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Abstract 
 

Ensuring the sustainability of critical and limited natural soil resources is a 

major challenge in arid regions such as Kuwait. Investigations should be 

performed to identify and characterise collapsible surface soil deposits, and 

collapse potential should be assessed if possible in order to evaluate suitable 

stabilizing techniques. The cementation effect of different types of salts gives 

arid soils their considerable strength and stiffness in dry conditions. The 

collapse in these soils may occur due to the reduction of the chemical or 

physical bonds between the soil particles under wet conditions. Collapse 

Potential (CP) is an indication of the collapsibility of these soils. This paper 

presents the results of experimental work that was carried out to evaluate 

the collapse potential of two types of surface soil: sabkha soil and dune sand. 

The experimental program included physical and chemical soil 

characterization alongside a modified compaction test. The collapsibility of 

the soil at a stress of 200 kPa was obtained by performing a Single Collapse 

Test (SCT) via a conventional odometer device in a temperature- and 

humidity-controlled environment. Collapse potential index tests were 

performed on the tested soil samples collected from eight locations in two 

study areas. The results suggest the problem severity is slight to none. 

However, the CP was higher for the sabkha soil samples than for the dune 

sand samples. The increase in collapsibility of the sabkha soil samples may 

be attributed to the removal of bonding between cementing particles upon 

wetting, leading to softening due to the rearrangement of soil particles. 

 

Keywords: Sabkha soil, dune sands, collapse potential (CP), Single Collapse 

Test (SCT), Oedometer 
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1.0 INTRODUCTION 
 

As Kuwait is located in the north of the Arabian 

Peninsula’s hot arid desert zone, it has a dry and arid 

climate with temperatures ranging from 3°C –15°C in 

winter and 25°C – 45°C in summer. As noted by [1], the 

mean annual rainfall is approximately 105 mm, with 

November and May experiencing the most rains. 

Flowing predominantly from the northwest, the winds 

tend to be dust-ridden and followed by rain and 

thunderstorms during March and April (Figure 1) [2]. 

Kuwait’s desert plains are flat and gently 

undulating [3]. The following major groups are part of 

its surface deposits: aeolian, playa, residual, desert 

plain, alluvial fine sand, coastal deposits, and slope 

deposits [4]. Moreover, windblown dune sand covers 

some areas of northeast Kuwait, which is uniform soil 

that has high permeability. The surface windblown 

dune sands are easily influenced by saturation [5, 6] 

and are described as poorly graded soil that has high 

permeability [7], [8] and [9]. Sabkha flats are a major 

part of northern and southern coastal deposits. 

Sabkha, an Arabic term, refers to the large, flat, salt-

encrusted terrain that is deposited in arid conditions 

and is made up of clays, sand, silts, and salty mixtures 

[10]. 

Kuwait’s low rainfall and high temperatures have 

led to extremely high evaporation potential that 

surpasses precipitation by a 30:1 ratio [2]. This has 

resulted in the saline ground water’s upward 

movement [11] and an increased concentration of 

soluble material at or near the ground surface, which 

then leads to the formation of a cemented crust on 

the latter [12] as well as the formation of collapsible 

soils. Gypsum, chlorides, and carbonates form the 

major precipitated salts that function as cementing 

agents [13], [14], and [15]. Furthermore, previous 

cementing agents remain in the surface soil layer, 

which adds to the occurrences of soil collapse [16], 

[17], [18], [19] and [20]. As stated by [19], most natural 

collapsible soils are primarily wind-deposited sand 

and/or silts, including loess, volcanic dust deposits, 

and eolic beaches. 

Collapsible soils’ are any unsaturated soils whose 

particles are drastically rearranged accompanied by 

significant loss of volume when they are wetted, with 

or without additional loading [5], [8] and [21]. 

Kuwait’s collapsible surface soil deposits mean it is 

necessary to carefully consider and assess the 

characteristics and properties of collapsible soils. 

Saturation impacts Kuwait’s surface windblown dune 

sands and sabkha soils, and ground wetting can also 

result in their collapse [6] and [13]. Although the 

sabkhas have low compressibility, test findings suggest 

that there is high collapsibility for these arid, saline soils. 

This is mainly because of the dissolution of sodium 

chlorides, soil grain adjustment, and leaching of 

calcium ions [13], [14] and [15]. In most cases, the 

collapsibility process is either instantaneous or short-

lived [22]. Collapse behavior causes significant distress 

as well as damage to man-made structures [23]. 

Several researchers observed that the construction 

industry’s lack of knowledge concerning the 

identification, treatment, and behavior of the 

collapsing soils has resulted in several cases of 

foundation problems [24], [25], [26] and [27]. Though 

several studies have focused on the geotechnical 

properties of various surface soil deposits in Kuwait and 

the surrounding region, the geotechnical behavior 

and the differences in their chemical composition 

indicates the need for further research in this field to 

improve our understanding of the behavior of these 

soils in different conditions. Several researchers have 

evaluated collapse potential using experimental 

procedures, including single oedometer tests by [28] 

and double oedometer tests by [29]. Single 

oedometer tests are used extensively to assess the 

collapse potential, which can help in measuring soil 

collapse settlement. When a small quantity of clay 

and/or CaCO3 functions as the cementing agent, 

inundation in oedometer is sufficient to measure the 

collapse potential [27]. 

The method outlined above can be used for soils 

whose matrix has a low percentage of soluble 

minerals. However, with soils which contain high 

concentrations of soluble minerals or salts, the 

conventional inundation of the oedometer’s soil 

specimen may result in the collapse potential being 

underestimated. This is because the amount of water 

may be insufficient for dissolving the present salts, 

making the water ‘salt saturated’ [27]. 

This paper will evaluate or quantify the collapse 

potential of Kuwait’s two primary surface soil deposit 

types, including sabkha and dune sands. This paper 

seeks to address the problematic nature of these soils 

to gain a fundamental understanding of their 

geotechnical and engineering properties.   

An oedometer test can help identify the collapse 

potential after inundation with water at a 200 kPa 

stress. This test was conducted as per the procedure 

proposed by [30] and further described by [12]. 

 

 

2.0 METHODOLOGY 
 

2.1 Material Used 

 

The sampling areas selected for this paper are located 

in southern Kuwait, and represent the two major types 

of surface deposit. The first sampling location was 

Mina Abdullah, which is 60 km to the south of Kuwait 

City and includes the southern sabkha soil flats. The 

second sampling location was 80 km to the south of 

Kuwait City, and includes dune sand accumulations in 

Al-Wafra Area. Figure 1 shows the two selected sites. 

To ensure that the salt-bearing soils were not 

affected, the disturbed soil samples that were 

collected were oven-dried for three days in the 

laboratory at a maximum temperature of 60º C [6], 

[13] and] [31]. First, the soil particles were gently 

crushed and then screened using a 4.75 mm sieve. The 
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sieved materials were mixed rigorously, homogenized, 

and then used to identify the soil index properties. 

 

 

Figure 1 Sampling location map [30] 

 

 

2.2 Laboratory Program 

 

The engineering characteristics of the tested soil 

samples were then measured via a variety of 

laboratory tests. These included mechanical sieve, 

liquid limit, hydrometer analyses, plastic limit, 

compaction, collapse, and chemical tests. 

 

2.2.1 Index Properties 

 

To classify the soil samples as per the unified soil 

classification system (USCS), tests concerning grain 

size distribution and Atterberg limits were conducted 

[31]. Because only the collected sabkha soil sample 

included a substantial quantity of fines, mechanical 

sieve as well as hydrometer analyses were conducted 

as per [32], while mechanical sieve analysis alone was 

used to examine the dune sand soil samples. Particle 

size distribution D10, D30, D60, the coefficient of 

curvature (Cc), and the uniformity coefficient (Cu) 

were identified. 

The plastic and liquid limits tests were conducted 

for sabkha soil samples as per the [33]. Following this, 

these two values were used to calculate the plasticity 

index (PI). 

A pycnometer was used as per [34] to determine 

the specific gravity (Gs) or particle density of different 

soil samples, while values were assessed considering 

the average of the two tests. Furthermore, as per [35], 

Modified Proctor compaction tests were conducted 

to obtain the compaction characteristics, including 

the maximum dry density (MDD) and optimum 

moisture content (OMC) for the dune and sabkha 

sand soil samples. Because of this study’s limited 

budget, chemical characterization tests were 

conducted on only two samples from each location. 

 

 

2.2.2 Collapse Tests 

 

Standard front-loading oedometer tests were 

performed on the tested soil samples in order to 

characterise their collapse potential, as per the 

standard [37] proposed by [38]. 

This test included a soil specimen being placed in 

a stainless-steel ring 70 mm in diameter and 20 mm in 

height, and compacting it to its maximum dry density. 

Silicone gel was used to lubricate the inside of the ring 

and decrease the ring’s side friction with the soil 

specimen. The stainless-steel ring’s compacted 

sample was then placed between two porous stones. 

These two stones were saturated by keeping them in 

distilled water for 24 hours, which would also help in 

avoiding water absorption from the sample. The 

specimen was then kept in the consolidation, 

following which the seating pressure was applied and 

the load doubled when there was asymptotic 

monitored dial gauge reading against time. The 

sample was loaded to a 200 kPa stress and then 

bombarded with distilled water for 24 hours. Next, 

calibrated dial gauges were used to calculate 

additional vertical displacements. The collapse 

problem severity was classified by the [35], adopting 

a 200 KPa stress level. Another loading cycle was then 

applied, and the test was completed. 

Each data point represents the average of the two 

tests performed to check the repeatability of the 

data. 

 

 

3.0 RESULTS AND DISCUSSION 
 

3.1 Chemical Analysis 
 

The chemical compositions of the tested sabkha and 

dune sand soil samples are shown in Tables 1 and 2 

respectively. The main component of the Sabkha soil 

samples is silicon dioxide, with an average value of 

32.86%. The second major component is calcium 

oxide at a 30.50% average value, followed by 

sulphate at 19.68%. In the dune soil samples, the major 

component is silicon dioxide at an 86% average, and 

its other components of predominantly aluminium 

oxide and calcium oxide are at lower percentages. 

The pH values of the soils suggest that the tested soil 

samples have moderate to strong alkaline, with the 

sabkha soil samples having higher pH values. This may 

be because of the substantial quantities of 

carbonates found in the samples. 

The findings of this study are similar to those of other 

studies on sabkha soils in southern Kuwait [36], [37], 

[38] and [39] as well as on dune sands [7], [8] and [12]. 
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Table 1 Chemical characteristics of sabkha soil samples 
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Sbk-1 8.2 1.75 34.39 28.95 2.13 1.76 4.51 0.97 1.24 18.95 

Sbk-2 8.15 2.05 29.38 29.65 1.95 1.79 4.83 0.99 1.51 21.95 

Sbk-3 8.18 1.96 34.3 32.38 1.86 1.52 3.69 0.81 0.89 18.78 

Sbk-4 8.25 1.25 35.86 31.99 2.68 1.95 2.96 0.91 1.26 19.55 

*Sbk = Sabkh 

 

 
Table 2 Chemical characteristics of dune sand soil samples 
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Dns-1 7.9 0.55 86.05 2.2 1.2 0.85 5.15 0.85 0.95 0.855 

Dns-2 
7.9

5 
0.75 87.15 2.95 1.1 0.65 3.85 0.85 0.65 0.25 

Dns-3 8.1 0.65 87.25 2.65 0.95 0.47 4.74 0.85 0.75 0.55 

Dns-4 8.0  0.55 86.95 2.2 1.07 0.55 4.25 0.85 0.93 0.45 

*Dns = Dune Sand 

 

 

3.2 Physical Soil Properties 

 

The grain-size distribution curves for the sabkha 

samples, as illustrated in Figure 2, suggest that the fines 

passing No. 200 sieve varied from 10 – 18%, and that 

the collected sabkha samples consisted of sand and 

no gravel. Further, the dune sand soil samples, as seen 

in Figure 2, were uniform medium-to-fine sands and 

contained less than 3% fines. Table 2 shows the tested 

soil samples’ soil gradation analysis:  

 

 
 

Figure 2 Grain size distribution curves for Mina Abdulla sabkha 

soil (MA-SBK) 

 

 
 

 

Figure 3 Grain size distribution curves for Al-Wafra dune sand 

(WA-DS) 

 
Table 3 Physical characteristics of tested soil samples 

 

 
 

 

The results of the soil gradation are similar to the 

results noted by [36], [37] as well as [39] regarding 

southern Kuwait’s sabkha soils, along with the findings 

of [7], [8], [12] and [40] regarding dune sands. 

The consistency limits values, as presented in Table 

1, indicate that sabkha and dune soil samples were 

low-plastic and non-plastic, respectively. The sabkha 

soil’s low plasticity is considered to be a result of its low 

fine contents and low clay particle count.  

According to the Unified Soil Classification System 

(USCS), the sabkha sand soil samples are regarded as 

poorly graded silty sand (SP-SM), while the dune sand 

soil samples are poorly graded sand (SP). The results of 

the soil classification tests are similar to the findings of 

other studies investigating soils from Kuwait and the 

Gulf region, such as those by [37], [38], [39], and [39]. 

The specific gravity values of the sabkha and dune 

sand soil samples were 2.65 and 2.8 respectively. The 

specific gravity values of the sabkha soils are lower 

than the specific gravity values of typical or silty sands. 

This is supposed to be caused by the combined 

impact of the specific gravity’s low oven temperature 

(60°C) and the high salt content of the sabkha soils 

[41]. 
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3.3 Compaction Characteristics 

 

Figures 4 and 5 illustrate the findings from the modified 

Proctor compaction tests regarding the selected 

sabkha and dune sand soil samples. They 

demonstrate that there are defined peaks in the 

compaction curves from the sabkha soil samples, and 

double peaks in the flatter compaction curves of the 

dune sand soil samples. Table 3 presents the optimum 

moisture content (OMC) as well as maximum dry 

density (MDD) values. 

 

 
 

Figure 4 Dry density versus moisture content for Mina Abdulla 

sabkha soil (MA-SBK) 

 

 
 

Figure 5 Dry density versus moisture content for Al-Wafra 

dune sand (WA-DS) 

 

 

The sabkha soil has higher dry density values than 

the dune sand samples because of the cementation 

effect of the sabkha soil particles, while the 

compacted dune soil’s higher void may be caused by 

its lower fines content. The MDD and OMC values 

observed in this study are similar to the findings of other 

studies concerning sabkha soils in Kuwait and the Gulf 

region, such as those by [38] and [39]. 

 

3.4 Collapse Potential Test 

 

This test’s primary aim is to assess the collapse potential 

of both the sabkha and dune sand soil samples, which 

is the collapse strain at a 200 KPa applied pressure 

[25]. 

Figures 6 and 7 illustrate a collapse test’s e-log p 

relationship concerning the sabkha and dune sand 

soil samples respectively, regarding a 200kPa normal 

pressure. The 200 kPa loading mark’s vertical line 

indicates the sudden compression followed by 

inundation. The vertical line’s length under a 200 kPa 

normal pressure refers to the measure of the soil’s 

collapsibility, as presented in Figures 8 and 9 for the 

sabkha and dune sand soil samples. The figures show 

that the 200 kPa reading mark’s vertical line is longer 

for the sabkha soil samples than for the dune sand soil 

samples. 

 

 
 

Figure 6 Collapse test results for Mina Abdulla sabkha soil 

(MA-SBK) 

 

 
 

Figure 7 Collapse test results for Al-Wafra dune sand (WA-DS) 
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Figure 8 Collapse test results for Mina Abdulla sabkha soil 

(MA-SBK) 
 

 
 

Figure 9 Collapse test results for Al-Wafra dune sand (WA-DS) 

 

 

Collapse potential is calculated using the following 

equation: 
 

𝑪𝑷 = 𝚫𝒆  𝟏⁄ + 𝒆𝒐                                                               (1) 

 

Where: 
 

Δe is the difference in void ratio of the two samples 

at a specific stress, while eo is the natural void ratio.  

 
Table 4 presents the calculated collapse potential 

concerning the tested soil samples. 

The collapse potential of the four sabkha soil 

samples varies from 0.136 – 0.54%, while the dune sand 

soil sample’s collapse potential ranges from 0.095 – 

0.16 %. 

As per [27] recommended severity rating, no 

problems were observed in any tested soil samples 

regarding slight with collapse. While the collapse 

potential was highest for the sabkha soil samples, it 

was the lowest for the dune sand soil samples, which is 

primarily because of their chemical composition. 

Because the soil composition of the dune sand is low 

in fine and salt content, it involves a more competent 

and stable matrix. Overall, the sabkha soil’s 

cementation that the salts provide may be weakened 

by the moisture present in sabkha soils, which 

decreases the strength and increases the soil’s 

compressibility. According to laboratory and field 

evidence, the fine‐grained matrix causes the collapse 

phenomenon, and this collapse behavior can be 

caused by as little as 5 – 20 % fines [43]. 
 

Table 4 The collapse potential for tested soil samples 

 

Soil type CP 

MA-SBK-1 0.1368 

MA-SBK-2 0.4526 

MA-SBK-3 0.423 

MA-SBK-4 0.168 

WA-SD-1 0.14 

WA-SD-2 0.095 

WA-SD-3 0.13 

WA-SD-4 0.15 

 

 

The salt bonding’s dissolution as well as the 

capillary tension’s reduction are probably the reasons 

for the collapse taking place following the saturation 

of both the sabkha and dune sand soil samples. It was 

noted during testing that collapse settlement did not 

occur immediately after saturation, but after a few 

hours. The slow collapse suggests chemical cement 

bonding, as the collapse took place because of the 

dissolution or softening of the bonding agents [6]. 

Collapse is typically regarded as caused by a loss in 

the binding agent’s strength and then the coarse 

fraction’s grain re-arrangement [27]. Moreover, [37] 

noted a lower collapse potential when studying 

sabkha soil, which can be caused by the sabkha soil’s 

higher salts content in the present study. Also, [47] 

affirmed this in their study on the collapse of arid saline 

soils, and stated that that these soils need an 

adequate amount of water for percolating to 

enhance the dissolution of the cementing agents [22]. 

As [37] and [45] note, strong contact forces were 

successively carried by the grains, which crushed the 

soil particles because of the initial rearrangement. This 

may have led to more dissolution in the sabkha soil. 

Similar studies conducted on arid soil by [40] 

showed that dune soil’s collapse potential and the 

relative density are inversely proportional. However, 

lower collapsibility values are expected for the 

collapse potential in the soil samples tested for this 

study because of their maximum dry densities’ 

compaction. Furthermore, in the case of compacted 

samples for modified effort, minimum axial strain is 

observed [40]. 

Overall, saturation has an important impact on the 

surface windblown dune sands, with collapse 



99             Fahad A. Al-Otaibi & Humoud Melfi Aldaihani / Jurnal Teknologi (Sciences & Engineering) 83:3 (2021) 93–100 

 

 

apparent at certain locations that are compacted at 

low relative density because of ground wetting [46]. 

However, it has been noted that when the coarse-

grained soils present in a geologically susceptible 

environment are wetted, they can collapse despite 

having significantly high SPT blow counts and high 

densities [43]. 

 

 

4.0 CONCLUSION 
 

This study examined the collapse potential of Kuwait’s 

two major soil surface deposits: sabkha soil and dune 

sands. The results of the soil characterization as well as 

the standard front-loading oedometer tests allow us to 

draw several conclusions. It was noted that the 

sabkha soil and dune sand samples contained high 

levels of silicon dioxide, at 32.86% and 86.0% 

respectively. While the sabkha soil had higher 

compaction characteristics and its peaks were clearly 

defined, the dune sand soil had flatter compaction 

curves and double peaks.  

Moreover, although the sabkha soil’s collapse 

potential was higher than for dune sand, it is not 

regarded as a problematic soil. This may be because 

of its higher concentration of salts compared to those 

found in dune sand samples, which can result in higher 

collapse potential. Further studies on other sabkha 

locations that have higher salt content are therefore 

necessary. 
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