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SUMMARY

Following to the government’'s 2002 National Technology Road Map, R&D businesses
and studies were carried out in various fields after setting top five visions of national
science technology development aiming at the world’s 10th national synthetic
competitiveness within 10 years. Based on 2010, the national GDP was recorded to be
25,000 dollars per capita and now it’s time to materialize the vision of technology
development. Among the above materialized road maps of environment/energy frontier
promotion sector, the core development strategy of construction industry field is to
construct infrastructure for coexistence of human and nature. Development of
eco-friendly and resource-saving typed construction technology is the future and present
issue of construction.

Until now, eco-friendly and resource-saving typed construction technology of relative
industry field was recognized only as problems of facility and environment sector.
However, even Japan where eco—friendly and resource-saving typed construction
technology was most developed is also not able to suggest prototype of building
construction system for detailed eco-friendly and resource-saving type. The reason is
that construction design includes stability against disasters including technological
approach as well as environmental solution problem.

Recently, there have been earthquakes frequently occurred even in Korea which used
be recognized as a comparatively safety zone while internal and external earthquake
trend is constantly increasing. However, due to many restriction of current structural
system and lack of alternative technology, problem solving demand is not responded
enough, nor demand of reconstruction and remodeling field recently raised as a social
problem 1is satisfied.

Therefore, it’s urgently required to research and develop disaster recovery typed
construction system in building construction field and eco-friendly and resource-saving
technology available for long life, re-sue, and recycling. Standard modeling related
research and development of suggested technology concerning technology and economic
feasibility of energy absorbing disaster prevention device with high construct ability is
one of critical solving methods.

In addition, as structural stability and preparation against disaster related matters are
indispensable, new method to solve the present problem should be studied through
various angles. And as approaches to absorbing device resulting from geometrical shape
such as folded plate structure is more advantageous than energy absorbing device
resulting from characteristics of material in terms of economics, studies about alternative
technique such as wrinkle-type energy absorbing advice are essential. The above

research and development will establish blue oceans by making new markets through



system development of eco—friendly alternative technology available for long-life, re-use,
and recycling in reconstruction and remodeling field of currently depressed construction

market.
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FEHES A& FAFAY A= B A& AbE st vl .
2 AEE FWA o &5t AlEshe BHE vFoly dERT fFyolA WA Ay
TR QlEl] A& H 7ZhEel 74l AAE DASt-R015 DIN 18800 T.1-3
ATE 3 Pasternak

5 | <] DASt-R0159} EN 1993-1-59] FEFH ot D=
Eoll disl) Adata dom, dHel Ao tisfA Aestr] A AA Q]
T gttt FEAER] VEAHQ A HAYSFY AF A FS
55 AA 5o Astel A o] E aefdtA

EN 1993-1-5°] Aeol¥ stz AAXez HAAZE 38T -
of

A7 #7] ool F= dwA

A, 27te] Yol B BEHe FE Aol $9} A 15
Woolx mRlES A% shERy FEE w4 7 & 3
GRS olgstel 4 Q2149 2ol F3 & 9

O olHlA AAR AGHZFHA
el bt ol vhE B AR A

(2.2.1.3¢c)

‘ng—’o] Ex}s].j_r 0]

N
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L oo yd 2

& AAR Yonw F
o
=

= Aol slaL
=3
p - E  w (2.2.1.5a)
x 12 s cEe
E1,
D, = (2.2.15b)
w
WA @l A oA FaduAde] A FEo AVI7F a9 aA] ¥k 13y
A s TR oy dhty oz FEO FHLE A|HV|E s} ojuf ZMA| 9] FAAA &
G7tR1e] FEARE FWA] FAAA FE Zolo whe Y H = uk*o‘ A el ste] AAbst=
Aol vtEA T @Y BEAS A$ Zeman co. Ltdoll A AA = AasiAlg A 8 oS
3 2 Ag@daAS ¢ FE9 e wel gk ok Aol @ =G w/s otk
G*
A= hy sty 0 5 (2.2.1.6)
T FojoF & FQ3 vhHol EA T HEH Fge] A H HEH



I = zbf t? + lhw tz (2.2.1.7a)

. (2.2.1.7b)

o] 71 A, Gy - o] 2k Ayl EAMA o A, by ZWA Z p, B o] toty: B
ne} EdA ] T olsh R A olgtel FUSAL AW & o, of %
2212% ZWA ] %ol 1000mmel W THEA AAA o},

32212 FEAERES dHAA S A4
(t,=2.0mm, h,=1000mm, w=77.5mm, a;=40mm)

by <tp(siw) A, H w s A I, i L i, 1y
mm ch mm kg/m mz/m Cm2 cm4 cm cm4 cm cm4 Cm6
200x10(1.1482) 17.42 1020 49.4 3.14 40.0 102013 50.50 1333 5.77 13.6 3400444

17.42 1020 52.6 3.22 44.0 112215 50.50 1775 6.35 14.9 4525092

(1.1482)

200x10(1.1482) 17.42 1020 49.4 3.14 40.0 102013 50.50 1333 5.77 13.6 3400444
(1.1482)
(1.1482) 17.42 1020 57.3 3.34 50.0 127517 50.50 2604 7.22 16.9 6641493

200x12(1.1482) 17.42 1024 55.7 3.14 48.0 122903 50.60 1600 5.77 23.3 4096768
220x12(1.1482) 17.42 1024 59.5 3.22 52.8 135193 50.60 2130 6.35 25.6 5452798
250x12(1.1482) 17.42 1024 65.1 3.34 60.0 153629 50.60 3125 7.22 29.1 8001500
300x12(1.1482) 17.42 1024 74.5 3.54 72.0 184355 50.60 5400 8.66 34.8 13826592
220x15(1.1482) 17.42 1030 69.8 3.24 66.0 170000 50.75 2662 6.35 49.8 6856647
250x15(1.1482) 17.42 1030 76.9 3.36 75.0 193181 50.75 3906 7.22 56.5 10061523
300x15(1.1482) 17.42 1030 88.7 3.56 90.0 231818 50.75 6750 8.66 67.8 17386313
350x15(1.1482) 17.42 1030 100.5 3.76 105.0 270454 50.75 10719 10.10 79.0 27608820
250x20(1.1482) 17.42 1040 96.5 3.38 100.0 260133 51.00 5208 7.22 133.6 13548611
300x20(1.1482) 17.42 1040 112.2 3.58 120.0 312160 51.00 9000 8.66 160.3 23412000
350x20(1.1482) 17.42 1040 127.9 3.78 140.0 364187 51.00 14292 10.10 186.9 37177389
400x20(1.1482) 17.42 1040 143.6 3.98 160.0 416213 51.00 21333 11.55 213.6 55495111

(1.1482) 17.42 1050 135.8 3.60 150.0 394063 51.26 11250 8.66 312.8 29554688
350x25(1.1482) 17.42 1050 155.4 3.80 175.0 459740 51.26 17865 10.10 364.9 46931749
(1.1482) 17.42 1050 175.0 4.00 200.0 525417 51.26 26667 11.55 416.9 70055556
(1.1482) 17.42 1050 186.8 4.12 215.0 564823 51.26 33128 12.41 448.2 87029798

350x30(1.1482) 17.42 1060 182.9 3.82 210.0 557130 51.51 21438 10.10 630.3 56873683
400x30(1.1482) 17.42 1060 206.4 4.02 240.0 636720 51.51 32000 11.55 720.3 84896000
430x30(1.1482) 17.42 1060 220.6 4.14 258.0 684474 51.51 39754 12.41 774.3 105466036
430x30(1.1482) 17.42 1060 220.6 4.14 258.0 684474 51.51 39754 12.41 774.3 105466036
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Case Buck | ing mode Exact Sol. FEM result Error (%)
A 177.273 175.657 -0.9116
B 177.273 175.657 -0.9116
C 177.273 202.040 13.9711
D 177.273 175.657 -0.9116
E 177.273 277.132 56.3306
F 177.273 277.132 56.3306
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Case Buck | ing mode Exact Sol. FEM result Error (%)
A 125.268 123.865 -1.1200
B 125.268 123.865 ~1.1200
C 125.268 125.123 -0.1158
D 125.268 123.865 ~1.1200
E 125.268 194.148 54 .9861
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32226 ¥ AddFareet H=289 ALbE ¥ 1000mmX3000mm (N/mm?*)

Case Buck | ing mode Exact Sol. FEM result Error (%)
A 111.982 110.512 -1.3127
B 111.982 110.511 -1.3136
C 111.982 111.150 -0.7430
D 111.982 110.511 -1.3136
E 111.982 180.658 61.3277
F 111.982 180.658 61.3277




—_
fite)

il
M

0

X

==
"o

Al
I

5
il

ol
L

ofp

]
-

o

%)

Avte] H57

S|
&

A7b ek whekA 8

=
i

A=)

A=
1A 2 Aol A

3|

ki3

Ba st o

9]

b1 9

5|

a4

0

bof et =

o83

ARE Case A, C, D

o A
AdEs F

il

X743

Gl
a3

<0

T
o
o)
B
1
Nk

o

il

=

=

<

[Ye)

o ~—

ﬂOCmmo.

— | | E | O

m_A.O,.l

™ ~ | <

O | M~ -

n (@]

< .

(@) [Te]

0

Al
=l IS
3=
M.l
o]

w— | P e

OO)3t

EERICEICA R

O | > ~ | =

Q| - | = =

H_Imanlum

I

o =]

| S| W0 w0 g

o | o K| KE
|5
4|«
of | &
N

2229-19 222119 e

2]
=

A 1

S|
ax

=
file)

=
[}

(%) 95ueTp Jo apey

-20

-

tttttt

a >

12x10°

10x10°

ANEE\ZV $531J$ SuIpNg 18YS

8x10° |-
6x10° -
4x10° -

2x10%

10

Number of mesh

(Case A)

d 2



o]

=S|
=]

o
o

e %z
o] W7} ol

Zhell

14 Case A9l ®9l 19 22299 A¢ FA 5

S

of i

of
o

NH

1

}oll A

yAO

7t 7 ol

A

sk
=

i

7k BA )]

19k &

72 o A

KeR
T

0

(%) asuetp jo apey

-20

cc

tttttttt

+4 kD b [

12x10°

10x10°
8x10° |-
6x10° |-
4x10° |-
2x10° |-

(;wrm/N)) ssoays Supjong Jedys

10

Number of mesh

19 2.2.2.10

A Case Co] =dl2l 17 222109 AH$% Case A9

AAZAA s

F, Al whel thas Abol

5|

ge F7t

o Frkel WE HFS

o Wst7b vetwth 1y

el

a3

=
T

oj A vt FA e u}

(%) d5uep Jo opey

-20

cp
T

=]

= o -
T T

B

tttttttt

12x10°

+ a B -
a e -
1 1 1 1 1
o o o o ©
=] =) =) =] =) o
= - < - -
> x > x *
=) ) © < &
o

ANEE\ZV $SaI)s SuIpNg 18YS

10

Number of mesh

a9 22211

27} €]

A3 v

Az

Case D] ZA#<Ql 19 222119 A¢%= ¢

100

ki3

o Case Co A$9= w9 &AF

ol

L

o] o] Ao A

7agel wal) veh.



Number of Corrugation

0SS 2 —
oI e S T T o ol i~
N TN T
m_a 7o;TATm|L_‘ﬂH%_nﬂ_%ﬂw] )
< . oA P S ~
oR oTﬂr ].ﬁaﬁo w2 ™
- nun%%mﬂ/rﬂ%ﬁ#% e
ol ) = = Z],m A m N o o o M
s iy m S ETE |
o M ™ ©
ol N U Sl
=% oy B B m Tod o iy NE o Cel 2
T P B E PR g ; NI
H X . | ylelClElel2] T2
oo o ‘Wo‘mﬂw_%ﬂ»ﬁc.my_ld ™ m|_4_IAm5 E|lo B (2,) 95
i woo s Mo T g S|4 7] X Vo) SSUEH O 318
1% e JIAHZ,.# . ~o O | M~ - — 10
i drmﬂ:ﬂ%ﬂﬁVeJﬂwr = & S wﬂrau 5 3
N o \_LIL Te] La—
- % M@ﬂ%%ﬁ@%%@% T s =~
T = . oo o . o))
o _ W o o AR AR o U T
= olo iod WM ol = mo MM ﬂw MM T 0 o o a%) MM |
,mﬂ J.E ML\l_/rO]\Iwm__HWOHaJ_,mo NM\%ZTHﬁ ‘_Np.r,._ J.E T
i ﬂ% Y < ﬂﬂ wr XN . = 1 )y b4
. i%%ﬂnmﬂmﬂg?yﬁa N W
o ) armﬂ%ﬂogﬁg%%éi ! i 18
- < %ﬂd.mai_#ﬁo_n_w%%ﬂ& w iE |
G T omdmESge TEZ M = 1]
§ i OMAXT%E_LW.zegzwLm | |S S
0} O | = <t
g iy ao%ﬁﬂmql%ﬂmﬂﬂ% A 2|5 N
0 =) B ) W " == N il
T ,DF.._ HZT o ﬂy! ,A,ul # = |~ .
= = T N o X g W e 5|5 89 o
5 ® wmaefZ dulwEoza 0 SlEl L~z o %
* mh z?ﬁomﬂ%ﬂxﬂﬁ1mﬁ% S NI =g i E
RO s Po® 2w 438 § > _ |7 |=s N o
B RTINS ) IR EREE R
W B s Koy o F Sl elm | N o §EEF8EEEGA
= = i o< N JIHMEﬁU}Lng =2 u._xwo = mw D_m.._ AN A1111 )
G+ N T TS o /2| Wi | N LUuyN) ssaays Suipjong Jeayg
o I S e 2| [ MRk -~
- S g b E NIRRT 4 | K o
il X N at Al ~
AR nvﬁneﬁa%,/ec*ahmnﬂiﬁ;% o | = zzw
o N N ﬂ.?%ﬂooeuﬂg%ﬂ KF| e
%o 0 Ho.EWq%mazTﬂlﬂulﬂﬁ@l o o
T oW BTN w xRN i
= of R A S X o
TTANTWT T T PFH "R
N



AAZA HelA Case AS] mdel 19 222129 A% FA9 F7td wel Addza=$
ge Frsdon, FA $AL A9 Avda el st 2 vegen, F5 &
7} 6 ool Al ZFAaE&e] Wstrb zolA| 7] Al At 7 o] el A WEE WEo] vrolx]7] Al
Agh T G2 FESOE Be A9 WaEe T FAL Aol maA doHew
O 22 AR FELTE e Aol us) WA e ARE wolw Utk W
aA A HAE ARE wolw glow, Aol7h RolA4E AVABLAL el gowm &
Hale AS o4 = Ao

20x10° . . < 50
o —8— t=2.5mm
= 18x10° | v— t=5.0mm - 40
£ jeae | 4ttt 50 -
%’ 14x10° |- 2 :Ziﬁm {20 &
cogmde &
: <
op 10x10° | 10 =
é sx100 - 1-10 %
> ]
3 6x10° | ! =20, §
; A0 - v A v v v Slv : g 3 120
= 2x10° - 4 40
72) 8 o o s o o o o
0 L~ . 1 L L . 1 . . L 50

Number of Corrugation

a9 22213 FEFl wE ddH=sHe sk H4E (Case C)

AAZE Case Co RdQl 17 2221344 % F7A9 Skl W& F7tek Hsls A E
HAow FAZ FAL A5 fasts ®stes A vesen, 59 7 6 ol delA
Zage] Wl dokAy] A, 7 ol el M WMaks WFo] vrobAs] A%k A7
Fi FEFTF WS A WML FA} AL Aol wHA AoHen we e 7}
AARE FEF7F B2 Bgol BlE AAE] v A3E Holal dvh Case A% HluLa] A
g WstE Hola ot WstE2 Case A9t HluafA wj¢ HFEgE W3} $45 Kol
glov], F¥agol & 4ys)n ok EF Case AT vhA/AE st oway FA
AnE molx gov, Aot WoldrE AuAEeY L shbel gor FYPstE AL o
4 & Yk

20x10° — . v . ; : v . : —=2 50
1ex10° | o aomm 1 40
0 t=10.0mm
16x10° |- —@— t=15.0mm - 30
14x108 [- 5 :::ﬁrmnz 4 20
12x10°% | =100mm |y

4 t=15.0mm

Shear buckling stress (N/mmz)
Rate of change (%)

10x103 |-

8x10° - 4 -10

6x10% |- 4 20

4x10° |- <1 -30

2x10° | 4 40
0 L L 1 L L L L L L L 50

Number of Corrugation

a9 22214 FET wE AdFd=5EHe] el das (Case D)



BN R
PRERCOEY YT
oF )
mﬂﬂiA% TP -
ﬂlaﬁ‘loﬂe MV_ﬂoﬂwﬂ H A
ﬂen7ﬂﬂ%otA#oﬂdel Wﬂuﬁ
mﬁmmcmwﬁqiwgga
LT w0 o 3%
afwwiowﬁoaa?owwaﬂ%q -
s e _ 1T
ﬂrﬂuﬂWo»on@_x@mﬁouuwgma% ﬂ.ﬂMVATaomu
aulio]_ﬂ_]mu&iﬁT = s B3 e =
) = — T o W uAlPoT_*oLi]zT T
mq]ﬂmL]oNlanTumuDﬂwmﬂPom ﬂAﬁoﬂo_% el =
1mogqiﬂﬂz;ae4ﬂ:q iy ewT e v
< aﬂoT%ﬂ)W movﬁovfa = gcrﬂﬂ dr._xmqm
~ B ]ﬂ 7E,EIC = Nd g R 0 = it
gid w m < s o s NI ooy AT T
o b T Q}A%sﬁoﬁﬂ © < mnyElrodd N
Mﬂman_AlJUIL dﬁjmoWn_AICE mmauﬁo WMO\W&:E:QSNM X, orﬂlﬂfdﬁ%ﬁ MPﬂnﬂu
= ﬂcTorA@ﬁaﬂeaﬂ]oTL : 8820 2§ 3 = w T EE RE T o
_._Twmﬁro AR o oo ﬂl%mﬁ_ﬂﬁo_i - ; - ol ]17Q1Lr d_ylﬁvmﬂﬂoqwx
_aﬂﬂlaéﬂ,ﬁec o TR _ a4 M @ﬂqLJﬂﬂl
& N O 5 15Lmﬂov 15558385 e * 5 o= CEL 0
_ui >~ X T O# 0 o 7_|11 (4] 7D Y ﬁE o iﬂ LIL
— W ElXomlmﬂJ. N T fras . o T £l = ™ "
T E @&%9@%%%5% . : S L _tﬂn«u;f%
40Tag;ﬂoﬂﬂ1ﬂuﬂﬂﬂg B ﬂ%uwgegﬂ_d%ﬁo
2515;5.?;2{ , L2 3Egit Era
Zotﬂﬂm] ATEM‘M ﬂLOtOCH_. 7M=dﬂ eﬂuﬂoahﬂlmu_ﬂ_wwueTA
2ﬂﬂm%wfﬁgz_9waggfﬂo : LE B %Lfﬂzﬂﬂﬂﬂﬂ%
mucTﬂoTﬁoJﬁAm@ﬂvATtﬂldﬂﬂl% i nwogo Cﬂlbtio%ﬁroUrd_.%mua
Zﬂw_uﬁogo»tﬁeaewmﬁaqﬁa%ﬂ sfmﬁﬁ oTM%on%ﬁo.ooEMmﬂl
—_ = o}/ o X Ju‘_ ® o X ﬁo_u — Y
mexﬂmﬁ_%mmﬂ@m%wﬂ:_wﬂoﬁ JE wo%ﬂor@@mem:on
= N U ° L ° i E a G oy W 90 0 " o
nl] T LIHL o oF X - — iy .3M Y~ ]okdﬂ
mwﬂoﬂﬁr7 2 ofp oo B _ o lxﬁﬂodu% T
T @??%Ciwﬂeggz ol ; . / ST o P L;a T
3 2 ) = iU _ T & mwmﬂﬁgéﬂﬁm
OMmﬂfT@ﬁ,._o%ﬂnﬂ — TYEYY L] = . ﬂﬂﬂfﬂxz
L oo oo Ao T mmmwwmh,,___1 o auﬁlwp Lo E
0 O]#O —_ 286x e 9 " L o ﬁ‘mﬂ.._‘._#
z A mLaLLuauﬂur:qﬂ siisisiia; D A = o o
c%ﬂumﬂ}s##aﬂiiaﬂ () ssoips o %ATzAﬂoTﬂ1
o 7 G R N < 1 Bupppng 4 FoTE ﬂ]@ﬂ%q%
7ﬁaﬂ|}1ﬂovL%i ol T . T vaus uranmﬂkh = T
GRS T %ﬁro.w 10 ﬁ%guix&%ﬁ
AL __Hoigmﬂ%qu - N zfﬂﬂ%HHTzTﬁ
ﬁoaom%%ﬂ y A AN 1&wﬂ%@ﬂ
oo 7ﬁmgaﬂlﬂ@ot23ud| o~ _n*_ouogiv o 2 ﬂ_clﬁa
o B ﬁ}o Gy r ﬂﬂdﬂliloflq
OE ‘gl N ,ul Et TR - A o} ‘mﬂqlo,ﬂ ~ Z..# T 0 <
%_ﬁﬁrmﬂﬂzwam.. 3 m%l ZCINGY . "
® a%mhﬂl mdlﬂr.mumum_ﬂﬁodﬂﬁh
CACE %ﬂ%m@@ﬂ%%ﬂm
ﬂggoﬂaﬁwwym
g o ‘@IE_uo,._h__wmaw
LE mp Pk TR : % o
7mﬂlu¢1_l1‘mrﬂ‘m4‘m4maﬂ
7%%%15.
- 0

- 60 —



10.0mm)

10

gl waleh Fag

423

o

Number of Corrugation

ARRE W Sf ol A AlLEE o

A T AR X o Uk T
B X g W zfgmmﬂg
7
T < oﬂ i “ﬂ mw ST S A
0 e BE N N KT T O
— o~ N- o W e 9 =
o T o w o M g oy £
W s ~ — m
N o o) X m o o o o S
< KT o B ok o M o)
CY et T s i
= o _ N X X T . T .Ul Nt
o —
oy T i o oF S & yﬂ kB o o (%) aBuetp jo ayey oy (v5) o5uEL Jo AyEY
_6‘ﬂIOTﬁPOCTL AMH\MO)_/L._I 2 38 8 20 288 8 §F 8 A,.# 8 9388 2,288 ¢9s¢8
,.mo 71l o ﬁO O U]# — X B 1 - N & T T T T T T T T T ~ . . ) —.I . ;.4 .. .”w A__. ¢
w TR MW 2 R0 i ‘ my {2 N o
W2 o glwTH TR S
£l o E OO O % o wom M §38888 ‘ w o 32128
,M O,._ < T ol — a O_ ﬂ 668668 o
OE \% _ﬂv_AH 17_A| OT [n70) Hul k) ‘UI +_v_u+ L +v_u+
57 2 0T g oMo . =g = =) 5
Prx L ETT TeT TN : 5
M= 3 E ~r = w T + - 4
° = N o — ) oF = g T : I
()]
Mg E N T omEg ; e £ oo
B Ow ok 2 I & T O o T
5 o my 0
ﬁO 0 d_ﬂ OR m 0 < 0 n.m ‘L,ﬂ
T B m S -mow P = K :
W Tw X E N 5 Mo ~ 2w
dﬂ .7' ~ " Lo ,ul ,.lvm;.._ — @M Oﬁ \ﬂl @) k < g ﬂAl.._
) — —_—
m_o,ZurMﬂmm mﬂ%wmA,mw " Z .
.mlm.ﬂ,w.vlﬂlx :Tﬁnﬂl;oe : =3
BE o miar o BRE 20 . " = . b
AXT G L ¥ gy ON ! il T . A
W g L PRI T AR ieiieie ok I
RYER M pHg BT jiEsssiiia 4 FRREiEEEREG
R — g O B3 oE R T S REgdidas
T mw © mf oo Ho iR ° @._ ANEE\ZV 59138 SuIpjonq Jeays © (1) sso3s Sujpyong Teayg
=3 _ﬂwﬂ d,ﬂ o ,UI AT o) " (O
NCEIPIT e ® o N
T B = TR oy 00 njp = N
£ ,M.* ,U,IA A B ‘DF n.IAA NE Hﬁ N T Mﬁ
B O R 1 T .
N iy (@]
TE ¥ TERG®TE =7
i oy T
Fleupid¥exw d,yl
R <
MmN ®m T AR ARk AT

a9 22217



(=]
n

(¢%) 95uey Jo oyey

e o o o o o o o
¥ ® & v 0o v §4 @ ¥

1=15.0
T

T T
—&— Case A

—w— Case C

8x10%
6x10% -

!
o,
o
-
>
©o
-

o
=}
<
%
&
-
ul

AN /) $$4)8 SuIpanq Jedys

4x10°

Number of Corrugation

15.0mm)

g (t=

Eds

ﬂ

3

;OO

-

ol
)

—

0

o]/
A,

A

Har=

1
e

U grEA vEhge, 2 Al

e AA

ol

)

3, a;=40mm, w
1550mm <.

A

q4e

a4

o] L
R I A=

gl

500mm, 133 F532
dojm, &5 F(1L/ 2w)

Fol tisfj A #e] xol h

o] ThEA R Aolu| 7k of 1:39]

-
s

=5.0mm

(b) t

=2 .5mm

(a) t

=15.0mm

(d) t

=10.0mm

(c) t

a9 22219 Ad9

(a) t=é.5mm

) t=5. 0mm

(b

(d) t=15.0mm

=10.0mm

(c) t

oy 22220 AT



A, Ay FE5o vFTe 84 £FE HME HS W HERE ARPY4Ss 1
2 2221994 2% 222226 LERITh 1o

¢ A t7F 10mm o]te] Relo A=
50mmol A e FHFR9o eyt FE3
FHeE 2w OE FHE Hola e
E}utth Case B A9-& ol¢h= 3] thE RE 5

=A% G4 HEhA %Lt CAEE BE T RdA wdd FAS UEia lo

Lo

=Rzzol i} AAze Fejol A vpehte o
A el m AR S Gl et o

2
2,

W, 38 UFelNe w34 dvgzgaely FEuh FEAE ol
of wry dyom 49y 5 vk ¥ WIW ge ®

QoA e BE e AAzas) A%
co Fogol e 43 ;

a9 22221604 B uksh e AAxA C o
FAS Rl AL Aol WAFE YL wolFm gom, 2
¥ 46 F2 3l deRe FUT Py

N AAHEFE W
Astolh,

(c) t=10.0mm (d) t=15.0mm

a9 22221 AE9Y FEH] A= e=gd Y (Case C, 8428 5)

o] %771% E%B’ﬂ*ﬂ—t— XMUr%‘D] H“‘ﬁ Ft— Fde BoFa oy ghe FAAClA <

94
of mAZel v S 77he FelA vehith QurgQ) Fae wWsE @ Ags Fu 9o
b ERaze] oa Yol Case Co Atst ws] ¥ u), Case CO 457k mvh 33l

Al drERE

a9 22222 4d9y FEHY AdEF=ZEREYA (Case D, 847 5)



oloh e Asol WA wel AR paRdel Agel mad AANES @vh 29

222233 19 22224% Case C¢F Case D2 7o tlafr] L43to] o] o H] &l

o A EEe 105 w2 7 Edolth afoA K= upel Zo] 55 £
HlajA Bt o ZpAlgk sjelo] FAHARE A= w)$ FAFSHH, T 5mme)

F2 AA A= PGl AdE = Ad(=E AT T F=e] PFet

&S FaA HFEFREY AIGS FHT £ on, T detvEel g = 4R

o] Wsts & & Utk

f
BN
J

Mg
M fc &£ =&

(a) t=2.5mm (b) t=5.0mm
IIIIIIIIIIIIII!IIIIIIIIII IIIIIIIIIIllIllIlliIIIIIIIII
(c) t=10.0mm (d) t=15.0mm

a9 22223 AA9Y FEHY] AddFAZR=dY (Case C, 848 10)

(a) t=2.5mm

(c) t=10.0mm (d) t=15.0mm
a9 22224 A0y FEHS Ads=2 =4 (Case D, 483 10)



w
“
A
=
|m
i
[>
An)
Au)
i
of
b
N
i
ol
rEl
o
2
e
N
i
djm
o,
i
1

N
il
il
Lo
o
-
2
.
)
M
)
oift
rlo
Hl
4z

427 AARE L olEe] A4AEel I HEF2 U

2 SRREe AUAA BRe] AT Fo] E

U AEEHE WA S Rend, ool FHA AAN deih A

2 M@ B Ao on F28d U@ BE FAse] Rz U@

G % AEACIIAY QEAE WAL AFEASl prro] 2o
3]

o
o L
o W
_O‘L
v
o,
N
ullf
£
4z
lo
)
9
>
i
o
T
als

oX, 0110
ol
>
o Jm

o

e
o%
el
o 2
N
—:—‘

2
ot
olr

- 1
il
e
r {
i

z ol o

and 0“.'1
o
=)
i
W U
%9,
o
ﬁ
—lrl
W M
M4
2
oot
olr
1
=2
=
ot
o
Ao
Ll
)
ik
N
o
rln
ofk
S
_\?_1‘
-
3
1o

:C!)lj
>,
i)
u:
T
s o o oo fuon
T o2 fo 1o o > o
)
r
o
il
o
ol
ol
O,
=)
L)
>
d g
o3
=2
>
rlr

2 Aol iz sfael] oA BAZEA dig A4

e WA AHEEE vk o FoA tRAd AAxA FollA Case A, B, C ¥ DE A
= = ﬁ%}}%EES’J ARG gl =] &

o] A} ol AFE At}

v}

S

A, a,=30mm, a,= 475mm ;= 40mm-4 P%E%S’J P diaA AHREE gy =4
of A&¥= FA tv 247t 25, 50, 100 ¥ 15.0mmeolth. i A 3= a9 22310 YERG
vphel zrom obA AwE npel o] £ 256mm EHolA FAEA Case Bol #H=83 b
ggrel the x7e mE e yetwth AAIxe AedAe= Case BE AlQstie
FrASE Fho 2 yetwton, FAo Frtel wit HEsts &Y= FUkeke 294E B

0,775 1000
. t=25mm
= t=5.0mm
=3 t=10.0mm
. t=15.0mm




:‘i
S
g

m
ro

OS2 =2 ¢,=30mm, a,=47.5mm, a;=40mm<] vIEEE Rdox FE9
16, 20 wje] Ax}E 7 22329 YEFHA oW AAZAL Case CE 9|
oA Hi= mpel zEo] FA|o Wstel| H=FEHE FUISHAT FFO T F19 ‘%% 35
A& Wates A yeuA Fokv =3 F59 F4 e 0 =200mm, q
=196mm, a;=40mm®e] e Aot vlus] & o, H=&H A g2 2AA vEutth 1
W FAZE SEE T @A A=8H Y Aol Aobxith

i
5
+
¥
©

1400 T T . r T . T ——
—— 33=4Dmm, w=396mm, Liw=12

1200 7 33=40mm,w=396mm,Llw=16

- a3=4ﬂmm, w=396mm, L/w=20

1000 F—F— a3=40mm, w=77.5mm, Liw=20

800
600
400

200

Shear buckling stress (N/mmz)

0 i Il ! Il Il L i Il

0 2 4 6 8 10 12 14 16 18

Thickness (mm)

% 2232 ufERE 2299 Ao E AT oeE =4

e aFoA B u), FEZo|7} TUI Ao FEdolrt 71 nde] HFSHLE o}
Ak, a2y FAZE FAY AaE 7 F=2858HY Aol AH FolEe AL d F L
o F77} 150mmE D A= T ogke] o]zt wl$ ettt o]9} e HAL Falo] uw
2t YEhds #A=59e SA4clH, AV efe RN wiamel FAV FAE 2l
M= AAFG=o] A= Aom & w, =549 o] FEI4H EHT #A

AAZA wE vERd FEIS AGdIFFREE AHRHE I9 223304 19
22362 i, @,=30mm, a,=47.5mm, a;=40mm, h=1000mm, L=3100mm, L/2w=20= 2| tj
A et Aol FEo o] wE o @S T e 775mme] Bk Zbzre] 1yl

==

A Yed #ZEree] Aee a9 22333 ¥ 2234004 de ARS #Z dAdge] Fu
Aom, o A gt AR AT F drk F, 19 2234904 Case B
ZY4S 77 25mmet 5.0mmell Al dukAQl AvREe] FAE e FEFREE Holal
lom, Case A, C, DO A%+ w-¢ o]l AAdS & 5 Ak TdAAN FA7 v
Aee TN 47 deluy e 7 R wel AAA dEtAIN £/ FALFE o



(¢) t=10.0mm (d) t=15.0mm
a9 2233 MhEREY FEHY ddH=R =AY
(a;=40mm ,w=77.5mm, h=1000mm, L=3100mm, L/2w=20, Case A)

(c) t=10.0mm (d) t=15.0mm
a9 2234 Ry FEHY dGH=R =
(a;=40mm ,w=77.5mm, h=1000mm, L=3100mm, L/2w=20, Case B)

(d) t=15.0mm
% 2235 vEREY FERY JEFEREYA
(a;=40mm ,w=77.5mm, h=1000mm, L=3100mm, L/2w=20, Case C)

(c) t=10.0mm



(c) tIIO.Omm (d) t=15.0mm
a9 2236 FEEY FEHY dWF=REFH A
(a;=40mm ,w=77.5mm, h=1000mm, L=3100mm, L/2w=20, Case D)

el el & w, FAZ FAN A5E oA FE AAAN H=P ol et 9
ow, F53o] oM«l Bk fARSHAL 2 del e AlE = ¢ otk gFe Tl A
ooty o] e FEEelA YElE SRt £ FAe vad o = Ee Al
Fdoll A AAA vepdn. ojeh &2 AAE5L Case BE A9sta 25 FAHsH
it BAxzS] Ay oF AelM ARl Aot fAbst, HA=eH e Wt v
EA]

e
1

ol

-

dol7} w=775mmXtt 71 396mm HE 2 ¢,=200mm, a,=196mm, a;=40mm,
h=1000mm, L=7920mm, L/2w=2052¢] s|AAdxE 19 22374 YeERRAT ke R
A wdE FEFY P vl FEZHCI7E A7) Wil dAZeles ¥ ZA YEvdesE B
dolw, F= 3o Bii}l.{ g2, FAZE ¢ 1§ 2237(a)e] IHEAA & o, gE3=
o] Wets] Tttt Egk 19 2237(0)9 EH AR o]e} e o] WA, 1
22370)NAM = st F5S dolAd = FdHE Holr] Al&stdn F7 15.0mmel 19
2237 = F534 FES DolAe WAL A=A BoAFa Jdow, FA9 St
o & FA=FH ] HIE 45T F

(a) t=2.5mm (b) t=5.0mm
(c) t=10.0mm (d) t=15.0mm

a9 2237 EEY FEHY dGF=R =AY
(a;=40mm ,w=396mm, h=1000mm, L=7920mm, L/2w=20, Case C)

7A90l 19 22363 19 22379 44

ro

Fol7k 9l 7 mde] o] fAb

o
>
©



bl
b1

o

o

<

=13
=

L
-

=
-z} o]

=]

_‘{

3

A
i

-

el 28 dRelA way

S

s

A A #=H ok

-

R

A ol A
‘]

T

17} 71 2o A

Zo
QAR
=

=
=

==
T

PN

_r_i%

]

o

3

&

}-

8
9. % F2o e delA AAREY FEHE 9 A4H2

Aol 7k gdlom, FA e Wate] upet A3

[€]

Jol7} 2w FRHEH QA HEA o]

=

o7} ol

=z =
TET7E]

]-7

5|
R4
-

R

T

9

o},
g

e A B, FA 25mme] ol A
A8

of 2 A
o FA7E =

1

0]
1518
=

o
. iﬂl
—_
o

=

o

o

oy

T

o}
T

olo

ofp
0
of-
®
Tor
B

o
il

o

Aol 4 Bl

[e]

a; < 40mm<} 77.5mm < w < 155mm |, v}

.

SRR

g9

=
T

CE!

o

o
il
el

B

e

chuEfel A H]

w”}

g0
1500mmel] tf

=
T

2 a9 22389 YERY

Lo e A vl

a;7F 20mme} 40mm,
1

o Frhe 3ol

el %ol
h=1000mm, ¥ 2.2.3.8(c)< h

1
T

500mm, ¥ 2.2.3.8(b)

h

1

T

7ol uh
a9 2.2.38(a)

sy
-

775mm, 116.25mm 2 155mm¢]

¢+

ol

0

!
i

-
1

ol
=
s}

7}8

[e)

=

oVt by Ae ®
7ol ket

[}

=

Fso] A7)0l Aol 7k el

[

]

Aol w2

A
75

-
s

]_

a9 22389
— 69 —

°

sheh. 29 2238(0)¢] A 9o

o

ST

oM &<

°©

-

R

3}

T

Art. ¢4 27 2238 EAF FE
il



)

—~
o

mjJ

ofy

i
=Y
e
or
"
g

—

O

n_n_1000
T

e 4 &
f*O ol
PR
al
(i p
R
‘/4 al
D T
e ‘& i
¢ G
ESEENE "o
B8 8T T P
CFECEE S e e}
F s | oz/n
i o Y
L vu4++
il
it

=3
8

<_ T
g ® /
4« X
i °
o
(.
’.
0/0
Y
eEcek
EREERE
2o R o8
cegleg
TTITLR
BB 2
EEEEEE
LE5S5SS5S
DR
FEEEE S
PN
I
4
vu4+_
ol
L
(=3 o (=3 o =3 o o =
2 8 8 8 8 8 8
© © o~ o~ - -
ANEE\ZV §$3.J)$ SuIp[onq JIedys

5.0

05 10 15 20 25 30 35 40 45

0.0

05 10 15 20 25 30 35 40 45 50

0.0

Thickness (mm)

(b) h

n_n_1500
T

Thickness (mm)

(a) h

1000mm

500mm

o
I
©

u_“_,. T
X bt

.Wr

L] ®

LR R

* 1% @

PR P

4 k L 3 al
iy

E E
,m@m“mmm p
HEEaeE :
AN ¢ a
LT
PEERLINS, 2
i i _/AA//. -

B o % oo
*vn44+ 0//
o e o

ANEE\ZV $$3J)s SuIponq JIedys

05 10 15 20 25 30 35 40 45 50

0.0

Thickness (mm)
(c) h

% 2238 FA w

1500mm

SEETE

2 A

Ao ehol

o]

F71 $1eA] skl A o

1=
&0

42 gee) WatE 1

-

]

oA
Nro
0

e

n-

4 Aol WM 1

E
=

SERCE!
uhe} ko] FAlol wel #E 8ol

1
R

223904 9 22311 YEHAT. ZHAA B

2
=

3 gk w9

1 3} o]

7 o] =] A

o)

R

3
=

o zgolol wel ofg Aol

—_

o
ﬁo

o)

=
=

o7} && ¥ 22394 A5+

7

o] w7} 77.56mm<sl 4% F&
H 2239b)Eu FH=SHol WA dErste™, nrt

el =A

Lol H]

Fako] Ak

s
< 29l a9 2239Mb)elA= w7F S

ks

KeN
=



ik

b
wr
-

B2l 7k

407750

Egk

TC &

A PV Y VYV VVY VYV

500mm
1000mm
1500mm

SHAl thER

a- h

—e—

[ v h

9 oocooooooaooogooooooo

'
45 5.0

L L
35 40

3.0

s
25

Thickness (mm)
(b) az = 40mm

15 20

1.0

3500
2500
2000 |
1500
1000

s
o o

u1/N) $$.438 SuIpONq Iedys

L
00 05

L thE ole] walolA R fAb

3
>
>
3
3
>
>
>
>
3
3
>
3
>
>
>
3
3
>
3

1000mm
1500mm

—e— h=500mm
a- h=

H ¢ h

o-a-a

>

s o-oo-oa0co608soaa-saaes

5.0

o] 7} && 19 223.10(a)9]

a5
1

pal

L L
35 40

25 30

Thickness (mm)

15 20

(a) as = 20mm

1.0

L
0.0 05

o
=1

RERSE SRR

=
T

o

ANEE\ZV $$31)$ SUIpPONq J18IYS

o] w7} 116.26mm¢l ¢ F&
a9 22310b)HET FH=-gHo] vhA YERY

m

A

] = YEh

o] wa) @As

o

2=

ol
M

o)

]
e =

=7 debsoh =8, w7t ¥

9|

o ]

ol
=

gk,

—_
o

Wt Re5E ol

s
4

a9 2.2.3.10(b) el A

welel

kel
T

N

]

o)

)

i

|

o
1l

5.0

s sz
4.5
= O o

1 '
35 40

1
3.0

40mm

IER A0 AR
"’
25

20
Thickness (mm)

(b) ay

uEgnnuunuuuuuDunnnu
o

15

H=FEE (w=116.25mm)

=1000mm
1500mm
1.0

T T
—e— h=500mm
v h
fi— h=
05

0.0

2500
1500 |
000 |-

ANEE\ZV $$aJ)$ SuIpONq J8dYS

5.0

45

o7} & 19 22311(a)¢ H$

20_116.25.n
T

)

bl

4.0

25 30 35

2.0

Thickness (mm)

vvvvvvvvvvvvvvvvvvv_
.5

(a) a; =20mm

19 22310 A

Y oeooooeooooaodaooooooad

500mm
1000mm
1500mm
1.0

e vEbste
v h:

a- h=

05

T
—e— h

1200
0.0

@EE\ZV $$3.1)$ SuIpINq JLdYS

o w7} 155mm<g! 4+ F&

g58
9 22311(b)RT #EFeo] 2

z

zi o] 7}



i =7 dEtyH o

0

1o ]

=]

A2l FHFA s

Aol

1

)
p 4

AT

-

s

°©

Ao % welo] A LpehL

W M o W TR WX NERTR W
Ty gy gyt AT e W LB T
o <O L o ogoﬁooﬁoﬂrmﬂ%v
o X0 N N M %0 i h oo T < o i
oo o No =0 A T o of- R o FURNG ok
Ny W N T o e e o
2 g g Mo B ZTM#}MMCT %_Lmofr]wm%wm
° o KN  ——
: S opTw wvFTEL g ETRZ Gt g
. : — o U mp B R o o o w0
T N I i o oo - NR i I =0 N o) K| o) =0 Mo i
R o E 2 Twmap B oS ZX® dmare RN MT
W 2 £ § VG DU I~ S PR D S
oy g S OB Q] T TR Togp o NS
SE N o =B = ™ H T o © o N RO,
= mm & N T o W ol o = A ol ® Np o e N _me ol
= HeEE 2 ~ ﬂ% N = ,UI © Am ﬂu iz < TH Lf o ZT o & <
r £EE Q 7 - ‘L.Mﬂ w oon - o R M o T : gﬂ o R
s ot g = 35 o~ oy = = ) o =
A e < o N % B Rl oy w N oY o
Pd 2 = — I o N S o W e
o + . - w) EEAA ST TR urwﬁmwﬂﬂ&%xur
N R T i X ST slw gEe, T He-
17r ([ururN) ssoa)s Suipjang Jeayg = g El WI _ E#U ‘U|L = o ﬂﬂ L O_L ey ‘_t . <
) p T N WS N o ) — Noum T oA
= S mHMT n2_._zd aTLsrVEILL
D : . o o S = o o- GO
s i T %MO_MEM ZMZ_OELLu.WmLZ
i N o T T T ®EE S WP E T g e BT
o) ' 4 S T o [NCRES RSt a P NS B R =T =
i~ a B £ i R il do = o Moor R’ il
- P Peis m T TP T gpal T T
< s lag — o M il N o BT WE S
. SE W ° W o= - ﬂuﬁaﬂﬂ% = i ogﬂpli7ﬂ|
o : ok e W Ry WO N T gy N
A i - = ~o ) Ul 5) oF o) o} X it T o Nl
i H SN G W) e mw Er L XT T U o ST
] 2 = = o T %0 o of MR T o
o e : n _TI gtz Rl o w0
C oo D oTER Tolsprteiciiifis
- mA aée W & ap M: NI NS MT Bom oW R g ol - i m i R g
/N ssoa)s Suippng Iesys a ~— R 4 r
2 a T - N Mg EME T £
i g %%l@ﬂﬂ&%&ﬂ%%ﬂ%%m
E - 1oy o= R S B ol —
N W E O ST NS e W T o
) N B oo, N R oo W gr < % ~ op 4 W <
=0 Y Mmoo % W o o No o8 RB o T RO

£ 19 2.2314(b)oll HER AT

]
ey

[e)

w2 W

=
e

2.2.3.14(a),



1200

20_n_500
y

40_n_500
T

- — T - . T 3500 : — - . — T
& —e— w=77.5mm . & —e— w=77.5mm

E 1000 v w=11625mm M E 3000 ¢ w=116.25mm 1
E - w=155.0 mm E a- w=155.0 mm

Z 800 | ¥ a9 | Z, 2500 E
2 v - 2 200

@ 5 r k
£ e} a 1 £ T
w o @ v

o0 o wp 1500 1
= = 10001 a ]
3 L i B

2 200 2 siok i
s =

S o} 1 S ol J
= =

7] @

i T i . ; i : N N ; . A . .
00 05 10 15 20 25 30 35 40 45 50 00 05 10 15 20 25 30 35 40 45 50
Thickness (mm) Thickness (mm)
(a) a3 =20mm (b) ay = 40mm
=z=2 3 3 = e} _
a9 22312 Ad9E FEH FAe nE A= (h=500mm)

300 T T T T T T T

w=77.5mm
w=116.25mm
w=155.0 mm

250

[=I)

20_n_1000
T

40_n_1000
T

1000 T T T T T T T T

—e— w=77.5mm
v w=116.25mm a
a- w=155.0 mm ER

oo

o

=3

t=
T

sovzn?

= -
E E
é 200 %’
@ 2 600
g 150 | i:’
on ep 400 |
£ 100l £
3 S w0l
2 s} Z
E e
& s ol
Q 0 4 5]
= =
7 7
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5 5.0 0.0 0.5 1.0 1.5 20 25 3.0 35 40 45 5.0
Thickness (mm) Thickness (mm)

(a) ay =20mm (b) a; =40mm
a9 22313 A9y FEH P4 0E AdF=SE (h=1000mm)
120 g i " 5 : : ¢ » 207"_1&0 350 : . : 5 : . ¢ y 407"_1&0

& —e— w=77.5mm & —e— w=77.5mm a
E 1oLl ¥ w=116.25mm E 300l ¢ w=116.25mm Lt ® s
E Ml -o- w=155.0 mm a @ E a w=1550 mm| a®° A
Z Z, 250 W
2 sof 2 v
19 @ 200 o E
& =
:n 60 - :n 150 | R
= =
3 wf 5 107 i
3 3
2 2 sl N
e e
s 20f s
3 3 ol ]
= =
7 d 7

00.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0 0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5 5.0

Thickness (mm) Thickness (mm)

(a) a3 =20mm (b) ay = 40mm
22314 AAHE FER P e AdH=EEY (h=1500mm)
= i o ). 2= =
Ao B AESU 2B BT & QAW FE Deld 2

o) =] [e}e) 2~
U 4o o] dAstA] Fes & 7 Ak a"HolAN F D BF gF
[ =) e} 2= = =
g7ele] 377t AEedel dashs ANE A2 F dovt AFH



ol vpeht A%

A e o7} e 2 27 e, Ea

Fgo dolsk 2, FE Aolsk g A mde] Fg FoAe %—7}01] e WsFH L A
2 o A

A e, a9

\S)
[\
w
—_
w
o
o
o
fo
=
o
Jo
_>;
ot
N
il
olo
_IE 4
lo
T
2
o2
o
flo
N
N
=
yo I
e

4Ane FER AuATREo] S48 BAG) g FelA dFoln wae] =
v o e WEgte B oA BREEE dvh FEue Audze 2R
AH= 9 AxH=e) ge verge, 7 v fat oj5o S4S AW Be7) .
7 olfe 7 R A Y H2eY waEddae] madd na F=54e wa
o guol Frlo] we AT 277 FEEAC e dae] Was dwu
7 Qe AosA FzEo AdHzd i Ao WelE =g & 9] yiolth 77}
o S A AT A 1 22315004 1@ 223.170] e A, Shel A LbehtE HEZe

ol M5 ddstod A4 295 Hola 3t

a9 223150 YERY AEEREE w=775mm, h=500mm &2l gt @ﬂa/z}_(li ]
9 22315 ¢,=20mme] Ao, 1¥ 223150 ay=40mme] 2
A ouEbd SA-CM 2™ 2231509 A5 SHEER 2, dAReS TAeHA
geth 22y o9 223150 Be g2 FAldAE =l FAE FA
Aztzo] LA, F FH=o FAFANA A =o] TAst= AS & F Utk 9
Al wialA 27 223.15(a)8] Aol M= M= e] st
& Aok F H=Y AAA AFEHE t=20mm REe
oMol dypel ojHth FAR FAdAMY Aol vig vhE 5AS AUH, T F=A3
- e AE Bola vk 53 AA e ATl High Wk shue] &
et I 5o HoldH = dHE Beola jlon, mRHz=d dAFA=e FFES 4

st F a7kt



i i
o o
oo S

i
o
i~

t=1.2

t=1.6

T i T i
0o = = o
o o B o0

0. 0. 0 0 0.
(@)} A} (0e) e~ ()

A
N
i~

i o T
o o o0

t=4.0 t=4.0
(@) a;=20mm (b) a;=40mm

a9 22315 4¥9Y FEH] ddders g4 (w=775mm, ~=500mm)

Py



i
=
B0

i
o
i~

t=3.6

t=3.8

i T
o o
o0 o

t=1.0

t=1.2

t=1.4

T
t—A
o

t=1.8

t=2.0 t=5.0
(a) a;=20mm, w=77.5mm (b) a;=40mm, w=155mm

a9 22316 A¥9Y FEHe] ddA=Erns P4 (h=1000mm)

Y



i i i
o o =
Co [@)) =~

i
o
i~

t=1.0

i T T
= o o
o e >

t=1.2 t=1.2

t=1.4 t=1.4

t=1.6 t=1.6

t=1.8

m i
oo =
o oo
m
N
o

t=2.2 t=2.2
(a) w=775mm (b) w=155mm

a9 22317 A99d FEHY AddHERE Y (03=40mm, ~=1500mm)



Iy 223169 YERY HERE= p=1000mmel Wit Ay goer a9 22316(a)% a
=20mm, w=775mm¢| ZA¥olm 1% 22316(b)T a;=40mm, w=155mm¢e] A} Fo|t} 1
d 223169 A 19 22313049k o] FAE =S Wt WMol yEy
T Edolx gk Waltzke] 1y 22316(a)9] EHWE FA JElda 17 22316(b)e 29
< AA YEhe mdojth. R HEREFAY WHEtE ole} FARgE AFS HT
a9 22316(a)9 49+ t=04mmeo] doll & = F-I=o] YERUH, t=0.6mmoll A A F= ol
t=0.8mmo| /g EdoM = HdAst=o]l vedtt. 28y 19 223160 A5 AT
of mj-¢- AA yetdrt IRleA H=upel o] t=34mmeolste] RHoA = FRFEol
Ak, t=3.6mmell A Al&ete] HA 0w AAF= FHE uiF ottty FAo e
=33 Wt w9 21 Fgbe]l AAA I E T

npxjuto 2 8 223179 YEIY HFEEREE 0,=40mm, A=1500mmedl] i+ Ay igoe =
a9 22317(a)% w=775mm¢e| A¥olw 1% 22317(b)¥ w=155mm®] Z3}&4oltt. 1

H 223179 A5 FEAl wetA FA=&H o] WA A7 dEpA = A Shes
o7 FF Aol7t 11 BdoA = gAY W3t AlFle] =
Zol FAZE @& Ao HA=HEES BT mFF=ol
Zﬁﬂ#%"] ‘r/‘ﬂ g A= A vERd o) 9 S Y

ok

ox -10
i
)
_1
12 o
ﬁ&
_{
N,
, Mo
Lo



U =
e fé%—w S el B 4 Aosl, Al e SR, @ uwoﬂ gt 2
()8 olg3tel WMol HAL ANT F Utk B AolA: AANY FEwe] A
ol daA BARER s, fAA4 SuES Agste] LAl WAYW} HHsE

Zeols Ate] fgow Awn FEANuY A% dne AuATe FEd oA
Agstnz do] ddxzs BAdd AEzyrE da gl e, e FAdd = vy

2wl AHW Alel BUAR A THT & AL 2T T8 AnE T8 @ D
oA wAstE =, oY el AA Yetudes dARE B olge AdazEel g ¢
qsgo] Suslolobnt ahul, FEwe] AAS AL AALolo = EAoT HAY
F8o A% shgRang Qo o weay) diol oel 2ol glen] Wakel Wl
a; < 40mm<t 77.5mm < w < 155mm ol Ut DA Ao wE olEA 59 A§ vwiE
Rt i zolE Holal vk B Ao = 7]EY AAatEol A AA sk e dds
=gl e ARy FEABEY AnbAl HAARS = P4l dad ddRt=E

3]
[e]
%194 el e gt
deol e FEAnRe 3 fde AANe /EA
@_7418}1 Qem, ol e oue

7] WZolth. o7, A A= 4 (2.

R 4 (2241 WHEGES
% AAsE YA Fus
5)

ADS wkEeljof st Al ¢9b k= EN 1993-1-
| 2

¢t DASt-RO15¢11 4] A <ta} vl 2y AAe] 712 pde Fdat
W wpAEd Azl g ARAge] ge gaA% b 24,
Vsa = Vra (= Vaw/ ) (2.2.4.1a)
Vik=Ce ke f,sh-et (2.2.4.1b)

o]7]4 EN 1993-1-54 Pasternak 5 (2004)2 ¢ #< 1/v3 25 49591, DASt-R015
T 035 77 Aol gl Ee AaAsE A Sl mEt g2A A st gler,
Ao gisf APt A tha 2ol 7t Wk



el AAA tEiA F

2oy A A ALY, HA e
APl wek el Aejs A steloprt 47

Zeo] AdF=SHL g e &
} 7}F&3ttt. E3], Pasternak 5(2010)¢]

7
TN Awt ATl Wol AgHE AW A9 FEyo] AW FH e

bor
(VRS

N,

7] Aol= TRAFo] Aojupx] ivhm MWstgon] ofsh g weA 2w A
A e zAwojobat gt

2
o= (534 + —22) (‘”) (2.2.4.2a)

Top g = %‘ﬁ VD, D) (2.2.4.2b)

ANA, 1, i, & A7 FEAZ 2 AARZSHlW, b, D, = AZe] Fol Yt #
Aot B dgAze oA HelH FRARLY A olUy Bow YT
Fewe AARZSY ARl FE Bel AE$HL WA V2B ATH F & 9
9. mebd FERe e FRAZ B AADT T $AD AP gel 48" AolH,
oo AAMNA AgAgo] Uojuy mHm 9o A ATATL werelu us
Fea7 olgd & don, AAdA Jehte Addsen A% HFAFL FHeE A
&g AR BAo Radth w3, A (22429 AvHELAe Fad w A5
SEol Uede, ztzke] 42EAe) SAse wet 42AdeHe] AQHATY 18 22418
Aua2 e AL ol gste] Aol ME FAM F2LHL AAT FHolth. 1A
AETY T Birt e A9 ARHZEA Aol7h AA S, AuATAUE T2
JeRdTh o SAelA My Yol A4z sbsAe Awel =t fddA Ae
AdAE e e FE0 o7t W4T Tt F5% AAFZo] e, Sud T8
w99l a9 22410k MmA FEol 2 19 22419 wlae) © e FAGA =4
o] WMol WAL}

1600 T : ; -  Respagdduit

600 — T T T e
——— h=500mm ———  h=500mm
1400 |- . h=750mm 1 . h=750mm
. h=1000mm 500 - . h=1000mm
1200 — — — - h=1250mm 1 — — — - h=1250mm
— —= —  h=1500mm — —= —  h=1500mm
400 -
& 1000 - i
g £
z :
z eop Z 300t
5 " 5
(4 BO0I oz e ok g+ S 1 (4 e
aaaaaa 200 e oIl
g™ e
vy RN ot synpremes-ovenroy: W I R A
e I
ool givv”“”:‘“‘_u»u““, oo T
e e e fort
oo himis
0 . P sl

£ (om tw (mm)

(a) a; =40mm, w=77.5mm (b) a; =20mm, w=77.5mm

29 2241 AARG A G2 AdRE S W



=gl AEstA Aol e FEHS HAAM = AAtEel wet v=2A yehd
o A (224.3)¢] Al 9] Aol AE AAIY FFL Aolrt F F Jdoy H=FHY 3
Al & FFel A7) FEES EA AJXHAXIT & AolA &= DASt-RO15 1f+
3} Eurocode3 % Pasternak 5 (2004)3} Siokola(1999)& 2] FHAATES oz 43}
L5 g

DASt-R.015¢ 455 ¥WA AHEd, AFe()e 358323 dAs=Zed ik Al 7ga]
%Oﬂ/ﬂ e Fro=w 7%\_74]—?7} ARt 58] dAFg=e] Be= dAAF= o] wis=

| =

K= A <1.0 (2.2.4.3)
o] 7] A,
>\(: = mim()\[,‘,l : )\c,g) (22438)
fy,w

Aet = N (2.2.4.3b)

® Ter,l

1/7\%‘}2"“’ 0.5 < :“7 < 2.0
Aoy = : Terg ol (2.2.4.3¢)
—%" __ other
\/g Ter, g

EN 1993-1-5¢] A-%oM = v& tEd FAHARE FAaAs Ho] wi-a=y) Az
of thell vh=7 Al bshA| gk, Al7gn| g

1.15

ST < 1.0 (2.2.4.4a)
ho=—15 1 (2.2.4.4b)
05+ A2,
o] 7] A,
_ 7f o (2.2.4.4¢)
Ael(g) = N 2.4.4¢

~< 1.0 (2.2.45)




o171 A,

Ty
A= 4| —— 2.2.4.
¢ \/g,r”q ( 53)
ole] dast=o e AAJAAE AEHe wep AR mRHR=Ee] A9 1H
2242(a), AAF=Y A= 29 22420)9 2rh. agoA FaATY FAY A=A
sue 77t 9y Aztgo g FASYT FHRFFe] A4S EN 1993-1-59 Avtx A3}
¥ DASt_ RO159] frRt FAaAFe] o] gdgols Esta dd4os =4 H

o
7t Aes & F Aok dAF=Y B wFA=H fFAeb EN 1993-1-5+% Pasternak
(2004 NA A T ALY dAste= AL & F Ak g ¥ 224.2(b)ed A
DASt_R.0156= AAF=S=o] =52z} vlals] 054 o] 2u)
Vkr_c)ell A= AAIA sl ¥ 83 o0& A8} o] ¢}

olate] RE(DASt_R.015
‘:q 13
Aol U Al Fag ojn @)

2o A8 ¥ A=Y

1.2 r . L ) r . —Yugloba

—@— Eurocode3 Kl :  —@— Eurocode3 Kg

—g— Eurocode3 Vrk —y— Eurocode3 Vrk

I(Jocal —e— DASt-R015 Kl Kglobal : i —O— Pasternak(2004) Kg
- —y— DASt-RO15 Vrk - D D@

—¥— Pasteinak(2004).Vrk{ 4 o

—e— DASt-R015 Kg
—v— DASt-R015 Vrk

: DASt-R015 Kg_c

X DASt-R015 Vrk_c

i i i i i i
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

Ac Ac
(a) = 5-3= (b) A==
a9 2242 AR A, O BE FER AGAAN ] His

Addurs gdsts 4% o o I =488 2 JFets o dg A7 Alox
Aol Y ofmtd EHRE QASA T dEs 1HT ZBart glojAH, daEy RdE
ZEEHo gt AT F2 ASE GRolN Ay IARAETL S S F5 o
T g0 HaHE A7 AN FEAo] AE&H FA AWl S A= YERLEA]
< Aolth.(Pasternak &, 2004) FEAEE o] &3 HoA e FRAA A= F7F=,
ofg] ol AA el dAsE B o5 ATl i ko] FrEojofgin A
@3 A= Easley7F Aao]A o] &5 o]&sto] dA=gs Aostslal, o]% Elgaaly=
T5 AE o] e £ FHEA HASH, o5 wHow FxE HA= w¢
GEsH A AxE = s W EC] AAEE AYE E Ut 3 Abbast AT EAS



Tatgen, AAMFe] AAT giEo o4 A4S FIA FELE QT
A4 BEAY 934 Asel deiE B2 AFE Ayt a8y duFa
shito] shetmlEtR Aol w9 o Hrh

S ayHA g AAFE dEiMT nHsE 5

o, Aotel AAF=e] AA2S EN 1993-1-59 }f‘a

§h, RFFol 4% EN 1993-1-57F DASt-R015¢] 715 H o}

G A Ve, dAFE] A A FTANA =

A CAAG A sl A Ao mE AAd S ARy 19 2.243%

2o 2% 2243(@¢ 19 2243(M0)A H= wkel o] DASt-RO1SS] ¢ =i

Fodoln, AAH=ZFL 051, ,/7,, =20 °IME Glgdel 124 & 7

F3E AAGGow yehdth EN 1993-1-59] A$& IRaFo] 1.2, A A

Aol A¢ G39 9d9gow YeEE DASt-R0150] ®Utl o He MAAVNSES zte

r%‘ﬂ

=

local global

—e— EN 1993-1-5
—— =
B 199045 v— DASt-R015

©o— DASt-R015 | o DASt-R015_¢ |

o
@

0.8

0.6

Vrk I (fy* hw*tw)
Vrk I (fy* hw*tw)

G3
04 04
o000 00CO0 oo ove v
a
02 ele 02 Dcé2 Ty
L| 0000 G| DDDC‘ZEZ
00 L L L 00 1 1 1 T
0.0 05 10 15 20 0.0 05 10 15 20
M Ag
(a) =T H-2= (b) AA ==

% 2243 AAGEE AGAA 7ts 9y

TXEY HAAAE AAWMTd FaE Axds A RSeHA SAdFE HA
2 B AAMS 2He od mad oate] e WS waH, 444 AR 9
@ BAE QuACR RAY Fgo] BAUFE wol AYAT FrE FAS LALF
Flz) 2 Ao¥ HA3 FA4= 2 (224603 2ol AT & om, AfxdEs vhEahe
Argdel AARS Galo] BAoI o4 RE LAYt FAW ART ST A5 57
TN G BAEEe Aol HaRut B H2E3S 6] By

minimize Flx) =p, A(z), L; (2.2.4.6a)



subject to  g;() <0 (j=1,...,n) (2.2.4.6b)
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p/IpSES Flo) o(z) by (mm) |¢t; (mm)|h, (mm) |t, (mm)| P(z)
(mm?)
10 15789.6 3.164 %103 217.7 15.0 1737.0 4.6 0.0
20 15980.3 3.129 <103 240.5 17.4 1359.5 4.9 0.0
30 16056.0 3.114x10 3 324 .1 13.2 1417.6 4.6 0.0
40 15785.8 3.167x 103 313.2 12.7 1516.4 4.5 0.0
50 15445 .9 3.237x10 3 185.7 20.4 1505. 1 4.6 0.0
60 15680.6 3.189 <10 3 249.3 14.8 1579.9 4.6 0.0
70 15892.0 3.146 <103 207.6 17.4 1573.9 4.8 0.0
80 15767 .4 3.171x10° 3 212.4 18.2 1514.3 4.6 0.0
90 15742 .9 3.176 <103 292.9 13.2 1531.6 4.5 0.0
100 15383.7 3.237x10 *? 258.3 14.1 1577.3 4.5 0.0
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(mm?)
10 16458. 1 3.038 <103 184.7 18.7 1676.7 5.0 0.0
20 15387.0 3.247x10° 3 240.7 16.3 1438.2 4.6 0.0
30 15403.6 3.246 <103 200.5 19.0 1499.7 4.5 0.0
40 15316. 1 3.262x10 3 237.3 14.9 1601.5 4.5 0.0
50 15279.4 3.270x<10 3 290.2 13.1 1490.3 4.5 0.0
60 156412.4 3.244 <103 229.7 16.2 1537.8 4.5 0.0
70 15403.7 3.246 103 254.9 13.4 1666.5 4.5 0.0
80 15283 .1 3.271x10 3 203.6 18.1 1539.2 4.5 0.0
90 156295.9 3.268 <10 3 261.4 14.3 1516.5 4.5 0.0
100 156313.9 3.264 <103 246.0 15.3 1507.7 4.5 0.0
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| ! t
i :Center line T
l | t
| %
4_Edgei Center Point ;2_Edge
|
{ | t
| ' :
|
Y ‘ | 1
ge
X
a9 2261 R A9 RER
¥ 2262 AAIZ7A(Case A, Case B)
Sy | 534 Ed Center line Center point
o ,£,90,4_t0ge
(A-C) (D)
X Free Fix Fix(Free)
Translation Y Free Free Fix
Case VA Fix Free Free
A(B) X Free Free Free
Rotation Y Free Free Free
Z Free Free Free
¥ 2263 AAZA(Case C, Case D)
-2 1_Edge 2_Edge 3_Edge 4_Edge
X Fix Free Fix Free
Translation Y Free Free Free Fix
Case Z Fix Fix Fix Fix
c(0) X Free Free Free Free
Rotation Y Free Fix(Free) Free Free
Z Free Fix(Free) Free Free
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¥ 2264 4Ax=A(Case E, Case F)
= 1_Edge 2_Edge 3_Edge 4_Edge
X Fix(Free) Fix(Free) Fix Fix(Free)
Translation Y Free(Fix) Free(Fix) Free(Fix) Fix
Case VA Fix Fix Fix Fix
E(F) X Fix Free Fix Free
Rotation Y Free Fix Free Fix
z Free Free Free Free

(b)Case C(2000mm)

(a)Case A, B, D(2000mm) (c)Case E. F(2000mm)

- (f)base E, F(3000mm)

.(.d)C-a-se A, B, D(éO-dOmm) (-)Case C(3000mm)

a9 2262 123 Ad#ErE=e] F4H(L=2000mm, 3000mm)
Hge] AAzAN wE A A= Zééﬁg} Hlaskgl o] Al Sholl M AlA R Bk
o] 4] 3 R.V.Southwellel 9|3 wrddtate vEdAdAdN U2 A= Ax(k)e A

stk ke 7o digh A<} OH/Lv-/] e 19 2263 2 X 2265 X 2.26.6°
Yeb Atk BAIZ Case A, B, D= Zo]7F 1000mme]/dd w s eke] Afol7} Hwt 2%
olgte] @& UEMHITE Case Co A% e Zol7F 1000mme = A3 &k 10%°0]7d2] Aol
£ Hou 2000mmel el A 1%c]ste] ext= Aajet b 7k e 4+ Uth
Case E, Case F= E& AIolA Asjete] Afol7t 55%0]74e] a5 vetllo] 72 g3t
T3k AAxA ¥ HFERE P AolE HluEds W, 1¥
2.2.6.3(a),(d)= 22 75_31}% z+= Case A, Case B, Case D¢ = 53, , 19 2.2.6.3(b),(e)

= Case Co R=gA 19 226.3(c),(f)x= Case E, Case Fo =9 L% e LT 3l A
A3, Zol(L)7} 2000mme W, 19 2.26.2(a)¢ 17 226.2(h)¢] 7(3‘—?‘5 = B gidol
frAbghe] mls] 19 226209 A% AE e IR UEHEES & 9\lﬂr. ol gk A}
= Zol7b 3000mm¥ wWE FL&A vebd JR =R

Yapd B A AFEL L+ Aok

2Rds &

lo 3o

o]+ Case E, Case F7} A

- 113 —



2
)
-]
o

4m X 1 X 0,008
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o O © ©

2N
o o

Shear buckling stress (N/
w
o

o

60

CASE

(a)t,=bmm, L=1m

50

40

30

Shear buckling stress (N/mmz)

50

=== Exact Sol.

FEA results

CASE

E F

(c)t,=bmm, L=2m

4m X 3m X 0

40

30

20

10

Shear buckling stress (N/mmz)

50

Exact Sol.

CASE

(e)t,=bmm, L=3m

Shear buckling stress (N/mmz)

A

B

C D
CASE

E

(g)t,=bmm, L=4m
a9 2263 H3o

N
o
Error (%)

N
(=]
Error (%)

Error (%)

N W
a o
o o

N
(=]
=]

-
o
=]

Shear buckling stress (N/mmz)
o ]
o o

o

2,
)
NN
o a
& o

-
a
o

Shear buckling stress (N/mm’
a o
o o

o

200

A aaaa
ONBO®
©ooocoo

N & O
©oooo

Shear buckling stress (N/mmz)
-]
o

200

== Exact Sol.
| ezm FEA results

(b)t,=10mm, L=1m

mxinxoom 70

N
o
Error (%)

=== Exact Sol.
wzzzza FEA results

CASE

N
(=]
Error (%)

(d)t,,=10mm, L=2m

nxanxeom 70

== Exact Sol.
FEA results

CASE

N
(=]
Error (%)

(f)t,,=10mm, L=3m

im xmx00m gy

180 |
160
140 |
120
100
80 |
60 [
40 |
20 |

2

Shear buckling stress (N/mm")

= Exact Sol.
z FEA results

CASE

=10mm, L=4m
A2 g2 ol 239} FEAS 2#u|a

(h)t

w

Error (%)

#2265 #e] Holol| W& debat=gE el 2 xH(1000mm, 2000mm)

Error (FEA,, ../ Exact,, —1)<100(%)

20 (mm) 1000 2000

S (mm) 5 10 5 10
Case A -0.397 -0.912 -0.894 -1.120
Case B -0.397 -0.912 -0.894 -1.120
Case C 14.459 13.971 0.115 -0.116
Case D -0.397 -0.912 -0.894 -1.120
Case E 56.803 56.331 55.307 54.986
Case F 56.803 56.331 55.307 54.986
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32266 ] Aol wE AdFH=ES

2 o] 2 2}(3000mm, 4000mm)

Error (FEA, ../ Eract,, —1)x<100(%)
210/ (mm) 3000 4000
S Al (mm) 5 10 5 10
Case A -1.086 -1.313 -1.394 1.190
Case B -1.7086 -1.314 -1.39%4 1.190
Case C -0.514 -0.743 -0.958 1.642
Case D -1.086 -1.314 -1.39%4 1.190
Case E 61.652 61.328 63.123 67.451
Case F 1.652 61.328 63.123 67.451
0. FEe AuAETRCo 328
q@s FEwe 4%, we AN PO AFE §F 2k NS Agstel Aelol
IS AE 4L 5 AAW AAZFA Case A, B, C, D& vlg oz 48 F3st o,
a9 22649 34 2 SgWEE AFESAY. 19 22649 deElE 331(ey/2), I
(w) 2 B FAG@)Z Ao & F Jdom, Al 4 FEFT(y), v 3] gt
T4 dol(s) W FT5 Aol ZHe,)2 2 (226.7), (226.8), (2269)9F #o] ztzt Fo&d &
p=g
as
— e
a9 2264 A9 F539 JJrE‘rUﬂE]r R
as
y = ?sm(—x) (2.26.7)
v asm T :
s = / 1+31—=—"cos(—=z){ dz (2.2.6.8)
0 2w w
b= 2. T (2.2.6.9)
2 w
FEHR A FAHoR o]FoyA 9o HAALAR FAe AFS FHF ] s FHI
Qxg Agshelol 3o (Moon 5, 2009) 822 F7 2ABEE Al A e
GoSAT Res A4 A% arde Bdel T mow wasde dHARE Qe
T A, UF FAS AT AT st AFE e FAVE Av|ngE HHe 94 B8 4
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a9 2265 3ARY FER 22ET (014 50 6)

28 S a9 22659 2ol Wk (hall-wave)®] F4& 31072 Bata] 1ol
A, ol AEH FetEs ® 22679 2t

s Xl 2= (mm)
s 20 w 77.5, 155
s 20] as 40

ool =0 A 500

ool = B 1550

ool =i ty 2.5, 5.0, 10.0, 15.0

o 12x103 = 20 & 12x10° T T < 20

g —e— t=2.5mm s —e— t=2.5mm

v— t=5.0mm | v— t=5.0mm

£ 10x10° | « t=10.0mm| '3 = £ 1ox10° | & t=10.0mm 15?
Z —e— t=15.0mm| 40 Z —o— t=15.0mm | 40
2 8x10° [ + t=2.5mm < 2 8x10° | + - t=2.5mm s
@ 3 t=5.0mm | g 20 @ =5.0mm | o 20
Z 6x10° | e t=10.0mm =S Z ex10° | t=10.0mm =
%‘J X ey L+ t=15.0mm | ° 5 £ X + t=15.0mm o =
= | ————— % $ [ g - - PRI SIS —
% 4x103 ¥ 5 - = a a 15 § % 4x103 !‘M%—:‘o# 5 ;
= = 3 2 & S ]
= 2x10% | ¥ 3 B ¥ 5 1 10 = 2x10° | 1 .10

3 - - 3 — v v v v v

= 2 [

@ (] : : : . : ; 15 @ 0 15

3 4 5 6 7 8 9 10 3 4 5 6 74 8 9 10
Number of mesh Number of mesh
(a)Case A (b)Case B
— 3 < —_ 3 .
e 12x10 e 20 5 12x10 o demm | 20
t=5.0mm | v— t=5.0mm |

£ 10x10% | r eioome] 18 = E 1o0x10° | s t=10.0mm| 1° =
= —o— t=15.0mm] 49 é z —e— t=15.0mm] =
2 8x10% | % + t=2.5mm P 2 8x10° | P + t=2.5mm S
£ ; t=6.0mm | 5 20 £ & t=f60ronm |5 2
173 4 t=10.0mm = 17 A t=10.0mm <
°=D 6x103 ;M o < ‘é‘n 6x103 i - g gt t=15.0mm o E
= i i = = | e ¢

e i R e 2 - JPIRTCE s 3
2 I v R v 15 £ = - RO v % = S
= . 2 :

=
= 0 i ; i 4 i } 15 7 0 : i i i i i 15
3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
Number of mesh Number of mesh

(c)Case C (d)Case D
%Y 2266 QA48T o w GF =S (w="77.5mm)

it
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o 12x103 = 20 « 12x103 20
g —e— t=2.5mm s
£ 10x10° | 15 _ E 10x10° 15
S
?Z,; 8x10° | 10 %m/ 8x10° 10 <
g % g %
£ 6x10° 5 § £ 6x10% | 5 £
e e = & P i c
2 ax10%d + 0o 2 £ ax10%f e s A Y 0o 2
= DA S S =z R i S i b
g 2x10° | + {5 £ 2 2x10® } i . 15 £
= s a4 + v v v v § = 7 ¥ v v v v 1 =
g of i 210 5 ol ¥ 1-10
= H A5 = -15
3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
Number of mesh Number of mesh
(a)Case A (b)Case B
N; 12x16° T =gemm | 20 N’; 12x10° —-—tfz.smmc 20
= roxtor | 2=mmn ) 1 £ owi0r | = emmn | o
z . o & z —e— t=15.0mm S
% 8x10° | A sismm) g £ S 8x10° | o 110
Z + t=2.5mm 2 2 £t omm )
£ ex10% | Conm .5 g £ ex10° | t=100mn| 5 £
PN o Hoscacnd toowtommy o S 2 ax10°} ¢ = + + g xm S
= -y - : q & = = ] o a S PR S
E o [~ 1-10 g of 1-10
Z -15 = -15
3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
Number of mesh Number of mesh
(c)Case C (d)Case D
B3 2= )
% 2267 84EE Fol BE AGH =S E(w=155mm)
T H 5 2~ o
a9 2266 2 17 2267004 Ao A Ee 8ARY o mE AuFEsEEoly
o H 5L 2~ 1.0 = <5 7 = =
Ade aaRd o We oAgolth AN By dold we FEACR T 57}
& o) = =] - =} O = 1= 2~
Sholl whel =& o] Frteke A¥dS Holw FAe Az Aglel £ 5 87 ©
o 5 1o] =@ =Lo RGN
dollA A Wt ZopAm gro] e T webA §F 9E S 87 o]Ae a4hw A
= o = > o [} o [ - =85 I
Aad w243 oA HAWY Ad A= &Y TS dS F e FET 49 A
O Tl 2= o = =] = =
T 28T 7 AdS otk oY ANE EYE B =19 A 2 gid 84
2~ 1- 1 [e) T & = = = = =~ 1= = =
T FA Ass st Fud HAA 94T R FEE 84E AR ET
o 18x10° O 18x10° — e memm | 20
E 16x10° g 16x10° | +— t=6.0mm q 40
Z 14x10° g 2 14100 o Cisomm] 30 £
2 12x10° s g 12"103 r s masmm o4 20 g
£ 10x10° g 5 1oao Croomm | 10§
;‘7 8x103 E _%‘7 61103 | * ’t=15.0mm_ o 3
= 6x10® = Eg ax1os | eTieadis el Lt g
2 ax10° k] S T T, 120 3
g 2x10° g o T DS — =F—= a0
= =
@ 0 @ -40
1 2 3 4 5 6 7 8 9 10
Number of Corrugation Number of Corrugation
(a)Case A (b)Case B
« 18x10° «— 18x103 +l=2'5mmcu 50
£ 16x10° Z 1ex10° | o t=5.0mm | 40
2 1107 S 2 1ex0° | ool 0 @
g 12x10° g 2 12x10° +oE2smmog 20 g
£ 10x10° £ § 10x103 foiomnd 10 5
2 8x10® fa ¥ sx10%} tasmml o S
E ex10° b 2 ex10°} 10 g
£ ax10° 3 2 ax10° | e e e 1 W
&
g 2x10° 5 2x08 ] T .50
- 0 2 o % -40
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Number of Corrugation Number of Corrugation
(c)Case C (d)Case D
= [e)
% 2268 75 Fol WE dadFA=F-SHE (w="77.5mm)
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= ©
Golot FEelA ddHs FR4F 2 AA4Te] FAAE BE 4L woln,

10mm ol FelA e dAF=R9 FAS vepdth Case Bo A5, w9 F7 0l
Acte] og Weake] f=As FA4S UEtlA X5kttt Case Co 49, oF2 doll A
© TS el FAE delA s AA#EIYS BT o o= FE
of Adetzta FA4S & AwslFa vl Case DY A 9§, oF2 oA & mA ] 2] ¢
A FHEFEHLES e 54 FoMs dA H2IEAAS HoF ol FAEI
ek Ggel HstE HolFa 9loy Case Co| ZA3e} vlulsl] & wf Case C7F Bt} W gs)
A YdEbES & Aok

T HAZ a9 226113 22 PTG Er o =40mm, w=155mmol A AAZ Case

2
AL Fel HE3 74
T Aot gF
G, FA7F 25mmoll A SEF=F Y-S BT Smmolde] FACdAM HEAT dde o
B Al Seeklvh. Case Co A, F2 dolA & el #5d ahH(=dds BT
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(a)Case A
(b)Case B
— -
(c)Case C
- -
41T B W7 L4
(d)Case D
2.5mm 5.0mm 10.0mm 15.0mm

a9 22610 #o] FAC mE 14 ddFd=re F3H (w="175mm)
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(c)Case C

(a)Case A
(b)Case B

(d)Case D
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a
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50
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97.4

71
56.5

84.6

71
42
56.3

56.5

49
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54

o~

IR

u -
K- O

750

1,500

2,250

-~

Al =
A E
m =
Ki- HH

1,288

2.3

Name

—-9.74-5-30
15

#01 TR75

_5_

—7.1
#03 TR75-5.65-5-30

#02 TR75

#04 TR150-8.46-7.5-30

#05 TR150-7.1-5-15

-4.2-7.5-15

#06 TR150

5.63-10-15

#07 TR150-

-5.65-5-30
#09 TR225-4.9-5-45

#08 TR225

#10 TR225-4.2-7.5-15

#11 TR225-5.4-7.5-30
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I 2269 AFFEAT AR AY FAAxA
o= Boundary A Boundary B

- 1_Edge | 2_Edge | 3_Edge | 4_Edge 1_Edge 2_Edge 3_Edge 4_Edge

X Fix Free Fix Free Free Free Fix Free

Translation Y Free Free Fix Free Fix Free Fix Free
Z Fix Free Fix Free Fix Free Fix Free

X Free Fix Free Free Fix Free Fix Free

Rotation Y Free Fix Free Free Fix Free Fix Free
Z Free Free Free Free Fix Free Fix Free

T A AAZRA] oA RHe] A Hyte] AAXZANA =EF3 AAZA il o
WAL AstioAa A== Aoz 7Hgstdh. 2hze] A S-o tisia o] &4 < &fe
ok FEMOI ola sjadzts mlmatgon, ojuje] o84l #2FgHe mE AA 2]
A el sgets Ag ol &atel e,

AT AdFH=FSHES F 2261004 #226.1201 YEFHA L, F 2.26.1004 o] &%k
A o, B AT A%l PEE dusEee] Autolth ¢4, AvHF LY
of thg Azt A Aol mE nAHN AR FRAAN MY T AvREgeel 2
HE AdS F AT, FsHEE nAgd" 2de AAERA BollAE FEWIE w2t 24
Ueldt, AAxA BaAe AdF=gHAARqAA B o 722 F531 459 EdEg
AZZ F5 49 % 226119 A7t F=520] =4 YE

¥ 22610 AdFEdTe] ekl wE HAdF=-$3 (Shape A, Boundary A) unit: MPa

#01 #02 #03 #04 #05 #06
FEM 341.72 106.56 349.32 18.71 93.50 448
Torl 357.99 99.37 357.99 158.19 95.84 43.25
Terg 617.29 510.63 559.86 257.05 124.49 196.68
#07 #08 #09 #10 #11
FEM 29.29 129.05 117.60 43.61 168.87
Terl 24.84 354.46 707.09 42.59 157.54
Ter.g 303.02 139.96 68.14 87.41 105.30
¥ 22611 AFTE73He] ggukade mE dux=-82 (Shape B, Boundary B) unit: MPa
#01 #02 #03 #04 #05 #06
FEM 95.42174 47.42609 120.5043 88.94348 47.96957 29.37174
#07 #08 #09 #10 #11
FEM 27.97696 120.5391 190.713 29.34739 93.65652
¥ 22612 AT d3deke g Adxt=-s-3 (Shape A, Boundary B) unit: MPa
#01 #02 #03 #04 #05 #06
FEM 3.29 3.42 3.22 0.56 5.65 6.07
#07 #08 #09 #10 F#11
FEM 9.06 7.34 6.76 7.79 7.54

- 121 -



Ir

d 22612004 19 22614
of Wet At L7l oll A FHol Ak 19 19 4P
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(c) #03
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(f) #06
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(d) #04 (e) #05

st
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(f) #06 (g) #07

(h) #08 (i) #09

(j) #10 (k) #11

a9 22613 AGFELR A= A4
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1,775
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4.5
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4.5

Name

#01-FR-TR3.2-V917-67
#02-FR-TR4.5-V917-67
#03-FR-TR3.2-V917-48
#04-FR-TR4.5-V917-48

05-FR-TR3.2-H888-67

06-FR-TR4.5-H888-67
#07-FR-TR3.2-HB888-48

#08-FR-TR4.5-HB888-48

#4338 (Boundary A) unit: MPa
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33 (Boundary B) unit: MPa

#10

316.73

#09

214.37

#08

155.94

#07

107.94

#06

19.80

#05

10.38

#04

19.69

#03

10.6

FEM

] 7_cr,lgll- Tcr,g

J}o
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23

oA o]

=
3t

2.2.6.149F 2.26.1501 YERHA L,

Aztol A Al

;:5}

3
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go} wdle] JbRA R Hgo] wala] z
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1A=

9]

T e, 19 226.15
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=

2 2926169 FFEREE AHE uw AAHE] 2
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(a) #01 | (b) #02 | (C) #03

(d) #04 | (e) #05 | (f) #06

(8) #07 ) (h) #08

9 22615 F2E& WARY AEFELH s rde] F=Fr= (Boundary A)

(a) #01 | (b) #02 (c) #03

(d) #04 (e) #05 (f) #06

(h) #08

a9 22616 %
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ol
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mdeo FH+#r= (Boundary B)
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ol 3 EN1993-1-5 (Annex
th 724 AAMHE B =
=3o] EFstA
g A3 FrA= A
FEAEA dig AAE S FAoevEs 1"

N
x
2
e
=
=
o
it
)
rlr
i @
H
N

Ao AAdSGT (V)= A Q27D 2o A HdGTE=(Vy,) olde] HojoF gt

fy w
=X, hyt,) (2.2.7.1)
\/§’YM

of FRAF FaAiy, St AARE BaAFy, FAN FL golth @

<
o HREF[F AaAFt AAF(E AT A (227.2)¢F Zo] FeojHrh

ue
N,
X
S5

[
rl

1.15
Xl O~9+)\C7l g 10 (2.2.7.28.)
1.5
=—=1.0 2.2.71.2b
Xo 0.5+A2, ( )

W] oA = wREAFHAATe dAAFEHLATAAN LT A S AFEeH, A%
0= 2 (227.3)9F o] Aol

NP N Y (2.2.7.3)

(:A,l(g) - \/g Tc?‘,l(g)

T e & HeEsY2 SR dARER o] Artet 4 (22.7.4)9F 2ol 49
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(2.2.74a)
(2.2.7.4b)
(2.2.7.4c)
(2.2.7.4d)

L A3 7

al g

N

|
K

o
~

el

(2.2.75), 2
A (22759 7

Al
2

TR
o

-
o)

B

)

(2.2.7.5a)
(2.2.7.5b)

.

-

A

ol
2
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slA 2 (227.5b)9] A

S

)

1,..

571 9

7}3
5} et

°

S

z< ghioh

=

=

Flz) = p, Alz), L,

gj(-'L') <0 (]

xlow <
A

Z
S

7]

=

2
(2.2776)¢F #Zo] 74



=
\
—
o
IA
o

A
9= 5 : (2.2.7.6a)

p,max
As
o= 5 1.0 £ 0 (22.7.6b)
f, max
v
95 = 5~ 1.0 =0 (2.2.7.60)
Rd
Ny
9= T 1.0 < 0 (2.2.7.6d)
5maX
9= 75— —10=0 (2.2.7.6e)
limit
o] 7] A,
hlU fl/vw i
A, = 0.8 ( » )“ P » Ap max 0.316 f’[/ j
bf + a3 E
A = CAf e = 1.03
f tf f fyu
wreba] 9o R A cke]l x3E HAEA FyRde HAZYFE ol &ste] FEA Fg
AR X3ste] s Fdetes gt
HE JfAE 7|2 o® st SEEA HASE 7 DEE GASF frAReE A8 HA st
7IH o2 AL (Operator) & AH&ete X138t dugFoltt. + ¢ugF2 7] MAE A&
& (Sampling)3te] o] 55 1H|(Crossover), W o](Mutation), A8 (Selection) A4ts AA o

+ Aldlel A3FErt A AR AAE e e 388S 7MoY, DE9 H
T AAAE o) E JdiAY (Encoding)ste= #go] i Aol A st #7b A
ow Fetol A Meldl ME o] Aelet W3 FRE ARGl WEE WA WA 7]HEA
e Forz GART Hojd #HAS zZterh 7] 4<l DE9 dAxt#4de aA wirfus
WE o %273} EdWo](Mutation) A4F, i (Crossover) AAF A &l (Selection) Ao 2 1}

o

fl

g Jdom B AFedA AEg Eddoe] e A (22773 o] Aejd 4
HE4 <l DE(DE/rand/1)e] &dWo] At A 7|2 Y o, =z, 45 (perturbation)

A olo] 7Rk &= %Eéoi Aeie W o) Apo] MBS ARESte] =AWl ME (v, )E

=4 o= A
WA 2 A4 283 DES] 7]W(Schemes) AAl 57HA 2 Uis  lon 17|
Mo DE/x/yE AolE o] . xE 7| EME (base vector)Z Ed o] WEHE vty A H
HAE y= zto]WE o] AME NFE on] g
DE/rand/1
V= YigT F o (Tp1,,— Tpg ) (2.2.7.7a)
DE/best/1
Vi = Tpest,g T F 0 (T1, 5~ Tpa ) (2.2.1.7b)
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DE/current-to—best/1
g wr0,9+ e (wbest,g_ xi,g) +F . (11?,,-1’9_ 1‘7.2’9)

DE/best/2

v

vi,g: $r0,9+ Fe ("Bbest,g_ mi,g+ xr3,g_ :177‘4,9)

DE/rand-or-best/N

1 N—-1

vi,g: yi,g+F. W Zo(xr(2n+1),g_xr(2n+2),g)

DE9 ¢xtaAgS Agstd 19 2272(Flowchart)9 Zo] vepd 4=

| ‘ Strategy | Strategy 5
Initialization Xig ‘ Xo,g ‘ X1g ‘ ’ XNp-2,9 ’ XNp-1,9 ‘
L T T 1
I I target base random vector
vector Vastir
Evaluation f(xig) Y l l l
Mutation Vig Xrog T F(erg - xrz,g)

v; 4,if (rand;[0,1) < Cr

Crossover U; 4
L9 X; 9, Otherwise.

H

U g,k u; ) < f(x
Selection xi,g+1 J ” Lg ff.( t,g) 1 :,g)
x4 ,0therwise.

Terminate xi‘g“ ‘ Xo,g+1 ‘ X1g11 ’ ‘xNP,Z,yﬂ‘ pr—l.yH‘

a3 2272 Classic DE¢] ¢4k1}A

DEE o] &3 +x=9 AAHAsAE S Felstd 1§ 22733 2o # 4
o] 43 HAAAZE 1N A= e dHuARe] HAHIFE 36
7159 HAstA ek nlalste] Vel

e

Data In;

Set up parameters
Generate

the Initial design population

Design variable 7 Discrete

Evaluate

H
Next
Generation DE

1 operation

: I
i Redefine
the Current population

a9 2273 ARG FS o] &3 TE= AAHAE AA
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ox,
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Fg R gAE ATt A BAg
< s Y39t 4849 ddugrn d4 o
(L)°] 10m, S&E* ’8}% w—loON/mm° gt o, et TRl i AFe Lyt
o 7A AR BAAS (RS EoER(v)E 42 21000 kN/ecm? 2 o.30]t}k H A A A
9 g4 2 2EFo} vl Zeman & COAMelA 7fdtE o] 245234t A &b o 2 =
PN ay=40mm e w=77.5mm=E NH3A T DE= GAF= Gl AT S7tel F3F
= WA Fevh =3 7zl A A& A= 7Y Wst B Aol b

E
Fe ANE AL 5 Ak weA

goel ARG 7541
7 o

rr

(Mutation scale factor:#) kel wel FHEEE o
2 Ho A= DE°| Aqkx} "3 g Husty] 9 FEdaAHR dAd tEl Adg Sk N
A Skl mE A4 71 B Fe WY ¥ FAgge] WstE duEd. A -
(Population size:NP)= 470l A 10717FA] 1704 5 7FA] 7] 5004 T 7HA] 341814
Uk Zbzbel Ve Eddo] ALkl 57bA 7IWe A 8-s) , EdWo] A g2 1
g gkel 083 el gel WelE A4 [01], [F1,119 wel e A&k T3, BE s
o] nuj&(Crossover rate:Or)E 092 A 3te] &4 39t}

Wi
RN E NI

VLY

i
~
T

T

y
[\
=
)

a9 2275% % 2271, 2272, 22732 7 71W ¥ 9 g3 uA-E pare HA FH
e HAAGHEA ] AolE HEE YERH Adolty 19 22759 E 22712 F=08Y
) HAGAA ztole] s Axtolw, DE/best/l, MAGF7F 70Y wf HE3E 7315.4160m* S
b=tk a9 227509 ® 22725 Fel0,1]d wW HHGEAEH zole] &AM Ao,
DE/current-to-be st/1, 71247} 10701 o #H S8k 7315.4300mm* S Zr=tvh 179 2.2.75(c)
o 3 2273 Fel-1,1]9 W HHGHA zo]e] i Aoln DE/rand/1, HAT7F 1070
=0 19 2275 2 ¥ 2271, 2272, 22730+ 1AHE ks e
oz DE/best/1, WA57F 770 4 o, 5434 gk 7315.4160m° o] o}, &4

N

4
£
B
|

N

N,
mlo

N

Ir
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23, 29 2275(@) B % 22719 Feie Ao se W] 23 ghol A 57 ol
oA ALk A dAskE #e zrow, A JhA 23 CAM AR AT T o

Aol W A%t Aol 7k A vhebue,

ax 1 - 1 - 1 n . T
i
n X Strategy 1 1 W Strategy 1 ] Strategy 1
- 3 ———— Slrategy 2 J nk -—— Simtegy2 | " ———— Slralegy 2
\ Strategy 3 Siratogy 3 Strategy 3
W i —= Stretegyd ] L — = Saegy4d ] " == Strategy 4
s v —— Srategy s uf - == Sratagy § ul —— Slrategy 5
1 L]
__;‘__ LHE S -: _.“__ iFe 3 'lll __;(__ LF1e I-u
L. W ‘.I' T " T " i
8 \ 3 L] "n ] i
1 1 I‘I.
B w1 X & B
13 II'I"* , 4 i 13
LR =3
i i ar H
S Y /ff}_
o b= ok .....‘.‘au--u'n-\..,... H
3 ; ; II: '.: ; lIl 1:5 11 ¥ J '| I F !l i Hl L 1] 3 4 s B T [} ] 5 11
Population Population Population
GEEELE (b) H=eiz (©) Z=
LAE&(F=0.8) AE(Fe0,1]) SAE(FE [ 1,1))

a9 2275 HAAHGHA A&

3® 2271 HAGHAA QA& (F=0.8)

_ _ F(x)strategyi.p()pula,timvj *

F=0.8 Fanin = ( FaE — 1)*¥100(%)

I == DE/rand/1 DE/best /1 DEfeurrent-to DE/best/2 DE/rand-or

—best/ -best /N

4 9.712 21.265 5.415 2.380 5.965
5 0.126 0.537 0.000 0.949 4.821
6 0.189 0.004 0.615 0.106 0.147
7 0.245 0.000 0.016 0.120 0.164
8 0.220 0.044 0.000 0.014 0.063
9 0.164 0.009 0.004 0.115 0.163
10 0.077 0.006 0.014 0.315 0.934

32272 HAEHEA A& (re(0,1])

o F(x)strategyi,populationj %
Fel0,1] Frin = ( P ir— o) 1)*100(%)
I & == DE/rand/ 1 DE/best /1 DE/ourrent-to DE/best/2 DE/rand-or
—best/ —best/N
4 11.971 10.0556 6.015 1.738 2.181
5 0.551 1.0518 0.794 3.972 0.951
6 2.932 3.1247 1.965 0.898 0.919
7 0.007 5.2699 0.009 1.040 0.096
8 0.761 1.0541 0.105 0.003 0.125
9 0.046 1.1785 0.466 0.327 0.522
10 0.019 3.2761 0.000 0.002 0.030
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¥ 2273 AXEHAY QA& (FeE[-1,1))

F(m)strategyi population j
— .= - _ ’ — *
Fe[-1,1] Fanin = ( P ire o) 1)*¥100(%)
] DE/current-to DE/rand-or
I Al == DE/rand/1 DE/best /1 pest/ DE/best /2 best/N
4 8.669 13.093 8.586 0.419 2.710
5 2.142 2.114 0.628 3.899 2.963
6 3.252 3.755 2.654 4.896 0.011
7 3.138 2.720 1.667 2.136 0.530
8 0.028 1.087 0.031 0.208 0.001
9 0.005 3.599 0.633 3.206 0.548
10 0.000 0.803 0.009 3.734 0.086
Sy s e e e -t Sy s e e e -
ey s — Populationd ey s — Population 4
—-—- Population § —-—- Population §
= - = e
*E a0 1: FEIB‘.MB “E sasd o Popultion &
E f === Population B E === Population B
E & i ——— Population 10 1 E &xea — == Population 10 1
il e
& = & i
»igo - 1— - _'-__ e H—ﬂ;dm o i
PR T p————— R ———————-
Generation Generation
(a) GA (b) DE

T 2276 AAM ] FHAd v

DE¢} GA9l 74 H7E fdA der Bds gidos MAed 5435 ¢z
AL AduEgitt. 1Y 227604 B HEel o] AT 404 10744 18 F7HA17) AL
A= 5000 74l & tid o=z sfAs et on, 22t 7yl dd 5A45Fo
HAME vluste] 2z e et ATk RAIFe] St mE s E Hw A oA DE7F
GART A2 Aol e HA R maA sd3s & + Ak

2k =2 oAl

oF Hol AE nigtow AHFANY FEIH Ko HAMA dH EAS B HoA T
L% gty DEO Edddo] A4k 7IWHe 7 & A3 E A& DE/best/1e A &8t om 7
Ml MAE A 5004t 5t st =3 Aol HIAde dwstr] 9o GAS
o] &g HAAHA =P HA T Adet vt GAS o] &g HAHANA F
3 Ags HA AE A7) skl 20070 A= Al 100004 th5e s Ask on, dakat
= P.=0.875, P, =03, de=0.0012"5 A&t} A= 19 22779 AR AAE
o] &3ttt 1A MEFS H&(Cost)Trate HAFTHd dIsh= G Ao, 7=
=2 9ol g UElhd a9 2277 TEIEI}FTS U dTuH KoY FFo W



AE 60— 150N/mm 22 10N/mmA S7FE @< ol&stH, 5w f,= ZH7 240, 270,
300, 330MPa<s #-83le &4 sl

M dat, a9 22779 ZAd= GAS ol &3 HAEA zzade] HATFA I,
% 2277(0)= DEE ol &3 HAAEA Z2ade HAXTHFAde|H F Ay ¥5HS
2 FEGE SEes HAdd o] AolAH, dtFo] SIS " o] Frlske o
WA QL AdE dEpdth ¥ 2277404 vERdG HAAAC e HAGWAL FEIE
f,=240MPaN A ol M F ul 2" 22779 AXTHES 10369.8mm?, 1Y
227708 HAAZTHE 10349.52mm* o th. % 22742 Aztol|A, 47t 9o tiaiA &5

2
of WE AHFFS vwstgle W 27te] §Fo] We DES ANF LN GAS HHF %
Aol7t 36%0l3ke] e HANFY o Joh. o] A3tz ¥ @, DES o] §3 x4
Zeage 434S AT 5 9

il
=
8

25000 . — 25000 —————T—T—T—
—e— fy =240 MPa —e— fy =240 MPa
0L NP e 22500 g fy =270 MPa
20000 k-~ % . fy=300MPa . . . 20000 bl X fy = 300 MPa
— v— fy=330MPa - —-y—- fy =330 MPa
*‘E vt M TP AN S PR PO R g ool
E £
= 15000 = 15000 [
fa Ko
&= 12500 - = 12500 -
é 10000 é’ 10000 -
7500 - 7500 -
5000 5000
2500 —rlbor t—— L 2500 —rd0mr L
5 60 70 80 90 100 110 120 130 140 150 160 50 60 70 80 90 100 110 120 130 140 150 160
Load (N/mm) Load (N/mm)
(a) Xt We FTALHH(GA) (b) TEEsTS W YFHE(DE)
a9 2277 HAHTE A (TEEST e Ue dHuAdn)
#2274 AAFTE HA(TEES}TS e FHuLgR)
F(af)(;A
—1)*100
(= 17100 (%)
[
_ ! 240MPa 270MPa 300MPa 330MPa
otE (N/mm
60 0.18 0.38 0.41 0.81
70 0.10 0.29 0.40 0.98
80 1.10 0.67 0.55 0.55
90 0.52 0.48 0.53 1.67
100 0.62 1.29 1.00 0.39
110 0.27 1.42 0.55 0.12
120 0.30 0.42 0.02 0.28
130 0.19 0.10 0.98 1.35
140 3.57 0.25 0.21 0.01
150 0.20 0.04 0.98 1.38
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% 22782 DEO HAAAZAI wE HAGA Ao AANMTY WItE YESd

otz AR Tz A stFe] Frtel wel FAE Aolrt Fhet

T AAWMTY W r FAL TAA FAV VE dE 5 H

Fol e FAAY FH()el e 13412-179.87mm, FA;AC]  FA()S] B

6.06-9.87mm, E =ol(h,)d AF  1209.32-1689.36mm, HUE FAG,)S  AH

1.84-3.83/mm= e}

a9 22799 2ol AFsETs 3

= 300—700kNOI W 50kNTFA O R FVIAA AL, 1 9o 2R SEXES
Gy B el oA e} st

r M

l

350 35 2000 - 8
— e fy =240MPa % fy =240MPa —e— fy =240MPa ——e—— fy =240MPa
200 fy =270 MPa © & fy =270 MPa 1500 . fy =270MPa 7 . fy =270 MPa
v fy =300 MPa . fy =300 MPa ¥ fy =300 MPa fy =300 MPa
— ——. fy, =330MPa — s — fy =330MPa fy =330MPa . — —.—. fy =330MPa
250 25 1600
_ — ~_ —~
£ ] £ g s
200
E:- é 20 é 1400 é \
S
= o g A \f\; - = -
150 e+ 15 1200 %
> 3 &
5
“x
100 10 o 1000 N i
X *
—ApATe Y
50 800 . 1
60 8 100 120 140 160 ° 60 80 100 120 140 160 60 80 100 120 140 160 60 80 100 120 140 160
Load Load Load Load
(@) b, (b) t; () h, (d t,

19 2278 AAMEFe] W (TEEITS e dHLAR)

17500 T T T T T T e e 25000 . s . . . . Istrateqy? p7_F08
—e—— fy =240 MPa —o— fy =240 MPa
w0k & fy=270MPa ] 0 L RPE
¥ fy =300 MPa 0000 b T oo fy=300MPa ]
— — -v—  fy=330MPa - ~—v—- fy =330 MPa
(o]

£ 12500 |- - 5 ; 5 5 4 i 3 A L e e e e S S
E £
Q10000-' e . . . . . . kR 4 ’;
S’ e
z Z

- i 10000 |- " ; . T . S _—
U 7500 O

7500 |- —

5000 - e
5000 | —
2500 1 1 1 1 1 1 1 1 1 2500 1 1 1 1 1 1 1 1 1
250 300 350 400 450 500 550 600 650 700 750 250 300 350 400 450 500 550 600 650 700 750
Load (kN) Load (kN)
=] - =] O -
(a) WFSFL W FATHRGA) (b) }F3FL Wi P4 1(DE)
= [e) =] [e]
a9 2279 AHTEF Mg FFTET S we PP E)

AxZe wslel o Ave a9 22793 2ow 19 2279a)°) A GAL o] &%
AAa7) e HAFLAT W, 19 22790)¢ DES o] &3 H A7) Zz e
AAF Ao} T A FEAO

= %%70‘:7} S/t E HAAE A o] opAH, s
O

A3E vl 2% 2279904 ded F
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=240MPa° A S50l 7FE & W GAS HAFTH

A wE HHGHAL A=

£ 8660.024mm?, DE9] H A F#S 8666.478mm> o) th. 217k Ao thalA st=ol i3t F
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Flz) ¢ %
(F(I)DE_l) 100 (%)
_ Ty 240MPa 270MPa 300MPa 330MPa
ot S (N/mm
300 0.40 0.35 0.01 1.60
350 1.09 0.57 0.76 0.66
400 0.10 0.03 0.46 0.19
450 0.23 0.22 0.37 0.06
500 0.01 1.08 0.22 0.17
550 0.13 0.17 0.43 0.45
600 0.29 0.45 0.30 0.23
650 0.08 0.27 0.12 0.15
700 0.07 0.79 0.45 0.09
1% 227102 DES HAMAAAI wE HAGH FAe dAMF] WstE yehdl
F AARMS a2 Zo A a5 Srtel wel T o7l Frtete WstE Helth

AAWMgS] k= g A B o7t 7P dEA R Tkt AAWS

= FWA F(p)e B¢ 160.31-211.76mm, ZW_A FA(¢,) 8 A-F 7.78-13.46mm, <l
1(h,)e= 946.26-1641.06mm, 12 F7|(h,)= 1.31-2.02mm= e

e g
o of\ N
8

O

350 35 2000 - 8

——e—— fy =240MPa — e fy =240MPa ——— fy =240MPa ——e—— fy =240MPa
. . fy =270 MPa | ol fy =270MPa 1500 o fy =270MPa 7 o fy =270 MPa
fy =300 MPa fy =300 MPa ) fy =300MPH v fy =300 MPa
—-—a—- fy =330MPa — —— fy =330MPa — —4— fy =330MPa s — —a—. fy =330MPa
250 1 25 1600
—_ —_ —_ _
£ £ £ g s
é 200 ‘/: //*\\X:g | é 200 1 é 1400 é
¢ " g T
150 15 1200
v 3
//'_'\ 2
° Vﬁ/é
100 10 A s o 1000 2 "
Zﬂ(\‘/ ’A"XW
-—
50 5 800 1 - -
300 400 500 600 700 300 400 500 600 700 300 400 500 600 700 300 400 500 600 700
Load Load Load Load
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### OPTIMUM SOLUTION ###

DASt 2=EURO 3=PNAK)

(1=

Applied code is 2.

xPenalty

xCost

10000  xFitness

Itermax :

.7596229E+04 .1000000E-06

.7596229E+04

C3
.00000

C2
.00000

Cl
50.00000

P3
.25000

p2

P1
.00000 500000.00000

itermax

NP

10000

20

a3

tw

hw

tf

bf

88.98520

77.50000
Lenght

1.82026 40.00000
Msd Deflc

1610.80784

14.18319

Nsd

149.10654
Load

Vsd

.46154E+06  .30000E+06  .75000E+09  .13323E+02  .10000E+05

.60000E+02

7596.22869
.1228362E-03

xCost :

.8453253E-04 .2788647E-03  -.6002961E+00

-.5623858E+00

gi(i) :

tau_g lam_g kap_g

kap_l

lam_1

.52051E+03
tau_g/tau_l kap_g/kap_l

tau_l

82727

1.14595

gammaM

.10552E+03
Vrd

.81217

Vrk
.32997E+06

.51595

1.10000

.29997E+06

1.01859

.20272
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(1) A==l &
A zae vk (half-wave)d #id Wjol A sk <l
98 AAEzACRE Aol 7pgste] VEe B AdH# =G EA e o] & .
F Add#d=28Y (1) 7€ 3 F= AddF=s $8HA S o &5t v 2ol 4
9] #t} (Timoshenko, 1981).

__ kr'E (1)2
Tcr.,L 12(1*V2) (2281)

FAagdd=As (k)o 4% I8t AR wet ga2A AgHY, 48 GEAA
o] A9 2 (2282)¢F Zo] AAHT)

k=535 + 20 4y (2.2.8.2)

Aol FRAGH=AS, pE GAAASF (N/mm2), v EokEH], a
4

=
= AP Aol =ol T A2 F (mm), t= e F/ (mm)olth.

(2) & dA HF= ol 2

SAAA =S GG A 2A FH=ol TS 3 ol wHIF
Wake] Aol vrr® AHuoWA S g sfoF §H(Oh, 2010).

Easley (1969)= #8738 Huwo|WAdsoz 7M1t AA Ad = 2898 #9319
o, B HA A H=E&H2 A (2283)3 Zo] vERd 5

=

W%z}

H

DM p3/
Ter, G 36ﬁ . 9 . (228 3)
' th
714, D= FEUF FHF i AL Nmm), D= FHAALYF FHS I
74 (Nmm), hies BE9] =0 (mm), BE AAZRA mE AAAGHEAST(TFeAAY
Almm)elvt. ZLelal D¢ D& Tot= A2 U
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U Az B AdH=E =

(1) Aol s A=A 714

WA} dBus AR SeAAe uAAA L] FIHEEHQ SR A X ol
Abbas (2002), Gill et al. (2003), Choi et al. (2009) % Oh (2010)+= HF3¢] AAxHE ¢
A5 deAAR 7Hgstel z2ads ASe. & dTelME 229 HS5S
AAZRNE dEAAZ MRSt e 17 22817 o] &FduEe] st Aol
el sS4k

y 3
{ ' t
¥ :Center line il
' t
! h | . “
4_Edgei JCenter Point ;2 Edge
I

' L t
I . -t
v ' | t
! ' | t
4—4—4—4»—4——4—4—4——4—4-—4—4—4—4—4—4»—4—4—4-1
c 3_Edge D

X

I
jait)

2.2.8.1 Shear stress distribution map of flat
plate

3 2.2.8.1 Boundary condition

Degree of freedom 1_Edge 2_Edge 3_Edge 4_Edge
X Fix Free Fix Free
Translation Y Free Free Free Fix
5 Z Fix Fix Fix Fix
¢ X Free Free Free Free
Rotation Y Free Fix Free Free
z Free Fix Free Free
3 2.2.8.2 Shear buckling analysis result about B.C.
Eract,,. FEA, . uus Error
[N/mmZ] [N/me] (%]
t, [mm]
5 10 5 10 5 10
Llmm]
1000 44.318 177.273 50.726 202.040 14.459 13.971
2000 31.32 125.268 31.356 125.123 0.115 -0.116
3000 27.996 111.982 27.852 111.150 -0.514 -0.743
4000 27.047 105. 186 26.788 106.913 -0.958 1.642
5000 26.145 104.580 26.31 105.008 0.631 0.409
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a9 228194 #He Fo] (h)E 1000mm, Z°] (£)¢ W¢+ 1000mm~5000mmo =

1000mm3ztZ ol #Ho] F7 (1) 10mm=z Rt g3 Qa2 AEel gAA
F(E)SF EolFH] (vE 44 2.1x10°MPa % 0322 71gsti oy, 3% (P)+= 10N/mme
B x3l5o] Zgait.
It} (Yoo et al., 2013).
¥ 22825 AAxNES ?ﬁ.%'ﬁz mdol F3teAs AR E FHFFEAQA A (22899
| 2k A 7} o} u] Ay 740]4 * 8294 A A ke s s ghol # 72‘0 7F 1000mm
A5 )

J

Y

G dass offsto] Rddslon, AAEAS & 228134

m\l
K
ofl,

i

-

T 3

s ] &
ot o714 JJFJ 7}3/‘%]& ngoﬂ nE AUEe xol= ] FA, 849 —E#f% 47
7ol we} 254 24 Yebdtt (Yoo et al, 2013).

32 1o

Al

JaAvta el @astees 19 22829 2o FZo uu

(2281007 Zo}, HFFAL Pasternaket al. (2004)2] HFFAS M E3Iste] S
MAsIFom, wapgd Aol F Q4RI = U2 B, MtEAZEE of 412 3

Netgith AN s BARD L AR
= KeX
=

Aov 1fA d4e] AAR HERe

19 2.2.8.2 Parameter of sinusoidal corrugation and number of

mesh (mesh : 8)

3 2.2.8.3 Analysis model parameter of sinusoidal corrugation

as w (mm) R (mm)

. . L(mm) N

(mm) -2 x| -2 Xl ==
H1 500 2015 13
a 77.5 H2 1000 4030 26
H3 1500 6045 39
H1 500 2092.5 9
20, 30, 40 b 116.25 H2 1000 3952.5 17
H3 1500 6045 26
H1 500 1860 6
c 155 H2 1000 4030 13
H3 1500 5890 19
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22837 Zow o] F/ (t) 0.2~5mmE 0.2mmzit4 o=
#= ay_alor b, ¢)_Hl(or H2, H3)E #7138tk 9714 q,
= FE5Y a1, wie W] Aol pis 9] Fol, 12 #o o] N #e] o)t

L,= /Ow[%-l—t %sm%xz dx (2.2.8.10)

(1) dtz=gHste] W3}

B HolAe= e go]l ¥ A Tk wE &Y WsE EAedd. 4e & 22839
A& vgom 3 zo] ¥ gYWe YT 9 2283, 19 22849 17 22859 4
EfUIich 19 2283, 1Y 22849 19 22859 1 ZoA FEHoE FAV F7ES
= Avdz ool Flen Hask Aeld4E AvHZ Lol o A e Al
ANE S & AT T a7 2283, 27 2284 1% 2285 2z AdES
gl Wapglo] AR § da=sy Frheol Aasty, FA7E Skl wet W
3ol BT oldd ARy MG Al TS IS A4 F
ATk 28y A= SR doRE AdFdEAATS AT F lernw APy
= T8 A AEs B

S T ot | ¢ 1 ! T 0 "'“m,«
ool 7 o b
mES o

1500 [

1000 [

500

Shear buckling stress(t,,) (N/mmz)

00 05 10 15 20 25 30 35 40 45 50
Thickness(t) (mm)

29 2.2.8.3 Changes in shear buckling stress (h=500mm)

1000 — T r . - . . T —p
20_a_H2
20_b_H2
20_c_H2 a®

800

600

D4aeceponae

400

200

Shear buckling stress(t,,) (N/mmz)

00 05 10 15 20 25 30 35 40 45 50
Thickness(t) (mm)

a9 2.2.84 Changes in shear buckling stress (h= 1000mm)

— 145 —



350

300

250

D4eep>oDd 0|

200

150

100 |

50 |

Shear buckling stress(t,,) (N/mmz)

OTO 0?5 1f0 1:5 2?0 2?5 3?0 3?5 4?0 4.‘5 5.0
Thickness(t) (mm)
a9 2.2.85 Changes in shear buckling stress (h = 1500mm)

(2) e HF2PY B4

Ay 19 2286 EE 20_a H1¢l A%, 17 22872 30_a_ HIERS] Aol 1
22882 40_a_ Hl 29| Aoty AZREFALS T3 o2 Bl e a7zzo] LA
shal T WelA = dAFEo] EAE 1 AlololA = AT ol HASE FAS
A & & Ak FAC wE FHEFo AHS ¥ Ao HuFAEFSE gzl vuEds
¥ 2283, 1¥ 2284 ¥ 19 2285 Iz WaHo] wAsh e FEolA A FE o
AT g gt FEFE ghe oA IR IFAIAA AdF=E dort FE9
Aol7t AAdFE FRFAZdAA dAFZERZ Holrte A= B 5ddve S

de] Wats %611 dded = AAgHh

) ddz=As 4F
AAE Zwe T Al g2 AuAEALL 1A A 1/, @S S 2
A1 O

2ol Aol et N e FARAT e FAs] da ® 22830 FAL o g8
dom AuE Anel HEAFS AWl A9 Wee AAAEd FAEe oEy
(/7 p), S T (1), @] o] (), T (o), WHER] (w)E AT

Z= o] EH|o] 3k AT 1Y 2289 19 22810 ¥ 19 228117 o I
oA xFS AAAZOER (1, ) FRHFZNRR(, o= Y & yES fHasd4
of olF AuATAE @I FHAZ L AARZ o] &2@e vE el T R
o|th (Oh, 2010). y%NA 7, o/7, , >1 Au] FHezsMe] AVHIFE e THAZ
JEFOR WL, 7, o/, <19 W FHL A ABHABAE ¢S AAHT o

FHOE Lo l?ﬂi—é 2L = 31 ok (Hyun, 2002).

a9 2289 FEZAO] (ay) 20mm, 17 228102 FE5Z4°] (a;) 30mme Zyolw 17
22811 271 o] <ag> J0mme] Asbolth, ™A 1 o/r. 7 FE AE G (Casel),
TCT.G/TCT.L == 1?__ (Case4) T(.,, G/ C O] 7]';?3]— % Oc:} C‘)—lﬂ (Case7), TC’/’,G/TCT,L <1 Og Q—lﬂ Oﬂ }\‘1‘0/]

%'—71‘;1{5]1 <Ca862)’ Tcr,G/Tm‘,L > 103 Q_lj Oﬂ /\:I ‘/] 1?_:]_%7(—] (CaSe6) Ter, ('/ Ter,L < 105‘ Q-’:] :11]— TC’!‘.G/TCT‘,L =1
Atole]l F3F 99 (Caseld), 7., ¢/Tw,>199% 1, /7, =101 T+ 9 (Casedb) &=
o] T7hA] @S 1 2289, 22810% 228119 1z zdSAT

— 146 -



(a)t=0.4mm (b)t=0.6mm (c)t=0.8mm (d)t=1.0mm
(e)t=1.2mm (f)t=1.4mm (i)tZ 1.6mm (h)t=1.8mm

Dt =2.6mm

(1)t =2.0mm (I)t: 2.2mm (k)t = 2.4mm

(m)t = 2.8mm (n)t=3.0mm (0)t = 3.2mm (p)t = 3.4mm
(i)t3.6mm (r)t = 3.8mm (s)t=4.0mm ()t =4.2mm

(Wt =4.4mm (V)t =4.6mm (W)t =4.8mm (x)t =5.0mm
% 2286 Changes shape in shear buckling stress (a; = 20mm, w="77.5mm, h=500mm)

(a)t=0.4mm (b)t=0.6mm (c)t=0.8mm (d)t=1.0mm

(e)t=1.2mm ()t =1.4mm (g)tz 1.6mm (h)t=1.8mm

(i)t = 2.0mm ()t =2.2mm (K)t = 2.4mm (Dt =2.6mm

(m)t = 2.8mm (n)t=3.0mm (0)t=3.2mm (p)t=3.4mm

(@)t =3.6mm (r)t=3.8mm ()t =4.0mm ()t =4.2mm

(Wt=4.4mm (V)t=4.6mm (W)t =4.8mm (x)t=5.0mm
1% 2.2.87 Changes shape in shear buckling stress (a; = 30mm, w=77.5mm, h=500mm)

(a)t = 0.4mm (b)t=0.6mm (c)t=0.8mm (d)t=1.0mm

(e)t=1.2mm (f)t = 1.4mm (g)t=1.6mm (h)t=1.8mm

(1)t =2.0mm (G)t=2.2mm (k)t =2.4mm Dt =2.6mm

(m)t = 2.8mm (n)t=3.0mm (0)t=3.2mm (i)t = 3.4mm

(s)t =4.0mm ()t = 4.2mm

(i)t = 3.6mm (r)t=3.8mm

(Wt =4.4mm (V)t=4.6mm (W)t =4.8mm (x)t=5.0mm
19 2.2.88 Changes shape in shear buckling stress (a; =40mm, w=77.5mm, h=500mm)
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1% 2.2.89 Influence of 7, o/
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7., on shear buckling stress (a; = 20mm)
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(c)ay = 30mm, w=155mm

19 22810 Influence of 7, /7, , on shear buckling stress (a; =30mm)
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(b)a; = 40mm, w= 116.25mm
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‘\ — — 1storderinteractive
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g/t

(c)as = 40mm, w = 155mm

19 2.2.8.11 Influence of 7, /7., on shear buckling stress (a; = 40mm)

AYA3} FEHOR
) (@)
FEEY Pge

2 Case7o A e FHFA o] WA Caseldl e AA o] A
F3l A3k Cased F-LolA IHEFFZolA AAFA=ZE Hojrte=
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ol YEbE . Case6ol A CasedAtolol M= =i-3p=e] @740l Yetu™ 3hais)s
= = # olEFe] ArF AR AT Casedoll A Case2z = H-2= ol A
ddFx=E oY Fdel Wairts Bl Fasdde] Azt AR g ol &k

A7t A F4eHATh Case3ol At HH AT AQAZE Wol7ht F4e o # 5
QAT EF Case2e] MFHAH AAZAA AARZE ok IS FAT 5 9
Atk Zzte] mHel A FAL FANAEE TRAFAN AARE v Pgo] deh

w1 Afolo] A Fzo] wAgth A F(=dY Rl H 9 Case3d} Case2Atoldl A F=
B oo WAool yepth 3 el 1, /7, 7F 1.00] 248w, 19 2289
o] 20_b_H1 % 20_c_HI1, =¥ 22810¢ 30_b_Hl, 30_c_HI, ¥ 228112 40_a_HI,
40_b_H1 % 40_c_H1¢| 77§ RHolA olgdez=drrntt v 22 349 ddd=74de
(r1/7, <05 7FES 0% 5 Ak 28y e P 12 A HGR S =R
A VYo, 1z dAdF=EolEo] AAWY Ads HAAse=d FEES A4E F A

e T > 190 FRAZO] AA] MgA izol (sh BUH] (w)7h Dol A4E o]
3 A ghel Aol7h AA UEAE 1 /r,, <19 AARZo] AujA Welelq W
o] MAH olF Lxst AHAAT. o AREHE el FA (1), Wizol (1o} Wuw

(w)7} ZH= @7l W3stAl 2Z&3S 94T = AU

() A5y o] FA7} A%5E AdAzgelo] Freln Bust Ae4E Ak
A2t 24 Y 292 4 5 QA T UE FFPEIAES W
"ol WAF olF AVRTEYY F/hgo]l FaFS FAT & don], we T
7 EESE RAEdA AT, AdATAN AAFZE F2AT] W

2 AAHY PPl B3k FLFE e BN FRADN AHEE We,
wsbgel Aot Aelas% 4Rz WAt Solde uFRIRCY I4S
A 5 5 Ak oAl old @ Az rE el stebdet Adzel
e Ggel W Ax WP Gl A AT & Yt

(3) Aol T Wsel ME AGHET AL sets] 9% F28Ye) o £ulo
WE AR B4 Ane oEA o AuAEFEs} LEANLS B AT
FEnc wom, BE WY RAA 14 dgRaRIol e Fang & g
o tehge
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SEMAEAS Aesld ® 22919 2a, GEAAYE ] R-FEFo]E4 (Abbas et al,
2002), Elgaaly(1996)¢] A|¢tet AA#=ol&4s - AolA F3tassisd3H(FEM) Y 3
Al gkt 712 FAHFEA AFG FAS w, ap, ay ag, a, Spolal, AAF W
T ow, agy), Su°lH E 2.2
Z

g dojoltt. A g AL ¥

mlo M

I 2.29.2 Geometric notations of corrugated plates

Shape Geometric notation

Sinusoidal

Trapezoidal

Mep

3t 2.2.9.3 Profiles of corrugated steel plates

Sinusoidal Trapezoidal
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- mm

2015
4030
6045
2093
3953
6045
1860
4030
5890
unit

500
1,000
1,500
500
1,000
1,500
500
1,000
1,500

St)or (9)
81
84
89
118
121
124
157
159
161

15.9
24.0
32.4
15.7
23.8
31.9
15.7
23.7
31.7

as(t)

ay
58.1
7.4

2.2.9.4 Parameters of analysis models
38.3

-
it

a3(s)
20
30
40
20
30
40
20
30
40

155

77.5
116.25
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MAE ol gtk ol wbddel % 2 HAAES BAF mue FAle] Al
A et A ndeh AudRded Wb Polt 2AW shie] ol o

bal
1 pi8s
o A Hel= 02~5mmoltt. o]y o] Ad ol thelM A o] s (5,
S 5,2 s 2ol BB A= RAPRe) AF¢H L F4e sy, Lo ety

a9 2291004 Hieuksl o] AAY Ao A FAVE Sl wE ddHEsYgS

<7betH, A7 S7kol 5ol Fadr oA eFE FANAM =H-F=l, FAR FANA
% 7‘“*]4% UEts A% wlZolth(Shon, 2014). Aol Aol AdY Adat 2ol

BT Add=8Y F7HEo] Fadste FRtelA A= F ol LA
oAl epd Aoltt. FA Skl W FHEF&HFHAA FAH FUHE
o] 7b wE mde g=8lmmRE o]t Frtgo] kA=

° Z

2 =9mm~iE go] HAAF=IHL s=16lmme] 7} A e

w
8
3
3

%
g

N
2
8
8

200}y S

1507

3
8

500 -

o
3

Shear buckling stress (N/mmz)
Shear buckling stress (N/m z)

oL oB s ' L E| ok ' ' L ) ) ) L L ' 0 L L L L L L L L L 3
00 05 10 15 20 25 30 35 40 45 50 00 05 10 15 20 25 30 35 40 45 50 00 05 10 15 20 25 30 35 40 45 50

Thickness (mm) Thickness (mm) Thickness (mm)

(a) h=500mm (b) h=1000mm (c) h=1500mm

13 2.29.1 Buckling stress curve of trapezoidal models

Q) AY 2 AP ddz=s9 H

¥ 2295 ® 2296 ¥ 3% 2297 7 A 27 RARY HAdH=SE vE ALt
st 71 BAE A2SA ) A HZSHA(T) MUS/T-1+100%)F 12 Fd
stgom g HAMES .2 E/EA

23 22929 27709 MW FAol FEHOE >0TAN F Fgol wE AuaE
g2 Aol W3 Frsno} 1% e FUAT B ol BL4E F WA

uguste] £RwEst M debde B0 A
29 2292004 4<07RFe A AvAT o] FAGe] AVHIT YR 2 F1ko]
gdZsenn 2 Feln E 2295

M, >077ke BAPe) Aundz gl APe A |
3E 2296 2 3E 22979 A<0T7rAAA H 30.27%, >077kel A Hl 17.1%9] AolE
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40 - &

—e— h=500mm
30 v h=1000mm
a- h=1500mm

g OO eNBBEEEEABIES
10 »
X v

% 20775 40 - 2158
—e— h=500mm
30 v h=1000mm
a- h=1500mm

feossEaaBge e a sttt
qok. Lix /} b4 aooogt
,

—e— h=500mm
0F v h=1000mm
a- h=1500mm

nnuna:gnnﬂﬂﬂﬁﬁﬂﬂﬂﬁﬁf

(Sinusoidal/Trapizoidal-1)*100 (%)

(Sinusoidal/Trapizoidal-1)*100 (%)

(Sinusoidal/Trapizoidal-1)*100 (%)

20} ¥
30 =30 - -30
-40 -40 -40
Thickness (mm) Thickness (mm) Thickness (mm)
(a) S=81lmm (b) S=118mm (c) S=155mm
o w0775, . w1162 i w0te0,
—e— h=500mm —e— h=500mm == B0
30F ¢ h=1000mm 0F | ¢ h=1000mm 30fv| @ h=1000mm
a- h=1500mm a- h=1500mm = p=1sapmn
20 20} 20
¥ g8 e 0000000 EEaEBEET groesaddggoanagt
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oooQgoO0BEaEE8E8EE
10 v /)/a/u—ra-a—n
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58 3 .
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40 -40
hickness (mm ickness (mm ickness (mm
Thick Thick Thick
(d) S=84mm (e) S=121lmm (f) S=158mm
% wp om 2 T w105
e @ @ a
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(g) S=89mm (h) S=124mm (i) S=161mm

29 2292 ~ of half wave curve length

% 2295 4,.. of half wave curve length(S=81, 118, 155mm)

S
81 118 155

Sinusoidal 14.71 15.16 7.40
Trapezoidal 21.61 22.21 22.23
Sinusoidal 15.14 16.84 16.49
Trapezoidal - 16.32 19.29
Sinusoidal 15.10 17.10 16.96
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(a) Local buckling(t=0.8mm) (b) interactive buckling(t =2mm) (c) Global buckling(¢ =3.2mm)
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13 2.29.4 Influence of theoretical equation on shear buckling stress
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Mo R udstes T ugd A A

ofaf HA =l EH% o] Z2 o] A=l o
2.2.10.29] EN1993-1-50A A& 3} 57 o] &2 o] At it

E 22101 FEARY FRAD B A0HF2LY o B4

Buckling factor(k;)

S.S. S.S. |5.34+4(a/h)?
Theodore S.S. Fixed | 5.34+2.31(a/h)—3.44(a/h)* +8.39(a/h)?

Elastic local buckling stress

Tm',L = P
2E t., |V.G Fixed | S.S. |8.98+5.61(a/h)*—1.99(a/h)?
ki 12(1— 1) E) Fixed | Fixed | 8.98+5.6(a/h)
2
For sinusoidal, Japan S.S. S.S. | 5.34+4(a/h)
~S(s) Abbas S.S. S.S. 5.34,h > a
a=sts Bl Ss Fived (concrete)
For trapezoidal, - .S. ixe
B p( 20l ) Matwally 5.34+2.31(a/h) — 3.44(a/h)* +8.39(a/h)?
4= Maxia,d, S.S. S.S. | (steel flange) 5.34+4(a/h)?
Bryan S.S. S.S. 5.34, k; = 0.88
# 22102 TEAHIL AAF= B3 ATF=SH o] E4)
Global ] )
Researcher B.C. Elastic global buckling stress
factor (k,)
Easley & DYAp3/
y s s. - D By
McFar land B2
Bergmann & DMAp3/ D, D )? D
g 5SS - Py e QZQM, ¢:£(_r)1/2
Reissner K2 D,, LD,
S g 363 5
Design manual -9 B=10 th
of Japan ' L= +1)/6n L, =¢/[12(1-1")
6:a3(t)/t, , n:(a1+a4)/(a2+a3 t))
DMAp3/ FI,
, Y 21 , DI _ ’ Dy (Et )
th c 12
Elgaaly Fixed k, =59.2 ast) \ td®
L = 20,1 2 e 6sind,
s=2(a; +ay), c=2(a, +a,)=2(a; +aycosb,)
B2l
k —F(0.,3),
7 12n7 0..5)
F(a(:?ﬁ): { 2/8 }
B+ cosf, B2(B+1)
/3:(11/@2
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D, D" El, ¢ Bt
ky———. D,=—, D,=—(=),
! th c s 12
El-Metwal ly Fixed k, =68.4 a 3
! [ =2a( B0y td
2 6sinf
s=2(a1+a2), c=2(a1+a4)=2(a1+a20089)
D" D} Bl ¢, B
b P By,
Bryan S.S. k, =32.4 as () td?
_ 2
L = 2a,t( 2 ) Jr63ir10
s:2(a1+a2), c:2(a1+a4):2(al+a2cosﬁ)
. —36ﬁ4;/4D;/4 p—— B w5 Th
o th 7" 12044 ST Y w
EN1993-1-5 S.S. B8=0.9 5 )
w t’u; a
’:fo [12 tw{ 5 sin( x)} dz
® 22103 FEAES Aol B3 ddF=SH o] &4
Elastic Interactive .
Researcher ) Design method
buckling stress
Traditionally, the design was to avoid the
Design manual 1 _ 1 " 1 shear  buckling Since material properties are
of Japan Ti\[ 7fnL T§~G designed to be included in the local and
global  buckling stress
Material properties are calculated taking
11 1 into account the inelastic and material
Abbas s 3 T3 . . .
Tl Terz Ter,G yield when estimating local and global
buckling strength
1 1 1 1 a flexible consideration separated by Material
El-Metwally - 5 T3 t—=3 . P !
Ter,i Tern Ter,g Ty properties and the shear stress
. 1 1 1 Ductility considered for the buckling stress
Cafolla, Yi = + i
Tl Ter Ter,G of the yield below
1 1 1 1 a flexible consideration separated by Material
Sayed—-Ahmed =5t +— ,
Ter,i Tern Terg Ty properties and the shear stress
1 1 1 Including material properties in the local
Sause 2 > T3 :
Tl Ter,z Ter,G and global buckling stress
AN A= A FEFA= AAFZe A3 FEo o8 wAs= AR FAA L
A3t ZFErt WA ool RAF LY, AART LY, FRLAL o] 43 /B 4L )
gleka glow, AgA W2 o Mg WA ta AolE Hel. El-Matwallyw= 7] 4°]
N 7] $5m) gkl 242 ATl 74 A7 ol BAd A AL AR n-28
o] g3le] HATHE AAS}N S, Bryand Yie d538S A9 v H-F=3 A
Fawe nestel n=12 7145k Ak =8 Abbast FELHL wHSA 2w
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Ty = Cy()? (2.2.10.4)

ay
T = Ca( ) () (2.2.105)
AN 0, =534—TE o _368m 1 1 ML ss) o
y L 12(1_1/2) ’ G [IQ(I*VQ)]O'% (67))0‘75 » 7 a, + a, 2

o AdHE e PR AAFE e & (G/L0] 19 ARG LSS TA)
sl AAY JEe] AYFEolR EF odd Y sel AgHYonz HEuE
(G/L)S E3A Aol BAF1d & gov], et ol o + rk.

e & (2.2.10.6)
TcrL L
@315 M 9 ~0.25 ~0.5 1 0.75
= Cp(— : ) (7) (a, +azsech) (a, +agcoth) (a1+§a3cose(:0)
TCr,C g as 1.5 2
e G (SR 210D
k 0.75 (1 _ 2 2y _ _

o171A, Cr:k—f%})#y) : 01=0~6831ﬂ[¥]0'7° ot ¥ A& TTAHOE
(%)9} (%)9] Fo o3 AAAT. 1Y ¢ #a,Q A6)0] A q, a,, 05 ©]FO]
2 s F3Fs HXA "ot o] AES o] &35t AAlCA A= e FAFAEE
WA 4 9.

o 94 d A4kg 293 4 o)

FEARE ol Fao] BAE ARG A5 @we] A5 B4S Solop dHn AAA o
$% 4 glov] oEe) @EL AWAow AURA ot TERA AREE FA
BE T Ade AR Gy AFol webs AzEE et 277 BE7] wiZe] v A
e sholel BTk FEABE AT BRHE vy 2IQ wow A At g 7
BE, AdETe A3 FAARE ol BHA Aojob = HolHE Tk olel@ shstl

mmaae DA sl 9l

do]E e} = doly
2l giale] SPSCWB.exe (Section Property of Sinusoidal and trapezoidal Corrugated Web
Beam)E FallA 48 EH3tes FASG o, 7240 RS @Y 209 XET

Szl DLLEER el A st
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constants

7850e-9 ;01 rho weight (kg/mm™3)
205000 ;02 E elastic modulus(N/mm*2)
0.3 ;03 v poisson's ratio
240 ;04 fyf yield stress of flange material (N/mm~2)
215 ;05 fyw yield stress of Web material (N/mm*2)
Parameter
0 ;01 sflg ShapeParameter_flange (O=equl, 1=diff)
1 ;02 sweb ShapeParameter_web (O=trap, 1=sine)
1 ;03 dcod Code Parameter_design (O=euro, 1=zemn, 2=dinn)
Shapes
200. ;01 bf1 width of flange 1
10. ;02 tf1 thickness of flange 1
500. ;03 hw height of web
2. ;04 tw thickness of web
77.5 ;05w unit length of corrugated web
30. ;06 a3 parameter of trapezoidal shape
0. ;07 bf2 width of flange 2
0. ;08 tf2 thickness of flange 2
0. ;09 aW angle of corrugated web
0. ;10 af parameter of trapezoidal shape
0. ;11 a2 parameter of trapezoidal shape
g 22101 FEAE FAe) dHgs AN T2 ddold
TEANE BEPS AN A ddelEe] P TPl wE vl 2ol @
A=, dAAF, 2obF v, €Y 2 B AAY dEAEE dg9 =2 s 7]E2AQ A
HHolHERQ ol&9 df«= SIG9E JEEn. FE43%e 4 AAFE YA E ¢
Ao olHE S5t S HAJAXT dHAd s F4T A8 FAFe] d4dE A o
A4ue Moz dn), $Ud AojAA opdA EE AFFEAA FAY% FEANE
g Fof AAR=e A duAdded s #AgYEE s BE Z2aflog A Fs)y]
A HEE dgde] T2 sk, 7|24 o2 EUROCODE, DINISSN) 59 Z=Z Apgd
0 Bk Gl te ASzE wHel F% Z 9 R o] REH Po] A
Ag A9 stebiel sjol = Wogel T FEWEY @e YY) F=

o 9wy
%0
i
t

£

>>>>> variables

sflg,sweb,dcod : 0 1 1

rho,E,v,G
fyf, fyw

bf1,tf1,bf2,tf2
hw, tw,w,a3
H,aW,s
al,a2,a3,a4

fArea,wArea
gArea, rAweb
unitW,pntgS

inrmX,Y,Z
radGy, radGz
cnstT,cnstW

. 78500E-05
.24000E+03

.20000E+03
.50000E+03
.52000E+03
.00000E+00

.40000E+04
.92009E+03
.39932E-01
. 17489E+05
.25502E+03
. 13467E+06

.20500E+06
.21500E+03

. 10000E+02
.20000E+01
.60805E+00
.00000E+00

. 10000E+04
. 10868E+04
. 19268E+04
.26013E+09
.57735E+02
.86711E+12

.30000E+00

.20000E+03
. 77500E+02
.84231E+02
.30000E+02

. 13333E+08

. 78846E+05

. 10000E+02
.30000E+02

.38750E+02

a9 22102 FEAE FAY @ s AN a9
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(N mm2)

R v S v e N S S

ZaHoZ T 7Y

3

775000000
40, 0000000

1000, 0000000
1.0000000

B8 .9651652
0,8107336
39.0326433
213.3154088
2029284867
0.9513072

202 9284867

a3

b

all

taul

tauG

tGAtL

taull
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@ New to MATLAB? Watch this Video, see Examples, or read Getting Started.
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[ Ok ||Cancel|
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PG_module (Desian for Corrugated Web i-Beam)
Bv Dr. Shon. Sudeok

[REFERENCE]
[DIN 18800 Teil 1-3] [DASt-Ri 015] [Stahlbau-Kalender 2004]
[TITLE] This is Example for CWB (Unit:N, mm)

[INITIAL INFORMATION for CORRUGATED WEB BEAM]

[EUROCODE 3]
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01. default code [dast]1 leurol codeV

02 shape parameter lsinul lequl] flange
03. Kind of element [beam]
04. Material Property
.. .sWeiaht= 7850.00 (N) _.E = 210000.00 (N)
.6 = 81000.00 (N) Y = 0.30 (N)
L fyf = 240.00 (Nmm) ...fyw = 240.00 (Nmm)
05. Design Configuration
.. .Lenath = 9500.00 (mm) (or Heiaht)
. Loff 1 = 0.00 (mm) ..Loff 2 = 9500.00 (mm)
. N-i = -106781.60 (N) .. .N-1 = -09872.40 (N)
V-i = -69786.70 (N) V-1 = -1385 60 (N)
M-i = -151269533.90 (Nmm) .. M-j = 183154102.20 (Nmm)
. .N-ioff = -106781.60 (N) .. .N-doff = -09872.40 (N)
V-ioff = -69786.70 (N) ___V-doff = -1385.60 (N)
M-ioff = -151269533.90 (Nmm) ..M-joff = 183154102.20 (Nmm)
06. Design Condition ;;: 2 —th NODE
___Nf = -00872 40 (N)
. Vf = -1385.60 (N)
LW ME = 183154102.20 (Nmm)
new Lenath = 950000 (mm) (or new Heiaht)
_..LbO = 9500.00 (mm) (for Bucklina)
. Ib = 150 00 (mm) (for flanae Buckling)
... Lu2 = 0.00 (mm) (distence of beam)
..cdis = 150.00 (mm) (distence of concentrated load)
07. Design Parameter & Value ;7 TypeCWB is D-type
Tvoe_CWB  Flanae Too A-OIXt B-¢t&= (C-QIZ D-2A=
Flange Down ; Ol &t oF= F= oI xf
__cammaM = 1.10 (N)

7..K_c(psiN) =0.97909(0. 93530) ...zeta(psiM)=2.40595(-0, 82591)

. Nsdu = -338367.86 (N) ...Nsd_d = 238495.46 (N)
_ Vsd = 1385 60 (N)
_..Msd = 183154102.200 (Nmm)
..Fzd = 69786.70 (N) (Transfer shear on flange)
a9 22104 FEUB FAe FRAA ZR2ae A - AAZV|AHEY
SECTION PROPERTY
bf1 tfl bf1l tfl hw tw al a2 a3(bt) a4
250.0 10.0 250.0 100 625.0 2.0 31.0 0.0 40.0 0.0
w(d) s aW hm ZD zt
77.5 89.0 0.0 635.0 -322.5 317.5 (unit:mm. theta)
Aa 10.88665 (cm"2) H 645.00000 (mm)
Weiaht 50 51667 (Ka/m) Surface 2.47524 (m"2/m)
2 Ag 50.00000 (cm"2)
Ix(One) 3.10517 (cm™4)
Iv 50407.29167 (cm™4) iv 31.75131 (cm)
Iz 2604.16667 (cm™4) iz 7.21688 (cm)
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It 16.83333 (cm™4) Iw 2625379.77431 (cn™6)
Zy 1563.01680 (cm"3)
Ivl : 2.08333 (cm™4)
Iv2 : 2.08333 (cm"4) Ivw : 4069 01042 (cm”4)
Iz1 : 1302 08333 (cm™4) Iz2 : 1302.08333 (cm"4)
Iw0 :  2625162,76042 (cm”6)
ux 0.02120 (cm/KN) cw 49076.80476 (kNcm"2)
IwS @  2838862,72483 (cm"6)
Total Weiaht : 479 90837 (ka)
Total Surface : 23.51482 (m"2)
a9 22105 FENE FAe Fx2AA Zz2ade ARad - dHAsANA
AA 271 E dE SEAA Y G AN E S AA AAR= wE bdE A
7F 7bsetESE AESe #Ago] dasit Al FEA dBY] AT Ao wE tEE
of HAEs SWHAFLE e AESC] Fasit oA Addoer A= FAQL 7E
Be] FHzol dig JEZF o Aotk ;A A 2] B Aees vl F
FHE deide 1P Fert gtk olmydd gz QA o Hol g A o] A9
glolAl7] MEolvh. 2y F52 AWy} ddel e HEs vt=A] dasia. ddol
g AEE o] o] ol Addxaged met st A=E defsfof doh A
Aol wel AAe] W97t A4 =1, DASt-R0159] 2 $7F o2 Fzel vls] A5 He
2 AjtH = Zhgel AgARe] S7HE VIHE 5 U o] felx F-FH=ol Wi HAES
AdF=ol g dF L ZAANA DA FEX B JFor FriE= EulEQ
aH e wEAl et ofdel A M tEd 2ol AAE fd AEstes e
L e

TO DESIGN >>> Slenderness and flange area for CW

CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK

>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>

Slenderness for web buckling

Tensile stress of flange

Shear of CWB

Flange for compression

DIN 18800 T1 Table 13, Line 4

DIN 18800 T2 EL310

Warping of CWB

Interaction of Warping and Buckling of flange

i A &= AAZIE Ao thsiA 1 2.2.10.600 BT S
ol th3l-+= BeamelY Girderet 22 A%+ o] oy, 199

A3+= Girderol] ot Aijo|ty,
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TO DESIGN >>> Slenderness and flanae area for CW

>>> code is [dast]
>>> sPmW is lsinul
>>> ePmD is [beam]
A = 5000. 0000000 Aa = 1088. 6646126
iv = 317.5131231 LbO = 9500. 0000000
lambda_y = 29.9200232 lambda_1_2 = 118. 9530720
>>> Idealized Slenderness ...
lambda_id = 31.8458923
>>> Idealized Flanae stress . .
Nsd_u = -338367.857 (N) Nsd_d = 238495, 457 (N)
CHECK >>> Slenderness for web bucklina
>>> code is [dast]
>>> sPmW is [sinul
. lambda_p = 2.954 <= ??? 9.347 = lambda_p_max (K_tau= 8.1875)
[OK] (lambda_p <= lambda_p_max) Slenderness is satisfied.
CHECK >>> Tensile stress of flanae (in ZEMAN)
>>> code is ldast]
>>> type is [D-typel
>>> Check flange is [TOP 1 YZZ K|
>>> Check flange is [DOWN] ©I%f
NaRK (aammaM)= 600000.0 ( 1.1)
. Nsd = 238495.46 <= 7?7 545454 .55 = NgRd
[OK] Nsd/NgRA(0.437) <= 1.0 ...is satisfied.
CHECK >>> Shear of CWB
>>> code is leuro]l
>>> sPmW is [sinul
>>> ePmD is [beam]
taul. = 785.008 lambdal. = 0.420 kamal = 0.871
tauG = 697.067 lambdaG = 0.446 KkavaG = 1.000
Kapa = 0.871 (Dx = 133989. 491 Dy = 84140000.000)
. Vsd = 1385.6 <= ??? 137166.4 = Vrd (gammaM =1.1)
[OK] Vsd/Vrd(0.010) <= 1.0 ...is satisfied.
CHECK >>> Flanae for compression
>>> code is [dast]
>>> sPmW is [sinul
>>> ePmD is [beam]

Aef (bef) = 2500.00000 ( 250.00000)

ief = 7216878

lambda_a = 92. 92956 lambda_K_bar= 0. 02237
Mzd G = 0.00 Fvd_bt = 0.00 Fvd F =
x vV = 0.00 Mzd = 0.00 Wz =
sigma_x = 0.00 fT = 1.00
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(bf+bt)/tf = 29.0 < 7?7 30.5 = 1.03*sqrt(E/fyf)

cnt01 =0.490  Kbm(k) =1.000 (0.457)
Ktm=1.000 Kkappa_k =1.000

. Nsd = 338367.86 <= ?77? 545454 .55 = Nrd

@ee

[OK] Nsd/Nrd( 0.620) <= 1.0 ...is satisfied.
Mrdoo0 = 346363636, 36364
INTERACTION CHECK - V and M @@EEeEeeEe@ (Unit:N,mm)

Msd(Mrd)
Vsd(Vrd)

1831541022 ( 346363636.4) ;;; Msd/Mrd= 0.529 (psi_V=1.000)
1385.6 ( 137166.4) ::; Vsd/Vrd= 0.010 (psi_M=1.000:)

Msd/(Mrd=psi_M) = 0.5288 Vsd/(Vrda=psi_V) = 0.0101
[OK] M(V)sd/ (M(V)rd=*psi_M(V)) <= 1.0 .

CHECK

>>> DIN 18800 T1 Table 13. Line 4 (in ZEMAN)

>>>
>>>
>

code is [dast]
sPmW is [sinul
ePmD is [beam]

b(bf) = 115.00 ( 250.00)

... b(=bf/2-bts/4) = 115,00 > ??? 12,90 = 12, 9*sqrt(240/fyf)

. Nsd

eee

Nrk = 756143.67 siamal = 302.46

338367.86 <= ??? 687403.33 = Nrd (gammaM=1.1)

[OK] Nsd/Nrd( 0.492) <= 1.0 ...is satisfied.
Mrd00 = 436501117.0304175
INTERACTION CHECK - V and M @@ReE@eee@ (Unit:N,mm)

Msd(Mrd)
Vsd(Vrd)

183154102 2 ( 436501117 0) ;;; Msd/Mrd= 0 420 (psi V=1 000)
1385.6 ( 137166.4) ::; Vsd/Vrd= 0.010 (psi_M=1.000:)

Msd/(Mrd=psi_M) = 0.4196 Vsd/(Vrda=psi_V) = 0.0101

[OK] M(V)sd/(M(V)rd*psi_M(V)) <= 1.0 .

CHECK

>>> DIN 18800 T2 E1.310 (in ZEMAN)

>>>
>>>
>>>

code is [ldast]
sPmW is lsinul
ePmD is [beam]

Nrk =13699630. 84 bf (bef) = 250.00 ( 250.00) kappa_k = 1.00

. Nsd = 338367.86 <= ??7? 12454209.86 = Nrd (gammaM=1.1)

@ee

[OK] Nsd/Nrd( 0.027) <= 1.0 ...is satisfied.
Mrdo0 =7908423260. 4182892
INTERACTION CHECK - V and M @eEEeee@Ee@ (Unit:N,mm)

Msd(Mrd)
Vsd(Vrd)

1831541022 (7908423260.4) ;;; Msd/Mrd= 0.023 (psi_V=1.000)
1385.6 ( 137166.4) ;:; Vsd/Vrd= 0.010 (psi_M=1.000:)

Msd/(Mrd=psi_M) = 0.0232 Vsd/(Vrd=psi_V) = 0.0101

[OK] M(V)sd/(M(V)rd*psi_M(V)) <= 1.0 .

- 174 -



CHECK >>> Warpina of CWB

>>> code is [dast]
>>> sPmW is lsinul
>>> ePmD is [beam]

zeta = 2.41 Kappa_k =1.00 gammaM =1.1 Length = 9500.0 ¢"2 = 131763.99

Nki_d = 543685.71 Mki_d = 308638347.58

Mpl_y_k = 375000000. 00 Mpl_y_.d = 340909090.91
>>> DIN 18800 T.2 E1.(311) (110) (Unit:N, mm)

nn = 2 lambda_M_bar = 1.0510 Kapoa_M = 0.6711

. Msd = 183154102.20 <= ??? 228800658.00 = Kappa_M*Mpl_y_d
[OK] Msd/Kappa_M#Mpl_y_d( 0.800) <= 1.0 .
Mrdoo0 = 228800658, 0045326

@@@ INTERACTION CHECK - V and M @@e@@@eee@ (Unit:N,mm)

Msd(Mrd) = 183154102.2 ( 228800658.0) ;;; Msd/Mrd= 0.800 (psi_V=1.000)
Vsd(Vrd) = 1385.6 ( 137166.4) ;:: Vsd/Vrd= 0.010 (psi_M=1.000:)
Msd/ (Mrd=psi_M) = 0.8005 Vsd/(Vra=psi_V) = 0.0101

[OK] M(V)sd/(M(V)rd*psi_M(V)) <= 1.0 .

CHECK >>> Interaction of Warpina and Bucklina of flanae

>>> code is [dast]
>>> sPmW is [sinul
>>> ePmD is [beam]

(bf+bt)/tf = 29.0 <= 7?7 30.5 = 1.03*sqrt(E/fyf)
[OK] Interaction is satisfied...
Mrdoo = 0.0000000

a9 22106 FEAE FAe] A Z2ad] HFANEA I (Girderd)
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11. FE74

Y

7 AE 18

o ABdS 4E - 14 49

(1) AdA A<
AYA= ® 221110 e A ol 27H«] AAA eIt 12712 A& A FEAR2
SS400w 9] s AFom H=gsto] Azstdar, SS4007 Ao sk ;A ok &5 5k
thoE 22112, 3 2211.3% A3l AHEE 15 B 35 Strain Gaged B o]t
¥ 22111 AFA A
Specimen =52 =52 =52 M=

Name S (mm) =0l (mm) L1 (mm) a, a, 9,
#01 TR75-9.74-5-30 97.4 50 30
#02 TR75-7.1-5-15 750 71 50 15
#03 TR75-5.65-5-30 56.5 50 30
#04 TR150-8.46-7.5-30 84.6 75 30
#05 TR150-7.1-5-15 71 50 15
#06 TR150-4.2-7.5-15 1500 42 75 15
#07 TR150-5.63-10-15 e 1,208 56.3 100 15
#08 TR225-5.65-5-30 56.5 50 30
#09 TR225-4.9-5-45 49 50 45
#10 TR225-4.2-7.5-15 2,250 42 75 15
#11 TR225-5.4-7.5-30 54 75 30
#12 TR225-4.9-7.5-60 49 75 60

() FE2W v ' (b) FEad

oy 22111 APA Wy
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¥ 2.2.11.2 15 Strain Gage

TYPE KFEL-5-120-C1L32R GAGE FACTOR 2.10£1.0%
GAGE LENGTH 5Smm
APPLICABLE GAGE CC-46EP-18
GAGE TELLELTT
120.4+0.49 CEMENT
RESISTANCE
LOT No. Y152S QUANTITY 10
BATCH 077A K06
¥ 2.2.11.3 3% Strain Gage
1 2.06+1.0%
TYPE KFEL-5-120-D35L3M2S GAGE FACTOR 2 2.06£1.0%
3 2.09+1.0%
GAGE LENGTH 5mm
APPLICABLE GAGE CC-36,
GAGE _
190,0+0.89 CEMENT EP-180
RESISTANCE
LOT No. Y290 QUANTITY 10
TEMPERATURE
BATCH 045A T12 COEFFICIENT OF GAGE +0.015%/C
FACTOR

a9 22112 - 28 221139 Y 12719 AdAE T4 23mm 2 FEAS
1,288mm7} 5Lt A A = AT

le‘

_—

A o

TFEAS Yrl= A¥A #01, #02, #03%= 750mm, Al
#04, #05, #06, #07-> 1,500mm, 23| #08, #09, #10, #11, #12% 2250mm= T/d 5o It}
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(3) 2A) FAE

AEA A zFel AREE A e 71 AA 3
o AlFHEE KS B 0801(=% Am 1 AR 7ol &8kl 2.3mm 7719 SS400+
A 2] A2 AF s AL #ol A 7t
Zow AR A ARAe v 9 A5t 2Y 2211173 F 2211560 e

3E 22115 55 A8 % 55 AdH 4

=2l mm
Bl 23 el g 20l O=2l etxg M
-8
(W) (L) (P) (R) (T)
58 25 50 of 60 15 0l & 2 FHU=2

A &-& KOLAS(Korea Laboratory Accreditation Scheme) ¢157] %ol 9] 3te] 288}
189 A¥+= ¥ 2.2.11.69] YEFAC

al, A

X 22116 5% Alm 9 55 A@dH AlFAH

ST==! a5t

Hass | edHs | g2 o sty | T

ST ST

H1 | 300.64 | 136654.7 | 323.15 0.0026 381.88 0.1051

_ H2 300.90 136774.6 318.81 0.0009 376.31 0.117

orofurst

H3 260.12 144509.3 311.88 0.0028 373.68 0.0983

H4 253.99 126997.1 311.18 0.004 378.90 0.0999

Vi1 302.82 131661.7 341.17 0.0028 374.64 0.0874

ory V2 287.81 143906.4 337.69 0.0029 380.67 0.0928
=2 g et V3 277.39 138692.7 335.33 0.0032 380.59 0.0889
V4 | 266.01 | 147783.3 | 349.75 0.0028 390.80 0.0935

B3 281.21 | 1383725 | 328.62 | 0.00275 | 379.68 0.0979
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555 Pmax f~—— -~
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o

Load{KN)

-80
-100
-120 LSRR -Pmax
-140

160 -140 -120 -100 -80 -60 -40 20 O 20 40 60 80 100 120 140 160
Displacement(mm)

% 221118 sks-¥9 #A (#01 TR75-9.74-5-30)

# 22117 2¥4A34xE (#01 TR75-9.74-5-30)

olE23gt aEgt
XNCtateE 285 X ~ PN D_%_IEH/S! X x A= PN X
dosts | =244= M &= e A Z[CH ZHSHS Al = = Al ehot A
2E ots ots RoAC ots H 2| ots H
[kN] [kN] [kN] [kN] [kN] [mm] [kN] [mm] [KN/mm]
304.8 918.3 1583.7 875.5 123.5 32.6 - - 3.79

A A #01 TR75-9.74-5-30% ¥ 7F ()W A stz 103.9kNY wf stet-o] &4 57
Aox 7] A #sta WYL (4ol A dF 7056kNY w) Akio] &HF I} Hojx| 7] Al
Zsieh, A e 2 FHoskEol i A= ¢kl A 1235kNY w 32.6mmeo]th A
Ay Fze HASHA gkorn ol2x HudEAgm oiv]) HuskES 405% TS YERY
Atk ol Ak &R RojX WA WA= stE AR o gET
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(a) Strain Gage 9% (b) Strain Gage W& &2 A|7lo]d
a9 221119 W8 X (#01 TR75-9.74-5-30)

(a) LA A2 b 28 % 7—‘EE’+ (c) |4 2 AAAY B
a9 221120 A 2 AE & 43 (#1 TR75-9.74-5-30)

a9 2211.19(b)¥ Strain Gage W &9 Algto|gFdolny, A@A¥ 15 AolA 4¥, 3
= AlolA 9] C3 WS A9star ‘)r‘ﬂxl H A= aAdstE A eFskth 15 Aol A
W, 35 Alo]A ] C3 W APdEd AolA 2 Qs A stE A

a9 2211.202 RS AR} ARAAE Hugd Ay, Ao TE A Ao
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(2) AgA #02 TR75-7.1-5-15
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-160
-180 = ===t -Pmax
-200

Load{KN)

160 -140 -120 -100 -80 -60 -40 20 O 20 40 60 80 100 120 140 160
Displacement(mm)

a9 221121 -W9] #A (#02 TR75-7.1-5-15)

% 22118 A¥A¥xE (#02 TR75-7.1-5-15)

ol=at SEER
XNCtsteE 285X XNl X ]_%_ 6HA_| X X o= X X
Motats | =222 | XA e A ESN ZI UGS Al = A= Al 2t A
2E ots ots RoAC ot=s H 2| ots H <2
[kN] [kN] [kN] [KN] [kN] [mm] [kN] [mm] [KN/mm]
304.8 168.0 842.0 180.32 181.1 22.1 168.2 19.62 8.19

A@A #02 TR75-71-5-156= F&etgoll =2atr] ol ()0, (D &5l FH=ol
Age #ae ()WEFe] W9 19.62mm, ste 1682kNY W S Shdtol] 7] Fol
=]

Baele] o] F (el Wel 394mm, B SLOKNY W Aol Hzo] wADT. HEL
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313 o] 1001% FEo2 ol 2gtat A gtel FASHA tebuh
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a9 2.211.22(b)x Strain Gage W@ &9 Algtolg 3 doltt, A@A¥ 15 Aol# 5, 3
= AlelA9] B2, C3 WaFs Al&sta U] Wy E Alo|Al= 24 stE AT

% 221123 aFAs|MAve A9ARE vus Ay AdAd0 A2 fARSHA
270 tiZteke g o]l WA 9 2211.23(a)0 Aol HFHAL FRFFO
P drh AP AF ol ANAetE AFdAAE FHA R FHao] WA WA
HAHA AA A o7 o] HAEA Hw 19 2211.23(c)9 Zol TUE FAF FH=EF
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120 Pmax
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— 20
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Displacement(mm)
a9 221124 sts-¥e A (#03 TR75-5.65-5-30)
¥ 22119 238 A3x #03 TR75-5.65-5-30)
Ol Eat alEgt
XNCHstE | 28X X | X U7X A = = = = =
dEets | =223= M Z= el A 200 | ZIUiGHS Al nosiE = Al o ohot A
g ot= ot= xnoAC ot= < Gals
[kN] [kN] [kN] [kN] [kN] [mm] [kN] [mm] | [kN/mm]
304.8 605.2 899.2 421.5 111.7 31 - 3.60
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% 2.211.25(b)2 Strain Gage WM &2 A|Ztolg F Moty AF A} 35 Aol# e A3}
C3 Waks XﬂﬂOP U WEE AoA = A2A3FE A skt 35 Alolx 2] A3¥ C3
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% 221126 A 2 HE F 7:“11 (#03 TR75-5.65-5-30)

a9 2211268 nHAN AT ARATE wad A3, AezRE oA e
2o g FRHIol ey 49 ¥ APANNE @ e To] AR FPo] 2
o 2y s 2 A Sl Wk itk

(4) A g A #04 TR150-8.46-7.5-30

300
260
220
180
140
100

Load{KN)
83y 8

(IR
B O
S &

-180
-220
-260
-300

Pmax ===,

; !-I: ----------- 'P max

-160 -140 -120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120 140 160

Displacement(mm)
% 221127 st-¥Hel #A (#04 TR150-8.46-7.5-30)
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(a) Strain Gage $1X (b) Strain Gage W3d &9 A|7to] ¥
% 221128 ¥ E X (#04 TR150-8.46-7.5-30)
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(a) 3LfrA 34 A3 (b) 43
a9 221129 A @ AH F

3 3% AlolA e B, CIW&S Aelsti el
W, 2N} 3% AlojAe] BEe FURsl WHe] wAstx ool WMo wAWS o

a9 2211298 nHANA AT AFATNE wad A3 oA Hae WAL
ni wRzwe Juus dit HRRed9e] d4fwe wAdt. 249 F 2949
A% w e el AR FWol WADTE A-suel Fo Gae ANANG} FASA U
B et 9y AgAle] FARel Wast gl

(5) AgA #05 TR150-7.1-5-15

420
360
300
240
180
120

Load(KN)
8 o 8

-120
-180
-240
-300

360 I

AT O S| P

-420
160 -140 -120 -100 -80 -60 -40 20 O 20 40 60 80 100 120 140 160
Displacement(mm)

1% 221130 dts-¥e #wA (#05 TR150-7.1-5-15)
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® 221111 A9 233 (#05 TR150-7.1-5-15)

olEak dgat
. i DERAHA | e
geEs| 2ens | WA= | M | HUSS A | B2 | BB A |
el 5% 3E | gy | O3 ER 5= S
[kN] [kN] [kN] [kN] [kN] [mm] [kN] | [mm] | [kN/mm]
608.6 | 8241 | 421.0 316.1 | 399.1 65.5 3156 | 22.6 6.09

A A #05 TR150-7.1-5-15= @&kl =2st7] Aol ()&, (HBF FFolA A=

o] WAttt HFE& (1) W9 19.62mm, 3tF 267.5kNY w ARAWFEE( /)] FH o]
st o] (—)whake] W9 392mm, &% 262.64kNY w] APMHFE(N\)E] FH=o] WA

|

27] A2eFE o)X BRI F U] 97.4% FEOT o E7kn AR FAFEA U
Ehyit.
N EZOOO
g gmoo
8]: '§le00
< 3000
0 1000 2000 3000 4000 AI ;)?:ec) 6000 7000 8000 9000 10000
715 I 715
173517
g"— ra o “H ? T { Y e
g {1 LA T e
& Emw ’ “WURVW J,,itl#, LARE
4 =B g o ittt 'n'h,nr“r\rwmm L | .- |
. BT Y
3 -3000 J‘M\ | " ‘ 1 ‘
S — Im‘llnmw\/ L
0‘"_— C§C1 0 1000 2000 3000 4000 AI ?S_I:I():ec’ 6000 7000 8000 9000 10000
l’ISOl 450 l 450 11501150
(a) Strain Gage %4 (b) Strain Gage H3& &9 A 7to]d

a9 221131 ¥¥E& X (#05 TR150-7.1-5-15)
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(a) T 3142
a% 221132 314

LT

29 2211328 agAN A AARE vwd A, QDA A3 FAE
el mzbgow ol WMARTL 1% 2211329 ATlN HEIYe Frzzel
g4 Ay AQe) A% Azol AAs Adel FE@Ae] ANARe] AEF4T 4}
S}A vhehvo,

(6) A3 A #06 TR150-4.2-7.5-15

360

300

240

180

120

8

o

Load{KN)
3

-120

-180

-240

-300

W e Praik

-360
160 -140 -120 -100 -80 -60 -40 20 O 20 40 60 80 100 120 140 160
Displacement(mm)

1% 2.211.33 dt5-¥9 @A (#06 TR150-4.2-7.5-15)
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¥ 221112 238 A3 (#06 TR150-4.2-7.5-15)
o2t gt
dEEs | IRM=2 | A= 177 Aok = TH ZICHotS Al = = Al
o= = T C Al 2 EF/&" s 2 or= > o @F_FDOUE)'
pages ot= ot= noAC ot=s #H 2 ot= He
[kN] [kN] [kN] [kN] [kN] [mm] [kN] [mm] [kN/mm]
608.6 146.2 665.1 151.5 323.1 64 190.1 26.1 5.05
A A #06 TR150-4.2-75-15= &&stFo] =E3t7] Aol (-)whgk (H)WdkE F=oA] =
=o] vt Fwe (H)Wgke] W9 19.62mm, 3Fs 190.1kNY w ARAEFEE( /)9 FHwol
At o] F ()akel AFARER(\ )] FH=o] WAgYh %7 HEETE oA HH

=t el 130.0% TFo& ol&gutt A ko] 30%°ld A YErskH

& l —1 —2
4000 i .
< 3000 A I w \ 3 4
7 200 £, =2000.00 pm/m[ASHEE] L A 5 6
ol T 1000 m A | }
o= ? 0 labiosite .m”l'«JMJI"‘N‘\J $ ! ‘ ‘ ol
£ -1000 | | !
L Il A LA
il T
N ERY
-4000 ‘ I i ‘ ‘J){‘L , N \th ‘/
-5000 I LY L A :
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Al ZH(sec)
733 “ 733
35
9__ T 000 v W ik N —A1 —A2 —A3
— f 1
© A3h2 ::: .. Ir\‘ lﬂ\ f\ !"‘A\A/ \ \ L/\ /] 81 —82 83
I i = o0 JAIM @ o o
o £
& T 1000
5 0
+— FEW ‘5 W \J‘,\ M
8382 £ -1000 X ]
& 2000 VAI\’/N m/ % \ 4 \
-3000 I
5'_ s 4000 ’
B‘ I c"a_‘g e 5000 6000 7000 2000 9000 10000
&S A ZH(sec)
188 l 187 l 375 J 375 l 187 l 188
(a) Strain Gage $X (b) Strain Gage W& &2 A|7to]™

a9 221134 HEE X (#06 TR150-4.2-7.5-15)
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(@) 273 34 A%
79 221135 94

o A = Al
A1) A2, A3 % C2, C3 WS Aldsta ymx WgE AlojA= FH=o] TAT o5 A
Al SEolalth 35 Alo]A 9 A2, A3 H C2, C3 W& dEde] FH3o] Hojxux |

Ggol F7hstel a4E AT

a9 2211358 AFAsAdne A9AsE Nud Ad 19 221135 2l A
AP e TrAE G2 Ak A¥e A5 Azl A A AEIdo] A
Astel H@P FASA e,

(7) A3 A #07 TR150-5.63-10-15

480

Pmax i e ki R (=
320
240

160

S

o

Load{KN)
3

-160

-240

-320

-A00 . I ‘- ------------ -Pmax

-480
160 -140 -120 -100 -80 -60 -40 20 O 20 40 60 80 100 120 140 160
Displacement(mm)

% 2.211.36 sts-¥9 #A (#07 TR150-5.63-10-15)
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IE=1s 1&gt
NColeste | 2ex X A5 XloH A % = CHEl= X X
MEetE | 2R4d= | A= Er | OH 2 H3tS Al = = Al X CHt A
P ot= ot= n=ac ot=s H< ot= H 2
[kN] [kN] [kN] [kN] [kN] [mm] [kN] [mm] [kN/mm]
608.6 84.0 1025.1 99.1 431.0 91.6 284.2 13.08 4.71

3: Al #07 TR150-563-10-15%= @ &Estzol =238t doll (-)a, (HWeF FsoA =
‘?:l@ﬂﬁ‘r Fa (D] M9 13.08mm, dt3 284.2kNY o AP /)] FH= o]
‘SPU% =3¢ “‘L““:'ﬂ ’“‘OVLE}. ol % ()&l *}ﬁ‘ﬂo‘@:(\)-"/] o] WA

, 215 214

429

214 , 215 ,

5000 —
o 4000 Y
I
o 3000 3
— 2000 | £2=2000.00 jm/m 231 A A LA s,
£
E 1000 A A o | e et =
ol — - 2
= Z i
D -1000
%
-2000
g 3000
© -4000
-5000
o 1000 2000 4000 5000 6000 7000 8000 9000 10000
Al ZH(sec)
733 “ 733
35
5000
—— T =
N 2000 2000.00 pm/m [ HEF L | \) | a - a
— 5 F 2000 i r 1 -
£ 1000 UJ Jf N ] } \
= 2 Ll bl \f“r\“x\w,}W , }
| Wil AREWWIVY
. 2000 /\4 v
s i T
-3000 i
-4000 \\
e -5000 ‘
= o 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Al ZH(sec)
250 l 250 l 250 ! 250 l 250 " 250
1 o] % [e]
(a) Strain Gage $1X (b) Strain Gage W& &9 A|7to] ¥

a9 221137 HEE X (#07 TR150-5.63-10-15)

- 206 —



OECEIEEEE: b 48 5 ax (c) 814 2 @At v
% 221138 A 2 AdE F A3 (#07 TR150-5.63-10-15)

% 2211.37(b)& Strain Gage W d &9 AlFtolglF Mot} AFAy BE HIE Ao
A= Fzo] A 01*7— 28t Hom Fmo] v H oA ‘?ﬁf@’s}ﬁiﬂr
A

S99 2211385 ngANN AR} A9AnE Mud dn 2y 2
SEage Fnade Qas v Ansl A5 dael Ades A4
Askel AEPAL FASA b,

(8) AgA #08 TR225-5.65-5-30

560

480 Pmax b y
400
320
240
160

8 o 38

Load{KN)

-160
-240
-320

-400 =l VERT 4 S

'P max.

-480

-560
160 -140 -120 -100 -80 -60 -40 20 O 20 40 60 80 100 120 140 160
Displacement(mm)

2% 2.211.39 sks-W9 #A (#H08 TR225-5.65-5-30)
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3 221114 49 A¥3E (#08 TR225-5.65-5-30)
ol 2t SEE)
XClst=E 28X PSRN 153 X0l x X ol= X X
mogs | Fenz | aNnz |00 AU | HUAE N | B2 | BB A
2E o= 34E | oo | OF 21| sts | wEel
[kN] [KN] [KN] [kN] | [kN] [rm] [kN] | [mm] | [kN/mm]
912.9 | 17944 | 3156 | 6544 | 479.2 52.4 4792 | 524 | 9.15

A A #08 TR225- 565 5-30= F&EetTol =Estr] ol (B, (1) FSolM =
o] AT, HA=eT ATy At ()FF W9 524mm, dHT 4792kN%1 “H
AR /) e F= el H“@O}fﬁ o] % ( kel AP\ F=o] BT 27 FH=
T oA FEFAEElT ] 162% FEo R olE@rT Aol 50% ol ZA u
s

m oo
L

5000
Nﬂ VV' —_ —2
4000
—8 —a
3000 i/ 1l| | M/}'\.nww
= 2000.00 pm/m [AHHE] VLl R v 5 —6
F 2000 e
B o J\J I
3 i L)
= w0 ededebe ARV I i !
£ -1000 ‘ i ‘
g Y |
-2000 T T
3000 ‘
-4000 |
-5000 ‘
1101 I l 1097 0 1000 2000 3000 5000 6000 7000 8000 2000 10000

5000 m
[ 7 Ty BRI Ul —A1 —A2 —A3
J 4000 \)){ \N ’V‘ { ‘H« ) (]l Bl —B2 —B3
| e 00— 200000 jm/m 2l g1 ] “ A Wl | a—e-—9
i —E 2000 w i LI VAN ] |
< £ 1000 “‘L\n’ n N | I
g -2000 ll - V
+— - FoCl <3000
ol
375 I 750 I 750 I 375 e o 1000 2000 3000 4000 *I ;:?’ ) 6000 7000 8000 9000 10000
sec,
(a) Strain Gage $1X (b) Strain Gage W& &9 A[7to]H

a9 221140 ¥ S F3 (#08 TR225-5.65-5-30)

(a) L= A4 (b) A3
8 221141 S 2 A &

1% 2.211.40(b)= Strain Gage W3 &9 A
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lo
N
ullf
(e
o
3
2
N
4
2
&
olN
:L
p#
2
B>

ol Xt 3% AelA9 C2, C3 WHF2 &
Xl §]r5]041;}

a9 221141+ i%i]sﬂ@,@_ﬂ}ﬂ. 2] 5
HEPgde A= t}. 2%
52.40mm, 3}% 479.25kN

e 091,
o,

ftlo

ati)

(9) AgA #09 TR225-5.65-5-30

400
320
240
160
80
Z
X 0 — =
- i
(1] I
- e 17 4
1 & |
160 i
1 ¥y N [
I 1 i
-240 Hi 'y
N J
l |
-320 e e o
-400
-160 -140 -120 -100 -80 -60 40 20 O 20 40 60 8 100 120 140 160
Displacement(mm)
a9 221142 sts-¥He WA (#09 TR225-5.65-5-30)
® 221115 A3 A3x #09 TR225-5.65-5-30)
ol At
X ctsre e —N pS X 1% |6H};‘ X x ot= X X
dEgt=s | AR2M= | M= el A 200 | zICHGtS Al M= = Al 2t A
& ot= ots xoAC ots Siks ot= Sies
[kN] [kN] [kN] [kN] [kN] [mm] [kN] [mm] | [kN/mm]
913.4 3586.7 345.6 596.4 371.4 78.4 - - 4.74

AFA #09 TR225-5.65-5-30= W7 (1) oA 5 94.88kNY H=S TSy
SHE7E HoAH 7] Az A e 2 Hsks = A
o 78Ammeo|tt. APdA N H=E dASA] Fkow o
1075% T+ 2 FAMSHA YEst

o

flo e
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5000 T
2000 3 g
ol 3000
o £ 2000 &, = 2000.00 pm/m[L/SHEE] 5 6
T 1000
T o ietmetdibitbiib waf;éAﬂ‘n’;‘a;f‘ch,‘:ﬁmM‘ AR L
B 1000 I | AL ol i o i
* -2000
-3000
-4000
1101 I I 1097 e 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
52 Al ZH(sec)
5000 “ ~——Al —A2 —A3
g 4000 | ‘ n ‘ A\ Bl —B2 —B3
5 . Z:: £, =2000.00 ppm/m [A4HEE] ’\ | | N ) ;f 5 a @ a
g £ il T [ ]
: i TV
= - — e 9 \i L LA,
= £ 1000 T[T Wk
£ “ 2000 | ! ,—/J
-3000
o s — -4000
A -5000
o 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
348 779 779 348 A ZHseq)
. - . N
(a) Strain Gage A (b) Strain Gage W38 &2 A|7Foly

a9 221143 WEE F3 (#09 TR225-5.65-5-30)

(a) 32 1423
a9 221144 34 9

1Y 2211.43(b)E Strain Gage WH &9 AJzlo]lH3rA o]

O%
G- 154014 1, 2, 3, 491, 35 A01A] BE A3 ¥
oy A WA A 3= AT
a9 221144 nfAsdvtet AdAE v Ay Ao RRE Al 2
=0 G4 dAF= ] vy AAdd) FHmo]l BASHA AN F el A w ol
wAyets Hwel g AR et
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(10) A A #10 TR225-4.2-75-15

880
800
720
640
560

-160 -140 -120 -100 -80 -60 -40 -20 0 20 40 60 80

PI’T\EX --------------------

|| SR =

'P max

. 100 120 140 160
Displacement(mm)

a9 221145 sts-¥e] ¥ (#10 TR225-4.2-7.5-15)

-15)

& 221116 49 233 #10 TR225-4.2-7.
=2

AlS
=

o HI Xt=

2
el
2

o b
OfA
T on
H0

—
-
Pz

=

—

kN] [mm]

792.8

A3 A #10 TR225-4.2-75-15% &850
=o| g
kA B}
Z7] ks o] EA wEAEET v 202% FEoE o2/
ol A Ve

ol
WA
24}

Tt A (
Z71F=5te2 (D] W9 19.64mm, Sk 4361kN—EJ

o]Z (—)dhake] W9 189mm, 3% 501.8kN W] ARAMFEE(\)e] Hol
YR A kol
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[ W T A ARSI = —2
4000 | 3 —a
o 3000 sl ==
o ‘E 2000 £, = 2000.00 pm/m[ASHHE] [l 7 8
g L ' N
£4 T 0 [um—tidiuletetotereielpieirienil ’\'ly A Amets M L P it o
£ 1000 ‘ Nw
%
-2000 T
-3000
-4000
5000
1101 l l 1097 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
52 Al ZH(sec)
5000 T
——Al —A2 —A3
o 4000 V ‘ |
o BL —B2 —B3
b= 3000
9 " = 2 £, = 2000.00 jun/m [AYHSE] [V a1 —c —c
& E 1000 i )
S| E. ko
- T O [HHHES e -
5 5 |
of -1000 i
& )
-2000
— s
-3000
o
& C.?_‘P: -4000
-5000
281 I 281 I 563 I 562 l 281 l 282 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
AlZH(sec)
. ol 5 . N
(a) Strain Gage ¢ (b) Strain Gage W& &2 A]7lo]d

a9 221146 WHEE X (#13 TR225-4.2-7.5-15)

(a) 53 A A3}

3 5
% 221147 A B A - A3 (#13 TR225-4.2-7.5-15)

At

a9 2211478 X514 |
Fadde I S 9o 29
it

I 28 2.21147(a)2] Az}l A
Tof FARSE FHEol FA4S e
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(11) A4 #11 TR225-5.4-7.5-30

640
560
480
400
320
240
160

Pmax p======—= A

[0.4]
o

Load{KN)
8 o

-160 ,
(]
w0 |- EALANC Y T
2320 Iy 1| i I:'..' l /
A I
[}
]
]
]
|

-400
-480
-560

-640
160 -140 -120 -100 -80 -60 -40 20 O 20 40 60 80 100 120 140 160
Displacement(mm)

a9 221148 sts-¥el ¥ (#11 TR225-5.4-7.5-30)

e s — -Pmax

3® 221117 A7 Z33E #11 TR225-5.4-7.5-30)

0
O R=F &g

2F
BA

]
2
B
2

tS Al = = Al

= | =Ra= | =2
Gt ots IS H 7

= ots

ol
Ot
T on
d0
ol

—
=
=z
=
—
=
=z
=
—
=
=z
=
—
=
=z
=
—

kN] [mm] [kN] [mm] [kKN/mm]

913.4 799.1 534.1 856.5 584.1 44.8 584.1 44.8 13.04

Ag A #11 TR225-54-75-30 &35l &3ty dol| () (e SZoM =
zo] Mgt Z7|F=steS (+)BEFe] W9 448mm, o5 584.1kNY wf AR

FFo] TAEH o]F (-)whdko] WY 655mm, dtF 200.9kNY wl ARAHFEE(\ )] FH o
HAgit, 27] oS ol BA m-FAFET i 109% TFo® ol EgH FASHA U
Eb ek

O
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5000 e =
4000
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! r' | K J\I i —3 —a
3000 ¥ 1 l |
£, = 2000.00 jm/m[AYHEE] 1y L) A [ | 3 —6
E o™ H AU l\, T
S o T | i
B hereereeecciasods .;,,‘_W,(-.gw,«.wc.,\v-r |
= TH
£ 1000 q
2
-2000 1 J | —
3000 |
4000
-5000
I | o 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
1101 1097 7t
123 A|ZH(sec)
5000 i
‘ \ I I —A1 —A2 —A3
| 4000
N —B1 —B2 —B3
3000
ol = =2000.00 pm/m[A4BHEE] a a2
B 2000 ;

368 368
kd
strain (gm/m)
§8 .8
—————
e

i 1
— 5 / | N
% e | o
-5000 ‘ [
I | I 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
482 643 643 482 Al ZHsec)
(a) Strain Gage 13 (b) Strain Gage W& &9 A|7to]d

a9 221149 WEE X (#11 TR225-54-7.5-30)

(a) L= 34z (b 2¢ F
¥ 221150 314 2 Ad & A3} (#11 TR225-5.4-7.5-30)

19 2211.49(b)= Strain Gage W &9 Algtolgidolty, AP Ay e 35
A9} C2, C3 F 15A101#] 5%aks Qs vmA W ?
A Eoldon H=e Bl AT 35 AlolA9 C2, C3 B 1549
Al 5 RS s B S ETE HolX WA H= dell A4 sE AT

a9 2211502 afAfAdet ARAARE Hlugt Ay a8 2.21150(a)e] Aol A
AP g Y FAS drh AP Y A5 A Y Aot wAReE =Y A4S UE
RiA=g
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(12) A A] #12 TR225-4.9-7.5-60

400
320
240
160
80
Z
= 0 =
]
(1]
9 -80
1160 L IR i
7
]
-240 N “Prmax
-320
-400
-160 -140 -120 -100 -80 -60 40 20 O 20 40 60 8 100 120 140 160
Displacement(mm)
a9 221151 sts-¥19 #A (#12 TR225-4.9-7.5-60)
221118 A3 A7 (#12 TR225-4.9-7.5-60)
o2 gt
XNClat=E =29 X PSye N EgiIEH& x x o= X X
S = o25= &A= Er = CH 2 Hots Al A= A= Al X Ch2t A
s ots ot= noc otE = ot= =2
[kN] [kN] [kN] [kN] [kN] [mm] [kN] [mm] [kN/mm]
913.4 | 2395.7 | 673.3 343.2 355.7 24.7 - - 14.4

23 A #15 TR225-4.9-75-60% W7k (+)gaFol A A9 13.08mm, a+5 280.1kNY uf ¢
shetie] 37k Hol A7) Awaz W97E () FOIA WS 353mm, % T5.46kNY
% shurel $HRsk HolAy] Agdch Ao 3 2 Adstel B W O

A 355/ 7kN¥Y o 24.7mmeo]t}. g@ggr F=d WA gskon oEA HuFdEL:

AUsF e 528% FES WETh ol AskR §HRI AolAwA wAse o
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No Drift Ratio [%] Cycle Displacement [mm] Rate [mm/sec]
1 +0.375 6 +7.594 0.25
2 +0.5 6 +10.125 0.25
3 +0.75 6 +15.188 0.25
4 +1.0 4 +20.250 0.33
5 +1.5 2 +30.375 0.50
6 +2.0 2 +40.500 1.00
7 +3.0 2 +60.750 1.00
8 +4.0 2 +81.000 1.00
9 +5.0 2 +101.250 1.00
10 +6.0 2 +121.500 1.00
" +7.0 2 +141.750 1.00
12 +8.0 2 +162.000 1.00
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(a) #01-FROI

(b) #05-FR-TR3.2-V917-48
Y 22126 A@A AR AL
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(d) #09-FR-TR3.2-H888-48
Y 22126 @A AR AL
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rotation(rad)
% 22127 sta-¥9 =4 (#01_FR-TR3.2-H888-67)
¥ 22124 4% AFE (#01_FR-TR3.2-H888-67)
tKi+ K + + - - + - + + - -
tKi /aKi tKi /aKi Mmax tMmaX tMmax /Mp tMmaX /Mp
[kN -m/ra | [kN-m/ra
[%] [%] [kN - m] [kN - m] [%] [%]
d.] d.]
15,923 13,391 96.74 81.34 320.5 3454 102.6 110.6
Koo (4)e AEm 20124 Koo (e MEM =)
Koo =J|IZA 01283 [kN - m/rad.]
Mo (e AEX 2 RQUE M., (-)us MEM =0 RUE
M, 0 BXO A4 QUE =312.3 [kN - n]

A A #01_FROl+= =2 ARAZA 2717348 (A 15923kN-m/rad. & E 3L
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x50 FuEe Flstgr.
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rotation(rad)
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¥ 22126 A3d A3x #07_FR-TR3.2-H883-67)
] ] tKi+/ tKi-/ Mmax+/
tKi+ tKi- ) . tMmax+ tMmax— Mmax—/ Mp-
aKi+ aKi- Mp+
[KN - m/rad|[kN - m/rad
] ] [%] [%] [kN - m] [KN - m] (%] (%]
44,865 38,263 - - 767.3 781.1 245.7 250.1
Ko (H)gE AEH =012 4H Koo (m)gE AEd =024
Koo =J124 0l2st [kN - m/rad. ]
M (H)gE AEH X RUE Mo (-)eE AEH X QUE
M ZBXS A4 RUE = 312.3 [kN - m]
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[1¥ 2.2.12.17]%2 Strain Gage WH &9 A|gtolgpdolty, A3 Az WH$l 30.375mm,
ICyclecll Al FE 2ol H-A o2 Fzo] WA F53 W 5 8 9, 12, 159 W &o]
] 1628, 4154, 10066, 1695, 16315 YEI™ AW dgo] HASTE o] & W9 40.5mmY o
TEo] dAHoz FHzol AFEM U 10, 1, 7, 49 WP Eo] FHul 2256, 2527, 1519,
23675 YERH AW stY W9 60.75mm, 1Cycle, =53 W 3, 16, 13, 5, 142 W3 &
o] Hdl 2467, 4199, 2752, 1572, 21765 YEF™ 1A HFSATE 7159 45 ¥9 8lmm,
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4-1. Control Device of Thin Corrugated Plate — MLTM:12High-techUrban16

2" International Conference on ﬁﬁéFCWE /2

COMPUTATIONAL
DESIGN IN
ENGINEERING

Current and Future Directions in
Engineering with Computers

November 13(tue) - 1b(Fri), 2012
Phoenix Island, Jeju, Korea
www.code?012.org

Editor: Waon-Ho Yi

Hosted by

COmputational Structural
Engineering Institute of Korea

Supported by
Yonsel Institute for

NI MR e 99 WBIGMATKOREA (&
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PROGRAM AT-A-GLANCE

Nov. 15 (Thu) Nov. 16 (Fri)
%
Island Island Island : 5 | Tdland
Rm Lobty Ballroom A Ballroom B Ballroom C BB SR / BallroomA
08:00-09:00
Keynote Lecture 2
09:00-09:40 Structural Modeling of the Human Cornea:
from Molecular to Macroscepic Scales
5 s = Keynote Lecture 3 /
901020 g BIM Concepts and Benefits
&0 A
= A
10:20-10:40 =] Coffee Break g
% 08211 05212 08213 08214 05215 |
< Cutting-edge Control Device of Electromagnetic Multidisciplinary Building Engineering
g Technalogy en Thin Corrugated Field Analysis Computational with BIM A
o Building Safety and Plate - MLTM: Mechanics
10:40-12:20 Serviceability 12High-techUrbant6 2
g
g =
g S
o (=3
3 o
s o
- :
12:20-13:40| £ Lunch R
2 1 = =)
= = &=
) = 2
& 16 <
08221 08222 08223 08224 08225 1 HE s
Advanced Composite Recent Topics Freeform Surface Development Application of BIM || S 5
Structure Design in Structural and Optimal Solar of New Traditicnal Technology in the = =
13:40-15:00 Optimization Panel - MLTM: Korean-style Life-cycle of 1 o i
(Size, Shape and 12High- House I Building and g = =
Topology) I techUrban23 1 Infrastructurel §
i
15:00-15:20 Coffee Break
#
5231 08232 05233 05234 05235
Computational Recent Topics Freeform Surface Development Application of BIM
Engineering and in Structural and Gptimal Solar of New Traditional Technology in the
15:20-16:40 Mechanics IX Optimization Panel - MLTM: Korean-style Life-cycle of
(Size, Shape and 12High- House II Building and
Topology) IT techUrban23 11 Infrastructure IT
[
S241 S242 @
Computational Building 4
16:40-17:40 Engineering and Information
Mechanics X Modeling 7
17:40-18:00 7
18:00-20:00 Banquet & Closing Ceremony

13:10-13:40 / 15:00-15:20
Poster Presentation (Lobby, 2F)

November 13-16, 2012 Jeju, Korea | 5
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SESSION TOPICS

Computational Engineering and Mechanics

Adaptive Methods 5231
Advanced Composite Structure Design 05221
Advances in Computational Mechanics 05116
Assessment of Structural Behavior based on Response Monitoring System 05115
Biomechanics 5132

Case Based Designs P2, 5132
Computational Design in Disaster Prevention 05142
Computational Mechanics using Mobile Interface 5241
Computational Methods for Simulating Complicated Behavior of Materials and Structures 05123, 05143
Computer Aided Design 5145
Computer Aided Engineering in Samsung C&T 05112
Construction - IT Convergence 05114
Control Device of Thin Corrugated Plate - MLTM: 12High-techUrban16 05212
Cutting-edge Technology on Building Safety and Serviceability 05211
Daewoo E&C 05122
Development of New Traditional Korean-style House 05224, 5234
Electromagnetic Field Analysis 05213
Evaluating Future Earthquake Disaster 05126
Formfinding, Topology and Structural Morphology 5132

Fracture Mechanics P2, 5136
Freeform Surface and Optimal Solar Panel - MLTM: 12High-techUrban23 05223, 05233
Integrated Design Systems 5153
Isogeometric Methods: Integration of CAD, CAE and Design Optimization 05124
Lifetime Costs P2

Model Verification and Validation P2, 5241
Monitoring of Structures & Buildings 5153
Multidisciplinary Computational Mechanics 05214
Multiscale and Multiphysics Simulations of Material Sciences and Engineering 05113

Real Time 3D Simulation 5153

Recent Topics in Structural Optimization (Size, Shape and Topology) 05222, 05232
Reduction Method in Analysis and Design of the Large Scale Problems 05144
Reliability and Probability in Engineering Mechanics 05125, 05135
Safety Analysis P2

Seismic Isolation Assessment of NPP 05134
Structural Control P1, 5231

Structural Engineering Including Steel, Bridge, Composite, Reinforced Concrete and Masonry Structures — P1, P2, 5146, 5154, 5156

Structural Optimization and Sensitivity Analysis P1, 5145, 5146, 5156
Uneertainty Models 5132
Others 5153

6 | CODE2012
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DAILY PROGRAMS | Nov. 15 (Thu)

Nov. 15 (Thu)

09:00-09:40  Keynot
Moderator: |.S. KONG (Korea University, Korea)

ote Lecture 2 Island Ballroom A

{

STRUCTURAL MODELING OF THE HUMAN CORNEA: FROM MOLECULAR TO
MACROSCOPIC SCALES
P.M. PINSKY (Stanford University, U.S.A.)

09:40 - 10:20 cture 3 Island Ballroom A
Moderator: |.S. KONG (Korea University, Korea)

BIM CONCEPTS AND BENEFITS
R. BRINKMAN (Brinkman International Management Services, Hong Kong)

ote Le

10:20 - 10:40  Coffee Break

10:40 - 12:20 ility  Island Ballroom A

Chair: Y.H. LEE (Kyung Hee University, Korea)

052111 BEHAVIOUR RESEARCHS FOR USER NEEDS CASE IN CHILDREN'S CLINICS/HOSPITAL
C-H. HSU and C-H. HE (Nation Yunlin University of Science & Technology, Taiwan)

05211-2  EXPERIMENTAL STUDY ON THE TEMPERATURE DEPENDENCY OF LOW HARDNESS FULL
SCALE LEAD RUBBER BEARING
J¥. PARK, K.S. JANG, K.N. PARK (UNISON eTech. Co., Ltd., Korea), H.P. LEE (KHNP-Central Research
Institute, Korea} and H.C. KIM (Kyung-Hee University, Korea)

05211-2 AN EXPERIMENTAL STUDY ON THE STRUCTURAL BEHAVIOR OF SEISMIC RETROFIT WALL
SUBJECTED TO AXIAL FORCE AND CYCLIC LATERAL LOAD
JW. PARK, K.C. SIM, J.Y. PARK, K.N. PARK (UNISON eTech. Co. Ltd., Korea) and H.C. KIM (Kyung Hee
University, Korea)

052114 EXPERIMENTAL STUDY ON BOND PERFORMANCE AND STRENGTH OF SHEAR STUD
BETWEEN HIGH STRENGTH CONCRETE AND STEEL PIPE
J.CHOIL MSS. KIM, Y.H. LEE (Kyung Hee University, Korea), A. SCANLON (Pennsylvania State University,
U.S.A., CH. EOM (Uiduk University, Korea), H. KIM and DJ. KIM (Kyung Hee University, Korea)

05211-5  EXPERIMENTAL STUDY OF CIRCULAR CENTRIFUGAL HOLLOW PRECAST CONCRETE
COLUMN AND STEEL BEAM JOINT MEMBERS
D.H. SHIN, H. KIM, Y.H. LEE (Kyung Hee University, Korea) and K.H. LEE (Provincial Fire and Disaster
Headquarters,, Korea)

F Thin Corr - MLTM: Island Ballroom B

10:40-12:20  Organized Session 212

h-techUrban 16

Chair: ]-W. KANG (Yeungnam University, Korea)

05212-1  DUAL-FORMATION CONTROL OF MULTIPLE 2-LINK MOBILE MANIPULATORS
B.N.SHARMA, J. VANUALAILAT and A.PRASAD (University of the South Pacific, Fiji)

05212-2  THE OPTIMAL CONTROL PROBLEM OF A LINEAR HYPERBOLIC SYSTEM
J.H. HA (Korea University of Technology and Education, Korea), S-1. NAKAGIRI (Kobe University,
Japan) and SJ. LEE (Korea University of Technology and Education, Korea)

05212-3  MINIMUM WEIGHT DESIGN OF CORRUGATED WEB GIRDER USING GA
S.D. SHON, M.N. YOO, |.H. HA (Korea University of Technology and Education, Korea), ] W. KANG and
K. SEOK (Yeongnam University, Korea)

November 13-16, 2012 Jeju, Korea | 31

- 304 —



DAILY PROGRAMS | Nov. 15 (Thu)

05212-4  STABILITY OF SINGLE LAYER GRID SHELL CONSIDERING BOLT CLEARANCE IN THE NODE
CONNECTION
KJ. HWANG (G&H Design Workshop, Korea) and S.J. LEE (Korea University of Technology and
Education, Korea)

052125  DISPLACEMENT CONTROL TECHNIQUE OF THE CABLE DOME
S.D. SHON, H.J. WOO and S.. LEE (Korea University of Technology and Education, Korea)

052126 STABILITY OF SHALLOW ARCHES
J.H. HA (Korea Tech, Korea), S. GUTMAN (University of Oklahoma, U S.A)) and S.D. SHON (Korea Tech, Korea)

10:40 - 12:20 Island Ballroom €

sion 213: E DI

Chair: HJ. CHUN (Yonsei University, Korea)

05213-1 ELECTROMAGNETIC ANALYSIS OF FS5 RADOME
J. H. KIM, V. B. PARK (Ajou University, Korea), H. J. CHUN (Yonsei University, Korea), 1. P. HONG (Kongju
University, Korea) and M. G. LEE (Agency for Defense Development, Korea)

05213-2 NOVEL 2-D FDTD SCHEME BASED ON COMBINATION OF THE STANDARD AND HIGHER
ORDER FDTD SCHEME FOR LOW DISPERSION ERROR
LY. OH (Yonsei University, Korea}, v.]. HONG (Agency for Defense Development, Korea) and J.G.
YOOK (Yonsei University, Korea)

05213-3  ANALYSIS OF MISSILE WITH RADOME BASED ON FINITE DIFFERENCE TIME DOMAIN METHOD
SY. HYUN, LY. OH (Yonsei University, Korea), ]-W. Ahn, S-M. Hwang (Hanwha Corporation, Korea)
and J.G. YOOK (Yonsei University, Korea)

052134 CHANGE IN TRANSMISSION CHARACTERISTICS OF THE FREQUENCY SELECTIVE SURFACE
IN HYBRID COMPQOSITE STRUCTURES DUE TO THERMAL RESIDUAL STRESSES
IH. HWANG, H/J. CHUN, K.M. PARK (Yonsei University, Korea), 1.P. HONG (Kongju National University,
Korea), M.G. LEE (Agency for Defense Development, Korea) and Y.B. PARK (Ajou University, Korea)

05213-5  SCATTERING ANALYSIS OF MULTILAYERED CYLINDRICAL FREQUENCY SELECTIVE
SURFACE BASED ON DIPOLE PATCH
Y.R. JEONG (Yonsei University, Korea), I.P. HONG (Kongju National University, Korea), H.]. CHUN
(Yonsei University, Korea}, M.G. LEE (Agency for Defense Development, Korea) and J.G. YOOK (Yonsei
University, Korea)

052136 SCATTERING ANALYSIS OF MULTILAYERED PERIODIC TRI-POLE ARRAY
C.S. PARK, Y.R. JEONG (Yonsei University, Korea), 1.P. HONG (Kongju National University, Korea), H.J.
CHUN (Yonsei University, Korea), M.G. LEE (Agency for Defense Development, Korea) and |.G. YOOK
(Yonsei University, Korea)

052137 EFFICIENCY IMPROVEMENT OF A THIN FILM SOLAR CELL USING THE SURFACE PLASMON
EFFECT
S.H. BYUN, J. YOO (Yonsei University, Korea) and HJ. SOH (Hyudai Motor Co., Korea)

10:40-12:20 Organize ) i
Chair: H.5. KIM (Dengguk University, Korea)

n 214: Mult nlin npL nal Mechanics Wind Hall A

05214-1 FAULT DETECTION AND CLASSIFICATION OF ROLLER-BEARING SYSTEM
B.H. KOH, D.H. YANG, D.H. KWAK and M.K. KWAK (Dongguk University, Korea)

05214-2 NUMERICAL ANALYSIS FOR TOOTH BRUSHING USING DISCRETE ELEMENT METHOD
D.H. NGUYEN and J. PARK (Kumoh National Institute of Technology, Korea)

05214-3 A COMPUTATIONAL ASYMPTOTIC MODEL OF LAMINATED COMPOSITE PLATES WITH
DAMAGED INTERFACES
J.-5. KIM (Kumoh National Institute of Technology, Korea)

32 | CODE2012
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H Ko HS Ryn, KH Moon.]s Bang,
SHOh. KK l.f.:,M.H Lee, Y.H Choi

: ‘Seung Yong Lee ¥
§.C Kwan, GN Kim, 8.Y Kim\J.HYm:
)’JCLw JH Lee, huCHthng 1€ Jeon

B Preface

B Special Issue

Performance Based Fire Resistant Design Method for Sleel Structure

{ Heung-Youl Kim - Jun-Hyung Kim

A Theorefical Analysis on Performance-Based Fire Design of

New Zealand and EURD Code

{ Jae-Sung Lee - Seang<Cho Yang - Seung-Mun Son - In-Hwan Lyoh  Hyung-Jun Kim

General Cerlificate of Unprotected Concrele Filled Steel Tube Columns in 2hours Fire
/Kyung-500 Chung - In-Ratk Choi - Do-Huwein Kin - Heung-Youl Kim - Bum-Sik Kim - Seung-Min Lee
Current Status and Suggestions of Structural Fire Design for Steel Structures
#Sun-Hee Kim - Jeong-Ki Min - Sung-Mo Choi

= Announcement of Next Special Issue
W Research Articles

Evalualion of Unit Modular Lateral System lor High-rise Building

Sung-Sup Lee - Keum-Sung Park - Sung-Yub Hong - Kyw-Woong Bae

Shear Buckling and Structural Design of Sinusoidal Corrugaled Web

1 5u-Deok Shon -+ Seung:Joe Lee + JooWon Kang

Development and Application of Coupling Beam Damper

{Woan La + Hyun-Sup Noh  Jae-Un Jung - Tae-Sang Ahn - Young-Ju Kim

Structural Performance of Modular Simplified Composite Steel |-Beam Bridge
{ Jong-sup Pk - Ci-vang Yoon + Sen-ho Lee - Jae-Heung Kim - Sung-yong Kang

B Technical Reports

New Shape Hybrid Forming Composte Beam /S Bie Kim - ang Sevp Kie
Pawtui Se%mic Frame Merhoul for Emstlng MIdeWHﬁ#
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There is a limit to the representation of finite element analysis modeling of the pure shear of corrugated plate. However, if the shear force is applied to the
corrugated plate, the set of appropriate boundary can be obtained to the nearest theory value. In this study compared Shear buckling strength about each
boundary condition with the plate shear theory. And then each boundary condition applied to sinusoidal corrugated plate, evaluate convergence of the mini
mum shear buckling strength of each boundary condition and shear buckling flow was observed through shear buckling mode shape.
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Corrugated plate is made that the local b global and ive occurs b of the g ic properties suchas
the ¢ effect. C d steel having such characteristics is shows a buckling characteristic different from the plate. However, It was a
design by the basis of the shear buckling equation of plate. Therefore, this study was | tigate the ch istics of the shear buckling mode
and shear stress of d plate gha tric study using the finite element method.
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A Comparative Study on the Shear Buckling Characteristics of
corrugated plate according to shape
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Corrugated steel plates have been used in civil engineering applications such as buildings and bridges, and many studies. These corrugated plate
has geometrical characteristic — accordion effect. This study analyzed the elastic shear buckling about geometric parameters of sinusoidal and tra

pezoidal corrugated plate.
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Shape and parameter of corrugation

SHAPE OF SINOSOIDAL CORRUGATION SHAPE OF TRAPEZOIDAL CORRUGATION

w(mm) az(mm) s(mm) h(mm) L(ea)
500 13
775 20 8059 1000 26
1500 39
500 9
116.25 20 11834 1000 17
1500 26
500 6
155 20 156.58 1000 13
1500 19
PARAMETER INFORMATION OF SINOSOIDAL CORRUGATION
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1500 39
500 9
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1500 26
500 6
155 774 79.18 1574 776 156.58 1000 13
1500 19

PARAMETER INFORMATION OF TRAPEZOIDAL CORRUGATION
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The Minimum Weight design of fixed beam using corrugated web

S 0Lt =5 TTFH 2y O|B¥E
Yoo, Mi Na Shon, Su Deok Kang, Joo—Won Park, Sang—Wook Lee, Young—Rak

*Ph.D Student, Architectural Eng., Korea University of technology and Education, Cheonan, mina39555@gmail.com

=*Research Professor, Architectural Eng., Korea University of technology and Education, Cheonan, Republic of Korea, sdshon@koreatech.ac.kr

*=xxProfessor, School of Architecture, Yeongnam University, Gyeongsan, Republic of Korea
«x+*xMaster’ s Course, School of Architecture, Yeongnam University, Gyeongsan, Republic of Korea

This study conducted the minimum weight optimum design using the differential evolution and genetic algorithm of simple structure. And then,
the optimization program was verified with the numerical analysis examples of fixed beams. As a result, the graphs of these two optimization

programs increased similarly.
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Analysis on the Elastic Shear buckling Characteristics
in accordance with corrugation shape of Corrugated steel plate

*Ph.D Student, Architectural Eng., Korea University of technology and Education, Cheonan, mina39555@gmail.com
**xResearch Professor, Architectural Eng., Korea University of technology and Education, Cheonan, Republic of Korea, sdshon@koreatech.ac.kr
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This study compares the buckling characteristics of corrugation shapes and analyzes them. To do this, | adopt the equal—-length trapezoidal
corrugation and sinusoidal one for the analytical models, and analyze the shear buckling characteristics through linear buckling analysis and
on its theory. According to the analysis results, interactive buckling mode appears on the boundary of local buckling and global bucking in
trapezoidal corrugation. However, in the case of corrugated steel plates with sinusoidal configuration, interactive buckling mode appears in
the part where global bucking takes place. Besides, trapezoidal shapes works for shear buckling in the local buckling section, and sinusoidal

shapes does in the global buckling section
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