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ABSTRACT

Influence of Axial Collapse Characteristics on Change in Section

Shapes of Structurals Member of Light weigh

Seung-Won Lee
Advisor : Prof. Ji-Hoon Kim, Ph.D.
Dept. of Automotive Engineering

Graduate School of Industrial Technology

The most important goals in designing automobile are safety and environment
-friendless. Vehicle structure must be lightweight in order to improve fuel-efficiency and
reducing exhaust fumes. Therefore, recent trend in vehicle design is aimed at improving
the aims at environment- friendliness and collision safety requirements of the vehicles.
For the former, the trend is toward light-weight of vehicles to improve fuel efficiency
and reduce tail gas emission due to the heavier restriction on exhaust levels.

CFRP(Carbon Fiber Reinforced Plastics) of the advanced composite materials as
structure materials for vehicles, has a widely application in lightweight structural
materials of air planes, ships and automobiles because of high strength and stiffness.

In the study, experimental investigations are carried out for the CFRP circular shaped
member , CFRP square shaped member, CFRP single hat shaped member and CFRP double
hat shaped section member in order to study the effect of various interface number and
shape of cross section under the axial collapse loading.

Static collapse tests were performed with change of the stacking condition, such as
interface number and shape of cross section. Also, Collapse mode and energy

absorption characteristics were analyzed.
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Following the above study, conclusions are drawn as below;

1. In the case of CFRP member with equal thickness, Circular shaped member , squar
shaped member, single hat shaped member and double hat shaped member showed
transverse shear, laminar bending, brittle fracture, localized collapsing, and its
combination. Collapse mode in“T=" shaped member of CFRP single hat member
and CFRP double hat member showed brittle fracture mode combined with laminar

bending and transverse shear.

2. In the case of static collapsing test in order to energy absorption characteristics
evaluation, Energy absorption pattern of CFRP single hat shaped member and CFRP
double hat shaped member show the similar behavior. CFRP double hat shaped
member shows 25% higher energy absorption compared with CFRP single hat

shaped member.

3. In the case of maximum collapse load, CFRP double hat shaped member is
biggest of the orther CFRP members. and in the case of absorbed energy, CFRP
double hat shaped member a lot of interface is biggest of the orther CFRP
members. and CFRP square shaped member is most unstable. Conclusionally, the
most effective energy absorption was showed in case of CFRP double shaped
member and a lot of interface member. Therefore, Energy absorbing characteristics

are independent on the variation of interface number.

_\/l_

Collection @ chosun



=

Al
of W $FEFFRof 74 1 olge] A Hrjwol

LN

)=

A1 A

F 7l 5.(Carbon Fiber Reinforced Plastics)©= 5714l 78 %3}

A

=

AN 3L
s -

uhiof

A 12 A

o B N m o < AT F W X o X KX K J B T T g R
?i&%ﬂﬁémﬁﬂ HuWﬁﬂEmlﬂo%ﬂuﬂ%EEﬂﬁ
= A= X - I - o S =B e
Eo OnTu uﬂt — XU o OT \mw._ ~ ,ﬂl _ EO Lf 0 N O — EO =. 0
T ode By cr PPy o awmRe D T oyw
o o« %0 § T W . oP — 2o — ~ —_
T 8 &l = mo NE - oRr T el B o me o W W R
of = ® 9% 3% N of b = = o T Yo Wo Zo T
X = & = 0 . o = X K = (- X0 X
,_lv_Al ~ 1% mm oo R <R :i ey P :i — ﬂw_; N 17_Al B o=
bo Mo SRR R T = om o B o e Mg T TR
e N Elpale lxgElopiPro
nZ o ! il ~ — To o T oo B
iy =0 = o X T "X olo e -
o = 0 X ~
" H © w_rw_v N %ou ®oph M m M T MM W IR R R WT Ry
Ml X Boom e R oy o o3
oY - HzTﬂATﬂbt;?_A = r:i&o ol b
TBE R LT rE _ Tyt w7l xR
FRE S L0 e g e P g o w B
g es gl T Lm® s ®ad
x —— — ~
G- Lt R R Y T L T
. ~ <7 ,IM;o\uXr ﬂ‘_f_/w_ﬂﬂﬂ_ol N .,umoﬂﬂ.lll
o K= R MR g W S R B L T
o OB — T - ° N R o N
NN e o N - ~ my X _—
S R i S o KT
j%ﬂ%ﬂ e = Ly T AE T E T A o
P X E M " BT gy e B
W= R T ol xRl VG 0P W
TN gy TN S v T T o
T W o oo o o omr Do ¥ B gt o W ML e
o LV M ~o | mr me Do of X 5% U ~ o oy 2<%
S o R N L Ml
RS- | | w~ J o X G o = mo o ]
© my UG Bl = Joo o oLLtLtﬁl
o B oo o T O M O o e
SN R AL - O R BN
CEN ~ H 8 1,U|_l ) \ g X X Mo O ,Wo 5 o He ™ X ,mwo o AF o
;I., ﬁi _I“ 1_ﬁl %1 0 MM IE_M 0?._ = JwAIL 17_.~| O"Tu e Ex_ &o To 17_.0 E.:l T — ﬂvnE ‘mL
1o ) = —_— —
Frfgisaibcasreirpas T o
. o} o pmhv 8 W= ﬂ_ol T Plo E:l —_ M o) XM WJ OI o B
ﬁr%ﬂm.mﬁﬂ_sﬁjx#.mmo_xgi,iﬂwrzwﬁo
H BT W R e g Mo B W MW -
= D i _AMM_A7Z_AQ .ﬂuuﬂmuﬂvﬂ
H " ~ T o 1 N % Wode N R OD oo wo BT
NN OB R RN do o)) o oA E RS ® NN

[e))]
=

34 vEs 1A= e

1

L

FeFoll A

-

o] WAridt

=

=l
R

A 7l

<]

A AsA ¢

Collection @ chosun



A G A A G A& WErE v FQstt. stolBe mAafgko] FHEAFO R
BAE= A7) 2020 ©]57F @ Ao oAEE, dEZ AR RS2 202019 71
AAo ElEE HEO o mE2a1, 20301 o]Foof A|FS FEE o7

o ¥t
1990 1995 2000 2005 2010 2015
CAFEmM  ZEVE
™ Al |E By 2
Kl‘ EUN

500 | | {

—l 408 ASHLIX
LHIHCHS: © M BHY
2 aﬂ“ =
ﬁ ”’fﬂgz__ﬁu- 251 DI
= ‘ THIHCHS: : SRADHY
% 6,000 HOg - 58%
g &
Wy 000
2,000 F
[ OHOIRI =R} ]
SAAZ AT

2005 2010 2020 2030 2040

Fig. 2 Improvement direction of the worldwide automotive industry

{“/Collection @ chosun



HAA Fz2AA 7]

p

s

:IL

&Jz.uﬂ ﬂﬁﬁ_ﬂﬂﬂ%mgw%ﬂ_%mﬂm&ﬂ,%wﬂ%
o i X o %W K o T ® K o— mwo frou
T Py % Towaz® o Ed
X X 5 i_lﬂ pall :i N mwo \‘Wﬂ_; ﬁi AT Oﬁ .
B Do oS ol Ao = RO ok BT o
doT o gy RBT M T DR
o % - B e L R i S N oFF =
~5 @ n_u._ Z‘.ﬁ X ey fils) —_— EE .uA!O == _Z#O o )
RIS Hokn o e ofF = X B3 HU TEa
E%E = el &, \_lﬁ_hw._ ™ Jl 17_.0 %E sl N = 11__%_ = ;@O ETI HT " ,lml A‘.ﬁ ,_.Wo
R - - R
ﬁuwm%olﬂ1%%HM%#%%Q%?%%%k
_ NEZ N BT ﬂ#ﬂﬂﬂ%ﬂn?%m«h
T® T BRR ,OE Mo R o =N o
Pxod "®ambh TxiptdPHTE
oF " % Jo AT HT () ‘_f wr .y HT N_.o (NG ﬂvﬂ 70
o %Ho%_%_o@;uw} Eﬂﬂ%?%%
Py M B o x T O P T g g MR B =
Ho WO o oW opl B " o R = T ook W of T
oy L g o0 X8 BR KK o = o o oF
TN TR R B X W E &g T &
~ 2w B o 1 Ny Rt
= == 2) ﬂql _&.O ;OL a AT N _._ 0 A‘.ﬁ Eo
o T~ = 5 T 3 o — E o  —
TR R R T A Bl TR
Ho O o] o T 5 = LR X g _mx Prwos
o P N ﬂ%iﬂul R
TR e awn T\ pT TS RET R WY
o mWO ﬂ_/” ﬁi _z? HT HT ‘mL Lf ﬂ_ol _61_ — = ) HA_.O ,Ul E
S U R N D
T .= K B I E Rt TR -
E e E PR =P T 2l
R olm oy B oo W R T o B R
= O M T o ;.%ﬂ%ﬂ%a%ﬁul
B oo mE N A R X0 75 mW o9 T
s HDm  wxw X Ty 08 of < W g
) W R I S
fig ,ﬂl ‘E_l o . 5 < ;01_ ~ X H.t _ﬁ\o :i - ‘_Iv_Al _EB
O TG W I I BT L s S
TAR Ao ot ® g MR el o Ty T
W R 3 <o - 76 B Mo T R 2
o O W o ol — o 1Hp - 53
Z_ljv_l_/ % #L.EEOM‘LI LE+?]#HAIL_O
X K SIYGY w_m LS o . H No o w_m e N -
% o =t o . HoAR T W oo B A T e o1 N
o R o BT T W MRS W R R AR o b WOB T

=

1
-

N4 A A o
aAo] A7

<]

5

NUA S 5 53 A 4
)

A

J

A
=

1

hs

FEEA o
ol 35

a

ko>
il

=

R

tod A

°

=

oe

=
=

HlolH

olw.7] oft}.
web Aee) A A e A

)

o~

pzs

Al F-A, single hat
53 2 FA), AEae] Zpolef uwh

1

s

1
H

3}

Collection @ chosun



5171

A%

=
=

A= &=l A

<]

Al TEAYAY 50~70%5 &

2 F¥ 7}

S deld AEelqA =z Hoj

L=,
=
L

kel

&t 9]

7

_1‘_1
Y
ol = =
A=

A =

<]

A28 4788 L A7y

Agake] AR AL Z G
W oEE st

Mo

=3
=

(€]

g

A A o] gHa ek

o
i~
Mo
o]

N
{Jo

upebA 2 Aol M s A AE AA A

b ge duAE 4

9

z3 A ] Ape]

Al F-Al, single hat B4~

ks
H

-

7}
o}
H

PN
T

)
=

Far A

ted B 3tA71=
ol 4]

7
5T

°©

H

<

o}

==
o,

o

9

Ao} A 2]
g 4= 7t

et o W3}, Felux o] Wl
?:}_

)=

L

¢}

T7F 907F HEE

)
Bl HoiHA

o
=R
J_:']_

=2

=

R

_]

S
pus

3} 53 =

1ol Autoclave U ol A

double hat

¢}

)
=

A

)=

n
ge] Ristel Ao Wstel] up

s} EHEHA)
Al Al

(€]

2346774 Ho] HEE A=

double hat

5

)

o
1o
ol

o

i)
al

—_—

.

tol Awshg A5 HA 9

°

)

=

pzs

o7 1
Pt

9

A

95t wloje 2

Collection @ chosun



1

s

A 1 ol A

N T m Moy T m W T 0BT Aﬁy
of  Hr W T ol TR o m B p U
o 5 &I e Do
° ﬂw_l R X - o
g B © Mg © B IR
B N = = T e
Mo v L oL Koo T w TR
I FREOWoE T go B ° @ 4 F
v >WEwE T o I g B
—_ = 0 X “_:A” LZ
g 2T T = & 5 =B X
il 2o oy T TR g I
<o W F R N eE e N 2 oF
Jvﬁ . st - X Oq O?._ HL ©
s o O S a W o om Tz
Z rxf=2 ZTEZ z ea
X = ,_L. ) ,_L. =
T g Boep o o O
~ Bl o o 0 Eﬁ Tn Eﬁ HT
» o = A b -
Mo By 2w B o7 o w wOE
T = X = of o W Mm R wwl
= oo o ﬂmﬂoﬂ oF T 7 o A o
TN o Wl gy X T WY ™R
= U,_ Gl ‘_t i NE i o =
o T s R y W & =
N = . “Wblﬂll‘:i \mﬂ.A B ﬂ_ﬂ Tn T
Ho _ma W = 9% o] MT W T W W<y =
L o B Eaa Gl
) 0 s X = 0 y 0
B B & o’ mM A N g = N MJ 70
SO ERA il G R
ok 7 X B AF pl o B = BN
T T o gl o W T O ook = <
e M; %1_ # o P o o i TK N = o =K ﬂ% mrw
A PV gEE owFEE g o H
T ZEDL LT TRLE® T
ﬂ%mﬁ ﬂowvquL . R W_o%ﬂﬂ W_o_ﬂ%%
= o = ol ol m 0 < 0 =
oo T oo ® Cagmp® g A o
Pog =TTy 2 RN T om oy K
B N o % oor AT T W OB T B = B o
To EK o U ® o (N oE =

epie,

=
=

sk 27}

¢}

Ao Ay

SHIA 2

)

=
H
-

p—

s

x| e] M3l
Al 5 Aol A

Collection @ chosun



A2 g2 SEFA FAY AR
ATEF

ll = T
1 4o woOF o T TR W
bz o7 B N o] W% _uo uﬂ,_ ﬁ ”m_. WE W W T B 5 T me_v
- 11 i 3 21 N o — B ® o T K
woa- T X o) ° ) > Q) O > I
BT = ) Woom . RO o Hu
oo oy P X g e o T % W Noo ™ = © =
= A T o T — < =0 = Ko & pd ay bl 0
N ~o =) W W o] = (%) nH | Moor
N s B A VI o B T T oo U o =
L T R e S Ty e H oﬁﬂw%
e Mo H = S I I AT
o] T o 2 oE b.a %ﬂuhmuw duahﬂ,mdumuzt%du ar
Mo o ot W g ol g U E B M E e T a  m T
o wﬂm« =3 %o o o o M o N =) N TN wﬁ ~ B 7m X
e NI T = o 2 3MQ}HT%WOMQ%%
LR g B g xH gRURNEeMTEIEEF
m 4 ok T X - "N O I T 6 "
CPETEE: o 2ELE L5 UFa4DRoE
! Ol o ! o) ; . v 0
o o7 0 = H g oL i ) uﬂ GO . %o ol x> FE X ~ o] X =
T som oMo PR .
- = R - T o = Mo © B — BT oL g o5 Wy
S A Lfﬂﬂ%u%bfutau& & Mo X
G (R R S FHEIZS T3 e
= R T ° 9 g o oo HTOWW - IR o o
X a O o KT = o7 w0 No b ¥ KB
Wl @k WO o]~ o N2 oA X op A =° TP = o
o 0 aﬂl ) ol ~ HT :.H i o T
- S I i 11%_“_on%%nzn iz ool osE s oo g
~ e o < N S R = o ay + % W Nlo
Balos ok ﬂnﬁmiaﬁuﬁuﬁmﬂl%?ﬂobgﬁr%
No 0 Iy _, o K " o + mﬁ % = W ﬂm_w o T N o= nE
ok (LS <Eoor 2 W R F R . Moo= ok B D £
T o JJ o =F e ' T ogr 2n o0 dlo A . 53 = 7 n
)AU 1_11_ —_ ﬂ_A” vAlﬂ H_i o o ~ — Oﬁ HT Orl N fuy
Gwom B g M . ﬂﬂmﬁﬂ%xﬁﬁma@%mﬁJﬂqlhﬂ
o RN s B wPagTe Yo Tl
srfeiiy ® ThsrgSprgiizreis
T T o — —_ W J ™ T
n_Alon_._nmoAﬂué — *L%Mﬁmﬁwﬂuov ,iﬂuuTE_.4_owﬁmﬁ
T oMo B oTH = ST I D g = W
% K F s DN N o X 5 Mo 0o o )
X° X T o Hr B v o 4 8w T o KR "
T Td wﬂﬁﬂﬂ%ﬁ.mao_%oqﬂﬁﬂﬁwo%
=T W B E T . X g o T X o OF = o
® A &0 =g o N W I I Gl

Collection @ chosun



Fig. 49} %

= HWAUES

o

=]

Ansel Fo oA

o shajolr] Ze9

o}
H

g

o
[e)

=]
Eik=)

o] ehu]u}

ETTETEETEE
W S o R T
.Dl. \Mm} o N o] ) 0 .P,m|o N I_
w2 o F B° oy W iy iy
2 T op W o o) ¥ % 1
5 - x 0 e -,
= = B NFogo & SR g RO
< 8 % oy O W
FEag xMw o
aﬂw\ﬂﬁﬁﬂl@ﬂﬂuﬂi
=X o e R
T e
% 8w " W il
~ o lﬁ_AlO_ J) ol T
Fo 2R fo o 55 AF wr
~O JJJ N @ 00 = oy WW 150 olo
o Rl T NE B oM T e gy
"o L — X o
w m xo Bl T 0 ) =
WOE o w0 BT 25
o gE RSN ) -
P iga s TP 53
Oy eI X 2c
.A..f O AT ﬂA.o.l H.UI ° o=
w3 o .._;o.muw.mﬂbmu
2 X =y
R i )
my o
o T e Ao o) o T . f
ok 9 LW R T
m WO o N o o
T LU .
o = & ® L\m% mﬂ e m_% =
" of of Jo= ) -8
Wﬂﬂﬁﬁﬂ%ﬂ_/ﬂ 2% 4
L S T T R TR £2
ST e E RN ow iz
o' v Njo © 0 . FM
™ 5 M mﬂﬁﬂﬂﬁo_uﬂ%ﬂn . -
zTﬁﬂo_uiov&%?%%
T I
TEETTOWNEERE D
Nom R m oo e WD OW T

20)

Fig. 3 Crushing process of continuous fiber-reinforced composite tubes
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Fig. 4 Crushing characteristics of transverse shearing crushing mode

4
Mode | Mode i
Opening mode Forward shear mode

Fig. 5 Sketch of crack propagation modes
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Fig. 7 Friction related energy-absorption mechanisms
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Fig. 8 Crushing characteristics of brittle fracturing crushing mode

Fig. 9 Crushing characteristics of local buckling crushing mode
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Collapse load(P)

(a) Actual collapse pattern
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(b) Ideal collapse pattern

Fig. 10 Collapse pattern of the composite tube under axial-compress load
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Table 1 Material properties of the CFRP prepreg sheet

Types Fiber Resin
Characteristics (Carbon) (Epoxy #2500) Prepreg sheet
Density 1.83x10° [kg/m’] 1.24x10° [kg/m’] -
Poisson's ratio - - 0.3
Young's modulus 240 [GPa] 3.60 [GPa] 132.7 [GPa]
Tensile stress 4.89 [GPa] 0.08 [GPa] 1.85 [GPa]
Breaking elongation 2.1 [%] 3.0 [%] 1.3 [%]
Resin content - - 33 [% Wt]
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Table 2 Stacking sequence of CFRP specimen
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Interface numbers Stacking sequence
2 [90°/0%]s : [90%/0%:0°/90"%]
3 [0%/90%], : [0%/90%/0°,/90°%]
4 [90°/0"s2  : [90%0°-0°90°-90%0°-0°/90°]
6 [90°/0°s  : [90%0%90%0°0°/90°/0°/90°]
7 [0°90°:  : [0%90%0°90°/0°/90%0%90°]
CFRP
=1
| -8 | -
e 0" fiber
| I ™ direction
I I 0" fiber
| . . direction
, >

(a) Circular member

—> CFRP

i
! 0" fiber direction
|

| 90° fiber direction
i |

—

(b) Square member
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Flatmember — —_
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0° fiber
direction

direction

i
|
90° fiber |
i
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(c) Single hat shaped member

“="shaped member

Trigger

120mm

0° fiber
direction

90° fiber
direction

(d) Double hat shaped member

Fig. 11 Configuration of Specimens
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(a) 2 interface (outer angle 90°)
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(b) 3 interface (outer angle 90°)
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(c) 4 interface (outer angle 90°)
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(d) 6 interface (outer angle 90°)

90° 0°

s =

(e) 7 interface (outer angle 90°)

Fig. 12 Stacking conditions of CFRP single hat shaped section members

(outer angle 90°)
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Fig. 13 Curing cycle of CFRP stacking specimen
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Fig. 14 Schematic diagram of autoclave
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Fig. 15 Autoclave laminate stack lay-up CFRP Flate specimen
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Fig. 16 Load-displacement curve of CFRP circular member, [0/90]4

(7 interface number)
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Photo. 4 Collapse processing of CFRP circular member, [0/90]4

(7 interface number)
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Fig. 17 Load-displacement curve of CFRP single hat shaped member, [90/0]4

(7 interface number)
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Photo. 5 Collapse processing of CFRP single hat shaped member, [90/0]4

(7 interface number)
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Fig. 18 Load-displacement curve of CFRP double hat shaped member, [0/90]4
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Photo. 6 Collapse processing of CFRP double hat shaped member, [0/90]4

(7 interface number)
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Fig. 19 Load-displacement curve of CFRP laminates according to interfaces number on

Circular section

_32_

Collection @ chosun



Collection @ chosun

30
25
20
15
10

30
25
20
15
10

30
25
20
15
10

f\

bWMMMMwa LT, qu%m\m Mwﬂ £

W bl Ve |V

(]

10 20 30 40 50 60
Displacement[mm]

(a) [902/02]5

WAV VN

T MWM&/“\/\/

10 20 30 40 50 60
Displacement[mm]

(b) [02/90,],

Y A VA NN

10 20 30 40 50 60
Displacement[mm]

(c) [90/0]s,

_33_



30

25
20
15
10 /LMMWM P
5 }
00 10 20 30 40 50 60
Displacement[mm]
(d) [90/0]2s
30
25
20
)
15
10 (WW/A\VMNAHH”&U/“W A/Q/MMA
5 !
00 10 20 30 40 50 60

Displacement[mm]

(e) [0/90]4

Fig. 20 Load-displacement curve of CFRP laminates according to interfaces number on

Single hat section
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Fig. 21 Load-displacement curve of CFRP laminates according to interfaces number on

Double hat section
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Fig. 23 Load-displacement curve of CFRP laminates according to interfaces number on

Single hat section
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Fig. 24 Load-displacement curve of CFRP laminates according to interfaces number on

Double hat section
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Table 3 Static collapse test results for CFRP laminates according to interface

number and cross section configuration

Cross section Number of interface Maximum collapse Absorbed

configuration [No.] load Pmax [KN] energy E, [J]

2 154 724.8

3 13.1 406.7

Squar

6 13.5 637.7

7 12.2 462.0

2 21.7 996.5

3 18.6 777.0

Circle 4 15.7 725.5

6 19.5 774.0

7 15.7 767.6

2 15.9 399.3

3 18.6 455.7

Single hat 4 16.4 484.9

6 17.1 648.8

7 16.5 6243

2 20.4 756.4

3 20.8 836.0

Double hat 4 22.5 953.1

6 20.7 979.6

7 22.3 865.8
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Maximum collapse load P[kN]

Fig. 29 Relationship between Interface numbers and Maximum collapse load according

Absorbed Energy Ea [J]

Fig. 30 Relationship between Interface numbers and Absobed Energy according to
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(a) Circle shaped member (b) Square shaped member

(c) Single hat shaped member (d) Double hat shaped member

Photo. 7 Collapse shape of CFRP members
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