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YD,

1) EUROCODES (1993-2) %

6.7. Bearing stiffeners and beam torsional restraint

(additional sub-section)

No rules are given within EN 1993-2 for the design of bearing stiffeners so reference has to
be made to EN 1993-1-5 section 9. This section brings together the relevant rules of EN 1993-
1-5. It covers the following:

o Effective section of a bearing stiffener Section 6.7.1
¢ Design requirements for bearing stiffeners at simply supported ends

of beams Section 6.7.2
e Design requirements for bearing stiffeners at intermediate supports Section 6.7.3
o Bearing fit Section 6.7.4
e Additional effects applicable to certain bearing stiffeners Section 6.7.5
e Beam torsional restraint at supports Section 6.7.6

6.7.1. Effective section of a bearing stiffener

The properties of a stiffener effective section are calculated using an attached width of web of
151 each side of the stiffener as shown in Fig. 6.7-1 (with e = ,/235/f, ), but not greater than
the available width — 3-1-5/clause 9.1(2) refers. If attached widths from a pair of adjacent
stiffeners overlap then the adjacent stiffeners could be treated as acting together.

6.7.2. Design requirements for bearing stiffeners at simply supported ends
of beams
The following requirements have to be met:

(i) The outstand should meet the limits in 3-1-5/clause 9.2.1 for preventing torsional
buckling. This is discussed in section 6.9 of this guide.
(ii) The effective section must resist the bearing reaction, according to 3-1-5/clause 9.4(2).
(iii) The cross-section resistance at a loaded end should be checked where there are cut-outs
in the stiffener, according to 3-1-5/clause 9.4(2).

| 15¢t | | 15¢t |

[ I |

Fig. 6.7-1. Effective section for stiffener

I Resulting beam section

Fig. 6.7-2. Rigid end post
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--- Rigid end post
—— Non-rigid end post

1.2 \ — — Elastic critical/1.2
\
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Slenderness, Ay

Fig. 6.7-3. Reduction factor on T, to avoid discontinuity with rigid end post case
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2) AASHT0(2012) *%

6.10.11.2.4b—Effective Section 1) R R OBE AR O 2 2R &5,
| | 2) WHEOHA

‘For st1ffeners‘b01ted to the web, the effective column - YT ORI L5,
section shall consist of the stiffener elements only. N

Except as noted herein, for stiffeners welded to the SFEE LRGSO Z L
web, a portion of the web shall be included as part of the U= 7 OAZIWIHEL 18w LA EE T 5,
effective column section. For stiffeneljs consisting of tyvo ORI AME SRS . Y = 7RI
plates welded to the web, the effective column section § . o
shall consist of the two stiffener elements, plus a centrally Mol Esn o8 #zz 7 V—74L LT M
located strip of web extending not more than 9, on each LHELT S, 72770, EHIEIT 9tw LI T &
side of the stiffeners. If more than one pair of stiffeners is +7
used, the effective column section shall consist of all . . . _ .
stiffener elements, plus a centrally located strip of web « U = 7 OR/NEIRREIL, SREDOT 7 Y
extending not more tglan 9t on each side of the outer D T0% R TH Y | A DESEA
projecting elements of the group. E - Ea S S [ -

The strip of the web shall not be included in the ORISR 5 7 =7 DA i
effective section at interior supports of continuous-span FEER,
hybrid members for which the specified minimum yield < U7 = 7 D/ INEARTRE DSE BT O B/ AR IR
str.el.lgth of t.he web is less than 79 percent of the specified FE L 0 B AROEAICIE. AR S Y
minimum yield strength of the higher strength flange. X —

If the specified minimum yield strength of the web is = 7 OHIEIL Fyw/Fys OFIG TR €5
less than that of the stiffener plates, the strip of the web L
included in the effective section shall be reduced by the
ratio F,,/F .

@ 3CT. R. Kayser and A. S. Nowak[1989]i2 X % &, 7 =7 OFZHAE18twiL, AASHTO (19834F) IZHIE ST
WADDNRHERINTWD, Tz, #ldo~==7/V[Manual of steel construction load and resistance factor
design. (1986). Amer. Inst, of Steel Constr.. First Ed. ] TiZ. E/RER U Y = 7 ORED12/E O HiIH
EABERE LD LRl hTna®,

The capacity of a stiffened web in bearing can be evaluated by treating
the stiffener web combination as a column (Manual of Steel 1986). The ef-
fective area of the column is illustrated in Fig. 9. The effective width of the
web is approximately 12 times the web thickness (Manual of Steel 1986).
However, AASHTO (Standard 1983) allows up to 18 times the web thick-

ness to be considered as part of the column.

Stiffener h t
\ Web

l ~

L_- 12ty

FIG. 8. Net Area of Bearing Stiffener Column
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Table 3. Test cases used in the study.

L Thickness reduction
Damage height R O
Iy, (mm) Dyfd (%) 25% (t = 9 mm) 5% (t = 6 mm) 75% (t = 3 mm) 1008 (t = 0 mm)
20 L8 D209 Dy 20016 D203 D200 t
40 3.6 Dy, A0t Dy A0 6 Dy A0rt3 Dy A0
G0 5.4 14,6079 Dy 6016 Dy 6013 D600
80 7.2 Dy, 80-t9 Dy 80t Dy 8013 Dy 800 t
VAN
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Table 4. Comparison of ultimate capacity.

Reduced thickness ratio (R), t/t,

Damage height
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-
20 1.8 100 99.84 99.57 990,63 98.48 92.64 8085 7L GO.08 g
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G0 5.4 100 98.69 97.45 93.15 85,82 76.06 65.24 a7.431 8017 -E:
B0 7.2 100 97.92 96.07 90,13 80,93 7145 61.74 54.21 47.25 e
n3
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Table 5. Failure modes of different analytical cases,
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Figure 14.  Remaining capacity va reduced thickness mtio,
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(a) Stiffener damage (S) (b) Stiffener + exterior web damage (WES) (c) Stiffener + exterior web damage (IWS) (d) Stiffener + both sides web damage (BWS)

Figure 15. Toad-displacement curves for the case with stiffener plus both sides web damage.
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type Case (kN mode type Case (kN mode type Case (kN mode
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100% 90% 80% 70% 60% 50% 40% 304
BRERER

100% 90% 80% 70% 60% 50%I40%‘30%‘
BRERER

L.

SCRARIIA R EE LTV 2356 OHEERICIE-S < BIFRERICH T 5 3R /IR N R4 7R~
ATET CRE L7 EASER O B 22 (IR 1/1.4=70%) . JoadiifeRio B2z (IR /2=
50%) % /EXINTRT,
[TEAMER] B2 300mm D5, SR B OFRAFHIED 60%F2EE T b AUTRGHN /1 &
7= 2 &l D, AR AS 300mm, FRAFHRIE 60% A THiuT, HAMEDIR L 2%,
USBER] B2 300mm D55 FRAAARIE 30% A THiT, ISEREDORIRE 2%,
H IR AW R 2 2B IR S,
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CASE-2)

JE& £E D i —— | sTiFF | stiFF | STIFF | STIFF | STIFF | STIFF | STIFF | STIFF
FEIr R (%) 50% 50% 50% 50% 50% 50% 50% 50%
JEE f e & (%) 5%| 10%]  15%]  20% 25% 30% 35% 40%|
Wt g R4k |[WEB AR IS (mm) 10. 0 10. 0 10.0 10. 0 10. 0 10. 0 10. 0 10. 0
(B f258) [STIFFRE (mm) 10.0 10.0] 1o.0] 1o.of 10.0] 1o.ol 10.0] 10.0
72, T RELG O Fog /I trin (mm) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
xR £ (mm) 20.0] 20.0] =20.0] 20.0f =20.0] 20.0f =20.0] 20.0
% |BEEEO&ES D, (mm) 75 150 225 300 375 450 525 600
AL SHTOMm = d (mm) 1500 1500 1500 1500 1500 1500 1500 1500
oo R, (=tmin/t0) R, — | 0.500] 0.500] 0.500] 0.500] 0.500] 0.500] 0.500] 0.500
it Ry (=Dh/d X 100) R, e 5.0/ 10.0] 15.0/ 20.0f 25.0] 30.0| 35.0/ 40.0
1 5% (a) a -— 1.073] 0.780| 0.647] 0.567| 0.512] o0.471] 0.438] 0.412
F#(b) b === 2.729f 2.112] 1.817| 1.634] 1.504] 1.406] 1.328] 1.264
o IR T Poi/Pun | — | 0.877| 0.771| 0.695| 0.638] 0.592| 0.555| 0.524| 0.498
BRI D PRI U (mm) 10.0] 10.0] 10.0] 10.0] 10.0] 10.0] 10.0] 10.0
¥ [REEHRE to (mm) 20.0 20.0f 20.0] 20.0] 20.0 20.0f 20.0] 20.0
Ao B O S Dy, (mm) 75 150 225 300 375 450 525 600
Wr |BHToE s d (mm) 1500 1500 1500/ 1500 1500 1500 1500| 1500
it [Reas (=tavg/t0) R — | 0.500] 0.500] 0.500] 0.500] 0.500] 0.500] 0.500] 0.500
B IRy (=Dh/d X 100) R, e 5.0/ 10.0] 15.0/ 20.0f 25.0] 30.0| 35.0/ 40.0
AW TR Poo/Pune| — | 0.890] 0.830] 0.769] 0.709] 0.649] 0.589| 0.528| 0.468
IDl.llt/PHuIt
—— g : Pui/P
T A AETE uit/Pruit — AN BT
1.200
1.200

1. 000

EABER 0,800 1w,

B B S \\
0. 400

0. 400
0. 200 ; 55
0, 000 T T T T T T T 1

5% 10% 15% 20% 25% 30% 35% 40% 0. 000

5% 10% 15% 20% 25% 30% 35% 40%

RER=F BRESE

50%) ZFEXIIRT,

T2 LT B, BIFHRE 50%RE CEAS 225mm EEL FThiuL, [EAMEORSR L5,
[samiEr;] BERE 50% B CE S 600mm F2ELL ECThiud, IhAamiEoxta 725,

H IR AW R 2 2B IR S,

SCRARIIAA FRTR R LTV 2356 0 ERICIES < BIFRERICH T 5 3R /IR N R4 7R~
L. AfCROE LI EAMMERE D B 2Z2E (R I/1.4=70%) . ISEHHER D BZ (KR 2=

[TEAMIERE] FAFHUEDS 50% D56 SR B O R 2y 10%FEE T HivuTREH /) 2 i 72
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2) SUREAHRIES L U = TN R LTSS

CASE-3)
& D %E[fﬂ ———  BTIFF+WERSTIFF-WERSTIFF+WEHSTIFF+WEHSTI FF+WEESTIFF+WE_$T I FF+WEj3TIFF+WEB
FRAEHUE S (%) 100% 90% 80% 70% 60% 50% 40% 30%
BREsE (%) 20% 20% 20% 20% 20% 20% 20% 20%
T i 24K, (WEB R (mm) 10. 0 9.0 8.0 7.0 6.0 5.0 4.0 3.0
(& f ) [STIFFRIE (mm) 20.0] 18.0f 16.0] 14.0[ 12,0l 10.0 8.0 6.0
178 T R O Je /)R I tuin (mm) 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0
R _t | Gm | T0.0f 10.0] 10.0f 10.0] 10.0f 10.0] 10.0] 10.0
% |EEFEROS S D, | (um 300 300 300 300 300 300 300 300
RO |#Erom S d (mm) 1500 1500] 1500 1500{ 1500 1500] 1500] 1500
o |R, (=tmin/t0) R, — 1.000] 0.900] o0.800] o0.700[ 0.600] 0.500] 0.400| 0.300
it Ry (=Dh/d X 100) R, -— 20.0|  20.0 20.0] 20.0] 20.0f =20.0f 20.0f 20.0
V2R [F5" ) a -— | 0.450] 0.450] 0.450] 0.450] o0.450] 0.450] 0.450] 0.450
7% (b) b - 1.429 1.429] 1.429] 1.429] 1.429] 1.429| 1.429] 1.429
S AP /K T Pue/Pyy | —— | 1.000] 0.924| 0.818| 0.715] 0.625| 0.548] 0.483| 0.428
RO TNty | (mm) 16.0] 13.5| 12.0] 10.5| 9.0] 17.5] 6.0 4.5
¥  [FEEHRE to (mm) 15.0] 150 150/ 15.0] 150 150 150[ 150
A |EEEEROGS = D, (mm) 300 300 300 300 300 300 300 300
7 ST & d (mm) 1500 1500 1500 1500 1500 1500 1500 1500
it |Reae (=tavg/t0) Riwic | = 1.000] 0.900] o.800] o0.700[ 0.600] 0.500] 0.400| 0.300
H Ry (=Dh/d X 100) R, ——- 20,0 20.0 20.0] 20.0] 20.0f =20.0f 20.0f 20.0
AT DR T Puie/Piatc]l — 1.000| 1.000] 1.000] 1.000| 1.000] 0.804| 0.549) 0.294
I::’ult/t;:'Hult P It/PH It
—o— 3 B AR FE T e —e— & A BRI HIE T
1. 200 1.200
1. 000 1.000 -
0. 800 — 0. 800
............. BAMHER
0. 600 0. 600
ERRER LSS \
0. 400 0. 400 \\
0. 200 0. 200
0. 000 0. 000

BRERER

100% 90% 80% 70% 60% 50% 40% 30%

100% 90% 80% 70% 60% 50% 40% 30%
BREREE

SRR TR KOV = TR LTV A BA OHEERICHES L BERERICHT S
SCREBM R AR L, A CRRE L7 fEAMER O B2l (IR /1/1.4=570%) . IS E R
DHZ GBI 12=50%) % ERICRT,
[TEAAER:] A mAY 300mm D4, 3R B 5 £ OV = 7 Wil K B OFRAFRIE DY 70%F%
JECHIUEREHN ) 279 2 L ic/e b, BRE 300mm, FERIFHRIE 70% A0 ThiuE, HAH

fEoxH L7205,
[I&2mERsE] AN 300mm, FEFRIE 40% A5 THIUL, JEEMEDORIR LD,
A XN AW K F X2 2 Z AT 5,
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CASE-4)

i £t D i ——  BTIEE-WERSTIFF-WEBTIFF-WERSTIFE-WEIBTIFF-WEIS T IFF-WEISTIFF-WEIST TFF+WEB
FRAFHLSE (%) 50%|  50% 50% 50% 50% 50% 50% 50%
i foi S8 %) 5% 10% 15% 20% 25% 30% 35% 40%
Wi I |WEBHE (mm) 5.0 5.0 5.0 5.0 5.0 5.0 5. 0 5.0
(JE5 2 0) [STIFFREIE (mm) 10.0] 10.0] 10.0] 10.0] 1o.ol 10.0] 10.0] 10.0
7 T R O T /TN Toin (mm) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
AR to (mm) 10.0] 10.0] 10.0] 10.0] 10.0 10.0f 10.0[ 10.0
b3 R Om X D, (mm) 75 150 225 300 375 450 525 600
A BT E & d C(mm) | 1500 1500f 1500|1500 1500f 1500]  1500[ 1500
#o IR, (=tmin/t0) R, — | 0.501] 0.501] 0.500] o0.500] o0.500] 0.500] 0.500| 0.500
mif Ry (=Dh/dX100) R -— | 5.0f 10.0f 15.0) 20.0} 25.0f 30.0f 35.0f 40.0
71 | () a —— | 0.450] 0.450| 0.450] 0.450] 0.450| 0.450] o0.450] o0.450
FRE(b) ) b e 3.106) 2.107] 1.679] 1.429] 1.261] 1.139[ 1.045[ 0.969
T EEE IR T Pui/Pucl — | 0.796] 0.661| 0.590] 0.548] 0.519] 0.498| 0.481| 0.468
FERBURO PIVRIHN  tyy | () | 7.5 7.5 7.5 7.5 75| _ T.5| 7.5 1.5
 [BGHE Yo (mm) 15.0] 15.0f 15.00 15.0f 15.0] 15.0f 15.0f 15.0]
A |BREEEROE S D, (mm) 75 150 225 300 375 450 525 600
Wr B oS S _ d (mm) 1500] 1500 1500 1500 1500 1500 1500 1500
fit  |Reag (Stave/t0) Rewe | — | 0.501] 0.501] 0.500] 0.500| 0.500[ 0.500] 0.500| 0.500
B Ry (=Dh/d % 100) Ry — 5.0/ 10.0] 15.0] 20.0] 25.0/ 30.0] 35.0] 40.0
AW R T Puo/Pu | —— | 1.000] 1.000] 0.922| 0.804| 0.687| 0.569| 0.451 0.334
Puie/Phure
ure/Phy —— AN ETE Purt/Prare ot A B HIE T
1.200 1. 200
1.000 1.000 -
0. 800 - =
18 A ISR 0.800
0. 600
................................... mawmer 0600
0. 400 0. 400
0. 200 0. 200
0. 000 0. 000

5% 10% 15% 20% 25% 30% 35% 40%

BRES®E

o% 10% 15% 20% 25% 30% 35% 40%
BRE®E

e

DXGERD,

SRR TR R AR L OV = TR LTV DA OREERICIES . BRIERERICHT S
SRR MR T2 AR U, Al T8 LI fEASERE D B2 (KB 71/1.4=70%) . IS 2AiERE
DR GBI 2=50%) ZERITRT,
[TEAAERE ] FRAFARE S BO%FRE DA 3R EAiRIA 3 L OV = 7 KB OB &)Y 5% FEE
THIVUTRRF 1 2723 2 L1272 D, FRAFRE 50%F2E TR & 120mm FRELL EThivX, 18

DbasiifEre] FRAEHRE 50%FEE TR & 500mm L L CThiVE, IGTHIEDRR L 72D,
H T AW K TR 2 2 E ST 5,
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Casel~4 D 4 7 —A T2 H5, HEIRREIZT % SORERIN /MK T 2R &AEAMMERHZ L2k a i 4 X
OISR LB ) & Hefg U, BREHI IS LT ED &L 5 B RIR SR EII ) 272 S 720, HEE
Xz HWTRAT Lz, 3T Lo, e oA 2o, EEROBEIERRA A ) 272
PEPMERT L ZENTE, BITHARETH L ZehbhoT,

4-3-4. RITERFALSRORE

INETOMETE Y HEEROBEMIZK T 2 EL T 5,

» TEAHHERF O L BRI ) & AS RTINS/ 2 ZERDEOREE RN =DIZ, L0 JRSM 2 i
HLUTODT « EBRZEH L, ZEROKBEZ TS5, bLE, ML TLRERPRETE D
INTA—FREVPBLETH D,

- HEGIEREDS TS BRI ORI ) TSR AR O IR KOV = 7 B RMAlGS L Ol
K] ZRESNDOT, E6RLBEPEBIHEMTE 200 LB TA—FDORENLETH D,

- ERRbEO T, BHEMET =2 2 L VIR L, LVIRANRIFCEATE 2 X 5 (E#T 5,

« BHEMFE Tl RIZRBIC L > T, XAEBOFEA D= X LR RRD L E2R LTS, Lo T, e
DR JRT NS L DAR T LI RFF O 24884 57 7o —F Tid/e < BIEOMERE T L W IHRE
RIZE > TRBIMAONEHT 27 7 —FIZ o0 CHRFALE L Bbh b,

235 3Lk

1) AASHESWZ  EEHRTE - [RIAES TSGR, pp. 327-329, 2012.3

2) BACERWS - dhEEEREHER, pp. 120-121

3) BEFERATIES EHERENIEE RS  BESREROBEGOM S s Al L OB - JREHHE TIERG
e

INFEE S WEE p. 102,383 4. 4% —HHEE

4) Makoto USUKURA, Takashi YAMAGUCHI, Yasuo SUZUKI, and Yukiko MITSUGI Proc. of The Thirteenth FAST
ASTA-Pacific Conference on Structure Engineering and Construction (FASEC-13), D-2-3 (8 pages)
Sapporo, JAPAN, (2013.8)

5) FHET IS, WAREKRES, HH RIS, AL - EA LISl oY TRMIMIE BT 2 EBRIOMmE!, %
1 T 5 SCEE Vol.60A(2014 43 A)

6) (ft) TARTE HiELEES o BERHTA N7 A4 [HETH 2 /K] , pp. 162-163, 2005. 10

7) Nauman Khurram, Eiichi Sasaki, Hiroshi Katsuchi and Hitoshi Yamada : Experimental and Numerical
Evaluation of Bearing Capacity of Steel Plate Girder Affected by End Panel Corrosion, International
Journal of Steel Structures September 2014, Vol 14, No 3., 659-676 DOI10.1007/s13296-014

-3023-8

8) Nauman Khurram, Eiichi Sasaki. Hiroshi Kihira, Hiroshi Katsuchi and Hitoshi Yamada : Analytical
demonstrations to assess residual bearing capacities of steel plate girder ends

with stiffeners damaged by corrosion, Structureand Infrastructure Engineering2012, 111, iFirst
article

9) M 1, xR K—, 0 wsE, BTH EHET, AV 58, SRR R AR U 7o ST 0O FE A R A
(BT FEBR, HEMRE KR SUIRE AR 2B 17 %,2009 4F 3 H

10) FA#. OkEs, SEEN,. =Y R, SfRA SR OSR o v = 7 L HIES O R i
FHLPHDIE DS Z DI S FFIEIC RAE 5088 e L am U Vol. 57A2011 43 H)

11) A SesE, JRAFIR R U728l T Moo SR RE 9 2 B 42, HEIE 75 SU4E Vol. 59A

12) Nauman Khurram, Eiichi Sasaki. Hiroshi Katsuchi. and Hitoshi Yamada:Finite Element Investigation
of Shear Capacity of Locally Corroded End Panel of Steel Plate Girder, International Journal of
Steel Structures December 2013, Vol 13, No 4. 623-633 DOI 10.1007/s13296-013-4004~7
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4-4. SMEREICHT HEEAE

PG RIL. WGBS LA O SC R AT 2 IRAK DB K VBN AL D 2 L 3%, R ifiEde
BB DIKITER T 2 JHE R £ 238 Th 5, T OB RIZ K D MHMETT LT 40 £RUZIT 9 Tz,
Ehi STV D, B, 1) AAHET S, EREMHEER. B 6442 JIZ2EE L TRifish
TV NEfmmdhE s o sRmE B o EsemE & (1), EREmEEins. WM b0 43 ) T
IS ID DOFR DIFRNTK L THIE LTI TH L2, EPH L SMimRE L TH I LR TE RO
TH 4-4-1 O L OISR EPRIEB 21T > T, ZHUEE 4-4-1 ORI CRTERS D7 T 2 LR
ZYBRL, BT 7 7 o DICIREZ R 1T TSR 2 H L<T5 6D Th %,

B-6.4 G0 Eus)

4-4-1 BBF0 45 F LB wHEIsE "

IR T, BEICE2HEEIT T 25 RIE, WROBREIZIL U T, MM ORI, 4 THUH TR,
KMOBBED SHHENET bND, S HIT, BEMRBRIETOXREF & U TR REMMERIL T T 2T
> 7 (LR, CFRP &3 ¥) ZHWIoAifE - #ish Tk (LLF. CFRP #5 Lk i) b~==27/1t ?
SH, FHEE TV D,
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4-4-1. SHRIL MK BMEHE

PAHTHRES AT UT ORI T, SEA OWriE KIBICE 5 £ THITL TV D EBI L Z<HER SN TE Y, 208
AT E MR D 7o O DMENR LEE L 72 D, W MERE D BIE 2 (15 H51EIE. 86 2 I T 5 A a0
BT AR~ Y TR — R & ST\ D, 2 OHIb & W Tk SROSA e 5272 W i 1 RE O [H118 % [X]
NDZEITAHETH DN, MEHANRFENTH > TH —EORRBMM BMLE L R DDA, WEEH
D=8 O R EANTE M TSR LB ETH 5,

RIEBILEFZESCRK HRiEEE

————

4-4-3 SRZERAVW-ERHOHIESES

(1) BARIL M &S LIREIE

M O S LRI &0 = 7 OB X DN EFT 2 fiERI R & L7cha . SUHUEEm BRI & o
= ZNZEARN N CHEST D, ORENITERE R T EOREOR WS E BB L. &Ry SRSk
FOMAND, YHEIM Z T FEOSRE T EA Y UL & 72D XD ER L NAKZRET D, —&ICY
A LI L7238 O 2R ORE L [RAEE AL L, TS TATFLTWIRE L T2, 7ed, BRI
WESCII AR 2 B L LI EgAI 2 Wb kb 5,

Flo, BB E T 7 7Y B EIIAZNVEZ v TF L L, BEIATOR, 2B, BREEEREZRET 5
T2 OISR BRI O RIBHN IS LY = 7OREEFICIZ 7 4 F—7 b— FERET 5, @A/ M
X2 THiiE B 2 B 4-4-4 2R,

228 925 9
14 14 30 rams 9199
& #0110 64 1051
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(2) FESEOEZA

=Jusy

YRAHE G 13, RIS K DI 2 B R L7z iE (g TRERRFRSELT B & i B 2 B JE L 7S R

BTV, MEZRE L2WGEIITUBRMEZIT O, SHIEZ1T 2 56 OIS RAT, MiERT & miE

BOMESHZERE L, BERSEMRTE & UHE 2 L 2 5EHT BT mE il i TGt U, TE 7 B s % W
THEPITH7-0, fEREMEROISNEYE LY TRELXITI,
<$hEfTESHDOE x F7 >

a) AERTO W LR EIZ K DS E

TR« BERSEAT B & S ARAHIE S X 25 Wik SE 47 B
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b) VEfTEIC K DI
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(3) #HEMBIZDOLNT
RS B IXBGIR A B 2 CEREHE L OW#IC L > TRET D, 22 TIEENAL M X HHE
BT DM H B A2 LL ISR,

(D B/IMRE

BB R ETIE, EEHM OR/IMUEL 7.5mm & OBUEILSH 508, HHMEICERE L 9mm % S HfE
Di/MMRUIEET D,
@ RILrEYF

RV N Df - RREIRE, ERER S EICHERT S, i, M22 #8H T 254121X, 75mm ULk
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IV b DI p 2N SN il
M24 85
M22 75
M20 65

#£-7.3.3 EN b o.M (mm)

F R OIFLE SRR
? g
12¢ &
T L DE L, 1Gt~5 & i‘“__ =
RFL, 120 BF SiELa B0

OF VAN L]
RV MIBEEEG AL L, FFR I3 HEAEICE R 7 U v TS v MRS TR WIFR ) AR
D, F&A-4-21%, EBE R EORSNDEEESHE IRV N OFR N ERT,
& A4-4-2 EERESHABARILEFOHENY
#-3.2.7 BEESHEIAEN N OFED

(1 Fw }~ 1 BEgmdbzh)
(a) FEfho B3 U v a

(kN)
T D%
. F8T F10T S10T
2 O
M20 3 39 39
M22 39 48 48
M24 45 56 56

@ ER Y 1+ B R D 5 imEE
B0 AT 2 OfFmIE, M22 OARV MEHT 5 2 & ZRHEI2, &K 40mm (3R L, SoRiimibaE 8t
(150mm LA F) Zifie &% 5, FkA-4-3 13, BEERGTEIR SN S 5/ Moz ~d,
x® 4-4-3 @iﬁ?&ém%ﬁﬂvb FDEA T

£-7.3.4 RGN -
: o TR % HLTe
e bl 07 2 Yl aymxwrr 1
M24 42 37
M22 37 3¢
x .
M20 32 28

155



(4) HEIAHE
@ HTHRAER

Y THAHIR DI TOFRAUZDWT, S Lo 2T 5,

sz & 72 B MR ORLE | -

v

RVINOL I ES

| mHomog |

\4

| EEeEE |-

v

AR S OFGEDAIS

\d

FligR I & OVE PH O Bk

\d

@ D1 IR

4-4-5

i TS &7 D UGN 1L AT ZNEON @M = — R E T S

TRV A RRICET S

© SO E R AREORNZIE &K T 2 A A A > D3 2 23580

TEMB I L ACK DT T A ML AT D,
17X LU RNEATERWE Z AR O A2 4 5,

- Y CHRELDH 235 %,

SR B OWIEISEBAT D, RO Z2WEHTTOBIREIX Imm BUF

ERZET D,
THRRILTE DT R SBAMT D, AT LeBEERITRET D,

BHIR AR RS E A OB RN MLV REE L, 24~48 B RET 5,

i

@RV S ORI 100% 2 A, BEEES BT D,

SRR YA, TR BIiE. B REIC L v = TIEREEORE AN
T, WAHRL R OFEfTT A 100% %2 Adu, BEEES 2 FEE L T\ 5,
BRI G AT, SN TRERE LT 2BE01H 0. REER
Z B <T@ IR b OFEHTE I — R OFE DA TE D 50% & L

T35 (R 4-4-6 1),

=AWV b O TREEDIETIEF DB

156



Q@ BHATHREARIIE

fifi 55 24 THARIR IS HOWT DIRNATBUEN &M A T F o At 2 —

NIRRT

BT S 40 O JEF B %SRS

1Z&£5.

| T7R—%Z@R LTS,
EEERE T ] EARLMERES
WM B OEE s REEDRE
AT, EERIOEE
HeaRR R E
whARLEDEE
BEdEAvREL
Y T LA DE
R T EDRTE

1. BhTiEITBEREORE B0 B
50mmil EDFEEET 5.

2. 97 OEBEBANTIFUUICEELTNSIE
SIELERHERVTIITET IS UFER
T5,

3. HTHOBREOSIEENOBHOIRELL
t&ET B

4, BIMEEIZ8mmLLEET S,

5. EBERIOEAEE IR TRO-ELLE
?60

T,>W/i(n-Ay)

\—\—r‘-—

T ERFIOEAMEE
(AhOEEEEELI-(E)

n EEEH (=2)

V0 EREICEDEANA

A2 EH (R REBERL)

(-13.3.1 i 5N THRARORE -

4-4-6 558 TIRMERODERET -

M R ARRSR DER
7—7'7:}-5”135
g/ \T(F;Eﬁ Mok
%TE;ﬂELJfTIIT
ﬂiE*. B4E
Eh?ﬁ)bh;ﬁ&bﬁlf
v

WA RUEEOEE

WL7a—

157

HEALNHLEETHBEAEZRLMELTHAYT S,

i A AT e BB AL (B R ) 0 it B

he<50 mm @& F
LU TiRAmET S

REFLOSE

1. M@K L o Ishf0.20L L&D
AlzhiAELOmEANIRALETS

2. BABmEIE50mmET S

3. BAMEEX250mmET S

4, lrE B ITEEAILET S

TIAMZEYSUERERIZFRET 5.
B, ATROMEICZEHT D,

BEOLEWEFCORIEEX1mm
LTF#B&RET S,

#isZEAEk, MEEAOEHRILA
FURBEEL, 24~488fKET 5,

BARI O A E— RO
A D50%ET 3.

BIoo— (&) OfF®



(5) [ERER - F&E
OHATTORET

BTV M XD SBHIE I, BUGEEAC L 2 9 THRIHE I~ TREOEPIIAR S ThH L1, —H T
BERGEAIZ AL MLERIT 20X S 572D, I TICB T 2 LOESIZOWTUIRENLETH 5,
RAEZME L2WEEIZIE. U v X7 v VYOOI M ORELZES 5728 KB THEL 2D,

QHFEE

HIRE O T 7 5 > DiTid, 013 2 0 SAHERE Lo9 <, FIEE D> B OWK & FE - THIREB OIS
BBETLTODHEFANBZ, F7 T ATk LTENRL M X 2 UHRAIERIIE, &AL B
503 2 M & BERRE A & OB BACITIIERTIC AT E R Lo < . IERBBICR VTN EELD
N5, HEFEEMEICHT HEUEOBLEN G, ERBREOWET S MHEER % LT ICEET 5,

<JERERBIE D T2 DA G R >

a) MHENR & RA D88 H B —AMBINT 2,

b) HHEROAET EFICEE T D, (i B OpISER)
o) SMEDDEAIE. BT —ABOH BT AT

R = 2mm
o & sk
E—1.3.1 Aipodhmd oM i e b

BE-1.3.1 ST S EY7— ot LiF ol
B 4-4-7 BREFEREO-OOMEPEER Y

@ HiGHET
B T B SRR TP BERR SRS & DEL Y B WVIZ X B HIFN S 2R ILTIE, AL MMEA A= ZXR0R )L M
OIS AN ATTRRTE BV BES BT, SBRBLESIB L AESLE TS

MR S0, RS IR

® 4-4-8 BEREHM E OIY EVEBET HBEHH B EH

158



(6) ERDEE LI-HiEmORBIESEs)
[ENIC B 5 Hi ORI 5 - MR T 1A% STkE & O X 0 8RR %,
F 444 HBHOBRICNT HMHIE - BARXBBEY X

11 BN F 7 T 2 20 Thifisg (£0 1) (k) AAEHHE -

EREME - MR eI5E (2009 4ER) . 2009 4= 10 A

1-2

HRE LD = 7 &I 2 24 THRmE

(NFE) AR - R U7 siis ) O ERe[mliE F51] &
PEREIRIE R RTA, 2014 48 H

1-3

MWL ONF 75 0% Tl (F0 2)

(th) PAIEREZR 2 - MGOMIE - Mmpite,
2002 4 10 A

1-4

JEHRENF 75 08 TR (F0 3)

(Ft) ARG G « BERSIGERES O /) - Ak
Wr &M - foRICBE T 2B RHE (BB OMEREEL L Th
XA D EFAA) 2002 4 1 H

1-5

ERE DT 7T v PkE
T7J P EHRICERE XS IRV~ THUL
(FD1)

i mEE AT IE S (W) Brobf s siE B A B i o &
— AR R EOE S 3T DB AR O SR - i~ =27
Jb. 2004 4F 10 H

1-6

JEHRE T 75 P0S TR (F0 4)

(M) ERE R 2R v % — EEEE RS
RSN BT > 7, 2006 4511 A

1-7

TAMT T = 7S O TR

EEBE - MmmEE R
HEARAE - MRFOIE, A7 R« A=
2013 -4 H

1-8

SR AR & T = 7 O EUS 2
(5] () %% BUGRETIA

EEAEME - imiREEE S
EHEAEE - MiREsIE, FFILER, 2000 4 2 A

KIF CHADLL T OERHT G Rl

(B) B mdE s Bl o & —
HBIE L MEFERNCALEBIED A T A [RILHER
. 199343 A

EERME - fmmER R
ERARE - MR FERIE, R4 7 4 R« A=
201344 A

1-9

JEWR KL N 7 Z Pk

F7 T Y a B BUSRRE K & AL b CTHUS
(x> 2)

(ZE] $HEIZRT DR TIE

(W) SRIER S BINHITERT « BIREMAE - iR - doEo
FolE, 199247 A

2-1 AT s 38 [EL AR B4 55 oD S R A2 (RxatEH1 1)
2-2 |7 g S T2 [EL AR A4 45 0D Ji8 SRR (RxAtE1 2)

159




No. 1-1 JEHRKEOTFT 7T 0N TR (F01)

1113 SITAEORBERFLIER

HplNa -01-13

i B WUT B ORI X DI
EIAg e 2inin] BL o SR L DR
s - W SCHR

B HHSEE M TR

JH IR #R A 5 50m

T IRMI404E (196548) 10H

Wi - MR TR | PR 184E (20064E) 3H

1. EBE
TS T HSE SR LT 8
BEHEWE TL20

IR T1986MEIHEE bR (b= a R
jakilEy B
25920
FHCRE AL BRT ) 82559140 BB

; Il
TED T
2. %t - AERiR
(1) ZE2osRAE
EI-LIEARTRAITFAEoNT A BEO IR (L STANHEL TV AR TH LA, B

F2R T TR RIS L D KB A REEAAE LTni. FICAEAARSo T 7
ZrITIE, MRS TICIAMEAEPEET, SRVHRE s,

B-1 w0 x5

BR2 FAEF7T Y YORERR EN3 AWK/ —ATL— P EDEXE

(3) ## - fwasE
SR IR I A LR () 28Ry, sisxfboiirord@mz s sz
E L. Miglchizo Tk, FEHEWE (TL-20) #lEk L, B0 8 LEGSED
ERU M LA EEICRE L -fEmike 482 E LT,
A DETE AL BN L oSN RSN TREH VS,
B FEEETAGEOESHRVCIRENA L KO Lat o, /b oD £ i i i 5
ATTREA bR S IRl L2

5. #iifE - WisREREt
EF-ERoBEET T 2 » YoldEREaNIzine, TodikoR 4L glREon
HMERE, BT, —EEARSRLEFN, FEMERRT 0%y — 2 Chit L T2 4%
ZFEML, FLOLMTOMEHROBREIT .
(1) EFAHE (14558 [FRE]
B3 IR B o T R A L i A O T 7 5 v Vo S TR
R MR (MBER— T LK),
MR ROBEIZL Y oBDEE D ESh, 3BETOEREL-TWAL®, TALE
RICHB|Y Do L E L.
« FEPCRIRIR T A L 7 20 8 A B b BE Bk A B
(2) EfA-#85 (chRATE)
CF7IrVoRbid, Blie RN U TR RSN A~ — 2 2 L TR L
Bofi@mgdridsc b L &8, L75  VRFGRITLETH LS, SHITFLEL
THEMLTVWAZLYHBEH, BHIRICEENSHALEIZ MLV EELE,

&

160




WmE

AENE NiLN

al :-la_:lll:m !.E: n-m::u ﬁl:’g_ = e
: -
s
e

E-3 Efiwlim

(3) &M T 2103
» B~ S TR T F 7 9 > P F e~ HRIHE iR kS WM.
(4) shmHN
SETH R
(58) &%
- MBH ok
» BRI B e 3
(6) M
- AL AR 2 AR o0 B B % S

A
s | <N
6 BT FRA PEROSTENS (KR
(1) #idE - s
MR XA ONNE - MBRTRARE: LTEESE, RIFSMH, ORI #R
AR, EMMRARORELETLTRRLLE. Rz, BEASEM LTV ETE R
fro RO L HEMIEER SRiENSEirot.
FHziE, TIAPTERERES N, BILLTHNFEA MESIC I DY THNAE o2 B
11 2 BB WA W L 7edS, TR Ao 22l Mo T devs,
FABSOR & A IORANERT DB D ECORIE, BOORE B 2RI AT125~160mm & #dh
WTHL LW, MPOMES v F T STEMLAATH RS LIF2HETRELA.
RS OETHIFRROES) Tho .
M KL ApHa o
@ Tame
@ EToNTHEH PCORKIEO M ST MR 2 R LT
@ WFL 20N ok
B EEROIy v FTIHLERITS
® HREOF? 2> VEEENE
@ A AL
® R
@ ErEERIRR
(2) BhEERE
TR CRR LAY TROMEHREWMET S0, Wik SR 200kN oW Rz L2
ETTABR B PR L ETT L T 2 — W TET B E T, ROEFL@Bo 77 > Yony
AN L 7=,
ISHMEEAIE, WERIZE D REMIZIED LAV F LTSl ch s Z L EME LA
TR LS AR, WMSEMIET 77 VIZEMISEN b L TEER L Tw st Mk R
TP AR IE S |G DA & % o THH 2T,
F7or PHHENTHOWHZERL, STHOAFSALSVIHEAMLTED, IEhHE
boTwAIEEHRLY.

BRSE ETCF72>dnda

7. SEOMERUERS

(1) RIEEEBTS81C

Mg oM BT Y, SRS hIC (u T AARITL Tw
ZENHLOT, LNABELVWEITHIERLTHREN ) 2 RE Ly,

SR OEBIED &5 |EE LT ORI ESE S 50, RETELG S RN RET
Lk, HBCREILETHL.

AMAUNSVEHEIL, ALhoEECEET £ET 248N S D, Mlvw I IRErME LS
haZEIDFHMLEWIREERREZ LAhE,

(2) e -BETHCMLTOMES

N THUEEZ T eSS 4 8T, BRI+ L) BTNz - iREROHE L MUY E &
EELTHERRICY L TESCESSE20dt kv, £, B EYTRONTIB N {ZEEHEIZ
O LEHNH LY, WAAR L C FEMMEE L 2SR IR, Y TR N
EHCLESBEIFBOREWI LR SNL, FROLVIBTETYTHRERE{ T2,
LELRENIBONE DL HEFT—FFREIDHFIEBMNTLE v, T4, FABYFHLMET
bERICIENEETCE AL LT, THARKOmYFNL P CHEET S KEEG ClEs 505k
B D,

i, WIS IMH R ML Cw G AL C k. B, AR R
B SHOEBL LT A, BEEREE o TLTL RIS L RTA R R
FTLIEAWOTHECHEIELD, BUBWHEIC LD NKE - MR T 2w,

161




No.1-2 FHEE FEDOY = FIEEERIIKTT 5 Y THlRAEEE

BH11 XRELOYzIEEBICHT 2L TREE R GRHTHE)
HREEEOME | XAE LOY = TEAMICHT 5 Y TlME
it M-S PREHTIE (R : 35.0m, #IER : 17.875m)
BEADHDE | i BB A Bk
BERE 1966 4E (FRFN 41 4F) WHISHABIE | 2010 £ (AL 22 48)
MHRREES AL | ER204698 170 BEOEKR
= g 21 45 3 A WIED HEMRER
FR214E3 A WERE THEORE
FRE2294 A 30 B AHEHE TR (EBROME THRIZARR)

BET—4 -
(1) BEOREFE : EMARIZCTRR
2 BEONBEERE : A 7715 (EHE L HE)
(3) BEBORAETER : hHFIERE» 5 DR

162




HEEEET—42 :
(1) HHE X R O LB OHERR 7 1k
JEAEL, BRI A OR ETHENRERNT .
Q) WEMEORRHME (BRa, ISR, HAKREOHE) I LU
BT LTS AiER RS, hiFEBEORARRE DD TEET 5L 6E
AR L 12D,
() METHEOEM CHRFELZET) & THEMRESNBEBR LR SRR
HETEORM : XA LY = 7OBREL 2By L L, =RX VBIEE BA LIS,
WTHRAENRL MO TR T, B rikidia L LTt
CETEOREEY : LAE ECRNNERTHILnD, Y TRERELL.
REBREL
(4) HERFEME USRI, ERSN, BEMERERE LR E)
B G AR TSR AT 2 L 7.
(5) MEREREIE 2R OHER 71k
ARICTEMMNIC, BREAVWZHERTHRTS.
(6) FHIEMORELILT—F
Blzz L.
(N oMol LOBEREERRLSROWRE
BRI T LIT V.
CEEREOR ) EREIENRZ D, BIET ETICHHEETS.

*—7—F R, B, HTR

163




No.1-3 JEHRE R T 7T V0% CTHAim (0 2)

[T ¥ B B BRCIAHBLE
WIE - MR ONE | EEC LD EE
B R B K| WEAIRE RS 2 m £ (ZR%E) | 800m (392+392m)
# W & | 7800m £ OB B A WEE (U N
# % % | 19674F WIE - WA T F | 1005
WA - B (1585 | UBET I # (PR 2 550
OITHEBE

Wi - 72 ELEICAE L TU 25 RICB VT, MEROEEIC X D 1M, WHH. THE: So s
ICERICE2IRBABR I, #iEL-THTH S,

OiE 2 — X Ll

M5 s0pe0

FHE

Q®EEOPHE
W RERARRRAE I X ) . FHT- BT - THIS O T 75 ¥ V2Rl THUORBEHD TR S, B THHN
frbofdee ZofEsEdic, EHr - WMEHT - T2 EOACEREEM (T2 7 > 285 TR L 2 W
KEDER SNz, BE R, BREMOEH 2T T, BOEEAACLVBLKRCELNT,
Teds, IOKIE, EEAFBLL, RO n ) BAhTbhi:,

OEENER
AL, BERCIET 2700, BECXVBAREIRELLEEI 5N,

164



|g@E8 | x—5-1

Qi ITESE
(1) EH7 - HiliT I, BRI S, BEAESHM Wi RIES 2 M TR THI > Like L.
(2) HikslZ, M OZRPEGOLDIRESsZM ) 2 5 Tikk L.

i T

[(esnpe |

47 - BT I_EiE_\ <ITrl3d
Ca e

AT [ EmmiE |
[ s | ey bR BETISVCOBRRKR
EATN LT | [ wmHme |

2B W ® @fl@

1
: #i A
[(meez | T
B iR |
B A i i
A W
BIon— = I
e
#fi AR N\ F75v°

SRR {1 B

@:%st. RTEDEES
(1) £H - HFOT 75> Yomsiz,. BHOWNTRESEZHS 0L T 5, Zod. MR IIEHE
VRMIXOWEGHTA I Lichah5 BEO 7S5 Y VRTRBRICY ) +a2BEEmsFTcE v, £
O T FEBE G T TS (R CEREL. 77 VoI BYRER T [ ol
WOREREAMLTHEBIZLELV MEDTELOE L,
(2) T77 ¥y BHOBRICL DM RIEIZ, 20% L 50E L7,

2 EXR |

¥—7—F | S 5% BR S ORTE

165




No.1-4 JEMRE T 7 T2 U0 CTHAiR (F0 3)

3.1 (9 FRTISUHBHMOER

R HHIZIRIR

i |

AT & DIAKOREIZ &k v EHmmss | BEOE LOFRD L OIMERE L. Miikikz &5
B L, WTE R LT, AV M R0 FHERHR L7

s J7ik

OHTH 2%, AL MIB2 R fLE L7,

OB T IE 7 L (1 FE) %, #5RHR & BfH T 30 b ks GR il h o 30%) L7,
OHIER D TR & EHEE, AL M 2AED LaeligTcr—Y 7 L1,

@EHTIMU O 38 BRI T o K B A AR CREEY L,

@FEHSMUD Y =N T L— REHHEL F 2 RKEELFFL— FRUOUED T v FEREZ -,
OTF 7 7 v ViR AR %. WEROBREELIT- 1=,

DT~y FRTEO EERIZKEI Y 25817, £7 T 0 DG RE B -,

1

P INEMET A~ TR

1,000
/mmra

233

170

e

|'=F —
2 ‘]-a15|| | 3a1s
0l =225 |30[30] =225
HEE B R oo
80 IE-TCBM22%T0 (5107
R AR ER AR R

166



No.1-5 BN O F 77 v UkRE F7 70 VHBICHRE (FD 1)

7.4.7 K X B @AKTORE R, W K

—
(1) TR Ok fﬁ
WKz & 0 SRTOE R L 7ol % 2 R 3. B3 T 18 407R 3 b O K WEFD 60 42 i
O CIR S N AR | iSO BT ORARECH D . Kb bl
58 1m ORPOEHIEH £ F7 7 >3 L OERHBHEDBERMIEHI U & ¢ £
77 v TGRS 12mm 0 & Z 55350 6mm (2 & THiLSEL L, Bigg @ﬁ AR EIA A % 8

RADHVW TV EEFTH DT BRIV CRTHOL, AHARTHRRaR
e bOT, FER AL SRR U 2 PR IR S R T HTHS (4 AT o4l
AR O, EEHBM TS, BLXUT7 7 YOBRTHE, § B| C D

HHEC L OREF 2y 7 2 L 25, Bl 9mm, F7 J > ¥ 16mm, —| E
19mm OFFHRE I L. B T 5.2mm, %% Tk 5. 4mm O IEED 135 =
mahi,
@K EMHAIMB~ER
AREN TR
AR
FAY
PR -
BERTIS I HRBAMTOMARS (KA @Y iz L )T
52 5h B A S A
| aE ORI, AEOE RC RETHE . B & MR 5 0. % 1 HhH
DI T.O T RC REITHKE 2 5 ORI b e 2 EHEGIK 7 £ % & b
ST & % 2 BTz, R ORI L T, SRR & % &tk B e s
By 7 DEORAENELL Bk bO L BbRS, =i; =
| OB / (
| OHOBBOWESE L LTRORASS Ry Ly LERETs Qe T2 7V Y RS
s 2 L BRI BB, 02 O0KESH L 5NB, wFho T OF 77 » Vil

kR R T 2 0k, SUBEA OWERROKA R S 7% Kick DRES ND, -

KEEOTRIL, IR b EEREAE L je b, WY RALLE 256 L7 - ®7.23 HTHF
ORI £ U, FHEAICIR D B 2 3 J7 k25 L,

L AHEOEEC DV T, BICHIET 2RO H 2 bRk ns, MBSO
L BT LSRR ORI & 2R LT R A R VIR L
F7 5 IR REEL. YIRS HHCREE S 3 A AR L, Wi,
ST R R UL RERT TS RO 2R Ui, B 7.23 wiR L FETT
Ltee Tbb. WEAOEN, B X CATHEBIM & EEE. BRI % SN
EL, FILWLW7Z 2 5BBL TUREHBIRE Lz, BB, TRICODWTI.
FLLLOLIN BB L L bz, BELRIE (BHT.20 B1)

To Fo. THITKRN> T, ZOLEOEMESHERT 2 72 OHEER & i S HALE AT
TR ERET 2 720 OTHIRB L BHT T - 720 IHIRRORR, (R AR i
OO SAERH) . BEREAHRCERNC RIS M OB R R L, T

TRICKIZIZMIST L 25 eBbhrote,

167




No.1-6 JEMKEONF 7 T2 YOS THikiw (F0 5)

TEOI— 1 R T 3R L GRS

(1) fEREE
-fBE 1 60m
BT T A —T — 718
- ZEEE D HEFN 35 fF
BRI E D EEERAE (813 F1R)

(2) HBEOHH
S wH—7 —FIBOMBIFSERC L VMEREBEL TS, BEEEZ CUNRAIERTE 2V
rSsahiz,

(3) MWEOEZH

FEIW & D EAMEGESTHE O 10 %R LOERTRER TRB T 5 2 L L Lz, RARES T
5P rEHROESEHMATEOR D, BEESELEL SN, Uy MBSO D, Bdr
EELTIV IV YVBLEDLENRN MEFGLE L,

(4) SELIzHWRT
st SEBREE{T-o%, BROETHA OGN TR,

380 185\[ 185 » "A"EIRE
0 ABT5=300 = ClamL %_HT
El 1 -/—-
S &SSOl e | [ Lo
00 &b -] de |
m g gn g bl fin o Al fh
—&F \ (., |
/_L.F'II‘ 0 Qg oo g U:Ji? g Td™
L.Fl;
380
e S — 3 | BRLOBAD e
2 2-PL 186 x 14 x 3B0(SNADG) 15, 45kg
O OoooP e 5
Im [mm [ fih 6m 2 ALK 0, 76n (TH)
2 ik 0,38
Y @0 @0 =0 Td | ,” L.Flg #HEK 0. 3800
OODD P - . & Nt

168




No.1-7 M7 ¥ = 7 EH O 4 THUATR

REEEHMOITHR -

|

ARG RIS & o THS U - MRk e ik L.
R L - THE L3R Th 5, RYPOWE&ED
£ 9. S ERETA L SR AR R o0 B R £
£ 5 WiTR A DT W AEICIE. MO &
MREL 72 LT AR 2 A MENICImA S K )12
HisF A KD TH B,

1BisEETT

1. BRF—%
11 # &
1.2 B

» 89.800m
: 29.200+29.200+29.200m
(3
13 0E B 14500m (HFEhEED
14 f f4:90°
15 A% K 14 (TL-20) : WA143 4G
ity
16 HERRAE C IBRI46 (1971) 4
2. HEme
21 HiREIRE - N AT
22 M BEarsU— b (F-AV
)
g ) — b (ReGS)
P T AT 7 N bl

23 #F @
24 T

3. EBEE
31 22—t g,=240 kef/em®
32 % W 1 SD30
33 M M . SM50Y. S840

815 - WIEET

S OEER - By 2 voLE (LR
T S DA L MR
AR - HEiE23 (2011) 4F

B LE: © B TR Wisdkie
st oM Lol - &L
BEMR R L

S G oo

BHERE(ICKDMHIE

BEONE

FEM RIS BT, EHTO G GRS L F T )
M & b RN R £ # 200mm O B K IR FE AL S
hize FRRARTEH OB AUZ LD ST SR
BELTHED, SCMRmAEThRER I TV 2,

EIEDREA

ARG, R PT ORI S & OFRIR LA S
DALY A A > OERFHOR AL WIHRIRD FF
BT A & 464G & R 2 i M LA OB A o i X B
b0 EHIWEE Nz BT RIRAACE T IS S L7 %
Wik 77 ¥ Y OF HREHERO LR L - & AU
BT EG, HHLAbL O kR S,

HIE - WEOITE

LA DA LT B SR S n U b 20 3
Wik, WE#HEESTEHELTHRISATED, va
T OGO GEREAIRE) A5 R
727D E TOMEICREN TS,

FIT, 7 7 OFHENE L ORI 2
OEIRIZD VT, LA BRLS Z iR L2 LT
WIS M AU A I B TRISIE N E TP

HERBIBET
RE - 2HR
Tl - BEE
\
=LA v
& R B
BEEME (CHEvmEREEm

v

YTRRE - T
¥
UTIRREAGD
¥
RISRER B
¥
%7

TR (RER) LHLaHliEn7a—-

169




PNz 5 2 & 2 BivE LT OHHLia ok
BEPC X B HHED B v R HRHERIC X BB W
W L2RSC &I L e SR RT3 5 EEH
WA A LT T 12180 & 0 MLy 5
BT RIRIC o iR, ISR & UM RIS X B4k
FElitE %472 720

HFIFEOFHIEESEORE

FH; 7 T Y VORBRREIC X 5ERITONTIE.
MRS Y — A 7L — b ETRICEERE L
TIEBENS o, IRHIRESNEE SIS 2 &%
W, 72720, Y=k T b— | IR LT
AHOEEETHE, FT73 VML THIERL

Pl

BB RIS D20, LERNETH OB
P OISR BELEZ 5N D,
HEER
268 9733 9733 505.3
E
21—2‘{*
TSR
@ - ® @
lr 28200 23900 5 2200 3
\Ir i Jﬁ / !
H |
(5007 <5000 H (50007 ¢500> P xR
g e g Tr--—- BI 1 ot EEE DA — —| m;o g
g =i 3w | & CARTR &Y HURY ) 8 / ;—%I'
{m T AL CLINg 5712310 | y ‘:" Al o
i A ’} BTl IS > DU | 1
w sl R TR T e
E5 3000, L] t UL
10000 1200 200G
[ 20642 (T Y #9) 15050 (1 U £8)
50 19192 14500 500
2% 2% f
gl g
3 1.591 f35(.\0 3500 3500 {,3500, 3350 | 3350 | 3350} 11200
—-mmmn‘-mmmmmmm% 5
] !
CTUTTUTED DU .

st

i

170




No.1-8 STR EHfllbs & 0 =7 DM Z ()

EEREHAOMAZ - HRICSDHE
WISET
10 200
1. BEF—H .!_'h‘o_ TO00 Tﬁé’
. ad 1
1.1 & f:72.410m T a7 bl Sc:‘n]
1.2 #ERIMI C 21,600420.500+ 21,600 m I ———
1.3 # M :9.000m lRLx N 17cm
1.4 % 651,690 m?
1.5 # fy: &8
1.6 15 M5 1916 (TL-20) (MR 31 SEMGERAS 2k 5 L) i __
1.7 REEE B39 (1964) 3 H i o I

[ 130 el 2501 25,250 256

. (2300, 2 so0 ) 2 50q)] | slz
21 EMGL DM, B> 70— . | ~lo
2.2 Foa o 3ERM LT ¥ & G \ = o
2.3 M W0 EEAT bR " ‘ il
2.4 8% #0 e WESEATHALTE - i
2.5 ML TA7 7L (1=5cm) 2y — =

! =

3. AN ' . !
3.1 ax2U—F . og=240 kgf/cm® l
.2 & i © S1295 | ‘
3.3 W M 1SS a00 IV |

A8 - WEET
. oM © 30K 1O SHEEONE L (T), 28
2. LM EF
3. WBRAERE T8 (1996)
4. WifEHR  GNH, WE, BP ok
5. HitE@OMWm LoBE %L
6. EAEUHR (W) GRS TEMRER 1 | SINLE A NIE - IR - B
#FG & |, 1992
BEORE

MAEORU, GG L0 SRS & Uil ft (Wnlnsed) Al <, ml
EMEORE, S<nsBrRonz, 2RI L ERT 77y, 917,
TETANEIH T o8Es £ 67 72 2 b RIS T 8 - 72,

HiE0RA
s b Pz R LTy & 2o, BB e LA bikd s L o FHHB OB BRI

ok, &5z EROBE iz k5 Pk L IETF L, JFAF R sE L ikan
AW SRARELLbO LS biLA,

MIEDGE

Wi Uik L LT, BEORNRIRS LIEGAT 75 > 26 ki 5 TR S
THHET Sz Motk 5T X, SRR SMR T2 Lvvios, AT
FMOBRLBUHE L1

COTHELAEE, B —dHET 2 HiEe L C3M e s s b
D 2IONEAH LA, TS TRENERLSA TR THLZ &, WHRILE £
THLIRNT > A—HN | L OPEARE EME L 225 2 b, BLUGNGRE
L&

Fz XAOMZ 200 T, HEKk (BPH) ofmaBLRk (B8R
B €90 mm #5< 4 (BP0 80 mm, %0 7% 170 mm),

ZOMEICHT BN L L THTED 2 840 2 LiLb.

(D HEm 4 IF &%

(P25 BT s R I

SO QA IR L 2, PHMEATFLY A MR R ) gk il Ae 1) Ae e R ;
:};;.;;L L::;l{ Ldls, WAtOmrLFE L bl @ESLOWREIL S iﬁ??ﬁ%ﬁ@@ﬁ?ﬁ‘%%kiﬂ
AEFTIRAL 2.

171




o

[P.145x25

HIEFEERR

g || L

Lo dmbl b |

b2 h

L, 3|':I.'|L;g| F
IL.'

A A | | 100
L LIl

90

[,
AR 77777
A7 0

BT

IT #H
ek T TR

[P, 100 <9

R

LA
X

BRI ERT

172




No.1'9 BEHREOTF7I7 o IE FT7 70 UHBlICEE (F02)

AL S I &S, WM
RIS & B TR DAL R A P
IEE&LEV, IOKITBE
EEORETIES CITRH L.
MO /1P A I EERIT
TIELEALN S,

1/4
£ K & | HEF73 v VOoKA ‘ﬁﬁﬁWch
& @M L #%| S-2, S-3,8S-5
1. RROBE
ZOERBEREOKENS
WRAERT 7 5 v UK F g

2. MROEELNHEZS
@ BRI X BHHIXE « AREMH->TOBEF 75 v IPBATER VIR L4

%o

@ T77rriidd aMERBIcid. SARL TR S (75
VYORXEE L HRIME L RUREFELEEST D) o

@ ZAMOBENCTELLIT 77 VOTFEICAR-RERY B LT
BENH B, TOBFHDHEE L THEREYIRMESE L LT, /MR 2 =i

ZHT BHELH 5.
N *® A E R A S S T
1| ¥ 4% 4H [
2|k # A
3| A
s %
— 110 —
34
m —
7
wk
_/7\ WA LB
&/ yi e
—= {‘7
s [
(L F75v2

I4

i

Fumiek B8, (424.5)
-

2/4

3. XRE

4

\

\

e

t——t——+

\

\ ) 0T 5 U | AN TS

[t Lay sy -k

474

riﬁ%ﬂ“@&&

WL E o RE

IHA AL o —
=+ FERFEL

Uiy POEE

[tz toki]

] FINT 75 2 Pallifs l """

TEL LB
iz

afa—+-Ho
KU LI ($24.5)

=0 = PR

W= DW)

PR 2 — o 5AID)

- 113 —

173




No.2-1 #etE#H (2o 1)

MR EAT RIS 55 O )5 2 AHE No. 2-1

1. BEME
R : HUMER AR IE O BB T
BE : 29.8m
SERCAEEE : BEFn 41 A
WHREE M 89E g r s Y — MEBEBRG R E
ZEKG(TIE s IR

2. #HEERR
HEEIC L DT R FRIC, Mmoo 3Ol BATIIRE O & 2% 0k O IR R O ERE T aps - At St

T2~ TRWET &y b OBERKIESREA, HRORELITE L HE,

[ ——

B s :
XS R

3. FEE - s
WEAAIM O XHEMHE S BREOTD, B THRMERE M L7202, LLTOE - FESRH -7,
cHKEEDTED, T 7 I DIc A&y FARAL RRREINTWS, (F7 70 PRIORL MEEM
T&ERW,)

4. WIEAHE
JEEIC L B RIBREOZANRAE L TV HEH GO EREMAGS. SeEig, v b)) 28k, &
¥l 7=,

LB HieA A—
=
mAtL
b % o ¥

R R

] e B
| 25 =

Filig —sER & i 1 Fils I8
AR, &%

5. SROFE
JE Btk OIS /) RHELENE) . WEEHE OBAME GRIF - WS, B PLAR)

F—U—F | S TR, R, SR M

o

174




No.2-2 &EEFEp (20 2)
7 s S B (AR WA 5 D B B AfE No.2-2
1 st
o3I : 4 PRREEREIE B AR TE
& : 109.6m
SERAR . BEFN 53 4F
AR E : WD 48 FHE KB R &
BUKGALIE IR (MEEERHN S 2km A R D HIER)
2. HEERN

Mt ERIAL 2 ERH LT D 208, (RFEMESE DSBS IV TWRWIZDEFTA H 0 | R OEITICHED, V=
TITWrE RN AE T, AN ZENTWDIRIETH 5, Ml oo PRI I - 72 BN D3RR S 7,

4200 B - A - TR
100 2000 ‘ 2000 WO Y
y - './/
i 3 Z
1? ® @‘? Zal
i : ‘ @ . | /,-" Z “'r =
| 11 11 L L T
| ;*{'FL.'\
i || JTF N
£ i—%l— ) N
Eﬁj* | | || ! N xzsioaa
: - .
I |

3. A - A

Wr KAk LTl Y = 7 Ok, ARG AT U ISR A L E LB 2 oz, 2B, BRI
L BWAEIL., AHFICES B REICEDMMPHERINTWAE D, BEEAICLDIYRPEETHD
EEZ LT,

4. fHEFHIE

st OGN K 2 Wik KARER Sy 2 W s te . BUAEEIC K s (=7 - 750 Y) 3
LTz, TD%, 774 A —#%THDIZ L0 REFEEZITOARL b CUERES) (X0 Yz 1T-
oo B, WAZEE LZWEREICBN T, FRRREBIZBWTHREZMET 2260V Y vXICLD
BTN T T LTy, 72, ZE XV TRy MITH - 727 D BGREEZ 8 Lz,

STEP-2
Wigzs

LRy Tont

4O

JEE B % OHTIREBIN 7] (RIELENE) | TR E OBMME (G - W

. EPRATH)

F—U— N | BIFHTRE. PR MiErESbs . SRS

175




2)BNDWIER X
EWNZT TR, BAMIBNTH, HIROBENREICR>TBY, I FRIA4 2R EL, A KT
A NS TR L TV D, SGEl, AFRLTETA RT7 A 2B W THIRE O MIE I BE 4 5 T 2 408 L

S5,
F4-4-5 HARSAVERAEIRE
No ; 5
B S i
" GFeF74)
1 Australian Rail Track Corp Structures Repair Guidelines (2010)
(A=A Z VT OE - N7 > 7 HEOFETA RT A )
9 FHWA Bridge Maintenance: Superstructure Course No: S05-006
LA PR K R Y B OMERF  Course  S05-006 Credit
FLDOT BRIDGE MAINTENANCE AND REPAIR HANDBOOK
3 . ; . N
(7 v ) Z)EE BRAT T A EDN R T v )
GADOT_Bridge Structure Maintenance And Rehabilitation Repair Manual ( )
4 : 2012
Ta—UTIERE BRAT T A MEDANC RT s
trd29 T A AT M EEEE
5 [Evaluation of Appropriate Maintenance, Repair and RehabilitationMethods for Iowa|(2003)
Bridges]
6 |Transit New Zealand_Bridge Inspection And Maintenance Manual (2001)

176



) A=ARMT VT OHE + T v 7 BROMETA N T4 > (2010)
M A D i B OBRGIT 2E T EIC OV TR L TV DL T ORNE Z T 5,

2.2
2.2

PO D N
P D N NN

B3 TRy MBIZBITFATFZ I U0y =7 DGR
5.4 2T OREER] KUy ME
.2.

6.1 TR = ZHHMIE O TOBEIALOBRE ] %V Xy ME

2 TRERIE R 2 1 o 7o 38 KOS BRI D& 715

3 TEEECAHRIES D B H 22 I O B T RE IS & % o 7o SR B T = 7 I O#ifE 5%
4 TS B\ HEIE T > 7L D IR DR R D5

5 TF7 Ty Lt & OBHHT TOBREROERE

6 3K L— DT L]

7 [OOSR RCER I T i TR T 0 k) JRAE DAl & 75 14

SIS S S S

The purpose of the guidelines is to provide repair methods for commonly found
defects in concrete, masonry, steel, and/or timber structures, which are a part
of routine maintenance of ARTC assets,

Where necessary. Structures Representative is to seek advice from the Structures

Manager whether a detailed structural design document is required,

2.2.5.3 Corrosion in web near bottom flange angles in riveted girders

The procedure for repairing web corrosion near bottom flange angles in riveted girders involves the
following (Refer Figure 2 - 4):

i. Remove all loose rust from the surface to be plated by mechanical wire brushing and scraping.
Scrape or grind smooth the vertical face of flange angles.

Working on only one panel of web at a time carry out the following:

ii. Drill holes in the web above flange angle to match the holes in the prefabricated, galvanised
cover plate and packer plate.

ili. Remove the rivets through vertical legs of angles.
iv. Position the packer plate and fill the void between the packer and the flange angle.

v. Fit the cover plate and, install and tension all bolts. Repeat steps (ii), (iii), (iv) and (v) for each
web panel requiring plating; then

vi. Prepare for and patch paint new steelwork and areas of existing steelwork to the extent,
including the region of corrosion on the unplated side.
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2.2.5.4 Localised corrosion in webs

The procedure for repairing webs with localised corrosion involves the following (Refer Figure 2 -
5):

i. Cut back reinforced concrete etc. that is causing corrosion as directed.

ii. Remove all rust, dirt, adhering concrete, old paint etc, from the area to be plated by
mechanical wire brushing and scraping.

ili. Mark and drill bolt holes in the web to match the holes in prefabricated, galvanised cover
plates.

iv. Fill voids and surface pitting with epoxy resin filler over area of web to be covered.

v. Position cover plates, and fit and tension bolts. Seal with epoxy any open interfaces around
the perimeter of the cover plates.

vi. Prepare for and patch paint new steelwork and areas of existing steelwork to the extent.

ARTC

Steel

Engineering {Track & Civil} Guideline
EGH-09-01 Structures Repair Guidelines

New Fully tensioned ™ " '.t
HSS bolts to attach
cover plate

L— Cover and packer
plates in segments
hetween stringers

] Replace rivets with
Fully tensioned HSS
bolts

Elevation

Typical riveted girder panetl

Packer plate

Web plate * Thickness to match flange angle

3 | Cover plate
D=1.75xd o Thickness 2 web plate thickness
- L i — N
buz40mmminimom x| I «— New bolt - one for each bolt in
dr is the diameter of ] F par
st 5 | Top of corroded section tower partof cover plate
) | Areaof corrosion loss

I B
Patch paint to an’est/)jjh i —~— 5 to 10mm
] Fitl void

corrosion

—— Bait replacing each rivet

D Flange angle
i N // Flange plate

i

Section A-A
Typical section through cover plate

Figure 2 - 4 Repairing web plate corrosion near bottom flange angles in riveted girders
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Engineering {Track & Civil) Guideline
EGH-09-01 Structures Repair Guidelines

ARTC

Steel

Area of severe
section loss
A
o oooo LR VI ID uond w0
b= & g - i —
LS SIS ) - 8 FR ] a L i) Il
J ! Vertical extent of
\ A Iy corrosion loss
?‘_ — — ——— " New Fully tensioned
. N HYS bolts 1o attach
Cover piates in
cover plate
segiments between
stitfenets
Elevation

Typical riveted girder panel

Weh plate
\h

| ——— Cover plate
) - Thickness = weh plate thickness

- )
4 I J}\ New bolts
o i,

S ‘

| Area of corrosion loss
Extent of corroded region

Sy

] any void
D ¥ -
3 . 3}\ New Dolts
o ’ .
Washers

D - 175 xd; {ciameter of
fastener} 40num minimum

—

Secticn A-A
Typical section through cover plate

Figure 2 - 5 Repairing webs with localised corrosion
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2.2.6

2.2.6.1

The procedure involves the following:

Repairs to stiffeners, bracing connections, and bearings

Relieving of corrosion site at the base of intermediate web stiffeners

iii.

Remave rivet

Portion of stiffener T,

removed

Replacementhoit

dress and paint

Web plate —/’/\w.

Remove any rivets securing the lower portion of the web stiffener that is to be removed.

Cut off the lower portion of the stiffener to the extent shown on Figure 2 - 6 or Figure 2 - 7 by
flame cutting and/or with an angle grinder. Several possible arrangements of web stiffeners
are shown on these figures. The appropriate location for the cut is shown in each case.

To avoid accidental creation of heat affected zones (fatigue sites) in the adjacent web and
flange, do not use flame cutting to remove portions of intermediate web stiffeners in direct
contact with the web or flange. Use an angle grinder to cut these portions. Take care to avoid
grinding a groove into the web or flange.

Dress any flame cut edge to the stiffener by grinding smooth and fit and tension bolts to any
holes formerly occupied by rivets.

Prepare for and patch paint the exposed steel of the web stiffener and the local area of bottom
flange and flange angle now exposed.

— Intermediate angle
Cut here, stiffener

cut edge

Partion of
stiffener
remaoved

\__ Avoid oxy flame

cttects on flange angle

Intermediate web stiffener
Arrangement A {splayed angle}

/ Packey plate
T o Intermediate
Ty T stiffener

l 10mm minimum

H - \ Cutstiffener adjacent to

packer piate toy avbid
1 axy flame effects on
flange angie

Cut hera,
dress and pait
cut edae

Intermediate web stiffener

Arrangement B [with packer plate)

Figure 2 - 6 Relief of corrosion site at the base of intermediate web stiffeners
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Web plate
/ intermediate

angle stiffener

Cut here, Avoid oxy flame
dress and paint effects on web
cutedge and flange angle

loggle in angle
stiffener

' . .
Portion of stiffener

i‘»’_

! removed

i

1

Replacement bolt

Intermediate web stiffener
Arrangement C {no packer plate}

Figure 2 - 7 Relief of corrosion site at the base of intermediate web stiffeners

2.2.6.3 Repairing bearing web stiffeners with localised corrosion at base of

outstand leg of stiffener

The procedure involves the following:

Cut away the corroded portion of outstand leg of stiffener by flame cutting and by using an
angle grinder. Avoid flame effects in the remaining leg of stiffener. Dress any flame cut edges.

Clamp new plate with holes drilled to outstand leg. New plate must bear hard on bottom
flange.

Drill existing stiffener and grind smooth all burrs.
Bolt new plate to existing stiffener.

Prepare for and patch paint new and existing steelwork.

2.2.6.4 Relieving of corrosion site at base of splayed angle bearing end

stiffeners

The procedure involves the following:

iii.

Remove the section of stiffener by oxy-fuel cutting. Avoid or minimise flame effects on the
steel of the girder section.

Dress the flame cut steel edges by grinding. Clean the area at the base of the stiffener of dirt
and debris by power wire brushing, grinding etc.

Prepare for and patch paint the area.

2.2.6.5 Relieving of corrosion at bottom flange bracing connection

The procedure involves the following (Refer Error! Reference source not found.):

Install temporary braces as required to compensate for the braces that are to be disconnected.
Remove rivets as necessary and remove the gusset plate.

If structurally acceptable, modify members as detailed by flame cutting or with an angle
grinder. Avoid flame effects and grinding grooves on the flange and web of main girder.
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Epoxy resin ;
filler if requir—e_d\

{

Ty
\ =i

Z !
Detail A L —

i Where HD. bolts have previously been used,
’;-J replace with new galvanised bolts set in cored
) hole with epoxy adhesive

Part Elevation - end of typical riveted girder

Corrasion loss in

=y Kexisting flange

e

)

==

New fixings replace existing ‘—/

countersunk rivets

Refer Detail C &D in
Figure2- 10 & Figure 2-11
respectively

Detail A

) |

i
i

\
i

Existing fasteners
Section E-E

~———— New galvanised bearing plate
to match existing plate
{thicker if possible}
Detail C

{Refer Figure 2-10)

Device to

attach girder mk «{k i i |

bed plate i
PATTT77TIZTZ7TTI 7,

Section B-B

Figure 2 - 9 Repairs to bearing plates
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REPAIR OF CORROSION DAMAGED STEEL BEAM END

Following arc step-by-step instructions for repairing a corrosion-damaged beam end:

I. Relieve the load al the bearing by jacking under the sound portion of the beams.
Cul out the corroded area, rounding the comers to a minimum radius of 75 mm (3 in.) (o
avoid abrupt changes (re-entrant corners) (See Exhibit X1.21). Bearing stiffeners, if present,
must be removed.

3. Weid the new section into place using full penetration welds. The new section may be either
a suitable rolled beam section or shop fabricated from other suitable shapes. Replace the
bearing stiflencrs where required.

4. Lower the span to bear. Check for distress.
Remove jacking equipment and other temporary supports.

LA

weld new siselplote or W7

Cut out corroded areo and « _
zections along doshed lines \

\ ' Yo {
\r'j /f/* MM»":’? \
Haarirg - v‘éﬂﬁwﬂw BN ;
: Stitfeners 5?:;,_«‘% , 1
: SN /
: T ISN {
; A AN \
I;l? I ¥ ] ' i'\\
. e .,
/ T e Ltroded Seg
s e £ e
Existing Beoms b
ond Pier -
N

Exhibit X1.21 Corroded Beam End Rehabilitation
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4.6 STEEL BEAM & GIRDER REPAIR
4.6.1 Corrosion Repair

The corroded ends of steel beams are repaired by cutting out the damaged portion
and replacing it with a new WT section or build-up plate section.

This method is suitable only for simply supported spans. The top flange and a part

simultaneously whether they are to be repaired or not. A qualified bridge engineer
should design the welding or bolting details.

A. Recommended Method

1. Relieve the load at the bearing by jacking under the sound
portion of the beams.

2. Cut out the corroded area. See Figure 4-9. Bearing
stiffeners must be removed if present.

3. Weld the new section into place using full penetration welds.

The new section may be either a suitable WT or be shop
fabricated from other suitable shapes. Replace the bearing
stiffeners where required. Fatigue problems may result from
welds. A bolted connection for the new section attachment is
preferable.

Lower the span to bear; check for distress.

Remove jacking equipment and other temporary supports.
Paint all areas exposed to cutting and welding for corrosion
protection.

o0 s

BRIDGE MAINTENANCE & REPAIR HANDBOOK

FIGURE 4-9
CORROSION REPAIR TO STEEL BEAM

CUT OUT CORRODED AREA
AND WELD NEW STEEL PLATE—_
OR WT SECTIONS ALONG DASHED LINE \\

\ BEARING ! N \

\ STIFFENERS I Py ‘ /
\ 7 /
I | /
i /4 \/<\\ ‘
I N |

EXISTING BEAMS /- “—CORRODED AREA

AND PIER
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Chapter 2 Bridge Structure Maintenance Activitics

Activity 830.20 — Beam Web Section Loss Repair

Before Repair After Repairs

General Notes:
Verify all dimensions and elevations in the field prior to ordering materials or building
forms. Light lines indicate the existing structure and heavy lines indicate the new structure.

All welding shall be performed by certified welders that have in their possession a current
welding certification card issued by the Office of Materials and Research. Use only e70xx
(excluding €7014 and €7024) low hydrogen electrodes for manual shielded metal arc
welding.

Clean and paint all structural steel as shown in the construction details. Work shall be done
in accordance with Section 535 of the Georgia DOT Specifications.

Do not use this detail for weathering steel.

Material Specifications:
e Structural Steel: Grade 50, f, = 50,000 psi

Safety
e Traffic Control
o GDOT Operations Work Zone Traffic Control, or
o GDOT Standard Drawings 9100 thru 9107 and MUTCD Part 6 — Temporary
Traffic Control

e Verify presence of lead paint system.

Georgia Standard Specifications
e Section 501 — Steel Structures

e Section 535 — Painting Structures

Version 06.01.12 2-165
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W = AREA OF DETERIORATION OR SECTION LOSS

TOP OF DECK w

z 7
AREA OF
CORROSION
7
w-sEam — BEARNC
EXISTING CONDITION
i
2 o] (e} o o o (<] Z
o o o o ]
O C i< o [e] O
BEARING
A AREA
SECTION A-A
FINAL CONDITION
3-0"
30
. 5 SPACES @ 6" L3
35 5 SPACES @ 6" 3z o ‘ ‘
6" 4 SPACES @ 6" 6" Fo—o -6 506 o
¢ B "
2 Ve, TYP. \
-e—f{-o-—-o0—--—0-—o-l-oq — 30X 3% %7 ANGLE
c 2 REQ'D. EA. LOC.
+--—o-—-6--—0—--0--—0—-—- —f |
c
Fo—--o-—o0--p-—o0--—o—- —1
£ X AlB|c
%o, TYP. N 8 ar-2a | 20" [y (8"
NOTE: ?;EE;}JEE; Loc 24"30" | 24" | /z" [10/"
IIF_SECTION LOSS IS GREATER THAN 50% CONTACT THE e 30%34" | 307 | V2" [1372"
STATE BRIDGE MAINTENANCE ENGINEER FOR DIRECTION.
2.1F LENGTH OF DETERIORATION IS GREATER THAN 3'-0%
CONTACT THE STATE BRIDGE MAINTENANCE ENGINEER FOR FABRICATION DETAILS
DIRECTION,
EQUIPMENT MATERIALS
PERSONAL SAFETY EQUIPMENT  ANGLE GRINDER W/ ABRA.DISC FABRICATED '/4"PLATES APPROVED PAINT OR SEALANT
AS NEEDED

IMPACT WRENCH W/ SOCKETS
ACCESS EQUIPMENT

MISC. BUCKETS & HAND TOOLS
DRILL & ' “@ DRILL BITS

PORTABLE AR COMPRESSOR
PORTABLE ELECTRIC GENERATOR
SAND BLASTER / AIR GUN

FABRICATED 3"X 3"X 3"ANGLES WELDING ELECTRODES

¥4" WASHERS
¥4"LOCK WASHERS
Ya"NUTS

Yi"X 2/,"BOLTS

SHEET 1 OF 2
GEORGIA DEPARTMENT OF TRANSPORTATION CONSTRUCTION DETAIL REV'S'U‘N DATE | DRAWNG NO.
ENGINEERING DIVISION - OFFICE OF BRIDGES AND STRUCTURES v scue DEAM WEB SECTION LOSS REPAR - ! 830.20
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} 3'-0"MAX.

STEP |
I. USING DIMENSION TABLE SHOWN ON FABRICATION DETALS,
DET
PLATES PREFABRICATED.

2. FABRICATE ANGLE AS DESCRIBED IN FABRICATION DETAILS.
3. SHOP PAINT ALL FABRICATED PIECES.

Z e o s e e e
e e e N
STEP 3

I USING FABRICATED PLATE AS A TEMPLATE, LOCATE
OLES IN WEB OF EXISTING BEAM
DO NOT USE CUTTIN CH,
(BE SURE PLATE IS FLAT AND SQUARE AGAINST WEB
OF EXISTING BEAM)

ERMINE DIMENSIONS OF PLATES TO BE USED AND HAVE

STEP 2

1. BY EITHER GRINDING OR SANDBLASTING, REMOVE
ALL LOOSE PAINT, DEBRIS AND CORRQOSION FROM
AREA WHERE COVERPLATE IS TO BE INSTALLED.

z © o o o o
<] o o a
o o o o o
L =
SECTION B-B
STEP A4

I ATTACH COVERPLATES AND ANGLES USING ¥4“@ BOLTS, FLAT WASHERS,
WASHER AND NUTS. (BOTTOM LEG OF ANGLE SHOULD Bl
CONTACT WITH THE TOP FACE OF BEAMS BOTTOM FLANGE)

IN FUI
2. TIGHTEN ALL BOLTS IN ACCORDANCE WITH SECTION 501.3.03
MINSTALLATION METHOD TESTING FOR BOLTED CONSTRUCTION*
2.PAINT ENTIRE CLEANED AREA OF BEAM. OF THE GEORGIA STANDARD SPECIICATIONS.
e
z ql e o o o o o p:
%‘,r—/‘ o o o o o g
o N k,i
c o o o o o Ye
SECTION C-C
STEP 5 STEP &
ILWELD TOP LEGS OF BOTH ANGLES TO FACE OF PLATE. ILPAINT ALL PLATES ANGLES AND BOLTS.
2.WELD FULL LENGTH OF PLATE AND ANGLE.
SHEET 2 OF 2
GEORGIA DEPARTMENT OF TRANSPORTATION CONSTRUCTION DETAIL FEVISION DATE g?’g%’g
ENGINEERING DIVISION - OFFICE OF BRIDGES AND STRUCTURES v scue DEAM WEB SECTION LOSS REPAIR - - .
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2.3.3 Repair of End Corrosion Damaged Steel Beams
2.3.3.1 General guidelines for implementation of the retrofit
Application
This method should be used to repair steel beams that have conosion damage at one
or both of their ends.
Repair Method
Cut out the coroded area and weld the new section into place.
Materials
1. Hydraulic ifting equipment
2. Rolled beam sections
3. Welding equipment
Construction Procedhure
1. Close the bridge to taffic before initiating repairs.
2. Relieve the load at the bearing by jacking under the sound portion of the beams.

3. Cutout the conoded area, rounding the comers to a minimum radivs of 3 in. to
avoid abnupt changes (re-entrant comers that create stress concentrations), Also
renove bearing stiffeners if they are present in the existing installation (See Fig.
234,

4. Weld the new section into place, using full penetration welds. The new section
ey be either a suitable 1olled beam section or it may be shop fabricated from
other suitable shapes. Replace bearing stiffeners where they are required.

Lower the span to bear and check for any immediate distress. Renove jacking
equipment and other temporary supports.

ot

. — weld steed plate soetions
/< € along dished lines
|

=g

—

/ !
comdad aea

EXIENE pler——— -

)
Figure 2.3.4 Repair of Corroded Steel Beam Ends.
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2.3.4 Strengthening of Steel Beams With Insufficient Section

2.3.4.1 General guidelines for reinforcement of steel beams with angle stiffeners

Application

This method is used when a beam needs to be strengthened due to an increase inlegal
loads or when a section of the beam has deteriorated.

Repair Method

Bolt angles to both sides of the web near the top and bottom flanges to increase the
moment capacity.

Material

1. High strength bolts

2. Angle sections

3. Hydraulic lifting equipment

Construction Procedure

1. Close the bridge to traffic before initiating the repairs.

2. Relieve the dead load stresses on the beans by uniformly jacking the beams up at
midspan.

3. Position angles on both sides of the web near the top and/or bottom flanges (see
Figs.2.3.5 and 2.3.6) and drill holes through the web and the angles for high
strength bolts.

4. Bolt the angles to the beam web beginning at the center of the span and working
toward the abutments.

5. Slowly release the jacking force to ensure equal distribution of dead load to the
beans.

(b) Close up View of the Angle Stiffeners

Figure 2.3.6 Example of Angle Stiffeners Used to Strengthen Bridges.
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Figure 2.3.5 Reinforcement of Steel Beams by Addition of Angle Stiffeners.
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4.7 REPAIR OF DEFECTIVE MEMBERS

Loss of cross-sectional area in steel members
through corrosion may need to be repaired even if
the strength of the structure is not affected. For
instance, corroded girder flanges may be so pitted
that water is retained for long periods and corrosion
remains active. An epoxy filler could be applied to a
mechanically cleaned surface to improve drainage
and extend the useful life of the member.

Buckling in members can often be relieved by
investigating and removing the cause of the
problem rather than by treating the member
concerned. In some cases, however, a member
may need additional stiffening or bracing, or may
need to be shortened. This type of work should not
be initiated without first considering the effect of a
stiffer or shorter member on the remainder of the
structure,
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ABITECIE, 8 LI SGOBT R £ O X 5 1  ARIEGSTHY)
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ACEWTERIE S LT A, <o d, | 75, 2 LT, ATHORS R LSRRI L 5 B0 /<T 2
N Y o 2 T2 S LSRR T B IS SRR W L7 (R-1).,
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PSRBT AR O DS L7223, BRI B#T LR 7o R, ST MR — 2 TII R FRHE S — b
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HP R, FHEESS, HBAEKER, MEHE : CFRP % 2@ f LSk o s B
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Alen®) y (cm) A-y (em®) Ay Ty (em?)
1-Flg PL 330%22 72.6 6l. 1 4436 271060
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B o= 336. 6 4436 587860
e= 4436  336.6 = 13.18 (cm)
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= 70 Wm® < o, = 1.5 X 140 = 210 (N/mn®)
o, =M /1 Ve
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t = S /A
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