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Analytical Study on Cylindrical Shells with Deck Plates Made of Light Weight Steel Structures
—Effects of Thickness Change and Equivalent Element Replacement—
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Abstract: Light steel structures using thin section members tend to exhibit local buckling due to the relationship of the plate thickness

to the acting stress. Therefore, when thin-walled steel plates are used in cylindrical shells, it is necessary to evaluate the appropriate

bearing capacity and to understand the buckling behavior in detail. In addition, the effect on the case of equivalent element replacement

on the buckling behavior is still unclear. From the above, a numerical analysis was conducted to understand the effects of thickness

change and equivalent element replacement on the buckling behavior of cylindrical shells using deck plates.
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A Beam Element Cross Section

[Analysis Model]
B Material Specification / Structural Specifications

[Cross Section View]

Main Material (Shell Element) JIS G3352(Deck Plate) SDP2

Material Data (Shell & Beam Element) Elastic / Plastic

E =205,0000N/mm?), v=0.3, 6 = 235(N/mm?)
Load Condition

Uniformly Distributed along Roof
Leg Boundary Condition (Shell Element) All Lines at Both Ends : Pin

Leg Boundary Condition (Beam Element) Fixed / Pin
Constraint Conditions (Rotation) Master: Unit Central Frame Axis—Slave: Other Frame Axis
Parameters (Shell Board Thickness [t] ) t=23,4.0, 6.0 (mm)

Figure 1. Outline of Numerical Analysis

JIS G BRJUTKESNDT v X7 L— MNMI4HIR Y =V
BRTET/MEL, HTHIILT 72 P %47.5mm, 7
=7 %30mm, ZEAEENT FIES0mmEL FIZ A > & = 5y
L7z, BEREFMIIHEO 7 7o P8I 272
KR Ule. F£70, == FOMFE Y = WX Y#hE
HEOPER MR BT 5720, 1= N oY
MR & A —C e 5 %%, £ EF7 7 v omn
AT 0 DO G- % 7= faf EIX AR E A & (-ZJ517))
DRBIRENIR > TR & Lic. BB IR
BIOEEERZRD D720, MIPEEAETIC LK
DI T — R &2 PHARRE & U T 21T -
7. 123, PR EO R KIEIZA /X D1/1000& L7z,
a7 A—%21%, T vF7 b — FOREWAmm]) &
L, 2.3, 40, 6.0mmMD3%7 —RA L Liz. £/, PEEH#HIC
FEMEMR LT V2RI, BRASEEZEEL L)
B USROS — Ak L CTRRE R T o 7. PR, i
BRET VAT, FEIE & B OMR Z i 5720,

1: BRET-#8 - 8% 2 AKEIT - FFEFEER

31

3 HRHET - Bt (7 - 5



S5 FE

BRMERAEE & BRYBMEATRE D2 & — R CHERAT & 4T > 7=
3. HEBTHERSLUER
3—1.HREZLDEE

EhiE ol B — AN BEfR 2 Fig2, v = VERET )V
(t=4.0)Dff i — O T AR A Fig 31T~ 7. T, B
AN T L O BARTEIZ02% 4 7 & >~ M & L.

Fig2, 3 XU, BEMEET X, RIEOHINIE
WBRTTE - e KB EF L, ThEh =231
LT, =40 1ZFEIR 1.73 1% - K 147 1%, 6.0 1T
BEIR 2.61 %5 « Fe K 2.61 5 &7 o7 £, BEIR%ED
D IR B F IR R T A8 2E LTV RIS,
B = VERORR « HeRERRFOLALIIERFER
Th O, FEKREEEOWER NI 2R 2R
L7z, 7, T L BT T Lo L D,
WM DOBERDBIEIZ AT LA L D Z & 2R LTz,

t=4.0 DI KA EFFOZETE « I /11X % Fig4 (R,
Fig.3, 4 X0, BRIZ E7 7 POTER, 0=30, i
O DNEIZA T, 20T, F7 7 POl &
0 =30(UEAEIR L, WPt VPR IERT A Z &N
RSz, 7ed, ARMERIIIENFRTHY, &2
= VESZE TV CHRFERRO MR Z R LTz,

- -
— —

HAKFIETFER

FiiFESTIRE

3—2. EMEREBRDEE

Fig2(B#) LV, =6.0 OFMBE P TR Lo =L
BROHIPNEE T NV ORKRWEIL, o VEFZLD,
BEREHCEDL O TRERZN NS WVEE R L. F
72, RKIFEROENITEET VTl —E L.

Figd LV, BEEFFORIERIL, I &KX
v VESE LT B3, TEEOSRRIR L CunZau.
—JF, B USRI & TR OIS RIS v = L EER
CREMPERLWR L. 2B LY, o VHEHEIT
ES L F7 7 OREESND Z L THliTF AL,
[ E X EHCITVMERIRZ R LTS, E 72, BRIRAFET,
Cr VEH LY EELHORERITNEL, BUE
IIREVEA R L.

PLEXY, SMPERER LR, BRI EY
BIME & SRR, BARAT I, MR AT % 2 &,
B RSRAEDE E SR OB R B R EHUT, FRRATE DL
ML EMNCFHHFTRETH D Z L AVRIR Sz,

4. £&0

AL, BHAEEOT v 7 L— M E W& Y
= VR B, a2 O THRIEZ b L OV
MR E L U= BR ORI 5 2 2 B Z et L.

PEXY, Tox 7 — e HWEHE Y =, 5. £EXH
R TR DRERALE L NG, FEEMERIIFERRD (1] fesbed (R = AR OSEi EsR — 7 v % 7 L —
PR Z 7R UTe. E 72, IR & 0 ARA DBRRDIEAT L, N % 2 P o o A B 2 SERAOBIZE(E D 1)), B
THER + 0=30 « PEBIZ KR VISR EL D 2 &, Bk RIS 2L SE 4., VoL33, pp.53-56, 1990.7
A L DREIR, e RWTEA~O MR Sz, [2]  RAAEESEs  ERARHEGRAIHE THGS - RS, 2008.4
Dotted Line : Elastic ~ Solid Line : Plastic . 235 0 -235(N/mm?)
700 9: Maximum :Minimum V' : Order of Yield
,-'/ Shell Element (t = 6.0) | |Element — - M:’:‘m“m Load (P“;:X)_ — —
- ’ N iciormation Diagram 1S€S Stress aximum Principal eSS mimum Principal Tress
600 i ,/. /" Fixed Beam (t=6.0) RedLine™ Defoniity . :
500 ’l,, ’, /;/,'l Shell Element (t =4.0)
é 400 A _./;,' Maximum Load
g ™ :217.6?&;
] @:378.1
= 300 ®: 5672 (kN) / 1
3 ¢ :3203 (kN) shell |}/
& 200 A 458.8 (kN) /
Yield Load No.1,2,3 : Upper Frange
Pin Beam (t = 6.0) - 104.1 (KN No.5,6 : Bottom Frange ] -
100 O 2180.1 EkN; [ Yield Load ] :"'g" 9 378 2(N/mm?) -406.1(N/mm?)
Shell Element (t=2.3 0 :271.7(kN) No.1:180.1(kN) No.2:203.3(kN)

0 No.3 : 219.0(kN)
0 25 50 75 100 125 150 175 200 225 No.5:257.2(kN)

No.4 : 234.3(kN)
No.6 : 267.1(kN)

Central Displacement (mm)
Figure 2. Total Load — Central

Displacement Relation
Dotted Line: Bottom Frange Solid Line: Upper Frange

Red Line : Deformity

¥ 235.00N/mm?) ¥ -235.0(N/mm?)

Fixed
500 Beam
400 | YMaximum:378.1(kN) |
-~ : =T [ Yield Load ]
Z \ No.1: 171.8(kN)
=300 —
-c'g //,/,@,\_\\ Red Line : Deformity
=200 ” N
]
100 Pin
O :Yield Load (kN) Beam
0003 0.02 0.01 0.00 0.01
Strain ¢
. . . . [ Yield Load ]
Figure 3. Load — Strain Relationship of ol 193.5kN)

Z N Yj/X/\ 7

v X

A °
A 9 235 00N/mm2) ! ¢ 2235.00N/mm?)

Shell Elements at Thickness of 4.0 (mm)

32

Figure 4. Principal Stress and Deformation Diagram for 4.0(mm) Thickness Model



