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Evaluation of the Mechanical Properties of Field-Cast Shotcrete and
Long-Term Durability by Combined Deterioration Test
Sang-Joon Ma"*, Phil-Sung Jang”, Dong-Min Kim", and Jae-Seok, Choi”

YGeotechnical Engineering Research Dept., KICT, Goyang 411-712, Korea
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ABSTRACT Recently, tunnels are increasingly constructed in this country with the increased construction of highways, high-
speed railways and subways. Shotcrete is one of the major processes in the tunnel construction. Many problems, however, exist
in the current shotcrete practice. The purpose of the study is, therefore, to explore the troubles in the current shotereting practice,
and to develop high-quality silica fume shotcrete. For the purpose of security a long-term durability of shotcrete, this study conducted
combined deterioration tests. In this study, a combined deterioration test in consideration of a variety of deterioration factors were
proceeded. Especially, micro-silica fume that was used frequently in overseas because of a outstanding strength-promotion effect
was applied to combined deterioration test, and a long-term durability of shotcrete was investigated according to additions mixing.
As a result of test, the shotcrete mixed Micro-silica fume showed a good deterioration quality compared with the other mixes. And
it shows that the Micro-silica fume has an outstanding strength-promotion effect and is effective to secure a long-term durability
of shotcrete by means of decreasing a deterioration caused by steel fiber mixed.

Keywords long-term durability, deterioration factor, micro-silica fume, additions, shotecrete
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Table 1 Factors and levels of mixing
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Type Accelerators Additives Silica Fume
Aluminate 5%

Factors Alkali-free 7% 0, 5, 7.5, 10%

Levels 2 4

Marks AL, AF No marks, S5, S7.5, S10

Table 2 Mixture proportion of field-cast shotcrete
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Table 3 The subjects for test of field-cast shotcrete

Subjects Testing method
-KS F 2405 Method of test for compressive
Compressive | strength of concrete
strength -Specimens size : ©100x200 mm

(1, 3, 7, 28days) | 'KS F 2412 Testing method for measuring

length of drilled concrete cores
- EFNARC

Flexural - Specimens size: 75x125%600 mm
strength - Loading rate: central point deflection
{(28days) 0~0.5 mm — 0.25+0.05 mm/min, central

point deflection 0.51~4.0 mm — 1.0 mm/min

Unit weight (kg/m’)
Type” W/B | Gmax | S/a Fi C Steel Sili
(%) (mm) (%) Water | Cement mne OaISe | A ccelerators © ca
aggregate | aggregate fiber fume
1 ALSR 0(0%)
2 AL5-S5-R Al21-_5 t 21.5(5%)
3 | AL5-S7.5R ( ur?;}:;‘e 32.3(7.5%)
4 AL5-S10-R 40 [43.0(10%)
457 13 67 210 | 430 | 1,050 | 515 (©0.5% f————""
5 AFT-R 30 mm) |_00%)
6 AF7-S5-R Allfol.'lfr 21.5(5%)
7 | AF-ST5R ( .201/;) © 32.3(7.5%)
8 AF7-S10-R 43.0(10%)

YALS: aluminate 5%, AF7: alkali-free 7%, S5, §7.5, S10: silica fume 5, 7.5, 10%, R: reinforced steel fiber
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Fig. 1 Compressive strength of shotcrete with accelerator and
silica fume
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. 2 Flexural strength of shotcrete with accelerator and
silica fume
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Table 4 Physical and chemical properties of fly ash

Specific Blaine Si0, | ALO; | FeyO5 LOIL
gravity(m®)| (em7g) | (%) | (%) | B | (%)
2.20 3,650 51.0 24.1 10.5 37
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Table 5 Physical and chemical properties of silica fume

Chemical composition (%) Average| Specific

particle | surface
size(um)jarea(m’/g)

Specific

Si0,} C |Fe)Os|ALO;| KO | Water gravity

92 | 12124131201 894 22 2.1
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Fig. 3 Freezing and thawing test

Table 6 Factors and methods of tests

Temperatre - Humidity
CQ, recorder

Temperature & Humidity
Test chamber

0O, gas
baombe

water supply —,
dreinage +—

Fig. 4 Accelerated carbonation test facility
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Table 7 Qutline of combined deterioration test

Type Contents

Cyclic freezing and thawing after repeat of
Test A . . .

immersing and drying

Cyclic freezing and thawing after accelerated
Test B .

carbonation for 15 weeks

Accelerated carbonation after cyclic freezing and
Test C .

thawing

Subjects

Testing methods

Compressive strength

KS F 2405 - Method of test for compressive strength of concrete
(3, 7, 28, 90, 150 curing days)

Dynamic modulus

Freezing and thawing of elasticity

KS F 2436 - Testing method for resistance of concrete rapid freezing and thawing
KS F 2437 - Testing method for dynamic modulus of elasticity (until 300 cycle)

resistance - -
Mass reduction rate | until 300 cycle

Accelerated carbonation

KS F 2584 - Standard test method for accelerated carbonation of concrete
KS'F 2596 - Method for measuring carbonation depth of concrete
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Repeat of Cyclic freezing
Standard || immersing and and thawing
Curing drying (0,30,90,150,210,
(5, 25weeks) 300cycle)
Cyclic freezing
Standard Accelerated and thawing
carbonation
Curing (15weeks) (0.30,90,150,210,
300cycle)
Cyclic freezing
Standard and thawing Ac&:%erated
i (0,30,90,150,210 carbonation
Curing ,30,80, 150,210, (15weeks)
300cycle)

Fig. 5 Flow chart of combined deterioration test
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Table 8 Mixture proportions of combined deterioration tests
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Fig. 6 Compressive strength of shotcrete with admixtures
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Fig. 10 Relative dynamic modulus of elasticity under cyclic
wet-dry and freezing-thawing
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Fig. 14 Relative dynamic modulus of elasticity under carbonation
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