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Mudrocks are fine-grained clay-rich rocks that comprise different lithotypes forming more than 60% of all
sedimentary rocks, and thus, they occur frequently in engineering projects either as natural ground or as made
ground. These rocks may display a range of engineering behaviours controlled mostly by their composition and
structural features. Due to rapid breakdown and susceptibility to volume changes, they may cause problems both
during and after construction. Research into the susceptibility of mudrocks to breakdown aims to predict
problematic behaviour and provide guidance for avoiding or mitigating these effects. Low-durability materials that

disintegrate during sampling and testing can be especially difficult to assess.

mudrocks laboratory tests geological classifications engineering geological classifications

durability

| 1. Introduction

In spite of constituting more than 60% of all sedimentary rocks I, mudrocks have been less studied than other
sedimentary rock types, such as sandstones or limestones [&. This is attributed to them being encountered in a
weathered condition at surface exposures, and furthermore, they are fine-grained materials with a complex

composition that needs specific laboratory analysis for their determination Z=I4],

The term mudrock is used to define fine-grained sedimentary rocks constituted by more than 50% of siliciclastic
grains less than 63 um in size 2! that are typically composed of over 90% clay minerals, quartz, and feldspar. Often
clay minerals will make up about 60% of the total. Carbonates may occur as grains or cement; other non-detrital
minor constituents, including pyrite and organic matter, and iron-bearing compounds that are important as

pigmenting agents 4B may also be present.

Fabric and grain size are the most important textural features of mudrocks. Fabric characterizes the geometric
arrangement of the particles, which is influenced by the environmental conditions prevailing during sedimentation
and by post-depositional loading-unloading history. A common fabric type consisting of clay flakes arranged parallel
to bedding (fabric lamination) imparts fissility to the rock. This feature, which may be enhanced by weathering
processes, results in the tendency of the material to split along weak surfaces parallel to the stratification. The
percentages of clay size (2 pm) and silt size (63 pm) fractions present in mudrocks constitute the criteria to

differentiate the mudrock lithotypes, such as claystone, mudstone, and siltstone (see Figure 1) (6],
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Figure 1. Lundegard and Samuels’s classification of mudrock.

Stratification is a common structural feature of mudrocks which is termed bedding or laminae, where the later
applies for layering thinner than 10 mm @, Although there is no generally accepted geological classification of

mudrock, stratification and grain size are the two parameters most widely adopted in the schemes used.

Several genetic factors, including composition, induration degree, and post-depositional diagenetic changes,
strongly influence the engineering properties of mudrock, particularly plasticity, strength, deformability, swelling,
and durability/slaking behaviour [, The increase in burial depth and the accompanying enhancement of
diagenetic bonding produce a stronger, more brittle, and more durable material. On the other hand, the removal of
overburden and weathering processes results in the release of strain energy and the weakening of diagenetic
bonding.

The engineering properties of mudrocks can be determined by performing appropriate laboratory tests, according
to whether the material displays rock- or soil-like characteristics. However, due to the sensitivity of clay-rich
materials to changes in stress and moisture content, the processes of sampling and preparation for testing may
have a serious impact on the results these reveal. A particular issue is that tests may only be performed on the
more durable materials, which will impart an over-estimated view of mudrock geotechnical performance in civil

engineering works £,

| 2. Laboratory Testing of Mudrocks
2.1. Mineralogical, Textural, and Chemical Characterization

2.1.1. Polarizing Microscopy

Polarizing microscopy may be used to study the mineralogy and texture of sand-sized and silt-sized constituents of
mudrocks, including features such as cross-bedding, particle shape, segregation and orientations, micro-

lamination, and cementation/bonding. Figure 2 shows microphotographs in crossed polars of mudrocks from
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Abadia Beds (Lower Kimmeridgian—Portugal). Crossed polars refer to the use of polarized light to assist in the

identification of the different mineral constituents.

Figure 2. Massive siltstone (upper left), massive mudstone (upper right), micro-laminated siltstone (lower left),

micro-laminated mudstone (lower right), from Abadia Beds, Lower Kimmeridgian, Portugal; (Om) organic matter.

The process of preparation of the slide for microscope examination entails cutting a thin slice of the rock, which is
then polished using fine-grinding carborundum power and attached with resin to a glass slide. The thickness of the
slice is then reduced to 30 um by grinding the surface; thus, only rocks can be examined using this technique.
Weak rocks can be stabilized by casting them into a resin block before the slice is cut. This whole process is
technically demanding, and the use of the microscope for the identification and description of textural features is a
skilled operation. As the identification of the mineral components depends on the transmission of light through the

grain, due to their small size, it is not possible to discern individual clay grains in thin sections.

Figure 2 shows both massive and laminated siltstone and mudstone. Massive mudrocks (upper microphotographs)
are partly cemented and show partly oriented fabric with detrital and matrix carbonates. Laminated mudrocks
(lower microphotographs) show coarser and fine lamina. The former consists mainly of rounded and sub-angular
grains of quartz (white and grey), some fragments, and inter-granular cementing calcite (brightly coloured) with
strands and pieces of organic material (black). The finer parts contain small grains of calcite and quartz, and there
may be clay minerals, intergranular calcite cement, and fragments of organic matter. Much of the ground mass of
the finer parts of the slide is too small for the grains to be identified. These mudrocks would easily split along the
silty laminae due to the presence of weak organic material; however, the resulting fragments would probably be

strong as the calcite cement would resist particle separation.

2.1.2. Scanning Electron Microscopy
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Both mineralogical and textural aspects of mudrocks may be studied by scanning electron microscopy (SEM).
Secondary electron images (SEI) are used to study textural features, including fabric, shape, and size of the grains
and pore space geometry. Backscattered electron (BEI) images are useful in distinguishing minerals phases as
they provide atomic number contrast. The mineralogy of grains can be identified by their visual appearance or the
chemical composition of grains which may be determined by an energy-dispersive X-ray analysis system (EDS)
joined to SEM. The data obtained allow the role of a specific mineral phase and/or the association between mineral
phases to be determined within the mudrock fabric being analysed. As the area viewed is less than 1 mm across, it
is not possible to identify textural features using SEM. Figure 3 shows BEI images with the identification of
minerals phases present in both siltstones and mudstone samples from Abadia Beds (Lower Kimmeridgian—

Portugal).

Figure 3. Massive siltstone (upper left), massive mudstone (upper right), micro-laminated siltstone (lower left),
micro-laminated mudstone (lower right), from Abadia Beds, Lower Kimmeridgian, Portugal; (Q) quartz, (FK) K-
feldspar, (P) plagioclase, (Ca) calcite, (D) dolomite, (1) illite/mica, (Ch) chlorite, (Py) pyrite and (Om) organic matter.

2.1.3. X-ray Diffraction

Although both optical and SE microscopy may facilitate the identification of the mineralogical composition of
mudrocks, neither method provides a quantitative analysis. The mineral phases of mudrocks are usually
determined by X-ray diffraction, which can return both qualitative and semi-quantitative determinations. The soil or
rock is ground to a fine powder and mounted randomly oriented on a slide that is exposed to a beam of X-rays. The
spectrum of X-rays reflected from the minerals in the sample is used to identify the different mineral phases
present in the rock. Identification of clay minerals is assisted by subjecting the sample to pre-treatments, including
separation of the <2 pym fraction, glycolation, heating, and creating particle alignment by depositing a slurry on to a

slide.
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X-ray diffraction requires the use of sophisticated analytical hardware, specialised software to interpret the X-ray

spectrum by an adequately trained operator. The equipment must be calibrated to perform quantitative analyses.

2.1.4. Porosimetry

Mercury intrusion porosimetry (MIP) and gas intrusion (BET) are used to determine effective porosity, pore
distribution, surface porosity, and particle size of small intact samples of mudrocks. The characterization of those
microtextural features is important as they are closely related to breakdown processes developed in mudrocks.

Specialised equipment is used for the determinations.

2.1.5. Chemical Analyses

Several techniques, including wet chemical, Inductively Coupled Plasma Atomic Absorption Spectrometry (ICP-
AAS), Atomic Absorption (AA), or X-ray Fluorescence (XRF) methods, may be used to determine bulk chemical
analysis for both major and trace elements present in mudrocks (see BS1377-3:2018, [19). Among those, XRF in
which a powdered sample of the rock or soil is analysed, is a rapid procedure providing analysis of most mudrock
components. However, chemical data have limited value in weathering assessment as only small changes in

chemical composition accompany physical weathering processes if these predominate.

The amount of pyrite present in a mudrock sample can be determined by determining the total sulphur content by
High-Temperature Combustion and then treating a sample with acid to remove any acid-soluble sulphur and
analysing the resulting solution using ICP atomic emission spectroscopy or other means. In most geological
materials, gypsum is the acid-soluble sulphur compound and pyrite is the only acid-insoluble sulphur compound, so

the amount of pyrite can be calculated from the difference between total sulphur and acid-soluble sulphur.

2.2. Identification Test

2.2.1. Density and Porosity

Density and total and effective porosity may be determined by several testing procedures provided by the
International Society for Rock Mechanics (ISRM) L1, Alternative methods, such as mercury porosimetry, are used

on samples that disintegrate under vacuum saturation.
2.2.2. Natural Water Content

The natural water content gives valuable information concerning the presence of hydrophilic compounds in rock,
particularly clay minerals. Thus clay-rich mudrocks, especially those containing swelling species, have relatively
high natural water contents. Water absorption and water adsorption contents are, respectively, determined by

conducting immersion tests and exposure of samples of rock fragments to specific moisture conditions 11,

2.2.3. Particle Size and Atterberg Limits
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Prior disaggregation of the material is necessary for the determination of particle size distribution 12l and Atterberg
limits (13!, Methods of disaggregation include alternate wetting and drying, the use of acids or chemical dispersing
agents, and mechanical crushing. However, inter-particle bonding in mudrocks may prevent the disaggregation of
the material into individual particles, in which case the values obtained in these tests are highly dependent on the

effectiveness of the disaggregation procedure.
2.2.4. Methylene Blue Adsorption

The methylene blue adsorption spot test may be used to evaluate the hydrophilic surface characteristics of the clay
minerals and, thus, their capacity to retain water. Methylene blue is not adsorbed by inert minerals and thus may be

used as a routine test to assess the swelling clay component in a powdered rock sample 141,

2.3. Strength and Deformability

2.3.1. Uniaxial Compressive Strength Tests

Uniaxial compressive strength procedures are given by ISRM 2l and ASTM 28], The preparation of cylindrical or
prismatic specimens for the test comprises the major drawback of this test in mudrock, especially material
containing laminations that hamper the preparation of specimens with dimensions suitable for the test. The tests

also entail drying the specimens, which may cause them to become damaged.
2.3.2. Tensile Strength Tests

Testing procedures for tensile strength are given in ISRM 14, but preparing samples and applying tensile forces to
specimens are very challenging, so often diametral compression (Brazilian) tests are carried out. However,
particularly on massive mudrocks, as diametral testing pre-determines the specimen failure surface, they give

higher values than direct tensile strength tests.

2.3.3. Point Load Test

The point load strength test procedure is described in ISRM 18, Although the damage to specimens is caused by
coring or cutting equipment, the test is most suitable for testing indurated strong mudrock types. It is not
appropriate for weak or weathered materials. Poor results are obtained for irregular block mudrock samples with an
axial distance smaller than 25 mm. Equidimensional lumps tested with loading direction perpendicular to
stratification or weakness planes provide the most consistent results. However, for mudrock strength, anisotropy

assessments with loading directions normal and parallel to bedding must be carried out.
2.3.4. Schmidt Rebound Test-Hammer

The testing procedures for the Schmidt rebound test hammer are given by ISRM 12, This equipment is mostly
used for field testing of rock outcrops, but it is also used for laboratory testing on core and/or block samples.
Determinations of rebound number using an N19 Schmidt rebound test hammer for UK mudstones are provided by
Carter and Sneddon 29,
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2.3.5. National Coal Board Cone Indenter (NCB)

The National Coal Board (NCB) cone intender 21 was developed to determine the strength of rock chips not
greater than 12 x 12 x 6 mm in size, where the testing procedures are provided by the National Coal Board, UK
(21 1t is a portable device that does not require elaborate specimen preparation. It is very suitable for testing thinly
bedded or fractured mudrock fragments that would break up during the preparation of specimens for uniaxial
compression tests. In the test, a steel cone is driven against the rock fragment until the deflection values of the

steel beam reach 0.635 mm (standard test) or 0.23 mm (soft rock test).

2.4. Swelling

2.4.1. Swelling Strain

Axial swelling strain tests on radially confined remoulded specimens performed following the National Laboratory
for Civil Engineering (LNEC) test standard E- 200 [22 provide data about the swelling of the mineralogical
constituents of the material in the presence of water. The apparatus is illustrated in Figure 4a, where the sample
consists of two 15 mm thick compacted layers of dry disaggregated material passing a #40 ASTM (425 pm) sieve.
The compaction is performed using a specific plunger applying a force of 0.5 MPa. A micrometer dial gauge

reading of 0.01 mm is used to record swelling strain resulting from immersion in water over a test time of 48 h.

Rock specimen

Dial
Compacted : 3 i g::l:ge
sample ! 5
| i
Solid :| @ |
bhase - = i
g
Ff Ha
Porous metal plate Cell

(a) (b)

Figure 4. Diagrammatic illustrations of the apparatus used to measure swelling strain [23: (a) on radially confined

remoulded specimens; (b) on rock specimens.

Uniaxial and triaxial swelling strain test procedures for intact rock specimens using the apparatus shown in Figure
4b are given by ISRM [11. One of the orthogonal axes is perpendicular to the bedding or parting in the rock. The
test specimens consist of pre-cut cubes of approximately 30 mm side lengths, and they are mounted with the z-

axis normal to the bedding. Micrometer dial gauges reading to 0.001 mm record swelling strain due to immersion in
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water during a standard test time of 48 h or until swelling has ceased. Problems arise with cutting the cubes in

weak and low-durability materials.

2.4.2. Swelling Stress

Swelling stress—strain test procedures are provided by ISRM 24 which require that the applied force is increased
during the test to prevent the specimen from increasing in volume during the test. The apparatus described by
Jeremias [28 consists of a rigid frame and an electrical load cell, as shown in Figure 5. The swelling stress
developed under conditions of zero volume change on Portuguese mudrock samples of Cretaceous age is shown
in Figure 6 (22,

@ ®

| -1 1 — |
IS =\ \H |
® '_;:;,zﬁ:: “é;u;?,*g :
1 EREesl Ty |
i )
| ]
) —Rigid frame &) —Load measuring device  (3) —Porous metal plates (§) —Specimen
B —Stainless steel loading plate (B) —Stainless steel ring (7)) —Cell

Figure 5. Apparatus for measuring the axial swelling stress of an undisturbed radially confined rock specimen 23],
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Figure 6. Axial swelling pressure versus time plots of Cretaceous Portuguese mudrocks measured perpendicular

(black) and parallel (red) to bedding 2. g —Maximum axial swelling stress.

2.5. Durability

2.5.1. Ageing Tests

Natural exposure and ageing tests provide means of mudrock durability assessment. Details of the long-term
disintegration behaviour of mudrocks subjected to natural exposure tests are given by Shakoor and Gautam [28], |n
ageing tests, a specific weathering process is reproduced, of which the most common are cyclic wetting and
drying, freezing and thawing, and soundness tests. Although these tests are used in research studies, they are

very time-consuming and not commonly used in routine investigations.

2.5.2. Slake Durability Test

Mudrock durability assessment in routine studies is usually based on slaking due to cyclic wetting and drying and
mechanical disturbance evaluated using the slake durability test apparatus proposed by Franklin and Chandra 22,
This test was further recommended by ISRM [l and standardized by ASTM [28. The two-cycle slaking durability
index (Igo) has been adopted in several classification schemes for mudrock durability assessment. For the test, 10
equidimensional dried rock lumps, each 40-60 g mass, are placed in a cylindrical drum formed out of 2 mm mesh
that is rotated on a horizontal axis while partly submerged in a water bath. The amount of sample retained in the

drum after 200 rotations is collected, dried, and expressed as a percentage of the original dry mass of the sample.
2.5.3. Static Slake Test

The static slake test consists of one cycle in which an oven-dried 40-50 mm sized cube of rock in which one face

is perpendicular to the bedding, is immersed in water, and its behaviour is observed at specific times over a period
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of 24 h.

Several classification schemes have been proposed [29BAB1I32] to categorise the slaking behaviour of mudrocks.
Santi (33 linked static slake categories to the types of slaking observed and proposed a six-category classification
providing a standard visual basis for distinguishing between degrees of chip or fracture formation. Accordingly,
category 1 refers to degradation to a mud-like consistency, and categories 2 and 3, respectively, describe the
formation of flakes and chips. Categories 4 and 5 describe the formation of fractures and slabs, and category 6 is

applied when no reaction is observed.
2.6. Compaction Tests

In this context, compaction tests are used to study the change of grading between uncompacted and compacted
material, which reflects the breakdown of the particles during the compaction process. Several procedures have
been proposed for this mudrock degradability assessment, but the test given by NF P94-066 34! is one of the most
used. In this test, degradability is expressed as the ratio between Dy determined in the initial grading curve for the
sample and of D1 obtained in the grading curve after sample compaction with one hundred blows with a standard

Proctor hammer using a CBR mould. Ratios higher than 7 express materials are prone to breakdown.

| 3. Mudrock Classifications
3.1. Geological Classifications

The descriptive schemes used for mudrock geological classification are based on features with some genetic
significance. Table 1 shows the guidance given by Czerewko and Cripps 22 for the description of mudrock key
features. Colour, mineralogy, fossil content, fracture type, and induration state are descriptive modifiers that

complement the root names for a better mudrock characterization.

Table 1. Guide to the description of mudrock features 33,

Attribute Descriptive Adjectives

Enables decision on description as soil or rock. If resistant to slaking in water and hard, it is
rock; if susceptible to slaking in water, deformable, and ‘earthy consistency, it is soil. Strength
depends on moisture state; dry sediment is stronger than wet, and rock strength varies with
moisture content; sampling may impair strength.

Induration

Strength is designated based on the degree of induration. For soil, use field consistency values
based on manual assessment, e.g., stiff; when shear strength measurements are made, use
strength terms, e.g., high strength. For rock, a definition based principally on manual field
assessment using geological hammer and knife may be confirmed with UCS measurement:
indurated mudrocks range from extremely weak to medium strong; metamudrocks are stronger
depending on weathering.

Strength

Structure Standard terms for beds, laminae, and parting are provided by Potter et al. II. Include
description of lithology and textural inter-relationship, as complex features may be present with

179-
195,
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Attribute Descriptive Adjectives ol.
structured strata such as ‘thin beds of cross bedded’ mudstone.

Use Munsell colour chart for consistency. Important for correlation; likely environment of
formation and indication of likely behaviour of material, i.e., red colour—likely formation under
oxidizing continental environment. Most important to mudrocks is relationship between colour

Gl on the Fe3*/Fe?" ratio. A decrease in this ratio gives an increase in colour from red — green —
grey (more Fe?* indicates the presence of pyrite). Organic carbon controls colour: <0.2—0.3%C
= light-grey to olive grey; 0.3-0.5%C = mid-grey; >0.5%C = dark-grey to black.
ACCEsSOr Calcareous (slightly to very, based on level of effervescence when assessed with HCI,
mineralsy carbonaceous, dolomitic, ferruginous, glauconitic, gypsiferous, pyritic, micaceous, sideritic, 14,
phosphatic.
Rock name  See classification of Figure 1. .
ties of
. Presence of fossils—record type (generic such as bivalve and retain for identification),
Additional . . . . : . .
information abundance, condition, orientation. Inclusions—nodules (with mineral type and details); gravel,
sand, silt partings or pockets, etc.
State of Alteration seen as distinct discoloration, significant strength reduction to discontinuities, and ineering,
weathering presence of lithorelicts (note orientation). 08.
1 Fractures Use ISO 14689:2017 standard terms and procedures 281 For rock supplements with details Tmical

such as nature of fragmentation, e.g., conchoidal, hackly, brittle, splintery, slabby, fissile.

11. ISRM. Determining water content, porosity, density, and related properties and swelling and

slake-durability index properties. In The Complete ISRM Suggested Methods for Rock

Full engineering descriptions of the jntrinsic condition and mass properiies using descrlﬂtlve adjectlves row d in
Charact errﬁﬁg_ﬁestmg and Monitoring: 1974-2006, 1s ed Ulusay, R., Hudson, J 1S

ISQ standards
Turkish Natlonal Group: Ankara, Turkey, 2007; pp. 83-98.

1EX8E 15780r sizal v cHinicarenasstibatimnsinte Midtingeldgmabrenensriiesting déSolingPand4classifying
mu@etssmipsttichdsPrinek b eSiglatDisthibsitietweSUh S ellieand ShaytzzdditicRois6in3hpdrock. The structure
is characterized b)éflssmty and stratification, Fissility is defined as the character of the rock belngi prone to separate
13.1SO 17892-12; Geotechnical Investigation’and Testing—Laboratory Testing of Soil—Part
along lamination or bedding, planes. Stratification reflects the vertical changes’in composmon colour, and/or fabric

etermination of Liquid and Plastic Limits. ISO: Geneva, Switzerland, 2018; 27p.
that occur in sedimentary sequences. In laminations, this occurs at a spacing of less than' 10 mm, whereas bedding

1i4.thNEk & Qa0 GBis DRteltrunag prodeske y aletgaail ve sthAdethdens dush seltaisddimddaséciadke prone to
spliRaehau Par hpssailen@ plachienvéssreetinmEsancaise de Normalisation (AFNOR): Paris, France,
1998; p. 8.
185trfi1t|f|cat|onD as either laminae (<10 mm) or bedding (>10 mm) is a natural classification facﬁor to distinguish
etermining uniaxial compressive strength a&]d deformabillity of rock materials. In The

between bedded massive mudrocks and laminated mudrocks
Complete ISRM Suggested Methods for Rock Charactenzatlon Testing and Monitoring: 1974—

3. Z’ZO|C__J gllﬂeeéj"#du&goﬁ)d%ggfaa\gsﬁdéaﬂ%wg Turkish National Group: Ankara, Turkey, 2007;
pp. 151-156

TR DHA E s STB RIS RAGIHEER KoP 8 ABFRSRIRRO B L Y PPUFA'EUREModuli of Intact Rock

AN R SRR UG PITFRES 13ty Bt SRS 'SR eI PR TR AR RS nHIS\Rhspetion

bet&e{gﬁg%%%gﬁnpﬂad%k%iq_are consolidated muddy sediments without intergranular cement, and
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1'¢en@Rivt Erefiesmining tensidia strerngihuidroekenatetalsrdpodde g oephe teH SRMoSugek jed iviethomtis
cladeifitktiok €haracterization, Testing and Monitoring: 1974-2006, 1st ed.; Ulusay, R., Hudson, J.,

Eds.; ISRM Turkish National Group: Ankara, Turkey, 2007; pp. 177-184.

The latter was the first to distinguish the control of soil-like and rock-like properties on mudrock breakdown

. ISRM. Determinin int | rength. In Th lete ISRM Meth for R
1b8ehe%/iour. Ac§a _%onall )Il gspp%{;ltteg%%t%yec tps anJ Tgy%romqn%}graf?on, st?eusg%?sst})?g angtwggt e%ng gr% actors
terl

har ion, Testing and Monitoring: 1974—2006, 1st ed.; Ul . n,J, . ISRM
thatC str%r‘?l (iy mﬁ&ér?ce’ er?gsi%e riﬁ1 dprogert;[gs. A%ot 9er app(r)(g)a6c’h t%t(?eqmirygua'ls ggil)r:\;)ékl_ljuo%sn%afy"]lé gssed <§n the

strengil ShanaoRal SIOHR ANSUR kY2087 pp- 121-132.
19. ISRM. Determination of the Schmidt rebound hardness. In The Complete ISRM Suggested

Howga ol s FeEPRnie Chat et isativ A aakti Ateant nah s ifgitelyaceeped pst @ 80ilincks fgurdary, and
thequigladacky of s dasizriiqnuekitte el o e rakara diflareay inagoriopp and 7eseggchers suggested
different UCS values [2313911401441145] " gnd whether loading results in brittle or plastic deformation depends on the

20. Carter, P.dG,; Sneddon, M. C?mg.arison of Schmidt hammer, point load and unconfined
confining conditions and the rate of loading.

compression tests in carboniferous strata. In Rock Engineering; Attewell, P., Ed.; British

TheGrﬁQyt@gH“W&i%P%i%bﬁe%'%C%H%'%Qﬁhay\% H’Hﬁdr]o%zg ?anth%T%?&md on construction and ground

28N9NE66Ral el BYard. NEB @Pethdehtand FIFIHEIRE BIREI aP@DRGE| dppndeiaenmsisithenyeral

clagsiinatRibRNBMSS NPAEERH T BICYSE! BBACSIZINGRTIND Promsyies. Such classifications aim to provide

criteria to deal with mudrocks in desi%n studies and in the organization and management of the construction

Z&b%é\lslsfc Standard No. 200; Soils. Soil Swelling Test. LNEC: Lisboa, Portugal, 1967; 5p. (In

Portuguese)

2B e ARG S RO Edl rRpaseb Atraks o kit BRIl slas A RHep dieead sivitel Gekéceralinn Nrsieh(Ris e
SecapgLYC)A SR HE@PHYY. MdFhélid, foleEstyecT S REfRerR dSEm aldCRRb I oassgiggtion. Accordingly,
the six categories of the Erguler and Shakoor’s classification are as follows: very low (l4, 0-30%—Dg 0.00-0.19),

2 TR Mo RBra0rY (S8UBG G SHEEng (0T ha e et by RN qagssted Mgt o Rack,
055 RASETGEUBH o5 g Monioufg 437t 200,35t e {lisa Hudbon. J. s IS

urkish National Group: Ankara, Turkey, 2007; pp. 199-216.

13.4§r@%6|'[.l§i@ﬁé§cia da Expansibilidade na Durabilidade dos Materiais Rochosos e

Técnicas Laboratoriais Para a sua Avaliacdo. Master’s Thesis, Nova University Lisbon, Lisbon,
Bed305I98khEH Xk ARG sIReIbESABEEIILR OsitDBeS@)ral features and the possibility of mudrocks causing

2R OB RIRABr S AYNEINE AP B |17 h BEUR Y U1 SRE ANt SREIER 5 S RYES A B RRE SRS BEM VY 8P
deRiPYSh SATRY P8 RS PRIVIFSRRIER G B ES 119 B B uae {Rypsigryion works for engineering concerning key

features o_f mudrocks is given in standards and |n the literature. Unfortunately, _detaile_d characterization of
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28 SASCTN DUSARDS H1GH @ STe 40 MIBHRB T PSIRIREBIG N tonf RPrRIRERAEHA A ESHHBISSIA i defdgksuitable
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St OWpESH-PRGI JereffidiaM A S EagReEiIiLe Spsphats el RegisUsuASsociation Francaise de
Normalisation (AFNOR): Paris, France, 1992; p. 7.
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