creative
commons

C O M O N § D

OI2Xt= otele =2HE 2= R0l 8ot 7S

o Ol == SH, HHE, 85, Al SH L 58 = U
o OIXH MAEESE HdE = UsLICH
Ol HHES del SR 0|8 = AsU T

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

o 7lot=, Ol M& =2 MOISO0ILE HHEZ2l H<, 0l A =0l HE= 0125
S Bt LIEHLHO10F B LICH
o MNAEAXNZRE EE2 3IIE &2 0lE ZHE2 HEL X ZSLICH

AEAH OHE 082 dele f12 W20l 26t gets 2 X ZSLICH

01X 2 0l Ed = 772 (Legal Code)S OloiotIl &Ml kst 23 LI CY.

Disclaimer |:|._'|

Collection



http://creativecommons.org/licenses/by/2.0/kr/legalcode
http://creativecommons.org/licenses/by/2.0/kr/

[ UCI]1804: 24011- 200000256794

20124 2H
LRSI 8
smARE Aed SR
mhE mael W)

HHERER KB
+ RITE2F
g g w



Nomcram  BHBHEN ] HTRAFN AT W HRT T Heo THoWEN & & €



~EYAFE neld $Yu Ao
w2 el yshe gt

Load Carrying Capacity Assessment of Bridges

with Stress Modification Considering Spring Stiffness

HHERER KB
+ RITE2F
LI S A



R G I S N 24

TR LB G w2 2

20114 10H

W BE KB R KB B
bk T OB R

LS



A S S|
il

XA

XA

Xm

il

il

il

il

I I R VA
WK ER IR
F N T
WK ER IR
WERER BB
F N T

20114 12H

W BE B R R

(F)

(F)

(F)

(F)

4

(F)

=

Pt



A 1 FF Al B e 1
1.1 DTEEI7 D E R e 1
1.2 ?i?%{sc}: ............................................................................................................................. 4
1.3 G0 TEHFH oo 6

A 2 A RO FARATE T T T} e 7
2.1 TLEEO] OFA ZITE B BF cerrerreeerrerneieeieieieti e 7
2.2 TEEO] AT OFA] ZI T corerrerreineitistieiieiti e 10
23 WA = OFAA TT] e 13

231 2] FLEUBTEE T T} oo 13
232 ST U] FLUIBFE T T] v 15
2.3.3 OFAAD T T wevrerrerreietirtintiei e 18
Dl TP BFA] T ceeeeeeeeenen e 20
D41 A ZY TP BEA] B overeereerersrememiemieie i 23
4.2 T A BFA] T cerererererereeee 24
2.4.3 QAR Z] A BFA] B wevreereeremsensremsemieiiseistii s 25
2.5 WIBFEL T 7} Q A coveremreeeeee e 26
D51 ST H] coreeertisetet e 27
252 %_Z:]l 7;”!_”: ................................................................................................................ 28
2.5.3 T-Z T AT FLEL coee 29
D54 AN BFA] T weereererseentetee 31
25,5 Z] T A AL weevereeseesseieie s 32
25.6 TLEFHFZ] O] ZEAF ittt 34



A 3 AZYASE ]8T ABEA BA e 37

3.1
3.2
3.3

A A O T BF A HHE A A] ceveeeseensseeessssesssessss s 37
%]/\E]-&é.% %zﬂ_ 7&% ....................................................................................................... 44
BBE QA B A e 48
331 AAHA o] 9] 8F GBFQ A G A e 48
332 A m o] 93 G BFQ AT A] o 57
333 AT Y B S AT HFH o] TR G THH] s 66
3.3.4 UIBFE] T 7} coovrereeremreeieee s 63

A 4T BT B H L ot 73

A1 HTEFIE E TG T weeereeessreeessesesssnesssssasssss s sss s ass bbb 73
411 A TFY] A Y D B B e 73

4.1.2 AN BFA] T coerrerereeneese 75

A1.3 TR A oo s 78

A1 UIBFED T 7 ceeeereeesssmeeessieeesssessisss s 31

415 2ZFAAGFE AL YIS T I} e 84

A2 ZFHF 29T T ceeveeereietneietse it 88
421 A TFY] A Y L B B e 88

4.2, FNBFA]E] weeerreeesseesssseesessesessss st 90

A2.3 TR A] oot s 095

A2 UJBFED T T covveseeesssmeeessseeesssessisssss s 99

425 A2ZAAGFE AL USR] TI} 101

43 AT EES] T FFHFH O] TR UJBFE] corvrreeresseesssenss e 105

xﬂ B FF B 106



== = A < = =T - < N~ < R = < ~'< B == H - < -/ R < < < R < T - < ST = < < I =

=]

2.1
2.2
2.3
24
2.5
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15
4.1
4.2

1 T 2 AJAD B e 8
TUTI O] o coommmssmmssmmsssssssssssssss s 3
RFE T TS T 7] 35 worveevevemmmmmsmmsssssssssssssssssssss s 12
TZE O] OFAA] T T} 7] F o 19
FZZ A TP S A HFE] oo 30
‘?‘j/%_]fé 7&37,]_ .................................................................................................................... 47
2] Y] () RF | AL ) weerevereeseesseessessees st st 50
AZ e AGo] WE TPAFAI Q] B (A FFYA]) e 53
AT A o] W SR A O] I A G2 (AR A]) s 53
2T A2 T T F U (F R A]) creeereremerensieesssissisissss s 56
SYFH] (R B A]) orrersessmmmssssesssssssesesssssssssssssssssssssssssss s 58
AT A W AR A E] HFE (A AD) e 61
AT A o] W FPAFR A O] I A G2 (FEA]) v 61
AT ALE AT A D H (GG A]) e 64
AR A 0] O BF UIFFE T T} wererrererssserssemsssessssesissesisses s 68
RS A o] ] BF UIBFE] T 7 corvrrerersmessmsssissssssssssssssssssssssssss s 69
AT ARE o] 83 YIS T THAOOKN, Z AP A]) woorvvvsvrrrssssssssssnsssssssssssnsss 70
AT ASRE o] 88 YIS H T THASOKN, Z AP A]) woorrmvevvrmrsssssssssensssssssssensss 70
2T S o] 83 UJSE T THAOOKN, &S A]) wrrvveeerersseresssssssssssssssss s 7
2T A2 o] 83 UJSE T THASOKN, &S A]) wrevveeerersseressssssssssssssss s 7
D o0 [ - OO 73
AL ZES] A9 W A A ZoBE(O O T wereeeeeeeeeeeeeeeesesessssssssssssssssssssssssssssssssssssssssnnenne 75



o < = < < < R == T~ T -~ N ~ < B = B - < R - < B - < =/~ S - < B -'< B < < B - < B = < - < R -

=]

A3 AR RG] E] ZATF(O QL) wererererersreersssmsseessesietisstisseis ittt 76
A4 BRG] B ZATF(O QI weeererererrreersesessenssessetisstisstsise it 77
A5 BAZEA G U ZA A ZR(O O T wwrrerrrrresreesrerssrsstsssesisesis st 77
A6 T2 O TF 2] F (O O IL) werererersressemsremsesssstisssssse it 78
A7 A LTFH] (O O IL) wrrererresersseesseessstsssessse sttt bbb e 79
A8 ZF BFFEM H ) LTI E (O QL) errrererersrersessstisssessesisesississs st 30
49 O OILY U BFE T TF rerrrerermmeieriseiiieis it s 33
A10 THAEA] A HER] (O O TL) weereesrerseessesssstsssesssesssesiss sttt e 84
A11 7R A Q] 2T G A G (O O IIL) rerrreerseesseessemsesssstissts st 84
412 2Z A TG Gy 5/00 25 (O OTL) et 36
413 2ZYASE 13 AA FolEo] 9T FHBE(Q QI) v 36
414 2EYATE T O OTY UIBFE crerrerreememrtintisrieieie s ]7
415 THAFILEES] FITF(A A TL) sereereerersesserisieiset i 88
416 AT A W A FFTE(A A TL) e s 90
A17 AR A BIA B ZATF(A A GIL) weeererereesseemsstssseeisesietis st e 92
A18 B A A BA] B 2B HEE (A A JIL) crerererrseemsssessenssens sttt e 93
419 BAAFIAIE] ZIHA A GL) corrrerereerereeessssssssssmsssssssssssss s 93
420 BAZEA G U ZZ A ZE(A AL wwrreerrrresreesseeisti st e 94
421 FZA A0 Q) FF 2] ZL(A A TL) rererereererersreeetste 95
A.22 FF] L TFH] (A A TIL) wereeesresseesseessesssstissessse st bbb 96
423 ZF BFE H T B LTI E (A A L) ettt e 08
A24 ZF BFE T B GBI (A ATL) crerererrerrsssesseessess st e 99
425 AATLY UIBFE T T} corvereeerereseesetisstinsst it 100

_iv_



== =< R = < T < < B <

]

4.26
4.27
4.28
4.29
4.30
4.31

TEAF A 7] HEB] (A A TIL) veeeeeereensesteteten ettt 101
ATEE AL (A A TL) orversrsesisiieinisi i bbb s 101
AEYAGFE DB Gyug/0nzg (D ATL) o 103
7} SFEE H U] B R TIE (A A TL) e 103
ATYALE T AATY UBFE e 104
T 7P o] WFE U SFZ] Q] H TIL «reeereesseessesssssmesssssssssssssss sttt 105



M

M

MR
[ A o\ A S o A o N o\ o | R o NS\ o(\CSD o R o NN | D N o\ o D o\ A o o

u
o

d 21

2.2
2.3
24
2.5
2.6
2.7
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

3.10
3.11
3.12
3.13
3.14
3.15
3.16
3.17

TLEEG A THE] BB TE ettt 9
A OFA ZITE QT B B T0 ettt e 10
LRFRO|] ©3F W ao] WS T TFA R} e 14
Z8 0] Z2(m) Qb A BFHEH O] SR()) reeeeeerererersserirenseeieni e 27
FATE R O BFE-A]F F]IE e e 32
T — S A0 T cerenetet et 33
TLEFHEZ] 0] JEA] T 7] 55 s e 35
FITFQ 200 ZPEBIIE 8] oo 38
EFA AHFO] HEEI S Q] BF Q Jn coovervessseerrsmsssssnnessssssssses s 43
A T3 = YA FE v 45
FAE] T TFEL LA ] 7] e e 45
BFZE T Q] A IE ettt e 46
HAAF 0| o8 ZF A H O] ] F H]IL ceereerererersrerenees e 47
Z AP B AT BLEL croreirrieiisei i 49
Q5 B T eeereeee et 49
AP F] A TR O] 2] ] ovvrereseseniseiieni s 49
Tz Ao oat zF A O] A AB]IL(Z A A]) cerrrererererirerieniei s 50
AR A Z2zk0] 2] W H] T (A00KN, Z] A A1) coveeeremeremiemienisieieiise s 50
AR A Zzk0] 2] W H] W (A50KN, 2] A A1) cooveeremermmsenieneiiesiie s 51
A8 EFZ ] U] (B RFF AD) woerereerenrenemi 51
TEAFA] 0] A A (Z ZFBY A]) wovrevereveremseneinensesiesisesi e 52
AT A G AL B TF(ZZFF AD) cerrerereerrerisemeriis e 54
AE A Hol] TR 2] AL (B A]) e 55
g do] o3t AW H] (A00KN, ZZFEIAT) oo 55

_Vi_



N

M R
A o\ o RN o\ o A |\ o N o\ D o A o\ o o\ |\ o A\ o\ D o S o S o R D o1

u
o

318 2T Yol o3 At AZgke] A Y0 MASOKN, 2 A 4]) v 56
310 B AT FLE] covvreitseeiseetisee st 57
3.20 AP AT FLEI Q] A] ] wereeesresssereseees et 57
321 T2 93 2+ A AW MR A]) v 58
3.22 AAbzkd AZ=zko] 2] W H] W (A00KN, A FPA]) wreverrermmmmsimeimenisn e, 59
3.23 AAbzkd AZ=zko] 2 W H] WAS0KN, A FPA]) wrererremrmmmsimreiminis e, 59
324 A A EFF X F B (A AFG A]) coeererrrermeeii 59
3.25 TFAFA] F 0] A A (B A]) rreereresseemssesmssssssssssisssssis st 60
3.26 22 B A Z2 0] A | T (A FA]) sorrererresreresermsmesisseis s 62
327 2Z A Ao WFE A Z (A F|A]) wrrveeresermsmeessseisssies e 63
398 2~z o] 93k A H| (A00KN, ZBA]) corvrrrerremmmmnmmsinessss e, 65
3.29 2z o] ]38k A H| (A50KN, ZBPA]) corvrrerrremmmmmmmsinen e, 65
330 AR = w0 wE ] F L] (AQOKN) wrerreeerseresseresseeseessesisssesis s 66
331 AR 2 w0 wE ] F L] (AGOKN) wrerereeerseresserssesseeisesisssess s 67
332 BAI R W O HFH O] WE U BFE] e 79
A1 O O I wreererersersressssessis st e 74
42 AAQSFAAA 8t A L ZA A 0] Z] B Y X (O QI rwereerererereseeesns 75
A3 BFEOY] B EH] EAJ (O O IL) roorrereresreresseeesssssssessssesss s 76
44 SAYFAAA 8+ A L ZA A O] H] B Y X (O QI rererrerereeeseeeens 76
A5 O OIL B AT FELE]D coorrereresseressesisse st 78
A6 TS (O O TIL) weereressrresseeesseesssssess et ss bbb 79
A7 ZF SFE ] B R T E T (O O EIL) wrereerereesersseessssssssssssssssissss st 0
48 AZHAR(K)E LA 3 2] I (O O T) correrereererremsemsemiemiemmiesiesissiseeeiesieneees 35
A9 A AT oot e et 9

- vii -



S N Y
{1 AN o RS« D o\ o )

4
o

AAAGFA T A A 0] A EZF Q)X (A ATL) woerreeemsesnstninniiiitisi e, 90
3

AR AGFA S B A BFHEE (A A TL) wereeerrermememsemsenisesissisiss e 91
FZ 0] BEH] EA(A AIL) v 92
OIAFA A A FA S Z A A FA] T FHHH (A ATL) e 92
AAT FJAITLE i s 95
) TR (A A TIL) wevreererersmsinsisinisiis s s 96
Zh 32 FH R E T (A AT o 97
AT AF(K)E LT T DT (A A TL) e 102

= viii -



ABSTRACT

Load Carrying Capacity Assessment of Bridges

with Stress Modification Considering Spring Stiffness

Jung Sung Yun
Advisor : Prof. Park, Kil-Hyun, Ph. D.
Department of Civil Engineering

Graduate School of Chosun University

In safety diagnosis for determining the safety and load carrying capacity of
bridges, the reliability of its results depends on field load test and structural
analysis.

Load tests for a bridge having a linear behavior characteristic should obtain
responses of the same pattern regardless of load size but the similarity of
pattern tends to be affected by the methods of gauge installation and
connection, the measuring method, etc.

Because there are not established rules on the position or condition of
stress modification factor, the application of the factor is decided subjectively
by the evaluator, and this often leads the evaluation of load carrying capacity
to produce results with low objectivity. Moreover, analysis results may be
different from actual behavior depending on the functionality of bridge bearing
and structural analysis model.

This study applied spring stiffness in order to evaluate load carrying
capacity using measurement data obtained from load tests actively and
utilizing various evaluation methods. In order to confirm the adequacy of
structural analysis based on spring force and to improve the reliability of

experiment results, we conducted a deflection test with flexural beams

_ix_



prepared as overhanging beams and, based on the results, performed
precision safety diagnosis for real bridges under public service for improving
the load carrying capacity evaluation method for bridges under public service.

In the results of the bending test, compared to deflection calculated by the
existing method, deflection obtained by applying spring stiffness was closer
to the actually measured deflection. When load carrying capacity was
evaluated by the grid analysis model, the deviation of load carrying capacity
according to position was not large and the obtained load carrying capacity
was similar to that obtained by the existing method. When load carrying
capacity was evaluated by the shell analysis model, however, deviation from
that obtained by the existing method was too large and the somewhat
complicated process to obtain spring stiffness caused a difficulty in
application.

In the results of evaluating load carrying capacity for a simple support RC
T beam bridge whose period of public use was 23years, the rating factor
under public service based on spring stiffness was 1.47~2.36, which was
smaller than 2.24~2.81, the rating factor evaluated by the existing method. In
the results of evaluating load carrying capacity for a 3 span continuous steel
box girder bridge just after its completion, the rating factor under public
service based on spring stiffness was 2.02~ 2.43, which was smaller than
2.48~2.88, the rating factor evaluated by the existing method.

In the results of evaluating load carrying capacity for bridges different in
terms of support type, used material, and superstructure type using the
existing method and spring stiffness, load carrying capacity by spring
stiffness was smaller by up to 39% than that by the existing method although
in some cases the former exceeded the latter. The decrease of load carrying
capacity was particularly larger in external girders than in internal girders.

When the load carrying capacity of bridges is evaluated by the existing
method the results vary among engineers due to lack of guidelines for
evaluation such as the application of stress modification factor. This study
was conducted as an effort to solve this problem through active research.

There should be further studies on the methods of evaluating the load



carrying capacity of bridges in order to produce data of broad diversity and
high reliability and to improve the accuracy and efficiency of bridge safety
diagnosis as well as bridge maintenance and management conducted with

national budgets.
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-1 0 1 2 3 -1 o 1 2 3

Displacement{mm} Displacement(mm)
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rd B
‘ | |
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Node No.

(b) ol ol we A (H W sts 450kN)

I¥ 3.6 #AF g% & FH AF wu

¥ 31 3439 2%
A8 5t 400kN 450kN
T4 Ml & 74 Hl & 74
DT1 -0.38 -0.15 -0.39 -0.26
EA DT?2 1.67 1.67 1.86 1.74
9 DT3 1.90 1.87 2.09 1.99
(mm) DT4 1.64 1.56 1.80 1.70
DT5 -0.20 -0.19 -0.28 -0.27
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300

w4
=}
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=—0T1, DTS

Load(kN)

—0TZ DT4
~0T3

y

Displacement{mm}

a9 310 FEAY A7 #4 A AP W (AANY)

F 3.2 AZH (AR )
& = 400kN 450kN
a3 LERE Oz O/ Oz ar LERE Oz I Sz
-1.653 -0.15 11.02 -1.860 -0.26 7.15
10 2.373 1.67 1.42 2.670 1.74 1.53
14 2.800 1.87 1.50 3.150 1.99 1.58
18 2.373 1.56 1.52 2.670 1.70 1.57
27 -1.653 -0.19 8.70 -1.860 -0.27 6.89
W AQe] 9ol mmolw FFALe] Fog ()= &
2.0
B
3.0 it H2ET
F20 ol = ‘\\
E & N
210 7 A 3
E L YN
800 - \
2 ‘ s
5-1.0 ’f \\
d ]
2.0 : - :
1 10 14 18 7
Node No.

a9 311 AMuA A5 A H 2L(400kN, FAHs)4)
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P/2 P/2
7 N 10 7 18 7
(a) Node : 14
P/2 P/2
cpo ]
1 0 14 18 27
//
Ra.1 R:.2
(b) Node : 10, 18
P/2 P/2
JAN 10 4 18 27
Rs.u Rs.2 Rss

(c) Node : 1, 14, 27

¥ 3.14 7H3AA S AAB(FAHY)
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£33 2ZYA5e] BE AFARY B (@A)

AAN S 400kN 450kN
Hk= (KN) 1 10 14 | 18 | 27 1 10 14 | 18 | 27
I R - - | 281 | - - - - | 316 - -
- Ro-1 - 200 - - - - 225 - - -
Ro- - - - 200 - - - - 225 -
Rs 28| - - - - | =31 - - - -
I R3» - - | 252 - - - - | 301 | - -
Rs s - - - | 28| - - - - | -31
A= AR 7R wE S o] g5ty FAHE FxeMo HET 2z A4 K
T ¥ 349 Zo] & 4 A oju AxyHe A ES AAZ & a7 3159 7
o] A&}t
¥ 34 2ZHAF BE NAFAFY 2ZHAF(F A A])
wrey °te 400KN A450KN
I Ki (281x 10°)/1.87 = 150,267 (316x 10%)/1.99 = 158,794
Ko (200% 10°)/1.67 = 119,760 (225% 10°)/1.74 = 129,310
i
Ky (200x 10°)/1.56 = 128,205 (225% 10%/1.70 = 132,353
K (28% 10%)/0.15 = 186,666 (31x 10%/0.26 = 119,230
Im Ks o (252% 10°)/1.87 = 134,759 (301% 10%)/1.99 = 151,472
Ks 3 (28% 10%/0.19 = 147,363 (31x 10%/0.27 = 114,814

_53_




P/2 P/2

1 JAN 7 14 " 18 AN 27"
K

/

(a) Spring Support-1(Node : 14)

P/2 P/2

1 AN 10 14 ITEEAN 27"

K> K>

/7

(b) Spring Support-2(Node : 10, 18)

P/2 P/2

1 JAN " 10 14 T AN 27
K1 K;-» K
e ' 9

(c) Spring Support-3(Node : 1, 14, 27)
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T

(a) Spring Support-1(Node 14)

e

(b) Spring Support-2(Node 10, 18)

(c) Spring Support-3(Node 1, 14, 27)

29 316 2ZFAA B2 AF=(FA )

3.0

Al
e W R ZE

—p=55-1

2.0

== 55-2
i §5-3
10 ﬁ
0.0

/ N

1 10 14 18 27

Displacement{mm)]

-1.0

Node No.

39 317 2= g AN A5k A H A(400kN, A=)
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a3y 3.18

E 35 2ZYAFE 183 AFu(EAHA)

3.0

2.0

1.0

0.0

Displacement{mm)]

-1.0

-2.0

2ZZ Y g AT A5 AFH A

10 14

Node No.

18

27

(450kN,

A2 )

3 = 400KN A50kN
a4
R Onag | daza |naa/daza| Sawe | daza | Snua/das
1 -0.832 -0.15 555 -0.913 -0.26 3.51
10 1.204 1.67 0.72 1.323 1.74 0.76
I 14 1.178 1.87 0.63 1.280 1.99 0.64
18 1.204 1.56 0.77 1.323 1.70 0.78
27 -0.832 -0.19 4.38 -0.913 -0.27 3.38
1 -0.713 -0.15 4.75 -0.772 -0.26 297
10 1.005 1.67 0.60 1.088 1.74 0.63
o 14 1.216 1.87 0.65 1.322 1.99 0.66
18 0.990 1.56 0.63 1.082 1.70 0.64
27 -0.704 -0.19 3.71 -0.769 -0.27 2.85
1 -0.295 -0.15 1.97 -0.416 -0.26 1.60
10 1.029 1.67 0.62 1.146 1.74 0.66
I 14 1.020 1.87 0.55 1.110 1.99 0.56
18 1.036 1.56 0.66 1.147 1.70 0.67
27 -0.339 -0.19 1.78 -0.424 -0.27 1.57

o, Aol el mmola AgALe] ¥5E (= I
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Load({kN}

/ ——DTI, 0TS

—DT2 DTd
E]

Displacement{mm}

a9 321 FE3AAC A3 74 dHe A Ha(Ldsy)

® 36 AFB(A3N)

3 = 400kN 450kN
£k Onwa | Oazz |Oawa/daza| dana | duza |dawa/dusg
1 -0.633 -0.15 4.22 -0.712 -0.26 2.74
10 1.818 1.67 1.09 2.046 1.74 1.18
14 2.009 1.87 1.07 2.260 1.99 1.14
18 1.818 1.56 1.17 2.046 1.70 1.20
27 -0.633 -0.19 3.33 -0.712 -0.27 2.64
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(a) Node : 14

P/2 P/2

b 4
1 JAN élo 14 8 N\ 27
A

Rz R:-2

(b) Node : 10, 18

P/2 P/2

L

\ 10 4 18 JAN 27

) Rs.2 Rs;

(c) Node : 1, 14, 27

a9 3.25 MRS AR (L&Y)
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¥ 3.7 2ZHA S BE AR AY (A Y)

AR5 400kN 450kN
1= (kN) 1 10 | 14 | 18 | 27 1 10 | 14 | 18
I R, - - | 246 | - - - - | 217 ] -
Ry, - 200 | - - - - 225 | - -
i}
Ro» - - - 200 | - - - - | 225
Ry -16 | - - - - |17 ] - - -
I Rs - - | 238 ] - - - - | 268 | -
Rs 3 - - - | -16| - - - |

A2 AR HEAEe) W o] g-a
T 3F 383 2ol 7 Qi) o A
Cieg

o] £AE FRA AL ~ZYAS
PEgo NAAES AAS T 1Y 3267

o] Ax

=

® 38 2ZAFd dE JMEAANY 2=ZH AT ()

e g 400kN 450kN
I K, (246x 10%)/1.87 = 131,443 (277x 10%)/1.99 = 138,957
Koy (200x 10°)/1.67 = 119,760 (225% 10°)/1.74 = 129,310
! Koo (200x 10%)/1.56 = 128,205 (225x 10%)/1.70 = 132,353
Ks (16x 10" /0.15 = 103,426 (17x 10°) /026 = 67,130
I Ks 2 (238x 10%)/1.87 = 127,329 (267x 10%)/1.99 = 134,608
Ks 3 (16x 10°) /0.19 = 81,652 (17x 10%) /0.27 = 91,863
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P/2 P/2

1 AN 10 7%4 B8N 2
K
(a) Spring Support-1(Node : 14)
P/2 P/2
7 N 10 7 s N 27

K> K>

(b) Spring Support-2(Node : 10, 18)

P/2 P/2

(c) Spring Support-3(Node : 1, 14, 27)

O¥ 3.26 2XZA 5] AAFF(LY)
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(a) Spring Support-1(Node 14)

(b) Spring Support-2(Node 10, 18)

(c) Spring Support-3(Node 1, 14, 27)

a9 327 2ZFAHY BE AJ=(L3RY)
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¥ 39 &2ZHAFE 1T AFu(AHA)

3t & 400kN 450kN
!

A Onag | daza |Onaa/dazag| dawe | Saza | Snuw/dazg

1 -0.37 -0.15 2.48 -0.41 -0.26 1.58

10 1.18 1.67 0.70 1.31 1.74 0.75

I 14 0.97 1.87 0.52 1.06 1.99 0.53

18 1.18 1.56 0.75 1.31 1.70 0.77

27 -0.37 -0.19 1.96 -0.41 -0.27 1.52

1 -0.22 -0.15 1.45 -0.33 -0.26 1.27

10 0.69 1.67 041 0.94 1.74 0.54

o 14 0.56 1.87 0.30 1.03 1.99 0.52

18 0.67 1.56 0.43 0.93 1.70 0.55

27 -0.21 -0.19 1.12 -0.32 -0.27 1.19

1 -0.19 -0.15 1.27 -0.26 -0.26 1.00

10 1.15 1.67 0.69 1.28 1.74 0.74

I 14 0.95 1.87 0.51 1.04 1.99 0.52

18 1.15 1.56 0.74 1.28 1.70 0.75

27 -0.22 -0.19 1.13 -0.22 -0.27 0.81
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< WFRAME-I < WFRAME-I
§ 80 - EFRAME-III § 2.0 EFRAME-III
] ]
k- MSHELL-D k- MSHELL-D
a 60 mSHELL- a 30 mSHELL-
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9 WSHELL-I 8 WSHELL-I
o o
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20 1.0 . .
0.0 0.0
Analysis Model & Method Analysis Model & Method
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WFRAME-D WFRAME-D
L 50 HFRAME- L 50 HFRAME-
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] ]
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Analysis Model & Method

(e) Node 27
¥ 330 ARd E wHHd g A3 -$-E 4] (400kN)
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Ratio of Displacement

Ratio of Displacement

Ratio of Displacement
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WFRAME-D
HFRAME-|
o WFRAME-I
W FRAME-III
HSHELL-D
2.0 mSHELL
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WSHELL
2.0
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Analysis Model & Method
(a) Node 1
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WFRAME-D
e HFRAME-|
WFRAME-I
2.0 W FRAME-III
HSHELL-D
3.0 mSHELL
WSHELL-I
2.0 W SHELL-IN
10
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Analysis Model & Method
(c) Node 14
8.0
WFRAME-D
HFRAME-|
WFRAME-I
W FRAME-III
HSHELL-D
mSHELL
WSHELL-I
WSHELL

Analysis Model & Method

(e) Node 27

Ratio of Displacement

Ratio of Displacement
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3.0

2.0

1.0

0.0
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4.0
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1.0

0.0

Analysis Model & Method

(b) Node 10

Analysis Model & Method

(d) Node 18
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400kN
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0.483
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1.74 Pr
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0.364
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Md(kN - m)
MI(kN - m)

fd(MPa)

fl(MPa)
fa(MPa)
RF
Ks
P
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¥ 311 LYo &% sty HFrt

A ez 400KN 450kN
HHAE 10 14 18 10 14 18
Ma(kN - m) 0.364 0.483 0.364 0.364 0.483 0.364
Mi(kN - m) 152 150 152 171 167 171
f,(MPa) 0.31 0.41 0.31 0.31 0.41 0.31
fi(MPa) 129.47 127.77 129.47 146.66 142.25 146.66
f.(MPa) 190 190 190 190 190 190
RF 1.127 1.141 1127 0.995 1.025 0.995
K, 1.09 1.07 117 1.18 1.14 1.20
P 1.23Pr 1.22Pr 1.32Pr 1.17Pr 1.17Pr 1.19Pr
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~EYASE olgdtel FRAM L WEES TE W A AL Yo AR
U a3 2xgASRE pebt el tha Bashe] X dTdE 484 ojelge
WS Ao ebi
E 312 AZPAFE o4 % W5HEF7HA00KN, AR
o 10 14 18
I o I I o I I o I
Ma(kN - m) | 0.364 0.364 0.364 0.483 0.483 0.483 0.364 0.364 0.364
Mi(kN - m) | 8361 58.34 66.26 43.78 57.25 36.20 83.61 56.17 67.64
fa(MPa) 0.31 0.31 0.31 0.41 0.41 0.41 0.31 0.31 0.31
filMPa) 70.26 49.03 55.68 36.79 48.11 30.42 70.26 47.20 56.84
fa(MPa) 190 190 190 190 190 190 190 190 190
RF 2.077 2976 2.621 3.964 3.031 4.794 2.077 3.091 2.567
Ks 0.72 0.60 0.62 0.63 0.65 0.55 0.77 0.63 0.66
P 1.50Pr | 1.79Pr | 1.63Pr | 250Pr | 1.97Pr | 2.64Pr | 1.60Pr | 1.95Pr | 1.69Pr
Pm 1.64Pr 2.37Pr 1.75Pr
E 313 2ZPAFE o4 WsHHP7HUSKN, ARe4)
oo 10 14 18
I o I I o I I o I
Ma(kN - m) | 0.364 0.364 0.364 0.483 0.483 0.483 0.364 0.364 0.364
Mi(kN - m) | 9255 62.70 76.12 46.83 62.28 38.45 92.55 61.86 76.37
fa(MPa) 0.31 0.31 0.31 0.41 0.41 0.41 0.31 0.31 0.31
fi(MPa) 717 52.69 63.97 39.35 52.34 32.31 717 51.98 64.18
fa(MPa) 190 190 190 190 190 190 190 190 190
RF 1.876 2.769 2.281 3.706 2.786 4.514 1.876 2.807 2.274
Ks 0.76 0.63 0.66 0.64 0.66 0.56 0.78 0.64 0.67
P 1.43Pr | 1.74Pr | 151Pr | 2.37Pr | 1.84Pr | 253Pr | 1.46Pr | 1.80Pr | 1.52Pr
Pm 1.56Pr 2.25Pr 1.59Pr
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¥ 314 2=ZZAFE o8& W HF7H400kN, L3HH)

o 10 14 18
I o I I o I I o I
Ma(kN + m) | 0.364 0.364 0.364 0.483 0.483 0.483 0.364 0.364 0.364
Mi(kN - m) 39.72 31.22 36.74 54.88 63.02 11.06 39.87 31.86 36.74
fa(MPa) 0.31 0.31 0.31 0.41 0.41 0.41 0.31 0.31 0.31
fi(MPa) 33.83 26.59 31.29 46.75 53.68 9.42 33.96 27.14 31.29
fa(MPa) 190 190 190 190 190 190 190 190 190
RF 4.313 5.488 4.663 3.120 27117 | 15482 | 4.297 5.376 4.663
Ks 0.70 0.41 0.69 0.52 0.30 0.51 0.75 0.43 0.74
P 3.02Pr | 2.25Pr | 3.22Pr | 1.62Pr | 0.82Pr | 7.90Pr | 3.22Pr | 2.31Pr | 3.45Pr
Pm 2.83Pr 3.45Pr 2.99Pr

B 315 Z2ZHAFE o8& HeE HIH450kN, A4 )

10 14 18

TR
I o m I o m I o m

Ma(kN - m) | 0.364 0.364 | 0.364 0.483 0.483 0.483 0.364 | 0.364 0.364

Mi(kN - m) | 44.864 | 38.015 | 41.227 | 14468 | 25.326 | 12.447 | 44.864 | 37.983 | 41.224

fa(MPa) 0.31 0.31 0.31 0.41 0.41 0.41 0.31 0.31 0.31

fi(MPa) 38.21 32.38 | 3512 12.32 21.57 10.60 38.21 32.35 35.11

fa(MPa) 190 190 190 190 190 190 190 190 190
RF 3.819 4.506 4155 | 11.838 | 6.761 | 13.768 | 3.819 4511 4.156
Ks 0.75 0.53 0.77 0.54 0.52 0.55 0.74 0.52 0.75

P 2.86Pr | 2.38Pr | 3.19Pr | 6.39Pr | 3.52Pr | 7.57Pr | 2.83Pr | 2.35Pr | 3.12P:
Pm 2.81Pr 5.82Pr 2.77Pr

_71_



Load- Carrying Capacity (* Pr)

Load- Carrying Capacity (* Pr)

Load- Carrying Capacity (* Pr)

8.0

6.0

4.0

2.0

0.0

8.0

6.0

4.0

2.0

0.0

8.0

6.0

4.0

2.0

0.0

mFRAME-0
WFRAME-
B FRAME-II

EWFRAME-II
WSHELL-0
WSHELLA

Analysis Model & Method

(a) Node 10(400kN)

Analysis Model & Method

(c) Node 14(400kN)

WSHELL-I
W SHELL-IN

mFRAME-0
WFRAME-
B FRAME-II
EWFRAME-II
WSHELL-0
WSHELLA
WSHELL-I
W SHELL-IN

mFRAME-0
WFRAME-
B FRAME-II

EWFRAME-II
WSHELL-0
WSHELLA

Analysis Model & Method

(e) Node 18(400kN)

Iy 3.32

WSHELL-I
W SHELL-IN

Load- Carrying Capacity (* Pr)

Load- Carrying Capacity (* Pr)

Load- Carrying Capacity (* Pr)

8.0

6.0

4.0

0.0

8.0

6.0

4.0

2.0

0.0

8.0

6.0

4.0

2.0

0.0

Analysis Model & Method

(b) Node 10(450kN)

Analysis Model & Method

(d) Node 14(450kN)

Analysis Model & Method

(f) Node 18(450kN)

A=d % Yy B e

_72_

mFRAME-0
WFRAME-
B FRAME-II
EWFRAME-II
WSHELL-0
WSHELLA
WSHELL-I
W SHELL-IN

mFRAME-0
WFRAME-
B FRAME-II
EWFRAME-II
WSHELL-0
WSHELLA
WSHELL-I
W SHELL-IN

mFRAME-0
WFRAME-
B FRAME-II
EWFRAME-II
WSHELL-0
WSHELLA
WSHELL-I
W SHELL-IN



A4Z BFELE R A&

o] A EZ a4

S

s 9

o arg

A

9} Steel Boxd® 1L

Kol
=
S

a
T

411 A3 ZF AL 2 EF

23]

B

i
o

—_
file)

wK

w
)

w
=)

3

X
ol

ol

s

Aol 2
21 Mpa

SR EC R

=

Lzt A= 25Mpa®

=i
=

21Mpa, T3l 4= 30Mpa, ulth

A}

©
=

= fck:

Aol A

=

AT 2R

=
=

21Mpa=

= Ao A=

&

=
=

o)
H

¥ 41 i Zde 4%

<&
|0
o olo%mzﬂ_ﬂm
Se) 2| o
SNBSS ]| =
WO R
0| 0| O
= Mo | = | %o | o | =
~ |70 | B o B
do | |X N | TE
fo | = | R ||| H
!
| mo
ion .
B EE_D%&'%_
OEﬂDIW@. aﬁ_z_-
o |F( 5| ¥ g
M| o
= | T
W
w || ||| = |
w =t E[pEE
T | 2| | N N
El i%ﬁﬁﬂﬂﬂ
E

_73_



0 6,000

¢

{O0o0onoao

12,000

12,000

pl,‘kg
S

975 1

450

1,650

450

1,650

ksl ke

450

(b) HHE

975

g»rtq
S

450

850

. 6,600
le 6,000 |
‘ lg ‘
~N
S
3
975 450 L 1,650 |450! 1,650 |450L 975
(c) IdH=
Y 41 oo

_74_




41.2 A3AE

il
)
2
o
il
s
2
ol
il
o
il
ofN
o
it
>
=
oo
ol
il
@ 4
iy
ol
il

2
e
4
b
td
=
[m
N
X
i3
o=
ol
)

F 42 AsaF Ad 2 AAFFOO®L)

%= % (ton) A ¥ (m)
A F > SH Tz | AEA A A T84 | FFA
59 10.42 11.40 20.72 2.05 3.95 1.85 1.30

G1 G2 G3
1 D2 E D3

39 42 BAAGAFGA 85 A R SAA A FF AA(O0w)
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st A3 A AL 056~1.70mm=E e o LC1~LC3E
FEH ZNE SHEAS AED 23 A A 23 23E YEr it

# 43 BHA}AE 24 (00x)

=4 %k Hd A (mm)

Load Case D1 D2 D3
LC 1 1.70 1.22 0.56
LC 2 0.63 1.29 1.61
LC 3 1.12 1.44 1.10

2.0
- =LC1 —p—LC2
[ 9
e o e
E T
t s~
£ 10 g
g / g
§0.5 b
0.0 .
D1 D2 D3
Gauge No.

a9 43 359 FEW E4(ooxm)

G2

1 DZa

G3

I¥ 44 FHASJAEA 5 A L SAANA FF f4x(00xn)
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FHELEE 20~70km7kA] WHSAA FHFFAY

FEAS 2 FAAFE BA

= A 7r Hdl A (mm)
% % (km/h) D1 D2 D3
20 1.76 1.32 0.65
30 1.76 1.33 0.65
40 1.80 1.40 0.68
50 1.73 1.32 0.65
60 1.79 1.35 0.74
70 2.00 1.62 0.81

# 45 THFTFAT R F4A5(002)
T _ .
ERn T A 5H A5 D) sAAG0)
Gy 1.035 0.035
20 km/h Ge 1.082 0.082
Gs 1.161 0.161
G 1.035 0.035
30 km/h Ge 1.090 0.090
Gs 1.161 0.161
Gy 1.059 0.059
40 km/h Ge 1.148 0.148
Gs 1.214 0.214
Gy 1.018 0.018
50 km/h Go 1.082 0.082
Gs 1.161 0.161
G 1.053 0.053
60 km/h Ge 1.107 0.107
Gs 1.321 0.321
G 1.176 0.176
70 km/h Ge 1.328 0.328
Gs 1.446 0.446
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a9 462 AsaFel @ APEeln ANALH AZA A

73 2o R AE

I

fd

% AsAG] 9% YRAES Fou A

WES AA7 Fe oske] X 48% 2ol Tt

F 47 AF $EH(O0R)

el AW gl

Agstgol ot

]

ol

=44 S5l
Load Case D1 D2 D3
LC 1 2.528/1.70 = 1.487 1.602/1.22 = 1.313 0.670/0.56 = 1.196
LC 2 0.670/0.63 = 1.063 1.602/1.29 = 1.241 2.528/1.61 = 1.570
LC 3 1.532/1.12 = 1.368 1.681/1.44 = 1.167 1.532/1.10 = 1.393

_79_



® 48 7 3t5d Y JEAE(OOR)

=x7 Hd FEWEKN - m)
Load Case Gy Go Gs
2 % 319.24 368.37 319.24
LC 1 302.78 218.67 74.99
LC 2 74.99 218.67 302.78
LC 3 179.37 233.33 179.37
DB 1 22591 156.50 67.53
DB 2 67.53 156.50 22591
DB 3 149.75 164.80 149.75

(a) self load (b) LC1

(e) DB1 () DB2
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4.1.4 sty H7t

7l R R

=
m

i

dxe] HEES FTow o ANz wuel 8 AZEel Yol
Af

6,424 < 300

OHBE p=2,100mm ¢ EHZT AANAYEEE Bi ¥FH EUES
wHe Qg ATH
A, 6,424
P= hd " 2.100<940 00033
E A
, A 3811
P = hd 2100 %940 00020
HAH I =
f{L d € ’
Pmin = 0-855; +p
mn f d y
— 0.85%0.85 X —L 5 20 0.003 +0.002

300 940  0.003—0.0015
=0.0063 < 0.0033

HoH =
f{:k: €e
P = 085017 = G
Y c :
21 0.003

= 0850852 555 5003 1 0.004

=0.0217
SATRAAN ARG L] A

Pmax = Pmax + 0 = 0.0217+ 0.002= 0.0237 > p(=0.0033)

a2 gHe oAH 2H) 7 A Ak
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2ages) 57} $9A 2R dolk

oA A, (6.424-3.871) % 300 _
0-85 f b 0.85 < 21 x 2,100

d,—c 102 —24

= 20mm

. =0.003 X ——————=10.0098 > 0.005
- c 24

M, =[(A, = A)f, (d= SN+ [A]f,(d=d)]
=[(6,424 — 3,871) < 300 < (940 — 22—0)] + [3,871 % 300 % (940 — 40)]

=1,757 kN * m

AP EE

M, = ¢M, =0.85x 1,757=1,493 kN - m
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SENEERE

71Ee] WS Fote A2EAYE wFe dsiEs Hrie Ay FEUshEol
2.28~241% B 7}= i),
¥ 49 coome WsHEHAs}
T T G Go Gs
AR E M,(kN - m) 1,757 1,757 1,757
AetERAE M(KN - m) 319 363 319
a2 W E M, (kN - m) 226 164 226
B2 AF ¢ 0.85 0.85 0.85
nAsF AL 4, 13 1.3 13
gats AT g 2.15 2.15 2.15
HAA FAAS 0 0.288 0.283 0.283
U sh& 1.723 2.235 1.723
S [ 0y 2.528/1.70 = 1.487 |1.681/1.44 =1.167|2.528 /1.61 = 1.570
(IT+ign)/(Q+ig=)  |1.288/1.446 =0.891 0.891 0.891
K, :<§“: )(11—“:) 13%5 1.040 1.399
TEU & 2.28 2.32 2.41
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415 2ZZJAFE HL3 Wy Hrt
7}, 22 A
ASARAN WANE SAF A4S AFARoR so] AN AAste] &
AR WS ASAG oY P 2EYASE P
® 410 7H3AAE 98 (00x)
== 7 71 A 7 o] vk (kN)
Load Case Gy Go Gs
LC 1 136.52 107.63 0.42
LC 2 0.42 107.63 136.52
LC 3 37.02 170.02 37.02
F 411 7/MRA A" 2Z g AS(0O0R)
= 4% T A A o] 232 A % (kKN/m)
S
ggsneg Gi G2 Gs
136.52 107.63 0.42
I U rx1078 2 199%10°3 B 056%x1073
= 80,423kN/m = 88,221 kN/m =750 kN/m
0.42 107.63 136.52
K P— K P— P—
I P 0.63%x10°7 2 1.29%1073 T 161x107?
=667 kN/m = 83,434 kN/m = 84,795kN/m
37.02 170.02 37.02
K., = K,, = K, =
m B 112x1073 B 144x1073 B 110x1073
= 33,053kN/m = 118,069kN/m = 33,654kN/m
— 84 —




2z PAFe] FF R sksol wel 4 FEo A3 SEHE % 4129 Eo] 2
T AAZstTl 3 AP EAET TS 2ol e SHHE st Wk
F7rel Zgshaith. Gl AZYAT KpolAd o) FEUEZ FAsglonz A3
SHP = & 4129 G1-Kp9 $HHI 1.193, 0502, 0.960°] ks AF-&stth

I

_ 000031

Lmptes - To \“ m\w\

0.000492

a9 48 2=z JAF(KDE 13T HP=(00n)
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WstEe] HAE st 2z Agvie A
3}

39 Avge APl W

123 7ol

TR G . G Sa

s Snaar | Oaza | SRV | Onug | Ouza | $HY | Squg | dumg | 9w | BE
LCl1| 1.030 | 170 | 0606 | 0673 | 122 0552 | 0.299 | 056 | 0534 0.564

Ki | LC2| 0081 | 063] 0129 | 0946 | 129 | 0733 | 2.008 | 1.61| 1.247 0.703
LC3| 1.056 | 1.12| 0943 | 0.872 | 144 | 0606 | 0508 | 1.10| 0.462 0.670

LCl| 2028 | 170 | 1.193 | 0964 | 122 0790 | 0.087 | 056 | 0.155 0.713

Kn | LC2 | 0316 | 063 | 0502 | 0678 | 129| 0526 | 1.009 | 161 | 0627 0.552
LC3| 1.075| 112 0960 | 0.885 | 144 | 0615 | 0503 | 1.10| 0.457 0.677

LCl| 1396 | 170 | 0.821 | 0700 | 1.22| 0574 | 0.115| 056 | 0.205 0.533

Kug | LC2 | 0117 | 063| 0186 | 0699 | 129 | 0542 | 1.389 | 161 | 0863 0.530
LC3| 0683 | 112 0610 | 0753 | 144 | 0523 | 0679 | 1.10| 0617 0.583

At 0.661 0.607 0.574

Agstgel o3 IRNES 73 F 2

¥ 413 2EZZJAFE nHI A4 Tl 93 FEWE (00x)
T2 G1(30,31) G2(18,19) G3(6,7)
Load Cas K Ky Ks K Ko Ks K Ko Ks
DB 1 80.15 | 178.09 | 166.82 | 57.22 | 8878 | 76.71 | 28.10 5.90 1.78
DB 2 5.30 3005 | 1239 | 8687 | 5767 | 6144 |176.17 | 7808 | 115.13
DB 3 4240 | 9855 | 84.42 | 7739 | 7877 | 73.06 | 9630 | 41.83 | 56.03
ksl o 319.24 368.37 319.24

_86_




o F&WsH

AZYATE G835 FE YSES I 414 o] 147~2360% 7]1E W
2 UshEQl 224~2811 0 ZA A7FE ST 71 W] Bluste] AZYASFE
3 7|2 W& 26~84% 7 F1E b SR A A S 40~52% AT

T T Gi Go Gs
TARFE M,(kN - m) 1,757 1,757 1,757
AstERWME M,(kN - m) 319 368 319
sl Z 29l E M,(kN - m) 178 89 176
BE AT ¢ 0.85 0.85 0.85
1A AT 4, 1.3 1.3 1.3
e o 2.15 2.15 2.15
AA FAAS 0.283 0.283 0.288
a8 2.183 4.119 2.213

S [ 0x= 0.885 0.644 0.748
(I+igan)/(A+iyg=)  |1.288/1.446 = 0.891 0.891 0.891
K, =( i“: ) 11“: ) 0.789 0573 0.666
FEWste 1.73 2.36 1.47
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42.2 AAE

ASAGA A= ® 4169 2ol AAFF 15ton YZES 20 sEWsst 4L &

Azt Aststs oz AbgElow, AlgtetFe] A= AAlStE DB-249 °F
Zzolth AIANE Ao e AAse] W ZHE 22m "ol 9o A

F 416 AstAFe Ad R HAAFTF(AAD)

= % (ton) A9 (m)
TR
AE | 2F | FF | 23% | 084 | AFA | 84 | 354
A 5600 | 11.200 | 11.200 | 28.00 2.08 3.19 1.8 1.28
B 5606 | 11212 | 11.212 | 2803 2.08 3.19 1.8 1.28
5 A
A1797 L A ’A;PI %Pz 7'97 Az
¢ e
22,000 32,500
54,500 70,000 A 54,500 '
A-A Section
D (]
Gi1 G2 Gs3

I o I

39 410 BHASAEG SAANA FF AX(ALR)
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a8 571 Glste] 201 AQARS APoR Bl AAA AH As

AlskSA Tt

2,000 3,600
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¢
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GI G2 (€]

3,600 2,00
Ol

¢

|

O O 0

G1 G2 Gs

(c) LC3

a9 411 AFAFAE 35 AGHH(AAR)
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wepel PR S4ol FEdtu AFEHY AN A% YA A
F 417 ZHASNANEG A2IH(ALD)
A% Ho A% (mm)
Load Case D1 D2 D3
LC 1 7.12 5.39 3.58
LC 2 512 573 513
LC 3 3.48 541 7.03
8.0
- =-LC1 —g—LC3
.-'\-.
?5.0 = Ty
= il
JEI -
4.0
- =
B
a 2.0
0.0
D1 D2 D3
Gauge No.

a9 412 359 FEW S4(aam)

39 413 AR AASAE R T AAE FILH(AAR)

0

G2
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FAAGARL A FaAo BE FAAS L DHAEFE 487 A A
AA4% F 102 0~80km/h7tA $EE WA 24408 FAAAT o W A7)
AN Qolxl SEEAH o] 2the] A@ATe g grolm Skm/hE oA A A5
AR AAse BAFEAS 2 FAA5LE BASG AdAEe AAAAAe
LC1E taew FaANEE Az GloA BAaen Fd%457} 5252 A
2ol ZEAR FAAGE 008302522 vhERske

F 418 FHASAIY FPLH(AAR)

iy Fas SEER: SRR
LC 1 20 km/h A 22+
LC 2 40 km/h A 22+
LC 3 60 km/h A 22+
LC 4 80 km/h A 22+
)2 4 A 3141 9 5 ka/h A 2744

¥ 419 F3A{AE A (aaR)

= A 7t Hol A3 (mm)
% = (km/h) Gy Go Gs
20 3.92 2.92 1.87
40 415 2.86 1.90
60 418 2.92 1.94
&0 441 2.84 1.87
5 3.62 2.45 155
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E 420 F3FZAT 2 FAAF(AALR)
7o' i
e T4 4 SEHAFD) ZAATG)
Gi 1.083 0.083
20 km/h Go 1.192 0.192
Gs 1.206 0.206
Gy 1.146 0.146
40 km/h Go 1.167 0.167
Gs 1.226 0.226
Gi 1.155 0.155
60 km/h Go 1.192 0.192
Gs 1.252 0.252
Gi 1.218 0.218
80 km/h Go 1.159 0.159
Gs 1.206 0.206
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423 724

TR

VANWANRTIA
FaAfolo] ol

N

7] 5] o

A

11

110

101102 103 104 105 106 107 108 109

100

(b) Node No.

$3 100 101 102 103 104 105 106 107 108

96 97 98

85

94

87 88

84 85 86

83

82

79

78

74 75 76 77

73

(c) Element No.

19 414 A A

HZA(AATL)

&

E 421 FEHAH Y 9

% (mm)

D3
4.334
6.259

9.013

D2
6.535
7.364
6.535

D1

9.013

6.259
4.334

0

X
_Zrl

Load Case

LC 1

LC 2

LC 3
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= 1.282

G:
4.334/358 = 1.211
6.259/5.13 = 1.220
9.013/7.03

= 1.212

Go
6.535/5.39
7.364/5.73 = 1.285
6.535/5.41 = 1.208
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¥ 423 7 3154 U FEANE(AAR)

=77 Ho FEWERN - m)
Load Case Gy Gy Gs
2 % 19,310 19,271 19,310
LC 1 3,069 1,951 1,139
LC 2 1,683 2,790 1,683
LC 3 1,139 1,950 3,069
DB 1 5,591 4,319 2,646
DB 2 6,824 6,254 4,442
DB 3 7,625 7,643 6,632
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4.2.4 sty H7t

7h, 884 AHA
A1 FAYR AAFEe] Foll g datd S Hrkstr] flste] 53 9
HoZHE Astde Ho #8893 3 4249 #o] Ailstat
¥ 424 7t 354E FHuy F8¥H(aan)
== 7 Ao #€8= (MPa)
Load Case Gy Go Gs
il 14.0 14.0 14.0
2 =
sk 96.6 96.4 96.6
il 2.2 14 0.8
LC 1
sk 154 9.8 5.7
ol 1.2 2.2 1.2
LC 2
sk 84 14.0 8.4
ol 0.8 14 2.2
LC 3
sk 5.7 9.8 154
il 4.1 3.1 19
DB 1
sk 28.0 216 13.2
il 49 45 3.2
DB 2
sk 34.1 31.3 22.2
il 55 55 4.8
DB 3
sk 33.1 38.2 33.2
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SENEERE

Howge gutaduga ESg A oste] Wty Hre Ay Teust
£o] 248~2.88= W 7tE Tt
¥ 425 AARY UWEHF 7}
T = Gy Go Gs
5434 f, (MPa) 190 190 190
AAB T o3 &
(MPa) 9.6 96.4 9.6
AAGstFo] o3 &9
(MPa) 38.1 38.2 33.2
AA FAASF 0.158 0.158 0.158
W3ake (RF) 2.117 2.116 2.429
A 0= 1.266 1.285 1.282
(I+ign)/(1+iyg=) 1.158/1.252 = 0.925 0.925 0.925
Syop o, 1
K, :(6*];‘ )(Tﬂj) 1.171 1.189 1.186
FEUsHE 2.48 2.52 2.88
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425 2ZHATE J&3 U8 H7t
7} 22E A
AstAl A HAE SHS AAE 7HIAH SR st FREA S AAgE A3
4263 2ol 7P A ] dbe S et AA AHOZ o] AZYAFE T
F 426 7HEA A wrE(aa)
== 7 7HEA A 9] WEE (KN)
Load Case Gy Go Gs
ILC 1 422,54 147.84 4.15
LC 2 16.83 540.87 16.83
LC 3 415 147.84 422.54
¥ 427 2ZHAF(AAL)
= 3 7 7H3A 7 o] 2= Z A 4= (kN/m)
Load Case Gy Go Gs
4292.54 147.84 4.15
M 712%x1078 T 539%x1078 T 358% 1073
=59,346kN/m =27,428 kN/m =1,159 kN/m
~ 16.83 ~ 540.87 ~ 16.83
12 — —3 22 — —3 32 — —3
i 5.12%10 5.73 %10 5.13x 10
= 3,287 kN/m =94,392 kN/m = 3,280 kN/m
B 4.15 . 147.84 422,54
13 — -3 23 T -3 33 -3
il 3.48 X 10 5.41 % 10 7.03% 10
=1,193 kN/m =27,327 kN/m =60,105kN/m
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¥ 428 2EZZFAFE LHF Syuy/dnzg(AAR)
T Gi Ge Gs S e

e Suuar | Sumar | SR | S | Guza | SH | Syug | Ouzma | w9 | BE

LC1| 3920 | 7.12| 0551 | 2.836 539 | 0.526 1.861 3.58 | 0.520 0.532

K1 | LC2 | 2373 | 512 | 0463 | 4.141 573 0723 | 3.868 | 513 | 0.754 0.647

LC3 | 1455 | 348 | 0418 | 3912 541 | 0.723 | 6900 | 7.03 | 0.982 0.708
LC1 | 5635 | 712 0.791 | 2.757 539 | 0.512 1.208 | 358 | 0.337 0.547
Kp | LC2 | 2669 | 512| 0521 | 3.163 573 0552 | 2.669 | 513 | 0.520 0.531
LC3 | 1208 | 348 | 0.347 | 2.757 541 0510 | 5635 | 7.03| 0.802 0.553
LC1 | 6897 | 712 0.969 | 3.909 539 | 0.725 | 1.447 | 358 | 0.404 0.699
Kg | LC2 | 3865 | 512 | 0.755 | 4.136 573 0.722 | 2.361 513 | 0.460 0.646
LC3 | 1856 | 348 | 0533 | 2.825 541 0522 | 3.898 | 7.03| 0.554 0.536
3t 0.59 0.61 0.59
® 429 7t st Ao FARWE(AAN)
+ o8
. G1(77,78) G2(41,42) G3(5,6)

Load Case Ki Ko € Ky Ky Ks Ky K> K3
DB 1 2412 | 3778 | 4484 | 2,153 | 1,871 | 2,457 | 1,353 908 1,148
DB 2 2,793 | 4,267 | 5231 | 3,347 | 2,647 | 3,727 | 2,689 | 1,830 | 1,789
DB 3 3,070 | 4,471 | 5560 | 4,183 | 3,257 | 4,338 | 4,510 | 3,390 | 2,635
2 % 19,310 19,271 19,310
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~2EYAGE 83 FEUHFH LS ¥ 4307 o] 202~2430.% 7|FE W w}
ol&<l 248~2.838Kth Al HFrbE k. 7]Ee] Wl Hlaste] ~ZIAFE o] &
718 WEge 37~95%7t e b v SE B AASE 41~57% A AT
¥ 430 2ZPASFE 1T AamY WEH

T T G G Gs

5489 f,(MPa) 190 190 190
148kl 23 -2 (MPa) 9.6 96.4 96.6
A et gl o3 &2 (MPa) 278 21.7 17.0
AA FA4AF 0.158 0.158 0.158
W& (RF) 2.901 3.725 4744

S/ On= 0.752 0.660 0.553
(Ttign)/(I+iy=) 0.925 0.925 0.925

K, = )(1::']*‘) 0.696 0611 0512
FE&UsE 2.02 2.28 2.43
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