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Experimental Study on High-strength Bolted and Friction-welded GFRP Joints
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SH: Standard sized hole
OH: Oversized hole

810
400 10 400
20.5040149 5030

[ T T Ei
. e OH :@15 g{

: - Connecting plate
Aluminum tab (t 3)‘1‘% M12 (F1 T/r Base plate%

Adhesiveﬁ
100, 180 . 250 | 180 | 100

>

H—6 HERAFMIK (B mm)

12

mm : Strain gauge

- 012
w 0
15 30
K—7 OFTHT—IF&FRIN (BAL: mm)
10
Fixed side ] Slip side
[ : Relative disp. Vggﬁ; Vggf
M-8 MEMEMEHAME (AL mm)
R—4 MRHDEE
51k SUERIRIE JE G
Maials  BIE R G0N
(MPa) (GPa) (MPa)
GFRP 361 31 N/A 363
SM400A 443 200 337 N/A
4) HBs—x

K612, TRDABRIZBIT 2B ST A —F 2IRT,
TN BRI O BEE ARV Ml J1x, 100% (52.2kN) .
80% (41.8kN) & L720 Z AR Mali/id, ik
7 C. FEKRGFRPHET (M20DFST) % A I FENE L 72
BV 97— a VRBORBRICESERE Lz, Z
OREETIE, BV M IZ. F oy MEEEETER L T,
VIR T35 A K4 H AR OFRATE )] % 100% (52.2kN)
&L, ARBROFREIAR N ML L7z, BB, E5%
LEJMET 2 ME LT, 80%D 7 — A b FEMi L7z A
D /8T 2 — 51, @ERTIR) v EELE O A
#E, GFRPTIZ7 v KRR EOFIEE Lz, /20 K
VML, FERAL (p15) LAZ#ESL (p14) & L7z
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F—5 REMES EBREFAKER

Case

Surface roughness Ra(um)

Coating thickness (um)

Base-plate Splice-plate Base-plate Splice-plate
Ax80-PNL 1.45 10.22 N/A 199.3
Ax100-PNL 1.77 10.30 N/A 197.9
Ax80-PPL 1.09 9.12 40.2 185.3
Ax100-PPL 1.14 11.09 45.5 208.7
Ax100-PNN 1.70 11.35 N/A 203.1
Ax100-NPL 1.04 7.41 36.4 148.6
x—6 HMEBI—2X
Axial Surf.coating of Surf.coating of
Case force connecting plate GFRP Bolt hole p
Ax100-PNL 100% Phosphate treat. Unpainted Over (p15) 0.62
Ax80-PNL 80% Phosphate treat. Unpainted Over (p15) 0.49
Ax100-PPL 100% Phosphate treat. Painted Over (p15) 0.62
Ax80-PPL 80% Phosphate treat. Painted Over (p15) 0.49
Ax100-PNN 100% Phosphate treat. Unpainted Standard (¢14) 0.61
Ax100-NPL 100% N/A Painted Over (p15) 0.62

o —AoRBRIEERERsRE L, Bk, &
JBETRME, TR ZEEAFETEURE LTz,

5) FXEt7
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B FE TR, 24 T T14. LIRS & Lo,
COFER RV MR TERIIEEA15~20% T dH o 72,
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N OLISHEREIC 22 L9 ML EHTH Lo Y
Fii L7z,

FHATE HZ, Fov bahdy, SRR E, B—-8I12RT
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HETHETIC, DEBRMERTIEELTWSLEZ LD
b AU V) VEREEMVEASR IR G 2 720, KM S
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fffffffffffffffffffffffffffffffffffffffff

Ax100-PNL
©  Ax80-PNL

Ax100-PNL
°©  Ax100-PPL

Ax100-PNL
©  Ax80-PPL

Ax100-PNL
©  Ax100-PNN

Ax100-PNL
o Ax100-NPL

0 0.20.40.60.8 0 0.20.40.60.8 0 0.20.40.60.8 0 0.20.40.60.8 0 0.20.40.60.8 0 0.20.40.60.8 1

Relative displacement & (mm)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
|

(a)  EHfH

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Ax100-PNL
o Ax80-PNL

| o Ax100-PNL

Ax100-PNL
°  Ax100-PPL

Ax100-PNL
o  Ax80-PPL

Ax100-PNL
©  Ax100-PNN

Ax100-PNL
©  Ax100-NPL

0
0 0.20.40.60.8 1 0 0.20.40.60.8 1

(b)

0 0.20.40.60.8 1

0 0.20.40.60.8 1 0 0.20.40.60.8 1 0 0.20.40.60.8 1 1.2
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MW TEAL

—9 WE-BANEMERF
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R—7 TRNYRBRER—B

Bolt
Design Bolt ax- ax?al L Slip coefficient g Slip coefficient y, Slip coefficient u,
bolt ax- ial force force Slipping
Case ial force before during load cv cv cv
testi . kN

(kN) E(:ililr;g (Sklll\% (kN) Mean (%) Mean (%) Mean (%)

1% 53.4 503 o936 0448 0.448 0.465

Ax100- 2 54.2 50.9 96.6 0.463 0.446 0.474
PNL 3 22 527 491 946 0453 0462 12 gqe 0455 18 gygy 048619

4 53.3 50.1 97.7 0.468 0.458 0.488

5 51.8 48.4 96.6 0.463 0.467 0.499

1 45.8 44.1 76.2 0.365 0.453 0.432

Ax80- 2 41.2 38.5 76.6 0.367 0.464 0.498
PNL 3 52.2 41.7 38.8 83.6 0.400 0.387 5.2 0.501 0.483 4.2 0.538 0.509 8.2

4 43.5 40.4 87.2 0.418 0.501 0.539

5 40.6 37.2 80.3 0.385 0.494 0.539

1* 53.1 51.2 108.6 0'5*20 0'120 0'5*3]

Ax100- 2 52.9 51.4 107.1 0.513 0.506 0.521
PPL 3 52.2 52.6 50.3 108.4 0.519 0.522 1.7 0.516 0.522 3.1 0.539 0.541 3.2

4 51.2 49.5 111.6 0.534 0.545 0.563

5* 532 502 1090 0322 0.522 0.542

1 43.1 40.4 90.2 0.432 0.524 0.559

Ax80- 2 42.9 41.1 97.0 0.465 0.565 0.591
PPL 3 52.2 40.7 38.4 88.8 0.425 0.429 5.1 0.546 0.540 3.4 0.578 0.573 2.4

4 40.3 38.0 88.8 0.425 0.551 0.584

5 40.1 37.1 82.6 0.396 0.514 0.556

1 53.7 50.2 97.0 0.465 0.452 0.483

Ax100- 2 54.5 51.0 99.0 0.474 0.454 0.485
PNN 3 52.2 52.0 48.4 96.8 0.464 0.461 2.3 0.466 0.454 1.6 0.500 0.488 1.5

4 53.1 48.9 96.3 0.461 0.454 0.493

5 52.0 48.0 92.3 0.442 0.443 0.481

1 52.8 52.3 49.2 0.236 0.233 0.235

Ax100- 2 53.1 51.8 56.9 0.273 0.268 0.275
NPL 3 52.2 52.7 51.3 62.9 0.301 0.253 13.6 0.299 0.253 12.1 0.307 0.259 12.6

4 51.8 50.8 53.8 0.258 0.260 0.265

5 49.9 49.1 41.6 0.199 0.209 0.212

2) ) FRE
R-73 TN AERERO—E, F—101F&%FHRV b
) B X ORERRT RV Ml & TR L7223 4R
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= 3
= 0.5 o H] ]
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o 0.4} =1 1
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