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ABSTRACT

The use of shotcrete-sprayed concrete for the support of underground excavations was pioneered by the civil engineering. Now, for
the nuclear wastes disposal plant in our country, watertightness of shotcrete is one of the very important properties This study evaluated
the watertightness of shotcrete using cement mineral accelerator with watertightness materials for the long-term watertightness. In this
study, for improvement of watertightness of shotcrete, it used two types of obtainable at a store. Watertightness tests of shotcrete were
performed the water absorption coefficient, permeability, porosity and hydrates variation. In a shotcrete containing watertightness
materials, watertightness of shotcrete was improved about 15%~65% rather than plain shotcrete.
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Table 1. Chemical Composition of OPC
S0, ALO; CaO MgO Fe,0; Na,O K,0 SO, Cl
17.30 4.08 66.50 3.02 3.13 0.09 1.33 3.25 0.01

Table 2. Physical Properties of OPC ) i
specific  Blain Setting Time Compressive Strength okel 5) etingiteh B9} RS H. Wﬂ_ =
gravity (cm’/g) (min) (kg/em’) F3lz7)o] FAE ettringite AHNEL] 5315 A EH SHA]
mital  fmal  3d  7d  28d worw A7lHom dd =S veille JoE
341 245 301 387 HA Ao} B Al 28" g4 I U/‘}Oﬂf‘i A|
%% calcium aluminate 7 S22 815242 Table 3

C.S oPC o], XRD 44 #Z Fig. 201 YepH i)

CS. s 2.1.3. 2/

C,S AR JIS A 1109 11109) 2] MF % {58 A
S JIS A 11028 A7 A PubHel| £
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A Smm °EFE Yk 2L, 2 A FU=
2 FF i) o= AiAe 25mm °lSE YR =
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Aol EL= FEUAFS FINT= Aol LRk
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718he A& 84} Fig 39 FTLIR 44 79A D type
£ 1000 cm | 29 Si-0 2% 1100 cm 9] sulfate 2
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Fig. 1. XRD of OPC.
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Table 3. Chemical Composition of Cement Mineral Accelerator
Si0, Ca0O Al Oy MgO P,Os TiO, Na,O K,0 CryO; Fe,0;5 SO;3 Cl
3.34 50.30 35.10 0.72 0.09 1.61 5.78 0.41 0.04 0.62 1.73 0.08

Table 4. Physical Properties of Aggregate
Agg. Types Sp. Gr. FM. Absorption Ratio (%) Unit mass (kg/mj) Solid Volume Percentage (%)  Max. Size
Fine Agg. 2.59 2.87 0.98 1,590 61.2 5.0
Coarse Agg. 2.66 712 0.95 1.527 57.8 25.0
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Fig, 3. FT-IR of D type and T type.
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Fig. 5. XRD of T type.

Table 5. Chemical Composition of Watertightness Materials

Table 6. Experimental Plan of Concrete Test
Mixed Condition Test Items
W/C(%) Kind of Con’c Hardened
OPC Con’c(P1)
Test 1 45 OPC Con’c(D1) Compressive Strength

OPC Con’c(T1)  Absorption Coefficient
Shotcrete(P2)  Permeability

Test 2 45 Shotcrete(D2) Porosity
Shotcrete(T2)

Table 7. Criteria of Shotcrete
Compressive Strength 210 kg/em” (28 d)

Weight of OPC 320~449 kg/m’
A/C 3.0~5.0
W/C 0.4~0.45

48~64 kg/m> (ASTM A820)
Tensile Strength 8,158 kg/em” over
diameter 0.3~0.6 mm,

minimum length 25 mm

Weight of Steel fiber

T ZnO Fo| wlf- =A YeEtEd °olEF T typed
XRD E4439 A fFF3thH A5 FA4o| F4HE

ZHE_S’J- zinc stearate®} 7F2 A|HHAF Ho B2 FAEHUSS
3l & 5 Ui

2.1.5. /\IUH:I"UF

T4 EIAEE O]%:} F'JE 2 A EY 4
A& Table 6-'—]r Zom AF g ZIES HigY
71 2 BEA 7152 Tables 7 84—} Fom ol HRALE
H71E A2 ﬁtﬂﬂgﬁ tidez gt uigteltt. wigtAt
3o 2 W/BE 45% /] 222 FA3NLH, plain &
AYEEP R Z7)% 7244 AR F7d mE AI(ED”,
“T’Z B7D)SE F 6 WX & AZsIHth 24 &2 &
AT EoM = UntF i SHE, F7FS 430}
s £3zlE9 BN 24 &2 EIYEY JE &
4 5B Hﬂﬂlﬁ'}"io”ﬁ] A3l FAYES AP A4
T, $FAE, FrAES AAske AeE st o,
Wi 3FALEHE Table 99 72Tt

li:l

2.2.A¢ vy
2.2.1.248|E 2¢
B Ao £aZE wld € FAA AL 3

Results : wt%

Na20 K20 CI'203. Fe203 ZnO SO3 Cl

SlOZ CaO A1203 MgO P205 T102
D 35.90 30.7 10.10 2.46 0.055 0.519 1.280 0.791 0.011 1.120 0.402 16,50  0.012
T 45.20 41.2 2.11 1.47 0.111 0.137 0.971 1.020 0.014_ 1.760 3.780 1.95 0.038

e Bk



TR AE ot SE|ES) el S A 353
Table 8. Mixing Criteria of Basic Concrete
Strength Admixture
keflem’ w/(c+1a) Water (kg) Cement (kg) Sand (kg) Agg. (kg) WRA %) AFA (%) Remark
272 0.45 169 376 726 1,004 Cx2.22 Cx0.15 1 M3
Cement Density 3.15
Fine Agg. FM. 2.73, Specific Gravity(SSD) 2.57, Absorption 1.720
Coarse Agg. Specific Gravity(SSD) 2.73, Absorption 0.670, U/W 102.8 pcf
Air 45~55 %
Slump 1042 cm
Table 9. Mixing Ratios of Concrete
; Weight mixing ratio (kg/m)
Types W/B (%) W (kg/m”) S/A (%) AE (Cx%) C S G WM
Pl 45 169 I 0.075 376 720 1056 0
P2 470 1026 559 0
D1 376 720 1056 14
45 169 42 0.075
D2 470 1026 559 14
Tl 376 720 1056 14
T2 # 169 0 0075 470 1026 559 14
*Maximum size of aggregate for Shotcrete is 10 mm
PEe) B4 4 T ATAANM AFHT 9= F Gowl, TAA AR 15x15x55 em F42] TAAE A
UM AN R B olbsiel B % AW AW F 22 AROA 00em 012 AHN 4E%
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Fig. 6. Schema of Water Absorption Test.
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Fig. 7. Apparatus of Permeability Test.
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Table 10. Compressive Strength of Test Concretes
3d 7d 28d
P1 201.3 259.6 382.8
P2 157.1 216.5 298.2
D1 217.8 289.3 385.0
D2 153.1 274.6 334.0
T1 226.6 303.6 415.8
T2 167.2 266.3 327.0
g oA AFTEs ekl Ro) Aol & +
kSO weby oleld AlFPel WaHTE 2H)
A3k, T $ APl g vlH AFFS 24
T A& porosity meters ARESI Al FHZRe WHIE =
33,
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Fig. 8. Compressive Strength of Test Concretes.
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Fig. 9. Water Absorption Coefficient of Test 1.
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m (kg/mz) : Water absorption weight by unit area

t (h) : Water absorption time

W (kg/mz-hm) : Water absorption coefficient
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Fig. 12. Cumulated Pore Volume of Test 1.
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Table 11. Permeability of Test Concrete S s |
Quantity of Ratio of % |
Permeability Permeability 5 ol
P 26246 100.00 >
Test 1 D1 21140 80.54 005 |
T1 55.71 21.22
P2 309.72 100.00 0 =
Test2 D2 253.29 81.78 0% o U e
Pore Diameter(um)
T2 212.17 68.50 e ek et ettt et
Fig. 13. Cumulated Pore Volume of Test 2.
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Fig. 11. Permeability of Test Concrete.
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Fig. 15. Results of XRD Analysis.
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3.5. T8l

Fig. 15= OPCe| AFE +3HE0 st XRD #4245}
Z YepRd Zolth 2% ay= OPC, b)e= A A5 D
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