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Introduction

Geocells are geosynthetic products with a three-dimensional 
honeycomb-like pattern of cells, which have been used in 
several civil engineering areas, such as reinforcement of 
transportation infrastructure, bearing capacity of shallow 
foundations, retaining walls, protection of buried pipes, and 
erosion in slopes and water channels [1–5]. In transporta-
tion applications involving unbound granular materials sub-
jected to compaction, both field and laboratory studies have 
consistently shown that geocell-reinforced layers exhibit 
increased stiffness [4, 6–9]. The main benefit observed in 
unbound granular materials stiffening is the high confine-
ment generated during and after the compaction process 
due to the geocell’s capacity to keep the induced horizontal 
stresses as a prestressed concrete mat [10].

The Modulus Improvement Factor (MIF), defined as the 
ratio between the moduli of geocell-reinforced and unrein-
forced layers (Eq. 1), can be used to quantify the improve-
ment due to the presence of a geocell. Typically reported 
MIF values range from 2.0 to 5.0 based on laboratory 
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This study presents back-analyses from full-scale road test sections constructed using unreinforced and geocell-reinforced 
layers and subjected to in-situ deflection tests. The field-testing program was conducted on a 40-m-long test track during 
the construction of an access road in an industrial facility. An unbound aggregate was adopted for the construction of the 
subbase and base layers of the pavement structure, with some sections reinforced using two different types of geocell. The 
field-testing program included a total of 270 Benkelman Beam Tests (BBT), conducted in each of the layers of five differ-
ent test sections. The test results were used to back-calculate the elastic moduli of the unreinforced and reinforced layers 
in the different test sections. This allowed for determining the Modulus Improvement Factor (MIF) corresponding to the 
geocell reinforcements, as well as situating the experimental results within a broader set of literature data to evaluate the 
accuracy and applicability of an analytical methodology for predicting MIF. The results showed a significant improvement 
in the elastic modulus of the aggregate layers when using geocell reinforcement, with MIF values ranging from 2.1 to 2.5 
depending on the geocell pocket size. The analytical method was found to adequately predict the MIF values, confirming 
its potential applicability in the design of pavement layers reinforced with geocells.
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experiments, full-scale tests and back-analysis from works 
[4, 7, 9, 11, 12]. Because geocell-stiffened granular layers 
can achieve high elastic moduli, their use can lead to sig-
nificant improvements in pavement performance, such as 
extended service life or reduced aggregate layer thickness 
[13]. With the evolution of the Mechanistic-Empirical Pave-
ment Design Guide (MEPDG), a promising approach for 
quantifying the benefits of geocell reinforcement is through 
the estimation of the MIF. This parameter enables the direct 
incorporation of the composite elastic modulus into pave-
ment design calculations (Eq. 1).

MIF = Eref

Eun
→ Eref = MIF · Eun� (1)

Although some studies have examined the performance of 
geocell-reinforced aggregate materials in pavement applica-
tions, data on their behavior during both construction and 
service life in real-world projects remain limited. Establish-
ing a comprehensive database that captures construction 
and post-construction performance under field conditions is 
a crucial step toward the broader acceptance and implemen-
tation of innovative technologies such as geocell-stiffened 
aggregates.

To contribute to the state of the practice for full-scale 
experiments on geocell system performance, this study 
presents the back-analysis of deflection results from Ben-
kelman Beam Tests (BBT) conducted on several unrein-
forced and reinforced test sections. A full-scale test program 
was carried out on roadway test sections to evaluate the MIF 
generated by different geocells in a typical aggregate mate-
rial layer used in pavement structures under field conditions. 
The test sections, involved two- and three-layer systems in 
unreinforced and reinforced conditions, were back-analyzed 
to obtain the elastic modulus using a Layered Elastic Theory 
(LET) -based software. Comparisons were also conducted 
involving the results of several field tests conducted on 

pavement structures as well as the outcomes of an MIF ana-
lytical method.

Materials and methods

Materials

The natural in-situ material at the field test site was used 
as subgrade of the test sections. It can be characterized as 
a soft silty clay with 90% fines (fraction smaller than the 
75-µm sieve), a specific gravity of solids (Gs) of 2.48, a 
Liquid Limit (LL) of 51 and a Plasticity Index (PI) of 27. 
The in-situ water content and unit weight at the time of con-
struction of the test sections were determined as 29% and 
14.6 kN/m³, respectively. The subgrade was classified as a 
clay with low to high plasticity (CH-CL) according to the 
Unified Soil Classification System (USCS), and as A-7-6 
according to the AASTHO classification system. Before test 
section construction, California Bearing Ratio (CBR) tests 
were conducted on the subgrade, which were found to range 
from 1.2% to 4.2%. In addition, mini vane shear tests were 
carried out on the subgrade, also prior to construction and, 
which resulted in undrained shear strength (Su) values rang-
ing from 3.8 to 12 kPa. Table 1 presents a summary of the 
subgrade properties.

The aggregate material for the unreinforced and rein-
forced top layers consisted of a typical Granular Subbase 
(GSB) material. The GSB had a fines fraction of 16%, a 
Gs of 2.6, and LL and PI of 21 and 10, respectively. The 
maximum dry unit weight (γdmax), obtained from a Modi-
fied Proctor Compaction (MPC) test, was 21.7 kN/m3 for 
an optimum water content (wopt) of 6.9%. The friction angle 
(φ), obtained from direct shear, and CBR were 38° and 23%, 
respectively, as obtained for samples prepared at the 100% 
of the maximum relative compaction according to the Mod-
ified Proctor Compaction test. The GSB was classified as 
clayey gravel (GC) and A-2–4 according to the USCS and 
AASTHO systems, respectively. Table  1 provides a sum-
mary of the GSB aggregate characteristics.

Two types of High-Density Polyethylene (HDPE) geo-
cells manufactured by Wavin Geosynthetics were used in 
this study. Geocell A was characterized by a height of 150 
mm and a weld spacing of 345 mm (when the cell was 
folded), which correspond to a pocket cell area of 0.048 
m² and an equivalent diameter of 247 mm. Geocell B was 
characterized by a height, weld spacing, pocket cell area, 
and equivalent diameter of 120 mm, 445 mm, 0.029 m² and 
193 mm, respectively. The geocell walls were textured and 
perforated. The wall thickness was 1.5 mm thick, with an 
elastic modulus equal to 700 MPa [14]. A summary of the 
geocell characteristics is provided in Table 2.

Table 1  Summary of soil properties
Parameter Subgrade soil GSB 

aggregate 
material

Unit weight, γ (kN/m3) 14.6 23.2
Fines fraction (%) 90 16
Water content, w (%) 29 6.9
Liquid Limit, LL 51 21
Plastic Limit, PL 24 11
Plasticity Index, PI 27 10
USCS classification CH-CL GC
HRB classification A-7-6 (18) A-2–4
Undrained shear strength, Su (kPa) 3.8 to 12.0 -
Friction angle, φ (°) - 38
California Bearing Ratio, CBR (%) 1.2 to 4.2 23
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Details and Construction of the Test Sections

A total of five full-scale field Test Sections were constructed 
as part of the construction of an access road to an industrial 
facility located in Bogotá, Colombia. The overall exper-
imental track of the access road was 40  m in length and 
3.5  m in width and included five 8-m-long Test Sections 
constructed with different combinations of unreinforced and 
geocell-reinforced granular layers. Benkelman Beam Test 
(BBT) for deflection measurement, typically adopted for 
construction quality control, were conducted in each layer 
of the different Test Sections. For each 8 m Test Section, 
the BBT was carried out by positioning the beam and vehi-
cle along the section and performing the standard vehicle 
movement required for the measurements.

BBT is a straightforward and cost-effective deflection-
based method commonly used for quality control across 
all pavement layers in various transportation infrastructure 
projects. The BBT deflection method is also recommended 
for conducting quality control and evaluating the benefits 
of geocell-reinforced pavement structure layers [15]. Dur-
ing testing, the Benkelman beam is positioned between the 
dual tires of a Simple Axle Dual Tire vehicle, which applies 
an 80 kN load at a tire pressure of 560 kPa, producing two 
equivalent circular loads spaced 288 mm apart. Deflection 
criteria for each pavement layer are defined based on the 
road’s functional requirements and design life, and the BBT 
is used to evaluate compliance with these criteria. The pro-
cedures followed in this study were in accordance with U.S. 
standards [16].

All Test Sections were constructed using the same GSB 
aggregate material and a total thickness (H) of 400  mm, 
but they differed on the type and location of the geocell 
reinforcement, with geocell reinforcement adopted for the 
subbase and/or base layers. The different configurations 
adopted for the different Test Sections aimed at facilitating 
the comparison of modulus improvements resulting from 
the presence of a geocell reinforcement.

Figure 1 presents cross-sections of the five Test Sec-
tions evaluated in this study. As indicated in this Figure, 

Test Sect. 1 was the Control Section, with the GSB unre-
inforced subbase and base layers measuring 150  mm and 
250 mm in thickness (H), respectively. Test Sect. 2 involved 
GSB subbase and base layers, both of which were 200 mm 
thick (H), reinforced with Geocell A, herein referred to 
as GSBgA (where ‘gA’ denotes a Geocell A-reinforced 
layer). Test Sect. 3 had a 200-mm-thick unreinforced sub-
base layer directly over the subgrade, and a 200-mm-thick 
GSBgA base layer over the unreinforced subbase layer. Test 
Sect. 4 had a 200-mm-thick GSBgA subbase layer under a 
200-mm-thick unreinforced base layer. Finally, Test Sect. 5 
was constructed with a 150-mm-thick GSBgB subbase layer 
(where ‘gB’ denotes a Geocell B-reinforced layer) under a 
250-mm-thick unreinforced base layer.

Figure 2 illustrates the construction steps, which were 
similar across all Test Sections. These included subgrade 
compaction and base layer preparation (Fig. 2A), placement 
of the layers with or without reinforcement (Fig. 2B), com-
paction of each layer (Fig. 2C) and performance of the BBT 
(Fig. 2D). All GSB layers were compacted using a single 
smooth-drum vibratory roller, with a width of 2.0  m and 
centrifugal roller drum force equal to 150 kN, with a target 
of 100% of the maximum relative compaction according to 
the Modified Proctor Compaction test.

Table 3 provides details on the BBTs conducted on the 
different layers of the five Test Sections, named as Test 
Series, in addition to a complementary summary of the 
variables considered in the full-scale test program, includ-
ing BBT deflection results, back-calculated elastic moduli, 
and the MIF for each Test Section, which will be ana-
lyzed in detail in Sect. 3. As shown in Table 3, Test Series 
A refers to the BBTs performed directly on the subgrade 
across all five Test Sections. Test Series B, BgA, and BgB 
correspond to BBTs conducted on the subbase layer after 
its installation and compaction, either without or with geo-
cell reinforcement. Specifically, Test Series B represents the 
unreinforced subbase, while BgA and BgB refer to subbases 
reinforced with Geocell A and Geocell B, respectively. 
Lastly, Test Series C and CgA denote BBTs carried out on 
the base layer after compaction, without and with Geocell 
A reinforcement, respectively. A total of 54 BBT deflection 
measurements − 18 on each of the subgrade, subbase, and 
base layers - were recorded for each Test Section, resulting 
in 270 deflection measurements across the entire full-scale 
field test track.

Results and Discussion

Table  3 presents the BBT average deflection and Coeffi-
cients of Variation (COV) obtained for each Test Series. The 
average deflections obtained from the BBT testing program 

Table 2  Summary of geocell characteristics (Wavin Geosynthetics, 
2023)
Parameters Geocell A Geocell B
Polymer HDPE HDPE
Weld spacing (mm) 445 mm 356 mm
Open cell dimensions (mm) 315 − 304 259 − 226
Cell open area (m²) 0.048 0.029
Equivalent diameter (mm) 247 193
Cell wall height (mm) 150 120
Cell wall thickness (mm) 1.5 1.5
Elastic modulus (MPa) 700 700
Geocell wall stiffness (kN/m) 1050 1050
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Inspection of the average deflection values in Table  3 
indicates that the results obtained in geocell-reinforced 
layers were not significantly smaller than those obtained 
in unreinforced layers. However, except for Test Series 
BgB, the average deflections shown in Table 3 correspond 
to values obtained using results from more than one Test 
Section. As the deflection of subbase and base is influenced 
by the subgrade deformability, the deflection results in 
Table 3 do not capture the full improvement attributable to 
the geocell. This limitation highlights the fact that deflec-
tion measurements alone provide a global response of the 
pavement system, in which the subgrade deformability 
can overshadow the contribution of the reinforced layers. 
The back-analysis using the Layered Elastic Theory (LET) 
allows isolating the deformability of each layer, thereby 
quantifying the reinforcement effect more clearly. In this 
sense, although the average deflections in reinforced layers 
were not always lower than in the unreinforced condition, 

range from 1.46 to 4.31 mm, with the COV ranging from 
15% to 38%. Comparatively higher average deflections and 
COV were obtained from tests conducted on the subgrade 
surface (i.e., Test Series A). These trends are consistent with 
the comparatively low modulus expected in subgrade soils, 
as well as their comparatively high heterogeneity in relation 
to the other roadway layers. For the BBTs conducted over 
the subbase and base layers, both the average deflection and 
COV values were found to decrease. The decrease in aver-
age deflections was more significant in BBTs conducted 
on base layers (i.e., Test Series C and CgA), possibly due 
to comparatively thicker pavement structure over the sub-
grade. The COV values were comparatively smaller for the 
BBTs conducted over the base layer (Test Series C and CgA) 
and reinforced subbase layer in Test Series BgA - almost 
40% smaller than the COV resulting from BBTs conducted 
on the subgrade.

Fig. 1  Schematic illustration 
of full-scale field test con-
ducted: (A) Test Sect. 1: control 
(unreinforced subbase and 
base); (B) Test Sect. 2: Geocell 
A-reinforced subbase and base; 
(C) Test Sect. 3: unreinforced 
subbase and Geocell A-reinforced 
base; (D) Test Sect. 4: Geocell 
A-reinforced subbase and unre-
inforced base; (E) Test Sect. 5: 
Geocell B-reinforced subbase and 
unreinforced base
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Fig. 2  Test Sections construction: A) base layer preparation; B) filling of geocell-reinforced layer; C) compaction operations; and D) deflection 
test (BBT) being conducted on one of the constructed layers
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average BBT measurements for the corresponding Test 
Section.

As observed in Table 3, considering the average deflec-
tion obtained in Test Series A with the BBT conducted 
directly over the subgrade in Test Sects. 1 to 5, the back-
analyzed elastic modulus was equal to 18 MPa. The sub-
grade elastic modulus was found to range from 11 to 31 
MPa in Test Sects. 1 to 5, showing good agreement with 
several correlations with the CBR [20, 21].

As also shown in Table 3, the unreinforced elastic mod-
ulus (Eun) obtained for the unreinforced GSB material is 
212 MPa, calculated as the average of the back-calculated 
moduli from Test Series B and C in Test Sects. 1, 3, 4, and 
5. The reported modulus represents the averaged response 
across the Test Sections, acknowledging natural variabil-
ity in the material properties and test execution. This value 
falls within the range of 200 to 300 MPa recommended by 
several studies and transportation agencies for typical GSB 
layers classified as GP-GW according to the USCS [19, 22]. 
However, the GSB material used in this study is classified 
as GC under the USCS, and therefore, a slightly lower elas-
tic modulus is expected in comparison to GP-GW materials 
due to its higher fines content and cohesive behavior.

The inclusion of geocell reinforcement in the GSB 
aggregate material resulted in a significant increase in the 
elastic modulus of the layer, as evidenced by the back-cal-
culated moduli (Eref) presented in Table 3. The moduli for 
the geocell-reinforced layers, in Test Series BgA, CgA, and 
BgB, were 443 MPa and 540 MPa for the layers reinforced 
with Geocell A (GSBgA) and Geocell B (GSBgB), respec-
tively. These values are substantially higher than those of 
the unreinforced condition (Eun), representing increases of 
approximately 110% to 150%. This improvement is pri-
marily attributed to the enhanced confinement provided 
by the geocell reinforcement. Since GSB aggregate is an 
unbound granular material sensitive to the stress state, 
increased confinement leads to greater shear strength and 
stiffness, particularly when compaction is effectively per-
formed. A comparison between the moduli of reinforced and 

the higher back-calculated moduli of the reinforced layers 
confirm the improvement provided by the geocell reinforce-
ment, with the larger surface deflections primarily reflecting 
the influence of the subgrade. The next section explores this 
evaluation.

Layer Elastic Modulus (E) back-analysis

ELLEA1, an LET-based software, was used to back-ana-
lyze the BBT results in each layer [17]. This software has 
previously been used to analyze road pavement structures, 
including those with geosynthetic reinforcements, including 
geocells [4, 18]. The methodology adopted in this investi-
gation is consistent with that followed in previous studies, 
whereby the BBT results were employed in an iterative pro-
cess [4, 6, 12]. The input parameters included each layer 
thickness and Poisson’s ratio, as well as the sizing and mag-
nitude of the load applied during the BBT, resulting in a 
predicted vertical deflection.

Each layer’s thickness (H) in the analyses corresponds to 
that in the experimental full-scale field test and is presented 
in Fig. 1. The applied load geometry and load magnitude 
followed the BBT standards. The adopted Poisson’s ratios 
(ν) were 0.45, 0.35, and 0.25 for the subgrade, unreinforced 
GSB, and geocell-reinforced GSB, respectively, based on 
values reported in guidelines and previous studies [4, 9, 12, 
19].

The layer elastic moduli values, for unreinforced (Eun) 
and reinforced (Eref) situations, obtained from the back-cal-
culation based on the LET analysis are presented in Table 3. 
These moduli were calculated using the BBT average deflec-
tion results from the Test Sections for each Test Series, as 
shown in the table. It should be noted that average surface 
deflections do not directly translate into moduli layers, as 
they reflect the combined deformability of all pavement lay-
ers. The LET back-analysis isolates each layer’s contribu-
tion, providing consistent elastic modulus values even when 
surface deflections vary. The layer moduli were obtained 
through an iterative process in which each layer’s moduli 
ware adjusted until the calculated deflections matched the 

Table 3  Summary of characteristics and results for the different test series
Test Series Layer Material Test Sections Average 

Deflection 
(mm)

COV Eun (MPa) Eref (MPa) MIF experi-
mentally 
obtained

MIF ana-
lytically 
pre-
dicted¹

A Subgrade Subgrade 1 to 5 4.31 38% 18 - - -
B Subbase GSB 1 and 3 2,0.30 32% 212 - - -
C Base GSB 1, 4 and 5 1.69 15% - - -
BgA Subbase GSBgA 2 and 4 2.20 18% - 443 2.09 2.38
CgA Base GSBgA 2 and 3 1.46 15% -
BgB Subbase GSBgB 5 3.29 33% - 540 2.54 2.59
¹ Predicted using the analytical MIF methodology by Garcia and Avesani Neto (2021)
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– where ku, n and Rf are the modulus number for unload-
ing, modulus exponent, and failure ratio, respectively, of the 
hyperbolic constitutive soil model. The geocell characteris-
tics presented in Table 3 were used. The stress generated by 
the compaction process was estimated using an analytical 
method [24] considering the previously mentioned proce-
dures and equipment used during construction.

Using the MIF analytical method, MIF values of 2.38 
and 2.59 were obtained for Geocells A and B, respectively, 
as also provided in Table 3. The analytical predicted MIF 
values are similar to those experimentally obtained using 
the deflections and elastic moduli from the experimental 
full-scale field tests. For Geocell A (Test Series BgA and 
CgA), the absolute and relative differences between the MIF 
experimentally obtained and the analytically predicted were 
0.29 and 14%, respectively. For Geocell B (Test Series BgB), 
the same absolute and relative differences were 0.05 and 
2%, respectively.

Figure 3 compares the experimentally obtained MIF val-
ues with the analytically predicted ones for the experimental 
full-scale field test presented herein. The results from exper-
imentally obtained and analytically predicted MIF results 
from previous studies [4, 10, 12] are also presented in Fig. 3.

The good agreement between the MIF values predicted 
using the analytical method and those obtained from experi-
ments can be verified by the results presented in Fig.  3. 
Considering the significant variability of experimental con-
ditions captured by the several points in this Figure, such 
as test type (laboratory, full-scale in the field and back-
analyzed works), applied load (static and cyclic PLT, BBT 
and FWD), geocell reinforcement characteristics (several 
raw materials, cell thickness, height and pocket size), fill 
soil (several types of sand, crushed rock and coarse mate-
rials) and compaction conditions, the analytical method is 
found to satisfactorily estimated the MIF. In particular, the 
predictions were compared against a comprehensive set of 
30 literature points covering a wide range of geocell types, 
aggregates, subgrade conditions, loading modes, and exper-
imental settings, demonstrating robust predictive capabil-
ity across diverse scenarios. The use of the MIF analytical 
methodology may provide a practical means to estimate the 
modulus of specific layers during preliminary analyses in 
projects involving geocell-reinforcement applications.

Limitations

The experimental results presented in this study are specific 
to the subgrade, climate, and traffic conditions of the tested 
site. The BBTs were conducted immediately after compac-
tion of each pavement layer, reflecting only the initial stiff-
ness improvements. Unlike repeated load experiments such 
as FWD or cyclic plate load tests, the BBT directly simulates 

unreinforced layers will be used to determine the MIF in the 
next section.

Modulus Improvement Factor (MIF) Evaluation

MIF is a relevant parameter that quantifies the improve-
ment achieved by the inclusion of geocells in a pavement 
layer. Its use is particularly helpful to facilitate the design 
of roadways involving geocell-reinforced layers because 
it allows for direct incorporation of the elastic modulus of 
reinforced layers. In MEPDG analyses, the modulus of the 
geocell-reinforced layer can be predicted if the MIF and the 
unreinforced elastic modulus are known (Eq. 1).

The BBT full-scale test results in Test Series BgA, CgA and 
BgB allowed determination of the MIF values corresponding 
to both Geocell A (GSBgA) and Geocell B (GSBgB), and are 
presented in Table 3. The MIF values were obtained as the 
ratio between the Eref (for both geocells) and Eun.

The results in Table 3 show that the MIF obtained using 
the geocell ranged between 2.09 and 2.54. The Geocell 
A-reinforced GSB aggregate (Test Series BgA and CgA) 
resulted in an MIF of 2.09 and the Geocell B-reinforced 
GSB aggregate (Test Series BgB) resulted in an MIF of 2.54. 
The MIF results obtained in this study are consistent with 
the values reported in the literature.

As indicated by the results shown in Table 3, the MIF 
value obtained for Geocell B is comparatively higher than 
that obtained for Geocell (A) This trend can be attributed 
to the relative stiffness index, Si, found in Eq. 2, which is 
the most influential parameter for obtaining and in direct 
proportionality to the MIF [10]. The Si is influenced by the 
geocell pocket size, which is represented in Eq. 2 by the 
equivalent diameter (deq) of the open, filled cell. A smaller 
deq leads to a higher Si value, and consequently, a higher 
MIF. Since Geocell B has a deq approximately 80% smaller 
than that of Geocell A, a greater MIF is expected for Geocell 
(B) This expectation aligns with the trend observed in the 
experimental test results.

Si = 2J

kPadeq
� (2)

where J is the geocell wall stiffness; k the soil modulus num-
ber in the hyperbolic constitutive soil model [23]; Pa the 
atmospheric pressure; and deq the equivalent cell diameter.

Table 3 also presents the theoretical MIF value estimated 
using the analytical methodology proposed by Garcia and 
Avesani Neto (2021). To predict the MIF using this ana-
lytical method, GSB aggregate hyperbolic parameters were 
adopted based on recommended parameters reported in the 
literature for similar materials [23, 24] as: γ = 21.7 kN/m3; 
c’ = 0; φ’ = 38°; Rf = 0.8; k = 600; ku/k = 1.2; and n = 0.4 
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Conclusions

This study presented back-analyses from full-scale field 
experiments with unreinforced and geocell-reinforced lay-
ers subjected to in situ deflection tests. An unbound granu-
lar material comprising a typical Granular Subbase (GSB) 
aggregate was utilized as the subbase and base layers. Two 
geocells with different dimensions were employed as rein-
forcement. Five different Test Sections were constructed 
over the 40-m-long test track: one unreinforced Test Sec-
tion for control purposes and four reinforced Test Sections 
to evaluate the improvement in GSB aggregate attributable 
to the geocell. Deflection in-situ tests were carried out using 
the Benkelman Beam Test (BBT) performed on the different 
pavement soil layers: subgrade, subbase and base. The elas-
tic moduli in the unreinforced and reinforced layers were 
back-calculated in the different Test Sections using LET-
based software. This allowed determination of the Modu-
lus Improvement Factor (MIF) experimentally obtained by 
the geocell reinforcements, and evaluation of the accuracy 

standard axle loading conditions, providing realistic insight 
into pavement response under typical design loads. How-
ever, because the BBT is not cyclic, the reported MIF rep-
resents short-term values, which may evolve over time due 
to traffic loading, environmental effects, or material fatigue. 
Furthermore, the experimental program considered only 
specific geocell products and a single infill material. The 
findings should therefore be interpreted with caution when 
applied to different soil, geocell, or traffic conditions, or for 
long-term pavement performance, and further validation 
under diverse scenarios is recommended.

Also, practical implementation factors, including 
material and installation costs, construction quality, and 
long-term maintenance, are acknowledged as relevant con-
siderations. However, these aspects were not evaluated 
in the present study, which focuses exclusively on field-
observed mechanical performance, and could be addressed 
in future investigations.

Fig. 3  Comparison between MIF values obtained experimentally in several studies and predicted via MIF analytical method
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of an analytical method for estimating the MIF. Based on 
the results of this study, the following conclusions can be 
drawn:

	● The GSB aggregate elastic moduli were significantly 
improved due to the presence of geocell reinforcement, 
resulting in MIF values ranging from 2.09 to 2.54 in the 
full-scale field test.

	● Geocell B, with a smaller cell pocket size, generated a 
20% higher MIF than Geocell B, which had a larger cell 
pocket size.

	● The MIF value predicted using an analytical methodol-
ogy (Garcia and Avesani, 2021) showed good agreement 
with the results from the full-scale field test. A compari-
son of this full-scale test with other laboratory and field 
experiments confirmed the significant prediction poten-
tial of the MIF analytical approach.

	● The BBT proved to be an effective tool for determining 
the elastic moduli of both unreinforced and geocell-re-
inforced layers, as well as for evaluating and controlling 
the MIF during pavement layer construction.
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