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Development of 60 kgf/mm?® Steel for Power-transmission Pipe Tower
and Its Resistance to Liquid Zinc Embrittlement

Tetsujiro TAKEDA, Ken KANAYA, Kazunari YAMATO, Kiyotsugu EIRO,

Zensaku CHANO, Shogo KANAZAWA, Teruo HIROKI, and Tooru IEZAWA

Synopsis:

There are many recently constructed power-transmission steel towers that are larger in size than
ordinary ones. Higher strength steel is considered necessary for the large size tower to reduce its weight.
Besides usual mechanical properties, the steel must have the resistance to zinc coating-induced cracking
(Z1C) due to liquid metal embrittlement (LME).

© 1984 TSI

1) Testing methods are developed to evaluate the ZIC susceptibility quantitatively.
is expressed as a function of chemical composition of steel.

the ZIC susceptibility (S{%°

of S{4° is larger than 429, the ZIC would not occur.
plate, UO pipe and ERW pipe for the use of a power-transmission tower.

2) Index for
If the value
3) New 60 kg/mm? steels are developed as
The steels show the excel-

lent resistance properties to the ZICG and mechanical properties including buckling properties of pipes.
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Photo. 1. Typical example of zinc coating-induced
crack observed in the coarse grained region of HAZ.
Secondary electron image (a) and zinc characteristic
X-ray image (b).
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STHR Zn bRESHEE L, 20X X v RO
HEAIT5> 2 12T 5.

wIC, ERoDOSEETOLRORE - EREDOR
FEx B LT 570w, EFECH L TROELVE
HHEE LRk TRRE (Fig. 3) LoxdEziT>
2. Ch3RRE— P RuicHlR e — F ey —

170
{ ’,notch

l

60°
/
25
O'Z?RI[W 104

notch detail

(a) {

104

o

0.5Kg/mm2/min

stress

initial stress \

470C

temp.

““ ;‘-* 3I0sec time

(b)
Fig. 1. Details of Notched Bar Tensile (NBT)
test method. Specimen details (a) and stress-
temperature diagram (b).
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Fig. 2. Relation between fracture time and frac-
ture stress of various steels obtained by NBT test.
S1am=100x (Fracture stress of zinc coated speci-
men/Fracture stress of non coated specimen).
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Fig. 3. Details of restraint type weldment test
specimen.
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Fig. 5. Details of specimen. Unloading test of
fillet weldment (a) and tensile test of base mate-

rial (b).
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Fig. 6. Example of test results obtained by the
unloading test of fillet weldment in molten zinc.
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30% THBHDT, 55kg/mm? OB 1077 LA
E, &b 15% Lk, 60kg/mm? g§DFHHE13% 55 kg/mm?
SROSEHMETH B MO 20% LI E, o 25% Ll bx¥
EHEELTEIDOTHS. bbHA, EEODLIITKH
DINEER» LRET B O T, B O Zn IHHTOMHY,
B0 HAZ ) bRE Lichh iR~k E ERT 5
PEPDOEDDHEZE LTHRELALLDTHRNES L
T OS2 BREL LT Igo.
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BLAHEHENCRT 5. #0T, WHBRED 5 2 Tk St
EESTEROMERIBET S LT OREK LD EHE
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Fig. 7. Relation between the Sij values measured
400

by NBT test and the values calculated from ST
(1)

SEFEY By AeTERE St oK ERD (2) X%
B (SN EED)-

8498 (1) =279—667C —25Si— 105Mn
+345S — 122Cr— 72Mo— 230V
—273Nb— 130Ti—6 000B
(7272 L, 1.29%<Mn<1.5%)

$1% (T[) = 166 —667C —25Si—30Mn
+345S — 122Cr — 72Mo — 230V
—273Nb— 130Ti—6 000B
(=7 L, 1.5%=<Mn=<1.8%)

ZORITK 100 7 5 — P O KRB MO NBT B
HEAERRGERT X oTHB-LDThHS. Table 112
SN () oBERyERAERT. Fig. 7 iz EERC X
LHHEME L RBECOHBEYRT. #2T, oAb
ST SN =42% winh X 51 Bo#atE T2
fitgsEl Zn b T SO AR RO T
5. ok, (2 Rr RAM»OELT Six 2 20~
60% OEWEACTOBELXER L CTERFLTOLIOT,
#o>C Fig. 7 11z oFiFH CEHME & #EEE & o HEES
Iv. X, Sth(exp.) fEnS 20~60% % @HIT, 20%
LUF, 60% LI ExOHTtH4RLI.

4. FAEMIER 60 kg/mm® FPOFEFE

fitEE Zn bohc 3 <Sh-IEAE 60 kg/mm? %
BART 5701, Si% X3RO BE RS IORRo &M
KRBT L ATHEGE Zn bhfkic o\ T+ R x 1T

- (2)

Table 1. Range of chemical composition (wt%).

C Si Mn P S Cu Ni

Cr Mo V Nb Ti Al B

0.04~0.12 <0.40 1.20~1. 80 <0.040 <0.50 <0.80

=0.30 =<0.30 =0.09 <0.030 0.015~0. 070 <0.0010

Nb+V+Tis0. 15
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Table 2. Zinc coating-induced cracking susceptibilities.

Chemical composition Methods Criteria for usual size pipe Criteria for large size pipe
Steel i) Ceq. S} (D*! @ @3 w @ @ ey @ ®
(WES) (I o 10 20 o, ¢ One 10 6,210 o 20 6,220
C Mn Nb V Ti (kg/mm?) pass pass (%) (%) Z35kg/mm? pass ¢¥,=15 =40 kg/mm? pass ¥, =25
STK55 0.141.26 0.04 — — 0.36 — 38 NC C 21 22 O O @) o [ [ ]
HT60 (1) 0.10 1.68 — 0.01 0.081 0.38 (34)** 38 NC C 21 26 O @] O o ® 0
HT60 (1) 0.03 1.83 0.04 — 0.025 0.34 (57)*5 42 NC C 25 51 O O 0] O o O
New HT60 0.08 1.54 0.03 0.07 0.005 0.36 42 43 NC NC 28 45 O O e} @] O O

*1 Unloading test of fillet weldment, *? Restraint type weldment test, ** Tensile test of base material, ** Titanium is out of the range
of Eq.(2), *® Carbon and imanganese are out of the range of Eq.(2).

NC---no crack, C---crack, O -clear, @ not clear

Table 3. Chemical compositions of plate and pipes (wt2;).

- C Si - Mn P S Nb v Ti Al Ceq. S (m)
B RO SR SE MRS BN S8R % M % 8
otz LT 2olER > TH~NS. 4-2-1 fRtROFEM:
41 ZBRFFBMICKD FHEREH iz CR X X v 16 mmt ff: EiF7-. Photo.
NBT iz X b H72 100kg BEEH 2 HGESBER Y 2 KR T X5l 7 =514 F - =54 b Th

1ot BOBAHIER Zn bhoBEAr b e, 4
RIEFAE 60 kg/mm? §§ L UTCFTEDMRE, UAMLHE
R"T D L5CFEELTTOk. BABRHOKE, BHED
AR E LT Nb-V-Ti A2 k#TH HERBE Lh
To. T ORESFHR OB O Zn bk o
R LT 60kg/mm? g, 55kg/mm? g aAERRE R
D& & DR FEGI% Table 2 iR

HAEMEr 1 X Oldmmg LI F) 2ELLBE,
STK55 % &Lkl WTh ok 4 L Tw
. ZhbHBMEEE Y 1 AWMEOBEIERL Zn b
RIFEE LRV EEEBERL Uk Y BABRFNHRET
TREODOXEETORR L —FK LT 5. KRBy
4 X (Ol4mmg L) F) RHELBE, fEk#izv-Th
OREBIE CRERC 702> TE b itERE Zn ol
Ao,

VEWHFC X A% 60kg/mm? SRIEAE A X, KA
A RDOWTHOBETNTORBRICEKRLTED,
T ONMERE Zn bhka B LT\ 5 2 &b 5.

PEo X5, MR Zn bhikicd <hiz 60kg/
mm? §ff& LT Nb-V-Ti ROFEHRNBEL T LR
18, TORSREEFERLUERE, MEofitaiTo
7.

4.2 RIFBARV OB

BT Tl bhieflRed &9\ o (16 mmt),
UO g% (609.6 mmg x 16 mm?t) flic 1 + 4 — >, ERW
% (267.4mmgxTmmt) Aicls 4 —2, 25,
— DB L7, Table 3 i bR L O Ceq., Sty %
w7

5. ¥, NBT ik X0 £ R X O Tt EaE
Zn bk iR L. Fig. 8 & NBT REEEL 7
3. St OEHIfE: 48 ThHhH Table 3 » Sty D5
fii 45 2i21F—FK L T\ %. Table 4 i=[[ U< fliod 3 3
BEOREE 4T, BAY 1 X@E T b HER
BIdbAHA, KBy A AWMEOHERELHREL Tk
D REMH OWEL Zn b I BIFCH 5.

BEMRASMEE 1z Table 5 1Rk X 51 60 kg/mm2 §§ &
LTHRTRELDTHS. F0fl, BHEME, BEERk
FHAEDMERL, vy bhiBERELERcbhE
IEL#RTNEBESELF LTV 5.

Phc;to. 2. Microstructure of plate (1/4t).

Table 4. Zinc coating-induced cracking suspecti-
bilities.

Restraint type

Unloading test of Tensile test of

method we(lgan;:;SSest fillet weldment base material
. 3z =20
criteria no crack 03¢ 240 kg/mm? ‘P: _5_25;:
_ ) 5, =31%
results no crack Gze =46 kg/mm 0, =12%
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Table 5. Mechanical properties of plate.

Tensile properties*? Toughness* 2 Bending*?®
Y. P (kg/mm?) T.S (kg/mm?) Y.R (%) EL (%) vE-20 (kg-m) vEo (kg-m) vTrs (°C) R=1.5t
aim =245 60~ 75 — =20 vE-5=24.8 —_ o
L 54.6 62.5 87 15.7 18.1 <—gp  180° no crack
C 58.5 66.5 88 7.2 8.7 —68 good

*1 JIS 22201 No.5 specimen, *? JIS Z2202 No.1 specimen, *3 JIS Z2204 No. 4 specimen

Table 6. Mechanical properties of pipes.

Tensile properties*! Toughness*?
Y. P T.5 Y. R El vEo vTrs
(kg/mm?) (kg/mm?) (%) (%) (kg-m) (°C)
vUo
pipe 57.2 67.5 85 24 18.6 < —-80
ERW
pipe 51.9 62. 9 83 28 9.2*3 < ~-80

*1 JIS 72201 No.5 specimen (Transverse direction)
*2 JIS Z2202 No.1 specimen (Longitudinal direction)
*3 1/2 size specimen ( » ")

100
E 5ol HAZ
qk—'-
3
)
0 1 1 1
0 200 400 600 800 1000

fracture time t¢ (sec)

Fig. 8. Relation between the fracture time and
the fracture stress obtained by NBT test of the
newly developed 60 kg/mm? steel.

4:2:2 UO 3% X' ERW & ¢
UO SRERMIIEMR & Fl—F & — 2 THh b iit¥EEE Zn
b ERRROERNZ O s FHTE 5. ERW gE
REEID IO THRL Zn bR E e bV B A
WD, Stu=V2% B R T5 X5 Bema &
ITOCIEEL Zn bhicii+amEE L2 #o7 (Table
3).

Table 6 I3RS R O BRI B %, Photo. 3 1=
1% ERW SR 0 3 7 n ke R+, UO |ED v~
— ATMOBBHIE, ERW %O~ FRABRER LT
SR TREERTH O, T, FHEHC>WT
3, 60kg/mm? g L L C-Holekigchork.

R, SERMETME L CRIBEBEREREOD LD
ThHEFERY 3000t 7o CRIRBREC L hFE L.

.
1.0~
0.8
> L Euler
% 0.6 0UO pipe \
,g eERW pipe
0.4
op:0.60y
0.2- E:2100tf/cm2
|
0

- ! o vt 1
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A

Fig. 9. Relation between ogcp/oy and 2. g :
buckling stress, oy : yield stress, 2 : slenderness
ratio.

UO g MER (1) 289, 20, 40 oW T, ERW
BB 2 A9, 20, 40, 60 I o THULERIC X B EE
BERBEL T2, RBAL Zn 05X L AboT
RBRABMOBEL, A=9 0L XRIEER, Fofb
DYER—FEHNOREHBARA TiT>7%. Fig. 9
BRERT. MPEMGIEHMERERO DIN 41141 0
HIAR, AHEEEERBEOF 15—t chs.
fo, FEfr UO gRE, B ERW gEOBERIRR T
BhH. FBREL EHRHEERNL X—HL Tk 60kg/
mm? RO BRI E LT MR TREERNE
bivic.

T4 Ucr=7"2E{1—(Ucr_o'p)/(0'y—0'p)z}/12
15 der=n2E/22

— 129 —



602 g & H

# 70 4 (1984) %62

5. #& B

RERMESEORBLC > TERIh B OB
Etx2BE L, MO SRERD 55 kg/mm? §{E
& 50 kg/mm? R DS E L E E 0 $k3E A 60 kg/mm?
BWOBRR TN,

KBEHE O KB LS X O O RREL X oTET
5 BEEMEIBERYEROBRE Zn bhofjkTh
5. OB OB Zn bhRE O E BIYFHES
TIHE IR 38 X OV B C BRI B 52 C & % I
REBEL BN L. 51K, Bt Zn bhRBEDRRE
LFEDEETHR E OB L H L LR Zn bh
B BIF B RORFN ¥ RREN T >LZERI. £ 0D
R BB L, #iK (16mmt), UO §E (609.6
mmg x 16 mmt), ERW & (267.4mm¢ x 7 mmt) O

FERT, TR G THERL Zo b & —EEIEBN

MegE, X OCEOREEMRED 60kg/mm? gL LT
BCEHB/HE LRI

B, APt LEIEEHEE 2 oW E R T
ZRFHERBABIE, FHRET GR) IUEBFIRRRCE <
WAL L EF 3. i, BBV H
HABIE, (B & () BEAE T OBRRA I EHE L E
IFET.
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