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Performance and failure mechanics of carbon fiber reinforced polymer composite

T-joint in quasi-static loading for automobile structures
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School of Automotive Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: This paper presents an analytical, finite element and experimental study on the mechanical behavior of
thermoplastic carbon fiber reinforced polymer (CFRP) T-joint subjected to out-of-plane bending and bending-torsion
coupling. The relationship between failure mode and load-displacement curve was analyzed. The analytical, finite el-
ement and experimental results were compared. In bending test. the stiffness discrepancies in analytical and finite el-
ement model compared to that in the experiment are 4.7% and 0.5% , respectively. In bending-torsion test, the
stiffness discrepancies in analytical and finite element model compared to that in the experiment are 6.9% and
9.6%, respectively. The results in the experiment show that the progressive damage of CFRP laminate causes the
damping of transverse bending stiffness of the T-joint. The T-joint begins to fail when the force reaches 2 047 N.
The failure results include matrix cracking, matrix/fiber deboning of transverse fibers, delimitation and fiber break-
age leading to transverse rupture.

Keywords: thermoplastic carbon fiber reinforced polymer (CFRP); single hat-shaped T-joint; mechanical behav-

ior; analytical model; finite element analysis; bending-torsion coupling
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Fig. 1 An illustrative example of the sectioned carbon fiber reinforced polymer(CFRP) composite T-joint from B-pillar
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ARG DD 34 1 7 AR HE AT k. SR FH S I AR ASOK)
FE G E R A AT A, IR R A 3 TR, I
7% CFRP JJ2PERES 8Nk 1 iR,

K4 B PE CFRP T BBk Ve S fE iy =
AL IR BT 4 Ca) W5 38 59 U 1) 0352 R SF- 5% 1Y) 4 A
BEE 15 & 4 (b)) JCE 78 #RE AL A 3E 47 78 T8 & R AR



VPELT . . RO ERR AW E S MR E S T Bk WS kAR 5 L]

. 2229 -

‘ CCD camera Bpesimen

Universal testing
machine control system

Digital image
acquisition sy:

L ———

tioner

L ——

3 JrZEPEREN LR

Fig. 3 Experimental setup for measuring mechanical properties
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Table 1 Material properties of CFRP composites

Properties Values
Density/(gscm ™ 3) 1.5
Young modulus in longitudinal (transverse) 48
direction/GPa

Shear modulus/GPa 2.15
Poisson’s ratio 0.1
Longitudinal (transverse) tensile strength/MPa 519
Longitudinal (transverse) compressive strength/MPa 172

In plane shear strength/MPa 35
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Fig.4 Preparation of the CFRP T-joint
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Fig.5 Experimental setup for the CFRP T-joint
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Fig. 8 Finite element model of CFRP T-joint
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bending test measured in the experiments and predicted by

the analytic and finite element modeling

WAL, A e PR 1328 Ny EEmE L =
DX 8 & A K T AR AR A B B R R, anfEl 9 45 B A
K 10(h) | 10Co) iR . J2E MY 2 8OV AL 45 2F 4k
(B2, 25 23 Mg 1Y R R K 2R 4 A TR 19 0
R4,
3.2 CFRPTEEISMBH. ERTERMLE
&R

i ALY | A PR OC AR A 5 i 06 25 R L an &l 9
K10 BoR . EAME ke b, M@t iy . A R o
T R 00 23 S AE M B B W EE 433 192 N/mm
201 N/mm #1202 N/mm, f#Hr A%, A R ok 5
S RN E R 2205 4. 7%/ 0.5%, £
PR TR A 5 R e 25 R A W ) R 22 16. 700 . AN
9 AT LA, e B R AR K A TR 20. 6 mm
Ab, HBRIT AT R AN K21, 2 mm b, BR2ER

: Crllshing

Dis.=46 mm

K10 CFRP T B4k 24 il 50 5 4 PR o 45 1%t 1

Fig. 10 Comparison of experimentally observed failure modes and failure predicted by finite element analysis in CFRP T-joint bending test
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Fig. 11 Comparison of load-displacement curves in CFRP T-joint
bending-torsion test measured in the experiments and predicted

by the analytic and finite element modeling
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