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Experimental study of seismic performance of assembled steel truss
cap for transmission tower
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Abstract: To study the seismic performance of assembled steel truss cap, a full-scale specimen was designed and
manufactured. Subsequently, low cyclic loading tests were conducted to analyze its failure mechanisms, hysteretic
and skeleton curves, stiffness degradation, ductility, energy dissipation capacity and strain, etc. Based on the
experimental results, a finite element model of the specimen was established using ANSYS for parametric analysis.
The variation trends on skeleton curves of the model under different parameters were obtained, and an empirical
formula of skeleton curve before destruction was proposed. The test results indicate that the specimen is mainly
damaged by local buckling deformation at the mid-section of main material. When localized damage occurs at this
central region, the specimen reaches its ultimate bearing capacity. The specimen can bear significant horizontal
forces, with the horizontal ultimate load approximately 12 times the design value. The ductility coefficient is about
15, indicating that the specimen has considerable ductility and deformation ability. The seismic performance of the
specimen improves mainly with the decrease of the height of the cap, the ratio of diameter to thickness of the main
material and the downforce. Furthermore, the empirical formula of the skeleton curve before destruction aligns well
with the finite element data.

Keywords: assembled steel truss cap; mountainous transmission line; low cyclic loading test; finite element

analysis; seismic performance
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Fig.1 Diagram of assembled steel truss cap
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Tab.2 Experimental results of mechanical property of steel
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Fig.3 Experimental setup
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Fig.5 Schematic of relative position of components
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Fig. 8 Hysteresis curves
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Fig.9 Skeleton curves
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Fig. 10  Stiffness degradation curves
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Fig. 11  Energy dissipation curves
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Tab.5 Comparison of empirical formula and FEM results
A /mm A,/mm F /kN F,/kN
ZH Hl d . d .

AR FEM R2%/% A FEM 922 % AKX FEM W/ % SN FEM  iR2%/%
1100 2.8 2.85 1.06 44.00 44.49 1.11 883.45 873.82 -1.09 2 006.36 1952.46 -2.69
1200 2.93 2.98 1.71 45.20 45.84 1.42 811.45 793.10 -2.26 1 827.36 1747.49 -4.37
H/mm 1300 3.04 3.11 2.30 46.40 47.00 1.29 739.45 730.37 -1.23 1 648.36 1571.82 -4.64
1400 3.15 3.19 1.27 47.60 47.96 0.76 667.45 659.96 -1.12 1 469.36 1422.24 -3.21
1500 3.26 3.28 0.61 48.80 48.99 0.39 595.45 595.42 -0.01 1 290.36 1 288.33 -0.16
5.40 2.65 2.66 0.38 41.78 41.22 -1.34 1112.23 1 099.10 -1.18 2 754.61 2 780.22 0.93
Iy 6.00 2.67 2.67 0 42.05 41.92 -0.31 1071.51 1067.43 -0.38 2 606.76 2614.74 0.31
6.75 2.69 2.68 -0.37 42.38 42.46 0.19 1 020.61 1023.78 0.31 2421.94 2419.18 -0.11
9.00 2.74 2.75 0.36 43.37 42.86 -1.18 867.90 856. 10 -1.36 1 867.47 1 890.85 1.25
1500 2.68 2.69 0.37 42.95 42.80 -0.35 944. 64 935.04 -1.02 2 236.35 2242.61 0.28
Fy/kN 2100 2.74 2.73  -0.36 42.65 42.60 -0.12 965. 64 953.87 -1.22 2 137.35 2 113.20 -1.13

2400 2.77 2.78 0.36  42.50 42.36 -0.33 976.14 970.25 -0.60 2087.85 2035.28 -2.52




© 120 - e NS B | A - =

5558 4%

5 & #®

1) 2P0 AT 2R K B FE e KT T A 28 4F
FF K Ry 28 A TR B fr 28430 249 o e R
KRR 4 £ 12 4% Rl 15, A
A —E WAL RE ), E R KIS A
—ERIEPERERERE T .

2) B AT AR R 5 19 BRI R K R
FEKSF- 375 ] 8 F2 0 04 R ih AR T, 2 24
T A SRS AR e IR K 7 3 TR B

3) s Bl U 2R R S LR MR RE I R S
Bk GmEE H EMBEL M FES Fy, ¥
HAWSHAA KPR RS R A m T B RE
Fosl R T s/ N3 s . AR SO A s R
THBIRETE ML N2 A, ARG RS AR
TURR RIS W5 30T

%% ik

(11070, el BALAERERITE (L X q 2 P R [J]. Al
AP 2021 (HET2) . 20
FANG Qing, LUO Xianguo. Application of microporous pile
foundation in mountainous transmission line [ J ]. Enterprise
Management, 2021 ( Sup.2) : 20

(218855 R, SERM, RER, . Ba LA oL 5 m
ROPELI]. WIH A, 2022, 45(3) : 73
YAN Xiuging, GU Liangyu, YU Guoging, et al. Research on failure
mechanism and influencing factors of new type anchor foundation
[J]. Sichuan Electric Power Technology, 2022, 45(3) . 73. DOI.;
10.16527/j. issn. 1003 - 6954. 20220313

[314RM, B Z0E, Fom, 45, BEOR L DX 2 R B 7 RS s 1
[J]. W H#EhBET, 2017(1): 55
XU Bin, ZENG Erxian, BAI Qiang, et al. Design of new child-
mother foundation of transmission line in precipitous mountain area
[J]. Electric Power Survey & Design, 2017 (1): 55. DOI. 10.
13500/j. enki. 11 —-4908/tk.2017.01.013

(418388, 0 0t TR, BEE L X i 2R 7~ B JEREAE 22 Y Kl
SR ALI]. AT IIEA, 2016, 34(1): 10
HU Chao, ZENG Erxian, XU Bin. Numerical analysis and
application on child-mother foundation frame of transmission tower in
steep mountain areas [ J]. Inner Mongolia Electric Power, 2016,
34(1): 10

(510, mOHERR, TKRmlE, 4. MR - IRER & & 2Rl ) 2 M pe
WEFE[T]. TR, 2023, 55(3): 6
XU Zaigen, GAO Yahui, ZHANG Lijuan, et al. Research on
mechanical properties of plate-screw anchor composite foundation
[J]. Engineering Constrution, 2023, 55(3): 6. DOI;10. 13402/
J- gcjs. 2023.03. 028

[61K3CH, IR, 27k, % I IXHR BRI - BT E A2
WS OGBS (1], £ TAER, 2021, 35(6) ; 698
ZHANG Wenxiang, QIU Haoci, LI Yangsen, et al. Combination of
expanded base pier and ground anchor for transmission tower

foundations in mountain areas [ J]. Soil Engineering and Foundation,

2021, 35(6) : 698
[7]RR%E, D, WHisE, 45 ks i B 20K 6 A2 7
FevEarpr[J]. BT, 2021, 37(6) : 33
MA Jian, MA Yuhui, YANG Yunguo, et al. Mechanical
characteristics analysis of pressure-type cable anchored platform
foundation of transmission tower [ J ]. Bulletin of Science and
Technology, 2021, 37(6) : 33. DOI:10. 13774/j. enki. kjtb. 2021.
06.007
[BTBRIE, M, Nifd, 55 LA LREE MR TR RK G
HAbAgT[J]. #IILH Iy, 2019, 38(7): 53
MA Jian, YUAN Jianguo, YING Jian, et al. Study of pressure-type
anchor cable platform foundation for corner tower of transmission line
in mountainous area[ J]. Zhejiang Electric Power, 2019, 38 (7).
53. DOI.10. 19585/]. zjdl. 201907009
(9] 5k, ST, (=555, i 2k B AT B Bl AT 52 TR BE At A F 2
[J]. w=4E3h 3k, 2018, 40(3): 16
ZHANG Bin, SHI Weiguo, YAN Fangfang. Research on composite
foundation of anchor tower of transmission line[ J]. Electric Drive
Automation, 2018, 40(3) . 16
[101ZEfk, AL, PE2-me. Felb L DX i b 2 o 52 5 TR R At
FERHLT). EBERE, 2013(9) ; 85
LI Xia, WU Zuxian, TAO Dongxiao. Exploration and application of
composite foundation in mountainous transmission line[ J]. China
Engineering Consulting, 2013(9) : 85
(1] RkEE, Bocte, THHE, . WIZ55 AT 452
Rl SR LT]. o, 2012, 33(3): 6
CHENG Yongfeng, LU Xianlong, DING Shijun, et al.
Experimental and computational research on the uplift of composite
foundation of belled pier and rock anchor in transmission line
engineering[ J]. Electric Power Construction, 2012, 33(3): 6
(2] THH, &dcde, M. HbLHERE & A TERKR TR
[J]. M5 REREN, 2011, 27(1): 20
DING Shijun, LU Xianlong, ZHENG Weifeng. Experimental
research on new composite foundation of transmission lines [ J ].
Power System and Clean Energy, 2011, 27(1) . 20
(B3] TLH, &, Gl MlRHREE S et S
BHLT]. BPURZS2A R (TR , 2011, 44 (38T 1) : 210
DING Shijun, JIN Jianhua, LU Xianlong. Design and application of
novel composite foundations to transmission lines[ J]. Engineering
Journal of Wuhan University, 2011, 44 (Sup.1): 210
(1418708, JROF, JRk, 55, V4R L DX o 28 8 2 A Bl AT L il 1
JUA T[] T, 2023(11) : 39
YANG Yu, ZHOU Enping, ZHOU Xin, et al. Discussion on
several problems of rock anchor foundation of power transmission
line in southwest mountainous area[ J]. Electric Power Survey &
Design, 2023 (11): 39. DOI: 10. 13500/j. dlkesj. issnl671 —
9913.2023.11.008
[1SIREIETE, A%, B, A5, Il DR T i i 2 3 AT R ol
L BG4 (], aRDUR SR (LA |, 2022, 55 (4
Fl1) . 142
XUE Zhengyuan, YU Liang, YANG Ming, et al. Application and
cost analysis of rock anchor foundation for mountainous UHV
transmission lines[ J]. Engineering Journal of Wuhan University,
2022, 55(Sup. 1) : 142
[16]X8, %, TR, 4. E2e il KB RE BERHLA B 5
NI, PLB TR, 2023, 52(10): 6



552 ]

IR, AF R R BT AR S PR P RE IS - 121 -

LIU Zhong, CAI Jinyun, WANG Gang, et al. Development and
application of miniature steel pipe pile drilling rig in complex
mountainous areas [ J ]. Mechanical & Electrical Engineering
Techonology, 2023, 52(10): 6

(17] 57, Mg, T8, 5. BEHALRBIBERS AL ATl A A% 6
[J]. DI 8k, 2023, 46(4) : 44
MA Ning, LIN Feng, JIANG Lei, et al. Development and
engineering application of modular micro-pile drilling rig [ J].
Sichuan Electric Power Technology, 2023, 46(4) . 44. DOI.10.
16527/j. issn. 1003 - 6954. 20230408

(18T, FOoRA, BT, 45, 1l X% e 2R B T kR AL B BIL 1Y
BHRILT]. PO IT AR, 2022, 45(5) : 26
DONG Jie, FAN Rongquan, HE Qian, et al. Design and research
on modular drilling rig of micro-pile for transmission lines in
mountainous area[ J]. Sichuan Electric Power Technology, 2022,
45(5): 26. DOI;10.16527/j. issn. 1003 — 6954. 20220505

[19] B[, ARY, 7. MiZr 8Bt Ir &I AR ]
BT 2T AR, 2016, 6(14) - 27
LV Jianguo, BAI Junping, GUO Qing. Optimization design of

line[J].  Modern
Informationization, 2016, 6 (14 ). 27. DOI. 10. 16525/j. cnki.
14 - 1362/n.2016.14. 12

(20 4, BTG, 0N, 55 SLTHEEAE - S5 5 JE Y i
PAAIC A AT 20 S R A B IR WP ST (0], FRFh &4, 2024,
41(6): 86
LU Di, GUAN Haonan, FENG Bing, et al. Load test study of

transmission Industrial ~ Economy  and

assembled steel truss pedestal for transmission tower based on bored
pile-anchor composite foundation [ J]. Special Structures, 2024,
41(6): 86. DOI;10.19786/j. tzjg. 2024.06. 015

(2010, #61, RF, 5 B R & X BRE - #FT525 BE Rl K
Hi T CN115288119A[ P]. 2022-11-04
FENG Bing, HUANG Jian, ZHU Ma, et al. Prefabricated pedestal
micropile-anchor composite foundation and its construction method ;
CN115288119A[ P]. 2022-11-04

(22 ]4HKH, Pk, ke, AN AS TR e T k[ 1],
HAUREE PR, 2019, 21(3) : 1
XIANG Yang, LUO Yongfeng, HUANG Qinglong. Research
progress on the seismic performance of prefabricated steel structures
[J]. Progress in Steel Building Structures, 2019, 21(3) : 1. DOI.
10. 13969/j. cnki. en31 - 1893.2019.03. 001

(23 1ABAE T, TKREE, Zeid, 45, — o 20 SAT e i = I 1 9
MFIVERERTTE 1], HRMLHLERE, 2014, 16(2) : 1
YU Yousheng, ZHANG Yanyan, LI Jianfeng, et al. Study on
hysteretic behavior of a new prefabricated beam-to-column rigid
connection [ J ]. Progress in Steel Building Structures, 2014,
16(2): 1. DOI;10.13969/j. cnki. cn31 - 1893.2014. 02. 001

[241EIESR, #EMS, 200, 5. RMEE A EMEN T 28 w3
PEABHE 05 3 =R REIT RE [J]. B A2, 2015,
36(4):1
CAO Zhenggang, DU Peng, LI Jiangdong, et al. Research on
mechanical performance of bolted height adjustable steel beam-to-
column connections under low cycle reversed loading[ J]. Journal of
Building Structures, 2015, 36 (4) . 1. DOI. 10. 14006/]. jzjgxb.
2015.04.001

(251 T4, B, Zmse, 55, SRATNAR 022 W s B AR 75 22 S ey
MU AE SR AL 32 Ty PERE O ST [ T]. EEHUEE M 24, 2016,
37(8): 143
DING Juan, YANG Bin, LI Ruifeng, et al. Research on
mechanical behavior of prefabricated steel frame columns using high-
strength bolted flange connection with tapping steel plate [ J].
Journal of Building Structures, 2016, 37 (8): 143. DOI. 10.
14006/j. jzjgxb. 2016.08. 017

[26 15k EZAM, B5E, XFE, . AT P AEHT AR s A
INBGARAIT )], HARTREH, 2014, 47 (8] 2) : 169
ZHANG Ailin, ZHAO Liang, LIU Xuechun, et al. Monotonic
experimental study of prefabricated square tubular column to truss
beam connections[ J]. China Civil Engineering Journal, 2014, 47
(Sup.2): 169. DOI:10. 15951/j. tmgexb. 2014. s2. 027

(27 X242, RO, TRI0Hr, 45, Bk 3me 2w R a4
PR Y R e U R A T [T ], A A,
2015, 36(12) ; 43
LIU Xuechun, PU Shuanghui, XU Axin, et al. Experimental study
on static and seismic performance of bolted joint in modularized
multi-layer and high-rise prefabricated steel structures[ J]. Journal
of Building Structures, 2015, 36 (12): 43. DOI. 10. 14006/j.
jzjgxb.2015. 12. 006

(28] 73 W Jy BE T BE. SR s i vl 2k I A A8 B BT ROR MLUE
DL/T 5254—2010[ S]. dbxt. whEHIH AL, 2010
East China Electric Power Design Institute. Technical regulation of
design for steel tubular tower structures of overhead transmission
line; DL/T 5254—2010[ S]. Beijing: China Planning Press, 2010

(29 KBTS BB, 4 )@ AR 4E 1 843 &I J7 %
GB/T 228.1—2010[S]. dtat: hEFRMEH AL, 2010
Iron and Steel Research Institute. Metallic materials: tensile
testing: partl ; method of test at room temperature; GB/T 228. 1—
2010[ S]. Beijing: Standards Press of China, 2010

[30]3E 3R, 25, HAZE M, 55, [REARHIZ 119 s p p 0 &
THFFEBUARLT]. HUAE, 2018, 45(9) : 1
DONG Shier, LI Xiao, HAZE M, et al. Research status of stress
concentration factors for joints of circular tubular steel structures
[J]. Machinery, 2018, 45(9): 1

[311W 5. K BN GUTY sl IR R 557 W P RE PR [ D). R
R TR, 2024
LENG Xia. Research on ultra-low cycle fatigue fracture performance
of steel pipes intersecting K-joint[ D]. Baoding: Hebei University,
2024. DOI.10.27103/d. cnki. ghebu. 2024. 001747

[32]LI Yongquan, CHEN Yong, SHEN Guohui, et al. Member
capacity-based progressive collapse analysis of transmission towers
under wind load[ J]. Wind & Structures, 2021(4) : 33. DOI:10.
12989/ was. 2021.33.4.317

(33 1ALy AR BT B e, 202 i vl 2 A 5 45 M B T B R LR
DL/T 5486—2020[ S]. dbxt. rfEqHl At 2020
Electric Power Planning and Design Institute.  Technical

specification for the design of steel supporting structures of overhead

transmission line; DL/T 5486—2020[ S]. Beijing: China Planning

Press, 2020

(HmE x B)



