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Abstract Because bridges are major national infrastructure, regular safety inspections or diagnoses for
bridges have been conducted in accordance with the "Special Act on the Safety and Maintenance of
Facilities." Accordingly, the condition and safety assessments of the bridge are conducted to derive the
condition and safety rating, respectively. A lower result is determined to be the safety grade of the
bridge. In this study, the relationship between the condition rating and safety rating, which are the core
of the bridge safety grade, was analyzed by the representative superstructure types of bridges, such as
RC slab, PSCI girder, Steel box girder, Rhamen, and Preflex girder, to identify the correlation status and
range between each rating. A reasonable improvement direction for establishing existing maintenance
policies was suggested by proposing an alternative plan to change the proper implementation cycle of
the inspection and diagnosis of bridge superstructure types. As a result of the research, it is necessary
to adjust the inspection and diagnosis cycle according to the superstructure type and safety grade. In
addition, maintenance policies need to be improved through detailed research on more diverse bridge

types in the future.

Keywords : Bridge, Safety Grade, Condition Assessment, Safety Assessment, Maintenance Strategy

2 =52 SRS agHAAY 9 IR SRS

*Corresponding Author : Kyung-Hoon Park(Korea Institute of Civil Engineering and Building Technology)
email: paul@kict.re.kr

Received December 30, 2020 Revised February 22, 2021

Accepted March 5, 2021 Published March 31, 2021

36



TF HASF B4 BU SAVAHL AN W AT
1. M2 £ 78 wepe] 7aA QPN Beksir] AuHow
289 + At

Faa A TN AR W B =FolAt vad STt AAHCR ool
G52 o) BAIS BE U AR Aol HeA AR Qe T A Fa ARTEGA 2] o
SAg, S BAste] weh 9 5 ol ZNAA EAbE AEjmlet QhagEst AnE vleos Aes
of SEFEY AN A ANS AT FA BTt I PANSE) BRHS B, BAst] YA &

SAB] AL 712D Sulo] ik 19944 109 A A S WL ANSAA Tt

2199 A4 SIAIE ALE FATEY gt
o] o] ‘A& kA 9 Fx| o] gt EHH(o]
SF AVEQPAH)[1]70] A FEE T, A&H oz
Eojeq Stk AJEQRHAHAE AIEE9]
TR 5& s, ALES A12:3F08 FEsL
Atk 1 F A1FAEE Hajrles F7]Foz Ut
AN FAHAFE 7 ADE, AEALE daiA
B71A 02 FHFHE, ARTAEE delixle g
FHAFHE HAISHEE 15k Qirt.
FEPEATI} IR wE B3] st
ArA 0 Z ATFH(EP)ONA ESHED7HA 584
2 FE wFe] FUkddd AA] 7= 2
71e oFASFo] ASHFold 64, B-CEEL2 54, 121
D-ESH2 40| 13] o}fo& AoJsta Slct. Aot
AL ASH 34, BCe3d 2d, 193 D-EsE2
o 13] o4 AA|st=SE Hlslal Qict. YwkEo= W
9] PASH X7} K B} C 55 AL s}
A= 2dvict FEekaddS AA(12F B,
Syrick FErAXES AA(1F wF)sA Hrt
AAES] Qb 9 fATE] AA] ARRF[2]70A
WO FHSF BTt g EE 5 A Bt
H 532 A8ot=E Fo=oltt. gutHos Ay
7he BE J3-Ado] 7[2H o2 HEE, FAdEIt
£ FUebadzole Agdog HUebazidol: 72

rr N

Ry

16

g OX.';(.‘ '8

=10

AAIee] g7k 125 Tl B 2drith 485
HebAAA H7ke) o 558 ol2tt ‘199 Uyt
% 4 WY F AUAEHC] S BHE 11157
HuorAgto] Sel WAL 1517120lc), et

w1, B4R ool AxHel
HuerATe) QrAAE7t Ak
3, Qo2 Aegle] s o
2 A4 W% 29 HEF F] Jeol
A 89 959 AEAE Be) s of

37

2. A4S

ook

S

R o

o 1o

oo A= T ol tish F714Q1 kg7

Fohe 497 =20 AHiE7et vludde

X S
A7E Fokn7] ofeie Agelm, Fujo]
cheat k. W] SAlTelet Betsle] AeEvt

-

WEFOF MAsto] Aot T
o] PSCIATEI AL 2ol PSCEAAH I, 7
HAAT N, FEYO|EAY L, FATIE HF XS
of 507 XFE, EE 9] W o] RCEHEN, PSCE
gEn, FHus Z3ste] 187) TSRS Ao 118
Skal Qlo] AR 4ol Het AlRsht dasit
T3 55 HnEAE HF ASFHOE Fsto] 5Y
SHoIA AeiedFT T FEo T2 HAA
243 a7} Qe Lee S41L 272 o] tis]
Jeig7ter Wokd B e Bl fAEEY A4S
4519t o] 7= 309 ol H AR k=S wE
12705 dgoz E4s9 o wekel F4lo] RCEH
B, PSCIAHE 9 SHn = =gtolo] BAA W
o] &7F A1, wFPAE o] F%| grot B Ao
HE Aol SHAE 71 ot Woldsat A7t A=
Ato]o] AFHdel oA WFPAER LRI AR
o] Z7MHog o]Rojxop T Zog wTHHEC:
Kyung 5512 Wstg®rtel 2840 #HAgo] e
Stz 38347t et nXe 43S &
At ok ot ath Abelsgake] AAdel et
4 Aol AHsFE A 2 AT ETE
2]512] kot A9l e g7t Aute} ot ake] A
3 BEHA dolet eAZE ot ehE AdEsEt
T8kt HHHRl A 92 olgAT 38
ol et Aget A YEia lou® Wt
2 tlolHE gHst] A& A7t " asieka Ak

s 9k

rO(r r_l

R



HERLEEL

Uhe

3=8x A22A A3%, 2021

o] fojz FHLFS MNALFE AAsH] <
Jeon 56l 1&EE wkof tidf &40 (%
of 93t &4, %E]Eﬂoﬂ ofFt &4 & I3t 93t &
T M AR R

2 el Aae
of WY THRAL] Lol

| fgo] sgsheA
e /A desi, &

ol
. 4o
o

% 1o

[e)

o 1o

Og

1_

r°"

0] ARRS R AT A B A
871%he BATOR Agkom, Lee Sl8lo] THER

o] viehl 93 F3S AESIPo H@79 9t
LIRIAZE WA S| el Ak, oo ATte HA FF
< Tofstal Al 75 AFske WAlol ozt #4
i 1 57 AAY AR £RE S B 2E
AgtA ol AlEstE BAZ s3] dRlstd 28

E=Esket ofEeo] Ut

3. SEIE7H A TG YH

=

3.1 AR Yy

D] nyd WaEel Het B Yenrie
Sgstel, 2 1EAE Folo] FNFTEHHS
AARIE, ARHEAS0] Welol vt AFEASE 0.1~

1.0, AHEE2 A~ER FREH, Z17H0] A9t X0t
AeiEgo] eirHoR olulah WR= Table 13 2.
Table 1. Criteria for grade and defect-rate
Condition Defect-rate Defect-rate .
Rating index range Meaning
A 0.1 0<x(0.13 Excellent
B 0.2 0.13<x¢0.26 Good
C 0.4 0.26<x¢0.49 Fair
D 0.7 0.49<x¢0.79 Poor
E 1.0 0.79<x Bad

U
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Table 2. Criteria for Safety Evaluation

Classification Safety Rating
A SF< 1.0
B 0.9 < SF < 1.0, but when the load-carrying
capacity is grater than the design load
C 09 < SF< 1.0
0.75 < SF< 09
SF < 0.75
SF M, for USD 6))
= or
MU
Ja
SF = for WSD )
f(]+l

Where, ¢ denotes strength reduction factor, A,
and A, denote designed and ultimate bending

fa

allowable stress and f,,; denotes stress due to

moment strength, respectively. denotes

dead and live load simultaneously.

(PS4 Bq. B3t 2ol FEHS
53] 7| 2USHE(RF, Bq. (W&(G) F3HL, o17]9] A)
TS B 77 SHRAAR(K,, Eq. (©)9k 4A
FP)E Bl 7k

P=K x RF x P, (3)
~ M —y M

RF = W fOl‘ USD (4)

fo—fa
F =

R FAED) for WSD ®)
5{’@](6&1]) (1 + i(ul)

K; B 6meu(emea) (]‘+imeu) (6)

Where, M; and M, denote bending moment due
to dead loads and live loads, respectively. f;, v,
and f), v, denote stress and load factor due to
dead

represent impact factor, 6,

loads and live loads, respectively. i

€eal> (Smeu’ and €nea
denote calculated and measured displacement

and strain respectively.
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714 dE wFFAS ;H/LO}_QE sh, Z+ @4lo] x5} Table 4. Number of reference and overlap bridges

A 9 dR w 3
H_L = ] Flg I‘L} E}- Bridge RC slab I?SCI Steel box| Rahmen Pr.eﬂex
girder girder
Reference 59 44 67 12 27

Table 3. Number (N) and length (L, unit: km) of
bridges according to superstructure type Overlap 3 4 20 1 4
and classification of road

RC PSCI | Steel Preflex

Road type slab | girder | box Rahmen girder Bre. Table 4-’] i’—% EHAJ——E AJH:ILZG]MW ]'do
Express | N| 280 3935 188 2902 445 1152 Psafety grade)? Ael52(condition rating), HA
highway | 1| 13,367 580.041] 399524 48.682 21.803 332317  ME(safety rating)? £XZ el zH2t Fig.
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3 PAEE Sl ¥ 555 Fofdtth Fig 29

Metropoli| N 215 233 334 197 114 363

tan city Fig. 3 v|woEH wIFe] FHEFol AHeaE
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N
L
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Fig. 1. Distribution of number and length of bridges
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Table 5. Normalized safety margin of PSCI girder

bridges
ol w | ® | o[l e | e ©
1 90.8 | 122.8 | 1.35 23 89.7 | 115.0 | 1.28
2 88.1 | 117.6 | 1.33 24 894 | 1216 1.36
3 87.8 | 117.6 | 1.34 25 89.4 | 1156 | 1.29
4 91.6 | 1156 | 1.20 26 96.0 | 2255 | 2.35
5 873 | 1365 | 1.56 27 90.5 | 2255 | 2.49
6 98.5 | 269.8 | 2.74 28 90.9 | 211.4 | 232
7 91.9 | 127.6 | 1.39 29 93.1 | 199.7 | 2.15
8 94.0 | 112.0 | 1.19 30 919 | 1558 | 1.69
9 97.0 | 102.8 | 1.06 31 89.8 | 193.2 | 2.15
10 89.4 | 115.1 | 1.29 32 87.4 | 112.0 1.28
11 942 | 110.8 | 1.18 33 87.3 | 170.3 1.95
12 89.0 | 101.2 | 1.14 34 883 | 161.2 | 1.83
13 87.4 | 126.4 | 1.45 35 92.0 | 204.4 | 2.22
14 915 | 149.2 | 1.63 36 91.8 | 111.0 1.21
15 90.3 | 154.0 | 1.71 37 97.8 | 306.0 | 3.13
16 94.2 | 189.2 | 2.01 38 89.2 | 104.8 1.18
17 93.2 | 1200 | 1.29 39 933 | 1780 | 191
18 93.2 | 120.0 | 1.29 40 91.1 | 187.7 | 2.06
19 89.3 | 115.6 | 1.29 41 92.8 | 187.7 | 2.02
20 83.6 | 101.6 | 1.21 42 828 | 1319 | 159
21 98.5 | 117.0 | 1.19 43 95.2 | 107.2 1.13
22 89.4 | 139.6 | 1.56 44 97.7 | 114.6 1.17
Note : (A) Normalized condition index, (B) Normalized safety

index, (C) Safety margin

Table 6. Average and standard deviation of safety

margin
Bridge RC slab I?SCI Steel box| Rahmen Pr‘eﬂex
girder girder
Average 1.38 1.62 1.37 1.34 1.42
Stand. Dev. 0.28 0.40 0.18 0.18 0.28
1.80
u Average HStandard Deviation
1.60
1.40
£ 1.20
£ 1.00
2 0.80
&
5 0.60
0.40
0.20
ol | | I s lx Bn

RCslab  PSCI girder  Steel box Rahmen

Superstructure type of bridge

Preflex girder

Fig. 10. Average and standard deviation of safety
margin by superstructure type
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