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INTRODUCTION

PROBLEM

In an effort to assess the performance of anti-terrorist protection barriers, the United
States Department of State, Bureau of Diplomatic Security, Physical Security Division
(DS/PSP/PSD) had developed guidelines to evaluate the performance of perimeter barriers/gates.
The March 2003 standard, SD-STD-02. 01, Revision A - Test Method for Vehicle Crash Testing
of Perimeter Barriers and Gates, used to evaluate the performance of an anti-terrorist protection
barrier.(') According to these guidelines, performance of the anti-terrorist protection barrier is
evaluated and assessed according to its effectiveness in arresting attacking vehicles, and not
necessarily for economics, aesthetics, operational cycle time, special maintenance needs, or
climate and environment effects. The HESCO Bastion Ltd. C-3315 flood barrier evaluated
herein was designed by HESCO Bastion Ltd. The intended function of this design is to provide
road closure capable of arresting an attacking vehicle.

BACKGROUND

The procedures set out in SD-STD-02. 01, Revision A were intended to ensure that
perimeter barriers/gates provide a specified level of vehicle impact resistance as recommended
by the DS/PSP/PSD. The assessment criteria are based on the capability of the barrier/gate to
arrest the vehicle such that it does not penetrate or vault over the system. Three levels of
performance are defined based on the amount of vehicular impact kinetic energy the barrier/gate
is capable of arresting. SD-STD-02.01, Revision A also limits the penetration of the leading edge
of the cargo bed to one meter (3.3 ft) beyond the pre-impact, inside edge of the barrier. If the
barrier meets this requirement, a pass rating will be assigned at the appropriate speed
designation.

OBJECTIVES/SCOPE OF RESEARCH

The objective of this test is to determine if the HESCO Bastion Ltd. C-3315 flood barrier
is capable of arresting a 6810 kg (15,000 lb) truck traveling at 80 km/h (50 mi/h) with 1.0 m
(3.3 ft) of vehicle partial penetration and/or deflection. This criterion is based on Condition
Designation K12 as stated in ST-STD-02.01, Revision A. This condition designation requires
the HESCO Bastion Ltd. C-3315 flood barrier to withstand kinetic energy of 1,695,000 J
(1,250,000 ft-lb).

This report presents the construction details of the HESCO Bastion Ltd. C-3315 flood
barrier, details of the vehicle used in the test, details of the test, and the assessment of the test
results.
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TECHNICAL DISCUSSION

TEST PARAMETERS

Test Facility

The test facilities at the Texas Transportation Institute's Proving Ground consist of an
809-hectare (2000-acre) complex of research and training facilities situated 16 km (10 mi)
northwest of the main campus of Texas A&M University. The site, formerly an Air Force base,
has large expanses of concrete runways and parking aprons well suited for experimental research
and testing in the areas of vehicle performance and handling, vehicle-roadway interaction,
durability and efficacy of highway pavements, and evaluation of roadside safety hardware and
perimeter security barriers/gates. The site selected for placing of the HESCO Bastion Ltd.
C-3315 flood barrier was on a wide out-of-service apron. The apron consists of an unreinforced
jointed concrete pavement in 3.8 m x 4.6 m (12.5 ft x 15 ft) blocks nominally 203-305 mm (8-12
in) deep. The apron is about 50 years old and the joints have some displacement, but are
otherwise flat and level.

Test Article - Design and Construction

The total installation length of the HESCO Bastion Ltd. C-3315 flood barrier was
9.14 m (30.0 ft). Width at the base was 1.83 m (6.0 ft) and the height of the bottom tier was 0.91
m (3.0 ft). The top tier was identical to the bottom tier. Overall height of the test installation
was 1.83 m (6.0 ft).

The HESCO Bastion Ltd. C-3315 flood barriers are constructed with welded wire sheets
to form open top cubes that measured 0.91 m ( 3.0 ft) wide by 0.91 m (3.0 ft) tall. The welded
wire was 4mm (0.158 in) diameter and was welded on a 76 mm x 76 mm ( 3.0 in x 3.0 in) grid.
A series of 5 cubes came pre-assembled and lined with 2mm (0.8 in) non-woven polypropylene
geotextile fabric. Comers of the HESCO Bastion Ltd. C-3315 flood barriers are formed with
coiled 4 mm (0.158 in) wire. The coils are 32 mm (1.25 in) diameter with a coil pitch of 25 mm
(1.0 in). Pre-assembled units are joined with adjacent units by overlapping wire coils and
placing a 4mm (0.158 in) joining pin in the overlapped section of coils.

The HESCO Bastion Ltd. C-3315 flood barriers were filled with a reddish-tan silty,
clayey sand, designated as select fill from the Kelly Burt pit. The density of the fill material was
1900 kg/cubic meter (118.5 lbs/cubic ft) and was manually tamped by HESCO installers. Details
of the installation are shown in figures 1 and 2. Photographs of the completed installation are
shown in figure 3.
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Figure 1. Details of HESCO C-3315 flood barrier.
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Figure 2. Connection details of HESCO C-3315 flood barrier.



Figure 3. HESCO C-3315 flood barrier prior to testing.
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Test Conditions and Evaluation Criteria

According to SD-STD-02. 01, Revision A, the test article can be rated according to one of
three designated condition levels as shown in table 1. The test procedures are intended to ensure
that perimeter barriers and gates will provide a specified level of vehicle impact resistance.
Actual vehicle speed must be within a permissible range to receive the condition designation.
ST-STD-02. 01, Revision A performance criteria limits penetration of the leading edge of the
cargo bed to 1 m beyond the pre-impact, inside edge of the barrier. If the barrier meets this
requirement, a pass rating will be assigned at the appropriate speed designation as shown in
table 1. The test vehicle specified is a medium duty truck with diesel engine, tested at a gross
vehicle weight of 6,800 kg (15,000 lb) ±90 kg (200 lb).

Table 1. Impact condition designations.*

Nominal Impact Permissible Kinetic Energy Designation
Speed Impact Speed

Range

80 kph 75. 0 kph-above 1, 695, 000 J K12
50 mph 47.0-56.9 mph 1,250,000 ft-lb

65 kph 60.1- 75.0 kph 1,085, 000 J K8
40 mph 38.0-46.9 mph 800, 000 ft-lb

50 kph 45.0-60. 0 kph 610, 000 J K4
30 mph 28.0-3 7.9 mph 450,000 ft-lb

* Table taken directly from SD-STD-02.01, Revision A, March 2003.

The crash test and data analysis procedures were in accordance with guidelines presented
in SD-STD-02.01, Revision A. Appendix A presents brief descriptions of these procedures.
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CRASH TEST 400001-HBL2 (SD-STD-02.01 CONDITION DESIGNATION K12)

Test Vehicle

A 1995 International 4700 single-unit flatbed truck, shown in figures 4 and 5, was used
for the crash test. Test inertia weight of the vehicle was 6867 kg (15,140 lb). The height to the
lower edge of the vehicle front bumper was 514 mm (20.25 inches), and the height to the upper
edge of the front bumper was 800 mm (31.5 inches). Figure 11 in appendix B gives additional
dimensions and information on the vehicle. The vehicle was directed into the installation using
the cable reverse tow and guidance system, and was released to be free-wheeling and
unrestrained just prior to impact.

Soil and Weather Conditions

The crash test was performed the morning of morning of December 17, 2004. Weather
conditions at the time of testing were: Wind Speed: 5 km/h Th. . f

(3 mi/h); Wind Direction: 0 degrees with respect to the vehicle •,•dr°f°ds
(vehicle was traveling in a northerly direction); Temperature: so VEHICLE

90C (49°F); Relative Humidity: 78 percent. -- 80
270*

Impact Description

The 1995 International 4700 single-unit flatbed truck, traveling at a speed of 81.0 km/h
(50.3 mi/h), impacted the HESCO Bastion Ltd. C-3315 flood barrier at an impact angle of
90.8 degrees, with the centerline of the vehicle aligned with the centerline of the barrier. Shortly
after impact, the hood of the vehicle separated from the vehicle near the cab. At 0.054 s, the
head rack of the truck bed contacted the rear of the cab. The inside edge of the bottom row of
box units began to move toward the inside of the barrier at 0.060 s, and the top row began to
move toward inside of the barrier at 0.078 s. The strap on the front row of the box units
separated at 0.560 s. At 0.800 s, the vehicle reached maximum penetration of the front of the
truck bed of 1.1 m (3.7 ft) into the barrier (or 0.8 m (2.9 ft) from the impact side of the inside
edge of the barrier). The vehicle subsequently backed up slightly and came to rest with the front
of the cargo bed 0.85 m (2.8 ft) to the impact side of the inside edge of the barrier. The front of
the cargo bed did not reach inside edge of the barrier. Appendix C, figures 12 and 13, show
sequential photographs of the test period.

9



Figure 4. Vehicle/installation geometrics for test 400001-HBL2.
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Figure 5. Vehicle before test 400001-HBL2.
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Damage to Test Article

The wire mesh ruptured and the center rows were damaged. Three rows of box units on
each side were intact The ends of the barrier were pulled inward, 150 mm (5.9 inches) on the
right side and 140 mm (5.5 inches) on the left side. Soil was scattered over an area to the inside
of the barrier, 12.2 m (40 ft) long and 9.1 m (30 ft) wide. Damage to the installation is shown in
figures 6 and 7.

Vehicle Damage

Damage to the vehicle is shown in figure 8 and 9. The front of the cargo bed did not
penetrate the inside edge of the barrier, and came to rest 0.85 m (2.8 ft) from the inside edge of
the barrier.

Occupant Risk Factors

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk for informational purposes only. In the longitudinal direction, the
occupant impact velocity was 11.9 m/s (39.0 ft/s) at 0.106 s, the highest 0.010-s occupant
ridedown acceleration was -10.6 g's from 0.106 to 0.116 s, and the maximum 0.050-s average
acceleration was -14.4 g's between 0.011 and 0.061 s. In the lateral direction, the occupant
impact velocity was 0.4 m/s (1.3 ft/s) at 0.106 s, the highest 0.010-s occupant ridedown
acceleration was 3.0 g's from 0.113 to 0.123 s, and the maximum 0.050-s average was -1.5 g's
between 0.024 and 0.074 s. These data and other pertinent information from the test are
summarized in figure 10. Vehicle angular displacements and accelerations versus time traces are
presented in appendix D, figures 14 through 19.
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Figure 6. Vehicle trajectory path after test 400001-HBL2.

13



Figure 7. Installation after test 40000 1-HBL2.
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Figure 8. Vehicle after test 400001-HBL2.
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Before test

After test

Figure 9. Interior of vehicle for test 400001-HBL2.
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0.000 s 0.213 s 0.733 s
I. I.

Dimensions in millimeters

General Information
Test Agency ...............................
T est N o . ....................................
D a te ...........................................

Test Article
Type .......................
N a m e .........................................
Installation Length (m) ...............
Material or Key Elements ..........

Texas Transportation Institute
400001-HBL2
12-17-2004

Anti-Ram Barrier
HESCO C-3315 Flood Barrier
4.6
Wire Mesh Box Units with Lining
and Filled with Soil

Test Vehicle
Type ......................................... Production
Designation ............................... K12
Model ......................................... 1995 International 4700
Mass (kg)

C urb ....................................... 5951
Test Inertial ............................ 6867
Gross Static ............................ 6867

Impact Conditions
Speed (km/h) ............................ 81.0
Angle (deg) ................................ 90.8

Exit Conditions
Speed (km/h) ............................. Stopped
Angle (deg) .......................... 90

Occupant Risk Values
Impact Velocity (m/s)

Longitudinal ........................... 11.9
Lateral ................................... 0 .4

Ridedown Accelerations (g's)
Longitudinal ...........-..... 10.6
Lateral .................................. 3.0

Max. 0.050-s Average (g's)
Longitudinal ...........-..... 14.4
Lateral ................... -1.5
V ertical ................................. -2.4

Penetration of Cargo Bed (m)
Distance Beyond Inside

Edge of Barrier (m) .............. -0.85 (did not
reach inside
edge of barrier)

Soil/Foundation Type ................. Placed on Concrete Surface

Figure 10. Summary of results for test SD-STD-2.01 test K12 on the HESCO C-3315 flood barrier.
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SUMMARY AND CONCLUSIONS

ASSESSMENT OF TEST RESULTS

Target impact speed was 75.0 km/h or above (47.0 to 56.9 mi/h), and the actual impact
speed was 81.0 km/h (50.3 mi/h). The 1995 International 4700 single-unit flatbed truck
impacted the barrier at 90 degrees, with the centerline of the vehicle aligned with the centerline
of the barrier. The HESCO C-3315 barrier brought the vehicle to a complete stop with minimal
penetration of the vehicle. The front of the cargo bed did not penetrate the inside edge of the
barrier, and came to rest 0.85 m (2.8 ft) from the inside edge of the barrier.

CONCLUSIONS

ST-STD-02. 01, Revision A performance criteria limits penetration of the leading edge of
the cargo bed to 1 m beyond the pre-impact, inside edge of the barrier. As stated above, the
cargo bed did not penetrate the inside edge of the barrier. The actual impact speed was within
the permissible range to receive the designated K12 condition level. According to the results of
the full-scale crash test, the HESCO Bastion C-3315 flood barrier, as constructed in this test
configuration, met the requirements for Condition Designation K12.
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APPENDIX A. CRASH TEST PROCEDURES AND DATA ANALYSIS

The crash test and data analysis procedures were in accordance with guidelines presented
in SD-STD-2.01, Revision A. Brief descriptions of these procedures are presented as follows.

ELECTRONIC INSTRUMENTATION AND DATA PROCESSING

The test vehicle was instrumented with three solid-state angular rate transducers to
measure roll, pitch, and yaw rates; a triaxial accelerometer near the vehicle center of gravity
(c.g.) to measure longitudinal, lateral, and vertical acceleration levels; and a backup biaxial
accelerometer in the rear of the vehicle to measure longitudinal and lateral acceleration levels.
These accelerometers were ENDEVCO® Model 2262CA, piezoresistive accelerometers with a
+100 g range.

The accelerometers are strain gage type with a linear millivolt output proportional to
acceleration. Angular rate transducers are solid state, gas flow units designed for high-"g"

service. Signal conditioners and amplifiers in the test vehicle increase the low-level signals to a
+2.5 volt maximum level. The signal conditioners also provide the capability of an R-cal
(resistive calibration) or shunt calibration for the accelerometers and a precision voltage
calibration for the rate transducers. The electronic signals from the accelerometers and rate
transducers are transmitted to a base station by means of a 15-channel, constant-bandwidth,
Inter-Range Instrumentation Group (IRIG), FM/FM telemetry link for recording on magnetic
tape and for display on a real-time strip chart. Calibration signals from the test vehicle are
recorded before the test and immediately afterwards. A crystal-controlled time reference signal
is simultaneously recorded with the data. Wooden dowels actuate pressure-sensitive switches on
the bumper of the impacting vehicle prior to impact by wooden dowels to indicate the elapsed
time over a known distance to provide a measurement of impact velocity. The initial contact
also produces an "event" mark on the data record to establish the instant of contact with the
installation.

The multiplex of data channels, transmitted on one radio frequency, is received and
demultiplexed onto TEAC® instrumentation data recorder. After the test, the data are played
back from the TEAC® recorder and digitized. A proprietary software program (WinDigit)
converts the analog data from each transducer into engineering units using the R-cal and pre-zero
values at 10,000 samples per second, per channel. WinDigit also provides Society of
Automotive Engineers (SAE) J211 class 180 phaseless digital filtering and vehicle impact
velocity.

All accelerometers are calibrated annually according to SAE J211 4.6.1 by means of an
ENDEVCO® 2901, precision primary vibration standard. This device and its support
instruments are returned to the factory annually for a National Institute of Standards Technology
(NIST) traceable calibration. The subsystems of each data channel are also evaluated annually,
using instruments with current NIST traceability, and the results are factored into the accuracy of
the total data channel, per SAE J2 11. Calibrations and evaluations are made any time data are
suspect.

23



The Test Risk Assessment Program (TRAP) uses the data from WinDigit to compute
occupant/compartment impact velocities, time of occupant/compartment impact after vehicle
impact, and the highest 10-millisecond (ms) average ridedown acceleration. WinDigit calculates
change in vehicle velocity at the end of a given impulse period. In addition, maximum average
accelerations over 50-ms intervals in each of the three directions are computed. For reporting
purposes, the data from the vehicle-mounted accelerometers are filtered with a 60-Hz digital
filter, and acceleration versus time curves for the longitudinal, lateral, and vertical directions are
plotted using TRAP.

TRAP uses the data from the yaw, pitch, and roll rate transducers to compute angular
displacement in degrees at 0.0001-s intervals and then plots yaw, pitch, and roll versus time.
These displacements are in reference to the vehicle-fixed coordinate system with the initial
position and orientation of the vehicle-fixed coordinate systems being initial impact.

PHOTOGRAPHIC INSTRUMENTATION AND DATA PROCESSING

Photographic coverage of the test included three high-speed cameras: one overhead with
a field of view perpendicular to the ground and directly over the impact point; one placed behind
the installation at an angle; and a third placed to have a field of view parallel to and aligned with
the installation at the downstream end. A flashbulb activated by pressure-sensitive tape switches
was positioned on the impacting vehicle to indicate the instant of contact with the installation
and was visible from each camera. The films from these high-speed cameras were analyzed on a
computer-linked motion analyzer to observe phenomena occurring during the collision and to
obtain time-event, displacement, and angular data. A BetaCam, a VHS-format video camera and
recorder, and still cameras recorded and documented conditions of the test vehicle and
installation before and after the test.

TEST VEHICLE PROPULSION AND GUIDANCE

The test vehicle was towed into the test installation using a steel cable guidance and
reverse tow system. A steel cable for guiding the test vehicle was tensioned along the path,
anchored at each end, and threaded through an attachment to the front wheel of the test vehicle.
An additional steel cable was connected to the test vehicle, passed around a pulley near the
impact point, through a pulley on the tow vehicle, and then anchored to the ground such that the
tow vehicle moved away from the test site. A two-to-one speed ratio between the test and tow
vehicle existed with this system. Just prior to impact with the installation, the test vehicle was
released to be free-wheeling and unrestrained. The vehicle remained free-wheeling, i.e., no
steering or braking inputs, until the vehicle cleared the immediate area of the test site.
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APPENDIX B. TEST VEHICLE PROPERTIES AND INFORMATION

SD-STD-2.01, Revision A, March 2003
Vehicle Measurements for State Department Testing

DATE: 12-17-2004 TEST NO.: 400001-HBL2 VIN NO.: 1HTSCABN2SH207933

YEAR: 1995 MAKE: International MODEL: 4700

TIRE SIZE: 275/80/R22.5 ODOMETER: 025522

GEOMETRY (cm)

A 800 B 514 C 775 D 2623 E 2534 F 2794 G 737

H I 597 J 1003 K 2445 L 2045 N 1854

MASS DISTRIBUTION (kq)

LF 1696 RF 1678 LR 1783 RR 1710

MASS (kaq) CURB TEST INERTIAL

M1 2889 3375

M2 3062 3493

MToal 5951 6868

Figure 11. Vehicle properties for test 400001-HBL2.
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APPENDIX C. SEQUENTIAL PHOTOGRAPHS
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Figure 12. Sequential photographs for test 40000 1-HBL2

(overhead view).
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Figure 13. Sequential photographs for test 40000 1-HBL2
(perpendicular and oblique views).
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0.318 s

0.526s

0.733 s

0.990 s

Figure 13. Sequential photographs for test 40000 1-HBL2
(perpendicular and oblique views) (continued).
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Figure 14. Vehicle longitudinal accelerometer trace for test 400001-HBL2
(accelerometer located at center of gravity).
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Figure 15. Vehicle lateral accelerometer trace for test 400001 -HBL2
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Figure 16. Vehicle vertical accelerometer trace for test 40000 1-HBL2
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Figure 17. Vehicle longitudinal accelerometer trace for test 400001 -HBL2
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Figure 18. Vehicle lateral accelerometer trace for test 400001-HBL2
(accelerometer located over rear axle).
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ENCLOSURE 3

Texas Transportation Institute, "DOS K12 Crash Test and Evaluation of the
HESCO C-3315 Flood Barrier," April 2005
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1.0 Introduction

The Fargo, North Dakota area, along with its sister city across the river, Moorhead, Minnesota

was recently faced with massive flooding from the Red River of the North. Due to an unusually

wet fall, followed by a cold, snowy winter, the normally placid Red River was forecasted by the

National Weather Service (NWS) to reach a flood crest elevation of 37 to 39 feet in Fargo by late

March.(') Unfortunately, unusual conditions continued to dominate, forcing the NWS to revise

their forecast up to 41 feet, higher than any flood level on record, and predicted for only 7 to 10

days from then, instead of the originally estimated three weeks. As the river rapidly rose to

nearly 39 feet, new forecasts predicted the river might even go as high as 42 or even 43 feet.

This situation, of course, generated intense concerns, and forced the rapid evaluation and

subsequent use of several different methods of flood protection. To protect the City of Fargo,

temporary clay dikes, which are the most common form of flood protection in the area, were

used to the greatest extent possible to raise existing flood protection to at first 42 feet, but later

raised to 44 feet in response to the revised forecasts. Traditional sandbag dikes were also widely

used, but due to time constraints, reliability, height limitations, and availability of volunteers, the

length of dikes that could be deployed could not meet all the area needs. Therefore, the US

Army Corps of Engineers, who were assisting the City of Fargo, turned to Hesco Bastion, LLC

for help, and to provide the remaining flood barriers. Hesco barriers have been well-tested by

the U.S. Army Corps of Engineers (COE) for use as temporary flood protection, and widely used

in many flood situations around the country, including New Orleans for temporary hurricane

protection.

Footnote: (1) For reference, "normal" flood stage here is considered to be anything over 18 feet. The 1997 flood, called the

"Flood of the Century" and which inundated Grand Forks that year, reached a stage height in Fargo of 39.6 feet. The highest

level on record was 40.1 feet, reached back in 1897.
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Hesco barriers are able to be installed relatively quickly, and due to this speed of deployment,

approximately 10 miles of barriers were installed over a 4 to 5 day period. Fortunately, the

combination of clay dikes, sandbag dikes, and Hesco barriers, together with the tremendous

efforts by City of Fargo staff, National Guard, and volunteers, worked, and the City of Fargo

largely escaped serious flooding.

In the aftermath of these efforts, various comments surfaced regarding the performance of the

Hesco Barriers. In particular, concerns were raised about the possibility of the Hesco's sliding

laterally over the ground surface due to water pressure, and the increased rate of seepage through

the barriers over expected rates. Also, concerns were raised about two specific locations where

Hesco's had been deployed, and significant leakage had occurred requiring emergency actions to

prevent possible breaching.

Hesco Bastion, concerned about these comments, approached Wenck Associates, Inc. (Wenck)

to provide an independent engineering evaluation of the performance of the Hesco barriers

during the Fargo floodfighting efforts. The scope of this engineering evaluation was agreed to

be as follows:

" Meet with Mr. Dennis Barkemeyer of Hesco Bastion to discuss installation procedures
that were used at the various sites in Fargo.

* Evaluate photographs taken during installation of the barriers.

* Visit selected Hesco sites around Fargo to evaluate post-flood barriers.

* Interview City of Fargo/COE staff to discuss product use, problems they encountered
or noted, comparison to other dikes (sand bag and clay), and comments on the products.

* Revisit dike locations where the City/COE indicated they had problems or issues.

• Evaluate product and its uses in Fargo for floodfighting in light of the frozen ground
oftentimes encountered, and the soft clay soils.

" Prepare a letter report or technical memorandum that outlines the findings of the above
work, and provides recommendations for future use in this environment.

1-2
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1.1 PURPOSE OF EVALUATION

This independent engineering evaluation was requested by Hesco Bastion, LLC to

address comments raised after Hesco units were installed in Fargo, North Dakota for

combating flooding by the Red River of the North in March, 2009.

1.2 BACKGROUND INFORMATION

Hesco Bastion Concertainers® (hereinafter referred to as "Hesco"), are a structural

system of linked baskets containing fill material. They provide a way of positioning and

containing large volumes of earth, sand, gravel, or rock to form either temporary or long

term structures. They may then be used for a variety of projects, including emergency

flood protection (as at Fargo, North Dakota in 2009). The units are manufactured in

various sizes and are made of welded galvanized steel mesh that are assembled with

coiled joints. A polypropylene, nonwoven geotextile liner retains the fill material that is

placed into the open top basket. The baskets are initially flat-packed on pallets, then

extended and joined with joining pins, filled with fill material, and placed in various

configurations depending on the end use. The units are lightweight, portable, and are

easily deployed.

1-3
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2.0 City of Fargo Uses of Hesco Barriers

2.1 NUMBER OF MILES USED VERSUS TOTAL

The City of Fargo constructed a total of approximately 80 miles of dikes using a

combination of clay, sandbags, and Hesco barriers. There were approximately 10 miles of

Hesco barriers deployed within the City of Fargo. The barriers were used for both

primary and contingency dikes, and were placed on paved and non-paved surfaces, as

well as on top of existing levees. The location and types of dikes are shown in

Attachment A.

2.2 SIZES

The City of Fargo deployed two types of Hesco units, the standard and flood barriers in

the 3' deep by 3' high by 15' long, and 3' deep by 4' high by 15' long sizes. The standard

barriers have separation fabric dividing each barrier into five equal compartments, 3'

long each. The flood barriers do not utilize the separation fabric between compartments,

so each unit is able to have continuous fill material.

2.3 INSTALLATION RATES

Installation rates varied greatly due to the availability of fill material, and the access to

the area in terms of both men, equipment, and physical access. Field personnel that were

interviewed stated they typically could deploy and fill 400 to 600 feet of Hesco's per

hour.

2.4 COMPLICATING FACTORS

The City of Fargo is located in the Red River Valley, formed at the bottom of former

glacial Lake Agassiz. This lake deposited thick sequences of lacustrine clays and silts,

which form the soils here. These soils are very fertile, but have poor engineering

properties, and are prone to slippage and soil failures. Weather conditions prior to the
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rising of the Red River had completely saturated these soils, making conditions very

muddy. Dikes then had to built on top of, and using, these saturated clay soils, often

while rains continued. Subgrade conditions were thus far from ideal.

Later in the week prior to the predicted flood crest for the Red River, the weather

changed again to very cold, and the area received nearly one foot of snow. These cold

conditions persisted for awhile, and caused many of the soils to freeze at the surface,

further complicating subgrade conditions on which the Hesco barriers (and all temporary

dikes) were built.
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3.0 Interviews with City and City
Representatives

3.1 ISSUES RAISED AND AREAS OF CONCERN

During interviews with personnel involved with the Hesco barriers, concerns were

brought up about the stability of the barriers. Some had thought that the barriers were

kicking out at the bottom, leaning and possibly sliding over the soil surface. Comments

were made about lines of Hesco barriers installed "straight", but then becoming ragged

looking over subsequent days as though some were sliding and/or leaning, even though

no floodwater had reached them as yet. Concerns were also raised about possible sliding

and/or overturning of the Hesco barriers if floodwaters came up over their half-way level

(approximately 2 feet vs. the 4-foot height of the barriers), especially since many were

already leaning toward the water (although not installed with a noticeable "lean").

Additionally, seepage through some of the barriers had caused some concern.

Two specific locations of concern were also brought up by the City of Fargo. The first

was on 5th Street South (just south of 1-94), and the second was along the south side of

Drain 27 (just east of 1-29). It was stated that the 5th Street area had to be buttressed with

material on the back side of the Hesco barriers and a section of sandbag dike, after a

significant leak was found in the transition area from Hesco barrier to sandbag dike. The

second was the Drain 27 area, which had shown settlement in one area where the Hesco

barriers were placed on top of an existing earthen levee.

3.2 COMMENTS FROM INTERVIEWS

After hearing the above issues, Wenck interviewed several engineers that were directly

involved in erecting Hesco barriers during the flood fight, as well as clay or sandbag

dikes. These engineers included representatives from the City Engineering Department,

and local firms, Ulteig Engineers, and SRF Engineers. Questions were asked directly
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about the issues raised above, and what the engineers observed, as well as about the two

locations of concerns.

The first location of concern, 5th Street South, was thought to be a problem due to a

sandbag dike being butted up directly to a Hesco barrier, with little or no overlap. This

transition area had started to leak, so emergency crews buttressed the back side with clay

to stop the excessive leakage. Field personnel thought the problem was due to the poor

transition, not the Hesco units.

The second location of concern, along the south side of Drain 27, was due to water

pushing through a stormwater structure and discharging rapidly out the top of a manhole.

This water saturated the dike around the structure and caused a section of the dike to

slump (sag), including the Hesco units on top of the dike. Field personnel packed clay

over the top of the manhole, and built a small cofferdam around it to stop the leakage.

Field personnel thought this issue had nothing to do with the Hesco units, only the

stormwater structure.

Field personnel indicated that the amount of dikes constructed with the Hesco barriers in

a short time was instrumental in protecting the city. Building the 10 miles with sandbag

dikes would have been very difficult with the time and volunteers available, plus the

miles already built with sandbags. Additionally, the uniformity of the dikes erected with

Hesco units was thought to be very important, especially relative to sandbag dikes raised

on an emergency basis by volunteers. They also noted that the units adapted to terrain

changes very well. Most thought that seepage under the units was less than what a

sandbag dike would be, even without the poly-sheeting used in most locations. Field

personnel believed that any leaning or apparent sliding of the units was most likely due to

settlement of the units into the saturated clay subsoils, as subgrade locations were often

poor due to the saturated conditions, and then the snow and freezing conditions, rather

than actual sliding.
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4.0 On Site Evaluations by Wenck Associates,
Inc.

4.1 VISUAL INSPECTION

Visual observations were made of Hesco barrier installations at 5 th Street South, Drain

27, the Fargo Country Club golf course, 40th Avenue South, Timberline addition, and the

Harwood Groves area.

The 5th Street Hesco barriers were difficult to inspect for the concerns that were brought

up by City staff. The area behind the Hesco barriers and sandbag dike had been filled in

with sand after issues were first brought up. During interviews with field personnel it was

determined that this area most likely didn't have the sandbag dike tied in sufficiently to

the Hesco barriers. It was stated that the sandbags butted up directly to the Hesco units,

instead of using a sufficient overlap to adequately protect the transition.

In the Drain 27 area, Hesco barriers were placed on top of an existing earthen levee.

Settlement was noted in a section of the earthen levee just east of 1-29 on the south side

of the drain. Interviews and inspection showed that this appeared to be due to an existing

storm sewer running through the existing earth levee and discharging to the drain. After

installation of the Hesco barriers and noticeable settlement in part of the dike, it became

apparent that a storm sewer structure located within the earthen levee was discharging

water through the top of the structure and onto the earthen levee. This leakage completely

saturated the area and allowed the Hesco barriers to settle into the earthen levee, as well

as causing settlement of the levee itself.

The Fargo Country Club area consisted of Hesco barriers being deployed through the

golf course. Evidence of soft soils were noted from the ruts left by equipment used to

deploy and fill the Hesco barriers.
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The 40th Avenue south area had Hesco barriers installed on top of an existing earthen

levee. A concern of the barriers leaning was made during interviews. Measurements

showed that the barriers were leaning approximately 3.5" in 4 vertical feet. These barriers

have also settled on the water side approximately a V2", and none on the dry side.

The Timberline area consisted of Hesco barriers that were used for primary temporary

protection. Barriers were placed in residential backyards along a drainage channel. It was

noted that some of the Hesco barriers were leaning. Measurements were made at a few

locations, which showed 6.5" of lean in four feet. Field personnel indicated that the

barriers were leaning during installation because of the lay of the land, and that they had

performed field measurements over a couple of days and determined that the units had

not shown any movement.

The Harwood Groves area consisted of Hesco barriers installed in a 2 - 1 configuration

(base 2 barriers wide with a single unit placed on top). The Hesco barriers were providing

secondary protection is this area. Clay had been placed up to the top of the base units on

the backside.
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5.0 Technical Evaluations

This section discusses three different traditional failure mechanisms for retaining

structures such as the Hesco barriers; sliding, overturning/tipping, and seepage, and the

Hesco barriers resistance to them. Within each of this subsections, references to previous

studies are introduced and discussed (if available), followed by an independent review.

5.1 SLIDING

Sliding of a retaining system (i.e., the Hesco barriers) is most simply defined by Equation

1, which relates the resisting and driving forces for sliding to the overall factor of safety

against sliding. For long-term situations (i.e. permanent walls), it is considered good

practice to have a factor of safety (FS) against sliding equal at least 1.5, meaning that the

resisting forces are 50% greater than the driving forces. For short-term situations,

applicable to temporary flood protection dikes, this acceptable factor of safety is 1.3.

FS = Resisting Forces = (Fv tan 6) + cL (Equation 1)
Driving Forces Fh

Where: Fv = Weight of basket (1' "slice" of basket) minus uplift force (lbs/ft)

6= Interface friction coefficient

c = Cohesion, or undrained shear strength (lbs/ft2)

L = Length, or basket depth (ft)

Fh = Horizontal force from water (lbs/ft)

5.1.1 Review of Available Information

A report issued for the United States Senate Committee on Appropriations, dated June

29-30, 2004, discussed possible sliding, and is provided in Attachment B for reference.

This report discusses the resistance to sliding based on different types of fill soils (fine
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sand, coarse sand, and gravel), and different types of surfacing materials (earth, concrete,

and grass).

Table 1 of the referenced report, shown below, gives the interface coefficients of friction

for the fill soils and surfacing materials.

Table 1. Interface friction information

Interface Coefficient of Friction
Fill Type Earth Concrete Grass

tan 8 8 tan 8 tan 8 8
Fine Sand 0.58 30 0.35 19 0.30 17
Coarse Sand 0.67 34 0.45 24 0.35 19
Gravel 0.78 38 0.60 31 0.40 22

Note: tan 6 = Tangent (8) = p' or the friction coefficient.

Using the above information, the authors of the referenced report compiled factors of

safety against sliding for 30 different load cases, considering various structure heights,

flood heights, fill types, and surfacing materials. This information is provided in

Attachment B, but most of the cases are shown again (albeit in a different order) in Table

2 below. Information not included in Table 2 are the cases where the flood height was

higher than the structure height, and also cases where the fill material was gravel

(because site observations in Fargo noted that only sand was used to fill the Hesco

Concertainers).

Table 2. Factor of safety against sliding for various load cases organized by flood
height'

Case Flood Height
Structure

Hei2ht
Surface

Tvoe
Fill Type FS (full FS (no

ulift) uplift)
4 3 3 Concrete Fine sand
5 3 3 Concrete Coarse sand
1 3 3 Earth Fine sand
2 3 3 Earth Coarse sand
7 3 3 Grass Fine sand
8 3 3 Grass Coarse sand

13 3 4 Concrete Fine sand
14 3 4 Concrete Coarse sand
10 3 4 Earth Fine sand
11 3 4 Earth Coarse sand

1.6 2.0
2.3 2.9
16 3.3
3.3 4.2
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Case Flood Height Structure Surface Fill Type FS (full FS (no
I i Height TVye I uplift) I uplift) I

16 3 4 Grass Fine sand
17 3 4 Grass Coarse sand

22 4 4 Concrete Fine sand
23 4 4 Concrete Coarse sand
19 14 4 Earth Fine sand
20 4 4 Earth Coarse sand
25 4 4 Grass Fine sand
26 4 4 Grass Coarse sand

o.s
1.6

1.3 1.9
1.7 2.4
0.7 LO
o.9 1.3

Red highlighting means the factor of safety is not acceptable (below 1.0).
Yellow highlighting means that the factor of safety is only marginally acceptable (between 1.0 and 1.3)
Blue highlighting means that the factor of safety is acceptable (greater than 1.3) for short-term
conditions.

This table indicates that the authors found acceptable or marginally acceptable factors of

safety against sliding are achievable for many of the cases analyzed, including all of the

cases where the flood height was 3 feet, the containers were 4 feet high, and the

containers were placed on earth.

5.1.2 Independent Review

The above calculated factor of safety values assume that uplift pressures exist and will

reduce the available resisting force. This is a conservative opinion, because it is likely

that even if a layer of sand is frozen at the base of the Hesco Concertainer, enough pore-

water pressure would be dissipated so as to minimize or negate the resulting uplift

pressures (from buoyancy of the structure vs. the underlying soils), simply based on the

fact that the drainage path for seepage beneath the unit is no longer than about 3 feet.

An analysis was also completed for a two layer Hesco system (consider a double

container base and a single container top) using the same theories as used to develop

Table 2 (i.e., forces acting on a one-foot cross-section of barrier). This information is

provided in Table 3, below.
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Table 3. Factor of safety against sliding for various load cases organized by flood
height"2

Case Flood Height Structure Surface Fill Type FS (full FS (no

aseFlood Heig Height Type u lift uplift
4 6 6 Concrete Fine sand
5 6 6 Concrete Coarse sand 1.2
1 6 6 Earth Fine sand
2 6 6 Earth Coarse sand 1.1
7 6 6 Grass Fine sand
8 6 6 Grass Coarse sand

Vt 7 R Concrete Fine sand 1l 1
13 7 8 Concrete Fine sand
14 7 8 Concrete Coarse sand
10 7 8 Earth Fine sand
I 7 8 Earth Coarse sand
16 7 8 Grass Fine sand
17 7 8 Grass Coarse sand

22 8 8 Concrete Fine sand
23 8 8 Concrete Coarse sand
19 8 8 Earth Fine sand
20 8 8 Earth Coarse sand
25 8 8 Grass Fine sand
26 8 8 Grass Coarse sand

Red highlighting means the factor of safety is not acceptable (at or below 1.0).
Yellow highlight means that the factor of safety is only marginally acceptable (between 1.0 and 1.3).
Blue highlighting means that the factor of safety is acceptable (greater than 1.3) for short-term
conditions.

(2) Overall system is set up as 2 containers on the bottom and one on top.

This table shows that careful engineering is needed before installing such a two-tier

system, as acceptable factors of safety are achievable for much fewer cases than the

single tier system. These relatively low calculated factors, together with some concerns

about the single tier system, especially with flood height equal to barrier height, showed

that some actual field testing of the barriers should be done. This was largely due to

actual field experience not squaring well with theory.

5.1.3 Field Testing

In response to the concerns raised above, field test analyses were performed on partial

sections of the Hesco units to determine the sliding resistance to lateral forces. These

analyses were done in Fargo on April 9, 2009, and reported on in a separate technical
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memo to Hesco Bastion LLC, dated April 30, 2009. Tests on 3' deep by 3' wide by 4'

high sections were conducted with the filled units placed on various base surfaces. The

total amount of force required to move the unit was recorded, along with the volume and

weight of the filled unit. This allowed the actual friction coefficient and factor of safety

to be computed in a real-life environment. An independent soils laboratory performed

soil analyses on submitted fill samples, and gave a unit weight and gradation of the fill

sand for both uncompacted and medium compacted samples (see Tables 4, 5 and 6).

[Note: The field tests did not consider overturning, bearing capacity of the underlying

soils, or seepage rates of the units.]

Table 4. Field Data Collected

Basket Basket Calculated Calculated
Weight Weight Friction Friction

Hesco Unit Load @ 89.5 @ 102.0 Coefficient Coefficient
Test Test ("Basket") Cell PCF PCF if Sand is if Sand is
Surface # Volume Reading Sand Sand 89.5 PCF 102.0 PCF

(ft3) (Ibs) (Ibs) (Ibs)

Grass 1 48.8 2700 4387 4978 0.62 0.54

Grass -
Muddy 2 44.0 3300 3956 4488 0.83 0.74

Grass -
Muddy/
Saturated 3 51.4 3400 4621 5243 0.74 0.65

PCC
Street 4 46.7 2700 4198 4763 0.64 0.57

PCC
Street 5 49.8 2600 4477 5080 0.58 0.51

Notes: Weights of sand are from laboratory tests on samples obtained during field testing - 89.5 PCF is average
uncompacted, and 102.0 PCF is average of compacted samples to approximately 88% Standard Proctor.
PCF = Pounds per Cubic Foot
PCC = Portland Concrete Cement
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Table 5: Summary of Factor of Safety Calculations for Water 3' High Against 3' x 3' x 4'
High Baskets

Force
Causing

Forces Resisting Slidin Sliding

Basket Fuplift Fw
Weight (y. x H x (y. x H x Factor of

Test Surface (,s x -VA w2/2) 1, FR w)/2 Safety
(Ibs) (Ibs) (Ibs) (Ibs)

Grass 4387 842 0.58 2056 842 2.44
Grass - Muddy 3956 842 0.78 2429 842 2.88
Grass -
Muddy/Saturated 4621 842 0.70 2645 842 3.14
PCC Street 4338 842 0.58 2028 842 2.40

Table 6: Summary of Factor of Safety Calculations for Water
High Baskets

4' High Against 3' x 3' x 4'

Force
Causing

Forces Resisting Sliding Sliding

Basket Fuplift Fw
Weight (y, x H x (yw x H x Factor of

Test Surface (ys X _Nq W2/2) • FR w)/2 Safety

(Ibs) (Ibs) (Ibs) (Ibs)
Grass 4387 1123 0.58 1893 1497 1.26
Grass - Muddy 3956 1123 0.78 2209 1497 1.47
Grass -
Muddy/Saturated 4621 1123 0.70 2449 1497 1.63
PCC Street 4338 1123 0.58 1865 1497 1.24
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1) Summary of Calculated Friction Coefficient Data

Friction coefficients were calculated for each of the field tests performed.

The field data showed significantly higher friction coefficients than the original

engineering calculations, which used published friction coefficients for the different

base materials. This is believed to be due to the deformation of the bottom edge of the

basket, which was observed as it began to slide. This deformation cannot be

discounted, however, as it would occur in the event that the lateral loads applied to

the basket were enough to cause lateral movement. Therefore, the field measured

friction coefficients are believed to be valid for the specific situations in which the

baskets were tested.

These higher friction coefficients, in turn, show that the actual performance of the

Hesco units in resisting sliding is highýr than the calculated resistance using

published friction coefficients, as shown by the factors of safety calculated in Tables

5 and 6.
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5.2 OVERTURNING/TIPPING

Traditional methods of overturning analysis are not truly applicable for this type of

container because of the general deformability of the system, plus the possibility that

uplift pore-water pressures can often be dissipated

through the sandy infill material. Even if a layer

of sand is frozen at the base of the Hesco -- .0

Concertainer, enough pore-water pressure would

be likely dissipated so as to minimize or negate the

uplift pressures, simply based on the fact that the

drainage path is no longer than about 3 feet. 1.30 FEET 0.25 E

RESISTING DRIVNG

Therefore, the overturning and tipping will most BLOCK BLOCK

likely be related to either 1) installation issues (where infill material is placed in a manner

such that initial container tilt occurs), or 2) thaw of the subsoil on only one side of the

container occurs, such that some differential settlement occurs (e.g., rising water on one

side of barrier thaws the soil beneath one side).

As discussed earlier in this report, some of the units were experiencing some tilt, with

angles nearing 6 or 7 degrees. Based on information obtained during the field work, it is

believed that the units showing some tilt were either installed that way, or settlement of

the units into the base soils occurred.

For a single layer system, a tilt of less than 14 degrees is a reasonable maximum value.

The reason for this is because the system tends to operate as a block. Therefore, at an

angle of 14 degrees or less, there is at least 7 times the mass holding back the container

from tipping. When considering this angle, the resisting mass and the associated moment

arm of the units, based on the resisting and driving forces, a calculated system factor of

safety against overturning is greater than 30. This is shown by Equation 2 below.

Overturning or tipping is not considered to be a significant problem, therefore, unless the

entire subgrade fails.
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FS = Resisting Forces
Driving Forces

FS = Resisting Block Area x Resisting Moment Arm x Density
Driving Block Area x Driving Moment Ann x Density (Equation 2)

5.3 SEEPAGE

Field personnel's input on the issue of seepage by the Hesco barriers varied greatly.

Some thought that the seepage was excessive, while others thought it was less than a

traditional sandbag levee would be. Most areas had poly-sheeting placed on the wet side

of the Hesco units. However, an area of Drain 27 did not receive poly-sheeting, and the

field staff thought that the seepage wasn't excessive and was easily managed.

Assessment of actual seepage rates in the field were not part of this report.

5.3.1 Review of Available Information

In 2004, the USACOE conducted tests on Hesco units in regards to seepage rates. These

initial tests showed higher seepage rates than other levee systems. Most of the seepage

occurred through the seams between adjacent units. Hesco learned after these test that the

end panels on adjacent units should be removed to decrease the amount of seepage.

Retesting of the units for seepage rates was conducted by USACOE in July and August,

2005. In this retest, the end panels of units butted up against on another were removed.

This allowed for a continuously filled sand unit with no gaps between units. This retest

showed seepage rates of 0.04 gpm/ft at 1' of head, and 0.14 gpm/ft and a head of 2.85'
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6.0 Summary and Recommendations

Overall, the consensus of opinion among users of the Hesco barriers for the Fargo floodfight is

that the barriers are well-designed, and were vital to the success of the effort to contain the

flooding from the Red River of the North. They were appreciative of the speed of deployment

(vital in emergency situations such as this), their ability to adapt to irregular subgrades, and the

uniformity of results compared to sandbag dikes. Some cautions oftentimes repeated were to be

careful with proper filling of the barriers, and to pay particular attention to the subgrade the

barriers are placed on, as this can cause significant problems. Additionally, transitions between

Hesco's and other types of dikes need to be done carefully, allowing an adequate overlap to

prevent a weak spot in the resulting dike. Adequate monitoring of the completed barrier wall

must be done, just as for any temporary dike, throughout the emergency period. Most users,

especially those who used them in the field, declared they would use them again, given the same

situation.

Some useful recommendations were made, however, and should be considered by Hesco

Bastion.

o Consider use of colored hinge pins to join the units together. This would make the

visual inspection of finished units easier and faster, particularly at night (i.e., Were

the baskets properly joined during installation?).

o Additional training. Several users reported receiving only very minimal training in

how to properly install the units. This caused considerable problems and delays in

getting the various installations properly started, especially as new workers arrived to

help.
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o Preparation of a Guidance Document for communities considering using the Hesco

barriers. Like most products being considered to fight a flood, proper engineering

needs to be done prior to installing them. Such a guidance document could be given

to communities prior to their using Hesco's, recommending the type of engineering

needed, the considerations that need to be made, and procedures to follow for such

things as needed site preparation, height of barriers needed for the predicted flood

elevations and their configuration (e.g., 2-4' barriers with 1-4' stacked over them, or

2-4' with 2 more 4' barriers stacked over them), lessening seepage with plastic

sheeting and how to do it (front face of barrier, back face, how anchored, etc.),

joining Hesco barrier walls to sandbag or clay dikes (necessary overlap, tie-ins, etc.),

and proper installation procedures.
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Attachment A

Red River Flood Protection Plan - 3/26/2009
(Map of Levee System)
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ENGINEERING ANALYSIS

The ability of the Concertainer® structure to withstand hydrostatic and uplift forces, as
well as other forces, results primarily from a combination of shape and weight of the
structure and the frictional resistance generated along its base. The linkages between the
units also allows for the load on a single unit to be distributed over several adjacent units.
The structure is compliant and deforms slightly as a response to applied loads. This
particularly important when the structure responds to uplifting forces. The
Concertainer® basket is basically a shell and will experience almost no uplifting forces.
Since the basket is open at the bottom, if the unit is raised the fill material remains in
contact with the ground surface. The uplifting force on the fill will be due to buoyancy
and not from any mechanical force of the basket. Therefore, the conventional analysis of
stability based upon overturning is not applicable to the Concertainer® structure.
However, because the basket and fill could be displaced laterally, the analysis of the
stability of the structure to sliding is appropriate.

The ability of the structure to resist lateral forces it can be theoretically analyzed based
upon the assumption that the structure will respond as a rigid body to hydrodynamic
forces. A general load case is shown in Figure 1.

Fw, Fi -- II II
II w II
II w H"II

h Fh -> II II4II <-Bt3-÷ II
II hLA

t 1" +-Rh
Fu Rv

Figure 1. Schematic diagram of forces on a ConcertainerO unit.

The Figure illustrates that the force per foot of structure on the Concertainer® can result
from several sources:

W = weight of the basket and fill
Fh = hydrostatic pressure force
Fw = wave forces
Fi impact force
Fu = uplift force
Rv = vertical reaction force of the soil
Rh = horizontal reaction force of the soil, with a maximum value equal to Cf Rv,

where Cf is the coefficient of friction along the interface

United States Senate
Committee on Appropriations
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The formulas for the static forces for the load case shown in Figure 1 and their lines of
action from point A, are as follows:

W= ½/72r, BH @ B/2
Fh =½2yh 2  @h/3
Fu= ½"yBh @ 2/3 B
Rv =W- Fu @ 1/3 B
Rh = Fh with maximum value of Cf Rv

Where:
B = width of the Concertainer®
H = height of the ConcertainerD
yr,11 = unit weight of the fill or S y

= unit weight of water
S specific gravity of the fill
h = height of water above the base of the structure

The resistance to sliding can be expressed as a factor of safety, which is the ratio of the
resisting forces to the applied forces. The horizontal resisting force is the frictional
resistance generated along the base of the structure, given by Cf Rv. The applied
hydrostatic force is Fh. Thus factor of safety against sliding can then be defined by

SF = Cf Rv/Fh = Cf(W-FU)/Fh

The analysis presented is based upon treating the structure as a rigid body, the
Concertainer® is actually deformable and it would affect the impact loads and the
overturning. The Concertainer® is highly resistant to impact loads because the basket
and fill deform when the load is applied, thus lengthening the time over which the
impacting object is stopped, and hence reducing the force. The amount of deformation
would depend upon the where the impact occurred, with more deformation occurring
near the top of the structure.

The Concertainer® structure is well suited to resist impact loads. The structure is
compliant such that it will deform under loads. This property means that a unit will
absorb debris loads and actually experience a lower force from debris than rigid
structures would experience for the same debris. This can be explained because debris
loads resulting from floating objects such as vegetation, logs and lumber are impact
loads. In an impact load the force produced by the impacting object depends upon the
initial momentum of the object, its mass time its velocity, and the time over which the
objects velocity is reduced to zero by the impact; that is its deceleration. The compliancy
of the structure thus extends the time over which the impacting object is stopped. This
results in a reduced deceleration and hence a reduced force on the structure. The
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performance of the structure under debris loads would also depend upon the water depth
relative to the top of the structure, the fill in the structure and the shape of the debris
object. Impact tests for specific objects of interest for various fill types would need to be
conducted. The effect of debris loads on the performance of the Concertainer® can be
accounted for by including impact loads in the analysis of the factor of safety against
sliding.

Waves can affect the Concertainer® structure in several different manners: as an
additional horizontal force, as a carrier of debris, and as a mechanism for removing
material from the structure. The effects of waves will depend upon whether the waves
hitting the structure are non-breaking, breaking or broken waves. The horizontal force on
a structure produced by each type of wave can be computed from standard coastal
engineering design procedures, e.g., the Shore Protection Manual, and included in the
analysis of the resistance of a structure to sliding for various unit sizes and types of fill.
Debris loads could be severely increased under wave action. While the movement of
water resulting from a current will be generally parallel to the structure, wave action
causes water movement that is more generally perpendicular to the structure. The
velocity of the water at the crest of a breaking wave approaches the phase speed of the
wave and, even in shallow water, can reach a value of several feettsec. Thus velocity of
the debris could be greatly increased by the presence of waves. The property of the
ConcertainerQ) to absorb impact loads clearly becomes an advantage in resisting this
wave enhanced threat from debris. The effect of waves on the erosion of material from
the structure will depend upon the height of the mean water at the structure, the height
and type of wave hitting the structure, and the fill material. When the combined mean
water height and incoming wave height is lower than the top of the structure, no erosion
would occur. For mean water levels below the top of the structure, but with wave height
high enough to overtop the structure, erosion would be minimal. Water would be thrown
onto the top of the fill with little horizontal velocity and wet the fill. For higher waves,
waves that break into the structure, there would be some initial suspension and transport
of fill out of the structure. When the mean water height exceeds the height of the
structure so that it becomes submerged all types of waves would suspend some fill
material. The amount of fill removed would depend upon the intensity of the wave action
and the type of fill. These various effects of wave action on the structure would need to
be considered in the selection of the Concertainer@ size and fill so as to maintain an
acceptable factor of safety against sliding under expected field conditions.
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GROUND SURFACE PERFORMANCE

The performance of the Concertainer® on various surfaces will depend both on the type
of surface and the type of fill used in the structure. This is because the same fill will
interact differently with different surface materials. The net effect of the surface/fill
interaction can be expressed through the interface friction coefficient. As shown above,
the friction coefficient directly affects the resistance of the structure to sliding. Other
factors that may need to be considered concerning the surface upon which the structure is
placed are the permeability of the surface and it's bearing capacity. Given the test
conditions described in the solicitation, the bearing capacity and permeability of the test
surfaces should present no problems. However, in actual usage, these issues would need
to be investigated at each field site.

The actual coefficient of friction between different fill materials and the different test
surfaces will depend upon the detailed characteristics each. Since these are not known at
this time, representation values of the friction coefficient can be taken from published
values. The following values were used in the stability analysis:

Table 1. Soil parameters used in the analysis.

Fill Type Specific Gravity Interface Coefficient of Friction
Earth Concrete Grass

Fine Sand 1.60 .58 .35 .30
Coarse Sand 1.76 .67 .45 .35
Gravel 1.92 .78 .60 .40

The coefficients of friction between concrete and for various fill types are taken from the
Shore Protection Manual (Table 7-15 and 7-16). Table 7-16 gives the friction
coefficients for concrete dams on sand and gravel. For freshly graded surfaces, earthen
material is present both in the container and on the surface. The friction resistance will
depend upon the angle of internal friction for the each material. The values used in the
analysis for the various fills on an earthen surface are based upon the angles of internal
friction for firmly packed sediments as given in Table 7-15 of the SPM. For the grass
surface case, the approach taken is that the coefficient of friction will be assumed to be
smaller than for a concrete surface. Thus the concrete values were reduced for gravel,
coarse sand, and fine sand by factor of .67, .77 and .86 respectively.
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FIELD REPAIR AND MAINTENANCE

Depends on the location.

TEST CONDITION ANALYSIS

The performance of the Concertainer® under a particular set of test conditions can be
determined using the formulas presented above. Various load cases were considered
based upon the type of surface at the test site, the height of the floodwater, the size of the
structure and the fill material. The results of these calculations are given in Table 2.

A single load case will be used to illustrate the methodology used in computing the factor
of safety against sliding. The structure will be assumed to be placed on either grass, earth
or concrete. A 3 foot by 3 foot unit will be subject to a 3 foot flood, with no waves or
impact loads. The structure will be fill with either fine sand, coarse sand, or gravel. The
formula for the factor of safety against sliding for a 3 foot Concertainer® unit (b=H=3
feet) as

FS = Cf ( W-Fu)/Fh
or

FS = Cf (HBSy-hBy/2)I(h 2,112) = 2BCf (HS-h/2)/(h2)

This can be simplified for H = B = 3 ft, and h=3 feet to

FS = .67 Cf (3S- 1.5)

For the various fill materials and surface types the values of Cf and S can be specified.
For example, for an earthen surface and with a fine sand fill, S= 1.60 and Cf = .58. The
computed factor of safety is

FS = .67 (.58) (3(1.60) - 1.5) = 1.28

This is the result shown in Table 2 for load case 1. For coarse sand S = 1.76 and Cf =

.67, and the resulting factor of safety is 1.69, as shown in Table 2 for load case 2. For
gravel, S = 1.92 and Cf = .78, and the factor of safety is 2.22, as shown in Table 2 as load
case 3.

The other load cases listed in Table 2 were based upon changing the surface types, flood
water depth and unit size. A second set of calculations were performed based upon
increasing the flood water depth to 4 feet, and placing a 2 foot by 2 foot Concertainer®
on top of a 3 foot by 3 foot unit. The factors of safety against sliding for different
surfaces are given in load cases 28, 29 and 30.
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Overall the analysis indicates that for the fill types and surface types considered, large
changes in the factor of safety can occur. For example, for a 3 foot by 3 foot unit on a
concrete surface the factor of safety changes from .77 to 1.13, to 1.70 as the fill is
changed from fine sand, to coarse sand and then to gravel.
Table 2. Factor of safety against sliding for various load cases.

Load
Case

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Surface
Type

E
E
E
C
C
C
G
G
G
E
E
E
C
C
C
G
G
G
E
E
E
C
C
C
G
G
G
E
E
E

Structure
Hgt

3'
3,
3,
3,
3,
3,
3,
3'
3,
4W
4,
4'
4,
4,
4,
4,
4'
4'
4'
4'
4,
4,
4,
4,
4,
4,
4,
4,
4,
4,

Flood
Hgt

3,
3'
3,
3'
3,
3,
3,
3,
3'
3'
3'
3'
3,
3,
3,
3,
3,
3,
4,
4,
4,
4,
4,
4,
4,
4'
4,
5'
5,
5,

Fill
Type

FS
CS
GR
FS
CS
GR
FS
CS
GR
FS
CS
GR
FS
CS
GR
FS
CS

GR
FS
CS
GR
FS
CS
GR
FS
CS
GR
FS
CS
GR

1.28
1.69
2.22

.77
1.13
1.70

.66

.88
1.14
2.53
3.30
4.28
1.52
2.22
3.29
1.31
1.72
2.20
1.28
1.69
2.22

.77
1.13
1.70
.66
.88

1.14
1.07
1.41
1.85

Factor of Safety
Against Sliding

Note: E = Earthen surface
C = Concrete surface
G = Grass surface
FS = Fine sand fill
CS = Coarse sand fill
GR = Gravel fill
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The data presented herein by HESCO Bastion USA, LLC from the Rapid
Deployment Flood Wall Testing at Engineering Research and Development Center
(ERDC) Water Experimental Station (WES) in preliminary information from Dr. Joseph
Suhayda.
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