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FOREWORD 

The investigation reported herein was conducted as part of the landing mat research program under 
Research and Development Project No. 1 T021701A046, "Trafficability and Mobility Research," Task 05, 
Mobility Engineering Support, under the sponsorship of the Research and Development Directorate, U.S. Army 
Materiel Command. 

The engineering tests pertinent to this investigation were performed at the U. S. Army Engineer 
Waterways Experiment Station (WES) during July and August 1967 by personnel of the Expedient Surfaces and 
Flexible Pavement Branches of the Soils Division. The engineers who were actively engaged in the planning, 
testing, analyzing, and reporting phases of this investigation were Messrs. W. J. Turnbull, A. A. Maxwell, W. L. 
Mcinnis, H. L. Green, C. T. McCormick, and SP 4 C. J. Gerard. This report was prepared by Mr. McCormick. 

COL John R. Oswalt, Jr., CE, and COL Levi A. Brown, CE, were Directors of the W'!-S during the 
investigation and the preparation of this report. Mr. J. B. Tiffany was Technical Director. 
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to metric units as follows: 

Multiply By To Obtain 

inches 2.54 centimeters 

feet 0.3048 meters 

square inches 6.4516 square centimeters 

square feet 0.092903 square meters 

cubic feet 0.0283168 cubic meters 

pounds 0.45359237 kilograms 

tons 907.185 kilograms 

kips 453.59237 kilograms 

pounds per square inch 0.070307 kilograms per square centimeter 

pounds per square foot 4.88243 kilograms per square meter 

pounds per cubic foot 16.0185 kilograms per cubic meter 

miles per hour 1.609344 kilometers per hour 
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SUMMARY 

This report describes an investigation conducted to evaluate an extruded aluminum alloy landing mat 

fabricated by Harvey Aluminum, Inc., Torrance, California. The J. by 6-ft mat is a one-piece hollow extrusion 

fabricated from 6061 aluminum alloy artificially aged to the T6 condition. The main feature of the mat was the 

incorporation of a nonwelded end joint, which was an integral part of each panel.Individual panels were joined 

together at the end joints by H-shaped extruded aluminum locking bars. This investigation consisted of traffic 

tests to obtain information for use in comparing the performance of the experimental mat with project 

requirements, and to determine the feasibility of fabricating mat with this type of end connector. 

A test section consisting of a heavy clay subgrade (rated CBR of 3.6) surfaced with the Harvey mat was 

trafficked with a rolling wheel load simulating actual aircraft operations. The tests were conducted using a load 

cart with a single-wheel load of 25,000 lb and a tire inflation pressure of 250 psi. The test section failed after 

eight coverages due to the tire hazard caused by end-joint curling. Since there was no other appare.nt damage to 

the mat, it was decided to modify the mat and continue traffic. All panels in the traffic lane were removed, and 

the corners formed by a female connector and an end joint were cut off. The panels were relaid in their original 

location and traffic was continued. The section was considered failed after 100 coverages due to severe curling 
and dishing along end joints and female connectors. 

Strength evaluation of the mat indicated that the mat, as fabricated, would support 12 coverages of the 

25,000-lb single-wheel load if placed on a subgrade with a rated CBR of 4.0. Evaluation of the mat after 

modifying the end joints indicated that the modified mat was capable of supporting about 140 coverages of the 

25,000-lb load. Therefore, neither the mat as fabricated nor the modified mat would meet the service life 
criterion of 200 coverages. 
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ENGINEERING TESTS OF HARVEY J. BY 6-FT LANDING l\IAT 
WITH INTEGRAL END CONNECTORS 

PART I: INTRODUCTION 

BACKGROUND 

1. The investigation reported herein comprises an engineer design test in the U. S. Army Materiel 

Command's (AMC) RDT&E program for the development of satisfactory landing mats for use as exJ)edient 

surfacing materials for forward-area airfields. As part of this program, the U. S. Army Engineer Waterways 

Experiment Station (WES) has been assigned the responsibility for the development of metal and plastic mats. 

2. The development of extruded T8 magnesium mat and the similarly designed extruded Tl 1 

aluminum mat represented the potential for a tremendous advancement in the design of landing mats. Through 

the extrusion process, metal can be placed where it will do the most good, resulting in a stronger mat of reduced 

weight. Results of tests described in a previously published WES report1 indicated the Tl 1 mat to be superior to 

previously tested mats and prompted a limited field test of the modified Tl 1 aluminum mat by the Air Force at 

England Air Force Base, Alexandria, La., from December 1963 to July 1964. Results of these tests, which are 

reported in references 2 and 3, prompted the Air Force to formulate "Performance Requirements for Landing 

Mat," which was sent to AMC as an inclosure to a letter, subject: Development of Landing Mat, da!~d 8 October 

1964. Test data reported herein are evaluated to meet the criteria for medium mat established in January 1965 

by AMC. A Qualitative Materiel Requirement (QMR) for prefabricated airfield surfacings, dated 14 April 1966, 

has been approved using the same loadings. This QMR was subsequently revised and a new one approved on 

2 April 1968. 

OBJECTIVES 

3. The general objectives of this investigation were to evaluate both the design and the performance 

of Harvey 1- by 6-ft landing mat, as fabricated, and to determine its suitability for use as an expedient surfacing 

material for forward-area bases. The specific objectives of this investigation were to determine: 

a. The service life (200 coverages minimum required) of the mat when placed on a subgrade 
having a CBR of 4.0 and trafficked with a 25,000-lb* single-wheel load with tires inflated to 
250 psi to produce a contact area of 111.l sq in. 

b. The average placement rate of the mat. 

SCOPE 

4. This report describes and gives results of accelerated traffic tests conducted to evaluate the Harvey 

mat. The desired data were obtained by engineer tests as follows: 

a. Traffic tests were conducted on a specially constructed test section to study subgrade 
behavior and to observe the performance of the mat under a rolling wheel load. 

b. During the assembly of the test section, mat placement time was recorded and the placing rate 
computed. 

* A table of factors for converting British units of measurement to metric units is presented on page ix. 
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DEFINITIONS OF PERTINENT TERMS 

5. For information and clarity, certain terms used in this report are defined as follows: 
Test section. A prepared area on which the landing mat is placed for test purposes. 
Traffic lane. Area of test section that is subjected to the moving wheel load of the load cart. 
Subgrade. The portion of the test section constructed with soil processed under controlled conditions to 

provide the desired bearing capacity and upon which the landing mat is placed. 
California Bearing Ratio (CBR). A measure of the bearing capacity of the soil based upon its shearing 

resistance. The CBR value is calculated by dividing the unit load required to force a piston into the soil by the 
unit load required to force the same piston the same depth into a standard sample of crushed stone and 
multiplying by 100. 

Run. A strip of landing mat equal to one panel width and extending transversely (perpendicular to the 
direction of traffic) across the entire test section. 

Coverage. One application of the test wheel of the load cart over each point in the traffic lane. 
Load cart. A specially constructed item of equipment used in WES engineering tests for simulating aircraft 

taxiing operations. 

Test wheel. The wheel on the load cart that supports the main load. 
Deflection. Deformation of landing mat panels under the static load from the test wheel of the load cart. 
Extmsions. Shapes produced by forcing cast billets heated to a plastic condition through a steel die with 

an opening of the desired cross section. 

2 



PART II: DESCRIPTION OF MAT TESTED 

FABRICATION FEATURES 

6. The 1- by 6-ft landing mat was furnished by Harvey Aluminum, Inc., Torrance, California. The mat 

weighed 4.6 psf and was extruded from 6061 aluminum alloy artificially aged to the T6 condition, which 

involves heat treatment and oven cycling to produce a stable temper. The main feature of the mat was the 

incorporation of a nonwelded end joint, which was an integral part of each panel. End joints are secured by a 

locking bar after individual panels have been properly positioned. Individual panels were interlocked along the 

sides by a hinge-type, male-female connector, the components of which were an integral part of the basic panel 

extrusion. A view of a panel and an H-shaped extruded aluminum locking bar used to connect the panels is 

shown in photograph I. The physical properties of the 6061-T6 aluminum alloy are as follows: 

Tensile strength, psi 
Ultimate 
Yield 

Elongation, percent 
(2-in. gage length) 

38,000 
35,000 

10 

PHYSICAL DIMENSIONS 

7. The mats were shipped in bundles averaging 84 panels each. The average weight of each bundle was 

approximately 1-1/4 tons. A typical bundle is shown in photograph 2. No panels were damaged during 

shipment. Individual panels and bundles were weighed and measured, and average figures are as follows: 

Panels 

Overall Dimensions, in. 
Placing Dimensions 

Width Area 
Width Length Depth in. sq ft 

12.84 72.08 1.58 12 6 

Bundles 
Length Width Height 

ft ft ft 

6.02 4.06 2;55 

3 

Panel 
lb 

27.5 

Volume 
cu ft 

6-2;43-

Weights 
lb per sq ft 

of Placing Area 

4.6 

Weight 
lb 

2540-



PART III: TEST SECTION AND EQUIPMENT 

TEST SECTION 

Location and Description 
8. The test section was constructed at the WES under a hangar to provide protection from the 

elements and to maintain the necessary controlled conditions for obtaining the required subgrade strengths. The 
test section was 27 ft wide and 40 ft long with an approach area at each end. A general layout showing the panel 
numbering system is shown in plate I. All panels were placed on the section with the longitudinal axis of the 
mat perpendicular to the center line of the test and approach sections. 

Construction of Subgrade 

9. The test section was excavated to a depth of 24 in. below final grade, and a heavy clay material 
(CH) having an average liquid limit of 58 and an average plasticity index of 33 (see plate 2) was used to backfill . 
the section. The clay was processed to ensure uniformity, hauled to the test section, and spread with a bulldozer 
so as to provide 6-in. lifts after compaction. Each lift was mixed in place with a pulvimixer, and then compacted 
with 8 coverages of a self-propelled, seven-wheel, rubber-tired roller loaded to 41,000 lb and having a tire 
inflation pressure of 90 psi. The surface of each compacted lift was scarified and then sprinkled with water prior 
to placement of the next lift. Construction control data were obtained for each lift after compaction by means 
of in-place CBR, moisture content, and density tests. The top inch of the final lift was carefully removed to 
provide a relatively smooth surface with no transverse grade. Results of tests made after construction of the 
subgrade had been completed are given as 0-coverage data in table 1. These data were obtained from two CBR 
test pits that were excavated to a depth of 18 in. in the test section. An average subgrade CBR of 3.3 was 
obtained in the test section before traffic. Prior to mat placement, Tl6 membrane was laid over the subgrade 
to deter drying, which would cause a change in strength. 

Mat Placement 
10. The mats were placed on the test section by an experienced mat-placing crew of six men under the 

direction of a foreman. The mats were stacked adjacent to the test lane in open bundles to minimize the 
distance that panels had to be carried by the placing crew. A forklift maneuvered the bundles to keep the panels 
as close to the crew as practical. The panels were assembled into a test section by hinging the female side of a 
panel to the male side of a previously placed panel and dropping the panel into position. The end connection 
was secured by an H-shaped connector bar slid into position in the integral end connector. The panels were. 
placed with their long axis perpendicular to the direction of traffic and with the end joints staggered as shown in 
plate 1. No difficulties were encountered in placement operations. The placement rate for the Harvey mat was 
197 sq ft per man-hour. The mat was seated in the subgrade with the same roller used to construct the subgrade. 
Lead weights, 2000 lb each, were placed alon_g the sides of ihe test section to anchor the panels. 

TEST LOAD CART 

11. A specially designed single-wheel test cart (photograph 3) loaded to 25,000 lb was used in the 
traffic tests. It was fitted with an outrigger wheel (load considered insignificant) to prevent overturning and was 
powered by the front half of a 4-wheel-drive truck. The test cart had a 30.00xl 1.5, 24-ply tire inflated to 250 
psi, which produced a contact area of 111.1 sq in. and an average contact pressure of 225 psi. 
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PART IV: CRITERIA FOR MAT FAILURE AND DATA TAKEN 

FAILURE CRITERIA 

12. The following guidelines were used to determine failure of the mat: 

a. Excessive mat breakage. 

( 1) Core failure. When the core failure appreciably affects the performance of the mat or 
causes undue roughness. 

(2) End-joint failure. 

(3) Breaks. 

(a) A panel was considered failed when a break was judged to be a tire hazard. 

(b) A section was considered failed when breaks exceeding 6 in. in length occurred in 
50 percent of the panels, or when breaks extending 40 percent of the length of a 
panel occurred in 20 percent of the panels. 

b. Static deflection. 1-in. maximum. 

c. Roughness.* 

(1) Deflection not to exceed 1 in. at side joint. Measurement to be made from a 4-ft-long 
straightedge. 

(2) Dishing not to exceed 0.6 in. 

13. It was assumed that a certain amount of maintenance would be performed in the field ·during the 

usage of the mat. For engineer traffic tests, the total number of panels that can be replaced in the traffic lane is 

equal to 10 percent of the number of panels receiving 100 percent of the traffic. 

TYPES OF DATA RECORDED 

14. Subgrade densities, water contents, and in-place CBR's measured prior to and at the conclusion of 

traffic are shown in table 1. These soil tests were made at the surface of the subgrade and at depths of 6 and 12 

i~., with a minimum of three values per depth. Static deflections of the mat were measured with the load wheel 

at the joints, quarter points, and center points of panels. Level readings (transverse and longitudinal) were taken 

prior to, during, and after traffic to measure permanent deformation of the section and to reveal the 

development of roughness. Visual observations of the mat, subgrade behavior, and other relevant factors were 

recorded throughout the period of traffic and were supplemented by photographs. Pertinent data will be 

discussed later in the report. 

* Visual observations and experienced judgment were used to determi.ne roughness when the load cart was traveling at a 
uniform speed (approximately 2 to 4 mph). 
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PART V: TEST RESULTS AND STRENGTH EVALUATION 

TEST RESULTS 

15. A general view of the test section prior to traffic is shown in photograph 4. Prior to application of 

traffic, the average CBR of the subgrade was 3.3, and the mat surface was generally smooth. Cross sections and 
profiles prior to traffic are shown in plates 3 and 4, respectively. 

16. The mat was subjected to traffic in a 10-ft-wide by 40-ft-long test lane located in the center of the 

section, as shown in plate 1. There was a total of 100 panels and 60 end joints located in the traffic lane. Traffic 

was applied to simulate the traffic distribution pattern that would be encountered in actual takeoffs and 

landings.4•5 The 10-ft-wide test lane was trafficked by starting at one side of the lane, driving the load cart 

forward and then backward in the same path for the length of the traffic lane, and then shifting the path of the 

cart laterally 10 in. (the width of the tire print) on each successive trip, thus producing two coverages of the 

entire traffic lane when the load cart maneuvered from one side of the traffic lane to the other. The interior 100 

in. of the traffic lane was then trafficked for six additional coverages. The center 60 in. of the traffic test lane 

received two additional coverages for a total of 10 coverages. The net result was that the center 60-in.-wide strip 

of the traffic lane received 100 percent of the traffic, the next two 20-in.-wide interior strips received 80 

percent, and the two 10-in.-wide outermost strips received 20 percent (see plate 5). This pattern of traffic 

application was repeated until mat failure occurred. 

17. After four coverages, curling of the mat at the corners of the female connector and end joint was 

noted. Traffic was continued to eight coverages, and the curling increased sufficiently to be considered a tire 

hazard. Six panels developed top skin tears due to extensive curling. The tears averaged approximately 1/4 in. in 

length. Although no other mat damage was noted, the test section was considered failed at eight coverages due 

to the tire hazard caused by end-joint curling. The test section after eight coverages of traffic is shown in · 

photograph 5. 

18. Since there was no other apparent damage to the mat, it was decided to' modify the mat and 

continue traffic. All panels in the traffic lane were removed, and the corners formed by a female connector and 

an end joint were cut off as shown in photograph 6. The panels were relaid in their original location and traffic 
was continued, 

19. At 30 coverages, panel 37 had developed a serious depression along the end joint in the area of 
100 percent traffic and was replaced (photograph 7). Cross sections and the center-line profile after 30 
coverages are shown in plates 3 and 4, respectively. 

20. Severe dishing in eight panels was noted after 80 coverages, and at 90 coverages, the dishing in panel 

99 measured 9/16 in. (photograph 8). Traffic was continued to 100 coverages. The curling and dishing along the 

end joints and female connectors had become so severe that traffic was stopped, and the test section was 
considered failed. An overall view of the test section after 100 coverages is shown in photograph 9. Cross 

sections and the center-line profile after 100 coverages are shown in plates 3 and 4, respectively. Static 

deflection of the mat at 0 and 100 coverages is shownin plate-6. 
-2L -An examination of the panels after removal from the test section revealed several types of breaks. 

The most common type was sheared ribs in which the top and bottom skins were peeled back from an end joint. 

A typical rib break is shown in photograph 10. The length of these breaks averaged about 4 in.; 87 panels had 
rib breaks. 

22. Another type of break that was prevalent was a split female connector (photograph 11), which was 
always associated with rib breaks. The average length of the split was 3 in., although some had developed as far 
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back as 7-1/2 in. from the end joint. Four panels with both end joints in the traffic lane had female connector 

splits at both ends. A total of 51 panels had female connector splits. 

23. Thirty-eight panels had bottom skin tears averaging 1/2 in. in length (photograph 12). All of these 

tears were located at the corner of an end joint and a female connector. 

24. Ten panels showed signs of internal rib failure and severe dishing (photographs 13 and 14). The 

average thicknesses of the vertical ribs and bottom skin of the panels that exhibited rib failure were 0.086 and 

0.081 in., respectively. A summary of panel damage is shown below. 

Female 
Connec· Internal End-

Skin Tears tors Broken Rib Joint Mat Deflection, in. 
Coverages Top Bottom Split Ribs Failure Curl Joint Center 1/4 Point 

8 6 0 0 0 0 40 
100 14 38 51 87 10 100 1.2 1.1 1.2 

25. The average soil strength of the test section at failure was 3.8 CBR which, when averaged with the 

0-coverage 3.3 CBR, resulted in a rated CBR of 3.6 for the section. 

STRENGTH EVALUATION 

26. Actual CBR's, load, tire pressure, and coverages were used in the following equation* to derive the 

coverages that the Harvey mat, as received, would withstand if placed on a 4-CBR subgrade. 

where 

t -.JP( 1 _ J_) 
0.23 log10 (C) + 0.15 - 8.1 CBR prr 

t = design thickness of pavement structure, in. 

C =coverages at failure (8 or 100) 

P =total wheel (or equivalent wheel) load, lb (25,000) 

CBR =rated California Bearing Ratio of subgrade (3.6) 

p = tire pressure, psi (250) 

This computation indicated that the mat on a 4-CBR subgrade would withstand 12 coverages of the 25,000-lb 

single-wheel load. However, evaluation of the mat with modified end joints indicated that the modified mat on a 

4-CBR subgrade would be capable of supporting 140 coverages of the 25,000-lb load. 

* This is a combination of equation 2, page 2, and the equation for slope of curve, plate 3, from U. s.' Army Engineer 
Waterways Experiment Station, CE, Developing a Set of CBR Design Curves, Instruction Report 4,6 
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PART VI: SUMMARY OF RESULTS AND CONCLUSIONS 

RESULTS 

27. Results obtained from this investigation of the Harvey 1- by 6-ft landing mat are given below: 

a. The mat was placed at a rate of 197 sq ft per man-hour. 

b. Corners of the mat, as fabricated, developed into a tire hazard after a minimum amount of 
traffic (8 coverages). 

c. The mat, as fabricated, would support 12 coverages of the 25,000-lb single-wheel load if 
placed on a subgrade with a rated CBR of 4.0. However, evaluation of the mat after modifying 
the end joints indicated that the modified mat was capable of sustaining about 140 coverages 
of the 25,000-lb load. 

CONCLUSIONS 

28. Based on the results obtained from this investigation of the Harvey 1- by 6-ft landing mat, the 

following conclusions are believed warranted: 

a. The mat can be placed at a rate exceeding the minimum project requirement of 150 sq ft per 
man-hour. 

b. The performance of the mat failed to meet the project traffic criterion(200 coverages of 
traffic). 
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Table 1 

Summary of CBR, Water Content, and Density Data 

No. Station Water Content Density 
Coverages ft Depth CBR percent pcf 

0 o+l6 Sfc 2.8 30.8 87.3 
6 in. 2.5 29.6 90.0. 

12 in. 4.4 30.0 87.5 
Avg 3.2 30.l 88.3 

0 o+37 Sfc 3.0 30.7 87.9 
6 in. 3.1 29.5 88.5 

12 in. 4.1 27.8 88.6 
Avg 3.4 29.3 88.3 

100 o+40 Sfc 3.1 29.8 89.6 
6 in. 3.5 29.3 90.1 

12 in. 4.5 28.7 90.0 
Avg 3.7 29.3 89.9 

100 o+l2 Sfc 3.7 29.2 90.5 
6 in. 3.3 29.2 90.7 

12 in. 4.6 29.6 89.3 
Avg 3.9 29.3 90.2 



Photograph!. Harvey l· by 6-ft landing mat with close-up of H-shaped extruded aluminum locking bar 

Photograph 2. Bundle of Harvey aluminum landing mat as received from manufacturer 



Photograph 3. Load cart usedfor traffic testing 

Photograph 4. Test section prior to traffic 



Photograph 5. Test section after 8 coverages of traffic 



Photogl.'aph 6. Corner of a panel cut off to eliminate a tire hazard 

Photograph 7, Dishing in panel 37 



Photograph 8. Dishing in panel 99 at 90 coverages of traffic 



Photograph 9. Overall view of test section after 100 coverages of traffic 



I 

Photograph 10. Typical rib break 

Photograph 11. Split female connector 
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Photograph 13 . Rib failure 



Photograph 14. Longitudinal and transverse dishing 
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