3.17 Ramp A Mainline Segment 3
Rating



3.17.1 Rating Summary



URS

PROJECT: Cline Avenue Ramp A Mainline Segment 3 CALCS BY: TSP DATE: 10/1/09
DESCRIPTION: Rating Factor Summary CHECKED BY: DATE:
AASHTO Lanes
Clear Table Fill Table Posting Values
Inventory Operating
LFR Desi LFR Desi
Cline Avenue Load Rating Ramp A Mainline esign esign InDOT Loadings
Loads Loads
Segment 3
HL-93 or HL-93 or InDOT Legal Loads InDOT Permit Loads
Tandem* Tandem* R1 R2 R3 R4 R5 S1 52 S3 S4 S5
Gross Vehicle Weight (tons) 36 36 45 45 63 67 67.1 129 1335 175 1525 240
Strenath Flexure 0.88 114 0.81 0.87 0.84 0.97 0.96 0.87 0.87 0.73 0.82 0.75
9 Shear 1.18 153 1.10 114 1.07 1.30 1.30 1.02 1.02 0.85 0.77 0.76
Longitudinal Flexure 0.28 159 142 147 137 144 142 132 133 119 128 114
Service Principal
110 131 115 1.20 114 122 1.22 1.09 1.08 091 0.78 0.79
Stress
Top Slab
op >ia 0.86 111 129 135 146 116 113 109 110 098 115 103
Centerline
Top Slab
Thickness 135 175 178 1.80 161 154 153 1.34 136 114 132 114
Transverse Strength Change
Top Slab Webs
] 192 2.49 2.35 2.33 197 1.90 2.02 170 170 1.38 158 133
& Cantilever
T
ransverse 075 097 0.80 0.94 1.00 095 0.82 0.88 0.88 063 0.89 072
Web Bending
Overall Rating Factor | 0.28 0.97 0.80 0.63
Posting Value (tons)
) ) 34.92 36.00 110.25
(Controlled by Truck with Lowest Rating Factor)

* Max number of lanes loaded = Per AASHTO LRFD




URS

PROJECT: Cline Avenue Ramp A Mainline Segment 3 CALCS BY: TSP DATE: 10/20/09
DESCRIPTION: Rating Factor Summary CHECKED BY: DATE:
Striped Lanes
Clear Table Fill Table Posting Values
Inventory Operating
LFR Desi LFR Desi
Cline Avenue Load Rating Ramp A Mainline esign esign InDOT Loadings
Loads Loads
Segment 3
HL-93 or HL-93 or InDOT Legal Loads InDOT Permit Loads
Tandem* Tandem* R1 R2 R3 R4 R5 S1 52 S3 S4 S5
Gross Vehicle Weight (tons) 36 36 45 45 63 67 67.1 129 1335 175 1525 240
Strength Flexure 148 191
Shear 154 2.00
Longitudinal Flexure 0.34 2.06
Servi Principal
ervice rincipal 166 192
Stress
T
op Slab 0.86 111
Centerline
Top Slab
Thickness 135 175
Transverse Strength Change
Top Slab Webs
i 2.15 2.79
& Cantilever
T
ransveré 135 181
Web Bending
Overall Rating Factor | 0.34 111 0.00 0.00
Posting Value (t
osting Value (fons) 39.96 0.00 000
(Controlled by Truck with Lowest Rating Factor)

* Max number of lanes loaded = Per AASHTO LRFD




3.17.2 Strength | Flexure
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Moment (kip-ft)
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Moment (kip-ft)

Ramp A Segment 3 Flexural Strength, ¢M,
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3.17.3 Strength | Shear



Shear Force (Kips)

Permanent Loads + Max LL Shear
éVn vs Vu (t=00)
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Shear Force (Kips)

Permanent Loads + Min LL Shear

oVn vs Vu (t=00)
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Shear Force (Kips)

Permanent Loads + Max LL Torsion

éVn vs Vu (t=00)
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Shear Force (Kips)

Permanent Loads + Min LL Torsion

oVn vs Vu (1=00)
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URS

Job No. 25626272.00001 Page
Project:Cline--Ramp A Seg 3
Description: _Shear Strength Rating Ind Design: _ RIJB Date: _10/01 /2009
Shear and Tran Bend with Increased Vc
Check: _Ind Chk Date._ / /

V:\Projects\Cline Avenue\Load Rating Analysis\Revised LL Long Rating\MathCad Revised V¢ AASHTO Lanes\Ramp A Seg 3\

. . Node = Position := bvoverride =
Objective 36 Back ~ 14 v|

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

File Location:

e 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.

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

Unit & Function Definitions

o bf bt ki
psf=—  pcf= ==

ft > ft
General Information

tons = 2000lbf  kips = kip

Permanant Loads:

Vdcx = 917-kips1 Dead Load

Vaw, = 103-kips|

Mgc = —44407-kip.ﬁ1 Tdc, = —271ft-kips1 Ngc, = —65-kips1

N = -5.ki
dw, DSI

Me, = —1649-kip-ﬁ1 Taw, = —605-kip~ﬁ1

Vpsec, = —106~kipi Mpsec, = 23558-kip-|  [Tpsee = 116-kip-fi  [Npsec = 332~kipi Secondary PT
thlsx = O-kipﬂ Mptlsx = O-kip-j Tptlsx = 0-kip-ff Nptlsx = O-kips‘ Secondary Loss PT

Creep & Shrinkage

Vcrshx = Skip

Mersh, = 6905-kip-|‘1 Tersh, = 2143-kip-h1 Nersh, = 110-kips

Live Loads (HL-93):

My Lymax = ~1810-kip Ty | ymax = 1189-Kip-f

N =
LLvmaxX

Superimposed Dead Load

VLLvmaxX = 354'kip91

—71-kip4(\/\ax Live Load Shear

VLLvminX = —42-kipg

M( Lymin, = 2259-kip-f

TLLvminx = —22-kip-h1

NLLvminx = 37~kipi Min Live Load Shear

VLLtmaxx = 266 -Kips

My tmax, = 2643-Kip-f

T Ltmax, = 3008-kip-|‘\1

NLLtmaxX = —40~kips‘ Max Live Load Torsion

VLLtminX = 170-kip51

MLLtminx = —936-kip-ﬁ1

T Ltmin, = ~1247-kip-f

NLLtminX = —34-kip51 Min Live Load Torsion

Ramp A Seg 3 Shear Strength.xmcd
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URS

Job No. 25626272.00001 Page
Project:Cline--Ramp A Seg 3
Description: _Shear Strength Rating Ind Design: _ RJB Date: _10/01 /2009
Shear and Tran Bend with Increased Vc
Check: _Ind Chk Date: /7
Post Tensioning Forces:
Vprimx = -31-kips Primary PT Shear Nprimx = —8697 -kipg Primary PT Axial Force

Mprim_ = 5025-kip-fi Primary PT Moment
X

Nptlox = 698 -kips

Temperature/Transient Loads:

Primary PT Axial Force

Temperature/Transient Loads:

Viy. = —51-kipg

M
Uy t

Uy Uy

= 2732 kip-fi Ty, = -98-kip-] N;

Uy

= —154-Kkipg

Uniform Temperature

Girder Properties / Reinforcement:

fo:=5.0-ks 28 day Concrete Strength
Phi Factor for Shear
¢p = 0.9 Phi Factor for Transverse Bending
Apox = 9274.in  Area of Concrete Box Girder
X

Ao = 22218.in]  Torsional Area of Box Girder

X
Nwebs = 2 Number of Webs per Box

X

A, = 0.232.in7 Area of Shear Steel

X
Spacing of Shear Steel
fy := 60-ks Rebar Yield Strength
fpu := 270-ks Post-Tensioning Steel Yield Str.

1.5 fC . .
E. := 33000-0.1457"". | — -ksi = 4074 -ksi
¢ ksi

Elastic Modulus Mild Steel

E == 29000-ks

Eps = 28500-ksi  Elastic Modulus PT Steel

cover := 1-i

dp, = 0.625-in

Transverse Bending Steel Cover
Web Steel Diameter

Hpox, = 12418811

ybotx = 83.014-in

b, =5.5-in
eX
b,, = 11.95-in
VX
. 2
Ab = 0.197-in
X

. 2
Abdx = 0.093:in

. 2
Absx = 0.147-in

. 2
AdeX = 0.093:in

. 2
Abnx = 0.0001-in

. 2
Abdnx = 0.00001:in

.2
ApSX = 65.968-in

dt = 117-in
X
. 2
A. = 6.8-in
SX
dS = 121.938-in
X

Height of Box

Centroid of Box Bottom
Effective Width of Shear Flow Path
Width of Single Web

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

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

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

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

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

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

Area of Post-Tensioning Steel
Depth for Torsion

Area of Mild Steel on Flex Ten Side

Depth of Mild Steel

Ramp A Seg 3 Shear Strength.xmcd
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m Job No. 25626272.00001 Page

Project:Cline--Ramp A Seg 3
Description: _Shear Strength Rating Ind Design: _ RIJB Date: _10/01 /2009
Shear and Tran Bend with Increased Vc

Check: _Ind Chk Date: /__/

Shear Strength Calculations: AASHTO LRFD Section 5.8--General Procedure

Operating Load Combinations:

Maximum and Corresponding Shear Combinations:

vuvma& = 1.25.vO|Cy + 1.5vO|Wy + 1'35'VLLvmaxy + vpsecy + thlsy + 0.5.vcr3hy +0- ‘vtuy‘ ~sign(VLLvmaXy)

Vv i =1.25:Vy. + 1.5V + 1.35-V o+ V +V +0.5-V + 0|V -sign(V ; )
uvmlny dcy dWy LLvm|ny psecy ptlsy crshy ‘ tuy‘ LLvm|ny
Vv =125V4. +15V + 1.35-V +V +V + 0.5V +0-|V -sign(v )
utmaxy dcy dWy LLtmaxy psecy ptlsy crshy ‘ tuy‘ LLtmaxy

Vutmin, = 1.25-Vge + 1'5dey +1.35V| Lmin_ * Vpsecy + thlsy + O'5'\/crshy +0 ‘Vtuy‘ 'Sigr‘(VLLtminy)
Maximum and Corresponding Torsion Combinations:

Tuvmxy = 1.25~Tdcy +15 way + 1'35'TLLvmaxy + Tpsecy + Tpﬂsy + 0.5-Tcr3hy +0 ‘Ttuy‘ -sign(TLLvmaxy)
Tuvminy = 1.25-TOICy + 1.5TdWy + 1.35.T|_|_Vminy + Tpsecy + Tpﬂsy + 0.5-TCrshy +0 ‘Ttuy‘ -sign(TLLvminy)
Tutmaxy = 1.25-TOICy +15 way + 1.35-TL|_tmaXy + Tpsecy + TptISy + 0.5-TCrshy +0 ‘Ttuy‘ ~sign<TLLtmaXy)
Tutminy = 1.25-TO|Cy + 1.5T0|Wy + 1.35-T|_Ltminy + Tpsecy + TptISy + 0.5-TCrshy +0 ‘Ttuy‘ ~sign<TLLtminy)

Corresponding Moment Combinations:

Muvma&/ = 1.25-|\/|OICy +15 dey + 1.35-|\/||_|_th,3‘)(y + Mpsecy + MptISy + 0.5-|\/|Crshy +0- ‘ Mtuy‘ ~sign<MLLvmaXy)

M i =1.25-My. + 1.5M + 1.35-M o+ M +M + 0.5-M +0|M -sign(M i )
uvmlny dcy dwy LLvm|ny psecy ptlsy CI’Shy ‘ tuy‘ LLvmlny
M =1.25-My~. + 1.5M + 1.35-M + M + M + 0.5-M +0-[M -sign(M )
utmaxy dcy dwy LLtmaxy psecy ptlsy crshy ‘ tuy‘ LLtmaxy

M tmin = 1.25-M +1.5M + 1.35-M o+ M + M + 0.5-M +0|M ~sign<M i )
utmlny dcy dWy LLtmlny psecy ptlsy crshy ‘ tuy‘ LLtmlny

Corresponding Axial Force Combinations:

N =1.25-Ny. + 1.5N + 1.35:N + N + N + 0.5-N + 0|N -sign(N )
uvma>S, dcy dWy LLvmaxy psecy ptlsy crshy ‘ tuy‘ LLvmaxy

N i =1.25:Ny~ + 1.5N + 1.35:N - +N + N + 0.5-N + 0|N -sign(N ; )
uvmlny dcy dWy LLvm|ny psecy ptlsy crshy ‘ tuy‘ LLvm|ny

N :=1.25:N4~. + 15N + 1.35:N + N + N + 0.5-N + 0|N ~sign(N )
utmaxy dcy dWy LLtmaxy psecy ptlsy crshy ‘ tuy‘ LLtmaxy

N ymin = 1.25-Ny. + 1.5N + 1.35:N i +N + N + 0.5-N + 0|N ~sign(N i )
utmlny dcy dwy LLtmlny psecy ptlsy crshy ‘ tuy‘ LLtmlny

Vivmax = 1675-Kips Tuvmax = 1546 Kip-ft Muymax, = ~33415 ft-kips Nuvmax = 202-kips
Vuymin, = 1141-Kips Tuvmin, = ~88-Kip-t Muymin, = ~27922ft:kips Nuvmin, = 348-kips
Vutmax, = 1556-kips Tutmax, = 4002-Kip-ft Mutmax, = ~27404ftKips Nutmax, = 244-Kips
Vutmin, = 1427 kips Tutmin = ~1742:kip ft Mygmin = ~32235 ft-kips Nutmin = 252-Kips

Ramp A Seg 3 Shear Strength.xmcd 3 of 16




URS

Job No. 25626272.00001 Page
Project:Cline--Ramp A Seg 3
Description: _Shear Strength Rating Ind Design: _ RJB Date: _10/01 /2009
Shear and Tran Bend with Increased Vc
Check: _Ind Chk Date: /__/
Calculate Variables Used for All Live Load Conditions:
Nprim Nptlo Npsec Nptls
y y y y .
fpc = A + A + A + A prX: -0.827 ksi
y
boxy boxy boxy boxy
K:= | for ie 1. rows(DC)
MWV
pc,
K « [1-
1i fC
si
pr = O.7~fpu
|
Ki < min(Kl_ : Kz_)
| |
K
’ fe
T = 0.0632-Ky- —-kSi-(Z-A -b ) T = 5756 -kip-ft
cry y ksi oy "€y Cry P
Mprimy Mprimy
max| Ypot — Hbox. ~ Yoot + “Aps. foo + As_-fy-dg
Nprimy y y Nprimy PSy P y Y Sy
de = A de = 90.961-in
y . + . X
dy, = max(0.72~H ,0.9d ) d, = 89.415-in
vy boxy ey Vy
Determing the Shear Requirement per Web--Max Pos Shear with Corresponding Torison
€ = | for iey
svmax Esvmaxx = —0.0003
‘Muvmaxi‘
d + O""_"'\luvmaxi + Hvuvmaxi‘ - ‘Vprimi‘ ‘ - Apsi'fpoJ
V.
|
81 —
EsAs, + EpsAps
‘Muvmaxi‘
d + 0'5'Nuvmaxi + Hvuvmaxi‘ - ‘Vprimi‘ ‘ - Apsi'fpo
V.
|
€2 <«
Eg+As + EpsAps, + 05-Eg-Apox
gi«eq if 120
gj « max(ez,—0.0004) otherwise
e

Ramp A Seg 3 Shear Strength.xmcd
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URS

Job No. 25626272.00001 Page
Project:Cline--Ramp A Seg 3
Description: _Shear Strength Rating Ind Design: _ RJB Date: _10/01 /2009
Shear and Tran Bend with Increased V¢
Check: __Ind Chk Date: /[ /
L
evmaxy = (29 + 3500'Esvmaxy)'deg evmaxx = 27.959-deg
5 _ 4.8 3 - 6.178
vmax,, = (1 + 750-€qymay ) vmax, ~
y
fe
Vv := 0.0316- - | —-ksi-b,, -d Vv = 466.481-kips
cvmax,, vaaxy ksi vy Yy cvmax, P
UseTorsionMaxShear := | for iey UseTorsionMaxSheary = "No"
Tu< ‘Tuvmaxi‘
Tcri
zj < "Yes" if q;-T <Ty
zj « "No" otherwise
z
Vuvmaxy N 1'35'\/LLvmax ‘Tuvmaxy N 1'35'TLLvmax 'dt
y y . . _nyaan
Vdawebvmax = if UseTorsionMaxSheary = "Yes
y nwebsy 2'Aoy
(0-kips) otherwise webvmax,
1'35VLLvmaxy ‘1'35'TLLvmax 'dty‘
V[ Lwebvmax = + if UseTorsionMaxSheary = "Yes"
Xy Mwebs 2:Ag
Yy y
(0-kips) otherwise
VLLwebvmaxX = 238.95-kips

Ramp A Seg 3 Shear Strength.xmcd
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m Job No. 25626272.00001 Page

Project:Cline--Ramp A Seg 3
Description: _Shear Strength Rating Ind Design: __RJB Date: _10/01 /2009

Shear and Tran Bend with Increased Vc

Check: _Ind Chk Date: /__/
RFVpOS = | for iey
2-A,, -f,,-d
Vi YV
Vs. <~ —t 5
i s-tan
( vmaxi) Rvaos =0.785
X,1
Vp < ‘Vprimi‘
Vp
dVp < | Voymax, T Vs, t 1 it V| Lwebvmax, = 0-Kips
| | | nWGbSi |
(-1) otherwise
d’Vni - deebvmaxi
I VLLwebvmaxi
Av. ~ Abd,
RFy, ¢ —————
I Ab| — Abdl
RFi,1 < |RF, if REBARjg="P"
|
min(RFl., RFZ_) otherwise
I |
RFj,2 < RFq.
|
RFi’g <~ RFZ-
|
RF
Determing the Shear Requirement per Web--Min Pos Shear with Corresponding Torison
€ ni= | for iey
svmin Esvmin. = —0.00035
‘Muvmin ‘ X
i
q + 0'5'Nuvmini + ‘ ‘Vuvmini‘ - ‘Vprimi‘ ‘ - Apsi'fpo
V.
|
€1 —
EsAs, + EpsAps
‘Muvmini‘
d + 0'5'Nuvmini + ‘ ‘Vuvmini‘ - ‘Vprimi‘ ‘ - Apsi'fpo
V.
|
62 <«
Eg-As, + EpsAps, + 0.5E¢-Apox
gi«€eq if €120
gj « max(ez,—0.0004) otherwise
£

Ramp A Seg 3 Shear Strength.xmcd 6 of 16




m Job No. 25626272.00001 Page

Project:Cline--Ramp A Seg 3
Description: _Shear Strength Rating Ind Design: _ RIJB Date: _10/01 /2009
Shear and Tran Bend with Increased Vc

Check: _Ind Chk Date: //
T
evminy = (29 + 3500'€svminy) -deg evminx = 27.759-deg
B 4.8 B 6.539
vmin,, -~ vmin_ = 6
y (1 + 750-esvmmy) X

fe

Vv . = 0.0316- i - | —-ksi-b,, -d Vv = 493.733-kips
cvmlny valny ksi vy vy cvmin, p

UseTorsionMinShear .= | for iey UseTorsionMinSheary = "No"

Ty« ‘Tuvmini‘

Tcri
zj < "Yes" if ¢~T <Ty
zj « "No" otherwise
z
Vuvminy - 1'35'VLLvminy ‘Tuvminy = 1.35T L ymin 'dt
Vdawebvmin. = - if UseTorsionMinSheary: "Yes"
y nwebsy 2""\oy
(0-kips) otherwise webvminy
1'35VLLvminy ‘1'35'TLLvmin 'dty‘
VI Lwebvmin. = - if UseTorsionMinSheary: "Yes"
y Nwebs 2:Aq
y y
(0-kips) otherwise
VLLwebvmin\, = —2835k|p$

Ramp A Seg 3 Shear Strength.xmcd 7 of 16



m Job No. 25626272.00001 Page

Project:Cline--Ramp A Seg 3

Description: _Shear Strength Rating Ind Design: _ RJB Date: _10/01 /2009
Shear and Tran Bend with Increased Vc
Check: _Ind Chk Date: /__/
RFvneg = | for iey
2-Avi-fy-dVi
Vs. <~ —t 5
i s-tan ;
( vmmi) RFvneg =1.338
X,1
Vp ‘vprimi‘
Vp
dVp < & Voymin, + Vs, + 1 it V| Lwebvmin, = 0-Kips
| | | nWE‘bSi |
(-1) otherwise
d’Vni - deebvmini
I VLLwebvmini
Av. ~ Abd,
RFy, ¢ —————
I Ab| — Abdl
RFi,1 < |RF, if REBARjg="P"
|
min(RFl., RFZ_) otherwise
I |
RFj,2 < RFq.
|
RFj.3 < RFy,
|
RF
Determing the Shear Requirement per Web--Max Pos Torsion with Corresponding Shear
€ = | for iey
stmax . Estmax. = -0.00034
M X
‘ utmaxi‘
+ O'5'Nutmaxi + ‘ ‘Vutmaxi‘ - ‘Vprimi‘ ‘ - Apsi'fpoJ
V.
I
81 <
EsAs, + EpsAps
‘Mutmaxi‘
+ O'5'Nutmaxi + ‘ ‘Vutmaxi‘ - ‘Vprimi‘ ‘ - Apsi'fpo
V.
|
82 <«
Eg+As + EpsAps, + 0-5-Eg-Apox
gi«€eq if €120
gj « max(ez, —0.0004) otherwise
IS

Ramp A Seg 3 Shear Strength.xmcd 8 of 16




URS

Tvmaxy = Sign(VLLtmaxy)

Vutmaxy - 1'35'VLLtmaxy

Job No. 25626272.00001 Page
Project:Cline--Ramp A Seg 3
Description: _Shear Strength Rating Ind Design: _ RJB Date: _10/01 /2009
Shear and Tran Bend with Increased Vc
Check: _Ind Chk Date: /[ /
T
etmaxy = (29 + 3500'€stmaxy) -deg etmaxx = 27.808-deg
B = 48 B = 6.447
tmaxy = (1 + 750-€gimay ) tmax, =
Y,
fe
Vv := 0.0316- - [ —ksi-b,, -d \Y = 486.754-kips
ctmax,, Btmaxy Ksi vy, %y ctmax, P
UseTorsionMaxTorsion := | for iey UseTorsionMaxTorsiony = "Yes"
Ty« ‘Tutmaxi‘
Tcri
zj < "Yes" if q;-T <Ty
zj « "No" otherwise
z

Tvmaxy ‘Tutmaxy - 1'35'TLLtmaX 'dt

deebtmaxy = + Y if UseTorsionMaxTorsiony ="
webs 2-Aq
y y
(0-kips) otherwise .
deebtmax = 600.481kip
X
1'35VLLtmax Tvmax ‘1'35'TLLtmax 'dt ‘
v = i 4 YL it UseTorsionMaxTorsiony = "Yes"
LLwebtmax. = + if UseTorsionMaxTorsiony = "Yes
y nwebsy 2'Aoy

(0-kips) otherwise

VLLwebtmaxx = 307.855-kips

Ramp A Seg 3 Shear Strength.xmcd
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URS

Job No. 25626272.00001 Page
Project:Cline--Ramp A Seg 3
Description: _Shear Strength Rating Ind Design: _ RJB Date: _10/01 /2009
Shear and Tran Bend with Increased Vc
Check: _Ind Chk Date: /__/
RFtpOS = | for iey
2:Ay fy-dy
Vs. <« —t 2
| S- an( tmax~) RE — 067
i tposx’ 1 c
Vp ‘vprimi‘
Vp
OV, < & Vemax, + Vs, + 1 it V| Lwebtmax, = 0-kips
i i i nwebsi i

d’vni - deebtmaxi

i Vv
! LLwebtmax;
Av. ~ Abd,
RF, ¢ ————
| |

RFi.1 < |RF, if REBARjg
|

(-1) otherwise

npr

min(RFl ,RF, ) otherwise
i i

RFi,Z “«— RFl_

|
RFj 3 < RFy,

|

RF
Determing the Shear Reguirement per Web--Min Pos Torsion with Corresponding Shear
Estmin = | for iey 0.00082
Ectmin = —0.
‘Mutmini‘ stmin,
+ O'5'Nutmini + ‘ ‘Vutmini‘ - ‘Vprimi‘ ‘ - Apsi'fpo

Vi

81 —
EsAs, + EpsAps
‘Mutmini‘
+ O'5'Nutmini + ‘ ‘Vutmini‘ - ‘Vprimi‘ ‘ - Apsi'fpo

Vi

82 <
Eg+As + EpsAps, + 05-Eg-Apox
gi«eq if 120
gj « max(ez,—0.0004) otherwise
I~

Ramp A Seg 3 Shear Strength.xmcd

10 of 16




m Job No. 25626272.00001 Page

Project:Cline--Ramp A Seg 3
Description: _Shear Strength Rating Ind Design: _ RIJB Date: _10/01 /2009
Shear and Tran Bend with Increased Vc

Check: _Ind Chk Date: /[ /
T

etminy = (29 + 3500'€stminy)'deg etminx = 27.895-deg
B 48 By = 6.289

tmlny = (1 + 750-egyrmin ) tmin, ~ ®

Yy
fe

Veimin = 0.0316-B¢pin - | —-ksi-b,, -d Veimin = 474.827-Kips

ctmlny Btmlny ksi vy Yy ctmin, P
UseTorsionMinTorsion := | for iey UseTorsionMinTorsiony = "Yes"

Ty« ‘Tutmini‘
T

cr,
zj < "Yes" |if <1>-—3 <Ty

Zj « "No" otherwise

Tymin = sign(V ; )
vmlny LLtmlny

Vutminy - 1'35'VLLtminy Tvminy ‘Tutminy - 1'35'TLLtmin 'dt

Vdwebtmin, = n + oA if UseTorsionMinTorsiony = "Yes"
y webs o
Yy y
(0-kips) otherwise .
deebtminx = 600.481 klp
1'35VLLtmin Tvmin ‘1'35'TLLtmin 'dt ‘
v = i 4 YL it UseTorsionMinTorsion,, = "Yes"
LLwebtmin. = n + oA i seTorsionMinTorsiony = "Yes
y websy o,

(0-kips) otherwise

VLLwebtmin, = 167.94-Kips

Ramp A Seg 3 Shear Strength.xmcd 11 of 16



URS

Project:Cline--Ramp A Seg 3

Job No. 25626272.00001

Description: Shear Strength Rating Ind Design: _ RJB

Shear and Tran Bend with Increased Vc

Check: Ind Chk

Page

Date: _10/01 /2009

Date: /__/

RFtneg = | for iey
2-A

Vo «

Vi

¢Vni « o Vctmini + Vg +

fydy
s T i N
i S'ta”(etmini)

Vp ‘vprimi‘

Vo

nWebsi

(-1) otherwise

d’vni - deebtmini

RFi 2 < RFy.
|
RFi 3 « RF,
|
RF
RFa” = for ie Yy

RF

Limit:= | for iey
Li«1

RFj 1 < min(RF
RFj 2 « min(RF

RFj 3 « min(RF

! VLLwebtmini
Av. ~ Abd,
RF, ¢ ————
| |

RFi,1 < |RF, if REBARjg="P"
|

min(RFl ,RF, ) otherwise
i i

Vpos; 1’R':vnegi 1»R':tposi 1»R':tnegi 1)

vpos, Z’R':vnegi Z»R':tposi Z’R':tnegi 2)

,R

vpos; 5 Fvnegi 3’R':tposi 3’R':tnegi 3)

DLLimit:= | for iey
Dj«0
D

1 if VLLwebtmini ZOklpS

RFtnegX L =1.157

Ramp A Seg 3 Shear Strength.xmcd
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Project:Cline--Ramp A Seg 3

m Job No. 25626272.00001 Page

Description: _Shear Strength Rating Ind Design: __RJB Date: _10/01 /2009

Shear and Tran Bend with Increased Vc

Check: _Ind Chk Date:

/

Rating Factor Plot Considering Long. Shear and Tran Bend Independently

Node
—— Rating Factor
— - Limit
—— Dead Load Limit
Minimum Rating Factor for Longitudinal Shear is minRF1 = 0.67 af node minRF, = 36

Minimum Rating Factor for Transverse Bending is minRF3 = 0.957

10 T T T T

S

o

=

g s 1
LL

o

=

)

&)

e

oF
1 1 1 1
0 20 40 60 80

minRF4 = "Back"
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URS

Project:Cline--Ramp A Seg 3
Description: _Shear Strength Rating Ind
Shear and Tran Bend with Increased Vc

Job No. 25626272.00001 Page
Design: __ RJB Date: _10/01 /2009
Check: _Ind Chk Date: //

dy := PROPSy, 7-in — cover — dy,

bbend =12-in

Use the web width used for Transverse Bending
Unit Length of Web

V .
o v prim,
by "y Py Nebs
mr = d)bAb £, - dy— y
y y Y 2:0.85-f¢-bpang
Apq f
bdy y

Mrd,, = %o Abd, fy'| &

b, :=b, — 2-cover —d
oy vy b

1
b':= cover + E'db

Yy 085fcbbend
Apg f
bdy y

b = ————
1d
Yy 085fcbbend

capacity
bly
y1 =by +b' - —
Ly~ 7oy 2
Foy = Ay f
cu,, vy

2:0.85-f¢ -bpang

B1:= 1085 if f,<4Kksi
fC — 4.ksi
0.85- 0.05:| ——— if 4-ksi< fC < 8-ksi
Kksi
0.65 otherwise
Ap -fy
by Y
l .

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

m; = 130.544-kip-in

mrdx = 61.806-kip-in

bg = 9.325-in
OX

b'=1.313:in

B, =08

by =0.232:in
lX

by =0.109: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

y1 =10.521:in
X

F

cu,, = 13.95-kips

d)Mnl = 11.008-kip-ft

¢Vn1 = 0-kips

Ramp A Seg 3 Shear Strength.xmcd
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m Job No. 25626272.00001 Page

Project:Cline--Ramp A Seg 3
Description: _Shear Strength Rating Ind Design: _ RIJB Date: _10/01 /2009
Shear and Tran Bend with Increased Vc

Check: _Ind Chk Date: /__/

Case IT: Shear Predominates--Calculate the resulting bending capacity and longitudinal shear when the net force
in one bar is equal o O

Bra, = Ay, Ty Brp, = 13.95-kips
Avy'fy'dvy'COt(evmaxy) -

Vs, = : Vsp, = 195.832-Kips
Vg = ¢'(chmaxy *Vsy * ‘prD dVpp = 610.032-kips

Vs2,
Pwrea2, = G g5 1, = Bwreqa, = 0-274-in

y y

VSZX'S bwreq2X
M, = miny &1 Ay, TyPo, - dy -COt(evmaX ) (T2 Py ¥Mn, = 10.986-kdp-©
X X

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

2A,, f,d -Cot<6 - )
vy y vy vm|ny

\% = \% = 394.99 -kips
s3, S s3, p
OV, = d"(vcvmaxx +Vsg + ‘vpx ) OVp, = 789.274-kips

Vs3y
b = b = 0.552-in
wred3y = 0.85.1.d, -Cot(evmax) wreq3,
y Y,
Vs3x'5 bwreq3x
OM,,_ = min| ¢ A, -, by — : - b, oM, &M, = 11.008-kip ft
3 x ¥ % d, ~cot(6vmax) 2 1 3
X X
Derive the Interaction Diagram:
oVpi= | for iel.3 oOMp:= | for iel..3 Myp:= | for iel Vyp= | for iel
Vi < OV Mp, < &Mp My, < Mg Vi < |Vl
\Y «— OV M «— —oM M <~ m \Y «— |Vq+V
np <9 Ny < ~Mn Uipg ~ T ey < [Var Vi
Vn Mn MU Vu
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m Job No. 25626272.00001 Page

Project:Cline--Ramp A Seg 3
Description: _Shear Strength Rating Ind Design: _ RIJB Date: _10/01 /2009
Shear and Tran Bend with Increased Vc

Check: _Ind Chk Date: /__/

Combined Transverse Bending and Longitudinal Shear Diagram

10007
X
/
//
//
Q00T ya
/
//

—~~ ///
a /
X //
N /
5 6001 X
[«5)
<
(0]
©
=
o
2 4001
(@)]
c
(@]
J

2001

- 200 - 100 0 100 200

Transverse Bending Moment (kip-in)

—— Interaction Diagram
»»x Dead and Ultimate Shear and Transverse Bending Combinations

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.

¢Mn1 - mrdx
RF =— RF = 1.023
bend m,_ —my bend
X X
¢Vn3 - ‘deebvmaxx‘ d>Vn3 - ‘deebvminx
RFghear = Min v , v ) RFghear = 0-798
‘ LLwebvmaxX‘ ‘ LLwebvmlnX‘
¢Vn3 - ‘deebtmaxx‘ ¢Vn3 - ‘deebtminx
RFiorsion = mMin v , v _ RFiorsion = 0-613
‘ LLwebtmaxX ‘ LLwebtmlnX
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3.17.4 Service | Flexure (Service
Stresses)



Stress (psi)

Service Stresses

1000.0

500.0 -

/\\

0.0

SN SN AM/AN/A\

-500.0

-1000.0 -

-1500.0 -

-2000.0 -

-2500.0

-3000.0

-3500.0

Node

—— Top Max —— Bottom Max —— Top Min —— Bottom Min === Allowable Tension === Allowable Compression




Stress (ksi)

0.400

Ramp A Segment 3 Top Service Stresses

0.200 +

0.000

-0.200 -

-0.400 -

-0.600 -

-0.800

N

-1.000 -

-1.200 -

I

80

—— Calc Max
—— Calc Min
— RM Max
—RM Min

-1.400

1

-1.600

Node




Stress (ksi)

Ramp A Segment 3 Bottom Service Stresses

1.000

0.500 -

0.000 : A : : :
0‘ 10 30 70 80
-0.500 - —— Calc Max
—— Calc Min
v\ /\ —— RM Max
——RM Min
-1.500 - \/ \/ \/

-2.000 \/

-2.500

Node



3.17.5 Service | Principal Stresses



Tensile Stress (psi)

350

300

250

200

150

100

50

TENSILE PRINCIPAL STRESSES, CUT 2-2, t=00

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81
Node

—MAX Shear —MIN Shear —— MAX Torison ——MIN Torsion ------ LIMIT




Stress (ksi)

0.600

Ramp A Segment 3 Principal Stresses

0.400 -

0.200

0.000

-0.200 -

-0.400 -

-0.600

10

20

30

40

80

—— Calc Max
—— Calc Min
— RM Max
——RM Min

-0.800 -

-1.000 -

YW

-1.200

-1.400

Node






