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Abstract: Transmission pole and tower is one of the most important infrastructures in transmission line engineering pro-
jects. Hot-dip galvanising has long been the primary anti-corrosion solution for transmission pole and tower. However, the
intermittent hot-dip galvanising industry has been identified
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as one of the industries that consume large amounts of raw
materials and energy and produces numerous pollutants. In
addition, transmission pole and tower with hot-dip galvanis-
ing corrosion protection need maintenance. Therefore, the

Email: kittyzengshangwu@163. com development and application of novel anti-corrosion materi-
10. 7502/]. issn. 1674-3962. 202109022 als are important goals for power industries. In the atmos-
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pheric environment, the surface of weathering steel will form a dense and stable rust layer with good adhesion, which has

better corrosion resistance than ordinary carbon steel. The application of weathering steels in transmission pole and tower is

an important development direction of corrosion protection. Using weathering steel to manufacture transmission pole and tower

can solve the anticorrosion problem in the application process from raw materials, and the idea of “rust to prevent rust” can

realize coating and maintenance free for its lifetime. The paper mainly introduces the applications and important research

achievements of weathering steel for transmission pole and tower in China, including the composition design and performance

research of the main raw materials ( such as weathering steel plate, hot roll weathering angle steel and weathering steel

bolts) , corrosion behaviors of weathering steel in different regional climate, and the engineering application of weathering

steel in transmission pole and tower.
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Fig. 1 Waste gas generated during the hot-dip galvanising process for trans-

mission pole and tower: (a)derusting, (b)hot-dip galvanising
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Table 1 Pollutants from hot-dip galvanizing process of ten thou-

sand tons tower

. Average Average Discharge
Category  Contaminant . L. L.
yield/t emission/t direction
Acid fog 1.04 0.38 Atmosphere
50, 0.81 0.37 Atmosphere
Waste gas
NO, 0.25 0.24 Atmosphere
Zinc smoke 1.85 0.30 Atmosphere
Waste water ~ 2145. 24 0.00 Treatment
Waste fluid
Waste acid 168. 09 0.00 Entrusted disposal
Sludge 5.19 0.00 Entrusted disposal
Solid waste
Zinc slag 83.84 0. 00 Sale
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Table 2 Main energy consumption of hot dip galvanizing process
of ten thousand tons tower

Energy Consumption
Water 4129.71 t
Electricity 390933. 58 kWh

Natural gas 154631. 84 m®

Acid 216.31t
Zinc 418.85t
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Fig. 2 Photos of American uncoated weathering steel transmission pole and tower: (a)angle steel tower, (b)steel pipe pole, (c)H type tower
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Table 3 Domestic research projects of weathering steel transmis-

sion pole and tower from 2000
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Table 4 Chemical compositions of weathering steel used for transmission towers( w/%)

Grade C Si Mn P S Cu Cr Ni Nb A% Ti
SQNH420[27] <0.06 0.29 0.61 <0.01 <0.002 <0.38 <0.40 <0.50 0.034 — —
SQNH42OL3IJ 0.05~0.1 0.30~0.45 0.8~1.2 =<0.02 <0.002 0.4~0.6 0.4~0.6 0.5~0.7 0.03~0.06 0.02~0.06 0.01~0.02
SQNH420[32] 0. 059 0.299 0.579 0. 006 0. 008 0.654 0.393 0.562 — — —

5 SQNH420 MHERAR R F i B i 7134 e )
Table 5 Mechanical properties of the SQNH420 weathering steel at different positions/?’}
Thickness Disténce to Direction R../MPa R,/MPa A/ % ARV(=40C)7) Bend test

/mm tail/m 1 2 3 (D=2a, 180°)

Horizontal 500 563 27.5 96 89 109 Pass

’ Longitudinal 486 544 31.5 119 117 109 Pass

5.9 5 Horizontal 513 568 19 167 176 173 Pass
Horizontal 510 563 31.0 104 112 98 Pass

’ Longitudinal 475 552 31.5 102 120 115 Pass




468 Hh AR

EEEVE

[ JASTM A871
[ 09cuPCeNi
[ 1soNH 420
ASTMAS71-T|
= 09CuPCrNi-T|

= NN SQNH 420-T

Corrosion rate/mg-cm™-d!

Corrosion time/d

P 3 T AR R AR T PR 55 T B ot o (T-2 3R T b B )

Fig. 3 Corrosion rate of weathering steel under cyclic immersion corro-

sion( T-by surface treatment)
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Table 6 Demonstration projects of weathering steel transmission

tower in Anhui province
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Fig. 4 Fusan-Xueqiao 220 kV line transmission angel tower with cold-

formed weathering steel
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Fig. 5 Shahe-Dongzhuang 220 kV line transmission angel tower with

cold-formed weathering steel
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Table 7 Chemical compositions of 355 MPa grade hot rolled weathering angle steel used for transmission towers( w/%)

Category C Si Mn P S Cr Ni Cu i I index
Design <0.12  <0.50 <150 <0.025 <0.015 0.40~0.80 0.15~0.65 0.25~0.55 <0.15  =6.0
Industrial production'*”  0.08 0.30 0.62 0.015 0.010 0.45 0.27 0.26 0.06 6.25
Industrial production' ') 0.11 0.20 0.81 0.018 0.011 0.49 0.162 0.30 0.062 6.24
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MG TR T2 AT TR IE BT, JFF 2021 45
FETL IRV R FH AL 71 B0 B 5 2 oA 25 B A 1 it £t
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Table 8 Mechanical properties of hot rolled weathering angle steel for Q235NHT, Q355NHT, Q420NHT series transmission towers

Grade Specification/mm R, /MPa R,,/MPa A/ % AKV(0 °C)/]  Bend test(D=2a,180°)

Q235BNHT £.90%x90%x7 276~314 458 ~463 32.5~37.0 46~53 Pass

/.180%x180x16 360~373 495~503 32.5~34.5 205~231 Pass
Q355BNHT

£.160x160x12 380~415 499 ~ 542 29~31 108~ 198 Pass

£ 125%125%12 432 ~459 647~678 25.0~27.0 45~56 Pass
Q420BNHT

£.160x160x12 470 31.0 142 Pass
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Fig. 6 Comparison of periodic infiltration corrosion between hot rolled

weathering angle steel and ordinary angle steel (72 h)
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Fig. 7 Hot rolled weathering angle steel tower in Yongwen-Ganhe
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Table 9 Mechanical properties of Q355DT weathering steel
Grade Thickness/mm R /MPa R, MPa A/ % AKV(0 C)/]) Bend test(D=2a,180°)
Q355DT 3~50 390 ~420 520~570 23~30 >150 Pass

K8 B XM EFT: (a) BATHMMEREFF, (b) KM
Bz

Fig. 8 Weathering steel pipe pole in Ansteel factory: (a) the scene

photo, (b)photo of the surface rust layer
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Table 10 Chemical compositions of the 6.8 and 8. 8 grade weathering steel bolts used for transmission towers ( w/%)

Grade C Mn Si P S Cr Cu Ni AY I index
8.8" 0.13~0.25 0.50~1.30 0.15~0.40 =<0.030 <0.010 0.80~1.25 <0.60 Ni/Cu=1/3 =6.5
6.8" and 8. 8" <0.15 <1.00 <0.50 <0.030 <0.030 Moderation Moderation Moderation Moderation =6.5
Eiao LW AE I b AH,
7 —s—Full-size WSB| [a] -1500 [b]
A —e— Cylinder WSB -1282.33
6 \ —a— Full-size MSB -1250 -
- —v— Cylinder MSB =
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5t A v 3-1000 |
n v. ‘A "E
o N g0
L4t Y—y 8 750+ -691.3 -680.83
& N c
c \ Ee]
(e} @ -464.55 _ "
9 3L x 8 -500 451.6 -454.65 443,97
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Fig. 9 Corrosion properties of weathering steel bolts: (a) corrosion rate, (b)corrosion potential
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Table 11 Mechanical properties requirements of weathering steel bolts
Grade Specification R, /MPa R, /MPa A/ % 7/ % AKV(-20 C)/J
M16* 549~ 566 655~667 23.5~26 74~175 108~112
o M20" — 700 0.37 — —
M20* 795~831 855~885 14~17 72 162~170
58 M20" 833~846 915~930 16.5~18 63 ~65 163~167
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