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Abstract: Composites connection is one of the core technologies of lightweight, whose application has enhanced the

requirement for the better connection of Fiber Reinforced Composite (FRC). The paper is to summarize the research on the

bearing response of the FRC laminates in terms of its methods and progress. By comparing and analyzing the factors such as

scope of application, experiment design and experimental equipment, the author is to discuss the differences of test standards

for the bearing response of composite materials at home and abroad and indicate the most applicable standard. In addition,

the application of finite element simulation in the prediction of progressive failure and bearing strength is analyzed. Given

these failure modes of mechanical joints of FRC laminates such as lateral, shearing out, bearing, cleavage and tearing out as

well as factors on mechanical connection like material structure, geometry, connection parameters, load mode and environ-

ment, the paper is to generalize the status of experimental research and finite element simulation on bearing response of FRC

laminates and forecast the directions and trends of that, which provides references for research of composite and design of

industrial application.

Key words: FRC laminates; mechanical joint; bearing strength; test standard; finite element modeling

1 e

]

T

EEFRE R+ =10 E R AL 5 1 &
JERGETAR Z —, Hom PSR BE | Wi | TR S O
PEREMEHAE AT 2 145, Pl 5 il 2 AR A B ) 3z B
N EAPRMERERER E M | B O R A 7

R EHE: 2017-05-11

E—1E&E: WM, &, 1993 44, WitorsEAk

WRAEE.: = N, B, 1961 4, BFFER, BFFEA R0,
Email: mofan61@ 163. com

DOI. 10.7502/j. issn. 1674-3962. 2018. 05. 10

(BN, TR A AOR S T T, e 5 Ak
IAFAEROR 2R, IR T2 S e 45 0k T 2 v 1k
AE. MRCRESARIR TSR, F Al E N 25 8RR
Tk TR 458

SEFORHS IR 55 S AR RE B9 2 R LUK A5
BHEH, G HREE NI A, (HE AR R &
PR AL T M 55 00 8, 70% 1) 45 ¥ 1 3 2 A e i B2 50
{77, e R o 2 A b e 3 e M R A A R T AN T 2
AR, S5 BRI D7 X AR I | MLARE
He | PR TR T 4 DA S AR R 47 5K, OB IR
U DOV A MUMGE B B I R 1B



396 Hh A i

537 %

JPE . RS BT RAELR S, R A
BHAPE R IR, AP RPUIGE 5T Tk hE
WP TARRNL S 5L bR A 7 HA R CHSH N E

HATE NSNS T E R L, HIEIE U & MR
FEMi L B GE— AN AR, AR SO A B i 8 7 5 R AT
XFe . VST, IR T =GRS —Fh R R
FB—— A FROTEUE AU N R . 283k TS &8
BB+ T 2000 N R BT e ke, Ay BEOR £ 415 52
B RBEEPERENE AR UK R TS T 1M 2%

2 WMRFAE

M T AR & 1) SRR, 525 BRI HLAR
AL FIE U A B T oA . FEREAE T, =5
FORHLR B e R IR . HULAGE R BT R g B R 8 2
FORME R 1 TR A0 2 e A BF IR R e b i 7K
ZHIBFIRN Ty, AT e AR R AT
DR R R s s, HAT e B A 2 25 BTN
[ I AT £ A FROTAS B T AT 4 09 A R . A BROTEUE
B gRA R AT A, AR TR B AL o)
B, TRIREY5 4 I (R A28 55 A . AR, KZ#H R
RGN FRITEUARSS & 9 77 20 52 5 bR 4 12 M e it
(Rl
2.1 HEHR

S A RIS $2 5 T 1L BE B9 PP Al 32 208 T B Ik o
JEIRKS BRI bR v R B R AT L TR PRE AR
FIREAVEIT B 75 2 B R0 RE5F TR 1 fE s B 42—
P, X EPORIE eSS | Bt Ko™ il B B S A
HAEZEN S EE, AR E AR EXT LS |
IR IR A4 AL B 0 A B ML E R AR ], AR

TREHCPE . RE ., R, HAZERER 6 AR
B R bR o o AT BT, B T s
[ E T X 2622 S X IR 25 R AR, il F T 4
TS H MRS,
2.1.1 HEARANZA

[l A 114 27 4k 36 56k 52 45 61 RHBF IR e bn vfE A GB/T
7559-2005 HB( £F 4k 3 5i S8 44 25 5 W W e 14 2 5 ol )32
W T ¥EY CF iR GB/T 7559-2005 HB) . HB7070-94
CET i 3% i 90 R4 )2 5 BB TR o B Oy 1) (F i AR
HB7070-94) , 43l T 2005 4 1994 4F, 3 [& 4 H
P22 E 19 ASTM D5961 M- 13(Standard Test Method
for Bearing Response of Polymer Matrix Composite Laminates )
(FfaiFR ASTM D5961 M—13) T~ 1996 4£ & 4ii, Z & AT
ANUAETT . 18 FE 28 2% 51 25 2 A9 DIN EN 6037: 2016
{ Aerospace Series Fiber Reinforced Plastics Test Method-De-
termination of Bearing Strength) ( & & #8% DIN EN 6037
2016) 2 M 48 WP A7 3 EN 6037 2015 #4718 058 3,
2016 4EAMAT . I BRARELATZUNT 1995 AR 5 i IR g A v
AT, T 2015 AFMUAHTIK AR fE 1SO 12815( Fiber-Rein-
forced Plastic Composites-Determination of Plain-Pin Bearing
Strength) ( T F% IS0 12815) , HA Tk bpifEZs il 2 th7e
2012 “FHl 2 T JIS K7080 — 2: 2012 { Carbon Fiber
Reinforced Plastics-Testing Methods for Bearing Strength-Part
2. Orthotropic and Quasi-isotropic Long Fiber Laminates) (
fRIFR JIS K7080-2: 2012) . [l A o 1Sy BT 3k J32 A1
Sb, BEEDTTERIRA, B EE S8 I b v A RE TR
HERIFFE T HENE . ] NG o ) B AT T i
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Table 1

Applicable situation of standards

Standard Material

Ways of joint

GB/T 7559-2005

aramid fiber reinforced plastics laminate

HB 7070-94

ASTM D5961M-13
forced by high-modulus fibers

DIN EN 6037:2016

ISO 12815

thermoplastic matrices

JIS K7080-2.2012

Carbon fiber or glass fiber reinforced plastics laminate,

Multi-directional symmetric fiber reinforced plastics laminate

Multi-directional polymer matrix composite laminates rein-

Fiber composites with multidirectional reinforcement

Orthotropic and quasi-isotropic long fiber laminates

Tensile or compressive load; single raised head bolt; sin-
gle-or double-shear joint, only for joint between metal
and composites

Tensile load, single pin, double-shear joint

Tensile or compressive load; single or double fasteners;
double-shear joint, single-shear joint of a two-piece or

one-piece specimen

Tensile load; single bolt; double-shear joint

Fiber-reinforced plastic composites with either thermoset or

Tensile load; single pin; double-shear joint

Tensile load; single pin or bolt; double-shear joint
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Table 2 The definitions of bearing strength

Standard The definition of bearing strength

Bearing strength = bearing force/ bearing
area, ( bearing force: the value of bearing
GB/T 7559-2005 stress when the first platform appears on
bearing stress-strain curves or obvious

damage appears on specimen)

Ultimate bearing strength = ultimate bearing
HB 7070-94 force./‘bearing-area, .
Specified bearing strength = bearing force of

specified strain/ bearing area

Offset bearing strength (Fig.1).

ASTM D5961/ Ultimate bearing strength—the value of

D5961M-13

bearing stress, in the direction specified by
the subscript, at the maximum force

capability of a bearing specimen.

Yield bearing strength—Dbearing stress which
results in a 0. 02 times the diameter
DIN EN 6037:2016 permanent set of the joint,
Ultimate bearing strength—bearing stress at

the maximum load during the test.

Plain-pin bearing strength—Stress obtained
1SO 12815 by dividing the maximum load by the

projected cross—sectional area of the pin con-

tact area with the specimen

Bearing strength—a value of the maximum

force applied to the test specimen divided by
JIS K7080-2.:2012 the product of a pin diameter and the thick-
ness of test specimen,

Offset bearing strength( Fig. 1)

X T2 A AR T R R, 2R ATIE 2 P
ANAR, SEAE w, KE L, fLO 20 2
e. LD, WE ¢, EHAER 4, A GB/T 7559-2005
FHMRSA 3 LK ITIERERE, TofL o EEfl, W
s A BT EAL, AR P A B g fr, S ks
HABARAETE AR MR 15040, KRR, X Fhsg
BN, DR HE LA B TR R AR, SRR
FREENE 100 mm<L<180 mm; 3 mm<(<5 mm; w/D=5,
e/D=3, Hhw/D=6, e/D=3 Bf i % bR
sf. HAE—# )&, ASTMD 5961 -2005, GB/T 7559 -

2005 AL T hRE RSHE, @ HE T RSB Al A8 i
[il; DIN EN 6037. 2016 X} T& & #1 2T F ik BEd
YhE THEREE.,
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Fig. 1  Offset bearing strength illustration

Bearing Stress (ksi)

[8]

K2 wlHRER

Fig. 2 Specimen geometric illustration (mm)

2.1.3 RBEIERLMH

GB/T 7559-2005 1 HB 7070-94 X 16 % B 45y &5 24
BB, AR TEAE, WIREEMER 2, X TR0 [ E
GB/T 7559-2005 >k A4 T 2 :HE, HB 7070-94, AST-
MD 5961-2013, JIS K7070-2. 2012 % fJc B3¢ E [l &
ik, 1SO 12815, DIN EN 6037 2016 |32t T 3 H 5§
BE PRy AL I B, X TR 8 E
ETRAT 0 ) 46 p 25 B2 i 55 R FL B 3 B 7 0 A, DA
A PORLEE B 77 A 28 5, BRIGZ A0, &l 3 iR,
ASTMD 5961-2013 1 587 SR AR BT 12560 11 e HL I 0 J31)
iz, REIM, KIRMAGENE R &ALk, X
R I B AT DA (IR AR R A e B 7 AR 25 i ain,
AT BT IR FE R SR R TR RARE

3G T KRR B AR S, R
0 XoF T R B ) R AR — 3, IR S AT T
PEE SRS N B2 1 Oy O 48, IRt A R0 2 BEK
KTF 54, GB/T 7559-2005 F1 HB 707094 H/b T 55k )7
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3 ASTM D5961 & H.4% i A]
Fig. 3 Support fixture assembly illustration of ASTM D5961

UL, RBEXT IR 50 25 B HE AT 58 B PP AL 43 . ASTM
D5961/D5861M - 13 AU X] 52 4 A4 i 26 24 0 i A7 43
J5, W ) K E RN S B0 &0y X IR A IS
K7070-2. 2012 F1 ASTM D5961/D5861M - 13 % T4 8 %%
A B AT TR

PSR 5 — R AR (1),

B =P/ (kxDxt) (1)

Horh B R s BT R 1 (MPa) , P k%ot g 4 455
A (N), D RIEESLERE (mm), ¢ HEEPEHY R R
(mm), kAFLRE, SRR 1, BURREE LR 2,

x3 HKBEH

Table 3 Test conditions

Tightening torque

Standard Loading o . Temperature( °C) Relative humidity( %)
(if bolt is used)
1.96 N + m
The initial load is about 5% of the failure load, and load ’
GB/T 7559-2005 - ‘4 foac s abour 9% 0 The farue foacd, and 108 Jariable depending 23:2 50210
speeding keeps a rate of 1 mm/min. .
on reality
The initial load, 5% ~10% of the ultimate load, is applied.
HE 7070-94 Then 1(?ad inc:.reases gradually by. 10% of the ultimate load _ 2342 50410
every time. Finally, load speeding keeps a rate of 1 ~2
mm/ min.
22 ~34N -
ASTM D5961/  The load is applied until stress is up to the maximum and . ITI’
. variable depending 23+3 5010
D5961M-13 keeps a rate of 1~2 mm/min. R
on reality
The load is applied until stress is up to the yield strength.
DIN EN When .slress (.1rops to 19% ~.20% of yield strength, load is LIN-m 2342 5045
6037.2016 reapplied until composite fails. Load rate always keeps at 1
mm/min.
The load is applied until stress is up to the maximum, then
ISO 12815 load continue being applied until stress drops to 50% of the - 2343 50£10
maximum. Load rate always keeps at 1 mm/min.
1S K7070— The force is applied until the force is obviously reduced or
2.2012 there is a possibility that the pin or the bolt is plastic—de- 22~34N-m 2312 50+10

formed. The test speed shall be 1 mm/min.

B 3 B o 0 K 3 1 il 3 T AR AR R R
BEWF ST B | PR REVEAL M BT, N SR s i 2
BABHR R I AR M GB/T 7559-2005 #1 HB 7070-
94 FFAEMREZ AR, WAREET ARG BN, B AR
P DT A RN RO R e 45, DIN EN 6037,
2016 FEEF XA FHE A MR, 25 3] 32 252 i K 2 Of
CTAHR AR, AHI Ty ik i —, TLRE A s LB i
i N2 A PR ISR I BT SR E . 1S0 12815 HiEH
T4 5T % 4%, JIS K7070 - 2; 2012 FI ASTM D5961/
D5861M— 13 Xalie i SR 53 B e Ry 41T, W 1 4552
K25, ASTM D5961/D5861M-13 ELA 4 Fpikse ik, H
HOBCEY A (4R ) B5 U 2R TR A AR R 1 g

RYEERIASY . LhAe, BRBTRE H TR E R T,
WEAE I F UL IR A8 o vl I F RSB EH:, X2 A AR
BRHSHNR RS L RAAERE X, (HiX RN
EHTHEGEAMEL, =M K& =F 2L g7 1 2 &M
BHEE M E 202 A, £ EEENE KR
(NASA) "2k = 2k 45 2 45K 5 A bR 1 i o 2 Tk
Wb, AT HIIRA . ZRG ML 2 A MRS Ve e
oA, Sl HF AR B | fiEik
BUS B R B A A A
2.2 HEEH

RN T AR T e IO AT Ry R B R 3 A N R
W EZMAHEA R ER, HA 75 SR A ALH]
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Fig. 4 Failure codes of mechanical joint of composites: (a) lateral, (b) shearing out, (c) bearing, (d) cleavage, (e) tearing out
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