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Geotechnical Properties

Quantity measured

References for method of
measurement

Clay Fraction< 5°m (%) 87.9 ASTM D422-63[28]
pH (1:10; soil: water) 8.5 ASTM D4972 [29]
EC (1:10; soil: water) (mS/cm) 6.45 ASTM D1125-95 [30]
Carbonate content (%) 31 Hesse, 1971 [31]
Strength Parameters ggi‘gi‘sgfg(}?() ) 116‘.‘7 ASTM D3080 [32]
Unconfined Compression Strength (kPa) 870 ASTM D2166 [33]
Liquid limit (%) 46 ASTM D4318 [34]
Plastic limit (%) 25 ASTM D4318 [34]
Plasticity index (%) 21 ASTM D4318 [34]
Maximum dry density (kN/m?) 16.5 ASTM D698 [35]
Optimum water content (%) 16 ASTM D698 [35]
Coefficient of Permeability (m/s) 1.2x10% ASTM D5084 [36]
Gs 2.65 ASTM D854 [37]
Classification CL ASTM D3282 [27]
Color Green

Soil composition

Palygorskite, Kaolinite,

Ichimura and Manning, 2004 [38]

Calcite, Dolomite, Quartz

Table 1. Some geotechnical characteristics of southern marl samples in Iran
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Table 2. Chemical properties of southern marl samples in Iran based on XRF analysis

Vi T 0) 110 o 4 Sty O Osmili g 5 035
AN el Y2 ke 4 OF 5l ey 5 03508 ol ¥ e
I lpH s ol St bk s PH Cos Gl e A
‘)‘ eéuﬁ.w\la.‘)yy \ HCL 9 NaOH (_;LAJ_AN AR 9 ¢
d‘ﬂ.M&u‘du—gTJﬂj&AyaﬁaﬁQ)y4.5@;:.;
Sl PH a1y a0 2alS Gl 4 S 5 gl Lol 5 sloe!
ol sl a5 S s GUB Lyl 5 sl sl 5 el Y
N LS IURINN W YOI P SO WA RECTR P o] RS PRVN

O 5 e 5 s a5y 50 PH 3 bt sas PH 55 Ve 550

o)

sl PH hls st ool 5o esliad 5550 Sole S 50
—ean S s b St b PH Olge 4 45 035 VO
et Jole 5 LB 5 el il il slel (gl s
(HCL?) sl SIS 5508 I 5 (NQOH') oS5y
el 0 oslizad (MErck) S e (gols &S0 3l ol ags
3 Glewl Gl goes 055 LI 51y 4500 Sl PH s
Sl shie a5l e edeel edd S PH Ol 4 (LI
e 1y £ SISl e S S ool S oSl pH

1. Sodium Hydroxide
2. Hydrogen Chloride
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3.X-Ray Fluorescence
4. Scanning Electron Microscope
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Fig. 3. Flooded samples, variant percentage curve of marl

samples at different initial pHs for durability test after 24 hours
and Water absorption percentage at pH 2 and 4
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Abstract:

Background and Objective: Marl soils with their complex behavior can be found in different parts of the
world, such as Spain, the United States, Italy, Britain, France, Canada, and the Gulf states. In Iran, also,
Marls can be located in abundance in the marginal zones of the East Azerbaijan Province, Persian Gulf,
Hormozgan, and Qeshm Island. Marl soils' engineering behavior and durability in dry and wet conditions are
entirely different and cause challenges in construction projects. Marl-like soils are widely observed in
different parts of the world. The behavioral characteristics of marl typically depend on the distribution
and size of the particles and their plastic properties. Under dry conditions, the deformation of marl
soil is due to the breakdown of particles and creating a new structure. However, when this type of
soil is exposed to moisture, the aggregate bond will degrade and cause swelling in the soil and, at the
same time, a change in its hardness and strength; on the other hand, many polluting industries are
located on marl soils. Usually, the pollution caused by these industries changes the pH and creates acidic and
alkaline conditions in marl soils. Therefore, this study aims to study the effect of initial pH on the durability
of marl soils from a microstructural perspective.

Materials and methods: In this regard, marl soils with different initial pHs were prepared by adding 1
M sodium alkali hydroxide (NaOH) and hydrochloric acid (HCl). Changes in geotechnical and
geoenvironmental characteristics were investigated by macrostructural experiments (Atterberg
Limits, permeability, and unconfined compressive strength, durability, and water absorption testing) as
well as microstructural experiments (Laser diffraction particle size analysis (PSA), X-ray
diffraction (XRD), X-ray fluorescence (XRF), carbonate percentage determination, and scanning
electron microscopy (SEM) images) and the effect of initial soil pH change on marl engineering
behavior was investigated.

Results and discussions: One of the most important results of the present paper is the durability and stability
of marl soils with initial pH <4 against moisture. Based on the SEM images and XRF analysis results, the
formation of magnesium chloride in the structure of palygorskite and sepiolite has caused the stability of
marl soils with initial pH< 4. Also, the initial strength of marl soil does not affect the durability of
indentation.

Key Words: Marl, Durability, pH, Microstructure, Slake, SEM.
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