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Mechanical performance of typical joints of angle steel

tower based on finite element analysis
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Abstract; [Purposes| The paper aims to study the mechanical performance of typical joints
of main inclined materials of angle steel tower. [Methods] The finite element analysis of
mechanical performance of typical joints of angle steel tower under different parameters
such as the presence or absence of auxiliary angle steel, thickness of auxiliary angle steel,
thickness of connecting plate and bolt spacing was carried out. The stress distribution neph-
ogram, ultimate bearing capacity and failure mode of joints of angle steel tower under ten-
sion and shear were studied when the tightening torque was 300 N *m, and then the simula-
tion results of typical working conditions were effectively compared with the test results to
verify the effectiveness of the finite element method. [Findings] The finite element simula-
tion results are in good agreement with the test results, and the ultimate bearing capacity
and failure mode obtained by simulation are close to test results. [ Conclusions] Increasing
the thickness of the connecting plate can enhance the ultimate bearing capacity of the joint.

Increasing the thickness of auxiliary angle steel has little effect on the bearing capacity of
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the joint, but it is beneficial to enhance the initial stiffness of the joint. The bolt spacing has

a significant impact on the bearing capacity of the joint. Too small bolt spacing is easy to

cause stress concentration and reduce the ultimate bearing capacity. It is suggested that the

minimum bolt spacing should not be less than 3 bolt diameters.

Key words: joint of angle steel tower; finite element analysis; ultimate bearing capacity;

failure mode; parameterization
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Table 1 Material properties of each part of the joint
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ot fy/MPa fu/MPa E,/GPa Fulfs
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i 2 Ak 6 402 596 200 1.48
i 3 302 452 197 1.50
Ji 5 416 621 203 1.49
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Table 2 Ultimate bearing capacity and

ultimate displacement of the joint
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Fig. 2 Constitutive relation of the steel
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loading conditions
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specimens and their finite element stress nephograms

H D 4 AT LA HY o B8 o 280 00 AN W 3 i i 2
PR RE T S AL AL BT LB A 1 ) AR
R BLGE  IX R 56 45 2R i 2 A 4 AR vh BT

F A5 M 3k http://cslgxbzk. csust. edu. en/cslgdxxbzk/home



#195% 18

MRtk A, 4 AARE B W B S e TR AT 49

IR A7 B R — 3, Y oy R 0 ) e R AE B, B 2
P18 $5e RN g 3 i A B 5 3 4 & A o B IR
WG S 2 Ab Ay R A 4 B T L i 5 Ak Y R R AR A%
AETE . Ak U, A B e B AL A 3 1 R ) =
SR SR IR S AR A

JC 2 F RN BE 5 Ff 9 10 far 2R — 07 B8 i £ ) Xt
Feani&l 5 fros ., Hodr AR i 2 AR 5 W
FEFTE yOz WAL EE T GNAs A Ry Vs A 4R 7 [l 4
k. &5 T, A R TR L i 2k — {7
5 1l 22 A 56 52 0 ) 25 R B R AR i B — 2K
Wi 5 it 2 1) 1850, A () ar 2R84 R AR T AR 48 1Y
P /N3 56 I A5 1 5 S L B A B o AR L 1) B PR
R T 3 W R A i A,
2 A BRI 3 T v 28 87 Ak 1 4 45 4 A B 6 R 5 X bR
AR SE 4 — 30, X5 K A S WA 7E — & 10
b i B 0 2R O R 0 B R S R B
O oERE A AEE—E W O AF . 38 i 5 52
A5 2 2, B 5 M BR 2k 2% J1 43 il o 533
245 kN, 11 A BR 7T 455 40045 21 1 25 2R 43 51 Oy 556 A
260 kN, IR 22N 4. 3% 1 6. 1%, I TE R 2210 1t
VRIE R .

600
500 "
~ 400 /
=
= 300
iE L
200 AT BT
100 e iR
Il Il Il Il Il Il Il ]
0 2 4 6 8 10 12 14 16
{37 #% /mm
(a) B2 fW
260 -
-
208} =t
Z 156
= 104
/ e G B
s2r —e Ml
Il 1 Il Il J

0 2 4 6 8 10 12
7 % /mm
(b) 5 MW
Bl 5 R B wmEstit
Fig. 5 Comparison of load-displacement curves
AN, B S IR REE L a5 52 I A5 3
2 4 JiE A e 480 A0 X5F B B4 062 % 0 5l g 106. 8 kN,

1. 95 mm, A BR G A LA 2 19 40 51 8 185. 3 kN,
2. 74 mm;; 38 5 3R 56 S AR B 5 R Ji A far 2 R
XoF 07 B E B 23 ) Mg 138, 8 kNL2. 01 mm , A PR JCHE
PSRN AY 450 170 kN3, 71 mm, Hg & B, 7E
A0 3 p A IR T AR 8L A5 21 (4 3 2 0 46 I s
JIR A 28K 53 96 45 SR AH LU AE AE — 2 1 R 2, X2
FAE I 27 30, R A R AR L I Y A B Al
FEAE TR . HL7E RS 2Ry, A% g g
22 [E) A BE T 43 4 i 10 A BR T 40 AT I A% 3R 6 2
22 A B 2 i Ay AR A 2 ok S

4 BRTSHSH

Hy b3 20 A R AT R TT A4 B R IR 285 i 4
— A% i 28 5 I 4 R AR — 2 U A R OO
WEA —E WA RNE . ABFEFEH 32 H L b
FE 300 N« m B[ S HAE T HoAt DR 3R % £ 19 5%
SR SR AT W R W LA RO SRR A TG
B4 F0 H9 B RE F DR R | A AT A B MR A T
X R I PERE R . A BROCEE R A9 B
ROFWER 3, BR T3 3 B sl 28 19 RS Sb A7 BROCKE
TR B0 Al ROSE R B A ) R — 2

R3 ARABA XA R

Table 3 Specimen size of the finite element model
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Fig. 6 Load-displacement curves of specimens

with different joint plate thickness
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