
E-80 RR Design
Dannenbaum Eng.

Project - 6'x3' Box Culvert w/ E-80 Loading - 7.0 fill
Design Spec. - AREMA chapter 8 (2011)

Span s 6�� ft Rise r 3�� ft Fill hgt h 7�� ft

Top Slab thk. tt 10�� in Bottom Slab thk. tb 10�� in Wall thk. w 10�� in

Lateral Live Load Distribution ld 8.5 h��� ld 15.5� ft

Unit Soil wt We 120�� pcf Top Slab wt Ws 150
tt
12
��� Ws 125.0� psf

Design Span Span s
w
12

��� Span 6.833� ft

Design Rise Rise r
tt tb�

12 2�
��� Rise 3.833� ft

Design Loads are dead, live & impact per sec.16.4.1a

Loads on Top Slab 

deadl We h�
200
ld

� Ws��� deadl 977.9� psf

livel
80000
5 ld�

�� livel 1032.3� psf

impact 10 h�( )
40
8.5
�

livel
100

��� impact 145.7� psf

Loads on Walls 

kemin .333�� kemax 1.00�� ks .333�� sec 16.4.2 b&c

depth h
tt

2 12�
�

Rise
2

��� depth 9.3� ft

Pemin kemin We� depth��� Pemin 373.0� psf

Pemax kemaxWe� depth��� Pemax 1120.0� psf

Ps ks We� depth
livel
We

���
	


�
�

��� Ps 716.7� psf
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Load Factor Design - Group Loading Combinations per table 8-2-3

group1 1.4 deadl
5
3

livel impact�( )��
�

��
�

��� group1 4117.7� psf

group1a 1.8 deadl livel� impact�( )�� group1a 3880.6� psf

group2 1.4 deadl��� group2 1369.1� psf

group3 1.4 deadl livel� impact�( )�� group3 3018.2� psf

group4 1.4 deadl livel� impact�( )�� group4 3018.2� psf

group7 1.4 deadl��� group7 1369.1� psf

group8 1.4 deadl livel� impact�( )�� group8 3018.2� psf

group9 1.2 deadl��� group9 1173.5� psf

Group1 Load Factors will be used for the Box Culvert Design.

W group1�� W 4117.7� psf

Dead Load on Bottom Slab = W + weight of walls

Wb W 1.4
2 r�

w
12
���

	

�
�

150�

Span


�
�
�

�
�
�
�

���� Wb 4271.4� psf

per section 16.1.3.1 Notations

R
Span
Rise

�� R 1.7826�

Ist tt3�� Ist 1000� in4 Ir w3
�� Ir 1000� in4

St
Ist
Ir

�� St 1� kt
St
R

�� kt 0.561�

Isb tb3
�� Isb 1000� in4

Sb
Isb
Ir

�� Sb 1� kb
Sb
R

�� kb 0.561�
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Design Equations for Single Box (per foot of culvert length)
per figure 8-16-3 on page 8-16-10

Mb
W s2
�

24
1 3 kt��

1 kt�
��
	


�
�

�
Pemin r2�

12
kt

1 kt�
��
	


�
�

��

�
�

�
�
�

�� Mb 10515.4� ftlb

Mb is the mid-span moment used to design As2 - Top Slab.

Ma
W s2
�

12
1

1 kt�
��
	


�
�

�
Pemax r2�

12
kt

1 kt�
��
	


�
�

��

�
�

�
�
�

�� Ma 8215.6� ftlb

Ma is the corner moment used to design As1  - Top Corners.

Md
Pemax r2�

12
1 3 kt��

1 kt�
��
	


�
�

�
W s2
�

24
kt

1 kt�
��
	


�
�

��

�
�

�
�
�

�� Md 776.0�� ftlb

Md is the mid-span moment used to design As4  - Side Walls.

Me
Wb s2

�

24
1 3 kb��

1 kb�
��
	


�
�

�
Pemin r2�

12
kb

1 kb�
��
	


�
�

��

�
�

�
�
�

�� Me 10911.6� ftlb

Me is the mid-span moment used to design As3 -  Bottom Slab .

Mf
Wb s2

�

12
1

1 kb�
��
	


�
�

�
Pemax r2�

12
kb

1 kb�
��
	


�
�

��

�
�

�
�
�

�� Mf 8510.9� ftlb

Mf is the corner moment used to design As1   -  Bottom Corners.
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Design Perameters per AREMA

fc 5000�� psi  min fc = 4500 lb/in^2 sec 16.2.4b

fy 60000�� psi sec 16.2.5

cover 2�� in sec 16.5.3a

ϕf .9�� sec 2.30.2b

ϕs .85�� sec 2.30.2b

dst tt cover� .1875��� dst 7.8125� in Top Slab depth to reinforcing

dsb tb cover� .1875��� dsb 7.8125� in Bottom Slab depth to reinforcing

dw w cover� .1875��� dw 7.8125� in Wall Slabs depth to reinforcing

b 12�� in design section width

� = steel to concrete area
ratio

Design per AREMA sec 2.32.2

Mn ϕ As� fs� d 1
.6 ρ� fy�

fc
��
	


�
�

��
�

��
�

��� ϕ Replace As with �bd and let Rn = M/�bd^2

then : ρ
.85 fc�

fy
1 1

2 Rn�

.85 fc�
��

�
�
	



�
�

��
Rn

From  Design of Reinforced Concrete 3rd Edition
Jack C. McCormac, 1993  page 77

Design for As1t

Rn1t
Ma 12�

ϕf b dw2
��

�� Rn1t 149.6� psi

ρ1t
.85 fc�

fy
1 1

2 Rn1t�

.85 fc�
��

�
�
	



�
�

��� ρ1t 0.00254�

As1t ρ1t b� dw��� As1t 0.2380� in2
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Design for As1b

Rn1b
Mf 12�

ϕf b� dw2
�

�� Rn1b 154.9� psi

ρ1b
.85 fc�

fy
1 1

2 Rn1b�

.85 fc�
��

�
�
	



�
�

��� ρ1b 0.00263�

As1b ρ1b b� dw��� As1b 0.2467� in2

Design for As2

Rn2
Mb 12�

ϕf b� dst2�
�� Rn2 191.4� psi

ρ2
.85 fc�

fy
1 1

2 Rn2�

.85 fc�
��

�
�
	



�
�

��� ρ2 0.00327�

As2 ρ2 b� dst��� As2 0.3062� in2

Design for As3

Rn3
Me 12�

ϕf b� dsb2
�

�� Rn3 198.6� psi

ρ3
.85 fc�

fy
1 1

2 Rn3�

.85 fc�
��

�
�
	



�
�

��� ρ3 0.00339�

As3 ρ3 b� dsb��� As3 0.3180� in2
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Design for As4

Rn4
Md 12�

ϕf b� dw2
�

�� Rn4 14.1�� psi

ρ4
.85 fc�

fy
1 1

2 Rn4�

.85 fc�
��

�
�
	



�
�

��� ρ4 0.00024��

As4 ρ4 b� dw��� As4 0.0220�� in2

ShearT
W s

dst
12

���
	


�
�

�

2


�
�
�

�
�
�
�

�� In the Top Slab ShearT 11012.7� lb

ShearB
Wb s

dsb
12

���
	


�
�

�

2


�
�
�

�
�
�
�

�� In the Bottom Slab ShearB 11423.7� lb

Shear Check - Bottom Slab

vub
ShearB
ϕs b� dsb�

�� vub 143.4� psi sec 2.35.1a

Permissible Shear Stress sec 2.35.2e

vc1b 4 fc��� vc1b 282.8� psi max

termB
ShearB dsb�

Mf 12�
�� termB 0.9� if greater than 1.0 use 1.0

vc2b 2.14 fc� 4600ρ1b 1.0���� vc2b 163.4� psi

but need not be taken less than;

vc3b 3 fc��� vc3b 212.1� psi
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Shear Check -Top Slab

vut
ShearT
ϕs b� dst�

�� vut 138.2� psi sec 2.35.1a

Permissible Shear Stress sec 2.35.2e

vc1t 4 fc��� vc1t 282.8� psi max

termT
ShearT dst�

Ma 12�
�� termT 0.9� if greater than 1.0 use 1.0

vc2t 2.14 fc� 4600ρ1t 1���� vc2t 163.0� psi

but need not be taken less than;

vc3t 3 fc��� vc3t 212.1� psi

Longitudinal Reinforcement required in each face sec 16.5.4a&b

Top Slab Aslt .002 tt� b��� Aslt 0.2400� in2

Bottom Slab Aslb .002 tb� b��� Aslb 0.2400� in2

Wall Slab Aslw .002 w� b��� Aslw 0.2400� in2

Top Slab Deflection Deflection Limit def
12 b�
800

�� def 0.1800� in

E 1501.5 33� fc��� E 4286825.7� psi

Equation for Fixed Ends -
Uniformly Dist. LoadΔt

W
12

s 12�( )4
�

384 E� Ist�
�� Δt 0.0056� in

Bottom Slab Deflection

Equation for Fixed Ends -
Uniformly Dist. LoadΔb

Wb
12

s 12�( )4
�

384 E� Isb�
�� Δb 0.0058� in
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