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Experimental Study and Calculation Method of Single-double Angle

Steel Transition Joint of Transmission Tower
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Abstract: Three single-double angle steel transition joints were selected as the research objects,
eight transition joint models were fabricated. The elastic loading tests on six full-scale test models
were carried out under tension and compression conditions respectively. The failure loading tests
on two scale test models were carried out under tension and compression conditions respectively.
Combined with finite element simulation, the mechanical properties and stress of single-double
angle steel transition joint were analyzed. The strain variation and stress distribution of the key
parts of the single-double angle steel transition joint under elastic and failure loading conditions
were numerically simulated and compared with the loading test. Considering the influence of the
eccentricity between the upper and lower shoe plates on the uneven distribution of horizontal

stress on the horizontal plate of single-double angle steel transition joint, based on finite element
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simulation and loading test, the existing calculation methods of horizontal plate thickness of
different single-double angle transition joints were compared and evaluated. By comparing with
the design thickness of horizontal plate, the optimization effect and safety margin of different
calculation methods were analyzed. The results show that the eccentricity of the connecting weld
between the upper and lower shoe plates and the horizontal plate is the main factor affecting the
stress of the horizontal plate. The horizontal stress at the intersection of the corresponding upper
and lower shoe plates on the horizontal plate is the largest, and it diffuses around and gradually
decreases. The finite element simulation is in good agreement with the experimental results, and
the research results can provide guidance for the structural design of single-double angle steel
transition joints.

Key words: single-double angle steel transition joint; loading test; mechanical property; eccen-
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Table 1 Specimen Dimensions and Loading Conditions

Y, KPR EE /| KA BE /| KPR S8 B / | AR BB/ | T kAR B/ e | e e | T
mm mim mm mm mm

5E5-SJK2A-1 30 1350 970 26 26 1.250X26 | 21.220X20 70 Z L/
5E5-SJK2A-2 30 1350 970 26 26 1.250X26 | 21.220X20 70 Z L/
5E3-SJC4-1 24 850 850 20 20 L.200X20 | 2L180X 16 46 L/ W
5E3-SJC4-2 24 850 850 20 20 L200X20 | 2L180X 16 46 Z /W
5E5-SJ4A-1 30 1350 970 28 24 L250X28 | 201.220X22 72 2L/ Wi
5E5-SJ4A-2 30 1350 970 28 24 1.250X28 | 21.220X 22 72 Z IR/ Bk
5E3-SJC4-SC1 12 425 425 10 10 L100X20 | 2L90X16 46 Z R/ W
5E3-SJC4-SC2 12 425 425 10 10 L100X20 | 2L90X16 46 Z R/

2 TRAE
Fig.2 Joint Assembly
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Fig. 4 Layout of Strain Measuring Points
2975—2018) AYMISC R 7 b T $ilo M AN K Al B
B LB R AR 4 T AR A B R D R )
(GB/T 228—2002)""* XK 0 i T pUIE I 347 L i)
AR Y . AR IE 2O 8 L RN T 3 ik
F 05 45 T R PR R A B KR KR E o
ABPI 6 MRS b 3 2
SE T B A B ) Je R 5 R LA PR R R A I AR A
R AR I3 AN BB E IR 8] T3 2,

q = [R5
| 100 +20I 160 +20+ 100 I Bo6 #WMHEREFERH
(a) AR R Fig. 6 Picture of Material Property Samples
S'I I i [ R25 R2 HHRBRER
10020 200 ,’BI_I—OO | Table 2 Results of Material Property Test
(b) B R GIp) SRR/ | JEMGREE | R | MJEIL | MRk
y 8 MP: ./MP oy y
B 5 AHiEEE R < (846 mm) # B mm oy/MPa ou/MPa ou/o 8/ %
Fig. 5 Dimensions of Material Property 10 H7 o140 129 27
: 12 443 557 1. 26 30
Samples (Unit:mm) Q120 °
_ . .. 20 439 565 1.29 24
2 BRTHEEBIESREERSHT ” 125 2 | L | 2z
2.1 ﬁ[‘ﬂiﬁ*ﬁ’fﬁﬁ! 24 422 568 1. 35 29
76 ABAQUS 45 BRGH i % I C3D8R 52 fA O - o i
AL SR T R AR T G S T A
K R (SE3-SIC4-SC) 2 3 T R ik 46 461 % 99 AR B B




%23

ERF R ERNARNLET EXEAR S5 & 73

(SE3-SJCO MR 1 = 2 W4 R el kA7 50t I8 7 AL
4 T 955 SE3-SJC4 . 5E5-SJK2A Fil 5E5-SJ4 A
0 3t Y AT BT Y o B A A SR T AR 93 28 4
BERL R PERE RS HOR I 3R 2 v i PR 6 A 00 2 25
o APHE IS AR B i 1R A R T Tie” A
0L, R 5 T A 1 R B A SR P AR e fh A R 42
B fh, O RS S DB 0. 15, ZEXF A VA A Ek >
I+ S 7E W AT et I MR A T T Ak R 3 A

(a) 5E3-SIC4

(b) S5E5-SJK2A

ST A B — g A 25 ok R A TR T Al i e /s 69
WA A 2 (S 2R S 00 e 4 M o 3 MBI 5
TR N T T3 S B AR 5 B =00 B AP A8 A
Jiti T 75 3 R AR A R . R b AR b R
ORI T PG RO A R A A IR
Uit = o L 3 o TR 0 o R T R Y 3 AT
A ARG P 2 B0 A ) A L i MR A L T n
LT AR BB B R R L EAE S S AR S 8 RE

(c) SE5-ST4A

B7 SEVTAARTEER
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Table 3  Strain Values of Failure Loading Tests
M P RAE /106 W& HL pAg /1076 5 H2 ppAg /106 5 P3 AR /106
g T g/ %
SN L 5 FLALE 5 (H P (E 5 FEHUE
30 —56. 6 —63.5 —136.9 —121.3 —289.6 —316.0 | —176.7 —197.8
50 —105.9 —101.2 —198.5 —194. 1 —520.6 —504.9 | —316.5 —317.2
- 75 —161.1 —151.9 —290. 8 —291.1 —800. 9 —757.6 | —487.5 —477.3
o 90 —192.9 —183.7 —349.2 —351.4 —967.3 —915.9 | —589.5 —578.3
95 —197. 4 —190.0 —360.5 —363.2 | —1001.8 —948.0 | —612.7 —598.7
100 —208.5 —202.5 —375.0 —386.9 | —1068.9 | —1013.3 | —648.0 —640.1
—30 92. 6 89. 8 197.0 192.9 430.3 458.5 347.7 381.1
—50 160. 9 149.7 343.7 320.9 815.8 766.0 671.8 636. 3
—75 250. 2 223.8 518.5 476.6 1218.5 1149.0 1031.7 953. 6
ZIE
—90 300. 7 278.6 653.9 600. 5 1469.8 1468.4 1251.4 1214.1
—95 311.5 293. 1 690. 7 634.9 1536.3 1563.5 1.306.6 1289.7
—100 324.9 316. 4 732.4 690. 8 1638. 4 1722.9 1368.4 1418.4
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Fig. 9 Comparison of Deformation Between Test and Numerical Simulation
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Table 4 Comparison of Calculation Methods for
Different Horizontal Plate Thickness

R L | B GRED R /mm
JREE/mm | Se#RC19] | Semklo] | ekl 20]
5E5-SJK2A 30 25.78 38.95 36.62
5E3-SJC4 24 22.02 27.47 26. 25
5E5-SJ4A 30 26. 64 40. 81 37.60
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