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Abstract - In this study, the relationship between bridge design parameter and rating factor(R.F.) by the ASD method was
investigated and analyzed using the safety diagnosis report of the steel box girder bridges for the analysis bridges of 116 and
the verification bridges of 30. From this, a simple evaluation method that can easily evaluate the R.F. from the design stage
was proposed, and the validity and efficiency of the proposed method were verified. As the 1st design factor, the maximum span
length was found to have a high relationship with the R.F.. Also, using the relationship between stress for fixed load in center
span(support) and the theoretical R.F. in center span(support), it is judged that the theoretical R.F. can be estimated with high

precision in design process.

Keywords - Steel box girder bridge, Allowable stress design, Rating factor, Design parameters

LA E

WHLERE 5
FEE9 sholtt. 1B E WHALEREE HA
AutH o7 T RAIEES] F8 HAHSTE T2 EY
T Z7gotA "ol
TEAAE AN O T2 EL BA = 58 A
AR = 247 AFt2ES] 29 %39} HA =,
SH = Al 59 FofEl] Fd At ngtRES
A7 4 A7, 1= AA] Ao - Eet A1
o} & WFTRE FRE Aok 1A AAIAEE o

2 E2AEES FoliEe SHotke T8t
o
o

Note.-Discussion open until February 28, 2023. This manuscript
for this paper was submitted for review and possible publication
on April 25, 2022; revised on May 26, 2022; approved on July
04, 2022.

Copyright © 2022 by Korean Society of Steel Construction
"Corresponding author.

Tel. +82-51-410-4464 Fax. +82-51-403-3762

E-mail. kyungks@kmou.ac kr

FO| AAAF (7T 7 L F B L
(EF9Y Z3h7t E Aolrt. o]2fjt QA= AT ES] 1L
Jotse] A710 YF= =

W] Woke-2 AAR ol ‘I}E} o8- AA ) 7=
5l 5]-8-3-3 7|4 W 312(ASR: allowable stress rating), 5}

SAG AR 7125 st5AlT718E WSH(LFR: load

factor rating), 1] 3l StEAFEAA RO 7|23t oA
718F WSHE(LRFR: load and resistance factor rating)©]] 2]
o) 7} 31 Qltt. of 7] A WHSE(R F.: rating factor)°|3 7]
2 o) A 59| 28T et Aesele] B
2 goject, 122 Yarge el g e B
et §-85 A8 4 Tk

S8g Aol 7|23 BAFEE hohe Bl
A L CEP L TG E L

of

1 E4 787 ARRA 7] FEEAo] 9t}
1R 271 ERALE GANS} Bl 1

FPRE S e 13 AA A1 B3] A%
7]';(]' q—*’] =3 _411]]717]—1]— :\11;01—) o] ;(].il\ 3:,1_._ 9] ——f%-}‘)oﬂ

Q.

19

A28 = A34E AUTEE A1793) 20221 89 185


https://crossmark.crossref.org/dialog/?doi=10.7781/kjoss.2022.34.4.185&domain=http://ksscjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

AARJAE 13 A AAE w g Woks 37t
Sff A7t B3t B o] 1 sks 271+ 1R AARIAL
o|Qjo] X FFFE TFHEE WEF= 23} AR A
TE(AT ] 2 5l #0]), 123 AT 74, AT Eol/F
)77t dolote TAH. 18] ol E 1323} BA A
o A= S5 HARIAIE = AT Y A, A 5
T, 9 dold AASE, AT ST LH T
T ATt
%01‘75‘ 37]01] Oﬂo(;;_- =z A-]yqlo];q_i}; XA ]g = ul
9] Agets 181l Eols 41 BAEE 54
A, T3 AmEAR0l 71Q1ek= A&, ARSE 50
¥ 7[eke] 2Hg-5k5o] Utk
AEA RO B oll= AFTFEEL] AY 5ol AR
He A Be 2AYE S22 o5 AFHY Am =
HERQN FEAET A
8B ER 1ste Eots 59 A8k R Alm =
*M A= AR 7Hed| vrAehd o] st
g P79 YIRS IFAEE FHet A==
151, AAoks 2 3-85k5 59 Eoks §4, 181
PEFAAT O] AR EE AA 5o 1 HAE AT
U= Aot} o714 Woke B7PHES 51832 4EA
| 7136}04 B7¥otes A A 51-8-3-=ollA 17gst
Zolzol o3t g rlEo] Woks B7tol| 4= =
[ RIAto|t,
g Wste H7F 4 Wske 4ol tigt A= st
g B da olet Bt 245 KA, At g A
At AGASE ol HIE Qi o= stAAY
AL o] &5to] A= 7|Hhe] Wiste 7P, vk
o WS O R A7t X|&E] o] SfEl shA)Rk oF
A ARt 37HA] FEFJIATE WistE T} oj| A7 o'
TAZ} A=A, DFFEEL] 17}, 234 AARIAL 9 S5
AARIAR} o] & 37FA] FEFRAARNY A, 181 1410}
ko] A o] gt AAIeE AL H7RG A7 AAE
I YA gt
SHH, AAA] AARIAR} st ko] TA o ek 7=
A1 H7RHAE AR mhetdt 4= QU thA F2E9
sl f-Ale] SHe Wotd fAeE e A 27
HARE Bot et o g £Ystal olF 38§ 59 Wit
g J71e} AAISte] Kot E&2Q0 FATEE AAE £
A= Aol
3L, 199540 A Al E
SRl 8= U= FR “LXJJL% 5& 5 =10

rl
>4

d

O
r

k ﬂﬁl

oN

fr oN o -l)

-lN x&

:Ué

0.

& M

186 Ft=7d7-2018] =g A34d A2 (Ed A179%) 20229 8¢

AR AAstml, o] % 5ido] 11 AAlstar it A4 A
ool ofjt waFe] Woty g7 Aol SEet
52 B3k QA YL 7hed] Bl et /)
g2 0 HAAEAL glow, TJB|a AAGA A d
Ao

971 Bt siel Bobel geldom vesl o)
2] 9o} W5t H7to]| Al 0 2 uke A|71a} ]S So]
29 ¥3 Qe

Iug AAA dFgTEE SN BEE 15
4 &ols 59 A8oks, 1Y ARSI =
< AARIARE A Z27] dA A 1XH 0= AAE]
Bolc}. webd ezt olF 13, 23 % B4 AAe)
o1o) 1% U0 S I A4 ) 2
sppzge] Uelelg A4 2785 ol 9] ol
X BHAE % onz AAekRe vojeis Bed
AHE B 4 S Aolh

= st 3-8 ol wet Aok = £/l A
o0 g FT F&Es 710 WhE Wish Bkt o
Fo Wste 3§ —?9}94 Aol thet st DB -5
of ofaf 7hek 4= 9le A0 WRkELh Lee £9] A
oA = At E_LH A ASAtgRo] LA Yok 3

7+ 4 AAEES AAISHAT o] Aol A HEE A2
o] rg=}et DBA| A2} o]of that big data 7-50] E 8 5}t

weba] o] Aol FEQPATE Y AlEEE T
A 1A A-(FMS: facility management system)°]] /-5 73
HAAT W] 116709] FAXTE VA E L-goto] 7
HAA T WERS HiAFO & ASD 7% o] Q)3 ol wek
AARIALLS] HAE FAHEASIAAL Sk, T18]4l o5
AmE 7|Hto 7 AAGARE golsHA Wk 371
T U T H7PREE AQbetaL, ARt R o] B &
a4 452 Fsto] 30719 &= A Woke B
7H RSt 97 o B A= AR

l

i rl

24 o

O

=

2.1DBY 44 W B

o] Aol A= 12, 24 ¥ & AAIRIAL T8al ol
A A} Wit %74101]/\1«1 SAAJ B 2
317 ffete] 7TaAIS] ERAAR AlEsiote] &= o
FIF 116719] A dataS A =751 A 2|5HAt



12 AR e AV T4 % Ao

2 X3 L AEY 5

27} A AR AT £ 8 o], 1¢]

1A A%

B4 AAR: AT Teid, 34 $5%. 9912

o BAEF, BARNAY JAFF

fohe BoHIAE: 58-S AN 7] 23 ok
fa=Ti S0

72 T|edete (RF) = 248 3408 3

ST QA o714, £ ARETRAS 832, /i B

SIS AGAARGD) TR, i 1S 89

Table 19 7 AW EFe] DBE Uehjor, 7+ B&
AA S GA=
71202 3jo] thea} o] &

ool 714

3 17, 22 9 B4 AAUAE

wRstol Hofsaich

SFAA 1A 1167 V3ol = data s
SRAA 29 A]: 1A gL Fol A 2~31W_—% A

Table 1. DB of research subject bridge
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Bridge info 1st design 2nd design Dependent design
parameters parameters parameters
. ] q Class.
Girder | No. Weight/ | Weight/
Compl. |Width No. L Span composition M size (m) | of H Closed T9tal unit unit level
No. of span ] areas |weights
year | (m) . (m) (m) girders| [, 2 t meter area
(M) | w | H |(EA) (7)1 (tonf) | tonf/m)|(tonf/m?)
1 {2014.12| 9.0 | 2 | 125 35+55+35 55 |24\ 2 2 |0.036| 9.6 | 3884 | 3.11 0.35
: : : : : : : H : : : : : : 1-7
18 |12007.12| 12.6 | 3 | 200 45+2@55+45 55 12.6(25| 2 |0.045| 13.0 | 758.6 | 3.79 0.30
19 {2007.12|12.46| 3 | 130 40.0+50.0+40.0 50 [2.6(25| 2 |0.050| 13.0 | 4542 | 3.49 0.28
: : : : : : : N : : : : : : 1-6
29(2013.03| 11.1 | 3 |400| 50+2@55+4@50+40 | 55 [2.4]2.2| 2 |0.040| 10.6 |1,576.3| 3.94 0.36
3012007.12| 12.46| 3 | 50 50 50 |2.6(2.8| 2 |0.056| 14.6 | 2103 | 4.21 0.34
: : : : : : : H : : : : : : 1-5
3612007.12| 11.83| 3 | 55 55 55 12.5(2.8] 2 [0.051| 14.0 | 2474 | 4.50 0.38
3712009.08| 12.46| 3 | 115 35+45+35 45 12522 2 |0.049| 11.0 | 386.0 | 3.36 0.27
: : : : : : : H : : : : : : 1-4
60 (2013.03/10.13| 3 | 40 40 40 |2.6]22] 2 |0.055| 11.4 | 137.1 | 3.43 0.34
611(2015.12|12.46| 3 | 474 40+55+3@58+3@55+40] 58 [2.5| 2 2 10.034| 10.0 |1,768.0] 3.73 0.30
: : : : : : : N : : : : : : 1-3
7412014.12| 16.0 | 3 | 50 50 50 |2.6(25| 3 |0.050| 19.5 | 2489 | 4.98 0.31
75(2007.12111.83 | 3 | 150 3@50.0 50 |2.6(25| 2 |0.050| 13.0 | 5704 | 3.80 0.32
: : : : : : : N : : : : : : 1-2
8412013.03| 11.1 | 3 | 400 40+2@60+3@62.5+52.5/62.5|2.4|12.2| 2 ]0.035| 10.6 |1,737.9| 4.34 0.39
8512005.12(23.43| 6 | 50 50 50 |2.6(3.5] 4 |0.070| 364 | 573.6 | 11.47 0.49
: : : : : : : I : : : : : : 1
116]2013.07| 15.6 | 4 | 215 4@45+35 45 122 2 3 [0.044| 132 |1,014.0] 4.72 0.30
Average | 13.2 | 3.2 |135.0 - 52.812.4212.43] 2.3 |0.046| 13.8 | 571.6 | 4.41 0.34 -

Compl. year: completion year, L: length, W: weight, H: height, Class. level: classification level
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Table 19]i= 1167} wgo]l thet 12, 22} & F<5 A Q1
Ao] el B2 = g sto] YrEhlet. A AH o]
12 AAAL S IE 13.2 m, 25 32344, g
% 135 m, |77t 52.8 mo|H, 22} HAIRIA} H2 AH
£ .42 m, %0] 2.43m, At oA x|7120] 9] H] 0.046
o= 9F1/21.7, At 9] HIFHHA 13.8m’, & AA S
O] Bt A F5T 571.6 tonf, FHo|F FASH
4.41 tonf/m, T HAG 7FAZF 0.34 tonf/m’ & LFEFTH

Sun ef al."'2] Ao A = 3770 kA kol it Al
42 S0l wE220.9 m, F[HBTEE 51.5 mo|H, 22
AARIARR AT Y] 22,51 m, 0] 2.54 m, S5
Rl A S5 1,264.4 tonf, TH|HAT TS
2 (.34 tonf/m*S HFgHo 2 A A|5FH T} 18] 2 Kim and

Table 2. DB of research subject bridge (stress and rating factor)

Seol®- & H A o} A F3-2- 47k 0.36 tonf/m’, A
23 0.33 tonf/m*2 A|A|5}A Tt

1B o] A5k Bl 7|E AFoM Y F5 AARIE
AR NS whgshd, a7t o GAHAT A
Z2 0.34 tonf/m’, 12|31 A1 Fol/Z 74 7He] v]= oF
120 A5 2 d74shd elgdd Ao g wrhe.

Table 201 AA] 1167 A+ AR 2] DB(-5-H U W
SH)E U #9] DBolA= 9A-2] 9% DBRI FMS
of gloJef7t AlE= A kot 3= H Wistke Atel £71s
S A7 I glofH o] tisiA= T2z A5kt
DB H|o]E| & 59J5}0] Table 20 1B} 2 E & Table 29
71 A] 92 7+ 12| DB H|0]E|<= Table 20f LERH
W-Eths oA e 395 -

EFAA 1240 gt Y EHEGYR) Q] B o
7} 2t} 3]-8-3-8 190 MPa - 260 MPac]| tiafj A 14315
239] PF-2 108.8 MPa, T51% 28 9] HF-242.9 MPa,
13 FAAEE(LE5HS 88 + "ol 38)/518-5
)2 0.770|t}. o5 EA A= T 5 A AAH L

Bridge info Rating factor (R.F.) according to influence parameters
(+) moment region (-) moment region Class.
N Compl. ; . level
% year Stress (MPa) Ja+fi |Theoretical [ Measured Stress (MPa) Jat fi |Theoretical | Measured
f fi fi fa R.F. R.F. f fi fi fa R.F. R.F.
1 {2014.12] 190 |94.04 | 4095 | 0.71 2.34 4.87 190 |105.19| 45.88 | 0.80 1.85 2.13
: : : : : : : : : : : : : : 1-7
18 12007.12| 190 | 81.64 | 42.65| 0.65 2.54 2.54 190 |105.84|42.96 | 0.78 1.96 1.96
19 |12007.12| 190 | 67.08 |41.29 | 0.57 2.98 2.47 190 [101.74|49.51 | 0.80 1.78 1.88
: : : : : : : : : : : : : : 1-6
29(2013.03| 190 |108.38| 48.63 | 0.83 1.68 1.01 190 |108.47|44.70 | 0.81 1.82 1.47
30(2007.12| 190 |103.35]32.97 | 0.72 2.63 1.30 - - - - - -
: : : : : : : : 1-5
3612007.12| 190 [116.87|33.95| 0.79 2.15 1.32 - - - - - -
3712009.08| 190 | 58.08 | 38.57 | 0.51 3.42 - 190 |103.87|36.19| 0.74 2.38 -
: : : : : : : : : : : : : : 1-4
6012013.03| 190 |111.80|44.44| 0.82 1.76 - - - - - - -
61]2015.12| 220 | 85.00 | 68.48 | 0.70 1.97 1.66 220 [115.53|71.83 | 0.85 1.45 1.34
: : : : : : : : : : : : : : 1-3
74 12014.12| 210 |141.67|38.49 | 0.86 1.78 2.16 - - - - - -
7512007.12| - - - - - 3.14 - - - - - 1.10
: : : : : : : : : 1-2
8412013.03| - - - - - 1.74 - - - - - 1.83
8512005.12| 190 |126.38|26.81 | 0.81 2.37 2.83 - - - - - -
: : : : : : : : : : : : : 1
116]2013.07| 190 [106.53]|47.43 | 0.81 1.76 - 190 [104.51/47.99 | 0.80 1.78 -
Average - 1108.80{42.93 | 0.77 2.12 2.18 - 112,531 46.69 | 0.81 1.83 1.96 -

Compl. year: completion year, f,: allowable stress, f;: dead load, f;: live load, Class. level: classification level
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Fig. 1. DB of research subject bridge (stress and rating factor)
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Fig. 1. DB of research subject bridge (stress and rating factor) (Continued)
Table 3. Average and standard deviation of each design parameters by classification level
1st design 2nd design Dependent design Ja+ fi Theoretical Measured
parameters parameters parameters fa R.F. R.F.
Results by
classification Byt Bridge| Max. Closed| Total Welght/ Welght/ +) o) +) o) *) o
level 3 total | span | H - unit unit
width I areas weights moment|moment/moment/moment|moment|moment
(m) ength \length | L., (m?) | (tonf) meter | area 2| region | region | region | region | region | region
(m) | (m) (tonf/m)|(tonf/m")
Ist | 13.15] 135.0 | 52.8 [ 0.046 | 13.8 |571.6| 44 0.34 0.77 | 0.81 2.12 1.83 2.18 1.96
A 2nd| 11.23 | 141.4 | 52.6 | 0.046 | 11.6 |517.6| 3.7 0.34 0.77 | 0.80 | 2.06 1.84 | 2.20 1.98
verage
g 4th | 11.31 | 128.9| 52.5 | 0.046 | 11.8 |472.7| 3.8 0.34 0.78 0.81 2.04 1.85 221 2.11
7th | 11.03 | 169.8 | 56.2 [ 0.043 | 11.1 |591.5| 3.5 0.32 0.77 | 0.82 1.97 1.74 | 2.62 | 2.25
Ist| 42 | 916 | 6.7 [0.007| 54 [4139| 1.6 0.07 0.09 | 0.05 0.52 029 | 0.77 | 0.67
Standard|2nd| 2.3 | 995 | 6.8 |0.006| 2.6 |376.1| 0.8 0.07 0.09 | 0.05 0.48 0.31 0.74 | 0.66
deviation| 4th | 2.4 | 842 | 7.2 |0.006| 2.5 [3142| 0.7 | 0.06 | 0.09 | 0.05 | 047 | 033 | 0.79 | 0.68
7th| 1.7 | 71.6 | 6.4 |0.008| 1.7 |238.7| 0.5 0.04 0.08 0.06 | 039 | 029 | 0.71 0.66
AN H) 7S 50m L 55 mrk Rl of o] AFE, BelAHT ZAZ] that Helelst ol
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Table 4. Statistical analysis of 1st and 2nd design parameters of steel-box girder bridge

Classification 1st design parameters 2nd design parameters
level (1) Total length of bridge (2) Closed areas of girder
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y=3.8493x + 52,004 8 ¥ = 0.2486x + 0.969
2 R2=0.7256 g 10 R2=07142
S 2000 ZE 8
0= g S5 ]
2 E I R § £ 6 ; .,
(@) Ist R e sZ et
° el B g ok
o Ft W § 5 :..;'-'FF‘
0 100 200 300 400 500 0 10 20 30 40
Total length of bridge Closed areas of girder
(m) (m?)
(b) 2nd y=3.6552x+ 0.8365, R = 0.9345 y=0.1665x + 1.8103, R* = 0.3268
(c) 4th y=3.5444x + 15.714, R* = 0.9032 y=0.2067x + 1.3236, R* = 0.4996
1,400 . 50
¥ =3.0526x + 73.07 8 y = 02778x + 0.4201
2z R? =0.8382 2 R2=0.7164
5 — 1,000 E240 .
5% L :
Z g .. 2= Ut
(d) 7th g 600 5 2830
S &
= 3]
200 B 20
0 100 200 300 400 6 8 0 12 14 16
Total length of bridge Closed areas of girder
(m) (m?)

SRJTESNE] 0 A4 A (EUA1795) 2022 89 191



AAQRE TEet gt A v L she Bt

Table 5. Relation of design parameters and influence factors of rating factor

Relation of design parameters and influence factors of rating factor
Classification - .
level Ist design parameter Influence factors of rating factor
Max. span length Stress in center of span for dead load |Stress in support of span for dead load
1.0 5 10 1.0
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Table 6. Statistical analysis of design parameters, influence factors of rating factor, rating factor of steel-box girder bridge

Influence factors of rating factor
Classification -
Stress for dead load Stress ratio (f/f,)
level
Center of span Support Center of span Support
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Table 7. Design parameters DB of verification subject (expressway bridge)

Bridge info 1st design parameters 2nd design parameters
Girder size
Completion | Width | No. of | Length | Span composition LGS (m) NO' ol H Closed areas
No. - i) lanes i) = span girders 3 (m?)
(m) | width | Height | (EA) max

1 2016.02 3.645 1 281.2 | 70.6+2@70+70.6 | 70.6 2.6 2.8 1 0.040 7.28
15 2008.12 12.6 3 200 40+2@60+40 60 2.5 2 2 0.033 10
30 2013.06 8.5 2 175 40+60+20+55 60 2 2.2 2 0.037 8.8

Average 12.32 3.0 193.9 - 54.6 2.43 2.35 2.2 0.043 12.5
Table 8. Stress and rating factor DB of verification subject (expressway bridge)
Bridge info Rating factor (R.F.) according to effect parameters
(+) moment region (-) moment region
N Clomnlleton Stress (MPa) - Stress (MPa) '
0. year Allowable | Dead Live |Jat/fi|Theoretical| Allowable | Dead Live |JfatJi|Theoretical
stress load load Ja RF. stress load load Ja RF.
(fa) (fd) (fl) (fa) (fd) (fl)

1 2016.02 190 121.04 | 36.73 | 0.75 242 190 138.62 | 41.61 | 0.86 1.72
15 2008.12 190 96.26 48.37 | 0.69 2.35 190 122.67 | 52.03 | 0.83 1.68
30 2013.06 190 101.66 | 37.18 | 0.66 291 190 106.92 | 48.97 | 0.74 2.11

Average - 95.72 4197 | 0.69 2.54 - 111.14 | 46.76 | 0.80 1.89
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Table 9. Correlation, determination coefficient and probability, when maximum span length is independent variable

Variables Correlation formula Wars, it ilOBO o B sl Remark
Dependent (X) | Independent () (%)
Y =0.0034X + 0.6236 Ist 79.7
+ Y=10.0037X + 0.6037 2nd 80.0
- Jathi o Table 5
Ja Y=10.0037X + 0.6045 4th 79.8
Max. span Y=0.0063X +0.4713 7th 72.6
length
(Lnax) —f";f‘ Y=0.0078X + 0.3292 7th 39.2
: Table 6
—R.F.support Y=-0.0281X + 3.3215 7th 37.5
HR.F. conter Y=-0.0388X +4.1513 7th 269
Table 10. Correlation, determination coefficient and probability, when steel ratio is independent variable
Variables st el Nor. dist. £10.0 % probability S
Dependent (X) | Independent (Y) (%)
Y=-5.1281X+ 6.0528 Ist 77.1
Jat fi ‘RF Y=-48718X + 5.8189 2nd 76.4
fa e =-5.0264X + 5.9428 4th 77.4
Y=-5.1196X + 5.8975 7th 70.0
Table 6
Y=-5.1977X + 6.0337 Ist 91.5
fa+ fi Y=-5.4354X +6.2120 2nd 91.3
- 5 _R‘F‘support
Jfa Y =-5.6533X + 6.4043 4th 90.1
Y =-4.6960X + 5.6065 7th 914
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