F 32.0 50.00 18.00 900 28,800 b 15.00 18.00 12.00 216 3,240 52,016 134,460 6,555 23,213

TA11 F 32.0 8.50 1.50 13 408 b 15.00 18.00 12.00 216 3,240

TA43 FS 30.0 17.50 1.50 26 788 a 25.00 50.00 12.00 600 15,000

TA44 FS 30.0 12.00 1.50 18 540

1 TA10 F 32.0 50.00 18.00 900 28,800 b 15.00 18.00 8.00 144 2,160 43,528 177,988 2,400 25,612

TA11 F 32.0 8.50 1.50 13 408 b 15.00 18.00 8.00 144 2,160

a 25.00 50.00 8.00 400 10,000

3 R TA45 R 22.0 50.00 17.50 875 19,250 b 15.00 21.50 6.00 129 1,935 27,854 27,854 6,581 6,581

TA46 R 22.0 18.00 4.00 72 1,584 b 15.00 21.50 6.00 129 1,935

b 15.00 17.50 6.00 105 1,575

b 15.00 17.50 6.00 105 1,575

3 TA45 F 32.0 50.00 17.50 875 28,000 b 15.00 21.50 10.00 215 3,225 42,004 69,858 7,498 14,079

TA46 F 32.0 18.00 4.00 72 2,304 b 15.00 21.50 10.00 215 3,225

b 15.00 17.50 10.00 175 2,625

b 15.00 17.50 10.00 175 2,625

2 TA13 F 32.0 50.00 17.50 875 28,000 b 15.00 21.50 12.00 258 3,870 42,852 112,710 5,400 19,479

TA14 F 32.0 41.50 4.00 166 5,312 b 15.00 21.50 12.00 258 3,870

b 15.00 10.00 12.00 120 1,800

1 TA13 F 32.0 50.00 17.50 875 28,000 b 15.00 21.50 7.00 151 2,258 38,877 151,587 2,143 21,623

TA14 F 32.0 41.50 4.00 166 5,312 b 15.00 21.50 7.00 151 2,258

b 15.00 10.00 7.00 70 1,050

Page  3  of  4 816 Tavaral - FDA - EQ Loads to Walls.xls  Seismic Loading  9/13/2018

816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 21 of 165



DETERMINATION OF SEISMIC LOADS TO LFRS AT GRIDLINES - FLEXIBLE DIAPHRAGM ASSUMPTIONS

ASCE 7-10 CHAPTER 12 - SEISMIC REQUIREMENTS FOR BUILDING STRUCTURES

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

1. Input Data

ρ = 1.30 Redundancy Factor (ASCE 7-10 Section 12.3.4)

Level Wx   AF                                        

Roof Floor A Floor B Decks
RC 

Stairs

Fire 

Escape
Type a Type b Type d Roof 111 0.24

DL  (psf) 22 32 30 25 15 3 172 0.18 Where Wx =   Story Weight at Level x

LL  (psf) - - - - - - - - 2 172 0.13

1 172 0.06 AF =    Floor Acceleration at Level x

V = 0.202 *W   (Seismic Base Shear - Strength Level)

V = 0.152 *W   (                            "                         - 75% V for (E) Bldg per IEBC12 Section A4) Sum = 628 Kips Weight Check:

V = 0.197 *W   (                             "                         - adjusted for Redundancy Factor, ρ) N-S = 634 kips

V = 0.141 *W   (Seismic Base Shear - ASD Level) W-E = 635 kips

(0.28 %)
2. Determination of Tributary Loads

Dead 

Load

Partition 

Loads
Length Width Area DL

Wall 

Segment

Wall 

Dead 

Load

Length Height Wall Area DL
At Floor 

Level
Sum Forces Shears

(psf) (psf) (feet) (feet) (ft^2) (psf) (feet) (feet) (ft^2) (lbs) (lbs) (lbs) (lbs) (lbs)

Code Level Floor Loads

Code Level

Loading 

Direction

Wall 

Gridline 

Location

Floor 

Level

Floors

-

201812.03

Tributary 

Area 

Segment

Diaphragm Loads Wall Loads

Floor 

Type

Seismic Weight

Seismic Loads

Exterior Walls

Type c

W-E 4 R TA48 R 22.0 50.00 17.50 875 19,250 b 15.00 21.50 6.00 129 1,935 27,854 27,854 6,581 6,581

(Cont) TA47 R 22.0 18.00 4.00 72 1,584 b 15.00 21.50 6.00 129 1,935

b 15.00 17.50 6.00 105 1,575

b 15.00 17.50 6.00 105 1,575

3 TA48 F 32.0 50.00 17.50 875 28,000 b 15.00 21.50 10.00 215 3,225 42,004 69,858 7,498 14,079

TA47 F 32.0 18.00 4.00 72 2,304 b 15.00 21.50 10.00 215 3,225

b 15.00 17.50 10.00 175 2,625

b 15.00 17.50 10.00 175 2,625

2 TA16 F 32.0 50.00 17.50 875 28,000 b 15.00 21.50 12.00 258 3,870 37,182 107,040 4,685 18,765

TA15 F 32.0 41.50 4.00 166 5,312 b 15.00 21.50 0.00 0

b 15.00 10.00 0.00 0

1 TA16 F 32.0 50.00 17.50 875 28,000 b 15.00 21.50 6.00 129 1,935 38,082 145,122 2,099 20,864

TA15 F 32.0 41.50 4.00 166 5,312 b 15.00 21.50 6.00 129 1,935

b 15.00 10.00 6.00 60 900

6 R TA49 R 22.0 50.00 18.50 925 20,350 b 15.00 18.50 6.00 111 1,665 28,895 28,895 6,827 6,827

TA50 R 22.0 6.50 2.50 16 358 b 15.00 18.50 6.00 111 1,665

TA51 R 22.0 6.50 2.50 16 358 b 15.00 50.00 6.00 300 4,500

3 TA49 F 32.0 50.00 18.50 925 29,600 b 15.00 18.50 10.00 185 2,775 45,903 74,798 8,194 15,021

TA50 F 32.0 6.50 2.50 16 520 b 15.00 18.50 10.00 185 2,775

TA51 F 32.0 6.50 2.50 16 520 b 15.00 50.00 10.00 500 7,500

TA52 FS 30.0 17.50 2.50 44 1,313

TA53 FS 30.0 12.00 2.50 30 900

2 TA17 F 32.0 50.00 18.50 925 29,600 b 15.00 18.50 12.00 222 3,330 48,513 123,310 6,113 21,134

TA50 F 32.0 6.50 2.50 16 520 b 15.00 18.50 12.00 222 3,330

TA51 F 32.0 6.50 2.50 16 520 b 15.00 50.00 12.00 600 9,000

TA52 FS 30.0 17.50 2.50 44 1,313

TA53 FS 30.0 12.00 2.50 30 900

1 TA17 F 32.0 50.00 18.50 925 29,600 b 15.00 18.50 6.00 111 1,665 37,430 160,740 2,064 23,198

b 15.00 18.50 6.00 111 1,665

b 15.00 50.00 6.00 300 4,500
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: N-S

1. Diaphragm and Shear Wall Dimensions along Plane of Assembled Walls

Wall Segments

Foundation Diaphragm            Wall 1            Wall 2            Wall 3            Wall 4            Wall 5 Summation of Segments

Level

Strength 

Load           

(lbs)

Service 

Load           

(lbs)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)
Wall Levels

Wall Height    

(feet) 

Offset*           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Wall 

Length    

(feet)

Floor 

Length    

(feet)

Tied to 

Foundation    

(feet)*

R 2,949 0 80.00 80.00

3 Level 11.00 0.00 36.00 8.00 36.00 72.00 80.00 0.00

3 3,377 0 0 0.00 0 80.00 80.00 Tied *

2 Level 10.00 0.00 36.00 8.00 36.00 72.00 80.00 0.00

2 3,538 0 0 0.00 0 80.00 80.00 Tied *

1 Level 13.50 29.50 42.00 42.00 80.00 0.00

1 1,170 0 0.00 0.00 0.00 80.00 80.00 Tied *

0 Level 10.00 29.50 42.00 42.00 80.00 42.00

0 - 80.00 80.00 - Tied * x

* Notes : 1. Wall segment offset defined from edge of diaphragm (Diaphragm offset).

2. Marked automatically with an X if Wall segment is tied to foundation.

3. After all data is complete , run macro w/ Crtl - w to update spreadsheet.

2. Vertical Wall Distribution and Shear Wall Loads

Story Shear

Level
Story Force  

(lbs)

Total Shear  

(lbs)

To 

Foundatio

n  (lbs)

To Walls  

(lbs)

Total 

Shear  

(lbs)

Wall 

Length    

(feet)

Diaphragm 

Length    

(feet)

Wall Shear   

(lbs/ft)

Diaphragm 

Shear   

(lbs/ft)

R 2,949 80.00 37

2,949 2,949 72.00 41

3 3,377 0 2,949 80.00 42

6,326 6,326 72.00 88

2 3,538 0 6,326 80.00 44

9,864 9,864 42.00 235

1 1,170 0 9,864 80.00 15

11,034 11,034 42.00 263

0 11,034 11,034

Notes: 1. Diaphragm connected to foundation transfers all load to shear walls; diaphragm connection to wall calculated separately (conservative).

2. Load transferred to floor below is proportional to wall length over diaphragm/total wall length;

Gridline A

Story Forces
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: N-S

Gridline A

3. Plots of Unit and Net Shears and Strut Force at Wall Levels  

R Level Demands: 3 Level Demands:

Vsw = 41 lb/ft Vsw = 88 lb/ft

Fstrut = 147 lbs Fstrut = 169 lbs

2 Level Demands: 1 Level Demands:

Vsw = 235 lb/ft Vsw = 263 lb/ft

Fstrut = 3,897 lbs Fstrut = 431 lbs

0
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: N-S

1. Diaphragm and Shear Wall Dimensions along Plane of Assembled Walls

Wall Segments

Foundation Diaphragm            Wall 1            Wall 2            Wall 3            Wall 4            Wall 5 Summation of Segments

Level

Strength 

Load           

(lbs)

Service 

Load           

(lbs)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)
Wall Levels

Wall Height    

(feet) 

Offset*           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Wall 

Length    

(feet)

Floor 

Length    

(feet)

Tied to 

Foundation    

(feet)*

R 11,539 0 80.00 80.00

3 Level 11.00 0.00 25.00 4.00 9.00 3.50 9.00 4.00 25.00 68.00 80.00 0.00

3 13,032 0 0 0.00 0 80.00 80.00 Tied *

2 Level 10.00 0.00 25.00 4.00 9.00 3.50 9.00 4.00 25.00 68.00 80.00 0.00

2 9,572 0 0 0.00 0 80.00 80.00 Tied *

1 Level 13.50 41.00 36.00 36.00 80.00 0.00

1 3,793 0 0.00 0.00 0.00 80.00 80.00 Tied *

0 Level 10.00 41.00 36.00 36.00 80.00 36.00

0 - 80.00 80.00 - Tied * x

* Notes : 1. Wall segment offset defined from edge of diaphragm (Diaphragm offset).

2. Marked automatically with an X if Wall segment is tied to foundation.

3. After all data is complete , run macro w/ Crtl - w to update spreadsheet.

2. Vertical Wall Distribution and Shear Wall Loads

Story Shear

Level
Story Force  

(lbs)

Total Shear  

(lbs)

To 

Foundatio

n  (lbs)

To Walls  

(lbs)

Total 

Shear  

(lbs)

Wall 

Length    

(feet)

Diaphragm 

Length    

(feet)

Wall Shear   

(lbs/ft)

Diaphragm 

Shear   

(lbs/ft)

R 11,539 80.00 144

11,539 11,539 68.00 170

3 13,032 0 11,539 80.00 163

24,571 24,571 68.00 361

2 9,572 0 24,571 80.00 120

34,143 34,143 36.00 948

1 3,793 0 34,143 80.00 47

37,936 37,936 36.00 1054

0 37,936 37,936

Notes: 1. Diaphragm connected to foundation transfers all load to shear walls; diaphragm connection to wall calculated separately (conservative).

2. Load transferred to floor below is proportional to wall length over diaphragm/total wall length;

Gridline B

Story Forces
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: N-S

Gridline B

3. Plots of Unit and Net Shears and Strut Force at Wall Levels  

R Level Demands: 3 Level Demands:

Vsw = 170 lb/ft Vsw = 361 lb/ft

Fstrut = 636 lbs Fstrut = 719 lbs

2 Level Demands: 1 Level Demands:

Vsw = 948 lb/ft Vsw = 1,054 lb/ft

Fstrut = 17,191 lbs Fstrut = 1,944 lbs
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: N-S

1. Diaphragm and Shear Wall Dimensions along Plane of Assembled Walls

Wall Segments

Foundation Diaphragm            Wall 1            Wall 2            Wall 3            Wall 4            Wall 5 Summation of Segments

Level

Strength 

Load           

(lbs)

Service 

Load           

(lbs)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)
Wall Levels

Wall Height    

(feet) 

Offset*           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Wall 

Length    

(feet)

Floor 

Length    

(feet)

Tied to 

Foundation    

(feet)*

R 13,046 0 80.00 80.00

3 Level 11.00 0.00 36.00 8.00 36.00 72.00 80.00 0.00

3 14,480 0 0 0.00 0 80.00 80.00 Tied *

2 Level 10.00 0.00 36.00 8.00 36.00 72.00 80.00 0.00

2 10,279 0 0 0.00 0 80.00 80.00 Tied *

1 Level 13.50 1.00 34.00 12.00 32.00 66.00 80.00 0.00

1 3,773 0 0.00 0.00 0.00 80.00 80.00 Tied *

0 Level 10.00 1.00 34.00 12.00 32.00 66.00 80.00 66.00

0 - 80.00 80.00 - Tied * x x

* Notes : 1. Wall segment offset defined from edge of diaphragm (Diaphragm offset).

2. Marked automatically with an X if Wall segment is tied to foundation.

3. After all data is complete , run macro w/ Crtl - w to update spreadsheet.

2. Vertical Wall Distribution and Shear Wall Loads

Story Shear

Level
Story Force  

(lbs)

Total Shear  

(lbs)

To 

Foundatio

n  (lbs)

To Walls  

(lbs)

Total 

Shear  

(lbs)

Wall 

Length    

(feet)

Diaphragm 

Length    

(feet)

Wall Shear   

(lbs/ft)

Diaphragm 

Shear   

(lbs/ft)

R 13,046 80.00 163

13,046 13,046 72.00 181

3 14,480 0 13,046 80.00 181

27,526 27,526 72.00 382

2 10,279 0 27,526 80.00 128

37,805 37,805 66.00 573

1 3,773 0 37,805 80.00 47

41,578 41,578 66.00 630

0 41,578 41,578

Notes: 1. Diaphragm connected to foundation transfers all load to shear walls; diaphragm connection to wall calculated separately (conservative).

2. Load transferred to floor below is proportional to wall length over diaphragm/total wall length;

Gridline F
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: N-S

Gridline F

3. Plots of Unit and Net Shears and Strut Force at Wall Levels  

R Level Demands: 3 Level Demands:

Vsw = 181 lb/ft Vsw = 382 lb/ft

Fstrut = 652 lbs Fstrut = 724 lbs

2 Level Demands: 1 Level Demands:

Vsw = 573 lb/ft Vsw = 630 lb/ft

Fstrut = 1,598 lbs Fstrut = 293 lbs
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: N-S

1. Diaphragm and Shear Wall Dimensions along Plane of Assembled Walls

Wall Segments

Foundation Diaphragm            Wall 1            Wall 2            Wall 3            Wall 4            Wall 5 Summation of Segments

Level

Strength 

Load           

(lbs)

Service 

Load           

(lbs)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)
Wall Levels

Wall Height    

(feet) 

Offset*           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Wall 

Length    

(feet)

Floor 

Length    

(feet)

Tied to 

Foundation    

(feet)*

R 7,939 0 50.00 50.00

3 Level 11.00 12.00 3.00 3.50 2.50 3.50 5.00 3.50 4.00 14.50 50.00 0.00

3 8,719 0 0 0.00 0 50.00 50.00 Tied *

2 Level 10.00 12.00 3.00 3.50 2.50 3.50 5.00 3.50 4.00 14.50 50.00 0.00

2 6,555 0 0 0.00 0 50.00 50.00 Tied *

1 Level 13.50 25.50 18.50 18.50 50.00 0.00

1 2,400 0 0.00 0.00 0.00 50.00 50.00 Tied *

0 Level 10.00 25.50 18.50 18.50 50.00 18.50

0 - 50.00 50.00 - Tied * x

* Notes : 1. Wall segment offset defined from edge of diaphragm (Diaphragm offset).

2. Marked automatically with an X if Wall segment is tied to foundation.

3. After all data is complete , run macro w/ Crtl - w to update spreadsheet.

2. Vertical Wall Distribution and Shear Wall Loads

Story Shear

Level
Story Force  

(lbs)

Total Shear  

(lbs)

To 

Foundatio

n  (lbs)

To Walls  

(lbs)

Total 

Shear  

(lbs)

Wall 

Length    

(feet)

Diaphragm 

Length    

(feet)

Wall Shear   

(lbs/ft)

Diaphragm 

Shear   

(lbs/ft)

R 7,939 50.00 159

7,939 7,939 14.50 548

3 8,719 0 7,939 50.00 174

16,658 16,658 14.50 1149

2 6,555 0 16,658 50.00 131

23,213 23,213 18.50 1255

1 2,400 0 23,213 50.00 48

25,613 25,613 18.50 1384

0 25,613 25,613

Notes: 1. Diaphragm connected to foundation transfers all load to shear walls; diaphragm connection to wall calculated separately (conservative).

2. Load transferred to floor below is proportional to wall length over diaphragm/total wall length;

Gridline 1
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: N-S

Gridline 1

3. Plots of Unit and Net Shears and Strut Force at Wall Levels  

R Level Demands: 3 Level Demands:

Vsw = 548 lb/ft Vsw = 1,149 lb/ft

Fstrut = 2,064 lbs Fstrut = 2,267 lbs

2 Level Demands: 1 Level Demands:

Vsw = 1,255 lb/ft Vsw = 1,384 lb/ft

Fstrut = 10,911 lbs Fstrut = 1,224 lbs
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: W-E

1. Diaphragm and Shear Wall Dimensions along Plane of Assembled Walls

Wall Segments

Foundation Diaphragm            Wall 1            Wall 2            Wall 3            Wall 4            Wall 5 Summation of Segments

Level

Strength 

Load           

(lbs)

Service 

Load           

(lbs)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)
Wall Levels

Wall Height    

(feet) 

Offset*           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Wall 

Length    

(feet)

Floor 

Length    

(feet)

Tied to 

Foundation    

(feet)*

R 6,581 0 50.00 50.00

3 Level 11.00 0.00 3.00 3.50 3.00 2.00 12.50 4.00 14.00 4.50 3.00 35.50 50.00 0.00

3 7,498 0 0 0.00 0 50.00 50.00 Tied *

2 Level 10.00 0.00 3.00 3.50 3.00 2.00 12.50 4.00 14.00 4.50 3.00 35.50 50.00 0.00

2 5,400 0 0 0.00 0 50.00 50.00 Tied *

1 Level 13.50 23.50 26.00 26.00 50.00 0.00

1 2,143 0 0.00 0.00 0.00 50.00 50.00 Tied *

0 Level 10.00 23.50 26.00 26.00 50.00 26.00

0 - 50.00 50.00 - Tied * x

* Notes : 1. Wall segment offset defined from edge of diaphragm (Diaphragm offset).

2. Marked automatically with an X if Wall segment is tied to foundation.

3. After all data is complete , run macro w/ Crtl - w to update spreadsheet.

2. Vertical Wall Distribution and Shear Wall Loads

Story Shear

Level
Story Force  

(lbs)

Total Shear  

(lbs)

To 

Foundatio

n  (lbs)

To Walls  

(lbs)

Total 

Shear  

(lbs)

Wall 

Length    

(feet)

Diaphragm 

Length    

(feet)

Wall Shear   

(lbs/ft)

Diaphragm 

Shear   

(lbs/ft)

R 6,581 50.00 132

6,581 6,581 35.50 185

3 7,498 0 6,581 50.00 150

14,079 14,079 35.50 397

2 5,400 0 14,079 50.00 108

19,479 19,479 26.00 749

1 2,143 0 19,479 50.00 43

21,622 21,622 26.00 832

0 21,622 21,622

Notes: 1. Diaphragm connected to foundation transfers all load to shear walls; diaphragm connection to wall calculated separately (conservative).

2. Load transferred to floor below is proportional to wall length over diaphragm/total wall length;

Gridline 3

Story Forces
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: W-E

Gridline 3

3. Plots of Unit and Net Shears and Strut Force at Wall Levels  

R Level Demands: 3 Level Demands:

Vsw = 185 lb/ft Vsw = 397 lb/ft

Fstrut = 497 lbs Fstrut = 566 lbs

2 Level Demands: 1 Level Demands:

Vsw = 749 lb/ft Vsw = 832 lb/ft

Fstrut = 9,677 lbs Fstrut = 1,007 lbs
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: W-E

1. Diaphragm and Shear Wall Dimensions along Plane of Assembled Walls

Wall Segments

Foundation Diaphragm            Wall 1            Wall 2            Wall 3            Wall 4            Wall 5 Summation of Segments

Level

Strength 

Load           

(lbs)

Service 

Load           

(lbs)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)
Wall Levels

Wall Height    

(feet) 

Offset*           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Wall 

Length    

(feet)

Floor 

Length    

(feet)

Tied to 

Foundation    

(feet)*

R 6,581 0 50.00 50.00

3 Level 11.00 0.00 3.00 3.50 3.00 2.00 12.50 4.00 14.00 4.50 3.00 35.50 50.00 0.00

3 7,498 0 0 0.00 0 50.00 50.00 Tied *

2 Level 10.00 0.00 3.00 3.50 3.00 2.00 12.50 4.00 14.00 4.50 3.00 35.50 50.00 0.00

2 4,685 0 0 0.00 0 50.00 50.00 Tied *

1 Level 13.50 9.00 9.00 6.00 12.50 3.00 4.50 26.00 50.00 0.00

1 2,099 0 0.00 0.00 0.00 50.00 50.00 Tied *

0 Level 6.00 9.00 9.00 6.00 12.50 3.00 4.50 26.00 50.00 26.00

0 - 50.00 50.00 - Tied * x x x

* Notes : 1. Wall segment offset defined from edge of diaphragm (Diaphragm offset).

2. Marked automatically with an X if Wall segment is tied to foundation.

3. After all data is complete , run macro w/ Crtl - w to update spreadsheet.

2. Vertical Wall Distribution and Shear Wall Loads

Story Shear

Level
Story Force  

(lbs)

Total Shear  

(lbs)

To 

Foundatio

n  (lbs)

To Walls  

(lbs)

Total 

Shear  

(lbs)

Wall 

Length    

(feet)

Diaphragm 

Length    

(feet)

Wall Shear   

(lbs/ft)

Diaphragm 

Shear   

(lbs/ft)

R 6,581 50.00 132

6,581 6,581 35.50 185

3 7,498 0 6,581 50.00 150

14,079 14,079 35.50 397

2 4,685 0 14,079 50.00 94

18,764 18,764 26.00 722

1 2,099 0 18,764 50.00 42

20,863 20,863 26.00 802

0 20,863 20,863

Notes: 1. Diaphragm connected to foundation transfers all load to shear walls; diaphragm connection to wall calculated separately (conservative).

2. Load transferred to floor below is proportional to wall length over diaphragm/total wall length;

Gridline 4

Story Forces
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: W-E

Gridline 4

3. Plots of Unit and Net Shears and Strut Force at Wall Levels  

R Level Demands: 3 Level Demands:

Vsw = 185 lb/ft Vsw = 397 lb/ft

Fstrut = 497 lbs Fstrut = 566 lbs

2 Level Demands: 1 Level Demands:

Vsw = 722 lb/ft Vsw = 802 lb/ft

Fstrut = 3,091 lbs Fstrut = 378 lbs
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: W-E

1. Diaphragm and Shear Wall Dimensions along Plane of Assembled Walls

Wall Segments

Foundation Diaphragm            Wall 1            Wall 2            Wall 3            Wall 4            Wall 5 Summation of Segments

Level

Strength 

Load           

(lbs)

Service 

Load           

(lbs)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)

Offset           

(feet)

Length           

(feet)

Edge    

(feet)
Wall Levels

Wall Height    

(feet) 

Offset*           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Offset           

(feet)

Length           

(feet)

Wall 

Length    

(feet)

Floor 

Length    

(feet)

Tied to 

Foundation    

(feet)*

R 6,827 0 50.00 50.00

3 Level 11.00 0.00 2.00 8.00 5.00 8.00 8.00 3.50 4.00 8.00 3.00 22.00 50.00 0.00

3 8,194 0 0 0.00 0 50.00 50.00 Tied *

2 Level 10.00 0.00 2.00 8.00 5.00 8.00 8.00 3.50 4.00 8.00 3.00 22.00 50.00 0.00

2 6,113 0 0 0.00 0 50.00 50.00 Tied *

1 Level 13.50 9.50 10.50 13.50 10.50 21.00 50.00 0.00

1 2,064 0 0.00 0.00 0.00 50.00 50.00 Tied *

0 Level 4.00 9.50 10.50 13.50 10.50 21.00 50.00 21.00

0 - 50.00 50.00 - Tied * x x

* Notes : 1. Wall segment offset defined from edge of diaphragm (Diaphragm offset).

2. Marked automatically with an X if Wall segment is tied to foundation.

3. After all data is complete , run macro w/ Crtl - w to update spreadsheet.

2. Vertical Wall Distribution and Shear Wall Loads

Story Shear

Level
Story Force  

(lbs)

Total Shear  

(lbs)

To 

Foundatio

n  (lbs)

To Walls  

(lbs)

Total 

Shear  

(lbs)

Wall 

Length    

(feet)

Diaphragm 

Length    

(feet)

Wall Shear   

(lbs/ft)

Diaphragm 

Shear   

(lbs/ft)

R 6,827 50.00 137

6,827 6,827 22.00 310

3 8,194 0 6,827 50.00 164

15,021 15,021 22.00 683

2 6,113 0 15,021 50.00 122

21,134 21,134 21.00 1006

1 2,064 0 21,134 50.00 41

23,198 23,198 21.00 1105

0 23,198 23,198

Notes: 1. Diaphragm connected to foundation transfers all load to shear walls; diaphragm connection to wall calculated separately (conservative).

2. Load transferred to floor below is proportional to wall length over diaphragm/total wall length;

Gridline 6

Story Forces

Shearwall at Gridline Chosen
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SHEARWALL LOAD DISTRIBUTION - FLEXIBLE DIAPHRAGM ANALYSIS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Wall Location:

Loading: EQ

Loading Direction: W-E

Gridline 6

3. Plots of Unit and Net Shears and Strut Force at Wall Levels  

R Level Demands: 3 Level Demands:

Vsw = 310 lb/ft Vsw = 683 lb/ft

Fstrut = 968 lbs Fstrut = 1,162 lbs

2 Level Demands: 1 Level Demands:

Vsw = 1,006 lb/ft Vsw = 1,105 lb/ft

Fstrut = 3,770 lbs Fstrut = 392 lbs

0

Unit Shear, Net Shear, and Strut Force - Roof Level

-5,000

-4,000

-3,000

-2,000

-1,000

0

1,000

2,000

3,000

0 10 20 30 40 50 60

Unit Shear, Net Shear, and Strut Force - Upper Level

-6,000

-5,000

-4,000

-3,000

-2,000

-1,000

0

1,000

2,000

3,000

0 10 20 30 40 50 60

Unit Shear, Net Shear, and Strut Force - Main Level

-14,000

-12,000

-10,000

-8,000

-6,000

-4,000

-2,000

0

2,000

4,000

0 10 20 30 40 50 60

Unit Shear, Net Shear, and Strut Force - Lower Level

-25,000

-20,000

-15,000

-10,000

-5,000

0

5,000

0 10 20 30 40 50 60

Page 2 of 2 Wall Loading at Plane  FDA Wall Loads - Gridline 6.xls  9/13/2018

816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 38 of 165



816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 39 of 165

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text
SHEAR WALL DESIGN SUMMARY

Delimar Sanchez
Typewritten Text



SHEARWALL DESIGN SUMMARY - FLEXIBLE DIAPHRAGM ASSUMPTIONS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Note: Note:

Connector Capacities:

Z = 174 lbs  (nail shear capacity)

A34 = 412 lbs  (Framing angle capacity - Reduced by 1.25 per ASCE 7-10 12.3.3.4)

SDS Screw = 340 lbs  (SDS 1/4 x 3 1/2 Screw)

Fanchor = 1,516 lbs  (Foundation Anchor capacity)

Sources : 2012 California Building Code, Table 2306.4.1,  Page 324. Assumed for (N) design, modeified for (E) conditions later.

Simpson Catalog C-2014.

Loading 

Direction

Gridline 

Wall 

Location

Floor 

Level

Normal 

Gridline

FMAX             

(kips)

Height    

(feet)

Width   

(feet)

Service 

Load     

(lb/ft)

Collector 

Force 

(lbs)

Shearwall 

Chord 

Force    

(lbs)

No. 

Panels

Thickness     

(inches)
Size

Edge      

(inches)

Field     

(inches)

Tabular 

Value     

(lb/ft)

Modified**     

(lb/ft)
Check

Shearwall 

Chords
Holdown

Anchor 

Diameter

Required Coiled 

Strap 

Perpendicular to 

Framing

No. Framing 

Angles/ Wall

Framing 

Angle 

Spacing  

(inches)

SDS 

Screw 

Spacing   

(inches)

No. 

Anchors

Anchor 

Spacing  

(inches)

N-S A 1L 2.5 - 5.5 9.87 12.67 42.00 235 3,987 2,977 1 0.47 10d 6 12 340 340 ok 2 - 2x6
HDU4 w/ 2-

2x

5/8"  w/ 

8.50" 

Embed

 Use CMST14 

Strap w/ 16d

32 - A34" 

Angle
16.00 16.00

16 - 5/8" 

Bolts
32

B 2.5 - 5.5 11.05 4.00 42.00 263 431 1,052 1 0.47 10d 6 12 340 340 ok 2 - 2x6
HDU2 w/ 2-

2x

5/8"  w/ 

8.50" 

Embed

 Use CS18 Strap 

w/ 10d

32 - A34" 

Angle
16.00 14.82

16 - 5/8" 

Bolts
32

B 1L 3.5 - 6 34.13 12.67 36.00 948 17,191 12,008 2 0.47 10d 3 12 1330 1,330 ok 4 - 2x6
HDU14 w/ 

6x

7/8" w/ 

14.00" 

Embe

 Use 2 CMSTC12 

Straps w/ 16d

83 - A34" 

Angle
5.14 4.24

23 - 5/8" 

Bolts
19

B 3.5 - 6 37.94 10.00 36.00 1,054 1,944 10,540 2 0.47 10d 3 12 1330 1,330 ok 3 - 2x6
HDU14 w/ 

6x

7/8" w/ 

14.00" 

Embe

 Use CMSTC16 

Strap w/ 16d

93 - A34" 

Angle
4.60 3.82

26 - 5/8" 

Bolts
17

F 1L 1 - 3 19.48 12.67 34.00 573 1,598 7,258 1 0.47 10d 3 12 665 665 ok 3 - 2x6
HDU14 w/ 

3-2x

3/4"  w/ 

12.50" 

Embed

 Use CS14 Strap 

w/ 10d

48 - A34" 

Angle
8.33 6.92

13 - 5/8" 

Bolts
31

B 1 - 3 21.42 7.00 34.00 630 293 4,410 1 0.47 10d 2 12 870 870 ok 3 - 2x6
HDU8 w/ 2-

2x

5/8"  w/ 

10.00" 

Embed

 Use CS18 Strap 

w/ 10d

52 - A34" 

Angle
7.70 6.38

15 - 5/8" 

Bolts
27

1L 4 - 6 18.34 12.67 32.00 573 1,598 7,258 1 0.47 10d 3 12 665 665 ok 3 - 2x6
HDU14 w/ 

3-2x

3/4"  w/ 

12.50" 

Embed

 Use CS14 Strap 

w/ 10d

45 - A34" 

Angle
8.35 6.98

13 - 5/8" 

Bolts
30

B 4 - 6 20.16 7.00 32.00 630 293 4,410 1 0.47 10d 2 12 870 870 ok 3 - 2x6
HDU8 w/ 2-

2x

5/8"  w/ 

10.00" 

 Use CS18 Strap 

w/ 10d

49 - A34" 

Angle
7.68 6.30

14 - 5/8" 

Bolts
27

Required Hardware

Shear Walls Shearwall to Floor Mudsill Anchors

201812.30

9/13/2018

** Note:  Value reduced by 2w/h for EQ loads for walls with 

2.0<=h/b<=3.5 per NDS SDPWS-2015 Table 4.3.4.

Wall Dimensions Panel Data Nail Data

Collector Loads in areas of discontinuities will be amplified by 1.25 as 

per ASCE 7-10 12.3.3.4 (in Blue), if applicable.

  Allowable Wall 

Shear
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SHEARWALL DESIGN SUMMARY - FLEXIBLE DIAPHRAGM ASSUMPTIONS

NDS - SDPWS 2015 SHEAR WALL CRITERIA

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Note: Note:

Connector Capacities:

Z = 174 lbs  (nail shear capacity)

A34 = 412 lbs  (Framing angle capacity - Reduced by 1.25 per ASCE 7-10 12.3.3.4)

SDS Screw = 340 lbs  (SDS 1/4 x 3 1/2 Screw)

Fanchor = 1,516 lbs  (Foundation Anchor capacity)

Sources : 2012 California Building Code, Table 2306.4.1,  Page 324. Assumed for (N) design, modeified for (E) conditions later.

Simpson Catalog C-2014.

Loading 

Direction

Gridline 

Wall 

Location

Floor 

Level

Normal 

Gridline

FMAX             

(kips)

Height    

(feet)

Width   

(feet)

Service 

Load     

(lb/ft)

Collector 

Force 

(lbs)

Shearwall 

Chord 

Force    

(lbs)

No. 

Panels

Thickness     

(inches)
Size

Edge      

(inches)

Field     

(inches)

Tabular 

Value     

(lb/ft)

Modified**     

(lb/ft)
Check

Shearwall 

Chords
Holdown

Anchor 

Diameter

Required Coiled 

Strap 

Perpendicular to 

Framing

No. Framing 

Angles/ Wall

Framing 

Angle 

Spacing  

(inches)

SDS 

Screw 

Spacing   

(inches)

No. 

Anchors

Anchor 

Spacing  

(inches)

Required Hardware

Shear Walls Shearwall to Floor Mudsill Anchors

201812.30

9/13/2018

** Note:  Value reduced by 2w/h for EQ loads for walls with 

2.0<=h/b<=3.5 per NDS SDPWS-2015 Table 4.3.4.

Wall Dimensions Panel Data Nail Data

Collector Loads in areas of discontinuities will be amplified by 1.25 as 

per ASCE 7-10 12.3.3.4 (in Blue), if applicable.

  Allowable Wall 

Shear

W-E 1 1L D - F 23.22 12.67 18.50 1,255 8,320 15,897 - - - - -
 Use CMST12 

Strap w/ 16d
- - - - -

B C - D 5.53 4.00 9.00 614 1,224 2,456 1 0.47 10d 2 12 870 870 ok 2 - 2x6
HDU4 w/ 2-

2x

5/8"  w/ 

8.50" 

Embed

 Use CS16 Strap 

w/ 10d

14 - A34" 

Angle
7.20 6.00

4 - 5/8" 

Bolts
27

B D - E 5.53 4.00 9.00 614 1,224 2,456 1 0.47 10d 2 12 870 870 ok 2 - 2x6
HDU4 w/ 2-

2x

5/8"  w/ 

8.50" 

Embed

 Use CS16 Strap 

w/ 10d

14 - A34" 

Angle
7.20 6.00

4 - 5/8" 

Bolts
27

3 1L C - D 19.47 12.67 26.00 749 9,677 9,487 1 0.47 10d 2 12 870 870 ok 3 - 2x6
HDU14 w/ 

3-2x

7/8" w/ 

14.00" 

Embe

 Use 2 CMSTC12 

Straps w/ 16d

48 - A34" 

Angle
6.37 5.29

13 - 5/8" 

Bolts
24

B C - D 21.63 2.00 26.00 832 1,007 1,664 2 0.47 10d 4 12 1060 1,060 ok 2 - 2x6
HDU2 w/ 2-

2x

5/8"  w/ 

8.50" 

Embed

 Use CS18 Strap 

w/ 10d

53 - A34" 

Angle
5.78 4.80

15 - 5/8" 

Bolts
21

4 1L B - C.5 6.50 12.67 9.00 722 3,091 9,145 1 0.47 10d 2 12 870 870 ok 3 - 2x6
HDU14 w/ 

3-2x

7/8" w/ 

14.00" 

Embe

 Use CMSTC16 

Strap w/ 16d

16 - A34" 

Angle
6.35 5.14

5 - 5/8" 

Bolts
22

B B - C.5 7.22 7.00 9.00 802 378 5,614 2 0.47 10d 4 12 1060 1,060 ok 3 - 2x6
HDU8 w/ 3-

2x

5/8"  w/ 

10.00" 

Embed

 Use CS18 Strap 

w/ 10d

18 - A34" 

Angle
5.68 4.70

5 - 5/8" 

Bolts
22

1L D.5 - E.5 9.03 12.67 12.50 722 3,091 9,145 1 0.47 10d 2 12 870 870 ok 3 - 2x6
HDU14 w/ 

3-2x

7/8" w/ 

14.00" 

Embe

 Use CMSTC16 

Strap w/ 16d

22 - A34" 

Angle
6.52 5.36

6 - 5/8" 

Bolts
25

B D.5 - E.5 10.03 7.00 12.50 802 378 5,614 2 0.47 10d 4 12 1060 1,060 ok 3 - 2x6
HDU8 w/ 3-

2x

5/8"  w/ 

10.00" 

Embed

 Use CS18 Strap 

w/ 10d

25 - A34" 

Angle
5.77 4.84

7 - 5/8" 

Bolts
21

1L E.5 - E.8 3.25 12.67 4.50 722 3,091 9,145 2 0.47 10d 3 12 1330 945 ok 3 - 2x6
HDU14 w/ 

3-2x

7/8" w/ 

14.00" 

Embe

 Use CMSTC16 

Strap w/ 16d

8 - A34" 

Angle
6.00 4.91

3 - 5/8" 

Bolts
18

B E.5 - E.8 3.61 7.00 4.50 802 378 5,614 2 0.47 10d 3 12 1330 1,330 ok 3 - 2x6
HDU8 w/ 3-

2x

5/8"  w/ 

10.00" 

Embed

 Use CS18 Strap 

w/ 10d

9 - A34" 

Angle
5.40 4.50

3 - 5/8" 

Bolts
18

6 1L B - D 10.58 12.67 10.50 1,008 2,875 12,768 - - - - -
 Use CMSTC16 

Strap w/ 16d
- - - - -

B B - D 5.53 - 11.00 502 - - - - - - - -
14 - A34" 

Angle
8.80 -

5 - 5/8" 

Bolts
32

1L E - F 10.58 12.67 10.50 1,008 2,875 12,768 - - - - -
 Use CMSTC16 

Strap w/ 16d
- - - - -

B E - F 5.53 - 11.00 502 - - - - - - - -
14 - A34" 

Angle
8.80 -

5 - 5/8" 

Bolts
32

Simpson FB SMRF 1

Simpson FB SMRF 2

Simpson FB SMRF 3

Diaphragm Supported Edge at Retaining Wall

Diaphragm Supported Edge at Retaining Wall
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COMPARISON OF EXPECTED STRENGTHS - FLOOR LEVELS 2 AND 1

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

 1.  Summary of Expected Strength Floor Strengths  - N-S Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

2 365 447 388 409 21 23 25 0 0

1 270 335 392 438 322 321 321 242 0

Story Force Ratio = 0.74 0.75 1.01 1.07 15.44 14.20 13.02 0.00 0.00

NG NG OK OK NG NG NG

Average = 5.14  (for all Drift Values)

Upper Floor Level looses strength

 2.  Summary of Expected Strength Floor Strengths  - W-E Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

2 232 282 222 208 2 2 2 0 0

1 121 152 182 208 200 201 204 178 74

Story Force Ratio = 0.52 0.54 0.82 1.00 95.17 88.35 82.11 0.00 0.00

NG NG OK OK NG NG NG

Average = 29.84  (for all Drift Values)

Expected Composite Strength (Kips)

Drift (%)
Floor Level

W-E

N-S

Expected Composite Strength (Kips)

Floor Level
Drift (%)
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COMPARISON OF EXPECTED STRENGTHS - FLOOR LEVELS 2 AND 1

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Table B5.1.1 Expected Strength for Load-Drift Curves (plf)

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

1 Stucco 333 320 262 0 - - - - -

2

Horizontal Wood 

Sheathing or Wood 

Siding

85 96 110 132 145 157 171 0 -

3
Diagonal Wood 

Sheathing
429 540 686 913 0 - - - -

4
Plaster on Wood 

Lath
440 538 414 391 0 - - - -

5

Plywood panel 

siding (T1-11), 6d 

@ 6"oc

354 420 496 549 565 505 449 0 -

6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

7
Plaster on Gypsum 

Lath
402 347 304 0 - - - - -

8 WSP, 8d @ 6" oc 521 621 732 812 836 745 686 0 -

9 WSP, 8d @ 4" oc 513 684 826 943 1,018 1,080 1,112 798 0

10 WSP, 8d @ 3" oc 1,072 1,195 1,318 1,482 1,612 1,664 1,686 1,638 0

11 WSP, 8d @ 2" oc 1,393 1,553 1,713 1,926 2,096 2,163 2,192 2,130 0

12 WSP, 10d @ 6" oc 548 767 946 1,023 1,038 1,055 1,065 843 0

13 WSP, 10d @ 4" oc 707 990 1,275 1,420 1,466 1,496 1,496 1,185 0

14 WSP, 10d @ 3" oc 940 1,316 1,696 1,889 1,949 1,990 1,990 1,576 0

15 WSP, 10d @ 2" oc 1,120 1,568 1,999 2,248 2,405 2,512 2,512 2,231 0

16 Moment Frame 1,200 1,600 2,100 2,250 2,500 2,650 2,800 3,000 3,200

17 Moment Frame 625 875 1,250 1,875 2,110 2,248 2,386 2,662 2,800

18 Moment Frame 250 350 500 750 844 899 954 1,065 1,120

19 Steel Strong Wall 350 489 699 1,049 1,180 1,257 1,335 1,489 0

201812.10

Drift (%)
Sheathing MaterialSheathing ID

SFBC 2013 Tabular Values  816 Tavaral - Story Strength Check- Level 2 and 1.xls  7/23/2018
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EXPECTED STRENGTH OF LEVEL 2 WALLS  - N-S DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 2

Loading Direction = N-S

 1.  Expected Strength of Floor Level 2 Walls - N-S Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

Wall ID No.  Layers

1

2 36.00

6 6.00

10

Wall Length   

(feet)

5,652 6,156

Sheathing ID Sheathing Material

36.00

Drift (%)

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

34,344 42,264 43,560 51,696 5,220 0 0

Drift (%)

34,344 42,264 43,560 51,696 5,220 5,652 6,156 0 0

3 6.00 5,280 6,456 4,968 4,692 0 0 0 0 0

4 7.00 6,160 7,532 5,796 5,474 0 0 0 0 0

5 7.00 6,160 7,532 5,796 5,474 0 0 0 0 0

5,280 6,456 4,968 4,692 0 0 0 0 0

7 25.00 22,000 26,900 20,700 19,550 0 0 0 0 0

8 9.00 7,920 9,684 7,452 7,038 0 0 0 0 0

9 8.00 7,040 8,608 6,624 6,256 0 0 0 0 0

25.00 22,000 26,900 20,700 19,550 0 0 0 0 0

11 4.00 3,520 4,304 3,312 3,128 0 0 0 0 0

0 0 0 0012 9.00 7,920 9,684 7,452 7,038
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EXPECTED STRENGTH OF LEVEL 2 WALLS  - N-S DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 2

Loading Direction = N-S

 1.  Expected Strength of Floor Level 2 Walls - N-S Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00
Wall ID No.  Layers

Wall Length   

(feet)
Sheathing ID Sheathing Material

Drift (%)

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Drift (%)

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - - 0 0 0 0

0 0 0

24 8.50 7,480 9,146 7,038 6,647 0

3,312 3,128 0 023 4.00 3,520 4,304

0 0 0 0

0 0 0

22 12.00 10,560 12,912 9,936 9,384 0

6,210 5,865 0 021 7.50 6,600 8,070

0 0 0 0

0 0 0

20 2.00 1,760 2,152 1,656 1,564 0

0 0 0 019 0 0

0 0 0 0

0 0 0

18 2.00 1,760 2,152 1,656 1,564 0

0 0

17 2.50 2,200 2,690 2,070 1,955 0 0

0

16 3.50 3,080 3,766 2,898 2,737 0 0 0

0 0 0 05,720 6,994 5,382 5,08315 6.50

0 0 0 0

0 0 0

4.00 3,520 4,304 3,312

04.00 3,520 4,304 3,312 3,128 0

3,128 0

13

14
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EXPECTED STRENGTH OF LEVEL 2 WALLS  - N-S DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 2

Loading Direction = N-S

 1.  Expected Strength of Floor Level 2 Walls - N-S Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00
Wall ID No.  Layers

Wall Length   

(feet)
Sheathing ID Sheathing Material

Drift (%)

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Drift (%)

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

4,968 4,692 0 0

0 0 0

26 6.00 5,280 6,456 0 0 0

25 4.50 3,960 4,842 3,726 3,519 0 0

27 5.50 4,840 5,918 4,554 4,301 0 0 0 0 0

28 4.00 3,520 4,304 3,312 3,128 0 0 0 0 0

29 25.00 22,000 26,900 0 0 020,700 19,550 0 0

030 25.00 22,000 26,900

0

20,700 19,550 0

0

0 0 0

0 0 031 6.00 5,280 6,456 4,968 4,692

32 7.00 6,160 7,532 5,796 5,474 0 0 0 0 0

33 7.00 6,160 7,532 5,796 5,474 0 0 0 0 0

34 6.00 5,280 6,456 4,968 4,692 0 0 0 0 0

35 36.00 34,344 42,264 43,560 51,696 5,220 5,652 6,156 0 0
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EXPECTED STRENGTH OF LEVEL 2 WALLS  - N-S DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 2

Loading Direction = N-S

 1.  Expected Strength of Floor Level 2 Walls - N-S Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00
Wall ID No.  Layers

Wall Length   

(feet)
Sheathing ID Sheathing Material

Drift (%)

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Drift (%)

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

365 447 388 409 21 23 25 0 0

0 051,696 5,220 5,652 6,15636.00 34,344 42,264 43,560

Sum of Expected Composite Wall Strengths (Kips)

Drift (%)

36
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EXPECTED STRENGTH OF LEVEL 2 WALLS  - W-E DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 2

Loading Direction = W-E

 2.  Expected Strength of Floor Level 2 Walls - W-E Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Wall ID
Wall Length   

(feet)
No.  Layers Sheathing ID Sheathing Material

Drift (%) Drift (%)

1 4.00 3,816 4,696 4,840 5,744 580 628 684 0 0

2 5.00 4,770 5,870 6,050 7,180 725 785 855 0 0

3 2.50 2,385 2,935 3,025 3,590 363 393 428 0 0

4 3.00 2,862 3,522 3,630 4,308 435 471 513 0 0

5 2.00 1,760 2,152 1,656 1,564 0 0 0 0 0

6 2.00 1,760 2,152 1,656 1,564 0 0 0 0 0

7 6.00 5,280 6,456 4,968 4,692 0 0 0 0 0

8 8.00 7,040 8,608 6,624 6,256 0 0 0 0 0

9 9.00 7,920 9,684 7,452 7,038 0 0 0 0 0

10 7.00 6,160 7,532 5,796 5,474 0 0 0 0 0

11 11.00 9,680 11,836 9,108 8,602 0 0 0 0 0

12 4.00 3,520 4,304 3,312 3,128 0 0 0 0 0
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EXPECTED STRENGTH OF LEVEL 2 WALLS  - W-E DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 2

Loading Direction = W-E

 2.  Expected Strength of Floor Level 2 Walls - W-E Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Wall ID
Wall Length   

(feet)
No.  Layers Sheathing ID Sheathing Material

Drift (%) Drift (%)

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

0 0 01,656 1,564 0 019 2.00 1,760 2,152

0 0 0 0

0 0 0

18 3.00 2,640 3,228 2,484 2,346 0

17 5.00 4,400 5,380

13 9.00 7,920 9,684 7,452 7,038 0 0 0 0 0

14 5.00 4,400 5,380 4,140 3,910 0 0 0 0 0

15 8.00 7,040 8,608 6,624 6,256 0 0 0 0 0

16 3.00 2,640 3,228 2,484 2,346 0 0 0 0 0

4,140 3,910 0 0

20 7.00 6,160 7,532 5,796 5,474 0 0 0 0 0

21 2.50 2,200 2,690 2,070 1,955 0 0 0 0 0

22 3.00 2,640 3,228 2,484 2,346 0 0 0 0 0

23 5.00 4,400 5,380 4,140 3,910 0 0 0 0 0

24 8.00 7,040 8,608 6,624 6,256 0 0 0 0 0
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EXPECTED STRENGTH OF LEVEL 2 WALLS  - W-E DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 2

Loading Direction = W-E

 2.  Expected Strength of Floor Level 2 Walls - W-E Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Wall ID
Wall Length   

(feet)
No.  Layers Sheathing ID Sheathing Material

Drift (%) Drift (%)

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - - 0 0 0 0

0 0 0

36 7.00 6,160 7,532 5,796 5,474 0

1,656 1,564 0 035 2.00 1,760 2,152

25 6.00 5,280 6,456 4,968 4,692 0 0 0 0 0

26 2.50 2,200 2,690 2,070 1,955 0 0 0 0 0

27 2.50 2,200 2,690 2,070 1,955 0 0 0 0 0

28 3.00 2,640 3,228 2,484 2,346 0 0 0 0 0

29 4.50 3,960 4,842 3,726 3,519 0 0 0 0 0

30 8.00 7,040 8,608 6,624 6,256 0 0 0 0 0

31 6.00 5,280 6,456 4,968 4,692 0 0 0 0 0

32 2.50 2,200 2,690 2,070 1,955 0 0 0 0 0

33 3.00 2,640 3,228 2,484 2,346 0 0 0 0 0

34 5.00 4,400 5,380 0 0 04,140 3,910 0 0
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EXPECTED STRENGTH OF LEVEL 2 WALLS  - W-E DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 2

Loading Direction = W-E

 2.  Expected Strength of Floor Level 2 Walls - W-E Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Wall ID
Wall Length   

(feet)
No.  Layers Sheathing ID Sheathing Material

Drift (%) Drift (%)

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

1 1 Stucco 333 320 262 0 - - - - -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

1 1 Stucco 333 320 262 0 - - - - -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

1 1 Stucco 333 320 262 0 - - - - -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - - 0 0 0 0

0 0 0

48 4.00 3,092 3,432 2,704 1,564 0

3,042 1,760 0 047 4.50 3,479 3,861

0 0 0 0

0 0 0

46 2.00 1,546 1,716 1,352 782 0

7,452 7,038 0 045 9.00 7,920 9,684

0 0 0 0

0 0 0

44 5.00 4,400 5,380 4,140 3,910 0

5,796 5,474 0 043 7.00 6,160 7,532

0 0 0 0

0 0 0

42 4.50 3,960 4,842 3,726 3,519 0

4,968 4,692 0 041 6.00 5,280 6,456

0 0 0 0

0 0 0

40 8.00 7,040 8,608 6,624 6,256 0

8,280 7,820 0 039 10.00 8,800 10,760

0 0 0 0

0 0 0

38 10.00 8,800 10,760 8,280 7,820 0

6,624 6,256 0 037 8.00 7,040 8,608
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EXPECTED STRENGTH OF LEVEL 2 WALLS  - W-E DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 2

Loading Direction = W-E

 2.  Expected Strength of Floor Level 2 Walls - W-E Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Wall ID
Wall Length   

(feet)
No.  Layers Sheathing ID Sheathing Material

Drift (%) Drift (%)

1 1 Stucco 333 320 262 0 - - - - -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

1 1 Stucco 333 320 262 0 - - - - -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

1 1 Stucco 333 320 262 0 - - - - -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

4

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

232 282 222 208 2 2 2 0 0

51

0 0 0 0

0 0 0

50 4.00 3,092 3,432 2,704 1,564 0

2,704 1,564 0 049 4.00 3,092 3,432

0 0 0 03.00 2,319 2,574 2,028 1,173 0

Drift (%)

Sum of Expected Composite Wall Strengths (Kips)
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EXPECTED STRENGTH OF LEVEL 1 WALLS  - N-S DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 1

Loading Direction = N-S

 3.  Expected Strength of Floor Level 1 Walls - N-S Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 12 WSP, 10d @ 6" oc 548 767 946 1,023 1,038 1,055 1,065 843 0

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 4 Plaster on Wood Lath 440 538 414 391 0 - - - -

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

1 15 WSP, 10d @ 2" oc 1,120 1,568 1,999 2,248 2,405 2,512 2,512 2,231 0

1 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0 4,930 3,638 06,936 6,290 5,848 5,13412 17.00 6,868 7,242

1,963 1,885 1,391 0

2,030 1,498 0

11 6.50 2,626 2,769 2,652 2,405 2,236

2,856 2,590 2,408 2,11410 7.00 2,828 2,982

1,208 1,160 856 0

4,350 3,210 0

9 4.00 1,616 1,704 1,632 1,480 1,376

6,120 5,550 5,160 4,5308 15.00 6,060 6,390

1,359 1,305 963 0

93,042 82,242 0

7 4.50 1,818 1,917 1,836 1,665 1,548

75,636 84,258 89,676 93,1506 36.00 43,956 60,282

3,480 2,568 04,896 4,440 4,128 3,6245 12.00 4,848 5,112

1,359 1,305 963 0

1,368 0 0

4 4.50 1,818 1,917 1,836 1,665 1,548

3 8.00 7,632 9,392

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Wall ID
Wall Length   

(feet)
No.  Layers Sheathing ID Sheathing Material

Drift (%) Drift (%)

1 30.00 21,480 25,470 30,000 36,900 9,510 9,240 9,480 3,210 0

2 42.00 33,810 45,570 56,448 65,373 46,641 47,607 48,321 35,406 0

9,680 11,488 1,160 1,256
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EXPECTED STRENGTH OF LEVEL 1 WALLS  - N-S DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 1

Loading Direction = N-S

 3.  Expected Strength of Floor Level 1 Walls - N-S Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Wall ID
Wall Length   

(feet)
No.  Layers Sheathing ID Sheathing Material

Drift (%) Drift (%)

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 13 WSP, 10d @ 4" oc 707 990 1,275 1,420 1,466 1,496 1,496 1,185 0

2,900 2,140 04,080 3,700 3,440 3,02016 10.00 4,040 4,260

11,476 11,020 8,132 0

0 0 0

15 38.00 15,352 16,188 15,504 14,060 13,072

0 0 0 014 12.00 0 0

2,718 2,610 1,926 013 9.00 3,636 3,834 3,672 3,330 3,096

17 10.00 4,040 4,260 4,080 3,700 3,440 3,020 2,900 2,140 0

18 11.00 0 0 0 0 0 0 0 0 0

19 11.00 4,444 4,686 4,488 4,070 3,784 3,322 3,190 2,354 0

20 0 0 0 0 0 0 0 0 0

21 11.00 4,444 4,686 4,488 4,070 3,784 3,322 3,190 2,354 0

22 11.00 4,444 4,686 4,488 4,070 3,784 3,322 3,190 2,354 0

23 11.00 4,444 4,686 4,488 4,070 3,784 3,322 3,190 2,354 0

24 34.00 32,776 44,472 56,882 66,045 52,309 53,533 53,771 40,290 0
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EXPECTED STRENGTH OF LEVEL 1 WALLS  - N-S DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 1

Loading Direction = N-S

 3.  Expected Strength of Floor Level 1 Walls - N-S Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Wall ID
Wall Length   

(feet)
No.  Layers Sheathing ID Sheathing Material

Drift (%) Drift (%)

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 13 WSP, 10d @ 4" oc 707 990 1,275 1,420 1,466 1,496 1,496 1,185 0

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

270 335 392 438 322 321 321 242 0

11,088 11,376 3,852 026 36.00 25,776 30,564 36,000 44,280 11,412

Drift (%)

Sum of Expected Composite Wall Strengths (Kips)

25 32.00 30,848 41,856 50,608 37,920 053,536 62,160 49,232 50,384
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EXPECTED STRENGTH OF LEVEL 1 WALLS  - W-E DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 1

Loading Direction = W-E

 4.  Expected Strength of Floor Level 1 Walls - W-E Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

1 3 Diagonal Wood Sheathing 429 540 686 913 0 - - - -

1 2Horizontal Wood Sheathing or Wood Siding85 96 110 132 145 157 171 0 -

1 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

1 17 Moment Frame 625 875 1,250 1,875 2,110 2,248 2,386 2,662 2,800

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0 755 725 535 0

3,190 2,354 0

12 2.50 1,010 1,065 1,020 925 860

4,488 4,070 3,784 3,32211 11.00 4,444 4,686

3,322 3,190 2,354 0

1,305 963 0

10 11.00 4,444 4,686 4,488 4,070 3,784

1,359

9 4.50 1,818 1,917 1,836 1,665 1,548 1,359

428 0

8 4.50 1,818 1,917 1,305 963 01,836

535 0

7 2.00 808 852 816 740 688 604

6 2.50 1,010 1,065

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Wall ID
Wall Length   

(feet)
No.  Layers Sheathing ID Sheathing Material

Drift (%) Drift (%)

1 4.50 3,222 3,821 4,500 5,535 1,427 1,386 1,422 482 0

2 7.00 5,012 5,943 7,000 8,610 2,219 2,156 2,212 749 0

3 4.50 3,222 3,821 4,500 5,535 1,427 1,386 1,422 482 0

4 18.50 11,563 16,188 23,125 34,688 39,041 41,593 44,145 49,248 51,800

5 2.50 1,010 1,065 535 01,020 925 860 755

1,020 925

725

860 755 725

580

1,665 1,548
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EXPECTED STRENGTH OF LEVEL 1 WALLS  - W-E DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 1

Loading Direction = W-E

 4.  Expected Strength of Floor Level 1 Walls - W-E Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Wall ID
Wall Length   

(feet)
No.  Layers Sheathing ID Sheathing Material

Drift (%) Drift (%)

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

1 14 WSP, 10d @ 3" oc 940 1,316 1,696 1,889 1,949 1,990 1,990 1,576 0

1 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

1 14 WSP, 10d @ 3" oc 940 1,316 1,696 1,889 1,949 1,990 1,990 1,576 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

1 14 WSP, 10d @ 3" oc 940 1,316 1,696 1,889 1,949 1,990 1,990 1,576 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

1 14 WSP, 10d @ 3" oc 940 1,316 1,696 1,889 1,949 1,990 1,990 1,576 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

2 6 Gypsum Wallboard 202 213 204 185 172 151 145 107 0

26,763 26,688 21,038 0

55,510 43,758 0

20 12.50 14,275 19,113 23,750 25,925 26,513

49,400 53,924 55,146 55,66619 26.00 29,692 39,754

18,590 18,563 14,666 0

2,900 2,140 0

18 9.00 9,369 12,803 16,182 17,834 18,315

4,080 3,700 3,440 3,02017 10.00 4,040 4,260

1,510 1,450 1,070 0

1,885 1,391 0

16 5.00 2,020 2,130 2,040 1,850 1,720

2,652 2,405 2,236 1,96315 6.50 2,626 2,769

1,812 1,740 1,284 0

1,450 1,070 0

14 6.00 2,424 2,556 2,448 2,220 2,064

2,040 1,850 1,720 1,51013 5.00 2,020 2,130

21 4.50 5,139 6,881 8,550 9,333 9,545 9,635 9,608 7,574 0

22 8.00 3,232 3,408 3,264 2,960 2,752 2,416 2,320 1,712 0

23 2.50 1,010 1,065 1,020 925 860 755 725 535 0

24 2.50 1,010 1,065 1,020 925 860 755 725 535 0
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EXPECTED STRENGTH OF LEVEL 1 WALLS  - W-E DIRECTION

2013 SAN FRANCISCO BUILDING CODE

816 TAVARAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Floor Level = 1

Loading Direction = W-E

 4.  Expected Strength of Floor Level 1 Walls - W-E Direction

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00 0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

Expected Strength Per Layer (plf) Expected Composite Strength (lbs)

Wall ID
Wall Length   

(feet)
No.  Layers Sheathing ID Sheathing Material

Drift (%) Drift (%)

1 18 Moment Frame 250 350 500 750 844 899 954 1,065 1,120

1 18 Moment Frame 250 350 500 750 844 899 954 1,065 1,120

0.50 0.70 1.00 1.50 2.00 2.50 3.00 4.00 5.00

121 152 182 208 200 201 204 178 74

Drift (%)

Sum of Expected Composite Wall Strengths (Kips)

5,000 7,500 8,44126 10.00 2,500 3,500 8,993 9,545 10,648 11,200

25 10.00 2,500 3,500 5,000 7,500 8,441 8,993 9,545 10,648 11,200

Page  3  of  3 Floor Below, W-E  816 Tavaral - Story Strength Check- Level 2 and 1.xls  7/23/2018

816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 69 of 165



816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 70 of 165

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text
EVALUATION OF EXISTING FOUNDATIONS:

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text



816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 71 of 165

Delimar Sanchez
Typewritten Text

Delimar Sanchez
Typewritten Text



816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 72 of 165

Delimar Sanchez
Typewritten Text



EXISTING FOUNDATION EVALUATION- SHEAR WALL AT GRIDLINE A  (EVAL CASE E-1)

DETERMINATION OF VERTICAL AND LATERAL LOADS TO FOUNDATION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions

1.  Existing walls are treated as pinned Columns.  Footing is assumed rigid.

2.  Column loads are located in transverse center of footing; limit of 2 columns w/o flexure.

3.  Footing has no shear reinforcement.

4.  Concrete is Normal Weight Concrete with uncoated bars. F5

H5

1.    Lateral Loads and Load Effects F4

V = 10.00 kips  (Base Shear - A4 ASD)

H4

F3

Floor 

Level

Height    

(feet)

Loading 

ID
Vx / V       

Shear       

(Kips)

Force       

(Kips)

Moment       

(Kip-ft)

5

R 11.00 4 0.30 3.00 3.00 135.0 H3

3 10.00 3 0.65 6.50 3.50 254.0

2 13.50 2 0.89 8.90 2.40 311.6 F2

1 10.50 1 1.00 10.00 1.10 323.2

H2

MOT = 323.15 Kip-ft F1

H1

2.    Vertical Loads and Load Effects MOT

Wall
Floor 

Level DL     (psf)

Length     

(feet)

Width     

(feet)

Area     

(ft
2
)

Weight     

(kips)

WL     

(psf)

Length     

(feet)

Height    

(feet)

Area     

(ft
2
)

Weight     

(kips)

R 20 42.00 2.00 84 1.68 14 42.00 11.00 462 6.47

3 30 42.00 2.00 84 2.52 14 42.00 10.00 420 5.88

2 30 42.00 2.00 84 2.52 14 42.00 13.50 567 7.94

1 30 42.00 2.00 84 2.52 14 42.00 10.50 441 6.17

Sum of Floor Weight = 9.24 Kips Sum of Wall Weight = 26.46 Kips

PD1 = 35.70 Kips

Floor Tributary Loads Wall Tributary Loads

1
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EXISTING FOUNDATION EVALUATION- SHEAR WALL AT GRIDLINE A  (EVAL CASE E-1)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions :1.  Footing has no shear reinforcement.

2.  Concrete is Normal Weight Concrete with uncoated bars.

  Footing Parameters :

Footing Size :

Lx = 48.0 feet ds = 0.0 feet  (depth of soil)

Ly = 1.4 feet

hf = 3.0 feet

Wall Location :

xc = 24.0 feet (Wall centerline distance from Left Edge)

yc = 1.1 feet (Wall centerline distance from Bottom Edge)

Wall Size :

Cx = 42.0 feet (Wall length)

Cy = 0.5 feet (Wall width)

      Interconnected Slab at Sides:

Note :

Side : Left Right

t  Inches   (Slab Thickness)

X  Feet (distance to other Slab Edge Support

f'c                       Ksi

Conn Type     (D= Dowel, C= Continuous)

Concrete : f'c = 3.25 Ksi

fy = 40.00 Ksi

ρc = 0.150 kip/ft^3

Reinforcement: dc = 1.00 inches  (bar clearance - top)

dc = 2.00 inches  (bar clearance - bottom)

= 2.00 inches  (bar clearance - sides)

LB = 1.42 feet (Bearing Length)

Orientation Bar Size N Bars
Bottom 

Layer

d      

(inches)

Bar 

Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)
Note: Reinf Layout = 0

x 7 1 x 32.13 0.88 0.60 0.60 (Evaluation)

x 7 1 32.75 0.88 0.60 0.60

1. Design of Slab-to-Footing Connections

2. Lateral Resistance of Foundation

3. Soil Pressure due to Applied Loads 

5. Adequacy of Footing - Anchor Pull-out in Existing Footing

5. Adequacy of Footing - Shear 

6. Adequacy of Footing - Flexure 

No Slabs connected to Footing.

Foundation OK for Sliding

 Slabs at sides are used only to reduce soil bearing pressure; footing 

is designed to take all loads.

Bar Area

Top Mat

Bottom Mat

Footing Bearing stress OK

Existing Footing OK for Shear, DC Ratio =0.32

Existing Reinforcement OK, DC Ratio = 0.47

Use 2 - HDU4 with 0.63 Dia anchors @ 16" oc Min EA side

Foundation Cross-Section

-4

-3

-2

-1

0

1

2

-2 0 2 4

Width  (feet)

D
e

p
th

  
(f

e
e

t)

Footing Elevation and Plan

-10

-5

0

5

10

0 5 10 15 20 25 30 35 40 45 50 55
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EXISTING FOUNDATION EVALUATION- SHEAR WALL AT GRIDLINE A  (EVAL CASE E-1)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions : 1.  Existing Footing has no shear reinforcement.

2.  Concrete is Normal Weight Concrete with uncoated bars.

3.  Wall is centered on Footing; Longitudinal Heel and Toe are equal in length.

  Footing Parameters :

Wall Size :

Cx = 42.0 feet (Wall length)

Cy = 0.5 feet (Wall width)

Wall Location :

xc = 24.0 feet (Wall centerline distance from Left Edge)

yc = 1.1 feet (Wall centerline distance from Bottom Edge)

Holdown Anchor :

Holdown = HDU4

tHD = 0.63 inches (Diameter of Holdown Anchor)

Note:  t'HD = 0.63

FCA = 4.67 Kips (Allowable Capacity of Holdown)

FCU = 6.53 Kips (Ultimate Capacity of Holdown)

HHD = 16.00 inches (Embedment depth of Holdown Anchor)

OK

Footing Dimensions :

Lx = 48.00 feet (Footing Length)

hf = 3.00 feet (Footing Height)

Left Right

LH = feet (Length of Heel, if any)

hH = feet (Thickness of Heel, if any)

 (E) Footing Width:

WT = 9.00 inches (Footing Width - at Top of Wall)

= 0.00 inches (Increase in Width - at Left)

= 8.00 inches (Increase in Width - at Right)

WB = 1.42 feet (Footing Width - at Bottom of Wall)

(N) Retrofit Walls: Note: Reinf Layout = 0

(Evaluation)

Concrete Weight : NWC LWC - Lean Weight Concrete, NWC otherwise)

Left Right

tT =  inches (Retrofit Wall Thickness - Top of Wall)

tB =  inches (Retrofit Wall Thickness - Bottom of Wall)

W'T = 0.75 feet (Footing Width - at Top of Wall)

W'B = 1.42 feet (Footing Width - at Bottom of Wall)

tH = inches (Retrofit Wall Thickness of Heel, if any)

Dowel Data : No. 4 Dowels

SD = 12.00 inches (Dowel Spacing - Horiz and Vertical) LB = 1.42 feet (Bearing Length)

Footing Loads : 9.9

Service Strength

P = 35.7 50.0 kips

My = 323.2 452.4 kip-ft  Plastic Hinge Centroidal Heights:

Vx = 10.00 14.0 kips @ hpx = 0.00 feet

Mx = 0 0.1 kip-ft

Vy = 0.0 0.0 kips @ hpy = 0.00 feet

201812.30

inches (Diameter of Holdown 

Anchor Required for Holdown)

Foundation Cross-Section

-4

-3

-2

-1

0

1

2

-2 0 2 4

Width  (feet)

D
e

p
th

  
(f

e
e

t)

Footing Elevation and Plan

-10

-5

0

5

10
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EXISTING FOUNDATION EVALUATION- SHEAR WALL AT GRIDLINE A  (EVAL CASE E-1)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

Capacity Factors :

Concrete : Steel Anchor in Concrete:

ɸv  = 0.75 (Shear) ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸb  = 0.65 (Bearing) ɸsa,t  = 0.75 (Steel Anchor - Tension, Ductile Steel Element - ACI D.4.4)

ɸsa,cb  = 0.65 (Steel Anchor - Concrete Breakout Category 2 - ACI D.4.4)

Note:  Cat 1 :  Low Sensitivity to installation and High Reliability

Material Properties :

Concrete : Steel Anchor in Concrete:

f'ce = 3.25 Ksi (Existing Concrete) fya = 60.00 Ksi  (PCA Notes Table 34-1 - ASTM A307)

f'cn = 2.50 Ksi (New Concrete)

fy = 40 Ksi  (Existing Reinforcement) Note :  Year Built : 1921

ρc = 0.150 kip/ft^3

      Interconnected Slab at Sides:

Note :  Slabs at sides are used only to reduce soil bearing pressure; footing is designed to take all loads.

Side : Left Right

t  Inches   (Slab Thickness)

h  Inches   (Distance to Top of Wall)

X  Feet (distance to other Slab Edge Support

f'c                       Ksi

Conn Type     (D= Dowel, C= Continuous)

Reinforcement: dc = 1.00 inches  (bar clearance - top) Existing Reinforcement:

dc = 2.00 inches  (bar clearance - bottom) Top 2 No. 4

= 2.00 inches  (bar clearance - sides) Bottom 2 No. 4

Location Bar Size
N Bars 

(Max 3)

Bottom 

Layer

d      

(inches)

b      

(inches)

Bar 

Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)

Top 7 1 x 32.13 9.00 0.88 0.60 0.60

Bottom 7 1 32.75 17.00 0.88 0.60 0.60

Soil Parameters : σallow =  2.00 ksf  (Allowable Bearing Pressure)

σp =  0.30 ksf/ft  (Passive Soil Pressure)

µ =  0.25 ksf  (Coefficient of Friction)

Bar AreaNew Flexural Reinforcement EA Side

Foundation Cross-Section

-4

-3

-2

-1

0

1

2

-4 -2 0 2 4

Width  (feet)

D
e

p
th

  
(f

e
e

t)

Footing Elevation and Plan
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0
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EXISTING FOUNDATION EVALUATION- SHEAR WALL AT GRIDLINE A  (EVAL CASE E-1)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

2. Lateral Resistance of Foundation

2A. Longitudinal Loading

FRx =  0.5 L'y  h'f
2
  σp  +  0.6 (Wf  + P) µ Where L'y =  W'B W'B = 1.42 feet (Footing Width - at Bottom of Wall)

L'y = 1.42 feet  (Bearing Width at Ends of Footing)

h'f =  hf + hsk and hf = 3.00 feet

hsk = 0.00 feet (Additional height of Shear Key at Footing End)

h'f = 3.0 feet  (Bearing Height at Ends of Footing)

=  (6.4) (0.30) + 0.6 (66.3) (0.25) σp =  0.30 ksf/ft  (Passive Soil Pressure)

=  (1.91) + (10.10) Wf =    ρc  Lx  L y  hf and ρc = 0.150 kip/ft^3

Lx = 48.0 feet 0

Ly = 1.4 feet

hf = 3.0 feet

Wf = 30.60 Kips    (Footing Weight)

P = 35.7 Kips (Service Load)

µ =  0.25 ksf  (Coefficient of Friction)

FRx = 12.02 kips Note : Vx = 10.00 kips

OK

3. Soil Pressure due to Applied Loads 

3A. Longitudinal Loading

a) Loading Eccentricity Note:   Effective transverse width of footing for bearing is assumed as Bottom of Footing Width,  Ly = L'B

ex = Σ My / P' Where Σ My = My + Vx Hpx - P (0.5 Lx - xc) and My = 323 kip-ft

Vx = 10 kips

@ hpx = 0.00 feet

P = 36 Kips

Lx = 48.0 feet

= 323 kip-ft + 0 kip-ft - 0 kip-ft xc = 24.0 feet (Column centerline distance from Left Edge)

Σ My = 323 Kip-in

P' = P + PF and P = 36 Kips

PF = for ρc = 0.150 kip/ft^3

Lx = 48.0 feet

Ly = 0.5 (L'T + L'B) = 1.1 feet

hf = 3.0 feet

PF = 23.40 kips (footing weight)

P' = 59 Kips

ex = 5.47 feet

Note: Lx/6 = 8.00 feet (Footing Middle Third)

Foundation OK for Sliding

  ρc Lx Ly hf
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EXISTING FOUNDATION EVALUATION- SHEAR WALL AT GRIDLINE A  (EVAL CASE E-1)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

b) Bearing Stresses

      i)  for ex ≤ Lx/6 (within Middle Lx/3) <= Governs!

σmax = P (1 + 6 ex / Lx) / (Lx Ly) Where P = 59 Kips

σmin = P (1 - 6 ex / Lx) / (Lx Ly) ex = 5.47 feet

Lx = 48.0 feet

Ly = LB = 1.4 feet

σmax = 1.46 Ksf

σmin = 0.28 Ksf

      ii)  for ex > Lx/6 (outside Middle Lx/3)

σmax = 2 P / (Lbx Ly) Where P = 59 Kips

Lbx = 3 (0.5 Lx - ex) and Lx = 48.0 feet

ex = 5.47 feet

Lbx = 48.00 feet

Ly = LB = 1.4 feet

σmax = 1.74 Ksf

σmin = 0.00 Ksf

      iii)  Governing Condition σmax = 1.46 Ksf

σmin = 0.28 Ksf

3B. Transverse Loading

a) Loading Eccentricity Note:   Effective transverse width of footing for bearing is assumed as Bottom of Footing Width,  Ly = L'B

ey =  Σ Mx / P' Where Σ Mx = Mx + Vy Hpy - P (0.5 Ly - yc) and Mx = 0 kip-ft

Vy = 0 kips

@ hpy = 0.00 feet

P = 36 Kips

Ly = LB = 1.4 feet

= 0 kip-ft + 0 kip-ft - -13 kip-ft yc = 1.1 feet (Column centerline distance from Left Edge)

Σ My = 13 Kip-in

P' = 59 Kips

ey = 0.22 feet

Note: Ly/6 = 0.24 feet (Footing Middle Third)

b) Bearing Stresses

      i)  for ey ≤ Ly/6 (within Middle Ly/3) <= Governs!

σmax = P' (1 + 6 ey / Ly) / (Lx Ly) Where P' = 59 Kips

σmin = P' (1 - 6 ey / Ly) / (Lx Ly) ey = 0.22 feet

Ly = LB = 1.4 feet

Lx = 48.0 feet

σmax = 1.66 Ksf

σmin = 0.08 Ksf

      ii)  for ex > Lx/6 (outside Middle Lx/3)

σmax = 2 P' / (Lby Lx) Where P' = 59 Kips

Lby = 3 (0.5 Ly - ey)   ≤   Ly and Ly = LB = 1.4 feet

ey = 0.22 feet

Lby = 1.42 feet

Lx = 48.0 feet

σmax = 1.74 Ksf

σmin = 0.00 Ksf

      iii)  Governing Condition σmax = 1.66 Ksf

σmin = 0.08 Ksf

Longitudinal Bearing Stress
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EXISTING FOUNDATION EVALUATION- SHEAR WALL AT GRIDLINE A  (EVAL CASE E-1)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

3C.   Check of Bearing Stresses on Soil

   a) Assuming all loads resisted by Footing only

σmax = Max(σmax,x,σmax,y) Where σmax = 1.46 Ksf (Longitudinal Direction)

= 1.66 Ksf (Transverse Direction)

   b) Assuming all loads resisted by Footing + Adjoining Slabs Note:   Effective transverse width of footing for bearing is assumed as Bottom of Footing Width,  Ly = L'B

σmax = Max(σmax,x,σmax,y)  *  Ly / b  Where σmax = 1.46 Ksf (Longitudinal Direction) and Ly = LB = 1.4 feet

= 1.66 Ksf (Transverse Direction) b = 17.00 inches

=  ( 1.66 * 1.00 ) = 1.42 feet

σmax = 1.66 Ksf Note: σallow =  2.00 ksf  (allowable bearing pressure)

OK

4. Applied Loading and Demands on Footing

Left End
Left Face of 

Wall

Wall 

Centerline

Right Face 

of Wall
Right End Left End

Left Face 

of 

Column 

Column 

Centerline

Right Face of 

Column 
Right End

Location                  

(feet)
0 3.00 24.00 45.00 48.00

Location                  

(feet)
0.00 0.81 1.06 1.31 1.42

σ  = qu/Ly             (ksf) 0.39 0.48 1.21 1.94 2.05
σ  = qu/Ly          

(ksf)
0.08 0.99 1.27 1.54 1.66

P                       (kips) - - 50 - -
P                       

(kips)
- - 50 - -

My + V hpx           (kip-

ft)
- - 452 - -

My + V hpx           

(kip-ft)
- - 0 - -

V+                                    

(kips)
- 6 - 8 5

V+                                    

(kips)
0 21 34 1 9

V-                                             

(kips)
-5 -4 -3 -2 -

V-                                             

(kips)
- - - - -

M+                                        

(kip-ft)
0 14 18 3 -

M+                                        

(kip-ft)
0 - - - -

M-                                            

(kip-ft)
- - - - -1

M-                                            

(kip-ft)
- -6 -13 -11 -12

Footing Bearing stress OK

Longitudinal Direction Transverse Direction

Longitudinal Bearing Stress, Shear 

and Flexural Demands
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EXISTING FOUNDATION EVALUATION- SHEAR WALL AT GRIDLINE A  (EVAL CASE E-1)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

5. Adequacy of Footing - Anchor Pull-out in Existing Footing

Holdown = HDU4

FCU = 6.53 Kips (Ultimate Capacity of Holdown)

HHD = 16.00 inches (Embedment depth of Holdown Anchor)

a) Bolt Design Strength - Tension (ACI 318-08 D3.3.3, D4.4, D5.1)

ɸEQ  ɸsa,t  Nsa =   ɸEQ  ɸsa,t  n  Ase,N  futa       (D-3)

Where ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸsa,t  = 0.75 (Steel Anchor  - Tension, Ductile Steel Element - ACI Section D.4.4)

n = 1 (number of anchors)

Ase,N = π  tHD
2

for tHD = 0.63

Ase,N = 0.307 in
2

futa =  Min  (1.6 fya, 125) for fya = 60.00

futa = 96.00 Ksi 

ɸEQ  ɸsa,t  Nsa = 16.57 Kips   (Bolt Design Strength - Tension)

b) Concrete Breakout Strength - Tension (ACI 318-08 Section D5.2)

Note:  Condition B is assumed per Section D4.4, where Supplementary reinforcement in not present in failure prism.

ɸEQ  ɸsa,cb  Ncb =   ɸEQ  ɸsa,cb  Nb  ANC / ANCO     Ψ1  Ψ2  Ψ3         (D-4)

Where ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸsa,cb  = 0.65 (Steel Anchor - Concrete Breakout Category 2 - ACI D.4.4)

Note:  Cat 1 :  Low Sensitivity to installation and High Reliability

Nb =  Basic concrete Break-out Strength of a single anchor in Tension in Cracked Concrete (ACI D.5.2.2)

=  KC  f'c
0.5

  Hef
1.5

  λ and KC = 17  Post-installed Anchors (D5.2.2)

f'c = 3.25 Ksi

= 3,250 Psi

Hef = HHD = 16.00 inches (Embedment depth of Holdown Anchor)

λ = 1.00 (1.0 for NWC, 0.75 for LWC)

Note: NWC  - Normal Weight Concrete Assumed

Nb = 62.03 Kips

ANC =  Projected Concrete Failure Area - Actual (ACI D5.2.1)

=    2 (1.5 Hef )  (Ca1 + Ca2) and Hef = HHD = 16.00 inches (Embedment depth of Holdown Anchor)

Ca1 = 4.50 inches (Distance from Wall CL to Left Edge of Existing Footing Wall)

Ca2 = 7.17 inches (Distance from Wall CL to Right Edge of Existing Footing Wall)

ANC = 560 in
2

ANCO =  Projected Concrete Failure Area - Ideal (ACI D5.2.1)

=   9  hef
2
     (D-6) and hef = HHD = 16.00 inches (Embedment depth of Holdown Anchor)

ANCO = 2,304 in
2

Ψ1 = Ψed,N =   Modification for Edge Effects (ACI D.5.2.5)

= 1.0   if Ca,min >= 1.5 Hef Where Ca1 = 4.50 inches (Distance from Wall CL to Left Edge of Existing Footing Wall)

=   0.7  +  0.3  Ca,min / (1.5 Hef)   if Ca,min < 1.5 Hef Ca2 = 7.17 inches (Distance from Wall CL to Right Edge of Existing Footing Wall)

Ca,min = 4.50 inches

Hef = HHD = 16.00 inches (Embedment depth of Holdown Anchor)

Ψ1 = Ψed,N = 0.76   Modification for Edge Effects (ACI D.5.2.5)

inches (Diameter of 

Holdown Anchor)

Ksi  (PCA Notes Table 

34-1 - ASTM A307)

Foundation Cross-Section
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Ψ2 = Ψc,N =   Modification for Uncracked Concrete (ACI D.5.2.6)

= 1.0 Note:   Existing Concrete is assume to crack at anchor bolt limit state or capacity of holdown.

Ψ2 = Ψc,N = 1.0   Modification for Uncracked Concrete (ACI D.5.2.6)

Ψ3 = Ψcp,N =   Modification for Post-Installed Anchors  (ACI D.5.2.7)

= 1.0   if Ca,min >=  Cac   for Ca,min = 4.50 inches

  Cac = 2.5 Hef      and Hef = HHD = 16.00 inches (Embedment depth of Holdown Anchor)

 Cac = 40.0 inches

=  Max ( Ca,min / Cac , 1.5 Hef / Cac )    if Ca,min <  Cac

=  Max (0.11, 0.60 )

Ψ3 = Ψcp,N = 0.60   Modification for Post-Installed Anchors  (ACI D.5.2.7)

ɸEQ  ɸsa,cb  Ncb = 3.33 Kips     (Concrete Break-out Strength - Tension)

c) Pullout Strength of Anchor - Tension (ACI 318-08 Section D5.3)

Note:  Condition B is assumed per Section D4.4, where Supplementary reinforcement in not present in failure prism.

ɸEQ  ɸsa,po  Np =   ɸEQ  ɸsa,po  Np     Ψ4          (D-14)

Where ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸsa,po  = ɸsa,cb  = 0.65 (Steel Anchor - Concrete Breakout/Pullout Category 2 - ACI D.4.4)

  Cat 1 :  Low Sensitivity to installation and High Reliability

Np =   Pull-out Strength of a single anchor in Tension in Cracked Concrete (ACI D.5.2.2)

=   8  Abrg  f'c      (D-15) and Abrg = Ase,N =  Bearing Area of Anchor Bolt

= 0.307 in
2 for tHD = 0.63 inches (Diameter of Holdown Anchor)

f'c = 3.25 Ksi

= 3,250 Psi

Np = 7.98 kips

Ψ4 = Ψc,P =   Modification for uncracked Concrete  (ACI D.5.2.7)

= 1.0 Note:   Existing Concrete is assumed to crack at anchor bolt limit state or capacity of holdown.

Ψ4 = Ψc,P = 1.0   Modification for Uncracked Concrete (ACI D.5.2.6)

ɸEQ  ɸsa,po  Np = 3.89 Kips     (Concrete Pull-out Strength - Tension)

d) Concrete Side-face Blowout Strength of Anchor - Tension (ACI 318-08 Section D5.4)

ɸEQ  ɸsa,sf  Np =   ɸEQ  ɸsa,po  Np 

Where ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸsa,sf  = ɸsa,cb  = 0.65 (Steel Anchor - Concrete Breakout/Pullout/Side Blowout Category 2 - ACI D.4.4)

  Cat 1 :  Low Sensitivity to installation and High Reliability

Np = 160 Ca1 Abrg
0.5

  λ  f'c
0.5 Where Ca1 = 4.50 inches (Distance from Wall CL to Left Edge of Existing Footing Wall)

Ca2 = 7.17 inches (Distance from Wall CL to Right Edge of Existing Footing Wall)

Ca,min = 4.50 inches

and Abrg = Ase,N = 0.307 in
2 for tHD = 0.63 inches (Diameter of Holdown Anchor)

λ = 1.00 (1.0 for NWC, 0.75 for LWC)

Note: NWC  - Normal Weight Concrete Assumed

f'c = 3.25 Ksi

= 3,250 Psi

Np = 22.74 Kips

ɸEQ  ɸsa,sf  Np = 11.1 Kips     (Concrete Side-face Blowout Strength - Tension)
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e) Limiting Governing Strength of Anchor - Tension Only

Note: Holdown = HDU4

FCU = 6.53 Kips (Ultimate Capacity of Holdown)

HHD = 16.00 inches (Embedment depth of Holdown Anchor)

tHD = 0.63 inches

    Limiting Strength of Anchor in Tension:

TUC =   Min (ɸEQ  ɸsa,t  Nsa , ɸEQ  ɸsa,cb  Ncb , ɸEQ  ɸsa,po  Np , ɸEQ  ɸsa,sf  Np )

Where ɸEQ  ɸsa,t  Nsa = 16.57 Kips   (Bolt Design Strength)

ɸEQ  ɸsa,cb  Ncb = 3.33 Kips     (Concrete Break-out Strength)

ɸEQ  ɸsa,po  Np = 3.89 Kips     (Concrete Pull-out Strength)

ɸEQ  ɸsa,sf  Np = 11.1 Kips     (Concrete Side-face Blowout Strength)

TUC = 3.33 Kips

    Required Number of Holdown Anchors:

NA =  FCU / TUC Where FCU = 6.53 Kips (Ultimate Capacity of Holdown)

= 1.96 TUC = 3.33 Kips (Strength per Anchor)

NA = 2

Use 2 - HDU4 with 0.63 Dia anchors @ 16" oc Min EA side
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6. Adequacy of Footing - Shear 

A. Flexural/One-Way Shear on Full Cross-Section Note:   Effective transverse width of footing for Shear is assumed as Top of Footing Width,  Ly = L'T

Shear demands: Vux = 6.3 Kips @ xL = 0.27 feet (locations at distance d from face of Wall - Left side)

= 8.1 Kips @ xR = 47.73 feet (                                                               - Right side)

= > Vux = 8.1 Kips

         ii) Shear capacity of concrete without shear reinforcement

Note: Vu d/Mu value must be ≤ 1.0

Where ɸ = 0.75

f'c = 3,250 psi

ρw = Asx/(Ly dx) and Asx = 0.60 in^2

Ly = 0.75 feet

= 9.0 inches

d = 32.75 inches

ρw = 0.002036

Vu = 8 kips

d = 32.75 inches

Mu = 3 Kip-ft @ Vux = 8 Kips (location of shear value)

Check of Vu d/Mu value limit:

Vu d/Mu = 7.78 where Vu = 8 kips

NG, value 

taken as 

unity. d = 32.75 inches

Mu = 3 kip-ft

= 34 kip -in

bw = L'T = 0.8 feet

= 9.0 inches

d = 32.75 inches

= > ɸ Vc = 25.1 kips Comparison w/ Equation 11-3:

ɸ Vc = ɸ 2 f'c
0.5

 bw d Where ɸ = 0.75

f'c = 3,250 psi

bw = L'T = 9.0 inches

d = 32.75 inches

ɸ Vc = 25.2 kips

Check of upper value limit:

ɸ Vc,max = 3.5 f'c
0.5

 bw d Where f'c = 3,250 psi

bw = L'T = 9.0 inches

d = 32.75 inches

ɸ Vc,max = 58.8 kips

ɸ Vc = 25.1 kips

OK, > Vu Note: D/C Ratio = 0.32  (Demand to Capacity Ratio - Shear)

5)-(11          d b f' 3.5       d b 
M

d V
  2500  f' 1.9 φ  V φ wcw

u

u

wcc ≤







+= ρ
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7. Adequacy of Footing - Flexure 

a) Flexural demands Mux = 14 Kip-ft @ xL = 3.00 feet (locations at face of column - Left side)

= 163 Kip-in Note: Xf = 3.00 feet (Cantilever Length)

= 18 Kip-ft  @ Wall and Footing Centerline

= 221 Kip-in

= 3 Kip-ft @ xR = 45.00 feet (                                        - Right side)

= 34 Kip-in Note: Xf = 3.00 feet (Cantilever Length)

= > Mux = 221 Kip-in

b) Required Reinforcement Ratio (ACI 10.2)

Where f'c = 3.25 Ksi

fy = 40.00 Ksi

Mu = 221 kip-in

Ly = LB = 1.4 feet

= 17 inches

dx = 32.75 inches

ρr = 0.000338

c) Reinforcement Ratio Provided

ρw = Asx/(Ly dx) Where Asx =  AN + AE  AN = 0.00 in
2

(New Flexural Reinforcement)

AE = 0.40 in
2

(Existing Flexural Reinforcement)

Asx = 0.40 in
2

Ly = LB = 1.4 feet

= 17.0 inches

d = 32.75 inches

ρw = 0.000718      (reinforcement ratio provided) Note: D/C Ratio = 0.47  (Demand to Capacity Ratio - Flexure)

OK

Existing Reinforcement OK, DC Ratio = 0.47
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE 3  (EVAL CASE E-2R)

DETERMINATION OF VERTICAL AND LATERAL LOADS TO FOUNDATION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions

1.  Existing walls are treated as pinned Columns.  Footing is assumed rigid.

2.  Column loads are located in transverse center of footing; limit of 2 columns w/o flexure.

3.  Footing has no shear reinforcement.

4.  Concrete is Normal Weight Concrete with uncoated bars. F5

H5

1.    Lateral Loads and Load Effects F4

V = 21.60 kips  (Base Shear - A4 ASD)

H4

F3

Floor 

Level

Height    

(feet)

Loading 

ID
Vx / V       

Shear       

(Kips)

Force       

(Kips)

Moment       

(Kip-ft)

5

R 11.00 4 0.30 6.48 6.48 291.6 H3

3 10.00 3 0.65 14.04 7.56 548.6

2 13.50 2 0.89 19.22 5.18 673.1 F2

1 10.50 1 1.00 21.60 2.38 698.0

H2

MOT = 698.00 Kip-ft F1

H1

2.    Vertical Loads and Load Effects MOT

Wall
Floor 

Level DL     (psf)

Length     

(feet)

Width     

(feet)

Area     

(ft
2
)

Weight     

(kips)

WL     

(psf)

Length     

(feet)

Height    

(feet)

Area     

(ft
2
)

Weight     

(kips)

R 20 26.00 2.00 52 1.04 14 26.00 11.00 286 4.00

3 30 26.00 2.00 52 1.56 14 26.00 10.00 260 3.64

2 30 26.00 2.00 52 1.56 14 26.00 13.50 351 4.91

1 30 26.00 2.00 52 1.56 14 26.00 10.50 273 3.82

Sum of Floor Weight = 5.72 Kips Sum of Wall Weight = 16.38 Kips

PD1 = 22.10 Kips

Floor Tributary Loads Wall Tributary Loads

1
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE 3  (EVAL CASE E-2R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions :1.  Footing has no shear reinforcement.

2.  Concrete is Normal Weight Concrete with uncoated bars.

  Footing Parameters :

Footing Size :

Lx = 32.0 feet ds = 0.0 feet  (depth of soil)

Ly = 2.8 feet

hf = 4.0 feet

Wall Location :

xc = 16.0 feet (Wall centerline distance from Left Edge)

yc = 1.8 feet (Wall centerline distance from Bottom Edge)

Wall Size :

Cx = 26.0 feet (Wall length)

Cy = 0.5 feet (Wall width)

      Interconnected Slab at Sides:

Note :

Side : Left Right

t  Inches   (Slab Thickness)

X  Feet (distance to other Slab Edge Support

f'c                       Ksi

Conn Type     (D= Dowel, C= Continuous)

Concrete : f'c = 3.25 Ksi

fy = 40.00 Ksi

ρc = 0.150 kip/ft^3

Reinforcement: dc = 1.00 inches  (bar clearance - top)

dc = 2.00 inches  (bar clearance - bottom)

= 3.00 inches  (bar clearance - sides)

LB = 3.83 feet (Bearing Length)

Orientation Bar Size N Bars
Bottom 

Layer

d      

(inches)

Bar 

Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)
Note: Reinf Layout = 2

x 6 1 x 44.25 0.75 0.44 0.44 (Two-Sided Retrofit Walls)

x 6 1 44.88 0.75 0.44 0.44

1. Design of Slab-to-Footing Connections

2. Lateral Resistance of Foundation

3. Soil Pressure due to Applied Loads 

5. Adequacy of Footing - Anchor Pull-out in Existing Footing

5. Adequacy of Footing - Shear 

6. Adequacy of Footing - Flexure 

Footing Bearing stress OK

Footing OK for Shear

1 - # 6 Bars OK for Longitudinal Flexure with DC Ratio = 0.41

Use 2 - HDU14 with 1.13 Dia anchors @ 24" oc Min EA side

No Slabs connected to Footing.

Foundation OK for Sliding

 Slabs at sides are used only to reduce soil bearing pressure; footing 

is designed to take all loads.

Bar Area

Top Mat

Bottom Mat

Foundation Cross-Section
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE 3  (EVAL CASE E-2R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions : 1.  Existing Footing has no shear reinforcement.

2.  Concrete is Normal Weight Concrete with uncoated bars.

3.  Wall is centered on Footing; Longitudinal Heel and Toe are equal in length.

  Footing Parameters :

Wall Size :

Cx = 26.0 feet (Wall length)

Cy = 0.5 feet (Wall width)

Wall Location :

xc = 16.0 feet (Wall centerline distance from Left Edge)

yc = 1.8 feet (Wall centerline distance from Bottom Edge)

Holdown Anchor :

Holdown = HDU14

tHD = 1.13 inches (Diameter of Holdown Anchor)

Note:  t'HD = 1.00

FCA = 14.38 Kips (Allowable Capacity of Holdown)

FCU = 20.13 Kips (Ultimate Capacity of Holdown)

HHD = 24.00 inches (Embedment depth of Holdown Anchor)

OK

Footing Dimensions :

Lx = 32.00 feet (Footing Length)

hf = 4.00 feet (Footing Height)

Left Right

LH = 2.00 feet (Length of Heel, if any)

hH = 1.00 feet (Thickness of Heel, if any)

 (E) Footing Width:

WT = 9.00 inches (Footing Width - at Top of Wall)

= 0.00 inches (Increase in Width - at Left)

= 9.00 inches (Increase in Width - at Right)

WB = 1.50 feet (Footing Width - at Bottom of Wall)

(N) Retrofit Walls: Note: Reinf Layout = 2

(Two-Sided Retrofit Walls)

Concrete Weight : NWC LWC - Lean Weight Concrete, NWC otherwise)

Left Right

tT = 8.00 8.00  inches (Retrofit Wall Thickness - Top of Wall)

tB = 8.00 8.00  inches (Retrofit Wall Thickness - Bottom of Wall)

W'T = 2.08 feet (Footing Width - at Top of Wall)

W'B = 2.83 feet (Footing Width - at Bottom of Wall)

tH = inches (Retrofit Wall Thickness of Heel, if any)

Dowel Data : No. 4 Dowels

SD = 12.00 inches (Dowel Spacing - Horiz and Vertical) LB = 3.83 feet (Bearing Length)

Footing Loads : 21.6

Service Strength

P = 22.1 30.9 kips

My = 698.0 977.2 kip-ft  Plastic Hinge Centroidal Heights:

Vx = 21.60 30.2 kips @ hpx = 0.00 feet

Mx = 0 0.3 kip-ft

Vy = 0.0 0.0 kips @ hpy = 0.00 feet

201812.30

inches (Diameter of Holdown 

Anchor Required for Holdown)

Foundation Cross-Section
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE 3  (EVAL CASE E-2R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

Capacity Factors :

Concrete : Steel Anchor in Concrete:

ɸv  = 0.75 (Shear) ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸb  = 0.65 (Bearing) ɸsa,t  = 0.75 (Steel Anchor - Tension, Ductile Steel Element - ACI D.4.4)

ɸsa,cb  = 0.65 (Steel Anchor - Concrete Breakout Category 2 - ACI D.4.4)

Note:  Cat 1 :  Low Sensitivity to installation and High Reliability

Material Properties :

Concrete : Steel Anchor in Concrete:

f'ce = 3.25 Ksi (Existing Concrete) fya = 60.00 Ksi  (PCA Notes Table 34-1 - ASTM A307)

f'cn = 2.50 Ksi (New Concrete)

fy = 40 Ksi  (Existing Reinforcement) Note :  Year Built : 1921

ρc = 0.150 kip/ft^3

      Interconnected Slab at Sides:

Note :  Slabs at sides are used only to reduce soil bearing pressure; footing is designed to take all loads.

Side : Left Right

t  Inches   (Slab Thickness)

h  Inches   (Distance to Top of Wall)

X  Feet (distance to other Slab Edge Support

f'c                       Ksi

Conn Type     (D= Dowel, C= Continuous)

Reinforcement: dc = 1.00 inches  (bar clearance - top) Existing Reinforcement:

dc = 2.00 inches  (bar clearance - bottom) Top 2 No. 4

= 3.00 inches  (bar clearance - sides) Bottom 2 No. 4

Location Bar Size
N Bars 

(Max 3)

Bottom 

Layer

d      

(inches)

b      

(inches)

Bar 

Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)

Top 6 1 x 44.25 25.00 0.75 0.44 0.44

Bottom 6 1 44.88 58.00 0.75 0.44 0.44

Soil Parameters : σallow =  2.04 ksf  (Allowable Bearing Pressure)

σp =  0.30 ksf/ft  (Passive Soil Pressure)

µ =  0.27 ksf  (Coefficient of Friction)

Bar AreaNew Flexural Reinforcement EA Side

Foundation Cross-Section
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE 3  (EVAL CASE E-2R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

2. Lateral Resistance of Foundation

2A. Longitudinal Loading

FRx =  0.5 L'y  h'f
2
  σp  +  0.6 (Wf  + P) µ Where L'y =  W'B W'B = 3.83 feet (Footing Width - at Bottom of Wall)

L'y = 3.83 feet  (Bearing Width at Ends of Footing)

h'f =  hf + hsk and hf = 4.00 feet

hsk = 0.00 feet (Additional height of Shear Key at Footing End)

h'f = 4.0 feet  (Bearing Height at Ends of Footing)

=  (30.7) (0.30) + 0.6 (76.5) (0.27) σp =  0.30 ksf/ft  (Passive Soil Pressure)

=  (9.20) + (12.58) Wf =    ρc  Lx  L y  hf and ρc = 0.150 kip/ft^3

Lx = 32.0 feet 0

Ly = 2.8 feet

hf = 4.0 feet

Wf = 54.40 Kips    (Footing Weight)

P = 22.1 Kips (Service Load)

µ =  0.27 ksf  (Coefficient of Friction)

FRx = 21.78 kips Note : Vx = 21.60 kips

OK

3. Soil Pressure due to Applied Loads 

3A. Longitudinal Loading

a) Loading Eccentricity Note:   Effective transverse width of footing for bearing is assumed as Bottom of Footing Width,  Ly = L'B

ex = Σ My / P' Where Σ My = My + Vx Hpx - P (0.5 Lx - xc) and My = 698 kip-ft

Vx = 22 kips

@ hpx = 0.00 feet

P = 22 Kips

Lx = 32.0 feet

= 698 kip-ft + 0 kip-ft - 0 kip-ft xc = 16.0 feet (Column centerline distance from Left Edge)

Σ My = 698 Kip-in

P' = P + PF and P = 22 Kips

PF = for ρc = 0.150 kip/ft^3

Lx = 32.0 feet

Ly = 0.5 (L'T + L'B) = 2.5 feet

hf = 4.0 feet

PF = 47.20 kips (footing weight)

P' = 69 Kips

ex = 10.07 feet

Note: Lx/6 = 5.33 feet (Footing Middle Third)

Foundation OK for Sliding

  ρc Lx Ly hf
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE 3  (EVAL CASE E-2R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

b) Bearing Stresses

      i)  for ex ≤ Lx/6 (within Middle Lx/3)

σmax = P (1 + 6 ex / Lx) / (Lx Ly) Where P = 69 Kips

σmin = P (1 - 6 ex / Lx) / (Lx Ly) ex = 10.07 feet

Lx = 32.0 feet

Ly = LB = 3.8 feet

σmax = 1.63 Ksf

σmin = -0.50 Ksf

      ii)  for ex > Lx/6 (outside Middle Lx/3) <= Governs!

σmax = 2 P / (Lbx Ly) Where P = 69 Kips

Lbx = 3 (0.5 Lx - ex) and Lx = 32.0 feet

ex = 10.07 feet

Lbx = 17.78 feet

Ly = LB = 3.8 feet

σmax = 2.03 Ksf

σmin = 0.00 Ksf

      iii)  Governing Condition σmax = 2.03 Ksf

σmin = 0.00 Ksf

3B. Transverse Loading

a) Loading Eccentricity Note:   Effective transverse width of footing for bearing is assumed as Bottom of Footing Width,  Ly = L'B

ey =  Σ Mx / P' Where Σ Mx = Mx + Vy Hpy - P (0.5 Ly - yc) and Mx = 0 kip-ft

Vy = 0 kips

@ hpy = 0.00 feet

P = 22 Kips

Ly = LB = 3.8 feet

= 0 kip-ft + 0 kip-ft - 2 kip-ft yc = 1.8 feet (Column centerline distance from Left Edge)

Σ My = -2 Kip-in

P' = 69 Kips

ey = -0.03 feet

Note: Ly/6 = 0.64 feet (Footing Middle Third)

b) Bearing Stresses

      i)  for ey ≤ Ly/6 (within Middle Ly/3) <= Governs!

σmax = P' (1 + 6 ey / Ly) / (Lx Ly) Where P' = 69 Kips

σmin = P' (1 - 6 ey / Ly) / (Lx Ly) ey = -0.03 feet

Ly = LB = 3.8 feet

Lx = 32.0 feet

σmax = 0.59 Ksf

σmin = 0.54 Ksf

      ii)  for ex > Lx/6 (outside Middle Lx/3)

σmax = 2 P' / (Lby Lx) Where P' = 69 Kips

Lby = 3 (0.5 Ly - ey)   ≤   Ly and Ly = LB = 3.8 feet

ey = -0.03 feet

Lby = 3.83 feet

Lx = 32.0 feet

σmax = 1.13 Ksf

σmin = 0.00 Ksf

      iii)  Governing Condition σmax = 0.59 Ksf

σmin = 0.54 Ksf

Longitudinal Bearing Stress
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE 3  (EVAL CASE E-2R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

3C.   Check of Bearing Stresses on Soil

   a) Assuming all loads resisted by Footing only

σmax = Max(σmax,x,σmax,y) Where σmax = 2.03 Ksf (Longitudinal Direction)

= 0.59 Ksf (Transverse Direction)

   b) Assuming all loads resisted by Footing + Adjoining Slabs Note:   Effective transverse width of footing for bearing is assumed as Bottom of Footing Width,  Ly = L'B

σmax = Max(σmax,x,σmax,y)  *  Ly / b  Where σmax = 2.03 Ksf (Longitudinal Direction) and Ly = LB = 3.8 feet

= 0.59 Ksf (Transverse Direction) b = 46.00 inches

=  ( 2.03 * 1.00 ) = 3.83 feet

σmax = 2.03 Ksf Note: σallow =  2.04 ksf  (allowable bearing pressure)

OK

4. Applied Loading and Demands on Footing

Left End
Left Face of 

Wall

Wall 

Centerline

Right Face 

of Wall
Right End Left End

Left Face 

of 

Column 

Column 

Centerline

Right Face of 

Column 
Right End

Location                  

(feet)
0 3.00 16.00 29.00 32.00

Location                  

(feet)
0.00 1.56 1.81 2.06 2.83

σ  = qu/Ly             (ksf) 0.00 0.00 0.27 2.35 2.85
σ  = qu/Ly          

(ksf)
0.59 0.56 0.56 0.55 0.54

P                       (kips) - - 31 - -
P                       

(kips)
- - 31 - -

My + V hpx           (kip-

ft)
- - 977 - -

My + V hpx           

(kip-ft)
- - 0 - -

V+                                    

(kips)
- 23 - 20 10

V+                                    

(kips)
0 29 33 7 20

V-                                             

(kips)
-9 -14 -10 -15 -

V-                                             

(kips)
- - - - -

M+                                        

(kip-ft)
0 36 - - 4

M+                                        

(kip-ft)
0 - - - -

M-                                            

(kip-ft)
- - -46 -5 -

M-                                            

(kip-ft)
- -23 -30 -32 -43

Footing Bearing stress OK

Longitudinal Direction Transverse Direction

Longitudinal Bearing Stress, Shear 

and Flexural Demands
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE 3  (EVAL CASE E-2R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

5. Adequacy of Footing - Anchor Pull-out in Existing Footing

Holdown = HDU14

FCU = 20.13 Kips (Ultimate Capacity of Holdown)

HHD = 24.00 inches (Embedment depth of Holdown Anchor)

a) Bolt Design Strength - Tension (ACI 318-08 D3.3.3, D4.4, D5.1)

ɸEQ  ɸsa,t  Nsa =   ɸEQ  ɸsa,t  n  Ase,N  futa       (D-3)

Where ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸsa,t  = 0.75 (Steel Anchor  - Tension, Ductile Steel Element - ACI Section D.4.4)

n = 1 (number of anchors)

Ase,N = π  tHD
2

for tHD = 1.13

Ase,N = 0.994 in
2

futa =  Min  (1.6 fya, 125) for fya = 60.00

futa = 96.00 Ksi 

ɸEQ  ɸsa,t  Nsa = 53.68 Kips   (Bolt Design Strength - Tension)

b) Concrete Breakout Strength - Tension (ACI 318-08 Section D5.2)

Note:  Condition B is assumed per Section D4.4, where Supplementary reinforcement in not present in failure prism.

ɸEQ  ɸsa,cb  Ncb =   ɸEQ  ɸsa,cb  Nb  ANC / ANCO     Ψ1  Ψ2  Ψ3         (D-4)

Where ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸsa,cb  = 0.65 (Steel Anchor - Concrete Breakout Category 2 - ACI D.4.4)

Note:  Cat 1 :  Low Sensitivity to installation and High Reliability

Nb =  Basic concrete Break-out Strength of a single anchor in Tension in Cracked Concrete (ACI D.5.2.2)

=  KC  f'c
0.5

  Hef
1.5

  λ and KC = 17  Post-installed Anchors (D5.2.2)

f'c = 3.25 Ksi

= 3,250 Psi

Hef = HHD = 24.00 inches (Embedment depth of Holdown Anchor)

λ = 1.00 (1.0 for NWC, 0.75 for LWC)

Note: NWC  - Normal Weight Concrete Assumed

Nb = 113.95 Kips

ANC =  Projected Concrete Failure Area - Actual (ACI D5.2.1)

=    2 (1.5 Hef )  (Ca1 + Ca2) and Hef = HHD = 24.00 inches (Embedment depth of Holdown Anchor)

Ca1 = 12.50 inches (Distance from Wall CL to Left Edge of Existing Footing Wall)

Ca2 = 15.88 inches (Distance from Wall CL to Right Edge of Existing Footing Wall)

ANC = 2,043 in
2

ANCO =  Projected Concrete Failure Area - Ideal (ACI D5.2.1)

=   9  hef
2
     (D-6) and hef = HHD = 24.00 inches (Embedment depth of Holdown Anchor)

ANCO = 5,184 in
2

Ψ1 = Ψed,N =   Modification for Edge Effects (ACI D.5.2.5)

= 1.0   if Ca,min >= 1.5 Hef Where Ca1 = 12.50 inches (Distance from Wall CL to Left Edge of Existing Footing Wall)

=   0.7  +  0.3  Ca,min / (1.5 Hef)   if Ca,min < 1.5 Hef Ca2 = 15.88 inches (Distance from Wall CL to Right Edge of Existing Footing Wall)

Ca,min = 12.50 inches

Hef = HHD = 24.00 inches (Embedment depth of Holdown Anchor)

Ψ1 = Ψed,N = 0.80   Modification for Edge Effects (ACI D.5.2.5)

inches (Diameter of 

Holdown Anchor)

Ksi  (PCA Notes Table 

34-1 - ASTM A307)

Foundation Cross-Section
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE 3  (EVAL CASE E-2R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

Ψ2 = Ψc,N =   Modification for Uncracked Concrete (ACI D.5.2.6)

= 1.0 Note:   Existing Concrete is assume to crack at anchor bolt limit state or capacity of holdown.

Ψ2 = Ψc,N = 1.0   Modification for Uncracked Concrete (ACI D.5.2.6)

Ψ3 = Ψcp,N =   Modification for Post-Installed Anchors  (ACI D.5.2.7)

= 1.0   if Ca,min >=  Cac   for Ca,min = 12.50 inches

  Cac = 2.5 Hef      and Hef = HHD = 24.00 inches (Embedment depth of Holdown Anchor)

 Cac = 60.0 inches

=  Max ( Ca,min / Cac , 1.5 Hef / Cac )    if Ca,min <  Cac

=  Max (0.21, 0.60 )

Ψ3 = Ψcp,N = 0.60   Modification for Post-Installed Anchors  (ACI D.5.2.7)

ɸEQ  ɸsa,cb  Ncb = 10.56 Kips     (Concrete Break-out Strength - Tension)

c) Pullout Strength of Anchor - Tension (ACI 318-08 Section D5.3)

Note:  Condition B is assumed per Section D4.4, where Supplementary reinforcement in not present in failure prism.

ɸEQ  ɸsa,po  Np =   ɸEQ  ɸsa,po  Np     Ψ4          (D-14)

Where ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸsa,po  = ɸsa,cb  = 0.65 (Steel Anchor - Concrete Breakout/Pullout Category 2 - ACI D.4.4)

  Cat 1 :  Low Sensitivity to installation and High Reliability

Np =   Pull-out Strength of a single anchor in Tension in Cracked Concrete (ACI D.5.2.2)

=   8  Abrg  f'c      (D-15) and Abrg = Ase,N =  Bearing Area of Anchor Bolt

= 0.994 in
2 for tHD = 1.13 inches (Diameter of Holdown Anchor)

f'c = 3.25 Ksi

= 3,250 Psi

Np = 25.84 kips

Ψ4 = Ψc,P =   Modification for uncracked Concrete  (ACI D.5.2.7)

= 1.0 Note:   Existing Concrete is assumed to crack at anchor bolt limit state or capacity of holdown.

Ψ4 = Ψc,P = 1.0   Modification for Uncracked Concrete (ACI D.5.2.6)

ɸEQ  ɸsa,po  Np = 12.60 Kips     (Concrete Pull-out Strength - Tension)

d) Concrete Side-face Blowout Strength of Anchor - Tension (ACI 318-08 Section D5.4)

ɸEQ  ɸsa,sf  Np =   ɸEQ  ɸsa,po  Np 

Where ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸsa,sf  = ɸsa,cb  = 0.65 (Steel Anchor - Concrete Breakout/Pullout/Side Blowout Category 2 - ACI D.4.4)

  Cat 1 :  Low Sensitivity to installation and High Reliability

Np = 160 Ca1 Abrg
0.5

  λ  f'c
0.5 Where Ca1 = 12.50 inches (Distance from Wall CL to Left Edge of Existing Footing Wall)

Ca2 = 15.88 inches (Distance from Wall CL to Right Edge of Existing Footing Wall)

Ca,min = 12.50 inches

and Abrg = Ase,N = 0.994 in
2 for tHD = 1.00 inches (Diameter of Holdown Anchor)

λ = 1.00 (1.0 for NWC, 0.75 for LWC)

Note: NWC  - Normal Weight Concrete Assumed

f'c = 3.25 Ksi

= 3,250 Psi

Np = 113.68 Kips

ɸEQ  ɸsa,sf  Np = 55.4 Kips     (Concrete Side-face Blowout Strength - Tension)
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE 3  (EVAL CASE E-2R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

e) Limiting Governing Strength of Anchor - Tension Only

Note: Holdown = HDU14

FCU = 20.13 Kips (Ultimate Capacity of Holdown)

HHD = 24.00 inches (Embedment depth of Holdown Anchor)

tHD = 1.13 inches

    Limiting Strength of Anchor in Tension:

TUC =   Min (ɸEQ  ɸsa,t  Nsa , ɸEQ  ɸsa,cb  Ncb , ɸEQ  ɸsa,po  Np , ɸEQ  ɸsa,sf  Np )

Where ɸEQ  ɸsa,t  Nsa = 53.68 Kips   (Bolt Design Strength)

ɸEQ  ɸsa,cb  Ncb = 10.56 Kips     (Concrete Break-out Strength)

ɸEQ  ɸsa,po  Np = 12.60 Kips     (Concrete Pull-out Strength)

ɸEQ  ɸsa,sf  Np = 55.4 Kips     (Concrete Side-face Blowout Strength)

TUC = 10.56 Kips

    Required Number of Holdown Anchors:

NA =  FCU / TUC Where FCU = 20.13 Kips (Ultimate Capacity of Holdown)

= 1.91 TUC = 10.56 Kips (Strength per Anchor)

NA = 2

Use 2 - HDU14 with 1.13 Dia anchors @ 24" oc Min EA side
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE 3  (EVAL CASE E-2R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

6. Adequacy of Footing - Shear 

A. Flexural/One-Way Shear on Full Cross-Section Note:   Effective transverse width of footing for Shear is assumed as Top of Footing Width,  Ly = L'T

Shear demands: Vux = 23.3 Kips @ xL = 3.00 feet (locations at distance d from face of Wall - Left side)

= 19.7 Kips @ xR = 29.00 feet (                                                               - Right side)

= > Vux = 23.3 Kips

         ii) Shear capacity of concrete without shear reinforcement

Note: Vu d/Mu value must be ≤ 1.0

Where ɸ = 0.75

f'c = 3,250 psi

ρw = Asx/(Ly dx) and Asx = 0.44 in^2

Ly = 2.08 feet

= 25.0 inches

d = 44.88 inches

ρw = 0.000392

Vu = 23 kips

d = 44.88 inches

Mu = 36 Kip-ft @ Vux = 23 Kips (location of shear value)

Check of Vu d/Mu value limit:

Vu d/Mu = 2.44 where Vu = 23 kips

NG, value 

taken as 

unity. d = 44.88 inches

Mu = 36 kip-ft

= 429 kip -in

bw = L'T = 2.1 feet

= 25.0 inches

d = 44.88 inches

= > ɸ Vc = 92.0 kips Comparison w/ Equation 11-3:

ɸ Vc = ɸ 2 f'c
0.5

 bw d Where ɸ = 0.75

f'c = 3,250 psi

bw = L'T = 25.0 inches

d = 44.88 inches

ɸ Vc = 95.9 kips

Check of upper value limit:

ɸ Vc,max = 3.5 f'c
0.5

 bw d Where f'c = 3,250 psi

bw = L'T = 25.0 inches

d = 44.88 inches

ɸ Vc,max = 223.8 kips

ɸ Vc = 92.0 kips

OK, > Vu Note: D/C Ratio = 0.25  (Demand to Capacity Ratio - Shear)

5)-(11          d b f' 3.5       d b 
M

d V
  2500  f' 1.9 φ  V φ wcw

u

u

wcc ≤







+= ρ
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE 3  (EVAL CASE E-2R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

B. Shear Across Vertical Plane between Existing and New Concrete Retrofit Wals

Note: Reinf Layout = 2 (Two-Sided Retrofit Walls)

a) Capacity of Single Dowel - Shear Friction (ACI 11.6.4)

ɸ Vn =  ɸ  Avf  fy  µ   λ    (11-25) Where ɸ = 0.75

Avf =  0.50 in
2
 (Dowel Area) Note: Dowels are No. 4 bars

fy = 60.00 Ksi

µ = 0.60 ( RC - RC  Surface not roughened)

λ = 1.00 (1.0 for NWC, 0.75 for LWC) Note: NWC  - Normal Weight Concrete Assumed

ɸ Vn = 13.50 Kips

           Upper Limit Restrictions (ACI 11.6.5) :

ɸ VMAX =   ɸ MIN ( 0.2 f'c, 0.48 + 0.08 f'c, 0.80 )   Ac Where ɸ = 0.75

f'c = 3,250 Psi

=  ɸ MIN (0.65, 0.74, 0.80 )   Ac = 3.25 Ksi

=   0.75  (0.65 )   Ac Ac = π  RD
2

 for RD =  Min (Le, SD)

Le = 6.00 inches (Depth of Embedment)

SD = 12.00 inches (Dowel Spacing)

RD = 6.00 inches

=   0.49 ( 113 ) Ac = 113 in
2      ( Concrete Area)

ɸ VMAX = 55 kips    (Upper Limit on Dowel Strength)

OK

ɸ Vn = 13.50 Kips  (Shear Capacity of Single Dowel)

b) Demands on Dowels - Compression at Holdown Anchor

Vuc = Pc =  PEQ + 1.2 PDL /2 Where PEQ =   MOT / LW and MOT = 698.00 Kip-ft

LW = 26.00 feet

 PEQ = 37.58 Kips

PDL = 30.94 Kips

Vuc = 56.15 Kips

 - Assume triangular Compression pressure distribution as shown.

      Determination of Effective Dowels at Holdowns in Compression Zone :

ND = 16    (Number of Dowels)

NVP = 2   (Number of Shear Planes - Double Shear)

ɸ Vn = 13.50 Kips  (Shear Capacity of Single Dowel)

ɸ Vn  ND NV = 432 Kips  (Shear Capacity of Compression Zone)

OK

c) Demands on Dowels - Tension at Holdown Anchor

Vut = Pt =  MAX( PEQ - 0.6 PDL /2 , FUC ) Where PEQ = 37.58 Kips

=  Max ( 28.30 , 14.38 ) PDL = 30.94 Kips

FCU = 14.38

Vut = 28.30 Kips

 - Assume Tension triangular pressure distribution as shown.

      Determination of Effective Dowels at Holdowns in Tension Zone :

ND = 5    (Number of Dowels)

NVP = 2   (Number of Shear Planes - Double Shear)

ɸ Vn = 13.50 Kips  (Shear Capacity of Single Dowel)

ɸ Vn  ND NV = 135.0 Kips  (Shear Capacity of Tension Zone) Note: D/C Ratio = 0.21  (Demand to Capacity Ratio - Shear)

OK

Kips (Ultimate Capacity 

of Holdown)

Footing OK for Shear

Footing Elevation and Plan - 

Tension Zone
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE 3  (EVAL CASE E-2R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

7. Adequacy of Footing - Flexure 

a) Flexural demands Mux = 36 Kip-ft @ xL = 3.00 feet (locations at face of column - Left side)

= 429 Kip-in Note: Xf = 3.00 feet (Cantilever Length)

= 46 Kip-ft  @ Wall and Footing Centerline

= 549 Kip-in

= 5 Kip-ft @ xR = 29.00 feet (                                        - Right side)

= 65 Kip-in Note: Xf = 3.00 feet (Cantilever Length)

= > Mux = 549 Kip-in

b) Required Reinforcement Ratio (ACI 10.2)

Where f'c = 3.25 Ksi

fy = 40.00 Ksi

Mu = 549 kip-in

Ly = LB = 3.8 feet

= 46 inches

dx = 44.88 inches

ρr = 0.000165

c) Reinforcement Ratio Provided

ρw = Asx/(Ly dx) Where Asx =  AN + AE  AN = 0.44 in
2

(New Flexural Reinforcement)

AE = 0.40 in
2

(Existing Flexural Reinforcement)

Asx = 0.84 in
2

Ly = LB = 3.8 feet

= 46.0 inches

d = 44.88 inches

ρw = 0.000407      (reinforcement ratio provided) Note: D/C Ratio = 0.41  (Demand to Capacity Ratio - Flexure)

OK

1 - # 6 Bars OK for Longitudinal Flexure with DC Ratio = 0.41
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE F  (EVAL CASE E-3R)

DETERMINATION OF VERTICAL AND LATERAL LOADS TO FOUNDATION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions

1.  Existing walls are treated as pinned Columns.  Footing is assumed rigid.

2.  Column loads are located in transverse center of footing; limit of 2 columns w/o flexure.

3.  Footing has no shear reinforcement.

4.  Concrete is Normal Weight Concrete with uncoated bars. F5

H5

1.    Lateral Loads and Load Effects F4

V = 21.42 kips  (Base Shear - A4 ASD)

H4

F3

Floor 

Level

Height    

(feet)

Loading 

ID
Vx / V       

Shear       

(Kips)

Force       

(Kips)

Moment       

(Kip-ft)

5

R 11.00 4 0.30 6.43 6.43 289.2 H3

3 10.00 3 0.65 13.92 7.50 544.1

2 13.50 2 0.89 19.06 5.14 667.4 F2

1 10.50 1 1.00 21.42 2.36 692.2

H2

MOT = 692.19 Kip-ft F1

H1

2.    Vertical Loads and Load Effects MOT

Wall
Floor 

Level DL     (psf)

Length     

(feet)

Width     

(feet)

Area     

(ft
2
)

Weight     

(kips)

WL     

(psf)

Length     

(feet)

Height    

(feet)

Area     

(ft
2
)

Weight     

(kips)

R 20 34.00 8.00 272 5.44 14 34.00 11.00 374 5.24

3 30 34.00 8.00 272 8.16 14 34.00 10.00 340 4.76

2 30 34.00 8.00 272 8.16 14 34.00 13.50 459 6.43

1 30 34.00 8.00 272 8.16 14 34.00 10.50 357 5.00

Sum of Floor Weight = 29.92 Kips Sum of Wall Weight = 21.42 Kips

PD1 = 51.34 Kips

Floor Tributary Loads Wall Tributary Loads

1
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE F  (EVAL CASE E-3R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions :1.  Footing has no shear reinforcement.

2.  Concrete is Normal Weight Concrete with uncoated bars.

  Footing Parameters :

Footing Size :

Lx = 40.0 feet ds = 0.0 feet  (depth of soil)

Ly = 2.3 feet

hf = 4.0 feet

Wall Location :

xc = 20.0 feet (Wall centerline distance from Left Edge)

yc = 1.9 feet (Wall centerline distance from Bottom Edge)

Wall Size :

Cx = 34.0 feet (Wall length)

Cy = 0.5 feet (Wall width)

      Interconnected Slab at Sides:

Note :

Side : Left Right

t  4.00 Inches   (Slab Thickness)

X  20.00 Feet (distance to other Slab Edge Support

f'c                       1.00 Ksi

Conn Type D     (D= Dowel, C= Continuous)

Concrete : f'c = 3.25 Ksi

fy = 40.00 Ksi

ρc = 0.150 kip/ft^3

Reinforcement: dc = 1.00 inches  (bar clearance - top)

dc = 2.00 inches  (bar clearance - bottom)

= 3.00 inches  (bar clearance - sides)

LB = 2.25 feet (Bearing Length)

Orientation Bar Size N Bars
Bottom 

Layer

d      

(inches)

Bar 

Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)
Note: Reinf Layout = 1

x 6 1 x 44.25 0.75 0.44 0.44 (One-Sided Retrofit Walls)

x 6 1 44.88 0.75 0.44 0.44

1. Design of Slab-to-Footing Connections

2. Lateral Resistance of Foundation

3. Soil Pressure due to Applied Loads 

5. Adequacy of Footing - Anchor Pull-out in Existing Footing

5. Adequacy of Footing - Shear 

6. Adequacy of Footing - Flexure 

Footing Bearing stress OK

Footing OK for Shear

1 - # 6 Bars OK for Longitudinal Flexure with DC Ratio = 0.30

Use 3 - HDU14 with 1.13 Dia anchors @ 24" oc Min EA side

Use No. 4 bars @ 8.00 inches on-center for Slab-to-Footing Connections

Foundation OK for Sliding

 Slabs at sides are used only to reduce soil bearing pressure; footing 

is designed to take all loads.

Bar Area

Top Mat

Bottom Mat
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE F  (EVAL CASE E-3R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions : 1.  Existing Footing has no shear reinforcement.

2.  Concrete is Normal Weight Concrete with uncoated bars.

3.  Wall is centered on Footing; Longitudinal Heel and Toe are equal in length.

  Footing Parameters :

Wall Size :

Cx = 34.0 feet (Wall length)

Cy = 0.5 feet (Wall width)

Wall Location :

xc = 20.0 feet (Wall centerline distance from Left Edge)

yc = 1.9 feet (Wall centerline distance from Bottom Edge)

Holdown Anchor :

Holdown = HDU14

tHD = 1.13 inches (Diameter of Holdown Anchor)

Note:  t'HD = 1.00

FCA = 14.38 Kips (Allowable Capacity of Holdown)

FCU = 20.13 Kips (Ultimate Capacity of Holdown)

HHD = 24.00 inches (Embedment depth of Holdown Anchor)

OK

Footing Dimensions :

Lx = 40.00 feet (Footing Length)

hf = 4.00 feet (Footing Height)

Left Right

LH = feet (Length of Heel, if any)

hH = feet (Thickness of Heel, if any)

 (E) Footing Width:

WT = 9.00 inches (Footing Width - at Top of Wall)

= 0.00 inches (Increase in Width - at Left)

= 10.00 inches (Increase in Width - at Right)

WB = 1.58 feet (Footing Width - at Bottom of Wall)

(N) Retrofit Walls: Note: Reinf Layout = 1

(One-Sided Retrofit Walls)

Concrete Weight : NWC LWC - Lean Weight Concrete, NWC otherwise)

Left Right

tT = 8.00  inches (Retrofit Wall Thickness - Top of Wall)

tB = 8.00  inches (Retrofit Wall Thickness - Bottom of Wall)

W'T = 1.42 feet (Footing Width - at Top of Wall)

W'B = 2.25 feet (Footing Width - at Bottom of Wall)

tH = inches (Retrofit Wall Thickness of Heel, if any)

Dowel Data : No. 4 Dowels

SD = 12.00 inches (Dowel Spacing - Horiz and Vertical) LB = 2.25 feet (Bearing Length)

Footing Loads : 16.5 21.42 1.30

Service Strength

P = 51.3 71.9 kips

My = 692.2 969.1 kip-ft  Plastic Hinge Centroidal Heights:

Vx = 21.42 30.0 kips @ hpx = 0.00 feet

Mx = 0 0.3 kip-ft

Vy = 0.0 0.0 kips @ hpy = 0.00 feet

201812.30

inches (Diameter of Holdown 

Anchor Required for Holdown)
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE F  (EVAL CASE E-3R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

Capacity Factors :

Concrete : Steel Anchor in Concrete:

ɸv  = 0.75 (Shear) ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸb  = 0.65 (Bearing) ɸsa,t  = 0.75 (Steel Anchor - Tension, Ductile Steel Element - ACI D.4.4)

ɸsa,cb  = 0.65 (Steel Anchor - Concrete Breakout Category 2 - ACI D.4.4)

Note:  Cat 1 :  Low Sensitivity to installation and High Reliability

Material Properties :

Concrete : Steel Anchor in Concrete:

f'ce = 3.25 Ksi (Existing Concrete) fya = 60.00 Ksi  (PCA Notes Table 34-1 - ASTM A307)

f'cn = 2.50 Ksi (New Concrete)

fy = 40 Ksi  (Existing Reinforcement) Note :  Year Built : 1921

ρc = 0.150 kip/ft^3

      Interconnected Slab at Sides:

Note :  Slabs at sides are used only to reduce soil bearing pressure; footing is designed to take all loads.

Side : Left Right

t  4.00 Inches   (Slab Thickness)

h  38.00 Inches   (Distance to Top of Wall)

X  20.00 Feet (distance to other Slab Edge Support

f'c                       1.00 Ksi

Conn Type D     (D= Dowel, C= Continuous)

Reinforcement: dc = 1.00 inches  (bar clearance - top) Existing Reinforcement:

dc = 2.00 inches  (bar clearance - bottom) Top 2 No. 4

= 3.00 inches  (bar clearance - sides) Bottom 2 No. 4

Location Bar Size
N Bars 

(Max 3)

Bottom 

Layer

d      

(inches)

b      

(inches)

Bar 

Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)

Top 6 1 x 44.25 17.00 0.75 0.44 0.44

Bottom 6 1 44.88 27.00 0.75 0.44 0.44

Soil Parameters : σallow =  2.00 ksf  (Allowable Bearing Pressure)

σp =  0.30 ksf/ft  (Passive Soil Pressure)

µ =  0.25 ksf  (Coefficient of Friction)

New Flexural Reinforcement EA Side Bar Area

Foundation Cross-Section
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE F  (EVAL CASE E-3R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

1. Design of Slab-to-Footing Connections

a) Effective Slab Width   (ACI ACI 21.6.2.2)

   b ts b

   d

   bw X      bw

i)  Symmetrical T-Beams   (ACI 8.12.2) ii)  Slabs on One Side   (ACI 8.12.3)

b ≤ Min (L/4 + bw, 16 ts + bw, X + bw) b ≤ Min (bw + L/12, bw + 6 ts, X/2 + bw)

Where L = feet    (Footing span length) Where bw = L'B = 2.25 feet    (Footing Width)

= inches = 27.00 inches

ts = inches (Slab thickness - Average value) L = 40.00 feet    (Footing span length)

= 480.00 inches

bw = L'B = feet    (Footing Width)

= inches ts = 4.00 inches (Slab thickness)

X = feet (Slab Supported Length - Average Value) X = 20.00 feet (Slab Supported Length)

= inches = 240 inches

= = Min (67.00, 51.00, 147.00)

b = inches b = 51.00 inches

b = 51.00 inches

= 4.25 feet

b) Required Slab Reinforcement Area

Asr = 0.0018 b  ts      (ACI 7.12.2.1) Where b = 51.00 inches (Effective Slab Width)

ts = 4.0 inches (Slab thickness)

Asr = 0.37 in
2  

c) Required Slab Reinforcement Spacing

Ssr = b / nb   ≤  2 ts        (ACI 13.3.2) Where b = 51.00 inches (Effective Slab Width)

nb = Ceiling (Asr/Ab) for Asr = 0.37 in
2
  (Slab Reinforcement Area - Required)

Ab = 0.20 in
2
 for No. 4 bars

= CEILING(MIN(25.50,8.00,1)

nb = 2 bars

ts = 4.0 inches

2 ts = 8.0 inches

Ssr = 8.00 inches

Use No. 4 bars @ 8.00 inches on-center for Slab-to-Footing Connections
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2. Lateral Resistance of Foundation

2A. Longitudinal Loading

FRx =  0.5 L'y  h'f
2
  σp  +  0.6 (Wf  + P) µ Where L'y =  W'B W'B = 2.25 feet (Footing Width - at Bottom of Wall)

L'y = 2.25 feet  (Bearing Width at Ends of Footing)

h'f =  hf + hsk and hf = 4.00 feet

hsk = 0.00 feet (Additional height of Shear Key at Footing End)

h'f = 4.0 feet  (Bearing Height at Ends of Footing)

=  (18.0) (0.30) + 0.6 (105.3) (0.25) σp =  0.30 ksf/ft  (Passive Soil Pressure)

=  (5.40) + (16.05) Wf =    ρc  Lx  L y  hf and ρc = 0.150 kip/ft^3

Lx = 40.0 feet 0

Ly = 2.3 feet

hf = 4.0 feet

Wf = 54.00 Kips    (Footing Weight)

P = 51.3 Kips (Service Load)

µ =  0.25 ksf  (Coefficient of Friction)

FRx = 21.45 kips Note : Vx = 21.42 kips

OK

3. Soil Pressure due to Applied Loads 

3A. Longitudinal Loading

a) Loading Eccentricity Note:   Effective transverse width of footing for bearing is assumed as Bottom of Footing Width,  Ly = L'B

ex = Σ My / P' Where Σ My = My + Vx Hpx - P (0.5 Lx - xc) and My = 692 kip-ft

Vx = 21 kips

@ hpx = 0.00 feet

P = 51 Kips

Lx = 40.0 feet

= 692 kip-ft + 0 kip-ft - 0 kip-ft xc = 20.0 feet (Column centerline distance from Left Edge)

Σ My = 692 Kip-in

P' = P + PF and P = 51 Kips

PF = for ρc = 0.150 kip/ft^3

Lx = 40.0 feet

Ly = 0.5 (L'T + L'B) = 1.8 feet

hf = 4.0 feet

PF = 44.00 kips (footing weight)

P' = 95 Kips

ex = 7.26 feet

Note: Lx/6 = 6.67 feet (Footing Middle Third)

  ρc Lx Ly hf

Foundation OK for Sliding
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201812.30

b) Bearing Stresses

      i)  for ex ≤ Lx/6 (within Middle Lx/3)

σmax = P (1 + 6 ex / Lx) / (Lx Ly) Where P = 95 Kips

σmin = P (1 - 6 ex / Lx) / (Lx Ly) ex = 7.26 feet

Lx = 40.0 feet

Ly = LB = 2.3 feet

σmax = 2.21 Ksf

σmin = -0.09 Ksf

      ii)  for ex > Lx/6 (outside Middle Lx/3) <= Governs!

σmax = 2 P / (Lbx Ly) Where P = 95 Kips

Lbx = 3 (0.5 Lx - ex) and Lx = 40.0 feet

ex = 7.26 feet

Lbx = 38.22 feet

Ly = LB = 2.3 feet

σmax = 2.22 Ksf

σmin = 0.00 Ksf

      iii)  Governing Condition σmax = 2.22 Ksf

σmin = 0.00 Ksf

3B. Transverse Loading

a) Loading Eccentricity Note:   Effective transverse width of footing for bearing is assumed as Bottom of Footing Width,  Ly = L'B

ey =  Σ Mx / P' Where Σ Mx = Mx + Vy Hpy - P (0.5 Ly - yc) and Mx = 0 kip-ft

Vy = 0 kips

@ hpy = 0.00 feet

P = 51 Kips

Ly = LB = 2.3 feet

= 0 kip-ft + 0 kip-ft - -40 kip-ft yc = 1.9 feet (Column centerline distance from Left Edge)

Σ My = 40 Kip-in

P' = 95 Kips

ey = 0.42 feet

Note: Ly/6 = 0.38 feet (Footing Middle Third)

b) Bearing Stresses

      i)  for ey ≤ Ly/6 (within Middle Ly/3)

σmax = P' (1 + 6 ey / Ly) / (Lx Ly) Where P' = 95 Kips

σmin = P' (1 - 6 ey / Ly) / (Lx Ly) ey = 0.42 feet

Ly = LB = 2.3 feet

Lx = 40.0 feet

σmax = 2.24 Ksf

σmin = -0.12 Ksf

      ii)  for ex > Lx/6 (outside Middle Lx/3) <= Governs!

σmax = 2 P' / (Lby Lx) Where P' = 95 Kips

Lby = 3 (0.5 Ly - ey)   ≤   Ly and Ly = LB = 2.3 feet

ey = 0.42 feet

Lby = 2.12 feet

Lx = 40.0 feet

σmax = 2.25 Ksf

σmin = 0.00 Ksf

      iii)  Governing Condition σmax = 2.25 Ksf

σmin = 0.00 Ksf

Longitudinal Bearing Stress

-20

-15

-10

-5

0

5

10

0 5 10 15 20 25 30 35 40 45

Transverse Bearing Stress

-75

-70

-65

-60

-55

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

5

10

15

0 5

5  of  12 Case E3R - Wall Footing Retrofit - Grid F.xls   9/13/2018

816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 104 of 165



EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE F  (EVAL CASE E-3R)
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3C.   Check of Bearing Stresses on Soil

   a) Assuming all loads resisted by Footing only

σmax = Max(σmax,x,σmax,y) Where σmax = 2.22 Ksf (Longitudinal Direction)

= 2.25 Ksf (Transverse Direction)

   b) Assuming all loads resisted by Footing + Adjoining Slabs Note:   Effective transverse width of footing for bearing is assumed as Bottom of Footing Width,  Ly = L'B

σmax = Max(σmax,x,σmax,y)  *  Ly / b  Where σmax = 2.22 Ksf (Longitudinal Direction) and Ly = LB = 2.3 feet

= 2.25 Ksf (Transverse Direction) b = 51.00 inches

=  ( 2.25 * 0.53 ) = 4.25 feet

σmax = 1.19 Ksf Note: σallow =  2.00 ksf  (allowable bearing pressure)

OK

4. Applied Loading and Demands on Footing

Left End
Left Face of 

Wall

Wall 

Centerline

Right Face 

of Wall
Right End Left End

Left Face 

of 

Column 

Column 

Centerline

Right Face of 

Column 
Right End

Location                  

(feet)
0 3.00 20.00 37.00 40.00

Location                  

(feet)
0.00 1.65 1.90 2.15 2.25

σ  = qu/Ly             (ksf) 0.00 0.09 1.48 2.86 3.10
σ  = qu/Ly          

(ksf)
0.00 1.60 1.86 2.13 2.25

P                       (kips) - - 72 - -
P                       

(kips)
- - 72 - -

My + V hpx           (kip-

ft)
- - 969 - -

My + V hpx           

(kip-ft)
- - 0 - -

V+                                    

(kips)
- 16 - 20 9

V+                                    

(kips)
0 49 66 14 23

V-                                             

(kips)
-9 -12 -8 -7 -

V-                                             

(kips)
- - - - -

M+                                        

(kip-ft)
0 32 34 1 -

M+                                        

(kip-ft)
0 - - - -

M-                                            

(kip-ft)
- - - - -1

M-                                            

(kip-ft)
- -25 -39 -41 -43

Footing Bearing stress OK

Longitudinal Direction Transverse Direction

Longitudinal Bearing Stress, Shear 

and Flexural Demands

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

5

10

15

0 5 10 15 20 25 30 35 40 45

Transverse Bearing Stress, 

Shear 

and Flexural Demands

-100

-95

-90

-85

-80

-75

-70

-65

-60

-55

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

5

10

0 5

6  of  12 Case E3R - Wall Footing Retrofit - Grid F.xls   9/13/2018

816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 105 of 165
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201812.30

5. Adequacy of Footing - Anchor Pull-out in Existing Footing

Holdown = HDU14

FCU = 20.13 Kips (Ultimate Capacity of Holdown)

HHD = 24.00 inches (Embedment depth of Holdown Anchor)

a) Bolt Design Strength - Tension (ACI 318-08 D3.3.3, D4.4, D5.1)

ɸEQ  ɸsa,t  Nsa =   ɸEQ  ɸsa,t  n  Ase,N  futa       (D-3)

Where ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸsa,t  = 0.75 (Steel Anchor  - Tension, Ductile Steel Element - ACI Section D.4.4)

n = 1 (number of anchors)

Ase,N = π  tHD
2

for tHD = 1.13

Ase,N = 0.994 in
2

futa =  Min  (1.6 fya, 125) for fya = 60.00

futa = 96.00 Ksi 

ɸEQ  ɸsa,t  Nsa = 53.68 Kips   (Bolt Design Strength - Tension)

b) Concrete Breakout Strength - Tension (ACI 318-08 Section D5.2)

Note:  Condition B is assumed per Section D4.4, where Supplementary reinforcement in not present in failure prism.

ɸEQ  ɸsa,cb  Ncb =   ɸEQ  ɸsa,cb  Nb  ANC / ANCO     Ψ1  Ψ2  Ψ3         (D-4)

Where ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸsa,cb  = 0.65 (Steel Anchor - Concrete Breakout Category 2 - ACI D.4.4)

Note:  Cat 1 :  Low Sensitivity to installation and High Reliability

Nb =  Basic concrete Break-out Strength of a single anchor in Tension in Cracked Concrete (ACI D.5.2.2)

=  KC  f'c
0.5

  Hef
1.5

  λ and KC = 17  Post-installed Anchors (D5.2.2)

f'c = 3.25 Ksi

= 3,250 Psi

Hef = HHD = 24.00 inches (Embedment depth of Holdown Anchor)

λ = 1.00 (1.0 for NWC, 0.75 for LWC)

Note: NWC  - Normal Weight Concrete Assumed

Nb = 113.95 Kips

ANC =  Projected Concrete Failure Area - Actual (ACI D5.2.1)

=    2 (1.5 Hef )  (Ca1 + Ca2) and Hef = HHD = 24.00 inches (Embedment depth of Holdown Anchor)

Ca1 = 4.50 inches (Distance from Wall CL to Left Edge of Existing Footing Wall)

Ca2 = 16.25 inches (Distance from Wall CL to Right Edge of Existing Footing Wall)

ANC = 1,494 in
2

ANCO =  Projected Concrete Failure Area - Ideal (ACI D5.2.1)

=   9  hef
2
     (D-6) and hef = HHD = 24.00 inches (Embedment depth of Holdown Anchor)

ANCO = 5,184 in
2

Ψ1 = Ψed,N =   Modification for Edge Effects (ACI D.5.2.5)

= 1.0   if Ca,min >= 1.5 Hef Where Ca1 = 4.50 inches (Distance from Wall CL to Left Edge of Existing Footing Wall)

=   0.7  +  0.3  Ca,min / (1.5 Hef)   if Ca,min < 1.5 Hef Ca2 = 16.25 inches (Distance from Wall CL to Right Edge of Existing Footing Wall)

Ca,min = 4.50 inches

Hef = HHD = 24.00 inches (Embedment depth of Holdown Anchor)

Ψ1 = Ψed,N = 0.74   Modification for Edge Effects (ACI D.5.2.5)

inches (Diameter of 

Holdown Anchor)

Ksi  (PCA Notes Table 

34-1 - ASTM A307)

Foundation Cross-Section
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Ψ2 = Ψc,N =   Modification for Uncracked Concrete (ACI D.5.2.6)

= 1.0 Note:   Existing Concrete is assume to crack at anchor bolt limit state or capacity of holdown.

Ψ2 = Ψc,N = 1.0   Modification for Uncracked Concrete (ACI D.5.2.6)

Ψ3 = Ψcp,N =   Modification for Post-Installed Anchors  (ACI D.5.2.7)

= 1.0   if Ca,min >=  Cac   for Ca,min = 4.50 inches

  Cac = 2.5 Hef      and Hef = HHD = 24.00 inches (Embedment depth of Holdown Anchor)

 Cac = 60.0 inches

=  Max ( Ca,min / Cac , 1.5 Hef / Cac )    if Ca,min <  Cac

=  Max (0.08, 0.60 )

Ψ3 = Ψcp,N = 0.60   Modification for Post-Installed Anchors  (ACI D.5.2.7)

ɸEQ  ɸsa,cb  Ncb = 7.08 Kips     (Concrete Break-out Strength - Tension)

c) Pullout Strength of Anchor - Tension (ACI 318-08 Section D5.3)

Note:  Condition B is assumed per Section D4.4, where Supplementary reinforcement in not present in failure prism.

ɸEQ  ɸsa,po  Np =   ɸEQ  ɸsa,po  Np     Ψ4          (D-14)

Where ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸsa,po  = ɸsa,cb  = 0.65 (Steel Anchor - Concrete Breakout/Pullout Category 2 - ACI D.4.4)

  Cat 1 :  Low Sensitivity to installation and High Reliability

Np =   Pull-out Strength of a single anchor in Tension in Cracked Concrete (ACI D.5.2.2)

=   8  Abrg  f'c      (D-15) and Abrg = Ase,N =  Bearing Area of Anchor Bolt

= 0.994 in
2 for tHD = 1.13 inches (Diameter of Holdown Anchor)

f'c = 3.25 Ksi

= 3,250 Psi

Np = 25.84 kips

Ψ4 = Ψc,P =   Modification for uncracked Concrete  (ACI D.5.2.7)

= 1.0 Note:   Existing Concrete is assumed to crack at anchor bolt limit state or capacity of holdown.

Ψ4 = Ψc,P = 1.0   Modification for Uncracked Concrete (ACI D.5.2.6)

ɸEQ  ɸsa,po  Np = 12.60 Kips     (Concrete Pull-out Strength - Tension)

d) Concrete Side-face Blowout Strength of Anchor - Tension (ACI 318-08 Section D5.4)

ɸEQ  ɸsa,sf  Np =   ɸEQ  ɸsa,po  Np 

Where ɸEQ  = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

ɸsa,sf  = ɸsa,cb  = 0.65 (Steel Anchor - Concrete Breakout/Pullout/Side Blowout Category 2 - ACI D.4.4)

  Cat 1 :  Low Sensitivity to installation and High Reliability

Np = 160 Ca1 Abrg
0.5

  λ  f'c
0.5 Where Ca1 = 4.50 inches (Distance from Wall CL to Left Edge of Existing Footing Wall)

Ca2 = 16.25 inches (Distance from Wall CL to Right Edge of Existing Footing Wall)

Ca,min = 4.50 inches

and Abrg = Ase,N = 0.994 in
2 for tHD = 1.00 inches (Diameter of Holdown Anchor)

λ = 1.00 (1.0 for NWC, 0.75 for LWC)

Note: NWC  - Normal Weight Concrete Assumed

f'c = 3.25 Ksi

= 3,250 Psi

Np = 40.92 Kips

ɸEQ  ɸsa,sf  Np = 20.0 Kips     (Concrete Side-face Blowout Strength - Tension)
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e) Limiting Governing Strength of Anchor - Tension Only

Note: Holdown = HDU14

FCU = 20.13 Kips (Ultimate Capacity of Holdown)

HHD = 24.00 inches (Embedment depth of Holdown Anchor)

tHD = 1.13 inches

    Limiting Strength of Anchor in Tension:

TUC =   Min (ɸEQ  ɸsa,t  Nsa , ɸEQ  ɸsa,cb  Ncb , ɸEQ  ɸsa,po  Np , ɸEQ  ɸsa,sf  Np )

Where ɸEQ  ɸsa,t  Nsa = 53.68 Kips   (Bolt Design Strength)

ɸEQ  ɸsa,cb  Ncb = 7.08 Kips     (Concrete Break-out Strength)

ɸEQ  ɸsa,po  Np = 12.60 Kips     (Concrete Pull-out Strength)

ɸEQ  ɸsa,sf  Np = 20.0 Kips     (Concrete Side-face Blowout Strength)

TUC = 7.08 Kips

    Required Number of Holdown Anchors:

NA =  FCU / TUC Where FCU = 20.13 Kips (Ultimate Capacity of Holdown)

= 2.84 TUC = 7.08 Kips (Strength per Anchor)

NA = 3

Use 3 - HDU14 with 1.13 Dia anchors @ 24" oc Min EA side
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6. Adequacy of Footing - Shear 

A. Flexural/One-Way Shear on Full Cross-Section Note:   Effective transverse width of footing for Shear is assumed as Top of Footing Width,  Ly = L'T

Shear demands: Vux = 16.1 Kips @ xL = 3.00 feet (locations at distance d from face of Wall - Left side)

= 19.5 Kips @ xR = 37.00 feet (                                                               - Right side)

= > Vux = 19.5 Kips

         ii) Shear capacity of concrete without shear reinforcement

Note: Vu d/Mu value must be ≤ 1.0

Where ɸ = 0.75

f'c = 3,250 psi

ρw = Asx/(Ly dx) and Asx = 0.44 in^2

Ly = 1.42 feet

= 17.0 inches

d = 44.88 inches

ρw = 0.000577

Vu = 20 kips

d = 44.88 inches

Mu = 1 Kip-ft @ Vux = 20 Kips (location of shear value)

Check of Vu d/Mu value limit:

Vu d/Mu = 59.61 where Vu = 20 kips

NG, value 

taken as 

unity. d = 44.88 inches

Mu = 1 kip-ft

= 15 kip -in

bw = L'T = 1.4 feet

= 17.0 inches

d = 44.88 inches

= > ɸ Vc = 62.8 kips Comparison w/ Equation 11-3:

ɸ Vc = ɸ 2 f'c
0.5

 bw d Where ɸ = 0.75

f'c = 3,250 psi

bw = L'T = 17.0 inches

d = 44.88 inches

ɸ Vc = 65.2 kips

Check of upper value limit:

ɸ Vc,max = 3.5 f'c
0.5

 bw d Where f'c = 3,250 psi

bw = L'T = 17.0 inches

d = 44.88 inches

ɸ Vc,max = 152.2 kips

ɸ Vc = 62.8 kips

OK, > Vu Note: D/C Ratio = 0.31  (Demand to Capacity Ratio - Shear)

5)-(11          d b f' 3.5       d b 
M

d V
  2500  f' 1.9 φ  V φ wcw

u

u

wcc ≤







+= ρ
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B. Shear Across Vertical Plane between Existing and New Concrete Retrofit Wals

Note: Reinf Layout = 1 (One-Sided Retrofit Walls)

a) Capacity of Single Dowel - Shear Friction (ACI 11.6.4)

ɸ Vn =  ɸ  Avf  fy  µ   λ    (11-25) Where ɸ = 0.75

Avf =  0.50 in
2
 (Dowel Area) Note: Dowels are No. 4 bars

fy = 60.00 Ksi

µ = 0.60 ( RC - RC  Surface not roughened)

λ = 1.00 (1.0 for NWC, 0.75 for LWC) Note: NWC  - Normal Weight Concrete Assumed

ɸ Vn = 13.50 Kips

           Upper Limit Restrictions (ACI 11.6.5) :

ɸ VMAX =   ɸ MIN ( 0.2 f'c, 0.48 + 0.08 f'c, 0.80 )   Ac Where ɸ = 0.75

f'c = 3,250 Psi

=  ɸ MIN (0.65, 0.74, 0.80 )   Ac = 3.25 Ksi

=   0.75  (0.65 )   Ac Ac = π  RD
2

 for RD =  Min (Le, SD)

Le = 6.00 inches (Depth of Embedment)

SD = 12.00 inches (Dowel Spacing)

RD = 6.00 inches

=   0.49 ( 113 ) Ac = 113 in
2      ( Concrete Area)

ɸ VMAX = 55 kips    (Upper Limit on Dowel Strength)

OK

ɸ Vn = 13.50 Kips  (Shear Capacity of Single Dowel)

b) Demands on Dowels - Compression at Holdown Anchor

Vuc = Pc =  PEQ + 1.2 PDL /2 Where PEQ =   MOT / LW and MOT = 692.19 Kip-ft

LW = 34.00 feet

 PEQ = 28.50 Kips

PDL = 71.88 Kips

Vuc = 71.63 Kips

 - Assume triangular Compression pressure distribution as shown.

      Determination of Effective Dowels at Holdowns in Compression Zone :

ND = 16    (Number of Dowels)

NVP = 1   (Number of Shear Planes - Single Shear)

ɸ Vn = 13.50 Kips  (Shear Capacity of Single Dowel)

ɸ Vn  ND NV = 216 Kips  (Shear Capacity of Compression Zone)

OK

c) Demands on Dowels - Tension at Holdown Anchor

Vut = Pt =  MAX( PEQ - 0.6 PDL /2 , FUC ) Where PEQ = 28.50 Kips

=  Max ( 6.94 , 14.38 ) PDL = 71.88 Kips

FCU = 14.38

Vut = 14.38 Kips

 - Assume Tension triangular pressure distribution as shown.

      Determination of Effective Dowels at Holdowns in Tension Zone :

ND = 5    (Number of Dowels)

NVP = 1   (Number of Shear Planes - Single Shear)

ɸ Vn = 13.50 Kips  (Shear Capacity of Single Dowel)

ɸ Vn  ND NV = 67.5 Kips  (Shear Capacity of Tension Zone) Note: D/C Ratio = 0.33  (Demand to Capacity Ratio - Shear)

OK

Footing OK for Shear

Kips (Ultimate Capacity 

of Holdown)

Footing Elevation and Plan - 

Tension Zone
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EXISTING FOUNDATION RETROFIT- SHEAR WALL AT GRIDLINE F  (EVAL CASE E-3R)

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

201812.30

7. Adequacy of Footing - Flexure 

a) Flexural demands Mux = 32 Kip-ft @ xL = 3.00 feet (locations at face of column - Left side)

= 382 Kip-in Note: Xf = 3.00 feet (Cantilever Length)

= 34 Kip-ft  @ Wall and Footing Centerline

= 410 Kip-in

= 1 Kip-ft @ xR = 37.00 feet (                                        - Right side)

= 15 Kip-in Note: Xf = 3.00 feet (Cantilever Length)

= > Mux = 410 Kip-in

b) Required Reinforcement Ratio (ACI 10.2)

Where f'c = 3.25 Ksi

fy = 40.00 Ksi

Mu = 410 kip-in

Ly = LB = 2.3 feet

= 27 inches

dx = 44.88 inches

ρr = 0.000210

c) Reinforcement Ratio Provided

ρw = Asx/(Ly dx) Where Asx =  AN + AE  AN = 0.44 in
2

(New Flexural Reinforcement)

AE = 0.40 in
2

(Existing Flexural Reinforcement)

Asx = 0.84 in
2

Ly = LB = 2.3 feet

= 27.0 inches

d = 44.88 inches

ρw = 0.000693      (reinforcement ratio provided) Note: D/C Ratio = 0.30  (Demand to Capacity Ratio - Flexure)

OK

1 - # 6 Bars OK for Longitudinal Flexure with DC Ratio = 0.30
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

DETERMINATION OF VERTICAL AND LATERAL LOADS TO FOUNDATION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions

1.  Existing walls are treated as pinned Columns.  Footing is assumed rigid.

2.  Column loads are located in transverse center of footing; limit of 2 columns w/o flexure.

3.  Footing has no shear reinforcement.

4.  Concrete is Normal Weight Concrete with uncoated bars. F5

H5

1.    Lateral Loads and Load Effects F4

V = 23.25 kips  (Base Shear - A4 ASD)

H4

S = 18.50 feet (Separation between Wall centerlines)

F3

Floor 

Level

Height    

(feet)

Loading 

ID
Vx / V       

Shear       

(Kips)

Force       

(Kips)

5 H3

R 11.00 4 0.65 15.11 15.11

3 10.00 3 0.89 20.69 5.58 F2

2 13.50 2 1.00 23.25 2.56

1 10.50 1 0.00 0.00 -23.25

H2

From summation of moments : F1

PE1 = -37.14 Kips

PE2 = 37.14 Kips H1

S

2.    Vertical Loads and Load Effects PE1 PE2

Wall
Floor 

Level DL     (psf)

Length     

(feet)

Width     

(feet)

Area     

(ft
2
)

Weight     

(kips)

WL     

(psf)

Length     

(feet)

Height    

(feet)

Area     

(ft
2
)

Weight     

(kips)

R 20 13.88 2.00 28 0.56 14 13.88 11.00 153 2.14

3 30 13.88 2.00 28 0.83 14 13.88 13.50 187 2.62

2 30 13.88 2.00 28 0.83 14 13.88 13.50 187 2.62

1 0 13.88 2.00 28 0.00 0 13.88 10.50 146 0.00

Sum of Floor Weight = 2.22 Kips Sum of Wall Weight = 7.38 Kips

PD1 = 9.60 Kips

Wall
Floor 

Level DL     (psf)

Length     

(feet)

Width     

(feet)

Area     

(ft
2
)

Weight     

(kips)

WL     

(psf)

Length     

(feet)

Height    

(feet)

Area     

(ft
2
)

Weight     

(kips)

R 20 13.88 2.00 28 0.56 14 13.88 11.00 153 2.14

3 30 13.88 2.00 28 0.83 14 13.88 13.50 187 2.62

2 30 13.88 2.00 28 0.83 14 13.88 13.50 187 2.62

1 0 13.88 2.00 28 0.00 0 13.88 10.50 146 0.00

Sum of Floor Weight = 2.22 Kips Sum of Wall Weight = 7.38 Kips

PD2 = 9.60 Kips

2

Floor Tributary Loads Wall Tributary Loads

1

Floor Tributary Loads Wall Tributary Loads
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions

1.  Column loads are located in transverse center of footing; limit of 2 columns w/o flexure.

2.  Footing has no shear reinforcement.

3.  Concrete is Normal Weight Concrete with uncoated bars.

Vx / V       VMAX Ult 

0.00 5.00 8.00

 Footing Parameters : 0.00 5.50

Note:  Includes 2.0' portion of (E) Footing 0.00 6.50

Footing Size :  each end for Bearing purposes. 0.90 9.00

Lx = 26.25 feet 1.00

Ly = 3.00 feet

hf = 5.00 feet

Column Sizes :

C1x = 0.8 feet (column length)

C1y = 0.7 feet (column width)

x1 = 3.88 feet (distance from edge of footing to C1 Centerline)

C2x = 0.8 feet (column length)

C2y = 0.7 feet (column width)

x2 = 22.38 feet (distance from edge of footing to C2 Centerline)

Note: S = 18.50 feet (Separation between column centerlines)

      Interconnected Slab at Sides:

Note :  Slabs at sides are used only to reduce soil bearing pressure; footing is designed to take all loads.

Side : Left Right

t  Inches   (Slab Thickness)

X  Feet (distance to other Slab Edge Support

f'c                       Ksi

Conn Type     (D= Dowel, C= Continuous)

17.7 23.22 1.31

Footing Loads :

Vx = 23.25 kips  (Base Shear - A4 ASD)

Vy = 2.33 kips 

Load Factors : Strength = S    (S for Strength, OS for Over-Strength)

Ω = 3.00 (Overstrength Factor - SMRF)

Load D L EQ 1.0 D + EQ 0.6 D + EQ L PS 1.2 D + 1.4 EQ 0.9 D + 1.4 EQ 1.6 L PU

P1 10 -37 -28 -31 0 -31 -40 -43 0 -43

P2 10 37 47 43 0 47 64 61 0 64

Capacity Factors : ɸv  = 0.75 (Shear)

α = 40 (40 for interior columns, 30 for edge columns, 20 for corner columns)

Concrete : f'c = 3.25 Ksi

fy = 60.00 Ksi

ρc = 0.150 kip/ft
3

Reinforcement: dc = 2.00 inches  (bar clearance - top)

= 3.00 inches  (bar clearance - bottom)

= 2.00 inches  (bar clearance - sides)

Orientation Bar Size N Bars Bottom Layer d      (inches)
Bar Spacing    

(inches)

Bar Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)

x 8 6 x 57.00 6.20 1.00 0.79 4.74

y 3 100 57.25 3.14 0.38 0.11 11.00     Note: Used for placing top bars only.

x 8 6 55.63 6.20 1.00 0.79 4.74

y 3 100 x 57.63 3.14 0.38 0.11 11.00

Soil Parameters : Soil density = 120 pcf 

σallow =  2.00 ksf  (allowable bearing pressure)

σp =  0.30 ksf/ft  (Passive Soil Pressure)

µ =  0.25 ksf  (Coefficient of Friction)

Unfactored Loads

Bar Area

Service Loads Strength Loads

Top Mat

Bottom Mat

Foundation

Elevation and Plan
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-6

-4

-2

0

2

0 2 4

Width  (feet)

D
e

p
th

  
(f

e
e

t)

1  of  9 SMRF Foundation   Case N1 - SMRF 1 FB Footing Design.xls   9/13/2018

816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 116 of 165



SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

1. Design of Slab-to-Footing Connections

a) Effective Slab Width   (ACI ACI 21.6.2.2)

   b ts b

d

   bw X      bw

i)  Symmetrical T-Beams   (ACI 8.12.2) ii)  Slabs on One Side   (ACI 8.12.3)

b ≤ Min (L/4 + bw, 16 ts + bw, X + bw) b ≤ Min (bw + L/12, bw + 6 ts, X/2 + bw)

Where L = feet    (Footing span length) Where bw = Ly = feet    (Footing Width)

= inches = inches

ts = inches (Slab thickness - Average value) L = feet    (Footing span length)

= inches

bw = Ly = feet    (Footing Width)

= inches ts = inches (Slab thickness)

X = feet (Slab Supported Length - Average Value) X = feet (Slab Supported Length)

= inches = inches

= =

b = inches b = inches

b = inches

= feet

b) Required Slab Reinforcement Area

Asr = 0.0018 b  ts      (ACI 7.12.2.1) Where b = inches (Effective Slab Width)

ts = inches (Slab thickness)

Asr = in
2  

c) Required Slab Reinforcement Spacing

Ssr = b / nb   ≤  2 ts        (ACI 13.3.2) Where b = inches (Effective Slab Width)

nb = Ceiling (Asr/Ab) for Asr = in
2
  (Slab Reinforcement Area - Required)

Ab = 0.20 in
2
 for No. 4 bars

=

nb = bars

ts = inches

2 ts = inches

Ssr = inches

 RC Slab not Needed
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

2. Lateral Resistance of Foundation

2A. Longitudinal Loading

FRx =  0.5 L'y  h'f
2
  σp  +  0.6 (Wf  + P) µ Where L'y =  Ly + 2 tnw and Ly = 3.0 feet

tew = 1.00 feet (Thickness of (E) connected walls at ends)

L'y = 5.00 feet  (Bearing Width at Ends of Footing)

h'f =  hf + hsk and hf = 5.0 feet

hsk = 0.00 feet (Additional height of Shear Key at Footing End)

h'f = 5.0 feet  (Bearing Height at Ends of Footing)

=  (62.5) (0.30) + 0.6 (78.3) (0.25) σp =  0.30 ksf/ft  (Passive Soil Pressure)

=  (18.75) + (11.74) Wf =    ρc  Lx  L y  hf and ρc = 0.150 kip/ft^3

Lx = 26.3 feet

Ly = 3.0 feet

hf = 5.0 feet

Wf = 59.06 Kips    (Footing Weight)

P =    P1 + P2    and P1 = 9.6 Kips

P2 = 9.6 Kips

P = 19.2 Kips (Service Load)

µ =  0.25 ksf  (Coefficient of Friction)

FRx = 30.49 kips Note : Vx = 23.25 kips

OK

3. Soil Pressure due to Applied Loads - Service and Strength Loading

a) Applied soil stress - uniform Service Strength

q = (P1 + P2)/Lx Where  P1 = -31 -43 kips

P2 = 47 64 kips

Lx = 26.3 feet

q = 0.59 kip/ft Service

= 0.77 kip/ft Strength

b) Centroid of Factored Loads - from Left Edge of Footing Service Strength

XR = (x1 P1 + x2 P2 + Wf Lx /2) / (P1 + P2 + Wf) Where X1 = 3.88 3.88 feet (distance from edge of footing to C1 Centerline)

P1 = -31 -43 kips

X2 = 22.38 22.38 feet (distance from edge of footing to C2 Centerline)

P2 = 47 64 kips

Wf = 59.06 Kips   (Footing Weight)

Lx = 26.3 feet

XR = 22.83 feet Service

= 25.60 feet Strength

c) Applied soil stress - Trapezoidal

Note: This conditions applies when ∆q < q, and Lb = Lx <=  Does not apply

Σ Mo = -X1 P1 - X2 P2 +(q - ∆q) Lx
2
/2 + 1/2 (2 ∆q) Lx L∆q Service Strength

 = > ∆q = ( q Lx
2
/2 - X1 P1 - X2 P2)/(Lx

2
/2 - Lx L∆q) Where X1 = 3.88 3.88 feet (distance from edge of footing to C1 Centerline)

P1 = -31 -43 kips

X2 = 22.38 22.38 feet (distance from edge of footing to C2 Centerline)

P2 = 47 64 kips

q = 0.59 0.77 kips/ft

Lx = 26.3 26.3 feet

L∆q = Lx/3           if XR < 0.5 Lx

= 2 Lx/3           if XR > 0.5 Lx

L∆q = 17.50 feet Service

= 17.50 feet Strength

Incremental Soil Bearing Stresses :

∆q = 6.29 Service ∆q = 8.61 kips/ft Strength

Soil Stress is NOT Trapezoidal Soil Stress is NOT Trapezoidal

Foundation OK for Sliding
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

d) Applied soil stress - Triangular <=  Governs

Notes: This condition applies when ∆q ≥ q, and Lb ≤ Lx

XR = 22.83 feet = > Large Rotation to Right Service

= 25.60 feet Strength

0.5 Lx = 13.1 feet

          i) Rotation to Left - Footing Bearing Length

Lb =  3 ( 0.5 Lx - e) Where 0.5 Lx = 13.1 feet

e =    XR - 0.5 Lx and XR = 22.83 feet Service

XR = 25.60 feet Strength

e = 9.71 feet Service

= 12.48 feet Strength

Service Lb = NA feet

Strength = NA feet

          ii) Rotation to Right - Footing Bearing Length

Lb =  3 ( 0.5 Lx - e) Where 0.5 Lx = 13.1 feet

e =    XR - 0.5 Lx and XR = 22.83 feet Service

XR = 25.60 feet Strength

e = 9.71 feet Service

= 12.48 feet Strength

Lb = 10.25 feet Service

1.94 feet Strength

          iii) Resulting Soil Bearing Length and Triangular Pressure

Service Strength

∆q = 2(P1 + P2)/Lb Where P1 = -31 -43 kips

P2 = 47 64 kips

Lb = 10.25 1.94 feet

∆q = 3 kips/ft Service

= 21 kips/ft Strength

e) Applied Soil Stresses - Governing

Service Loads :

Note: Large Rotation to Right

q = 0.00 kips/ft XR = 22.83 feet

∆q = 3.00 kips/ft 0.5 Lx = 13.13 feet

Lb = 10.25 feet

Note: Lo = 16.00 feet (location of soil zero value)

Strength Loads :

Note: Large Rotation to Right

q = 0.00 kips/ft XR = 25.60 feet

∆q = 20.74 kips/ft 0.5 Lx = 13.13 feet

Lb = 1.94 feet

Note: Lo = 24.31 feet (location of soil zero value)

f) Check of Soil Bearing Stress

Service Loads :

σb =  qmax / Ly       ≤ σb Where qmax = 3.00 kips/ft

Ly = b = 3.00 feet

σb =  1.00 Ksf Service

OK

Strength Loads :

σbu =  qu / Ly       ≤ σb Where qu = 20.74 kips/ft

Ly = b = 3.00 feet

σb =  6.91 Ksf Strength

Soil Bearing, Shear, and Flexure

Service and Strength Loading
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

4. Applied Loading and Demands on Footing - Strength Loads

Left End
Left Column 

Centerline

Inflection 

Point

Right 

Column 

Centerline

Right End

Location (feet) 0 3.88 22.38 26.25

Load (kips) - -31 - 47 -

VL  (kips) 0 0 43

VR  (kips) - 43 - -20 -

ML  (kip-ft) 0 0 - -793 -

MR  (kip-ft) - 0 -800

5. Adequacy of Footing - Shear 

5A. Check of Flexural/One-Way Shear (ACI 15.5.2 and 11.1.3.1)

Shear demands: Vmax = 43 Kips @ x = 3.88 feet

Vu = Vmax - q (d + C/2)

Where Vmax = 43 Kips

qu = 0.00 Kips/ft @ x = 3.88 feet

d = hf - dc - db and hf = 5.0 feet

= 60.00 inches

dc = 3.00 inches

db = 0.375 inches

d = 56.63 inches

= 4.72 feet

C = 0.00 feet

Vu = 43 Kips

b) Shear Strength provided by Concrete (ACI 11.3.1.1)

ɸ Vc = ɸ 2 f'c
0.5

 bw d Where ɸ = 0.75

f'c = 3,250 psi

b = Ly = 3.0 feet

= 36.0 inches

d = 56.63 inches

ɸ Vc = 174 kips

OK, > Vu

Note: if footing shear reinforcement is needed, use EQ (11-5) in ACI 11.3.2.1.

5B. Punching/Two Way Shear  (ACI 11.5.5.2, 11.12.1.2)

A. Left Column

Shear demands: Vu = 43 Kips

a) Failure Perimeter

b0 = 2 (b1 + b2) Where b1 = X1 + 0.5(C2x + d)   <=   C2x + d and X1 = 3.88 feet

= 46.50 inches

C2x = 9.00 inches

d = 56.63 inches

b1 = 65.63 inches

b2 =    C2y + d   < =   Ly and C2y = 8.28 inches

d = 56.63 inches

Ly = 36.0 inches

b2 = 36.00 inches

b0 = 203.3 inches

Mat Foundation - Punching Shear
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

b) Factored Shear Capacity (ACI 11.12.2.1)

Where ɸ = 0.75

β = Cmax/Cmin and Cmax = 9.00 inches

Cmin = 8.28 inches

β = 1.09

α = 40 (40 for interior columns, 30 for edge columns,

            20 for corner columns)

d = Min(d1,d2) d1 = 55.63 inches

d2 = 57.63 inches

d = 55.63 inches

b0 = 203.3 inches

f'c = 3,250 psi

ɸ Vc = 1,934 kips

OK, > Vu

B. Right Column

Shear demands: Vu = 43 Kips

a) Failure Perimeter

b0 = 2 (b1 + b2) Where b1 = 0.5(C2x + d) + (Lx - X2)   <=   C2x + d

and Lx = 26.3 feet

X2 = 22.38 feet

 Lx -X2 = 3.88 feet

= 46.50 inches

C2x = 9.00 inches

d = 56.63 inches

b1 = 65.63 inches

b2 =  C2y + d    <=  Ly

and C2y = 8.28 inches

d = 56.63 inches

Ly = 36.0 inches

b2 = 36.00 inches

b0 = 203.3 inches

b) Factored Shear Capacity (ACI 11.12.2.1)

Where ɸ = 0.75

β = Cmax/Cmin and Cmax = 9.00 inches

Cmin = 8.28 inches

β = 1.09

α = 40 (40 for interior columns, 30 for edge columns,

            20 for corner columns)

d = Min(d1,d2) d1 = 55.63 inches

d2 = 57.63 inches

d = 55.63 inches

b0 = 203.3 inches

f'c = 3,250 psi

ɸ Vc = 1,934 kips

OK, > Vu

Footing OK for Shear
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

6. Adequacy of Footing - Flexure

6A. Longitudinal Top Reinforcement Check

Flexural demands: Mu = 0 Kip-ft @ x = feet (Inflection Point)

a) Required Reinforcement Ratio (ACI 10.2)

Where f'c = 3.25 Ksi

fy = 60.00 Ksi

Mu = 0

= 0 kip-in

b = Ly = 3.0 feet

= 36 inches

dtop = 57.00 inches

ρr = 0.0000

b) Maximum Reinforcement Ratio (ACI 10.3.4)

Where f'c = 3.25 Ksi

fy = 60.00 Ksi

β1 = 0.85  for f'c ≤ 4.0 Ksi

= 0.85 - 0.05 (f'c - 4.0), ≥ 0.65  for f'c > 4.0 Ksi

β1 = 0.85

εc = 0.003 (ACI Section 10.3.4)

εs = 0.005

ρt = 0.0147

c) Minimum Reinforcement of Flexural Members (ACI 10.5, 7.12.2.1)

ρmin =  Max [3 f'c
0.5

/fy, 200/fy]     ≤    Max [1.33 ρr, 0.0018] Where f'c = 3,250 psi

=  Max [0.0029,0.0033]    ≤  Max[0.0000,0.0018] fy = 60,000 psi

=  Max [0.0033]    ≤  Max[0.0018] ρr = 0.0000   (Required Reinforcement Ratio)

ρmin = 0.0018 ≤

d) Required Reinforcement Area

Areq = ρ Ly d2 Where ρ = ρr         if ρr  ≤  ρmax    and ρr  ≥  ρmin and ρr = 0.00000

= ρmax      if ρr  ≥  ρmax ρmax = 0.01468

= ρmin       if ρr  ≤  ρmin ρmin = 0.00180

Where ρr = 0.0018

Ly = 3.0 feet

= 36.0 inches

dtop = 57.00 inches

Areq = 3.69 in^2 Note: As1 = 4.74 in^2 (reinforcement provided)

OK

6B. Longitudinal Bottom Reinforcement Check

a) Flexural Demands (ACI 15.4.2) Mu

Mu = 0 Kip-ft @ x = 3.88 feet (at face of Left Column)

= -800 Kip-ft @ x = 22.38 feet (at face of Right Column)

Mu = 800 kip-ft

= 9,604 kip-in

qu

b) Required Reinforcement Ratio (ACI 10.2) xf

Where f'c = 3.25 Ksi

fy = 60.00 Ksi

Mu = 9,604 kip-in

b = Ly = 3.0 feet

= 36 inches

dbott = 55.63 inches

ρr = 0.0016

6 - No. 8 Longitudinal Top Bars OK
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

c) Required Reinforcement of Flexural Members

Note: Asb = 4.74 in
2
  (Bottom flexural steel provided)

Areq = ρ b d Where ρ = ρr           for ρr  ≤ ρt and ρr  ≥ ρmin Where ρr = 0.0016

= ρmin        for ρr  ≤ ρmin
* ρt = 0.0147

= 0            Otherwise ρmin = 0.0018

ρ = 0.0018

Note:
*
 for ρr  ≤ ρmin  condition, check Minimum Reinforcement exception (ACI 10.5.3)

Amin = 1.33 ρr b d Where ρr = 0.0016 (required reinforcement ratio)

b = Ly = 36.0 inches

d = dbott = 55.63 inches

Amin = 4.33 in
2

b = Ly = 36.0 inches

d = dbott = 55.63 inches

Areq = in
2

6 - No. 8 Longitudinal Bottom Bars OK
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

7. Footing Reinforcement Summary

 Footing Parameters :

Footing Size :

Lx = 26.3 feet

Ly = 3.0 feet

hf = 5.0 feet

Reinforcement Summary: dc = 2.00 inches  (bar clearance - top)

= 3.00 inches  (bar clearance - bottom)

= 2.00 inches  (bar clearance - sides)

Orientation Bar Size N Bars Bottom Layer d      (inches)
Bar Spacing    

(inches)

Bar Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)

x 8 6 x 57.00 6.20 1.00 0.79 4.74

y 3 100 57.25 3.14 0.38 0.11 11.00     Note: Used for placing top bars only.

x 8 6 55.63 6.20 1.00 0.79 4.74

y 3 100 x 57.63 3.14 0.38 0.11 11.00

1. Design of Slab-to-Footing Connections

      Interconnected Slab at Sides:

Note :  Slabs at sides are used only to reduce soil bearing pressure; footing is designed to take all loads.

Side : Left Right

t  Inches   (Slab Thickness)

X  Feet (distance to other Slab Edge Support

f'c                       Ksi

Conn Type     (D= Dowel, C= Continuous)

2. Lateral Resistance of Foundation

3. Soil Pressure due to Applied Loads

σb =  1.00 Ksf Note: σallow =  2.00 ksf  (allowable bearing pressure)

OK

5. Adequacy of Footing - Shear 

6. Adequacy of Footing - Flexure

Foundation OK for Sliding

Footing OK for Shear

6 - No. 8 Longitudinal Bottom Bars OK

Top Mat

 RC Slab not Needed

6 - No. 8 Longitudinal Top Bars OK

Bottom Mat

Bar Area

Mat Foundation w/ Reinforcing
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

DETERMINATION OF ADDITIONAL REINFORCEMENT REQUIRED - FIXED BASE COLUMN CONDITION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

1. Parameters

Footing Size :

Lx = 26.25 feet

Ly = 3.00 feet

hf = 5.00 feet

 Base Plate Dimensions:

Note:   Base Plate design done elsewhere.

N = 18.00 inches (Base Plate - Length)

B = 10.00 inches (Base Plate - Width)

tPL = 0.75 inches (Base Plate - Thickness)

Column: W8x67

d = 9.00 inches (Wide Flange - Depth)

bf = 8.28 inches (Wide Flange - Width)

tf = 0.94 inches (Wide Flange - Thickness)

Zx = 70.1 in
3
  (Wide Flange - Plastic Section)

A = 19.70 in
2
 (Wide Flange - Area)

Fy = 50 Ksi

Concrete : f'c = 3.25 Ksi

fy = 60.00 Ksi

ρc = 0.15 kip/ft
3

Reinforcement: dc = 2.00 inches  (bar clearance - top)

= 3.00 inches  (bar clearance - bottom)

= 2.00 inches  (bar clearance - sides)

Orientation Bar Size N Bars
Bottom 

Layer

d      

(inches)

Bar 

Spacing    

(inches)

Bar 

Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)

Top Mat x 8 6 x 57.00 6.20 1.00 0.79 4.74

Bottom Mat x 8 6 0 55.63 6.20 1.00 0.79 4.74

Soil Parameters : Soil density = 120 pcf 

σallow =  2.00 ksf  (allowable bearing pressure)

σp =  0.30 ksf/ft  (Passive Soil Pressure)

µ =  0.25 ksf  (Coefficient of Friction)

Design Parameters : ɸv  = 0.75 (Shear; ACI 318-11  9.3.2.3)

Ω = 3.00 (Overstrength Factor - SMRF)

Bar Area

Foundation Cross-Section
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Mat Foundation - Geometry
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

DETERMINATION OF ADDITIONAL REINFORCEMENT REQUIRED - FIXED BASE COLUMN CONDITION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

2.  Additional Required Reinforcement at Columns

a) Column Probable Expected Flexural Capacity

MFB =  100% of Column Flexural Capacity

=  1.0 Zx Fy Where Zx = 70.1 in
3
  (Wide Flange - Plastic Section)

Fy = 50 Ksi

MFB = 3,505 Kip-in

= 292.1 Kip-ft

b) Required Reinforcement Ratio (ACI 10.2)

Where f'c = 3.25 Ksi

fy = 60.00 Ksi

Mu =  MF + MFB for MF = 9,604 kip-in   (Footing Flexural Demands)

MFB = 3,505 kip-in   (Column Flexural Capacity)

Mu = 13,109 kip-in

b = Ly = 3.0 feet

= 36 inches

dx = 55.63 inches

ρr = 0.00223

c) Reinforcement Ratio Provided

ρw = Asx/(Ly dx) Where Asx =  AF + AFB  Where AF = 4.74 in
2

(Reinforcement Provided - Footing Flexure)

AFB =   Reinforcement Required for Resisting Fixed Base Column Flexural Capacity

=  (N-1) Ab for N = 6 bars provided

Ab = 0.79 in
2

for 8 bars

Note: db = 1.00 in
2
 (Bar Diameter)

AFB = 3.95 in
2

Asx = 8.69 in
2

Ly = LB = 3.0 feet

= 36.0 inches

d = 55.63 inches

ρw = 0.00434    (reinforcement ratio provided) Note: D/C Ratio = 0.51  (Demand to Capacity Ratio - Flexure)

OK

Use Additional 5 - # 8 Bars for Column Flexure with DC Ratio = 0.51
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

DETERMINATION OF ADDITIONAL REINFORCEMENT REQUIRED - FIXED BASE COLUMN CONDITION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

d) Flexural reinforcement development length (ACI 12.2.2 and 12.2.5)

      i) Development Length (ACI 12.2.2 - 12.2.4)

Bar Size = 8

ds = S - db Where S = 3.13 inches    (Bar spacing provided)

db = 1.00 inches

ds = 2.13 inches inches (Clear spacing provided)

dc = 2.00 inches (Clear Cover provided)

Provided  

(inches)

db = 1.00 inches 2 db = 2.00 inches

OK NG

2 db = 2.00 inches 4 db = 4.00 inches

OK NG

Note: Normal Weight Concrete with uncoated bars is assumed.

Where fy = 60.00 Ksi

Ψs = 1.00 (ACI 12.2.4)

ld = 52.62 db ld = 31.57 db Ψt = Ψe = λ = 1.00

ld = 52.6 inches ld = 31.6 inches f'c = 3.25 Ksi

db = 1.00 inches

      ii) Excess Reinforcement (ACI 12.2.5)

l'd =  ld ρr/ρw Where ld = 52.6 inches

ρr = 0.0022 (required reinforcement ratio)

ρw = 0.0043 (reinforcement ratio provided)

l'd = 27.1 inches (Required development length)

      iii) Available Anchorage length

Lda = xf - dcs     > l'd Where xf = 3.88 feet (Cantilever Length at Column Centerline)

= 46.50 inches

dcs = 2.00 inches  (bar clearance - sides)

Lda = 44.50 inches

OK

Clear Cover 2.00

Use Additional 5 - # 8 Bars for Column Flexure; Use 0 in Development Length beyond Ends of Base 

Plates

Clear Spacing 2.13

Equations

Values

Lower Limit Upper Limit

b

c

etsy
d 

f' 25

     f
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE 1  (W-E EQ LOADS)  - CASE N-1

DETERMINATION OF ADDITIONAL REINFORCEMENT REQUIRED - FIXED BASE COLUMN CONDITION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

3.   Foundation Demands at Fixed Base Columns

 a)  Column Fixed Base Plastic Shear Demands

VP =  MP / d Where MP =  Fy Zx for Fy = 50 Ksi

Zx = 70.1 in
3
  (Wide Flange - Plastic Section)

MP = 3,505 Kip-in

d = 55.63 inches (Efffective depth of footing)

VP = 63.0 Kips

 b) Amplified Column Axial Demands - Overstrength Shear Demands on Foundation

PU =  Max ( Abs (P1), Abs (P2) ) Where P1 = -43 Kips

P2 = 64 Kips

PU = 63.5 Kips

VO =   Ω  PU Where Ω = 3.00 (Overstrength Factor - SMRF)

PU = 63.5 Kips

VO = 190.5 Kips

 c) Controlling Shear Demands on Foundation

VU =  Max ( VP, VO ) Where VP = 63.0 Kips (Column Plastic Shear)

VO = 190.5 Kips (Column Overstrength Demands)

VU = 190.5 Kips

4.   Foundation Capacity at Fixed Base Columns

  a) Shear Strength provided by Concrete (ACI 11.3.1.1)

VC =   2  f'c
0.5

  bw  d Where f'c = 3.25 Ksi

= 3,250 psi

b = Ly = 3.0 feet

= 36.0 inches

d = 55.63 inches (Efffective depth of footing)

VC = 171 kips

  b) Shear Strength provided by Shear Reinforcement (ACI 11.3.1.1)

Note:   Assume transverse flexural reinforcement provided for footing is part of a reinrforcement cage.

VS =   AS  Fy  d  /  S (11-15) AS = 0.22 for No. 3 bars =>  hoops (from Footing Design)

≤   4 VC Fy = 50 Ksi

d = 55.63 inches (Efffective depth of footing)

S = 3.14 inches (bar spacing - from Footing Design)

VS = 195.0 kips

  b) Factored Shear Capacity of Footing  (ACI 11.1)

ɸ Vn =   ɸ  ( VC + VS) Where ɸ = 0.75 (Shear; ACI 318-11  9.3.2.3)

VC = 171 kips

VS = 195.0 kips

ɸ Vn = 274.7 Kips Note: VU = 190.5 Kips

OK

Footing OK for Shear
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FOOTING DESIGN CASE N-2 - SHEAR WALL AT GRIDLINE 4  (W-E LOADS) 

DETERMINATION OF VERTICAL AND LATERAL LOADS TO FOUNDATION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions

1.  Existing walls are treated as pinned Columns.  Footing is assumed rigid.

2.  Column loads are located in transverse center of footing; limit of 2 columns w/o flexure.

3.  Footing has no shear reinforcement.

4.  Concrete is Normal Weight Concrete with uncoated bars. F5

H5

1.    Lateral Loads and Load Effects F4

V = 10.00 kips  (Base Shear - A4 ASD)

H4

F3

Floor 

Level

Height    

(feet)

Loading 

ID
Vx / V       

Shear       

(Kips)

Force       

(Kips)

Moment       

(Kip-ft)

5

R 11.00 4 0.30 3.00 3.00 33.00 H3

3 10.00 3 0.65 6.50 3.50 68.00

2 13.50 2 0.89 8.90 2.40 100.40 F2

1 6.00 1 1.00 10.00 1.10 107.00

H2

MOT = 107.00 Kip-ft F1

H1

2.    Vertical Loads and Load Effects MOT

Wall
Floor 

Level DL     (psf)

Length     

(feet)

Width     

(feet)

Area     

(ft
2
)

Weight     

(kips)

WL     

(psf)

Length     

(feet)

Height    

(feet)

Area     

(ft
2
)

Weight     

(kips)

R 20 9.00 2.00 18 0.36 10 9.00 11.00 99 0.99

3 30 9.00 2.00 18 0.54 10 9.00 10.00 90 0.90

2 30 9.00 2.00 18 0.54 10 9.00 13.50 122 1.22

1 30 9.00 2.00 18 0.54 10 9.00 6.00 54 0.54

Sum of Floor Weight = 1.98 Kips Sum of Wall Weight = 3.65 Kips

PD1 = 5.63 Kips

Floor Tributary Loads Wall Tributary Loads

1
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FOOTING DESIGN CASE N-2 - SHEAR WALL AT GRIDLINE 4  (W-E LOADS) 

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions :1.  Footing has no shear reinforcement.

2.  Concrete is Normal Weight Concrete with uncoated bars.

  Footing Parameters :

Footing Size :

Lx = 13.0 feet ds = 0.0 feet  (depth of soil)

Ly = 3.0 feet

hf = 3.0 feet

Column Location :

xc = 6.5 feet (Column centerline distance from Left Edge)

yc = 1.5 feet (Column centerline distance from Bottom Edge)

Column Size :

Cx = 9.0 feet (column length)

Cy = 0.5 feet (column width)

      Interconnected Slab at Sides:

Note :

Side : Left Right

t  4.00 Inches   (Slab Thickness)

X  20.00 Feet (distance to other Slab Edge Support

f'c                       2.50 Ksi

Conn Type D     (D= Dowel, C= Continuous)

Concrete : f'c = 3.25 Ksi

fy = 60.00 Ksi

ρc = 0.150 kip/ft^3

Reinforcement: dc = 2.00 inches  (bar clearance - top)

dc = 3.00 inches  (bar clearance - bottom)

= 2.00 inches  (bar clearance - sides)

Orientation Bar Size N Bars
Bottom 

Layer

d      

(inches)

Bar 

Spacing    

(inches)

Bar 

Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)

x 6 6 x 32.25 6.25 0.75 0.44 2.64

y 3 30 32.25 5.23 0.38 0.11 3.30

x 6 6 31.88 6.25 0.75 0.44 2.64

y 3 30 x 32.63 5.23 0.38 0.11 3.30

1. Design of Slab-to-Footing Connections

2. Lateral Resistance of Foundation

3. Soil Pressure due to Applied Loads 

5. Adequacy of Footing - Shear 

6. Adequacy of Footing - Flexure 

Footing Bearing stress OK

Footing OK for Shear

6 - # 6 Bars OK for Longitudinal Flexure

30 - # 3 Bars OK for Transverse Flexure

Use No. 4 bars @ 8.00 inches on-center for Slab-to-Footing Connections

Foundation OK for Sliding

 Slabs at sides are used only to reduce soil bearing pressure; footing 

is designed to take all loads.

Bar Area

Top Mat

Bottom Mat

Footing Elevation and Plan
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FOOTING DESIGN CASE N-2 - SHEAR WALL AT GRIDLINE 4  (W-E LOADS) 

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions : 1.  Footing has no shear reinforcement.

2.  Concrete is Normal Weight Concrete with uncoated bars.

  Footing Parameters :

Footing Size :

Lx = 13.0 feet ds = 0.0 feet  (depth of soil)

Ly = 3.0 feet

hf = 3.0 feet

Wall Location :

xc = 6.5 feet (Wall centerline distance from Left Edge)

yc = 1.5 feet (Wall centerline distance from Bottom Edge)

Wall Size :

Cx = 9.0 feet (Wall length)

Cy = 0.5 feet (Wall width)

      Interconnected Slab at Sides:

Note :

Side : Left Right

t  4.00 Inches   (Slab Thickness)

X  20.00 Feet (distance to other Slab Edge Support "

f'c                       2.50 Ksi

Conn Type D     (D= Dowel, C= Continuous)

Footing Loads : Service Strength

P = 5.6 7.9 kips

My = 107.0 149.8 kip-ft  Plastic Hinge Centroidal Heights:

Vx = 10.00 14.0 kips @ hpx = 0.00 feet

Mx = 1 1.4 kip-ft

Vy = 0.1 0.1 kips @ hpy = 0.00 feet

Capacity Factors : ɸv  = 0.75 (Shear)

ɸb  = 0.65 (Bearing)

α = 40 (40 for interior columns, 30 for edge columns,  20 for corner columns)

Concrete : f'c = 3.25 Ksi

fy = 60.00 Ksi

ρc = 0.150 kip/ft^3

Reinforcement: dc = 2.00 inches  (bar clearance - top)

dc = 3.00 inches  (bar clearance - bottom)

= 2.00 inches  (bar clearance - sides)

Orientation Bar Size N Bars
Bottom 

Layer

d      

(inches)

Bar 

Spacing    

(inches)

Bar 

Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)

x 6 6 x 32.25 6.25 0.75 0.44 2.64

y 3 30 32.25 5.23 0.38 0.11 3.30     Note: Used for placing top bars only.

x 6 6 31.88 6.25 0.75 0.44 2.64

y 3 30 x 32.63 5.23 0.38 0.11 3.30

Soil Parameters : ρs = 120 pcf 

σallow =  2.02 ksf  (allowable bearing pressure)

σp =  0.30 ksf/ft  (Passive Soil Pressure)

µ =  0.25 ksf  (Coefficient of Friction)

 Slabs at sides are used only to reduce soil bearing pressure; footing 

is designed to take all loads.

Bar Area

Bottom Mat

Top Mat

Footing Elevation and Plan
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FOOTING DESIGN CASE N-2 - SHEAR WALL AT GRIDLINE 4  (W-E LOADS) 

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

1. Design of Slab-to-Footing Connections

a) Effective Slab Width   (ACI 21.6.2.2)

   b ts b

   d

   bw X      bw

i)  Symmetrical T-Beams   (ACI 8.12.2) ii)  Slabs on One Side   (ACI 8.12.3)

b ≤ Min (L/4 + bw, 16 ts + bw, X + bw) b ≤ Min (bw + L/12, bw + 6 ts, X/2 + bw)

Where L = feet    (Footing span length) Where bw = Ly = 3.00 feet    (Footing Width)

= inches = 36.00 inches

ts = inches (Slab thickness - Average value) L = 13.00 feet    (Footing span length)

= 156.00 inches

bw = Ly = feet    (Footing Width)

= inches ts = 4.00 inches (Slab thickness)

X = feet (Slab Supported Length - Average Value) X = 20.00 feet (Slab Supported Length)

= inches = 240 inches

= = Min (49.00, 60.00, 156.00)

b = inches b = 49.00 inches

b = 49.00 inches

= 4.08 feet

b) Required Slab Reinforcement Area

Asr = 0.0018 b  ts      (ACI 7.12.2.1) Where b = 49.00 inches (Effective Slab Width)

ts = 4.0 inches (Slab thickness)

Asr = 0.35 in
2  

c) Required Slab Reinforcement Spacing

Ssr = b / nb   ≤  2 ts        (ACI 13.3.2) Where b = 49.00 inches (Effective Slab Width)

nb = Ceiling (Asr/Ab) for Asr = 0.35 in
2
  (Slab Reinforcement Area - Required)

Ab = 0.20 in
2
 for No. 4 bars

= CEILING(MIN(24.50,8.00,1)

nb = 2 bars

ts = 4.0 inches

2 ts = 8.0 inches

Ssr = 8.00 inches

Use No. 4 bars @ 8.00 inches on-center for Slab-to-Footing Connections
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FOOTING DESIGN CASE N-2 - SHEAR WALL AT GRIDLINE 4  (W-E LOADS) 

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

2. Lateral Resistance of Foundation

2A. Longitudinal Loading

FRx =  0.5 L'y  h'f
2
  σp  +  0.6 (Wf  + P) µ Where L'y =  Ly + 2 tnw and Ly = 3.0 feet

tew = 3.00 feet (Thickness of (E) connected walls at ends)

L'y = 9.00 feet  (Bearing Width at Ends of Footing)

h'f =  hf + hsk and hf = 3.0 feet

hsk = 0.00 feet (Additional height of Shear Key at Footing End)

h'f = 3.0 feet  (Bearing Height at Ends of Footing)

=  (40.5) (0.30) + 0.6 (23.2) (0.25) σp =  0.30 ksf/ft  (Passive Soil Pressure)

=  (12.15) + (3.48) Wf =    ρc  Lx  L y  hf and ρc = 0.150 kip/ft^3

Lx = 13.0 feet

Ly = 3.0 feet

hf = 3.0 feet

Wf = 17.55 Kips    (Footing Weight)

P = 5.6 Kips (Service Load)

µ =  0.25 ksf  (Coefficient of Friction)

FRx = 15.63 kips Note : Vx = 10.00 kips

OK

3. Soil Pressure due to Applied Loads 

3A. Longitudinal Loading

a) Loading Eccentricity

ex = Σ My / P' Where Σ My = My + Vx Hpx - P (0.5 Lx - xc) and My = 107 kip-ft

Vx = 10 kips

@ hpx = 0.00 feet

P = 6 Kips

Lx = 13.0 feet

= 107 kip-ft + 0 kip-ft - 0 kip-ft xc = 6.5 feet (Column centerline distance from Left Edge)

Σ My = 107 Kip-in

P' = P + PF and P = 6 Kips

PF = for ρc = 0.150 kip/ft^3

Lx = 13.0 feet

Ly = 3.0 feet

hf = 3.0 feet

PF = 17.55 kips (footing weight)

P' = 23 Kips

ex = 4.62 feet

Note: Lx/6 = 2.17 feet (Footing Middle Third)

  ρc Lx Ly hf

Foundation OK for Sliding
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FOOTING DESIGN CASE N-2 - SHEAR WALL AT GRIDLINE 4  (W-E LOADS) 

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

b) Bearing Stresses

      i)  for ex ≤ Lx/6 (within Middle Lx/3)

σmax = P (1 + 6 ex / Lx) / (Lx Ly) Where P = 23 Kips

σmin = P (1 - 6 ex / Lx) / (Lx Ly) ex = 4.62 feet

Lx = 13.0 feet

Ly = 3.0 feet

σmax = 1.86 Ksf

σmin = -0.67 Ksf

      ii)  for ex > Lx/6 (outside Middle Lx/3) <= Governs!

σmax = 2 P / (Lbx Ly) Where P = 23 Kips

Lbx = 3 (0.5 Lx - ex) and Lx = 13.0 feet

ex = 4.62 feet

Lbx = 5.65 feet

Ly = 3.0 feet

σmax = 2.74 Ksf

σmin = 0.00 Ksf

      iii)  Governing Condition σmax = 2.74 Ksf

σmin = 0.00 Ksf

3B. Transverse Loading

a) Loading Eccentricity

ey =  Σ Mx / P' Where Σ Mx = Mx + Vy Hpy - P (0.5 Ly - yc) and Mx = 1 kip-ft

Vy = 0 kips

@ hpy = 0.00 feet

P = 6 Kips

Ly = 3.0 feet

= 1 kip-ft + 0 kip-ft - 0 kip-ft yc = 1.5 feet (Column centerline distance from Left Edge)

Σ My = 1 Kip-in

P' = 23 Kips

ey = 0.04 feet

Note: Ly/6 = 0.50 feet (Footing Middle Third)

b) Bearing Stresses

      i)  for ey ≤ Ly/6 (within Middle Ly/3) <= Governs!

σmax = P' (1 + 6 ey / Ly) / (Lx Ly) Where P' = 23 Kips

σmin = P' (1 - 6 ey / Ly) / (Lx Ly) ey = 0.04 feet

Ly = 3.0 feet

Lx = 13.0 feet

σmax = 0.65 Ksf

σmin = 0.54 Ksf

      ii)  for ex > Lx/6 (outside Middle Lx/3)

σmax = 2 P' / (Lby Lx) Where P' = 23 Kips

Lby = 3 (0.5 Ly - ey)   ≤   Ly and Ly = 3.0 feet

ey = 0.04 feet

Lby = 3.00 feet

Lx = 13.0 feet

σmax = 1.19 Ksf

σmin = 0.00 Ksf

      iii)  Governing Condition σmax = 0.65 Ksf

σmin = 0.54 Ksf

Longitudinal Bearing Stress
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FOOTING DESIGN CASE N-2 - SHEAR WALL AT GRIDLINE 4  (W-E LOADS) 

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

3C.   Check of Bearing Stresses on Soil

   a) Assuming all loads resisted by Footing only

σmax = Max(σmax,x,σmax,y) Where σmax = 2.74 Ksf (Longitudinal Direction)

= 0.65 Ksf (Transverse Direction)

   b) Assuming all loads resisted by Footing + Adjoining Slabs

σmax = Max(σmax,x,σmax,y)  *  Ly / b  Where σmax = 2.74 Ksf (Longitudinal Direction) and Ly = 3.0 feet

= 0.65 Ksf (Transverse Direction) b = 49.00 inches

=  ( 2.74 * 0.73 ) = 4.08 feet

σmax = 2.01 Ksf Note: σallow =  2.02 ksf  (allowable bearing pressure)

OK

4. Applied Loading and Demands on Footing

Left End
Left Face 

of Wall

Wall 

Centerline

Right Face 

of Wall
Right End Left End

Left Face 

of 

Column 

Column 

Centerline

Right Face of 

Column 
Right End

Location                  

(feet)
0 2.00 6.50 11.00 13.00

Location                  

(feet)
0.00 1.25 1.50 1.75 3.00

σ  = qu/Ly             

(ksf)
0.00 0.00 0.00 2.45 3.83

σ  = qu/Ly          

(ksf)
0.54 0.59 0.59 0.60 0.65

P                       (kips) - - 8 - -
P                       

(kips)
- - 8 - -

My + V hpx           (kip-

ft)
- - 150 - -

My + V hpx           

(kip-ft)
- - 1 - -

V+                                    

(kips)
- 11 1 4 4

V+                                    

(kips)
0 9 11 5 15

V-                                             

(kips)
-3 -6 - -12 -

V-                                             

(kips)
- - - - -

M+                                        

(kip-ft)
0 9 - - -

M+                                        

(kip-ft)
0 - - - -

M-                                            

(kip-ft)
- - -18 -15 -6

M-                                            

(kip-ft)
- -6 -8 -11 -23

Footing Bearing stress OK

Longitudinal Direction Transverse Direction

Longitudinal Bearing Stress, Shear 

and Flexural Demands
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FOOTING DESIGN CASE N-2 - SHEAR WALL AT GRIDLINE 4  (W-E LOADS) 

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

5. Adequacy of Footing - Shear 

A. Flexural/One-Way Shear

     a) Longitudinal Direction

Shear demands: Vux = 10.8 Kips @ xL = 2.00 feet (locations at distance d from face of Wall - Left side)

= 11.8 Kips @ xR = 11.00 feet (                                                               - Right side)

= > Vux = 11.8 Kips

         ii) Shear capacity of concrete without shear reinforcement

Note: Vu d/Mu value must be ≤ 1.0

Where ɸ = 0.75

f'c = 3,250 psi

ρw = Asx/(Ly dx) and Asx = 2.64 in^2

Ly = 3.00 feet

= 36.0 inches

d = 31.88 inches

ρw = 0.002301

Vu = 12 kips

d = 31.88 inches

Mu = 15 Kip-ft @ Vux = 12 Kips (location of shear value)

Check of Vu d/Mu value limit:

Vu d/Mu = 2.07 where Vu = 12 kips

NG, value 

taken as 

unity. d = 31.88 inches

Mu = 15 kip-ft

= 182 kip -in

bw = L2 = 3.0 feet

= 36.0 inches

d = 31.88 inches

= > ɸ Vc = 98.2 kips Comparison w/ Equation 11-3:

ɸ Vc = ɸ 2 f'c
0.5

 bw d Where ɸ = 0.75

f'c = 3,250 psi

bw = L2 = 36.0 inches

d = 31.88 inches

ɸ Vc = 98.1 kips

Check of upper value limit:

ɸ Vc,max = 3.5 f'c
0.5

 bw d Where f'c = 3,250 psi

bw = L2 = 36.0 inches

d = 31.88 inches

ɸ Vc,max = 229.0 kips

ɸ Vc = 98.2 kips

OK, > Vu

5)-(11          d b f' 3.5       d b 
M

d V
  2500  f' 1.9 φ  V φ wcw

u

u

wcc ≤







+= ρ
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FOOTING DESIGN CASE N-2 - SHEAR WALL AT GRIDLINE 4  (W-E LOADS) 

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

     b) Transverse Direction

Note: approach is for concrete column, not column or pedestal with steel base plates.

Shear demands: Vuy = 9 Kips @ xL = 1.25 feet (locations at distance d from face of column - Left side)

= 5 Kips @ xR = 1.75 feet (                                                               - Right side)

= > Vuy = 9 Kips

         ii) Shear capacity of concrete without shear reinforcement

Note: Vu d/Mu value must be ≤ 1.0

Where ɸ = 0.75

f'c = 3,250 psi

ρw = Asy/(Lx dy) and Asy = 3.30 in^2

Lx = 13.00 feet

= 156.0 inches

dy = 32.63 inches

ρw = 0.000648

Vu = 9 kips

d = 32.63 inches

Mu = 11 Kip-ft @ Vux = 9 Kips (location of shear value)

Check of Vu d/Mu value limit:

Vu d/Mu = 2.33 where Vu = 9 kips

dy = 32.63 inches

Mu = 11 kip-ft

= 127 kip -in

bw = Lx = 13.0 feet

= 156.0 inches

dy = 32.63 inches

= > ɸ Vc = 420 kips Comparison w/ Equation 11-3:

ɸ Vc = 2 f'c
0.5

 bw d Where ɸ = 0.75

f'c = 3,250 psi

bw = Lx = 156.0 inches

dy = 32.63 inches

ɸ Vc = 435 kips

Check of upper value limit:

ɸ Vc,max = 3.5 f'c
0.5

 bw d Where f'c = 3,250 psi

bw = L2 = 156.0 inches

dy = 32.63 inches

ɸ Vc,max = 1,016 kips

ɸ Vc = 420 kips

OK, > Vu

Value 

taken as 

unity.

5)-(11          d b f' 3.5       d b 
M

d V
  2500  f' 1.9 φ  V φ wcw

u

u

wcc ≤







+= ρ
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FOOTING DESIGN CASE N-2 - SHEAR WALL AT GRIDLINE 4  (W-E LOADS) 

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

B. Punching/Two Way Shear

Sources: ACI 11.5.5.2, 11.12.1.2

a) Failure Perimeter

b0 = 2 (b1 + b2) Where b1 = Cx + dx and Cx = 108.00 inches

dx = 31.88 inches

b1 = 139.88 inches

b2 = Cy + dy and Cy = 6.00 inches

dy = 32.63 inches

b2 = 38.63 inches

b0 = 357.0 inches

b) Shear Demands

Vu = 1.4 σCL (Lx Ly - b1 b2) Where σCL = 0.59 Ksf

Lx = 13.00 feet

Ly = 3.00 feet

b1 = 139.88 inches

= 11.66 feet

b2 = 38.63 inches

= 3.22 feet

Vu = 1.2 kips

c) Factored Shear Capacity (ACI 11.12.2.1)

Where ɸ = 0.75

β = Cmax/Cmin and Cmax = 108.00 inches

Cmin = 6.00 inches

β = 18.00

α = 40 (40 for interior columns, 30 for edge columns,

            20 for corner columns)

d = Min(dx, dy, Ly) dx = 31.88 inches

dy = 32.63 inches

Ly = 36.0 inches

d = 31.88 inches

b0 = 357.0 inches

f'c = 3,250 psi

ɸ Vc = 1,081 kips

OK, > Vu

Footing OK for Shear

d b f' 4 2,  
b

d α
 ,

β

4
  2Min φ  V φ oc

o

c 







++=

Single Column - 

Punching Shear
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FOOTING DESIGN CASE N-2 - SHEAR WALL AT GRIDLINE 4  (W-E LOADS) 

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

6. Adequacy of Footing - Flexure 

A. Longitudinal Flexure

a) Flexural demands Mux = 9 Kip-ft @ xL = 2.00 feet (locations at face of column - Left side)

= 104 Kip-in Note: Xf = 2.00 feet (Cantilever Length)

= 15 Kip-ft @ xR = 11.00 feet (                                        - Right side)

= 182 Kip-in Note: Xf = 2.00 feet (Cantilever Length)

= > Mux = 182 Kip-in

b) Required Reinforcement Ratio (ACI 10.2)

Where f'c = 3.25 Ksi

fy = 60.00 Ksi

Mu = 182 kip-in

b = Lx = 3.0 feet xf

= 36 inches

dx = 31.88 inches

ρr = 0.0001 Note: ρw = 0.0023 (reinforcement ratio provided)

OK

c) Maximum Reinforcement Ratio (ACI 10.3.4)

Where f'c = 3.25 Ksi

fy = 60.00 Ksi

β1 = 0.85  for f'c ≤ 4.0 Ksi

= 0.85 - 0.05 (f'c - 4.0), ≥ 0.65  for f'c > 4.0 Ksi

β1 = 0.85

εc = 0.003 (ACI Section 10.3.4)

εs = 0.005

ρt = 0.0147 Note: ρw = 0.0023 (reinforcement ratio provided)

OK, Tension controlled section

d) Minimum Reinforcement Area (ACI 7.12.2.1)

Amin = ρmin Ag Where ρmin = 0.002  for fy ≤ 50.0 Ksi

0.0018  for fy = 60.0 Ksi

0.0018 60/fy  for fy ≥ 60.0 Ksi

fy = 60.00 Ksi

ρmin = 0.0018

Ag = Ly hf Ly = 3.0 feet

= 36 inches

hf = 3.00 feet

= 36.00 inches

Ag = 1,296 in^2

Amin = 2.33 in^2 Note: As1 = 2.64 in^2 (reinforcement provided)

OK
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FOOTING DESIGN CASE N-2 - SHEAR WALL AT GRIDLINE 4  (W-E LOADS) 

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

e) Flexural reinforcement development length (ACI 12.2.2 and 12.2.5)

      i) Development Length (ACI 12.2.2 - 12.2.4)

Bar Size = 6

ds = S - db Where S = 6.25 inches    (Bar spacing provided)

db = 0.75 inches

ds = 5.50 inches inches (Clear spacing provided)

dc = 3.00 inches (Clear Cover provided) xf

Provided  (inches)

db = 0.75 inches 2 db = 1.50 inches

OK OK

2 db = 1.5 inches 4 db = 3 inches

OK OK

Note: Normal Weight Concrete with uncoated bars is assumed.

Where fy = 60.00 Ksi

Ψs = 0.80 (ACI 12.2.4)

ld = 42.10 db ld = 25.26 db Ψt = Ψe = λ = 1.00

ld = 31.6 inches ld = 18.9 inches f'c = 3.25 Ksi

db = 0.75 inches

      ii) Excess Reinforcement (ACI 12.2.5)

l'd =  ld ρr/ρw Where ld = 18.9 inches

ρr = 0.0001 (required reinforcement ratio)

ρw = 0.0023 (reinforcement ratio provided)

l'd = 0.8 inches (Required development length)

      iii) Available Anchorage length

Lda = xf - dcs     > l'd Where xf = 2.00 feet (Cantilever Length at Mux)

= 24.00 inches

dcs = 2.00 inches  (bar clearance - sides)

Lda = 22.00 inches

OK

B. Transverse Flexure

a) Flexural demands Mux = 6 Kip-ft @ xL = 1.25 feet (locations at face of column - Left side)

= 67 Kip-in Note: Xf = 1.25 feet (Cantilever Length)

= 11 Kip-ft @ xR = 1.75 feet (                                        - Right side)

= 127 Kip-in Note: Xf = 1.25 feet (Cantilever Length)

= > Mux = 127 Kip-in

b) Required Reinforcement Ratio (ACI 10.2)

Where f'c = 3.25 Ksi

fy = 60.00 Ksi

Mu = 127 kip-in

b = Lx = 13.0 feet

= 156 inches

dy = 32.63 inches

ρr = 0.00001

c) Required Reinforcement Area

Areq = ρr L1 d2 Where ρr = 0.00001

Lx = 13.0 feet

= 156.0 inches

dy = 32.63 inches

Areq = 0.07 in^2 Note: As1 = 3.30 in^2 (reinforcement provided)

OK

Lower Limit Upper Limit

Clear Cover 3.00

Clear Spacing 5.50

Values

6 - # 6 Bars OK for Longitudinal Flexure

Equations
b
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FOOTING DESIGN CASE N-2 - SHEAR WALL AT GRIDLINE 4  (W-E LOADS) 

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

d) Flexural reinforcement development length (ACI 12.2.2 and 12.2.5)

      i) Development Length (ACI 12.2.2 - 12.2.4)

Bar Size = 3

ds = S - db Where S = 5.23 inches    (Bar spacing provided)

db = 0.38 inches

ds = 4.85 inches inches (Clear spacing provided)

dc = 3.00 inches (Clear Cover provided)     xf

Provided  (inches)

db = 0.38 inches 2 db = 0.75 inches

OK OK

2 db = 0.75 inches 4 db = 1.5 inches

OK OK

Note: Normal Weight Concrete with uncoated bars is assumed.

Where fy = 60.00 Ksi

Ψs = 0.80 (ACI 12.2.4)

ld = 42.10 db ld = 25.26 db Ψt = Ψe = λ = 1.00

ld = 31.6 inches ld = 18.9 inches f'c = 3.25 Ksi

db = 0.75 inches

      ii) Excess Reinforcement (ACI 12.2.5)

l'd =  ld ρr/ρw Where ld = 18.9 inches

ρr = 0.0000 (required reinforcement ratio)

ρw = 0.0006 (reinforcement ratio provided)

l'd = 0.42 inches (Required development length)

      iii) Available Anchorage length

Lda = xf - dcs     > l'd Where xf = 1.25 feet

= 15.00 inches

dcs = 2.00 inches  (bar clearance - sides)

Lda = 13.00 inches

OK

30 - # 3 Bars OK for Transverse Flexure

Lower Limit Upper Limit

Equations

Values

Clear Cover 3.00

Clear Spacing 4.85
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SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

DETERMINATION OF VERTICAL AND LATERAL LOADS TO FOUNDATION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions

1.  Existing walls are treated as pinned Columns.  Footing is assumed rigid.

2.  Column loads are located in transverse center of footing; limit of 2 columns w/o flexure.

3.  Footing has no shear reinforcement.

4.  Concrete is Normal Weight Concrete with uncoated bars. F5

H5

1.    Lateral Loads and Load Effects F4

V = 19.60 kips  (Base Shear - A4 ASD)

H4

S = 25.00 feet (Separation between Wall centerlines)

F3

Floor 

Level

Height    

(feet)

Loading 

ID
Vx / V       

Shear       

(Kips)

Force       

(Kips)

5 H3

R 11.00 4 0.65 12.74 12.74

3 10.00 3 0.89 17.44 4.70 F2

2 13.50 2 1.00 19.60 2.16

1 2.00 1 0.00 0.00 0.00

H2

From summation of moments : F1

PE1 = -24.74 Kips

PE2 = 24.74 Kips H1

S

2.    Vertical Loads and Load Effects PE1 PE2

Wall
Floor 

Level DL     (psf)

Length     

(feet)

Width     

(feet)

Area     

(ft
2
)

Weight     

(kips)

WL     

(psf)

Length     

(feet)

Height    

(feet)

Area     

(ft
2
)

Weight     

(kips)

R 20 25.00 2.00 50 1.00 20 25.00 11.00 275 5.50

3 30 25.00 2.00 50 1.50 20 25.00 13.50 338 6.75

2 30 25.00 2.00 50 1.50 20 25.00 13.50 338 6.75

1 0 25.00 2.00 50 0.00 0 25.00 2.00 50 0.00

Sum of Floor Weight = 4.00 Kips Sum of Wall Weight = 19.00 Kips

PD1 = 23.00 Kips

Wall
Floor 

Level DL     (psf)

Length     

(feet)

Width     

(feet)

Area     

(ft
2
)

Weight     

(kips)

WL     

(psf)

Length     

(feet)

Height    

(feet)

Area     

(ft
2
)

Weight     

(kips)

R 20 25.00 2.00 50 1.00 20 25.00 11.00 275 5.50

3 30 25.00 2.00 50 1.50 20 25.00 13.50 338 6.75

2 30 25.00 2.00 50 1.50 20 25.00 13.50 338 6.75

1 0 25.00 2.00 50 0.00 0 25.00 2.00 50 0.00

Sum of Floor Weight = 4.00 Kips Sum of Wall Weight = 19.00 Kips

PD2 = 23.00 Kips

2

Floor Tributary Loads Wall Tributary Loads

1

Floor Tributary Loads Wall Tributary Loads
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SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions

1.  Column loads are located in transverse center of footing; limit of 2 columns w/o flexure.

2.  Footing has no shear reinforcement.

3.  Concrete is Normal Weight Concrete with uncoated bars.

Vx / V       VMAX Ult 

0.00 5.00 8.00

 Footing Parameters : 0.00 5.50

0.00 6.50

Footing Size : 0.90 9.00

Lx = 36.50 feet 1.00

Ly = 2.00 feet

hf = 3.00 feet

Column Sizes :

C1x = 10.5 feet (column length)

C1y = 0.7 feet (column width)

x1 = 5.75 feet (distance from edge of footing to C1 Centerline)

C2x = 10.5 feet (column length)

C2y = 0.7 feet (column width)

x2 = 30.75 feet (distance from edge of footing to C2 Centerline)

Note: S = 25.00 feet (Separation between column centerlines)

      Interconnected Slab at Sides:

Note :  Slabs at sides are used only to reduce soil bearing pressure; footing is designed to take all loads.

Side : Left Right

t  Inches   (Slab Thickness)

X  Feet (distance to other Slab Edge Support

f'c                       Ksi

Conn Type     (D= Dowel, C= Continuous)

16.0 19.6 1.23

Footing Loads :

Vx = 19.60 kips  (Base Shear - A4 ASD)

Vy = 1.96 kips 

Load Factors : Strength = S    (S for Strength, OS for Over-Strength)

Ω = 3.00 (Overstrength Factor - SMRF)

Load D L EQ 1.0 D + EQ 0.6 D + EQ L PS 1.2 D + 1.4 EQ 0.9 D + 1.4 EQ 1.6 L PU

P1 23 -25 -2 -11 0 -11 -7 -14 0 -14

P2 23 25 48 39 0 48 62 55 0 62

Capacity Factors : ɸv  = 0.75 (Shear)

α = 40 (40 for interior columns, 30 for edge columns, 20 for corner columns)

Concrete : f'c = 3.25 Ksi

fy = 60.00 Ksi

ρc = 0.150 kip/ft
3

Reinforcement: dc = 2.00 inches  (bar clearance - top)

= 3.00 inches  (bar clearance - bottom)

= 2.00 inches  (bar clearance - sides)

Orientation Bar Size N Bars Bottom Layer
d             

(inches)

Bar Spacing    

(inches)

Bar Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)

x 7 6 x 33.13 3.83 0.88 0.60 3.60

y 4 130 33.00 3.36 0.50 0.20 26.00     Note: Used for placing top bars only.

x 7 6 31.63 3.83 0.88 0.60 3.60

y 4 130 x 33.50 3.36 0.50 0.20 26.00

Soil Parameters : Soil density = 120 pcf 

σallow =  2.00 ksf  (allowable bearing pressure)

σp =  0.30 ksf/ft  (Passive Soil Pressure)

µ =  0.25 ksf  (Coefficient of Friction)

Unfactored Loads

Bar Area

Service Loads Strength Loads

Top Mat

Bottom Mat

Foundation

Elevation and Plan

-10

-5

0

5

10

0 5 10 15 20 25 30 35 40

Foundation Cross-Section

-4

-2

0

2

0 2 4

Width  (feet)
D

e
p

th
  
(f

e
e

t)
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SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

1. Design of Slab-to-Footing Connections

a) Effective Slab Width   (ACI ACI 21.6.2.2)

   b ts b

d

   bw X      bw

i)  Symmetrical T-Beams   (ACI 8.12.2) ii)  Slabs on One Side   (ACI 8.12.3)

b ≤ Min (L/4 + bw, 16 ts + bw, X + bw) b ≤ Min (bw + L/12, bw + 6 ts, X/2 + bw)

Where L = feet    (Footing span length) Where bw = Ly = feet    (Footing Width)

= inches = inches

ts = inches (Slab thickness - Average value) L = feet    (Footing span length)

= inches

bw = Ly = feet    (Footing Width)

= inches ts = inches (Slab thickness)

X = feet (Slab Supported Length - Average Value) X = feet (Slab Supported Length)

= inches = inches

= =

b = inches b = inches

b = inches

= feet

b) Required Slab Reinforcement Area

Asr = 0.0018 b  ts      (ACI 7.12.2.1) Where b = inches (Effective Slab Width)

ts = inches (Slab thickness)

Asr = in
2  

c) Required Slab Reinforcement Spacing

Ssr = b / nb   ≤  2 ts        (ACI 13.3.2) Where b = inches (Effective Slab Width)

nb = Ceiling (Asr/Ab) for Asr = in
2
  (Slab Reinforcement Area - Required)

Ab = 0.20 in
2
 for No. 4 bars

=

nb = bars

ts = inches

2 ts = inches

Ssr = inches

 RC Slab not Needed
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SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

2. Lateral Resistance of Foundation

2A. Longitudinal Loading

FRx =  0.5 L'y  h'f
2
  σp  +  0.6 (Wf  + P) µ Where L'y =  Ly + 2 tnw and Ly = 2.0 feet

tew = 2.00 feet (Thickness of (E) connected walls at ends)

L'y = 6.00 feet  (Bearing Width at Ends of Footing)

h'f =  hf + hsk and hf = 3.0 feet

hsk = 0.00 feet (Additional height of Shear Key at Footing End)

h'f = 3.0 feet  (Bearing Height at Ends of Footing)

=  (27.0) (0.30) + 0.6 (78.9) (0.25) σp =  0.30 ksf/ft  (Passive Soil Pressure)

=  (8.10) + (11.83) Wf =    ρc  Lx  L y  hf and ρc = 0.150 kip/ft^3

Lx = 36.5 feet

Ly = 2.0 feet

hf = 3.0 feet

Wf = 32.85 Kips    (Footing Weight)

P =    P1 + P2    and P1 = 23.0 Kips

P2 = 23.0 Kips

P = 46.0 Kips (Service Load)

µ =  0.25 ksf  (Coefficient of Friction)

FRx = 19.93 kips Note : Vx = 19.60 kips

OK

3. Soil Pressure due to Applied Loads - Service and Strength Loading

a) Applied soil stress - uniform Service Strength

q = (P1 + P2)/Lx Where  P1 = -11 -14 kips

P2 = 48 62 kips

Lx = 36.5 feet

q = 1.01 kip/ft Service

= 1.32 kip/ft Strength

b) Centroid of Factored Loads - from Left Edge of Footing Service Strength

XR = (x1 P1 + x2 P2 + Wf Lx /2) / (P1 + P2 + Wf) Where X1 = 5.75 5.75 feet (distance from edge of footing to C1 Centerline)

P1 = -11 -14 kips

X2 = 30.75 30.75 feet (distance from edge of footing to C2 Centerline)

P2 = 48 62 kips

Wf = 32.85 Kips   (Footing Weight)

Lx = 36.5 feet

XR = 28.78 feet Service

= 29.98 feet Strength

c) Applied soil stress - Trapezoidal

Note: This conditions applies when ∆q < q, and Lb = Lx <=  Does not apply

Σ Mo = -X1 P1 - X2 P2 +(q - ∆q) Lx
2
/2 + 1/2 (2 ∆q) Lx L∆q Service Strength

 = > ∆q = ( q Lx
2
/2 - X1 P1 - X2 P2)/(Lx

2
/2 - Lx L∆q) Where X1 = 5.75 5.75 feet (distance from edge of footing to C1 Centerline)

P1 = -11 -14 kips

X2 = 30.75 30.75 feet (distance from edge of footing to C2 Centerline)

P2 = 48 62 kips

q = 1.01 1.32 kips/ft

Lx = 36.5 36.5 feet

L∆q = Lx/3           if XR < 0.5 Lx

= 2 Lx/3           if XR > 0.5 Lx

L∆q = 24.33 feet Service

= 24.33 feet Strength

Incremental Soil Bearing Stresses :

∆q = 3.30 Service ∆q = 4.29 kips/ft Strength

Soil Stress is NOT Trapezoidal Soil Stress is NOT Trapezoidal

Foundation OK for Sliding
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SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

d) Applied soil stress - Triangular <=  Governs

Notes: This condition applies when ∆q ≥ q, and Lb ≤ Lx

XR = 28.78 feet = > Large Rotation to Right Service

= 29.98 feet Strength

0.5 Lx = 18.3 feet

          i) Rotation to Left - Footing Bearing Length

Lb =  3 ( 0.5 Lx - e) Where 0.5 Lx = 18.3 feet

e =    XR - 0.5 Lx and XR = 28.78 feet Service

XR = 29.98 feet Strength

e = 10.53 feet Service

= 11.73 feet Strength

Service Lb = NA feet

Strength = NA feet

          ii) Rotation to Right - Footing Bearing Length

Lb =  3 ( 0.5 Lx - e) Where 0.5 Lx = 18.3 feet

e =    XR - 0.5 Lx and XR = 28.78 feet Service

XR = 29.98 feet Strength

e = 10.53 feet Service

= 11.73 feet Strength

Lb = 23.16 feet Service

19.56 feet Strength

          iii) Resulting Soil Bearing Length and Triangular Pressure

Service Strength

∆q = 2(P1 + P2)/Lb Where P1 = -11 -14 kips

P2 = 48 62 kips

Lb = 23.16 19.56 feet

∆q = 3 kips/ft Service

= 5 kips/ft Strength

e) Applied Soil Stresses - Governing

Service Loads :

Note: Large Rotation to Right

q = 0.00 kips/ft XR = 28.78 feet

∆q = 3.18 kips/ft 0.5 Lx = 18.25 feet

Lb = 23.16 feet

Note: Lo = 13.34 feet (location of soil zero value)

Strength Loads :

Note: Large Rotation to Right

q = 0.00 kips/ft XR = 29.98 feet

∆q = 4.94 kips/ft 0.5 Lx = 18.25 feet

Lb = 19.56 feet

Note: Lo = 16.94 feet (location of soil zero value)

f) Check of Soil Bearing Stress

Service Loads :

σb =  qmax / Ly       ≤ σb Where qmax = 3.18 kips/ft

Ly = b = 2.00 feet

σb =  1.59 Ksf Service

OK

Strength Loads :

σbu =  qu / Ly       ≤ σb Where qu = 4.94 kips/ft

Ly = b = 2.00 feet

σb =  2.47 Ksf Strength

Soil Bearing, Shear, and Flexure

Service and Strength Loading
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SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

4. Applied Loading and Demands on Footing - Strength Loads

Left End
Left Column 

Centerline

Inflection 

Point

Right 

Column 

Centerline

Right End

Location (feet) 0 5.75 30.75 36.50

Load (kips) - -11 - 48 -

VL  (kips) 0 0 37

VR  (kips) - 14 - -24 -

ML  (kip-ft) 0 0 - -450 -

MR  (kip-ft) - 0 -459

5. Adequacy of Footing - Shear 

5A. Check of Flexural/One-Way Shear (ACI 15.5.2 and 11.1.3.1)

Shear demands: Vmax = 37 Kips @ x = 30.75 feet

Vu = Vmax - q (d + C/2)

Where Vmax = 37 Kips

qu = 2.38 Kips/ft @ x = 30.75 feet

d = hf - dc - db and hf = 3.0 feet

= 36.00 inches

dc = 3.00 inches

db = 0.5 inches

d = 32.50 inches

= 2.71 feet

C = 0.00 feet

Vu = 31 Kips

b) Shear Strength provided by Concrete (ACI 11.3.1.1)

ɸ Vc = ɸ 2 f'c
0.5

 bw d Where ɸ = 0.75

f'c = 3,250 psi

b = Ly = 2.0 feet

= 24.0 inches

d = 32.50 inches

ɸ Vc = 67 kips

OK, > Vu

Note: if footing shear reinforcement is needed, use EQ (11-5) in ACI 11.3.2.1.

5B. Punching/Two Way Shear  (ACI 11.5.5.2, 11.12.1.2)

A. Left Column

Shear demands: Vu = 14 Kips

a) Failure Perimeter

b0 = 2 (b1 + b2) Where b1 = X1 + 0.5(C2x + d)   <=   C2x + d and X1 = 5.75 feet

= 69.00 inches

C2x = 126.00 inches

d = 32.50 inches

b1 = 148.25 inches

b2 =    C2y + d   < =   Ly and C2y = 8.28 inches

d = 32.50 inches

Ly = 24.0 inches

b2 = 24.00 inches

b0 = 320.5 inches

Mat Foundation - Punching Shear
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0

5

10

0 5 10 15 20 25 30 35 40

Soil Bearing, Shear, and Flexure

Service and Strength Loading

-70

-65

-60

-55

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

5

10

0 5 10 15 20 25 30 35 40

5  of  9 SMRF Foundation   Case N3 - SMRF PB Footing Design - Rev.xls   9/13/2018

816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 147 of 165



SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

b) Factored Shear Capacity (ACI 11.12.2.1)

Where ɸ = 0.75

β = Cmax/Cmin and Cmax = 126.00 inches

Cmin = 8.28 inches

β = 15.22

α = 30 (40 for interior columns, 30 for edge columns,

            20 for corner columns)

d = Min(d1,d2) d1 = 31.63 inches

d2 = 33.50 inches

d = 31.63 inches

b0 = 320.5 inches

f'c = 3,250 psi

ɸ Vc = 981 kips

OK, > Vu

B. Right Column

Shear demands: Vu = 37 Kips

a) Failure Perimeter

b0 = 2 (b1 + b2) Where b1 = 0.5(C2x + d) + (Lx - X2)   <=   C2x + d

and Lx = 36.5 feet

X2 = 30.75 feet

 Lx -X2 = 5.75 feet

= 69.00 inches

C2x = 126.00 inches

d = 32.50 inches

b1 = 148.25 inches

b2 =  C2y + d    <=  Ly

and C2y = 8.28 inches

d = 32.50 inches

Ly = 24.0 inches

b2 = 24.00 inches

b0 = 320.5 inches

b) Factored Shear Capacity (ACI 11.12.2.1)

Where ɸ = 0.75

β = Cmax/Cmin and Cmax = 126.00 inches

Cmin = 8.28 inches

β = 15.22

α = 30 (40 for interior columns, 30 for edge columns,

            20 for corner columns)

d = Min(d1,d2) d1 = 31.63 inches

d2 = 33.50 inches

d = 31.63 inches

b0 = 320.5 inches

f'c = 3,250 psi

ɸ Vc = 981 kips

OK, > Vu

Footing OK for Shear

d b f' 4 2,  
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 ,
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Mat Foundation - Punching Shear
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SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

6. Adequacy of Footing - Flexure

6A. Longitudinal Top Reinforcement Check

Flexural demands: Mu = 0 Kip-ft @ x = feet (Inflection Point)

a) Required Reinforcement Ratio (ACI 10.2)

Where f'c = 3.25 Ksi

fy = 60.00 Ksi

Mu = 0

= 0 kip-in

b = Ly = 2.0 feet

= 24 inches

dtop = 33.13 inches

ρr = 0.0000

b) Maximum Reinforcement Ratio (ACI 10.3.4)

Where f'c = 3.25 Ksi

fy = 60.00 Ksi

β1 = 0.85  for f'c ≤ 4.0 Ksi

= 0.85 - 0.05 (f'c - 4.0), ≥ 0.65  for f'c > 4.0 Ksi

β1 = 0.85

εc = 0.003 (ACI Section 10.3.4)

εs = 0.005

ρt = 0.0147

c) Minimum Reinforcement of Flexural Members (ACI 10.5, 7.12.2.1)

ρmin =  Max [3 f'c
0.5

/fy, 200/fy]     ≤    Max [1.33 ρr, 0.0018] Where f'c = 3,250 psi

=  Max [0.0029,0.0033]    ≤  Max[0.0000,0.0018] fy = 60,000 psi

=  Max [0.0033]    ≤  Max[0.0018] ρr = 0.0000   (Required Reinforcement Ratio)

ρmin = 0.0018 ≤

d) Required Reinforcement Area

Areq = ρ Ly d2 Where ρ = ρr         if ρr  ≤  ρmax    and ρr  ≥  ρmin and ρr = 0.00000

= ρmax      if ρr  ≥  ρmax ρmax = 0.01468

= ρmin       if ρr  ≤  ρmin ρmin = 0.00180

Where ρr = 0.0018

Ly = 2.0 feet

= 24.0 inches

dtop = 33.13 inches

Areq = 1.43 in^2 Note: As1 = 3.60 in^2 (reinforcement provided)

OK

6B. Longitudinal Bottom Reinforcement Check

a) Flexural Demands (ACI 15.4.2) Mu

Mu = 0 Kip-ft @ x = 5.75 feet (at face of Left Column)

= -459 Kip-ft @ x = 30.75 feet (at face of Right Column)

Mu = 459 kip-ft

= 5,508 kip-in

qu

b) Required Reinforcement Ratio (ACI 10.2) xf

Where f'c = 3.25 Ksi

fy = 60.00 Ksi

Mu = 5,508 kip-in

b = Ly = 2.0 feet

= 24 inches

dbott = 31.63 inches

ρr = 0.0045

6 - No. 7 Longitudinal Top Bars OK
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SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

c) Required Reinforcement of Flexural Members

Note: Asb = 3.60 in
2
  (Bottom flexural steel provided)

Areq = ρ b d Where ρ = ρr           for ρr  ≤ ρt and ρr  ≥ ρmin Where ρr = 0.0045

= ρmin        for ρr  ≤ ρmin
* ρt = 0.0147

= 0            Otherwise ρmin = 0.0018

ρ = 0.0045

Note:
*
 for ρr  ≤ ρmin  condition, check Minimum Reinforcement exception (ACI 10.5.3)

Amin = 1.33 ρr b d Where ρr = (required reinforcement ratio)

b = Ly = inches

d = dbott = inches

Amin = NA in
2

b = Ly = 24.0 inches

d = dbott = 31.63 inches

Areq = 3.39 in
2

OK

6 - No. 7 Longitudinal Bottom Bars OK

8  of  9 SMRF Foundation   Case N3 - SMRF PB Footing Design - Rev.xls   9/13/2018

816 Taraval Street, San Francisco 
Earthquake Retrofit Project 
Seismic Retrofit Calculations

Project No. 201812.30 
9/13/2018 

 Page 150 of 165



SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

ACI 318-11 LOADS AND DESIGN

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

7. Footing Reinforcement Summary

 Footing Parameters :

Footing Size :

Lx = 36.5 feet

Ly = 2.0 feet

hf = 3.0 feet

Reinforcement Summary: dc = 2.00 inches  (bar clearance - top)

= 3.00 inches  (bar clearance - bottom)

= 2.00 inches  (bar clearance - sides)

Orientation Bar Size N Bars Bottom Layer d      (inches)
Bar Spacing    

(inches)

Bar Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)

x 7 6 x 33.13 3.83 0.88 0.60 3.60

y 4 130 33.00 3.36 0.50 0.20 26.00     Note: Used for placing top bars only.

x 7 6 31.63 3.83 0.88 0.60 3.60

y 4 130 x 33.50 3.36 0.50 0.20 26.00

1. Design of Slab-to-Footing Connections

      Interconnected Slab at Sides:

Note :  Slabs at sides are used only to reduce soil bearing pressure; footing is designed to take all loads.

Side : Left Right

t  Inches   (Slab Thickness)

X  Feet (distance to other Slab Edge Support

f'c                       Ksi

Conn Type     (D= Dowel, C= Continuous)

2. Lateral Resistance of Foundation

3. Soil Pressure due to Applied Loads

σb =  1.59 Ksf Note: σallow =  2.00 ksf  (allowable bearing pressure)

OK

5. Adequacy of Footing - Shear 

6. Adequacy of Footing - Flexure

Foundation OK for Sliding

Footing OK for Shear

6 - No. 7 Longitudinal Bottom Bars OK

Top Mat

 RC Slab not Needed

6 - No. 7 Longitudinal Top Bars OK

Bottom Mat

Bar Area

Mat Foundation w/ Reinforcing
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Foundation Cross-Section
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SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

DETERMINATION OF ADDITIONAL REINFORCEMENT REQUIRED - FIXED BASE COLUMN CONDITION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

1. Parameters

Footing Size :

Lx = 36.50 feet

Ly = 2.00 feet

hf = 3.00 feet

 Base Plate Dimensions:

Note:   Base Plate design done elsewhere.

N = 18.00 inches (Base Plate - Length)

B = 10.00 inches (Base Plate - Width)

tPL = 0.75 inches (Base Plate - Thickness)

Column: W8x67

d = 9.00 inches (Wide Flange - Depth)

bf = 8.28 inches (Wide Flange - Width)

tf = 0.94 inches (Wide Flange - Thickness)

Zx = 70.1 in
3
  (Wide Flange - Plastic Section)

A = 19.70 in
2
 (Wide Flange - Area)

Fy = 50 Ksi

Concrete : f'c = 3.25 Ksi

fy = 60.00 Ksi

ρc = 0.15 kip/ft
3

Reinforcement: dc = 2.00 inches  (bar clearance - top)

= 3.00 inches  (bar clearance - bottom)

= 2.00 inches  (bar clearance - sides)

Orientation Bar Size N Bars
Bottom 

Layer

d      

(inches)

Bar 

Spacing    

(inches)

Bar 

Diameter    

(inches)

Per Bar    

(in^2)

Total          

(in^2)

Top Mat x 7 6 x 33.13 3.83 0.88 0.60 3.60

Bottom Mat x 7 6 0 31.63 3.83 0.88 0.60 3.60

Soil Parameters : Soil density = 120 pcf 

σallow =  2.00 ksf  (allowable bearing pressure)

σp =  0.30 ksf/ft  (Passive Soil Pressure)

µ =  0.25 ksf  (Coefficient of Friction)

Design Parameters : ɸv  = 0.75 (Shear; ACI 318-11  9.3.2.3)

Ω = 3.00 (Overstrength Factor - SMRF)

Bar Area

Foundation Cross-Section

-3

-1

1

0 2 4

Width  (feet)

D
e

p
th

  
(f

e
e

t)

Mat Foundation - Geometry
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SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

DETERMINATION OF ADDITIONAL REINFORCEMENT REQUIRED - FIXED BASE COLUMN CONDITION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

2.  Additional Required Reinforcement at Columns

a) Column Probable Expected Flexural Capacity

MFB =  100% of Column Flexural Capacity

=  1.0 Zx Fy Where Zx = 70.1 in
3
  (Wide Flange - Plastic Section)

Fy = 50 Ksi

MFB = 3,505 Kip-in

= 292.1 Kip-ft

b) Required Reinforcement Ratio (ACI 10.2)

Where f'c = 3.25 Ksi

fy = 60.00 Ksi

Mu =  MF + MFB for MF = 5,508 kip-in   (Footing Flexural Demands)

MFB = 3,505 kip-in   (Column Flexural Capacity)

Mu = 9,013 kip-in

b = Ly = 2.0 feet

= 24 inches

dx = 31.63 inches

ρr = 0.00758

c) Reinforcement Ratio Provided

ρw = Asx/(Ly dx) Where Asx =  AF + AFB  Where AF = 3.60 in
2

(Reinforcement Provided - Footing Flexure)

AFB =   Reinforcement Required for Resisting Fixed Base Column Flexural Capacity

=  (N-1) Ab for N = 6 bars provided

Ab = 0.60 in
2

for 7 bars

Note: db = 0.88 in
2
 (Bar Diameter)

AFB = 3.00 in
2

Asx = 6.60 in
2

Ly = LB = 2.0 feet

= 24.0 inches

d = 31.63 inches

ρw = 0.00870    (reinforcement ratio provided) Note: D/C Ratio = 0.87  (Demand to Capacity Ratio - Flexure)

OK

Use Additional 5 - # 7 Bars for Column Flexure with DC Ratio = 0.87
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SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

DETERMINATION OF ADDITIONAL REINFORCEMENT REQUIRED - FIXED BASE COLUMN CONDITION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

d) Flexural reinforcement development length (ACI 12.2.2 and 12.2.5)

      i) Development Length (ACI 12.2.2 - 12.2.4)

Bar Size = 7

ds = S - db Where S = 1.93 inches    (Bar spacing provided)

db = 0.88 inches

ds = 1.06 inches inches (Clear spacing provided)

dc = 2.00 inches (Clear Cover provided)

Provided  

(inches)

db = 0.88 inches 2 db = 1.75 inches

OK OK

2 db = 1.75 inches 4 db = 3.50 inches

NG NG

Note: Normal Weight Concrete with uncoated bars is assumed.

Where fy = 60.00 Ksi

Ψs = 1.00 (ACI 12.2.4)

ld = 52.62 db ld = 31.57 db Ψt = Ψe = λ = 1.00

ld = 46.0 inches ld = 27.6 inches f'c = 3.25 Ksi

db = 0.88 inches

      ii) Excess Reinforcement (ACI 12.2.5)

l'd =  ld ρr/ρw Where ld = 0.0 inches

ρr = 0.0076 (required reinforcement ratio)

ρw = 0.0087 (reinforcement ratio provided)

l'd = 0.0 inches (Required development length)

      iii) Available Anchorage length

Lda = xf - dcs     > l'd Where xf = 5.75 feet (Cantilever Length at Column Centerline)

= 69.00 inches

dcs = 2.00 inches  (bar clearance - sides)

Lda = 67.00 inches

OK

Clear Cover 2.00

Use Additional 5 - # 7 Bars for Column Flexure; Use 0 in Development Length beyond Ends of Base 

Plates

Clear Spacing 1.06

Equations

Values

Lower Limit Upper Limit

b

c

etsy
d 

f' 25

     f
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SPREAD FOOTING DESIGN - SMRF's 2-3 AT GRIDLINE 6  (W-E EQ LOADS)  - CASE N-3

DETERMINATION OF ADDITIONAL REINFORCEMENT REQUIRED - FIXED BASE COLUMN CONDITION

816 TARAVAL STREET, SAN FRANCISCO - SEISMIC RETROFIT

3.   Foundation Demands at Fixed Base Columns

 a)  Column Fixed Base Plastic Shear Demands

VP =  MP / d Where MP =  Fy Zx for Fy = 50 Ksi

Zx = 70.1 in
3
  (Wide Flange - Plastic Section)

MP = 3,505 Kip-in

d = 31.63 inches (Efffective depth of footing)

VP = 110.8 Kips

 b) Amplified Column Axial Demands - Overstrength Shear Demands on Foundation

PU =  Max ( Abs (P1), Abs (P2) ) Where P1 = -14 Kips

P2 = 62 Kips

PU = 62.2 Kips

VO =   Ω  PU Where Ω = 3.00 (Overstrength Factor - SMRF)

PU = 62.2 Kips

VO = 186.7 Kips

 c) Controlling Shear Demands on Foundation

VU =  Max ( VP, VO ) Where VP = 110.8 Kips (Column Plastic Shear)

VO = 186.7 Kips (Column Overstrength Demands)

VU = 186.7 Kips

4.   Foundation Capacity at Fixed Base Columns

  a) Shear Strength provided by Concrete (ACI 11.3.1.1)

VC =   2  f'c
0.5

  bw  d Where f'c = 3.25 Ksi

= 3,250 psi

b = Ly = 2.0 feet

= 24.0 inches

d = 31.63 inches (Efffective depth of footing)

VC = 65 kips

  b) Shear Strength provided by Shear Reinforcement (ACI 11.3.1.1)

Note:   Assume transverse flexural reinforcement provided for footing is part of a reinrforcement cage.

VS =   AS  Fy  d  /  S (11-15) AS = 0.40 for No. 4 bars =>  hoops (from Footing Design)

≤   4 VC Fy = 50 Ksi

d = 31.63 inches (Efffective depth of footing)

S = 3.36 inches (bar spacing - from Footing Design)

VS = 188.2 kips

  b) Factored Shear Capacity of Footing  (ACI 11.1)

ɸ Vn =   ɸ  ( VC + VS) Where ɸ = 0.75 (Shear; ACI 318-11  9.3.2.3)

VC = 65 kips

VS = 188.2 kips

ɸ Vn = 189.8 Kips Note: VU = 186.7 Kips

OK

Footing OK for Shear
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