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Influences of size effect and in-situ stress of columnar jointed basalt relaxation zone
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Abstract: To investigate the influences of size effect and in-situ stress of columnar jointed basalt relaxation zone, 8§ typical
tunnels with different sizes are selected, and an empirical formula for relaxation depth is established based on the data statistics
and curve fitting of 161 groups of test results by using the single-hole acoustic wave tests. The test results show that the
excavation section size and high in-situ stress are the two main influencing factors of the relaxation depth. The maximum
relaxation depth appears in the middle-upper part of side wall of cavern, the size effect is obvious and linearly correlates with
the height of cavern, and high in-situ stress will increase the size effect. Under the low in-situ stress, the relaxation depth is

generally 1/6 of the height of cavern. Under the high in-situ stress, the relaxation depth is generally 1/3 of the height of cavern,

and in the middle of 24 m-high cavern wall, the extreme relaxation depth will reach 10.2 m.
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Fig. 1 Typical photos of rock mass in columnar jointed basalt in

diversion tunnel
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Table 1 Statistical values of parameters of underground caverns

. . . . R ERN S 432 5 /m
7 AL A R /m EE/m o EEEE/m ACTHEE/m Sl
/MPa 12 22 32

1 F-if — 2~3 2~3 129~160 58~120 5.0~7.5 - - -
2 HEH T == 12 6 100 100~120 5.0~6.5 e
3 FEFLIH pap== 6.5 13 300 160 5.98~6.15 4 4 5
4 . piye= 170~240  250~538 14.2~22.4

SR 20 24 10 7 7
5 pap== 332~459 226~306 18.4~28
6 A R KR pap== 16.7 20.2 616~771 430~760 22~26 102 4 6
7 pliiREAS == 27.4 20.4 174~180 311~442 8~11 8.9 10 1.5
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Fig. 2 Plan position of caverns
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Table 2 Statistical values of relaxation test data of cavern vault

i st /m A Fa R FE /m Pt X P 35398 JEFa it X P 2338 O LU BE Seit
R mE m RKE BME CPBIE #E(ms)) H/(m's ") % M
PRI 3.0 3.0 9.0 1.0 0.6 0.80 4852 5473 113 2
B 1 )2 6.5 40 260 0.8 0.8 0.80 4206 4649 9.5 3
R 2 J2 6.5 8.0 520 1.0 0.8 0.93 3992 4748 15.9 3
BT 3 2 65 13.0 845 1.1 0.8 0.97 3699 4783 22.7 3
AR 12 17.4 9.0 131.0 1.5 0.4 0.83 4365 5118 14.7 3
FKi 1= 16.7 10.0  145.0 4.2 2.0 3.27 3685 4768 22.7 6
A SR 197 242 4420 23 23 2.30 — — — 1
=3 HBEMHMNRA BTG ITE
Table 3 Statistical values of relaxation test data of cavern spandrel
wh )i'#/nl E$5 Fa R FE /m W@Bﬁ’ﬂ?}i EHEW@IZ%@?BZ i sudad ad ffﬁfr
WA mE /m wRAE BME CFME #(mes)) #/(m's™) % AN
PRI 3.0 3.0 9.0 0.80 0.5 0.60 4635 5197 10.8 4
B 1 2 6.5 40 260 1.40 0.4 0.97 4390 4907 10.5 6
B 2 2 6.5 80 520 1.51 0.5 1.08 4363 4867 10.3 6
BT 3 2 6.5 13.0 84.5 1.60 0.7 1.25 4011 4869 17.6 6
Mt 1= 17.4 9.0 131.0 2.00 0.6 1.38 4201 5184 19.0 4
FKi 1= 16.7 10.0  145.0 5.00 0.8 2.79 3770 4805 21.5 14
A SR 197 242  442.0 3.84 23 3.10 — — — 4
< 4 B R B IES TR
Table 4 Statistical values of relaxation test data at upper part of cavern wall
oy R/m i} f FASBIR FE/m W@IZ%%‘Z EHEW@IZ%@?BZ P PR ffﬁfr
EE mE /m BAM BUME P EA(mes') H/(mes™) %
B 2 J2 6.5 80 520 23 0.7 1.37 3123 4969 37.1 6
BT 3 2 65 13.0 845 3.8 1.6 2.15 3042 5081 40.1 6
Visy==2= SRl 197 242 4420 4.7 3.5 4.18 — — — 8
g2 SRl 197 242 4420 7.3 6.9 7.10 — — — 2
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Table 5 Statistical values of relaxation test data in middle of cavern wall

i Rf/m E?F;E{ R IR fm M‘%IZ%’;J?BZ EHEM‘E@IZ%%‘Z R B R %fr
R s M K mAME P Hms)) #/(ms™) % A
-1 2.0 2.0 4.0 0.36 0.17 0.25 4747 5234 93 6
-1 3.0 3.0 9.0 0.60 0.35 0.46 4678 5512 15.1 3
(SRS 4.0 4.0 16.0 0.70 0.60 0.58 4461 5225 14.6 4
BRI 1 2 6.5 40 260 1.40 0.40 0.83 4250 5295 19.7 6
BT 3 2 65 13.0 845 3.30 1.80 2.55 2548 5272 51.7 6
Yisy==2= SRl 19.7 242 4420 4.70 3.10 3.77 — — — 11
Bk 2 |2 16.7 140 145.0 3.00 2.50 2.75 3664 4670 21.5 2
A SR 197 242  442.0 7.80 5.90 7.05 — — —

basE

5" 0+120~0+195 m B2 HABR Km0, AR IIERE 102 m, K&t
& 6 IBETEMNMR BRS TR

Table 6 Statistical values of relaxation test data at lower part of cavern wall

. JF/m A FA S5 /m FASBIX P9 AERA S IX T Y3 s th s il
HMLL T o 2 = > -1 > -1 o K
W mE M R RME Tl E(ms) H/(m's ) % A
AR 2 2 6.5 8.0 26 2.6 0.7 1.50 3023 5244 423 6
Wt 12 17.4 9.0 131 2.4 0.9 1.65 4060 5077 20.0 2
Yoy = o A G| 19.7 242 442 2.7 23 2.55 — — — 6
K1 E 16.7 10.0 145 3.0 2.5 2.75 3626 4650 22.0 2
FEKIHE 2 2 16.7 140 211 3.8 2.8 3.30 3665 4777 23.3 2
S 19.7 242 442 4.4 2.4 3.59 — — — 10
=7 RN BIES IR
Table 7 Statistical values of relaxation test data of cavern floor
wh R /m FAHIRE /m WA T Kl RS IDCT 3y Fbe St A
H == =] = .q 3 e ¥
W EE KM BAME PRI /(ms™) #/(ms ) 1% #
SEAR 3.0 3.0 1.0 0.6 0.80 4395 5458 19.5 4
R 6.5 13.0 2.1 0.7 1.24 3818 5214 26.8 15
ESR 12.0 6.0 3.1 1.8 2.11 3771 5040 25.2 9
i B SR 19.7 24.2 2.0 0.8 1.45 3478 5125 32.1 16
AR 0 30 T 7 B 5 A SR T
S
(=)}
_ 7 5
< 3 g
g @ HoR 1S
< I
g g B
s
c-10! | |c-8|mm—BHizE st R ‘ 900 e 1\9\7()~~
c-9 RIS
H600 | SN =RIFR AU R R A L I A ]

B cm
3 BERIZEMGESEAEE

Fig. 3 Typical profile of relaxation circle after excavation of each layer
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Table 8 Statistical values of relaxation test data of caverns with same size under different in-situ stresses
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/m /m /MPa HET P b i I
Pasys S Tkl 170~240  14.2~22.4 — — 4.18 3.77 255

20X 24

R R 332~459  18.4~28.0 2.30 3.10 7.10 7.05  3.59
R R 1.27~1.29 1.70 1.87 1.41
Mt 1= 17.4X9 174~180 8~11 0.83 1.38 — — 1.65
HRREKIR 1 16.7xX 10 616~771 22~26 3.27 2.79 — — 2.75
R R 2.36~2.75 3.94 2.03 1.67
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Fig. 4 Relationship between relaxation depth and height at

different parts of cavern under low in-situ stress
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Fig. 5 Relationship between relaxation depth and area at different

parts of cavern under low in-situ stress
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