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Abstract;: Many members intersect at the space joints with multi-annular plates, resulting in an intricate stress
distribution. To examine the mechanical performance of high-strength space joints with multi-annular plates, a full-
scale test was conducted on a high-strength Q690 SJC1 tension tower; subsequently, the finite element models of
space joints at the varied slope locations and cross arms were established to investigate the mechanical performance
of various loading protocols based on the adverse conditions, i. e. the strong wind, and then the space coupled effect
was revealed. The analytical results indicate that; the locations of the ring plate or stiffened ribs connected to the
chord members as well as the regions between the C-shaped insert plates and branch members display the larger
stress under the adverse conditions of broken wires and strong wind. Therefore, strict measures should be adopted
to ensure the quality of weld seams for preventing joint damage due to weld cracking; for the joints of varied slope
locations and cross arms, the maximum stress respectively occurs in 99° and 90° directions of intersection regions of
ring plats and chord members when all members are maintained in a constant loading ratio until the level of 250%
under the strong wind loading; moreover, the space joints in the cross arms behave a higher security redundancy;
the stress increases of intersection regions between the annular plates and chord members mainly distribute in the
intersection of gusset plate along axes of branch members while altering the loading ratios between key members, in
which the stress levels are positively correlated with the loads of branch members, and the intersection region

between various branch members perform a slow stress increase.
Key words: Q690 high-strength steel; multi-annular plates; space joints; mechanical performance; space

coupled loading
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Fig. 7 Validation results of joint 2

AESRBEZ AT 1.09~1.22, Mik AT
e VAR Sl o i R R R ok il =T S B Sy ]
Z h 5 asE 7 A,

3 ARTERSH

2R HE T IR A 25 18] YT s A R TR A, X i
RIR) 25 8] AR e de . Wi S R XA R T T
B 32 1R RE AT 43 #T
3.1 Exz=ETAL

PR R, X TFasmma 1, D a8
ATHL 10 47 A2 5 M B 2R 17 i .

3.1.1 MrERT AL (B 8)

TO 8 AWi A S . £ TR, 1002t faf
. WmE 8 R, MW =EWLLER, A A
ATCAE 2. 09 mm JEHE N, w KB ERTLE 8 53X
BT s, B8 S BRI KNI, BREELE
EFEME, X8 8MABEK, ik 2.09 mm,
BT b — v [ 4, W R RN B R, BT
DI S AR T AR R, EMASIEAE 1. 86 mm
VI s DEE Pk B g == B W] 0, b8 B2 7 3 [l 78
209~313 MPa ZIu], SZ8 MN8N, W RAEZ T
BT ABREE SR, EZRIT M EAER T, WA
LATERE; WE 8(c), W M5 T4 &
b TR 5 X B ERAA R BN EY, JUH
A NEI S EMERARSE 8 5T itk &
eI NP O I s Y S S UL S A= B X
MBI G, WA R B R, Bk A
TR A JF 2 A IR

ANSYS|

ANSYY

+0a W _S65E
.313E+09

() L=

(b) L=

() JRRR =

8§ FTHIIRS THIHELER

Fig. 8 Calculated results of joint 1 in condition 8
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