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Development of Austenitic Stainless Steel PC Wire and Strand

Hideyoshi 'TSUBONO, Yoshinori KAWABATA and Yukio YAMAOKA

Synopsis :

The effects of aging and stress-aging (called hot stretching) at the temperatures from 120°C to 700°C.

on the mechanical properties, relaxation values, Charpy impact values and SCC behavior of hard
drawn SUS 304, SUS 316 stainless steel wires have been studied.

The main results obtained are as follows:

(1) Yield and tensile strength of the wires increased by aging at 230°C and 530°C as well as by hot
stretching. The strengthening after 230°C treatment may be due to the strain aging by C and the in-
crease of strength after 530°C treatment results from precipitation of Cr,,C, on dislocations.

(2) Stress relaxation values up to 250°C are low due to precipitation of CryCg.  Almost no difference

can be observed between aging and hot stretching.

(3) Impact value at —196°C of SUS 304 stainless steel wire which was measured with | mm V-
notched specimen was found to be about the same as that of 9% Ni steel.

(4) Tt is considered that in comparison with high carbon PC wire SUS 304 stainless steel showing
high tensile strength is insensitive to SCC in NH,SCN and NH,NO; solutions.

(5) In practice, tension member of the austenitic stainless steel wire and strand which were produced
by aging at 500°C may be useful in special industrial field, for example, (a) SUS 304, in cryogenic field
use (b) SUS 316, in intensive magnetic field use as a nonmagnetic material.
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Table 1 {355 274, 2 A, B 12 SUS 304,
C iz SUS 316 ©, A o Ni% 13 JIS £#0FR, B
W EBREY . AHEE Smm & 9mm CHERL D O
FHElD 217y, 1150°C TRKENBLIE-BDTHS.

Table 1. Chemical composition of austenitic

stainless steel wires used.
(wt%)

Alloy C Si Mn P S Ni Cr Mo

A [0.06 10.53 11.79 [0.033 ]0.019 | 851 |18.11] —
B 10.050.45 11.29 [0.036 | 0.011 [10.01 | 18.24| —
C

0.06 |0.67 11.74 [0.030 |0.010 |13.01 | 17.19]| 2. 36

SUS 304

SUS 316

B 50 F4 ARLEBEARCT—HREER MM 59 4 12 53 g%{ (Received Dec. 3, 1984)
* MM T¥ (BB %R (Development Department, Shinko Wire Company, Ltd., 7-2

Doi-cho Amagasaki 660)
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(a) Apparatus for aging and stress-aging (hot stretching)
treatment.

(b) Figure for temperature control of wire by voltage
change.

Fig. 1. Method of hot stretching and wire tem-

perature control.
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Fig. 2. Apparatus for long duration stress
corrosion cracking test.
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7o, BRPEEITEAE T 1300m, X HEHT 550m T\ & T
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Fig. 3. Effects of aging and hot stretching treat-
ment on the mechanical properties at room tem-
perature and martensite percent of 304 stainless
steel wire cold drawn.
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Fig. 4. Effects of aging and hot stretching treat-

ment on the mechanical properties at room tem-

perature and martensite percent of 316 stainless
steel wire cold drawn.

LI OWCTIIEE N D H O 230°C o B ki C
CXBBAEREEL BRTWBD, 530°C LI DV
TIARBTH DM, FED LA XY, ZHITERMAE
b~ CryCe OHIRFER L TWAZ ERHELAR X
ATV, Photo. 1 i3 530°C MR DRERHIHMY & & o
FA MV FVIHORET, BHEEDES OTTN
TOMEGRRZ THB bl Tk, BIEXTE W
M, Ay PRV, FVIOIFRHEBENES VX S
H&%52%. IGHTORNC WA AL £ v
2, HOIEOREY, FEABEPELED LFY, L
fbe— 7 ofERHEH~DOBE I L oHErs b, Fig.
3, Fig. 4 ® 230°C & 700°C . B b hicE{bE oK
B IVEKEOREI EREFR UEHE L Bbh3H, B#t
BTLROIEL#EE TS 530°C THILH T O Khoiz
50T AE L, oA OWTIIITHERTCEI H
TWBDTHA D EHEIND S, FEMIHELA TR
Ny

Fig. 5 2 V57— a VEHREIE TERIE R
APV F Vv IOEETHD. RMBEDO LR E LD
Y 5= a VIEIMET L, 530°C ReRhCRvIMEY
Y. hy PAMVy F v 20 BET 3200C LE L b
EROMETHNI TR D, CruCe OFHT 3 BERO
WECR R X B EMOEZEN B edEREhk
L. 304 & 316 o tEETIiE 316 DAL LEVY 5 2

— 80 —




F—AFFAbHATY L APCBBE XML D ROMR 81

—Q0
11% 022 (C)

44 SUS 304, Steel B
°~— Initial load : Q7TS
X Test temp, . 20°C
34 \
£, x
g 2 ey \
T X
v o-
C ot ---o\o, X0
RN "/
f X\x/
3o
> °\ SUS 316. Steel C
é 2 X oHot stretched
N N
- s o. X, S arawn
& Teel o\ x_ 4 Stretched
.‘°\~"g‘~\-~:6.__.--4‘/‘°

[} 100 200 300 400 SO0 6OO 700
Aging temperature (°C)

Fig. 5. Relationship between relaxation value
and treatment temperature of 304 and 316
stainless steel wires treated by various condi-
tions.
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(a) Bright field image (b) Diffraction
pattern (c) Key diagram (d) Dark field
image of (400) Cr23Cs spot (e) Dark field
image of (151) Cr23Cs spot obtained by
previous experiment3’ .

Photo. 1. Chromium carbides precip-
itated in 304 stainless steel wire hot

stretched for 5min at 530°C.
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Fig. 6. Effects of testing temperatures on the
relaxation value of 304 stainless steel wire
(compared with PC wire).
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Fig. 7. Effects of various kinds of notching pattern
on the Charpy impact value of 304 stainless steel

and PC wires after aging.
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Table 2. Laboratory test results of stress corrosion cracking in the various kinds of solution.

: Tensile strength (es
Material e?lzlgft/;::?)g Test solution ;[e:;) 0y Applied stress Fracture time (h)
SUS 304 X 42%MgCly Boil 70% of T -S 0.8
Steel B . 156 20%NH,SCN 70 " 300
Aged atb00°C e ZU%NH}NOR | 1(30 ”" 1000 h no fracture
%US 316 42%MgCl, Boil 1" 1.2
Steel C - 165 20%NH ,SCN 70 ” 450
Aged at 500°C L 20%NH(NO; 100 " 1000 h no fracture
. 42%MgCl, Boil ” 350
PC Wire 180 209% NH,SCN 70 ” (ducli]eofracmre)
4
20%NH (NOy 100 ” 300
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Table 3. Mechanical properties of stainless single PC Wire having 5mm dia. produced

by using industrial facility.

Drawing Treat. Stra]ght Yield Tensile Youna's Elong. Red.of Relaxation Perme-
Material (%) strength strength modulus (%) area %) ability g

(mm/2m) (kgf/mm?)  (kgffmm?) (kgf/mm?) GL=100mm (%) 10h (200 Oe) *
ﬁt—

SUS304 As — 140.5 155.0 15 800 3.0 50.6 2.81 3.35

drawn
69
Steel A ?Og()e‘:i(}at 30 151.0 162.2 17050 3.5 51.2 0.72 '3.40

Table 4. Mechanical properties of seven ply stainless PC strand having 15.2mm dia.

produced by using industrial facility.

. Yield strength | Tensile strength | YOUNG’s modulus | Elongation (%) Relaxation (%) Perme ability g
Material Treat. (kgf/mm?) (kgf/mm?) (kgf/mm?) GL =600 mm 10h (200 Qe)
SUS 304 | As stranded 119 148 — 4, 4.38 3. 49
Steel A Aged at 500C 137 157 16 250 4.9 0.98 3. 64
SUS 316 | As stranded 1o 131 — 5.0 3,80 1.00
Steel C Aged at 500°C 134 143 16 850 4.3 0.55 1.01

THDEXEzZ bR,
35 27212 PC i@BLUMEVBORE

3.5-1 5mm x5 v 12 PC i

Table 3 g EART. 500°C BERhALERE (32|35,
< 162kgf/mm? DFME L IO TRY, VT 7 L—v
a VB 0.72% THo{EYV S 7 e—v 3 v L—F&
LTH+a7efEThs. WELEL. JIS G 3536 SWPRI
&5 & 5mm PC @13 5585 X 165 kgf/mm? [J I,
B0t 4% LI ETHh b, Table 3 izl LI » T 1T
HAH, ERAEMBEXLGLHMINRE, v v 7 KT
17050 kgf/mm? L{E\s. A —~AFFA PR A F VLA
WREEMBEMTTAEY Vv I7RBMETTBZ LT
BT TREEZES IOTHE IR TV 519,

3.5.2 15.2mm PC 1 h

Table 4 R 2R, BghEo 5EMRX R JIS G
3536 SWPR7A @ 15.2mm 7419 PC @rviEo
fE (166 kgf/mm? L) F) & H~xT, 304 ¢ 9kgf/mm?,
316 T 23 kgf/mm? (3 {E\ 23, Y 5 7+ — v 5 VfiIL
1% UT&/hEL, 316 TIRERE ¢ 1 1.01 %RL
TR L T2 50T, BEARTOEARII+S
brEELOLRS.

BED X5 304 743 316 25 v v ARG T
L, 500°C 5min ORZIAES 1752 L1t XoT, 140
~160 kgf/mm? DEFHE X b b, 1EF 1 1 JERM T,
IHI 9%Ni MY OEREREME Y RIHEY 5 2+ —
YaVIZU—FDATVVA PC @BEL I BV E
T TENPECHETELZ LB LN L D,

4 & %

R T2/ L 304, 316 25 v LU ASRBICE4 ©

BETHRZE Ry PA MLy F vV 278T\, BEHEL
TRHEIHEEYRD, X5 5mm & 15.2mm x5
YUA PC@RRK IOMY b BERIEL, BimRs
TUEREYRE L. BRI KDO X >RELYINS.

(1) BEHery bA vy FVvIWTh o BT
b, 230°C TtCOELRE), 530°C T Crp,aCe 0 THIIC
Ih, BRTOBELZ SO Y—27hHh 3.

(2) =27 vurx PCERBITRESR PC M H~
TV S 2tw—va vOREEREEIPZ .

(3) 304 B> —196°C To> Bz 10 kgf-
m/cm? %R L, 9%Ni SRCIEET5. IEHBAE D
BRI A 2 B o,

(4) BHELIVBOBERFEMIIEEE, BER:
EDFHBRS B CTHoRRABELD B & & olbh o,

(5) {E# 1 rIERME T, EREREEOTRI-EY
77— avIZU—FNDOEREAT v R PC 8
ML OB TENBRETRECTELZ LM
L gDk,

RO AWML L Db BISYBE L
FHA%GBRMTEHZHARSBHEBCRB - L
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