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Abstract. This work investigates the effect of pre-test curing at various durations on the stress-settlement 
of gypseous sand soil treated with varying percentages of nanoclay. The tests are performed on a soil sample 
from Al-Jameh district in northern Al-Najaf city, Iraq. The soil sample is disturbed and remolded in the 
Oedometer cell. The remolded specimen will be at 90% of the maximum dry density from the standard 
Proctor test. Four data sets related to the percentages of adding nanoclay, 0, 3, 6 and 12 %. Each data set 
includes three groups of pre-test curing periods (Tc), 0, 1 and 4 days. For each tested specimen, a gradual 
incremental normal stress is applied, i.e., 50, 100 and 200 kPa. For the soil without nanoclay, it was an 
interesting result for the performance under all vertical stresses that there is a slight decrease in the final 
settlement. This situation may be attributed to the re-bonded of the particles by the gypsum during the curing 
time. There was a clear decrease in the final settlement for the nanoclay-treated soil specimens compared to 
the natural state of the soil (without nanoclay). While a significant decrease in settlement is recorded for 
specimens with nanoclay (NC) of 6%, which is the best percentage of nanoclay. 

1 Introduction 
 
Rapid collapse is caused by vertical pressures (wetting processes or loading) that are greater than the yield strength of 
some bonding materials [1]. Rain had little effect because of their close penetration range [2,3,4]. Higher gypseous soils 
are more likely to collapse and alter the void ratio [5,6]. Higher gypseous sand soils behave differently with longer soak 
times, although they remain stable under all stress conditions. [7]. The soaking times and stress levels that lead to the 
collapse of such soils increase, according to studies conducted on sand soil with a 29% gypsum content [8]. The curing 
periods are correlated with a decrease in final collapsibility and an increase in collapsibility rate [9]. At higher mean net 
stress levels, the wetting-induced volumetric strain behavior in both undisturbed and remolded soil specimens was 
remarkably consistent [10]. 

Collapse soils usually have an unsaturated form when matric suction (ua-uw) is reduced (saturation) [11]. Sand loses 
volume when it becomes soaked from unsaturated to saturated conditions [12,13]. Unsaturated gypseous soil collapses at 
a higher rate when it becomes wet (soaked) [14,15,16]. The volume change of the unsaturated soils is influenced by 
several factors, including the wetting time [17,18], pores ratios, coefficient of permeability [19], primary saturation, and 
the amount of time the soil is wetted before loading [6,20,21]. 

A variety of additives, including bitumen compounds and lime, can be used to improve and stabilize the behavior of 
gypseous soil. One of the newest approaches to enhancing the problematic soil is the use of nanomaterials [22]. Soil 
collapse potential is reduced by about 73.8% when 10% nanoclay is applied [23]. The probability of soil collapse is 
decreased from severe to moderate when 4% nanoclay is added [22]. As the cure length increases, the change in the void 
ratio decreases [24]. The largest drop in collapse potential was seen in 6% of the nanoclay as a result of the decreased 
gypsum dissolving caused by the nanoclay [25]. 

In this work, the effect of pre-test curing at various durations (0, 1, 4 days) and nanoclay (0, 3, 6 and 12 %) on the 
stress-settlement of gypseous sand soil is investigated. The tests are performed using an Oedometer cell. 
 

2 Materials And Methods 
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2.1 Soil Sampling and Identification Tests

soil samples were collected from the northern district of Al-Najaf city (Al-Jameh district). In the Oedometer cell, the soil 
sample is shaken and remolded. Ninety percent of the maximum dry density from the standard Proctor test will be reached 
by the remolded specimen.

The soil is categorized as poorly graded sand (SP) by the Unified Soil Classification System (USCS). Figure 1 
illustrates the grain size distribution of the soil sample. The maximum dry density, as specified by ASTM D698, is 1.825 
gm/cm3, while the ideal moisture content is 15%. The experiment findings for the identification of the soil sample are 
shown in Table 1.

Fig. 1. The grain size distribution of the soil sample.

Table 1. The results of soil sample primary tests.

Test Designation Standards values
Sand, %

ASTM C136-96a
96.733

Fine, % 2.652
Soil classification (USCS) SP

Specific gravity (Gs) ASTM D854 2.38
Gypsum content, % ASTM C25-19 29

Maximum dry density, gm/cm3
ASTM D698

1.825
Optimum moisture content, % 15

2.2 Nanoclay

The nanoclay "Montmorillonite K10" is employed, and according to the material safety data sheet, it is non-toxic. The 
general properties of nanoclay powder are shown in Table 2.

Table 2. Physical properties and chemical composition of nanoclay [23].

Property Value
Particle size, nm 100
Density, g/cm3 2.3-2.5

Surface area, m2/g 220-270
pH 3-4

Purity, % 99.9
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2.3 Tools and Equipment

The computerized Oedometer is used for performing the tests. The soil sample's settlement (in the steel ring) is monitored 
using a Linear Variable Differential Transformer (LVDT). As shown in Figure 2, these LVDTs are linked to the computer
software program and data logger. The inner cell is 20mm in height and 50.4mm in diameter.

2.4 Test Procedure

Four test groups related to the percentages of adding nanoclay, 0, 3, 6 and 12 %. Each group includes three groups of pre-
test curing periods (Tc), 0, 1 and 4 days and for different soaking periods (Ts), 0, 1, 3 and 7 days. All Oedometer tests 
have the same initial soil specimen properties (constant): a dry density of 1.6425 g/cm3, a water content of 3%, and a 
gypsum content of 29%. The initial dry density is 90% of the maximum dry density from the standard Proctor test.  For 
each tested specimen, a gradual incremental normal stress is applied, i.e., 50, 100, 200, and 400 kPa.

Fig. 2. The Computerized Oedometer.

3 Results And Discussion

3.1 Stress-settlement for reference soil (no-added nanoclay)

Figure 3 illustrates the results of the stress-settlement-time of this specimen. It is clearly to identify that with increasing 
the normal stress (NS) level there is an increase in the settlement. This settlement is quick (within a few minutes) and the 
dominant value (50%) is achieved within a few seconds (15-20 seconds). The final settlements are 2.08, 2.9 and 3.54mm 
under normal stress (NS) of 50, 100 and 200kPa, respectively.

To investigate the effect of the curing duration (pre-testing), Figure 4 illustrates the stress-settlement-time of the soil 
specimens after 1-day curing in the initial water content (3%). The results present an increase in the settlement under the 
same stress level within the same time duration (15-20 seconds). The final settlements are 2.23, 2.85 and 3.58mm under 
normal stress of 50, 100 and 200kPa, respectively.

Fig. 3. Stress-settlement after 0-day curing duration (no curing).
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Fig. 4. Stress-settlement after 1-day curing duration.

Similar to the 1-day curing results, 4-day curing illustrates the same stress-settlement-time with a little decrease in the 
settlement compared to the 1-day curing duration, as in Figure 5. The final settlements are 2.19, 2.72 and 3.348mm under 
normal stress of 50, 100 and 200kPa, respectively. This may be caused by the decrease in gypsum dissolution and the 
increase in gypsum deposition.

Fig. 5. Stress-settlement after 4-day curing duration.

Table 3 summarizes the results of the load-settlement and settlement change ( Sc), as in Equation 1,   due to the effect 
of curing durations. Under normal stress of 50 kPa, there is shifting to the left into 4-day curing, i.e., for the same 
settlement, there is a reduced time, i.e., an increase in the settlement rate. While the final settlement in the 4-day curing 
matches the 1-day curing value. This may be attributed to gypsum softening and/or increasing of grains sliding. With 
increasing the normal stress up to 100kPa and 200kPa, there is a similar initial trend, but the final settlement is identical 
for all curing durations.

Sc = Scafter curing – Scbefore curing             (1)

Table 3. Summary of the load-settlement and curing duration for no adding condition.

Normal 
Stress, kPa

No curing 1-day curing 4-day curing

Settl. (Sc), 
mm

Settl. (Sc), 
mm Sc, mm Settl. (Sc), 

mm Sc, mm

50
after 10 sec. 1.33 1.76 +0.43 2.01 +0.68
Final sett. 2.08 2.22 +0.14 2.19 +0.11

100 after 10 sec. 1.99 2.24 +0.25 2.40 +0.41
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Final sett. 2.90 2.82 -0.08* 2.72 -0.18*

200
after 10 sec. 2.46 2.82 +0.36 2.84 +0.38
Final sett. 3.54 3.54 +0.00 3.34 -0.20*

3.2 Effect of Nanoclay

To investigate the effect of the added nanoclay, Figure 6 shows the settlement-time for the different percentages of 
nanoclay under normal stress of 200kPa for no-curing conditions for the mixture (soil+nanoclay). A clear decrease in the 
settlement within the time and in the final settlement compared to the natural state of the soil (without nanoclay). Whereas 
a significant decrease is recorded for the 6% nanoclay (NC) as the best nanoclay percentage. This result disagrees with 
Karkush et.al., 2020 (NC<2%) and Hayal et al. 2020 (NC up to 10%).

Increasing the curing duration up to 1-day, coincides with results of 6% and 12% nanoclay, as in Figure 7. A decrease 
in settlement rate A similar trend occurred with increasing the curing duration to 4-day, as in Figure 8. For all normal 
investigated stresses, the 6% added nanoclay indicates the most improvement trend among the investigated percentages 
(3%, 6% and 12%).

Fig. 6. Settlement-time for the different percentages of nanoclay under normal stress of 200kPa (no curing).

Fig. 7. Settlement-time for the different percentages of nanoclay under normal stress of 200kPa (1-day curing).
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Fig. 8. Settlement-time for the different percentages of nanoclay under normal stress of 200kPa (4-day curing).

3.3 Effect of Curing Duration (Tc)

Figures 9, 10 and 11 shows the effect of the curing durations for the mixture (soil+nanoclay) on the results of stress-
settlement-time for different percentages of nanoclay (3%, 6% and 12%) under normal stress of 200 kPa. For 3% and 6% 
nannoclay, it is obvious that there is an increase in settlement with increasing curing duration, but, recovery is performed 
with 4-day curing. This behavior can be correlated to the effect of initial low water content and the effect of nanoclay in 
preventing of re-bonding of particles by the gypsum.

With increasing of the nanoclay up to 12%, the behavior of the soil is in a different trend and this might be attributed 
to the effect of fine material, i.e., low settlement rate.

Fig. 9. Effect of curing duration on the settlement-time of 3% nanoclay treated soil specimen under stress of 200kPa.
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Fig. 10. Effect of curing duration on the settlement-time of 6% nanoclay treated soil specimen under stress of 200kPa.

Fig. 11. Effect of curing duration on the settlement-time of 12% nanoclay treated soil specimen under the stress of 200kPa.

Table 4 illustrates the stress-settlement and settlement change ( Sc), as in Equation 1, due to the effect of curing 
durations under normal stress of 200kPa. Generally, there is an increase in the settlement with increasing the curing 
period.

Figure 12 presents the settlement ratio, SR (sett. with nanoclay/sett. without). This figure clarifies that there is a 
noticeable decrease in the settlement from adding nanoclay to soil specimens, whereas there is a significant decrease in 
the settlement with SR equal to about 0.16 under the normal stress of 200 kPa for no-curing conditions. The 3% nanoclay 
is not enough as 6%, while with increasing of nanoclay to 12%, the SR there an action of fine particles results in decreasing 
of the settlement rate. The increase in the curing duration leads to an increase in the SR up to 0.48 for 1-day curing and 
this may be correlated to the lack of the re-bonding due to low initial water content and the existence of the nanoclay. A 
little recovery of the SR with increasing of the curing duration up to 4-day.

Table 4. Summary of the load-settlement and curing duration for different nanoclay percentages under a stress level of 200kPa.

Nanoclay, %
No curing 1-day curing 4-day curing
Sett. (Sc), 

mm
Settl. (Sc), 

mm Sc, mm Settl. (Sc), 
mm Sc, mm

3
after 10 sec., mm 1.09 1.51 +0.42 1.22 +0.13

Final sett.,mm 1.47 2.19 +0.72 1.96 +0.49

6
after 10 sec., mm 0.34 1.11 +0.77 0.74 +0.40

Final sett.,mm 0.58 1.73 +1.15 1.53 +0.95

12 after 10 sec., mm 1.15 0.91 -0.24 0.71 -0.44
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Final sett.,mm 1.89 1.81 -0.08 1.91 +0.02 

 
 

 
Fig. 12. Effect of nanoclay and curing duration on the gypseous sand under a stress level of 200kPa. 

4 Conclusion 
The recent work investigates the stress-settlement behavior of the gypseous sand soil from Al-Najaf City, Iraq. The soil 
specimen is pre-test cured for different durations and treated with different percentages of nanoclay material. There is a 
decrease in settlement with adding the nanoclay. For the soil without nanoclay, it was an interesting result for the 
performance under all vertical stresses that there is a slight decrease in the final settlement. This situation may be attributed 
to the re-bonded of the particles by the gypsum during the curing time. A clear decrease in the settlement in time and the 
final settlement compared to the natural state of the soil (without nanoclay). While a significant decrease for nanoclay 
(NC) 6% was recorded as the best percentage of nanoclay.  

References 
1. Ian, J., Chris D.F R. (2012). Chapter 32 Collapsible soils.  ICE manual of geotechnical engineering: Thomas 

Telford Ltd;. p. 391-411. 
2. Al-Obaidi, Q.A., Karim, H.H., Al-Shamoosi, A.A. (2020). Collapsibility of gypseous soil under suction control. In 

IOP Conference Series: Materials Science and Engineering, 737(1), p. 012103. IOP Publishing. 
3. Al-Saoudi, N., Al-Khafaji, A.N.,  Al-Mosawi, M.J.  (2013). Challenging Problems of Gypseous Soils in Iraq, 

Proceedings of the 18th International Conference on Soil Mechanics and Geotechnical Engineering, Paris, France. 
4. Al-Saoudi, N.K., Al-Shakerchy, M.S.M. (2010). Water infiltration characteristics of Al Najaf City soil, 4th 

International Conference on Geotechnical Engineering and Soil Mechanics, Tehran, Iran, 1-8.  
5. Fattah, M., Al-Shakarchi, Y. (2008). Long-term deformation of some gypseous soils, Engineering and Technology 

Journal, 26(12), 1461-1483. 
6. Abdalhusain, M. M., Akhtarpour, A., Mahmood M. Sh. (2018). Wetting Challenges on the Gypsiferous Soils, 4th 

International Conference on Civil Engineering, Architecture and Urban Planning, Shiraz, Iran. 
7. Mahmood, M. Sh., Aziz LJ, Al-Gharrawi A. (2018). Settlement Behavior of Sand Soil Upon Soaking Process, 

International Journal of Civil Engineering and Technology, India, 9(11), 860–869. 
8. Mahmood, M. Sh., Akhtarpour, A., Almahmodi, R., Husain, M.M.A., (2020). Settlement assessment of gypseous 

sand after time-based soaking. IOP Conference Series: Materials Science and Engineering, 737(1), 012080. DOI 
10.1088/1757-899X/737/1/012080 

9. Hussain, S., Abid Awn, S. (2011). Improvement of Gypseous Soil by Pre-Wetting, Diyala Journal of Engineering 
Sciences, 4(1), 71-82. 

10. Haeri, S.M., Khosravi, A., Ghazizadeh, Sh., Garakani, A., Meehan, Ch. (2014). Characterization of the effect of 
disturbance on the hydro-mechanical behavior of a highly collapsible loessial soil. 10.1201/b17034-35. 

11. Pell, P., Robertson, A., Jennings, J.E., Knight, K. (1975). A guide to construction on or with materials exhibiting 
additional settlement due to collapse of grain structure”, International Journal of Rock Mechanics and Mining 
Sciences & Geomechanics Abstracts, , 12(9), 131. https://doi.org/10.1016/0148-9062(75)91203-6 

8

BIO Web of Conferences 97, 00040 (2024)	 https://doi.org/10.1051/bioconf/20249700040
ISCKU 2024



12. Abdalhusain, M., Akhtarpour, A., Mahmood, M.Sh.  (2019a). Effect of wetting process with presence of matric 
suction on unsaturated gypseous sand soils, Journal of Southwest Jiaotong University, Vol. 54, 1-11. 
https://doi.org/10.35741/issn.0258-2724.54.5.3.. 

13. S. M. Saleh, M. S. Mahmood; Behavior of load-settlement-time for short-term wetting in unsaturated test of Al-
Najaf gypseous soil. AIP Conf. Proc. 14 July 2023; 2787 (1): 080023. https://doi.org/10.1063/5.0148016 

14. Mahmood, M. Sh., Abrahim, M. (2021). A Review of Collapsible Soils Behavior and Prediction, IOP Conference 
Series: Materials Science and Engineering, IOP Conf. Ser.: Mater. Sci. Eng., 1094 012044. 
https://doi.org/10.1088/1757-899X/1094/1/012044.. 

15. Mahmood, M. Sh. (2017). Effect of Time-Based Soaking on Shear Strength Parameters of Sand Soils”, Applied 
Research Journal, 3(5), 142-149.. 

16. Almahmodi, R., Abdalhusein, M. M., Akhtarpour, A., Mahmood, M. Sh. (2022). Characterization of collapsible 
gypsum sand soil with the presence of matric suction using a modified odometer apparatus. Int J Adv Manuf 
Technol  https://doi.org/10.1007/s00170-022-10146-x 

17. Abdalhusein, M., Akhtarpour, A., Mahmood, M. Sh. (2019b). Effect of Soaking on Unsaturated Gypseous Sand 
Soils, International Journal of Civil Engineering and Technology, Vol. 10, 550-558..  

18. Abrahim, M.J., Mahmood, M. Sh. (2021a). Effect of Wetting Progress on The Potential Collapse of Gypseous Sand 
Using Modified Oedometer, International Journal of Engineering, Transactions C: Aspects, 34(12), 2636-2641. 
DOI: 10.5829/IJE.2021.34.12C.08 

19. Abdalhusein, M., Akhtarpour, A., Mahmood, M. Sh. (2022). Unsaturated behaviour of gypseous sand soils using a 
modified triaxial test apparatus, International Journal of Geotechnical Engineering, 16:6, 743-758, DOI: 
10.1080/19386362.2022.2033483 

20. Abrahim,  M. J., Mahmood, M. Sh. (2021b). Water Volume Change Due to Wetting of Unsaturated Gypseous Sand 
Using Modified Oedometer, IOP Conf. Series: Earth and Environmental Science, 856, 012048. 
https://doi.org/10.1088/1755-1315/856/1/012048. 

21. Mahmood, M. Sh. And Abrahim, M. J. (2024) Sensitivity of Unsaturated Tests Results For Time-Based Remolded 
Gypseous Sand Specimens, AIP Conf. Proc. 2864, 030004. https://doi.org/10.1063/5.0186102 

22. Karkush, M., Almurshedi, A., Karim, Hussein. (2020). Investigation of the Impacts of Nano-clay on the Collapse 
Potential and Geotechnical Properties of Gypseous Soils, Jordan Journal of Civil Engineering, 14(4), 537-547. 

23. Hayal, A.L., Al-Gharrawi, A.M., Fattah, M.Y. (2020). Collapse Problem Treatment of Gypseous Soil by 
Nanomaterials, International Journal of Engineering, 33(9), pp. 1737-1742. doi: 10.5829/ije.2020.33.09c.06 

24. Aldarraji, Suha A. and Ganjian, Navid (2023) Void Ratio Change for Nanoclay-Treated Gypsiferous Sand under 
Stress-Curing-Soaking Combination, Proceedings of 1st International Research Conference on Engineering and 
Applied Sciences, AIP publishing. 

25. Aldarraji, Suha A. and Ganjian, Navid (2023) Interaction of Pre-Test Curing and Soaking Process on The 
Collapsibility of The Nanoclay-Treated Soil, Journal of Engineering and Sustainable Development, to be published. 

9

BIO Web of Conferences 97, 00040 (2024)	 https://doi.org/10.1051/bioconf/20249700040
ISCKU 2024


