2T 11 #OSOW & oM o B Vol. 27 No. 11
2025411 H Progress in Steel Building Structures Nov. 2025

BEHRNEEEXNZETRRENIXEHR

i Res L RMR,E B RERY A
(1. FH M ZAE B IAERAR A 230022; 2. v [ g 5 a5 4 22 808 b i B A IR A
G 2300315 3. [E M2 BE BT A RA Al SRR, I8 2300225
4HEKRRYE AR T RSB, EK 400045)

SCHVER R A E BT — R R B 8 4 0 T O i ST B A5 A, 45 B IR SR R e dl Uk L i g
o T D S bE 0 Sk A R B Y R B A R T AL B A T A T 2 B S LB RCR 5 T 2 o AL
i N B Al AR A ) 2R o ey R Y AR R I A AR S 10 DG BRI R AL R 1 R A =0 R
W BR A 7, SCrP R T 104 RS S B R 3 IR B 5, B 88 TR AR R B R AR AR LA AR MR AL
TR o7 B B M 2 MOoR BT sZ e . [ EEST T A B Y R R OTEL Y 2B R SE T AR AR
JUSE BEALRUSE B A o B 45 TR 3R 0 AR B AR D R s2 e . 2R G 5 R R DR SR A L BRI T 2 MK
AT S5 F U] TR A PR AT R B B A A A O, SR TR i 5 G AR I AR 0
SE BB 5 Ak 2 = M B B, A AE A O 0 A TR S A D) PR MR L TR 7 A AR R 2 IS ARG it A
JEl L LSRR 7 A T R D B AR AR AR Y RS AR B M SR RS AR AR R LA AR X T A R R ) Y e
I R FL AR X 49 a5 2R 28T 52 Wi AR R 38N

IR R AR PR W R PURLAE; KRRy ARt

FESZES: TM75,TU312 XHkRERG: A XEHRS: 1671—9379(2025)11—0057—09

DOI: 10.13969/].jzgjgjz.20241020001

i

et

Experimental Study on Bearing Capacity of Butt Joint Connection
of Whole Section Assembled Transmission Tower

CHEN Xiziang', ZHANG Jinfeng', LUO Yihua', ZHANG Shulin’,

LI Tao’, ZHANG Jialun*, LIU Hongjun"
(1. State Grid Anhui Electric Power Company, Hefei 230022, China; 2. China Energy Engineering Group Anhui Electric
Power Design Institute Co., Ltd., Hefei 230031, China; 3. Economic and Technical Research Institute of
State Grid Anhui Electric Power Co., Ltd., Hefei 230022, China; 4. School of Civil
Engineering, Chongqing University, Chongqing 400045, China)
*Corresponding author: 13592265228(@163.com

Abstract: This paper presents a design for angle steel towers with a structure where the top and bottom ends are completely

separated, forming independent sections. These sections are connected by circular base plates, reducing the
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number of bolt groups at the main material joints. This design improves the existing tower assembly method,
enhances assembly efficiency, and increases construction safety. Additionally, it facilitates robotic operations for
tower assembly. The connection joints are crucial for ensuring the overall stability of the tower. To understand
the load-bearing mechanism, failure modes, and ultimate load capacity of the connection joints, this study
conducted tensile load tests on 10 full-scale joint specimens. The effects of base plate thickness, base plate
diameter, hole position diameter, and bolt hole diameter on the load-displacement curves and load capacity of the
joints were examined. A finite element model for the connection joint was also established to further investigate
the influence of base plate dimensions, hole sizes, and material strength on the ultimate load capacity. Based on
the experimental and numerical results, a load capacity calculation formula for this type of joint is proposed. The
results indicate that, at the early stage of loading, the specimen's directional deformation is not significant. As
the load increases, warping first occurs at the welding positions between the main material and the base plate.
Continuing to load into the plastic stage, the main material bends under eccentric forces, and bolts deform under
the compressive force from the bolt holes. Eventually, the base plate exhibits significant warping and
irrecoverable residual deformation after unloading. The base plate thickness, material strength, base plate

diameter, and hole position diameter have a significant impact on the joint's load capacity, while the bolt hole

527 %

diameter has a relatively minor effect.
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Fig.1 Assembled transmission tower

transmission line; assembly; butt joint; tensile test; bearing capacity; finite element analysis

P 2 o 395 0 42 SR T A M B B G
B A TR v i BB —3h . H A P A 2 o x4
PSRN B EA K TIE . B S SGT T 4
4 9 25 B TR R SO O R TR B T 2R
7 a1 X 422 A T R 5 Z R T R i R AR
TR FH % A 5 0 B R R AR R 0 1% Gt 4 Oy 1 T R H
T ML HE AT R R | [ B A R T 4 e A 5 R il T v )
TG iR M 2 O LR R A M A R AR AR T B
78 KA K 3t U YT A5 g 2R S A2 D0 G B R B R g
IR 000 927 A S A 19 17 AR A Ak 5 N g 4 A i
TTEUE B, I B0 25 5 5 a0 25 1 % . P
20503 1o B A M BB AR L R0 45 Ty 30, X e
JIED R R S P R B Y R T EAT T B SE R B R RS
TR ) AR A AR R T AR R Ty
o BEUGEEXE /A MR SR R R AT R T IR B
S5 JL AR W B AR JEC AR N 2 B s S BRI & OE
A OGRSt 3028 T o R kA Jei i 1 15 00
0 R IV W 5 ik bR 8 e A A I AR K, 2 Bt B i
R LT AT T 26 AR i R UK L 5 10481
o AU AR 5 AR, 16 7 /\ i B A A B R A A 43 A
TR A B B IR R A B A% S B0 B AR AR T Y s )
I WB 1% 45 R AR B BB RE . I I OOR R
L3R 0 W A5 A0 1 B g 1, SR R T SRR OK O B8
YERTF 4436 BRR 52 25 0 0 Lo 0 06 &, FRAfE S 1R 2 M 7
BF — B T Ak 1 e RS R e T A R AR R 4 S %
B VB T o 38 4 35 BB b i B KA o 3k 5L
KORIGA % HF 5 1 155 Hi 7 DX 0 465 140 R4 A0 21 R4 3 422
(9 sh F1 e B, 2 O e T A 2 M Bl g 2 A B AR
LTU % 50%6F 26 M 25 301 i 80 10 A7 00 52 TR IR 56, % B fA



511

H B Bk U v B X Y R ST IR Y 59

W2 GEAN R il e A R RS R , BEATR BIRBECT  aliFK
A3 7R it U B ) A0 R A A 22 5 (R Il o B RS 7R 2
3 95 ) 23 BE 2 K A0 He B R0 ES o 5 22 Rl
BB 5 BR S BT, WF ST T /\ AR A B A A o B0 9l %o
B AR 3 B8 B BUAT R R AR B A SR FE A
5 L& S W A AR R R 4R T B IE DT k. B
A0 U] S T B A B\ b D MR R AR 11 B2 T RS S
JIHLH B TR AR AR S R ik

MR BTSRRI D35 D B A3 L BT
A H X HE A 4 PR SR D o it AR SO B A BESE
BEAl b, Bour Df e U vl B 0 Y AT R T RO
ORI AT R AR RE AR E A . il XA RF 2
BOIEATE S i 1T ORI 2, i S bR
HLZR B T AR B H IRy s R 2 %

1 B ARt
1.1 MERH Rt

R (42 25 B v 2 B AT 5 25 M BT H R R FLRR ) (DL/ T
5486—2020) "1 e {hy g 3 TSR B T 1 Y A G A
F& R AR ot S 3= 4, G v (B TR i Al v (5 JR) 1) 385
fii B AR AL R LA T BUB AR B AR 1.3 M5 ~1.54F
Lo [RIB byt B 4k B 32 g Ja o 40T A BN RS | 2T
R A3 7 A RN T, MR 5 R AL TR] Y 23 B A R
W5 R AR [ 5 o LU s 6 Y S RS AR R
AN A G o 40 oo, JiE DR 0 42274 SR TR TR BE T 1) 32 )
PG A2, JEE R e K 2 e B AR A T L ) i IR 2 2 ) 7 2
AR 2L S oA U R RS AR A 19 1 A L R B
A [ B o o Sk 0 BR DL N oA B Fr R s ). & 3%
B ) J5 0 30 o A 5 MR TR AR R, REA U5
I BRL AR [ 2 T A 1 A AR SR K 2 R . T
AT B INEN R LA 7 i 5 2 TR HLEs AR IEE .

Q355-8

Q355-18

Q355-8

4AM24(8.8%

:::I>Q355-8

a) WRRBERZ
B2 xEymKs
Fig.2 Connection joint type

b) 1-13m A&

1.2 RESHET
ARG LA 21 R BRI TR R o X R A

F I, e S Ry 5% oy P 8 A A TV R 114 5 o DI A
BN IR N B Y 5 1 IR AR Y &) 43 A T 32 SR v A it
i B 3T, 3 5 A5 G Al 7K 52 1) 25 R ATDRE A0S L HOREAR 1 B 1
JEE R 5E AN PR A2 R TR o PR A e o 2 Y
Z LT A, TR B AR JE Smart Tower 44 5 10 35 £ 77 3%
A LAAS B, 1 RN R A2 e 20X R A R 52 A 2
109 o P 22156 AN A0 R, DU g AL U8 T 20,
X4 R an sl 3 s

O
) JRARIZFL
OO\\ b EM
o| A @'} )i
R 3 ;
QY o
b |FLA B A
Tl | | EmEE
=
&

a) WA IERLE b) AL
B3 xEy sl iRt

Fig.3 Design of the connection joint specimen
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Table 1 Test parameters of specimens

KA RBMEE RMAR L AR EHILE

%% t/mm D/mm D, mm  D,/mm FHAR
T1 16 250 160 27 JE A 2
T2 16 300 180 27 FUis A2
T3 16 300 160 27 Uiz A2
T4 16 300 160 36 AL 1R
T5 18 300 160 36 JERARAR B
T6 20 300 160 36 JRARAR B
T7 14 300 160 36 JERARARJF
T8 16 350 190 36 JE A 2
T9 16 400 220 36 JE A 2

T10 16 300 160 30 AL

1.3 # XK
ARG SR 44 SO AR 58 3 0 355 MPa i) 7t
1 FH % B b ] 6 29 SR B RS ) B o KRS v R B



60 M A R kR

527 %

A D0 o P AR K I BORE 07 B O RE R & ) (GB/T
2975—2018) Bz L3R, X 3R A4 A b4 i T ) O o ik A
A A PRI . I PE B INSTRON 1342 5 # 25 41 1 i 5
BL, W 4a) Ir 7R, 35 43 b MR A an 11 4b) BT .

b) HHHERLLE
B4 #EL%
Fig.4 Material property test

a) PRI HL

il 3ot A P 0 T A B R S B L IR 5
JE f AR £, o FLARA B PRI A 2 B0 i 45 2R ok 2
s, 22w Lal-Lal0 2y 9 5 %k a8 20 T1-T10 /9 44 1
Pt

®2 MEXBHE

Table 2 Material property test data MPa

KA ) S E

Lal 417.10 555.88 195 962.55
La2 361.09 534.26 195 521.66
La3 394.63 546.63 191 051.05
Lad 494.01 617.26 209 226.33
Lab 373.12 539.73 201 479.66
La6 360.03 513.56 202 950.92
La7 380.77 524.48 184 720.99
La8 464.63 588.28 207 331.73
La9 465.57 584.16 207 202.51
LalO 467.99 585.58 205 264.79
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Fig. 6 Arrangemengt of strain gauge points
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Fig. 8 Test phenomena of specimen group T7
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Fig. 14 Comparison of load-bearing capacity curves between test and finite element simulation
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Table 3 Finite element parametric analysis models

A5 t/mm D/mm  D/mm D;/mm f/MPa
1 22 300 160 36 355
2 24 300 160 36 355
3 26 300 160 36 355
4 28 400 220 36 355
5 22 400 220 36 355
6 24 400 220 36 355
7 26 400 220 36 355
8 28 400 220 36 355
9 16 450 200 36 355
10 16 500 200 36 355
11 16 500 250 36 355
12 16 550 250 40 355
13 16 550 300 40 355
14 16 300 160 30 355
15 16 300 160 36 235
16 16 300 160 36 420
17 16 300 160 36 460
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Table 4 Comparison of joint load capacity
KM FJ/KN  Fy/kN  F,/kN F./Fy F./Fy
T1 1077.60 1040 1185.248 103.62% 90.92%
T2 1055.78 1013 1161.116 104.22% 90.93%
T3 1210.78 1111 1249.374 108.98% 96.91%
T4 1280.00 1212 1155.671 105.61% 110.76%
TS 1449.60 1345 1350.068 107.78% 107.37%
T6 1558.30 1472 1551.513 105.86% 100.44%
T7 1151.00 1059 968.913 108.69%  118.79%
T8 1207.00 1130 1085.825 106.81% 111.16%
T9 1007.20 1035 1030.190 97.31% 97.77%
T10 1159.34 1149 1214.206 100.90% 95.48%
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