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ABSTRACT PS (Prestresssing) tendon in a PSC (Pre-Stressed Concrete) structure is always subjected to high tensile stress and it
causes corrosion-related problems. Particularly, insufficient compaction of grout and de-icing agent from upper girder can accelerate
tendon corrosion, and this propagates to tendon break and critical safety problem in PSC structures. In the work, PS tendon systems

are prepared and corrosion acceleration is performed using ICM (Impressed Current Method) for 4 days considering 2 types of grout
(A-type which is conventionally used and B-type which has a reduced w/c ratio and silica fume addition). For 2 grout types, corrosion
amounts are evaluated considering various conditions like bleeding area, cracks, and tendon eccentricity. In the case of tendon

eccentricity, both grout systems show similar increasing corrosion, however B-type grout system shows much reduced corrosion in

the crack and bleeding conditions. It is also evaluated that a careful maintenance is strongly required in the bleeding and cracked

grout area since corrosion amount increase to 3.25~5.14 times in the vulnerable grout area of bleeding and cracks in the corrosive

conditions.
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Table 1 Outline of test program

Order Test Related Photo

2 Types

! of group

Tendon system
preparation
(Center and
eccentricity)

3 Crack inducing

PSCT% 9] ’IE H-21 5 v|gh 2 o 2 H7}str] S)al B
= ArEel AL glov, F= JA7]-gehM &

Foto] FAAFUE Bl F A 915 Frkskar vk A 4 Cutting to 200
9] o]} AE(Acoustic Emission) 2} 22 B] 3}y 1] S o] & 4 |mm of height and
aho] 2408 A shei A E2} glovt FushA| AL 1 epoxy coating for

bottom surface
SIA] H&H(Youn et al. 2005; Clemena and Mckeel, 1978;

Beak et al. 2012). ©]= Y E U] 9] dido] A etA 18 3h=
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Table 2 Accelerated corrosion cases for the test
2. Hy S EE 71K PS HIE A9 M= Grout |No of| Condition of | Presence of | Location of
type | Case grout cracks tendon
2.1 AlEol iR 1 Bleeding X center
Sounding X center
B Ao A= 1,000 mm PS WIE-T12HSE A| ~E1S A o | Bleeding ° center
Aehan s m B Tk S 2 oT 289 A F 4 A Sounding : onter
" b= N Bleeding X side
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Oﬂ %‘}1\:]_?‘ =2lis] t%] 'FJ 15 Eﬂ‘:—] 54 7(] o]'oﬂ ° UE{ ix]_l‘ A 5 4 Sounding X side
o] F-A A of A S ek A 'l A A s Bleeding X center
e A3 ES 7Hete] S F 2 Al S AlEERal e Sounding X center
W FUs F3 FASRACAY] RS Hrekelh 6 Bleeding 0 center
Table 1941 = A7) @ Table 204 = A& HASE e B Sounding 0 center
Uitk =3 Fig. 204 &= €ldd Al AE ] A9 VeER 2 7 Bleeding X side
olTt. Sound.lng X s¥de
Bleeding X side
8 - -
Sounding X side
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Fig. 2 Geometry of PS tendon system
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Table 3 Types of grout used (Ryu et al. 2018)

Binder (%)
OoPC SF
A | 045 | 100

Admixture
(x Binder %)

Type | W/C

Expansion agent 1.0 %

Super-plasticizer 0.3 %
B | 0.30 90 10

Viscosity agent 0.1 %

Table 4 Properties of chemical admixtures used

Specific |, .. .. | Normal
. Appear- . [Viscosity|
Type | Ingredient ance gravity (mPa-s) dosage
(20 °C) (C x %)
Calcium .
Expans|sulfoaluminate L;ng:t 298 | - |3.5-10
-ion (CSA)
agent | Aluminum | Silver 1.20 ) 0.1
powder gray
Pol Dark
O | brown, | 1.04 | 150 [0.5-3.0
boxylate L
Super Liquid
lastic Dark
p Naphthalene | brown, | 11.15 15.0 |0.5~1.0
zer o
Liquid
Melamine | S1°% | 108 | 50 |1.0-3.0
Liquid
Viscosij  Methyl o vellow.| 1 yas0 19520
ty cellulose Liquid
i Polyethylene | Yellow,
agent oxide Liquid 1.00 50 [0.1~1.5

Test unit (Grout injected tendon)

—_—

| D.C Power supply

| .

NaCl 3.5% Solution

Fig. 3 Schematic diagram for ICM(Corrosion acceleration)
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Fig. 4 Current for bleeding and sound grout
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Fig. 5 Corrosion amount with grout location and types
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Fig. 6 Photo for bleeding of grout A (W/C 0.45)

Fig. 7 Photos for jacking and crack width measurement

o] F4 A= B Aol A2 = ghi=d|(Podolny Jr
1992; Kingsley 2016; Michael 2017). £-2] 957} H] %] o]
=7 % grout AS] AFX1E Fig. 601 YFER QAT

3.2 #¥s 7K J2IEQ BAIRY It

Sl o] =49 495 71+ 22 A 1,000 mm]
Frte] 500 mmo] W& ©FAI7]| 3 TH O E 1S5l
o FZ2A o A4 1.5 tonfE 7FeFI T A4 A st Al o
9 ZL(03~1.0mm=E 71/'@21“} A3k Al Eﬂtu e 35
© 7 Qg #49 Zo] 0.1 mm F

Flg 7M = 2EAE A ?2 E‘

& 7HE sk AR AlsE - Y &

WH—LHOJE]- W3t Fig. 8 ¥ Fig. 9o A=
2 5g b 3 Sl

Fig. 8(a)olA gt 017} o o= 23] ﬁX*—‘?wﬂfﬂ

L9y B} =2 dFao] UrE} yedl ol A

AR A7 S7HITh FAF 9] 59491 875 o] o] )
£ Ao B AR $8 U 5 Fwake AHS
= 7o) vk S}k, Fig. 93} o] 14N} Belg s )
735, grout A A= 57.07 goll Al 65.47 g O = F-2 0]
= 713kS1 0™, grout BAIA &= 21.17 goll 4] 54.65 g 0.2 57}
sttt /e 2h2t 147 %2} 101.1 %= FH 7% =,
o] e A9 aEA grout BAlA = F-AFHE0] A

A F7 E Q) ol 1EA 1 ES AR e e e
_‘,—lLoﬂo] ulA) &1 73_% 1;H j.?_ H}\l u]go] A 7‘7]—‘6} 710

NORL
ne

0O



4 Bleeding area

Sound area
1

w

g
in

N

1.5

Measured current {Amp)

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96
Measured period (hours)

(a) grout A

1
0.9
0.8
£
<07

€ 0.6

@
305
T 04

3
203

U
202
0.1
0

A Bleeding area
Sound area

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96
Measured period (hours)

(b) grout B
Fig. 8 Current for cracked grout (bleeding and sound
grout)
70.00 2 Bleeding area
60.00 7 Sound area
—~ v/,
¥ 50.00 //
g 40.00 /
[}
£ 30.00 /
B V/
g 20.00 / //
S / /
10.00
R % e %

o
8

Grout A Grout B
Fig. 9 Corrosion amount with cracked grout and types
2 43 AT E 22 AFS HATKSong et al.

o

=
2005; Kwon and Na, 2011). Fig. 52} 0] w &} Qo] wagsh
of whe} §-2gFo] ok 325~5.14 #] S7HES & 5 Qlch

i&

3.3 HiE9| #ix[of o2 FASY HIL

i)

=2

v Hz
)

AMNE 7 'l 24 0] FA S -
Fale] H7EskI ) Fig. 10014 =44 72
= JER 3L 91 2™ Fig, 1194]+= F-2

2
s

JZ e

:1ﬂl ol
ruﬁ M
_|a 1o o

f oy
Nlﬂl

0.5

0.45 A Bleeding area |
Sound area

o
'S

0.35 Wi 3

A
0.25 -
7} AN
) A L T
0.15 e S
r q‘F |

0.05 T
0 |

o
w

o
N

Measured current (Amp)

2
!

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96
Measured period (hours)

(a) grout A

0.5
0.45

e
B

0.35

o
w

0.25

e
[N}

e

0.15

Measured current (Amp)

o
-

4 Bleeding area

0.05 Sound area

0

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 9%
Measured period (hours)

(b) grout B

Fig. 10 Current for different cover depth (bleeding and
sound grout)

40.00

| = Bleedingarea ¥ Sound area |

30.00

20.00

Corrosion amount (g)

8

0.00
Grout A Grout B

Fig. 11 Corrosion amount with cover depth and types
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Table 5 Summary of relative corrosion ratio (%)

grout A grout B
Bleeding area 264.6 151.9
Sound area 251.1 100.0
Bleeding area (crack) 935.3 780.7
Sound area (crack) 815.3 388.1
Bleeding area (eccentricity) 463.0 439.6
Sound area (eccentricity) 449.9 429.4

Soundarea vy 2 Grout B
(eccentricity)
Bleeding area | * Grout A
(eccentricity)
Sound area |- o)
(crack] bt g
Bleeding area 1/ /A LS ALY e
(crack) [ A AR 3
Sound area [{E¢snnnnan g
Bleedingarea ({024 ic,
0 200 400 600 800 1000

Corrosion weight ratio (%)

Fig. 12 Relative corrosion ratio with various conditions
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