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" Progct bcation and brdge type
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Brdge Location
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Brdge Location
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Brdge Location
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Bridge H istory

" Opened n 1984

" Longiudmnally posttensioned steelplate grders
" Transversely post-tensioned deck

" 20% reducton m steel

= Deck and superstructure
condition ratmg of 7
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Transverse Section
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LongiudmnalG xrderand Deck Tendons
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Transverse Tendons
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Applicability to B1R

" Longiudmnally posttensioned steelplate grders
and post-tensioned deck slabs are not supported

" Gmderspacmngwould be okay for3D analysis

AASHTOW are

Br Bridge

Design & Rati
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Generall.oad Ratng Procedure

= M odelbrdge using generalpurpose FEA software

" Hentify pomnts of mterestusing spreadsheetpost-
processing

" Provde requred desyn, kgal,and pem 1t ratngs
" Extract mfluence lnes forpomts of mterest

" Develop an autom ated bad rating toolthat can
lbad rate user-defmned pem it vehicles
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LarsaM odel

= 3D grllagem odelw ith constrmuction stagmg

" Gmdersm odeldw ith sngk lnesofbeam elem ents
" Flhnge hteralbendmng stresses estim ated €6 10 1)
" Live lbadsappled to shellelem ents

=" Loadsm ove transversely across deck usmng
nfluence surfaces
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LarsaM odel
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S

trength Evaluation

* Desynedw ith bad factordesyn

" Stress from post-tensionmng after bsses added to

lbads and com pared w 1th resistance
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» ially followed a sm 1arapproach forStrength

LRFR Load Ratmng

Im i states

" Low ratihgs m GxderD overPEr?9

Summary of Code Check Results Sorted by Demand/Capacity Ratio

Moment Magnification?

Constructibility Check?

Elernent to Check

Total Factored Loads with Noncomposite Moment Magnification

Element Part Factored Axial Force | Factored Horizontal Shear| Factored Vertical Shear| Factored Torsion| Factored Moment | Factored Moment
A vy Vv M, My M,
Maximum
Demand/C Maximum Demand/Capacity Ratio| Top Flange Stress Bottom Flange Stress Controlling
apacity |Element| Element + Part
Ratio
Rank
(i.. i,j,2/4) (kips) (kips) (kips) (kip-ff) {kip-ft) {kip-ft)
3 21109 1 21109 ) -1015.73 -40.26 552.82 -219.03 -12747.33 -1056.39 1.95 Compression Composite Com
2 21110 I 21110_1 -1003.99 52.17 -581.53 36.26 -12548.38 -1057.21 193 Compression Composite Com
% 21092 1 21092 ) -949.32 19.80 520.93 -173.18 -11229.19 -414.99 1.92 Compression Composite Com
4 21093 I 21093 _1 -937.73 14.54 -531.76 129.84 -11143.10 -421.50 1.80 Compression Composite Com
5 21092 I 21092 | -049.46 506.97 -173.95 -10185.19 -387.63 1.74 Compression Composite Com
6 21091 ] 21091 ) -042.41 502.38 -80.44 -10270.25 -374.45 1.70 Compression Composite Com
7 20108 ] 20108 ) -078.38 543.75 -144.10 -11185.81 110.20 1.66 Compression Composite Com
8 20109 I 20109 1 -978.33 -3.99 -556.22 -53.95 -11143.46 28.74 1.65 Compression Composite Com
9 20093 1 20093 _1 -955.40 -26.37 -503.71 46.45 -9811.19 467.93 1.65 Compression Composite Com
10 20092 1 20092 ) -951.05 21.81 509.94 4.05 -9810.44 466.29 1.65 Compression Composite Com
11 21108 1 21108 ) -1015.12 -34.18 523.40 -208.91 -10728.36 -882.16 1.65 Compression Composite Com
12 21109 I 21109 _1 -1015.89 -38.59 523.37 -212.25 -10727.25 -883.10 1.65 Compression Composite Com
13 20091 1 20091 J -945.33 19.15 483.93 -40.51 -8699.45 410.55% 1.51 Compression Composite Com
14 21111 I 21111 | -1002.57 41.95 -533.13 25.43 -9758.17 -741.78 1.50 Compression Composite Com
15 21110 ] 21110 ) -1005.72 47.23 -532.82 32.39 -9753.99 -733.48 1.50 Compression Composite Com
16 20092 I 20092 1 -951.96 16.55 480.83 33.36 -8791.27 394.76 1.48 Compression Composite Com
17 21069 i) 21069 1 -2153.31 -4.41 604.95 -30.41 -13079.68 53.75 1.46 Compression Composite Com
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G1nderD overP¥r9
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G1derD overP¥r9 —HL93 hventory
(mitialassum ption of uncracked section)

" Oucwmp=455ksl " Oucpottom = 24 6 ks1
e =16ksi = o = 216 ks1

n com posie top n com posite bottom

G3n_com posie top =14 ks1 = G3n_com posie bottom =4 0 ks1

" Oprip= 23 ksl " Ot pottom = 19 kS1

" Oup totar=46 1Kks1 " Oortom tori=223 ksl
« §F =50ksi » $F  -1/3f= 425ksi
= D/C=092 " D/C=123

However, top of sbb stzess 156 0¢ above f,. Therefore,com pute stzesses
usmng cracked sectn properties nstead.

We Make a Difference 22 8/9/2016
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GmderD overP¥r9 —HL93 hventory

" Oucwmp=455ksl " Oucpottom = 24 6 ks1

" Oomckedtop= 296 KS1 " Opopedportom = 29 6 kS1
" Oup totar=95 1Kks1 " Opottom totar= 24 2Kksl

" 9 F .=50ksi " 9 F  -1/3f,=-425ksi
= D/C=190 = D/C=128
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U m ate M om ent Strength

" ForGoderD overP¥r9,resuls are very sensiwve
to cracked section assum ption

" Ushg stram com patibility provides am ore
consistent approach

" Stran com patibility m conjunction w ith m axim um
factored stress m bottom com pression flange is

consistentw th AASHTO LRFD steeland
prestressed concrete
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S tramn Com patlbility Procedure

Erir7 77777 Epotrom nc

1. Fnd strain I extzrem e flbers due to factored noncom posite dead load
applied to noncom posie gider

2. Find additionalstrzain thatwhen added to com pression flange w illcause

bU'Ck]Ilg :8bo.f:tom_m ax ~ gbottom_nc * & addiinal
8bo.f:tom_m ax— ¢anc/E -1/3 f}

We Make a Difference 25 8/9/2016
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Stram Com patibility Procedure

= il X | x| Feed sy "> B2cd Cps =

— Epottom max= ¢anc/E -1/3 fZ Y ¥

3 .Choose avalue for £, = £, + f_,set ntemaltension equalto
mntemalcom pression and solve forneutralaxis Iocation ¢

4 Use cand & 0m21= Epottom max — Ene 0 £NA £ ,additonalstrain n
prestressing steeldue to com posie loads
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Michael Baker

INTERNATIONAL

S tramn Com patlbility Procedure

peodbecd Fesdpees Feed pesg > B=2d Cps—%—
[ |
S a—
c
— Epottom max= ¢anc/E_1/3fJ- Y ¥

5.Usng ¢, cakulte £, the additionalstress In the prestressing steel
due to com posie Ioads
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S.

6 .Trerate the value chosen for £, until £, + f_ = £, .Bilnearstress-

ra Com patibility Procedure

L gb’_ | 24 ‘-f}/

= L.o4Y(zz9-5 ke = 23868 Ks)

\

g o, 0065

=
P7

Strain €ps

‘I’; A—— = _7_—,:-—-—*—-—;‘-__"
/ _ -1
! |tan 4
A 229 .- |35)
| ) — €, 2 S ol -o.o0es 2127]Y.28= |271Y Ks)
| & = .5 wsl
*’[’P i (" Fprs 227
w/ | f
nf | .
u J :r-y _ 0.8 ForR sTREH- RELIELe rpu ——
j \ a STRAND
Py 2
I.OQ. ‘ "Tf.\,
“(
é‘v Foy= 08572 a.85(270 sh=229.5
PV’ ksl
T,z (0.0065)28502 €4y |8 ks
tanE
T
~ -
&gy =001 L

Fig. B. Typical siress-strain curve for prestressing steel represented by Eq. (2).

106

strtatn relationship used forprestressing steel

7 .Check ntemalforce equilbriim and sum Intemalm om ents to find

m om ent capaciy.
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GmderD overP¥r9 —HL93 hventory

= M, =12904 k-ft

- ¢M n stzat com patbilty = IL’:B 4 k1t
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Service IICheck

" LRFD Service L i State provisions
" Stresses from posttensionng afterlosses added

as bads
" O.,< 0.95}?_,2}7}/7: 6104221
) 1/3c71+ O < 0.95Rthc ©10422-1)
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Transverse Analysis

= AASHTO EquwvalkntStrpp M ethod and mfluence Ines
" Typicaldeck,and w dened deck cross-sections
" Rated forStrength I, Tand Service 1T

88.488' _
2' WIDTH OF LL APPLICATION = 70.997 ' 2
173, [~ T
| 10256 || 74.997' P s
15,568' | 22,495' L 22,739' 1 20.612' _|_7.097 |
21 WIDTH OF LL APPLICATION = 70.264 ' 2
- . - 85.59' - . —
| 8256 | | 74.264' | 1569
|_7.757" | 23.271' iR 23.271' _[_ 23.295' _:_ 8.02' |
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Resuls

" Longiudmnalratng,GxderD overPer9 ,govems
" HI,-93 Strength IThventory Ratng = 0 74
" HL-93 Serwie Ihventory Ratmg= 121

" HIL,-93 Strength Iventory Rating, Transverse
Analysis= 137

" HIL,-93 Service IIMRatng
Transverse Analysis= 147
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Autom ated Load Ratmg Tool

" Userdefmmedperm itvehicles canbe mput

=" Option to lbad only one mteror lane w ith pemm it
" Deteroration from field mspections can be mput
" Tn pact factorcan be specified

" Stramn-com patibility terations are autom ated

=) wl - -l - -
South P g 3 4 S & u P8  bg North

Abut,

e

L~ bt ] A -
5(pm 7 “por'e \PDI o PO 6 POl S kF-m 4 ( \_F‘DI 3 g
Por-1e FOI 8 oI 14 o1

POI
FOI
12 11
FOC 1
88
12
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Autom ated Load Ratmg Tool

Assumed Factored Fla Lateral Bending Stress: 15.00 ksi
(AASHTO LRFD Tth Ed. Section C6.10.1)
Awve Daily Traffic (ADT):

Truck Percent. ¥%): Awvel Daily Truck Traffic (ADTT):

Conditon Factor: 1.0
System Factor:
LANE CONFIGURATION: Lega! MEMBER DETERIORATION:
Legal will utiize the striped lane configuration with the user input truck configuraion. o Sechion Loss Presenf () -----
Deck
Point of Interest & Descripion g R e Top Spal (n) HotiomSpall (0}
PO 1 Girder D over Fier & 2% 0% 2% 000 .00
TRUCK CONFIGURATION: | I PO 2 Girder D over Pier & 0% 0% 0% a.00 a.00
Awto Popuiste Truck Data: | HL-33 = POl 3 Girder D over Fier & 0% 0% 0% o.00 .00
POl 4 Girder D over Fier & 0% 0% 0% o.00 .00
A Waighis: A Spacing: PO & Girder D over Pier 4: 0% 0% 0% 0.00 .00
A 1 800 k Axde 1 fo Axe 20 14.00 7 PO & Girder D over FPier 3: 0% 0% 0% o.00 a.00
Ade 2 J200k Awge 2 fo Az 3: 14.00 T PO 7 Girder C owver Fier 1: 2% 0% 2% 0200 .00
Ade 3 F200k Az 3 fo Avis 42 POI & Girder D & Mid 5pan befw 5. Abut. and Pier 1: 0% 0% 0% 0.00 &2.00
A 4 Axde 4 fo Al 5 POI & Girder D @@ Mid Span befw Fier T and Fier 2: 0% 0% 0% o.00 .00
Axde & A 5 fo Ak 6 PO 10 Girder D @ Mid Span befw Fier 2 and Fier 3: 0% 0% 0% 000 .00
Axde 8 Axiz & fo A= 7 PO 11 Girdar D @ Mid Span befw Pier 8 and Fier 7 0% 0% 0% 0.00 2.00
Axde 7 Axie 7 fo Axe & POY 12 Girder D @ 1/3 Span befw Pier & and Fier &: 0% 0% 0% o.00 .00
Ade & Age & fo Ave & FOf 13 Girder D@ 1.3 Span befw Fier # and N. Abut.: 0% 0% 0% 000 .00
Axde & Axde 8 fo Axde 10: PO 14 Girder C owver Fier & 0% 0% 0% o.00 .00
Axe 10 Axde 10 fo Axde 11 PO 15 Girder C over Fier & 0% 0% 0% a.00 .00
Az 71 Az 17 fo Axde 12 PO 16 Girder C @ Mg 5pan befw 5. Abut. and Fier 1: 0% 0% 0% 0.00 2.00
Axle 12 Axde 12 fo Axde 13: PO 17 Tranverse Siabh, befween Girder A and Girder B: 0% 0% 0% o.00 .00
A 13 Awe 137 fo Axe 140 POV 18 Tranverse Sigb, @ Girder B: 2% 0% 0% 0.00 .00
Az 14: Az 14 o A 157 POV 18 Tranverss S5iab, befwesn Girder B and Girdar C: 0% 0% 0% 0.00 200
Ale 15 Axie 15 fo Axde 16: PO 20 Tranverse Siah, befween Girder C and Girder O 0% 0% 0% o.00 .00
A 18 Awgg 15 fo Axde 177
Az 17 At 17 fo Axde 18:
Axe 18 Axle 18 fo Axde 18:
A 18 A 18 fo Axe 200
Az 2

PRINCIPAL STRESS AlLLOWABLE PRESSURE COEFFICIENTS (k)
Inventory: 50
Opersfing: (4.50

Principal Stress Allowable Pressure = kv(fc). Default values = 3.5, 4.5 (Inv, Opr)

based on AASHTO LRFD Bridge Design Specifications, 7th Editin Table 5.9.4 2 2-1

PERFORM RATING
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Autom ated Load Ratmg Tool

BRIDGE L OAD RATING INFORMATION:

Controling LRFR Inventory Load Rating = 0.74 Controfing Location = POl 1 - Girder D over Pier 9 Limit State = BENDING
Controfing LRFR Operating Load Rating = 0.96 Controfing Location = POl 1 - Girder D over Pier 9 Limit State = BENDING
INDIVIDUAL ELEMENT LOAD RATING INFORMATION:
Strength Load Rating Factor Service Rating Faclor & Streszes Controlling Rating (Tons)
Inventory Operating Inventory Operating INV Applied | INV Allowed Inventory Operating
Point of Interest & Description Rating Rating Rating Rating (ksi) (ksi) Rating Rating
POl 1 Girder D over Pier 8 0.74 0.96 1.21 154 4375 47.50 26.74 34 66
PO 2 Girder D over Pier 8 0.88 1.14 1.32 1.67 4145 47.50 31.75 41.15
POl 3 Girder D over Pier 6 1.15 1.49 1.33 1.69 41,53 47.50 41.34 53.59
POl 4 Girder D over Pier & 1.20 1.56 1.43 1.81 35.96 47.50 43.37 5622
POl 5 Girder D over Pier 4 1.18 1.53 1.41 1.79 40.23 47.50 4244 5502
PCI & Girder D over Pier 3 1.18 1.53 1.40 L 40.45 47.50 42,59 55.21
POIT Girder C over Pier 1 1.19 1.55 1.44 1.83 40.38 47.50 42.99 5573
POl 8 Girder D @ Mid Span betw S. Abut. and Pier 1 622 8.07 1.38 1.79 35.03 47.50 4566 64.56
PE9 Girder D (@ Mid Span betw Pier 1 and Pier 2 0.98 127 1.46 1.90 3734 47.50 3513 4554
POl 10 Girder D (@ Mid Span betw Fier 2 and Pier 3 1.03 133 1.56 202 36.15 47.50 36.91 47.88
POL11 Girder D @ Mid Span betw Pier 6 and Pier 7 1.00 1.29 142 1.84 38.87 47.50 35.96 46 61
FOI 12 Girder D @1/3 Span betw Pier & and Fier 9 1.06 1.37 1.62 211 34.36 47.50 38.06 45.33
FOI 13 Girder D @ 1/3 Span betw Pier 3 and N. Abut. 1.03 1.33 1.53 1.99 37.02 47.50 36.97 47.93
POl 14 Girder C over Pier 6 123 1.59 1.45 1.84 40.09 47.50 4419 57.28
POl 15 Girder C over Pier 9 0.54 1.09 1.32 167 42,06 47.50 30.41 3542
POl 16 Girder C @ Mid Span betw S. Abut. and Pier 1 5.90 7.65 1.32 1.71 40.60 47.50 47.42 61.64
*|POIAT Tranverse Slab, between Girder A and Girder B 137 1.78 1.47 WA -0.05 0.42 45 .31 63.92
* POl 18 Tranverse Slab, @ Girder B 173 225 1.47 MA 012 042 5284 80.35
* PO Tranmverse Siab, between Girder B and Girder C 1.30 234 2056 MA -0.48 042 64.93 8417
*POI 20 Tranverse Slab, between Girder C and Girder D 1.41 1.83 155 MA -0.15 042 50.92 66.01
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Conclusons

" 3D analysis revealed unexpected performm ance
issues at skew ed support

" Stran com patibility usefulforobtammg addiional
capacity w ith post-tensioned steel

" Longiudmnalratmg,Strength ToverPer9 controls

" Autom ated bad rating toolw ill facilitate future
pem evaliations
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Thank You !

Haho Transportation Departm ent

M ichaelBaker htemational:

= M ich Cook,PE.

= Joe Kauzlhrich,PE.

" ParkerThomson,PE.SE.
" FrankRusso,PhD . PE.

"= Krista Stippeln ans,E IT.
"  Yingchao Sun,E IT.

" TeresaW asheleskiE IT.

= EmilyW mn,PE.

= AbnYates,PE. .
«  rmyZhou,PE. Michael Baker

" KentzZim,PE.,SE. INTERNATIONAL
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Questons?
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