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ABSTRACT:
This paper presents the result of an experimental investigation on a full-scale reinforced lightweight aggregate embankment. The
reinforced body was expanded clay aggregates, reinforced with geotextile facing. Loadings included self-weight, static surcharge
applied using concrete slabs on top of the embankment, and dynamic loads simulated by a vibrator on top of the concrete slabs as well
as dropping weight impacts. The system was designed using load and resistance factor design. Measured parameters included lateral
and vertical deformations, velocity, and acceleration during tests. This paper covers design and construction details of the built
embankment. Results indicate viability of using lightweight expanded clay aggregate in the proposed mechanically stabilized earth
walls with geotextile facing as a mean for accelerated construction of bridge abutments.
Keywords: Embankment, Mechanically Stabilized Walls, Lightweight Expanded Clay Aggregates, Geotextile.

1- Introduction
Sustainability and resilience have guided planning, design, and construction of numerous infrastructure project
in recent decades [1]. These characteristics generally enhance efficiency and serviceability of projects, while
optimizing resource allocations and reducing environmental impacts and risks [2]. Achieving such
performance measures is often a resultant of efforts in areas of engineering mechanics and materials [3].
Mechanically stabilized earth (MSE) walls are examples of such efforts in the area of engineering mechanics,
where reinforced earth mechanism facilitates substantial reductions in the cost and time of construction.
Similarly, application of lightweight aggregates (LWA) provides advantages through the life cycle of
infrastructure projects. For instance, the lightness and the ease of compaction of LWA contribute to substantial
economic savings; and durability of certain LWA, such as lightweight expanded clay aggregates (LECA),
contributes to the sustainability of infrastructure by increasing the life, and thus, reduction of the life cycle cost
of the project [4]. Hence, application of reinforced LECA in MSE walls have great potentials to enhance
performance of infrastructure projects through accelerated bridge construction strategy [5-7]. Numerous
researchers have conducted experimental tests on road embankments and retaining backfills, including
application of lightweight aggregates [5-11]. The conducted work in this paper follows the existing literature
and investigates the full-scale prototype of a new MSE wall containing reinforced LECA with geotextile
facing. Experimental investigations include static and dynamic loads, which are common in bridge abutments,
such as self-weight, vibration, and impact loads.
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2- Design, construction and testing methodology
The embankment has a height of 6 m and a core width of 6 m, which extends to 12 m width and 30 m length
to include stability and access slopes in the back and at each side of the main core, respectively. Figure 1 shows
a general view of the completed prototype. The instrumentation reference tower and temporary guiding posts
are visible in this figure. Lateral slopes are two horizontal to one vertical, and the back slope is at the natural
slope of the aggregate, secured with precast tilt-up walls in the back to prevent failure or excessive movement.
The measured natural slope at the back was 35 degree. Loading concrete slabs are present in the front of this
figure, laid on the ground with approximate dimensions of 1.2 m by 0.6 m area and 0.2 m thickness. The weight
of each slab is nearly 355 kg.

Fig.1. The general view of the prototype.

The design of the prototype followed the load and resistance factor design (LRFD) method by the Federal
Highway Administration (FHWA) as outlined in the document FHWA-NHI-10-024 [12]. Design procedure
included sliding, overturning, bearing, and internal stability linked with geotextiles and their interaction with
aggregates. The design intended the internal stability due to pull-out of geotextiles to have the lowest factor of
safety to create a safe testing environment. Figure 2 presents the transverse section of the embankment.

Fig.2. The section of the prototype.
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Construction of layers followed standard practices by the industry, as outlined in the figure 3 [13-14]. These
practices included fabrication and erection of formworks without shoring, compaction of LECA, and securing
geotextile sheets. The spacing between geotextile layers was 0.50 meter. Each layer contained three sub layers
for compaction purposes, applied using a portable vibratory compactor. The required embedment length for
geotextile layers was 4 m per design, bent into the layer for practical stability during construction. The bottom
geotextile layer was directly on compacted ground. Concrete slabs provided proper normal force and resulted
friction forces to secure the upper layer of LWA.

Fig.3. Construction details of the prototype.

The fill material was LECA, within 10-25 mm grading range (Figure 3). The prototype utilized more than 800
cubic meter of LECA in twelve layers reinforced with geotextiles and placed with a portable vibratory
compactor to avoid unnecessary crushing of aggregates. Tables 1 and 2 list selected physical and mechanical
properties of LECA and geotextile, respectively.

Fig.4. The close-up of placed LECA.

Table 1: Physical and mechanical properties of LWA by LECA [15]
Specification
Value
Volume weight (kg/m3)
350
Internal friction angle (degree)
35
Cohesion (Pa)
0
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Table 2- Physical and mechanical properties of geotextile by Laye Bafan [16]
Specification
Value
Weight (kg/m2)
500
Maximum longitudinal tensile strength (kN/m)
30
Elongation at maximum grab tensile strength (%)
75

Basic instrumentation devices included extensometers, accelerometers, and geophones, all connected to a data
logger. Two guiding columns and one tower in the front were reference basis for measurements. Figure 5
shows the layout of devices on the face of the embankment. Figure 6 shows typical installation of instruments
in selected layers. Measured results included horizontal deformation and accelerations at top, middle, and
lower layers, plus vertical deformation at the top of the embankment.

Fig.5. Layout of instrumentation devices.

Fig.6. Typical installation of instruments at the lower layer.
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3- Results
The first test began with the placement of eight concrete slabs with the total surcharge of nearly 10 kN/m2 over a 2.4 m by 2.4
m area in front of the MSE wall. The resulted total vertical displacement of the wall at the top was 12 mm. The second test
included a series of dropping-weight impact loadings in addition to the 10 kN/m2 static loading. The heights of dropping included
0.15, 0.30, 0.60, and 0.90 m for a 3.5-kN-concrete slab over an area of 0.6 m by 1.2 m in front of the MSE wall. The applied
load at 0.90 m drop based on the stiffness of the wall obtained from the static load approximately simulates the weight of one
set of wheels of an 18-ton truck axle. Table 3 shows maximum deformations recorded for each test. Results indicate two trends
for displacements: the increase of horizontal displacement with height, and the increase of displacements with dropping height.
The variation of horizontal displacement with height is more substantial at lower layers than upper layers, where the ratio
between horizontal displacements at middle and lower layers is several folds higher than the ratio of the same measure between
top and middle layers. As the dropping height increases, the horizontal displacement increases nearly at the same ratio, indicating
an elastic behavior. However, the horizontal displacement at the bottom layer does not show much difference due to high friction
resistance between the compacted ground and the geotextile sheet. Further, the rate of increase in vertical displacement does
not follow the same pattern and shows that ultimate vertical deformation approaches an ultimate value of nearly 1 mm.

Table 4: Summary of recorded displacements due to impact loadings
Maximum immediate displacement
Drop 1
Drop 2
Drop 3
Vertical displacement at top (mm)

0.16

Horizontal displacement at top layer (mm)

0.38

Horizontal displacement at middle layer (mm)

0.19

Horizontal displacement at bottom layer (mm)

0.03

Drop 4

0.38

0.99

1.0

0.52

0.89

1.7

0.27

0.54

0.52

0.06

0.05

0.04

4- Conclusions
This paper presented a summary of experimental investigations for a full-scale MSE wall containing reinforced
LECA with geotextiles. The basis for design of the wall was LRFD method per FHWA guidelines. Design
indicated the effectiveness of LECA in reducing the dimensions of embankment due to low weight and high
friction angle. Ease of compaction accelerated construction operations without requiring any special
equipment. Static testing showed that LECA embankment sustains nearly 10 kN/m2 surcharge load at 12 mm
settlement. Dynamic testing using impact loads revealed that LECA embankment sustains the dropping-weight
effect of the axle of an 18-ton truck with amplitudes of 1 mm vertical and 1.7 mm horizontal displacements.

5- Acknowledgment
The LECA Company fully funded this project and generously provided space, labor, materials, and machines
for construction and testing of the prototype. This was made possible by the kind support of Dr. Alireza
Namadmalian Esfahani, the VP of LECA Co. The first author also acknowledges the sabbatical leave granted
by the California State University, Fresno. Furthermore, authors would like to thank Mr. Vahid Attar and Mr.
Hasan Rafatkhah from LECA plant for their help with vibration test and logistics, respectively; and Mr. Mehdi
Zaeri Sharif and other LECA employees for their kind and unlimited support throughout the project. Authors
also acknowledge Dr. Abbas Ghalandarzadeh for leading the instrumentation crew of Tehran University as the
subcontractor of the project; and Mr. Jody Wall from Stalite Company for providing valuable comments to the
first author on testing procedures.

Fariborz Mohammadi Tehrani, Farhad Tizhoosh, Seyyed Mahdi Mousavi, Ali Kavand (2019). An Experimental Investigation of a
Full-Scale Reinforced Lightweight Aggregate Embankment. Advance Researches in Civil Engineering 1(2): 36-41. www.arce.ir
40

Volume 1, No.2, pages:36-41
ISSN 2645-7229

6- References
1. Goodman, A. S., Hastak, M., (2006). Infrastructure Planning Handbook, McGraw Hill, NewYork, NY.
2. Institute for Sustainable Infrastructure (ISI), (2012). ENVISION: A Rating System for Sustainable Infrastructure. Washington, DC: ISI. Retrieved
from sustainableinfrastructure.org/envision.
3. Kestner, D. M., Goupil, J., Lorenz, E., (2010). Sustainability guidelines for the Structural Engineer, ASCE Press, Reston: VA.
4. Tehrani, F. M., (1998). Rahnama-ye Jame-e LECA, A Comprehensive Guide to LECA, Merhashna, Tehran. (In Persian).
5. Xiao, M., Tehrani, F. M., Zoghi, M., (2013). Seismic Response of MSE Walls using Accelerated Alternative Backfill Materials with Recycled Tire
Shreds and Lightweight Expanded Aggregates, Report CA13-2416, California Department of Transportation, Sacramento: CA.
6. Tehrani, F. M., Zoghi, M., Xiao, M., (2016). A Numerical Simulation of Mechanically-Stabilized Walls, Proceeding 5th International Conference on
Geotechnical Engineering and Soil Mechanics, Tehran, Iran, November, 671.
7. Munjy, H., Tehrani, F.M., Xiao, M., Zoghi, M., (2014). A Numerical Simulation on the Dynamic Response of MSE Wall with LWA Backfill,
Proceeding Numerical Methods in Geotechnical Engineering, 1, Ed.by M. A. Hicks, R. B. J. Brinkgreve, and A. Rohe. CRC Press, Taylor & Francis
Group, London, UK, 1147-1152.
8. Bathurst, R. J., Blatz, J. A., Burger, M. H., (2003). Performance of Instrumented Large-scale Unreinforced and Reinforced Embankments Loaded by
a Strip Footing to Failure, Canadian Geotechnical Journal, 40, 1067-1083.
9. Puppala, A. J., Saride, S., Yenigalla, R. V., Chittoori, B. C. S., Archeewa, E., (2017). Long-term Performance of a Highway embankment Built with
Lightweight Aggregates. Journal Performance Construction Facilities, 31(5), 10-21
10. Saride, S., Puppala, A. J., Williamme, R., Sirligiripet, S. K., (2010). Use of Lightweight ECS as a Fill Material to Control Approach Embankment
Settlements. Journal of Material in Civil Engineering, 22(6), 607-617.
11. Tanchaisawat, T., Bergado, D. T., Voottipruex, P., (2008). Numerical Simulation and Sensitivity Analyses of Full-scale Test Embankment with
Reinforced Lightweight Geomaterials on Soft Bangkok Clay, Geotextiles and Geomembranes, 26(6), 498-511.
12. Berg, R. R., Christopher, B. R., Samatani, N. C., (2009). Design and Construction of Mechanically Stabilized Earth Walls and Reinforced Soil
Slopes – Volume I, FHWA-NHI-10-024, FHWA, Washington, DC.
13. Peurifoy, R. L., Schexnayder, C. J., Shapira, A., Schmitt, R., (2010). Construction Planning, Equipment, and Methods, McGraw-Hill, New York,
NY.
14. Koerner, R. M. (1986). Construction and Geotechnical Methods in Foundation Engineering, McGraw-Hill, New York, NY.
15. LECA Co. (2017). Rahnama-ye Etela’at-e Fanni-e LECA, The Guide to Technical Specification of LECA, LECA, Tehran. (In Persian).
16. Laye Bafan, (2017). Geotextile, Laye Bafan, Esfahan. Retrieved from www.layebafan.com.

Fariborz Mohammadi Tehrani, Farhad Tizhoosh, Seyyed Mahdi Mousavi, Ali Kavand (2019). An Experimental Investigation of a
Full-Scale Reinforced Lightweight Aggregate Embankment. Advance Researches in Civil Engineering 1(2): 36-41. www.arce.ir
41

