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Objective
Calculations for Segmental Box Girder Load Rating--Shear Strength (HL-93 Operating Loading) considering
Longitudinal Shear and Transverse Bending Independently--using finding of the Menn recommendations

Codes and Specifications
ASHTO LRFD Bridge Design Specifications--Customary US Units, 4th Edition,
2007.

AASHTO Guide Manual for the Condition Evaluation and Load and Resistance
Factor Rating (LRFR) of Hightway Bridges Specifications--Customary US Units,
First Edition, 2004, with Interim Specifications through 2005.

AASHTO Guide Specifications for Design and Construction of Segmental Concrete
Bridges, Second Edition, 1999, with Interim Specifications through 2003.

Unit & Function Definitions

psf
lbf

ft
2

 pcf
lbf

ft
3

 ksf
kip

ft
2

 tons 2000lbf kips kip

General Information
Permanant Loads:

Vdcx
874 kips Mdcx

23 kip ft Tdcx
73 ft kips Ndcx

1 kips Dead Load

Vdwx
105 kips Mdwx

14 kip ft Tdwx
101 kip ft Ndwx

1 kips Superimposed Dead Load

Vpsecx
117 kips Mpsecx

0 kip ft Tpsecx
688 kip ft Npsecx

0 kips Secondary PT

Vptlsx
0 kips Mptlsx

0 kip ft Tptlsx
0 kip ft Nptlsx

0 kips Secondary Loss PT

Vcrshx
108 kip Mcrshx

160 kip ft Tcrshx
911 kip ft Ncrshx

97 kips Creep & Shrinkage

Live Loads (HL-93):

VLLvmaxx
633 kips MLLvmaxx

259 kip ft TLLvmaxx
3356 kip ft NLLvmaxx

3 kips Max Live Load Shear

VLLvminx
153 kips MLLvminx

132 kip ft TLLvminx
1584 kip ft NLLvminx

2 kips Min Live Load Shear

VLLtmaxx
585 kips MLLtmaxx

268 kip ft TLLtmaxx
3723 kip ft NLLtmaxx

2 kips Max Live Load Torsion

VLLtminx
70 kips MLLtminx

149 kip ft TLLtminx
1932 kip ft NLLtminx

2 kips Min Live Load Torsion
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Post Tensioning Forces:

Vprimx
1175 kips Primary PT Shear Nprimx

10777 kips Primary PT Axial Force

Mprimx
25 kip ft Primary PT Moment Nptlox

1226 kips Primary PT Axial Force

Temperature/Transient Loads: Temperature/Transient Loads:

Vtux
92 kips Mtux

139 kip ft Ttux
4679 kip ft Ntux

46 kips Uniform Temperature

Girder Properties / Reinforcement:

fc 5.0 ksi 28 day Concrete Strength Hboxx
108 in Height of Box

ϕ 0.90 Phi Factor for Shear ybotx
67.433 in Centroid of Box Bottom

ϕb 0.90 Phi Factor for Transverse Bending
bex

5.5 in Effective Width of Shear Flow Path

Aboxx
13174 in

2
 Area of Concrete Box Girder bvx

12.95 in Width of Single Web

Aox
40905 in

2
 Torsional Area of Box Girder Abx

0.271 in
2

 Area of Steel Req'd for Trans. Bend
full width.

nwebsx
3 Number of Webs per Box

Abdx
0.134 in

2
 Area of Steel Req'd for Dead Trans.

 Bend full width.
Avx

0.372 in
2

 Area of Shear Steel
Absx

0.257 in
2

 Area of Steel Req'd for Trans. Bend
restricted to striped lanes

s 12 in Spacing of Shear Steel
Abdsx

0.134 in
2

 Area of Steel Req'd for Dead Trans.
 Bend restricted to striped lanesfy 60 ksi Rebar Yield Strength

Abnx
0.0001 in

2
 Area of Steel Req'd for Trans. Bend

no transverse bending
fpu 270 ksi Post-Tensioning Steel Yield Str.

Abdnx
0.00001 in

2
 Area of Steel Req'd for Dead Trans.

 Bend no transverse bendingEc 33000 0.145
1.5


fc

ksi
 ksi 4074 ksi

Apsx
0 in

2
 Area of Post-Tensioning Steel

Es 29000 ksi Elastic Modulus Mild Steel
dtx

101 in Depth for Torsion
Eps 28500 ksi Elastic Modulus PT Steel

Asx
9.2 in

2
 Area of Mild Steel on Flex Ten Side

cover 1 in Transverse Bending Steel Cover

db 0.625 in Web Steel Diameter dsx
106 in Depth of Mild Steel 
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Shear Strength Calculations:  AASHTO LRFD Section 5.8--General Procedure
Operating Load Combinations:

Maximum and Corresponding Shear Combinations:

Vuvmaxy
1.25 Vdcy

 1.5 Vdwy
 1.35 VLLvmaxy

 Vpsecy
 Vptlsy

 0.5 Vcrshy
 0 Vtuy

 sign VLLvmaxy








Vuvminy
1.25 Vdcy

 1.5 Vdwy
 1.35 VLLvminy

 Vpsecy
 Vptlsy

 0.5 Vcrshy
 0 Vtuy

sign VLLvminy








Vutmaxy
1.25 Vdcy

 1.5 Vdwy
 1.35 VLLtmaxy

 Vpsecy
 Vptlsy

 0.5 Vcrshy
 0 Vtuy

 sign VLLtmaxy








Vutminy
1.25 Vdcy

 1.5 Vdwy
 1.35 VLLtminy

 Vpsecy
 Vptlsy

 0.5 Vcrshy
 0 Vtuy

sign VLLtminy








Maximum and Corresponding Torsion Combinations:

Tuvmaxy
1.25 Tdcy

 1.5 Tdwy
 1.35 TLLvmaxy

 Tpsecy
 Tptlsy

 0.5 Tcrshy
 0 Ttuy

sign TLLvmaxy








Tuvminy
1.25 Tdcy

 1.5 Tdwy
 1.35 TLLvminy

 Tpsecy
 Tptlsy

 0.5 Tcrshy
 0 Ttuy

sign TLLvminy








Tutmaxy
1.25 Tdcy

 1.5 Tdwy
 1.35 TLLtmaxy

 Tpsecy
 Tptlsy

 0.5 Tcrshy
 0 Ttuy

sign TLLtmaxy








Tutminy
1.25 Tdcy

 1.5 Tdwy
 1.35 TLLtminy

 Tpsecy
 Tptlsy

 0.5 Tcrshy
 0 Ttuy

sign TLLtminy








Corresponding Moment Combinations:

Muvmaxy
1.25 Mdcy

 1.5 Mdwy
 1.35 MLLvmaxy

 Mpsecy
 Mptlsy

 0.5 Mcrshy
 0 Mtuy

 sign MLLvmaxy








Muvminy
1.25 Mdcy

 1.5 Mdwy
 1.35 MLLvminy

 Mpsecy
 Mptlsy

 0.5 Mcrshy
 0 Mtuy

sign MLLvminy








Mutmaxy
1.25 Mdcy

 1.5 Mdwy
 1.35 MLLtmaxy

 Mpsecy
 Mptlsy

 0.5 Mcrshy
 0 Mtuy

 sign MLLtmaxy








Mutminy
1.25 Mdcy

 1.5 Mdwy
 1.35 MLLtminy

 Mpsecy
 Mptlsy

 0.5 Mcrshy
 0 Mtuy

sign MLLtminy








Corresponding Axial Force Combinations:

Nuvmaxy
1.25 Ndcy

 1.5 Ndwy
 1.35 NLLvmaxy

 Npsecy
 Nptlsy

 0.5 Ncrshy
 0 Ntuy

sign NLLvmaxy








Nuvminy
1.25 Ndcy

 1.5 Ndwy
 1.35 NLLvminy

 Npsecy
 Nptlsy

 0.5 Ncrshy
 0 Ntuy

sign NLLvminy








Nutmaxy
1.25 Ndcy

 1.5 Ndwy
 1.35 NLLtmaxy

 Npsecy
 Nptlsy

 0.5 Ncrshy
 0 Ntuy

sign NLLtmaxy








Nutminy
1.25 Ndcy

 1.5 Ndwy
 1.35 NLLtminy

 Npsecy
 Nptlsy

 0.5 Ncrshy
 0 Ntuy

sign NLLtminy








Vuvmaxx
2168 kips Tuvmaxx

3447 kip ft Muvmaxx
437 ft kips Nuvmaxx

47 kips

Vuvminx
1106 kips Tuvminx

3222 kip ft Muvminx
90 ft kips Nuvminx

54 kips

Vutmaxx
2103 kips Tutmaxx

3943 kip ft Mutmaxx
450 ft kips Nutmaxx

49 kips

Vutminx
1219 kips Tutminx

3691 kip ft Mutminx
113 ft kips Nutminx

54 kips
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Calculate Variables Used for All Live Load Conditions:

fpcy

Nprimy

Aboxy

Nptloy

Aboxy



Npsecy

Aboxy



Nptlsy

Aboxy

 fpcx
0.725 ksi

K

K1i
1

fpci

0.0632 ksi
fc

ksi




K2i
2

Ki min K1i
K2i








i 1 rows DC( )for

K


Kx 2

fpo 0.7 fpu

Tcry
0.0632 Ky

fc

ksi
 ksi 2 Aoy

 bey






 Tcrx
10598 kip ft

dey

max yboty

Mprimy

Nprimy

 Hboxy
yboty



Mprimy

Nprimy












Apsy
 fpo Asy

fy dsy


Apsy
fpo Asy

fy
 dex

106 in

dvy
max 0.72 Hboxy

 0.9 dey






 dvx
95.4 in

Determing the Shear Requirement per Web--Max Pos Shear with Corresponding Torison
εsvmax

ε1

Muvmaxi

dvi

0.5 Nuvmaxi
 Vuvmaxi

Vprimi
 Apsi

fpo










Es Asi
 Eps Apsi




ε2

Muvmaxi

dvi

0.5 Nuvmaxi
 Vuvmaxi

Vprimi
 Apsi

fpo










Es Asi
 Eps Apsi

 0.5 Ec Aboxi




εi ε1 ε1 0if

εi max ε2 0.0004  otherwise

i yfor

ε


εsvmaxx

0.00401
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ε

θvmaxy
29 3500 εsvmaxy







deg θvmaxx
43.052 deg

βvmaxy

4.8

1 750 εsvmaxy






 βvmaxx
1.197

Vcvmaxy
0.0316 βvmaxy


fc

ksi
 ksi bvy

 dvy
 Vcvmaxx

104.463 kips

UseTorsionMaxShear

Tu Tuvmaxi


zi "Yes" ϕ

Tcri

3
 Tuif

zi "No" otherwise

i yfor

z

 UseTorsionMaxShearx "Yes"

Vdwebvmaxy

Vuvmaxy
1.35 VLLvmaxy



nwebsy

Tuvmaxy
1.35 TLLvmaxy

 dty


2 Aoy


UseTorsionMaxSheary "Yes"=if

0 kips( ) otherwise



Vdwebvmaxx
453.715 kip

VLLwebvmaxy

1.35VLLvmaxy

nwebsy

1.35 TLLvmaxy
 dty



2 Aoy


UseTorsionMaxSheary "Yes"=if

0 kips( ) otherwise



VLLwebvmaxx
351.97 kips
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RFvpos

Vsi

2 Avi
 fy dvi



s tan θvmaxi









Vp Vprimi


ϕVni
ϕ Vcvmaxi

Vsi


Vp

nwebsi












 1 VLLwebvmaxi
0 kipsif

1( ) otherwise



RF1i

ϕVni
Vdwebvmaxi



VLLwebvmaxi



RF2i

Avi
Abdi



Abi
Abdi




RFi 1 RF2i
REBARi 6 "P"=if

min RF1i
RF2i






otherwise



RFi 2 RF1i


RFi 3 RF2i


i yfor

RF



RFvposx 1
0.951

Determing the Shear Requirement per Web--Min Pos Shear with Corresponding Torison
εsvmin

ε1

Muvmini

dvi

0.5 Nuvmini
 Vuvmini

Vprimi
 Apsi

fpo










Es Asi
 Eps Apsi




ε2

Muvmini

dvi

0.5 Nuvmini
 Vuvmini

Vprimi
 Apsi

fpo










Es Asi
 Eps Apsi

 0.5 Ec Aboxi




εi ε1 ε1 0if

εi max ε2 0.0004  otherwise

i yfor

ε


εsvminx

0.0004
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ε

θvminy
29 3500 εsvminy







deg θvminx
30.402 deg

βvminy

4.8

1 750 εsvminy






 βvminx
3.691

Vcvminy
0.0316 βvminy


fc

ksi
 ksi bvy

 dvy
 Vcvminx

322.194 kips

UseTorsionMinShear

Tu Tuvmini


zi "Yes" ϕ

Tcri

3
 Tuif

zi "No" otherwise

i yfor

z

 UseTorsionMinShearx "Yes"

Vdwebvminy

Vuvminy
1.35 VLLvminy



nwebsy

Tuvminy
1.35 TLLvminy

 dty


2 Aoy


UseTorsionMinSheary "Yes"=if

0 kips( ) otherwise



Vdwebvminx
421.619 kip

VLLwebvminy

1.35VLLvminy

nwebsy

1.35 TLLvminy
 dty



2 Aoy


UseTorsionMinSheary "Yes"=if

0 kips( ) otherwise



VLLwebvminx
100.53 kips
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x
RFvneg

Vsi

2 Avi
 fy dvi



s tan θvmini









Vp Vprimi


ϕVni
ϕ Vcvmini

Vsi


Vp

nwebsi












 1 VLLwebvmini
0 kipsif

1( ) otherwise



RF1i

ϕVni
Vdwebvmini



VLLwebvmini



RF2i

Avi
Abdi



Abi
Abdi




RFi 1 RF2i
REBARi 6 "P"=if

min RF1i
RF2i






otherwise



RFi 2 RF1i


RFi 3 RF2i


i yfor

RF



RFvnegx 1
1.737

Determing the Shear Requirement per Web--Max Pos Torsion with Corresponding Shear
εstmax

ε1

Mutmaxi

dvi

0.5 Nutmaxi
 Vutmaxi

Vprimi
 Apsi

fpo










Es Asi
 Eps Apsi




ε2

Mutmaxi

dvi

0.5 Nutmaxi
 Vutmaxi

Vprimi
 Apsi

fpo










Es Asi
 Eps Apsi

 0.5 Ec Aboxi




εi ε1 ε1 0if

εi max ε2 0.0004  otherwise

i yfor

ε


εstmaxx

0.00378
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ε

θtmaxy
29 3500 εstmaxy







deg θtmaxx
42.231 deg

βtmaxy

4.8

1 750 εstmaxy






 βtmaxx
1.252

Vctmaxy
0.0316 βtmaxy


fc

ksi
 ksi bvy

 dvy
 Vctmaxx

109.256 kips

UseTorsionMaxTorsion

Tu Tutmaxi


zi "Yes" ϕ

Tcri

3
 Tuif

zi "No" otherwise

i yfor

z

 UseTorsionMaxTorsionx "Yes"

Tvmaxy
sign VLLtmaxy









Vdwebtmaxy

Vutmaxy
1.35 VLLtmaxy



nwebsy

Tvmaxy
Tutmaxy

1.35 TLLtmaxy
 dty



2 Aoy


UseTorsionMaxTorsiony "Y=if

0 kips( ) otherwise



Vdwebtmaxx
453.715 kip

VLLwebtmaxy

1.35VLLtmaxy

nwebsy

Tvmaxy
1.35 TLLtmaxy

 dty


2 Aoy


UseTorsionMaxTorsiony "Yes"=if

0 kips( ) otherwise



VLLwebtmaxx
337.71 kips
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RFtpos

Vsi

2 Avi
 fy dvi



s tan θtmaxi









Vp Vprimi


ϕVni
ϕ Vctmaxi

Vsi


Vp

nwebsi












 1 VLLwebtmaxi
0 kipsif

1( ) otherwise



RF1i

ϕVni
Vdwebtmaxi



VLLwebtmaxi



RF2i

Avi
Abdi



Abi
Abdi




RFi 1 RF2i
REBARi 6 "P"=if

min RF1i
RF2i






otherwise



RFi 2 RF1i


RFi 3 RF2i


i yfor

RF



RFtposx 1
1.033

Determing the Shear Requirement per Web--Min Pos Torsion with Corresponding Shear
εstmin

ε1

Mutmini

dvi

0.5 Nutmini
 Vutmini

Vprimi
 Apsi

fpo










Es Asi
 Eps Apsi




ε2

Mutmini

dvi

0.5 Nutmini
 Vutmini

Vprimi
 Apsi

fpo










Es Asi
 Eps Apsi

 0.5 Ec Aboxi




εi ε1 ε1 0if

εi max ε2 0.0004  otherwise

i yfor

ε


εstminx

0.00032
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ε

θtminy
29 3500 εstminy







deg θtminx
30.112 deg

βtminy

4.8

1 750 εstminy






 βtminx
3.877

Vctminy
0.0316 βtminy


fc

ksi
 ksi bvy

 dvy
 Vctminx

338.405 kips

UseTorsionMinTorsion

Tu Tutmini


zi "Yes" ϕ

Tcri

3
 Tuif

zi "No" otherwise

i yfor

z

 UseTorsionMinTorsionx "Yes"

Tvminy
sign VLLtminy









Vdwebtminy

Vutminy
1.35 VLLtminy



nwebsy

Tvminy
Tutminy

1.35 TLLtminy
 dty



2 Aoy


UseTorsionMinTorsiony "Yes"=if

0 kips( ) otherwise



Vdwebtminx
421.619 kip

VLLwebtminy

1.35VLLtminy

nwebsy

Tvminy
1.35 TLLtminy

 dty


2 Aoy


UseTorsionMinTorsiony "Yes"=if

0 kips( ) otherwise



VLLwebtminx
70.14 kips
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RFtneg

Vsi

2 Avi
 fy dvi



s tan θtmini









Vp Vprimi


ϕVni
ϕ Vctmini

Vsi


Vp

nwebsi












 1 VLLwebtmini
0 kipsif

1( ) otherwise



RF1i

ϕVni
Vdwebtmini



VLLwebtmini



RF2i

Avi
Abdi



Abi
Abdi




RFi 1 RF2i
REBARi 6 "P"=if

min RF1i
RF2i






otherwise



RFi 2 RF1i


RFi 3 RF2i


i yfor

RF



RFtnegx 1
1.737

RFall

RFi 1 min RFvposi 1
RFvnegi 1
 RFtposi 1

 RFtnegi 1








RFi 2 min RFvposi 2
RFvnegi 2
 RFtposi 2

 RFtnegi 2








RFi 3 min RFvposi 3
RFvnegi 3
 RFtposi 3

 RFtnegi 3








i yfor

RF



Limit

Li 1

i yfor

L

 DLLimit

Di 0

i yfor

D
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0 50 100

0

5

10

Rating Factor
Limit
Dead Load Limit

Rating Factor Plot Considering Long. Shear and Tran Bend Independently

Node

R
at

in
g 

F
ac

to
r

Minimum Rating Factor for Longitudinal Shear is minRF1 0.951 at node minRF2 121 minRF4 "Back"

Minimum Rating Factor for Transverse Bending is minRF3 0.528
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Determine the Rating Factor using the Method of Combining Transverse Bending and
Shear per Menn to Verify Longitudinal Shear and Transverse Bending Act Independently
Determing the Shear Requirement per Web--Min Pos Shear with Corresponding Torison

dy PROPSy 7 in cover db Use the web width used for Transverse Bending

bbend 12 in Unit Length of Web

Vpy

Vprimy

nwebsy



mry
ϕb Aby

 fy dy

Aby
fy

2 0.85 fc bbend












 mrx
178.893 kip in

Vpx
391.667 kip

mrdy
ϕb Abdy

 fy dy

Abdy
fy

2 0.85 fc bbend












 mrdx
89.239 kip in

Vprimx
1.175 10

3
 kip

boy
bvy

2 cover db box
10.325 in

b' cover
1

2
db b' 1.313 in

β1 0.85 fc 4 ksiif

0.85 0.05
fc 4 ksi

ksi


















4 ksi fc 8 ksiif

0.65 otherwise

 β1 0.8

b1y

Aby
fy

0.85 fc bbend
 b1x

0.319 in

b1dy

Abdy
fy

0.85 fc bbend
 b1dx

0.158 in

Using the Method prescribed by Menn--develop an interaction diagram to show the capacity of the web for Combined
Transverse Bending and Longitudinal Shear

Case I:  Transverse Bending Predominates--Use the maximum bending capacity and determine the resulting shear
               capacity

y1y
boy

b'

b1y

2
 y1x

11.478 in

Fcuy
Avy

fy Fcux
22.32 kips

ϕMn1
ϕ Fcux

y1x






 ϕMn1
19.214 kip ft
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ϕVn1
Avx

fy Fcux
 ϕVn1

0 kips

Case II:  Shear Predominates--Calculate the resulting bending capacity and longitudinal shear when the net force
                in one bar is equal to 0
Br2y

Avy
fy Br2x

22.32 kips

Vs2y

Avy
fy dvy
 cot θvmaxy









s
 Vs2x

189.939 kips

ϕVn2y
ϕ Vcvmaxy

Vs2y
 Vpy







 ϕVn2x
617.462 kips

bwreq2y

Vs2y

0.85 fc dvy
 cot θvmaxy








 bwreq2x

0.438 in

ϕMn2
min ϕ Avx

fy box


Vs2x
s

dvx
cot θvmaxx









bwreq2x

2
b'


















 ϕMn1












 ϕMn2
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Case III:  Shear Predominates--Use the maximum shear capacity and determine the resulting moment capacity

Vs3y

2 Avy
fy dvy
 cot θvminy









s
 Vs3x

604.834 kips

ϕVn3
ϕ Vcvmaxx

Vs3x
 Vpx







 ϕVn3
990.867 kips

bwreq3y

Vs3y

0.85 fc dvy
 cot θvmaxy








 bwreq3x

1.394 in

ϕMn3
min ϕ Avx

fy box


Vs3x
s

dvx
cot θvmaxx









bwreq3x

2
b'


















ϕMn1












 ϕMn3
19.214 kip ft

Derive the Interaction Diagram:

ϕVn

Vni
ϕVni



Vn7 i
ϕVni



i 1 3for

Vn

 ϕMn

Mni
ϕMni



Mn7 i
ϕMni


i 1 3for

Mn

 Mu1

Mui
mrdx



Mui 1
mrx



i 1for

Mu

 Vu1

Vui
Vd

Vui 1
Vd VLL

i 1for

Vu



Seg 6 EB Shear Strength.xmcd 15 of 16



Project:Cline --Seg 6 EB
Description:  Shear Strength Rating Ind 
Shear and Tran Bend with Increased Vc

      Job No.  25626272.00001 

        Design:      RJB              
        
        Check:     Ind Chk                                

          Page               

          Date:    10 /  01    / 2009            
 
          Date:        /      /                     

300 200 100 0 100 200 300

200

400

600

800

1000

Interaction Diagram
Dead and Ultimate Shear and Transverse Bending Combinations

Combined Transverse Bending and Longitudinal Shear Diagram

Transverse Bending Moment (kip-in)

L
on

gi
tu

di
na

l S
he

ar
 (

ki
ps

)

The interaction diagram above shows that the longitudinal shear and transverse bending have not interaction--they 
are acting independently therefore the rating factors may be calculated seperately.
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