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INDOT Bridge Evaluation

Jennifer L. Hart, P.E.
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Who We Are Today

* INDOT Bridge Evaluation Team

* INDOT Bridge Design Engineers — Provide added support

* 3 On-Call Load Rating Consultant Teams (~30 Engineers)

* 21 Indiana LPA Consultants performing load ratings on behalf of the State of
Indiana
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To Serve and Protect

* Maintain Indiana Policies Regarding Load Rating
* Owners of Load Rating Data

* Business Owners Load Rating ITAP Applications
* BRADIN — Authoritative Source for All Load Rating Data
 Load Rating Request Application (LRRA)

* Provide Oversight for County Load Ratings

* Maintain State BrR Models for Integration with Oversize Overweight Permitting System

PINGOY  [NDOT orcoevotns Aspicaion st o tons

* Manual Review of all Permits > 200,000 Ibs

* Provide Departmental Support
* Bridge Asset Management
* Bridge Design
* Bridge Inspection

N,NextLevel
INDIANA

Bridge Evaluation Team Support

* INDOT Asset Engineers Project Scoping Review ~ 150 per year

* Routine Load Rating Review ~ 600 per year
» ~250 Design project development load rating review
* ~200 Updates in response to construction completion
* ~150 Production model review in support of OSOWPS

* Updates to load rating models in response to INDOT Bridge Inspection
notification ~ 25 per year

* Overweight (>200,000 Ib) Permit Evaluation ~ 1,000 per year

NextLevel
INDIANA
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US 136 over Wabash River - Collaborative Effort

On Call
Bridge
Inspection
Consultant

INDOT
District
Bridge Asset
Mgmt

INDOT

District

Bridge
Inspection

INDOT
Bridge
Design &
Rehab

INDOT
Bridge
Evaluation

On Call Load
Rating
Consultant

NextLevel

INDIANA

Jennifer Hart, PE

Indiana Department of
Transportation

Amy Huebschman, PE
Structures Services Lead
EMCS, Inc.

Load Rating Division Supervisor

Douglas Crampton, PE, SE

Principal

US 136 over Wabash River

Load Rating, Refined Capacity Analysis and Special
Inspection of an Existing Segmental Post-Tensioned Bridge

Wiss, Janney, Elstner Associates, Inc.

emcs:  WJE
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US 136 over Wabash River | =~
136-86-06086 C
NBI. 026790

Covington, IN
Crawfordsville District

US 136 over Wabash River
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PROJECT OVERVIEW

US 136 over Wabash River

Six Span Continuous Segmental Concrete Bridge, Constructed in 1975
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Originally Designed with 6'-6" Long Segments, Modified to Span Launching Method

with 46'-9" long segments.

FABRICATION AREAW

+ Stage | Prestressing (PT) =

DIRECTION OF MOVEMENT 4619 2"
= > T ‘ I
s v T s o T s

Jaete | azel l e | ez
.

l,,v,ﬁ?"ﬁ’“ i 187'-0! [ ) =

S S —
2 3

CONSTRUCTION ELEVATION

=X
-

m}ﬁfw“"jfsf Tensioned during Staged
S —— Construction

i T l « Stage Il Prestressing (PT) =
o % Tensioned after Final Position

from Inside Box
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US 136 over Wabash River
PROJECT OVERVIEW

1. Rehab A (1992) — Web Cracking Repair & Wearing Surface

» Epoxy Crack Injection G 25T A Py
* Additional PT Tendons - :

Rehab B (2009) — Polymeric Deck Overlay iﬂm ;”
Rehab C (2020) - Rigid Deck Overlay

SOUTH SIDE

®PER 2 & 6
SHOWING ANCHOR LOCATIONS IN DIAPHRAGM.

US 136 over Wabash River
Introduction to Load Rating (LRFR)

Load rating is the process in determining the safe load carrying capacity of bridges.

« INDOT Bridge Inspection Manual, PART 3: LOAD RATING (July 2021)

« AASHTO, Manual for Bridge Evaluation 3 Ed. Section 6

+ AASHTO Bridge Design Specifications, 8t Edition C = (pc(ps(pRM

System, Condition, LRFD
Resistance Factor

C= () DO+ (yom)(DW)+ (re)(P)+ (n)(LL)

C—(vpe )(DC)=(vow )(DW)£(vp)(P)
(v )(LL+IM)

RF =
(6A.4.2.1-1)

emcs:  WJE
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US 136 over Wabash River
FEM Analysis

= S - __——
Longitudinal Analysis I )/
Transverse Analysis
>

dr— \%/L/J#\—L T = \%/ T

\\\/%\ | H %\/
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US 136 over Wabash River

@ 1 T Dependent Mateta Lk
‘I Crange Bemert Dependert Matetal popoty - 103

O G morso

Reeding Beem Inclined Tensicn Stress - Constructicn Stage Anelysis

e e

emcs:  WJE

12

2/22/2022



2022 INDOT Bridge Design Conference

E DEeRHeEn -
3 View Structure Node/Element

N ¢ X Delete o o

Greate | Transiate Dwide Merge
Nodes £ roject

T Works
B Analysis Control Data

[2f' Construction Stage Analysis [ Stage=Last |
E-EF Stuctures

Hemerts - 108
5[5 s
[Z] Material :2

Time Dependent Material(CAS)

Time Dependent MateralComp. Stength)

Time Dependent Materil Lk

Change Bement Dependent Material propety : 103
I Secton:35
EE Reirforcemert : 34
Boundares
Supports: 11

Properties
Wirror %
0 AR poate Tsale |3

Boundary,

Load

> 2

"
Create
Elements |\

Analysis

Results

- L B 4 )
Translate Extrude Divide Merge Intersect

US 136 over Wabash River

FEM Longitudinal Analysis

X(in) Y(in) (i)
1] -6.000000 0.000000 0.000000
2 0.000000 0.000000 0.000000
3| 56.000040 0.000000 0.000000
4] 149.500040 0.000000 0.000000
5| 243.000040 0.000000 0.000000
6] 336.500040 0.000000 0.000000
7] 430.000040 0.000000 0.000000
£23.500040 0.000000 0.000000
617.000040 0.000000 0.000000
707.500020 0.000000 0.000000
798.000000 0.000000 0.000000
887.333200 0.000000 0.000000
976.666400 0.000000 0.000000
1065.999600 0.000000 0.000000

NODES -

» Copy for Excel — Suggested

» Place Graphically

RE-ORDER

1

Renumbering

StartNode umber

@ Node.

SelectionType
Qan

Renumberng Tar

N

get
OElement

(ONode & Element

@8y Selecton
New Start Number
Node [1

Eement 1

Renumbering Options
Sorting Coordinates
Cartesian Coordinate

Sortng Preference

N Xoelete ofe

2R 2 potate Zscle
nslate Divide Merge O

Noge/Element

& poject

13

Material Data —

» Concrete Strength (4.8 ksi)

» Tendons (270 ksi)

» Time Dependent Materials (CR & SH)
* Time Dependent (Comp. Strength)

After Sections Created

US 136 over Wabash River

FEM Longitudinal Analysis

» Link Dependent Material Property (to Section)

* Change Element Dependent Property — Program
Calculates the h and V/S for sections

Material Date x
General
Material 1D 1 Name  [Co00
Sastaty Data
Steel
Type ofDesen  |Conarete -
Standard
o8
? Conaete
Standard [None S
Type of Materisl code
@® Isotropic Oorthotropic .
stesl
Moduus of Ssticty ;| 0.000024000 kipsfin"2
Poissor's Rato 0
Therml Coefdent 0000064000 | 1]
Wieight Density 0 kpspn~3
Use Mass Density: 0 kipsfin~3/g
I
Modsof Eiestidty 5550 +00:] [PAROPSY
Poissor's Rato 02
Thermal Cosfigent | 500006006 | 1/f7)
Wieight Dersity 5.6816-005 | ipsfn~3
] se s Dersity: 0 kpsin3lg
Pastaty Data
Plastic MaterilNome | NONE v
IneasticMaterial Properties for Fiber Model
Conrete  [None o] Rebar  [None v
Therml Transfer
SpecicHeat [0 Jeukesm
Heat Conduction [ Jewpm
Damping Ratio : 0.05
Cancel Apply

emcs

WIE
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Section Input —

HOL] Lgol
HOZIl Yoz 322
HOZ2

HO3

Viewer

US 136 over Wabash River
FEM Longitudinal Analysis

Section Data

DBjuser  PSC

Section ID

Joint On/Off
1301
Oz
oz
Section Type

O1cel
@ 2cel

Shear Check

Z1: | 80.437in
Z2: Centroid

3:

Vieb Thick.

for Shear(total)
ti: | 74.9840n
t2: 44.11Lin
t3: | 42.933n

for Torsion(min.}

13.9917025 in

Offset: Center-Top
Change Offset ...

x

SO Psc-1cLL, 2cELL v

[ Mesh Size for Stiff. Calc in

Outer
HO1
HO2
HO2-1
HO2-2

BI1
BI1-1
HI2-1 - in  BI12
HI22 999 i Br21
HI3 834375 BI3
HI3-1 [15:25 |jp  BI3-1
HI4 9 in  BI3-2

[A Consider Shear Deformation.
[[] consider Warping Effect(7th DOF)
Auto () User

Table Input... Display Centroid

Show Calculation Results. .

= | [
N r

C
IO

15

US 136 over Wabash River

FEM Longitudinal Analysis

ELEMENTS -

Node3 | Node,»  Copy for Excel — Suggested

Element Type Sub Type Material | Property B([:SS]I)E Nodel| Node2
70 | BEAM 1 26 0.00 70 Ll o #
71| BEAM 1 2 0.00 7 72 0
72 | BEAM 1 2 0.00 72 73 0
73 | BEAM 1 27 0.00 73 74 0
74 | BEAM 1 28 0.00 74 75 0
75 | BEAM 1 29 0.00 75 76 0
76 | BEAM 1 1 0.00 76 i 0
77 | BEAM 1 1 0.00 7 78 0
78 | BEAM 1 1 0.00 78 79 0
79 | BEAM 1 1 0.00 79 80 0
80 | BEAM 1 1 0.00 80 81 0

=T
—
—

* Place Graphically
. RE-ORDER w/ NODES

B9 W [ KO0 18] 201 Y

Tree Menu
Node JEEEFE Boundary Mass Load

Renumbering v
Hstart number
Node Number

Element Number :

Renumbering Target
Node @ Element
ONode & Element
Selection Type
Cal ® By Selection
New Start Number
Node 1 Element

Renumbering Options
Sorting Coordinates
Cartesian Coordinate ~

Sarting Preference

Order Giobal Axis
st @z <
0 (@ -
3D (@ <

Aoply Clase

emcs: WJE
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FEM Longitudinal Analysis

Boundaries —
» Supports — Fixed at Base of Piers, Roller at

» All supports restrained in RX (Torsion)

* Rigid Links Between Piers and Supports Restrained in DZ (Vertical)

US 136 over Wabash River

./Dmmo//

Rigid Link —

Abutments

17

FEM Longitudinal Analysis

STOP CHECK -
* Node, Element Order
* Local Axis

+ Self Weight

US 136 over Wabash River

. z

emcs: WJE
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Prestressing Tendons —

* Tendon Material Properties
« Tendon Profiles entered for each Tendon — EXCEL

» Tendon profile geometry specific to the starting
Assigned Element — ORDER

US 136 over Wabash River

FEM Longitudinal Analysis e

x
| Tendon Name ; Goup: | Defadt v
Tendon Property Stage 1 Tendons v
Assigned Elements 1to103
Input Type Straight Length of Tendan
S @ T 2
Lrve Type
@spine ORound ed: [0 (3
[ Typical Tendon 1 =
Transfer_Length
User definedLengt | Begn: [0 JEnd: [0 |mt
Debonding Data
0 0
Profie

Reference Axis

Add/Modify Tendon Property
TendanType

Tendan Name

Tendon Type

Total Tendon Area

Curvature Friction Factor ()

Ftoge 1 H5-17] z

Internal{Post-Tension)

Material 2 A416-270(ormal) | B

0.3

Ostraight OCurve @ Blement

% [ |

SN I

o
FRI 200,550

swe.ese 700438 50|

2 e | | | |

2
FRI 200,550

swe.ese 700438 50|

xm | oy | am

fix| Ryldegl | Refdegl [ *

Duct Diameter in 1 14208 (00110 | 000 000

[/ Relaxation Coefficient. CEBFP W | howoo:  [35]% § 935.20 | 14208 |0.9110 F 000|000
Cassiislow v

Uttmate Strengtn kpsinn2

fieldStrength ipsfin"2

(@ Wobbie Friction Factor(K = x k) 3.81e-005 1n

O urintentional Anguiar Displacement(k) 0.000127 PointofSym.:  OFirst ® Last
External Cable Moment Magrifier o kips/in”2 Profile Insertion Point s @EndT

x Aois Directon ¢ s
Anchorage SipDrawin) Bond Type: ©1->3
o =
Bgn : [04 i @Bonded X Axis Rot, Angle : [ &

Ed m Ounbonded offet y: [0 |n

|
Cancel Apply o

laYaaVa
ClliG

v

Make Symmetric Tendon

O End-3 of Elem.
Q3> TofElem.

[deg] Proiection

T CIE

Cancel Apply

s | WJE

19

Tendons —
» Stage 1 Tendons — 16

US 136 over Wabash River
FEM Longitudinal Analysis

BR(Smm)

(NORTH) LEFT | AusiT (SVTH)

18R ~ ’//A.Z
i

e E5-12, 12 Strands, A = 0.153 in2

* A416-270 Stress Relieved

+ Strand geometry in Excel

+ Strands mirrored about the
centerline of section

Strands were modeled from end
to end

TENCON  JOENTIFICATION

LS.

emcs: WJE
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US 136 over Wabash River

» Stage 2 Tendons — 560

e "SG4" 4 Strands,
A =0.153 in?

* A416-270 Stress Relieve
+ Strand geometry in Excel [——

» Strands mirrored about
the centerline of section

* Repetitive

21

US 136 over Wabash River
FEM Longitudinal Analysis

Tendons -

* 1992 Rehab B Tendons — 8
e 6-7 Strands, A = 0.217 in?
* A416-270 Stress Relieved
» Strand geometry in Excel

NORTH SIDE SOUTH SIDE

e Strands mirrored about the
centerline of section

emcs: | WJE
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US 136 over Wabash River
FEM Longitudinal Analysis

.

Construction Analysis —

1| w Tto104 - % o103 S iEE S

* Use GROUP for Elements, Boundaries, and Loads

[ Loz Incremental Steps for Material Nonlinear Anlysis 5

Compose Construction Stage
Stage Additional Steps
Stage st vIE Day

( Example: 1,3,7, 14 )

P [ost ] Modify | [ Clear Censtruction Stage X

3 dayls) Step Day
o eneraton Neme  Duraon Date Step Result Add
Save Result y 5 L

Step Nurber : s
Dstace [ acdonal steps o umber cs1

Generate Steps cs2 45 50

53 5 55
Bement | soundary Load | 54 5000 6055
Final C5 3945 10000

buaton: |3

Insert Prev

Stage
Stage Insert Next

Stage

Stage
coplst | Actvation Deactivation

Current Stage Information. .

Generate

cocoo

Modify/Show
Per 2.1
pier 3-1 ActveDay: |[Frst - day(s : v
Fior 21 ¥ ¥(S)  actveDay: |First day(s)
Prer 51
Fier 6-1 Group List GrouplList

Delete

Span 2-1 Name Day Mame Day

Close
- Stage 1Prest... Last
Span 31

DC1
1992 Addition

Add | | Modfy | | Delete add | | Modfy | | Delete

oK Cancel Apply

23

US 136 over Wabash River
FEM Longitudinal Analysis

Construction Analysis —

CS 1 = Cast All Segments, Construct Piers, Temporary Piers, Stress Stage 1 Tendons, SW

DIRECTION OF MOVEMENT >

FABRICATION AREA -)

emcs: WJE

24
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US 136 over Wabash River
FEM Longitudinal Analysis

Construction Analysis —

» (S 2 = Stress Stage 2 Tendons, Remove Temporary Piers

01100 011100

* (CS 4 = Rehab A, Stress Rehab Tendons (Day 6000) — (1992-1975) x 365 ~ 6000 days

* Final CS = Current Conditions

emcs: WJE
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US 136 over Wabash River
FEM Longitudinal Analysis

Static Loads
* Load Tables, Copy Excel
* DC - Self Weight, DC Components
» DW - Utilities (Watermain), Wearing Surface

Eleme | BM LD Type | Load Case | Load Type Dist-l{ft) Dist-J{ft) Direction | Proje| D1 D2 D3 D4 P1 P2 P3 Pa Unit Group
1|Beam Load | DC-Compo Distributed 2250 22 50 | Global 2 No 000, 100| 000| 000 -140.00| -140.00 0.00 0.00 Ibffft | DC1
1|Beam Load | DC-Compo Distributed -22 50 -22 50 | Global Z No 000, 100| 000| 000 -140.00| -140.00 0.00 0.00 Ibffft | DC1
2 |Beam Load | DC-Compo Distributed 2250 22 50 | Global Z No 000, 100| 000| 000 -140.00| -140.00 0.00 0.00 Ibffft | DC1
2 |Beam Load | DC-Compo Distributed -22 50 -22 50 | Global Z No 000, 100| 000| 000 -140.00| -140.00 0.00 0.00 Ibffft | DC1
3 |Beam Load | DC-Compo Distributed 2250 22 50 | Global Z No 000, 100| 000| 000 -140.00| -140.00 0.00 0.00 Ibffft | DC1
3 |Beam Load | DC-Compo Distributed -22 50 -22 50 | Global Z No 000, 100| 000| 000 -140.00| -140.00 0.00 0.00 Ibffft | DC1
4 |Beam Load | DC-Compo Distributed 2250 22 50 | Global Z No 000, 100| 000| 000 -140.00| -140.00 0.00 0.00 Ibffft | DC1
4 |Beam Load | DC-Compo Distributed -22 50 -22 50 | Global Z No 000, 100| 000| 000 -140.00| -140.00 0.00 0.00 Ibffft | DC1
5|Beam Load | DC-Compo Distributed 2250 22 50 | Global Z No 000, 100| 000| 000 -140.00| -140.00 0.00 0.00 Ibtft | DC1
5|Beam Load | DC-Compo Distributed -22 50 -22 50 | Global Z No 000, 100| 000| 000 -140.00| -140.00 0.00 0.00 Ibtft | DC1

* Temperature Gradient — Beam Section Temp Loads

* Uniform Temperature 13

emcs: WJE
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FEM Longitudinal Analysis

Live Load Trucks & Lanes-

Max Torsion and Optimized

+ Live Load Lanes for Load Rating — Worst Case Modeled for

e Per AASHTO MBE 6A.5.11.4,5 “the number of live load lanes
may be taken as the number of striped lanes. However, load
shall be positioned so as to create maximum effects,”

US 136 over Wabash River

Traffic Line Lanes

Lane Name _ane 1

Traffic Lane Properties

x

nel3 Lane 3 Lane 3 Lane 3 Lane 3 Lane 3 Lane 3| Lage3 Lane 3 Lane 3 Lane 3 Skew
sat (0 2] End (0 Zldeq)
Moving Direction
OForward  OBacoward @ Both
ne2 Lane 2 Lane 2 Lane 2 Lane 2 Lane 2 Lane2| Lane2 Lane 2 Lane 2 Lane 2 =l
@2ponts  OPiding O Number
-
[boo —a
. . s + . + . . . + Operations
aefl Lane L Lanz 1 Lane 1 Lane 1 Lane 1 Lanel| Lagel Lane 1 Lane 1 Lane 1
add Insert Delete
Eccen | Span
No| Eem | i) | stan| %
7 7] 201 [ | 05
[ 8| 201 [ o5
a1l = I g
oK Concel Apply

27

FEM Longitudinal Analysis
Live Load Trucks & Lanes -
+ Design Loads (Inventory and Operating)
» HL-93, HS20, H20
» Emergency Vehicles

* EV2,EV3
* Legal Vehicles
« H-20, HS-20

* AASHTO Type 3, 3-3, 3S2
* Lane - Type, NRL
» SU4, SU5, SUe, SU7
« Alt. Military
Permits (Superload)

* 11 Axle
¢ 13 Axle
* 14 Axle

* 19 Axle (305k & 481k)

Define Standard Vehicular Load
Standard Name
AASHTO LRFD Load v
Vehicular Load Properties
vehiaar Lozd e
Vehicular Load Type HL-93TRK v
S “
P, P 3
S A
(a)
Ds D:~D;
PP PP PR
P A
m ¥ ¥

S S
D+ Dz Dist. D+ Dz

Lane Support-Neg. Moment/ Reaction
Not assigned a
Assigned ab
No  Load(ps) Spacing(in) w | 0.0533333| kipsfin
1 8 168 r 90 %
2 32 168 Dist, | 500 in
3 32 30

[add Centrifugal Force

Cancel Apply

US 136 over Wabash River

%

emcs

WIE
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Typical FE Analysis Results

US 136 over Wabash River
FEM Longitudinal Analysis

* My, Moments - DC, DW, PS, TG, TU, LL

e Fz Shears - DC, DW, PS, TG, TU, LL

1 |

N 1 e : T

ol

* My, Torsions — DC, DW, PS, TG, TU, LL D

il
J I

Results - Moving Tracer -> Beam Force Moments
(Max Moment Node 44)

laYaaValS
Cllivo

WJE

29

&

SO ARFDY7 <] | (5 pC Desion aterial

R porameters

View  Stucure  Node/Element Properties

58 Design/Output Postion -

58 psc segment Assignment

55 Works
[ Analyss Cortrol Data

B’ Construction Stage Analyss [ Stage=Last 1
5 Stuctures

[£] Time Dependert MateralC4S)

)
“Time Dependent Materal(Comp. Strengh)

B
5 Time Dependert Materil Link

Change Blement Dependent Matera propery : 103

S Rerforcement : 34
SE 1:TYP (PSO) [ Longtudinal=0 ; Shear=0 ]
EE 2:P.SEG (PSC) [ Longtudinal=O ; Shear=0 1
E 3: Tapered - 1 (PSC) [ Longucinal=0 ; Shear=0 ]
S 4: Tapered -2 (PSC) [ Longiucinal=0 ; Shear=0 ]
E 6: Tapered - 11(PSC) [ Longiudinal=0 ; Shear-0]
E 7: Tapered - 12 (PSC) [ Longiudinal=0 ; Shear=0]
E 8: Tapered - 13 (PSC) [ Longiudinal=0 ; Shear-0]
SE 9: Tapered - 21 (PSC) [ Longiudinal=0 ; Shear=0]
E 10: Tapered - 22 (PSC) [ Longtudnal=0 ; Shear=0 |
E 11 Tapered - 23 (PSO) [ Longtudnal=0 ; Shear=0 |
E 12: Tapered - 11 (PSC) [ Longtudnal=0 ; Shear=0 |
SE 13: Tapered - 12(PSC) [ Longtudnal=0 ; Shear=0 |
KE 14 Tapered - 13 (PSC) [ Longiudinal=0 : Shear=0
15 Tapered - 21 (PSC) [ Longtudinal=0 ; Shear=0
161 Tapered - 22 (PSC) [ Longtudinal=0 ; Shear=0
17 Tapered - 23 PSC) [ Longtudinal=0 : Shear=0
18 Tapered - 11 (PSC) [ Longtudinal=0 ; Shear=O |
19 Tapered - 12 PSC) [ Longtudinal=0 ; Shear=0
20: Tapered - 13 (PSC) [ Longitudinal 0 : Shear-O ]
21: Tapered - 21 PSC) [ Longiudinal 0 : Shear-O
22; Tapered - 22 PSC) [ Longiudinal =0 ; Shear=0 |
23: Tapered - 23 (PSC) [ Longitudinal 0 : Shear-O ]
24: Tapered - 11 (PSC) [ Longiudinal 0 : Shear-O
KE 25 Tapered - 12(PSC) [ Longitudnal =0 ; Shear=0 |
SE 26 Tapered - 13 PSC) [ Longtudnal=0 ; Shear=0 |
E 27: Tapered - 21 (PSO) [ Longtudinal=0 ; Shear=0 |
E 28 Tapered - 22 (PSO) [ Longtudnal=0 ; Shear=0 |

& 29: Tapered - 23 (PSC) [ Longudnal=0 : Shear=O ]

Boundary

R Concrete Allowable stress Load Case

US 136 over Wabash River

2021 - [CA\Users

PSC Box Bridge Design

Load  Analysis  Result

% 53

Perforn_bxcel
S et | S esc Resut pisgram

Rating
—

= ) REV] - [MIDAS/Civill

Query  Tools

ection Manager

Mo

Reinforcements 5

Target Section & Element

de

El

Section: 34 A

I 3:Topered -1

I ¢:Topered-2

6: Tapered 11
7:Tapered - 12
8:Tapered - 13
9: Tapered - 21
2
2
L 12: Tepered- 11
13 Tapered - 12
14 Tapered - 13
15 : Tapered - 21
16 : Tapered - 22
17: Tapered -23
18+ Tapered - 11
L 13- Tepered- 12
20 Tapered - 13
21 : Tapered - 21
-2
-23
24 Tapered - 11
25 Tapered - 12
I % Tepered - 13
L 27 Tepered-21

-2
I 29:Tapered-23

5 in Snap

Same Rebar Data at  &j-¢nd

o

Diaconal Reinforcement

e "
P —

Aw

[ stes!ar for web

pich [0 in
angle |90 [deg]
w0 i~z
e |0 3
Shear Reduction Factar | 1

Pich

0 Endlosina stimup
for Enclosed Section Area
Cover Thickress [0 in

Indude FangeCantiever

Copy Renforcements to.

™ [+ 2.7, 215 VEwW

0 Torsional Reinfor cement.

o in
o i~z
o i~z

el -

emcs

WIE
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US 136 over Wabash River

FEM Longitudinal Analysis

PSC Box Bridge

Design Code :

Input Paramaters

Tendon Type
() Low Relaxation Tendons
(®) Stress Relieved Tendons
O Prestressing Bars

Exposure Factor for Crack Width
@ Class I (L0)

O Class 11 (0.75)
Ouser 1

Output Paramaters
At Construction Stage/Service Loads

Stress by Construction Stage

Stress by Service Load Combinations

Stress in Prestressing Tendons

[“]Principal Stress by Construction Stage

[#]Principal Stress by Service Load Combinations

(Max Shear)

(Max Torsion)

[ Crack Check

AASHTO-LRFD17 ~

Principal Stress by Service Load Combinations

Load Combinations
General | Steel Design  Concrete Design | SRC Design | Composite Steel Girder Design |
Load Combination List
§ No Name Active | Type Description ~
Carrosive Condition YT Sveng. |Ad8
(O severe (@) Moderate Mid 2/svc Senice | Add
3| SVC I Permit |Senice |Add
] I
Flexural Strength
O Code (®) Strain Compatibility
Construction Type
(@) segmental () Non-Segmental
AtFactored Loads
lexural Strength Check:
hear Strength Check
ombined Shear and Torsion Check v
< >
Copy Import.... Auto Generation... Spread Sheet Fy
Fie Name: \ C:\Users\amh'Pocuments Midas Temp\3. NEL nzsmw;\ Browse
Select All Unselect All
3 Cancel

Design

laYaaVa
(- \

C
9

WJE
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US 136 over Wabash River
FEM Design and Rating
ABCDEFGHI JKLMNOPQRSTUVWXY ZAAABACADAEAFA
PSC DESlGN Res Its 1 1. Design Condition
u o [ Design Code Element Node(l) | .
3 | AASHTOLRFD2017 53 J | DeSlgn Excel
. . i
. _
Verified MIDAS Moment Capacity O secion Proverin Report
H 6 - Gross section
Design Report, Separate Structure SN N I - I
et . 8 B 557.992 (in) [ 1814E+07 (in) S, 3348E+05 (in%)
Positive and Negative M SmE T
ho e 54193 (in)
» Verified Calculated Stresses — Section f1 Trensfomedsecton
[z H 97.975 (in) Ay 1.323E+04 (in") £ 4.388E+05 (in%)
1 h3 B 557993 (in) I, 1886E-07 (in") S, 3 4ZBE05 (i)
Properties el | NG
. .pe . [15 Com 55.004 (in)
 Partially Verified Shear and Torsion s
. . “« e (7 W Materials
Capacity — Spacing Definition Issues o - cononte
IE] f. E 10204 N
ko (ksi) (ksi) (ksi) 2
b1 [ 4800 3991963 0438 0810
2 By 0.851if fcis lower than 4ksi, the others are 0 85-0.05(fc-4.0)=0 65
R3
Result Tables e e i
Positive/ LCom Muy Mer Mny Phikny Ratio Phiny/
Eou || =t Negative Name Type Bl (in*kips) (in*kips) (inkips) (in*kips) (Muy/Fhiliny} min(1.33Muy,Mer)
4 [ Ji5] Negative STR1 MY-MIN | 0K 0.0000 349898 9770 581093 8247 581093.8247 0.0000 larger than 100
5| JE6] Megative STR1 WY-MIN OK 0.0000 350780.5375 581479.9742 581479.9742 0.0000 larger than 100 ‘
6 |JM Megative STR1 MY-MIN oK 0.0000 352011.1230 581985.5608 581985.5608 0.0000 larger than 100 |,
7 |J8] Megative STR1 MY-MIN oK -34891.6130 353568.5316 582580.7576 582580.7576 0.0599 12.5540
8 JE) Negative STR1 WY-WIN OK -83390.9436 452208.3022 7907026918 790702.6918 0.1055 71292 ||
9 | J[10] Megative STR1 WY-MIN oK -142745.3584 4572443272 T792419.4143 792419.4143 0.1801 4.1739
10 | J[11] Negative STR1 MY-MIN oK -214425.0330 569971.2069 952940.4582 952940.4582 0.2250 3.3415
11 | J[12] Megative STR1 MY-MIN oK -297254.3136 585399.2183 934037 6870 ‘934037 6870 0.3182 2.3626
12 | J[13]) Megative STR1 WY-MIN OK B70759.1661 1122848 4890 1122648 4830 0.3499 2.1485
13 | J[14] Megative STR1 WY-MIN oK -506893.8699 572448.4430 11233154284 1123315.4284 0.4512 1.6662
14 | J[15] Megative STR1 MY-MIN oK -588035.9786 642023.7290 1182208.2238 1064068.4014 0.5526 1.6574

32

2/22/2022

16



2022 INDOT Bridge Design Conference

US 136 over Wabash River
FEM Design - Capacities

1. @Mn, Strain Compatibility
» AASHTO 56.2 =——————>

2. Tn, Torsion — Investigation Not
Required

« AASHTO 5721 T, >025¢T,
3. @Vn, Shear, Segmental
e AASHTO 5.12.53.8

V. = 0.0632K\/f! bd

b, = effective web width taken
as the total minimum
width of all webs within

Lt . the depth d
. L d = 0.8h or the distance from
v, :0-379l\/z b._d the extreme compression
7 fiber to the centroid of
K= |1+ 2 <2.0 he prestressing

0063201

reinforcement, whichever

is greater (in)
WJE

laYaaValS
Cllivo
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US 136 over Wabash River
FEM Design - Capacities

1. Flexural Stress — Mc/I, M/S
2. Principal Stress — Stress at the Neutral Axis of the section for tension evaluated
* Principal Stresses are NEVER ADDITIVE

* Determine the Center of the Mohr’s Circle for Permanent Loads from
MIDAS (Node 7 & 8)

2z,
e (o, +0,)
;) (gw C=——F——"
h 3 2

0, = Vertical Compressive Stress = 0 in most cases

Shear
Stress.

» Determine Radius of Mohr’s Circle under Permanent —

Loads \

o - o, \ﬁ,n Al Suess

L= \/[( c-oy )2 +(Veeru )2] \ w

WIE

34
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US 136 over Wabash River

FEM Design - Capacities

 Determine Allowable Principal Tensile Stress = 3.5*(f'c)®*> and Max Allowed
Mohr's Circle Radius Shear
Stress

» Determine the Max Shear Capacity
available for resisting loads

Axial Stress
Compression

2
Vear = Vimax T Veerw = (RMAX _(Jx - C)

» Determine Rating Factor

VeerM T VLL MAX

RF = (VCAP — VeErM )

Vi
Figure B.3 — Mohr’s Circle for All Permanent Loads + Max Live Load (for o v =0)

Ref. Florida Post Tensioned Bridges, FINAL Report, Vol. 10 A, Appendix B

35

US 136 over Wabash River

FEM Transverse Analysis

Transverse DC Analysis
* 1 ft thick Elements, DC & DW Applied

)

0028
Ln 028
002
002
0028
0028
0028
0,02
0.028

0028
0028
| 0028
0028
0.008
0028
0028
0028
0028
0028
0028
0028
0028

Ln 028

. 0028
- 0028

/
T

[ ITI 1

001000 101000 001000

£
080, 1 054)% 4!
e o o T 0 as
tooo o3 00 |5 | llp o (P89 o 21 g 282PE] 202833 [ [36%0 37 g 39 o 4PFR| s TE608 gmisea 5o

9
<080
Y]
54 59
5

29

S0 %om
005 02025
-l

18

30
11

31
3 ;
Eﬂls Q0120 90 22 oo &@9&@}&5 001 38 0 A0 oo DT

001000 101000 00

%

i
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g

emcs: | WJE
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US 136 over Wabash River

FEM Transverse Analysis

Transverse DC Analysis
* Plate Element Extruded x 100
+ Fixed supports at faces of 3D Model

+ Multiple Surface Lanes modeled with all Vehicles
+ Section Cut at Center to get LL Envelopes Lane 1 Max M, HL-93

N
el T &!ﬁm

emcs: | WJE
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US 136 over Wabash River

FEM Transverse Analysis

» Section Capacity, Hand Calculations. RC Strain Compatibility, Section A through H
* No Post Tensioning

emcs: | WJE

38
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US 136 over Wabash River

Load Rating Calculations

* MIDAS Resulting Rating Factors were Inconsistent

» Rating Calculated Outside of Program Excel — Independent check in Mathcad

C—(Ype )(DC)=(vpw )(DW) £(vp )(P)

RE= (r00)(LL+ M)

(6A.4.2.1-1)
C = 0.0,0R,

¢, = 1.15 System Factor, more than 4 Tendons per web
AASHTO MBE 6.A.5.11.6-1
.= 0.95 Inspection Report, Fair Condition

AASHTO MBE 6.A4.2.3-1
Where to go from here?

emcs: WJE
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US 136 over Wabash River

Load Rating Combinations

Design Load Rating; Inventory, HL-93, HS20, H20

1. Strength |, ypc = 1.25 yp = 1.25, yp = 1.0,y = 1.75 Flexure - @Mn

2. Strength |, ype = 1.25 ypy = 1.25, v, = 1.0, y =1.75 Shear / Torsion - @Vn

3. Service lll, ypc = 1.0 Ypw = 1.0, ¥p = 1.0, y;; =1.0 Flexural Tensile Stress = -100 psi, 3*(f'c)>>

4. Service lll, ypc = 1.0 o = 1.0, yp = 1.0,y = 1.0, y, = 1.0 Flexural Compressive Stress = 0.6f'c
5. Service lll, y;, = 1.0 Principal Stress = 3.5*(fc)%5

» Bridge Cast in 46'-9" Segments, with a segmental “Type B Joint", having
no continuous reinforcement or epoxy. Utilized more conservative
allowable stress per AASHTO Guide Specification for Segmental Bridges
and previous practice. AASHTO Table 5.9.2.3.2b-1 utilized for locations
within CIP segments, 3*(f'c)%> = 0.0948%(f'c)%>

* Principal Stress, per AASHTO 5.9.2.3.3, HL-93, Truck
3.5%(f'0)%> = 0.110%(f'c)®>

» Wearing Surface assumed Field Measured BOKP 320 KP 320 KIP

Ll vl ol
I e L wo" 10 300"

emcs: WJE
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US 136 over Wabash River

Load Rating Combinations

Design Load Rating: Operating, HL-93, HS20, H20
1.Strength I, ypc = 1.25 ypw = 1.25, yp = 1.0, y;; = 1.35 Flexure - @Mn
2.Strength |, ypc = 1.25 yp = 1.25, ¥ = 1.0, . = 1.35 Shear / Torsion - ¢Vn
3.Service Ill, ypc = 1.0 ypw = 1.0, ¥p = 1.0, v, = 1.0 Flexural Tensile Stress = 0 psi, 6*(f'c)>>
4.Service lll, ypc = 1.0 Yoy =1.0, yp = 1.0, y, = 1.0, y, = 1.0 Flexural Compressive Stress = 0.6f'c
5.Service lll, y, = 1.0 Principal Stress = 3.5*(f'c)%>
» Bridge Cast in 46'-9" Segments, with a segmental “Type B Joint”, having
no continuous reinforcement or epoxy. Utilized more conservative
allowable stress per AASHTO Guide Specification for Segmental Bridges

and previous practice. AASHTO Table 5.9.2.3.2b-1 utilized for locations
within CIP segments, 6*(f'c)%> = 0.19%(f'c)®>

* Principal Stress, per AASHTO 5.9.2.3.3,
3.5%(f'c)%> = 0.110*(f'c)%>

* Wearing Surface assumed Field Measured

41

US 136 over Wabash River

Load Rating Combinations

Legal Load Rating (Both Routine Commercial and Specialized Hauling) -
H-20, HS-20, EV2, EV3 AASHTO Type 3, 3-3, 352, NRL, Lane Type, SU4, SUS5, SU6, SU7, Alt. Milt.

1. Strength |, ypc = 1.25 Yoy = 1.25, ¥p = 1.0, y = 1.45 (1.3 EV) Flexure - @Mn
2. Strength |, ypc = 1.25 ypw = 1.25, yp = 1.0, y;; = 1.45 (1.3 EV) Shear / Torsion - @Vn
3. Service lll, ypc = 1.0 ypw = 1.0, yp = 1.0, y, = 1.0 Flexural Tensile Stress = 0 psi, 6*(f'c)%®

4. Service lll, ypc = 1.0 yp = 1.0, yp = 1.0, y;, = 1.0 Flexural Compressive Stress = 0.6f'c
5. Service lll, ypc = 1.0 Yo = 1.0, yp = 1.0, y = 1.0 Principal Stress = 3.5%(fc)%*

» Bridge Cast in 46'-9" Segments, with a segmental “Type B Joint", having no continuous
reinforcement or epoxy. Utilized more conservative allowable stress per AASHTO
Guide Specification for Segmental Bridges and previous practice. AASHTO Table
5.9.2.3.2b-1 utilized for locations within CIP segments, 6*(f'c)%> = 0.19*(f'c)®>

w—

* Principal Stress, per AASHTO 5.9.2.3.3, | p— 3
3.5%(f'c)%> = 0.110 *(f'c)%> '

»  Wearing Surface assumed Field Measured

42
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US 136 over Wabash River

Load Rating Combinations

Permit Load Rating (“Special”, Single Trip, Mixed with Traffic) -

Superload 11 Axle, 13 Axle, 14 Axle, 19 Axle (305k & 481k)

1. Strength |, ypc = 1.25 ypw = 1.25, yp = 1.0, y;, = 1.35 Flexure - @Mn

2. Strength |, ypc = 1.25 yp = 1.25, yp = 1.0,y = 1.35 Shear / Torsion - @Vn

3. Service lll, ypc = 1.0 ypw = 1.0, yp = 1.0, v, = 1.0 Flexural Tensile Stress = 0 psi, 6*(f'c)%

4. Service lll, ypc = 1.0 yp = 1.0, yp = 1.0, y;, = 1.0 Flexural Compressive Stress = 0.6f'c
5. Service lll, ypc = 1.0 ypw = 1.0, ¥p = 1.0, y;; = 1.0 Principal Stress = 3.5*(fc)%>

12.99K EZS 95K 25.95K 25.95K 25.95K 25.95K 25. QSK

| | ‘ 14-1" | | 14-1" | 2@ | 50-0" | 14-1" ‘ 2@ ‘ 14-1" 3@
1 T T T

I oo FT s ! 10I0J T T | 50" \
SUPERLOAD - 19 AXLES LOADING
(W = 480.09K)

emcs: WJE
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US 136 over Wabash River
Initial Load Rating Results

Legal Load Rating (Both Routine Commercial and Specialized Hauling) -
H-20, HS-20, EV2, EV3 AASHTO Type 3, 3-3, 352, NRL, Lane Type, SU4, SUS, SU6, SUZ, Alt. Milt.

1. Strength |, Flexure — @Mn

a. Longitudinal 1a. RF,,, =7.69 OK
b. Transverse 1b. RF,;, = 1.01 OK
2. Strength I, Shear — @Vn 2. RF,,=066 NG ——
3. Service lll, Flexural Tensile Stress 3 Frin = 2.99 OK
4. Service lll, Flexural Compressive Stress 4. n =314 OK
5. Service lll, Principal Stress 5 Frin =099 NG +——

NEXT STEPS: a
* Check Again  + Narrow Rating Results Location

* Refine Model . Collaborate Data / Direction e m CS WJE

44
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US 136 over Wabash River

Initial Load Rating Results

Find all Locations NOT Rating and Narrow Down the Problem

Shear Controlled, Approximately 27ft off either side of Piers 3 and 5

+ At this location, the shear stirrups transition from 9 in to 12 in

Addition nodes, suggestion that including counting all bars along the inclined

crack path will not fix.

Shear Reinforcement
at 6" OC =10-0"

Shear Reinforcement
at 9" oC =7-6"

=21-0"

Shear Reinforcement at 12" OC

s I S S S S (R
]
]
I
J[30] at 253.50 ft from Centerline BRG W. Abut /

SHEAR REINFORCEMENT AT J[30]

- Collaborate Data / Direction

45
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What's Next?

WEIGHT

LIMIT

o 207

ST 347

IR 36T

1.Load Posting?

emcs: WJE
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FDIANG

AUV
U
&
R AT

<
&
S

(¢

' What's Next?

2.Repair / Retrofits?

US 136 over Wabash River

47

FDIANG

UV

U

S
rattS

% 4® J What's Next?

OF TRE

3.More Refinements?
* Material Properties
* Field Verification

US 136 over Wabash River

emcs: WJE
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Material Property Refinements

6.A.5.2.1 Concrete

Where the quality of the concrete is uncertain, cores
should be taken for mechanical property testing.

Cores may also be taken where the initial load capacity
based on design concrete strength is considered inadequate.

Y

US 136 over Wabash River

THE MANUAL FOR
BRIDGE EVALUATION

49

Material Property Refinements

6.A.6.2.1 Structural Steels

In cases where the initial evaluation suggests load
capacity inadequacies, or there is doubt about the nature and
quality of a particular material, the mechanical propertics can
be verified by testing. Mechanical properties of the material
should be determined based on coupon tests.

US 136 over Wabash River

THE MANUAL FOR
BRIDGE EVALUATION

emcs: | WJE
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RPIANG

UV

2

0
rattS

%5,0 & Field Verification Examples

F TR

Material Sampling

US 136 over Wabash River

51

RPIANG

5%% J Field Verification Examples

OF TR 7

Material Sampling

K US 136 over Wabash River

emcs:  WJE
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Field Verification Examples

US 136 over Wabash River

Material Sampling Tensile Testing
Tensile Orientation Longitudinal Transverse | Longitudinal
Tensile Strength, psi 63,500 63,000 61,000
Yield Strength, psi
(Yield Point) 37,200 41,500 --
(.2% Offset) 33,800 36,000 33,900
/_/__f——

WIE

53

Field Verification Examples

emacs:

US 136 over Wabash River

WIE

54
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US 136 over Wabash River

Field Verification Examples

P W o 45t 77 g AT 2" o'

Face oF —of | | |
Crens Baum

L I P
—— - i L T
T 1 T £ 2*
| 2 | | L ok lpor et Dot
= | ( enact detarty ot cleor
J | - & 3/South Fuce PR
i - tecling #ortl eost
- F Girders #h Frovs Lort b east]
18" wrde Sl ineluding wewser guders
Cwoss (Zewmiy
aY a'a VYol 4=
ClliIvo:s
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US 136 over Wabash River

Field Verification Examples

emcs: | WJE
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US 136 over Wabash River

eld Verification Examples

57

Reinforcing Bar Testing

TENSILE TESTING

US 136 over Wabash River

eld Verification Examples

Bridge 003321

SPanl Die-phragm (oF3 BmHeo5

East Wall West Wall West Wall

North End South End North End
Specimen Orientation Longitudinal Longitudinal Longitudinal
Specimen Type .250 .250 .250
Tensile Strength, psi 71,500 70,500 72,000
Yield Strength, psi
(Yield Point)’ 47,300 44,100 49,400
(.2% Offset) 45,500 43,100 45,700

emcs: | WJE
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2/22/2022
US 136 over Wabash River
eld Verification Examples
Condition Factors
|
Table 6A.4.2.3-1—Condition Factor: ¢c %1
i
Structural Condition of Member O }
Good or Satisfactory 1.00 3
Fair 0.95 o]
Poor 0.83 1
If section
properties are obtained accurately, by actual field
measurement of losses rather than by an estimated
percentage of losses, the values specified for . in
Table 6A.4.2.3-1 may be increased by 0.05 (o, < 1.0).
aoommnmorcrcy
emcs: | WE
59
US 136 over Wabash River
US 136 Field Verification
vl aZet Y 1e7'-0* L 187'-0f . _18T-0t L 18720 L_astet
;L’_: , 4&‘1"![ w'r” (3.::”'1 ™. i , : %;’»"4’55' ! I I s | | }F-"..r% i _.I.___ ‘;;" .!E‘:ﬁﬁu'rn-'l‘ ‘ ;Lwn et
=5 T T L T . =T .,.,,.}.w-,::» ,‘E'";iw'if-‘n"'
TG ; . L= S A, yilie
==.-_—\. i& 5= 27f1 271 ) = 270 274
= PIER 2 PIER 3 PIER4 PERS PIER ©
 Visual Inspection
« Ground Penetrating Radar
« Concrete Core Samples
« Concrete Strength Testing 30
[}
emcs: | WJE
60
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US 136 over Wabash River
US 136 Field Verification

61

US 136 over Wabash River
US 136 Field Verification

FILE_004 - Point 4 (Span E, Segment 6) - North Cell, North Web

Vertical Shear Reinforcement (typ)

Opposite face of wall

emcs:  WJE
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US 136 over Wabash River
US 136 Field Verification

s¢ | WJE
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US 136 Material Sampling

US 136 over Wabash River

emcs:  WJE
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US 136 over Wabash River
US 136 Material Sampling
Corrected Compressive
Sample ID Strength (psi) Section Web
CORE 1 7,360 Point 4 (Span E) Center
CORE 2 8,250 Point 4 (Span E) North
CORE 3 7,920 Point 4 (Span E) North
CORE 4 9,580 Point 3 (Span D) North
CORE 5 7910 Point 3 (Span D) North
CORE 6 8,260 Point 3 (Span D) Center
CORE 7 6,440 Point 2 (Span C) Center
CORE 8 7,080 Point 2 (Span C) North
CORE 9 8,610 Point 1 (Span B) North
CORE 10 9,210 Point 1 (Span B) South
CORE 11 8,060 Point 1 (Span B) South
CORE 12 8,270 Point 1 (Span B) Center
CORE 13 8,070 Point 2 (Span C) South
CORE 14 8,250 Point 2 (Span C) South
CORE 15 8,570 Point 3 (Span D) South
CORE 16 8,610 Point 4 (Span E) South
CORE 17 8,630 Point 4 (Span E) South
oo rc
emcs: | WJE
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US 136 over Wabash River
US 136 Material Sampling

Concrete Compressive Strength (psi)

Group Mean () Standard Deviation (6) AASHTO MBE (u - 1.650)

All Samples 8,181 744 6,954
Above Construction Joint 7,995 886 6,533
Below Construction Joint 8,347 595 7,366
Point 1 (Span B) 8,538 502 7,709

Point 2 (Span ©) 7,460 853 [ 6053 |
Point 3 (Span D) 8,580 719 7,393
Point 4 (Span E) 8,154 531 7,277

MU - 1.650 = 6,053 psi (Material Testing)
f'. = 4,800 psi (Design Drawings)

33
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) US 136 over Wabash River
Updated Load Rating Results

Legal Load Rating - Strength |, Shear - ¢Vn

Previous: RF_. =0.66 NG

min

Update
Concrete Strength

v

Updated: RF,;,, = 1.008 OK
Posting Consideration

min

No Longer Necessary

emcs: WJE
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US 136 over Wabash River

Questions?

If you ask me anything | don't know,
I'm not going to answer.

-Yogi Berra

emcs: WJE
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