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ABSTRACT

Assessments in the Load Carrying Capacity of
Steel Box Girder Bridges According to

the Stress Modification Factor

Cho, Yeon Woo
Advisor : Prof. Park, Kil-Hyun, Ph. D.
Department of Civil Engineering

Graduate School of Chosun University

When a load is applied to a structure, a displacement occurs. There exists a
stiffness equation between the load and the displacement. The relationship
between the load and the displacement can be defined as the stiffness. In this
study, the stiffness by applying linear springs and rotary springs is defined,
and the structural model similar to the actual behavior characteristics is
generated by applying the actual data obtained from the load test to the
stiffness equation.

In single beam, the response ratio of conventional method is 1.570~1.718,
whereas the response ratio of the model with vertical spring and rotating
spring is 0.934~1.056, which 1is effective to show the actual behavior
characteristics.

This study is applied to a model that uses stiffness by linear springs and
rotary springs considering a common bridge as a grid beam. The response
ratio was the largest at 1.090~1.255 in the conventional method, 0.891~1.054
in the linear spring model and 0.770~0952 in the rotary spring model. In the
conventional method, the basic load bearing capacity is small and the stress

modification factor is large. However, when the spring force is considered, the

= viii -
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basic load bearing capacity is large and the stress modification factor is small.
In the safety evaluation, results similar to the load bearing capacity were
obtained.

The ultimate goal of design is to have the same design value as the
measured value. If the actual behavior characteristics are described as much as
possible in the structural analysis, the reliability of the load carrying capacity

or safety evaluation determined from the structural analysis results 1is

improved.
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e U Snaltaaa| 0 TR Synaltana
(mm) (mm) (mm) (mm)
dl 1.555 1.665 0.934 1.738 1.855 0.937
d2 1.804 1.895 0.951 2.014 2.085 0.966
d3 1.553 1.635 0.950 1.734 1.795 0.966
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AW E dl d2 d3 dl d2 d3
MdA(kN - m) 0.397 0.461 0.397 0.397 0.461 0.397
MI(kN - m) 150.0 150.0 150.0 168.8 168.8 168.8
fd(MPa) 0.35 0.40 0.35 0.35 0.40 0.35
f1I(MPa) 1304 130.4 1304 146.8 146.8 146.8
fa(MPa) 190 190 190 190 190 190
RF 1.119 1.118 1.119 0.994 0.994 0.994
Ks 1.570 1.681 1.599 1.585 1.718 1.638
P 1.76 P, 1.88P, 1.79P, 1.56P, 1.71P, 1.63P,
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36 34

P
K

9g ol &% vaheus)

=

stz 400 kN 450 kN
AR S dl d2 d3 dl d2 d3
Md(kKN - m) 0.240 0.304 0.239 0.240 0.302 0.237
MI(kN - m) 87.1 86.7 86.3 97.7 97.0 96.3
fd(MPa) 0.21 0.26 0.21 0.21 0.26 0.21
fl(MPa) 75.7 75.4 5.0 85.0 84.3 83.7
fa(MPa) 190 190 190 190 190 190
RFF 2.507 2.516 2.531 2.233 2.251 2.268
Ks 0.983 1.037 0.999 0.989 1.056 1.018
P 246 P, 261P, 2.53P, 221P, 2.38P, 2.31P,

Rating Factor

Lo -

0.5

0.0

3

20 -

Rating Factor

0.0

{“/Collection @ chosun

20 -

s

15

dt1 dez dt3
(a) Algsks 400kN

s UUkslA m@HA AT o B EATY

dtl dt2 de3
(b) Algsts 450kN

% 327 Wieke Ml

_60_




Ay 97

.

o]

&)
=1

38

EE S !

7St fAE

g

AZAI2] kg

A
=

olt}, ¥ AEE

& WA

-
[

7F

=
A &z

F 9k

S}
=

b 2

S

CEERE!

A%

=
=

[e]
T

7F

g

o o) Ao} bl

I Az

9

ciany

2}

o
=

b o

S

Hapgow olF A

F o

3|
«

0y

==
=)

3

2

o] W=

|

‘ﬂw.ﬂo

ol

2

t, Rk, 7

AL
A

[e]
T

oS

A5 0]

T
R

g

g ¥ A

b~ | o0 o0 —
| LD | Y
g RS RIS
0101 —
W — | o0 o0 —
| o
NC LT SR F
% O - — —
b~ | o0 00 —
|
e ISR
Sl=| @ = | —
s oln| <ol @
Nl B ol KL
0101 —
Z
— o < o
k26.0.05
o BF B IR ST
m S|l =| @l =] -
~ o < o
AR IeRER
S8 g9
Sl=| @l =] —
))
o il Bl B3| =l
o | B ==
i =
p—
ﬂ«@AMuWMﬂm

_6‘]_

Collection @ chosun



FH st 400 kN 450 kN
AW dl d2 d3 dl d2 d3
Md(kN -+ m) 0.223 0.260 0.222 0.222 0.258 0.220
MI(kN - m) 95.7 30.5 95.4 107.2 89.9 106.6
fd(MPa) 0.19 0.23 0.19 0.19 0.22 0.19
fl(MPa) 83.2 70.0 83.0 93.2 78.2 92.7
fa(MPa) 190 190 190 190 190 190
SF 2.278 2.705 2.287 2.037 2427 2.048
F 39 IHAZY S o] &7 kAL
FH st 400 kN 450 kN
A S dl d2 d3 dl d2 d3
Md(kN -+ m) 0.240 0.304 0.239 0.240 0.302 0.237
MI(kN - m) 87.1 36.7 86.3 97.7 97.0 96.3
fd(MPa) 0.21 0.26 0.21 0.21 0.26 0.21
fl(MPa) 5.7 5.4 75.0 85.0 34.3 83.7
fa(MPa) 190 190 190 190 190 190
SF 2.503 2.511 2.526 2.230 2.247 2.264
s AU e dEamY e EHAmY sUUHN e @@AmY L EHATY

Safety Factor

Safety Factor
-

dtl

(a) A8tz 400kN
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B AU ¥E PEF Qlons 7 49

of AH 1~3% 7MIAHLRE sl

VectorZ {R}, 744 MatrixZ [K |, ¥9] Vector® {0}2} s LCle o)

FREYAA L et 2

0y =0yt 10,
Oy = gy + 099 + 0y

05 = 0g) + 059 +0y5
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Load Case
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(a) Al

(b) A5 el AA

LCI

R;

R,

_67_

Collection @ chosun



e ol 2
1/}‘ /\]—H]—Z}_Q__q

JJJJ

(¢) RyzhgAl A4 5

¥ 331 7S] vkl o gk AR -

gk}

48 & o]
@k ), (@)% (), b))} ()] A4

JE(@A2ZGATE Foh Qe A
gahel Bhest 2ol AR & Ak W
g go] el 2 g

Ry X6y = Ry X by

X053 = Ry X by

Ry X 0y3 = Ry X b5y

Collection @ chosun

_68_

(3.48)



(3.49)
(3.50)
(3.51)

X 0y )
X 0gy)
X 0y

X gy
X 532
X 0yq

By
R
)
B,
B,

Ry

X gy +

Xy +

X4+
X 0y5 —

R
R,
B
R,
B
R,

b

+
+
+

iy
K,
i
KQ
By
KB

1
2
3

]
0.

fol 4L T
0.

©

Eeh

[€)

|
&

1% A% AAFA

F gk

B

o]

s

2 59 A& AN

o]

_69_

Collection @ chosun



o714, G

Aol A=
o] &
S wax gn

Collection @ chosun

= K, 6, + K, 0, + + K3,

D LC-jol % 249

o olu), Ao AP
2 Age A7

ij7ij

_70_

D LC-jol 93k idHe) AAE
D LC-jell 9 i 2 e] st
A3t Ao A sl A5 (Load Case)9]

(352)

(3.53)



GdR st gy AA FE&FQ e Ao IHAZYE ol HAx| A
TEAS uyey] Al i Bae B8 Aojof k. dx sz HE
o} MR tERe] dFo s s IEHIL BASnE AZYAFE 4t

)

Aot dol o] m#stoof Frh Fyol 39 AvmAA FAESY 2R
2 ez AxFxRds g4gstar 47 ASAd bl diste A A
249 A7 78 PP Bl

st ol APl elstel 9 A

X]@W]—X]QA 7%1:45‘ %6‘]—051 7]6‘}@—@‘9‘; 9@7 91)7 9(:7 9(17 aey af% :FL%L _}V: glq—

i

[ C é
(a) ANd7d7+e] AskA & Load Case

_71_

Collection @ chosun



a9 333 AstAdstael o7 SAA ] FRUE

)
it
fo
_O|L
O
o
td
=
im
l
2
>,
o
offt
o
| £ ut
4
ol
Y
;2
L
O,
rir
it
2
e
oo o

5 5
M, =3,0,+ 5,0,= 8, (—)+ 5,(=*) (354)

_72_

Collection @ chosun



" T
"W AR A
BT = . A v om s =
Wﬁmn_/ﬂﬂ%.xelu
X X.oﬁh_oﬂ%w%imﬁﬂ
Mﬂ%aﬁﬂﬁwéﬁe%w
z R W owm o Wﬁ A 2= o
A.Eﬂ%ﬂor o;oﬂwoﬂaurwm
597 (e =207 s e
EﬁﬂeﬂOo,oWﬂHAmﬂdlﬂrﬁT
md Ll_ OHT_E ,_ﬁo,ml
\mﬂ Lt dﬂ o ZT ~ oo —_ B° ZT o] QE
Hm@%@ %%L?m
mjjae%mq%TtmLﬂ
7A£auﬂyuﬂm @m it N o
Eﬂ:%ﬂ% 'fo % L%anﬂmo
T & - o ol w0 oo <
ﬂ&LﬂWFoﬂrﬁEﬂA&ﬂoﬂmﬂ —_
O_oﬂﬂ ,Ol d”;oL
Eﬂjﬁzfmoﬂm mﬂﬂ%ﬂaﬁ
¢ ® zﬂ me < ﬂh W @m ol %0
WCM‘AHOL,_IA% 7,Llﬁ;oglwﬁt+
o Jo Eﬂ%ao _@LHQ
- ﬂuﬂloi o# 2 X 2} M%L ﬂ%
00 I e b i i - TM : :
do%ﬂo%ofruﬂ@wuxﬁao
@@ifﬂwwxma@mﬂ%z
~ & Jo ™ 2 KW < T -
@r}ﬂ_ﬂ._/do%ﬁfézﬁm.ﬁ 3
p.m @ﬂ.zfﬂﬁ %mmﬂ_ﬂon L
WD Moz e 1EL T
7o§1r1rﬂu.1urgﬁ .
A gxﬁﬂi%Aﬂ :
Lfﬂmi% mﬂﬂﬂ_oﬁm
% M - . = M ~ & = N F
_6 : .L.,IA
%%&ﬂmﬁﬁfﬁumﬂ%_]ﬁa
T Hloo o = M =0 " E -
e o#memﬂlloiﬁi
X0 of éox Eﬁ
%ﬂ}iﬂr}E
;oﬂorL;oﬂor
ol ReRO

(b) 7 A Ao X_% A
=1 h=t
- 73 -

Collecti
ion @ ch
osun



B,=8+8/(Z)+8 (=) (3.55)
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. ASHA

15,000 PI

(a) ABHAE A5
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S 512
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873, D712

(b)) A=7] Fx8 3
- v -
(c) AstA &
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DT1:4.390mm

& & (mm)

& & (mm)

time{sec)

(a) LC1

MAA

DT1:3.826mm ’N}/,/w’ e
3

I
& (mm)

& (mm)

time(sec)

(b) LC2

DT1:2.741mm

& (mm)

o
A (mm)

time(sec)

(c) LC3

DT2:2.760mm

time{sec)

v v
DT2:3.981mm w

time(sec)

DT2:4.467mm

time(sec)

2 43 AAASRAG o AR Azke]Pa
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¥ 43 AAAA Dl g A (mm)

=43k
Load Case DTl DTz
1C 1 4.390 2.760
1.C 2 3.826 3.981
LC 3 2.741 4.467
EREES R
B 2 2/ AHtagdug sedhdte s FAH lm A Ee A 7
& 547 AEAAFA oY, £ % stREZ PAEE AxRdz FE LR
2 Ak

(a) =49

’91 -

. i
e

(b) a3tz ol o3 FwER:

,’I_—LJ-"-—

-?i'
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93532
-69.1
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(a) Load Case 1

l'ﬂ% }
%,M

206

‘h >

(b) Load Case 2

o

1~%
Miﬁ%

.
2
= @
JM%
‘h 3

(c) Load Case 3

% 45 AN G A S
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AdSF ARG 24 AHAA 3
Hom LC1e 4%+ ST1¥ DT1S AAska, LC3= ST33 DT3S

SH = 123602 AXE STk
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¥ 46 ] 214

[SY = [e]
Gauge 1D %%%} 1+l.7ﬂ¢}
Load Case ST1 ST2 DT1 DT2 1+iys
Al AE gk 73.43 35.34 551 3.29
LC 1| AS% 479 35.0 4.390 2.760
6 C/6 m 1.532 1.010 1.255 1.192
Al AE gk 54.48 54.48 4.34 4.34
IC 2| A3 419 465 3.826 3.981 1+0.131
14+0.188
§./6,, 1.300 1.172 1.134 1.090
Al AE gk 35.34 73.43 3.29 551
1.C 3| A=% 33.3 48.8 2.741 4 457
§./6,, 1.061 1.505 1.200 1.236
2
i_‘%
:1%
y@‘;%
e
‘Q‘V/‘
(a) Load Case 1
2
:a%
qu
fm“M
‘h"
%\j
(b) Load Case 2
&
“%
Mi%

(c) Load Case 3

19 46 AsAEAF sFgol o7 A=
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fo=Ip _ 190—59.574

=2.42
f (1+4)  53.749 7

- 712 sk (Po )
Po = Pr x RF = DB-24 x 2427
- e ugAs

1+0.131
=1. X——=1.
Ks=1.236 170133 1.177

fo—Ip _ 190—106.82

= =1.
f (1414) 52.374 5

- 712 sk (Po )
Po = Pr x RF = DB-24 x 1.59
- 2 &uss ( Pn)
Pn = Pr x RF x Ks = DB-24 x 1.59 x 1.177

e} =10 =7 =

GG s IS I
STB | 945 Saoey 1.177 2427 DB-24 ©] %
A Y| A HR °e " | DB 1.177 1.59 DB-24 o] 4
ZYn 7w A A 1.000 1.293 DB-24 o] 4
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1,23

5,000

2

15,000
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<
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272
272
272

R2

167
136
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R1

105
136
168

T

LC 1

LC 2

LC 3

_85_

Collection @ chosun



STl a1 A gk Ela=EkIE- (RD)
Ry 105 0.386 105
1LC1
R 167 0.614 167
Ry 136 0.510 138
LC 2
Ry 136 0.490 133
Ry 168 0.620 169
LC 3
R, 104 0.380 103
2 P S Eao

(a) R9A

R;
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(4.1)

(K, % 3,)+ (K, % 3,)

18,619 kN/m

136,000
136,000

K,/

19,274kN/m |

(R, — K, x6,)+(R, — K, <4,)

4.390 K," +2.760 K,
2.741 K, +4.467 K,/

K/’

58 Load Casel9]
o] 31, Load Case29] 73-%-°ll &

e oo K5 K

[¢]

—_
"o

A

T

R

e

lex
il

o]

2 2]

o o}
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12,253kN/m
11,145kN/m

K, +0.63 K, = 19,274
0.61 K, + K, = 18619
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4Ll -2z S & 2o A3 (mm)
=47 Ho A4 (mm)
Load Case DT1 DT2
LC 1 4.629 2.527
LC 2 3.531 3.548
LC 3 2.527 4.663

(a) Load Case 1

(b) Load Case 2

(¢) Load Case 3

o

Y 410 94~

K

grael A7
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Gauge ID WAk 1+i,

Load Case DT1 DT2 i
Al 2k gk 4.629 2.527
ILC1 A 53k 4.390 2.760
6./6, 1.054 0.916
Al 2k gk 3.531 3.548

LC 2 A 3.8256 39807 T

6./6 0.923 0.891
Al 2k gk 2.527 4.663
LC 3 53 2.741 4467
6./6, 0.922 1.044

AA2ZYL & ANEd] A3 % BAFOBAES HEAA GUgS o)
Ak 2T © Pl PRWERE nY AEgo] gl 70 Hee 5

FEHES A7]= 7|Ee] s rda i

Bt ol ART vasAz dds

He HslE doye AL U AT FHel dig A& 19622 gt
A W vnsle] kAl Eo] 17% 71 =ZA HIFE T
¥ 413 gxdE AAKN - m)

) 317 ks .

7 o] x 55} = 3

4= 5 A &4 Sk dske 2kl

A~z A7 3455 3,605.3 4,150.3 8,601.1
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SYRYAFE

1+0.131
=1. X——=0.
Ks=1.044 170133 0.994

afBER FEUsye

P, =RFX Ks XP =3.034%<0.944 X P =3.022P,

n
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413 AA2ZGA G 93 AT ALgyd

7. ZANAS Aude

A3 A AAFE HRet o] SHAZHAFE o] feids SAAA ]

=1

o}

=1

T o} ﬂP‘”W 2

= =
= =
WEE Fst9th 94 AzE 7y

Load Case29] 72-¢- tjAAL zt

ot Ax FREBAAE
Qe ol gote] BruE

D}.

rir
=

dskA A
AetAelM 543

P =

L N

a9 412 AskArEe o Ex A+
X 415 FA9Ae] FERME(KRN-m)
TR M, M: >M
LC1 640.0 1,330.0 1,970
LC 2 987.0 987.0 1,974
LC 3 1,330.0 640.0 1,970
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416 Erles 2 AHEANEKN -m)
T a4 gk Ela=E ok IE - (RD)
M 640 0.386 760
LC 1
Mo 1,330 0.614 1,210
M 987 0.510 1,007
LC 2
Mo 987 0.490 967
M 1,330 0.620 1,221
LC 3
Mo 640 0.380 749

. 8A AZYAS

by

A Y 1kl AEH
AAL G AR oz B

Load Case
1,2 3

25,000
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60 : . .
— “FaX o0 ¢ Fa =206520TEN m/rad
760 , 2.76 ,
- = X —_— = .

3 =P uXgr a0 ¢ P =3442,020 kN m/rad
1,210 4.36

B’ =2,081,422 kN m/rad

B’y = 3,469,037 kN m/rad

o], Load Case3°] tj3a}o]

1,220 / 4.46
= ﬂ al X
2 15,000

B’ =2,051,570 kN m/rad

1, 220 4.46 . _
—— =y % 5.000 B',, = 3,419,283 kN-m/rad
750 2.74

—_— = X—_— ! = .
5 ~P Xy ¢ P =2052920kN m/rad

7 2.74

=34y X 25.000 B, = 3,421,533 kN-m/rad

st

olu), el NAATYAGE BARe LS golnz AAPelA SR A

g ol g8t v} o] 479 WAL Helstd
B, +0.633,, = 2,051,570 kN-m/rad
0.618, + B,, = 2,052,920 kN m/rad
By +0.63 3, = 3,419,283 kN m/rad

0.613, + 3, = 3,421,533 kN m/rad
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1,231,493 kN m/rad

ﬂal =

1,301,709 kN m/rad

602 =

2,061,698 kN m/rad
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2,154,897 kN-m/rad

By =
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0
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=27k Hdl A3 (mm)
Load Case DT1 DT?
ILC 1 4.179 2126
LC 2 3.109 3.119
1LC 3 2.126 4.201

(c) Load Case 3

29 415 SAamge] Y mele] AR
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ol

a9 416 3| AZ R

e

420 ZuraATi e kA Hot At
HE A e a8 5 o A 8 = =
(MPa) (MPa) e o ™
ez AR 86.48 190 990 A
ob. wisky gt

A FRH-) WIS o

olm, 7]& Wal&
P, =P XRF=37T33P,
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SYRYAFE

1+0.131
=0. X——=0.
Ks=0.940 170133 0.895

gwng FeuUsiE e

P, =RFX Ks XP, =3.733X0.895 X P. =3.341 P,

n
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414 A3 A

Aol A= dirs s Aol egh Aol T An, dAAZHE

dgow an, A 2z v 2 Aol 4 e Qo AL

30

2.0

Displacement(mm)

Lo

0.0

5.0
4.5
4.0
35
30
2.5
20

Displacement(mm)

15
Lo
0.5
0.0

5.0
4.5
4.0
35
30
2.5
2.0

Displacement(mm)

1.5
1.0
0.5
0.0

{“/Collection @ chosun

LC1-dt1 LCl1-dt2 LC2-dt1 LC2-dt2 LC3-dtl LC3-dt2

(a) AREs) 4]

LCI1-dtl LCl-dt2 LC2-dtl LC2-dt2 LC3-dtl LC3-dt2

(b) A2

= jcal

LC1-dt1 LCI-dt2 LC2-dtl LC2-de2 LC3-dtl LC3-de2
(¢) gHr=ZEY

29 417 A e ARRA o S A
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14

1.2

1.0

0.8

0.6

0.4

Ratio of Displacement

0.2

0.0

4.0

35

30

25

2.0

L5

Rating Data

10

0.5

0.0

a9 419 sk, &
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LC1-dt1 LCI1-dt2 LC2-dtl1 LC2-dt2 LC3-dtl LC3-di2

O 418 A3 Swu W

Rating Factor  Stress Modification Load Carrying

Factor Capacity

Safty Factor

HuE A, e8lsty R ddE v
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FH 20mEo Rl el AE SASAT
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(a) Astrlgd ASAA

s12 514

| ;"ri;.ts;il p!}srﬂ
(b) A57] F-Ads
e _
Gt T G? (a) LC]_
)
Gt T G? (b) LC2
|
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Gl T G2 (C) LC3

I
i)
o
[\
—
ol
)
)
olr
o,
>,
o
ol
o,
ol
)

Collection @ chosun



DT1:3.888mm W DT : 2.369mm
2 AeA NNt

HE(mm)
HE(mm)

HE(mm)

HE(mm)

0 5 10 15 20 25 30 0 5 10 15 20 25 30
time(sec) time(sec)
3 5
DT1:2.385mm DT2:3.875mm
2.5
M““"N’WWV\/WWWWMW '
, | ’ W
- ///1 - 3
E E
£ s ! £
R R ]//
I3 I3 2
: /
Y .
0.5 i
0 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
time(sec) time(sec)
(c) LC3

a9 422 MA@ A Aol H 3

# 423 FAAsADA 27 A A3 (mm)

=A%
Load Case bT1 DT2
1LC1 3.8875 2.3691
LC 2 3.1738 3.2477
LC 3 2.3850 3.8753
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(a) =2¥

L@qp
\m e

(b) LA stF ¢k ARERE

‘ 43 o _
A9 A e oS B35 @
O RE 2,566 9,343 6,286 18,695
A 5 - -4,795 -18,023 -8,120 -30,938
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17 2+ FdE(MPa)| 18 SAMPa) W & | 5 #
AL E 7 102.951 190 2.18 A

uh. ggusy 9z

91do.2
60.8
%}l
'é
\

‘Ev‘y
(a) Load Case 1
:53@ %’/
)ﬁ%
&

(b) Load Case 2

ldoz

-9

cg5giiéé£gg£§5£g§ég§ggggéi

(c) Load Case 3

ki

1% 424 AR A}
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¥ 426 S 244
Gauge ID Sk 1+i.
Load Case ST1 ST2 DT1 DT2 1+iys
A | 45.06 14.82 5.36 923
LC 1| 223 | 3340 1750 | 38875 | 23691
5./6, | 1.349 0.847 1.378 0.941
Az | 3024 30.24 379 379
LC 2| A3 | 2520 9520 | 31738 | 32477 1+0.1666
140.1663
6,06, | 1.200 1.200 1.194 1.167
Az | 1482 45.06 923 5.36
LC 3| A3 | 1790 36.10 9385 | 3.8753
606, | 0828 1.248 0.935 1.383

Collection @ chosun

(c) Load Case 3

19 425 ABAI R A shael o A AE
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fo=Ip _ 190—69.4
T f,0+i) 336

- 7123k (Po)
Po = Pr x RF = DB-24 x 36

=3.6

- SHAAS

1+0.1667

Ks = 1248 X 907668

=1.248

- W3k& ( RF)
fo—Ip 190—77.23
rE= fa+i) 267 —42

- 7129s4 ( Po )
Po = Pr x RF = DB-24 x 4.22
- &3 (Pn)

Pn = Pr x RF x Ks = DB-24 x 422 x 1.248

3 4.27 Wsky ot

STB | =4+ P 1.248 3.6 DB-24 O|At
AH ggx "% 7 | DB | 1248 422 DB-24 O] At
Ze)n B A 1.000 1655 | DB-24 O|At
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122 AH=LZAG 9F BT Agud

e EEERE

Load Case
123
A B (
AN )
A / 23
R, R,
20,000 30,000
50,000
9 426 7HEA A dkE AL
3 428 7HEA A 9] v (KN)
TE R: Ro >R
1.C1 249 7 256
1.C 2 128 128 256
1LC 3 7 249 256
¥ 429 Eul&e s 7HAH Y v (kN)
T 3l A gk vhed B & (RD)
Ri 249 0.621 159
1.C1
Ro 7 0.379 97
R: 128 0.494 126
1.C 2
Ro 128 0.506 130
R: 7 0.381 98
1LC 3
Ro 249 0.619 158

Collection @ chosun
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4

SRR REE

flo

Load Casel®] 73738l 2]

3.8875 K,  +2.3691 K, = 128,000

o] 31, Load Case29] 73-%-°ll &

2.3850 K, +3.8753 K,” = 128,000

(D} 25 dHez 29 74 Al e =@z GAF)=

K,' = 20,477kN/m

K, = 20,427 kN/m

K, +0.61 K, = 20,477

0.62K, + K, = 20,427

GAGE et gk

[kl

om ¥E 7 FYo AHx
K, = 12,892kN/m

K, = 12,434 kN/m
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E 430 7 AR AA AT AFRN/m)
R 2 3 4 5 6 7 8 9 10
k i 1,554 | 1,554 | 1,554 | 1,554 | 1,554 | 1,564 | 1,554 i
R 34 85 36 87 38 39 90 9N 92
k 306 1612 | 1,612 | 1612 | 1,612 | 1,612 | 1612 | 1612 306

th:}f{i‘ffw
Y 427 9 AZY AXER
9. $ERAAS
AAazY A5 7 Aol B¥AA Ak At Fe] o
e 3Eeh o] AR AT
F 431 dAxZH e & 2de] A3 (mm)
=271 Ho A4 (mm)
Load Case DT1 DT2
LC 1 4.357 1.604
LC 2 2.981 2.990
LC 3 1.604 4.357

Collection @ chosun
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Wi}
M
41
/‘;‘/‘Pg

g2

& Lh
R
in\ﬂy_%!_‘ﬁaf

(a) Load Case 1

# 432 SHEAASF

Gauge 1D S 1+i,
Load Case DT1 DT2 I+igs
Ak 4.357 1.604
IC1 AZ7 3.8875 2.3691
5,/6, 1.121 0.677
A ?}%}C 3.1738 3.2477 1401666
1.C 2 A=k 2.981 2.990 150.1668
5,/6, 1.065 1.086
Ak 1.604 4.357
LC 3 e 2.3850 3.8753
5,/5,, 0.673 1.124
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_ Jfo—fp  190—58.26

RE= f+i)  27.556

=4.781

oA, 7% Wetg e
P,=P XRF=4.781P,
SHRAAGE

140.1667
— 1121 2200 g 19g
Rs = LI21X 370 ees

¥R 2 FEUsty

flo

P, = RF x Ks X P, =4.781 % 1.121 X P, =5.360 P,
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123 AA=ZYAG) % FAE Hgra

=

7}.

I}
ol
)
E
s
kg
=
Im

Load Case
1,23

E=3

I 430 AskApEe] o F i

ot

X 435 FA9A e FERME(KRN-m)

N>

T M; Mo =M
LC1 570 1,730 2,300
LC 2 1,150 1,150 2,300
LC 3 1,730.0 570 2,300
E 436 Bolge wed dAEAERN M)
= a4 % uhE 3 & (RD)
M 640 0.379 872
1C1
Mo 1,330 0.621 1,428
M 987 0.506 1,164
1LC 2
Mo 987 0.494 1,136
M 1,330 0.619 1,424
LC 3
Mo 640 0.381 876
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1,2,3

20,000 30,000
50,000
18 431 3| A~z AXE3F)
A~CH-7roll A 3ld-~Zdyea FEE}e] fHA2CE F
Zo] Al Load Caselel ths}e]
872 , 23691 ,
— =0, X ; = 3,680,723 kN- d
5 B 20,000 B’ = 3,680,723 kN-m/ra
872 , 23691,
N =" X 30.000 B’y = 5,521,084 kN m/rad
1,428 3.8875
: =3, % ' =3,673,312 kN- d
5 B 50,000 B 0 =3,673,3 m/ra
14 ., 38875 ,
="}, X 30,000 B, = 5,509,968 kN-m/rad
o] TLoad Case3°] th3}e]
1,424 . 3.8753 )
=0, X 20,000 B’ = 3,674,554 kN m/rad
1,424 . 3.8753 )
— =By XW B’y = 5,511,831 kN-m/rad

Collection @ chosun
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876 _ 2.3850
2

=B " 5 0g | P = 3,672,956 kN-m/rad

876 2.3850

— =74 X = A .
2 =P X500 ¢ Fr = 5009434 kN m/rad

olwf, X He AAALTYASFE FAR Qe golung AP ZHE A
& ol gste] thaa o] 479 W AS AHelshd
B, +0.613, = 3,674,554 kN m/rad
0.623, + B, = 3,672,956 kN-m/rad
B, +0.613,, =5,511,831 kN-m/rad

0.623, + B, = 5,509,434 kN m/rad

dHew 29 74 AR IdazGAeE ted 2
B, = 2,306,290 kN m/rad
B = 2,243,056 kN m/rad

By = 3,459,434 EN- m/rad

By = 3,364,585 kN- m/rad
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3437 A2z S & Zdo] A (mm)

=271 Hof A3 (mm)
Load Case DT1 DT2
ILC 1 3.954 1.321
LC 2 2.638 2.645
LC 3 1.321 3.969

<

«
4!\13

(a) Load Case 1

(b) Load Case 2

(c) Load Case 3

19 433 SHamYo] gd mule] AYE
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¥ 438 SERAAF

Gauge ID

Ry 1+ i
Load Case DT1 DT2 14y
A bk 3.954 1.321
IC1 A 3.8875 2.3691
5./, 1.017 0558
A Akzk 2,638 2.645
LC 2 e 31738 3.2477 1+0.1666
1+0.1668
6./8,, 0.831 0.814
A Akzk 1.321 3.969
ILC 3 A= 2.3850 3.8753
8./, 0.554 1.024
2. ekA A A7}
¥ 439 IRWE FAKN - m)
a3 skE i i
al 2 =] = 1
A=A kA A Bk 23k 7
koS a3 s B e 2,0739 7.837.9 4,.870.0 14,831.8
<t 9 S
@ ‘r\«‘ﬁ
(a) A=
.! T
& —
’ g
™
Ll ®
(b) &3l=
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E 440 ZataAY g obd A g 2
24 = 9 A e &85 oF 1 @ -
” (MPa) (MPa) e H
Sl ~ZE AAFE 81.78 190 2.16
ul, ystg 7t
AzF T SF-Y debE e 33 Zo] HUIE AT Welke S
fo=fp  190—55.74
F: pr— pr— ‘1
R fr(+i) 26.04 516
ol 7]& Ueh&e

o

SYRYAFE

P,=P xRF=516P,

1+0.1666

Ks=1.017X

1+0.1668

=1.017

P, =RFX Ks XP =516X1.017T X P, =5.244 P,
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424 3% &4

6.0

B 3cal

5.0

4.0

3.0

2.0

Displacement(mm)

Lo

0.0
LCI1-dt1 LCl-dt2 LC2-dtl LC2-dt2 LC3-dtl LC3-dt2

(a) AREs) 4]

5.0

a5 | M5l

4.0
335
30
2.5
20

Displacement(mm)

15

1.0
0.5

0.0
LCI1-dt1 LCl-dt2 LC2-dtl LC2-dt2 LC3-dtl LC3-dt2

(b) A2

4.5

= §cal
4.0

35

30

235

2.0

Displacement(mm)

IS

Lo

0.5

0.0

LCl-dtl LCl1-dt2 LC2-dtl LC2-de2 LC3-dtl LC3-de2
(¢) gHr=ZEY

19 435 A e AREA e SH A
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1.6

12

1.0 -

0.6

04

Ratio of Displacement

0.0

LCl-dtl LCl-dt2 LC2-dtl LC2-dt2 LC3-dtl LC3-dt2

a% 436 A3 Swu W

6.0

30

Rating Data

20

1.0

Rating Factor  Stress Modification Load Carrying Safty Factor
Factor Capacity

=

a9 437 WehE, SHRAAS, FeUstE 2 ohd g Ml

b
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