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Purpose. To show the results of geotechnical studies and design the support system chosen in complex geological conditions
especially in fault zones. The Draa El Mizane highway tunnel was a research site.

Methodology. The determination of geotechnical properties by different classification systems for the quality of the rock mass
such as the Q index, Rock Mass Rating RMR and the Geological Resistance Index GSI. In addition, the choice of the support
system is validated by numerical modeling via the 2D Phase 2 program.

Findings. The geotechnical measures developed through extensometer monitoring show a major compatibility between the
geotechnical design and the digital simulation, which validates the reliability of the selected support system.

Originality. A type of support chosen during construction is established, which corresponds to local specific conditions in order
to eliminate instabilities.

Practical value. The values obtained by numerical modeling can give us a final decision for the support system chosen: values
in terms of deformations — in order of 1.5 cm at the top, 7.5 and 13.5 cm for the left and right wings respectively, 9.0 and 18 cm in
the lower half left and right, 22.5 cm for the base of the tunnel. Furthermore, the results obtained by the measurements of instru-
mentation in the dimensioning of the support type are well illustrated through the measurements by an extensometer, which are
very compatible with the results of numerical modeling.

Keywords: classification systems, geotechnical engineering, Phase2 2D, Fault zone, underground structures, Draa El Mizane high-

way tunnel

Introduction. The engineering in terms with underground
structures in rocks which have weak geomechanical properties
is often confronted with purely geotechnical subjects.

Just after the first step of the digging work, the initial state
of the stresses around the intact rock changes causing exces-
sive deformation and instability of the rock mass.

Among the greatest challenges regarding the prediction of
the behavior in a type of material around the tunnel is the en-
counter of a fault zone [1]. Consequently, recognizing the im-
pact of the geotechnical conditions and the influence of the
geological constraints of the intact rock in a fault zone has be-
come a design challenge which requires special analyses; this
challenge has the main goal which is to find a support system
adequate to the necessities of the constraints created during
the mining works.

Nevertheless, there has been a major progression in design-
ing stages for digging of underground excavations like tunnels.
This design takes a safe and realistic evaluation using numeri-
cal studies on various series of geotechnical properties [2].

Furthermore, the digging technique plays a major role in
maintaining the safety state of the tunnel works, hence the
main role is to minimize the percentage of change in the ter-
restrial surface state at the top of the tunnel and reduce all dis-
placements and excessive deformation generated by the area of
influence on the perimeter, in this sense. The New Austrian
Tunneling Method (NATM) has regularly been used for large
diameter underground excavations, for example around-high-
way tunnels [3].

Furthermore, the disaster caused by an enormous distor-
tion is related fundamentally to the lithology and the spatial
design of the geological structure just as the geomechanical
quality.

The ultimate objective of this work concerns the evalua-
tion of the nature of the rock intact by certain classification
systems. These systems are suitable for evaluation of the rock
mass by the RMR, the Q system and, finally, the GSI in real
conditions.

In the following, local zones were investigated so as to pro-
pose the support for the structure requirements and subse-
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quently validate their performing via the finite element method
using Phase2 2D software.

Location and geological investigation of the study area. The
Draa El Mizane twin-tube tunnel is included in the project of
the penetrant which links the province of Tizi Ouzou and the
East-West Highway with a length of 950 m (Fig. 1), it is sited
between the kilometer point KP 36 + 200 and KP 37 + 150.

The regional geological composition indicates the pres-
ence of a sedimentary rock mass type of Oligocene age and
Miocene superior that are found in a combination named tec-
tonic section of flysch, consequently they have a great influ-
ence from the point of view of tectonic deformation in this
region [4].

The axes of the tunnel are extended in the mountain range
in the region of Djurdjra Tel Atlas, this mountain range is of a
great altitude, which reaches 2500 m, formed by overlapping
faults and reverse faults with an extension southward into the
tectonic area of Kabyle. In reaction, the location of the tunnel
is the consequence of the actions of the structural elements
which constitute the Djurdjura massif and which are continu-
ously in activity [5].

The overlapping and reverse types of rock mass, which are
part of the structural elements, are observed at the site of the
tunnel. In addition, and in parallel with the axis of the left
tube, a very pleated structure that has low geomechanical
characteristics is considered as a critical part in this work. This
section is built up by a series of dense tectonics which renders
the fault zone and gives way to important changes in the mode
of the layer. In accordance with granulometry ranks, the sedi-
mentary units of upper Oligocene-Miocene age are subdivided
into three main sections: fault zone, M2 (sandstone-Argillite)
and M3 (argillaceous limestone-marl) (Fig. 2). The fault zone
is represented by rock pieces of distinct sizes, different posi-
tions on the emplacement of the tunnel, shattered and bent
under the fact of a large distortion attached, interconnected
but compressible and inflatable.

In hydrogeology, the site is characterized by units formed
with alternating classic sediments. Since the levels of sandstone
and pebbles being in a place between these units are permeable,
the levels of argillites, clayey sandstones and marls are imper-
meable. No groundwater accumulates into the boreholes.
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Fig. 1. Location of the study area
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Fig. 2. Geological profile of the critical section

Characterization of geotechnical engineering of the sur-
rounding rock. The horizontal plane of the tunnel coincides
completely into a fault zone which is the exit portal in the
meantime and kilometric point PK: 36 + 400 of the left side
tube, PK: 36 + 350 — PK: 36 + 460 of the right side tube. To
reach a respectable understanding of the specificity of the
rock mass in this part, core drilling and laboratory exami-
nations were conducted for translating this quality geome-
chanically by certain classifications, for example: the Rock
Mass rating RMR, the Q system and the Geological
Strength Index GSI. The RMR categorization is a geome-
chanical classification for rock mass. It was demonstrated
for the first time by Bieniawski in the South African Coun-
cil for Scientific Research (CSIR) [6], based on variable
experiences in digging underground structures. It takes into
account sizes linked to the rock mass thereafter giving a
valuation in the form of a total indication which appreciates
its quality and then a conception of the construction
project.

According to the Norwegian Geotechnical Establishment
and based on the analyses of more than 200 underground ex-
cavations, Barton has developed a quality index (Q) which
takes into consideration six parameters [7].

Both the Rock Mass Rating system and the Q system in-
corporate geological, geotechnical common features and de-
sign parameters to arrive at a quantitative value for the charac-
terization of the site.

The GSI system was evolved by Hoek, et al. [8], the spatial
circumstances of the healthy rock groups and their special
characteristics are used to determine the deformability and
tolerance of the rock mass.

In the present study, the overall rock assembly is of the fly-
sch type, the GSI value of which is designated to take into con-
sideration the criteria recommended by Marinos and Hoek [9].

The mechanical reaction of the rock mass after digging un-
derground excavations is mainly represented by the static de-
formation module, which explains their use in various numer-
ical analyses as a major character [10].

The quality of the rock mass was estimated using the solu-
tions of the classification systems and using the correlations
obtained by empirical relations. To find out the rock mass pa-
rameters along the critical area, certain class modes were used;
the results are shown in Table 1.

Table 1

Geotechnical design parameters and rock mass classification
for the critical section

Geological unit M, lzjgllig M;

UCS, Uniaxial Compressive Strength 10 5 5
(Mpa)
E,, Elasticity Modulus (MPa) 1500 80 1560
GS1, Geological strength Index 20 21 20
m;, material constant 17 - 7
v, Poisson’s ratio 0.3 0.3 0.3
¥,» Unit weight (kN/m?) 22 22 26
C, Cohesion (kPa) 200 30 60
0, Internal Friction angle (°) 26 30 26
E,,, Deformation | Nicholson and 93 - 82
modulus, Mpa Bieniawski

Hoek and Diederichs | 69 - 71

Test pressure meter 150 80 88
Q, Tunneling Quality Index 0.066 | 0—0.07 | 0.017
RMR, Rock Mass Rating 26 0-20 26
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Rock mass features such as Hoek-Brown constants,
uniaxial compressive strength and the deformation modu-
lus of the rock mass were determined using empirical equal-
izations based on the classification methods Q, GSI and
RMR.

Among the empirical equations that have been established
and the most mentioned by various researchers are those dis-
cussed and assessed based on their performance by Kayabasi
and Gokceoglu [11].

In this approach, the value of deformation modulus of the
rock mass is estimated by the equation of Nicholson and Bi-
eniawski 1990 [12] and that of Hoek and Diederichs 2006
[13].

Provisional selected support system. The provisional sup-
port system is the main structure which ensures the original
behavior of the rock mass during the digging of the tunnel. It is
therefore advisable to examine successively the support system
during construction and take into account different knowl-
edge.

According to established classification practices, the sup-
port selected conforms to classes C (Low rock) and D (Very
low rock) (Table 2).

Numerical modeling of retaining support system and studies
performed by the phase2 2D program. To better understand
and appreciate the tunneling scenario, many designers are re-
turning to numerical modeling. In addition, numerical ana-
lyzes can assess the issues of empirical methods to have opti-
mally determined the support elements.

In this work, numerical modeling was executed with
Phase2 2D, a finite element program developed by Rocsience
[14], it was used to find out the action of the rock mass to re-
tain and preserve the safety of the various geotechnical works.

This program allowed us to take into consideration the dis-
persion of the loads between the digging phases and the relax-
ations of the surrounding rock to reflect well the criteria of the
methodology of construction by NATM. Numerical analyses

were conducted using the mechanism of the elastic-plastic so-
lution.

In addition, 35 cm shotcrete, an HEB200B type steel coat-
ing and a 150 x150 x 8 m thick wire mesh in 2 layers are seized
in the rock class D type. For the straight tube, the rock is
type C, shotcrete 30 cm, a coating of steel type HEB180B and
a wire mesh 150 x 150 x 8 m thick in 2 layers.

These supports are also captured in linear composite to the
model.

To achieve the installation of optimal support elements
and especially in fault zone conditions, when digging the tun-
nel, the assessment must be made with necessary geotechnical
measures like the extensometer measurement instrument and
displacement gauges. Thereafter, certain modifications can be
performed on the support mode based on the observation
technique described in Eurocode 7 [15].

The computed design applied in the Phase2 tests is pre-
sented in Fig. 3. Seven simulation phases are interpreted in the
order of the construction stages and installation of the support
elements for each tube.

According to Technical Manual For Design and Con-
struction of Road Tunnels, the relaxation of the material
handled in the weak rock masses in the new Austrian con-
struction method is applied and reflected at 0.60 (60 %) in
the excavations of the upper half, lower half and on the raft.
For this, the properties of material are reduced to 60 % at
stage two and the support systems are installed at stage three
[16]. To judge the results of a numerical simulation, field ex-
aminations were carried out in order to compare and validate
the results.

Fig. 4 shows the installation of the Extensometer measure-
ment system.

Discussion and Results. The deformations occurring
into the surrounding rock, especially around the tunnel for
each tube in the fault zone conditions, including the total
displacements (Fig. 5), the collapse places and the Resis-

Table 2

Provisional support chosen in the twin-tube tunnel according to the recommendation by classification system used

Low rock (class C)

Very low rock (class D)

Rock Mass type
Top Middle Top Middle
R, Tunnel radius (m) 7.5 8
Py, In-situ pressure(MPa) 1.17 2.64

ESR, Excavation Support Ratio

0.9—-1.1

0.9-1.1

Excavation/Provisional Support advance

20 to 25 m maximum

advancement of 2.0 m maximum

Steel retaining — Cinter HEB 180

HEB 220 5to 10 m maximum Im

Shotcrete

30 (C30-RN30)

35 (C30-RN30)

Rock bolt

(25 mm)-SN, 8—6—-4m (I x 1)

(32 mm) IBO, 8—6—4m (1 x 1)

Steel lattice

150 x 150 x 8

150 x150 x 8

pre-supporting iron bar-forepoling

45 (7.0, L=8m)

45 (2 7.0, L=8m)

Fig. 3. Geometric model and generation of the mesh

Fig. 4. Extensometer measurement system
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Total

Displacanant
1.500-002
4.500-002
7.50a-002
1.056-001
1.35-001
1.65a-001
1.356-001
2.250-001

"

2.55-001
2.850-001
3.15-001
3.456-001

w

Fig. 5. Total displacements

w

Fig. 6. Resistance factor

tance factors (Fig. 6) are determined. The two support
classes are entered separately in this study. The results of
the simulation of each type by Phase2 2D are illustrated in
Table 3.

Examination of movements formed around the left side
where the fault zone is encountered indicates a displacement
of 1.5 cm in the top, 4.5 and 1.5 cm in the left and right wings,
6.0, 1.5 cm in the left and right sides and the value of 4.5 cm
from the base of the excavation.

In the right side, a displacement of 1.5 cm at the top of the
tube, 7.5 and 13.5 c¢m in the left and right wings, 9.0 and
18.0 cm in the lower left and right halves and 22.5 on the raft.

The adopted results indicate that the reinforcement by the
anchor bolts and the umbrella vault allows increasing the ad-
herence of the surrounding rock around the perimeter of the
excavation, which implies a decrease in total displacements
and an increase in the resistance coefficient.

In addition, due to examining the collapse zones of the
tunnel peripheral it can be seen that the collapse is formed
around the tunnel because the nature of the rock mass is low at
the lower mass parameters.

The results of extensometer and deformation gauges pro-
vided in the table from the point of view of maximum defor-
mations are naturally lower than those obtained by numerical
modeling. Since the results of the classification systems are
available, it will be more suitable to apply the extensometer
carried out in a complex geology, including the existence of a
fault zone.

The modeling of the main elements of the tunnel during
construction is linked mainly by geological factors and an
economic factor reflected by the selected support system
which must be in accordance with the conditions of each
site.

According to the results of numerical modeling and verifi-
cation of instrumentation measures such as the extensometer

for the class D support, it appears that the support proposed by
the classification systems is able to withstand loads from the
perimeter of the structure.

Table 3

Results of the Phase2 2D analysis and measurement
of maximum deformations

o =
=) = Qo (5}

Tunnel | £ | E | 2= ‘PED?__ base of
ceiling | 2228 | 22% gog| 222 | tunnel
S = =} 50,:' =] 2= S 2= &

J% 2| 82| 82| Q&8
Straight tunnel, Rock type C
Total deformation (cm)

15 | 45 | 15 [ 6 | 15 | 45
Resistance factor
183 | 104 | 209 | 209 [ 13 | 104
Collapse zones (%)

0 | w0 | 100 | 100 | 100 [ 100
Left tunnel, Rock type D
Total deformation (cm)

5 | 75 | oBs [ o9 | 18 | 25
Resistance factor
13 | o4 | o4 | 13 | 13 | 13
Collapse zones (%)

0 [ w0 | 100 | 100 | 100 [ 100

maximum strains obtained by measurement (extensometer or
strain gauges)

15 | 12 | 14 | 15 | 1.2 | _
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Conclusion. Scientific and reasonable assessment of the
rock mass is of vital importance in the choice of an adequate
support system which must meet the strict construction re-
quirements for underground structures such as tunnels.

The case study on the evaluation of geotechnical
engineering on the Draa El Mizane site using empirical
methods, in particular the evaluation of the rock mass in
geomechanically weak formations and difficult to quantify
such as fault zones.

To adapt the design of choosing support elements which
satisfied the constraint created by the tunneling, numerical
analyses of the construction taking into account the potential
effect on the rock mass were carried out in order to assess and
validate the suggested recommendations by the RMR, Q sys-
tem and GSI classifications.

The results of the measurement system such as the extensom-
eter and strain gauges have shown that there is a great compatibil-
ity between empirical conceptions and numerical analyzes.
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Merta. [lokazaTu pesyJbTaTh iHXEHEPHO-TEOJIOTIUHUX
JIOCIIXEeHb i CIIPOEKTYBAaTU OIIOPHY CUCTEMYy, OOpaHy Yy
CKJIAJIHUX T€0JIOTIYHMX YMOBAX, OCOOJIMBO B 30HAX PO3JIOMIB.
MiclieM npoBeJieHHS CIIoCTepeXXeHb OyB aBTOAOPOXHIl Ty-
Hesb paa Enxp MizaH.

MeTtoauka. BuzHaueHHsI TeOTeXHIYHUX BJIaCTUBOCTEN 3a
JIOITOMOTOI0 Pi3HMX CHUCTEM Kiacudikallii SIKOCTi TipCchKoi
MacH, TakuX sIK iHIekc Q, XxapakTepuCTUKa MOPOAHOI TOBIIL
(RMR) i ingexc reonoriunoi criiikocti (GSI). Kpim Toro,
BUOIp OMOPHOI CUCTEMU OOIPYHTOBAHUI YUCETBHUM MOJIE-
JIIOBaHHSM 3a Joromorolo rporpamu 2D Phase 2.

PesyabraTu. ['eoTexHiuHi 3axoau, po3pobJieHi Ha OCHOBI
MOHITOPUHTY 3a JOTMOMOTOI0 €KCTeH30MeTpa, IOKa3yloTh
3HAYHY CYMICHICTh MiX T€OTEXHIYHUM IPOEKTYBAHHSIM i
LHU(GPOBUM MOJETIOBAHHAM, IO IiATBEPIXKYE HaMiAHICTDL
00paHOoi ONTOPHOI CUCTEMU.

HaykoBa HoBu3Ha. BcTaHOBIEHO TUIT OMOpU, OOpaHuii
i yac OyAiBHUIITBA, 11O BiAMNOBiNae MiclieBUM crienudivy-
HUM yMOBaM OyJiBeJIbHOIO MaiilaH4yMKa, 1100 BUKIIOUYUTU
HeCTaOIbHICTb.

IIpakTiyHa 3HaYMMicTh. 3HAYCHHS, OTPUMMAaHi 3a IOMO-
MOTOIO0 YMCETbHOTO MOJIETIOBAaHHS, MOXYTh IaTH HaM OCTa-
TOYHE pillleHHs 711 0OpaHOi OMOPHOI CUCTEMU: 3HAUYEHHS
momao nedopmatiiit — 6;113bk0 1,5 ¢M y BepxHiii yactuHi, 7,5
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i 13,5 ¢M Jij1s 1iBOTO Ta MpaBoro Kpwi BianosiaHo, 9,01 18 cm
y HWDKHII TTOJIOBUHI 3J1iBa Ta cripaBa, 22,5 cM B OCHOBI TyHe-
mo. Kpim Toro, pe3yibraTti, OTpuMaHi pu BUMipIOBaHHI 3a
JIOTIOMOTOI0 KOHTPOJIbHO-BUMIPIOBAJILHOI araparypu Ipu
BU3HAUYEHHI PO3MipiB TUITy OMIOPU, 1OOPE LTIOCTPYIOTHCS BU-
MipaMM eKCTEH30METpa, 1110 30iraroThCsl 3 pe3yJibTaTaMy UM~
CEJIbHOTO MOJIEJTIOBAHHSI.

KumouoBi ciioBa: xaacugikauiiini cucmemu, indicenepHa eeo-
noeis, npoepama Phase2 2D, 30na poznomis, nidzemui cnopyou,
asmoadopoxcHiii myneas JIpaa Eav Mizan

OueHka reoTeXHH4eCKHX CBOICTB
aBToMOOMIbHOTO TOHHEA /Ipaa Dab Musan
(Axup)

H. @eanyx', M.JI. Byxeanoya', A. Aiiccu?, M. @pedorc'

1 — Jlaboparopust BaJlopu3aliiy TOPHBIX PECYPCOB U OKpYXKa-
fo1ieit cpensl, YHuBepcuteT bamku Moxrap, r. AHHa0a, Aj-
xup, email: nasrofellouh868@gmail.com

2 — JlabopaTopusi TOPHOTO nieja, METALTYPrUM U MaTepua-
70B, HatimoHaxpHast BeICIAS IIIKOJIA TOPHOTO Jiela U MeTal-
Jlypruu, T. AHHa06a, AJKup

Henp. [lokazarh pe3ynbTaThl WHXEHEPHO-T€OJOTHYe-
CKUX MCCIIEIOBAaHUI U CIIPOEKTUPOBATH OITOPHYIO CUCTEMY,
BBIOPAHHYIO B CJIOXKHBIX T€OJIOTMYECKUX YCIOBUSIX, OCOOEH-
HO B 30HaX pa3joMOB. MecToM IpoBeldeHUsT HaOIIOIeHUI
ObLT aBTONOPOXKHBIN TOHHEb JIpaa Db Mu3zaH.

Metoauka. OmnpenesneHue reoTeXHUYECKUX CBOWCTB C
MOMOIIIBI0 PA3IMYHBIX CHUCTEM KIacCU(UKALUKM KavyecTBa

TOPHOI MaccChl, TAKUX KaK MHAEKC Q, XapaKTepuCTUKa I0-
ponnoit Tonmm (RMR) u nHnexe reosornueckoi ycroium-
Boctu (GSI). Kpome Toro, BEIOOpP OMOPHOI cucTeMbl 000-
CHOBaH YMCIEHHBIM MOJEIMPOBAHUEM C IOMOIIbBIO IPO-
rpammbl 2D Phase 2.

PesyabTaTel. ['eoTexHuueckue Mepbl, pa3paboTaHHbIC Ha
OCHOBE MOHUTOPHHTA C TTOMOIIBIO OKCTEH30MeTpa, TTOKa3bl-
BalOT 3HAUYUTEbHYIO COBMECTUMOCTD MEX/1Y F€OTEXHUUECKUM
MPOEKTUPOBAHUEM U ITU(POBBIM MOIEITUPOBAHUEM, UTO IO~
TBEPKAAaeT HaAeXXHOCTb BbIOPAHHOM OIMOPHOM CUCTEMBI.

Hayynas HoBH3HA. YCTaHOBJIEH TUIT OTIOPHI, BHIOPAHHBIN
BO BpeMsI CTPOUTEIbCTBA, KOTOPBII COOTBETCTBYET MECTHBIM
crienuUIecKM yCIOBUSIM CTPOUTETHHOM TUTOIIAIKK, YTO-
OBl UCKJTIOUUTh HECTAOUIbHOCTD.

IIpakTyeckas 3HAYUMOCTh. 3HAUEHUsI, TIOJTyUYEeHHBIE C
MOMOILBIO YMCIEHHOTO MOAETMPOBAaHMS, MOTYT AaTbh HaM
OKOHYATETbHOE pellieHue TSI BRIOPAaHHOU OITOPHOI CUCTe-
MbI: 3HaYEHUsI KacaTeJibHO aedopMaluvii — nopsiaka 1,5 cm B
BepxHeit yactu, 7,5 u 13,5 cM [UIsl JIEBOTO U TIPaBOTO KPBITHEB
COOTBETCTBEHHO, 9,0 1 18 cM B HUXXHEI MOJIOBUHE cJieBa 1
cripaBa, 22,5 cM B ocHOBaHWU TOHHeIsI. Kpome Toro, pesyinb-
TaThl, MOJTYYEHHbIE MPU U3MEPEHUU C TTIOMOLIbIO KOHTPOJIb-
HO-M3MEPUTETHHOI arrmapaTyphl MPU OTIPEIeIeHUN pa3Me-
POB THUIIA OMOPHI, XOPOLIO WITIOCTPUPYIOTCS NU3MEPEHUSIMU
SKCTEH30METPOM, KOTOPBIE COBMAAIOT C Pe3yIbTaTaMK YKC-
JIEHHOTO MOJIEJTUPOBAHMSI.

KiroueBbie clioBa: xiaccugukayuontsie cucmemsl, UHice-
HepHas eeonoeus, hpoepamma Phase2 2D, 30na paznomos, noo-
3eMHble COOpYIHCceHUs, a8MOO0oPodICHbLII moHHens Jpaa Inb Mu3zan
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