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Applied Research on Assembled Rivets for Shear Connection
of Aluminum Alloy
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Abstract; Aiming at the problems that welding is not suitable for aluminum alloy structure and the nodes
are prone to misalignment under shear connection of existing fasteners, the assembled rivets for shear
connection are designed, and the structure, working principle and preload determination method of
assembled rivets are given. By carrying out shear specimen test research and finite element analysis, the
assembled rivets shear connection load and displacement curves, force transfer mode, damage mechanism
and morphology, to determine the reasonable riveting order of the assembled rivets, and to verify the
validity of the finite element model and analysis results. According to the research results, in practical
application, it is recommended that the ratio of the sum of the plate thickness of the shear connection in
the same force direction to the diameter of the assembled rivets is 1. 00~ 1. 25. The influencing factors of
assembled rivets shear performance were analyzed, through numerical fitting to get the assembled rivets
bearing capacity calculation formula. The selection specifications of shear connection of assembled rivets
are given.
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Fig.5 [Installation process of an assembled rivet
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Fig. 6 Completed stainless steel tube specimens

20r
15+

Z

R 10

% — AT-1
st — AT-2

— AT3

0

200 400 600 800 1000

LA /e
7 AENELGERE - Tk

Fig.7 Preload and strain curves of stainless

steel tube specimens
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Fig. 8 Completed stainless steel bolt specimens
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torque and strain relationship for
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rivets fastening
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Fig. 11 Dimensions of connecting plate and

cover plate of a shear specimen
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Table 3 Parameters of assembled rivets used for shear specimens
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(5B 14) (5B 241) (534) (544)

M JA G 304 BUREEH4
i W12 d,/mm 5.0 5.0 5.0 5.0
" 4ME D,/mm 9.0 9.0 9.0 9.0
K h/mm 16.0 16.0 16.0 16.0

L 3003-HI12 B4 &4
o BEJEL ¢/ mm 1.1 1.0 1.0 0.8
AME dy/mm 11.3 11.1 1.1 10.7
FiJE hy/mm 20.9 19.5 18.5 20. 4

M5 $30408 AL

BEJEL ¢ /mm 0.6 0.8 0.8 1.0
=Y HME d/mm 12.9 12.9 12.9 12.9
i b, /mm 16.0 16.0 16.0 16.0
HEYE ¢ ./mm 0.2 0.2 0.2 0.2

i TG 304 BUREEH
BT Hi% d,/mm 5.0 5.0 5.0 5.0
KB h_/mm 15.0 15.0 15.0 15.0

b 24 H LE T RS

a SFIAWMF(E T2 LGS

KK AO6RD-1, 6RD-2, 6RD-3) KK H8RD-1, 8RD-2, 8RD-3)

&

d SAMAMH(E EET S

343 = 5
¢ SIULM(E L2 T4 5 #KA10RD-1, 10RD-2, 10RD-3)

&K K H8RD-4, 8RD-5, 8RD-6)

12 HMESERAII BT
Fig. 12

F ORI RS fr d-N RS i 2, I A B SR T
O SRR B0 3 R b 7 A 5 25 AR A AR X L A el
o B EIRER A AR 2 SR F BT AR T L Rk
T 2 DA B, 2 B 2 e R T B IR | 35 AR
Wisd | A BT AT — T IR IR S
4.3 LR 5500
4.3.1 RIBLERE

R0 15 B0 e 5y i ey -0 B th & an &l 14
7o FHEL 14 AN, 085 3 14 oy 216 B it 42 TS B
HRMGR, AT o B AL T B i — 2
BB B IREAL T B B R IR o B, AR EEHERAL )
BB, Bt Y 0 A 2000 B8 i 48 S 2k BT #a g 3%

Completed shear specimens

b AR TR
B 13 mEHL L Iig

Fig. 13 Test site of shear specimens

et 5 S Z SR BRI A% ), DL I BE 4 R A2 R
0.093'%" | Yedt— S BB, U P BHR B iA
F| Imm ZEATI, M 280K T 3% 8 5 w5 A (8] 7Y
BESEF7, PP M5 56 MR 2 ) A R X VAR R A e
WS R IRVEARIE A L SN ET 3B Wk B oY e e AL
REIFF S FLEEA BB R , ooy 1l 14 for k-7 75 Hh 26 12
) 1 T AR, 2R B 3% 2 W BE S i G K, 7R 7K
JEAL 1B, M0 85 i A F 3R 2] Smm 247 B, B
5 T BB T A, 2 e BT S BN FL RSB R A B M
AR, BT R BT | % AR 15 36 A Kk A 25
LEPC A BET h B, SR for 2107 F% ph 26 B e 25
REIR Y b TR A 2 I N R S T ek
/N, TEREIRBT B, S PU B i A FE iR B 13mm £ AT
B Bt for 2 fE— 2B 46 A, 7285 I 5 B i L R 4
T BB ET 38 21 A% B 7k 48 7 B, 76 S84 1 3%
55 2 BRSCR T A A= WSS, W O R (B SR ) SR G

e B AR



ED AR S RO BT 167 A 000 e o LS 51

2024 No. 21
15 frs,
707
60F
50f
40t
=
= 30
£ ool ——6RD-1
0 ——6RD-2
10f ——6RD-3
%4 6 s 10 2 1
AL /mm
a IR
70;
60+
— 50f
= 40
k.
30 ——8RD-1
20} ——8RD-2
——8RD-3
10}
0 1 1 1 1 1 1 ]
2 4 6 8 10 12 14
AL /mm
b 24 R
70¢
60+
Z 50f
=<
& 40
i€ 30
——8RD-4
20t ——8RD-5
1ot ——8RD-6
0 1 1 1 L 1 1L ]
2 4 6 8 10 12 14
AL FE/mm
c H3H R
70;
60F
50t
Z
Z 40t
gm
! ——10RD-1
——10RD-2
10} ——10RD-3
=< % 10 12 14
A FE/mm
d SEAgR

14 BN B Lk

Fig. 14 Load and displacement curves of shear specimens
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Table 4 Ultimate bearing capacity and ultimate displacement of shear specimens

i H

i

6RD-1 6RD-2 6RD-3 8RD-1 8RD-2

8RD-3 8RD-4 8RD-5 8RD-6

10RD-1  10RD-2  10RD-3

W RR R F /KN 59.85  60.95 59.89 51.84 53.52
WIRAIFE A /mm 11.95 12.61 11.63 8.00  9.36

62.90 67.47 66.14  65.46 67.43 62.79 65.12
10.29  12.38 12.13  12.92 12.57 11.78 11. 64
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Table 5 Maximum clearances between the nut of the screw tube, screw and the connecting plate or cover plate mm

> =)
SR T Ll
6RD-1  6RD-2 6RD-3 8RD-1 8RD-2 8RD-3 8RD-4 8RD-5 8RD-6 10RD-1 10RD-2 10RD-3
SW 2.20 1.10 1. 40 1.20 0.15 1.20 0. 80 0.00 0. 80 1. 50 1. 00 0. 80
SN 1. 30 1. 00 1.30 1.20 1.20 0. 40 0.60 0. 80 0.00 0. 40 0.70 1. 00
XN 2.00 1.10 1. 60 0.20 2.00 0. 30 0. 60 0. 80 0.20 0. 30 1. 00 1.20
XW 1. 30 2.10 1. 00 0.20 1.00 0.15 1.00 0. 00 0. 80 0.20 1.20 1.20

WEE 5 3 A R Al =2 [ A A ] B, JE v ] R AR
(A FO AT R R A IR, YIRS IR AT IRIE S
TR B 55 MR 2 18] A7 A ] Bt B, 10 B 2 e BT ok
IRENFELL, T HOE H2 M 8 35 M 2 18] 142 il AR I 42 1
e [ I B B 3 1 1 e7 AR O 1 i AR B
i, FERHTBT AR
5 BBRTHH

K H ABAQUS ¢ 555 3 sy ik b2
BT A BROCEL R A BR G40 BT 245 S 5 i 56 24
JHEAT X H, 36 E AT B e AR AL K2 o #4551 A AL
Pk PR R4,
5.1 BiRIEST
5.1.1  SEAREIRI K ot

1) SRR R He i Ak

IR e Sy 2 S PR R A L
fuIREAY AR AR P A 40 43 I 2 2 A R A A AT
WAL AR 7R FO R B 25 R R AT B L, 45 3
oo S A g 16 B, HaTiR e S bR
Iz B AT A H A A DLy, PRI A BR OT 43 A
e -SRI ¢

E 16 HUETit 4 casE
Fig. 16 Solid model of the shear specimen

2) P& R 53

SRR BRI 3 A 45 SR R M | DX 53 1 ) 4
o 5 R B A R AT A ) 43, 17
Fizm R AE MR BRI AL A% 1K < 2mm , IR AT
PRZ AR P I < 0. 6mm , SR IR ECAL 4% 30 K <
0. 8mm, HI5 EE MM ALK < 1. 2mm, & H AT FL
b B E R SRR AL S K < 1. 6mm , HiR
X R K <5mm,

e HEER

f R
B 17 mELGEHEMERIS

Fig.17 Mesh delineation of each component

of the shear specimen

3) HITHEH

B A AR 45 fih | 1 ) B vh 48 R) L 235 5 4 A
BHERE B 5 =475 TR C3D8R HITHf
5.1.2 ZHRE

1) ¥ )5

AN SRR TN 6061-T6 RI4H 4 4 1245 |
WEATHA R A2-70 RUANEEAN, G045 1 B 3003-H12
RIS 4 BB MR S30408 RURNEEAY , L4 b
R TA2 B 4 AR ELER 0. 3, B4 Jo s R o U 2
FHES DU FE BRI R ST 1k R s
AE BEARANR 6 TR



2024 No.21

FIMEAAT RN ET e R & S bTTIE4 P 1 BEHB 53

Fo6 MR AFMERE

Table 6 Mechanical properties of specimen material
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Fig. 18 Stress cloud map of each part of the
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Fig. 19 Comparison of load and displacement curves
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Fig. 20 Cloud map of specimen failure damage (unit: MPa)
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Table 7 Effect of the screw tube and screw’s material to the ultimate load capacity on the shear specimen
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Table 8 Effect of casing material to ultimate bearing capacity on shear specimens
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Table 10 Effect of the connecting plate or cover
plate thickness to ultimate bearing capacity

on shear specimens
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Table 9 Effect of screw diameter and screw tube effective thickness to ultimate bearing capacity on shear specimens

” WRAE AT RURE IR/ mm

I ER/ 1.5 2.0 2.5 3.0 4.0
5 52.07(1.56) 58.31(2.24) 61.86(3.00) 64.47(3.84) 69.29(5.76)
6 58.93(1.25) 66.45(1.78) 71.21(2. 36) 73.56(3. 00) 79.33(4. 44)
7 70.85(1.04) 78.83(1.47) 83.67(1.94) 86.25(2.45) 89.71(3.59)
8 80. 15(0. 89) 88.21(1.25) 91.18(1.64) 92.03(2. 06) 94.86(3. 00)
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Table 13 Selection specifications of shear connection of assembled rivets
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MI19 11.0 15.0 2.0 17. 4 1.2 19.0 0.8 12.0 61. 14 122.28
M21 13.0 18.0 2.5 19.8 0.9 21.0 0.6 12.0 70. 56 141. 12
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Table 11 Shear capacity of individual assembled rivets
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1 30. 12 21.08 21.62 2.56

2 33.18 23.23 22.18 -4.52

3 32.56 22.79 22.51 -1.23
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Table 12 Deformation of individual assembled

rivets when shear load capacity is reached
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mm TR2/ %
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3 11. 74 7.15 7.02 -1.82
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