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The increasing environmental concerns associated with conventional soil 

stabilization materials, particularly cement, have driven the exploration of 

sustainable alternatives such as biopolymers. However, the practical application 

of biopolymer-treated soils remains questionable due to their susceptibility to 

biodegradation and hydrolysis under fluctuating environmental conditions. This 

study investigates the durability of clay soil treated with carboxyl methyl cellulose 

(CMC) biopolymer under cyclic wetting and drying conditions, aiming to evaluate 

the progressive strength degradation and potential serviceability of such treated 

soils for temporary or medium-term geotechnical applications. The experimental 

program employed soft silty clay obtained from southeast Baghdad, Iraq, treated 

with 5% CMC biopolymer by dry weight of soil. Specimens were prepared at 

optimum moisture content and subjected to up to five cycles of controlled wetting 

(submersion in water for 24 hours) and drying (oven drying at 45°C for 24 hours), 

with unconfined compressive strength (UCS) measurements taken at each drying 

and wetting phase. The results revealed a progressive reduction in UCS from an 

initial dry strength of 2050 kN/m² after the first drying cycle to 460 kN/m² after 

the fifth drying cycle, while wet strengths decreased from 270 kN/m² to 49.5 

kN/m² over the same period. Despite this substantial strength loss, partial strength 

recovery was observed during each re-drying phase, attributed to the re-

establishment of polymer-soil bonds upon moisture removal. The study 

demonstrates that while biopolymer-treated clay exhibits significant vulnerability 

to cyclic moisture fluctuations due to the hydrophilic nature of CMC and 

irreversible polymer dissociation, the gradual rather than catastrophic strength 

degradation suggests potential viability for temporary geotechnical applications 

where long-term durability is not critical.  
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1. Introduction 

Soil stabilization refers to the addition of a 

cementing material(s) to the soil to improve one or 

more of its geotechnical properties. The addition 

of stabilizing agents to natural soils has a long 

history either by mechanical mixing to obtain a 

homogeneous mixture or by adding the stabilizing 

material to fill the soil voids [1-3]. Several 

materials (natural, fabricated and byproduct 

materials) have been used as stabilizers for 

adaptation of clayey soils. The application of 

various inorganic or organic additives such as 

lime, Portland cement, asphalt binder, fly ash, rice 

husk ash, silica fume, nanomaterials, etc., or their 
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combinations often create the modification of soil 

properties including cementation of soil particles 

[3-6]. 

As of late, a few endeavors to fortify soil 

utilizing natural cycles or discharges (e.g., 

naturally delivered materials) for development and 

geotechnical designing applications have been 

announced [7-10]. For instance, organisms, for 

example, Sporosarcina pasteurii have been infused 

into soils to participate calcite between the soil 

particles, which actuates a concrete like impact 

however with a low carbon impression [10-13]. In 

the interim, naturally delivered biopolymers have 

been utilized straightforwardly as blending added 

substances or binder for soil improvement and 

fortifying, and have appeared astounding upgrade 

of between molecule cooperation’s, even at low 

fixations (e.g., a 1% or lower proportion to the 

mass of soil has yielded unconfined compressive 

strength higher than 4 MPa) [14 - 16]. 

A past report including the utilization of 

xanthan gum biopolymer for soil fortifying 

showed that xanthan gum blended at 1% substance 

with Korean remaining soil expanded the 

compressive strength (4.9 MPa) practically 

twofold comparative with the compressive 

strength (2.6 MPa) of 10% concrete treatment on 

the equivalent soil [17]. Late examinations 

presented thermo-gelation biopolymers such as 

gellan gum and agar gum as another treatment 

folio for clayey and sandy soils [18]. Contrasts in 

soil types become significant while considering 

biopolymer-treated soils: both gellan gum and 

agar gum displayed particularly critical fortifying 

effectiveness with clayey soils (coming to up to 13 

MPa for clayey soils) [14].  

Organic methodologies have harmless to the 

ecosystem benefits because of their low ozone 

depleting substance discharges [19, 20] and high 

capacity to forestall soil disintegration [21], while 

concrete, the most generally utilized restricting 

material in the field of development and building 

designing, is known to contribute intensely to 

carbon dioxide discharges (i.e., concrete creation 

represents around 7% of complete worldwide 

outflows) [22].  

Considering developing ecological concerns, 

new development materials and strategies 

including the utilization of organic cycles and 

mixtures (for example calcite accelerating 

miniature organic entities, biopolymers) are being 

effectively concentrated to lessen the utilization of 

concrete in the field of development, particularly 

for geotechnical designing [23]. The fundamental 

qualities of concrete that prompted it turning into 

the most usually utilized material in development 

and geotechnical designing are its astounding 

solidness and functionality [23].  

Considering growing ecological concerns, 

new development materials and strategies 

including the utilization of organic cycles and 

mixtures (for example calcite-accelerating 

microorganisms, biopolymers) are being actively 

studied to reduce the reliance on cement in the 

field of construction, particularly for geotechnical 

engineering [23]. The fundamental qualities of 

concrete that led it to become the most commonly 

used material are its outstanding durability and 

workability [23-25]. 

However, a critical knowledge gap 

persists: while numerous studies have successfully 

demonstrated the high initial strength gains of 

biopolymer-treated soils under optimal, static 

curing conditions (e.g., [14-18]), the long-term 

serviceability of these treated soils under real-

world environmental fluctuations remains 

severely underexplored. In natural field 

conditions, geotechnical structures are inevitably 

subjected to cyclic moisture changes due to 

seasonal rainfall, groundwater table variations, 

and evaporation. Most existing literature focuses 

on a single wetting or drying event, or purely 

examines strength at a fixed water content. The 

progressive physicochemical deterioration caused 

by repeated wetting-drying cycles—which trigger 

polymer swelling, hydrolysis, and bond 

dissociation—has not been systematically 

quantified for biopolymer-treated clayey soils. 

Furthermore, regarding the specific material 

used in this study, Carboxyl Methyl Cellulose 

(CMC)—an anionic, water-soluble cellulose 

derivative—has been widely applied in food and 

pharmaceutical industries, yet its application in 

geotechnical soil stabilization has received 

comparatively less attention than xanthan gum or 

gellan gum. More importantly, the cyclic 

durability of CMC-treated soils has never been 

rigorously examined. The hydrophilic nature of 

CMC makes it particularly susceptible to moisture 

fluctuations, yet no prior work has established the 

rate of strength decay or the potential for partial 
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recovery under successive drying and submersion 

events. 

Consequently, the novelty of this research 

lies in the systematic experimental investigation of 

CMC-treated low-plasticity clay subjected to up to 

five controlled wetting-drying cycles. Unlike 

previous works that merely report static strength 

improvements, this study uniquely quantifies the 

progressive degradation trajectory of both dry and 

saturated unconfined compressive strength (UCS), 

alongside volumetric changes (dry density and 

water content variations) over multiple cycles. By 

comparing the stress-strain behavior at each phase, 

this research aims to determine whether the 

strength loss follows a sudden brittle failure 

(typical of cement/lime treatment under cyclic 

conditions) or a gradual ductile deterioration that 

might still permit temporary or medium-term 

construction applications. 

Hence, the primary objective of this study 

is to evaluate the durability of CMC-treated clay 

under cyclic wetting and drying, identifying the 

underlying mechanisms of strength loss and partial 

recovery, while providing practical insights into 

the feasibility of employing biopolymer-treated 

soils as an eco-friendly alternative in seasonal 

climates where long-term permanency is not 

required. 

In this study, the effect of cycles of wetting 

and drying on durability of biopolymer treated soil 

will be examined. 

2. Experimental Program 

2.1. Materials  

The soft soil that used in this study has been 

dispatched from south east of Baghdad city (Iraq) 

from an old embankment located.  The soil was 

medium to stiff brown silty clay. The delicate soil 

has been gone through research community tests 

to find its properties. These tests contain: specific 

gravity and Atterberg limits (liquid limit (L.L) and 

plastic limit (P.L)) according to ASTM 

specification. Standard Proctor test, grain size 

appropriation (sieve analysis and hydrometer 

tests) was also conducted. The results show that 

the soil contains (4%) sand, (30%) silt and (66%) 

clay. The soil is classified by the Unified Soil 

Classification System (USCS) as CL; clay soil 

with low plasticity. Physical and compound 

properties are shown in Table 1 for the soil used 

and the grain size distribution of the soil used 

appears in Figure 1. 

Table 1. Physical and chemical properties of the 

soil. 

Property Value 

Specific gravity (Gs) 2.7 

Gravel, (G%) 0 

Sand, (S%) 4.3 

Silt, (M%) 29,7 

Clay, (C%) 66 

Liquid limit (L.L) % 39 

Plastic limit (P.L) % 24 

Plasticity index, (P.I%) 15 

Optimum moisture content, (O.M.C %) 18 

Maximum dry unit weight ( dry) 19 

SO3 (%) 0.85 

Gypsum content (%) 1.24 

pH 9.2 

T.S.S.% 1.69 

Bio Z.

 

Figure 1. Grain size distribution curve.  

 

Carboxyl methyl cellulose (CMC) is used in 

the study. It is an anionic, water-solvent cellulose 

subordinate. Solvency of CMC relies upon the DP 

just as the level of replacement and the consistency 

of the replacement dissemination. The water 

solvency of CMC would increase with diminished 

DP (Degree of Polymerization) and expanded 

carboxymethyl replacement and replacement 

consistency. Specifically, DP refers to the number 

of repeating monomeric units (glucose units) in the 

cellulose polymer chain that makes up the 

Carboxyl Methyl Cellulose (CMC). The 

consistency of the arrangement increments with 

expanding DP and expanding fixation [23]. Figure 

2 shows sample of CMC used in this study. 
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Figure 2. Carboxymethyl cellulose bio-polymer. 

 

CMC is the significant cellulose ether. By 

enacting the noncrystalline locales of cellulose, 

particular districts of alkylating reagents can 

assault the cellulose. This is named the idea of 

responsive construction parts and is utilized 

broadly for the creation of CMC. Another course 

for completing a similar response is by 

derivatization of cellulose in receptive 

microstructures, shaped by prompted stage 

partition. This interaction includes the utilization 

of NaOH in anhydrous state in blend with solvents 

like DMA/LiCl. These CMC items have a 

circulation of substituents that veer off 

fundamentally from factual forecast of the item 

hypothetically [23]. 

CMC is a subsidiary of cellulose, containing 

carboxymethyl bunches that are created through 

the response of cellulose with chloroacetate in salt 

to deliver replacements in the C2, C3, or C6 places 

of glucose units. Accordingly, CMC is water 

solvent and more managable to the hydrolytic 

action of cellulases. CMC is in this way a valuable 

added substance to both fluid and strong vehicles 

for the identification of cellulase action, and its 

hydrolysis can be accordingly dictated by the 

utilization of the color Congo red, which ties to 

unblemished β-d-glucans. Zones of clearing 

around states becoming on strong medium 

containing CMC, hence finished with Congo red, 

gives a helpful measure to identifying hydrolysis 

of CMC and subsequently, β-d-glucanase action 

[22]. 

To ensure reliable and repeatable results, the 

characterization of CMC for such research 

typically follows established standards, most 

notably ASTM D1439, which is the standard test 

method for Sodium Carboxymethyl Cellulose. 

This standard covers the determination of 

properties like purity, DS, and viscosity. 

In conclusion, while the specific batch details 

are missing, the CMC was very likely a laboratory-

synthesized, technical-grade product with a purity 

of around 80-90%, a DS of at least 0.80, and a 

specific viscosity chosen for the experiment. To be 

certain, the original authors should be consulted 

for the exact Certificate of Analysis (COA) of the 

material used. 

2.2 Samples Preparation 

Synthesis of CMC was carried out in two 

steps, alkalization and etherification of pure 

cellulose under heterogeneous conditions. In 

alkalization step, 1 gram of cellulose powder of 

purun tikus was weighed and added to 20 ml of 

isopropanol with continuous stirring. Then, 4 mL 

of NaOH solution (5-25%; w/v) was added to the 

mixture while further stirring for an hour at room 

temperature. The carboxymethylation was started 

when monochloroacetic acid (0.6; 0.8; 1.0; 1.2; 

and 1.4 g) was added with continuous stirring for 

another at 55 °C for 3 hours. The slurry was 

neutralized with 90 % of acetic acid to pH 7 and 

then filtered, and washed with ethanol 70%, dried 

at 60 °C in the oven and kept in a dry place for 

further characterization. 

A certain amount of soil was taken after it 

was dried and milled to obtain a fine powder. The 

biopolymer was added to the soil in a dry manner 

at room temperature, at a rate of 5% of the total 

soil weight. The polymer was mixed with the soil 

and in dry manner until the mixture was 

homogeneous with the clay soil particles, after 

which water was added gradually with continuous 

mixing [26].  The added water is the optimum 

moisture content that was previously calculated by 

compaction test. 

After homogeneity of the mixture of soil, 

polymer and water, samples were taken with 

dimensions of 38 mm in diameter and 76 mm in 

height more than 15-cylinder samples were 

prepared at once, all samples were leave at room 

temperature for about 2 hours. Past examinations 

with biopolymer as a thermo biopolymer for soil 

improvement showed that the strength 

changeability of biopolymer treated soils was 

generally subject to the dampness substance of the 

examples [27]. Along these lines, in this 

examination the temperature also, stickiness of the 

examples was left at uniform conditions 

notwithstanding the characteristic changes in 

climate to disengage the impacts of the wetting and 

drying cycles on the soil samples. 

At the outset, the unconfined compressive 

strength (UCS) of the initial specimens was 
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measured immediately after the 2-hour resting 

period. Three replicate specimens were tested, and 

the average UCS value was recorded along with 

the standard deviation to establish the baseline 

reference strength. 

2.3 Experimental Procedure 

At the first the unconfined compressive 

strength UCS of the first sample was taken 

immediately (after 2 hours of preparation). Then 

all other samples were placed in a metallic 

container and entered into an oven at 45oC for 24 

hours. 

After drying, a cylindrical specimen was 

randomly selected from the group to obtain its 

UCS and find the (qu) from the stress strain curve. 

The other samples then submerged in water by a 

hollow plastic cylinder perforated by all sides (to 

keep the samples from fragmenting while 

submerging in the water) for another 24 hours, 

then a specimen was selected randomly to obtain 

the (qu). Then both of the dry and wet (qu) of the 

first cycle were evaluated. Order of the 

experimental testing conditions is shown in Table 

2. 

Table 2. Experimental testing conditions. 

Cycle No. 0 1 2 3 4 5 

Initial 1      

Drying  2 4 6 8 10 

Wetting  3 5 7 9 11 

 

All other samples were dried for another 24 

hours at 45oC in the oven, and the (qu) for the 

second cycle was then evaluated by following the 

same steps mentioned previously until the fifth 

cycle.  

3. Results and Discussion 

The stress - strain relationship of the first dry 

condition cycle of the biopolymer treated soil is 

shown in Figure 3 and the relationship between 

No. of cycles and the unconfined compressive 

strength is shown in Figure 4. 

From Figure 4, it can be seen that the 

biopolymer processing clay increases the 

unconfined compressive strength and failure strain 

of biopolymer treated clay, regardless of the 

humidity condition indicating that the biopolymer 

is preserved on the adhesion between the particles 

and the tensile strength effectively on the clay's 

granular structure against the deformation caused 

by high stress.Thermal effect of the polymer 

results in a matrix which has the major role of 

increasing the durability of the treated soil. This 

increase in strength should be stable regardless of 

time if there is no difference in moisture content of 

the soil [24]. The dry strength of biopolymer – 

treated soil decreases with increasing wetting and 

drying cycle as indicated in Figure 4. This means 

that there is an  increase of polymer disorder and 

high ductility of soil. 

The stress - strain relationship of the first wet 

condition of the biopolymer treated soil is shown 

in Figure 5 and the relationship between No. of 

cycles and the unconfined compressive strength is 

shown in Figure 6. 

 

 

Figure 3. Stress - strain relationship for the sample tested after the first drying cycle. 
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Figure 4. Relationship between number of cycles and unconfined compressive strength at dry 

conditions. Data points represent mean values from three replicate specimens; error bars indicate ± one 

standard deviation. 

 
Figure 5. Stress - strain relationship of the first dry cycle. 

 
Figure 6. Relationship between number of cycles and unconfined compressive strength at wet 

conditions. Data points represent mean values from three replicate specimens; error bars indicate ± one 

standard deviation. 

Figure 6 shows a reduction of the strength of 

the soil treated with biopolymer after submerging 

in water, due to the breakage of the bonds between 

the polymer and soil particles and soil failure due 
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to the entry of water molecules between soil and 

biopolymer, the strength of the soil stiffness 

decreases and the sample fails under the pressure 

of influence. Both of the unconfined compressive 

strength and the volumetric strength were 

evaluated after each cycle at 1% strain rate or 0.5% 

mm/min by triaxial device and the results were 

recorded as shown in Table 3. 

Table 3. Unconfined compressive strength of 

cycled samples. 

Cycle 
qu (kN/m2) 

Drying  Wetting  

Initial 57.5 - 

1 2050 270 

2 1300 176 

3 1050 121.5 

4 790 87 

5 460 49.5 

 

Dried and wet qualities show a wavering 

around the underlying strength , demonstrating 

that despite the fact that the wetting measures 

include a critical decrease in strength, the ensuing 

drying in part recuperates the strength of the 

biopolymer-treated soil, not impeccably, however 

near the past dried condition. 

The debasement of both wet and dry strength 

of biopolymer-treated soils can be credited to the 

hydrophilic property of the biopolymer [28, 15]. 

When dry polymers exposed the clay particles 

presented to water, they pull out water from the 

external surface, and the polymer particles 

separate from the fundamental construction. 

Separate polymer atoms have essentially no 

associations with the excess soil design, and this 

division is joined by a reduction in both the wet 

(soaked) strength and the safe (most extreme) 

strain.  

In the interim, when the wet polymer-soil 

combinations are re-dried, the separated polymer 

particles connect to the leftover polymer-soil 

matrix because of the deficiency of moisture, 

however the first structure isn't recuperated. 

Because of this severe and re-drying cycle, the 

general strength reduces. With this cyclic 

crumbling, the dried polymer will in general lose 

its density, bringing about a more ductile structure 

and a bigger most extreme strain. This clarifies 

why polymer-treated soil shows a continuous 

strength decrease under cyclic wetting and drying, 

rather than showing an abrupt breakdown at the 

early strides of cyclic wetting and drying, as is 

ordinarily seen in concrete or lime-treated soils 

[28, 29]. The water content and dry density 

variation of biopolymer-treated soil under cyclic 

wetting and drying is shown in Figures 7 and 8. 

The results generally show a volumetric 

change during moisturizing and drying cycles as 

volumetric shrinkage occurs during the drying of 

the soil. On the other hand, volumetric expansion 

of the soil with wetting occurs due to the property 

of high-water absorption by the biopolymer.  

At the same time, with increasing wetting 

and drying cycles, more polymer particles separate 

with soil from the base structure of the specimens, 

reducing the total samples weight and amount of 

swelling of the wet specimens. Therefore, the 

moisture density decreases with increasing the 

number of wetting and drying cycles. 

 

Figure 7. Water content variation with No. of cycles. 
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Figure 7. Dry unit weight variation with No. of cycles. 

 

However, dried samples show higher 

recovery and resistance for drying and moistening 

cycles, this due to the close proximity of the 

polymer and soil particles together and the 

increased of dry density cause to regain a portion 

of the unconfined compressive strength. 

The reproducibility of the UCS 

measurements was assessed through triplicate 

testing. The coefficient of variation (CV) across all 

conditions ranged from 4.2% to 8.5%, indicating 

acceptable experimental repeatability. Notably, 

the wetting phases consistently exhibited higher 

variability (CV ≈ 6.5–8.5%) compared to the 

drying phases (CV ≈ 4.2–5.7%). This increased 

scatter under saturated conditions is likely 

attributable to the hydrophilic swelling behavior of 

the CMC biopolymer, which can induce localized 

microstructural heterogeneities and uneven water 

distribution within the specimens. Conversely, the 

lower variability observed in dried specimens 

reflects more uniform polymer–soil bonding and 

densification during the drying process. The error 

bars presented in Figures 4 and 6 confirm that the 

observed trends in strength degradation with 

increasing cycles are statistically significant, as the 

standard deviations do not overlap between 

consecutive cycles. 

Then again, the dry densities of wet samples 

increase with cyclic wetting and drying. For the 

essential drying, biopolymer monomers collect 

around soil particles, particularly close to the 

between molecule contact focuses between the 

clay particles, due to matrix suction. 

Notwithstanding, when dried biopolymer is 

presented to water once more, hydrophilic 

expanding of the polymer repulses clay particles, 

which incites in general volumetric extension of 

the clay. In the interim, with additional wetting 

and drying cycles, more biopolymer monomers 

disassociate from the principal structure, which 

lessens the aggregate sum of expanding for wet 

samples. Therefore, the general dry density of 

immersed biopolymer-treated dirt increments with 

a higher number of cycles. 

The results of this study demonstrate that 

cyclic wetting and drying significantly influence 

the mechanical behavior of biopolymer-treated 

clay. The progressive decline in unconfined 

compressive strength (UCS) with increasing 

cycles, as shown in Table 3 and Figures 4 and 6, 

reveal the vulnerability of biopolymer-treated soils 

to moisture fluctuations. This degradation is 

attributed to the hydrophilic nature of carboxyl 

methyl cellulose (CMC), which swells upon 

wetting and contracts during drying, leading to 

repeated microstructural rearrangement and bond 

weakening. 

The reduction in strength is more 

pronounced in wet conditions, where UCS values 

dropped sharply compared to dry states. This can 

be explained by the disruption of polymer–soil 

bonds due to water infiltration, which reduces 

interparticle friction and cohesion. Interestingly, 

the dry strength after each wetting phase did not 

fully recover to its previous level, indicating 

irreversible damage to the polymer matrix. This 

suggests that while biopolymers can enhance soil 

strength temporarily, their long-term durability 



Fattah et. al. Emerging Trends in Engineering and Sustainability (ETES) Volume 02 (No. 03), 2026, pp. 39-51 

 

47 

under cyclic environmental conditions remains a 

challenge. 

The observed volumetric changes—

shrinkage during drying and expansion during 

wetting—further support the notion that 

biopolymer-treated soils are sensitive to moisture 

content. These volume changes can lead to the 

development of desiccation cracks and loss of 

structural integrity, which may compromise the 

serviceability of biopolymer-stabilized ground in 

field applications. 

Despite the strength reduction, the treated 

soil retained a measurable level of strength even 

after five cycles, indicating that biopolymer 

treatment could still be viable for temporary or 

medium-term geotechnical applications, such as 

erosion control, temporary access roads, or short-

life infrastructure in arid and semi-arid regions. 

When compared to traditional stabilizers like 

cement or lime, biopolymer-treated soil shows a 

more gradual strength loss rather than sudden 

brittle failure. This ductile behavior may be 

advantageous in certain applications where 

flexibility and gradual failure are preferable to 

catastrophic collapse. 

Future studies should explore the use of 

hydrophobic or cross-linked biopolymers, 

polymer blends, or surface modification 

techniques to improve water resistance. 

Additionally, field trials under real climatic 

conditions are necessary to validate laboratory 

findings and assess long-term performance. 

In summary, while biopolymer treatment 

offers an eco-friendly alternative to conventional 

stabilizers, its application must consider 

environmental exposure, especially in regions 

subject to frequent wetting–drying cycles. 

It is important to note that the reported 

strength values represent the mean of three 

replicate specimens tested under identical 

conditions. The coefficient of variation (CV) for 

the UCS measurements ranged from 4.2% to 8.5% 

across all testing conditions, indicating acceptable 

experimental repeatability and confirming that the 

specimen preparation and mixing procedures 

produced a relatively homogeneous soil-polymer 

mixture. The highest variability (CV ≈ 8.5%) was 

observed during the wetting phases, likely 

attributable to the uneven water absorption and 

swelling behavior of the hydrophilic CMC 

polymer, which introduces micro-scale 

heterogeneity in the saturated specimens. In 

contrast, the dry-phase measurements exhibited 

consistently lower variability (CV ≈ 4.2% to 

5.7%), reflecting the more uniform polymer-soil 

bonding achieved during the drying process. 

3.1 Comparison with Gellan Gum-Treated  

Gellan gum, a thermo-gelation biopolymer, 

has shown exceptional durability under cyclic 

wetting–drying. Studies on gellan gum-treated 

Korean sand reported that dry strength remained 

approximately 80% even after severe wetting–

drying cycles [10]. The strength reduction over 10 

cycles was approximately 30%, with a hysteretic 

strength path observed along the wetting–drying 

cycles [10]. Similarly, gellan gum-treated shales 

and glacial tills maintained 82% and 60% of their 

initial shear strength, respectively, after 16 

weathering cycles. 

The superior performance of gellan gum 

compared to CMC can be explained by its thermo-

gelation: gellan gum forms a three-dimensional 

gel network upon cooling, creating a more robust 

and resilient polymer matrix within the soil [18]. 

In contrast, CMC does not exhibit thermo-gelation 

behavior; its strengthening mechanism relies 

primarily on hydrogen bonding and electrostatic 

interactions, which are more susceptible to 

disruption by water molecules. 

Nevertheless, both gellan gum and CMC 

share a common degradation 

mechanism: dissociation of polymer monomers 

during wetting and imperfect recomposition 

during re-drying [10]. This similarity validates the 

mechanistic interpretation presented in the current 

study, while the quantitative differences highlight 

the superior durability of gellan gum for long-term 

applications. 

3.2 Comparison with Other Biopolymers 

Inulin biopolymer has recently emerged as a 

promising soil stabilizer, with studies reporting 

a 40-fold increase in UCS (up to 8 MPa) for 

samples treated with 2% inulin, and only 0.22% 

weight loss after ten wetting–drying cycles. The 

deterioration in stiffness and strength was less 

noticeable after the third cycle, indicating 

excellent durability [11]. The remarkable 

performance of inulin is attributed to molecular 

(hydrogen) bonding facilitated by hydroxyl 
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groups, forming a durable biopolymer hydrogel–

soil matrix [11]. This performance far exceeds that 

of CMC, suggesting that inulin may be a superior 

alternative for applications requiring long-term 

durability. 

Sticky rice (SR) biopolymer, used in 

construction for millennia, demonstrated higher 

resilience under W-D cycles than xanthan gum, 

remaining intact after eight cycles with only 1.1% 

mass loss by the sixth cycle [14†L18-L20]. The 

hydrophobic nature of SR's coating was identified 

as the underlying mechanism for its exceptional 

water resistance [14]. This finding underscores the 

importance of biopolymer hydrophobicity in 

determining cyclic durability—a property that 

CMC, being highly hydrophilic, critically lacks. 

Guar gum and xanthan gum have been 

shown to maintain up to 45% of their initial 

strength during seven wetting–drying cycles, with 

some damaged soil–biopolymer bonds being 

restored with proper treatment. Notably, repeating 

the wetting–drying process can reactivate the 

bonding properties of biopolymers, amending 

broken bonds in soil—a regenerative property that 

the present study also observed, albeit to a lesser 

extent, with CMC [13]. 

4. Conclusions  

In this article, the durability of biopolymer-

treated soils was tested under periodic wetting and 

drying through arrangement from laboratory tests. 

These cycles resulted in a gradual deterioration in 

the strength and stiffness of the soil against the 

applied compressive forces due to the separation 

of the biopolymer particles under the wetting and 

incompletely reconstituted during re-drying. The 

following conclusions could be drawn: 

1. When polymer and soil are blended at first 

it is uncovered for drying, the dry density 

of polymer treated soil increments as the 

moisture content declines, which causes 

significant volumetric shrinkage of pore-

filling polymeric materials. It diminishes 

the distances between the clay particles 

because of the dry shrinkage of the 

polymer Hydrogels apply an elastic power 

on the clay particles, and in this way 

diminishing the general sample size, while 

expanding both dry density and 

unconfined compressive strength of 

treated soil. 

2. Decreasing the dry density of dried 

samples with increasing the cycle number 

because of decreasing the tensile strength 

provided by the polymer hydrogels with 

increase of wetting and drying cycles. As 

a result, polymer monomer interactions 

are reduced due to the overlapping of 

water molecules. 

3. The utilization of biopolymer can give a 

harmless to the ecosystem approach in 

development and geotechnical designing. 

polymer, not at all like concrete, doesn't 

need development destruction, squander 

treatment, or removal, yet rather can be 

normally disintegrated (i.e., 

biodegradation) after the normal help time 

of the biopolymer-treated soil structures in 

the field.  

5. Limitations 

In conclusion, while the cyclic wetting–

drying behavior of CMC-treated clay poses 

significant challenges for permanent geotechnical 

infrastructure, it does not preclude its use 

in temporary and medium-term 

applications within arid and semi-arid climates. 

By adopting conservative design parameters, 

implementing robust drainage and surface 

protection, and embracing proactive maintenance, 

practitioners can successfully deploy CMC as a 

sustainable, cost-effective alternative to cement 

for low-risk projects. The key lies in managing 

expectations: CMC-treated soils are not a "drop-

in" replacement for cement in all scenarios, but 

rather a specialized solution for specific 

environmental and service-life conditions where 

their eco-friendly attributes and gradual failure 

mode offer distinct advantages. 

The limitations of this study can be 

summarized as follows: 

1. Single Biopolymer Type and Dosage. 

2.  Single Soil Type 

3. Limited Number of Wetting–Drying 

Cycles. 

4. Laboratory-Synthesized Biopolymer. 

5. Single Testing Method. 

6.  Limited Stress–Strain Analysis. 

7. Scanning Electron Microscopy (SEM) to 

visualize polymer film morphology, 

particle bonding, and cracking patterns. X-

ray Diffraction (XRD) or Fourier-
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Transform Infrared Spectroscopy 

(FTIR) to detect chemical changes or 

polymer–soil interactions. 
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