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Deterioration Properties of Shotcrete as Tunnel

Supporter was Exposed to Harmful lons
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Abstract

Shotcrete have become a deterioration which was exposed to harmful environments. In this
study, in order to evaluate the deterioration properties of shotcrete, visual examination,
compressive strength, adhesive strength, microstructural analysis were investigated up to the
60th weeks of exposure. The attack solutions for test are sodium sulfate and hydrochloric
acid solution with different concentrations, respectively. From the results, although the
compressive strength of shotcrete specimens and the adhesive strength between specimens
and rocks were high at the early immersion age, they rapidly dropped in the subsequent
phases, especially in 5% sodium sulfate and pH1 hydrochloric acid solution. With continued
exposure, various harmful ions penetrated into the shotcrete specimen, reacted with the
cement hydrate, and generated expansion substances. It was verified that the shotcrete

specimens suffered a serious deterioration by chemical attack.
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Gmax Specific | Absorption FML

(mm) | gravity (%)
Fine agg. - 2.60 1.20 2.80
Coarse agg. 13 2.59 0.80 7.30
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Naphtalene acid | Aluminate alkali

Main component
P based compound | based compound

Appearance Dark brown lq. White powder
Solid content 40+2% -
Specific gravity 1.2+0.05 1.5
pH 8+1 13
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fa Gmae | Slump | W/C S/a Unit weight(kg/m?) Admixtures(kg)
(MPa) (mm) (cm) (%) (%) W C S G Accelerator | Superplasticizer
21 13 10 45 62 204 453 1132 572 2.27 0.23
FRETICIstE|X| M12H 552008, 9) 59



]

=

=2

A e
e
I <=

A

I3

SH

°

Vi
= A%

1
19 AFol gk 4%

b s et st

T

712l

A

o

ke
T

S32lE 3] FAA)
AW 45 ol

HE FopRkgo] 9

]

=

R

pH7

pH3

pH2

pH1

wioh FH & Al AeelME 605

16
32
60

b

Table 5
Immersion Period(Weeks)

o] 24 vieb

ﬁﬂ@% TR RN LU ” mﬁ
. 58
P A MW gy e Py | 'y
oo T oo N o T R oW ” 2l
T T T MR B T 5 N Gy ! X
~, 0 v v
_zoﬁ%m% E_@oﬂniﬂx%ﬂ%mﬁvﬁ , P
Far” mLTPuTzir"® | i
iﬂﬂllﬂuﬁ__._u m — % m T s W oW | I
LB T H Ty MR : 2 N
DYy e EE e ST Y sy =
~ X —_ —
W R ey X g B R grg 5o
v g RTBRELETERLNE i Lok
PN F BT g R KF f:f f
= e §w
Fren FREiziises L
o =) ™ ~ o B ! «a —
zooﬂoarmw%mﬁﬁ%ﬂgﬂx% = =
oo B o XU oy oqp © o o—x o T S
il 0= 9% - B o} W
T BER® N T L ® T oA w_
WK WL g R H oW e , 17 2§
ﬂl.moaaﬁ 4%@5%34@1% | | ,w,.omo
EwprE P T E T awd 5 g 8 8 o8 8 ° o
WO o W oo oor "R M Jo 7o /) o BuADs an o
THE T MK " % oo RO N EK 7o) O IpEIRnS atPY T
T ol K Sox TT TP -
ﬂmawt ﬂnnﬂ% WEWW .2
wr P T <E SREE ° oz
‘ﬂ%llﬂﬁe n%‘m,x‘_.#_m o T <
noT o X0 5 G S
‘Lﬁzo‘m/ﬂmm Mﬂm_z__.ﬂr.imﬂdl.o&o 2 =
= 2
=~ o K I ST % c$ M
Ww a7 NEHT ey "y
ioiﬁ] Ryl ﬂu.‘._\MW,mWi,ur oh <A g8 T oo
LA RO N Mo W - ol 00 A0 PR 8
R o, Dol WoEd $i% 1% &
L T o A i:g g
< — T ERERE]
ST R pfagoEEsX it i
T X 2 mo M g X K 3 R Je% =
jacs e ®r 1 2o e A o 2% 5 K
TET ok ERE B o= e ®
™ ) T =T = —
‘Ulawa * T o2 W £
=05 ® TR g
—_— .~ | it K " o
moﬂlrxo = w oo N W T
ﬂﬁ,_@e.xf K %N;Mﬁeva_.:ﬂo 30 M
< ,..m| H m.u_ m_v.u oF ﬂ NR 1l ‘_% EME ol WM | | Wrmv_ ﬂ%
KR KO ,,Wl N e o = B = o -y ) ) ) o e ) ) “
CINCINNEY NoLQ® @i ™ 4 &8 & ® ¢ 0§ 8 3
T HonR il =S| oL T oM ©%) opea yBuLYS dAIsIdUC) i

(2008. 9)

=

IXI M2 M5

3

b

=

=

TSN

60



o] Fig. 5 ¥ Fig. 6°]t}. Fig. 5ol & & %o
AAAY 457 Fate] sl FAgle] ZE )

FolAl fAkE Jw 38 54 Hol Fglont 1

%9

40

Compressive strength (MPa)
) w
e e

—
=

Fig. 5

2.0

=
n

-
=]

Adhesive strength (MPa)

b
in

0.0

Fig. 6

o

AHAME controlS A9)g pH1, pH2
|dlof] HAg =T E 0] FAAY ¢

Aol FIVdTE AL 444
B 4 it A

—@—— Control

| | | | | | |
1 2 4 8 16 32 60
Immersion period (Weeks)

Mgl FAIF £F2|E 2oIT MM AHYT

—@—— Control
— & pH-1
—4€@— pH-2
——pH-3

| | | | | |
1 2 4 8 16 32
Immersion period (Weeks)

Arg ool Fx|

re

£32|E 30| BAAS FAYE

& 28] ehl 2oz 34 A 2FAE 2H
ek Bkt @9E Bgow oFmt P49

DXA #4= AAg daks Aelst
Fig. 8olth. Fig. TolA

AlAl] XRD 4 FJr Ettringite, Thaumasite %
Gypsume] AZ% ¥ Portlandited] 3= &9
wo] fxAe|EC] /‘é‘:o‘ 15}7} AAee 4§ Ut

Fig. 8& 5% tA8d] A 2§29 SEM #
AARZA thEke] A 4ol FAA el EAI5H3
om o] A EAE EDAX EXZ3} Ettringite %
Thaumasite?! < 21 & Atk 5% Frld-go
o 2R3 == E 30| FAA ] AF- vk dEoe] £
T E FAA 7Rt #24 AsAlet deirt Az

i

AS & 5 Adem 1%, 2% Fikdgdo] Aol ut
SAEES] JFgo= ARIE 3t AFES Portlandite
2 C-S-H7E ERI=A] askon|, e Ee] EalE
I8l AT At WA AR AlmEr)

10 20 30 40 50 60

FrEXCHEEX| H12H 520008, 9) 61



Det WD F———— 100ym
SE 109 DAEJIN UNIVERSITY

5

500

Fig. 8 SEM % ARE EDS M Z1K&LA 5% )

Q

f

L L

B C

| — AT S
0 60

10 20 30 40 5
2 theta, degrees

Fig. 9 XRD =4 Z IH(pH1)

Sl Akgeld] 6057t ARG 23 E 2ol FAA
o WSAES dojur] $lgle] XRD BA AnE
U

ig. 9oltt. e UM LAE

T
=3
L
o
o>l

62 FrExcetsX| H12@ XM55(2008. 9)

Det WD
SE 94 DAEJIN UNIVERS

Si

Mg

o

100 200 300 400 500

Fig. 10 SEM ¥ BR& EDS &4 & 1hpH1)

2
of

AlAle] XRD #4 A3kl 45 AHE F2
AZH A4 EZ< Portlandite 3327}
Quartz 937} A Yot Aoz A

Ettringite®t Thaumasite®] 37}
#e Zo® AR o] SEM & EDS
Ettringite ¥ Thaumasite &< 73

[
Edo] ARES & F JTH(Fig. 10 F=2).

31

i) =
E oL
g e

of B 4 W

24
{0

o
w
e

H

<
w
X
o

HAee fal genw Akl A Heh falol



i me e delsort pile
ATk QA e
§ol QA 3 9

3}, 2714l

£ 53l AAF A

Agun s 298 dekhgon

717‘]51 SATEY 75
14 E49] Ettringite
U oubd ZAr|AEe 2
oz < o}q J@ﬂ«ﬂrﬂgr Al

3t Ettunglte Thaumasite

_]N

2%, 1992, pp. 55-66.

L ATH, QEF, AFA, HEFRE 4 Y 9z
Aol U AREA, BFALFAI 20077483

W3], 2007, pp. 1160-1163.

FEARINEDTY, 1T L A2AT FED G5
B3 Y ABE AW, AREAAE A na

A1, 2007.

. o]ﬁLrﬂ 715{-{- BH-F{-X] /‘\_]1‘9‘]_@ §]_5li %1/\10]] )3k
£33 E9] d3AT BM-DAE, dTELFI],
E4d7]%, Vol. 7, No. 2, 2005, pp. 143-152.

. ACI Committee 201, “Guide to Durable
Concrete’, ACI Manual of Concrete Practice.
201.2, 1997, R2-3.

. Al-Amoudi, O.S.B., “Studies on Soil-Foundation
Interaction in the Sabkha Environment of
Eastern Province of Saudi Arabia’, Ph. D
Dissertation, King Fahd University of
Petroleum and Minerals, 1992.

. Brown, P.W. and Taylor, H.F.W., “The role of
ettringite in external sulfate attack, in J.
Marchand and J. Skalny Materials Science of
Concrete Special Volume : Sulfate Attack
Mechanism’, The American Ceramic Society,
Westerville, OH, 1999, pp. 73-98.

. Crammond, N.J., “The thaumasite form of
sulfate attack in the UK', Cement and
Concrete Composites, Vol. 25, 2003, pp.
809-818.

. Hartshorn, S.A., Sharp, J.H. and Swamy,
R.N., "Thaumasite Formation in Portland-
Limestone Cement Pastes’, Cement and
Concrete Research, Vol. 29, 1999, pp. 1331-
1340.

. Jung, H.S., Lee, S.T. Park, K.P. and Kim,
S.S.. ’Influence of fineness of limestone
powder on external sulfate attack’, Proceedings
of ANDE 2007, Busan, 2007, pp. 177.

. Lea, F. M., “The chemistry of cement and
concrete’, 4th ed., Arnold, London, 1998.

. Lee, S.T., Hooton, R.D., Jung, H.S., Park,
D.H. and Choi, C.S., “Effect of limestone
filler on the deterioration of mortars and
pastes exposed to sulfate solutions at ambient

FRESCHEA| H12H M55 (2008, 9) 63



14.

15.

64

temperature’, Cement and Concrete Research,
Vol. 38(1), 2008, pp. 68-76.

Mehta P.K., "Mechanism of Sulfate Attack on
Portland Cement-Another Look’, Cement and

Concrete Research, Vol. 13, 1983, pp. 401-

406.

Moon, H.Y., Lee, S.T., and Kim, S.S.,
“Sulphate Resistance of Silica Fume Blended
Mortars Exposed to Various Sulphate

Solutions”, CJCE, Vol. 30, No. 4, 2003, pp.

TASACHEEX] M12H M55(2008. 9)

16.

625-636.
Moon, H.Y., Jung, H.S., Lee, S.T. and Kim,
J.P., “Sulfate resistance of cement Matrix

containing limestone powder’, Journal of the
Korea Concrete Institute, Vol. 16, 2004, pp.
425-432.

)
)

(K=t - 20084 28 4
(MARFZ AR} 2 2008 4 1

ne ne



