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SOLUTION - ANCHOR DESIGN PROBLEM 2009 
 
Problem 
 
You are designing a new wood framed residence located in San Diego, California.  You have 
already determined the lateral forces on the wood shear walls and that the house is classified as 
Seismic Design Category D.  You have also determined that you will be using a 3x sill plate of 
pressure treated Hem Fir lumber and 2,500 psi normal weight concrete for the slab and 
foundation.  The maximum in-plane shear force on the wood shear walls is as follows: 
 
υwind = 600 plf ultimate / 420 plf allowable 
υearthquake = 500 plf ultimate / 350 plf allowable 
 
Design the shear anchor bolts connecting the 3x wood sill plate of the shear wall to the cast-in-
place reinforced concrete foundation. 
 

 
 
Answer Summary 
 
Time to Complete:  Way, way too much time. 
 
Bolt Type:           Cast-in-Place ‘J’ Bolt                             
(e.g. cast-in-place ‘J’ bolt, post-installed expansion anchor, etc.) 
 
Bolt Grade / Material:         A307 
(e.g. A307, etc.) 
 
Bolt Capacity Sources:    ACI Appendix D, NDS 
(e.g. IBC Bolt Capacity Tables, ACI Appendix D, NDS, Bolt Vendor Information, etc.) 
 
Bolt Diameter:     5/8” diameter 
 
Bolt Embedment:     7” 
 
Bolt Spacing:     32” 

Section View Elevation View 

3x6 Sill Plate 

Shear Bolts to 
be Designed 

Concrete Slab  
and Foundation with 
Minimal Reinforcing 

½” Sheathing 

2x6 Studs 
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Solution 
 
Anchor Selection 
• Use 5/8” diameter A307 Hooked Anchor Bolts with 7” embedment 
 
ACI Shear Anchor Design  (ACI D.4.1) 
• uan VV ≥φ     (Eq. D-1) 
• nVφ  equals lesser of saVφ or cbVφ or cpVφ  
 
Edge Distance (ACI D.8.2) 
• Untorqued cast-in anchors 
• Edge distance per cover requirements of ACI 7.7 
• Concrete exposed to earth or weather = 1.5” < 2.5” 
 
Steel Strength of Anchor in Shear (ACI D.6.1) 
• utavsesa fAnV ,6.0=  (ACI Eq. D-20) 

o 2226.0 inAse =   (Threads considered) 
o psifuta 000,58=   (A307) 

• lbspsiinVsa 860,7)000,58)(226.0)(6.0)(1( 2 ==  
• lbslbsVsa 110,5)860,7)(65.0( ==φ  

o 65.0=φ    (ACI D.4.4) 
 
Concrete Breakout Strength in Shear (ACI D6.2) 

• bVhVcVed
Vco

Vc
cb V

A
AV ,,,2 ψψψ=  (ACI Eq. D-21 & D.6.2.1.c) 

o 222
1 1.28)"5.2(5.4)(5.4 incAA aVcoVc ====  

 "5.21 =ac  
o 0.1, =Vedψ   (ACI D.6.2.1.c) 

o 0.1, =Vcψ   (ACI D.6.2.7) 

o 0.1, =Vhψ  (ACI D.6.2.8) 
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• lbslbs
in
inVcb 316,3)658,1)(0.1)(0.1)(0.1(

1.28
1.28)2( 2
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=  

• lbslbsVcb 320,2)316,3)(70.0( ==φ  
o 70.0=φ    (ACI D.4.4) 

 
Concrete Pryout Strength (ACI D.6.3) 
• cbcpcp NkV =   (ACI Eq. D-30) 

o 0.2=cpk  

 "5.2"38.6 >=efh  

o bNcpNcNed
Nco

Nc
cb N

A
AN ,,, ψψψ=   (ACI Eq. D-5) 

 )5.12)(5.1( 1 efefaNc hhcA ×+=  (ACI Fig. Rd.5.2.1) 

 =NcA (2.5”+1.5(6.38”))((2)(1.5)(6.38”))=231in2 

 222 366)"38.6)(9(9 inhA efNco ===  

 
ef

a
Ned h

c
5.1

3.07.0 min,
, +=ψ   (ACI Eq. D-11 for ca,min<1.5hef) 

 778.0
)"38.6(5.1

"5.23.07.0, =+=Nedψ  

 0.1, =Ncψ   (ACI D.5.2.6) 

 0.1, =Ncpψ  (ACI D.5.2.7) 

 lbspsihfkN efccb 338,19)38.6)(2500)(0.1)(24( 5.15.1' === λ  

o lbslbs
in
inNcb 495,9)338,19)(0.1)(0.1)(778.0(

366
231

2

2

==  

• lbslbsVcp 990,18)495,9)(0.2( ==  

• lbslbsVcp 293,13)990,18)(70.0( ==φ  

o 70.0=φ    (ACI D.4.4) 
 
 
 
Wood Sill Plate (NDS) 
• tndieggtMD CCCCCCCZCZ Δ='  

o lbsZ 170,1=   (NDS Table 11E) 
o 6.1=DC ,  0.1=MC , 0.1=tC , 0.1=gC , 0.1=ΔC , 0.1=egC , 0.1=diC , 

0.1=tnC  

• lbslbsZ 870,1)6.1)(170,1(' ==  
 
 
 
 
 



Solution - Trial Design Problem 01_09  SEI Design Practices Committee 

Page 4 

 
Wind Design 
• Concrete 

o lbsVV cbn 320,2== φφ  
o plfVu 600=  

o ft
plf
lbsSpacing 8.3

600
320,2

==  

• Wood  
o lbsZ 870,1' =  
o plfV 420=  

o ft
plf
lbsSpacing 5.4

420
870,1

==  

 
 
Earthquake Design 
• Concrete 

o lbslbsVn 740,1)320,2(75.075.0 ==φ  
o plfVu 500=  

o ft
plf
lbsSpacing 5.3

500
740,1

==  (Governs Design, Use 32” o.c.) 

• Wood  
o lbsZ 870,1' =  
o plfV 350=  

o ft
plf
lbsSpacing 3.5

350
870,1

==  

 
Final Selection 
• Use 5/8” diameter cast-in-place hooked anchor bolts with 7” embedment spaced at 32” on 

center. 


