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FETEE AFTR QA 53 AF T T2
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AE wFe] Foo AAHE TRERA A
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Ul A& T HY(backwal) E @AY
(wing walle2 FA"D. 8L JEF2E A
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4.1.2. 27+ (Pier)

e Ado] & oA AL AWe] Ve
& AAsRE FEoz Foir]z, 7% (column)
HA L capeE TAHYG Forizxe Ay,
w3 3, Alol&(caisson)] } drilled shaft}
71Zd AAFHE drz nzgd dgye 3
A%} Z1Fod HAE 4 gFolu B
g7l zel AGdE aiboln, cap2 4F
35S Polx EWiste Tt e ¥
1 w3, g 39 AR w7e HA=Z
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23YE T EAZ 2 9 o A4
‘:]' %”"i‘ ZE vt s(deck), ¥HE(floor system)
o) FAR BAZ FHAT

42.1. vt #(Deck)

weRe AEFe] TP %u Ad R
02 ZIYE &8, EXW, 28 AY Ee
dolER wtgojth AFe] FIoA A7 &3
& AR AAY, o5 wigEe| ALk

4
M

HJX‘.‘.

4.2.2, vt=-E(Floor system)

%3 wld® 7} ¥ (transverse floor beam) ®
= 7t2R2 AAHE 29 MZ R (longitudinal
stringer) 2 FA®ETH o A MzZRE YUvi¥e
2 Qe WA WoE wEoxy slzne 9
°lE AY, W& Eﬁxl EE Ef2E vhEoxth
TERET HHES TAYE Ao 4 W =

= ZHoE ﬂﬁi ghE,
2.3. FAA BA(Main supporting member)
}9} BE 35 E ST AARE AQ

gt B FEs ddEE VEHoE o HE
o] Aeel o3 ARHY, FA, A4, FAYUE B,
29 % Z3YE Zdg, 4F YR ofF, &

Aol Fog wgojdnt. oy Are gdR
Az wEoiAE HHe| Exo H$E Z749

BAE Afste wETE Edad 233 Aad
Achord)x= Eiz=8] A ZHEE H17]e o
ZF 2 4EE veg. ddMe FAAL oy
d3g gt BE ER(web)d} B$E Ef2d)
A4 R ARl (diagonals)® AT & wha, FALA)
E3 ddgE ARl

42.4. ¥ ¥ ) (Bracing)

oy} AW FReAME ztzhe] RA7L Ay
(diaphragm)¥} Z#Hde2 A= ZFEE 9hde], E
HaE T (portal), Zeidl 2 2 Hdo] Y (sway
brace)o.2 AFHE AY e Ef 29 71 7R
e 43 vigdi(ateral brace)”’} Al ET A
7 ZE gL ol EflAE HAATL olg A}
o]9] FFE EHjET: AW YuiHoR EIA)

KRk s
oli e Efx wd TE THYSE WE
ozt

425. 7€ 24

ARFzAE F2HUA 8 °|94°1]E nEFe] F
g AP FAZ itk Ame QE Aol F
AA, e, A%, W7 8, 2FFA L AF9
S® So] gtk Awe Aort #& ASdE 2
T Age] ne 9 Zol9 mi}i ’2}3}71 A3
A mRgRY }EH HE
(sliding plate)& A g, ’2}3""}—4 do
o= rollert}t rockerg A gt

4.3 oj= I Mo mef

1|3 National Bridge Inventory &Abe] ¢j3H
ok 570,000702] wFHo] FEAdA ¥ e,
culvertt) tunnel& A& A oF 472,000/ < 7"’h°]
et ol wFE ARTRY AR ddN B
&to] Table 3ol vtebigict o] FelA 7R 2}
LEZE L F2Hez EAZG
veldg, A7 dE wFe o
o] @slrl JdEe] WstHol WS FolE uFtE
gulgt}l,  Table 3004 EW 7 ol @aae
o] vl BA e v ol g2, ol &
AYE wFge vz HIo AFHU dEojth
2z @ e A 10% olfoltt o]E9 A
o] Aol T2 Ao v AFolth

i

Table 3. Highway bridges in United State of
America

Arpz 44 3 0% 5| B4 2% 5
% A 194,035 61,691
Az #2aIE 140,531 18732
spsEds 2aE] 02364 3,332
= A 41,945 19,730
7 g 3594 1,150
& A 472,469 104,635
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i3 922 Table 491 Yehlich
Ex7l E4 o2 EHE 992 v
%7} BF(structural appraisal rating)2.Z,
$ g2 3F 53L e £, Zud
A deckol\ BTz A¥ETE FRTFe A

PN
w335 |Deck |32 |FT|J 21072

378 7
20902 | 22,624 | 27607 { 33813 | 1,712

232 FYE| 8243 9396 |10065| 5706 | 88

1441 1,025 | 1530 | 609 65

5 A | 5769 6470110207 | 14715 | 883

38,355 | 39,515 | 49,409 | 54,843 | 3528

5. mg HA JIE

5.1, & ZAF W

SFHAE A71AYA "AeE 9AAAE
BEE uFL FHolx 2dd WL AVIAHA HAAE
AABA Bk dAAA e o A wEA F7)
7b 28k dd. &% A TREY Fgds 194
Hojz AL RE FRE sty HAlsie, 7
23 2¢S Ad gL UF gAY 723 A
ANE u3] 48 7Hsd 3 AF HAbsok
ek Alm oz FREe] &4& ANAY 44
A 9 mAo "oy ARE £} F AL
== B35 A% EHE AHAE B4 FAt
Fg=jojo} grl,

A €XMEAM FRTRANE BY, FFFA,
A Z(scour) AR, mzf, @, o}x W, A
7)zolH, FRF-ZAME FAARA, 2RAH], o
A A (secondary member) 2 HED), =29} A&
olgS TS 4H, A= Z Yoy, 7 F=2
dqAME AYR, 7I2%F, A3E, A7), B4, AoE
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R 7l 2% EAFA 59 ¢AZ APt

5.2. mEo| AlEEE ME
C A de AgEHe ARRE FIYE, 29,
24, A4 Fo ou, Fu e EAL 4
A7t 28 de] AMSEHA gerz Eadie 7]
&g AFU.

521 ZaEe
Zadee BAFHoE & §F5L AdE AR
24 ¢ 3dFe JExAd Adsi= FAL EA
E AEEE ARE 2Aolth ARTFEIF 2=
nFe BJoE FREFTRE dPERE ZIHEZ B
2ot Zagdest v AR ATE AWAY,
F2og RS AFW A% sy Ave &
2 B2AdE 42 & Uk S2HES] dFF
A BAL o
c2agEed 4% AEE B/ A € 9F
A5e 42 Fx5e 10% A= vl ey
o} QAL B HEY FZ T A4
(reinforcement)E A}-&-3t}
23N AHAE HolAEJ ZA Alo]E
a3 HE ¢ gVl Wi Zaslede 7]
Fol gt} o 7|Fo EA® dAdoz FES
E5ela go) A Bo] TR} 7F
el $8 4oz Fd-s HAd g8 &
agest dd.
cZ2AYEE 7Y WA golx AP
cZ2adeg WFAL 71Ed F9) #AY A
& wen gitdoz E-AHE vyt Fvlst
W WTAYLe i
- 23E AAE FHAoAE, FZo=E HAY
F3AY AHoz TIAEHAE MY Ao
E ol E Adrh
olgid FIYES I3l 8AL FEH-IHH
HE A8 AR 4889 Ho, BEF AL, ¢
F1e]-2A uhg, Edop} 89 #ilele; IHIE
AF, o2 @ nig, 7|29 olF, % 7 AuE,
B0 224 Fo] gith
AAL Foll vtel(scaling), TF, 2el(spalling), &
AR utgl $0}Q E(pop-out) T BZsof Frl
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522. 2R

AAE Aol AA mFe] AF ARE
g ALEEM, A, AolE, &, I, W He= st
9t Ay 2 wFE FA= AFE A
HEHQ B4 ded 2

AAE A 2 9% 2 4F A=E AU,
A= Z3tt, a8y, gk R R M= ¢
%A FZ(buckling)ol W71 HFAol girt,

s AF AT dutF oz AgHE AR &
T AYFAE @4 Atk EHE, $3 2 9
29 o3 HAde] A

c AAE AEe RIHW Aol ar,

cBRATE FAHT HSu BEEE Wl A
wEo] glt.

AAS 948t 29 ] 2 7], A w7t
&, AGE, A, 488, F3kF, 9=, £893F,
A, 2, TF WAEE, £3, 3337 (galvanic)
A8 Fol k. AArFd R, g, Iz, u9
kink), €9 JF, 337 ¥4 & FFsleiof
gt

Ak Aol 7A@ o) F
9 FFE -’Fr’é°]o, FHolF (3sh, #d sl
3] Aol F(tipping)el o™, olFe] ANe HEA
e g&, XY A}, ¢(consolidation), &
(seepage), A3+ W3, FARE, PJRFPEER
B g4, AF Fol A A FEFo=E A
A, nZely Hde $Ax @y EW HE,
expansion rockert} roller ©]%¢] ZAAl #Z= W)
2 HA Y AFolg #TF, AH o, &= HA,

Aol we| Oy H-HER AN AF, 7) A
ERe E79, #d] 534 Fol Uk

54 = B

T A HAsop 3t TEREAE oS Lon
g5 I FelA dEE £ Aol

5.4.1. Pier$} Bent
71z A4S JHA¥G, 7]l AU Ayt ¢
A A Eo] HUE B 59, AW, =2

Ty

He#

o] wige] =E¥E R EZYE ¥EE JA
ok 7)ot capdl Fdol A FAFWRCT n
F REol gdolut mHoe] eyt AP 2"
w7, 53 HE o &Vl APEH EE
9, 9 Mg 2 WEE Hof &7] 4} Padv
pedestal®] grouting ¥ ¥4g, o8 2 437t 9l
7t A% 28 #3de Bo] Hule FEH 5
W ol FEL FAgch A nze] olFe] 9
=7F A% Pierst bent A7t FECIV AF
3= TEFH &3S ARetE FASH #Haks
Aol BHA] bent Ao HAFAHLL olFo] A
71eA AAg

542 23 E W 2 AY
EE Y dd ZaHEY FAUES HH AT
3, aRFAANMEe e 4 vHE R o
F gEo] ol Huol LAY du. FAX 9 A}
AF FEL HAdHRAY 7] FHERE AAF
oA AR ¢de FAEY e ey
FAFES AT, ZadE A9 Ausz ¥
B e @it 29 FA4S AAE F 3
o Fopg Aol 3e #Ae

Ba Age B¢ Wy Fdel devt dA
gk wWjeTe A o8 9 AF 4RE AAY
o st sdEe] offEs} Avel wigREd 3

s _z[m

oe 7ol e AAR
ZYrEds ZadE B Al BE F
WA weo] F9 o] vk APV T

Edx 2agE e B¢ A

543. 22 ¥ 4 A

A5 g3ls FAdk FE T2 FH= o
7z 29X, BE 2 9 AHE 24, 4%
2 vgd] A48 cantilever hanger €L ¥ 923
i, deck 92 2wl HAERSY, T ol I
= R 4 Ee] Eod@ & & F9 Folth wd
ol dAHW, A, FHA & ALY v
Ho] Folg FEE &3 ot EE ¥ A

g% 2H 98 2 oj2de HAETh §HY,
4 2% ¥ J¥W 7479 #4e AAA 5
3, a7l Tastel HALHA SHE T 29,
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2 gy BdE§ v ¥4, wadol 39 g
B FE WZ 43e UE R FYY 8P A
ARA $¢ FRH22 MU,

544. E&

Ef2E HAISE $E5& Zojy 43, Efx
2A9 #Y, H43 Egjs, =g dF, 1 2 o
2 FAel4.

6. WEQ| uimalFAt

6.1. dlmte{Z Al BF

HALAEAANY (RT) : 3949 d8e HE
7] 8N Agan £3589 53 AFRF &
ARH gsixe A% RT HALE 880k 3.
&2 TAAYE €¢dPHo dsiA RTE ALY =&
Uk

255 (UT) : ZA0NA e 2% A2 AL ¢
¥9. RTe ngoz Ag 8t £4 2 AAz ¢
A& AHgEor 3 Ml F2L A7) HAM
f&3ich.

AELY (MD) : 249 Fudde S8
AHS-Eo

AFLY (PT) : 294EL @A Aled
o PTE 5337 98- e vazle W0 9e
3ok, RTY UT oidle] ARg8 4 gl

SHEE (AE) : U5-E9 ABA I8FQ 2
e ARG A¢e g4 7] dAME 98
350l asith AEE AA TREJ sty Ay
o XNE BHY + Uk VPG ANFFRE
271 M E FEe EYsde AZE sgol
gasd, :

b7 =4 (Rebound number testing)-47o)

EQe i GoEEE Aot BRASAE 27

3o FUAEE ARG wEASsA ) 2aEe
o Z= Aolols AgAo] U, ETazee #FA
4g "‘.‘.%3}3'- YA 2AE £ Uk AYEAH
T BU=Y, AEAY A3, §5 59 2 AR
d 4% Beoh 280 $E4L YYsid 23
gE Fx9 X NYL Y 5 o
239 245 (Ultrasonic pulse velocity
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method) : A ENe] 2& ARJALE F
Agy, azEey Fx9 #EZolE: E2AE F
Aot ,

#2344 (Impact-resonance testing) : 7
289 3 FHE 2. E3E ¥R
o] FAZAY B3UE EANAY HolE AA
gk, A2 gA, tendon WH9 grouting EFHH
gA o= g4,

A4 (Magnetic flux method) : A4 47}
EAT wo] & WIE HESE WHPeER E
AYE YR I & gXsted AgEh F29
F719 Aelg FAd FAsEYE dEe Ao
gas.

A Zdo|t(Underground Radar) : 238 E
el FFojy AL FEsed Agdd &3
YE WelHe TRz A&z FE&Hold Adel
et

6.2, % S Aol theh HAtel of
8 A B89 3 2 dig FAe
dle &3 2

-2 Bdd £33 FARA 2&3 FA
2390l fgan®,

« % W3 hanger strap L 2R oA
£ 289 pulse-echo ¥ ZAzZ dAdo] 7%
Sopew

cASEZ AR Ao UTE AHgsle 4A¢
< AEY & YAoH, AE FYL 43 5
AR?D, &AL} 71 A& HolA T AT
o] o F#EH T HZF BId£HL ¢
tightdtod ERYP4, MUE, 5 Foz <
¢ Aol TS, GuUlBE AL E @
=38}7]7F @3,

+ Flexible metal pipe %2 AutHel mFFT2
e i deta EZ49s F X ukE el 1
$ ZFasg®

- BUHA G T FFE AFH® 28
E 9 w7 A4E &4 ded 5 dg®,

- S3EE U198 vFHAPAIE o] S HY
o®,

« B4 sgel HAtdle UT7 743 850,
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H] 53] 23 A} 83 2]

T AHRs HAased A
thermography #'#o] A7 PG,

i %

6.3. 7IEt MR
EdzALY A3 FAM F8 39 &S 2

oFste] 7],
cFoEE RB:ERAG 1F A FE FYS
BHrtste wels #499 2717t Fa3th MT,
PT, UT, RT ¥ AE®} 22 H| 5z A} $do]
F&aATE 47k Aol gk ojwdt wisty
Aol AMgHol 2 AR adle B4
gt AAL A9 (where to look)E ZAAsm
HAF A how to look)E AAF Fol
A A FAE AAL9Y(hand-on people)dl

o8 ysiofer Fhrt

- AEA [30): Y BF o] sodo| A vt
5ol A4 1900 olde] AAdE nHFF

A48

250007) FE7} olAE Abggrh 19359 7HA
A7 2 AF AR AP EE3I} olFolF
2 ggron 1976 FHWAE 2F AlFo)A
B3 44 B A (fracture critical memeber : FCM)
9} fracture control plan (FCP)9] /d& =4
9. FCME 1 2A9 o] agke] B3
g #ed 5 dt 9F FAE vy FCP
= FCMS AA AZRE Aojste FHWAS A
Yolt}, Bz olojxe FCMe H-g& 43
A ugIPAE EE€HoE AlEsor @ &
g wFo A$ tEH FCM R old dj#
viin AA e e FER [35] &
oF=] 9l ot
»FaEd [31):mFe ZaEs oF 56500070 A
ol o]F¢ 50%7F 30 o)A HAUth A=
#a g4¥Z Y3t AE/1#S MIT, Lehigh
e, 2929 Ecole Polytechnique Federale

Table 5. Example of FCMs in steel bridge.

Structure Framing System

FCMs

+ Simple span

. + Anchor-cantilever
Two-girder system

+ Continuous span

- Bottom frange, web adjacent to the bottom
frange

~ Top frange and adjacent portion of web over
the support

- Bottom of the girders near the center of spans
and top of the girders over the supports

+ Simple span
- Chords
- Diagonal
- Vertical
+ Anchor-cantilever

Two-truss system

+ Continuous span

-~ Bottom cords

- Diagonal in tension

~ Verical in tension

~ Similar to that in a girder system
- Similar to that in a girder system

Tied arch -

- Ties of tied arches

+ Eyebar chain
+ Cable
» Cable stayed

Suspension span

- Members with two or less eyebars
- Main cable
- Cable tie analyzed in regard to criticality

Cross girders
and pier caps

- Simply supported cross girders and steel pier
caps

Pin and hanger
supports

- Pin and hanger
system

in a two-girder framing
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Thbale 6. NDT application to steel bridge inspection.

Structure Major points to be inspected Available NDT methods
Two-girder + Welded member
system - All transverse groove welds VT, PT, MT, RT, UT
- All transverse stiffeners and connection plate to | VT, PT, MT
web
- Web at the termination of longitudinal VT, PT, MT
stiffeners
- Cover plate terminus VT, PT, MT
- Heavy corrosion area VT, PT, MT, UT
- Possible poor quality or irregularities of VT, PT, MT
longitudinal fillet welds
- Intersecting welds on a FCMs VT, PT
~ Plug welds VT, PT, MT, UT
- Tack welds VT, PT
+ Riveted or bolted member
- Bolts and rivets VT, PT
- Misplaced holes filled with weld metal VT, PT, MT
Pin and hanger | - Hanger plate VT, PT
connection - Pin uUT
Cross girder pier | » Welded member
caps - Similar to those in two-girder system
+ Riveted or bolted member
- Riveted connection area in web VT, PT
- Misplaced holes filled with weld metal VT, PT, MT
Truss tension + Welded member VT, PT, MT, UT, RT
member - All longitudinal welds of FCMs VT, PT, MT
- All joints at the ends of FCMs VT, PT, MT
- All transverse welds in box members VT, PT
- Gusset plate welds VT, PT
- Back up bar VT, PT, MT
- Misplaced hols filled with weld metal
+ Riveted or bolted members
- Similar to those in two-girder system
+ Eyebar member VT, PT, MT, UT
» Counters VT, PT
Tied arches + Welded members
- Corner welds VT, PT, MT
- All fillet welds inside girder VT, PT, MT
- Intersecting welds VT, PT

- All the internal diaphragm and transverse buitt
welds
» Riveted or Bolted Member

VT, PT, MT, UT, RT

- All tack welds for repair VT, PT
- Floor beam connection VT, PT, MT
Suspension span + Eyebar chain VT, PT
+ Cable According to cable guideline
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FFAIERD [27] 97 2FY 35%7F 1930
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- FAAFY [32-34]: A zde] AEE AHEE
F AEE JIEIET 971 FE2 BAAE
Hzgde Aoz N2 79 2 84 &
49 HAE, 4L Fr), F9ES 9y, 4
A¥=e AFE, B4 S48 2H Tl #
43¢ AFdEY. 92 £94%, BRE §
HE 4 A9 HJrh 52 gAY £ U

cFaFY [B): 2" wFe @At FCMe
3 AAE ZQEE Mook sk g
¢l FCM< Table 59 vEbITH A
AA Jtg fAse AL KAHAHVT)olH,
oo gAlyl Wt nge] Reds Hg
3t b33 AAPE S Table 69 YER)SITH

7. RS

BF $IAE AN AAE Beoln AP e
£ oplAY % itk E#, 7 F47F0) 4Awe
Hedne 392 9FH1 Yok 5dn 33
A% A3d Hsh go| e ¥99 &g mP
A9 ¥ olojd £ Atk B AN B
del sprshtel Relel g AAe W9 Faal

ARy

o Qudez me Asst Ade wF FA
2T Be A Aotk odF ¥4 AN
S AAHoR FAHAL, VY B4
AL HRHGAE A NFe We Ao
%o A4 100d W mo] AR AHF
A Bty o, L YA Aok #
g8, A4FAE FAATL Bood oR
ol W@ AP w4E B 1 o] I
% 98 WAk ¥ Aolth old% Ago| ofx
g @A) 85T Boe 2 NREdd 7
2% ¥ & QA BHee ¥ A8 st
o A8E YwH AzFolth oF AR A
A% B Ade] HE WES AP ARG
& a7lel o7l dAE Bk,
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