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ABSTRACT 

Fao region is characterized by weak soft silty clay to clayey silt thick layer which extends 

to a depth of about 20 m. The construction of some structures on such soils may needs piles. 

During the installation of driven piles, the soil geotechnical properties are exposed to 

significant changes result due to shearing under large shear strains. These changes 

significantly decrease the shear strength of the virgin soil due to the destruction of soil 

structure caused by remolding. The degradation of shear strength is usually followed by 

strength regaining which is called “Thixotropy”. In this study, the thixotropic effect on Fao 

clay was investigated. Many disturbed and undisturbed soil samples were brought from Fao 

region. Some of the soil samples were thoroughly remolded in the laboratory in its natural 

water content and molded as direct shear specimens. More than 180 specimens were 

prepared and tested over 36 weeks in order to accurately assess the percentage of strength 

regaining with time passing. The results show that soil remolding causes about a 45 % 

reduction in shear strength in comparing with the shear strength of the intact soil. This 

reduced percent in shear strength was almost fully regained after 25 weeks due to thixotropic 

effect. 

Keywords: Clay, Thixotropy, Strength regaining, Thixotropic effect, Remolding. 

 

 استعادة التصلب بتربة الفاو
 

 الخلاصة

م. بناء المنشآت على تربة من هذا 20تتميز تربة الفاو بكونها تربة ضعيفة من الطين الغريني بسمك يصل الى حوالي 

ركائز. اثناء عملية دق الركائز, تتغير خصائص التربة بشكل كبير بسبب انفعال القص الكبير.  النوع ممكن تحتاج الى

هذه التغيرات تؤدي الى تقليل مقاومة القص للتربة غير المشوهة بدرجة كبيرة بسبب تدمير هيكل التربة الناتج عن اعادة 

يدعى استعادة التصلب. في هذه الدراسة, تم التحقق من  تشكيل التربة. النقصان بمقاومة القص المتبوع باستعادة المقاومة

تأثير استعادة التصلب على تربة الفاو. التربة تم جلبها من الفاو. تمت اعادة تشكيل التربة كليا في المختبر ثم قولبتها على 

رت اكثر من  عينة تم فحصها  180شكل نماذج لجهاز فحص القص المباشر و بذات المحتوى المائي للتربة الاصلية. حُضِّ

اسبوع لغرض تحديد نسبة استعادة التصلب بدقة مع مرور الوقت. النتائج أظهرت ان اعادة التشكيل تسبب  36على مدى 

% مقارنة مع مقاومة قص التربة غير المشوشة. النسبة المفقودة من مقاومة القص تمت 45بتقليل مقاومة القص بنسبة 

 ب تأثير ظاهرة استعادة التصلب.اسبوع بسب 25استعادتها كليا بعد 

 .: الطين, استعادة التصلب, استعادة القوة, تأثير استعادة التصلب, اعادة التشكيلالكلمات الرئيسية
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1. INTRUDUCTION 
Thixotropy is one of the oldest and commonly known rheological phenomena in colloidal 

science. This term “Thixotropy” was firstly presented by Petrify in 1927. Then used by 

Fruedlinch, 1935, to pronounce the phenomenon of the revocable and isothermal solid-

liquid change of colloidal structures after mechanical excitation, Zahng, et al., 2017. 

Thixotropic behavior was detected in many geotechnical engineering fields and usually seen 

in landslide soils such as clayey rocks, Soloneko, 1977, and clayey soils, Khaldoun, et al., 

2009.  

Soil Remolding causes a significant loss in the initial soil strength due to the destruction of 

soil structure and interparticle forces. With time passing, the soil starts to regain its lost 

strength. This process of strength regaining without changing in volume, water content 

and/or effective stress is called Thixotropic phenomenon. This phenomenon, also known as 

“thixotropic hardening’, occurs due to gradual rearrangement of soil particles to form new 

and stable soil structure. Soil particle rearrangement occurred due to the bonding forces 

caused by the increased mechanical stability and equilibrium, Skempton and Northey, 

1952, Mitchell, 1960, Chan and Yong, 2014, and Zahng, et al., 2017. 

Thixotropic hardening is really important, but a complex phenomenon. The thixotropic 

mechanism of soil results from Remolding remain unclear, Zhang, et al., 2017. Until now, 

there is no formula which evaluates the thixotropic effect for all types of soil. This may be 

due to the dependency of thixotropic effect on soil structure, mineral compensation of the 

soil, time and ionic concentration, Skempton and Northey, 1952, Mitchell, 1960, Farsakh, 

et al., 2015, and Shahriar, et al., 2018. The comparison between the results of the previous 

researchers showed ambiguous conclusions and the percentage of strength regaining 

different according to the type of soil, Zahng, et al., 2017. From series of tests, Mathes, 

1968, observed that the maximum strength ratio (ratio of strength at time (t) to the strength 

at time (0) (i.e. the soil strength immediately after Remolding) is 1.7 while, Zhang, et al., 

2017, observed that the maximum strength ratio is 2.58.  

In this research, the thixotropic effect on Fao clay is investigated. Fao region which is located 

at the extreme southern part of Iraq is chosen as a study area.  The importance of Fao region 

emerges from the fact that it is the unique marine front in Iraq. Many oil exporting facilities 

and other infrastructures are planned to be constructed in this region. This study is therefore 

devoted to evaluate and assess the thixotropic effects on the engineering behavior of Fao 

clay. This was performed through an extensive laboratory testing program. 

 

2. EXPERIMENTAL WORK 

 The soft clayey soil in the Fao region extends to 20- 30 m below the natural ground level 

(NGL). The ground surface is almost flat and the groundwater table is close to the (NGL).  

Many disturbed and undisturbed soil samples were brought from a depth of about 3 m. As 

shown in Plate 1, an open pit was initially performed by an excavation machine to about 2 

m depth then by manual excavation for the last meter to avoid sample disturbance, as much 

as possible. Thin wall steel cylinders were then pushed by hand inside the soil. The wall 

thickness of each cylinder is (0.2 cm) with the dimensions of (20 cm) in diameter and (25 

cm) in height. After pushing the cylinders through the soil, the soil surrounding the cylinders 

were manually removed. Cylindrical block of soil samples with minimum disturbance were 

obtained and ready to be collected from the pit. The collected samples were then carefully 

sealed and transported to Baghdad. All the laboratory tests were carried out at the 

Laboratories of the Department of Civil Engineering / University of Baghdad. 
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Plate 1. Collecting of undisturbed soil samples from about 3 m deep open bit. 

2.1 Geotechnical Properties of Fao Soil  

Table 1 displays the physical properties of the soil samples collected from Fao region. It 

can be noticed that the soil is silty clay with a natural water content of about 36% and about 

100% saturation. The liquid limit is about 48 and the plasticity index is 21. The specific 

gravity of the soil is about 2.75. The obtained results are almost consistent with those 

available in the literature. 

 

Table 1. Physical properties of the virgin soil. 

Type of  test Results and Description of the 

averaged value 

No. of 

trails 

ASTM 

designation 

Liquid limit 48% 3  

D4318 Plastic limit 27% 3 

Specific gravity, Gs 2.756 3 D854 

Sieve Analysis 99 % passing sieve No. 200 3 D6913 

 

Hydrometer test 

70% is the percentage of clay, 

while 29 % is the percentage of silt, 

and 1% is the percentage of sand. 

 

3 

 

D7928 

Water content 36 % 5 D2216 

Bulk Unite weight 18.4 kN/m3 5 D 7263 

Void ratio 0.99 6 D2435 
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Table 2 shows the percentages of some of the chemical compounds that exist in the natural 

soil. It can be noticed that the percent of organic matters is about 4.2%. The value of pH 

which is about 8.04 indicates a weak base nature of the soil. 

For soft clayey soils, the most important geotechnical properties are the undrained shear 

strength and the compressibility. In this research, undrained shear strength is obtained by 

three different tests, namely; the direct shear test, the vane shear test, the unconfined 

compression test, and the undrained triaxial test. In practice, the condition of soil Remolding 

during pile driving is quite similar to that occurs in direct shear test since the shearing plane 

is already defined at the interface between pile and soil. An emphasis is, therefore, paid to 

the results of the direct shear test provided that the rate of shearing is quick enough to 

maintain the undrained condition.  Bro, et al., 2013 indicated that when the test is so rapid 

that shearing time (tf) is less than (t50/8), the undrained condition for the clayey soil can be 

satisfied in the direct shear test, where t50 is the time to reach 50% consolidation. 
Each geotechnical property was determined from at least 5 relevant tests. Table 3 displays 

the values of the undrained shear strength as obtained from different test apparatuses. The 

difference in the values of the undrained shear strength may be attributed to the differences 

in the size and the boundary conditions of each the tested samples. 

 

Table 2. Chemical test results. 

The normal load that was applied in the direct shear test was 7.15 kPa which is relatively 

small.  This was mainly because of the consistency of the Fao clay.  By experience, it was 

noted that higher normal applied load causes squeezing of soft clay out of the shear box, 

specifically from tiny space in the area of the contact surface between the two parts of the 

shear box. The soil squeezing occurred when increasing the normal load for about 25 kPa. 

Table 3 shows also the value of the undrained shear strength of both undisturbed and 

remolded soil samples using various tests. From direct shear test results, the remolded shear 

strength is about 53% of that of the intact soil.   Fig. 1 shows the relation between the shear 

stress and the shear displacement for a typical direct shear test on an undisturbed soil sample. 

 

 

 

 

 

 

 

 

Porosity 0.497 - Physical 

relationships Degree of saturation 100% - 

Chemical Compound Percentage (%) 

Total SO3 0.475 

Total soluble salt (T.S.S) 0.4 

Organic content % 4.2 

Total Cl% 3.8 

pH value 8.04 
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Table 3. Shear strength values from different test. 

 

 

 
Figure 1. Shear displacement vs shear stress in the direct shear test for intact soil. 

 

2.2 Specimens Preparing for Thixotropic Effects 

In order to investigate the Thixotropic effects on the Fao clay, about 180 soil specimens are 

to be prepared in a special manner to be tested throughout a time frame of about 36 weeks.  

The following steps were performed to reconstitute the remolded soil specimens: 

1. An amount of about 24 kg of the disturbed soil was brought from the Fao region. This 

disturbed soil was collected from the soil that surrounds the thin metallic cylinders 

and from the soil that manually collected from the same depth in which the 

undisturbed soil was collected. Then the disturbed samples were sealed by triple 

plastic bags and conveyed to the laboratory. 
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Type of test 

Undrained Shear Strength  

(Su) in kPa 
Water 

content 

% 

No. 

of 

trails 

ASTM 

Designation Undisturbed 

soil 

Remolded 

soil 

Direct Shear test “Normal 

load equal to 7.15 kPa” 

 

15.26 

 

8.175 

 

35.86 

 

6 

D3080 and, 

Bro, et al., 

2013. 

Vane 

shear 

test 

Big vane (DxH) in 

mm is (33x50) 
10.86 3.375 36.05 5 

 

 

D4648 

 

Small vane (DxH) in 

mm is (19x30) 
10 3.95 35.92 6 

Unconfined compression test 13.72 9 35.41 5 
D2166 

 

Triaxial test (unconsolidated 

undrained test) 

 

22 

 

- 

 

35.32 

 

4 

 

D2850 
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2. The disturbed soil was spread and air dried then crushed into small pieces then 

pulverized before oven drying. 

3. The amount of water which is needed to reach the in-situ water content was added 

gradually to the pulverized dry soil. 

4. During adding the required amount of water, the process of kneading was done 

simultaneously to ensure homogeneous reconstituted soil which was almost fully 

remolded. 

5. The prepared soil is then spread again and cut by a special cutting box that was 

designed to obtain soil samples that fit the direct shear mold with minimum 

disturbance. 

6. As shown in Plate 2, about 180 specimens of the reconstituted soil were prepared 

then tightly sealed to maintain the natural water content and stored in a humid 

restricted place until the testing date. 

 
Plate 2. Reconstituted soil specimens prepared for Thixotropic effects investigation. 

 

2.3 Specimens Testing for Thixotropic Effects 

After keeping the prepared soil specimens away from any mechanical disturbance or water 

content losing the testing program started from day one after preparing and continued to 

about 36 weeks.  During the first week, four tests were performed. At each specific testing 

time, three specimens were tested to have an idea about the consistency of the obtained 

results. As mentioned earlier, the direct shear test was used to evaluate the undrained shear 

strength of each specimen. Following the recommendation of Bro, et al., 2013, the shearing 

rate was controlled so that the ultimate strength was reached within a time period which was 

less that t50/8. For each of the tested specimen, the water content was checked again to ensure 

that all samples are almost of the same water content of the intact soil with an acceptable 

deviation of (+2% to -2%). This mainly because of the consistency of clayey soils is highly 

affected by its water content. 

Table 4 reviews the obtained values of the undrained shear strength for each of the three 

specimens that were tested at each specific time. It can be noticed that the three obtained 

values are almost consistent. 

 

3. RESULTS ANALYSIS AND DISCUSSIONS 
 In order to have a clear idea about the variation of the undrained shear strength with time, 

the following parameters are calculated and defined as: 
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- SuD %: Percent of undrained shear strength degradation due to the remolding of soil 

compared to that of intact soil. 

- SuR %: Percent of strength regaining due to thixotropic effect compared to the lost 

amount of strength upon remolding. 

These parameters are mathematically expressed as follows: 

 

SuD % = 
Intact Soil Su−Su at week (i)

Intact Soil Su 
x 100                                                                             (1) 

 

SuR%=
Intact Soil Su −Su at week (i)

Intact Soil Su −Remolded Soil Su 
x 100%                                                                      (2) 

Where:- 

Intact soil Su= the undrained shear strength of the undisturbed soil =15.26 kPa. 

Remolded soil Su= the undrained shear strength of the remolded soil = 8.175 kPa. 

Week (i) = week No (i) after reconstituting soil. 

 

From Table 4, it can be noticed that the percent of strength degradation upon soil remolding 

is about 45% measured immediately after remolding and reconstituting the soil specimens. 

This degradation is attributed to the destruction of the bonds between soil particles and 

rearranging these particles in a weaker skeleton during the reconstituting process. With time, 

the lost strength is gradually regained as shown in the last column of Table 4. The percent 

of strength regaining reaches about 100% after 25 weeks.  

Fig. 2 below displays the trend of variation of the undrained shear strength with time. The 

solid line in this figure represents the best fit curve for all the tests results that are represented 

as discrete filled points. It is obvious that the rate of strength regaining is relatively high 

during the first three weeks. This rate gradually decreases for the following time period. 

More than 60% of the lost strength is regained during the first five weeks. The strength 

regaining may be attributed to rearranging and rebuilding of the bonds between soil particles 

with time.  

 

 

Table 4. Thixotropy results. 
Test 3 

 

Test 2 
 

Test 1 
 

Time 

in 

week 

 
 

SuD SuR 

 
W.C. 

% 

Su in 

kPa 

 
 

SuD SuR 

 
W.C. 

% 

Su in 

kPa 

 
 

SuD SuR 

 
W.C. 

% 

Su in 

kPa 

42.9 7.7 35 8.72 46.4 0.0 35.11 8.18 44.6 3.8 34.81 8.45 
0 

42.3 8.8 34.11 8.80 42.9 7.7 34.58 8.72 41.7 10.2 36.18 8.90 
0.28 

40.0 13.8 36.51 9.15 40.4 13.1 36.1 9.10 35.8 22.9 36.28 9.80 
0.5 

33.9 26.9 36.74 10.08 34.8 25.1 37.01 9.95 33.9 26.9 35.14 10.08 
1 

21.4 53.8 35.56 11.99 17.9 61.5 34.9 12.54 25.6 44.8 34.71 11.35 
2 

19.1 58.9 34.22 12.35 16.1 65.4 34 12.81 19.6 57.7 34.52 12.26 
3 

14.1 69.7 35.25 13.11 14.3 69.2 35.12 13.08 14.2 69.5 34.93 13.10 
4 

13.2 71.6 33.77 13.25 13.8 70.2 33.61 13.15 15.1 67.4 36.92 12.95 
5 
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14.3 69.2 33.5 13.08 12.5 73.1 31.91 13.35 14.3 69.2 33.67 13.08 
6 

12.5 73.0 34.33 13.35 12.1 74.0 35.4 13.42 13.0 71.9 34.3 13.27 
7 

11.2 75.9 34.9 13.55 11.9 74.5 35.2 13.45 12.8 72.5 35.21 13.31 8 

10.6 77.3 35.2 13.65 11.7 74.9 35.94 13.48 11.9 74.5 36.11 13.45 
9 

8.9 80.8 34.22 13.90 12.5 73.1 34.43 13.35 10.9 76.6 33.78 13.60 
10 

8.2 82.4 34.7 14.01 9.2 80.1 33.59 13.85 8.7 81.2 34.46 13.93 
11 

7.1 84.6 34.3 14.17 7.9 82.9 34.19 14.05 7.5 83.8 34.4 14.11 
12 

7.0 84.9 34.21 14.19 7.5 83.9 34.33 14.12 6.2 86.7 34.42 14.32 
13 

6.6 85.7 34.91 14.25 5.3 88.6 35.2 14.45 5.6 88.0 34.03 14.41 
14 

5.4 88.5 35.84 14.44 4.8 89.6 35.55 14.52 5.0 89.3 34.55 14.50 
15 

5.2 88.8 34.25 14.47 5.6 88.0 34.12 14.41 1.8 96.2 33.43 14.99 
16 

4.9 89.4 33.59 14.51 5.4 88.5 35.61 14.44 1.8 96.2 33.76 14.99 
17 

3.1 93.2 35.8 14.78 5.0 89.3 35.29 14.50 3.6 92.3 33.95 14.72 
18 

1.8 96.2 35.2 14.99 4.0 91.4 34.27 14.65 3.6 92.3 32.44 14.72 
19 

2.6 94.4 35.7 14.86 3.6 92.3 33.56 14.72 1.8 96.2 32.38 14.99 
20 

2.1 95.5 35.85 14.94 0.7 98.4 31.59 15.15 1.5 96.8 33.5 15.03 
21 

0.7 98.4 34.2 15.15 0.0 100.0 34.51 15.26 1.0 97.7 33.64 15.10 
22 

0.0 100.0 35.93 15.26 -0.3 100.7 35.22 15.31 -0.6 101.3 34.31 15.35 
23 

0.1 99.9 34.37 15.25 -1.9 104.1 33.13 15.55 -1.0 102.1 33.97 15.41 
24 

-0.7 101.4 34.02 15.36 0.0 100.0 33.55 15.26 -0.6 101.3 33.9 15.35 
25 

-1.8 103.8 34 15.53 0.7 98.4 35 15.15 0.5 99.0 34.44 15.19 
26 

0.6 98.7 33.01 15.17 -1.0 102.3 35.46 15.42 0.3 99.3 34.52 15.21 
27 

0.2 99.6 34.53 15.23 -1.6 103.5 33.52 15.51 0.4 99.2 34.11 15.20 
28 

0.8 98.3 34.59 15.14 0.0 100.0 33.91 15.26 -1.6 103.4 33.01 15.50 
29 

-1.8 103.8 35.22 15.53 -0.3 100.6 35.13 15.30 -0.9 102.0 33.89 15.40 
30 

0.9 98.2 35.01 15.13 0.1 99.9 32.95 15.25 -1.9 104.1 34.58 15.55 
31 

-1.3 102.8 35.72 15.46 -0.3 100.7 33.71 15.31 -0.2 100.4 34.95 15.29 
32 

0.8 98.3 34.98 15.14 0.0 100.0 33.77 15.26 -0.9 102.0 35.27 15.40 
33 

0.3 99.3 34.25 15.21 -0.6 101.3 35.51 15.35 0.7 98.4 33.52 15.15 
34 

0.3 99.4 35.91 15.22 0.1 99.9 32.07 15.25 -1.8 103.8 34.09 15.53 
35 

0.6 98.7 35.77 15.17 -0.1 100.1 33.86 15.27 0.0 100.0 32.28 15.26 36 
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Figure 2. Percentage of strength regaining due to thixotropic effect with time passing in 

weeks. 

 

As an attempt to obtain a mathematical relation between the strength regaining percent and 

the time (in days), Fig. 3 below is presented. The elapsed time after soil remolding in this 

figure is expressed in a logarithmic scale. The best fitting line is almost linear and 

mathematically can be expressed as: 

SuR = 19.852 ln(t) – 4.223                                                                                                  (3) 

where t is the time in days ranging from (2-252). 

R2=0.97 and the No. of points is 114 point. 

 

 

 
 

Figure 3. Percentage of strength regaining due to thixotropic effect with time passing in 

days using a logarithmic scale. 
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4. CONCLUSIONS 

 

In this study, the thixotropic effects of the Fao clay were investigated throughout a time 

period of about 36 weeks.  The undrained shear strength of the intact soil was measured first 

then that of thoroughly remolded is obtained after reconstituting the natural soil. The 

following points can be deduced as concluding remarks: 

1. The shear strength of the undisturbed Fao clay is almost twice as the shear strength 

of the remolded Fao clay. 
2. The direct shear test can be adopted to measure the undrained shear strength of 

clayey soil provided that the shearing rate is so rapid that ultimate strength can be 

reached within a time period less than one-eighth of time required to reach 50% 

consolidation. 

3. The strength regaining percent increases with the elapsed time after remolding. 

About 100% of strength regaining can be reached within 25 weeks. 
4.  A mathematical expression that relates the strength regaining percent to the elapsed 

time in days is presented and could be helpful for practical purposes relevant to the 

Fao region.  
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        NOMENCLATURE 

ASTM = american society for testing and materials. 

T.S.S = total soluble salts. 

SuD % 

 

= percent of undrained shear strength degradation due to the 

remolding of soil compared to that of intact soil. 

SuR % 

 

= percent of strength regaining due to thixotropic effect compared to 

the lost amount of strength upon remolding. 

Su = undrained shear strength. 
 

W.C. % = water content. 

  

 


