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47  Abstract

48  Gypseous soils cover portions of the arid and semi-arid regions known with their satisfactory
49  engineering behavior at dry-state; however, they are susceptible to progressive deterioration upon
50  water exposure, due to the dissolution of gypsum (CaSO4-2H>0). While the consequences of
51  gypsum dissolution - strength loss, increased compressibility, and elevated permeability are well
52 documented in the literature, no prior study have quantified the minimum residual gypsum that
53 persists indefinitely regardless of leaching duration. This investigation introduces the concept of
54  the Critical Gypsum Content (CGC), a residual threshold beyond which no further gypsum
55  dissolution occurs during leaching. Laboratory leaching tests were conducted on four natural
56  gypseous soils designated as (S1- S4) with initial gypsum contents of 14-31% collected as
57  undisturbed soil samples from different regions located at south and south-west of Mosul city-
58  Nineveh-Iraq. Total Soluble Salts (T.S.S.) were monitored at three-day intervals until stabilization,
59  after which direct shear, consolidation, and permeability tests were performed on pre- and post-
60 leaching soil samples. Results demonstrate that gypsum dissolution was rapid during the first 15—
61 18 days and decreased as the CGC was approached, with CGC values ranging from 5.2% to 11.1%
62  and attainment times between 27 and 66 days. Reaching the CGC caused substantial reductions in
63  cohesion (54.8-68.8%), confirming that gypsum cementation is the primary source of soil
64  cohesion, while the internal friction angle decreased only slightly (12.1-14.8%). Leaching
65  significantly increased soil compressibility, with the compression index rising by 2.4-3.5 times,
66  and increased permeability by 5.6-35 times, depending on gypsum content. Higher-plasticity soils
67  exhibited greater resistance to dissolution and permeability growth, indicating a protective role of
68 clay minerals. The results further revealed a positive feedback mechanism between gypsum
69  dissolution and permeability, which accelerates soil deterioration and contributes to the
70  progressive failure of gypseous soil subgrades.
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1. Introduction
Gypseous soils defined as soils containing sufficient gypsum (CaSO4.2H20) to materially

alter their engineering behavior. They cover approximately 27-36% of the surficial deposits in Iraq
(Karkush et. al, 2008; Al-Kaabi, 2007) and extend to cover approximately 100 million hectares
worldwide and are mainly distributed in arid and semi-arid regions of the Middle East, Central
Asia, North Africa, Australia, and the southwestern United States (FAO, 2006). Gypsum is widely
available in different sizes, from the size of a rock to the size of a few micrometers as a mineral,
in different types of soils (Faris 2020). These soils are predominantly found in regions where
annual rainfall is low and evaporation rates are high, conditions that promote the accumulation of

soluble salts within the soil profile (Al-Layla and Al-Saffar, 2014; Silva et. al., 2025).

In their natural dry state, gypseous soils exhibit deceptively favorable engineering
properties: high strength, low compressibility, and adequate bearing capacity for most structural
applications. The behavior is to due cementing bonds form between soil particles because of
gypsum crystals (Nashat, 1990). As long as the gypseous soils in dry state condition, they exhibit
high strength, however, when water from rain falls, rising water table, seepage from surface water
from daily use reaches gypseous soils, it initiates gypsum dissolution process. With time, this
process causes to degrade the gypsum cementing bonds resulted in changing the soil structure
(Fattah et. al., 2008). The process of dissolving gypsum from the soils due to exposing to water
for a period of time is named leaching (Aldaood et. al., 2015; Al-Riahi et. al., 2024). It was reported
that at 20 C° the dissolution rate is approximately of 2.4 g/L, a value that causes soil collapse over
timescale (Razouki and Al-Omari, 2007). Gypsum dissolution from soils and transport of the
dissolved ions causes to form voids in soils resulted in soil collapse (Mahmood et. al., 2020). For
instance, the consequences of gypsum dissolution in road subgrades are severe and economically
significant. Road pavements constructed on gypseous subgrades are vulnerable to differential
settlement, surface cracking, cavity formation, and sudden collapse failure modes that develop
progressively and often without adequate warning. In Iraq alone, the annual cost of rehabilitation
and reconstruction of roads damaged by subgrade gypsum dissolution has been estimated to
represent a substantial portion of the national infrastructure maintenance budget (Fattah et. al.,
2012). Similar problems have been documented in Saudi Arabia, Libya, Oman, Iran, and parts of

southern Russia and China, and United States (Al-Dabbas et. al., 2010).



111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

The engineering challenges posed by gypseous soils constitute one of the most persistent
and consequential geotechnical problems confronting infrastructure development in arid and semi-
arid regions (Abdalhusein et. al., 2022). Resulted in, extensive research has been conducted on the
behavior of gypseous soils under various conditions of wetting, soaking, and leaching for natural
and treated gypseous soils. For instance, Ismael (1993) conducted laboratory and field leaching
tests on gypseous sandy silt soils and concluding that leaching increased permeability, void ratio,
and compressibility. In addition, Razouki and Kuttah, (2004) quantified the effect of soaking-
drying cycles on the resilient modulus of gypseous subgrade soils. Moreover, Al-Obaidi, (2007)
investigated leaching behavior using the permeability-leaching oedometer test, comparing results
from standard oedometer and Rowe cell apparatus. Furthermore, Jha and Sivapullaiah, (2017)
conducted oedometer tests to evaluate the compressibility of soils containing different gypsum
contents and curing durations. Their results showed that compressibility increased with gypsum
content but decreased with prolonged curing. The permeability coefficient increased as the void
ratio change became larger. More recently, Faris (2020) focused on the effects of the gypsum
content, wetting- drying cycles, static and moving water on gypsum dissolution and its effect on

soil stability, mass loss, porosity, and soil permeability.

On the other hand, for gypseous treated soils, Fattah et. al., (2012) investigated the
treatment of collapsibility using dynamic compaction. Alsafi et. al., (2017) used activated fly ash
to immobilize the gypsum in soil to improve its strength and to reduce its collapse potential. The
target was to stabilize gypseous clayey sand with silt that has a gypsum content of 13%. Al-Taie
et. al., (2019) found that gypsum leaching significantly reduced the cohesion and increased the
compressibility of gypseous soil, while chemical treatment with calcium chloride decreased
permeability, leaching strain, and gypsum dissolution, thereby preserving the soil's shear strength
characteristics. Faris (2020) used three additives: activated fly ash, asphalt emulsion, and Portland
cement to identify the most suitable stabilizing agent for improving the mechanical properties of
gypseous soils. Al-Wattar and Al-Kifae, (2024) found that adding locally available clayey soil
effectively reduced the permeability and leaching effects of gypseous soils, thereby improving
their resistance to wetting-induced deterioration and instability. Emad and Salman, (2024)
demonstrated that adding nano-clay and nanometakaolin (1-3%) to gypseous soil reduced its
collapse potential and improved shear strength, density, and permeability characteristics, with

greater improvements observed at higher nanomaterial contents and longer curing periods used in
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their study. Ali and Karkush, (2025) investigated the effects of nano-silica and nano-clay on
gypsum dissolution during the leaching of gypseous soils. It was found that nanomaterials can
reduce gypsum dissolution, and leaching-induced settlement. On the other hand, for unsaturated
soils. Kamil et. al., (2023); Al-Naddaf et. al., (2025) reported that cement treatment effectively
mitigated gypsum dissolution and collapse potential while enhancing the shear strength, stiffness,

and cohesion of unsaturated gypseous soils.

Numerous studies have examined soils containing gypsum at various contents to evaluate
the influence of gypsum on soil behavior and engineering properties. However, none of the
previous studies have quantified the minimum gypsum content after prolong leaching process and
its effect on soil engineering properties. The minimum gypsum content after leaching is addressed
by the concept of Critical Gypsum Content (CGC) which is the gypsum percentage below which
further gypsum dissolution produces only minor changes in the engineering properties of the soil

because most of the soluble gypsum responsible for cementation has already been removed.

2. Methodology

2.1 Materials

Four types of soils with different gypsum contents (14%, 19%, 24%, and 31%) designated as S1,
S2, S3, and S4 respectively were collected from four different locations at south and southwest of
Mosul city-Nineveh-Iraq as illustrated in Fig. 1. The soil properties were presented in Table 1. It

shows that the soil classifications range from clayey silt, low plastic clay to high-plasticity clay.
2.2 Testing setup and Leaching test procedure

The leaching process was conducted on undisturbed soil samples using different methods. Their
field densities and water contents were measured and presented in Table. 1. Leaching tests were
performed in 3-in consolidation cell, and direct shear box, with water replacement every 12 hours.

Fig. 2 illustrates the testing setup of the two different testing methods.
2.3 Testing program

Table 2 summarizes the testing program used to evaluate the effects of leaching on the
engineering properties of the four soils. Chemical analyses, including Total Soluble Salts (T.S.S.) and
gypsum content (G) were conducted periodically during the leaching process to monitor gypsum

dissolution. Geotechnical tests such as consolidation, and direct shear were performed before and after



171  leaching to assess changes in compressibility, and shear strength. Further, the hydraulic tests
172 represented by soil permeability tests from the oedometer tests were conducted during leaching to

173 assess the effect of gypsum dissolution on the soil hydraulic conductivity.

174 3. Result and discussions

175 3.1 Monitoring of T.S.S during leaching

176 The T.S.S. was monitored during leaching for the tested four soil types. Throughout the
177  leaching process the values of the T.S.S. were recorded every 3-day. So that the removal gypsum
178  from soil samples were progressively tracked during leaching until gypsum content reaches its
179  critical values (CGC). Fig.3 illustrates the T.S.S. with time for the four tested soil types. It shows
180  that the T.S.S. decreases during leaching indicating that the highest gypsum dissolution occurs at
181  the beginning of the leaching process. Results show that S3 exhibits the highest T.S.S. throughout
182  the leaching process. Quantitively, the initial T.S.S. is 7700 mg/L and it remains high at the first
183  few days of leaching process. After two weeks of leaching, the values of T.S.S. decrease sharply
184  to about 4800 mg/L. Thereafter, the decrease becomes more gradual and equilibrates at 2100 mg/L
185  after 70-days of leaching. S3 soil contains the highest amount of soluble gypsum thus, the reported
186  initial T.S.S. is the highest too. The significant reduction in T.S.S. reflects intense gypsum
187  dissolution during the leaching process, whereas the gradual decreases in T.S.S. at later stage of
188  leaching indicates that most dissolved gypsum content has already been removed from the soil
189  during leaching process. Similarly, Asghari et. al., (2018); Al-Riahi et. al., (2024) reported that
190  soils with higher gypsum content exhibited higher T.S.S. during leaching because of the
191  availability of more calcium sulphates dissolute and remove by flowing water. Soil 4 exhibits the
192  second highest dissolvable gypsum. The T.S.S. starts initially at 4900 mg/L and decreases
193 gradually to 1600 mg/L after 65-day of continuous leaching at which the CGC has been reached.
194  Itis also noted that although S4 contained higher gypsum content, it exhibits less soluble gypsum
195  than S3. Soil S2 exhibits relatively low T.S.S values compared with S3 and S4. The T.S.S
196  decreases from 1300 mg/L to 750 mg/L during approximately 60 days. This reduction indicates a
197  lower gypsum content and dissolution as the dissolution rate is controlled by gypsum content and
198  leaching condition. In general, soils contain lower gypsum content exhibit lower initial T.S.S.
199  Recent microstructural studies confirmed that lower gypsum-content soils release fewer dissolved

200 ions and experience less severe structural changes during leaching (Al-Riahi et. al., 2024). Finally,



201
202
203
204
205

206
207
208
209
210
211
212
213
214
215
216
217
218

219
220
221
222
223
224
225
226
227

228
229
230

soil S1 exhibits the lowest T.S.S values among all tested soils. The T.S.S decreases from nearly
1200 mg/L to around 350 mg/L within 30 days and then it remains approximately constant. This
fast levelled off trend indicates that only a small amount of soluble gypsum was available for
dissolution. Once the readily soluble fraction has been removed, the leachate reaches a relatively

stable chemical composition.

Fig. 3 also indicates a critical gypsum content (CGC) stage occurred when the T.S.S curve
levelled off with time of each soil. The time at which each sample reached its Critical Gypsum
Content (CGC), beyond which T.S.S values remain stable regardless of continued leaching. S1
reaches this condition after approximately 27-30 days, whereas S4, S3 and S2 requires about 50—
65 days. This behavior is expected because soils with greater gypsum contents require longer
periods for dissolution (Faris 2020; Fattah et. al., 2022). Fig. 4 presents the normalized T.S.S
reduction (% of initial value). The normalized analysis reveals that S1 achieves the greatest
percentage reduction (70.8%), reaching its CGC in only 27 days. S3 shows 72.7% reduction during
66 days. S2 demonstrates the smallest percentage reduction (44.4%) despite having long leaching
period (63 days). Fig. 5 presents the dissolution rate of gypsum during leaching confirms that the
significant reduction in T.S.S. occurs during the first 15-18 days of leaching for the four soil types.
Soil S3, for instance, presents a dissolution rate of 200 mg/L during leaching and decreases to

nearly zero at the CGC.

Fig. 6 presents the comparison between the initial and final (at CGC) T.S.S, for the four
soil types. Results show that as the leaching proceeds, the T.S.S. decreases, indicating continuing
the gypsum dissolutions. The reported maximum initial T.S.S. is 7700 mg/L for S3 and it decreases
to 2100 mg/L at CGC at which only 9.3% of the gypsum remains undissolved. Similarly, for soil
S4, the T.S.S. decreases from initial value of 4900 mg/L to 1600 mg/L at CGC resulted in only
6.1% of the gypsum remains undissolved. Further, for soil S2, the T.S.S. decreases from initial
value of 1300 mg/L to 800 mg/L at CGC where the remain gypsum content is 11.1%. Finally, the
lowest initial value of the T.S.S is 1200 mg/L and reaches to 300 mg/L at CGC at which the remain

gypsum after leaching is only 5.2%.

Fig. 7 shows the relationship between the soil plasticity (PI) and the critical gypsum content
(CGC) for the four soil types. it is noticed a positive correlation between the PI and CGC. The
CGC increases from 5.2% for S1 (PI1=12%) to 11.1% for S2 (PI =26%), indicating that the higher
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the plasticity of the soil, the higher the residual the gypsum content after prolong leaching where
it terminates at CGC. This behavior may be attributed to the finer pore spaces and low permeability
of highly plastic soils, which reduces the dissolution of gypsum during the leaching process (Al-
Wattar and Al-Kifae, 2024).

The collected quantitative results of the percentages of initial and at CGC parameters such
as T.S.S and gypsum content (G) are presented in Table 3. The table shows that the initial T.S.S.
ranges between 1200 to 7700 mg/L and it decreases to 350 to 2100 mg/L at CGC for the four soil
types. Thus, the reduction in T.S.S. ranges between 44.4 to 72.7%. In addition, dissolved gypsum
ranges from 7.9 to 24.9% during a period of time ranges between 27 and 66 days. These results
show the variations of dissolution rate, time and the magnitude of residual gypsum among the

different soils used in this study.
3.2 Effect of leaching on geotechnical soil properties

The progressive dissolution of gypsum during leaching, as tracked by T.S.S reduction, directly
impacts all engineering properties of the gypseous soils. This section presents the changes

observed in strength, compressibility, and permeability characteristics.

3.2.1 Shear Strength Parameters

Table 4 shows a noticeable decrease in the shear strength parameters of the tested gypseous
soils after leaching to the CGC. The effective cohesion (c') exhibits significant reductions ranging
from 54.8% to 68.8%, with the highest reduction observed in S1 and S3. The reduction can be
attributed to gypsum dissolution which negatively affected the initial cementing bonds (Al-Taie
et. al., 2019; Ping et. al., 2023). However, the effective angle of internal friction (@") exhibits slight
reductions of 12.1%-14.8%, decreasing from initial values of 32°-34° to 28°-29°, respectively.
Results show that leaching mainly affects the soil's cohesion while it is a less pronounced influence
on soil friction. Quantitively, Fig 8 presents the normalized final shear strength parameters at the
CGC relative to their initial values before leaching. Quantitative ratios of normalized cohesion
ranges from 0.31 to 0.45, indicating that only 31-45% of the initial cohesion remains after
leaching, whereas the normalized angle of internal friction ranges from 0.85 to 0.88, meaning that
only less than 15% of the friction angle was degraded during leaching. These findings are
consistent with previous studies on gypseous soils, which reported that water infiltration and

gypsum dissolution remove interparticle cementation, and consequently cause a significant

8
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reduction in cohesion while the friction angle remains unaffected or decreased only slightly. Al-
Taie et. al., (2019) found that leaching induced a large reduction in cohesion whereas the friction
angle remained approximately constant, attributing this behavior to the dissolution of gypsum
bonds and the development of a looser soil structure. Similarly, Abd (2022) reported that soaking
and wetting of gypseous soils caused cohesion to nearly disappear and significantly reduced shear
strength due to gypsum dissolution. Recently, microstructural investigations further confirmed that
water—gypsum reactions generate new pores and weaken the soil skeleton, leading to a nearly
linear decrease in cohesion with continued dissolution, while changes in friction angle are

comparatively smaller because the granular framework of the soil is partially preserved.

3.2.2 Compressibility

In the pre-leaching state, gypsum forms a semi-rigid framework that resists compression,
yielding low Cc values of (0.10-0.14) as presented in Table 5. As dissolution proceeds, the gypsum
starts dissolving, and the soil transitions toward an uncemented state resulted in increasing in the
Cc values. The results present in Table 5 clearly demonstrates that leaching significantly increases
the compressibility of the gypseous soils. After prolong leaching (at CGC), soil compression index
(Cc) increases to 0.30-0.38, corresponding to increasing factors of 2.4-3.5 times. The greatest
increase is observed in sample S4 (G = 31% and PI=14%), where Cc increases from 0.11 to 0.38
(3.5-time), while the smallest increase occurs in S2 (2.4-time) where (G=19% and PI=26%) as
illustrated in Fig.9. Similarly, the table shows that the void ratio increases from approximately
0.58-0.68 before leaching to 0.90-1.05 after leaching (at CGC), and the coefficient of
compressibility (av) increases from about 2.4-3.2 x10* m?kN to 7.2-9.5 x10™* m*kN. These
changes indicate that leaching dissolved gypsum bonds and soluble salts that originally cemented
the soil particles, producing additional voids and weakening the soil skeleton (Al-Sharrad 2023).
Fig. 10 confirms the susceptibility of soil to collapse due to increasing void ratios during leaching
process till reach the CGC. Consequently, the soil structure becomes looser and more susceptible
to compression under applied loads. Quantitively, Fig. 10 shows that the void ratios increase by as
much as 1.75-time for S4 (G=31% and PI1=14%), while for soil S2 (G=19% and PI=26%), the void
ratios increase only by 1.4-time at CGC. This behavior is consistent with recent studies showing
that gypsum dissolution during leaching destroys interparticle cementation, increases pore volume
and void connectivity, and causes significant increases in compression index. It is important to

note from the current finding that not only gypsum content plays a significant role for the soil

9
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behavior, but also the soil PI. For instance, despite soil S2 contains higher gypsum content than
soil S1, it exhibits less compression susceptibility due to its higher PI. Al-Riahi et. al., (2024)
reported that leaching of gypseous soils increased the compression index and volume
compressibility due to the removal of gypsum cementation and development of a more open soil
fabric. Similarly, Abbas et. al., (2026) emphasized that gypsum dissolution created additional
voids and induced substantial settlement and collapse, while Fattah et. al., (2022); Hussein et. al.,
(2023) observed that continuous leaching weakened particle bonding, and increased soil
compressibility and collapse susceptibility. Therefore, the results confirm that leaching transforms
gypseous soils from relatively stable cemented materials into highly compressible and settlement-

prone soils, particularly when the gypsum content approaches the critical gypsum content range.

3.2.3 Permeability

Results of permeability tests are presented in Fig. 11 and Table 6. Fig. 11 and Table 6
demonstrate that leaching causes a substantial increase in the coefficient permeability of all
gypseous soils as gypsum dissolution progresses toward the critical gypsum content (CGC). The
initial coefficient of permeability (K) values was very low, ranging from 1.8 x 107® to 4.0 x 10°®
m/s. However, after leaching, the coefficient of permeability increases significantly to values
between 1.0 x 107 and 1.4 x 107° m/s. The increase factor varies from 5.6 times in sample S2 (G
= 19%) to 35 times in sample S4 (G = 31%), while samples S3 and S4, which contain higher
gypsum contents, exhibits the most pronounced increases (27.1 and 35.0, respectively). These
results indicate that the dissolution of gypsum cementation creates interconnected pores, channels,
and voids within the soil sample, thereby enhancing water flow through the soil mass Fattah et al.,
(2022). As shown in Fig. 11, the longer stabilization periods observed for the higher gypsum-
content soils (51-66 days) further suggest that a greater amount of soluble gypsum required
dissolution before a new equilibrium condition was reached. This finding confirms the previous
findings reported by Al-Riahi et al., (2024) who concluded that gypsum dissolution altered the soil
microstructure by increasing pore connectivity and permeability, and reported by Fattah et al.,
(2022) who found that continuous leaching progressively enlarged void spaces and accelerated
seepage through the soil mass. Similarly, Asghari et. al., (2018) observed that soils with higher
gypsum contents experience higher increase in permeability because larger quantities of dissolved
gypsum leave behind extensive pore networks. Therefore, the results confirmed that the coefficient

of permeability is highly sensitive to gypsum dissolution and that soils with greater gypsum
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contents are more vulnerable to the formation of highly permeable and potentially collapsible

structures after leaching.

Fig.12 presents the values of the initial and final coefficients of permeability. It is noticed
that the effect of leaching on the coefficient of permeability is very pronounced. The red 45° line
represents the condition where the initial and final coefficient of permeability are equal. It is
noticed that all data points plotted well above this line, indicating that the coefficient of
permeability at the CGC is substantially greater than the initial values. Moreover, the points for all
soil types are clustered near the vertical axis, showing that relatively small initial coefficient of
permeability increases to much larger final values, in some cases especially for higher gypsum
contents, the increase in the coefficient of permeability increases by more than an order of
magnitude. This behavior confirms that gypsum dissolution during leaching progressively
removes the cementing bonds between soil particles, creating additional voids and interconnected

flow channels that significantly enhance the coefficient of permeability (Al-Otaibi 2020).

4. Conclusions

1. The experimental evidence conclusively demonstrates that gypseous soils possess a Critical
Gypsum Content (CGC), a residual gypsum fraction that is inaccessible to dissolution
regardless the duration of water exposure.

2. The dissolution rate is highest during the initial 15-18 days, when surface-accessible and pore-
lining gypsum crystals are removed, and decays asymptotically toward zero as the CGC is
approached. Maximum dissolution rates of 200 mg/l/day were recorded for S3 (G=24%)
during the initial leaching phase. Resulted in the CGC values for the four tested soils range
from 5.2% (S1, G=14%) to 11.1% (S2, G=19%), and the time required to achieve CGC ranges
from 27 days (S1) to 66 days (S3).

3. The effective cohesion (c) reveals severe reduction of 54.8-68.8% across all samples upon
reaching the CGC. Confirming that the primary source of cohesion in gypseous soils is the
inter-particle cementation provided by gypsum crystals. The residual cohesion at CGC is
attributable solely to clay mineral bonding with a positive dependence on soil PIL.

4. The effective angle of internal friction (@") decreases by only 12.1-14.8%, confirming that
gypsum leaching only slightly affecting the frictional soil skeleton.

5. The Compression Index (Cc) increases by a factor of 2.4 to 3.5 times during leaching to CGC,
with S4 (G=31%, P1=14%) exhibiting the maximum increase from 0.11 to 0.38 and S2

11



(G=19%, and PI=26%) exhibiting the minimum increase from 0.14 to 0.33 with a positive
dependence on soil PI.

6. Atthe CGC, the coefficient of permeability increases by 5.6-time for (S2) and by 35.0 for (S4)
during leaching which is function to the initial gypsum content and soil PI. Such increase in
soil permeability explains the progressive and often abrupt nature of gypseous structure

failures observed in the field.
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Table 1. Geotechnical soil properties

Sample Field moist Field water Gypsum L.L P.L P.I Classification

density content (%) (%) (%) (%) (%)

(g/cm’)
S1 15.0 11.2 14 32 19 12 CL-ML
S2 18.2 134 19 54 28 26 CH
S3 17.6 12.1 24 46 25 21 CL
S4 16.1 10.3 31 34 20 14 CL

Table 2 Tests program before and after leaching

Test Standard Purpose Frequency
T.S.S Analysis Chemical Total soluble salts monitoring Every 3 days
Gypsum Content BS 1377 Residual gypsum determination Each cycle
Consolidation ASTM D2435 / Rowe Compressibility (Cc, av) Before/after leaching
cell
Direct Shear ASTM D3080 Shear strength (c, phi) Before/after leaching
Permeability ASTM D5084 Hydraulic conductivity (k) During leaching
Atterberg Limits ASTM D4318 Consistency limits Before/after leaching

Table 3. Collected data during leaching test

Parameter S1(G=14%) S2 (G=19%) S3 (G=24%) S4 (G=31%)
Initial T.S.S (mg/l) 1,200 1,350 7,700 4,900
Final T.S.S at CGC (mg/1) 350 750 2,100 1,600
T.S.S Reduction (mg/1) 850 600 5,600 3,300
T.S.S Reduction (%) 70.8% 44.4% 72.7% 67.3%
Time to Reach CGC (days) 27 63 66 51
Initial Gypsum Content (%) 14 19 24 31
Critical Gypsum Content 5.2 11.1 9.3 6.1
(Residual) (%)
Gypsum Removed (%) 8.8 7.9 14.7 24.9
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Table 4 Effect of leaching on shear strength parameters

Soil Type c Initial cat CGC c Initial @' at CGC Q'
(kPa) (kPa) Reduction @' (deg) (deg) Reduction
(%) (%)
S1(G=14%) 48 15 68.8% 325 28.0 13.8%
S2 (G=19%) 62 28 54.8% 34.5 29.5 14.5%
S3 (G=24%) 55 18 67.3% 33.8 28.8 14.8%
S4 (G=31%) 52 20 61.5% 33.0 29.0 12.1%
Table S Initial and at CGC compression index and void ratios
Sample CcInitial Ccat CGC  Cc Increase Void Ratio av x10”-4 Increase
Factor Increase (m%kN)
S1(G=14%) 0.10 0.30 3.0 0.58 t0 0.90 24t07.2
S2 (G=19%) 0.14 0.33 2.4 0.68 to 0.95 3.2t08.0
S3 (G=24%) 0.12 0.38 32 0.62 to 1.02 2.8t09.0
S4 (G=31%) 0.11 0.38 35 0.60 to 1.05 25t09.5
Table 6 Initial and at CGC coefficient of permeability
Sample Initial k (m/sec) Final k at CGC k Increase Time to Stabilize (days)
(m/sec) Factor
S1(G=14%) 2.10 x 10"-8 1.50 x 107-7 7.1 27
S2 (G=19%) 1.80 x 107-8 1.00 x 1077 5.6 63
S3 (G=24%) 3.50 x 10"-8 9.50 x 10"-7 27.1 66
S4 (G=31%) 4.00 x 107-8 1.40 x 107-6 35.0 51
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