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In this research, various aspects of the rock burst phenomenon in the Haji-Abad
tunnel site in the Hormozgan province have been discussed. Considering that the
tunnel site is located in an active tectonized environment in terms of geological
conditions and the depth of the tunnel in some parts reaches more than 100 to 253
m, and also considering the variety of rocks in the tunnel site, which are massive
rocks with high strength up to broken fault zones, the importance of studying and
investigating the phenomenon of rock burst is very important for the safety of the
labor force and equipment and the stability of the underground space. For this
purpose, the Haji-Abad tunnel site has been divided into ten units in terms of
engineering geological conditions using the BGD method, which includes eight
units T1 to T8 and two crashed zones Tfl and Tf2. Then, using common
experimental and semi-experimental methods, the phenomenon of rock burst in
the tunnel site has been evaluated. In the experimental method, Goel et al.'s
criterion was used, according to which rock burst phenomenon does not occur in
any of the tunnel units. Using semi-empirical methods, including the criterion of
linear elastic energy of the tunnel site units in the range of very low to moderate
rock burst phenomena and using the tangential stress criterion, the site units in
the medium to very high range and based on the stress criteria of these units in
the moderate to high range and finally, using the fragility criterion, all site units
are placed in the range of high rock burst.

Introduction

stresses are very high and horizontal stresses are

One of the most common phenomena in deep
and shallow tunnels with directional stress
regime is rock burst. Despite many studies on
this phenomenon, there are still many unclear
points that make rock burst still because a lot of
life and financial loss to projects. In this
phenomenon, the sudden exit of the rock from
the boundary of the excavation environment
takes place, and this point distinguishes this
phenomenon from other phenomena such as
crushing, large displacements, and falls.
Tunneling at great depths involves special
conditions and unique phenomena that do not
exist in shallow tunnels. For example, gravity

strongly influenced by geological structures such
as faults, folds, dykes and other structures. In this
situation, when the rock is removed from the
enclosed state by excavation an underground
space, the stability of the excavated space is
seriously threatened and the background for
phenomena such as the rock burst is prepared.
Rock fracturing involves the appearance and
expansion of fractures on a microscopic scale
that generate seismic waves. These fractures
eventually lead to instability on a macroscopic
scale. Also, rocks that have a high, or in other
words, cannot dissipate the energy put into them
by cracking or elastic displacement or plastic
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softening or hardening, have a high tendency to
burst. Rock fractures occur immediately after
drilling to several days later. This phenomenon
occurs in areas of depth and high stress and in
hard rock. It also occurs in weak rocks, such as
coal, and at shallow depths with high horizontal
stresses. This phenomenon also occurs in
environments with high stress anisotropy.

Methodology

In order to carry out this research, desk studies
were carried out to examine the information
available in books and papers related to the
subject of the research and to collect the
necessary information for the research. In order
to separate the engineering geological units from
the entrance portal to the exit of the Haji-Abad
tunnel based on field studies, the BGD
classification was used. The purpose of this
classification is to provide a simple way of
dividing the rocks forming the tunnel route into
different engineering geological units. The
physical and mechanical properties of the tunnel
rock were determined by physical tests, uniaxial
compressive strength and triaxial compressive
strength on samples taken from the site borehole.
The occurrence of rock failure was assessed
using two experimental and semi-experimental
methods, depending on the type of rock at the
site, the depth of the tunnel and the thickness of
the overburden.

Results and discussion

The rock burst phenomenon at the Haji-Abad
tunnel site was evaluated using two experimental
and semi-experimental methods. In the

experimental method, using the criteria of Goel
et al., none of the tunnel units have the potential
of rock burst phenomenon. According to the
results of this method, this criterion is not very
accurate in evaluating the rock burst
phenomenon. Semi-empirical methods are more
accurate because they take into account the
thickness of the overburden, the strength of the
rock mass and the strain in the tunnel wall.
Considering that the route of the Haji-Abad
tunnel is located in a tectonically active zone,
there is a potential for rock burst in the tunnel
site units. In this study, the rock burst
phenomenon is based on common semi-
empirical methods such as the linear elastic
energy criterion of tunnel units in very low to
medium explosion potential. According to the
standard of tangential stress, the tunnel units are
in the category of moderate to very high rock
burst, and according to the stress criteria, the ten
units of the tunnel site are in the moderate to high
category, and according to the brittleness
criterion, all the tunnel units are in the high rock
burst category.

Conclusions

The rock burst phenomenon at the Haji-Abad
tunnel site has been evaluated using two
experimental and semi-experimental methods. In
the first method, using the criteria of Goel et al.,
none of the tunnel units have the potential of
rock burst phenomenon. They have higher
accuracy with semi-empirical methods. Based
on semi-experimental methods, there is a
potential for rock burst in the tunnel site units.
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Table 2. A summary of rock mass classification based on BGD method (ISRM, 1981)

Layer thickness Fracturing intercept
Intervals (cm) Symbols Descriptive Intervals (cm) Symbols Descriptive

terms terms

>200 L, Very large >200 F, Very wide
Li Large Fi2 Wide
200-60 L, Large 200-60 F» Wide

60-20 Ls Moderate 60-20 F; Moderate
20-6 L4 Small 20-6 F4 Close
Lss Small Fa4s Close

<6 Ls Very small <6 Fs Very close

Angle of joint friction Uniaxial compressive strength
Intervals (cm) Symbols Descriptive Intervals (cm) Symbols Descriptive

terms terms

>45 A Very high >200 Si Very high
A1A2 ngh Sl_z ngh
45-35 A High 200-60 Ss High

35-25 Az Moderate 60-20 S3 Moderate
25-15 Ay Low 20-6 S4 Low
Ass Low S4s Low

<15 As Very low <6 Ss Very low
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Table 3. Separating the geological units along the Haji-Abad tunnel based on BGD classification (ISRM, 1981)

BGD b ool anano o 02 i o s,
et
Serpentinite, I3, F 3,545, A4 053 4twd iy 5 (Sds T, Sl 1
Sandy limestone, I, F; 3,S,, A, S T, Sl Sal & 2
Massive limestone, I, F;,S,, A, pslds 5 Glos s T, oz 55 Sl 3
Serpentinite, I3, F3 4,5, 5, Ay Shds & T, Sl o 4
Fracture zone, I, F5, S,, A, 0 5§55 Tg e 3,5 O3 5
limestone, I3, F3, S5, A, S0 Ts Sal & 6
limestone, I3, F,, S5, A, S0 Ts Sal&es 7
limestone, I3, F3, S, A, S0 T, Sal&s 8
Fracture zone, Is, Fs, Sy, Ay RPN T o 32 03 9
Massive limestone, I, F;, S5, 4, polis glos s Ts Slos g Sal&en 10
g oo ax310 ool (6 )l Al 5l soel Cwsds sladiges Con g i

O Py oSl S Sl § (S ol

el 003,51 Jsoz 0 a5 ons
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Table 4. Engineering parameters of rocks in the Haji-Abad tunnel site

WWienndls crnd slatalej] 5l eolatul b img ol 5o

Gr N G w3 G SS (gl Caglie

Ts T T~ Ts Ts Tu Ts T3 T2 T 3,
Clés)l
44 47 243 243 251 252 244 126 60 36
() 05k,
81 110 380 157 197 62 492 96 30 57 () dsb
23.83 1.68 8.96 8.96 8.96 1.68 2.17 2383 9.11 3.38 E (GPa)
22 0.7 0.6 0.6 0.6 0.5 0.4 1 1.2 0.93 K
5 5 25 25 25 25 25 25 5 5 SRF
2.70 2.60 2.65 2.65 2.65 2.80 2.90 2.7 2.65 290 vy (g/lem?)
45 15 35 35 35 15 25 45 35 25 0 ()
1.42 0.04 1.76 1.76 1.76 0.08 0.10 2.83 1.30 0.17 Q
1099.77 85.54 3858 3858 3999 352 283 613 262 97 6, (MPa)
120 15 100 100 100 10 20 120 80 20 o (MPa)
18.83 2.60 11.53  11.53  11.53 2.60 6.35 18.83  11.53 6.35  or (MPa)
950 354 2021 2060 2128 2469 2688  680.2 477 230.72 oy (MPa)
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Table 5. The results of the rock burst phenomenon resulting from the linear elastic energy criterion for the Haji-

Abad tunnel site units

Ts T T, Ts Ts Ta T4 Ts T, T, Fg =y
81 16 380 157 197 62 492 96 30 57 Jdsb
S S e R e o oS o oS s
25 79 124 124 124 35 85 25 77 35 o’/ B?
b S g5l e
140
120
100
Ei-] 80
”bu 60
40
20
0.
e | Sl o o ol o oS ks s e s o o b
) g5 woly Jsbo 57 30 96 492 62 197 157 380 16 81
555 asy T1 T2 T3 T4 Tf1 a5 T6 T7 T2 T8
W o2C/E2 35 77 25 85 35 124 124 124 79 25

bt Sl 65,50 e bl o S ol ol o5l Hleges Y S
Fig. 2. Evaluation diagram of rock burst intensity based on linear elastic energy criterion
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Table 6. The results of rock burst phenomenon resulting from the tangential stress criterion for the Haji-Abad
tunnel site units

Tsg Tp T; Te Ts T Ts T3 T, T b
81 16 380 157 197 62 492 96 30 57 Jdsb
VRN Lo gt L s IR
L L LA L L L LA
[16,C
0.79 2.33 2.02 2.06 2.12 24 13 0.65 0.81 1.15 .
30
25
20
\b: 15
©
10
5
. ‘
Ko i s | 9200 LS Lgte Lste St L s L st L (L s (s st L Qe
g 57 30 96 492 62 197 157 380 16 81
7 ol T T2 3 T4 Tf1 TS T6 7 2 T8
mob/oc 115 0.58 0.56 13 24 2.12 2.06 2.02 2.33 0.79

Fig. 3. Evaluation diagram of rock burst intensity based on tangential stress criterion
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Table 7. The results of rock burst phenomenon resulting from the measurement of stresses for the Haji-Abad
tunnel site units

Ts

Tp T Te Ts Tq Ty Ts T T b
81 16 380 157 197 62 492 96 30 57 Jdsb
Ll Ll BEISS L gt L g L L L L L oAb
1.10 1.76 2.59 2.59 2.50 0.28 0.71 1.95 3.05 2.06 0c/o)
Lo s Jleee
3.5
3
25
2
bl-!
~
o 15
1
0.5
[ + I
o Lol it s s A At apd bz dasgza Laugza apas At
e J5 anly gl 57 30 96 492 62 197 157 380 16 81
s asly T1 T T3 T4 Tf1 T5 T6 T7 T2 T2
Moc/ol 2.06 3.05 1.85 0.71 0.28 2.5 2.59 2.59 1.76 | 1.1

Fig. 4. Evaluation diagram of rock burst intensity based on stress criterion
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Table 8. The results of rock burst phenomenon resulting from the brittleness criterion for the Haji-Abad tunnel

site units
Ts Tp T7 Ts Ts Th T4 Ts T T Fb
81 16 380 157 197 492 96 30 57 Jdsb
L BUR W BUR W BYRW L BYRW BYRW Ll Ll Ll SR
6.37 5.76 8.67 8.67 8.67 2.84 3.15 6.37 7 3.15 oc/or

6355 e

10

6 s
\Q

L=l
3
2
1
0

JE SRR EY-: JUNEA el e s sl

() s e 57 30 96 492

s sy T1 T2 T3 T4

m oc/oT 0 3.15 7 6.37 3.15

aas s ey e aad s
62 197 157 380 16 81
Tf1 T5 T6 T7 T2 T8

3.84 8.67 8.67 8.67 5.76 6.37

Fig. 5. Evaluation diagram of rock burst intensity based on brittleness criterion
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Table 9. The results of rock burst phenomenon resulting from Goel criteria for the Haji-Abad tunnel site units

Tsg Tp T Ts Ts Ta Ts T; T, T, Ly 4=y
81 16 380 157 197 62 492 96 30 57 Jsb
44 47 243 243 251 252 244 126 60 36 Cwﬂ
NERE Uak Sk S Shd Shd S KERE O KERE s
-~
8345 dde
7.1 0.2 44 44 44 2 2.5 70.75 6.50 0.85 ~
S
B e

80

70

60

"l
v S0
o
I
Z a0
30
20
10
0
Lo leid s | S g FECVPURTAY S g o (Fagad wS (Sagl o (Saug) w5 Sauad o5 Fase) Saegd g Sagd g
L ol L) 36 60 126 244 252 251 243 243 a7 a4
L) JaT asly ke 57 30 9 492 62 197 157 380 16 81
e T1 T2 T3 T4 Tf1 T5 6 17 Tf2 Rk
B s sas| 0.85 6.5 70.75 25 2 a4 a4 44 0.2 7.1

(Goel et al., 1995) |,Ken 5 J5s5 Lo 3l ooliwl b S jlxdil ongay s b)) loges 2 IS
Fig. 6. Evaluation diagram of rock burst intensity using Goel et al. (1995) criterion
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Fig. 7. The status of different unite with squizing potential based on the diagram of Goel et al. (1995)
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