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1. Basic Geotechnical Description
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Table 1. Separation of geological units from the entrance to the exit of Hajiabad tunnel site based on BGD classification
(ISRM, 1981)

BGD guisainb wlw! poaslg o, aoly Lol dasine i) o2, S Y
Serpentinite, I3,F; 3,5, 5, A4 0)y0 Aluwd iz g (Sbo S T, ORI W \
Sandy limestone, 1, F; 3,5, A, ERSAYES T, Slawle Sal S Y
Massive limestone, 14, F;,S;, A, palie g glodgs T; Slodgs SalSiw Y
Serpentinite, I3, F3 4,545, As ERSAYES Ty b oo f
Fracture zone, Is, F5, Sy, A4 0 uigiSS Tri PRV o
limestone, I3, F3,S,, A, SOy e Ts Sal S 14
limestone, I3, F,, S,, A, SOy Ts Sal S v
limestone, I3, F3,S,, A, SOy e T, Sal S A
Fracture zone, I, Fs, Sy, Ay 0555 Te2 0l > (s A
Massive limestone, I, Fy, S5, 4, palie sloog Tg Slodgs SalSiw \-
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Table 2. Geological characteristics of engineering discontinuities in parts T1 to Ts of Hajiabad tunnel site (Toosab

Consulting Engineers, 2015)
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Fig. 3. Stereographic and cyclographic images of the pole concentration and representative planes of the discontinuities of the
eight parts of the Hajiabad tunnel in the Schmidt equal area network
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Table 3. Density and porosity test results and moisture determination of samples obtained from Hajiabad tunnel site

|gizeo o § yRimo A1 (R GWESPT I )
’”’; 7| mgss 6”'(;/: - o M) Gos | aiges ojlads iy,
- IYY -5 YIVY YIVY Y/O-YIAY HIBH4-1 \
VY <IN YIVA YIV- fEY-f/20 HJBH4-2 Y
AN XY YIY- YIY- VARSI HIBH4-3 Y
/¥ < IAY YIY- /54 \V/YA-\Y/AY | HIBH4-4 f
/YA N\ YIY- /54 Y/---Y-/¥Y | HIBH4-5 o
Ny \/ /54 YIEA Y¥[e oYYy HIBH4-6 4
0 VYO YIEA \1/a% VWYV 5 HIBH4-7 Y
i V-0 A\ /54 YV/-0-Y\NYe | HIBH4-8 A
ny Nt YV YV NARENARS HJBH4-9 q
YIAY VXY \lias ANz O/FO-O/A- HIBH4-10 V.
/40 £IA Y/ov Y/OY V2 N

ST ol Jigi ol sbcSiw (5950 (5 Lind canglio i ol b .F Jouo
Table 4. The result of uniaxial compressive strength of rocks test in Hajiabad tunnel site
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Table 6. Rock mass quality index of different units of Hajiabad tunnel site (Toosab Consulting Engineers, 2015)
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Table 7. Classification of RMR for different tunnel units
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Fig. 4. Diagram of the stability of the tunnel with different conditions after digging without a maintenance system
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Table 8. The Q classification of different tunnel units
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GSI FOR HETEROGENECUS ROCK MASSES SUCH AS FLYSCH
(Marinos.P and Hoek. E, 2000}

From a description of the litholegy, structure and surface conditions (particularly
of the bedding planes), choose a box in the chart. Locate the posifion in the box
that corresponds to the cendition of the discontinuities and estimate the average
value of G3I from the contours. Do not attempt to be too precise. Quoting a range
from 33 to 37 is more realistic than giving GSI = 35, Note that the Hoek-Brown
criterion does not apply to structurally controlled failures. Where unfavourably
oriented continuous weak planar discontinuities are present, these will dominate
the behaviour of the rock mass. The strength of some rock masses is reduced by
the presence of groundwater and this can be allowed for by a slight shift to the
right in the columns for fair, poor and very poor conditions. Water pressure does
nat changs the value of GSI and it is dealt with by using effective stress analysis.

COMPOSITION AND STRUCTURE

DISCONTINUITIES
{Predominantly bedding planes)

slickensided surfaces with compact
coatings or fillings with angular

fragments

SURFACE CONDITIONS OF
fresh unweathered surfaces
GOOD - Rough, slightly

FAIR - Smooth, moderately
weathered and altered surfaces
sided or highly weathered surfaces
with soft clay coatings or fillings

VERY GOOD - Very rough,
weathered surfaces

«« | A. Thick bedded, very blocky sandstone
- The effect of pefitic coatings on the bedding

1 planss is minimized by the confinement of
the rock mass. In shalflow tunnels or slopes
these badding planes may cause structurally
| controfled instability.

~

\ POOR - Very smooth, occasionally

\ VERY POOR - Very smooth slicken-

K

C. Sand-
sfone and
silfstone in
similar

| amounts
¥

1 D. Siltstone
or siity shale
with sand-

B. Sand-
stone with
thin inter-
| layers of

siltstone

] lavers

-]

E. Weak / / /
silfstone /
or clayey )
shale with
sandsfone

C,0, E and G - may be more or \ﬁ. ; /

less folded than llustrated but

this does not change the strength.
Tectonic deformation, faulting and
loss of cantinuity moves these
categories to F and H.

| chaotic structure

F Tectonically deformed, infensively / 30
{ foided/fautted, sheared clayey shale

or siltstone with broken and deformed
/| sandstone layers forming an almast i

G. Undisturbed silty
or clayey shale with
or without a few very
thin sandstone layers

H. Tectonically deformed silty or
clayey shale forming a chaotic { I
structure with pockets of clay. |

Thin layers of sandstone are
fransformed into small rock pieces.

(Youe cpuginslo 3 Soo 51 438,55 aslllao 5590 Jigh il
Fig. 8. GSI classification system of the studied flash

e 6|ﬁGSI Gmainb i A S
tunnel parts (from Hoek and Marinos, 2000)
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Table 10. GSI Classification of different tunnel units with GSI(S) (Sonmez and Ulusay, 1999) and GSI (M) (Hoek and

Marinos, 2000) methods
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Geological Strength Index For Jointed Rock
(Hoek and Marinos, 2000) From Lithology,
Structure and surface Conditions of the
discontinuities, estimate the average value of
GSI. Do not try tobe too Precise. Quoting a
range from 33 to 37 is more realistic than
stating that GSI=35. Note that the table does
not apply to structurally controlled failures.
Where weak planar structural plan are present
in an unfavourable orientation with respect to the
excavation face, these will dominate the rock
mass behaviour. The shear strength of surfaces
in rocks thst are prone to determination as a
result of changes in moisture content will be
reduced if water is present. When working with

rocks in the fair to very poor categories, a shift
to the right may be made for wet conditions. g

water pressure is dealt with by effective stress
analysis. 5

SURFACE CONDIOTIONS
Smooth, moderately weathered and altered surfaces
Slikensided, highly weathered surfaces with soft clay

coating or fillings

Slikensided, highly weathered surfaces with compact

Rough, Slightly weathered, Iron stained surfaces
coating or filling or angular fragments

Very Rough, fresh Unweathered surface

VERY POOR

P §

STRUCTURE e

DECREASING SURFACE QUAL

| / INTACT OR MASSIVE _ intactrock
| - | |specimens or massive insitu rock with 90 NA N/A
few widely spaced discontinuites

BLOCKY - well interlocked
undisturbed rock mass consisting of
cubial blocks formed by three
intersecting discontinuity sets

VERY BLOCKY - intelocked, partialy
disturbed mass with multi-faceted
angular blocks formed by 4 or more
jointsets

BLOCKY/DISTUBED/SEAMY-folded
w ith angular blocks formed by many
interesecting discontinuity sets Persistence
of bedding planes or schistosity

T5,T6,T7 E

DISINTEGRATED - Poorly inter-
locked, heavily broken rockmass with
mixture of angular and roughed rock
pieces.

20

DECREASING INTERLOKING OF PIECES

~ = |LAMINATED/SHEARED - Lack of 10
blockiness due to close spacing of of N/A N/A
weak svhistosity or shear planes
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Fig. 9. GSI classification system for different parts of the studied tunnel (from Hoek and Marinos, 2000)
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Table 11. Comparison of the RMR, Q and GSI values in the Hajiabad tunnel site
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Abstract

In this research, engineering geological characteristics of the Haji-Abad tunnel site in Hormozgan
province have been assessed and its stability analysis is carried out using experimental and limit
equilibrium methods. The tunnel site was divided into ten geotechnical units including T-Ts and two
crushed zones in Units 5 (Tr) and 9 (Tp) using the BGD method. The rock discontinuities in the tunnel
site have filled by calcite and clay, with dry to wet surface conditions, and low degree of weathering.
The internal friction angle of the discontinuities surfaces ranges 15°—45°, their persistence is from about
3 to more than 20m, their spacing is 0.15—4m, and their opening is 0.1-5mm. The compressive strength
of the site rocks, except for the two crushed zones that have different conditions, varies 20—120MPa.
The moisture content of the samples obtained from the boreholes of the tunnel site were 0.12-2.87%,
and their porosity were 7.33—0.32%, respectively. The tunnel site rocks are placed in the very poor to
good classes with RQD values from 25 to 90. According to the RMR classification, the rocks in the
tunnel site have a score of 18—62 (very poor to good). Also, by using the Q method, the rocks of different
unites of the tunnel site were given a score rang of 0.04—2.83 (extremely weak to weak). The GSI method
indicated that the site constructing rocks range is 15-61 (very poor to good). By using Unwedge.v.3.0
software, the maximum and minimum weight values of the formed wedges were obtained 5875 and
0.076 tons, with heights of 100.94 and 0.12m, respectively. Also, the safety factor is 0.04—112 and the
wedges that had a safety factor less than 1.5 will be reached an acceptable safety factor by installing
rockbolt.

Keywords: Engineering geology, Site, Haji-Abad tunnel, Stability analysis, Limit equilibrium

Introduction

In inaccessible mountainous areas, which are
unsuitable for constructing surface structures
in terms of geological conditions, a lot of
money and time should be spent on their site.
In order to save costs and time and ensure the
stability of engineering structures in such
areas, they must be built underground.
Therefore, tunnels and underground spaces are
constructed almost anywhere where it may be
difficult or impossible to provide a place to
build a structure on the ground surface.
Underground engineering structures are
permanently affected by the ground and their
surrounding environment. From the point of
view of engineering geology, for the design of
a tunnel as an underground structure, there are
various factors that are very important and
must be considered during the study and
construction of the tunnel. In other words, to
excavate and use a safe and stable tunnel, it is

very important to study the engineering
geological conditions of its site. In addition to
the characteristics of the rocks and soils of the
site, the stability of the tunnels is affected by
many factors, first of all the in situ and induced
stresses, geological structures, ground water,
tunnel depth, drilling method, etc. The methods
of stability analysis and support system design
in tunneling projects have made significant
progress over time. In this regard, the use of
experimental and limit equilibrium methods
are effective solutions in predicting the
stability of the tunnel and checking the amount
of surface and subsurface displacements of the
ground caused by tunnel excavating. Many
studies conducted by different researchers in
this field clearly show the necessity of
engineering geological studies and
investigations for tunnel site. For this reason,
in the present research, the stability analysis of
Haji-Abad tunnel site in Hormozgan province,
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southern Iran, has been done using the above-
mentioned methods.

Materials and Methods

To carry out thes research, first, the office
studies have been done by collecting the
available information and documents including
geological maps, topographic maps, satellite
images, aerial photos, reports and technical
notes of the existing structures in the tunnel site
area. Then, by conducting the field visits and
local impressions of the tunnel site, the
preliminary field investigations have been
conducted. Finally, by examining and
analyzing the results of in-situ tests conducted
in the tunnel site and laboratory tests conducted
on the samples taken from the site, which are
the result of exploratory excavations on the
tunnel route, additional studies have been
conducted. After reviewing and analyzing the
information obtained from the previous steps
(the field and laboratory studies and
investigations), according to the difference in
the type and characteristics of the rocks in the
tunnel route, the BGD classification system
recommended by the International Association
of Rock Mechanics has been used and the
tunnel site was divided into ten separate
geotechnical units including T1-Ts and two
crushed zones in Units 5 (Tg) and 9 (Tr). The
field investigations of the discontinuities of the
Haji-Abad tunnel site were done in the units
and their statistical study was done using Dips
v5.103 software. Also, the laboratory studies
were conducted for determining physical and
mechanical properties of the tunnel site rock
constructing namely density, porosity moisture
content, uniaxial and triaxial compressive
strengths.

Results and discussions

According to the field and laboratory
investigations on the Haji-Abad tunnel site, it
is found that the rock discontinuities in the
tunnel site have filled by calcite and clay, with
dry to wet surface conditions, and low degree
of weathering. The internal friction angle of the
discontinuities surfaces ranges 15°—45° their
persistence is from about 3 to more than 20m,
their spacing is 0.15—4m, and their opening is
0.1-5mm. The compressive strength of the site
rocks, except for the two crushed zones that
have different conditions, varies 20—-120MPa.
The moisture content of the samples obtained
from the boreholes of the tunnel site were

0.12-2.87%, and their porosity were 7.33—
0.32%, respectively. The tunnel site rocks are
placed in the very poor to good classes with
RQD values from 25 to 90. According to the
RMR classification, the rocks in the tunnel site
have a score of 18-62 (very poor to good).
Also, by using the Q method, the rocks of
different unites of the tunnel site were given a
score rang of 0.04-2.83 (extremely weak to
weak). The GSI method indicated that the site
constructing rocks range is 15-61 (very poor to
good). By using Unwedge.v.3.0 software, the
maximum and minimum weight values of the
formed wedges were obtained 5875 and 0.076
tons, with heights of 100.94 and 0.12m,
respectively. Also, the safety factor is 0.04—
112 and the wedges that had a safety factor less
than 1.5 will be reached an acceptable safety
factor by installing suitable rockbolt.

Conclusions

The stability analysis of Haji-Abad tunnel site
located in Hormozgan province, southern Iran,
has been done using two experimental and
equilibrium methods. For this purpose, the
BGD classification has been used to separate
the geotechnical units. The field investigations
show that along the tunnel route, the changes
are clearly visible either in the material of the
layers or the structural characteristics of the
tunnel units. Based on the BGD classification,
the tunnel site was divided into 10 separate
units. Along the tunnel route, there also are two
crushed zones. The results of the physical tests
show that the amount of moisture content and
porosity of the samples obtained from the
tunnel site borehole are increased, and their
densities are decreased with increasing the
depth. The triaxial test results of tunnel site
rocks shown that with increasing the depth,
confining pressure and deviation stress, the
Young's modulus also increased, which
indicates an increase in the quality of the rock
mass from the surface to the depth. The rock
masses in the tunnel site are placed in very poor
to good ranges based on the RQD method.
According to the RMR method, the rocks of the
different unites of the tunnel were given a score
of 18 to 62, which indicates that the rocks are
in the category of very poor to good. Based on
the Q method, the rocks of different unites of
the tunnel were given a score of 0.04 to 2.83,
which are in the category of extremely weak to
weak rocks. Based on the GSI method, the
rocks of different units of the tunnel were given
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a score of 15 to 61 which were classified as
very weak to good rocks. It is found that the
results of the experimental methods are
completely coordinate with each other.
According to the results obtained from the limit
equilibrium method, some of the wedges

formed in the tunnel’s roof and walls have
safety factors greater than 1.5 and some others
have a safety factor less than 1.5 that they will
achieve an acceptable reliability factor (more
than 1.5) by installing the appropriate rockbolts
as soon as the tunnel is excavated.



