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Abstract - In this study, a conversion method is proposed using the correlation between the rating factor by ASD(allowable
strength design) and the rating factor by LSD(limit state design). then the reliability and applicability of the conversion method
are verified using 32 bridges. In addition, the effect of the improvement applied to the rating factor evaluation is confirmed by
comparing it with the deflection improvement ratio based on the load test. The results of this study are expected to be helpful for
the conversion of rating factors from ASD to LSD, and the maintenance of bridges in use.
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Table 1. Evaluation method applied in this study

LSD 1 LSD 2
Item ASD Ultimate | Service | Ultimate | Service
1 11 1 1I
Slabunder | G| Nc | NC | NC C
tension
Modulus of Agin
elasticity of | D.S D.S D.S 18mng
considerations
concrete
Effect of np=1.0 np=0.95
integrated | N.C | g=1.0 | N.C |[5n,=095| N.C
barrier YAL = 1.0 YAL = 0.90

Ultimate I: ultimate limit state I, Service II: service limit state I, N.C or C:
no consideration or consideration, D.S: design strength, 77: load modify fac-
tor relating to ductility, #7&: load modify factor relating to redundancy, na..:
evaluation live load factor
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Table 2. Status of sample bridges
Id Span configuration g;)(ieorf; Width | No. of | Completion Analysis sec'ilons EA) Remark
(m) (EA) (m) | lanes year () O] Sum
moment | moment

Br.01 56+35+62+50+45 = 248 2 9.3 2 2001 4 4 8 -

Br.02 57+39+48+48 = 192 1 5.8 1 2001 4 3 7 |One girder curved bridge
Br.03 49+3@50+35 =234 3 20.0 4 1997 4 4 8 -

Br.04 2@50+60+2@50 =260 3 20.5 4 2001 4 4 8 -

Br.05 50+60+70 = 180 2 13.0 2 2001 3 2 5 -

Br.06 63+70+63 =196 2 10.9 2 2012 2 1 3 -

Br.07 63+70+63 = 196 2 10.4 2 2012 2 1 3 -

Br.08 3@70=210 3 19.3 3 2012 2 1 3 -

Br.09 2@50 =100 3 17.9 4 2012 1 1 2 -

Br.10 54.5+55+54.5 =164 1 7.9 1 2012 2 1 3 One girder
Br.11| 32.5+40+48+40+32.5=193 2 16.0 4 1991 3 2 5 -

Br.12 45+65+45 = 155 2 11.9 3 2014 4 2 6 -

Br.13 39+45+37 =121 2 7.9 2 2014 2 1 3 -

Br.14 3@40 =120 2 7.9 2 2014 2 1 3 Curved bridge
Br.15 55+60+2@55 =230 2 8.0 1 2006 4 3 7 Curved bridge
Br.16 | 45+3@60+70+60+50 = 405 4 23.0 5 2006 4 4 8 -

Br.17| 31+3@41+62.5+48.5 =265 1 7.5 1 2006 2 2 4 One girder
Br.18 | 50+60+2@45+2@50+45 = 345 1 7.5 1 2006 2 2 4 One girder
Br.19 2@50 =100 4 235 6 1998 2 2 4 -

Br.20 2@42.5+2@60 = 205 4 25.0 6 1999 2 2 4 -

Br.21 2@57.5+2@60 = 235 4 25.0 6 1999 2 2 4 -

Br.22 2@45.3=90.6 5 26.8 6 1980 2 2 4 U-shape girder
Br.23 45+3@50+45 =240 2 12.1 2 1998 2 2 4 -

Br.24 30+62 =92 3 14.8 2 2003 3 3 6 -

Br.25 2@50 =100 2 12.1 2 2003 2 2 4 -

Br.26 40+50+40 =130 2 12.6 2 2003 1 1 2 -

Br.27 3@50+40+35 =225 1 9.0 1 2003 2 2 4 One girder
Br.28 50+60+70+60+50 = 290 1 9.0 1 2003 2 2 4 One girder
Br29| 3@50+2@60+4@50 =470 2 16.5 2 2003 2 2 4 -

Br.30 3@50+60+50 = 260 2 16.5 2 2003 2 2 4 -

Br.31 55+2@70+55 =250 3 16.5 4 2006 4 4 8 -

Br.32 55+2@60+55 =230 3 16.5 4 2006 4 4 8 -

Total

o]
w

3
—_

154 -

Table 3. Equation for conversion of rating factor

Item

Conversion equation

Linear equation

Proportional equation

Quadratic equation

(M Compact section | RF sp = 1.080RF4sp + 1.078 | RFsp=1.381RFssp | RFsp = 70.0565(RFASD)2 + 1.628RF ssp

LSD 1 Non-compact section | RFrsp = 0.895RFssp + 0.550 | RFsp = 1.049RFsp | RF1sp = 70.0281(RFASD)2 + 1.171RFssp
-M RFsp=0.966RFsp + 0.594 | RF sp=1.140RFssp | RF1sp =—0.0354(RFsp)” + 1.290RFssp

M Compact section | RFsp = 1.203RFxsp + 1.086 | RFysp=1.507RFxsp | RFsp = —0.0582(RFsp)” + 1.761RF ssp

LSD 2 Non-compact section | RFysp = 1.050RFsp + 0.766 | RFysp = 1.264RFssp | RF1sp =—0.0390(RFsp)* + 1.434RF ssp
-M RFysp=1.141RFsp + 0.808 | RFysp=1.377TRFsp | RF1sp=—-0.0481(RFsp)* + 1.581RF asp

T3] = A3 AR TS A712) 20219 44 89
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Table 4. A measure of how well conversion equation fits RFs

Coefficient of determination (%)
Item Linear | Proportional | Quadratic
eq. eq. eq.
Comp.” | 94.6 85.9 93.9
(HM -
LSD 1 Non-comp. 97.8 94.4 97.3
-M 97.3 93.5 96.7
Comp. 98.6 91.2 98.2
(HM
LSD 2 Non-comp. | 96.9 92.1 96.3
-™M 96.5 91.5 95.7
Average 97.0 91.4 96.4

"Proportional eq.: linear eq. without constant term
“Comp.: compact section
“*Non-comp.: non-compact section
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Table 5. Verification of conversion by each equation of LSD 1
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Section type
Item Equation
(+)M compact section (+)M non-compact section (-)M section
© Calculated RF 4sp - 1.441 -9.551 1.441 - 9.551 1.227 - 8.095
® Calculated RF;sp - 2.332-10.884 1.675 - 8.944 1.530 - 7.942
Linear 2.632-11.391 1.840 -9.098 1.779 - 8.442
® Converted RF;sp Proportional 1.990 - 13.190 1.512-10.019 1.399 -9.228
Quadratic 2.299 - 10.395 1.629 - 8.621 1.530 - 8.123
Linear -223-14.7 -16.6-94 -19.9-16.6
Percent error .
=@ -®@)/ @, %) Proportloflal -25.2-21.2 -18.6-12.9 -31.6-16.2
Quadratic -21.3-15.6 -15.6-10.4 -25.2-10.7
Average of Linear 0.677 0.381 0.562
percent error Proportional -5.658 —4.099 -5.016
(%) Quadratic ~0.898 ~0.925 1115
Standard deviation Of Linear 7.286 5.179 5.701
percent error Proportional 10.436 7.438 8.634
(%) Quadratic 8.214 5.900 6.919
Probability of percent error Linear 82.8 94.6 91.9
within £10 % Proportional 59.5 75.7 67.7
(%) Quadratic 77.4 90.6 84.6
Probability of percent error Linear 50.6 664 61.7
within £5 % Proportional 32.1 43.8 37.6
(%) Quadratic 455 59.7 52.4
6 9 8
5 8 7
7 6
4 6 s
5
’ 82.8 % 4 94.6 % N
2 3 3
| ! 2 2
! 1 1 ! !
0 : 0 ‘ 0 ‘ ‘
20% -10% 0% 10 % 20%  -20% -10% 0% 10 % 20% 20% -10% 0% 10 % 20 %

(a) (+)M compact section

(b) (+)M non-compact section

(¢) (-)M section

Fig. 1. Normal distribution of error ratio by linear equation of LSD_1 (example)
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Table 6. Status of sample bridges for verification

1d. g co(nnf;l)guratlon Le: (()]2 il)r dei “(Illl(li;h Completion year Remark
Br.A 56+75+55 =186 3 18.0 2001 -
Br.B 59+58+50 =167 1 5.8 2001 One girder curved bridge
Table 7. Verification of conversion by each equation of LSD 1 for sample bridges
Section type
Item Equation
()M compact section | (+)M non-compact section (-)M section
@  Calculated RFsp - 2.729 - 2.909 2.729 - 2.909 3.550-4.614
@  Calculated RF.sp - 4.081 -4.353 3.011-3.212 4.115-5.334
Linear 4.023-4.218 2.992 -3.154 4.023 - 5.051
Bridee A ® Converted RF;sp Proportional 3.769 -4.017 2.863 - 3.052 4.047 - 5.260
ridge
g Quadratic 4.022 - 4.258 2.986 - 3.169 4.133-5.198
Linear -3.1--14 -1.8--0.6 -53--22
Percent error .
Proportional =77 -5.0--49 -1.7--1.4
C@-@)/®,%) pom
Quadratic -22--14 -1.3--0.8 -25-04
@  Calculated RFsp - 2.724 - 2.830 2.724 - 2.830 2.802 - 2.926
@  Calculated RFsp - 4.158 -4.423 3.011-3.212 3414 -3.491
Linear 4.018 -4.132 2.988 - 3.154 3.301 -3.421
Bridee B ® Converted RF;sp Proportional 3.762 - 3.908 2.857-2.969 3.194 - 3.336
ridge
g Quadratic 4.015-4.155 2.981-3.089 3.337-3.471
Linear -6.6--3.4 -1.3--0.8 -3.3--2.0
Percent error .
=@ —-2)/ @, %) Proportlo.nal -11.6 --9.5 -5.1--49 —6.4--45
Quadratic -6.1--3.4 -1.1--1.0 -2.3--0.6

92 R=7FFAoS] = AIBE AL (A A7) 20214 44
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Table 8. Verification of conversion by each equation of LSD 2

lo

w50 - AT - 9

7

St AlER -89 327 o] JRHER
837 &, FEHER 7170 DS Aol -85t

ASDO] &Jet U5l RFaspE Table 3] LSD_2¢ tigh
2} gHitAof] 21-8-510] Sh4t WiskE(converted RFsp)& 4t
g5k, AP Ao A LSD_20] ofsf 213 ALt Wohd
RFspE 3L 0. 2 JH5oto] H| 1ot 23 Table 8°f] Lt}
WRAT. 124 Fig. 200 124} o= A Shik4fol digt 2
&2 HHE =] LS HERH A

Table 825§ Table 304 A|A|Qk AF==do] 00] obd
13194 0. =2 2kt 7 g7t fiR| o)A 2] it RFisp
+ AP Aol A LSD_2 Bl ofsh 215 ANEE RF Lo

Section type
Item Equation
(+)M compact section (+)M non-compact section (-)M section
@ Calculated RFxsp - 1.441 - 9.551 1.441 - 9.551 1.227 - 8.095
@ Calculated RF;sp - 2.532 -12.003 2.053 -10.577 1.874 -9.415
Linear 2.820-12.576 2.279 -10.795 2.208 - 10.044
® Converted RF;sp Proportional 2.172 - 14.393 1.821-12.072 1.690 - 11.147
Quadratic 2417 -11.510 1.985-10.138 1.867 - 9.646
Linear -10.5-114 -18.0-11.8 -22.1-18.1
Percent error .
Proportional -25.5-20.2 -20.7-15.2 -34.5-18.4
=O-@)/®,%) portie!
Quadratic -12.0-74 -17.3-12.2 -27.6-124
Average of Linear 0.260 0.496 0.457
percent error Proportional -5.650 —4.625 -5.444
(%) Quadratic ~1.156 -0.970 ~1.201
Standard deViaﬁOn Of Linear 2946 5937 6353
percent error Proportional 7.689 8.500 9.571
(%) Quadratic 4.308 6.764 7.683
Probability of percent error Linear 99.9 90.7 88.4
within £10 % Proportional 69.3 69.4 62.7
(%) Quadratic 97.5 85.7 80.2
Probability of percent error Linear 90.9 599 56.8
within £5 % Proportional 383 38.9 342
(%) Quadratic 73.7 53.6 48.0
16 8 7
14 7 6
12 6 5
" : :
6 99.9 % 3 3
4 2 2
2 1 1
0 0 ! H 0 ! |
215% -10% 5% 0% 5% 10% 15% -20% -10% 0% 10 % 20% -20% -10% 0% 10 % 20%

(a) (+)M compact section

(b) (+)M non-compact section

(¢) (-)M section

Fig. 2. Normal distribution of error ratio by linear equation of LSD_2 (example)
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o} Q 2} H]-&-0] 0] 0.5 % o 2 ZFom, QA H[E+10 %
oY= itE FE0] 88.4 % - 99.9 %= UJER} A1F] o]
E2 2108 YePth T2y @3 H|E +5 % o[ = SH4F
2 52 56.8 % - 90.9 %= e A1 2|4 J0] Aotol= 7
FE UERA A

31, Table 82 F-E] Table 301 4] A|AISF AH4=3}o] 091
12} ]| 4] 0.2 FRAKSH 7} 37k Y R|of| A 2] ZHAL RF 51
+= LSD_2 "] oo 2 Al RFspETHF5 % FE
A A== o] Qlom, @A} HIE £10 % o= &
A+ 8H50] 62.7 % - 69.4 %E LEFGTE. o] 25 E A3}
o] 021 12} B]F|4lof] &J gt B4 RF spi= 230 A= 12}
A Alof| vlsto] Alg o] thh oA = RS L 5
o2]gt A¥h= LSD_194¢} o] Table 4] Uebdl 7} 3}
4HA1 9] Aol 4] 12} Bl 49 A o0& e AXA
520} 3AFA] O] A E 007 A gho] whE A 5} o
G717 YQlo g wekEch

T12] 11 Table 82 F-E] Table 394 A A5t 23} §H4=4] o
2 ST RFsp= LSD_2 3ol 98l A3 Al4HE RFLsp
Hr} ok 1 % Ak AA 4P == ARl Ao, 24 HlE
£10 % o & hikE 8-80] 80.2 % - 97.5 %= YER} At
£:go] 091 12} H] & Alof] H]of =2 A=/ dS FH S 4= 9l
£ 202 g

p

M)
o

=

o|dx} Zo] 371A] gHibAlol thgt A Aol Al 12 9
T SHAHA] S Aeado] 00] obd 12} A9 Ao o]t ghito]
QAL H|E £10 % o= 3HikE $HE0] 88.4 % - 99.9 %=
WS A vEhd, diF o2 QA7) 2L Alg)/go] =
2 ANE AlFok= A= YT

322 B o9 A8 St A5

LSD_19] f5of|4el o] ehibAl S Ag skt ARE-3t
327) WEF 9]0 Table 69] 27 ko] ko] LSD 2 ¥
of| oJsf 234 A4 RFLspt SHAF RF5pE H| 25 ASD
ol A LSD= 9] i1 9] 2-8/4d 2 A

A} wefo] AR ERCl R E oA Z}F 279 ¢t
HE A7 sto] & 87 D] ths ASDL} LSD 29 9Jgt
Wole- APgotgl om, Aokt 3714] 4] 0] EH4AbAE o]
85t SAF Y5183} v wsto] Table 99 2|51t

Table 99]] %] 2]3} Bridge AS] 7% 13} A& A7} 21} §F
2] o] &3t $AF YiskE(converted RFsp)y2> LSD_2 B}
Hol| oJ5f] 2] AAFE RF5p2F 2A4HH]E 9F 6 % O 2 1]
A QA7 AL A 0 &2 WrlE|l o, 12} vl 4lo| o]5t
SRS B E S H T A 0 2 £2 QA U
= A o= g1}t

Bridge BQ] 0% 13} 342413} 23} 3H4=4] L 0] 85t

Table 9. Verification of conversion by each equation of LSD_2 for sample bridges

Section type
Item Equation

(+)M compact section | (+)M non-compact section (-)M section
@ Calculated RF4sp - 2.729 - 2.909 2.729 -2.909 3.550-4.614
@  Calculated RF.sp - 4.423 -4.702 3.659-3.897 4.984 - 6.452
Linear 4.369 - 4.586 3.631-3.820 4.859 - 6.073
Bridge A ® Converted RF;sp Proportional 4.113 -4.384 3.449 -3.677 4.888 - 6.353
Quadratic 4.372 - 4.630 3.623 - 3.841 5.006 - 6.271

Linear -2.5--12 -2.0--0.8 -59-25

i (}grfeg)e/“g)‘: vy | Proportional ~7.0--6.8 -5.7--5.6 ~1.9--15

Quadratic -1.5--1.1 -14--1.0 -2.5-04
@  Calculated RFsp - 2.724 - 2.830 2.724 - 2.830 2.802 -2.926
@  Calculated RFsp - 4.506 - 4.792 3.666-3.919 4.158 - 4.241
Linear 4.363 - 4.490 3.626 - 3.738 4.005 - 4.147
Bridge B ® Converted RF;sp Proportional 4.105 - 4.265 3.443 -3.577 3.858 -4.029
Quadratic 4.365-4.518 3.617 -3.746 4.052-4.214

Linear —-6.3--32 —4.6--1.1 -3.7--22

. (grfeg)e/‘g yy | Proportional ~11.0--8.9 8.7--6.1 72--50

Quadratic -5.7--3.1 —44--13 -2.5--0.6
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S Hiskeo] LSD_2 W o3 A5 ALk RFLSD@r
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o] 2|3t A= RFsp T4 O] HSOl A 1T et 2

o] Q& +10 % o|Wj9] A=l 7MY & Aol 02l

12} H]#| 4] 9] $HAE RF L7} A TS 170 A-Bo Ak
QA7} 7P AA UEH, 371A] A FolA diFow
A7 32 A0S ASaL & 4=

LSD_10]4 9} Zro] 7HA1-& HHJ 3t LSD_ 204 &= AF=3t

o] 091 12} H] | 419] BHAk RF 5p I 271 W] H-8AL

gloflA] Q2F7F9F 10 % H = FFE0|BE 2 AR E 3
HITh & 4 itk Z1#{u Table 90f Lebd A3} 2o
WSh& 2F 3.0 o5} HH ol A= $HAF RFLp7t LSD_20]) ©
S 215 AL Wisk&E ot 2A B7hE o] QP S0 = gt
Hrhe A3k o v E 3 YolkeS J3H oz 44
AP 4= ok A2 048] 87t s 4 3

ool A5 o =R H 1A AP AT 27} oA o] ik
Sha H7HE = @34 £10 % o 2] ShEo| AHiA o2 =
31, AA 27) 7] A-GAR| oA = HF 10 % B]Tke] @
S H 1 Uk webA LSD_29] gHikAw F5HA 0 & vt
=3} glst AT 123t A0 2 mekgth

Q.

Lﬁ_l

3.3 AR A%

o] ol M LSDE o] g3t thelel Wrupel A
LSD_13} 71415] LSD_29] A3HE ¥|mshaL A41Akge]
2342 elsto] Table 109] ek ek

o
P

|

Table 10. Improved ratio in each section by LSD

Table 100]4= St &4o] gle dvtael wEke
ASDO| 9§t Wohe RFasp7} 1.0 - 7.0 Atelofl Qlekar 714
Stof S 9 QoA LSD_1 & LSD_2° o]t ish&9]
WIS AP SEAL RFAspOll TRt Z12}9] 2|2 Y]
Aot 11 AT A-8-0] aatE g]lst] flsto] Z+
SHiHEE7k0] AT B1E] RivprovE AIAI ST

ERFAPYE 7} HlE0] HEE 3RS Figs. 3-50f B QL
o} Wshe g4k o “41°J AS2 HollA AAlstleE=
A2 0 2 AZ L7} =2 12} A AT} 23} 4 3HAFA]
2 0|85} RF pE A5t Bl WSk, 11 23}, Y
ER oAy} RHHER chof| Aglo] RFasp7H 1.09714]
7022 F7 5ol wheh 12F A A2 A FEje] THikH]
&3 U, 23} 3hAHA 2 2 A e of SRA] -2 LEt
Witk 1811 2714 5 REssp/F 271348 SHAH|E
L ZrAas= AR YERQITH

Fig. 49] g HH EX B 2 UhHO| 74 2ofl=7d ZH LSD _1
2 71739, RFasp7} OF 5 0/42] ol A= eikeol
1.0 o]5}= Aot = A 0 & UEtth o]= LSD= B7I3t
st o] ASDO] WistE Ho} REEA] AA| B7teE]= ATk
ofgl= AL 9Julgitt. o] AP AT-(Noh er al. ol A]

71 At Zo] vl 2 UHHAS LSDO] = RHAYHI = 3

7tohe 7%, @Y A= 51-8-80] ofd A=
FELERE A-&5lelete stsAlaol ofgt AASEe 5
7ta a7t B 3A A-gste] LSDoY| 2f3t Wskeo] ASDO
O3t Woha o} Ak 7] wizeltt.

2, 12 AP 4o ot Z=4 FEj Q] Shibelex 23
oo ofet g el 9] gHitHlES H| s, LSD 29
OJ2t $HitH|&0] G4F LSD_19] SHitH| & H T} =2 9| A] o

()M compact section

(+)M non-compact section (-)M section

Function conversion formula

Item
Linear Quadratic Linear Quadratic Linear Quadratic
equation equation equation equation equation equation
RFasp 1.0-7.0
RFsp 2.158-8.638 | 1.572-8.627 | 1.445-6.815 | 1.143-6.820 | 1.560-7.356 | 1.255-7.295
RFsp » 2.289-9.507 | 1.733-9.685 1.816-8.116 | 1.375-7.987 | 1.949-8.795 | 1.533-8.710

R = RFsp_1/RFasp 2.158 - 1.234 1.572 - 1.233

1.445-0.974 | 1.143-0.974 1.560 - 1.051 1.255-1.042

Ry = RFsp »/RFasp 2.289-1.358 1.733 - 1.384

1.816-1.159 | 1.375-1.141 1.949 - 1.26 1.533 - 1.244

Rimprov = Ra/Ry 1.061 - 1.101 1.103 - 1.123

1.257 - 1.191 1.203 -1.171 1.249-1.196 | 1.222-1.194

Average R]MPROV 1.089 1.112

1.208 1.188 1.210 1.209

T2 = A3 ARE(SAANT71E) 20219 44 95
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(b) Quadratic equation applied

Fig. 3. Improved ratio in (+)moment compact section

2.5
.......... RF s /RF 5,
20 === RFy5p o/RFyg
—— RF, L.s‘U,z/RF LSD_1
=t
s L5
& | me==e-—eo o ____
Lo | T,
0.5

(b) Quadratic equation applied

Fig. 4. Improved ratio in (+)moment non-compact section
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(a) Linear equation applied
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(b) Quadratic equation applied

Fig. 5. Improved ratio in (-)moment section
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Table 11. Verification of improved ratio

Section

(+HM

Item Aver. Remark

Non- M

Comp. .

Table 10

RFsp|1.101|1.198 | 1.210 | 1.169 (in this study)

Improved Aver. Ry
Catio RF4sp 1.145 1.239 | 1.190 (Noh et al.l")

. Aver. R,
Disp. 1167 1.167 (Noh et al.l")
3} Zro] ZUThH O] Aol 7ML 28 A LSD 19]]

A= wha of o tigt oS HESh= S3Ho] AHgHA
JHIRA2 L, 7 AdE LSD 2004 A= H o84 AlEE
S AP G S7E= ste] =7 WskEo]
ARGIIE] HISHEHTE 10 % o1 &7l AP = et = A
AVSE7E AR IR W H o2 ARl Eo] tha A
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wHepA] 2T ] i HlE2 v 2 e 2]
AAAFR 8ol 2l AJufRtAl e o] W sk AYste] 74
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