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> Introduction
o Load Rating

RE — Capacity — Dead
~ (GDF)Live(1+1)

The strength evaluation procedure employed to obtain the live
load carrying capacity that a bridge structure can withstand
without suffering damage or undergoing collapse

Mayjor basis In prioritizing maintenance operations
Traditional methods: analytical and experimental



> Introduction
o Field Tests

i



> Introduction

o Objective: to obtain the impact factor of Bridge A7957 analytically and
experimentally in an attempt to quantify differences between both approaches
that are employed in bridge design and evaluation.

S

Laser Vibrometer Accelerometers Total Station



» Determination of Impact Factor (Analytically)
» AASHTO Standard (1992)

> AASHTO LRFD (1994)

M — 15.24
L +38

< 0.30

DLA = 0.33

» Ontario Highway Bridge Design Code (1983)
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» Determination of Impact Factor (Experimentally)

R — R
IM = DILA — dyn sta

Rsta

The value of IM is commonly defined as the ratio of the
difference of the maximum dynamic and static responses to
the maximum static response



» Missouri Bridge A7957 Bricge A7057

Hwy 50 Near Hwy US-63
Maryuill | West of Linn, MO

» PC/PS NU53 Girders:

Span 1: CC, £ ¢=8 ksi (55.2 MPa)
Span 2: HS-SCC, f°¢=10 ksi (68.9 MPa) s

Span 3: NS-SCC, f°¢=8 ksi (55.2 MPa) FutulpVgdy
(a) Span 1 (CC) Span 2 (HS-SCC)  Span 3 (NS-SCC)
Abut. 1 N Bt o .

(West) .

DxBent 3 (HVFAC)

—30.48 m T 36.58 m T 3048 m——



» Bridge A7957
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3048m———

Safety Barrier
36.58 m
Int. Diaphragm Bent 4—._ !

Wiz 7
7))

3048 m
250272222777 772222 7277722222777

A Bent 1
L7207 270070 20 2 2 a2 e 2 L 2 2 2o 2 2t 2 2t Vs 2 2 22222 2 V777772777 AASIVLS VIS IS IS,

N

)
T2 7

N

[ 27727777 77 77 7 77 7 7 7 7 T T T

V7777222772277
Wzzzzzzzz777777777777

WWMMWMAWWMWWMMWWA

[[2222222722227222227227 7277 222727777 27 77222777 272 7 27 277

A N2 A A 2 2
A R A )

WWWJ

077

V7772222227722
2727507722777

3.25m

WWWWWWWW’WWWWWWWW

Y7 s A

Unit Conversion: 1 ft =0.3048 m

132m

Bent 3

Abutment 1 Bent 2

PC/PS Concrete NU53 Girder

| 1T040m PC/PS Conc. Panel
0.24 m

@
325m—1.32 m!

@
1.32m+—325m———3.25m

Safety BarrierJ Bent 2 (Class B Concrete)
Bent 3 (HVFAC)
Abutment 4



» Testing Equipment

ﬁ . 3048m 36.58 m 30.48 m

Abut. 1 { Midspan Bent 2 _— Midspa Bent 3 { Midspan

. s, 2
//// S S S ///// S s S S S s S S 7 S S /S / /7 7/ s // 7 s s S s v, ’/// A
.

¢ ATS Prism (Target) 2. Accelerometer @ Laser Vibrometer Target Point

Bridge A7957 instrumentation layout
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Automated Total Station (ATS)

Leica TCA 2003
Accuracy: £0.1 mm




Testing Equipment S
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Accelerometers

X ATS Prism (Target) 4 Accelerometer @ Laser Vibrometer Target Point

ATS Prism/®@ —~Accelerometer

Sampling rate: 500 Hz

Varying speeds: 10 - 60 mi/h (16-96 km/h)



Testing Equipment
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» Fleld Load Test Description

Static Load Test

1.83m

[
1
o
[ ]

[
1
o
[ ]

H-20 DUMP Truck

—
[a

MoDOT H20 truck employed during static and dynamic tests.
Conversion factor: 1 m = 3.28 ft; 1 kN = 0.2248 kip
(171.8 kN = 38.4 kip, 70.6 kN = 15.9 kip)




» Fleld Load Test Description
Static Load Test {=" I

Midspan
1 P
2
43 EFLD
———+15.25'm
Test 1 (a) Static Test 1 (Span 1)
. Midspan
43 P17

15.25 m+—

(b) Static Test 2 (Span 3)

Static test configurations. Conversion factor: 1 m = 3.28 ft



» Fleld Load Test Description
Dynamic Load Test

325m @1.32 m7




» Load Test Results
Static vertical deflection (ATS)
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» Load Test Results
Acceleration response (accelerometers)
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» Load Test Results
Fundamental Frequency — Fast Fourier Transforms (FFT)
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» Load Test Results
Dynamic and Static Vertical Deflection — RSV-150

Midspan Deflection (mm)
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» Load Test Results

Dynamic and Static Vertical Deflection — RSV-150

RF =

Capacity — Dead

(GDF)Live(1 + I)
Dd nmax _ Dstamax
IME*P = DLA®XP = = — DAF®*® = (1 + IMexp)
Dsta
15.24 < 0.30
L+38"

Experimental and analytical impact factor. Conversion factor: 10 mi/h = 16 km/h
Speed (mi/h) 10 20 30 40 50 60
Dy, ™ (mm) 1.77 | 179 | 1.79 | 1.77 | 2.03 | 2.08
Dgy oo™ (mm) 1.77 | 177 | 177 | 177 | 177 | 177
| Mexp 0.000 | 0.010 | 0.010 | 0.000 | 0.150 | 0.175
DAFexp 1.000 | 1.010 | 1.010 | 1.000 | 1.150 | 1.175

> DA AASHTOERIFDS) 03T 0303033033033

> IM_(AASHTO Standard*) * 0.222 | 0.222 | 0.222 | 0.222 | 0.222 | 0.222
IM_(AASHTO Standard*) f 0.204 | 0.204 | 0.204 | 0.204 | 0.204 | 0.204

> [DLA (OHBDCS) 0.40 | 0.40 | 0.40 | 0.40 | 0.40 | 0.40




> Load Test Results
Dynamic Load Allowance — OHBDC

0.0016

Magnitude

0.0004
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0.0008 -

» 06
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o 1 2 3 . Zoo b
123456 783910 012345678 9 10
Frequency (Hz)
Fundamental Frequency (Hz)
Speed (mi/h) 10 20 30 40 50 60
D, (mm) 177 | 179 | 1.79 | 1.77 | 2.03 | 2.08
Dﬁ,_q,amax(mm) 177 | 177 | 177 | 177 | 1.77 | 1.77
I\ 0.000 | 0.010 | 0.010 | 0.000 | 0.150 | 0.175
DAF&*P 1.000 | 1.010 | 1.010 [ 1.000 | 1.150 | 1.175
DLA (AASHTO LRFD%) 0.33 [ 0.33 | 0.33 | 0.33 | 0.33 [ 0.33
IM (AASHTO Standard?) * 0.222 | 0.222 | 0.222 | 0.222 | 0.222 | 0.222
IM (AASHTO Standard?) f 0.204 | 0.204 | 0.204 | 0.204 | 0.204 | 0.204
DLA (OHBDCY?) 0.40 | 0.40 | 0.40 | 040 | 040 | 0.40




» Load Test Results
Dynamic and Static Vertical Deflection — RSV-150

Dynamic Amplification Factor
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Truck Speed (km/h)

Capacity — Dead

RE= (GDF)Live[(1 + D)

Represents 13% difference between DAFs

< DAF=1.33

Speed (mi/h) 10 20 30 40 50 60
D, (Mmm) 1.77 | 1.79 | 1.79 | 1.77 | 2.03 | 2.08
Dsi; ™ (Mm) 1.77 | 177 | 177 | 1797 | 177 | 1.77
| Mexp 0.000 | 0.010 | 0.010 | 0.000 | 0.150 | 0.175
DAFexp 1.000 | 1.010 | 1.010 | 1.000 | 1.150 | 1.175
DLA (AASHTO LRFD%) 0.33 | 0.33 | 0.33 | 0.33 | 0.33 033
IM (AASHTO Standard?) * 0.222 | 0.222 | 0.222 | 0.222 | 0.222 =&

IM (AASHTO Standard?) f 0.204 | 0.204 | 0.204 | 0.204 | 0.204 | 0.204
DLA (OHBDCY?) 0.40 | 040 | 0.40 | 0.40 | 0.40 | 0.40




» Concluding Remarks

>

The first series of static and dynamic load tests was conducted on Bridge A7957 to
monitor its initial in-service dynamic response.

The impact factor (IM) or dynamic load allowance (DLA) of Bridge A7957 was
obtained from field measurements and using three design specifications. The impact
factors obtained with the design specifications resulted in larger values compared to
the experimental values.

The impact factors obtained from field load tests implicitly take into account in-situ
parameters such as unintended support restraints, unintended continuity, skew
angle, contribution of secondary members and soil-structure interaction which
improve the bridge’s dynamic response.

These factors are not considered by the analytical methods proposed in the current
design and evaluation codes. Consequently, further research needs to be conducted
to quantify the influence of these in-situ parameters on the dynamic response of a
bridge structure.
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