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Durability Characteristics of High Performance Shotcrete for Permanent
Support of Large Size Underground Space

Jong-Pil Won"*, Hwang-Hee Kim", Chang-II Jangl), and Sang-Woo Lee”
"Dept. of Civil and Environmental System Engineering, Konkuk University, Seoul 143-701, Korea

ABSTRACT  This study evaluated the durability of high-performance shotcrete mixed in the proper proportions using alkali-free
and cement mineral accelerators as a permanent support that maintains its strength for the long term. Durability tests were per-
formed the chloride permeability, repeated freezing and thawing, accelerated carbonation, and the effects of salt environments. Test
results showed that all the shotcrete mixes included silica fume had low permeability. In addition, after 300 freeze/thaw cycles, the
shotcrete mix had excellent freeze/thaw resistance more than the 85% relative dynamic modulus of elasticity. The accelerated car-
bonation test results were no effect of accelerator type but, the depth of carbonation was greater in the shotcrete mix containing
silica fume. No damage was seen in a salt environments. Therefore, the high performance shotcrete mix proportions used in this

study showed excellent durability.
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Table 1 Physical and chemical properties of cement

Physical Finegless Spec%ﬁc Stability Setting time Compressive strength (MPa)
properties (em'/g) gravity (%) Initial (min) | Final (min) 3 days 7 days 28 days
3,449 3.15 0.07 245 5:40 23.0 30.5 39.4
Chemical Loss on ignition(%o) MgO(%) SO4(%)
properties 1.3 28 2.1
LZ A= Ao XFE 13 mm, H50] 2,682 4 2 AF&3 Table 49F 22 wighES ARSI ZAEA &
ARSI FAFAE HIFol 261012 2 EC] 2,659 65%, E/AWEYE 04, EEZE 10020 mm, 371
AAHE AR Al dE FA48 Fig. 13 2t L 421%E IASFYL BE £E2E g7 SA
27} 145 3AE Avbskith 9 SFAR
22 &y Az AgE7] A% £adE Jre A 289 7€
o7 &L 35MPa ©)4, B7E 45MPa oS &
2 AT = BEH E3AQ HETHEC] AFHA 2 3ty o B Apdaie AT 9 % A
E}- =8 - 3184 542 Table 29} 2t ¥ A o2 RF wEdyT.
Table 45 RE X AL UE3e ITAEAREA
2352H AT £AYEL] wFHE veRd Aot
E Age] Alg-d FAAE A4 FudA A 4 A8 Uy
Ue gy ZA FEAY CpA, BEA FAAS A
L3t F2AE 7182 B4 Table 337 3th 4.1 €620|2 £ AIY
3.3 E ds ¥ HiEHdA| FIARANZA AHE-E £AYUEE BT AIEE AA
' A @7 wFo] FEAGPAA] 53 £IAYEE AHE
2 AT e dFARAEA 2T SIYE] Y ok 3t A Fvhe £AYE Wi 353
T3%S Br7He7] gty €] ZejA ¢ AE F Alddo] @o] BAAYE AL ondt;. mhA F
A 32AZ 22 10%9F 4%S ARSskal ATHE 7% FAdo] & FAYEE U T ALY SR

ste] Awrt Aasa, $71H0% BE AYE

® Table 3 Accelerator properties of material
g Accelerator Alkali-free based IC{,A; mineral based
H Color Beige liquid gray powder
‘“:: Specific gravity | 1.40+0.05 (20°C) 2.76
z pH 26+0.5 11.7
* o Viscosity > 400 mPa.s -
NO.100 NO.50 NO .30 NO.16 NO.8 NO.4
Number. Of sieve Chloride content +5°C ~+35°C -
Fig. 1 Grading curve of fine aggregate Hot stability <0.1% -
Table 2 Physical and chemical properties of silica fume
Items| Specific Ig. loss Fineness Si0, AlLO; Fe, 05 CaO MgO KO0 Na,O
Type gravity (o) (cm’/g) (%) (%) (%) () (%) (%) (%)
Silica fume 22 2.8 180,000~200,000 94.0 0.3 0.8 0.3 04 0.8 0.2
Table 4 Mix proportions of high performance shotcrete as permanent support
Unit weight (kg/m’
Mix Acceleragltor Ginax Slump w/C S/a Alr nit weight (kg/m ) p
(kgm?) | (mm) | (mm) (%) (%0) (%) w C SF S G (e/m’)
CP Cement 475 - 2,375
CSF | mineral 19 44175 | 3325 3,325
13 100+£20 40 +1 1 1,046 574 p—-—
AP Alkali 65 4 %0 475 - 2,375
ASF | free 47.5 441.75 3325 3,325
702 | sh=25RESE| =2% M193 M6 (2007)
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Fig. 2 Photograph of chloride permeability test

(a) Freezing-thawing repeat

(b) Dynamic modulus of elasticity

Fig. 3 Photograph of freezing-thawing test
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Fig. 4 Photograph of carbonation test

Table 5 Accelerated carbonation condition®

Carbon dioxide (%, vol) | Temperature (°C)| Humidity (%)

10 50 50
$7days o -28days Elo1days
12000
10000
3 8000
5
é 6000 Sl High
O 4000 —
Mode
2000 i p—
— | Low .
0 Very
cp CSF AP ASF Low

Type of Mixture

Fig. 5 Chloride permeability test result
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Fig. 7 Depth of neutralization
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Fig. 9 Chloride permeability test result
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