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Abstract. This work presents the geotechnical study to paitila region (Algeria); case of Marechou site
which forms the southern extension of Mila citys Itharacterized by steep slope terrains and clagtyre
belonging to Mio-Plio-Quaternary age. These trajsirtonstitute seat of lot geotechnical problemsh sag
differential settlements, who’s engenders damagelsa constructions. This study has done to cangiland to
solve this problems. Therefore, we have precedednidal analysis, petrographic analysis accordinghto
model of Czerminski and geotechnical study by asialpf various parameters. The results of chenacal
petrographic analysis shows marl, clay and sometisendy soils predominantly low aggressiveness. The
geotechnical analyzes have shown that these seilmmadium clays with very saturated steep, slightbjist to
moist, more or less compact and belong to three rfaanilies of clay minerals (montmorillonite, kaute and
illite). The lithological nature (clays and mart)d morphology of land as well the presence of geater are
the main factors in triggering ground movements|uding differential settlements which present majeks.
The combination of geological, morphological anatgehnical data allowed emphasizing the favorablé a
unfavorable areas to construction. The introductidnprotection techniques against these risks ghlii
recommended.
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1. Introduction

In the world, the soil is exposed to various ndturazards or risks such as erosion [1],
contamination [2], salinity [3], slips [4], settlemts [5], swelling [6]...etc.

Algeria has been the subject of a lot researchésguote the effort of Azzouz 2015 on Tlemcen
region [7], Benaissa 2003 on Constantine [8], Belzhe 2013 on Ain Aminas region [9]and
Athmania 2010, 2011, Afes 1996, Afes & Didier 2@G0@ Khellaf & al. 2015 on Mila region [10, 11,
12, 13, 14]...etc.

Mila region is part of Constantinois basin. It'sacacterized for the most part by gray, brown and
black clays overlying gray marl of Mio-Plio-Quatarg age [15]. These soils have very large volume
variations (differential settlements) [13, 7,16]aexhtheir water content varies on response to dimat
conditions, the existence of aquifer and it's deptie lithological nature, the mineralogical
composition and the anthropogenic actions [16TRAgse variations on volume affect the foundations
working and constructions [5] in contact with thesés cause particularly intense damages on pgriod
of drought [17, 18].
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This work focuses on chemical analysis and analggigeotechnical parameters for soils on
Marechou region (Mila) mentioned above, in ordeestablish differential settlements map for this
area and find adequate solutions for resulting rteeh problems encountered during the

infrastructures implantations.

2. Material and Method
2.1.Study Riding

The Marechou region (Mila) is located at about 5dsouthern Mila city and geologically belongs to
Neogene Mila-Constantine basin [15]. This zone @nhy formed by black marl or marly clays of

Mio-Pliocene age [19]. The site is limited on theuth by mountainous of Marechau ridge, on the
East road to Marechou village, on the North Senneiyaand DNC and on the west road towards

Oued el Atmania (Fig. 1).

ALGER

69,945

Fig. 1: Geographical location of Marechou region (Mila).

2.2. Litho-stratigraphic characteristics of studied region

2.2.1.Neogene deposits
Marechou region is mainly characterized by detridaposits (gravels, sands, conglomerates and
clays), evaporitic deposits (gypsum and rock saltg) lake limestones [19]. On Mila Basin, these
deposits are largely dominated by lagoon-marinay&l marls and evaporites). It's dated from
superior Miocene (Seravalian) to Paleocene [15].

2.2.2.Quaternary deposits
They cover previous formations and representedningkes and blocks of several cubic meters on a
mass of red clay. These deposits correspond to diggkacements on form of muddy flows [15].
According to this author, the most important pdiftdia city is built on these flows.

2.3.Sampling
Clays examined have been taken from different defthese clays have been chosen according to the

problems encountered in this region specially tis¢aibility of the area.

2.3.1.Samples Analysis
The analysis of samples has been performed asvi&llo
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» Petrographic or chemical-weight analysis, whichedeines the percentages of carbonates,
clays and sands, for specific weight of fine sathva diameter less than 0.063 mm [20].
e Geotechnical analysis: This analysis is performgd determining various geotechnical
parameters to soil of the two studied sites [21].
The interpretation of the results obtained is fitten international bibliography.

3. Resultsand Discussion

3.1.Chemical analyzes
The results of these analyzes are grouped in tleniag table (Table 1).
Table 1: Chemical analysis results of samples examingf [2

Depth | Sulphates Depth | Sulphateg
SC SC
(m) (9/kg) (m) (9/kg)

SC1| 2.70-3.00 Traces SCB8 2.40-280 22.48
sc 2 2.70-3.00 8.85 SC10 2.30-2.60 Traces

4.70-5.00 Traces 4.70-5.00 Traces
SC5| 2.90-2.90 Traces SC12 2.00-2/40 16.28
SC 6| 3.00-3.40 Traces

© 2018 JARST. All rightsreserved

The samples examined show a low sulphate rate]tfar the majority results; except for the three
samples (SC2, SC8 and SC12) which has a higheemni80o, this soil presented a low aggressiveness
for the majority of ground [23]. The presence addé sulphates may have several origins, for example
gypsum formation dissolution [24, 25, 26, 27].

3.2.Petrographic analysis (chemical-weight) and rocks classification
The results obtained are grouped and representdeedollowing ternary graphs (Fig. 2).
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Fig. 2 : Ternary presentation of chemical-weight resattalysis and sedimentary rocks

classifications according to Czerminski methodrofile 1 (South part of site), 2 . Profilerith part of site), 1.Clay,

2.Marly Clay, 3. Clayey marl, 4. Marl, 5. Marly lestone, 6. Limestone, 7. Sandy clay, 8. Marly saitaly, 9. Sandy marly limestone, 10.
Sandy limestone, 11. Clayey sandstone, 12. Margstane, 13. Limestoneous Sandstone. 14. Sandstone.

The petrographic analysis of the samples taken @gigave, in general, marly clays, marl-sandy €lay
and sandy clays. The levels of fine sediment corapt;are 44.85 to 83.17% for clays, 2.34 to
30.33% for carbonates and 0.12 to 40.73% for safldsse analyzes show higher clay contents (>
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75%) which makes it's possible to classify the M&@ site soils as clays, marl and sometimes sandy
clays [28, 29], contents of silica (S)Os less than 80%; this percentage is the boundatyeen
swelling and non-swelling soils [30, 31, 10, 11fdaw to medium calcium carbonate contents (0 to
30%); which is a good index of soil mechanicalstsice [32].

3.3.Analysis of geotechnical parametersto the studied site
The following Fig.s and tables summarize the resoititained from these tests and their presentation,
classification and interpretation based on the eptions shown on the international bibliography.

Table 2 : Physical characteristics to soils of Marechau [Si8}.

sc Depth w Sr Yd Yh WL Ip oc Cc | Cg C
(m) (%) | (%) | (Um’) | (Um’) | (%) | (%) | (bar)| (%) | (%) | (bar) | ()
1 2.7-3.00 | 19.18 94.72| 1.73 | 2.06| 56.28 35.191.43| 0.23| 0.06 0.76 | 4
5.00-5.50| 18.9399.93| 1.77 | 2.01| 51.12 27.611.32| 0.19| 0.0 0.52| 4
2.7-3.00 | 19.649591| 1.72 | 2.06| 65.32 41.682.43| 0.23| 0.09 0.28| 2
2 | 470-5.00| 20.5592.74| 1.67 | 2.10| 64.57 39.052.28| 0.19| 0.07 0.53| 2
6.00-6.60| 17.9489.70| 1.73 | 2.04 - - 150 0.18 0.7 - -
3 2.20-2.50| 17.6593.47| 1.77 | 2.08| 60.95 36.311.93| 0.20( 0.05 0.43| 4
4.40-4.70| 15.2092.24| 1.85 | 2.13| 48.58 26.092.00| 0.15| 0.07 0.33| 4
2.20-2.70| 21.37195.66| 1.67 | 2.02| 43.93 23.831.52| 0.17| 0.03 0.33| 4
4 | 450-5.00| 19.3396.18| 1.73 | 2.06 | 63.37 37.682.06| 0.22| 0.04 0.11| 2
6.60-7.00| 19.3396.18| 1.73 | 2.06 - - 1.03 0.20 0.06 - -
5 2.60-2.90| 16.5896.59| 1.82 | 2.12| 4234 24.261.40| 0.23| 0.06 040 | 7
5.60-5.90| 13.6394.21| 1.92 | 2.18| 44.20t24.15| 1.07 | 0.20| 0.0 0.11| 4.2
6 3.00-3.40| 19.1089.89| 1.70 | 2.02 - - 243 0.23 0.0904 | 4
5.70-6.00| 19.0585.99| 1.67 | 1.99| 52.43 27.301.54| 0.14| 0.05 0.10| 4
3 2.40-2.80| 22.8093.62| 1.61 | 1.98| 50.95 26.33150 | 0.16 0.04 0.15| 4
6.10-6.50| 16.7996.19| 1.81 | 2.12| 54.3§ 32.661.35| 0.11| 0.04 0.11| 5
9 2.00-2.40| 20.66 96.61| 1.69 | 2.04| 59.19 32901.35| 0.19| 0.03 0.28| 6
5.00-5.40| 19.2796.64| 1.73 | 2.07| 49.77 26.161.50| 0.20| 0.06 0.10| 8.2
2.30-2.60| 21.98§94.52| 1.64 | 2.00| 64.68 38.551.21| 0.16| 0.0 0.08 | 10
10 | 4.70-5.00| 16.2496.50| 1.83 | 2.13| 43.59 24.711.29| 0.14| 0.06 0.34| 10
6.80-7.00| 19.1792.69| 1.71 | 2.04 - - 1.21 0.16 0.05 - -
1 3.60-4.00| 17.7994.46| 1.77 | 2.09| 57.31 33.891.30| 0.18| 0.03 0.43| 3.7
5.50-5.90| 19.0790.84| 1.70 | 2.03| 39.54 20.980.76 | 0.22| 0.06 0.17| 2
12 2.00-2.40| 23.8196.18| 1.60 | 1.98 - - 1.35 0.20 0.9g70.08| 5
5.00-5.40| 18.9093.48| 1.73 | 2.05| 61.71 36.902.28| 0.18| 0.08 0.15| 4

The Marechou site soils have water contents (Whff3.63 to 29.85%, saturation degree (Sr) from
85.99 to 99.97%, wet densitiegh] from 1.88 to 2.18 t/m3, dry densitiesl) from 1.48 to 1.92 t/m3,
Atterberg limits gave WL values of 39.54 to 79.460td Ip from 20.98 to 49.44% [35, 33], their
representation on the Casagrande diagram and abhouss that these clays are, on the one hand,
positioned above the line A (Fig. 3), on the othand, are between the line A and the line U (Fig. 4
These results make it's possible to classify this smalyzed as medium to steep clay very saturated
by water and slightly wet to wet, calyey nature,[®6, 37, 38], exhibit a more compact and
sometimes more or less loose behavior [38], artherwhole little plastic (AP) to very plastics (AT)
and belongs to three main families of clay minefat®ntmorillonite, kaolinite and illite) (Fig. 4).
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From this results obtained it's noted that the galof limits are largest enough that the norms and
clays studied are swelling [39].
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Fig. 3: Position of Marechou clay on the Casagrandeipigsdiagram.
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Fig. 4 : Position of Marechou clay on the Casagranddipigsabacus.

Sieving granulometric analysis (Table 3) shows :tlihé soil samples analyzed gave a higher
percentage of fines (8D from 57 to 87% greater than 50% (LCPC) and loweoy low level of
coarse elements (sand and gravel) from 0 to 17%owing classifications given; these soils are slay
and loamy clays [14, 13, 37, 36, 38].
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Table 3 : Granulometric analysis results from some coileson Marechou site [33].

Parametres SC3 SC4 SC10
Depth (m) 1.20-1.80 1.80-3.00 3.0-3.40 1.0-1.40
% Gravels 3 17 0 1
% Coarse sand 8 11 0 3
% Fine sand 12 10 13 14
% clay and limon 73 54 87 82

The triaxial test of UU and CD type had a cohegi©opless than 1 bar (0.08 to 0.76 bar), an internal
friction angle ) of 2° to 10° (UU) and average of 13.86 to 40.8t°(CU). The oedometric test gave
an underconsolidation stressc] from 1.03 to 3.22 bar, the compressibility cmedint (Cc) from 0.11

to 0.32 and swelling index (Cg) from 0.05 to 0.098e low cohesion and internal friction angle (UU)
due to the small percentage of fine elements aadigjh percentage of sands, the low cohesion and
the average internal friction angle are due tohigh proportion of fine sands in clays [40, 34]isTh
shows that all facies analyzed are medium to stdaps and coherents [38, 26]; the results of
oedometric test show stiff clay [38] medium oversalidated, medium to highly compressible and
medium to high swelling potential [41, 39]. The graeters variations seem to confirm heterogeneity
of the terrain [27].

3.3.4. Calculation of foundation settlementsfrom laboratory tests

Penetrometrical soundings that have been carriedaue us peak resistance minimum values from 16
to 70 bars. According to this result we recommdredduperficial foundations (strip or square fogting
Calculation of settlement for these foundationsdime according to conceptions shown on the
international bibliography.

* For strip footing

If we have strip footing there is no influence afuhdation shape and in the worst case the
groundwater in the studied site is at 2m deep ¢Z\& show it’s influence by checking the following
condition : 0 <D <1,5B (D is the anchoring foundas equal 2m). For a foundation of width B = 2m
so, the condition is verified and there is influersf groundwater. In this case the general forrofila
limit stress and admissible stress are: Second.poin

a.=((y'+D/1,5B){2-v")).(0.5BN)+Nq(y1D1+v2D>) (1)

Oad=(Y1H1+v2H2) +(0-(v1H1+y2H2))/3 (2)

* For square footing

For the square footing there is an influence ohftation shape and the groundwater (which is at 2m
depth). In this case the general formula of lirtnéss and admissible stress becomes. And so on.
0.=0,5BN(y'+(D/1,5B)fy.-y")(1-(0,2B/D))+{1H1)+y2H2)Ng2+(10,2B/D) N,y 3

Oad=(y1H1H+y2 Ha )+(a-(viH1+y2H2))/3 (4)
For that the calculation of settlements formul# (i) for the overconsolidated soils is the follogin

AH=Hi(Cc/(1+e))log((c,+Ac,)/ (o) (5)
and for underconsolidated soils is:

AH=H{(Cy/(1+e))log(Ac /oV,) (6)
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The results obtained are regrouped in the tabldslenFig.s below.

Table 4 : Calculation Results of gL, gad andii (Strip footing).

South Part North Part
. L ad AH L ad AH;
Parametres (KI\?/mZ) (KS /m) (cm) Parametres (KI\?/mZ) (KISI /m?) (cm)

C1 855,9 381,33 16.29 SC1 683,86 304,15 10.6
SC2 604,94 268,95 19.654 SC2 611,9 272 15.44
SC3 686,5 305,34 6.82 SC3 656,21 291,74 8.14
SC4 875,55 390,16 11.20 SC4 610,97 2713 8.24
SC5 603,5 268,3 24.38 SC5 755 336,3 13.45
SC6 1229,47 505,2 19.11 SC6 1059|5 435,02 14.65
SC8 704,41 313,47 4.98 SC7 834,18 350,86 16.96
SC9 612,74 272,46 9.15 SC8 802,21 357,22 20.6
SC10 718,64 302,05 17.92 SC9 665,83 29598 24.41
SC11 554,25 246,25 27.75 SC10 355,%4 18726 26.2
SC12 595,48 264,57 22.88 SC11 740,91 329|77  2/7.66
SC13 487,11 216,17 16.86 SC12 653,49 290,56 8.13
SC14 720,28 320,44 14.35

Table 5 : Calculation Results of gL, gad an#li (square footing).
South Part North Part
L ad AHi L ad AH;
Parametres (KI\(Iq/mz) (KS /) (cm) Parametreg (KI\?/mZ) (KISI /m?) (cm)

SC1 45,3 141,33 15.95 SC1 83,24 159,44 11169
SC2 20,59 87,89 13.78 SC2 50,41 118,4 10{99
SC3 63,88 140,394 7.54 SC3 139,02 212,02 15.84
SC4 124,48 222,79 4.45 SC4 38,84 106,48 6.80
SC5 63,84 131 17.42 SC5 27,63 112,2 9.30
SC6 98,41 193,8 20.30 SC6 85,67 167,55 10,38
SC8 89,1 167,78 24.82 SC7 43,238 116,04 10.9
SC9 51,85 120,06 25.90 SC8 27,08 116,90 14,27
SC10 13,47 75,98 12.28 SC9 52,74 126,79 17,32
SC11 76,37 137,87 19.7§ SC10 108,88 177,63 18
SC12 30,513 96,59 15.87 SC11 43,683 126,44 18.14
SC13 34,63 88,43 11.52 SC12 14,89 87,6 15,1
SC14 40,061 120,41 9.12
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Fig. 6 : Spatial variability map of differentials settlents under square footing.

The values of differentials settlementgH{) recorded at Marechou site are very high, rarfgettveen
6.82 to 27.75 cm for strip footing and from 4.452®90 cm for square footing (Table 4 and 5). The
Interpolation and representation of these valuespatial variability maps (Fig. 5 and 6) shows that
the majority soils of this region are presented/Varge volume variations and have tendency tdesett
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These differentials settlements are greater tham ®ither under strip or square footing and occupy
the whole of studied region. The zones where tkeitementsAHi < 5¢cm) are minimal and occupy
reduced area on maps (Fig. 5 and 6). The valuesded under strip or square footings in our site
studied, appeared to be identical and are mostigtgr than 5 cm. Therefore, they are not admissible
so, buildings and individual houses are in dand& B8, 5]. This phenomenon is generated in this
region when their water content varies in respotselimatic conditions, hydrostatic effect of
groundwater [7], the difficulty of draining waterofn these soils, draining the groundwater [16] and
the presence or abundance of fine clay mineralsods; such as the smectite which is very sensitive
to the phenomenon of shrinkage- swelling, espgciallsemi-arid zone, which can manifest itself as
differential settlements of foundations [10].

3. Conclusion

The Marechou region (Mila), which includes the sbddsite, belongs to Neogene basin of Mila-
Constantine; characterized by tellian formationstiydormed by marl and clay of Mio-Pliocene age.
The chemical analysis of site soils shows low ty Vew levels of sulphates with low aggressiveness.
The petrographic analysis of these soils yieldedyntdays, marl-sandy clays and sandy clays.
Laboratory tests make it possible to classify trerddhou soils as medium to steep clay that are very
saturated by water, slightly moist to wet, not vetgstic (PA) to very plastic (AT), exhibit a more
compact behavior, sometimes more or less loosdprumly sized and spread. These clays are
consistent, overconsolidated, medium to highly casgible and medium to high swelling potential.
As a result, these clays also have large volumatiams and show very high differentials settlemsent
values (greater than 5 cm).These settlements affedting foundations and constructions in contact
with these soils so, they are the cause of paatityuintense damage in periods of drought.

4. Recommandations

Once the problem occurred on study area, we coedltitht the dwellings installed in this site widl b
uninhabitable because settlements will increasemupdrmanent loads and operating expenses which
threatens life human, for that we recommend:

« Adrainage system to accelerate consolidation.

e Continuous monitoring of settlements until stalaiian.

« If the settlement is excessive, this problem messdlved either by strengthening the soil or
by modifying the anchoring of foundations (changihg type of foundation) or modifying the
stress imposed by the structure to increase thgicgrcapacity of foundation

e Drainage upstream of site with rainwater collection

« Maintain the level of groundwater below the anclgeraf foundations by performing a
peripheral drainage.

» To prohibit the implantation of trees near to dewsonstructions
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