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Evaluation of Bridge Load Carrying Capacity of PSC Girder Bridge using

Pseudo-Static Load Test

Sang-Gwi Yoon', Soobong Shin*

Abstract : In this study, a method for updating the finite element model of bridges with genetic algorithm using static displacement were presented,
and verified this method using field test data for PSC girder bridge. As a field test, static load test and pseudo-static load test were conducted, and
updated the finite element model of test bridge using each test data. Finally, evaluated the bridge load carrying capacity with updated model using
pseudo-static load test’s displacement data. To evaluate the bridge load carrying capacity, KHBDC-LSD, KHBDC and AASHTO LRFD’s live load

model were used, and compared the each results.
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Fig. 1 GA-based finite model updating process
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Photo 1 Overview of test bridge
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Fig. 2 Sensor layout
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Fig. 3 Load case for static load test
(e) Load Case 5 (f) Load Case 6
Table 1 Average of measured displacement for static load test
Load Measured displacement [mm] - .
case Gl G2 G3 G4 G5 G6 G7
LC1 -2595 -254 208 -1.26 -0.67 -0235 0.14 __ __
== il
LC2 -049 -127 -198 -2.48 -2.055 -1.275 -0.495
LC3 0.18 -0.21 -0.665 -1.33 -2.03 -24 -2.56
(g) Load Case 7 (h) Load Case 8
Table 2 Measured displacement for pseudo-static load test : L-2im L-zam
Load Measured displacement [mm] —
case Gl G2 G3 G4 G5 G6 G7 N - Fas]
=i
LC1  0.053 -0.026 -0.115 -0.265 -0.454 -0.683 -0.839
LC2  0.142 -0.004 -0.176 -0.438 -0.826 -1.361 -1.655
(i) Load Case 9 (i) Load Case 10
LC3  0.175 0.060 -0.075 -0.245 -0.480 -0.757 -0.975
LC4 -0.898 -0.752 -0.521 -0.273 -0.134 -0.046 0.032
LC5 -1.555 -1.376 -0913 -0.450 -0.202 -0.033 0.117
LC6 -1.032 -0.854 -0.585 -0.281 -0.097 0.038 0.160 - ekl - ieticd
LC7 -0.011 -0.163 -0.333 -0.554 -0.601 -0.471 -0.275
LC8  0.010 -0.281 -0.628 -1.162 -1.323 -0.977 -0.542
LCO 0052 -0.135 -0364 -0.653 -0.714 -0.582 -0.379 () Load Case 11 (1) Load Case 12
LC10 -0.257 -0.462 -0.576 -0.529 -0.337 -0.183 -0.045 .
Fig. 4 Load case for pseudo-static load test
LCI1 -0.538 -0.988 -1.290 -1.092 -0.666 -0.325 -0.038
LCI12 -0.376 -0.592 -0.704 -0.612 -0.384 -0.181 0.006
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Spring Support

(a) Model 1

(c) Model 3

Fig. 5 Finite element models of test bridge

Table 3 Updating coefficient for spring boundary condition

Spring boundary condition (Model 1~3)
Dx Dy Dz Rx Ry Rz

Girder

Gl S 108 SX, 108 10" SX, 10"

G2 S 108 SX; 108 10" SX, 10"

G3 S 108 SX;s 108 10" SX 10"

G4 S 108 108 108 10" SX; 10"

G5 S 108 SXg 108 10" SXo 10"

G6_S 108 SXio 108 10" SXy 10"

G7_S 108 SXi 108 10" SXi3 10"
GILE SXi  SX; 108 10" SX, 10"
G2 E SXi;  SXy; 108 10" SX,, 10"
G3 E SXy» SXy 108 10" SXy, 10"
G4 E  SX 108 108 10" SX,, 10"
G5 E  SX»s  SXu 108 10" SXy 10"
G6 E  SX»  SXu 108 10" SX3 10"
G7 E SXs  SXn 108 10" SX33 10"

3k o) 22182 ZFModel BE 1.51%, 0.11%, 0.61% = ¢
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Fig. 6 Comparison of displacement updated by static load test
(c) Load Case 3 (d) Load Case 4
. . 1 1
Table 4 Error rate of updated results using static load test
o
Load Error rate [%)] g ¢
= 2 = 2
Case Model 1 Model 2 Model 3 : ]| R
N vy %
LC1 0.49 0.06 0.61 ° il .
- - MC1_Updated
LC2 1.51 0.11 0.39 : |
‘ .

LC3 0‘ ] 7 0‘08 0‘43 : 0 1 2 3 G‘;ev 5 6 7 8 ) 0 1 2 3 G"Ader 5 6 7 8
Average 0.72 0.08 0.48

(e) Load Case 5 (f) Load Case 6

Table 5 Error rate of updated results using pseudo-static load test : :

Load Error rate [%] 4
Case Model 1 Model 2 Model 3
LCl 0.64 0.32 0.64

LC2 1.28 1.29 537 . : . E

LC3 2.25 0.81 3.78 o T 5« s s 7 = oz s i s e a1 s

LC4 287 115 1.72 N N
LC5 3.94 1.00 3.34 (2) Load Case 7 (h) Load Case 8

Displacement (mm)
Displacement (mm)

LCé6 1.01 1.92 3.92 :

LC7 0.83 9.91 372 ’ :
LC8 6.36 2.56 2.22
LCY 3.51 2.02 1.87
LC10 1.95 8.02 4.67 e " s
LClI 8.15 115 2.18 Dy

LCI12 3.43 1.51 2.13 e ' T
Average 3.02 2.64 2.96

(i) Load Case 9 (j) Load Case 10
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(k) Load Case 11 (1) Load Case 12

Fig. 7 Comparison of displacement updated by pseudo-static load test
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Table 6 Moment of resistance, dead load and live load

M, M, [kN'm]

[KN-m]

. M
Girder "

[kN-m] KL-510 HL-93 DB-24

External 12800  2477.8 759.3 579.47 604.4

Internal 12800 21299  892.43 691.5 789.8

Table 7 Load and resistance factor of each design code

Factor Kizgc Af;?go KHBDC
Dead load 7, 1.25 1.25 1.3
Liveload 7 1.8 1.75 2.15
Resistance ¢ 0.86 1 0.85

Table 8 External and internal girder’s minimum rating factors and

load carrying capacity
KHBDC-LSD  AASHTO LRFD KHBDC
Girder
RF P RF P RF P
External 4.75 KL-2413 7.85 HL-730 4.84 DB-116
Internal 426 KL-2173 6.87 HL-639 3.92 DB-%
AlRFstd T

Table 72 7} AA7 & HE A8 A=A T 2
staAlFolH, Table 89 Y153 WS AT Y] H 4 W&
ole] tht F-& Wt st @3 EEwHAY|E
(KHBDC-LSD)®] ¢ A BAHEIH E 1 0.65, B 0.90)
£ A48 FAEEASATE 12 830 TH FA=
2 U 3 57 AR A TR ARSSEAT

37} Azl AASHTO LREDOIA 718 2 Wj3H&-0] AlxtE
ow, F =2 A7 EH E3 EE WA 7] ES vl S
WaheS 1S & 5=t} A3 =2 wdArEe] A &
stzol T EREnAAE ot Ealg a2t Foll = vl
Shyjshgo] Akt H A2 7 E2wAA7E d8 ushE
7} Al H8shal e A7 R Y-S o) gt

o] AT M A NG AG I FAA B F 70k
o faassiwd 71N e ALSAT, 018 AZAE
OB} 5 o] §:3ke] BT B P A2l $12/7HPSC

AE Yo s s o, YAt} 2 APg 2
At E L B3l S ASIA 5 o2 oAk
AR skA ol ool A E mElS o] g5l ko] F&
Wate e grisigl o, old i A7AasE Hestd o
&3} 2.

(1) o] A7rllA= nZe] AfstA @ o] & T3 B /R4

2 st FG 7ol Qo AR A A SA ] AS- 7Hs

92 A A 485 T3l AESoH, wEFe] <t
ARH7VE A AlstA @A BAASAE S A
AAA AP = A & 7 A= STk

(2) ASANE o] siA mdS 7384 F/ol
2} 37HA 2 FA st BEll 7R S stk A1 A
I zpol7t Ax FANE F AStAIFol| thsiA BT
Model 27} 25 0 2 H3== ioit}

(3) BAABIAE T A ABIAIE S Fall A2 AS
He| dojE 2 2all /)& 35ttt 2 d 7H*H A
Ste= A A A Foll 28 A AT o <
A AA A ol gk A A s 55 Hit o2k
3% ol &2 T35t o, AP A A stAI o) B TheF
3t Load Case& X331l &= A A4S o, A A
WF] A O & BARE ¢ Qlokal AT

(4) HFFH o= A AASAIF A Yl AdE =dl F
Model 2 ©|-&3t] WetdH 75 s34ttt )
=2 AA71%F3} AASHTO LERD, 7 =214 A 7]
o] AAGEFE ol 83tH o, ALt Wshe 5
agkell tigk AxE vlwsith. 1 23 AASHTO
LRED®)| 2]t Wj3l-&o] 714 Hton, &3] = 2w
A7 T E2WEA 7|2 Bl g AT 7
T2 RAA YR BslE T3} F EERAAY
o] &tz BHET Fol| = v AAE B A
T E2WAAYEY AT R Y-S o)
o g8 Ql 3-8 ek E 7 sl = weFe] ol

Aol gt W71 Fals 2 9 shsAlTe] B
Aol ti st A7} F a3ttt JekEn

v =

N<

_}L

r?ﬂ rlo M\ rBL

AR 2

B AY e FENSH 147 1EA AR 9] A1) A
A(19SCIP-B128492-03)°ll 2J3) =4 =] A5tk

J. Korea Inst. Struct. Maint. Insp. 59



References

1. American Association of State Highway and Transportation
Officials (2011), The manual for Bridge Evaluation 2™ Edition,
Washington DC, United State of America.

2. D.S.Jung, and C. Y. Kim (2006), Numerical Verification of hybrid
Optimization Technique for Finite Element Model Updating,
Journal of the Earthquake Engineering Society of Korea, 10, 19-28.

3. J. C. Kim (2016), Development of a Mutation Operator of a
Real-coded Genetic Algorithm for Model Updating of Existing
Bridge (ph D dissertation), Inha University, Incheon, South Korea.

4. Korea Concrete Institute (2010), Guidelines and Examples for
Safety Assessment of Operating Concrete Bridge, Seoul, South
Korea.

5. Korea Infrastructure Safety and Technology Corporation (2017), The
Guidelines for Safety Inspections and Full Safety Examinations,
Jinju, South Korea.

6. Korea Road Association (2015), Korean Highway Bridge Design
Code (Limit State Design), Sejong, South Korea.

7. 0., Hasancebi, and T., Dumlumpinar (2013), Linear and Nonlinear

model Updating of Reinforced Conrete T-beam Bridges using
Artificial Neural Networks, Computers and Structures, 119, 1-11.

Received : 01/10/2019
Revised : 01/29/2019
Accepted : 02/27/2019

3t Wk f3ke AsiA g fA 7S A|¢ksl, PSC AT TS
= ABAIH o2 FAANSA P A A SIA & 30813 0,
A& 2Pt AT) FHFH 02 A A A 2 AZ HolE & §

&) MAE 2 o] 83te] T8 WEYIIE S35kt Wste ool s @ S nAA 72 F S 2 0AA]7)E, AASHTO LRFDS] A

HYEOl: A A A, A daE]F, 2

H] w8}

60 TIRPESXICLX|A2|FTES =2F! A 23A HM4F(2019. 7)





