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Mechanical properties of specimens

Maximum  Yield Ultimate  Yield Ultimate Elastic  Elongation Weight per
tensile force strength  strength  Strain strain modulus rate meter
267kN 1830MPa 1938MPa 0.012¢,, 0.03g,  195GPa 5.5% 1104g/m

Displacement sensor
Fixed end

Tension end
Anchorage M\ Anchorage

_ 5% NaCl
3 Strain gaug e / 1000 T ™ \ ) 6 Strain gauges
< 1300 mm |
& Solution tank 100x100x300 mm3

S -
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185 B Current0 A 130

B Current0 A
® Current 0.35 A @® Current 0.35 A
o A Current 0.5 A Z
Z 180 . £ 128
o 54
]
2 S
= 175 an 126
o0 £
= w
E 170 5 W”\e
; 3 124 e 50-5-1 \\
e A LG
A —4— 70-10-1 —— 70-10-2 20-5-2 °
—— 70-10-3 S
165 1 L . 1 1 1 J 122 1 | 1 1 L L J
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Time (hour) Time (hour)
(a) 70 series (b) 50 series
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0.9

0 1 2 3 4 5 6 7 8 9 10
Degree of corrosion (%)
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n=dad
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772 T7—DEAICEOCBEERDE

Specimen No. 70-2-1 70-2-2 70-5-1 70-5-2 70-5-3 70-10-1 70-10-2 70-10-3
Measured mass loss (%) 2.0 1.9 6.0 4.5 4.5 9.0 8.2 5.8
Calculated mass loss (%) 2.8 4.1 53 4.7 4.5 9.1 8.5 6.4

a 0.71 0.46 1.13 0.98 0.99 0.99 0.96 091

Specimen No. 50-5-1 50-5-2 50-5-3 50-10-1 50-10-2 50-10-3
Measured mass loss (%) 5.6 5.1 7.2 8.5 7.8 8.4
Calculated mass loss (%) 3.3 5.9 6.4 8.9 8.0 8.0

a 1.05 0.87 1.12 0.96 0.98 1.05

intensity. Faraday's first law of electrolysis can be ex- _ _ nNFm,

pressed as, strands. Equation (2) can be written as 7' = "l to
M calculate the corrosion time.

Aw=——IT (D

NF

where Aw is the mass of metal corrosion; / is the cur-

rent intensity; M is the atomic mass of metal; F is the — M T 3)

Faraday constant (F = 96485); N is the number of va- - NFm,

lence electrons lost by oxidation of a metal; 7T is the
corrosion time,

Faraday's law is used to calculate the theoretical mass
of metal corrosion. Eq. (1) can be translated into Eq. (2)
to calculate mass loss as the degree of corrosion.

M
Ri=
NFm,

Fi 2)

where # 1s the calculated mass loss of the corroded steel
stands and m, is the initial mass of the corroded steel

KOBE UNIVERSITY

where a is a variable parameter for each specimen and
obtained as the measured mass loss divided by the cal-
culated mass loss based on Eq. (2).
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B RARDIER

Specimen No. | Prestress degree | Mass loss Max mass loss | Prestress loss | Failure
70-10-1 70%(182kN) 9.2% 10.7% 7.46% C
70-10-2 8.8% 10.2% 6.29% L
70-10-3 5.8% 10% 3.67% C
70-2-1 2% 2.67% 2.18% T
70-2-2 1.9% 3.68% 2.36% T
70-5-1 6% 6.24% 2.78% T
70-5-2 4.54% 4.95% 3.15% T
70-5-3 4.46% 3.53% 3.52% T
50-5-1 50%(130kN) 5.6% 5.85% 3.2% T
50-5-2 5.1% 6.24% 3.53% T
50-5-3 7.15% 7.53% 3.61% T
50-10-1 9.5% 9.92% 4.54% C
50-10-2 7.8% 8.82% 3.65% T
50-10-3 8.4% 9.1% 4% T

*) KOBE UNIVERSITY
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Cup and cone type

Milling cutter type

Milling cutter-Split type

Split type
Specimen NO.| Fracture section | Fracture type Necking Mass loss | Prestress loss
degree
70-10-1 ' _' Milling cutter type Severe 9.2% 7.46%
70-10-2 Milling cutter type Severe 8.8% 6.29%
; Cup and cone type
70-10-3 ' ' Split type None 5.8% 3.67%
50-10-1 ‘ Milling cutter type | Slight 9.5% 4.54%
Split type

>) KOBE UNIVERSITY
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O // ‘ i.
— 3 B -~ .
A -
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0 L/ ] ! ] 1 ] ] 1 1 1
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Degree of corrosion (%)
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Displacement transducers BREFEZ /NS

Fixed end

5% NaCl | |
3 Strain gauges 1000 mm '

ke | 6 Strain gauges
1300 mm

Tension end
Anchorage

N

BRICESWERBRRK . > C £ 5

%3 D27 $E(Typel ~3), VR e
RIBREERELT, | K
MER>EZEHL- N 4 ,
(a) Type 1 (b) Type 2 (c) Type 3
Type 1: Agy = 2r?(6; — sin6;cos0;) for 0 <d, <2r (1)
B, = arccos (1 - %) (2)
Type 2: Agp = r?(20; — m— 2sinB,cos0,) for 0 <d, < 2r (3)
— dp
08, = arccos (—;) 4)
Type 3: Ags = r?(03 — sinB3cos0;) for 0 <d, < 2r (5)
d
0; = arccos( - Tp) (6)

~) KOBE UNIVERSITY
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Specimen Mass loss Maximum cross- Prestress loss (%) | Test series which the
No. (%) sectional loss (%) wire was ruptured '
50-5-1 Tl 22.3 2.1 il
50-5-2 6.6 21.8 1.9 il
50-5-3 3.7 7.8 0.8 n
50-5-4 6.9 24.3 1.9 b ]
50-5-5 6.6 26.4 2.1 i
50-5-6 4.1 e 1.4 il
50-7-1 10.5 30.1 i i
50-7-2 11.2 30.3 2.9 i
50-7-3 11.4 31.9 3.6 il
50-7-4 10.7 31.4 3.2 il
50-7-5 8.4 5.1 3l C
50-10-1 12.0 35.9 4.1 C
50-10-2 10.1 47.1 33 C
50-10-3 14.7 40.6 4.7 C
50-10-4 1.2 26.5 2.6 C
50-10-5 10.8 37.3 4.0 C

*1 Test series the wire was ruptured: C means failure in the corrosion test and T means failure in the tensile
loading test

*) KOBE UNIVERSITY
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EBHEBIOTLANRIDEIE
( £21)—X)

BESBRTHIGL-5IRGAER EREBRTHRETL-HEIR
(BRE5%, 7%) (BERZE7%, 10%)

4 r —— 50-5-1 —— 50-5-2 5 -
—— 50-5-3 50-5-4
—— 50-5-5 —— 50-5-6 a L
2 —— 50-7-1 —— 50-7-2 =
< —— 50-7-3 —— 50-7-4 < ’
g 2 3 /
% 9 @ / ’
£ & 3 A
§ % A '
&1 = o ~— 50-10-1 ~— 50-10-2
i o 50-10-3 50-10-4
- —— 50-10-5 —— 50-7-5
0 2 0 1 1 1 1
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 16
Mass loss(%) Mass loss(%)

%) KOBE UNIVERSITY
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S e 50-10-1 —e— 50-10-2 50-10-3
50-10-4 —e— 50-10-5 —e— 50-7-5 -
4 I y
§ ¥
\Fn/ > 9
2 3
£ | st stage 2nd stage
%
L 2
17
o
— 1
) & l l |
0 10 20 30 40 24

Max cross-sectional area loss of fractured wires (%)

%) KOBE UNIVERSITY
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BRIARPOPCHKYHR (7AK)
RIR(AIFR6AR) DV T ADEAE

T4 PCEfl &KYUHR1 A HT-Y D
= ix (BIER6A) D E

®50-5-1 ©50-5-2 #50-5-3 50-5-4  ©50-5-5 ©50-5-1 @50-5-2 @50-5-3 50-5-4 050-5-5
®50-7-1 ©50-7-2 @50-7-3 50-7-4  050-7-5 ®50-7-1 @50-7-2 ®50-7-3 50-7-4  050-7-5
® 50-10-1 e50-10-2 50-10-4 ©50-10-5 ®50-10-1 ®@50-10-2 50-10-4 ©50-10-5
2% . 24 [ 1:1
22T 22
$20 20 t
=12 I =18 F
216 16 | @
=14 4
812 | 2 I
210 F 0 F
2% | 8 f . 41
‘s 6 | 6 » °
o o (o) & -
A 4 4 S e
2 F 2 T o e e
0 - L O AT b | 1 1 1 1 1 1 1 1 1 )
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Mass loss of wires (%) Mass loss of wires (%)
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BRIARPOPCHKYHR (7AK)
RIR(AIFR6AR) DV T ADEAE

'?'—vr £E 1
8 3'5 =S| PR*2
Er
ER, y=032x
& =l R2=0.9895
c.a
2 4t o .
—?- ® L
= 3 Fr i e
A 9 ¥

1 .

0

0 2 4 6 8 10 12
Mass loss (%)

ERRELTIE, RDETITHL,
VT AT HBEER)LTLS

| & __R/E4)
& R/(Ed)

gloss uncorroded

%) KOBE UNIVERSITY
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(12)

0 ¢ =D

i | e ® g
-15 o
20 | g,
S | y =-2.42 x .
-30 | R2=0.8945

-35 F
-40 t
-45 } °
-50

Strain loss of strand (%)
]

0 2 4 6 8 llO 1I2 1I4 16
Mass loss (%)
BRMEETE, XAMSUFOVTAHARD
AT AFRUEI) THY, BRI
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09 A EUDETAIBROZ S

0.8

0.7

0.6

0.5

0.4

0.3

Elongation of corroded portion measured
by displacement transduces (mm)

KOBE UNIVERSITY

| R E B RBHOBUER

| %

' VT BT~V DB RBED U LR
0 0.1 0.2 0.3 0.4 0.5 0.6 7 0.8

Elongation of corroded portion calculated by only strain gages (mm)

Displacement transducers

Anchorage Anchorage

_5% NaC| \ \Y\
/1000 mm X -

3 Strain gauges )
f __ | 6 Strain gauges

1300 mm z
+| Solution tank 100%100x300 mm?
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5L 7-PC##1

F'_ﬁnﬁtﬁ EREBEEBORS

corr BL, I—unc (1 _B)L
BL
| ﬁ ﬁﬁlﬁlm
| aA, A, - R&—%
EVUIBRBM(BEEBDEEIZEST —F)
- ERBHEEBODUVT AL
BRI PO B AOESO €unc =& + AI-unc/l-unc =& — AI—corr /Lunc
H‘ﬁﬁkzjﬁfﬁ =& — AI—corr /(1 _B)L
JFER R Punc = AuncE€unc = AgEEync W ALy = —(Eyne — €)Y (1—B)L -+ @
BRAEE I:)corr = AcorrEgcorr = GAOEscorr

ADEEOEY, Py = Peor

- gunc ascorr

HEXEREOHMTES—EDRE
(ERDEE) KV,
AL=AL, +AL,, =0

. AL, = —AL

corr

%) KOBE UNIVERSITY

BREZOVI AEIE
scorr =&+ AI—corr/ BL

- Algo = (€cor — €)"BL -+
Q=&Y
_(sunc o ‘C:O)*(.I —B)L = (acorr _ 80)*BL
W €= (1—B) &ync + BEconr

D&Y,

€

J€)

1 a

a(L—B)+p 0 ™~ o(1—B)+p

corr —
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BRI HIIC &ﬁﬁk 5L =PCHi#t

F"ﬁ Mg, FERMEEORS
corr = BL, I— (1_B)L

BL

| | Tl i (& 7E
| aA, A, = R&—FE
E'VTJOL%"?& (F;ﬁo)ﬁ%':c‘:gd—_fﬁ) 50% of tensile capacity
*)JHH'Ikﬁb PO AoEeo 0% N
b T A B -
gFJﬁﬁﬁEiﬁ Pu AunCEgunC AOEaunC 60%
[E B fE Pcorr = AcorrEscorr GAOESCOW g‘ Hb
40% | —e—p=0.
JEfE B A S S B AR I TEHL TLT, il | -9 SN
75\9 j] ‘if’] [') ’.)—CL\%) &ﬂiﬂi-d_é 20% B‘zo.s | .
Li=h'oT, BTEXRIBEOEE A (TLARLRAA) &, e | oo
a a 0%
I:)unc = I:)corr = I:)1 = AOE a-P)+B € = a-P)+p I:)O 0 20 Re;jcﬁon raﬁio(%) 0 e
P /Py = — BREED HHEANINEEEE,
a(l —p)+p TLAMRADEBETEIF/NEES

_ T=1=L, PCSl# 0 3814 581814 A %6
) KOBE UNIVERSITY




fefT 1 R 42

P1/PO

100

90

80

70

60

50

40

30

20

10

—%—at7 bZFl/I/ZjJODFasEH?

Pi=aas B)+B Po

70% of tensile capacity

BL

90%

80%

70%

60%

50%

P1/PO

—e—pB=0.1
—8—[=0.2
.B=0.333
B=0.5
—@®— Liner assumption
@ Start of plastic range

40%

30%

20%

10%

20 40

0%

60 80 100

Reduction ratio (%)
a: Cross-sectional reduction ratio =L, a =1—EB X
B: Length ratio of portion of reduced cross section

KOBE UNIVERSITY

aA,

A, |

50% of tensile capacity

100% @xmee

—e—(3=0.1
——p=0.2
B=0.333
B=0.5
—@— Liner assumption
@ Start of plastic range

20 40

60 80

100

Reduction ratio (%)
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i%l
[t
S
T
Yy
¥

EER{E LIE
JEfE B fE1E

[ 2

B

8 —o—(3=0.1 0 ==
+—[=023 - - -2
& 7 B=035 /'\ = > » .
':; 6 | —Q—Ei:e?‘zssumpﬁon / %;\ SS —10 I I ;. :
5 Q0 y =0.32 X 215 -
¥ =0.98 S i ®
s % -20 T
- “ °
3 2 25 y=-2.42 x ®
o 3 2 =30 | R2=0.8945
E_& E (1]
A 2 g 35 —9—( 0.1 ®
A || —e—p=023
I -40 B-0.35
0.50 -
45 T —&— Liner assumption )
0 _50 i ' ' ' '
0 2 4 6 8 . 10 12 14 16 0 P 4 6 g 10 | B 14 16
Mass loss (%) Mass loss (%)
P,/P - - L
1P = €unc = €0 € = €
a(l —B)+ a(l — P)+ corr 0
(1-P)+B (1-P)+B a(1 — B)+P
'Q; @ 0) %5% Displacement transducers
Fixed end

300mm

J:FE % IEI J:FE FEﬁ E é L =1 300 mm Anchorage N

BEMEEES L, =300mm m—7% NEC! |
i / 1
] . ] B _ O 23 3 Strain gauges{ I i/ 1000 mm \\ | o
1300 mm
< +_/| Solution tank 100%100%300 mm?

KOBE UNIVERSITY




PCHll & Y#RD 51 aREER (58221

—X)

No. Fracture | Corrosion pitting | Left (mm) [ C Right (mm)
= Ve =1 type 30 [25 J20 15 J1o [5 Jo [5 J1o J15 J20 [25 [30
~F - - Cross-sectional area loss (%) / Cross section type of pitting
m nI m — uI n 511 S 00 | 00 | 06 | 38 | 68 | 133 | 408 | 284 | 261 | 254 | 185 | 218 | 198
) |- = 1 1 3 3 2 2 2 2 2 2 2
—— /_ 51 36 | 00 | 165 ] 195 | 309 [ 326 | 206 | 286 | 223 | 188 | 190 | 165 | 165
o 3 2 2 2 2 2 2 2 2 2 2 2
— e S| 00 | 00 | 31 | 148 | 197 | 314 | 325 | 236 | 249 | 208 | 190 | 144 | 7.5
i i - - I 3 3 | 2 2 2 2 2 2 2 | 2
s =N o 00 | 00 | 67 | 75 [ 126 | 136 | 118 | 90 [ 100 | 116 | 13| 75
) E — _.E i B 2 2 2 2 2 2 2 2 2
[~ g | ‘7 Jow $did 13 [ 65 | 102|206 444 [472 415216 | 118 ] 08 | 49 | 129
1 3 3 3 2 2 2 2 2 2 2 2
N3 s 5 28 [ 39 | 57 | 149|216 [222 | 170 [ 190 [ 95 | 82 | 90 | 82
x % i N EE i | 2 | 2 | 2 | & | 2 | 2 2 W
y S 100 | 75 [ 18|36 [223 276 [ 17738175 08 [93] s
i 2 2 2 2 2 2 2 2 2 2 2
- T4 150 | 182 [ 173 | 276 [ 319 | 457 [ 430 | 279 | 193 [ 154 [ 147 [ 100
-+ I Gk 3 3 3 3 2 2 2 2 2 2 2
] , \ n l,\ — 00 | 00 | 00 | 00 | 164 | 424 | 381 | 200 | 157 [ 121 | 95 | 75
- - - 3 2 2 2 2 2 2 3
1226 172 | 271 | 203 | 249 | 366 | 429 | 369 | 304 | 210 [ 223 | 165 | 124
2 2 2 2 2 2 2 2 2 2 2 2
g r 21 [ 28 [ 77 [ 85 [ 93 [369 [ 136 100] 90 [103]100] 98
I e 3 3 2 3 2 2 2 2 2
» | dp —— 288 | 254 | 374 [ 339 [ 533 | 534 [ 372 | 240 [ 236 | 17.1 | 204 | 246
/\\ do N / 3 2 2 3 2 2 3 3 3 3 2 2
N\
/ =S \ [ [ 735 75 [ 199 | 247 | 252 | 476 | 490 | 447 | 339 [ 28.1 [ 213 | 88 | 49
[ r \ 1 3 3 3 3 2 3 2 2 2 2 2
4 \ 00 [ 129 | 169 [ 250 [ 402 [ 472 [ 449 [ 376 [ 309 [ 1401 | 72 | 95
¢ \ 7-4-4
\ / \ \ - 3 3 : 3 2 2 2 2 3 3 2
\ / ; \
\ ; Q 00 | 34 | 80 | 82 [ 208 [ 408 [ 423 | 223 [ 226 | 280 | 311 | 223
\\ y A > A < TS - 2 2 ] 2 2 2 2 2 2 2
\ // = 1011 162 | 247 | 288 | 300 | 420 | 500 | 433 | 407 | 367 [ 305 | 285 | 116
i 3 3 3 3 3 2 3 3 3 3 3 2
350 | 425 | 51.8 | 540 | 563 | 552 | 485 [ 29.1 | 165 | 11.8 [ 106 | 77
(a) Type 1 (b) Type 2 (C) Type 3 10-12 2 2 2 2 2 2 2 2 2 2 2 2
21 [ 70 [ 278 | 507 | 570 [ 597 [ 558 | 49.5 | 349 [ 195 | 213 | 233
=
RABYITE DX 5 = RS RERE RN
-~ 7] {5 00 [ 00 | 08 [ 459 [ 497 [ 621 | 588 [ 542 [ 502 [ 449 [ 447 | 440
i - 1 | 2 | 3 | 2] 2222 ]2]2
1032 77 [ 162 | 362 | 549 | 583 | 584 | 402 | 454 | 447 [ 490 | 478 | 430
) 3 3 3 2 2 2 3 2 2 2 2 2
00 | 17 | 00 [ 349 [ 387 [ 552 | 41.5 | 34.1 | 309 | 264 | 23.1 | 157
e 2 1 2 3 2 2 2 2 2 2 2
I 45 [ 164 | 224 [ 302 [ 510 [ 579 [ 457 [ 388 [ 243 | 213 [ 198 | 180
B I 3 3 3 2 2 2 2 2 2 2 2
| - : = — 00 | 21 | 95 | 170 | 533 | 667 | 488 | 427 | 216 | 274 | 36.1 | 404
Cup and cone type | Milling cutter type Split type Milling cutter-Split type | -2l 2 a2l lalz22]z2132
sl RN Note: The upon values show the cross-sectional area loss, and the lower numbers: 1, 2, 3 show the cross-section
E& I*ﬁ:E — l\ type of pitting which was explained in Fig. 5. As for the measurement location. C is the section of the wire was

KOBE
N e
n.

KOBE UNIVERSITY

raptured. Fracture types are S: Split type. M: Milling cutter type and S&M: Split-Milling cutter type. respectively.
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10.2%/3 44.4%]/2 41.5%/2 20.6%/2

T
50-5-4-1 Split-milling cutter type
16.9%/3 40.2%]/3 44.9%/2
; T

25.0%/3 47.2%I12 @—I—
50-7-4-4 Split type

48.8%/2

21.6%/2

61.7%/2

50-10-5-5 Milling cutter type
- RIGETEEHADBEA A T3DIGE, BETX 72 Hisplithi i Tho1-.
o HEETLI=ERAARE—FRICETERELTNT, HhOREMEORSIEIZ2A1T20158,

milling cutterf& B £L<IZ split-milling cutterfg B TéH->71=.
) KOBE UNIVERSITY
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Li, Miki, Yang, Mao: Experimental Study on Prestressing Force of
Corroded Prestressed Concrete Steel Strands, JACT 20(9) 550-563 2022
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SE(CU=3H:BTE, K, AT, 8+ MR 8% 1EISE B LI-=PCEOB Ffif 112
E95—F%, a9 )b IT2ERHIE, Vol.32, No.2, 529-534, 2010
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