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BASIS OF DESIGN 

 

Referenced Drawings and Documents: 

 

• VTrans Proposed Improvement Bridge Project VT Route 100 Bridge 47 drawings dated 

January 2, 2014; VTrans Special Provisions dated February 3, 2014; VTrans 

Specifications dated December 3, 2013.  

 

Referenced Codes: 

 

• AASHTO LRFD Bridge Design Specifications 2010; Fifth Edition 

• State of Vermont, Agency of Transportation Design Manual 2010 

 

Loading Required: 

 

• Traffic: HL-93 

 

General Design Parameters: 

 

• γsoil = 135 pcf 

• γconcrete = 150 pcf 

• φ = 30˚ * 

• KA = tan
2
(45̊ - φ/2) = 0.333 

• KP = tan
2
(45̊ + φ/2) = 3.00 

• K0 = 1 - sin(φ) = 0.50 

• Allowable bearing resistance = 4000 psf  

• Resistance factor, ϕ = 0.40 (AASHTO Table 10.5.5.2.4-1) 

• f’c = 6 ksi 

• fy = 60 ksi  

• Reinforcing Tolerances: +/-  1” Spacing, +/- ¼” Clearance 

• 2” reinforcement cover, unless noted otherwise 

• General Load Combination Factors: (AASHTO 3.22) 

o DL = 1.25/0.9 

o EL = 1.35/1.0 

o LL = 1.75 

 

* Soil assumption assumed and to be verified by EOR. 

 

 



X + 1.15D

D

X

X = Wheel Width (10" or 20" AASHTO 3.6.1.2.5)

Wheel

Road Surface

Top of Culvert

Granular Fill

Wheel Load Distribution: (AASHTO 3.6.1.2.6 and 4.6.2.10)
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Basis of Design – Culvert: 

 

Loads: 

 

Box Culvert: 

 

Vertical Earth Load (at top of box) = (depth of fill = 1.5’)(135 pcf) = 203 psf 

Lateral Earth Load (at top of box) = 0.5(1.5’)(135 pcf) = 101 psf 

Lateral Earth Load (at base of box) = 0.5(1.5’+ 10’-0”)(135 pcf) = 776 psf 

 

Dead Load = self weight 

 

Live Loads: 

Lane Load = .064 ksf 

AASHTO HL-93 Truck – 8 k and 32 k axle loads, 14 ft apart* 

AASHTO HL-93 Tandem – (2) 24 k axle loads 4 ft apart* 

 

*Loads applied to maximize stresses for design 

 

Additional Factors: 

 

Multipresence Factor, m = 1.2 (AASHTO 3.6.1.1.2) 

IM = 33(1.0-0.125DE) ≥ 0% → 33(1.0-0.125(1.5’)) = 27 > 0% 

IM = 1.27 

(AASHTO 3.6.2.2) 

 



Maximum Strength Moment Load
Combination:

Strength III Tandem Moment
Load Combination

Top Slab:
Mu = +27.2 k­ft/ft/­31.5 k­ft/ft

Bottom Slab:
Mu = +18.8 k­ft/ft/­20.7 k­ft/ft

Wall Slabs:
Mu = +27.2 k­ft/ft/+15.1 k­ft/ft

Maximum Service Moment Load
Combination:

Service III Tandem Moment Load
Combination

Top Slab:
Mu = +17.2 k­ft/ft/­19.8 k­ft/ft

Bottom Slab:
Mu = +14.1 k­ft/ft/­13.7 k­ft/ft

Wall Slabs:
Mu = +17.2 k­ft/ft/+9.6 k­ft/ft

Computer Output:
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Maximum Strength Shear Load Combination:

Strength IIII Tandem Shear Load
Combination

Top Slab:
Vu = +10.9 k/ft/­12.6 k/ft

Bottom Slab:
Vu = +10.9 k/ft/­7.7 k/ft

Wall Slabs:
Vu = +4.8 k/ft/­5.2 k/ft

Wilmington Box Culvert
S.D. Ireland
May 8, 2014
Page 4 of 17



Wilmington Box Culvert
S.D. Ireland
May 8, 2014
Page 5 of 17

Flexural Design 

 

Top Slab: Mu = 27.2 k-ft/ft -- Controls 

 

Minimum Flexural (AASTHO 5.7.3.3.2) 

 

1.33 Mu 

1.33(Mu) = 1.33(27.2 k-ft/ft) = 36.2 k-ft/ft  

 

-or- 

 

1.2Mcr  

Ig = bd
3
/12 = (12 in)(12 in)

3
/12 = 1728 in

4
 

Sg = bd
2
/6 = (12 in)(12 in)

2
/6 = 288 in

3
 

fr = 0.37√f’c = 0.37(√6 ksi) = .906 ksi 

1.2Mcr =  1.2(Sg)(fr) = 1.2(288 in
3
)(.906 ksi) = 313 k-in = 26.1 k-ft < 27.2 k-ft  

 

Try #6 at 7 in spacing 

 

As = .75 in
2
 

T = C = As*fy = (.75 in
2
)(60 ksi) = 45.3 k 

a = As*fy/(.85*f’c*b) = (45.3 k)/(.85*6 ksi*12 in) = 0.74 in 

d = 12 in – 2 in - .75 in/2 = 9.625 in 

Mr = φMn 

Φ = 0.90 

Mr = φAs* fy (d-a/2) = (0.90)(0.75 in
2
)(60 ksi)(9.625 in - (.74 in/2)) = 377 k-in = 31.4 k-ft >     

27.2 k-ft/ft – OK 

 

 

Crack Control (AASHTO 5.7.3.4) 

 

Try #6 at 7 in spacing 

 

γe = 0.75 (Class 2) 

As = .75 in
2
 

a = As*fy/(.85*f’c*b) = (.75 in
2
*60 ksi)/(.85*6 ksi*12 in) = 0.74 in 

fss = [Mu/(d-(a/2))]/As = [17.2 k-ft/ft(12 in/ft) /(9.625 in – (.74in/2))]/0.75 in
2
 = 29.7 ksi 

dc = 2 in + .75/2 = 2.375 in 

β = 1 + dc/(0.7(h - dc) = 1 + 2.375 in/(0.7(12 in – 2.375 in)) = 1.35 

S ≤ (700*γe)/(β* fss) - 2dc = (700*0.75)/(1.35*29.7 ksi) – (2)(2.375 in) = 8.34 in > 7 in - OK 
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Therefore use #6 at 7 in OC 

 

Temperature and Shrinkage (AASHTO 5.10.8) 

 

AsT&S = 1.30(b)(h)/(2)(b + h)fy = 1.30(12 in)(12 in)/(2(12 in + 12 in)(60ksi)) = .065 in
2
 

0.11 < AsT&S < 0.6 – 0.11 in
2
 controls 

 

Provide minimum of #4 bar at 18 in OC, As = 0.133 in
2
/ft 

 

 

Top Slab: Mu = -31.5 k-ft/ft -- Controls 

 

Minimum Flexural (AASTHO 5.7.3.3.2) 

 

1.33 Mu 

1.33(Mu) = 1.33(31.5 k-ft/ft) = 41.9 k-ft/ft  

 

-or- 

 

1.2Mcr  

Ig = bd
3
/12 = (12 in)(12 in)

3
/12 = 1728 in

4
 

Sg = bd
2
/6 = (12 in)(12 in)

2
/6 = 288 in

3
 

fr = 0.37√f’c = 0.37(√6 ksi) = .906 ksi 

1.2Mcr =  1.2(Sg)(fr) = 1.2(288 in
3
)(.906 ksi) = 313 k-in = 26.1 k-ft < 31.5 k-ft  

 

Try #6 at 6 in spacing 

 

As = .88 in
2
 

T = C = As*fy = (.88 in
2
)(60 ksi) = 52.8 k 

a = As*fy/(.85*f’c*b) = (52.8 k)/(.85*6 ksi*12 in) = 0.86 in 

d = 12 in – 2 in - .75 in/2 = 9.625 in 

Mr = φMn 

Φ = 0.90 

Mr = φAs* fy (d-a/2) = (0.90)(0.88 in
2
)(60 ksi)(9.625 in - (.86 in/2)) = 437 k-in = 36.4 k-ft >    

31.5 k-ft/ft – OK 

 

Crack Control (AASHTO 5.7.3.4) 

 

Try #6 at 6 in spacing 
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γe = 0.75 (Class 2) 

As = .88 in
2
 

a = As*fy/(.85*f’c*b) = (.88 in
2
*60 ksi)/(.85*6 ksi*12 in) = 0.86 in 

fss = [Mu/(d-(a/2))]/As = [19.8 k-ft/ft(12 in/ft) /(9.625 in – (.86in/2))]/0.88 in
2
 = 29.4 ksi 

dc = 2 in + .75/2 = 2.375 in 

β = 1 + dc/(0.7(h - dc) = 1 + 2.375 in/(0.7(12 in – 2.375 in)) = 1.35 

S ≤ (700*γe)/(β* fss) - 2dc = (700*0.75)/(1.35*29.4 ksi) – (2)(2.375 in) = 8.5 in > 6 in - OK 

 

Therefore use #6 at 6 in OC 

 

Temperature and Shrinkage (AASHTO 5.10.8) 

 

AsT&S = 1.30(b)(h)/(2)(b + h)fy = 1.30(12 in)(12 in)/(2(12 in + 12 in)(60ksi)) = .065 in
2
 

0.11 < AsT&S < 0.6 – 0.11 in
2
 controls 

 

Provide minimum of #4 bar at 18 in OC, As = 0.133 in
2
/ft 

 

Cutoff reinforcing in slab 

 

At approximately 2.25 ft, Mu = 0 k-ft/ft. Per ACI 12.10, extend h or ln/16 – use 14”. Extend bar 

minimum of 41”. 

 

Bottom Slab: Mu = 18.8 k-ft/ft  

 

Minimum Flexural (AASHTO 5.7.3.3.2) 

 

1.33 Mu 

1.33(Mu) = 1.33(18.8 k-ft/ft) = 25.0 k-ft/ft  

-or- 

 

1.2Mcr  

Ig = bd
3
/12 = (12 in)(12 in)

3
/12 = 1728 in

4
 

Sg = bd
2
/6 = (12 in)(12 in)

2
/6 = 288 in

3
 

fr = 0.37√f’c = 0.37(√6 ksi) = .906 ksi 

1.2Mcr =  1.2(Sg)(fr) = 1.2(288 in
3
)(.906 ksi) = 313 k-in = 26.1 k-ft > 25.0 k-ft/ft Controls 

 

Try #6 at 6 in spacing 

 

As = .88 in
2
 

T = C = As*fy = (.88 in
2
)(60 ksi) = 52.8 k 
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a = As*fy/(.85*f’c*b) = (52.8 k)/(.85*6 ksi*12 in) = 0.86 in 

d = 12 in – 3 in - .75 in/2 = 8.625 in (3” clear on bottom) 

Mr = φMn 

Φ = 0.90 

Mr = φAs* fy (d-a/2) = (0.90)(0.88 in
2
)(60 ksi)(8.625 in - (.86 in/2)) = 389 k-in = 32.4 k-ft  >    

25.0 k-ft/ft – OK 

 

Crack Control (AASHTO 5.7.3.4) 

 

Try #6 at 6 in spacing 

 

γe = 0.75 (Class 2) 

As = .88 in
2
 

a = As*fy/(.85*f’c*b) = (.88 in
2
*60 ksi)/(.85*6 ksi*12 in) = 0.86 in 

fss = [Mu/(d-(a/2))]/As = [14.1 k-ft/ft(12 in/ft) /(8.625 in – (.86in/2))]/0.88 in
2
 = 23.5 ksi 

dc = 3 in + .75/2 = 3.375 in 

β = 1 + dc/(0.7(h - dc) = 1 + 3.375 in/(0.7(12 in – 3.375 in)) = 1.56 

S ≤ (700*γe)/(β* fss) - 2dc = (700*0.75)/(1.56*23.5 ksi) – (2)(3.375 in) = 7.6 in > 6 in - OK 

 

Therefore use #6 at 6 in OC 

 

Bottom Slab: Mu = -20.7 k-ft/ft  

 

Minimum Flexural (AASTHO 5.7.3.3.2) 

 

1.33 Mu 

1.33(Mu) = 1.33(20.7 k-ft/ft) = 27.5 k-ft/ft  

 

-or- 

 

1.2Mcr  

Ig = bd
3
/12 = (12 in)(12 in)

3
/12 = 1728 in

4
 

Sg = bd
2
/6 = (12 in)(12 in)

2
/6 = 288 in

3
 

fr = 0.37√f’c = 0.37(√6 ksi) = .906 ksi 

1.2Mcr =  1.2(Sg)(fr) = 1.2(288 in
3
)(.906 ksi) = 313 k-in = 26.1 k-ft < 27.5 k-ft – Controls 

 

Try #6 at 8 in spacing 

 

As = .66 in
2
 

T = C = As*fy = (.66 in
2
)(60 ksi) = 39.6 k 



Wilmington Box Culvert
S.D. Ireland
May 8, 2014
Page 9 of 17

a = As*fy/(.85*f’c*b) = (39.6 k)/(.85*6 ksi*12 in) = 0.65 in 

Mr = φMn 

Φ = 0.90 

Mr = φAs* fy (d-a/2) = (0.90)(0.66 in
2
)(60 ksi)(9.625 in – (.65 in/2)) = 331.5 k-in = 27.6 k-ft > 

26.1 k-ft/ft – OK 

 

Crack Control (AASHTO 5.7.3.4) 

 

γe = 0.75 (Class 2) 

fss = [Mu/(d-(a/2))]/As = [13.7 k-ft/ft(12 in/ft) /(9.625in – (.65 in/2))]/0.66 in
2
 = 26.8 ksi 

dc = 2 in + .75/2 = 2.375 in 

β = 1 + dc/(0.7(h - dc)) = 1 + 2.375 in/(0.7(12 in – 2.375 in)) = 1.35 

S ≤ (700*γe)/(β* fss) -2dc = (700*0.75)/(1.35*26.8 ksi) – (2)(2.375 in) = 9.8 in > 8 in - OK 

 

Therefore use #6 at 8 in OC. 

 

Temperature and Shrinkage (AASHTO 5.10.8) 

 

AsT&S = 1.30(b)(h)/(2)(b + h)fy = 1.30(12 in)(12 in)/(2(12 in + 12 in)(60ksi)) = .065 in
2
 

0.11 < AsT&S < 0.6 – 0.11 in
2
 controls 

 

Provide minimum of #4 bar at 18 in OC, As = 0.133 in
2
/ft 

 

Wall Slab: Mu = 27.2 k-ft/ft -- Controls 

 

Minimum Flexural (AASHTO 5.7.3.3.2) 

 

1.33 Mu 

1.33(Mu) = 1.33(27.2 k-ft/ft) = 36.2 k-ft/ft  

 

-or- 

 

1.2Mcr  

Ig = bd
3
/12 = (12 in)(12 in)

3
/12 = 1728 in

4
 

Sg = bd
2
/6 = (12 in)(12 in)

2
/6 = 288 in

3
 

fr = 0.37√f’c = 0.37(√6 ksi) = .906 ksi 

1.2Mcr =  1.2(Sg)(fr) = 1.2(288 in
3
)(.906 ksi) = 313 k-in = 26.1k-ft < 36.2 k-ft/ft 

 

Try #6 at 7 in spacing 
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As = 0.75 in
2
 

T = C = As*fy = (0.75 in
2
)(60 ksi) = 45 k 

a = As*fy/(.85*f’c*b) = (45 k)/(.85*6 ksi*12 in) = 0.74 in 

Mr = φMn 

Φ = 0.90 

Mr = φAs* fy (d-a/2) = (0.90)(0.75 in
2
)(60 ksi)(9.625 in - (0.74 in/2)) = 377 k-in = 31.4 k-ft >   

27.2 k-ft/ft – OK 

 

Crack Control (AASHTO 5.7.3.4) 

 

Try #6 at 7 in spacing 

 

γe = 0.75 (Class 2) 

As = .75 in
2
 

a = As*fy/(.85*f’c*b) = (.75 in
2
*60 ksi)/(.85*6 ksi*12 in) = 0.74 in 

fss = [Mu/(d-(a/2))]/As = [17.2 k-ft/ft(12 in/ft) /(9.625 in – (.74in/2))]/0.75 in
2
 = 29.7 ksi 

dc = 2 in + .75/2 = 2.375 in 

β = 1 + dc/(0.7(h - dc) = 1 + 2.375 in/(0.7(12 in – 2.375 in)) = 1.35 

S ≤ (700*γe)/(β* fss) - 2dc = (700*0.75)/(1.35*29.7 ksi) – (2)(2.375 in) = 8.34 in > 7 in – OK 

 

Therefore use #6 at 7 in OC. 

 

Temperature and Shrinkage (AASHTO 5.10.8) 

 

AsT&S = 1.30(b)(h)/(2)(b + h)fy = 1.30(12 in)(12 in)/(2(12 in + 12 in)(60ksi)) = .065 in
2
 

0.11 < AsT&S < 0.6 – 0.11 in
2
 controls 

 

Provide minimum of #4 bar at 18 in OC, As = 0.133 in
2
/ft 
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Shear Design 

 

(AASHTO 5.8.3.3) 

 

Top Slab (monolithic with wall): Vu = 12.6 k/ft 

 

Vn = Vc + Vs + Vp 

Vc = 0.0316β√f’cbvdv 

Vc = 0.0316*2*√6ksi*12 in*11.625 in = 21.6 k 

Vn = (0.9)(21.6 k/ft) = 19.4 k/ft > 12.6 k/ft - OK 

-or- 

Vn = 0.25f’cbvdv + Vp 

Vn = 0.25(6 ksi)(12 in)(11.625 in) = 209 k/ft  

Vn = 0.9(209 k/ft) = 188 k/ft > 12.6 k/ft 

 

Bottom Slab (monolithic with wall): Vu = 10.9 k/ft 

 

Vn = Vc + Vs + Vp 

Vc = 0.0316β√f’cbvdv 

Vc = 0.0316*2*√6 ksi*12 in*9.625 in = 17.9 k 

Vn = (0.9)(17.9 k/ft) = 16.1 k/ft > 10.9 k/ft - OK 

-or- 

Vn = 0.25f’cbvdv + Vp 

Vn = 0.25(6 ksi)(12 in)(9.625 in) = 173 k/ft  

Vn = 0.9(173 k) = 156 k/ft > 10.9 k/ft 

 

 

Wall Slab: Vu = 5.2 k/ft 

 

Vn = Vc + Vs + Vp 

Vc = 0.0316β√f’cbvdv 

Vc = 0.0316*2*√6 ksi*12 in*9.625 in = 17.9 k 

Vn = (0.9)(17.9 k/ft) = 16.1 k/ft > 5.2 k/ft - OK 

-or- 

Vn = 0.25f’cbvdv + Vp 

Vn = 0.25(6 ksi)(12 in)(9.625 in) = 173 k/ft  

Vn = 0.9(173 k/ft) = 156 k/ft > 5.2 k/ft 
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3'-5" LAP.  TYP. #6 at 6"oc

#6 at 6"oc

#4 at 18"oc

#6 at 8"oc

#4 at 18"oc,
typ.

1'
-0

"

10
'-0

"

1'-0"

18'-0"

2"
clr.,
typ.

3" cl
r.

#4 at 18"oc 1'-0"

1'
-0

"

Box Culvert Reinforcing

3'-10" LAP.  TYP.



Headwall 

 

β = 0˚ 

kA = 
���	
√[(���	)�
(����)�]

���	�√[(���	)�
(����)�]
 = 

����
√[(����)�
(�����)�]

�����√[(����)�
(�����)�]
 = 0.307 

 

Vu = γs*H
2
*kA/2 = (135 pcf)(1.33 ft)

2
(0.307)/2 = 37 lb/ft 

Mu = 1.35(Wl/3) = 1.35(68 lb/ft)(1.33’)/3 = 41 lb-ft/ft 

 

Minimum Flexural (AASHTO 5.7.3.3.2) 

 

1.33 Mu 

1.33(Mu) = 1.33(41 lb-ft/ft) = 55 lb-ft/ft – Controls  

 

-or- 

 

1.2Mcr  

d = 12 in– 2in – .5 in/2 = 9.75 in. 

Ig = bd
3
/12 = (12 in)(9.75 in)

3
/12 = 927 in

4
 

Sg = bd
2
/6 = (12 in)(9.75 in)

2
/6 = 190 in

3
 

fr = 0.37√f’c = 0.37(√5 ksi) = .827 ksi 

Mcr =  (Sg)(fr) = (190 in
3
)(.827 ksi) = 157 k-in = 13.1 k-ft > 55 lb-ft  

 

Try #4 at 18 in spacing 

 

As = 0.133 in
2
 

T = C = As*fy = (0.133 in
2
)(60 ksi) = 8 k 

a = As*fy/(.85*f’c*b) = (8 k)/(.85*5 ksi*12 in) = 0.16 in 

Mr = φMn 

Φ = 0.90 

Mr = φAs* fy (d-a/2) = (0.90)(0.133 in
2
)(60 ksi)(9.75 in - (0.16 in/2)) = 69.5 k-in = 5.8 k-ft > 55 

lb-ft/ft – OK 

 

Crack Control (AASHTO 5.7.3.4) 

 

γe = 0.75 (Class 2) 

fss = [Mu/(d-(a/2))]/As = [31 lb-ft/ft(12 in/ft) /(9.75 in – (.16 in/2))]/0.133 in
2
 = 0.38 ksi 

dc = 2 in + .5/2 = 2.25 in 

β = 1 + dc/(0.7(h - dc) = 1 + 2.25 in/(0.7(12 in – 2.25 in)) = 1.33 

S ≤ (700*γe)/(β* fss) - 2dc = (700*0.75)/(1.33*0.38 ksi) – (2)(2.25 in) = 1034 in > 18 in – OK 

 

#4 Dowels at 18"oc.

Cont (2) #4, each face

Inserts (70 lb. capacity)
at 18"oc

#4 inserts at 18"oc

#4 Dowels at 18"oc.

Box Culvert

m
ax

1'
-5

"

1'-0"
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Therefore use #4 at 18 in OC. 

d = 12 in – 2*2 in – 2*.5in = 7 in 

P = Mu/d = 41 lb-ft/ft/((7 in)/12in/ft) = 70 lb/ft 

 

Therefore use plastic inserts with a minimum capacity of 70 lb at 18 in OC. 

 

Temperature and Shrinkage (AASHTO 5.10.8) 

 

AsT&S = 1.30(b)(h)/(2)(b + h)fy = 1.30(12 in)(12 in)((2(12 in + 12 in)(60ksi)) = .065 in
2
 

0.11 < AsT&S < 0.6 – 0.11 in
2
 controls 

 

Provide minimum of #4 bar at 18 in OC, As = 0.133 in
2
/ft 

 

 

Cutoff Wall 

 

Temperature and Shrinkage (AASHTO 5.10.8) 

 

AsT&S = 1.30(b)(h)/(2)(b + h)fy = 1.30(12 in)(12 in)((2(12 in + 12 in)(60ksi)) = .065 in
2
 

0.11 < AsT&S < 0.6 – 0.11 in
2
 controls 

 

Provide minimum of #4 bar at 18 in OC, As = 0.133 in
2
/ft 
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Use menu item Settings > Printing & Title Block
to set these five lines of information
for your program.

Title : 13.5' Cantilever wing wall Page: ______
Job # : ...New... Dsgnr: Date:  8 MAY 2014
Descr:

This Wall in File: s:\projects\0-2014\14164 sdi precast culverts\14164.02 w
RetainPro 10  (c) 1987-2012,  Build 10.13.8.31

Cantilevered Retaining Wall Design Code: AASHTO LRFDLicense : KW-06056711
License To : ENGINEERING VENTURES

 12.50
  0.00
  0.00
  0.00

 4,000.0

  30.0

   0.0

  39.3 psf/ft
     405.0

Criteria Soil Data

Retained Height = ft
Wall height above soil = ft Soil Friction Angle = deg

: 1Slope Behind Wall
Height of Soil over Toe in
Water height over heel = ft

=

=
    135.00= pcf

=

Soil Density, Heel

Active Pressure:Ka*Gamma=
Passive Pressure:Kp*Gamma= psf/ft

Allow Soil Bearing = psf

Soil Density, Toe       0.00 pcf
Footing||Soil Friction =  0.500
Soil height to ignore

for passive pressure =  12.00 in

Coulomb Soil Pressure calculation

Surcharge Loads Adjacent Footing Load

The above lateral load
   1.35

    0.0 Lateral Load =     0.0 #/ft

    0.0

    0.0
    0.0
    0.0

Axial Load Applied to Stem
Wall to Ftg CL Dist =    0.00 ft

 Wind on Exposed Stem psf    0.0=

Lateral Load Applied to Stem
Surcharge Over Heel = psf Adjacent Footing Load =     0.0 lbs

Axial Dead Load

has been increased

= lbs

Footing Type Line Load

Surcharge Over Toe psf
Footing Width =    0.00 ft...Height to Top =    0.00 ft
Eccentricity =    0.00 in...Height to Bottom =    0.00 ft

Used To Resist Sliding & Overturning

Used for Sliding & Overturning

=     0.0 ft
Axial Live Load =

Base Above/Below Soilby a factor of

lbs

=

Axial Load Eccentricity = =Poisson's Ratio   0.300
at Back of Wall

in

Design Summary
Wall Stability Ratios
Overturning =   3.65  OK
Sliding =   2.07  OK

Total Bearing Load =   14,856 lbs
...resultant ecc. =    13.47 in

Soil Pressure @ Toe =    3,421 psf  OK
Soil Pressure @ Heel =      294 psf  OK

Allowable =    4,000 psf
Soil Pressure Less Than Allowable

ACI Factored @ Toe =    4,276 psf
ACI Factored @ Heel =      367 psf
Footing Shear @ Toe =      0.0 psi  OK
Footing Shear @ Heel =     11.3 psi  OK

Allowable =    116.2 psi
Sliding Calcs (Vertical Component NOT Used)

Lateral Sliding Force =   3,581.6 lbs
less 100% Passive Force
less 100% Friction Force
Added Force Req'd
....for 1.5 : 1 Stability =

      0.0=
  7,428.1

      0.0
=
=

      0.0

-
lbs
lbs
lbs  OK
lbs  OK

-

Masonry Block Type = Medium Weight

Stem Construction Top Stem 2nd
Stem OK Stem OK

Design Height Above Ftg =   2.50ft   0.00
Wall Material Above "Ht" = Concrete Concrete
Thickness =  10.00  10.00
Rebar Size = ##  6  6
Rebar Spacing =  8.00  4.00
Rebar Placed at = Edge Edge

Design Data
fb/FB + fa/Fa = 0.529 0.540
Total Force @ Section =   3,439.2   5,373.7lbs
Moment....Actual =  11,463.9  22,390.4ft-#
Moment.....Allowable =  21,682.5  41,437.4ft-#
Shear.....Actual =      37.6      58.7psi
Shear.....Allowable =     116.2     116.2psi

LAP SPLICE IF ABOVE =    12.00    12.00in
   12.00in

HOOK EMBED INTO FTG     6.00=in
Lap splice above base reduced by stress ratio
Hook embedment reduced by stress ratio

 Wall Weight =  125.0  125.0

LAP SPLICE IF BELOW =

psf
Rebar Depth  'd' =   7.63in   7.63

Masonry Data
f'm =psi
Fs =psi
Solid Grouting =
Use Half Stresses =
Modular Ratio 'n' =
Short Term Factor =
Equiv. Solid Thick. =

Concrete Data
f'c =   6,000.0   6,000.0psi
Fy =  60,000.0  60,000.0

Masonry Design Method ASD=

Load Factors
 Building Code AASHTO LRFD
 Dead Load      1.250
 Live Load      1.500
 Earth, H      1.750
 Wind, W      1.400
 Seismic, E      1.000 psi

Wilmington Culvert Wing Wall
14164.02 MRE

1 of 2

REV1
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Use menu item Settings > Printing & Title Block
to set these five lines of information
for your program.

Title : 13.5' Cantilever wing wall Page: ______
Job # : ...New... Dsgnr: Date:  8 MAY 2014
Descr:

This Wall in File: s:\projects\0-2014\14164 sdi precast culverts\14164.02 w
RetainPro 10  (c) 1987-2012,  Build 10.13.8.31

Cantilevered Retaining Wall Design Code: AASHTO LRFDLicense : KW-06056711
License To : ENGINEERING VENTURES

  0.00
  8.00

 12.00

   0.00
   0.00

=Min. As %  0.0018

Footing Dimensions & Strengths

f'c =    6,000 psi

Toe Width = ft
Heel Width =

Key Distance from Toe
Key Depth
Key Width = in

= in
=    3.67

Footing Thickness = in
  8.00=

ft

Cover @ Top =  2.00 in @ Btm.=   3.00 in

Total Footing Width

=     150.00 pcfFooting Concrete Density
Fy =   60,000 psi

Footing Design Results

Key:

=

No key defined

Factored Pressure
Mu' : Upward
Mu' : Downward
Mu:  Design
Actual 1-Way Shear
Allow 1-Way Shear

Toe: Not req'd, Mu < S * Fr
#4@ 5.25 in, #5@ 8.00 in, #6@ 11.25 in, #7@ 15.50 in, #8@ 20.25 in, #9@ 25.

= None Spec'd

=
=

=
=
=

   4,276
       0
       0

        0
    0.00
    0.00

Heel:

      367
  39,397
  58,985

   19,588
   11.26
  116.19

   Heel   Toe
psf
ft-#
ft-#
ft-#
psi
psi

Heel Reinforcing = # 5 @ 12.00 in

Other Acceptable Sizes & Spacings
Key Reinforcing

Toe Reinforcing = # 5 @ 11.50 in

Summary of Overturning & Resisting Forces & Moments
.....RESISTING..........OVERTURNING.....

Force Distance Moment Distance Moment
Item

Force
ft-# lbs ftft

Heel Active Pressure =    3,581.6   4.50     16,117.4 Soil Over Heel =   12,093.8   4.42     53,414.1

ft-#lbs

Sloped Soil Over Heel=Surcharge over Heel =
Surcharge Over Heel

=

=
Adjacent Footing Load =Adjacent Footing Load

Axial Dead Load on Stem =
=* Axial Live Load on Stem

Soil Over Toe
Surcharge Over Toe

Surcharge Over Toe

Load @ Stem Above Soil
=

=
=

=

=
=

Stem Weight(s)
=

   1,562.5   0.42        651.0
Earth @ Stem Transitions

=Footing Weight
=

   1,200.0   4.00      4,800.0
Key Weight

=

  3.67

Added Lateral Load

lbs

=

    16,117.4

Vert. Component

Total

=
  14,856.3     58,865.1

* Axial live load NOT included in total displayed, or used for overturning
  resistance, but is included for soil pressure calculation.

Total = R.M.

=

   3,581.6 O.T.M.

=

Resisting/Overturning Ratio =   3.65
Vertical Loads used for Soil Pressure =   14,856.3 lbs

DESIGNER NOTES:

Wilmington Culvert Wing Wall

14164.02 MRE

2 of 2

REV1

Notes:
1. Plan reviewer to confirm soil retained height.
2. Surcharge not required due to wall distance from traffic.
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Table is based on a 5:1 safety factor for lifting applications.

To Order, Specify: quantity, name and bolt diameter.

Coil Lifting Insert Accessories

(2062)   CN-25 COIL NUT – HEAVY

The CN-25 Heavy Coil Nut is manufactured from hex stock like the
Standard Coil Nut, but is of sufficient length to develop the safe working
load required for heavy form tying systems and precast lifting applications. 

The Heavy Coil Nut safe working loads are based on an approximate 5:1
safety factor for lifting applications.

Bolt Size Nut Length
L

Width Across Flats
WTwo CN-5 or One CN-25

Safe Work Load (Tension)

in.
1/2"
3/4"
1"

1 1/4"

mm
13
19
25
32

lbs.
3600
7200

15,000
22,500

kN
16
32
67
100

in.
1

1 1/2
2

2 1/2

mm
25
38
50
64

in.
7/8

1 1/8
1 5/8

2

mm
28
28
41
50

CN-25 HEAVY COIL NUT DATA

L

W

Table is based on a 5:1 safety factor for lifting applications.
1)  Note that in order to achieve the published safe working loads of Coil Bolts, Coil Rods, etc., two (2) Standard Coil Nuts tightly locked 

together are required when using the Standard Coil Nut.

To Order, Specify: quantity, name and bolt diameter.

(2060)   CN-5 COIL NUT

The CN-5 Standard Coil Nut is manufactured from hex stock and is
available in 1/2" through 1-1/2” diameters. Dimensions are dis-
played in the table. 

The Standard Coil Nut safe working loads are based on an approxi-
mate 5:1 safety factor for lifting applications.

NOTE: Coil Nut – Heavy page 86

Bolt Size Nut Length
L

Width Across Flats
WOne CN-5 Two CN-5 or One CN-25

Safe Work Load (Tension)

in.
1/2
3/4
1

1 1/4
1/1/2

mm
13
19
25
32
38

lbs.
1800
3600
7200

10,800
16,200

kN
8
16
32
48
72

lbs.
3600
7200

15,000
22,500
27,000

kN
16
32
67

100
120

in.
1/2
5/8
1

1 1/4
1 1/2

mm
13
15
25
32
38

in.
7/8

1 1/8
1 5/8

2
2 3/8

mm
22
28
41
50
60

CN-5 STANDARD COIL NUT DATA

L

W

TDudley
Line
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To Order, Specify: quantity, name and bolt diameter.

Table is based on a 5:1 safety factor for lifting applications.

To Order, Specify: quantity, name, bolt diameter and length.

(2080)   CW-4 FLAT WASHER

The CW-4 Flat Washers are manufactured from high carbon flat
steel plate and are designed to provide the required bearing
against the form members. Flat Washers are available in many
sizes in both standard and heavy versions. Refer to the table for
dimensions and safe working loads.

Flat Washer Safe working loads are based on an approximate 
5:1 safety factor for lifting applications.

(2102)   CR-4 COIL ROD

CR-4 Continuous Coil Rod is manufactured and stocked in 12’-0’’ lengths.  Special
lengths are available up to 20’-0”.

Requires minimum two (2) Standard CN-5 Coil Nuts or one (1) Heavy CN-25 Coil Nut
to develop full safe work load.  Minimum coil thread penetration is same as shown for
coil bolts.  See Table on page 88 to assure minimum coil penetration.  May be cut with 
carborundum blades without thread damage.  Do not use cutting torch to cut coil rod.

Bolt Size Type T L W

in.
1/2
3/4
1

1 1/4
1 1/2
1/2
3/4
1

1 1/4
1 1/2

mm
13
19
25
32
38
13
19
25
32
38

Standard
Standard
Standard
Standard
Standard

Heavy
Heavy
Heavy
Heavy
Heavy

in.
1/4
1/4
1/2
1/2
3/4
1/4
1/2
3/

3/4
3/4

mm
6
6
13
13
19
6
13
19
19
19

in.
4
4
5
5
5
4
5
7
7
7

mm
100
100
125
125
125
100
125
175
175
175

in.
3
5
5
5
5
5
5
7
7
7

mm
75

125
125
125
125
125
125
175
175
175

CW-4 FLAT WASHER DATA

Coil Lifting Insert Accessories

WL

T
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13

19

25

32

38

3600

7200

15000

24000

28000

16

32

67

107

124

2400

4800

10000

16000

18000

11

21

44

71

83

1/2

3/4

1

1-1/4

1-1/2

CR-4 HI-STRENGTH CONTINUOUS COIL ROD SELECTION TABLE

In. mm. lbs. kN. lbs. kN.

Tension Shear

Safe Work LoadBolt Diameter

TDudley
Line

TDudley
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1.  SWL based on 3000 psi concrete compressive strength.
2.  SWL includes a 4:1 safety factor.
3.  Inserts must have a 1/2" setback.
4.  See minimum bolt penetration on page 90.
5.  Minimum edge distance apply to 2 edges only. All other edges require 

2 x length of the insert.
6.  Minimum corner distance shall be 1.5 x minimum edge distance for 

shear when loaded towards the edge, unless noted otherwise.
7.  Minimum anchor spacing shall be 2 x the edge distance for tension 

and 3 x the edge distance for shear.

To Order, Specify: quantity, name, bolt 
diameter, length (L dimension) and finish.

Coil Lifting Inserts

(2178)   CX-9 CRISS-CROSS COIL INSERT – STRAIGHT 
The CX-9 Criss-Cross Coil Insert – Straight is a high strength four strut insert ideally suited for
precast concrete edge lift applications. The four strut design and high safe working loads make
this insert a good, safe choice for preventing panel failures. The Criss-Cross Coil Insert – Straight
is available in plain, hot dip galvanize, or stainless steel finish. See load data below for thin slab
edge and face lift.

1.  SWL based on 3000 psi concrete compressive strength.
2.  SWL includes a 4:1 safety factor.
3.  Inserts must have a 1/2" setback.
4.  See minimum bolt penetration on page 90.
5.  Minimum edge distance apply to 2 edges only. All other edges require 2 x length of the insert.
6.  Minimum corner distance shall be 1.5 x minimum edge distance for shear when loaded towards the edge.
7.  Minimum anchor spacing shall be 2 x the edge distance for tension and 3 x the edge distance for shear.

To Order, Specify: quantity,
name, bolt diameter 
and finish.

(2185)   CX-24 THIN SLAB COIL INSERT
The CX-24 Thin Slab Coil Insert is a four strut insert fabricated with a wire coil and four deformed
(ribbed) wire legs. This insert is applicable for face lift handling of precast panels, slabs and
other similar types of precast elements. The Thin Slab Coil Insert is available in plain, hot dip gal-
vanize, or stainless steel finish.

Bolt
Diameter

Insert
Length

L

Wire
Diameter

D

Edge
Distance
(Tension)5

Edge
Distance
(Tension)

Edge
Distance
(Shear)

Edge
Distance
(Shear)6

B

in.
3/4
3/4
1
1
1
1

1 1/4
1 1/4

in.
9

12
9

12
9

12
9

12

lbs.
6750
6750
6750
6750
9000
9000

13,500
13,500

lbs.
6750
6750
6750
6750
7850
9000
9600

12,400

in.
12
12
12
12
16
16
16
20

in.
16
16
16
16
16
16
20
20

in.
1 11/16
1 11/16
2 1/8
2 1/8
2 1/8
2 1/8
2 1/2
2 1/2

in.
1 5/8
1 5/8
2 1/8
2 1/8
2 1/8
2 1/8
2 1/8
2 1/8

in.
.306
.306
.306
.306
.375
.375
.440
.440

Coil
Length

C

CX-9 COIL LOOP INSERT - STRAIGHT (FACE LIFT INSTALLATION)

Bolt
Diameter

Insert
Length

L

Wire
Diameter

D

Wall
Thickness

Edge
Distance
(Tension)

Edge
Distance
(Shear)

Corner
DistanceB

in.
3/4
3/4
1
1
1
1

1 1/4
1 1/4

in.
9

12
9

12
9

12
9

12

lbs.
3700
4600
4500
6500
4500
6500
4700
7500

lbs.
1500
1500
2000
2500
2000
2500
3500
3500

in.
4
4

5 1/2
5 1/2
5 1/2
5 1/2

6
6

in.
24
24
24
24
24
24
24
24

in.
1 11/16
1 11/16
2 1/8
2 1/8
2 1/8
2 1/8
2 1/2
2 1/2

in.
1 5/8
1 5/8
2 1/8
2 1/8
2 1/8
2 1/8
2 1/8
2 1/8

in.
.306
.306
.306
.306
.375
.375
.440
.440

Coil
Length

C

CX-9 COIL LOOP INSERT - STRAIGHT (EDGE LIFT INSTALLATION)

Bolt Diameter Length Safe Work Load
(Tension) B Coil Length

C
Wire Diameter

DW

in.
3/4
1

1 1/4
1 1/2

in.
3
4
4
4

lbs.
2500
3500
4000
4000

Safe Work Load
(Shear)

lbs.
2000
3500
4000
4000

in.
1 5/8
1 7/8
2 1/4
2 1/2

in.
1 3/4
2 1/8
2 1/8
2 1/8

in.
.306
.306
.375
.375

in.
7 1/8
9 1/2
9 3/4

10

in.
9
12
12
12

in.
9
13
14
14

CX-24 THIN SLAB COIL INSERT 

L

D

C

B

Edge Distance
(Tension)4

Edge Distance
(Shear)5

TDudley
Text Box
Insert for Wing wall connection
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FI-42:  FLARED LOOP FERRULE INSERT

FERRULE INSERTS

STRAIGHT LOOP FERRULE INSERT DIMENSIONS AND LOAD CHART In-Concrete Capacity

Part 
Number

Bolt
Diameter

Threads per 
Inch (N.C.)

Length A B
Wire Diameter

D

Insert Ultimate 
Mechanical

Capacity (lbs)

Min. Edge
Distance

3:1 Safe Working 
Load Tension (lbs)

FI64124P 1/2” 13 4-1/8” 1-3/8” 1-1/8” 0.225” 9,000 5” 3,000

FI64126P 1/2” 13 6-1/8” 1-3/8” 1-1/4” 0.306” 15,000 8” 5,000

FI64584P 5/8” 11 4-1/8” 1-5/8” 1-1/4” 0.225” 9,000 5” 3,000

FI64586P 5/8” 11 6-1/8” 1-5/8” 1-5/8” 0.375” 15,000 8” 5,000

FI64344P 3/4” 10 4-1/8” 1-5/8” 1-3/8” 0.225” 9,000 5” 3,000

FI64346P 3/4” 10 6-1/8” 1-5/8” 1-3/4” 0.375” 15,000 9” 5,000

FI6416P 1” 8 6-1/8” 1-5/8” 2-1/8” 0.375” 15,000 9” 5,000

FLARED LOOP FERRULE INSERT DIMENSIONS AND LOAD CHART In-Concrete Capacity

Part 
Number

Bolt Diameter
(N.C. Thread)

Threads per 
Inch (N.C.)

Length A B R
Wire Diameter

D

Insert vUltimate
Mechanical 

Capacity (lbs)

Min. Edge 
Distance

3:1 Safe
Working Load 
Tension (lbs)

FI4238P 3/8” 16 2-3/4” 1-1/4” 1” 9/16” 0.243” 6,000 5” 2,000

FI4212P 1/2” 13 2-3/4” 1-3/8” 1-1/8” 9/16” 0.243” 6,000 5” 2,000

FI4258P 5/8” 11 3-1/2” 1-5/8” 1-3/8” 13/16” 0.262” 6,900 5” 2,300

FI4234P 3/4” 10 3-1/2” 1-5/8” 1-5/8” 13/16” 0.262” 7,500 5” 2,500

FI4278P 7/8” 9 6” 1-5/8” 2-1/16” 1-3/8” 0.375” 15,900 8” 5,300

FI421P 1” 8 6” 1-5/8” 2-1/16” 1-3/8” 0.375” 15,900 8” 5,300

•	 Safe working Load is based on 3,000 psi concrete and insert setback 1/2” from the concrete surface.
•	 Minimum spacing of inserts is 2 x (edge distance).

B

Length

A

R

D

B

Length

A

Fabricated by welding a looped strut to a closed-end ferrule, 
this versatile insert is commonly used to make structural 
connections and to suspend pipes and other mechanical 
equipment. Available in 3/8”, 1/2”, 5/8”, 3/4”, 7/8” and 1” 
sizes. Insert available in plated finish.

*Standard inserts not designed for use with hot dip 
  galvanized bolts.

•	 Safe working Load is based on 3,000 psi concrete, 3:1 safety factor and insert setback 1/2” from the concrete surface.
•	 Minimum spacing of inserts is 2 x (edge distance).

The Straight Loop Ferrule Insert is typically used to attach 
a precast wall panel to a building frame, as well as to 
provide attachment of other structural elements that may 
be required. Available in 1/2”, 5/8”, 3/4” and 1” sizes. Insert 
available in plated finish.

*Standard inserts not designed for use with hot dip   
  galvanized bolts.

FI-64:  STRAIGHT LOOP FERRULE INSERT 

1/8”

1/8”

TDudley
Rectangle

TDudley
Callout
Headwall connection
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Fax: (260) 436-1908

Email: sales @press-seal.com
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PRESS-SEAL GASKET CORPORATION
Protecting Our Planet’s Clean Water Supply

Press-Seal Gasket is an ISO 9001:2008 Registered & 
ISO 14001:2004 Compliant Company

Press-Seal believes all information is accurate as of its publication date. Information, specifications, and prices 
are all subject to change without notice. Press-Seal is not responsible for any inadvertent errors. Copyright 2012.

1” x 1” (25 x 25 mm)
25 FT. (7.6 m) ROLLS

1” x 2” (25 x 50 mm)
25 FT. (7.6 m) ROLLS

ROUND 3/8” (10 mm) WALL
250 FT. (76.2 m) ROLLS ROUND 1/2” (13 mm) WALL

250 FT. (76.2 m) ROLLS

CLOSED-CELL
GASKET MATERIAL 

CELLULAR JOINT FILLER

What It Is

	 CLOSED CELL JOINT FILLER is a flexible, com-
pressible material that easily fills difficult joints in concrete 
pipes and structures.  Whether glued onto the joint or 
placed between the structures, it quickly conforms to the 
joint profile.  CLOSED CELL JOINT FILLER can be sup-
plied as cut and spliced gaskets or as bulk material for 
field fabrication of gaskets.  It has excellent compressibil-
ity and is resistant to weather, ozone, acids, and alkalis.

How It Performs

CLOSED CELL JOINT FILLER MATERIAL 
meets or exceeds all requirements of: 

ASTM D-1056 - Flexible Cellular Materials - 
Sponge or Expanded Rubber

Typical Physical Properties
Color .....................................................
Black	
Compression Deflection (psi) ................5 - 9
Tensile Strength (psi Min.) ........................30
Elongation (%Min.) ................................ 125
Resilience - Bashore (% rebound Average)
(1/2” thickness @ 72ºF) .....................25 - 40
Shore 00 Durometer ..........................45 - 60

Density (pcf) average ......................5.5 - 7.5
Water Absorption by Weight (Max.).........10%
Temperature Range (F)
Low (Flex without cracking) .....................-70
High (Continuous) ...................................150
High (Intermittent) .................................. 200
         Heat Aging (7 days @ 158ºF)
Lineal Shrinkage (Max.) .........................10%

RECTANGULAR CROSS-SECTIONS
are made from a Neoprene/EPDM Blend. 

CIRCULAR TUBING CROSS-SECTIONS
are made from a Nitrile/PVC blend.

Scan (or click) Here To View More Info 
On This Product On The Web!

Why It’s Better
•  Works with Round, Elliptical, and Arch Pipe.

•  Works with Box Culverts  and Manholes.

•  Available in 25’ (7.6 m) or 250’ (76.2 m) rolls, or by the foot.

•  Also available as cut and spliced gaskets.

•  Manufactured of high-quality synthetic rubber.

•  Easily compresses to fill irregular joints.

•  Clean and easy to use.

•  May be used in place of trowelable sealants.

•  Easily cut and spliced in the field or in your yard.

•  May be glued directly to the joint.
  		

http://www.press-seal.com/Product/CELLULAR%20JOINT%20FILLER
TDudley
Line
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