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Analysis on Application of Limit State Design Method for Bridge Evaluation
Considering PSC Beam Bridge Experiment Results

Kyunghyun Kim', Minsun Yoo?, Inyeol Paik’, Soobong Shin®*

Abstract: This study analyzes the applicability of limit state design method on bridge evaluation by considering the experiment of the existing bridge.

The test strength of the member is obtained from the PSC beam bridge experiment. The test strength is compared with the calculated strength obtained

from the statistical characteristics of material test strength and the two values are almost the same. The response modification factor and dynamic impact

factor are obtained from the vehicle loading test. The rating factor is calculated by applying limit state design method as well as current evaluation

method and the results are compared. The reliability index of the test bridge is calculated by using the statistical properties of the member strength

obtained from material test and simulation. When the statistical properties of the PSC beam tested in this study are applied, the reliability index with

a larger value was obtained than the reliability index obtained with the statistical properties of the design code.
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Fig. 1 Design live load model : (a) DB-24 of KHBDC;
(b) DL-24 of KHBDC; (c¢) KL-510 of KBDC-LSD
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Photo 1 PSC beam girder bridge for verification

(unit : mm)

275
5
[T '
=3 )
1 .
\
o |
g
|

s o=
300 90

g o
200 e 450 g
L d 2

E

125 5|
) = — 1 S— -

(a) (b)

Fig. 2 Section of PSC beam girder for evaluation :
(a) center section ; (b) support section
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Fig. 4 3D P-F Modeling of a PSC beam bridge for verification
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Fig. 5 Comparison of unfactored and factored load effects of design codes
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Table 1 Estimation of statistical properties for design parameters
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Parameter No. of specimen . m o
Design  Test Test KBDC-LSD  Test  KBDC-LSD
Compression strength of ~ Girder 45 35.00 25773  38.03  7.50 1.087 1.180 0.197 0.120
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Table 3 Flexural strength of PSC beam

Flexural strength Statistical

Design code (kN - m) properties
M, My M., A B
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KBDC-LSD 5,294 7,140 1.176 0.081
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Table 4 Loading configurations of test truck

Test truck
Component . g d
1% axle 2" axle 3™ axle Total
Axle load (kN) 74.30 95.15 95.15 264.60
Tread (m) 2.050 1.850 1.850 -
Wheel spacing (m) 3.225 1.300 4.525

Table 5 Response modification factor &, from static load test

Displacement (mm)

K,

Girder LC1 LC2

b, O S, b LC1 LC2
Gl -0.068 -0.060 -7222 -7264 1.132  0.994
G2 -1.019  -0.923 -5.001 -4.921 1.104  1.018
G3 2.638 2550 -2.554 -2.399 1.034  1.065
G4 5161 -5.194 -0.998 -0.869 0994  1.148
G5 7434 7254 -0.080 -0.120 1.025  0.669
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Fig. 9 Comparison of displacement obtained from static load test
and finite element analysis: (a) LC 1; (b) LC 2

Table 6 Dynamic impact factor of measured data and design code

Speed of test truck
Component
V=10km/h V=30km/h V=50km/h
Deflection  Dynamic -6.773 -6.651 -7.168
(mm) Static -6.540
Dynamic impact factor 0.036 0.017 0.096
KHBDC 0.226
KBDC-LSD 0.25

Table 7 Comparison of rating factor based on KHBDC and KBDC-LSD
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Alkste] vl wak Tt

g3to] A3 shsa kel AR =2 RE 22| Wst
AlLFSFATE Table 70)= ASn ol tiste] HAY ==
BN} AJHAE, SHREAATE st ALtE sk
YERH AT KHBDC 8| W38 0.619% 3 HEAZATE 1L

Load effect (kN - m) Flexural strength
Evaluation method Unfactored Factored (kN - m) RE
DC DWW LL Total DC DW LL Total M, M,
KHBDC 1,950 401 1,660 4,011 2,535 521 3,569 6,625 6,193 5,264 0.615
KBDC-LSD 1,950 401 1,776 4,127 2,438 602 3,197 6236 6,193 5294  0.701
Test data 1,950 401 1,557 3,908 2,438 602 2,803 5,843 6,549 5,601 0.908
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213} 0.615°]H, KBDC-LSD ] H3}-8-20.705 2 S HEA
AgE a2t 0.701°] bt} o]of we} KBDC-LSD 7]%F
B o 2 AP E 58~ KHBDC 714+ a3 7o) Ws}
SR} 14% A A AT
TS Ao RRE AL A5 Fxe T Ada
FASAATE s, nEge] 437} ke ALksEA
o ASAEE S B ete2 AR &%
A=V ST ARV %k_i 741*P54°i°_i W] i
137 kg R =] 4k
A= ). webA g WEHWW 718k WEF Gt ke
71 A 719k Yehe R 25 A Ugtor, o]
T-9] ti’d PSC beam 58] A= Ho|HE A-&3F Y 5}&H
o} FH 9] 3hs FUTh

§

EWE DC, DW, L—f—i—*ﬂﬂwﬂ/ﬂ ﬂl/\lo} 7} sl

oJFF SFEWFE RE FEWSE FAHNOE SYolth, 21
HSE SM3] T BRG] FASH L ABREE
Table 8¢ Ae]=lo] glom, IToﬂ ol8t EAEAL 277

° 2 SR WAANFHIAY ﬂWﬂltﬂ)«l F= AgHgolA
of AL= J= S o] &I THNowak, 1999; Hwang,
2008). PSC A 2] # &7 °ﬂ o3t BAIEA-2 o] ATl A
A% AFae Alg dolE|2HE F4% 3t AAVE
Nkel] 281 SAEA S ©]-8-3HH(Paik et al., 2009).

2] (3)oll A AASHE AP ENEHl tigh 212 =x]4= 7|
A dAoIRIEHER o o]sle] A== 2 (7)) 22
3} A 25 A4k 4= QITH(Haldar and Mahadevan, 1995).

Table 8 Statistical properties of random variables

) Statistical properties  Distribution
Random variable
A ) type
DC 1.030 0.080 Normal
Load DW 1.000 0250 Normal
effect

LL 1.000 0.200 Gumbel
Member KBDC-LSD 1.056 0.073 Lognormal
strength Test 1.176 0.081 Lognormal

242 SHRPEZZICLSX|R2|R5E| =2 F M 252 ®6Z(2021. 12)

Ml;ﬁ I xIl: 5 Subject to g(X) 0 (7)

A71A pE AHEAF, X D g 2 BEYTREE

oA SERsaE e} AGHSTE A s, |1,
= L2-norm< &gt} o] Aol A Aw ko] A EX TS

3 s)7] $3 ®WH © & Hasofer-Lind-Rackwitz-Fiessler %L
32158 A A tHLiu and Kiureghian, 1991). B4 7232
o] 354~ Rackwitz-Fiessler method-& ©]-838}e] 57} A
THEE FEUTE HSsl AFgzside st
(Rackwitz and Fiessler, 1978).

Fste] F4% €
o] AFEE 4RI Flg 100 *la/é] d< Bt
3l X‘]ﬂ%_‘::_ TAER S AL "]QEXVFQ} AANET

< Yele A= aAla7) 2totA g & AB =R
Fa Tk vl o] MIEAFE ERE S T
AASHTO LRFD(2018)°l14+=PSC n&2] F AFASFE 1.0
o= Agstal QojA, I wF 7| FABEe; Aol
it A5 AFATE 28T v o= 2F0.85 75 57
A &A=l vlshe] & x}o]& B2tk PSC beam 2| ¥ 7

= SZ_]%ZHQI 0]7(1-7]-1:0]] = Oclé*k& Hl-ou:] /\]Q I:;q_/':
= 78'74]«] Eﬁ]_«k]oﬂ = Oclz‘g S 11321— ] Qq. ?___]H]-X-] o§7]
A= ol D=0 Fho| B E RFUAE B Y EE e

E
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— Target reliability index

4.0 A
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0.0 ]

Test properties Design code properties

Reliability index

Statistical properties of member strength

Fig. 10 Reliability index of test beam obtained by applying
different set of static properties
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