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Development of Displacement Estimation Technique for Bridges Located
under Poor Measurement Circumstances
H&EE* - 0l=fe

Junchang Jeon - Heehyun Lee

Abstract In this paper, to verify the field application of a displacement estimation technique based on the relationship
between displacement and strain, static and dynamic field load test are performed on three-span continuous real bridge
structures. The superstructure types of the test bridges are IPC girder highway bridge and steel box girder AGT bridge.
LVDTs and strain gauges are attached to them; then, the responses due to test vehicle are measured. To obtain the dis-
placement-strain relationship of the test bridges, the bridges are modeled as grillage system with 6 DOFs for the purpose
of structural analyses. Static and dynamic displacements, which are estimated using both the calculated displacement-
strain relationship and the measured strain signal, agree well with the values measured by LVDT. This study demon-
strates that the displacement estimation technique using the strain signal can be effectively applied to the displacement
measurement of bridge structures that cross rivers/roads/railways or have high clearance.

Keywords : Displacement estimation technique, Displacement-strain relationship, Bridge, Load test
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Table 1. Specifications of field load tested bridges.
Bridge name . .
Superstructure type Span length (m) Width (m) Field test type Remarks
assumed
A IPC girder 3@25=75.0 10.44 Static Highway bridge
Automated guid

B steel box girder 3@40=120.0 7.95 Static, dynamic Y omac.: g}n eway

transit bridge
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Fig. 2. Geometry and sensor locations of ‘A’ bridge
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Fig. 4. Load cases of ‘A’ bridge.
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Fig. 5. Geometry and sensor locations of ‘B’ bridge.
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Table 2. Material properties of ‘A’ bridge
Items Properties of materials
. Design strength 40MPa,
Girder "
Young’s modulus 3.00x10°MPa
Concrete -
Deck slab, Design strength 27MPa,
Floor beam Young’s modulus 2.67x10*MPa
SWPC 7B(@15.2mmx15EA)
PS strand 5
Young’s modulus 2.0x10°MPa
Table 3. Sectional characteristics of ‘A’ bridge
Section Id Sectional area (m°) 2nd moment of area (m”)
Sec. #1 1.5976 0.3109
Outer girder Sec. #2 1.4562 0.2970
(G1, G5) Sec. #3 1.1937 0.2715
Sec. #4 1.0727 0.2598
Sec. #5 1.5763 0.3055
Inner girder Sec. #6 1.4348 0.2920
(G2 ~ G4) Sec. #7 1.1723 0.2674
Sec. #8 1.0513 0.2562
0.600 300 (E
! 2 000.2 DGD* 15.700 ‘2 DDO.Z 000, .2 000.2 000, 7.850
Sec.5 Sec.7 Sec.7 Sec.5 Sec.7
G2-G4 \ \
Sec.6 Sec.8 Sec.6 Sec.6 Sec.8
Sec.1 Sec.3 Sec.3 Sec.1 Sec.3
61,65 \ |
Sec.2 Sec.4 Sec.2 Sec.2 Sec.4
24.550 T 12.500

0.400
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Table 4. Comparison of measured and estimated displacements of ‘A’ bridge by static field test.

a Measured strain Measured displ. Estimated displ. Deviation
Load case 6 P

(x10°mm) (x10™) (mm) (mm) (%)

Gl #1 41 1.87 1.93 3.12
LCl1 0.04704

center #2 37 1.79 1.74 2.79

#1 27 1.34 1.49 11.19
LCl1 0.05505

G2 #2 25 1.32 1.38 4.55

center #1 23 1.13 1.08 4.42
LC2 0.04702

#2 22 1.13 1.03 8.85

#1 21 1.04 0.98 5.77
LC2 0.04653

G3 0 22 1.04 1.02 1.92

center #1 21 1.02 0.98 3.92
LC3 0.04648

#2 24 1.03 1.12 8.74

#1 23 1.08 1.09 0.93
LC3 0.04725

G4 #2 23 1.10 1.09 0.91

center #1 22 1.09 1.05 3.67
LC4 0.04766

#2 26 1.12 1.24 10.71

G5 #1 28 1.25 133 6.40
LC4 0.04756

center #2 28 1.24 1.33 7.26

Fig. 8. Example of static structural analysis results of ‘A’ bridge (LC1, deformed shape).
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Table 5. Material properties of ‘B’ bridge.

Items Properties of materials
. SM490(F,=315MPa),
Girder 5
Young’s modulus 2.05x10°MPa
Steel
SM400(F,=235MPa),
Floor beam 5
Young’s modulus 2.05x10°MPa
Concrete Design strength 27MPa,
(Deck slab) Young’s modulus 2.67x10*MPa
Table 6. Sectional characteristics of ‘B’ bridge.
Section Id. Sectional area (m?) 2nd moment of area (m*)
Sec. #1 0.3765 0.2539
Sec. #2 0.3807 0.2672
Sec. #3 0.4117 0.3181
Sec. #4 0.2654 0.1645
Sec. #5 0.2964 0.1971
Sec. #6 0.3765 0.2672
F 39.850 T 20.000
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Fig. 9. Example of time history analysis results of ‘B’ bridge (running speed 50km/h, center of midspan).
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Table 7. Comparison of measured and estimated displacements of 'B' bridge by static field test.

Measured . . . L
a . Measured displ. Estimated displ. Deviation
Load case p average strain
(x10°mm) % (mm) (mm) (%)
(x10™)
Midspan center LC1 0.07678 39.0 3.00 2.99 0.33
Sidespan center LC2 0.08225 455 3.60 3.74 3.89
0.15 0.15
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(a) Center of midspan (b) Center of sidespan
Fig. 10. Coefficient a calculated by time history analysis of ‘B’ bridge (running speed 50km/h).
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Fig. 11. Comparison of measured and estimated displacement time histories of ‘B’ bridge by dynamic field test (running speed 70km/h).
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Table 8. Comparison of measured and estimated maximum displacements of ‘B’ bridge by dynamic field test.

Runni d Measured maximum Estimated maximum Deviation
nin
Hnning spee displ. (mm) displ. (mm) (%)
Midspan 3.02 3.06 1.32
50km/h
Sidespan 3.88 4.04 4.12
Midspan 3.04 3.09 1.64
60km/h
Sidespan 3.85 4.02 442
Midspan 3.04 3.07 0.99
70km/h
Sidespan 3.83 4.08 6.53
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