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Development of Steel HT60 with Low Susceptibility to Liquid
Zinc Embrittlement for Power Transmission Tower

Tsutomu IROMA, Osamu KoJma, Kotaro HATAKEYAMA,

Shogo KANAZAWA, Teruo HiROKY and Tory IEZAWA

Synopsis :

New steels HT60 whose goal is weight reduction, rationalization of fabrication and construction of power |

transmission tower are developed.

In hot dip galvanizing process, weld heat affected zone cracking occurs
occasionally due to liquid zinc embrittlement of steel.
for hot dip galvanizing, the larger is the thermal stress arised during the process.

The larger the scale of fabricated sub-assembly
Improvement of suscep-

tibility to liquid zinc embrittlement becomes, then, more important in development of new steels to be

employed for larger scale tower.

This report describes 1) an estimation of weight reduction of tower by employing HT60 steels, 2) es-
tablishing test methods for assessment of liquid zinc embrittlement of steel, 3) effect of alloying elements
on liquid zinc embrittlement of steel, and 4) properties of steel pipes, plate and flange developed based on

the results of studies above mentioned.

New steels HT60 have satisfactory mechanical properties and weldability together with low susceptibility
to liquid zinc embrittlement, and are favorable for the large scale power transmission tower application.
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Table 1. Aimed properties.
N F Tels{t in molten Zn
Mechanical properties illet estraint
Y Base m'lgtgl weldment weldment Base mc;al
P. .S, E-5 o, El; R.A.z
kgf/mm? kgf/mm? kgf-m  kgf/mm? 20 Passes oo™ o

=45 =60 =4.8 240 No cracking =20 =25
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Fig. 1. Increasing of allowable buckling stress in

case of STK55 replaced by HT60 steel pipe.
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Table 2. Weight reduction ratio of power-trans-
mission tower by employing HT60 steels compared
with using conventional steels.

Tower For 500kV For 1 100kV
Type A F A K
Height 79.5m  105.5m 142.0m  130.5m
Weight 143.5t 2245t 326.5t 507.0t
SS41, S$855¢2> 1.0 1.0 1.0 1.0
Shapes STKRA1 1.0 1.0 1.0 1.0
Pives HT60® 0.95 0.91 0.92 0.95
P A total 0.98 0.96 0.96 0.97
SS41¢2 1.0 1.0 1.0 1.0
Plates HT60® 0.69 0.69 0.71 0.73
A total 0.82 0.87 0.87 0.85
SS41 Med, 1.0 1.0 1.0 1.0
Forged prreg ) 0.86 0.89 0.91 0.92
ang A total 0.87 0.89 0.92 0.93
Bolts @) 1.0 1.0 1.0 1.0
Total 0.92 0.94 0.94 0.93

(1) A : Suspension type, F and K : Strain type
(2) Leave as it is.

(3) STKS55 replaced by HT60

(4) SMS50 and SM50 Mod. replaced by HT60
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Fig. 2. Relations between pipe diameter and di-
pping speed into molten zinc and thermal stress.
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Table 3. Chemical analyses of test materials(wt%).

C Si Mn P S Nb v Ti B
0.05 0.15 1.75 0.008 0.003 0.02 0.05 0.02 0

Base

Level*I 0.02 0.25 1.20 0.015 0 0 0 0.0010
oI 0.10 0.45 1.40 0.025 0.06 0.10 0.0030
m 0.15 1.95

* Shifted levels of respective elements
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Fig. 4. Notched bar tensile test specimen for
simulation of thermal cycle of HAZ.
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Fig. 5. Relation between hardness and degree of
liquid zinc embrittlement. Test results of not-
ched bar tensile test in air and in molten zinc.
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Fig. 6. Summery of restraint weldment test re—
sults in molten zinc. Upper limit of CEP for
preventing crack : under 0.229;,
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Fig. 7. Comparison of base metal ductility tested
in air and in molten zinc.
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Fracture appearance of tensile test specimens tested in molten zinc.
Bainite steel
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b) ERW pipe
Photo. 2. Microstructure of developed steels.
Table 4. Chemical analyses of developed steels (wt2).
(¢ Si Mn P S Nb v Ti Al Ceq. CEP
UOE pipe 0.05 0.24 1.60 0.017 0.001 0.029 0.073 0.014 0.030 0.33 0.18
ERW pipe  0.09 0.21 1.35 0.018 0.003 0.036 0.035 0.014 0.028 0.33 0.20
Plate 0.07 0.24 1.54 0.020 0.001 0.031 0.078 0.011 0.026 ~ 0.34 0.19

Table 5. Mechanical properties of developed steels.
Y.P. T.S. E. YR. Eg Tg

kgf/mm?  kgf/mm? (%) (%) kgf-m °C

UOE pipe 56.5 66.7 36 8 35.0 ~70
ERW pipe 56.4 66.0 29 85 14.6¢ 72
Plate 50.9 62.3 38 82 29.1 —80

Table 6. Liquid zinc embrittlement susceptibility
test results of developed steel.

Fillet weldment Restraint weldment 1Base mlc{ta;i
kgf?/zrcnmz 20 passes %‘ '%"
46 Not cracked 26 41

* 5mm sub-size specimen
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Table 7. Chemical analysis of developed forged
flange (wt9).

C Si

Mn P S Cu Ni Gr Mo V

0.11 0.26 1.24 0.020 0.001 0.20 0.13 0.17 0.22 0.038 0.42

Ceq.

Table 8. Properties of developed forged flange.
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Mechanical properties

Tests in moten Zn

wRL, THRAEE 0.5P, LRHE 1.5P,

T Base metal Fillst Refttiraint Base metal ﬁ H R L%{ 3000 @@ﬁﬁﬁ%ﬁﬁﬁi’ﬁoﬁ:
est weldment we ent P S ” » -
S B, EL, R, % BOBEERATOL. BYRRE, R
kgf/mm? kgf/mm? kgf-m  kgf/mmz 0P % % s ) ja
BRGBEROBENHEE, ROEERELT
Top of hub 55.8 66.5 26.9 Not 5 2 NP Ph 3
Core of flange 52.4 63.3 28.6 cracked Oﬁ‘ﬂ)%ﬁ% Rz Bitje ol oto. 3

ZOfl, BRI ONTIT Ol B 4 7 AL RER
WEDEIERS:, FEROMER & 2T 50 0 2R
B, REER IORE TR AR FRBR 0K RIT T~
TRIFTHOk.

LLE, # HT 60 UOE &%, ERW %, Sz,
B S U MR Jo X O S RRER 0\ (LA 4 2 3k
RT% Lk, BEtctBh By ET5 - Lo
BLI.

6. 60kgf/mm® EETIS5> o

WE L OMEHF L ERERS HHY L L 60 kgf/mm?
BE7 S voORRET, OEDSWTRB D &
DEMELLBEY S vorBtifk e LT, Eke5
ABRGEORTT AR, BOBIERR AT U LT 5HER
B&2fTo7-.

BEANBED & LABYTOoOCHBE LLEE 7 5 v o
X, SME 609.6mm, HE 16.0mm RERHT, 75 v
CHEES 77.5mm, 1 HOEBLK 200kg D LD TH
%. Table 7 izfb2p4y, Table 8 i bR X O
2% L LT ok MERMESe\ MERB &R 7T
BRIERND DX, 75 vy L BoRES B ERIC A
C AU TN BN S, $60T, 87 5 v oot
BRI\ ML, FTROMY, SRR LE LR
FORLVEELERE T LBV, RBROZERIL
Table 8 iwRT LB BRIFTHS.

Photo. 3. Rupture appearance of actual scale
flange joint model in static tension test.
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