
ER
D

C/
CE

RL
 T

R-
17

-4
 

  

 

  

Performance of HESCO Bastion Units Under 
Combined Normal and Cyclic Lateral Loading 

Co
ns

tr
uc

tio
n 

En
gi

ne
er

in
g 

R
es

ea
rc

h 
La

bo
ra

to
ry

 

  Ghassan K. Al-Chaar, Marion L. Banko, Brian Eick, and 
Thomas A. Carlson 

February 2017 

  

 

Approved for public release; distribution is unlimited. 

  



  

The U.S. Army Engineer Research and Development Center (ERDC) solves 
the nation’s toughest engineering and environmental challenges. ERDC develops 
innovative solutions in civil and military engineering, geospatial sciences, water 
resources, and environmental sciences for the Army, the Department of Defense, 
civilian agencies, and our nation’s public good. Find out more at www.erdc.usace.army.mil. 

To search for other technical reports published by ERDC, visit the ERDC online library 
at http://acwc.sdp.sirsi.net/client/default. 

http://www.erdc.usace.army.mil/
http://acwc.sdp.sirsi.net/client/default


 ERDC/CERL TR-17-4 
February 2017 

Performance of HESCO Bastion Units Under 
Combined Normal and Cyclic Lateral Loading 

Ghassan K. Al-Chaar, Marion L. Banko, Brian Eick, and Thomas A Carlson, 
Construction Engineering Research Laboratory 
U.S. Army Engineer Research and Development Center 
2902 Newmark Drive 
Champaign, IL 61822 

Final report 
Approved for public release; distribution is unlimited.  

Prepared for U.S. Army Engineer District–Kansas City 
601 E. 12th Street 
Kansas City, MO 64106 

 Under Project P2 445442, “Laboratory Tests of HESCO Bastion Units for Design 
Minimum Military Requirements” 



ERDC/CERL TR-17-4  iv 

Abstract 

To help reduce the costs and logistical requirements for establishing for-
ward operating bases (FOBs), the U.S. Army investigates construction 
methods that use indigenous materials in place of commercial materials 
manufactured far away. An established construction system called the 
HESCO bastion, currently used in theater for force protection, derives its 
mass and load resistance from indigenous soils placed in manufactured 
steel and geotextile containment modules. Using this system for other FOB 
structures, such as soldier housing, could greatly reduce costs and logisti-
cal burdens for Class 4 construction materials. Before developing such ap-
plications, however, the load-resisting characteristics of HESCO units 
must be tested for incorporation into new engineering guidance. 

In this study a HESCO unit was filled with dry, coarse sand and subjected 
to combination of normal and lateral loads at four separate intensities. The 
interaction of normal and lateral loads was investigated, as well as the cy-
clic loading hysteresis. A lateral load capacity for HESCO bastions was de-
termined based on the applied normal load. The results validated the suit-
ability of HESCO units as load-bearing structural members for temporary 
soldier housing in FOBs located in remote areas of operation. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-
tation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

1.1 Background 

The U.S. Army has a continuing interest in reducing the logistical require-
ments and costs for establishing forward operating bases (FOBs). Con-
struction methods that incorporate indigenous materials readily available 
in the mission’s operating area can significantly reduce the need to 
transport expensive bulk construction materials over long distances by 
transport aircraft or motor convoys. Specific desirable features for alter-
nate construction systems are improved force protection and reduced 
transportation and logistics burdens related to Class 4 construction mate-
rials. 

A product called the HESCO Bastion* has long been used in Army areas of 
operation to assemble semipermanent protective barriers. It is produced 
in various sizes as a modular unit that can be joined in configurations suit-
able for force protection as well as flood-control barriers and other appli-
cations. Each HESCO unit consists of a cage-like, collapsible welded wire 
mesh that is used with a geotextile liner. HESCO units are set up onsite 
and filled with soil or sand, as available at the construction site, to provide 
load resistance. The practical advantages of this product for military users 
are shipping compactness and ease of setup. An additional potential ad-
vantage for Army managers and planners is that the technology is consid-
erably more affordable than construction materials and systems designed 
for civilian and consumer applications, particularly when including the 
costs of global logistics and security issues related to protecting convoys. 

The availability of HESCO units at FOBS has spurred interest in investi-
gating their use as load bearing members for in-theater soldier housing, 
which could offer the same relative affordability and ease of construction 
realized in its conventional uses. However, because this technology was 
not designed for residential applications, engineering standards would be 
needed to guide the designers of soldier contingency housing. In order for 
engineers to qualify a structural component, they must calculate compo-
nent capacities to ensure that the values exceed the predicted demands. 

                                                                 
* Manufactured by HESCO Bastion Ltd. (Leeds, UK). 
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While component demands are based on expected member loads, capaci-
ties depend mainly on material properties and the behavior of the compo-
nent under loading.  

In order to support the Army’s interest in using indigenous construction 
materials to reduce the logistics burden for housing soldiers in areas of op-
eration, the Engineer Research and Development Center, Construction 
Engineering Research Laboratory (ERDC-CERL) designed and executed a 
testing program to help qualify HESCO units for use in contingency hous-
ing structures. 

1.2 Objective 

The objective of this study was to determine the load capacity of a selected 
HESCO bastion unit to qualify them as bearing members that can safely be 
used to construct FOB soldier housing.  

1.3 Approach 

ERDC-CERL performed a series of four pseudodynamic laboratory tests 
on an individual HESCO unit filled with sand and subjected to a combina-
tion of normal and lateral loads. The test specimen was subjected to com-
bined shear and compressive loading in order to determine the corre-
sponding ultimate strengths. The properties of the prefabricated HESCO 
bastion materials (i.e., wire mesh and geotextile liner) were held constant 
for all tests. HESCO unit dimensions and material properties are specified 
in Chapter 2. 
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2 Material Properties and Design Loads 

The HESCO bastion is a three-dimensional rectangular unit consisting of 
four welded zinc-aluminum-coated steel wire panels joined at their edges 
by means of vertical helical-coil joints. Each unit is shipped and stored in a 
flat (collapsed) state. It sets up into a cage-like configuration that is de-
signed to receive a heavy-duty, nonwoven polypropylene geotextile liner to 
form a container that can be filled with granular indigenous materials such 
as soil or sand. The units are manufactured in a variety of shapes and 
sizes, such as a single basket (see Figure 1) or a row of interconnected units 
(Figure 2). 

Figure 1. HESCO bastion welded wire mesh (WWM) panels. 
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Figure 2. Lined HESCO units interconnected to form a barrier. 

 

The HESCO unit used in these tests had a square cross-section measuring 
3.5 x 3.5 ft and height of 7 ft. The design of the testing apparatus required 
that the HESCO unit not be filled completely, so the tested unit had a 
nominal height of 6 ft-6 in. The wire mesh will have a gage of 12 American 
SWG with 3 in. x 3 in. spacing and a tensile strength between 80 and 110 
ksi. The geotextile is a heavy-duty, nonwoven, permeable, polypropylene 
fabric. 

The design of the testing apparatus required that a few in. of height not be 
filled with sand; therefore a nominal height of the tested unit was 6.5 ft. 
The test specimen was fabricated per MIL-DTL-32488, Detail Specifica-
tion: Expeditionary Barrier System (EBS) [1] (see Appendix B).  

2.1 HESCO steel mesh and fabric 

The HESCO panels are fabricated from AISI* 1010 carbon steel, with a 
wire diameter of 4 mm and mesh spacing of 3 in. in both directions. The 
spiral wire hinges that connect individual panels are made of the same 
                                                                 
* American Iron and Steel Institute, Washington, DC. 
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AISI 1010 steel. The spirals have an inside diameter of 0.857 in. and a 
pitch of 1 inch. Wires are fabricated to have a minimum yield strength of 
92,800 psi and an ultimate strength of 99,350 psi. All steel components 
are coated with a zinc-5% aluminum-mischmetal coating per ASTM Stand-
ard Specification B750 [2] requirements, and deposition requirements of 
ASTM A856 [3]. (See Table 1 in MIL-DTL-32488 [1].) 

The nonwoven polypropylene geotextile fabric used for the liner is 54 mils 
(1.37 mm) thick, and the wide-width tensile strength is 85 lb/in. (See Table 
2 in MIL-DTL-32488[1], Appendix B, for more information.) 

2.2 Sand fill properties 

The most common types of fill used in HESCO bastions are granular soils, 
typically gravel and sand, which are highly desirable due to high permea-
bility (to allow quick drainage) and high shear strength. Fine soils such as 
clay and silt also can be used, but they are less desirable due to their low 
permeability. These soils may be used individually or in combination with 
one another to achieve a required design shear strength.  

The type of fill used is selected to provide the properties the bastion must 
have for the specific application. For structural applications, the soil must 
have relatively high shear strength so the structure does not fail due to 
high soil shearing. This means that the soil must be dry, because moisture 
expands dry soil and reduces friction between the particles, which greatly 
reduces its overall shear strength and load-bearing capacity. Table 1 pro-
vides typical shear strength values for general soil types under dry condi-
tions. As shown in the table, the granular soils have much greater shear re-
sistance than fine-grained clay.  

Table 1. Typical shear strength values of different soil types. 

Fill Shear Resistance, Τ (psi) 
Coarse Sand 6373 
Fine Sand 5271 
Gravel 6853 
Clay 3727 

 
For this study, only dry, coarse sand was used as to fill the test specimen. 
Table 2, summarizes the properties of the test sand.  
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Table 2. Properties of coarse fill sand. 

Property Value 

Density of Dry Sand 1.38 gm/cm3 

Moisture Content of Sand 2.69% 

 

2.3 Basis for design load assumptions 

One possible floor plan for a HESCO-based housing system is shown in 
Figure 3 below. A full set of engineering drawings for such a structure is 
provided in Appendix A. Based on this design, the total roof load for 
HESCO bastion walls to support is shown in Table 3.  

Figure 3. Typical HESCO bastion housing floor plan. 

 

Table 3. Total roof load for HESCO building design. 

Description Load (psf) 

Live Load 20 

I-Joists 8 

Plywood 2 

Sandbags 176 

Total Roof Load 206 
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The roof described in Appendix A has a volume of 784 cubic feet, so the to-
tal roof weight is 161,504 lb. The roof is supported by 18 HESCO units, so 
the load on each HESCO unit is 8,772 lb.  

There are several roofing systems under consideration, such as wooden I-
beams available through RedBuilt [4] and a system designed and sold by 
HESCO Bastion Ltd. One example of a roofing design is shown in Figure 4. 

Figure 4. HESCO company’s housing structure 
using HESCO bastion walls and wooden roof trusses [4]. 

 

As can be seen in Figure 3, there are three typical boundary conditions of 
interest for an individual HESCO bastion that is used as part of a struc-
tural system. The boundary conditions are defined by the number and lo-
cation of adjacent HESCO units (see Figure 5).  

Figure 5. HESCO unit plan view showing three boundary conditions: (a) one adjacent 
unit, (b) two adjacent units at corner, and (c) two adjacent units at middle of wall. 
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Figure 5a, the end unit in a single, stand-alone wall, is referred to here as 
an edge cell; Figure 5b, a corner where two walls meet, is referred to as a 
corner cell; and Figure 5c, located within the span of the wall, is referred 
to as an intermediate cell. The boundary conditions are an important con-
sideration as they account for some level of confinement to the unit. That 
is, the units will have a tendency to bow in the direction where an adjacent 
unit does not provide confinement. The effect of boundary conditions on 
HESCO unit bowing is shown in Figure 6.  

Figure 6. HESCO bastion bowing: (a) corner cell bows in two directions, (b) edge cell 
bows in three directions, and (c) intermediate cell bows in two directions. 

 

In this study an unconfined unit was tested to represent the worst-case 
scenario because of the potential for bowing in all four side panels. Test re-
sults from an unconfined specimen should be readily applicable to speci-
mens subject to other boundary conditions.  

2.4 Self-weight of materials 

Table 4 shows the self-weight of all filler materials at the base of the 
HESCO test specimen. (The weight of the HESCO product is not included 
because it’s own weight does not contribute to the load.) The calculations 
are based on the stated test specimen dimensions and the measured densi-
ties from Table 2. 

Table 4. Self-weight of HESCO materials. 

Description Weight (lb) 

Sand 11,150 

Steel Plate 1,121 

Stub Column 200 

TOTAL Self-Weight 12,471 
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Thus, the weight of the designed roof on each HESCO unit—8,772 lb (see 
previous section)—plus the self-weight of only the sand (11,150 lb) com-
bines for a total of 19,922 lb.  
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3 Testing Program 

3.1 Testing facility 

ERDC-CERL was chosen as the test facility in order to make use of its con-
crete strong-floor and hydraulic actuator system. For the desired tests, it 
was necessary for the HESCO bastion unit to be secured to this floor in or-
der to resist lateral movement and support the application of normal load-
ing.  

3.2 Specimen mounting 

A concrete pad purpose-designed for this study was constructed on the 
strong-floor (Figure 7) A threaded DYWIDAG* bar was run vertically 
through the concrete strong-floor and passed through a center aperture in 
the concrete pad as part of the load-application mechanism. The unfilled 
HESCO test specimen (Figure 8) was then placed on top of the prepared 
pad. Figure 9 shows the interior of the HESCO specimen with the rod in 
place.  

Figure 7. Concrete pad on strong-floor. 

 

                                                                 
* DYWIDAG is a trademark of DYWIDAG-Systems International. 
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Figure 8. Exterior of unfilled HESCO bastion. 

  

Figure 9. Interior of unfilled HESCO bastion 
showing threaded rod vertically penetrating the concrete pad.  

 

A special assembly consisting of a square load-transfer frame and a slot-
ted, hemispherical bushing was installed on the threaded rod to create a 
pinned connection that can pivot to accommodate swaying of the speci-
men while maintaining a normal loading condition (Figure 10 and Figure 
11). The specimen was then filled with the sand specified in section 2.2. 
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Figure 10. Photograph of special load-transfer assembly used in testing program. 

 

Figure 11. Detail showing threaded rod connection with 
hemispherical bushing to allow rotation of the threaded rod. 
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3.3 Loading apparatus 

A steel-channel frame was erected around the location to support the lat-
eral-load-applying actuator and instrumentation (Figure 12). A steel plate 
weighing 1,121 lb was fabricated to be placed on top of the HESCO bastion 
with an attachment point for the horizontal actuator to be attached to the 
specimen (Figure 13). An elevation view drawing of the concrete pad, spec-
imen, and horizontal actuator is shown in Figure 14. A 100 kip actuator 
with a 12 in. stroke was attached to a reaction wall and bolted to the steel 
plate on top of the specimen (Figure 15). The steel plate was slotted to 
force any shear load to be resisted exclusively by the sand and not the 
threaded rod. A stub column weighing 200 lb was placed on top of the 
specimen to allow a hydraulic jack to be secured to the threaded rod by 
means of a steel plate and a nut. The hydraulic jack used was a BVA Hy-
draulics P1000 hand pump with a 10,000 psi capacity. The hand pump 
was further connected to a BVA HC10003T hydraulic cylinder with 3 in. 
stroke and 100 ton capacity. A load cell was placed between the hydraulic 
cylinder and the steel plate. 

Figure 12. Isometric drawing of test setup (NW view).  
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Figure 13. Drawing of steel plate for applying normal loading to top of test specimen, 
showing attachment point for horizontal actuator and center slot for threaded rod.  

 

Figure 14. Dimensioned drawing of test setup (north elevation view). 
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Figure 15. Laboratory photograph showing the connection between the reaction wall 
and the steel plate atop the HESCO bastion. 

 

3.4 Instrumentation 

Two types of instrumentation were employed during the tests to measure 
displacements and applied loads on the specimen: string potentiometers 
and strain-gage based load cells. 

3.4.1 String potentiometers 

Celesco Model PT8101-0020-211 string potentiometers were used to meas-
ure the absolute displacement at the point of attachment. These potenti-
ometers employ a spring-loaded precision rotary potentiometer with a 
flexible steel cable wrapped around the potentiometer shaft. The other end 
of the cable is attached to the point where displacement is to be measured. 
When displacement occurs, the cable motion rotates the shaft causing a 
change in resistance. This model of transducers has a cable length of 20 
in., which was deemed acceptable because the testing protocol required no 
more than ±6 in. of displacement. These transducers were secured to the 
steel channel frame and attached to the specimen at predetermined loca-
tions. They were then connected to a Pacific Instruments 6000 series data-
acquisition and signal -conditioning system using their 6033-3 DC signal-
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conditioning boards, which provide direct current (DC) power, electrical 
balancing, and digital amplification.  

3.4.2 Load cells 

A load cell was fabricated using a thick-walled aluminum cylinder sized to 
slide over the threaded DYWIDAG bar. Strain gages were attached to the 
cylinder in a full Wheatstone bridge configuration. When a voltage is ap-
plied to a circuit in this configuration, the voltage change across the circuit 
can be measured. When a load is applied to the cylinder, the resistance of 
the strain gages changes, and thus so does the change in voltage across the 
circuit. The difference in the measured voltage can then be used as a proxy 
to measure the applied load. To accomplish this, the load cell was cali-
brated by placing it in a 100 kip load frame and applying a 5 volt signal; 
and the change in voltage was measured at increments of 1000 lb. By do-
ing this, a gage factor of 0.2 mv/v/1000 lb was measured. This load cell 
was then placed between the hydraulic jack and the specimen to measure 
the applied normal load. The output was measured by connecting to the 
Pacific Instruments 6000 series data acquisition system using the 6033-3 
DC signal-conditioning boards. 

The lateral load was measured by the load cell already connected in-line 
with the actuator. This load was measured by the Instron 8800 actuator 
controller in conjunction with the Instron Console software. The actuator 
load was also connected to the Pacific Instruments 6000 system to allow 
for simultaneous sampling with all other instruments.  

3.5 Channel notation 

Figure 16 shows the instrumentation layout for the test specimen, and Ta-
ble 5 indicates the measurement to which each channel was dedicated. 
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Figure 16. Instrumentation layout and channel notation. 

 

Table 5. Channel designation and use. 

Channel Designation Description 

D-M-L String pot: Measures Left Mid-height Displacement 

D-T String pot: Measures Top Displacement 

D-B String pot: Measure Bottom Displacement 

D-M-R String pot: Measures Right Mid-height Displacement 

LC-N Load Cell: Measures Applied Normal Load 

LC-L Load Cell: Measures Applied Lateral Load 

 

3.6 Selection of cyclic loading protocol 

The loading procedure described here follows the protocols outlined in 
ASTM E2126-11: Method B [5], a displacement-controlled loading proce-
dure grouped in phases at incrementally increasing displacement levels. 
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The procedure for this study required a combination of normal and lateral 
loads to ensure that the laboratory environment best models the field envi-
ronment. At each displacement level the normal load was increased ac-
cordingly. The self-weight of one filled individual HESCO unit is approxi-
mately 11,150 lb as indicated in Table 2. The roof load, as based on the 
design presented in Appendix A, was 8,772 lb per HESCO unit, imposing a 
total design load of 19,922 lb. The hydraulic jack described in section 3.3 
was used to simulate the roof load and provide increasing levels of normal 
load to the HESCO bastion.  

Figure 17 provides a visual plot of the nominal lateral loading cycle proto-
col. The loading sequence began with a normal load of 17,500 kips with 
displacement of 2 in. After three cycles the normal load as increased to 
25,000 kips and the displacement was increased to 4 in. for three more cy-
cles. Next, the normal load as decreased to 24,000 kips and the displace-
ment was increase to 6 in. for six more cycles. To accomplish this protocol, 
the horizontal actuator was paused between targeted displacements to al-
low for the jack to be pumped to the targeted normal load. 

Figure 17. HESCO bastion lateral displacement cycle. 
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4 Results 

4.1 Normal loading 

Table 6 shows the load applied by the hydraulic pump before each run. 
The table also shows the total normal load on the test specimen, which in-
cludes the applied normal load and the total self-weight from Table 4. 

Table 6. Applied normal load for each test run. 

Run Applied Normal Load (lb) Total Normal Load (lb) 

1 5,776 18,247 

2 13,406 25,877 

3 15,161 27,632 

4 11,956 24,427 

 

4.2 Top displacement 

The target displacement values for the top of the specimen for each of the 
four runs were 2 in., 4 in., and two runs of 6 in. Due to the geometry limi-
tations of the test apparatus, the actual displacement at the top of the 
HESCO specimen was slightly smaller, as summarized in Figure 18 
through Figure 21. 

Figure 18. Run 1 measured top displacement (2 in. targeted). 
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Figure 19. Run 2 measured top displacement (4 in. targeted). 
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Figure 20. Run 3 measured top displacement (6 in. targeted). 
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Figure 21. Run 4 measured top displacement (6 in. targeted). 
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The start of Run 4 began at a displacement of 4 in., because the HESCO 
bastion was not brought to the vertical position before this run began. 
Also, what becomes apparent is that the lateral displacement of the top of 
the HESCO bastion gradually decreases during each run. This phenome-
non would indicate that the steel normal loading plate began to lose its 
bearing on the top of the HESCO bastion. (This result is consistent with 
the general decrease in normal load throughout the course of the run as 
described in section 5.3).  

4.3 Investigation of accidental torsion 

To prevent torsion of the entire specimen, string potentiometers were at-
tached on both sides of the HESCO unit at mid-height to measure the rela-
tive displacement on each side. The results are shown in Figure 22 through 
Figure 25. 
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Figure 22. Run 1 measured displacement at mid-height. 
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Figure 23. Run 2 measured displacement at mid-height. 
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Figure 24. Run 3 measured displacement at mid-height. 
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Figure 25. Run 4 measured displacement at mid-height. 
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As shown in Figure 22, there was approximately a quarter-inch difference 
between the left and right sides of the specimen during Run 1. Since the 
specimen is 42 in. wide, this difference represents a 0.34 degree twist, and 
is considered negligible torsion.  
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4.4 Measured load versus time 

Figure 26 through Figure 29 show the applied lateral and normal loads as 
measured versus time. Run 1 began with a normal load of 17,500 kips. Run 
2 began with a normal load of 25,000 kips, and runs 3 and 4 began with a 
normal load of 24,000 kips. During the course of each run, the measured 
load in the sand generally decreased, with local maxima occurring during 
the maximum amplitude of the lateral load (maximum lateral displace-
ment). The lateral load measured during each run oscillated about the 
zero-load point and also decreased in peak amplitude throughout the run. 
The decrease in lateral load needed to displace the HECSO bastion is re-
lated to the decrease in normal load. As the normal load decreased, the 
HESCO bastion unit became less stiff, allowing lateral displacement under 
less of a lateral load. This phenomenon could also indicate a general weak-
ening of the HESCO bastion and/or the formation of a plastic hinge near 
the base of the unit.  

Figure 26. Run 1 measured load versus time. 
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Figure 27. Run 2 measured load versus time. 
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Figure 28. Run 3 measured load versus time. 
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Figure 29. Run 4 measured load versus time. 
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4.5 Hysteresis 

Lateral load was plotted against maximum displacement to determine 
specimen energy-dissipation capacity (Figure 30 through Figure 33). A 
red-dashed backbone curve was superimposed over the hysteresis loops. 

Figure 30. Run 1 hysteresis results. 
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Figure 31. Run 2 hysteresis results. 

 

Figure 32. Run 3 hysteresis results. 
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Figure 33. Run 4 hysteresis results. 

 

Again, Run 4 (Figure 33) shows the initial displacement of 4 in. Also, we 
see again that the target displacements of 2, 4, and 6 in. for Runs 1, 2, and 
3, respectively, were not achieved (Figure 30 through Figure 32). In each 
case, degradation of both strength and stiffness are seen. That is, the slope 
of the elastic line appears to decrease as the test goes on (stiffness degra-
dation) and the hysteresis loops become smaller (strength degradation).  

Using a numerical integration scheme, the area of one hysteresis loop (the 
first loop) was calculated for each run. The results are shown in Table 7. 

Table 7. Energy dissipated for first cycle of each run. 

Run Area of First Loop 

1 10,673 in-lb 

2 17,182 in-lb 

3 69,236 in-lb 

4 34,254 in-lb 

 
The trend indicates that as the displacement and normal load increase, the 
energy dissipation also increases. However, the energy dissipation for Run 
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4 is significantly lower than for Run 3 because neither the displacement 
amplitude or normal load increased from Run 3 to Run 4.  

4.6 Normal load versus top displacement 

The normal load shedding was plotted against top displacement, as shown 
in Figure 34 through Figure 37. The first graph in each two-part figure (a) 
plots the raw data as the three cycles are completed. The normal load de-
creases as the HESCO unit is cycled through the displacement. The second 
graph in each pair (b) plots the point of maximum displacement for each 
oscillation and the associated normal load amount. The apexes are con-
nected with a red dotted line to illustrate the normal load shedding during 
the course of the cycle. 
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Figure 34. Run 1 measured normal load versus top displacement 
raw data (a) and maximum displacement per oscillation (b). 
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Figure 35. Run 2 measured normal load versus top displacement 
raw data (a) and maximum displacement per oscillation (b). 
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Figure 36. Run 3 measured normal load versus top displacement 
raw data (a) and maximum displacement per oscillation (b). 
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Figure 37. Run 4 measured normal load versus top displacement 
raw data (a) and maximum displacement per oscillation (b). 

a)  

b)  

4.7 Normal load versus lateral load 

The applied normal load was plotted against the lateral load to determine 
if and how the normal load sheds under cyclic loading. The results are 
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shown in Figure 38 through Figure 41. The first graph in each two-part fig-
ure (a) plots the raw data as the three cycles are completed. As in the pre-
vious section, the normal load decreases as the HESCO unit is cycled 
through the lateral loads. The second graph (b) plots the point of maxi-
mum lateral load for each oscillation and the associated normal load 
amount. The apexes are connected with a red dotted line to illustrate the 
normal load shedding during the cycle.  

Figure 38. Run 1 normal load versus lateral load 
raw data (a) and maximum lateral load per oscillation (b). 
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Figure 39. Run 2 normal load versus lateral load 
raw data (a) and maximum lateral load per oscillation (b). 
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Figure 40. Run 3 normal load versus lateral load 
raw data (a) and maximum lateral load per oscillation (b). 
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Figure 41. Run 4 normal load versus lateral load 
raw data (a) and maximum lateral load per oscillation (b). 
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4.8 Optimum displacements and corresponding loads 

The optimum displacements and corresponding loads for each run are 
documented in this section, with the results shown in Table 8 through Ta-
ble 11. 
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Table 8. Run 1 optimum displacements and corresponding loads. 

Time (sec) Displacement (in.) Normal Load (lb) Lateral Load (lb) 
0.02 0.00 17291 2025 
15.7 1.44 16452 4401 

29.52 -0.01 13019 -1463 
46.7 -0.72 13095 -2021 

57.96 0.00 12179 808 
76.74 1.33 14163 3147 

106.96 -0.47 12408 -1193 
115.04 0.00 11493 364 
136.76 1.23 13095 2726 

155.2 0.00 11721 -818 
165.88 -0.48 12179 -1436 
174.18 0.00 11721 290 
176.78 0.03 11645 345 

 
Table 9. Run 2 optimum displacements and corresponding loads. 

Time (sec) Displacement (in.) Normal Load (lb) Lateral Load (lb) 
0 0.07 25226 2259 

15 3.37 20114 6333 
29.7 0.00 15994 -2896 

45.22 -3.52 16452 -3537 
60.84 0.00 13019 2021 
75.14 3.02 15536 4474 

89.2 0.00 12103 -909 
105 -2.64 12408 -2104 

121.14 0.00 12179 1334 
135.14 2.78 14163 3609 
165.52 -2.42 12027 -1751 
150.84 0.00 11798 -767 

180.9 -0.36 11569 487 
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Table 10. Run 3 optimum displacements and corresponding loads. 

Time (sec) Displacement (in.) Normal Load (lb) Lateral Load (lb) 
3.12 0.02 5326 24768 

14.36 4.31 9203 24463 
30.46 0.00 -2708 16070 

44.9 -5.06 -4796 18207 
63.46 -0.01 3179 13629 

75.7 4.37 6933 18207 
91.58 0.00 -1335 11721 

105.28 -3.75 -2511 12484 
123.6 0.00 2044 12179 

135.86 4.33 5362 15689 
153.36 0.00 -1284 11874 
164.44 -3.24 -2273 11874 
182.12 -0.72 1105 11721 
183.76 -0.70 624 11798 

 
Table 11. Run 4 optimum displacements and corresponding loads. 

Time (sec) Displacement (in.) Normal Load (lb) Lateral Load (lb) 
0 4.00 23776 8192 

21 0.00 16223 -3207 
28.12 -3.37 17291 -4146 

52.4 0.00 12942 2584 
64.4 4.55 16604 5807 

82.88 0.00 11721 -1280 
95.06 -3.59 12256 -2443 

113.04 0.00 12179 1691 
125.34 4.31 14392 4456 
143.64 0.00 11721 -1211 
155.52 -3.49 11721 -2191 
171.62 -0.82 11569 968 

 

4.9 Failure modes 

After the four test runs, the HESCO specimen was inspected for damage 
that may have occurred to the frame and fabric members. Six photographs 
showing the end state of the specimen are included in Figure 42. In partic-
ular, inelastic buckling of the wire mesh was observed near the base of the 



ERDC/CERL TR-17-4  40 

unit, as well as the spiral hinge at the corner of the unit. This inelastic 
buckling, called “elephant foot,” led to permanent visible deformation at 
the base of the HESCO unit and was most pronounced on the front and 
back faces of unit (in the direction of the displacement).  

Figure 42. Photographs of failure modes seen in HESCO unit. 

 

The primary mechanism to resist overturning from the lateral load is axial 
compression in the sand fill and welded mesh, which leads to buckling. 
This tendency to buckle is compounded by the lateral earth pressure ex-
erted by the sand fill. The compressive load on the mesh in resisting over-
turning from the applied lateral force would be expected to be nearly con-
stant. However, the lateral earth pressure in the basket is largest at the 
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base of the specimen, so buckling is most likely to occur at the base. That 
assumption was verified in the test results.  

The elephant-foot buckling condition, which is visible in most of the Fig-
ure 42 images, was the exclusive failure mode seen in this testing program. 
No part of the fabric failed during the test, and no sand was spilled, even at 
the base of the unit where the fabric would be expected to experience the 
highest stresses. Furthermore, the unit was not observed to slide during 
the test. 

4.10 Summary of results 

The main results of the tests are shown in the figures below, which provide 
the load shedding curves generated during each run. Figure 43a shows 
normal load versus displacement. The steepest curve is for Run 3, which 
also had the highest normal load. Figure 43b shows the normal load versus 
lateral load. The curve for Run 1 has the lowest normal load.  

Figure 43. Comparison of load shedding curves for each run (a–c). 

a. Displacement (in)

1 2 3 4 5 6

No
rm

al
 L

oa
d 

(lb
s)

12000

14000

16000

18000

20000

22000

24000

26000
Run 1
Run 2
Run 3
Run 4

  



ERDC/CERL TR-17-4  42 

Figure 44 (continued and concluded). 
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c. Normal Stress (psi)
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Assuming the lateral load is dependent on the applied normal load, the 
axes in Figure 43 were oriented such that the lateral load was placed on 
the y-axis. Subsequently, equations of the lines seen in Figure 43 are calcu-
lated readily. Note that the units in Figure 43c are force. The tests were 
conducted on a 3.5 x 3.5 ft (i.e., 42 x 42 in.) cross-section, and units were 
converted to stress using this cross section and the assumption that lateral 
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load is resisted primarily by the shear action in the fill. The equations are 
as follows: 

 Run 1: 𝑓𝑓𝐿𝐿 = 0.53𝑓𝑓𝑛𝑛 − 2.44 

 Run 2: 𝑓𝑓𝐿𝐿 = 0.27𝑓𝑓𝑛𝑛 − 0.44 

 Run 3: 𝑓𝑓𝐿𝐿 = 0.43𝑓𝑓𝑛𝑛 − 0.79 

 Run 4: 𝑓𝑓𝐿𝐿 = 0.42𝑓𝑓𝑛𝑛 − 0.91 

where: 

 𝑓𝑓𝐿𝐿 = allowable lateral stress (psi) 
 𝑓𝑓𝑛𝑛 = applied normal stress (psi) 
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5 Conclusions and Recommendations 

5.1 Conclusions 

This study validated the suitability of HESCO bastion units for use as load-
bearing structural members in expedient housing designs for soldiers sta-
tioned at FOBs in Army areas of operation. This assessment is supported 
by the following conclusions: 

1. The test results confirmed the hypothesis that the lateral load would in-
crease as the normal load was increased. 

2. Use of HESCO bastion was validated provided that it meets the design 
requirements for the specific residential structural application. The 
tests showed a significant normal load-resistance capacity, and a com-
bined load-resistance capacity when lateral load is applied. (Note the 
type of sand used in this testing program was average in shear.)  

3. The HESCO bastion failure mode, elephant-foot buckling, was such 
that the fabric held up well, as did the wire mesh except under com-
pression. This result was expected, however, and would not negatively 
affect the stability of the structure assumed in these tests.  

4. Although an unconfined boundary condition was tested in this study, 
configuring a structure using the other conditions described in section 
2.3 could increase the capacity of the system and decrease failure due 
to bowing. Also, the use of the other boundary conditions restricts the 
unit from moving at the base, thereby decreasing its potential for tor-
sional failure.  

5. Run 1 had the smallest displacement while Run 3 had the largest. This 
result was due to the increased compaction of the fill as the normal 
load increased. The level of displacement affected the normal load ver-
sus lateral load in that, as the fill compacted the lateral load increased 
to contain the horizontal expansion of the fill.  

6. The relationship between normal load and lateral load is linear, as il-
lustrated by the equations given in section 4.10.  

5.2 Recommendations 

The proposed design for temporary housing using HESCO bastions, filled 
with local indigenous soil, could be included as a standard design in the 
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Army Facilities Components System (AFCS) database. Also, a design pro-
cedure incorporating HESCO technology could be incorporated into U.S. 
standards and specifications such as the Unified Facility Criteria (UFC). 

Applicability of the system could be improved or extended with follow-on 
testing or investigation addressing the following issues: 

1. Further testing for the best design-value combination of normal and 
lateral load in terms of displacement effects 

2. Use of additional mesh to better resist bowing of the basket, including 
the amount and placement of the mesh with respect to boundary con-
ditions applied in structural designs  

3. Testing of smaller HESCO unit cross sections to determine whether 
units smaller than the tested 3.5 x 3.5 ft dimensions would be applica-
ble and as effective as the tested unit size.  

Taking the average of the slopes and intercepts of the four design relation-
ships stated in section 4.10, the recommended design relationship between 
lateral and normal stress is calculated as 

𝑓𝑓𝐿𝐿 = 0.42𝑓𝑓𝑛𝑛 − 0.91 

where 

𝑓𝑓𝐿𝐿 = allowable lateral stress (psi) 
𝑓𝑓𝑛𝑛 = applied normal stress (psi) 

This relationship is recommended with the assumption that shear stress in 
the sand fill is the primary lateral-force-resisting mechanism. However, 
the failure mode observed at the base of the unit (i.e., the elephant-foot 
buckling) suggests that there was, at least, some degree of compression in 
the welded-wire-mesh caused by an overturning moment. A wire with the 
properties listed in section 2.1 will have a significant yield stress of nearly 
2 ksi. However, for the dimensions of the tested wire, this figure translates 
to a compressive force of approximately 40 lb. As noted in section 4.9, the 
tendency for elephant-foot buckling is exacerbated by the lateral earth 
pressure caused by the self-weight of the sand fill, and as buckling did oc-
cur, the yield stress and, therefore, yield load in the wire is probably signif-
icantly lower than the pure compressive yield stress. Follow-on work 
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would be needed to investigate the relationship between shear stress, over-
turning moment, lateral earth pressure, and wire buckling/yielding. How-
ever, in this study, the effects of overturning moment were deemed insig-
nificant.  
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Appendix A: HESCO Building Design 
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Appendix B: MIL-DTL-32488 
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