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Bearing Strength at Bolt Holes of Aluminum
Alloy
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China; 2. Zhongtian Construction Group Zhejiang Steel Structure Co.
Ltd. , Hangzhou 310008, China)

Abstract; The basic theory and the calculation method of
“Code for Design of Aluminum Structures” about the bolts-
joints against shear force were analyzed. 15 tests of shear bolt
connections and numerical simulation studies were carried
out. The research results show that the value of bearing
strength at bolt holes given by “Code for Design of Aluminum
Structures” is too conservative. According to the failure
phenomena from the experiments and numerical simulation,
the deformation failure criterion was proposed. And based on
this criterion, numerical studies on the effect of bolt
diameter, plate thickness and end distance on the bearing
strength at bolt holes were undertaken, and the calculation

formula of bolt bearing strength were derived and verified.
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Tab.1 The main information of each aluminum alloy shear bolt specimen
, o y B BRE e AR AR T AR AR T e bl
LR BRI /1 £ /mm (mm>X mm) (mmX mm) /mm /mm
SLJ-001 BAETLBE R R B IR, ARG AR 1 22 100X 10 75X5 60
SLJ-002 B TR R IR 2R S AR R R 1 22 100X10 75X5 25
SLJ-003 VBT B ey 1 20 100X10 100 X20 60
SLJ-004 VAT BT U 1 12 100X10 100X10 40
SLJ-005 VAT BT U 2 12 100X10 100X10 60 40

a SLJ-001

b SLJ-002

¢ SLJ-003 d SLJ-004 e SLJ-005
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Fig.1 Photos of specimens before the test
M20 12 MI12 3% 2MI12 12
M22 i?oﬁ M22 z{@f@ %ﬂiﬁe ﬁ ﬂi*ﬁ
%/ =y %/ — || % —
*=% O# 0%4 O% i = OI i ;:T%T
“ = 0 = _=E == =
#I i 4’| : =l =i =3 5
"‘Jrl ] | m#l ] | %l_ - gl_ - R [ EL
i 120 [60[60] 120 i 120 16025 155 120 160]60] 120 130 4¢ 130 q[ 13040 604¢ 130 l
a SLJ-001 b SLJ-002 ¢ SLJ-003 d SLJ-004 e SLJ-005

2 HeEmTE

Fig.2 Manuscripts of specimens
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Tab.2 Test results of aluminum alloy plates
EEFS AR E/MPa fo.2/MPa fu/MPa o/ %
S HH 65 600 259. 47 284. 32 8
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Fig.3 Hole deformation of the specimens after test
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Tab.3 Description of the failure mode of the shearing bolt connections
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S - : 259 R AR AR JEF AR
SLJ-002 1? 39. 88 38.20 i R ETEIN TEIRE A s .
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A Z81.69 AR AR _E R L A9 BB 1k B R AR T AR B B B, MR AR
i 2 e R AT 5,08
SLJ-003 1? 276. 32 280. 11 4 BTIR I B s IR, BB 2.
C 282. 33
A 195. 49 A RIS e L, 0 98 e B AT A 2 M
= N v 3 TEBT R A2 M s BR
SLJ-004 B 99. 38 102. 76 B BT 5B s R ERE , RE b
C 103. 50
A 207. 62 AR SR AR AL A B M B AR TR AR N B, Ho
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Tab.4 Ultimate bearing capacity of the specimens

SRR GB50429 EC9 AT &
RAAS  ARBIF fres/  fhos/ N/ N/ Noem/ fiee/  flose/ N/ Ni/  Neoe/ Nome o, Nick

#HEN.  MPa MPa kN kN kN  MPa MPa kN kN N NS N
SLJ-001 73.64 329.81 428,75 47.16 280,09 47.16 505.46 631.82 69.50 353.80 69.50 64.0 94,4
SLJ-002 38.19 329.81 428.75 47.16 280.09 47.16 210.61 263.26 28.95 353.80 28.95 123.5 75.8
SLJ-003 280. 11 329.81 428.75 171.50 231.48 171.50 511.57 693.46 277.39 292.40 277.39 61.2 99.0
SLJ-004 102. 76 329.81 428,75 51.45 83.33 51.45 568.64 710,80 85,30 105.24 85.30 50.1 83.0
SLJ-005 202. 24 329.81 428,75 102.90 166,29 102.90 568.64 710,80 170.59 210,48 170.59 50.9 84,4

AR 4 WA, FHRKRINALTE ECO SR15 B FLEE K
Fe AR B 7 55 S T A A R AR 28T Wl 5 R S R A

Hep LA M4 SLI-002 1 Neoo/No BN T 8024,
X2 B R4 SLI-002 fyg s fLEREE /N T ECO H
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Fig.4 Diagram of distribution of the stress at the bolt hole
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Fig.5 Permissive value of hole deformation
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Fig.6 Mesh division in numerical simulation
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Fig.7 Comparison of force-displacement curves between

numerical simulation and test results
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Tab.5 Dimension of different series of numerical models
JIRCE S
PR 22 51
t/mm WE R B/d, e/dy
3.0, 3.5,
Bdo 10 Mz0 4.0, 4.5, 5.0 2
3y 5, 7,
T 12, 15. 18 M20 3.75 3
M4, M12, M14,
D 5 M16, MI8, M20 >4 4
1. 50, 1.75, 2,00, 2.25, 2.50,
Miz 5 Mi2 6.2 2,75, 3.00, 3.25, 3.50, 3.75, 4, 00
edo Mis6 5 Mis6 6.0 [A) M12
M20 5 M20 6.0 [A) M12
—7=3mm —=7=Smm —7=7mm
120 . 240+ ——7= 12mm—A—T 15 mm & 7=18 mm

A=270

200
80 160
= i é 120
40 : g0l B
40
0 2 4 6 8 10 0 5 4 6
FLEEAS S /mm LB B /mm
a Bdo &%) b T &5
/’..,./v‘“"w' o i
:;:Zﬁ 40t
N e '
§ =T M4 — A=l 14 § !
—=MI2 ——A=2.00 e
—Ml4 -—-A=2.20 2wl T e=1.50d, =L lody e
—M16  —— A=234 2200 d) —+—e=225d)
el g Tape e
—— e A= —X—e=3, —e— o=
M20 A=2.70 D G i
. . =104, ----A52.01 .
2 4 6 0 2 4 6
FLEEAR S /mm FLEEAR S /mm
cDEFI d edo BEFI(M12)
70r ' 90¢
60}
S50 60k
40t
21 4 €
& 30f ) ST e . ——e=175d,
0w L 2170 30F P 2004y ——e=225d,
20 230dy ——e=2.75d, §  —250d) —=e=275d,
My 0 d 3234 e e=3.00dy —o—e=325 d
10 =350 dy —x—e=3.75 d; ——e=3.50d, —*e=3.75d,
: . Y AP0 dy  --—-A=2.70
——e=4.00d, ----A=2.34 ) e~ I ,
0 2 4 6 0 2 4 6
FLEEAE FE/mm FLEEA T /mm

{ edo BF1(M20)
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Fig.8 Force-deformation curves of different series
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Fig.9 Variation of bearing capacity at bolt hole against geometric parameters
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FH /0 AR SR IR R R 5 B v (L

ZEAROFMAOE fha=¢Ce/do) fu.. MERE
9c =AM R TR, BB 8 Ce/do) BT AL R WA
2R FORSF R F = A2 T g /e R
PE ML mBESFHELF R BRI GB
50429 Xof W4 i Bz BE A KR o7 LS B A6 N ) FLEE
ARIEIREARMER faatBE A=l

(1o

chk - go(e/d0>fu ==

{(O. 52e/dy +0.76) fu» 2.0 <Te/dy < 3.25 an
2,451, 3.25 < e/d,
AEE P FLBE AR i B IR T /2 WA .

¢ = fo/ Vm (12)

Ho, v A BT R B, WUARYE GB50429 R Y
EE 1. 30.

SRITEAF (11D F R 2, X 25 20 k4 fry L B
R R 58 B B (B RN ST E HEAT AR, LR R ) F
F 6. Ho, £h R ARAE ST MR AR 1 BAR B By 5
B fo A BRI BAR B R SR  ; fa AR AD
HAAR S FLEE AR R IR AR ME(E. R 6 A0, BiE
AR ELER A SRR SL MG R /LR
BIHAE N 0. 846, F/ME K 0. 784, UL BB A it
BRSO ERC T, BT %4 Hig ARt
BHER A SARTITESER fAEEER, L1788
ELAE 40, 926, SF R 2R 8%. I iER=R (11D
JERBHETR H % 4.

x6 FLEAEEREERESTMEILR

Tab.6 Comparison of bearing strength at bolt hole between theoretical value and test results

it pMPa payvpe LREER e e s s AR
SLJ-001 669 667 2.85 635 602 0. 890 0.902 0.948
SLJ-003 700 645 2.70 640 639 0.913 0.991 0.998
SLJ-004 856 754 2. 00 734 671 0. 784 0. 900 0.914
SLJ-005 843 736 2. 00 775 671 0. 796 0.912 0. 866
i 0. 846 0.926 0.932

IR ECO XA &M BB ERNWEE
R e=>2do. K 7 AN T Bl e=2d, B 4% H
FLIE AFLBE AR R AR (E f2 (R4 6061-T6, 41
FIERE f, =265 MPa). REFEZE AR S SN
GB50429 AR S 0, =2. 5/ Yan » Pe MR
A B/ MR . Hoh i oh EBITE GB 50429 SR8

FaBBAR /N, X2 FHYE GB 50429 F B T &/
W2 L Hp s ) B G S B I, T T SR B AR FLFL
BE R S 5 R TR P, 8 7 B AL TE B 2 LA
AR AR R 2 467 MPa, 54 AR MITE
B 477 MPa dEF G, X B T A SCAF A B o4
Ky EEtE.
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Tab.7 Bearing strength at bolt hole when end distance equals to 2d, MPa
KEMS S BS8118M14] EC3) GB50429C11 SCRR[8] A3
BEiTFH0
HHRAR fA=2fu Sh=2pr A=2.5ap fu SA=1.16fy * m FA=153fu* Ym RAD
TrAE{E 530 435 441 400 527 477

ZIRIRAR L 30,35 T h 24, HITEHL, 4R

Pressure Vessels and Piping, 2003, 80(4): 253.

gL N . [6] Sheng N, Yam C H, Iu V P. Analytical investigation and the
éﬁ 6061-T6 E‘JE‘L&%%&E?&TE&#WW?@ f}g _ﬂ;k/ design of the compressive strength of steel gusset plate
Y =365 MPa. connections [ J]. Journal of Constructional Steel Research
2002, 58, 1473.
4 é:lgl: -L /[’: [7] AISC. Load and resistance factor design specification for
structural steel buildings[ S]. [S. 1.]: American Institute of
Steel Construction, Inc., 2000.
BREGES S THIE ) (GB 50429—2007)  [87 GAAKIH, £, B4 S WIBRERGHTTEY
4P A LB R RSB 2 1 ECO A28 e RS s D .
o . - - o SHI Yongjiu, ZHANG Guixiang, WANG Yuanging.
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