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Failure mode shift of steel/composite L-shaped hybrid structure
under compressive load
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(School of Naval Architecture and Ocean Engineering, Jiangsu University of Science and Technology, Zhenjiang 212100,
China)

Abstract: Steel/GFRP L-shaped joint and similar components are common in ship manufacture. In this
paper, a steel/ GFRP L-joint with £45° groove structure was designed, and the effect of parameters such as
glueing length on the performance of the L-joint was investigated through the compression experiments of
steel/GFRP L-joints. In the numerical analysis of the steel/GFRP L-joint, the complexity of the +45° groove
structure glueing interface structure and the multi-interface and multi-scale were considered, and the stiffness
equivalence method was used to equate the groove structure to a cohesive unit layer of O thickness. The
failure modes of the L-joint were analyzed in detail concerning the compressive load and displacement by
comparing the compression experimental results with the simulation, and the steel/GFRP L-joint exhibits
better compressive performance when the bonding length is 100 mm.
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0 5l

T

2R eranm 2 A # #L (glass fiber reinforced polymer, GFRP) A H7E 5 B/ 8 1 Fb | 15631 R 060 B it
PO T B 5 R PR RE B2 T B AAY . ZERRARSSH R, L BUB/GFRP RG4S M FE LR
W UL, 7E FELRE AN HR A5 ICAMR A 5 30 BI04 2wt 12 SR M 45 b e 300 P R T BIFSE, L
SN R RTR A G5 M I B 22—, 2 T A S i R X HOR BB 1 Rk s oe ™,

Qin 25" WIS T 2 a e A T IR AR L RS My 2 o s A6 78, 20 S T 7 3 P X A2 (R)
4 45 mm, 90 mm A1 180 mm Y L Fl4%3k, FFx Htb i 7 FRPL 258, 245 R WIRTR L Bk Z (Rl 4
PR R R B E 2T . Shen 25" R IASZIGTT ST T A RSF L BUAAASE AL A% B 5 3 A1
I8 95 M RE, TEEAS SR T IE 3 mh L, 38— R I 97 5288, /b T FE AR R AT iR A T A9 97 F5 A Ak
Mok, Li 20 S T R L BISE R, JE 5 S R PR TC e 6 A 4 AR 2 T S
HEAT T 3HT, 45 W13 L U5 M B s, 32 B I PF ) P AR A OOVl IR R SR . Zeng 25
W9 T2 A MR 2 L BUEEA e AR B9 S 80min, d 7 T BB R R 00 422 3k i ik 2k e g, I
I SIS IR T T I AR T T . AR SCIRIE AT A AN [ MR S S MRS, B 17l
H 45 MRS ZE P/ GFRP #2523k Y PERE AT, DR IRt —Fhiiy A 4 5o MRS 4544 L RU4/GFRP IR A 454 -

ARSI E R L BEN/GFRP IR A G5 H 0 R A6 5255, PR i BEXT L RIS MR RR A2 . 7RiX
TRRIFSE T, B P A £45° MR S5 A 1Y L BUAN/GFRP 1R S 45H, YA RIS BE Y L BB R 4%
o ARSI S . 7E L BV/GFRP IRA S5 B BUE /M, B T450 MRl ZE pe s b AL i 45 F i &2
ZeMERZ B 2 RUBE R ) R, A SR FH NI BE A5 800%, 14 IMI R 45 4 A R 2R JEE FE I P 2R D BT 28, (T4
B 537, R AR R AR T IT (representative volume element, RVE) AU S50 N 5 1 PRITII S HL

1 $¥/GFRP ##} L 8ZELp0igit 552018

AT T B AUAN/GFRP #18E L BIRESk, I 1 i L sk Al B ff s = R . AR PR i
P DX IR T 45 IR ZE AR %2, R VART T A HIE L B4k, 2 BE 7GR £ TUTRE 1N &4k, 4
WRIES GFRP F e — . BRI Z 043 (& 1 Hpd € Xk ) [ £k 22 400FA 14 A D, B Jl— 1A )
DA% 2, 7 A ROV, 5% T GFRP 5@ AR . A L RSk e o AR, Hoh—30 R
GFRP MK 150 mm, JEEE K 12 mm.

FEZ HTBIBIFIE P 200 0F £4 50 VR 2540 1 S8, R VR FIAE 9 43 312 0.75 mm 1 1.414 mm, 934 3
PR EARZERI AN 2 i, TR A R AR IR A AR TR, A4 U 2 [R] A9 254 8.00 mm.

Hifii: mm

————————— SRR
T

S

K1 B/GFRP AL L B4 20 PR R 2 P 2 HY/GFRP L RUHESL Y Sz e
Fig.1 Schematic diagram of steel/GFRP L-joint Fig.2 Steel connecting parts in steel/GFRP L-joint
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SRR TR HE K BE X 4N /GFRP L AV Sk g 52 ), 4R 1T 7 RO RIS BE 0y L BUSN A4 2, dniAl 3
s, R IX B A BE 43 914 25.00 mm, 40.00 mm, 55.00 mm, 70.00 mm. 85.00 mm. 100.00 mm #iI
115.00 mm.

AR CHHN/GFRP L 32 3k 4804 % FH B 23 4l Bh A T 7 (vacuum assisted resin infusion, VARI) .7,
HBL, WA 4 Frs . (] VARL T2 R, 435l L 89423k PO Y 5X/GERP £544, JH-7E B9 HR 1 Ak Al
W2 B, B 1k LS 48 IR IR TR AR S 5 [ AL A AR MRS PN o 30 358 2 2 A 545 (WS 500 A 1 e 152 )
FiE IR L RISk Ty A TR o

[+25.00 =
:1“'5‘2,’55“ 2
S — T :
Kl 3 ANRBHER R L B Pl 4 $/GFRP L 453K/ VAR HilfE T2
Fig.3 Steel L-shaped components with different Fig.4 VARI fabrication process of steel/ GFRP
bonding lengths L-joint

BASERGHN LB 3 AN, iR B S s (DU K JE 115 mm /9 L #9432
Skl . B 5 AT LLE HY, GERP #4462 3.00 mm F1 =2 2.00 mm () GFRP #g 20 i, 3k ¥ £F 4k
A Fh B B 2T AR A, SR FH 00 90X FRAJZ , JEE I 0.25 mm, 1% A 400 g/m”, 4H4 4R FH Y 2
45#:¢/JEI>—(J[14—15]D

SR FE T BETT BUAN/GFRP L #9453k 1 J1 VR RE, 80T T L AU L 0 PR 4 S0 50, S8 B RO Ry
JERF LR 6 TR, FESERL AR AR, L Sk (1% R ity p 0 ) 4 e L 6T, i fon %) 67 28308 el RA T8 A o7
KA, PATER R R 2.5 mm/min,

+45° [MIHA5F

45 MR R L2 4 T A

-8 AR RIHLRES )
o == B b %éﬁ‘

Pl 5 HX/GFRP L AU kit Pl 6 H9/GFRP L R4Sk 45 5L 56
Fig.5 Test specimen of steel/ GFRP L-joint Fig.6 Compression test of steel/GFRP L-joint

SRR



559 1 FRIRMUAE . FE4RE M ER R/ E AR L IR 1467

2 BiESH

2.1 $/GFRP L B MNEM T mEE

AR SCR FH B S R05 K 2 2 IR S5 F S O R N R BT 2 . SR AR 2 ik st )
AR EL PSR AR A M (4 5 1 IR AE, SR Ao 2 A8 0, RSP B . B ARk 32 B0 TR s
PR AR G RLNIBE . FEARTTF, HHEEAEROE TSR0 T S5 11

ASCB/GFRP L B3k ¥ Fe 4 SIS 00 A TAEL 534, I ST A5 LU A BB R, I 5k 5 5000 2%
PEARTE, QniE 7 iR . B 7 89/GFRP L #4520 () A% LA KO #2517 . 4M/GFRP L A3 A5 R
FAFRAE(E 7(a) ) . GFRP #4 (] 7(b) ., () FIAE PR HIT)Z (B 7(d) L (o) (D)4, WM
GFRP ZR9RI43 R 24 675 ABATT, BTN C3D8R, fNERA:-(I& 7(a) ) 1 2 J2JERE Hy 3.00 mm 4N
A Ml A R — > JELEE S 8.00 mm 4 90° 45 F 41 A, GFRP #B44H1 3 J2 2.00 mm Y GFRP #i (& 7(c))
A1 2 )22 3.00 mm ) GFRP #iz (] 7(b) ) k. FEiH PR HLI0)2 T2 = FORTR 8 N R 2R, 5350 R
BBV 5 GFRP Z (B S 2R 2 (B 7(d)) | S8R N R T2 (] 7(e) ) 1 GFRP (171
HITZ(E 7(6) . R ITHRITR A COH3DS MLyt =X, 25 i E 3B B AN S ), SR F W A
R (%% 5| 43 25 52 A (traction—separation law, TSL)'™. R . 45 0H1 GFRP Byb4 K 240
1, £ 2 PR,

i GrRP 2 11

s OFESHUNRR GFRPEFIMRZ

Pl 7 $I/GFRP L RS BERI RaA LLL n1F
Fig.7 Steel/GFRP L-joint model mesh and loading conditions

& 1 BESHEEH 45" MEYIERES B

Tab.1 Material parameters of solid resin and 45" Steel

Derakane 411 [FE 251 45"
FiAd5E B /MPa 83 FPER /GPa 210
P ffiFEHE /GPa 2.9 HEL/N =4 0.275
253 /MPa 148 )/ (kgm”) 7900
5 455 i /GPa 34 % BR 58 B /MPa 600

iR / (kI'm?) 19 Jitt B 3/MPa 355
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R 2 WEAHEILEMEEE MR RIS
Tab.2 Material parameters of glass fiber reinforced polymer ( GFRP )

AR /GPa NEL/N 4
Ey Ey Ess Gy, Gy Gy Vi2 Vi3 Va3
20 6.545 6.545 3.545 3.545 1.52 0.3 0.3 0.45
X X, Y, Y, Z, Z, N Sz Sx
BHEIZREE /MPa t t f 12 13 23
560 450 10.42 106 10.42 106 13.7 13.7 6

HE:Ey . EpME B2 GBI 2T LRI, G, GMGyRE MRS, v, v vy 2254
BHIARALL, b, VSR 4T I, 2AREE TLRAEM T, 3SNREE T IR M. X, YHZEZEH
BEETT ) ERORLFERIE , X YR ZORE SRR DT ERURIREE , Sy SIS R E AR S ISR

2.2 GFRP 530 AN
J& T 3D Hashin 2K R W #5377 GFRP i 2240 05 J1 2 AR MR, I 9a'5 T R s e H P ok
(vectorized user—material, VUMAT) FH¢ 7, B H—GFRP $23k H GFRP #2580 #2, 3D Hashin [ f1 %
RO ) Fe kP st (1) ~(6) 7R o
ARSI (o), 2 0):
e
Xt S 12 S 13

g:l:éﬁ}j_i%%&ﬁ(a'n < 0)

_(0)_(1: ) -1 @)
FARPH R (o + 033 > 0):
(72572 (g (32) +(52) =1 ®
%14§Egﬁ95§i(0'22 +033 < 0):
%[(ZLSCC) —1](0'22+o-33)+(—0—2;;j33) +(SL§3)(T§3—0'220'33)+(;—|122) +(;—';) =1 4)
TV{@%E%&&(O‘% >0):
033 ’ Ti2 ’ T13 ’ _
(%) +(52) +(52) = ©
JEAR 2R3 (033 < 0):
T2 ’ T3 ’ -1 6
(s—) (s—) - 2

K, oy om o T Tl BE AR E N Ty, Horh, 1 ARGy ), 2 UK T A4
], 3R T 1., 2 Vs X, HIZIZEGHE D510 LRz, X, Y M ZJ22 G o051 Y
JRAAIRIE, S50 Sy FIS e A AR ST IR

WG A FOR IR R AR AKG SR, R FIARE I BE T3 T SRR T 4 b 484 20 v 45 BT R I
1538, R 3D Hashin 52 R RE S 75 23 A A2 SR AR, AR A A SR A, B A B e I JRE R A o AR A
91 3 A )
23 ERARESHHITHE

B2 SR IR N R BITIZ MRPRL S BR T W Z 5h, b5 LT WG R BOME T RE R 80y
JREMED o JRTAIH5 3 (8 B0 B 22 5 1o B e A, s s(7) P

(5) (7 +(5) - g



5591 FEIRMUAE . R4l ER T AN/ E G0k L B0R - 1469

K, o, o Mo SRR AT TIELTT A7 10 RN T, N TRIS AR EN MR AT, st T
Low—Power HEN (AN 30(8) Fiz) | LR AL AR G A HE B Ui s AL LA .

G. _ (i) +(G_) 8
ch - GIC GIIC ( )
K, G, = G+ Gydh B RERBECE, Ths L I M 16 8 a, Fla, WO (A8 38R 182, A

SCHUE D 15 23X Tl T 922 5 A2 A% 2R A T AU 24 T 2 35 BT B i 5 B 22 G M1 G, W12 3K(9)
B

Gic = N261F,
T8 )
nc = ) ;
X, oF F16% 23 B BRIT LAY 4522, 2418 Ak 2% S DEG = G;c = 10, RIRENR)Z T4

PRIE

AR ] RVE BEAIR U SR S5 30N R IR S 40 e BURSHZ X 8l i AR R P AR FR BT (repre-
sentative volume element, RVE), W&l 8 /s . A SCHT &S (1) RVE B ANIE 9 ff7w, ti GFRP #5F, ik
J2 25 F TN A AE 3820 41, B K R 10.00 mmx10.00 mmx3.00 mm (4K 5 &, %) 43 K 394 224 4
C3DS8R HyT (UKl 9 fiizs) o Be4h, FEMFAFIRZ G Z 2 LT — N ERERNERZ (E 9 P
X3 . FERUE TR, T BRI 1 A R LB A v v, B e i 5 ) A S %
SRS, SRR S RVE (7 JE M A 240k

______ L EAMRRE

A

|
|
o
|

E 8 RVE fY3EHL
Fig.8 Selection of RVE

N : 5 R R (GFRP)

B2 EEH
o
N g m e

K9 RVE BILLIFFIRIRE S 53
Fig.9 Meshing and components of the RVE
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Xof+45e M ZERY UEA T 55 U A SR, 19 B0 Bt RS 2 an &l 10 B, Kb 465 R8s 4 51 oh
KA AR PR 27 . AR B 2 B FA T (7) ~(9), IR EME R N R PITZSEL, 1R 4,
B 3 i,

2750F (0.020,2652.913) | —— RVEBJJKLLL
2500 —— RVESIRHEL
250 . & 3 FEXREHAIGERIE | JE (8158 B #1230 1E
2000 -
1750 [ t—_' Tab.3 Initial stiffness, interlaminar strength and
E 1500 - fracture toughness of the equivalent interface
1250 N - ,
w0 VIR S 3/ W B/
750 L (MPa'mm ') MPa (Jmm?>)
500 H 't ModeI Modell Model Modell Model Modell
253 (0.003, 205-5;*5)’/ ‘ . K, K, N T Gic Gic
0 0.025 0.050 0.075 0.100 1822.13  4211.66 2.05 26.53 0.085 2.65

1 /mm
& 10 BT YRR RASAL ) R ff o A2 1 42

Fig.10 Load-displacement curve of the shear and

pull-out simulation

HR5iTE

HRAE B AR TR, AR R K 1 L ANR A 4540700 3 it AT, b T X L 4R/
GFRP 1A S5 A T 08, SCrbefs L BUR A 25t o ldn 44, &l 11 s, 728 11
bRy 78R . GFRP & 44: AL JZ (cohesive ) 25 44 19 2H i . B0 &8 14 45 44 72 SC 89 (3.00 mm) -1, 4K
(3.00 mm) -2 F14N (8.00 mm) —1; GFRP #B {4 #5 41 4 & L & GFRP(2.00 mm)-1, GFRP(2.00 mm)-2,
GFRP(2.00 mm)-3, GFRP(3.00 mm)—1 1 GFRP(3.00 mm)—2; }¢/Z 454 i = Fh A [A] i) Cohesive BAICZH
W(ZZE 7)), 43 0@ X R C-1, C-2 fil C-3. C-1 HPUJZ M7 A Cohesive BAIG)Z M A, 4351 8 X H
C-1-1, C-1-2, C-1-3 il C-1-4, [A]3, C-2 &A1& Ll C2-1, C2-2 F1 C-2-3, C-3 54 ME L hy
C-3-1,C-3-2,C-3-3,C34,

GFRP(2.00 mm)-1

- GFRP(3.00mm)-1 -

GFRP(2.00 mm)-2
- GFRP(3.00 mm)-2

GFRP(2.00 mm)-3

(3.00 mm)-1 R

[71(3.00 mm)-2 B

| | ]
Ll o ey e (e

P 11 L BUH/GFRP i & 45T 5]
Fig.11 Schematic diagram of disassembly of steel/ GFRP L-joint
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3.1 B E 25 mm L BYEsL
B 12 IR 25 mm L BUHESL 2 r B8 fh 2k, NI mT LU ), S-S S 56 14 A IR 28 Ay

e DX R A /N B B 2 R 5 ey —
H T I 9 BT IR S, A T T s00 | e
ARIN£45° LSS 1, BRG $ RN, T 0 45’

PRI o ERERONAT Y, S8 T RIS 2 0

ElET%L'ﬁé]‘E, ﬁj\%”j@ 2065.02 N %H 2071.02 N, *ﬁ% 2000 -—=—25.00 mm_Experiment g
2.67%. A3 BRICHIAY ) L A4 Sk H AR i 22 7 2300 mm_Simulation T =l
B TG AE, AN IR 2E RN RS z 1500 B #
P — i T L Bk iR SRR, FE it E /0 S
TR Ui FE 4 2 Aar I, 237 IS8z DX 3l A /N % 1000 [ |/

g |

S

1 1 1 1 1
0 2.5 5.0 7.5 10.0 12.5

TREERT RS R, A 5250 1K 30 4 PR 28 £
AF f4 A6 5 A% 433l SR 4.95 mm AT 5.34 mm, A
74 7.30%,

KT 12 i i ZO08 &8 T HEe: 5

Displacement/mm

P12 e 25 mm L AUk 4R AR it 2k

Fig.12 Load-displacement curves of L-joint with a bonding

length of 25 mm

1 IREAT R R T C-1-1 F1 C-1-2 58 2R 80, F3099(3.00 mm) -1 5 GFRP(2.00 mm)—1. GFRP
(2.00 mm)—2 P S THT S8 42 53 85, 76 5250 RS AL i 34 T LS 3 W I 9 23 B e . B e 4 (5 7% 1 1
I, C—1-4 & AEFRAM L%, 51#24M(3.00 mm)—2 5 GFRP(2.00 mm)-3 ({4 R A 5240 55, TR T 46
2 WEMT AR . 55 3 IREMT R R T C-1-3 582K 3L, 94(3.00 mm)-2 5 GFRP(2.00 mm)-2 ¥4
B SE A0 B, AESC S AR (L 25 T AR 21 B S 248, AR S i SRR B e B B, C—1-4 ARER7E
HRZ BT, C-3-1 A2 T R, T3 T8(3.00 mm)-1 15K (3.00 mm)-2 &4 TMIEAE, B
PR AEARWTRG I, (02 R 48 2oy R T PR AR S50 10 2 U & o
3.2 BCEEKEE 40.00 mm . 55.00 mm #1 70.00 mm L Bk

P 4 AR L RUEE L SCO0 ST Hh 2 AR BR 2 for B AH R RS . AR 4 Hhal LI, M
PR AR, L 7RI A 2540 AR PR 28y A0 4 1 B 15 A B I A i

R 4 AERHEKE L BYER I ST AN th 2 RO AR BR 21y R AH ML (L #8
Tab.4 Comparison of experimental and simulated results of ultimate loads and corresponding
displacements of L-joints with different bonding lengths

et K fmm B E
RN N i Sfomm  Emm M
40.00 2166.25 2310.2 6.65% 6.95 6.47 6.91%
55.00 2075.22 2261.32 8.97% 6.41 5.59 12.79%
70.00 2071.91 2208.36 6.59% 6.42 6.2 3.43%

B 13 AR R L RSk kB 2 . NI o] LI Y, 7658 1 RSS2 AT, 28407
H— BN B R 18 K B B, AR 3 AR, C—1-1, C—1-2 F C—1-3 # &4 T #8435k, C-1-1
(%) SDEG {E AR, FLAR 45 88 nr & A SRR BE T B, AP HE LT e 0 5 . AR C-1-1 I I
KA (FE GFRP(2.00 mm)—1 5%9(3.00 mm)—1 B3 54 2480, (HR AR ) 3282 C-1-2 Al C-1-3.
M C-1-2 F1 C-1-3 58 & R AUHT, g far 0 B M 2 & 4B T 5% 2 A2 4k, B GFRP(2.00 mm) -2 5 4§
(3.00 mm)—1, #4(3.00 mm)—2 [ cHE A I 78 4200 25, RS0 5B rh 4] R B W 480, A2 Tha
BB, Z5A it AFRE BT B MR il ARt 5200 SRR 5 2 Yk A8 b A A B A 25 0K, (R A
Mt sim) &, B AR R AT, S SALLEAT BEAF AR B 35TV E



1472 AT WA 5529 55 9

—=—40.00 mm_Experiment — —=—55.00 mm_Experiment
2500 -—e—40.00 mm_Simulation 4 2500 —e—55.00 mm_Simulation [N
2000 < P =z 2000
: / .
o 17 g
o 1500 v 1500
2 e 4 2
v 172}
3 -] / 3
£ 1000 [ i : / £ 1000
g | 4 £
g i P °
b
500 "f& - 500
ek
O 1 1 1 1 1 0 1 1 1 1 1
0 2.5 5.0 7.5 10.0 12.5 0 2.5 5.0 7.5 10.0 12.5
Displacement/mm Displacement/mm
(a) 40.00 mm (b) 55.00 mm
—=—70.00 mm_Experiment -
2500 -——70.00 mm_Simulation 4
2000 -~ ié/;
S p
= 7
S
.g 1500
]
£
g 1000 [
(=}
@)
500
0 1 1 1 1 1

0 25 50 75 100 125 150 17.5 20.0
Displacement/mm

(¢) 70.00 mm
B 13 AR E (40.00 mm, 55.00 mm F170.00 mm ) ) L 5933k (4 28 far v 85 Hh 28
Fig.13 Load-displacement curves of L-joint with different bonding lengths

3.3 B 85.00 mm . 100.00 mm F 115.00 mm L B33k

5 AR R L B Sk S AU th 2 p B BR 2ty S AHRLALAS . AR n] DL Hh, B BR %%
T FEA LR A KT 3R 4 O ME, UEITR & a5 M PR B M BE R IR K B s T 4 e

R 5 FAREIREKER L BSR4 FR T K A8 Bz (0 7% B SEI0 ARl 45 R
Tab.5 Experimental and simulated results of ultimate loads and corresponding displacements of L-
joints with different bonding lengths

W K fmm _ L _ TEARLIRS
SN HEHU/N ZE SRS /mm FE/mm Z1H
85.00 2050.47 223421 8.96% 7.35 6.96 531%
100.00 2615.07 2680.36 2.50% 11.56 11.05 4.41%
115.00 2422.13 2550.25 5.29% 16.57 15.11 8.81%

14 AAFIE K R L RSk i A i 2k . AR 14(a)~(b) il LA H, L B3k A 2%
far A8 4k FEESEH C-1-2 Il C-1-3 BR B . IFTERHY C-1-1, C-1-2 F1 C-1-3 &R 4R 3L 5|
C—1-2 Fll C—1-3 FUSEA B, BEAR LA B3 PR A GFRP(2.00 mm)—1 54 (3.00 mm)—1 & A= #4315,
| GFRP(2.00 mm)-2 54§ (3.00 mm) 5¢ 4% &5, 7E & 13(a) Fl(b) Al LA 2 Wi 284% . &1 14
C—1-1 ZERIAL 30 T 43 R4, 78S AL R A B T B B i/ IME IR B A, C-1-1 IR TR
BOARIE T 89 (8.00 mm) BEAEHFLE AR AR, BT 3% A S AT BEAS R AERIZLE Bl o 3T ik B iR K
{ER, BAT 208 N ROF FLR BT A Y K A5 10, S0 a0 2 ot A B R i A 28k . R SRR (28 A
J&, L B BT — 2 BRI AR B, D3 A — D7 TS E TR A 2540 AT 5 s i 25 PR
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—=—85.00 mm_Experiment 100.00 mm Experi
L . . — E _Experiment
2500 ~—e—85.00 mm_Simulation / ool 100,00 S wtation /
S R
2 2000 z 2500} ~Tessm
E E
=] =]
E 1500 T&’ 2000
H % 1500 Y
2 1000 =
£ =
3 8 1000 |
500
500 -
0 0 1 1 1 1 1 1 1 1 1 1
0 25 50 75 100 125 150 17.5 20.0 0 25 50 7.510.012.515.017.520.022.525.0
Displacement/mm Displacement/mm
(a) 85.00 mm (b) 100.00 mm
3000 = 115.00 mm_Experiment
—e—115.00 mm_Simulation
2500
% 2000
o
>
' 1500
9]
g
£ 1000 |
&)
500 -
V5 V05N 905050,
77 S A2 002 7 07
Displacement/mm
(¢) 115.00 mm
K 14 AEREAKRE (85.00 mm, 100.00 mm F1 115.00 mm ) 1 L B3k A R th 2k
Fig.14 Load-displacement curves of L-joints with different bonding lengths
L3S
4 & it

RSB T —Ffiti+45° MR EEF (9 8/GFRP #4150 L B4k, 08T 1 ASRIIRH R BERT L 245k T
PEREMSEMA o TEXT L AL BRI AT v, 45 MR S5 M S5 RO R R BE R SR I BT o SRR L
SIHT T SR AL PR 5 ik A B AR R 2T . A AR, i LRAIE 1A SCRADUs ik 1 P

XA LR B L RSk i R XA T 70, 750 LU R 4518 B /N T 100.00 mm i,
L B4k BB A 1 RE BB 4 B8 R3S s B 0 25 A BE R T 100.00 mm B, L BYFE Sk A4 s 4
REBE LR BE RS I oBlsss o Y e B e AR AT, L RSk A RSl 2 B AR R . &
P, MK S 100 mm B, L U423k () R 46 3 i v

2 £ X

[1] Khosravani M, Weinberg K. Experimental investigations of the environmental effects on stability and integrity of composite
sandwich T-joints: Experimentelle untersuchung des umwelteinflusses auf die belastbarkeit von T-stoBen in sandwich-
platten[J]. Materialwiss Werkstofftech, 2017, 48(8): 753-759.

[2] Santiuste Romero C, Sanchez Saez S, Barbero Pozuelo E. A comparison of progressive-failure criteria in the prediction of
the dynamic bending failure of composite laminated beams [J]. Composite Structures, 2010, 92(10): 2406-2414.

(3] e, RIb—, 2 WF, 45 S A MR- 8 1 5 MR Al Bt BE BT 5 25348 [J]. AR 71272, 2020, 24(5): 681-692.


https://doi.org/10.1002/mawe.201600747
https://doi.org/10.3969/j.issn.1007-7294.2020.05.014

1474 ko WA 55 29 B4 9 1]

LI Xiaowen, Zhu Zhaoyi, Li Yan, et al. A review on ultimate strength of composite-metal hybrid ships[J]. Journal of Ship
Mechanics, 2020, 24(5): 681-692. (in Chinese)
[4] Z=WE3C, AF JE, RIE—, 55 AR Rt AL T BYZE A5 BT B B2 ISR (1], AR 177, 2018, 22(4): 454-463.
Li Xiaowen, Shao Fei, Zhu Zhaoyi, et al. Design and strength test of lightweight T joints for ships[J]. Journal of Ship
Mechanics, 2018, 22(4): 454—463. (in Chinese)

[5] LiH, Tu S, Liu Y, et al. Mechanical properties of L-joint with composite sandwich structure[J]. Composite Structures, 2019,
217: 165-174.

[6] Shen W, Yan R, Luo B, et al. Ultimate strength analysis of composite typical joints for ship structures[J]. Composite
Structures, 2017, 171: 32-42.

[7] Kim J, Park B, Han Y. Evaluation of fatigue characteristics for adhesively-bonded composite stepped lap joint[J]. Composite
Structures, 2004, 66(1-4): 69-75.

(8] & 28, AR, Mgk, 5 . S5 ML Al M — 5 A 322 4 235 40 1 3 X 15 B8UAE 20 M 0. A TR, 2022(5): 44.

Xia Yi, Li Huadong, Mei Zhiyuan, et al. Static tests and numerical analysis of composite reinforced plate-steel plate
connection structure[J]. Ship Engineering, 2022(5): 44. (in Chinese)

[9] LI Yongsheng, WANG Weibo. Mechanical behaviors of adhesively-bonded, bolted and hybrid composite-to-steel joints[J].

Journal of Ship Mechanics, 2011, 15(9): 1052—1064. (in Chinese)

[10] Qin K, Yan R, Cui M, et al. Failure mode shift of sandwich composite L-Joint for ship structures under tension load[J].
Ocean Engineering, 2020, 214: 107863.

[11] Shen W, Luo B, Yan R, et al. The mechanical behavior of sandwich composite joints for ship structures[J]. Ocean
Engineering, 2017, 144: 78-89.

[12] Feih S, Shercliff H. Adhesive and composite failure prediction of single-L joint structures under tensile loading[J].
International Journal of Adhesion and Adhesives, 2005, 25(1): 47-59.

[13] Zeng H, Yan R, Xu L. Failure prediction of composite sandwich L-joint under bending[J]. Composite Structures, 2018, 197:
54-62.

[14] Kinvi-Dossou G, Boumbimba R M, Bonfoh N, et al. Innovative acrylic thermoplastic composites versus conventional
composites: Improving the impact performances[J]. Composite Structures, 2019, 217: 1-13.

[15] Zhang J, Xie Q, Xie Y, et al. Investigation of mechanical performances of composite bolted joints with local
reinforcements[J]. Science and Engineering of Composite Materials, 2018, 25(1): 75-83.

[16] Liu Y, Chen X. Evaluations of the effective material properties of carbon nanotube-based composites using a nanoscale
representative volume element[J]. Mechanics of Materials, 2003, 35(1-2): 69-81.

[17] Nguyesn K H, Ju H W, Truong V H, et al. Delamination analysis of multi-angle composite curved beams using an out-of-
autoclave material[J]. Composite Structures, 2018, 183: 320-330.

[18] Truong V H, Kwak B S, Roy R, et al. Cohesive zone method for failure analysis of scarf patch-repaired composite laminates
under bending load[J]. Composite Structures, 2019, 222: 110895.

[19] Truong V H, Nguyen K H, Park S S, et al. Failure load analysis of C-shaped composite beams using a cohesive zone
model[J]. Composite Structures, 2018, 184: 581-590.

[20] Ahamed J, Joosten M, Callus P, et al. Ply-interleaving technique for joining hybrid carbon/glass fibre composite
materials[J]. Composites Part A: Applied Science and Manufacturing, 2016, 84: 134—-146.

[21] Dvorak G J, Zhang J, Canyurt O. Adhesive tongue-and-groove joints for thick composite laminates[J]. Composites Science
and Technology, 2001, 61(8): 1123—-1142.

[22] Mostofinejad D, Mofrad M H, Hosseini A, et al. Investigating the effects of concrete compressive strength, CFRP thickness
and groove depth on CFRP-concrete bond strength of EBROG joints[J]. Construction and Building Materials, 2018, 189:
323-337.

[23] Amacher R, Cugnoni J, Botsis J, et al. Thin ply composites: Experimental characterization and modeling of size-effects[J].
Composites Science and Technology, 2014, 101: 121-132.


https://doi.org/10.3969/j.issn.1007-7294.2020.05.014
https://doi.org/10.3969/j.issn.1007-7294.2020.05.014
https://doi.org/10.1016/j.compstruct.2019.03.011
https://doi.org/10.1016/j.compstruct.2017.02.008
https://doi.org/10.1016/j.compstruct.2017.02.008
https://doi.org/10.1016/j.compstruct.2004.04.023
https://doi.org/10.1016/j.compstruct.2004.04.023
https://doi.org/10.1016/j.oceaneng.2020.107863
https://doi.org/10.1016/j.oceaneng.2017.08.039
https://doi.org/10.1016/j.oceaneng.2017.08.039
https://doi.org/10.1016/j.ijadhadh.2004.02.005
https://doi.org/10.1016/j.compstruct.2018.05.022
https://doi.org/10.1515/secm-2014-0371
https://doi.org/10.1016/S0167-6636(02)00200-4
https://doi.org/10.1016/j.compstruct.2017.03.078
https://doi.org/10.1016/j.compstruct.2019.110895
https://doi.org/10.1016/j.compstruct.2017.10.035
https://doi.org/10.1016/j.compositesa.2016.01.010
https://doi.org/10.1016/S0266-3538(01)00012-4
https://doi.org/10.1016/S0266-3538(01)00012-4
https://doi.org/10.1016/j.conbuildmat.2018.08.203
https://doi.org/10.1016/j.compscitech.2014.06.027

