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Abstract - In this study, the suggestions for improvements are provided for structural analysis procedure to make the model

converge to the real behavior of bridge structures, by analyzing results from load-carrying-capacity evaluation of bridges with

which load test has been carried out. Suggestions for applying the same improvements are also provided for the rating factor

evaluation procedure, and the results of suggestions for 2 procedures are verified. Also, this study is expected to help deter-

mining the load modification factor in Limited State Design method (LSD).
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Table 1. Load testing sample bridges

I Span configuration | Width | No. of | Completion
tem
and length (m) (m) lanes year
Bra| S635+62E50+45 | oo 5 2001
=248
2@50+60+2@50 4
Br.B —260 20.5 (two-way) 2001
49+3@50+35 4
Br.C ~234 20.0 (one-way) 1997
55+2@70+55 4
Br.D =550 165 | (oneaway) | 2006
63+70+63
Br.E ~196 10.9 2 2012
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Fig. 1. Bridge A

=

20,500

4,000 _ 3,500 1,000, 3,500 4000 50!
s W o | =
OF ROAD
2% J 2 trucks
L\uuuuu l TTTTT l uuuuu%L
u {7 u “‘ﬂ
T L1 L1
@
| 2,100 | 2,200 | 4,850 | 2,200 | 4,850 | 2,200 | 2,100 |
t t t t

t t
20,500

(a) Typical cross section
' 260,000
[ s0000 50000 60,000 . 50,000 | 50,000
I 130,000 20,000

(b) Longitudinal section
Fig. 2. Bridge B

20.000
4,000 15,715 285
450 3.500 300 4@3,600=14.400 81
‘ Tais
2 trucks 2 trucks
Sand 51 T
800% e I T B [ 3/ 17090
wwwwwww J_ TTTTTrIT J_W”HI” =200
2,500
fa0h 2800 | 4700 | 2800 | 4700 | 2.800 {.00F

19.995

(a) Typical cross section

4 240,000
l 49,880 0 50,000 | 50,000 0 50,000 , 39,770 330

25,000, 25,000

e
U T i i

— —I
(+3)

(b) Longitudinal section

Fig. 3. Bridge C
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(b) Longitudinal section
Fig. 5. Bridge E
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Table 2. Frequency ratio of sample bridges

Measured Analysed Response

Name of | predominant natural ratio
bridge frequency frequency (= mea. value
(Hz) (Hz) / anal. value)

A 1.918 1.520 1.262

B 2.783 1.655 1.682

C 2.197 1.969 1.116

D 1.318 1.132 1.164

E 1.318 1.107 1.191
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(b) 3 girder bridge

Fig. 6. Cross section of bridge with protective barrier
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Table 3. Moment of inertia of composite girder at (-)moment section

Moment of inertia afger composition,
No. of I (mm®) Ratio
support Case 1 Case 2 (= Case 2
parts | (only reinforced | (consideration of | / Case 1)
bar) slab width)
Ist 2.014x10" 3.005%x10" 1.492
2nd 2.352x10" 3.604x10" 1.532
3rd 2.830x10" 4.193x10" 1.482
4th 1.782x10" 2.716x10" 1.524
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Table 4. Bending moment for live load at composite girder

Bending moment

(N"m) Ratio
Item Y
Case 1 | Case?2 CaaS:e 1 Average

Istspan | 6,312.3 | 5,973.0 | 0.946
3rd span 5,581.6 | 5,532.1 | 0.991

+)M. 0.965
) 4thspan | 4,088.7 | 3,860.1 | 0.944
Sthspan | 4,586.0 | 4,493.7 | 0.980
st support |-5,530.9 | -5,782.1 | 1.045
2nd rt | -6,029.6 | -6,408.1 | 1.063

(M, [ SUPPOTE |7, : 1.033
3rd support |-7,112.6 | -7,175.2| 1.009
4th support |-5,142.2 [ -5,220.2 | 1.015

Arrangement of the second span is omitted, because the span length is short

and the positive moment is small.

Table 5. Deflection response of composite girder
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Case 1 Case 2
. Load Mea.
Girder def. Anal. Res Anal. Res
%€ | (mm) | def. ratiI()). et ratil())' Table 7. Moment of inertia of composite girder (external)
(mm) (mm) . p g
G LCI1| 4114 | 6578 | 1.599 | 5.736 | 1.394 Case A Case B Case C
¢ |Lc2] 9.145 | 15379 | 1.682 | 13.665 | 1.494 Bzt I I Ratio I Ratio
e A B C
G LC1| 6.129 | 8710 | 1.421 | 7.855 | 1.282 position 10" | (x10" | =15 | (x10" | (=1c
P 1L.Cc2|10.527 | 15353 | 1.458 | 13.645 | 1.296 mm?) | mm*) | /L) | mmY) | /L)
Average 1.540 1.367 Center | 3.136 | 3.995 | 1.274 | 4.157 | 1.326

Response ratio of deflection = (analysed deflection / measured deflection)

Table 6. 1st mode frequency of bridge after composition

Br.A

Support| 3.278 | 4.036 | 1.231 | 4.184 | 1.276
Center | 4392 | 4.903 | 1.116 | 5.058 | 1.152
Support| 5.757 | 6.412 | 1.114 | 6.641 | 1.154

Br.B

Measured Case 1 Case 2
predominant | Analysed Analysed
Item yse yse
frequency natural Retgp " | natural Retsp.
(Hz) freq. (Hz) ratio freq. (Hz) rato
Br.A 1.918 1.520 1.262 1.651 1.162

Response ratio of frequency = (measured frequency / analysed frequency)

218 F=x7d7-201] =g AI32 A2 (FE A1672) 20209 8

Center | 4.023 | 4.348 | 1.081 | 4.501 | 1.119
Support | 5.630 | 6.018 | 1.069 | 6.227 | 1.106
Center | 3.164 | 4.122 | 1303 | 4.318 | 1.365
Support | 8.505 | 10.697 | 1.258 | 11.119 | 1.307
Center | 3.917 | 4.795 | 1.224 | 4971 | 1.269
Support| 7.717 | 9.042 | 1.172 | 9377 | 1.215

Br.C

Br.D

Br.E
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Table 8. Live load bending moment of composite girder

Case A Case B Case C
Evaluated - :

girder M, Mg Ralt\ilo Mec Ralt\;[o
and position | (kN-m) |(kN-m) (/MA)B (kNm) (/I\/IA)C
Center | 5,973 | 6,025 | 1.009 | 6,035 | 1.011

Br.A [Ext.
Support | -5,782 | -5,765 | 0.997 | -5,763 | 0.997
Center | 7,342 | 7,422 | 1.011 | 7,426 | 1.011

Br.B|Ext.
Support | -8,132 | -8,220 | 1.011 | -8,247 | 1.014
Center | 5,211 | 5,415 | 1.039 | 5,456 | 1.047

Br.C Ext.
Support | -6,909 | -7,018 | 1.016 | -7,039 | 1.019
Ext Center | 6,603 | 7,337 | 1.111 | 7,371 | 1.116

xt.
BrD support |-10,667|-11,260| 1.056 [-11,306| 1.060
' Int Center | 6,113 | 5,047 | 0.826 | 5,024 | 0.822
"| Support | -9,217 | -8,151 | 0.884 | -8,137 | 0.883
Center | 9,613 | 10,204 | 1.061 |10,365| 1.078

Br.E [Ext.
Support |-12,360(-12,711| 1.028 |-12,790| 1.035
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Table 9. Deflection response of composite girder — Bridge A

Table 12. Deflection response of composite girder — Bridge D

Case A Case B Case C Case A Case B Case C
Bvaluated ||| N [xnar Anal Anal Evaluated || N [Anal Anal Anal
girder L.C| disp. dis "|Resp. dis "|Resp. dis “|Resp.| P.E girder L.C| disp. dis "|Resp. dis "|Resp. dis "|Resp.|P.E
(mm)| BP- | ot | P | ratio | 4P | ratio (%) (mm) | BP- pagio | PSP | pati | 1P | ratio (%)
(mm) (mm) (mm) (mm) (mm) (mm)
G | |4114]5736]1394|4573 |1.112|4413|1073|0.53 G |6_[10357]12487]1.206]1055%9|1.020]10272/0.992/0.01
| 2 ]9.145 13665 1494 11.249] 1.230 [ 10914] 1.193[3.74 7 10112]122421.211/10333| 1.022| 10048|0.994|0.00
BrAl . | 1]61297855|1.282 /6613|1079 |6440| 1051026 1 [8.154]9.804|1.202(8.103/0.994|7.841/0.962(0.15
"1 2 [10527]13645] 1.296 | 11.230| 1.067 | 10895| 1.035 | 0.12 Gy |2 |8:018]9.851/1229]8.152/1.017|7.890/0.984]0.03
Average| - | - [1367] - |1122| - |1.088/1.16  Br.D| 6 [8.019/9.807|1.223(8.106|1.011|7.845|0.978|0.05
7 [8.2099.854/1.200(8.156]0.994|7.894|0.962(0.15
Table 10. Deflection response of composite girder — Bridge B 1 110303]124%001.21111055211.024/ 10264 10.996 | 0.00
G3
Case A | CasoB Case C 2 [10083]12235|1.213|10326] 1.024{10040(0.996|0.00
Evaluated Mea. Anal Anal Anal Average| - - |1.212) - |1.013] - 0.983]0.05
girder L.C| disp. disp. Resp. disp. Resp. disp. Resp.|P.E
(rmm) (mm) ratio (mm) ratio (mm) il | () Table 13. Deflection response of composite girder — Bridge E
Gy |2 1:5012.223]1.48212.043]1.362]1.99011.327]10.7 CasoA | CaseB Case C
o |3 | 180 |2.380]1.322|2.217]1.232|2.169|1.205| 4.2 Faluated| | M8 [ o o
4 |3.25|4.603|1.416(4.259(1.310|4.158|1.279| 7.8 girder L.C| disp. di;;' Resp. di;;' Resp. dis?)' Resp.| P.E
G 2| 2:22 3.511]1.582/3.272]1.47413.204|1.443|19.7 (emm) ) " )| P ey | ()
Br.Clright| >_| 169 [2:277]1.347|2.102]1.244|2.051|1.214| 4.6 G |4 4.930]6.598]1.338[5.728]1.162]5.404]1.096/0.92
4 |3.905.787|1.484|5.373|1.378|5.254|1.347]12.1 5 [8.010[9.502/1.186[8.7001.086|8.370|1.045(0.20
G3 |2 233 |3980|1.57313.719]1.470]3.645|1431]194 = B Gy |4 16:916]9.197]1.330|8.116|1.174]7.716]1.116|1.34
left |_>_| 1:03 |2.236/1.372|2.056/1.261]2.003|1.229| 5.2 5 [5.028[6.5621.305[5.660]1.126|5.328|1.060[0.36
4 1441 (6.214(1.409|5.77311.309|5.647(1.280| 7.9 Average| - - 290! - (1137 - (1079011
Average| - | - [1443] - [1338] - [1.307]102

Table 11. Deflection response of composite girder — Bridge C

Case A Case B Case C
Mea.

disp. Anal. R Anal. R Anal.

(mm) igp. ratio ip. ratio iy,
(mm) (mm) (mm)
2.68 |3.082|1.150(2.969(1.108|2.915|1.088|0.77
2.03 {2.495/1.229(2.398|1.181|2.351|1.158|2.50
4.57|5.577|1.220|5.367|1.174|5.266|1.152|2.32
1.331.753|1.318|1.680{1.263|1.641|1.234|5.47
2.20{3.026|1.375(2.894|1.315|2.822|1.283|7.99
1.46 [1.667|1.142|1.601{1.097|1.565|1.072|0.52
2.64 3.148|1.192|3.016|1.142|2.944/1.115|1.33
1.56 {1.875|1.202|1.811{1.161|1.773|1.137|1.86
1.42 11.862|1.311|1.795|1.264|1.757|1.237|5.63
2.90 {3.737|1.289|3.606|1.243|3.530(1.217|4.72
Average| - - |1.243) - |1.195) - |1.169|3.31

Evaluated
girder

N
@

Resp.| P.E
ratio | (%)
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Br.B|

G2

N R |WIND WA WIN|~—

(o)}

PEE W 1.16 %, A 0.12 %2 F-A4=|of 74H mdo]
23] A mgol +EH S W 5 9l

o[t A3 S| WA ot FRHERS
EAg a0 £0] a4t vlEo] dAP e
S EI} S EIFE YA S7HE B A Hsh=
o] AA| o] Zgel 717k siA mdl = drehEc)

ol

i 1o

220 573720t =g A2 A2 (FE A1672) 20209 8

Table 10°f] 2|3} Bridge BS] 79 AH5of H|4d W2
Edo] dx|=o] QAL 254 A EEE FA 9] <
IHSAGEES] Q48 TR oot ASA] 2} 544
O] QAL AFEER o7 A= LAF W e Al
ofl 2ejo] ojgt g Wis} Aok SIS g

Hat A4 %%317} Case AO[A] 144303 BEAT| T,
Case B=1.338% 744691 01, Case C=1.3072 A5}
At o] A5 HA AR SEHI7F1.205%2 4% 0] 1.09]
Ve SUES BT Bl ofdlT, PEE Wit
27} 10 %S OFF ABIBHE ZH B0 DR ot go
sl le] L tha Re 2 ek, ok, AAF
=9 W AR Dol ek A3 Sl 1000 7}
7];:][71] ZrAaslglong o]E-g] SRS 118 5H= A o] AA

2] 750 T Y= AFL ol ok

Table 11°] 2|3} Bridge C+= Case Col|A] Bt 23] &
HHZF 11692 Z2 1.00 7FAA =87k Lo, 30°
Ol L AMFE A= wEFo 2 A ] LX) A A] FEu)
S| et 5] Tdo] tha 937} YLz 10729)
A SEH|e} Bt 3.31 %2 PEGRS 754 o] vt
ARt 41242 S Gt A Qu|git

_
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we0] Y g PEolr] SR AR 284 ok
. SRS =) /\ =Zal=
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off A 7HdA ZAskaL flem, 27HA] BARS AeR B - Table 14. Frequency response of composite girder

L5 Case A Case B Case C
‘ - ea. 1 Anal Anal

g | e A1, | g, 0 o

g 1.3 (Hz) ratio (Hz) ratio (Hz) ratio | (%)

2 12 e BiA Br.A [1.918]1.651|1.162(1.834|1.046|1.863|1.030| 0.08

£ L1 = - BB Br.B |2.783]1.655|1.682|1.732]1.607|1.756|1.585|13.63

Zg 1.0 —a— Br.C Br.C (2.197(1.969|1.116|2.018|1.089{2.044|1.075| 0.49

2 o9 -%- BrD Br.D [1.318]1.132|1.165[1.256{1.050|1.277|1.032]| 0.10

o o Bk BrE [1.318/1.107]1.191]1.180] 1.117|1.212]1.088] 0.65

4 Case A Case R Case C Response ratio of frequency = (measured frequency / analysed frequency)
(a) Average of response ratio

15 1.8

o 14 1.7 n. B

§ 13 S § of T B "

g § 1.5

g” i .. BrA 2 14

g U -'® - BrB 2 s --¢- BrA

g g

3 1.0 —a— Br.C £ 12 - ®- BrB

E’ -x- BrD = —a— BrC

0.9 —%— BrLE | I -x- BrD
0.8 1.0 —%— BrE

Case A Case R Case
(b) Minimum of response ratio

Fig. 7. Improved response ratio of deflection

0.9

Case A Case B Case C

Fig. 8. Improved response ratio of frequency
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Table 15. Neutral axis of composite girder

Case A| Case B Case C

Mea.
N.A | Anal. SE Anal. SE Anal. SE

(mm) | o [0 i) | 9 |y | )
Gc center [2,034.7(1,971.6|-119(1,984.8| -2.5 |12,0344| 0.0
G support|1,952.4]1,845.5|-5.5|2,025.7| 3.8 |2,071.2| 6.1
G2 center (2,148.3|12,034.1(-5.3(2,115.9| -1.5 |2,164.2| 0.7
G3 center |2,305.7|2,063.1{-105|2,170.0| -5.9 {2,216.6|-3.9
G3 center (2,294.2|12,091.3|-8.8(2,157.9| -5.9 {2,202.1(-4.0
G3 support|2,2974|1,805.2|-214(1,866.3|-18.8|1,916.8|-16.6
G3 center |2,210.3|12,003.2(-9.4|2,263.9| 2.4 [2,3153| 4.8
G3 support|2,243.6/2,100.1|-6.4(2,354.1| 4.9 |2419.6| 7.8
G2 center (2,441.7|2,048.5(-16.1{2,228.1| -8.7 |2,293.8|-6.1
G2 support|2,414.0|2,141.9|-113|2,200.4| -8.8 |2,256.3|-6.5

Evaluated
position

Br.A

Br.B

Br.C

Br.D

Br.E
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—a— Br.C G3 cent.
—4&— Br.C G3 supp.
—»— Br.D G3 cent.

Scale error (%)

—>— Br.D G3 supp.

—*— Br.E G2 cent.
—*— Br.E G2 supp.

Case A Case B Case C
Fig. 9. Improved scale error of neutral axis
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Table 16. Improved rating factor

Rating factor

Item Ext. Ext. Int. Int. A
span span Ver.
center et center SO

Case-1 2.861 | 2.067 | 2.491 | 1.742 -

Case-2 2.861 | 2.340 | 2.491 | 1.983 -

Case-3 2.885 | 2.360 | 2.513 | 2.001 -

Br.A| Case-4 3.242 | 2.669 | 2.862 | 2.226 -

Ry | 1.000 | 1.132 | 1.000 | 1.138 | 1.068

Ratio”| Ry; | 1.008 | 1.142 | 1.009 | 1.149 | 1.077

Ry | 1.133 | 1.291 | 1.149 | 1.278 | 1.213

Case-1 3.070 | 3.204 | 3.588 | 3.987 -

Case-2 3.070 | 3.546 | 3.588 | 4.353 -

Case-3 3.094 | 3.579 | 3.612 | 4.387 -

BrB| Case-4 3.339 | 3.872 | 3.865 | 4.682 -

Ry | 1.000 | 1.107 | 1.000 | 1.092 | 1.050

Ratio | R3; | 1.008 | 1.117 | 1.007 | 1.100 | 1.058

Ry | 1.088 | 1.208 | 1.077 | 1.174 | 1.137

Case-1 4346 | 3.415 | 4.203 | 2.746 -

Case-2 4.346 | 3.781 | 4.203 | 3.112 -

Case-3 4377 | 3.811 | 4.235 | 3.141 -

Br.C| Case-4 4.609 | 4.022 | 4.506 | 3.346

Ry | 1.000 | 1.107 | 1.000 | 1.133 | 1.060

Ratio | R3; | 1.007 | 1.116 | 1.008 | 1.144 | 1.069

Ry | 1.061 | 1.178 | 1.072 | 1.218 | 1.132

Case-1 2.115 | 2.850 | 2.813 | 2.814 -

Case-2 2.115 | 3.098 | 2.813 | 3.053 -

Case-3 2.135 | 3.125 | 2.836 | 3.079 -

Br.D| Case-4 2.711 | 3.631 | 3.501 | 3.562 -

Ry | 1.000 | 1.087 | 1.000 | 1.085 | 1.043

Ratio | R3; | 1.009 | 1.096 | 1.008 | 1.094 | 1.052

Ry | 1.282 | 1.274 | 1.245 | 1.266 | 1.267

Case-1 1.825 | 2.094 | 2.497 - -

Case-2 1.825 | 2.334 | 2.497 - -

Case-3 1.841 | 2.357 | 2.518 - -

Br.E| Case-4 2.133 | 2.648 | 2.934 - -

Ry | 1.000 | 1.115 | 1.000 - 1.038
Ratio | R3; | 1.009 | 1.126 | 1.008 - 1.048
Ry | 1.169 | 1.265 | 1.175 - 1.203

R, = Case-2/Case-1, R3; = Case-3/Case-1, Ry = Case-4/Case-1

Table 17. Ratio of deflection response and rating

Improved ratio for
Item response ratio
of deflection

Improved ratio for
rating factor

Ry= Case-3 Case-4

. Case | Case
Br. | Girder | =™ | "~ [Case A [ Aver.| S.E |Aver.| S.E
Case C Ry | (%) | Ry | (%)

Br.A| G¢, Gp [1.367]1.088] 1.256 |1.077|-14.3|1.213| -3.5

Br.B| G3 |1.461|1.326] 1.102 |1.058| -4.0 |1.137| 3.2

Br.C| G3 [1.259|1.183| 1.064 |1.069| 0.5 |1.132| 6.4

Br.D|Gl1, G3|1.210|0.994| 1.217 |1.052|-13.6|1.267| 4.1

Br.E|GI1, G2|1.290{1.079| 1.195 |1.048]-12.3 |1.203| 0.6

Average - - | 1.167 |1.061) -8.7 |1.190| 2.2
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