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Fig. 1 Several kinds of the section of the strengthened angle-shaped member
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Fig. 2 Cross—shaped member for the experiment Fig. 3 Two members connected together during the experiment
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Tab.1 Numbering and loading method of each experimental member

Number Loading method Initial load/kN Number Loading method Initial load/kN

+1 Method 2 100 T3 Method 2 100

+2 Method 2 75 71 Method 1 —

+3 Method 1 — 72 Method 2 75

T1 Method 1 — 73 Method 2 100

T2 Method 2 75 S1 Method 1 —
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Fig. 4 Displacement meters in the section of the member
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Fig. 5 Failure mode of the cross-shaped Fig. 6 Failure mode of the T-shaped
strengthened member strengthened member
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8 9 - . Fig. 7 Failure mode of the Z-shaped

strengthened member
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Fig. 8 Load-displacement curve of the cross- Fig. 9 Load-displacement curve of the T~
shaped strengthened member shaped strengthened member
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Tab. 2 Ultimate load of the experimental member (kN)
Section Ultimate Average Section Ultimate Average
Number Number
type load value type load value
+1 450 Z1 500
Cross-shaped )
. +2 425 425 Z-shaped section 72 425 425
section
+3 400 73 350
T1 425 .
) Single angle-
T-shaped section T2 500 475 S1 350 —
shaped member
T3 500
500 2. s
,T , 4 )
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Fig. 10 Stress of the strengthened member under limit state
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Section coordinate system of the member
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Tab. 3 Ultimate load of the T-shaped strengthened member

k 0.95,0.9

/kN

Number Initial load Formula result Experimental result Numerical result
1 0 425 353.67
2 50 — 298. 00
_ 290. 27
3 75 500 —
4 100 500 322.00
4
Tab. 4 Ultimate load of the cross-shaped strengthened member /kN
Number Initial load Formula result Experimental result Numerical result
1 0 400 375.05
2 50 — 361. 39
- 290. 27
3 75 425 —
4 100 450 —
5 7Z
Tab. 5 Ultimate load of the Z-shaped strengthened member /kN
Number Initial load Formula result Experimental result Numerical result
1 0 500 368. 27
2 50 — 375.85
_ 308. 29
3 75 425 —
4 100 350 —
4
, T
T Z ,
N b b H 1)
5 2 ) 5 3 ) ’
T , 35.7%,
) 21. 4 % ’ H 4) <<
» , T N Z
k 0.95.,0.9 0. 8.
References
[1] . , , 2008 [J7. ,2008,32(8) ; 1-5.

ZHANG Wenrliang, YU Yong-qing. SU Zhi-yi, et al. Investigation and analysis of icing and snowing disaster hap-

pened in Hrunan power grid in 2008 [J]. Power System Technology, 2008, 32(8) . 1-5.

[2] . . .o (.

, 2008,32(4) : 14-22.

LI Cheng-rong, LU Yuzhen, CUI Xiang. et al. Research issues for safe operation of power grid in China under ice

snow disaster [J]. Power System Technology, 2008, 32(4); 14-22.
[3] , s N [I].

,2008,32(4): 23-28.



844 ( ) 43

(4]

5]

(6]

7]

HUANG Xin-bo., LIU Jia-bing,CAI Wei, et al. Present research situation of icing and snowing of overhead trans-
mission lines in China and foreign countries [J]. Power System Technology, 2008, 32(4) . 23-28.
CECS 77:96 [S].
CECS 77 96 Code for strengthening steel structure technology [ S].

. . . 500 kV Ll 22011,31(16) ;
108-114.
XIE Qiang, SUN Li, ZHANG Yong. Experimental study on retrofitting of 500kV transmission tower against ice
load [J]. Proceedings of the CSEE, 2011, 31(16);: 108-114.
ALBERMANI F, MAHENDRAN M, KITIPORNCHAI S. Upgrading of transmission towers using a diaphragm
brace system [J]. Engineering Structures, 2004, (26):735-744.

, , . [J]. ,2010,40(7) ; 118-131.
HAN Jun-ke, YANG Jing-bo, YANG Feng-li, et al. Study on bearing capacity of reinforced and strengthened

transmission tower [ J]. Industrial Construction, 2010, 40(7). 118-131.

[8] GB50017-2003 [s].
GB 50017-2003 Code for design of steel structures [ S].

9] , . [yl : ,2008,40(2) .
161-169.
LIU Xue-wu, GUO Yan-lin. Construction mechanics analytical procedures for steel structures in view of the geo-
metric nonlinearity [J]. Journal of Xi'an University of Architecture & Technology: Natural Science Edition, 2008,
40(2): 161-169.

[10] . [Jl. : :2010,42(3) ; 305-314.

CHEN Shao-fan. Buckling resistance of compression members in tower structures [J]. Journal of Xi'an University

of Architecture & Technology:Natural Science Edition, 2010, 42(3): 305-314.

[11] GALAMBOS T V. Guide to stability design criteria for metal structures [M]. 5th ed. New York: John Wiley &

Sons, Inc. , 1998.

[12] GB50545-2010 110~750 kV [S].

GB 50545-2010 Code for design of 110~750 kV overhead transimission line [ S].

Study on strengthening the structure and its design
for the transmission tower

LIU Xue—wu, XIA Kai~quan, GAO Yan, LIU Si-yuan, REN Xi~chun

(China Electric Power Research Institute, Beijing 100192, China)

Abstract ; Serious damage and collapse of transmission towers were easily induced by the ice disaster, wind disaster and so

on.

To improve the mechanical performance of the damaged tower assembled by angle-shaped members, an identical an-

gle-shaped member is connected on the side of the existing angle-shaped member through steel plates and bolts. Several

kinds of the composite section for the strengthened member are proposed, such as cross-shaped section, Z-shaped section,

T-shaped section, and so on. The mechanical behavior of the strengthened member is discussed numerically and experi-

mentally, and the failure mode and the ultimate load of each strengthened member are obtained, which demonstrate that

the methods in this paper can strengthen the tower effectively. Based on the experimental results and the codes, the de-

sign formula for the stability of the strengthened member is given.
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