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The large, extremely flat, saline, evaporative areas situated either
along the coasts or farther inland of many arid, semi-tropical countries
are known by the word "sabkha". The main distinguishing features of
sabkha are its heterogeneous matrix and its highly concentrated ground-
water. These characteristics of sabkhas contribute to many unresolved
geotechnical problems which could hamper the performance of foundations.

In an attempt to assess the safety and serviceability of foundations
in eastern Saudi sabkha environments, a full-scale research was conducted
to: (i) study the sabkha, its load-bearing and compressibility characteris-
tics as well as other relevant geotechnical properties to assess the safety
of foundations; and (ii) investigate the interaction between foundation
materials and chloride and/or sulfate salts in the sabkha to evaluate the
performance of plain and blended cements in resisting reinforcement corro-
sion and sulfate attack to assess the durability of foundations.

Results of this research indicate that the surficial sabkha soil is
very loose and possess low strength. Some standard techniques, such as
sieve and hydrometer, permeability and consolidation, are shown to be
inappropriate. The collapse potential of sabkha, as determined by a modi-
fied ocedometer, rather than its compressibility, is classified as "very
severe trouble". Silica fume and BFS blended cements exhibited deterio-
ration to a higher degree than other cements in both pure sulfate and
high sulfate-chloride environments. The chloride beneficiation for these
two cements is only marginal because of the excessive magnesium decompo-
sition of C-S-H due to the lower CH content, which is shown to be
unhampered by the presence of chloride ions. However, reinforcement
corrosion, as determined by time to initiation of corrosion and corrosion
current density, is much lesser in silica fume and BFS cements due to
their denser structure. The concomitant presence of sulfate ions aggra-
vated the chloride-induced corrosion. Field results indicated that rein-
forcement corrosion in these two cements was 32 to 21 times lower than
that in plain cements. These results indicated that the high performance
blended cements such as silica fume and BFS blended cements can be used
in sabkha environment. However, water-resistant epoxy coatings should

be applied on these structures if the magnesium sulfate concentration is
high.
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Chapter 1

INTRODUCTION

1.1 GEOTECHNICAL AND CONSTRUCTIONAL PROBLEMS
IN SABKHA

The large, extremely flat, saline, evaporative areas situ-
ated either along the coasts or farther inland of many arid, semi-
tropical countries are known by the Arabic word "sabkha". These
soils are generally viewed as unconsolidated, heterogeneous, lay-
ered or unlayered sedimentological framework, bathed in highly
concentrated, subsurface brines. These features of sabkha soils
have given them hazardous geotechnical properties that need thor-
ough investigation. The determination of these properties has to
be dealt with careful attention due to the presence of soluble and

insoluble salts that exist in the sabkha matrix and its brine.

In the past two decades, the Arabian Gulf countries
including the Kingdom of Saudi Arabia have gone through a spec-
tacular era of industrialization and establishment of the infrastruc-
ture. Some of the construction activity, particularly in Eastern
and Western Provinces such as Jubail, Ras Tanura, Jau'aimah,
Jeddah, Yanbu'a, etc., was inevitably located in sabkha flats.

Also, future urban development in these areas is expected to be

located in this highly aggressive environment, where the salinity of
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groundwater ranges between four to six times that of typical sea
water. As a consequence, serious technical consideration must be

given to these unusual deposits.

Previous experiénce with sabkha in Saudi Arabia and else-
where has shown that the main geotechnical problems could be

grouped into four categories:

i) Problems due to periodic changes in moisture content
ii) Problems due to excessive differential settlements
iii) Problems due to the proximity of groundwater table

iv) Problems due to the presence of highly corrosive

brines.

The last category seems to be the most prominent in east-
ern Saudi Arabia. SCECO has recently conducted a comprehensive
evaluation of manholes and handholes in and around the vicinity of
Jubail. It was found that the majority of these manholes will have
to be either repaired or completely replaced. The cost of restora-
tion of these manholes is estimated to be more than 1.5 billion
Saudi Riyals. Tn another recent investigation, many substructures
which included piers, foundations, columns, etc., that were buried
in sabkha, were reported to exhibit consicderable degree of deterin-
ration. Excessive differential settlements of some structures in
Jizan, although not exclusively due to sabkha, were reported.

Feedback data on the performance of foundations in sabkha is exi-
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3
gently needed so that measures could be taken to mitigate the con-

sequences of this hostile environment.

This research is aimed at investigating the practical
aspects of the four potential problems listed above. The choice
was made on the basis of thorough literature review as well as
experimental and financial limitations. In this study, the sabkha
will be characterized from geotechnical viewpoint, and the interac-
tion of sabkha with foundation materials will be investigated. The
data developed in this study will be useful in better understanding
the criteria for the design of foundations that are safe and ser-
viceable from load and settlement points of view, as well as durable
from the standpoint of materials in such unparalleled hostile envi-

ronment.

The former requirements necessitate a full-scale research
to study the sabkha, its load-bearing characteristics as well as an
assessment of its other relevant geotechnical properties: whereas
the latter necessitates that materials should be developed which do

not deteriorate quickly in sabkha environment.

1.2 OBJECTIVES OF THIS STUDY

The broad objectives of this research are to characterize
sabkha in terms of physico-chemical and geotechniecal properties
and to investigate the interaction between the foundation materials

and the chloride and sulfate ions in sabkha. The specific objectives
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of this study are:

Fig.

(1)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

to characterize a typical eastern Saudi sabkha in

terms of its stratigraphy,

to evaluate the physical and chemical properties of

sabkha,

to evaluate the geotechnical properties of sabkha,
namely, its load-bearing and compressibility charac-

teristics, both in the field and in the laboratory,

to elucidate the sulfate attack mechanisms in sulfate-

chloride environments for plain and blended cements,
to evaluate the role of chlorides on sulfate attack,

to study the mechanisms of reinforcement corrosion in
plain and blended cements in sulfate-chloride environ-

ments, and

to elucidate the performance of plain and blended
cements in resisting reinforcement corrosion and sul-

fate attack in actual sabkha environment.

The above research objectives are schematically shown in

1.1
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1.3 RESEARCH PROGRAM

To fulfill the objectives of this research study, extensive
field and laboratory investigations were carried out. The salient
features of the research program are discussed in the following

paragraphs, while the experimental techniques used are discussed

in Chapter 4.

1.3.1 Site Selection

Site selection was based on surveying several locations of
potential sabkha environments. Published literature and geotechni-
cal reports were reviewed for the selection of a potential sabkha
site. Test pits were excavated down to the watertable in some

selected sites, and samples of sabkha brine were collected for

chemical analysis.
1.3.2 Sabkha Field Tests

Several field tests were conducted, including standard
penetration test (SPT), cone penetration test (CPT) and pressu-
remeter test. These tests were performed in individual boreholes
to avoid disturbance. The depth of penetration was 10 m minimum,
which is reasonably enough for shallow or even deep foundation.
The reason for running several tests at the same location is that
each of these tests has inherently some advantages and drawbacks,

specially in such a highly variable material, which may reflect sev-
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