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Buckling Knockdown Factors of Composite Tank Structures under Both Axial
Compression and Internal Pressure for Space Launch Vehicle
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Nomenclature

R Radius of composite tank model

t Thickness of composite tank model

L Length of composite tank model

R/t Shell thickness ratio

L/R Slenderness ratio

(Nerdperfect ~ Global buckling load without initial imperfection
(Ner)impertect ~ Global buckling load with initial imperfection
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X2, 2= ZAHS &2 # (shel)2X0 ot HIZE 2 HIZAH0l HoY =220t
ZHLSIH 2D AL 0l= New-space"AILHOIA ZAF HIE 2D S =20 =It2 26t
LIRSt 2F LANN Us B0 =2 229 d X i 2F MEE2 3o {«A0IC
0|48t 3 AN SN &M &3 2x= 42 FHe |E =2 MHEEC. dHU, &2
2l (shel)Z OIFR0E YA PZxE=E 2 T =4Et ols8 BCOM, Sol & 2ao A== 2t
=2 (buckling)til = <ollt. Sol, X JAESE 2ol g2 dz 4d) = s 2x= HE ¢
22 A "oz gMEl= xJ| ZE (initial imperfection)22 0I5t A X &= olE2 &F
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OlE2ahel gtoll HIGHH RCt. 0I5 12ddtJl ?IGtH, =2 Knockdown factor (KDF, y)E ZAM &

X9 =J| HAH SHOUAMN =2 EH JI=2=2 AIEsHCH =2 Knockdown factore =J| Z&H0|

gl @B @ PZO MY HEB O1E (Nodpeweo) Ml CHEH EI| ZEO| Y= & XS HY 342
SIE ((Ner)imperfec) 2l HISZ Al (1)2F 201 HOI=ICt. X2 Knockdown factore g2t0l RS£2 o2
2 AR 22 2AHEHESZ, T2 Knockdown factore &M €3 X9 ZeF AAH e MNZECH.
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( N cr ) perfect

Y
~
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Knockdown factor® &8t 2t=2 Hol5t2CH? (Fig. 1). NASASl A2 Knockdown factor?= e A=
2X9 BHEXE (Rt M (1)< HI%& SHBlI (R/H)O Cist &2 i—taﬂEIEH, KSNXS eAA
IEO =2 HA JlES=2 /\F%Elm% Ct. 2Lk, NASASl X=2 & DI Pe gre 2 nxo

pray

20l (U2 BXIE (R)2 HEe AH&EH (LRSS G2 DA LUK, S ASB=HsE
SgiE & 22 ME Jl=2 %3% BrEotXl =&tCh. WMetAd, 0IE 018g &% 35I301| M E=
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Fig.1 NASA's lower bound of knockdown factors®®

NASAS| Shell Buckling Knockdown Factor (SBKF) Z2MEC= 221 =D AX AE X
(orthogrid-stiffened cylinder) “ 0l that0! A= Knockdown factordb 21Z2] NASASl & JI=@o
HISIH JidE = USS =2 AME L ASHQ =Xold HARE Sot0 SYOIULE FE2 new
robust DESign guideline for Imperfection sensitive Composite launcher Structures (DESICOS)
oT2RECT= GUTIL = o= =B 2 PEO St M2 #=2 Knockdown factors
TEOIRLE. BB300AM=E, OEst SEF9 BAE AN Z=xo JAS0H st =X dH& Bt
Knockdown factorE HEGIGUCOM, 012 0I25610f A =SS st X HHS 23GHACHE?),
=2 Knockdown factordl ME2&s 83 2XQ xJ| A SUAHNAME &M FES2 & (dent),

E72s FMH, ¥ XNFZ (out of roundness)l A HXI2L 22 Jlotsed xJ| Z& (geometric
initial imperfection), 2 F ZAIMIS & (stage)dt & ALOIS] HZE20 o8t 272Us o9
nE ST 22 AN Zd NPS NUNOE Folgts A2 2IHSHIC 1202, MaE A

IR MESTS JIGtEtR x)| ZES SXMNARCEZ PEGEHI| St Single Perturbation Load
Approach (SPLA"®), Worst Multiple Perturbation Load Approach (WMPLA®), 2 eigen-mode shape
imperfection®2] J|g2 0I26¥ 20, 5= Tl st =J| Z&2 Single Boundary Perturbation
Approach (SBPAU*)Z At26IQUICH. ©8F, 0laist =J| Z§ 242l Jige 08500 =2
Knockdown factorOff CH&F =J| Z&2l Hef0| ZEHLotH HAREULH. Sol, =2 sSs8gM S
29 x=J| 2= 148t &= Knockdown factor®l =Z0 ot M=, DLRE HARXS0H 26t
=02 ARCACHEY o/, S W FE X2 X2 Knockdown factorel T& Al, S PXO| Chesst



SNl (R/t)=e otLlet MI&EHl (L/R)Q st DHGI™RCOU, S8 | X9 M=z XH &2 M=o
249 AXM (coupling)2 s KKK Z0tAM, T2 Knockdown factorOll CHet 28 2E RX9| J|oteA
Aol B2 QF0| DAGHK RoIUCH ALY 22 M3 1 ANPE HIEHOR 2= YAN NS
Q5t01 oS =8N FE RZO B 20 Y= Knockdown factor® T2 2IGt0HAME CHE9
WEes D24s AR LRSICH M, =28 E PXO J|oHetA Ao HEE Dgst
Knockdown factor =& Al, & X2 &2 H&D 249 AHAAM(coupling)2E K XIGHHOF &HCH
S5 FAE PXO A= HE M2 HES FE X SHHl (R/H)S MEAEH (L/R)Z Holgs=
JI5tEet R A Qs HE XA 22 MNEm 24O oA (coupling)En0l KEts wr=rt7)
JefLh, Mssh A8 APCIphe 28 FE 2Xo HE ZAHS RAGHA U2 W2 Crest
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2 fF A= 28
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A2 HEgl =0lst)| ®IoH gt = M=o 24480 HH (coupling)2ts
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Fig. 2 Rocket Lab’s Electron (left) and ANH Structure’s composite propellant tank (right)
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Table 1. Properties of the Z07 thin—walled composite Cylmder(18

Property Value
Radius, R [m] 0.25
Length, L [m] 0.51
Thickness, t [m] 0.0005
Ply thickness, toy [m] 0.000125
Poisson's ratio, vir 0.271
Elastic modulus, E. [MPa] 125,774
Elastic modulus, Er [MPa] 10,030
Shear modulus, Gt [MPa] 5,555
Lay—up condition [deg] [+24/-24/+41/-41]

707 280 2 px g¥z Jproz, 12t SHHIQE MAHIZE SH6H 26HK,
(R)

s PxRQ
SIPNES S DAS M2 SN () 20l (LS HAGIFCH, 2 HJR0A DA= Crest S| et
HZ&EHIS S |}S X A2 Table 22 2CH FUHE TablelM 201 HiQF 20|, S8 EsT
249 A4 (coupling)&

UAE FXE W2 SFM B 722 FH ()2 s

A 2 =J| {I5tH, ply2
M= (n)S HEOIULCH HE =M= S2 il B2 Bo=2 HOl=IC}.

Table 2. Properties of the thin—walled composite cylinders with various thickness
ratios and slenderness ratios

Lay-up condition [+24,/=24n/+41,/=41,]
Thickness ratio, R/t 125 250 500
Thickness, t [m] 0.002 0.001 0.0005
Number of plies, n 4 2 1
Slenderness ratio, L/R 1 2.04 3
Length, L [m] 0.25 0.51 0.75




LYY R dHs 2= o2 S8 ¥8 7229 Fee4s 2EE 2 = 42 42 HdE
FeteA oid T2 )l ABAQUSE OIZotRCH, A 2ds Zest S8l @8 #+£E Fig. 301
LIEFLHRICEH ZX HES 0188 4E2E2 & 24 (S4R)E OISSIUCH, 8 Ao He Lt
S8t QA9 M YES LXAMIUCH | 249 HWE=E ZHGHI| fIot0, R& 242 JH+E
SHIIHA =20 s 88 M2 ots2 =842 =HelotRb. 2oHd |&t 242 IJl= LU/R =1
2 2.042 2E2 0.0056 m deld, L/R=32 ZE2 Z<0l= 0.007 mOICt

Axial load, N
Boundary conditions % -
Upper edge : _ '_L
TX = TY = 0
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;I‘ormal direction
Lower edge :
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Fig. 3 Schematic diagram of the Z07 thin—walled composite cylinder“s)

2.2 ST L% A WY J|Y

2 dIF0lNME, =S8N 38 22X M= A== oH&ot)|l fotd ABAQUS2l Newton—Raphson
Jl18tol #Hel MO JI"¥ (displacement control method)S 0128 HIHE X2 oS £S5
B MO JIgE2 2= ot oo = Heo 2H HRIE O0IZ8tC Fig. 40 2E0HXIZ, 2H Hel=
S FXO /ot Hol S0 /XIS MO Z2&E (control node)dl Jtotod &ICH MO E2E2 a2
S5 ¥ X9 A/t fXIE 2 EA (slave node)dt 2 H HZECH (Fig. 4). WetAl, Jtal&
2H = A= PXo| ASIHN SUs F)|2 MUY, £5h HHE S22 HANAM X

HA™ OLASIE 26t0 5%9 artificial dampingS E6IQRCH?Y. A€ DX 2o XE6t= UL
oo 2uE o3 FE0Z PHOIUC LAIHM =M @3 RXo AYsiHe =2 R =2
EtRIgol [Ist SAS X0, 2 ARNAME AY/SIH HHZ2 89 Ax Moz 2HHg|
JIEGIRLH, DHB2ZE, 42 SN S 222 MY oY ZHO Jichkle W 282 F =
PR HECUM 012 SJto &E st=22 MO0l AN JI6HUCH (Fig. 4). W 2ol IIl=
S AE PRI L=20| JtohKls SoF =S2Us 3|12 SIS0

Enforced axial displacement

]

ontrol node

Lower slave nodes "Rr‘ Control node
B.C. at the control nodes

Fig. 4 Applications of loads and boundary conditions
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2.3 S8x /5 1xo J|5tety x7| AE mUY 4 Fxi=z i

e 4 xXol JIBHEtA x)| ZEe2 0laslE HAOCREH HIE HOLN, &8 X2
HAMAC X2 6tE UHl AMEZ JoXs X2 61 249 FTE Qo=z U QJUCHSY,
OS2, 2 HINAE 019 22 Jlotatd x)| 282 Ded6ld 28l 2FE X0 X2 A
2SHSHCH O, ANEWAN H=8t "t 20l, =J1 dH SHOA AI2Z= T2 Knockdown factor@l
CEZ2 5l =X 2 M2 ol HHS U2 /E REO JlsiEt™ x)| ZHE NHBE
XN OZ RS 9A6t0 SPLA'YZ AIZSHCH SPLAS JI6iet® xJ| Reg U= 942 AS
DXO EMZ MFF DE 4 YO0, NASAS SBKFPZZME o 29 DESICOS® 7
T2MENA HESHOZ AZLACH. L2 =25l S X U elHME 6l =2 Z
X2HO XJ| REW L2 2 =29 xJ| ZEH0| TIEOZ DALUS M, M= &+=0] 3N
LA 2 QOO JIgiatA xJ| ZEOS DY AQU=s 2E =N ASE I S X2
Knockdown factorll &tst 2te Mz E2&E £ QU F, Jloted xJ| 20t Ddcie A2 2=
A0 ot Y 2402 w2 X2 Knockdown factor2 M=26IK 2= JgiL, WE
ot RFIE RX0 CHEO SUHE e I ot= (tensile pressurized load)2 2 #2610 |E RXD}
Q= 9 20| YO QNS WS ORN, J|GIEAMOZ YMEls = FHA0 AMEI W20,

n factorOil CHet LIS 2=He| F&S XAots 2 HAF20AME

Sl SPLAZ 0|28 HIAE SX2 oM EXPP= S0 20 3N, o2 =28
J| &S SPLAZ 0I256l01 REs6t)| 6t0, I ZE0| gl= 2A8s AS

O Z2HUIAM 2o =AOZ perturbation load (Q)E Jt&Ct (Fig. 5). O &
It & Q2 gtof 4

| Oistd 23S Ao HEE FHAS I ot HAHE HAE A0l =M
Perturbation load (Q)0l 2ol &S FX9 BEE A2 J|gistd x| Z2gs A= F85 2XE
|

=<
gda2 Jlotstd I ZE8S UHE = UEE, 7 a4 ZE9

LIEIHCH R|E P=xo HEE & ,

HEO| XMEUS HAGIH P2 (stress—free) AEZ LIS SHOUAM MUY SW, 2.2Z0lA
H9E YHZ 01Z05td =M 8 X0 W 22 OtstCh O, W 232 DotAl 22
=20 Nest alae dR0= 0 EXoF MeECH AW, Newton—Raphson 282 0188 &2
Aol =32 2ol |}E X0 2H HRAE 2220 M== 28y 20| EEZstCh. 0] HHUA=
LHE &£=0| (Mol €8st 30|12 KRAELC OIXNYez, A8 X2 x)| ZE2 fst Q2 AJIE
SIAIIE A =J| Z80| D2E &Y =2 63 ((Neimperect) 01 =2 & WNIX 2 M=st WS
B SHCH (Fig. 6). OlMH, Q2 221t €d I (QEL =2 &2, 89 H=Z 6t5 ((Ner)imperfect) 2
2ZAGMA 210 HO 2AEGHH SX=Ch 2= =) 280l D= MY ™2 GHE ((Nerimperfect) 24
2 22X A HZ oFE ((Neperree) 2l 42 A (1)0l TSI &= Knockdown factorE HlaH
T E5HC}.

Pert ti
load,

Fig.5 A perturbation load (Q) for single perturbation load approach (SPLA)



20218 Es?F==d 7141/

2
al

ZOf]

Global buckling load

(Ncr)imperfeet

Q; Perturbation load (Q)

Fig. 6 Convergence of global buckling load using SPLA!®

HH, S |8 X0 s Red Y =442 oid JIg=2 ZBSo)| fote, Table 12 207
S5 A X0l tHotod Y=ol oE HIME A2 A2 S#EACH (Fig. 7). Fig. 7(a)ol
FOHE& HIQF 20, =D 280l DX L2 HAH X2 oFEQ (Nerpertect= 33.57 KNCZ2 HIAZ| AU LCH.
Perturbation load (Q)jP Sote —JF%, x=J| Z2E0| D= MY XH= o= (( cr)|mperfect)0| AR
=88 Q1 = 4NOIAM, =25 Z=2 (A0l ZM5IASH, 0lF =J| ZE0l DdE Y =2
(Nor)imperect 2 19.66 KNC 2 2=ZEEIQULCH (B). 2 HARUA A HH X=2 ot 2 NEERRIPSE]
P% olE (21.80 kN)2 XI0l= 2F 9.82%°2 2 HEgl & 2AXIotH, 0 @X=s 2 AEUWAS Cresst
SSAMH0 28t X0z AIZEC. OHB=2, a2 =S8 28 X2 Kst 24 R Y =24H=
o JIg0] & MEUASS =0CI5HIILC. Fig 7(0)0fl X2 AS LEIH/JACH FOE DM, 28
=2 (A)2 Perturbation load (Q)JF Jtoll&l 2AXI0IA ZMolH, 8 X2 (B)2 OIS0l =0
SOtetoll ek QIt Jtal&l X2 2 EH °J§°| A== dstoz HAELD. Y =0 LMs 0lf0=
=2 080l 2F gsoz 220 AL 42 (C)0l HEECTH

10 210 R/t =500 and L/R =2.04
Q = 0 N(perfect)
350 |==Q=2IN
—Q=3N
0 IR ~
225 _ g: 10N A - Local buckling
=22 auman ef[13]
5= T A o I R A
<
£ 20
=
515
{/ B : Global buckling
10 y 4
st /S
| 1016
0 |
0 1 2 3 4 5 6

Axial displacement (m) x107
(a) Load—displacement curves

C : Post—buckling
(b) Buckling shapes (Qi=4 N)

Fig. 7 Validation of post—buckling analysis for Z07 composite cylinder
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ZEE 248 o A2 HA JIPS 013, Chekst Sl (R/t = 125, 250, & 500)2b AIEH
(L/R =1, 2.04, & 3)2 = =M S FX2 G0 ==eF Dedst ?—H% ofs Z1E Figs.
8~1001 H2IGtACt Fig. 8(a)= R/t =125Q! =& S 7L 2E9 dt=5-He 855 UEHC LR
=1,2.04, & 328 2= =) 20 AKX = 2HHs AE 229 B2, (Nedperect?t 282F 555.71,
546.85, ¥ 543.89 kN2 AH&HEIUCH M2k, L/R =2.04 & 38 H= 229 (Nedperect?t L/IR = 12
Z0H0l HIGtH °F 1.59% 2l 2.13%2t3 =Lk e, &8 220 Jlotst® =J1 280l
DAZAS M, /R =1, 2.04, & 32 (Ner)impertect= 3434 418.12, 346.40, & 312.53 kNe2 O LH.

8%, L/R =204 & 38 #= =) Z&0 DedE 2Eo dY9 XM= ot=2 L/R = 10 HIGHH <&
17.15% % 25.25% S HMEZJACH 0I5 Soted, MEHl (L/R)JE B)Eg=E, & =g S0l
ZHESSE, =J| ZE9 R0 &2 Q0 MY = of=01 A4S ¥ £ UCH Fig. 8(b)UHIA
20I%, =8 &= (A), &9 = (B), & =2 (0)2 = LE0l 222 MEH (/RN A2

FARES 2010

x10° R/t =125 and P=0 kPa ‘
(¢ 1006
& 1 -
i S : LR =1(Q; =270 N)
5 g P H
¢ ’ i :
§ ’ I :
B b i :
B s i i
~4 He :
z 1
=
=
=
=3 L/R = 2.04 (Q; = 250 N)
=
>
<
2
==:L/R=1 (perfect cylinder)
—LR=1 (Q,=270 N)
1 ==1/R=2.04 (perfect cylinder)
—L/R=2.04 (Q,=250 )
+++L/R=3 (perfect cylinder)

=—L/R=3 (Q,=285 N)

% 0.5 1 1.5 2 23 3 L/R=3(Q; =285 N)
Axial displacement (m) x10°3 A : Local buckling B : Global buckling G : Post-buckling
(a) Load—displacement curves (b) Buckling shapes

Fig. 8 Post—-buckling analyses results of the composite cylinder under axial compression (R/t=125)

822, R/t = 2508 H= =M %E X0 et Y=50 et = 3= s Z2UE Fig. 90
LIEHLHRACH. Fig. 9(a)0ilA 20I%, L/R = 1, 2.04, ¥ 38 =& ijl 280l Sl =8 88 *x2
(Ner)perfecr= 2828 139.09, 136.76, & 133. 54 KN Z HACIAUCH TetM, /R =2.04 & 32 %= &S

FE2 (Nerdpertecri= L/R = 10l HIGHH 2 1.68% el 399%DF3 S 2OH[CH BHH,
;1250” j|6+§”&|‘ jt_jl jE:‘écxlhol E4E| = [[H L/R—1 204 DI 39—| (Ncr)|mperfectu D_|I-D_||- 99.8 s

75.81 kN2 Z =ZLACH JAZ2Z, /R = 2.042 3 2E2 xJ| Z&S 1e 89 XM= o2 LR
= 10 HISIH 2t2 18.48% % 24.05% A HACIUCH R/t = 2502 BR0UE, d=8 R/t = 1
Ztet S5 MEH (L/R)IE Sitg==S, A H= o150l ZA8C F0A 20 Ut =2
(A), &< &= (B), & 3= (C)2 #2 &S Fig. 9(b)0Il LHEIHHACH =5 &= (A) & A
(B)ol HEE &2 R/t=125(Fig. 8(b))2l X= IIE D S ALGHC.
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14,<104 R/t =250 and P=0 kPa
1 A N ) 10 (o) [e
,I : S L 2
/ i
12 /' H L/R=1(Q;=30N)
A /,’ i 1
10 ’ i ‘
2 g '@C O
=8 i
< 1
= i
- H L/R=2.04 (Q; = 40 N)
=2 i
o] 1
- 1
!
4
==:L/R=1 (perfect cylinder)
=L/R=1(Q,=30 N) N/
2 ==L/R=2.04 (perfect cylinder)
—L/R=2.04 (Q,=40 N)
«++*L/R=3 (perfect cylinder)
N ~——L/R=3 (Q,=50 N)
0 0.2 0.4 .06 0.8 1 1.2 1.4 L/R=3(Q; =50 N)
Axial displacement (m) x1073 A: Local buckiing B : Global buckling G : Post-buckling
(a) Load-displacement curves (b) Buckling shapes

Fig. 9 Post—-buckling analyses results of the composite cylinder under axial compression (R/t=250)

: = R/t = 5002 S #8° 32 (Fig. 10), /R = 1, 2.04, & 32
(Ncr)perfec_ j—r . 3357, ELcI 33.01 kNoi Oﬂi |O-IE|' [E}EM-I, L/R— 2.04 9-:' ——I (Ncr)perfectE
L/R=1 220l HIStH <& 5.06% X 6.65%C+2 &Lt 2tH, S8 S 220 Dot A xJ| Z8s
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Fig. 10 Post—buckling analyses results of the composite cylinder under axial compression (R/t=500)
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internal pressure (R/t=125 and P=10 kPa)
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Fig. 12 Post—buckling analyses results of the composite cylinder under both axial compression and
internal pressure (R/t=250 and P=10 kPa)
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Fig. 13 Post—buckling analyses results of the composite cylinder under both axial compression and
internal pressure (R/t=500 and P=10 kPa)
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Fig. 14 Global buckling loads of the thin—-walled composite tank models with and without the



2021 HBFE2Y (7174 /21 7 = OF]

Zt=Z Knockdown factor0fl CHet LiH Qt=9o| &k
Flg. 152 &AM Z2HE JA I=Z2 ot=2 ZUE 0l20tH =8t &= Knockdown factorE
o ==st A

LIEFHCE W2t 29l D= =80 1ot
I2HAH ADFEIO| J|E = or=ap L o

oMo —l

=2 Knockdown factor 28 E0WHFM,
b 2= Knockdown factore

=

nockdown factor2 NASAZS
et oK 22 42 25, 2 HAF0AM

| XHOI2F F=O{& AI&EHl (L/R)S
(R/1)JF &Jt842 HECH 0l= NASAS #=2
S0 7‘*%@ gtet &0l,

_I
OH, &3 2EO FHIt SOHESE =,

o|plstCh. HA, % HAIAWAMN SEN 43 220 CH
=2 4 JI=Ps ylnstth us oae st A
T &8 F= Knockdown factor2 NASAS| Z

220 A E”Zl Qo EHIE &0
A 21=%0| 1930~60ECHO X

I
SEME2 zA g2 8 #X M JIg0l BHEEX &

= oS

SHEl (R/1)II SIHE4LE, M 2 220A ZMol= Jlotst® x| ZEH0| Eé.'oDI MZ20|Ct.
OFADIXIZ, S2st SNl (R/1)2 ZAHUA WS 2o S20 A22i0l HAHl (L/R)JH A=,
=2 o439 X2 Knockdown factor® NASASl X2 Knockdown factor®ol Xt0|Jt = P H} Ol &3

Kn
Qo 20(JF 2 HSH IS NENS 276D, NASAS J|1=9 X2 &K JI1=Po ¥, Iz
Knockdown factor0il CHEH 43 @aio| 210/Q A&S DAGHA LUAI| H20ICHY,

2oz, 2 HI0AM £ F=2 Knockdown factorOl CHEF SHHlI (R/t) &2 MHZEHl (L/R)2

g AHEH, FOHE SHH (R/t) ZHHAM AHEH (U/R)IF SogsE=2, 2 H319 =2
Knockdown factore= WS 20 A28i0] 2F 2A0t= 22 B0, [etA, &2 &3 ZE9
ZJ| ZE0l et 212 = &3 2ao] 20|10 2UHE L2 ZSIHEs 2 £ QUL 0l MZEHl (L/R)JT

S M (Nerimperfect 2t (Ner)perfect 2CH A 2tABHI| MHE0ICH BHH, S8t MEHl (L/R)2 A0 A
SHEI (R/Y)IE Sotete d220lese, & 82 A2 Knockdown factor?l #H3aF F&H0| CiA XH0| It
ASS ¢ = QUL =0t 78#* =2 Knockdown factor= MB!I (R/)IF SItE4+= 2ASH
L/R = 12 240l ot SHHl (R/t)IF 12504 50022 SItg [, &= Knockdown factors <
13.33% AL DOI&DJIXIZ, SHEl (R/H)IE 12504 50022 =IHE [, L/R = 2.049 ZE=0=

(e}

=2 Knockdown factordt 6.35%0t2 2ZtAGHH M, L/R = 329 Knockdown factores Hel =6
SXEACH L=20F DS A R0 = SHEl (R/1)2 SItol 28t &= Knockdown factor?l
20 AIEH (L/R)IF 21 €43 280, 2010 &2 93 220M O HECH 2L, W8
g =l SN O OEéF HIEB (L/R)ZAUA SHBl (R/D)IF Solotol: =
Knockdown factordl 2tAGHK] %*D_ 20oldd Sotote HE2 & = ULH Ol sEEM g3 2|
CHotod SHIE af2 =8 (22 SHHl), U8 220 &2 88 E =0l= It SItE I W&0IC.
Cs e = ot =2 Knockdown factorel ZJt82 €3 20| LHELE (=2 MHZEH])
SOIstC. e g2 g0 8 DdEg E2, SHEl (R/)IE 125004 50022 Sotg M, L/R =

[e]

T =0 = = |
19 22 Zt= Knockdown factordt 2 16.88% ZIIot 1D, L/R = 2.042 22 24.24%, ecl1)

L/R = 39 22 31.15%0t2 ZII6t%LCE 0l 3.3E0AM d=8 U=l 20/, 8¢ X=2 otE2
SO0 CHEE LS 2o Jsi0l SEM 83 20| 2HE=E HR/I| WHEO0ICH.

2 AWM =% X2 Knockdown factor= DAHE 2E SHH (R/t) & AZEHl (L/R) ZAHUA
=0 NSt 20 HIotH e 2EsS a5 8l H820t0 &&8 2001 =H &E&DUCH
(etA, 2 SEM 83 20 W 282 a2 &8l e 22, &= Knockdown factordt
NEE 2= JASE BQIGINULCH. =2 29 X2 Knockdown factorE 0|28 ZFLR, 42 & X}
HEH A "2z, 2 d3R°9 UR 2= 4= g ddst H Knockdown factors
Ol S6HCHH, ZAX 2EQ & ANt IIs&2 EolotALt



SmOmLDAL [Z] Al /2l &2 0F]

Slenderness ratio, L/R =1

0.90
0.8
?s
i
8
& 0.6
=
3
=]
2047
9
=]
=
X
0.2 '\ Asa sp-s007 [2]
O P=0kPa
VvV P=10kPa
0 L L I
0 200 400 600
Thickness ratio, R/t

L/R=1

Slenderness ratio, L/R = 2.04

0.8
?\
xy
e
E06¢
=
z
=]
204}
(2
=]
=
M
0.2 F[——\Asa sp-8007 [2]
O P=0kPa
V P=10kPa
0 ‘ ‘
0 200 400 600
Thickness ratio, R/t
L/R=2.04

Slenderness ratio, L/R =3

0.8
?\
xy
e
E06¢
=
z
=]
S04}
(2
=]
=
M
0.2 F[——\Asa sp-8007 [2]
O P=0kPa
V P=10kPa
0 ‘ ‘
0 200 400 600
Thickness ratio, R/t

L/R=3
Fig. 15 Buckling knockdown factors of the thin—walled composite tank models considering

various geometric properties with and without internal pressure
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