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Study on Deformation Characteristics of Young-Age Tunnel Shotcrete
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Uniaxial compression tests and multi-stage stress relaxation tests for specially prepared young-age tunnel
shotcrete were carried out. Comparing to previous studies, clip gauges were determined to be the best to evaluate
elastic moduli of young-age tunnel shotcrete. Uniaxial compressive strength and 33% secant modulus were
larger than those of base concrete till 1 day, however, they became less than those of base concrete after then.
Uniaxial compressive strength and 33% secant modulus till 1day showed a linear relationship. This means that
33% secant modulus could be determined from uniaxial compressive strength which is routinely determined at
tunnel construction sites. In the multi-stage stress relaxation test, displacing rate significantly affected 33% secant
modulus. This will result in significant change in support response to rock mass deformation. Stress decrease by
yielding and stress increase with curing time even after the yielding were observed for slow loading multi-stage
tests. The above findings will help to design reasonable tunnel supports through precise stress analyses around

tunnel faces.
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Table 1

Experimental conditions.

Tests Description

Displacement rate
(mm/min)

Objectives

Uniaxial test Uniaxial compression tests for ¢100
x 200 mm specimens at curing time

between | hour and 28 days

0.1 before 24 hours
and 0.05 at or after 24
hours

Effects of curing time on
uniaxial compressive
strength and elastic moduli

Multi-stage
stress
relaxation test

Multi-stage loading for ¢100 x 200
mm specimens

Case 1:5.0x 107
Case2:2.5x 10
Case3:12x10°

Visco-elastic behavior

Table 2 Mixture proportions of concrete specimens (W: water, C: cement, s/a: sand-aggregate ratio, S: fine aggregate, G: coarse aggregate, FA: fly ash).

Type Design Maximum Air wi/C sfa Base amount (kg/m®) Chemical Quick setting
strength aggregate content (%) %) | W | C S G FA | admixture admixture
(MPa) diameter (mm) (%)

Base 18 (standard) | 10 2.8 58 62 190 | 330 | 1102 | 681 -

concrete 36 10 4.0 45 70 170 | 378 | 1252 | 541 0.015C
(high
strength)

Shotcrete 18 15 3.0 58 61 209 | 360 | 1001 | 689 | 89 | 0.015C 0.08 C
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(b) Shotcrete

(a) Base concrete (normal strength)

Fig.1 Examples of the specimens before compression.
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Fig.2 Loading pattern in multi-stage stress relaxation test.
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tests for base concrete specimens (standard).
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for base concrete specimens (high strength).

tests for shotcrete specimens.

ELRED, KT a7 U — M MZonTIE, T2 bR E
i, SRBRYER B L - B Tk - T 5, RBRBIAAE 1T, _—
ZaryzU—b (Eil) TT1~T6HR, N—=2ar 27—k (&
L) T7.4~ 848, a7 U— hTid 42 ~ 54 K

Thol-, £72, WATD Case2 ICHOWTIE, 2HEICL D 20 K
MTREBEZE T LT D,
Fig. 7 7050, B ORI L S IR DAL 5035

HATHEE X Casel > Case2 > Case3 TH D5, [A Laﬁ%ﬁﬁéﬁ'ﬁﬁf
tl:i’i\?‘é L Casel WE B REROTHEZURIKICE X D Z &I
5, Wi CIX 12 BE, FESREE CIX 16 REM E T, ﬁﬁ@ﬁ@k
x b‘/7 ADFFHRISTHERF N E WD, — A 7R E 2B 2 o
LTWABR, EOkiE Casel DISIENMEL 72> T 5, KAHT
TIE 16 il 248 2 T 20 WEE £ TS 1O fEIX Casel > Case2 >
Case3 DIEE 72> TN 5B,

Fig. 8 T/RENT2IE/ & OT HOBRICOWTIL,  #ifarsl A3
KEVWRBRIZE, IEN~OFTHREROBE /NS, o 7R
WINSWER L 72T, F72, 207 U — MNEDTHEE OE WA
oL, @isEa 7 ) — FOIGEOTHOEE MMt L ik L
THIG TR E WV, [R] Ul B2 O BB Rl ) T & & bk
T5HE, ZOMEITKEA Y MHIZHHE LTS,

3:3 HREROER

a) —HEMBEL YU/ REOXRREE k& fd=rs
U — bk O— i EMERE Y o ZIRE O R BURFE L, B LR
1 H & CL& 2N CIERBLEE OBlR 23 E2e > T\ 5 (Fig. 6) .
B 1 B BB ORI IC ST, SRR X B 12 %
. CEPLY A RN YIS WS ik i S S i YR
AT& B2 005, TALANTOEVHMETIX, — R EHERE
%%/&%ﬁiﬁ%@ﬁ%&&%_%w¢mk%<&ofw&

Journal of MMIJ Vol.128 (2012) No.3



50% tangent modulus (GPa) Uniaxial compressive strength o (MPa)

33% secant modulus (GPa)

35

30

25

FR i S VR a7 ) — S OZETEREIC B 2 iR

—{— Base concrete (standard)
-4~ Base concrete (high strength) A
--@-- Shotcrete

Curing time (hrs.)

(a) Uniaxial compressive strength

— - Base concrete (standard)
-----A-- Base concrete (high strength)
Shotcrete

30 40 50
Curing time (hrs.)

70

(b) 50% tangent modulus

Fig.6

— {0 — Base concrete (standard)
----A--- Base concrete (high strength)
Shotcrete

30 40 50
Curing time (hrs.)

60 70 80

(c) 33% secant modulus

Effects of specimen age to mechanical properties.
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Fig.8 Stress-strain curves in multi-stage stress relief tests.
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Fig.7 Displacement and stress in multi-stage stress relief tests.
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Table 3 Uniaxial compressive strength and tangent modulus for 1 day age concrete in various studies.

Uniaxial compressive | 33% secant Cement Quick setting Preparation method and size (mm) of
strength (MPa) modulus (GPa) | (kg/m’) admixture/cement (W%) specimens
Tsuchiyaet | 12 13 350-380 3-5 Cylindrical specimens drilled out from
al.® shotcrete on tunnel wall or wood box (068 x
136, $100 x 200)
Katase et 12 33 350 5-6 Cylindrical ~specimens drilled out from
al." shotcrete on tunnel wall (968 x 136)
Yoshidaet | 11 35 380 5-7 Cylindrical mortar specimens (¢50 x 100)
al.”
Sezaki et 6.5 1 380 6,8, 10 Shotcrete to mold, cubic specimens (100 x 100
al.'” x 100)
This study | 8.2 14 360 8 Shotcrete to mold, cylindrical specimens (¢100
x 200)
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Fig.10 Stress-strain curves by different measuring methods.
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