
3.21  Ramp C Mainline Segment 4 
Rating 



3.21.1  Rating Summary 



PROJECT: Cline Avenue Ramp C Mainline Seg 4 CALCS BY: TSP DATE: 10/1/09
DESCRIPTION: Rating Factor Summary CHECKED BY: DATE:

AASHTO Lanes

Inventory

R1 R2 R3 R4 R5 S1 S2 S3 S4 S5
36 36 45 45 63 67 67.1 129 133.5 175 152.5 240

Flexure 2.17 2.82 2.00 2.03 1.78 2.47 2.46 2.42 2.42 2.16 2.33 2.00
Shear 1.60 2.07 1.50 1.53 1.35 1.64 1.64 1.30 1.30 1.10 1.23 0.91

Flexure 1.55 2.47 2.19 2.26 2.07 2.21 2.18 2.02 2.02 1.85 2.01 1.79
Principal 
Stress

0.73 0.82 0.78 0.80 0.88 0.78 0.78 0.68 0.68 0.52 0.64 0.49

Top Slab 
Centerline

0.86 1.11 1.29 1.35 1.46 1.16 1.13 1.09 1.10 0.98 1.15 1.03

Top Slab 
Thickness 

Change
1.35 1.75 1.78 1.80 1.61 1.54 1.53 1.34 1.36 1.14 1.32 1.14

Top Slab Webs 
& Cantilever

1.92 2.49 2.35 2.33 1.97 1.90 2.02 1.70 1.70 1.38 1.58 1.33

Transverse 
Web Bending

0.75 0.97 0.80 0.94 1.00 0.95 0.82 0.88 0.88 0.63 0.89 0.72

0.73 0.82 0.78

35.10 117.60

0.49

Cline Avenue Load Rating Ramp C Mainline 
Segment 4

LFR Design 
Loads

InDOT Loadings

HL-93 or 
Tandem*

HL-93 or 
Tandem*

LFR Design 
Loads

Operating

InDOT Legal Loads InDOT Permit Loads

Transverse

29.52

Gross Vehicle Weight (tons)

Overall Rating Factor
Posting Value (tons)                                   

(Controlled by Truck with Lowest Rating Factor)

Service
Longitudinal

Strength

Strength

* Max number of lanes loaded = Per AASHTO LRFD

Fill TableClear Table Posting Values



PROJECT: Cline Avenue Ramp C Mainline Seg 4 CALCS BY: TSP DATE: 10/20/09
DESCRIPTION: Rating Factor Summary CHECKED BY: DATE:

Striped Lanes

Inventory

R1 R2 R3 R4 R5 S1 S2 S3 S4 S5
36 36 45 45 63 67 67.1 129 133.5 175 152.5 240

Flexure 2.93 3.80
Shear 2.49 3.15

Flexure 2.05 2.90
Principal 
Stress

0.73 0.82

Top Slab 
Centerline

0.86 1.11

Top Slab 
Thickness 

Change
1.35 1.75

Top Slab Webs 
& Cantilever

2.15 2.79

Transverse 
Web Bending

1.35 1.81

0.70 0.81

29.16

0.00

0.00 0.00

0.00

Cline Avenue Load Rating Ramp C Mainline 
Segment 4

LFR Design 
Loads

InDOT Loadings

HL-93 or 
Tandem*

HL-93 or 
Tandem*

LFR Design 
Loads

Operating

InDOT Legal Loads InDOT Permit Loads

Gross Vehicle Weight (tons)

Overall Rating Factor
Posting Value (tons)                                   

(Controlled by Truck with Lowest Rating Factor)

Service
Longitudinal

Strength

StrengthTransverse

* Max number of lanes loaded = Per AASHTO LRFD

Fill TableClear Table Posting Values



3.21.2  Strength I Flexure 



Ramp C Mainline Segment 4
 Ultimate Moments (T=00)
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Ramp C Segment 4 Flexural Demand, Mu
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Ramp C Segment 4 Flexural Strength, Mn
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3.21.3  Strength I Shear 



Permanent Loads + Max LL Shear
Vn vs Vu (t=00)
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Permanent Loads + Min LL Shear
Vn vs Vu (t=00)
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Permanent Loads + Max LL Torsion
Vn vs Vu (t=00)
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Permanent Loads + Min LL Torsion
Vn vs Vu (t=00)
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Project:Cline--Ramp C Seg 4
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:        /      /                     

V:\Projects\Cline Avenue\Load Rating Analysis\Revised LL Long Rating\MathCad Revised Vc AASHTO Lanes\Ramp C Seg 4\File Location:
Node  Position  bvoverride 

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

ft2
 pcf

lbf

ft3
 ksf

kip

ft2
 tons 2000lbf kips kip

General Information
Permanant Loads:

Vdcx
1040 kips Mdcx

30623 kip ft Tdcx
1521 ft kips Ndcx

35 kips Dead Load

Vdwx
148 kips Mdwx

4163 kip ft Tdwx
241 kip ft Ndwx

8 kips Superimposed Dead Load

Vpsecx
65 kips Mpsecx

11410 kip ft Tpsecx
502 kip ft Npsecx

9 kips Secondary PT

Vptlsx
0 kips Mptlsx

0 kip ft Tptlsx
0 kip ft Nptlsx

0 kips Secondary Loss PT

Vcrshx
19 kip Mcrshx

2751 kip ft Tcrshx
34 kip ft Ncrshx

49 kips Creep & Shrinkage

Live Loads (HL-93):

VLLvmaxx
318 kips MLLvmaxx

3252 kip ft TLLvmaxx
138 kip ft NLLvmaxx

21 kips Max Live Load Shear

VLLvminx
44 kips MLLvminx

267 kip ft TLLvminx
1176 kip ft NLLvminx

28 kips Min Live Load Shear

VLLtmaxx
71 kips MLLtmaxx

3150 kip ft TLLtmaxx
2123 kip ft NLLtmaxx

11 kips Max Live Load Torsion

VLLtminx
168 kips MLLtminx

2139 kip ft TLLtminx
1591 kip ft NLLtminx

11 kips Min Live Load Torsion
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Post Tensioning Forces:

Vprimx
525 kips Primary PT Shear Nprimx

11414 kips Primary PT Axial Force

Mprimx
27714 kip ft Primary PT Moment Nptlox

1278 kips Primary PT Axial Force

Temperature/Transient Loads: Temperature/Transient Loads:

Vtux
3 kips Mtux

632 kip ft Ttux
13 kip ft Ntux

26 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
60.743 in Centroid of Box Bottom

ϕb 0.90 Phi Factor for Transverse Bending
bex

9 in Effective Width of Shear Flow Path

Aboxx
10129 in2

 Area of Concrete Box Girder bvx
12.95 in Width of Single Web

Aox
18145 in2

 Torsional Area of Box Girder Abx
0.183 in2

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

nwebsx
2 Number of Webs per Box

Abdx
0.086 in2

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

Avx
0.413 in2

 Area of Shear Steel
Absx

0.137 in2
 Area of Steel Req'd for Trans. Bend

restricted to striped lanes
s 12 in Spacing of Shear Steel

Abdsx
0.086 in2

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

Abnx
0.0001 in2

 Area of Steel Req'd for Trans. Bend
no transverse bending

fpu 270 ksi Post-Tensioning Steel Yield Str.

Abdnx
0.00001 in2

 Area of Steel Req'd for Dead Trans.
 Bend no transverse bendingEc 33000 0.1451.5


fc
ksi

 ksi 4074 ksi

Apsx
94.612 in2

 Area of Post-Tensioning Steel
Es 29000 ksi Elastic Modulus Mild Steel

dtx
96 in Depth for Torsion

Eps 28500 ksi Elastic Modulus PT Steel
Asx

6.4 in2
 Area of Mild Steel on Flex Ten Side

cover 1 in Transverse Bending Steel Cover

db 0.625 in Web Steel Diameter dsx
105.75 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
1877 kips Tuvmaxx

2968 kip ft Muvmaxx
36128 ft kips Nuvmaxx

12 kips

Vuvminx
1388 kips Tuvminx

4369 kip ft Muvminx
31377 ft kips Nuvminx

54 kips

Vutmaxx
1543 kips Tutmaxx

5648 kip ft Mutmaxx
35990 ft kips Nutmaxx

31 kips

Vutminx
1674 kips Tutminx

634 kip ft Mutminx
34625 ft kips Nutminx

31 kips
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Calculate Variables Used for All Live Load Conditions:

fpcy

Nprimy

Aboxy

Nptloy

Aboxy



Npsecy

Aboxy



Nptlsy

Aboxy

 fpcx
1 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
7693 kip ft

dey

max yboty

Mprimy

Nprimy

 Hboxy
yboty



Mprimy

Nprimy












Apsy
 fpo Asy

fy dsy


Apsy
fpo Asy

fy
 dex

90.213 in

dvy
max 0.72 Hboxy

 0.9 dey






 dvx
81.192 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

0.0004
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ε

θvmaxy
29 3500 εsvmaxy







deg θvmaxx
27.6 deg

βvmaxy

4.8
1 750 εsvmaxy







 βvmaxx
6.857

Vcvmaxy
0.0316 βvmaxy


fc
ksi

 ksi bvy
 dvy

 Vcvmaxx
509.447 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
812.055 kip

VLLwebvmaxy

1.35VLLvmaxy

nwebsy

1.35 TLLvmaxy
 dty



2 Aoy


UseTorsionMaxSheary "Yes"=if

0 kips( ) otherwise



VLLwebvmaxx
220.564 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
2.088

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
27.6 deg

βvminy

4.8
1 750 εsvminy







 βvminx
6.857

Vcvminy
0.0316 βvminy


fc
ksi

 ksi bvy
 dvy

 Vcvminx
509.447 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
635.445 kip

VLLwebvminy

1.35VLLvminy

nwebsy

1.35 TLLvminy
 dty



2 Aoy


UseTorsionMinSheary "Yes"=if

0 kips( ) otherwise



VLLwebvminx
80.097 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
3.384

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

0.0004
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ε

θtmaxy
29 3500 εstmaxy







deg θtmaxx
27.6 deg

βtmaxy

4.8
1 750 εstmaxy







 βtmaxx
6.857

Vctmaxy
0.0316 βtmaxy


fc
ksi

 ksi bvy
 dvy

 Vctmaxx
509.447 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
812.055 kip

VLLwebtmaxy

1.35VLLtmaxy

nwebsy

Tvmaxy
1.35 TLLtmaxy

 dty


2 Aoy


UseTorsionMaxTorsiony "Yes"=if

0 kips( ) otherwise



VLLwebtmaxx
138.906 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
3.315

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

0.0004
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Minimum Rating Factor for Longitudinal Shear is minRF1 2.088 at node minRF2 27 minRF4 "Ahead"

Minimum Rating Factor for Transverse Bending is minRF3 1.1
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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
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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
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Case II:  Shear Predominates--Calculate the resulting bending capacity and longitudinal shear when the net force
                in one bar is equal to 0
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Case III:  Shear Predominates--Use the maximum shear capacity and determine the resulting moment capacity
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Derive the Interaction Diagram:
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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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3.21.4  Service I Flexure  
(Service Stresses) 
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3.21.5  Service I Principal Stresses 



TENSILE PRINCIPAL STRESSES, CUT 2-2,  t=oo
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