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Strain Measurements on Steel Deck

Develop strain time-histories and histograms for
laboratory fatigue simulations of steel-wearing
surface composite specimens:




Poplar Street Bridge, St. Louis (MO)

,_
\
=]
-
(]

%Hi'_iuuu* W L W R AR R AR N W R A AR WA I B R AR R WA A

Floor beams ah-t I I

13 - 0" centers

T 16/ 0 !

Clozed traperoidal stringers
(provides stiffening every 13")

ol — Box girder

I I
1 4 E
Tt . e A .
_}*pt-:al Croes Iraimes at o0 - U Ceniers




Wearlng Surfaces: Service Strains
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ldealized Analyses of Transverse
Bending
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Relative stiffness, s

Combined Fatigue/Thermal Loading
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Temperature Varying Laboratory
Fatigue Tests on Bridge Composites

Investigate static and flexural fatigue performance of composite
specimens simultaneously subjected to thermal loading

x Poplar St. Bridge, St. Louis

x Bronx-Whitestone Bridge, NY

X San-Mateo Hayward Bridge, San Francisco
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Flexural SetUp Schematic

“T

eaction load applied by roller
supports near end of specimen
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Concentrated load applied by moving RAM  Attached loading beam
(Together with loading beam, (Distributes the line load)

simulates action of stiffening rib)
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Flexural Test SetUp
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Automated Digital Imaging System
JR\eguIar Observation of Cracks
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Apparent Flexural Modulus
Static Tests
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Wearing Surface and Steel Stresses
Influence of Temperature (EA)
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Wearing Surface and Steel Stresses
Influence of Temperature (PC)
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Rate of

Loading Effect (EA)
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Cold Temp Fatiaue Results (PC)
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Cold Temp Fatigue Results (PC)
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Room Temp Fatigue Results (PC)
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Room Temp Fatigue Results (PC)
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Room Temp Fatigue Results (PC)
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PullOut Test
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‘Wearing Surfaces: Resistivity Test




Infrared and Video Images
Poplar St. Bridge, St. Louis, MO
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Prestressed HPC Bridge Girders
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Vibrating Wire Gage
Rugged, long-term stabllity, insensitive
to noise, simultaneous temperature

measurement, ideal for long-term strain
measurements

Instrumented Rebar

Electrical resistance straingages, full-

bridge circuit, temperature compensated,
prone to drift, sensitive to noise, suitable
only for short-term strain measurements
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Typical |
Instrumentation
" - me— Jf one girder
i - | cross-section
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uring Temperatures
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Strains During Curing
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Straight Strands

Strain (nrstr)
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Residual Stress
Profile

Type VI HPC
Girder Residual
Stress Profile

Max. stress of 440 psi

Avg. tensile stress Iin
~ihe web of 190 psi
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QuastStatic Load Test




Daily Strain Variations
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Service Strainfncreasing Temperature
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Service StrainPecreasing Temperature
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Precast Prestressed Pavement

A
Y

A Evaluate the performance of
precast prestressed panels
during fabrication, construction
and service:

x Joint FHWA / MODoT Project

x SiteT Northbound 1-57, existing
pavement has been in poor
shape for nearly a decade.

x 1, 00060 of precas
x Heavy truck traffic

x Severe environmental conditions
(temperature, deicing,
precipitation)




Instrumented Precast Sections

Traffic Direction ——

Instrumented Test
Section

Divided into four 7T 2 5 @axtions of 25 slabs each
All slabs pre-tensioned transversely at the yard
Each2 500 s ect i-tensioneckasthesi®e s t



Pavement Design

A
Y

L
A Comprises three panel types: joint, base, and anchor panels
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Typical Panel Design & Instrumetation
Layo Ut Anchor Panel 1 (C1) & Base Panels (B1 & B2)

Pretensioned Strands (8@1&0) Blcﬁout for Strandmeter Junctiql Box

Inside Shoulder Outside Shoulder

T Post-Tensioning Ducts (18@29

Traffic Direction = Instrumented Rebar N VWG @ Thermocouple

Panels are 100 by 3860

Prestressed In the transverse direction and post
tensioned longitudinally

Stabilized base with polyethylene sheeting for friction
reduction
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Casting of Joint Panel




Instrumentation
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Pretension Stress Transfer
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Strandmeter During Post-tensioning

Prestressing force lost in PT ducts = 61.8
Ib/ft/duct
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Post tensioning concrete strain at center of crown (R4)
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Service Performance Medium Window

—2C1.T1 72 96 120 144
——CL.T2 . . .
C1.T3 4119
C1_T4 ~
j :irln_b-li—gntTemp 1108 =
§ =— -=C1_AverageTemp [ | - [ &
i AvaAviE
% | \ /1 89 §
AN
Instrumentation Plan W 1 69
20 g i Strandmeter g TrendS
B [ D .. "7l = Increase in temperature = 8 C
100 1 T S T e - A Increase In relative strain
o R i = 52 mstrain
%60 Theoretical \ I\\ B
S o ] N 52/8=6.5
Ezo f\ ﬁ \ \ /W/Y (Close to CTEconcreteas assumed of 6.0)
N B = VALV B
Y VN
-40 ~

0 24 48 72 96 120 144
Time, t (Hrs)




Service
Performance
Short Term
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Vehicle Response

Traffic Response
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Environmental Issues
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