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Overview

 Complex Slab Systems using Simplified Line Analyses
» Edge-Supported Skewed Slab
* |llinois Bulletin Slab (IBS) Bridges

« Unsupported Structures using “Static Rating Factor"” Models
 Filled-Spandrel Arches

 Conclusions
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Edge-Supported Skewed
Slab



Edge-Supported Skewed Slab

General Description:

« 5-Span Slab

« 34'-51-64'-51'-34"
« 59°19'10" Skew
* 44' Roadway Width




Edge-Supported Skewed Slab
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Bottom Slab Reinforcement
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Edge-Supported Skewed Slab
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Edge-Supported Skewed Slab
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Edge-Supported Skewed Slab
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Edge-Supported Skewed Slab

Rating Procedure:

Edge Beam
Analysis

Spring

Constants

Reactions

Slab Analysis

Moments

Edge Beam
Load
Distribution

BrR Load \
Distribution

External Slab
Rating

Edge Beam

Members

Input

BrR Model

Slab Members
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Edge-Supported Skewed Slab

EEEEE m
RRRRR ions Load
. Distribution
Edge Beam Spring _
N BRSSPI | Slab Analysis
Analysis Constants
aaaaaaaaaaaa
Rating

* Simple Line Model

* Rectangular Cross Section

* Pin/Roller Supports

* Push at Critical Locations \
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Edge-Supported Skewed Slab
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» Used Spring Constants
 Manual Truck Placement

BrR Model
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» Effective Strip Width per AASHTO
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Edge-Supported Skewed Slab

Edge Beam

Edge Beam
Analysis

Spring
Constants

Slab Analysis
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Load Input

Rating
Factors

BrR Model

Edge Beam
Members

Slab Members

 Calculate from Slab Strip Reactions at Spring Supports

Edge Beam LL Distribution Factors

0.5

0.4

Distribution Factors
o o
N w

o°

50

100

B Support Locations

Distance (ft)

—e— Multi-Lane

150

Single Lane

200

250

ANTB



Edge-Supported Skewed Slab

Edge Beam
Reactions Load
Distribution
Edge Beam Spring X
Analysis Slab Analysis

External Slab
Rating

Load Input
Rating
Factors

Self Load

Load case

» Girder Line Superstructure

* Omit Support Point POI
* Analyze at Face of Pier

* Input for Load Distribution

LFD

2 Points of Interest

Generate at tenth points exce,

Addmonal self load =

Addmional self load =

pl supports

ntical shear points

= Distnbution Factor Application Method

0 By axde
@® By FOI

Control Op

tions

BrR Model

f\

Edge Beam
Members

Slab Members

Engine Assigned

-1000

kip/m

“Turn Off" Self Weight

From From

Span Start End

(in) (in)
1 29 397 33 317
2 33.317 33.317
3 33.317 33.317
4 33.317 33.317
5 33317 29.397

Effective Supports
ANTB




Edge-Supported Skewed Slab
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Edge Beam
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Edge-Supported Skewed
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lllinois Bulletin Slab (IBS)
Bridges



General Description:

 Continuous Concrete Slabs

« 22-45 ft Spans

* Integral Edge Curbs
« 26-33 ft Widths

« Empirical Simple Span Design

34"
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Illinois Bulletin Slab (IBS) Bridges

6o’ -~ 26"

I (= 6ts)

Methodology: |

[ #7'512'¢8 8% @ 2" ‘
[ 1V %
* Notional Beams ¥ N [

« Edge "“L" beams Y |
* Center slab Edge L-Beam Section

- Estimated Load Distribution -~ W e

Load Distribution Plots
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Illinois Bulletin Slab (IBS) Bridges

Procedure:

1. Instrument & Field Load Test m

2. Refined (Finite Element) Analysis

3. Load Distribution Behavior

4. Line Analysis Ratings Continuous IBS Bridge
HNTB



Illinois Bulletin Slab (IBS) Bridges

* 6 In-Service IBS bridges
* Inspect, Instrument, and H/HS Load Test

Load Test Vehicles Field Inspection

ANTB



Illinois Bulletin Slab (IBS) Bridges
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Refined Analysis:
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Illinois Bulletin Slab (IBS) Bridges

Refined Analysis: 5 98 § 0 6

* Frames and “Thick" Shells

« Section Properties
- Field load test calibrated

1

« Uncalibrated “plan” dimensions
- Discretized at e e !

™
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[llinois Bulletin Slab (IBS) Bridges
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Illinois Bulletin Slab (IBS) Bridges

Load Distribution:

« Dead load

Ct Slab+

Load Distribution Fac

* Live Load
» Single- & multi-lane
* Low sensitivity to vehicle

configuration
LLDF - Vehicle Configuration

ANTB



Illinois Bulletin Slab (IBS) Bridges

BrR Modeling:

 Line girder superstructure
 Edge L-beams
» Center slab

 T-Beam Member Type
* Inverted L-beam

* Wide "web" overpredicts
shear capacity - not critical

@ Girder Profile

==

Type: |Reinforced Concrete Tee

_'S'E"dlonn': Web Depth | Reinforcement

Allow flange width to vary

83.0000

Tributary width: ~ 26.0000 in

t 15.0000

In
in LAl cJ
Eff. width (Std): 26.0000

A=

83.0000 i Cl =

T-Beam Input

ANTB



lllinois Bulletin Slab (IBS) Bridges

D Member Alternative Description

Member Alternative: [Sels ialzt=1)

BrR Modeling:

Description | Specs | Factors ] Engine | Import | Control Options

Description:

* Re-Define Self-Weight
* Member Alternative definition | = crerereyimimenod - Endbeemns ocatons

. . , _ L in
 Remove tributary self-weight ) e |
. ; Right: : in
o A | as ||ne |Oad Sustained modular ratio factor
pp y 2.000 Default rating method:
Self Load | |LFD =
Load case: |Engine Assigned v |
* Live Load Distribution Addiionsiselflosd = 1951 gt
Additional self load = -100.0 %

* Single- & multi-lane values
Self-Weight Input

ANTB




Illinois Bulletin Slab (IBS) Bridges

BrR Modeling:

e Substructure Restraint

* Define rotational and
translational springs

* Control Options
* Omit support point POls

D Member Alternative Description

==

Description | Specs [ Factors ] Engine | Impart | Control Options

LFD
1 Points of Interest
[ Generate attenth points except supports
[ Generate at support points
Generate at supportface & critical shear points
O Generate at section change points g
[ Generate atuser-defined points
Ignore shear
1 Distribution Factor Application Method
O Byaxle

® By POI

Control Options

ANTB



Filled-Spandrel Arches



Filled-Spandrel Arches

Scope & Methodology:

* Buried Arch Structures
* Reinforced Concrete
* Unreinforced
» Structural Plate (Corrugated)

 “Static Rating Factor” Models
« Same RF for any vehicle

» Useful For Any Non-Conforming
Bridge

Reinforced Concrete Filled-Spandrel Arch

HANTB



Filled-Spandrel Arches

Procedure:

* |[dentify BrR Model Purpose

« Automated superload permitting

* Load Rate Externally
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Reinforced Concrete Arch Typical Section
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Filled-Spandrel Arches

BrR Modeling:

e Culvert Model

 Single Point of Inspection
» Base of exterior wall

* Notional Properties

 Geometry
» Materials and reinforcing

S (23 CULVERT DEFIMITIOMS
5. [ 052-013
------- :1,_ Irmpact f Dynarmic Load &llowance
iI Default hdaterials
- £ Roadway Plan View
b BB Cubvert Loads
5 (13 CULWERT ALTERMATIVES
i (0 Conc &rch () (C)
RC Box Cubvert Geametry
E End Conditions
+ ----- [ Bar Mark Definitions
5 [ CULVERT SEGMENMTS
5 o Interior
. =1 Impact / Dynamic Load Allowance
@ RC B Culvert Thickness
@ RC Box Culvert Loads
RC Box Culvert Reinforcerment
[ Paints of Interest

Ly 0000000
£D RC Box Culvert Points of Interest E\@
Component: | Left 'Wall vl Cellftwal: |0 Distance from left edge of cell g og f
—_——— or bottomn of wall:
LRFD LRFR
1 shear Computation Method (1 shear Computation Method
& Ignore @ Ignore

O General Procedure
{3 simplified Procedure

O General Procedure
O simplified Procedure

BrR Definitions HNTB



Filled-Spandrel Arches

£ RC Box Cubsert Loads (=] [=] X

[ 3
BrR Modeling:
.
Surcharge
Depth of Fill at start edge = 13.50 ft ioht
Depth of Fill at end edge = 13.50 ft T ]_I;d Eage
Start Edge Surface Depth

1 i f it load = pof - :
(] C a I I b ra t e L a t e ra I LO a d S Wearing surface unit loa qDL:!pﬂ | Qs> I?éﬁf::;?—.? :ﬁ:gh;rassure _lql-s
= =K

in

wearing surface thickness =

* Horiz. earth pressure EH | | )
overcomes Vert effects LRFD live load surcharge height = . ﬂ < [, |

LFD live load surcharge height = 2 ¥ =T,_—
water height = ft WTEM Edge
Start Edge Surface Depth

b L i Ve I o a d S u rC h a rg e L S LRFD live load distribution Fackor = 1150 De;lth | AL

d ete r m i n eS R F LFD live load distribution Fackor = 1750 h Ir'_

* Critical superload BrR Culvert Loads

ANTB



4-1

Filled-Spandrel Arches

BrR Modeling: :

g

- Moment at Wall Base POI Y ravity Load (Top Siab) ||
» DL, EV and LL (+)
« EH and LS (-)

Z-1

 Choose: EH > EV+DL
* Choose: LS > (expected) LL

* BrR uses LS (constant), but no LL
» Vehicle approaching culvert

3-1

g

‘ 2-1

Horizontal Load (Walls)
+INTB




Filled-Spandrel Arches

BrR Modeling:

B Analbysis Results - Interior

Repon Type Lane/lmpact Loading Type Display Format
‘Rating Fesults Summary - @ Az Requested Detailed Mutiple rating levels per row
. Live Load _ Inventnrl\; Operatin_g Invertory Operating H Inventory Inverrtpry Inventpry
Live Losd Type Rating Method Lmﬁjﬁaﬁtlng Lu:ua(c_ﬁr;itlng Rating Factor E Rating Factor fcomponent LDE::;IDH LDE:‘a:t)mn
HS 20-44 Acxle Load LFD 3024 5051 0540 1.403 § Ext. Wl 1 0.a0 0.000
ML Axle Load LFD 3360 5612 0840 1.403 § Ext. wWiall 1 o.oo 0.000
sS4 Azle Load LFC 2268 37.58) 0.540 1.403 § Ext. Wall 1 0.00 0.000
SIS Axle Load LFD 26.04 43 44 0.540 1.403 § Ext. Wzl 1 0.a0 0.000
SUE Acxle Load LFD 2919 4875 0540 1.403 § Ext. Wl 1 0.a0 0.000
Sy Axle Load LFD 3255 54 57| 0840 1.403 § Ext. wWiall 1 o.oo 0.000
1 K H20-44 Azle Load LFC 16.80 2806} 0.540 1.403 § Ext. Wall 1 0.00 0.000
2K Type 3 Axle Load LFD 21.00 3507 0.540 1.403 § Ext. Wzl 1 0.a0 0.000
4 K Type 352 Acxle Load LFD 3024 5051 0540 1.403 § Ext. Wl 1 0.a0 0.000
5K Type 3-3 Axle Load LFD 3360 5612 0840 1.403 § Ext. wWiall 1 o.oo 0.000
E Type T130 Azle Load LFC 2461 91198 0.540 1.403 § Ext. Wall 1 0.00 0.000
7 Type T170 Axle Load LFD 7141 119.25 0.540 1.403 § Ext. Wzl 1 0.a0 0.000
& Heawy Equipment Trf &xle Load LFD 154 27 1.403
Type EV2 Axle Load LFD 4DS4F 1.403
Type EV3 Auxle Load LFD 6033 1.403

“Static Rating Factor” Summary Table

L5

% Specification Checks for Interior - 2 of 2

=/ Culvert Component

(3 Ext. vivall 1

LEY 00

Specification Reference

¥ 8.16.4 Carnpression
2 APPG.6.1P-M Interaction Diagram

[0 Eset, wivall 2
“f 0 Top Slab 1
Spec Check Detail for APPG.A. 1 P-M Interaction Diagram

Max Mn = 489.60 (kip)

Min Pn = 0.00 (kip) Mx: 0.00, My: 0.00
DC Moment = 10,5282 (kip-£t)
W Moment = 0.0000 (kip-£t)
EV Moment = £1.2804 (kip-ft)
EHimax) Moment = -66.2664 (kip-£t)
EHimin) Moment = -66.2664 (kip-£t)
ES Moment = 0.0000 (kip-ft)
L3 Moment = -28.3547 (kip-ft)
DC Axial = 0.8000 (kip)
DW Axial = 0.0000 (kip)
EV axial = 28.5211 (kip)
EHiwmax) Axial = 0.0000 (kip)
EHiwin) Axial = 0.0000 (kip)

E3 Axial = 0.0000 (kip)

L5 Awial = 0.0000 (kip)
Total DLimax) Moment = 5.5422 (kip-ft)
Total DLinin) Moment = E.5422 [(kip-£fr)
Total DLimax) Axial = 38,3210 (kim)
Total DL{min) Axial = 38.3210 (kip)

Spec Check Moment Components

ANTB



Conclusions

 Complex Slab Systems
» Line analysis BrR models
* “Inverted” T-beams for integral curbs

» Load distribution calculated externally
* Load testing
* Finite element modeling
* Vehicle paths transverse to members

« Short simple spans for transverse members

 “Static Rating Factor” Models
» Single POI culvert BrR models
» Rating calculated externally
» Earth pressures calibrated for desired RF
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Questions?
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100"

YEARS OF
INFRASTRUCTURE
SOLUTIONS

Thanks to:

Kansas

Department of Transportation



