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Abstract: Morocco, which is in a seismically active zone, is currently experiencing a significant development in
terms of the realization of development and infrastructure projects. Therefore, reflection on soil liquefaction
problems during project design is essential. The densification of soils by vibro compaction is a recent process of
soil treatment, its effect is to improve the geo mechanical characteristics of the soil in this case the relative
density and subsequently the reduction of the potential for liquefaction, it is a technique soil improvement in the
mass, it is closely linked to the grain size of the soil to be treated, its percentage of fines less than 10% (going to
0.08 mm <10%), this technique gives the treated soil sufficient cohesion to avoid large increases in pore
pressures during the earthquake. This article aims, through the study of a real case, to evaluate the effectiveness
of vibro compaction to improve the relative density of the soil and consequently the reduction of the risk of
liquefaction of the treated soil. The work focuses on the analysis of the SPT tests carried out before treatment
and on the CPT tests of control of the vibro-compactge works carried out after execution. This study showed that
this process generates an effect of improvement of the relative density and reduction of the compaction by
inducing a reduction of the risk of liquefaction.
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BJAUAHUE YIIVIOTHEHUSA IOYBbI HA OCJIABJIEHUE
SABJEHUSA EE PA3KWXEHUA B IOPTOBOM ITPOEKTE
B MAPOKKO

Moxamen b3uas !, Jlaxcen Baxu !, Jlarudpa Oanud ', Anac Baxu !, Adgexak Caduxu 2,
Xamy Mancypu ?

! JTaGoparopus L3GIE, Umxenepras mkona Moxammamuu, BP 765, Arnan Pa6ar 10090 Yuusepcurer Moxammena V
B Pabare, Mapokko
2 O6mecTBennas nmadoparopus LPEE mis ucnsranuii 1 uccnenobanuii, r. Kacabmanka, Mapokko

AHHOTauusl : Mapokko, Haxojsuieecs B CEHCMMYECKM AKTUBHOW 30HE, B HACTOSLIEE BPEMs MEpPEKHUBAET
3HAYUTEILHOE Pa3BUTHUE C TOYKU 3PEHHs pea3alfy JIeBEJIONEePCKUX M HH(QPACTPYKTYPHBIX MPOEKTOB.
[TosToMy Ba)kKHO YUYHTHIBATH MPOOIEMBI PA3KIDKECHHUS MOYBHI NMPH pa3paboTKe MPOEKTa. YIUIOTHEHHE TPYHTOB
MyTeM BUOPOYIUIOTHEHUS - 9TO HOBEHIIMI Tpoliecc 00paboTKu IpyHTa, ero A3QdeKT 3aKiIoyaeTcs B yIydIeHuH
TreOMEXaHUUECKHX XapaKTePHCTHK T'PyHTAa, B JIAHHOM ClIydyae OTHOCHUTEIBbHOW IUIOTHOCTH M, KaK CIIE/ICTBHE,
CHIDKEHUH TOTEHIMAaNIa Pa3KImKEHUs, TO METO/I YJIy4lIeHHUs] TPYHTa B Macca, OHa TECHO CBSI3aHa C pa3MepoM
3epeH 00pabdaThIBaEMOro TPyHTA, €ro MPOICHTHAs 101 MeakuX dactuil meHee 10% (mo 0,08 mm <10%), 3TOT
METOJI IpuaeT 00paboTaHHOMY I'PYHTY JOCTATOYHYIO CBSI3HOCTB, YTOOBI N30€XKaTh 3HAYUTEIILHOTO YBEITHUCHUS
TOp. JTaBJICHUS BO BpeMs 3eMJICTpsCeHUs. JlaHHas CTaThs HalpaBlicHA Ha U3yYCHHE PEabHOTO CIydasi, YTOOBI
OleHUTh S()(HEeKTUBHOCTH BUOPOYIIOTHEHHS [UIA YIYYIICHHS OTHOCHUTEIHHON IUTOTHOCTH TpYHTAa W,
CIIEJIOBATEIIFHO, CHIDKCHHS PHCKA pPa3KIKeHHs oOpabareiBaeMoro rpyHta. OCHOBHOE BHHMaHHE B pabote
ymensercss aHanuzy wucnbitanuii CIIJI, mpoBeneHHBIXx 10 o0pabotkwm, u wucheitanmii CPT  koHTpoIs
BHOPOYIUIOTHAIONINX pabOT, MIPOBEACHHBIX MTOCTIE BBITOIHEHHUS. DTO NCCIEI0BAHNE TTIOKA3aJI0, YTO 3TOT MPOIece
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1. INTRODUCTION

Carrying out projects on predominantly sandy
land in seismic zones requires consideration of
the liquefaction phenomenon in order to avoid
unforeseen damage (Seed, 1971[2]; Robertson &
Wride, 1998[3]; Boulanger & Idriss , 2008 [4]).
To meet this need, the evaluation of the
liquefaction potential by appropriate methods
therefore becomes an important step in the
design of projects in order to decide on possible
treatment methods, depending on the nature of
the ground treated. Our studied case is the soils
of Nador in the North — East of Morocco. this
soil consists of sandy deposits presenting a risk
of liquefaction. after having confirmed the
seismic risk by the exploitation of the SPT tests
carried out on the materials in place, the vibro-
compaction was carried out to fight against the
phenomenon of liquefaction. The vibrations
generate a  temporary  phenomenon  of
liquefaction of the ground surrounding the
vibrator. In this state, the inter granular forces
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Figure 1. Location of the study area
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are almost cancelled, and the grains rearrange
themselves in a denser configuration presenting
better mechanical characteristics. The purpose of
this article is to describe the technique as it is
carried out today and to discuss the parameters to
be defined and controlled to ensure the
effectiveness of the liquefaction treatment
process by vibro-compaction and in particular
the relative density of the soil, and this through
the exploitation of a companion of the CPT tests
carried out after treatment of the materials.

2. PRESENTATION OF THE SITE

The site object of our study is located in the
North-East of Morocco, it is the city of Nador
which is known to the Mediterranean. The site is
made up of permeable sandy deposits. At this
location, the characterization of the soil's

susceptibility to liquefaction is essential. the
location of the study area is shown in figure 1.
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2.1 Geological setting

The study area is part of the Eastern Rif, and
presents geological formations characterized by
an upper Miocene and a lower Pleistocene
belonging to the Villafranchian. These lands
consist mainly of pink silts with a gravelly bed,
and a small strip of a powerful Quaternary;
both belonging to the Middle Quaternary.
Around the site There is a set of characteristic
reliefs, formed by intermediate substrates : To
the east, the volcanic Massif of Gourougou,

located at the eastern limit of the site. It is 25
km long along the E-W axis and 15 km wide
along the N-S axis. it culminates at 887m. It is
a complex stratovolcano formed from a variety
of volcanic,

basic and intermediate rocks. To the north, the
Cap des Trois Fourches massif, resulting
mainly from pyroclastite lava volcanism, and a
set of metamorphic rocks. It culminates at
433m at the top of the tarjat.
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2.2 The seismicity of the region

The province of Nador is part of the Rif
chains, this region is the seat of a very active
instrumental seismic activity, which has been
verified and validated by a set of studies
which have highlighted the existence of
numerous active structures in the within the
Rif chains.

The area planned for the port of Nador project
and the watershed to which it belongs are
located at the north-eastern end of the high Rif
ranges, at the bay of Bettoya. It is obviously in
the northern zone with medium seismicity. In
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addition, the Nador region is part of zone No. 3
according to the RPS 2000 revised in 2011, and
therefore a maximum acceleration of 0.2 g is
considered.

3. CONTEXT AND GEOTECHNICAL
RECONNAISSANCE

to assess the state of compactness of the soil, an
SPT test was carried out. the test result is
shown in Table 1..
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Table 1. SPT test result

Depth(m) Number of shots
1.5 9
3.5 25
5.5 17
9.5 2
11.5 12
13.5 13
15.5 17
17.5 24
19.5 40
21.5 68
23.5 > 50
25.5 >50
27.5 >68
29.5 77
31.5 78
33.5 >80
35.5 >T77
37.5 >83
39.5 >95
41.5 >99

The lithological section shows that the terrain
of this area consists mainly of sand-based
sediments up to a depth of 21.50 m. Note
however the presence of a layer of alluvium
between 21.50 and 22.50 m. The bedrock is
made up of volcanic tuff and greyish marls up
to a sounding depth of 44.30 m.

the sands encountered are loose to moderately
compact, except between the depth of 19.30 m
and 20.30 m where there is a dense layer of sand.

4. SOIL LIQUEFACTION RISK
ASSESSMENT

In the presence of groundwater, the resistance
to liquefaction of the soil is evaluated by
applying the NCEER method, developed by
Youd and Idriss[5], The risk of soil liquefaction
is given by the safety factor F.S:

Volume 19, Issue 3, 2023

F.S = CRR/CSR (1)

With: CSR: cyclic stress ratio.

CRR: cyclic resistance ratio. According to euro
code 8[6], and RPS 2000 version 2011 [7],
liquefaction occurs if the CRR/CSR ratio <
1.25 (2)

4.1. Cyclic Stress Ratio (CSR) Assessment
Seed and Idriss 1971[8] formulated the
following equation for the calculation of the
cyclic stress ratio CSR

CSR =% = 0,65 (m—) (—°) ry (3)

S'vo g S'vo

Where 7., is the average cyclic shear stress;
Omax 1S the maximum horizontal acceleration at
the ground surface; g = 9.81 m? / s is the
acceleration due to gravity; o, is the initial
vertical total stress; 6’ is the initial effective
vertical stress; rq is the stress reduction factor.
The stress reduction coefficient is expressed as
a function of depth by the following equations
(Liao and Whitman 1986) [8]:

rq =1-0.00765z z<9,I15m (4)
rq =174 - 0.0267z 9,15m <z <23m (5)

4.2. Evaluation of Cyclic Resistance Ratio
(CRR)

The determination of cyclic soil resistance can be
carried out using data obtained from in-situ tests
(Standard penetration test, Cone penetration test,
shear ~wave velocity measurement). To
incorporate the effect of earthquake magnitude
(duration of earthquake or number of cycles), an
MSF magnitude correction factor that adjusts the
CRR value to an earthquake magnitude of 7.5
will be added in the following equation which
becomes as follows:

CRR = CRR7.5 * CM (6)

With CM correction factor, determined
according to Annex B of EN 1998-5[6], based
on surface wave amplitude M
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Table 2. CM correction factor, determined
according to Annex B of EN 1998-5/6]

M CM
5.50 2.86
6.00 1.20
6.50 1.69
7.00 1.30
8.00 0.67

4.3 Evaluation of Safety Factor

The standard penetration test is the most
commonly used test. It consists of determining
the number of strokes N necessary to sink a
corer to a depth of 30 cm, while taking
reworked samples indicative of the different
layers crossed. This method wuses the
normalized standard penetration index N1.60cs
For a magnitude of 7.5 an approximation of
CRR is given by the formula established by
Idriss and Boulanger (2006) [9-11]

_ (N1)gocs (N1)socs 2 (N1)6ocs 3
CRR7-5_EXP[ 14.1 +( 126 ) _( 23.6 ) +

4
(“52=) —24] @
(N1 goes = (N1)go + EXP (1. 63+ ———
15.7 2
(ress) ) ®)
Table 3. Safety factor for SPT-Test
Depth(m) Nspt CSR CRR FS
1.5 9 0.26 0.52 2.01
3.5 25 0.25 >4.0  >1.5
5.5 17 0.27 0.55  2.08
7.5 17 0.25 0.40 1.56
9.5 2 0.24 0.13  0.55
11.5 12 0.23 022 097
13.5 13 0.21 0.21 1.00
15.5 17 0.20 0.24 1.20
17.5 24 0.18 0.31 1.69
19.5 40 0.17 1.07 6.29
21.5 68 0.16 >4.0 >1.5
23.5 50 0.14 1.41 >1.5
25.5 50 0.13 .73 >1.5

The safety factor calculated in table 3 leads to
the conclusion that the layers between 9.00 m
and 16.00 m are liquefiable.

4.4 Prediction of Seismic-Induced Settlement
Based on the curves of Ishihara and Yoshimine
[12], Driss& Boulanger proposed the following
empirical relationship:

gv=1.5¢(~0:025Dmind) min (8 ;v max}

.. N1(60)cs
\/ 46

If Dr,ini > 39.2% = Fult=0.032+0.047. Dr,ini -

0.0006.(Dr,ini)?

iF not Fult =+0.9524

If FS <F ult=>ymax— o ()]
If FS>2 =y max=0

IFFult <FS<2 = ymax=3.5(2- FS)(—rr)

Table 4. Safety factor for SPT-Test

Depth(m) Nspt  (N1)gges Drjini  SS(cm)
1.5 9 22.51 0.70 1.15
3.5 25 39.08 0.92 0.00
5.5 17 24.76 0.73 0.41
7.5 17 23.18 0.71 0.77

9.5 2 7.46 0.40 8.77

11.5 12 16.70 0.60 2.46
13.5 13 16.27 0.60 2.38
15.5 17 18.73 0.64 1.20
17.5 24 23.42 0.71 0.31
19.5 40 34.19 0.86 0

SS : Seismic-Induced Settlement
The Seismic-Induced Settlement is about 18.00
cm.

5. SOIL TREATMENT BY VIBRO-
COMPACTION

According to paragraph 3, there is a risk of
liquefaction between 9.00 and 16.00 m depth.
The treatment against liquefaction was done by
vibro-compaction in the context of the
construction of the port of Nador in Morocco,
in order to improve the relative density of the
materials in place.
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To evaluate the effect of soil densification on
liquefaction, the results of CPT tests carried out
after treatment are used. Given the number of
tests carried out which are more than 20 CPT
tests after vibro-compaction, we will simply
interpret the 7 tests which are located at the
points indicated in table 5:

Table 5. Checkpoints of CPT tests after vibro

compaction
Point X Y CPT
1 703413.10 520974.01 CPT1
2 703392.58 520996.46 CPT2
3 307390.42 520953.30 CPT3
4 703454.86 521014.34 CPT4
5 703382.57 521052.02 CPT5
6 703410.14 520933.01 CPT6
7 703398.25 521024.51 CPT7

The determination of the relative density after
vibro-compaction can be done by referring to
the work of Jamiolkowski (1985) which made
it possible to establish a generic correlation
applicable to all types of sand and which is
formulated in the following form:

ol &)
4e = Co-PureCPm . (%22) (10)
dc
Dp = Cil.ln +PO (11)
o ((52)c:)

0" v0= 2. Vsat — Yw) (12)
Ysat = 21 kPa
Yw = 9.81 kPa

P, = 101.325 kPa
gc : Measured cone resistance

DR = Relative density; o', : Effective
vertical stress; CO : Jamiolkowski coefficient
(1985 2001); CI1 : Jamiolkowski coefficient
(1985 2001); C2 : Jamiolkowski coefficient
(1985 2001). This work was supplemented by
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Jamiolkowski (2001), who proposes new

coefficients C0O, C1 and C2, re-evaluated:

Table 6. Coefficients C0, C1, C2 determined by
Jamiolkowski in 1985 and 2001 for relations

10 and 11.
Jamiolkowski 1985 2001
Co 11.79 17.68
C 2.93 3.1
C 0.72 0.5

The 2001 coefficients are more unfavourable in
that, for an equal target relative density, they
require higher values of qc than those of 1985.
The use of this formula makes it possible to
trace the variation of relative density as a
function of depth (Fig3 to Fig9), and this by
exploiting the results of the CPT tests carried
out after vibro-compaction.

The value of the relative density required after
treatment depends on the requirements of each
project, but in general it must be greater than
70%. for the case of treatment of the sand of
the port of Nador by vibro-compacting the
validation criteria are as follows:

1. The minimum geometric mean of the relative
density measured between 0 and 4 meters depth
of the CPT must be 70%

2. The minimum geometric mean relative
density measured over the entire depth must be
77%

3. The values of the peak resistance qc
measured must be evaluated in relation to the
conformity curves Fig: 10. No section must
decrease beyond these curves over more than
50 cm of continuous test depth

For this project the criteria mentioned above
are respected for the 7 control tests and
consequently the vibro-compaction has made it
possible to improve the relative density of the
soil and to reduce the risk of liquefaction.
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Figure 3. Relative density for CPTI as a
function of depth
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function of depth
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Figure 6. Relative density for CPT4 as a
function of depth
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6. CONCLUSION

in this work we studied the soils of the port of
Nador in Morocco, these soils are characterized
by the existence of loose sandy deposits to
moderately compact presenting a risk of
liquefaction between the depths 9 m and 16 m,
which was confirmed by the evaluation of the
liquefaction potential and the relative density by
the exploitation of the SPT tests carried out on
the materials on site. the CPT tests carried out
on the vibro-compacted materials have made it
possible to conclude that the relative density
reached after this treatment is satisfactory by
inducing an improvement in the geomechanical
characteristics of the treated soil and
consequently the elimination of the risk of
liquefaction during the earthquake
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