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FOREWORD 

The general authorization for this investigation was formerly con

tained in Research and Development Project Card for Mobility Engineering 

Support, Project No. 1T062103A046, Task 05, approved June 1960. The spe

cific authorization for conducting the tests reported herein is given in 

letters dated 1 September and 28 September 1964 from Headquarters, U. S. 

Army Materiel Command (AMC), to Director, U. S. Army Engineer Waterways 

Experiment Station (WES), Vicksburg, Mississippi. 

The traffic tests pertinent to this investigation were performed at 

WES during January-April 1965. Engineers of the WES Soils Division 

actively engaged in the planning, testing, and reporting phases of this 

investigation were Messrs. W. J. Turnbull, A. A. Maxwell, W. L. Mcinnis, 

R. Turner, H. L. Green, and G. L. Carr. This report was prepared by 

Mr. Carr. 

Directors of the WES during the conduct of this investigation and 

the preparation of this report were COL John R. Oswalt, Jr., CE, and 

COL Levi A. Brown, CE. Technical Director was Mr. J. B. Tiffany. 
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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 

inches 

feet 

square inches 

square feet 

cubic feet 

pounds 

pounds per square foot 

pounds per cubic foot 

kips 

pounds per square inch 

miles per hour 

Fahrenheit degrees 

By 

2.54 

0. 3048 

6.4516 

0.092903 

0.0283168 

o.45359237 

4.88243 

16.0185 

453.59237 

0.070307 

1.609344 

5/9 

To Obtain 

centimeters 

meters 

square centimeters 

square meters 

cubic meters 

kilograms 

kilograms per square meter 

kilograms per cubic meter 

kilograms 

kilograms per square centimeter 

kilometers per hour 

Celsius or Kelvin degrees* 

* To obtain Celsius (c) temperature readings from Fahrenheit (F) readings, 
use the following formula: C = (5/9)(F - 32). To obtain Kelvin (K) 
readings, use: K = (5/9)(F - 32) + 273.15. 
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SUMMARY 

This report describes investigations conducted to evaluate six dif
ferent metal landing mats, as well as one of the mats that was modified 
after initial testing. Four of the items tested are fabricated from ex
truded aluminum and two are fabricated from steel. These investigations 
consisted of engineering traffic tests to obtain information for use in 
comparing the performance of the mats with project requirements, which 
are summarized in Appendix A of this report. 

The traffic tests were conducted on each mat placed on a prepared 
subgrade with a CBR of approximately 4. These tests were conducted with 
a single-wheel load of 25,000 lb with tires inflated to 250 psi, and tire 
contact area of 111.1 sq in. to simulate F-4c aircraft operations. The 
service life criterion for an experimental mat was 200 coverages. Results 
of these investigations revealed the following: 

a. The U. S. Steel Type 4.5A mat withstood 62 actual coverages 
on a 4-CBR subgrade, the equivalent of 31 percent of the 
traffic criterion. 

b. The Dow MX18-A and a modified Tll mat sustained 30 actual 
coverages, the equivalent of approximately 20 percent of the 
traffic criterion (40 and 45 coverages, respectively, when 
related to performance on a 4-CBR subgrade). These mats were 
considered undesirable. 

c. The Alcoa Tll, U. S. Steel Type 3.5A, modified U. S. Steel 
Type 4.5A, and Fenestra mat failed after 2 to 6 actual 
coverages. 

It is recommended that none of these mats be considered for further 
investigation until the designs are modified- as indicated:- by results of 
these tests, fabrication techniques are improved, and quality control meas
ures are established. 

In conjunction with this series of engineer design 
mats were tested and they met the project requirements. 
Kaiser honeycomb MX19, Dow MX18-B, Dow MX18-C, and U. s. 
Air-Dek. Development of the MX19 arid the MX18-B mats is 
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JNALUATION OF MODIFIED Tll, DOW, U. S. STEEL, 

ALCOA Tll, AND FENESTRA LANDING MATS 

PART I: INTRODUCTION 

Background 

1. The investigation reported herein comprises part of a series of 

engineer design tests in the U. S. Army Materiel Command's (AMC) RDT&E 

program for the development of satisfactory landing mats for use as ex

pedient surfacing materials for forward-area airfields. The U. S. Army 

Engineer Waterways Experiment Station (WES) has been assigned the respon

sibility for the development of metal and plastic mats. 

2. The development of the extruded T8 magnesium mat and the simi

larly designed extruded Tll aluminum mat indicated the potential for a 

tremendous advancement in landing mats. Through the extrusion process, 

metal can now be placed where it will do the most good, resulting in a 

stronger mat of reduced weight. WES Technical Report No. 3-634, "Engineer

ing Tests of Experimental Tll Aluminum Airplane Landing Mat, 111 dated 
September 1963, indicated the Tll mat to be superior to previously tested 

mats and prompted a limited field test of the modified Tll aluminum mat by 

the Air Force at England Air Force Base, Alexandria, La., from December 

1963 to July 1964. Results of these tests2 ' 3 prompted the Air Force to 

formulate "Performance Requirements for Landing Mat," which was sent to 

the AMC as an inclosure to a letter, subject: Development of Landing Mat, 

dated 8 October 1964. Test data reported herein are evaluated against the 

criteria for medium mat established in January 1965 by AMC and summarized 

in Appendix A of this report. A Qualitative Materiel Requirement (Qt\ffi) for 

Prefabricated Airfield Surfacings, 14 April 1965, was approved using the 

same loadings. This QMR was subsequently revised, and a new QMR was ap
proved on 2 April 1968. 

3. In conjunction with this series of engineer design tests, four 

other mats were tested and they met the project requirements. These mats 

were Kaiser honeycomb MX19, 4 Dow MX18-B,5 Dow MX18-c,5 and U. S. Steel 
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Type 4.5 Air-Dek. 6 Development of the MX19 and the MX18-B mats is 

continuing. 

Objectives and Scope of Investigation 

Objectives 

4. The ultimate objective of this investigation was to evaluate the 

performance of several landing mats from various manufacturers to determine 

their suitability for future field tests. Specific objectives were as 

follows: 

Scope 

a. Determine the service life (200 coverages minimum required) 
of each mat when placed on a 4-CBR subgrade and trafficked 
with a 25,000-lb* single-wheel load with tires inflated to 
250 psi to produce a contact area of 111.1 sq in. 

b. Determine the maximum and average placing rates. 

c. Determine the feasibility of placing the mats on a crowned· 
subgrade. 

d. Determine the time and effort required to replace a damaged 
panel in the interior of a section. 

e. Determine the skid-resistance and tire-wear characteristics 
of each mat. 

5. This report describes and gives results of accelerated traffic 

tests conducted to evaluate each of several types of landing mats. Data 

for each evaluation were obtained by engineer design tests as follows: 

a. Traffic tests were conducted on specially constructed test 
sections to study subgrade behavior and to observe the per
formance of the mats under a rolling wheel load. 

b. In laying each mat during the assembly of the test section, 
the placement time was recorded and the placing rate com
puted. Some of the mats were also placed over crowned sub
grades to obtain a placement rate and to observe any diffi
culties. 

-c. ~he force required to skid a loaded cart over each mat was 
recorded, and the coefficients of friction were determined. 

* 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 

6. For information and clarity, definitions of certain terms used in 

this report are given below: 

Test section. A prepared area on which landing mat is placed for 

test purposes. 

Traffic lane. Area of the test section that is subjected to the mov

ing wheel load of the load cart. 

Subgrade. That portion of the test section constructed with soil 

processed under controlled conditions to provide the desired bearing capac

ity and upon which the landing mat is placed. 

Load cart. A specially constructed item of equipment used in WES en

gineering tests for simulating aircraft taxiing and braking operations. 

Test wheel. The wheel on the load cart that supports the main load. 

Coverage. One application of the test wheel of the load cart over 

every point in the traffic lane. 

Static deflection. Temporary longitudinal bending of landing mat 

panels under the static load from the test wheel. 

Longitudinal dishing. Permanent deformation of a panel parallel to 

the direction of traffic. 

Transverse dishing. Permanent deformation of a panel perpendicular 

to the direction of traffic. 

CBR (California Bearing Ratio). A measure of the bearing capacity of 

the soil based upon its shearing resistance expressed as a percentage of 

the unit load required to force a piston into the soil divided by the unit 

load required to force the same piston the same depth into a standard sam

ple of crushed stone. 
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PART II: TEST SECTION AND EQ.UIFMENT 

Test Section 

7. The test section was located under an airplane hangar to provide 

both protection from the elements and the conditions necessary for accu

rately controlled, comparative traffic tests. A typical test section was 

about 4o by 24 ft, with a 10-ft-wide traffic test lane in the longitudinal 

center of the test section. The test area was excavated to a depth of 24 

i~. and backfilled with five 5-in.-thick compacted lifts of a fat clay (CH) 

having an average liquid limit of 58 and an average plasticity index of 33 

(plate 1). The subgrade was graded to provide a smooth surface with no 

transverse grade. An approach area at each end of the section was provided 

as a maneuver area for the load cart in the application of traffic. Joints 

of panels were staggered to produce a pattern.similar to brickwork con

struction on all sections except the steel mat sections, which were placed 

with the joints at 45-deg angles to the direction of traffic (manufac

turer's recommendation). The mats were seated in the subgrade by applying 

8 coverages with a 7-wheel, 25-kip Bros roller with tires inflated to 

65 psi. In another test section, various placement patterns were experi

mented with on different crowned subgrades to determine the influence of 

placing pattern on the rate of placement. 

Test Load Cart 

8. A specially designed single-wheel test cart loaded to 25,000 lb 

was used in the traffic tests (fig. 1). I~ was fitted with an outrigger 

wheel (load considered insignificant) to _prev.ent overturning and was pow

.ered -by-the front half of a four-wheel-drive truck. The load wheel had a 

30.~0xll.5, 24-ply tire inflated to 250 psi, which produced a 111.1-sq-in. 

contact area. 
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Fig. 1. ; 000-lb load cart 250-psi tire 
pl"t3ssure, and :t.11.1- sq-in. contact area 

Application of Traffic 

9, 'I'raffic was applied to simulate the traffic distribution pat tern 
that would be encountered in actual aircraft takeoffs and landings. 
pattern approaches a normal distribution curvi~ •7 ,S Traffic was started. at 
one side of the test lane, and the load cart was driven forward and then 
backward in the same path for the length of the traffic lane. The path of 
the cart was shifted laterally 10 in. (the width of a tire print) on each 

successive forward Thus, two coverages of the entire traffic lane 
were accomplished when the load cart was 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 longitudinal center 60 
in. of the traffic lane then received two additional coverages, making a 
total of ten coverages for that particular area. 'l'he net result was that 
the center 60-in.-wide strip of the traffic lane received 100 percent of 
the traffic, the 20-in.-wide strips on each side of the eenter 60 in. 
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received 80 percent, and the two 10-in.-wide strips received only 20 percent 
(see plate 2). This pattern of traffic application was repeated until mat 
failure occurred. 

Skid-Resistance Equipment 

10. Skid tests were performed on both dry and wet surfaces with a 
pneumatic-tired, two-wheeled load cart. The cart was loaded to achieve 

10,000 lb on each rear wheel, and the tires were inflated to 200 psi. 
New 26.00x6.6 tires with a contact area of 53 sq in. each and an average 
contact pressure of 190 psi were used on the load cart. The truck section 
of the test cart was used only for steering, and a Tournadozer was used to 
pull the load cart. 

11. In performance of the tests, the load cart was positioned along 
one side of the traffic lane, and both wheels were locked to prevent rota
tion. The cart was skidded over the mat at a uniform speed for a given 

distance to determine the skid resistance offered by the mat surface and 
the tire wear resulting from the skidding. 
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mat: 

PART III: CRITERIA FOR MAT FAILURE AND DATA TAKEN 

Failure Criteria 

12. The following guidelines were used to determine failure of a 

a. Excessive mat breakage. 

(1) Weld failure: when the weld failure appreciably af
fects the performance of the mat or becomes a tire 
hazard. 

(2) Core failure: when the core failure appreciably 
affects the performance of the mat or causes undue 
roughness. 

(3) End-joint failure. 

(4) Breaks. 

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

(b) A section was considered failed when breaks ex
ceeding 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 l in. at side joint. 
Measurement to be ma.de from a 4-ft-long straightedge. 

(2) Dishing not to exceed 0.6 in. 

(3) Visual observations and experienced judgment were used 
to determine roughness when the load ca.rt was traveling 
at a uniform speed (approximately 2 to 4 mph). 

13. It was assumed that a certain amount of maintenance would be 

performed in the field_ during_ usage of the ma.t. The- total- nurober 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. When an additional 

panel required replacement or was considered to be a tire hazard, the 

section was considered failed. 
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Types of Data Recorded 

Skid tests 

14. The force required to pull the load cart with locked wheels over 

a mat surface was measured with an electric recording dynamometer with a 

capacity up to 50,000 lb. Electric recordings of the force required to pull 

the load cart and of the distance of the skid were made on individual oscil

lograms. Comparative tire wear was estimated by visual observations supple

mented by photographs. Observation and photographs of the antiskid coating 

on the mats were made before and after the tests. 

Traffic tests 

15. A summary of CBR, density, and water content data taken prior to 

traffic testing and at failure is presented in table l; test locations are 

shown in plates 3-6. These soil tests were made at depths of O, 6, 12, and 

18 in., with a minimum of three values per depth. Dishing and deflection 

measurements, negligible at the beginning of tests, were not recorded dur

ing or after the tests because of early failure. Static deflections of the 

mats, measured under the load wheel at the end joints, quarter points, or 

center points of panels, are shown in plate 7. Level readings (transverse 

and longitudinal) were taken prior to and during traffic to measure perma

nent deformation of the sections and to reveal the development of roughness. 

Visual observations of the mat and 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. 
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PART IV: DESCRIPrION AND PERFORMANCE OF MATS TESTED 

Modified Tll 

Fabrication features 

16. The original Tll mat design was modified to incorporate improve

ments indicated as desirable in the engineer tests. 1 These features in

cluded closer tolerances at the side connection, channel end connectors to 

replace the hollow-tube end connectors, slotted fabricated holes to allow 

riveted ends instead of field-drilled holes, and longitudinal center-line 

rivets placed in double shear instead of single shear. The modified mat 

was extruded by Dow Chemical Company and fabricated by Washington Aluminum 

Company. The panels are formed from 6061 aluminum alloy artificially aged 

to a T6 condition, which involves solution heat treatment and oven cycling 

to produce a stable temper. The physical properties of 6061 alloy are: 

Tensile strength, psi 
Ultimate 
Yield 

Elongation, percent 
(2-in. gage length) 

38,000 
35,000 

10 

17. Each panel is formed from two 12-ft-long extrusions (approxi

mately 14 in. wide), which are spliced together by a tongue-and-groove riv

eted joint (fig. 2). To stagger end joints in the placement pattern, some 

6-ft-long half panels were fabricated. The panels are interlocked along 

the sides by means of hinge-type connectors, the components of which are 

integral parts of the two basic panel extrusions. The ends of the panels 

are connected by 9-in.-long, extruded channel bars (seven per panel), which 

are riveted in all the slots (except the slot under tlie spiice joint} under 

one end of each panel during fabrication. Half of each bar projects under 

the adjacent panel to form a moment-transferring end joint that is se

cured in the field by four drive rivets (photograph 1). The top surface of 

the mat has a coating of Ferrox antiskid compound to aid in braking. Fer

rox is manufactured by the American Abrasive Metals Company. 
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:B'ig. 2. Composite view of modified 'I'll mat 

!:::PYsical dimensions 

18. Ten and two bundles of the modified Tll mat were 
weighed andmeasu.:red to determine the average weight and dimensions of 
a panel and of' a bundle. The average :panel weighed 116.3 lb or 4.5 1h 
:per square :foot of placing area. The average weights and measu.:rements 
of panels and bundles are given in table 2. 

Mat placement 

19. For comparative purposes, the same crew, consisting of six 

laborers and a foreman, was used to place all mats. The bundles were 

placed on sides of the test section. A front-end loader moved 

the mat bundles to 1'..eep the mat as close to -the placing crew as 

pra.c ti cal. 

20. Panels were assembled into a test section (plate 3) by hinging 
a. female side to a :male side already in position and dropping the panel 

into approximate position. 'l'hen the panels were slid 5 to 6 in. to make 

the end connection. '.l'he ends were secured with four drive rivets. The 

placing rate obtained under these conditions on the flat subgrade was 
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314 sq ft per man-hr. The panels were also placed on a special section 

that contained a 2 percent transverse crown. The placing procedure was 

the same as described above, except that at the crown, it was necessary 

to raise the panels in the previously placed run (similar to placement 

shown in photograph 2) to get connecting panels in the same plane to com

plete placement. Results of previous tests indicate that the average plac

ing rate on a 2 percent crown is approximately 200 sq ft per man-hr. A 

summary of placing rates is given in table 3. 

Skid test 

21. An average force of 14,000 lb was required to skid the 

20,000-lb cart a distance of 20 ft at a uniform speed on a dry surface. 

When the mat was wet, a force of 12,000 lb was required to skid the test 

cart 16 ft at a uniform speed. The coefficients of friction* derived from 

these data are: 

Wet surface: 122000 = 0.60 20,000 

Dry surface: 142000 = 0.70 20,000 

Comparative skid test data (coefficients of friction) are shown in table 4. 

22. Tire wear resulting from the wet-skid test was negligible, but 

extreme wear was evidenced when the dry-skid test was conducted (photo

graph 3). When the mats were delivered to WES, it was noted that the ap

plication of the antiskid coating on the mat was erratic, giving an uneven 

coating, and that the material appeared not to have cured properly. The 

coating appeared to lose some of its bond when the tire was skidded on a 

wet surface (photograph 4). 
Traffic tests 

23. The CBR of the subg-.cad:e averaged" 3. T oefore traffic (table 1) .· 

The section was in good condition, and appearance was generally smooth 

(photograph 5). 
24. Center-line rivets were sheared during the first passes of the 

* QMR, 2 April 1968, now specifies coated surface with a coefficient of 
friction between 0.4 and 0.7 for wet or dry surfaces. 

11 



load wheel. After 10 coverages, 82 percent of the center-line rivets had 

sheared, and 8 percent of the fabricated end-connector bar rivets had 

failed (photograph 6). 

25. The first break at the end of a panel was noted at 26 coverages. 

At failure, eight breaks were counted; the maximum length of the breaks was 

4-1/2 in. Failure of the item occurred at 30 coverages due to surface 

roughness, rivet failures, and mat breakage (photograph 7). Failure of 

89 percent of the center-line rivets, 25 percent of the fabricated end

connector bar rivets, and 45 percent of the drive rivets was recorded at 

30 coverages. A general view of the section at failure is shown in photo

graph 8. Representative cross-section and permanent deformation profile 

curves are shown in plates 8 and 9, respectively. Typical static deflec

tion measurements ma.de at the end joint of panels 7 and 8 and the center of 

panel 9 at 0 and 30 coverages are shown in plate 7; maximum deflections are 

summarized in table 5. 

Analysis of results 

26. Weakness of the riveted joints was evidenced by early failure of 

the rivets after 2 coverages of traffic. As shown on the deflection curves, 

the panels were stressed by flexing and the double-shear riveted joints were 

not strong enough to withstand these forces. The end-connector bars, when 

transferring the load, caused the end-connector bar rivets to fail in bear

ing. Stress at the end of the panels caused the top plates to shear 

(photograph 8). 

Dow :MX18-A 

Fabrication features 

27. The Dow panel is a one-piece hollow extrusion approximately 2 ft 

wide by either 6 or 12 ft long (fig. 3) fabricated from 6061 aluminum alloy 

artificially aged to the T6 condition. The mat did not have an antiskid 

coating. The panels are interlocked along the sides by means of a hinge

type connector, the components of which are an integral part of the basic 

panel extrusion. The end connectors are composed of extruded connectors 

welded to the basic panel and consist of an overlap and underlap section. 

12 



Fig. 3. :Full and half pa..riels of MX18-A mat 

A locking bar secures the end connector after individual panels have been 
joined together. Fig. 1~ shows a composite view 

Ph;y:sical dimensioru' 

the mat. 

28. Individual panels and bundles were weighed and measured to 

Fig. 4. Composite v:tew of MXJ.8-A mat 
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determine the average dimensions and weights shown in table 2. The average 

full panel dimensions were 12 by 2.07 ft. The average weight was 105.3 lb 

or 4.4 lb per square foot of placing area. The interior vertical members 

of the panels were extruded to a nominal thickness of 0.095 in., and the 

overall thickness of each panel averaged 1.492 in. The panels are locked 

together at the ends with an alUJUinum bar 5/8 by 3/16 by 24 in. 

Mat placement 

29. Layout of the test section is shown in plate 3. Placement of 

the panels and arrangement of the bundles were similar to those discussed 

in paragraphs 19 and 20 for the modified Tll mat. A Dow panel was hinged 

at the sides to a panel previously placed, dropped into position so that 

the ends were mated properly, and locked together by inserting the end

connector bar. The panels were placed on the flat subgrade at an average 

rate of 574 sq ft per man-hr. 

30. Problems encountered when placing the modified Tll panels on a 

crowned subgrade were also prevalent in placing the Dow panels on a special 

section that contained a 3 percent transverse crown. The stiffer Dow 

panels were even more difficult to place over the center-line crown. It 

was necessary to raise panels in the previously placed run (photograph 2) 

to get connecting panels in the same plane. When placed in the prescribed 

pattern, a placing rate of 320 sq ft per man-hr was achieved. However, 

6-ft panels were used at each side of the center-line crown in every other 

run to give a continuous joint at the center-line crown (photograph 9), 

reducing the effort required to get panels in the same plane, and the 

average placing rate was increased to 510 sq ft per man-hr. Comparative 

placing rates of the various mats tested are given in table 3. 

Skid tests 

-31. Even though the panels -were not -painted or coated, skid tests 

were performed on the MX18-A mat on both wet and dry surfaces. An average 

force of 6700 lb was required to skid the 20,000-lb cart a distance of 

12 to 15 ft at a uniform speed on a dry surface. Only a 2800-lb force 

was required to skid the 20,000-lb cart the same distance at a uniform 

speed on a wet surface. From the above data, the coefficients of 

friction are: 

14 



Dry surface: 6,700 = 0 34 
20,000 • 

Wet surface: 2,800 = 0 14 
20,000 • 

Tire wear in both tests was negligible. Comparative skid test data (co
efficients of friction) are shown in table 4. 

Traffic tests 

32. The CBR at the beginning of traffic was 3.8 (table 1). The mat 
·surface was generally smooth before traffic (photograph 10), and the load 
cart traversed the surface without appreciable bouncing or rocking action. 
Hairline cracks were noted in the welds on the underlapping and overlapping 

end connectors starting at both sides of the panels at two coverages. 

33. At 10 coverages, one end joint was completely sheared off, and 
19 weld cracks were noted. After 22 coverages, four panels were replaced. 
A typical end-joint and core failure at 22 coverages is shown in photo
graph 11. 

34. At 30 coverages, six end joints were sheared off (photograph 12) 
and 34 weld failures were noted. The section was judged failed because 
excessive mat breakage produced a tire hazard. A general view of the 
section is shown in photograph 13. Representative cross-section curves 
and' permanent deformation profile curves are shown in plates 8 and 9, 

respectively. Typical static deflection measurements at the end joint 
of panels 34 and 35 and the center of panel 36 at 0 and 30 coverages are 
shown in plate 7. 

Analysis of results 

35. The end-connector welds were examined, and it was noted that in 
many instances they did not penetrate over 50 percent of the member thick
ness. The welds were very irregular and_~onsidered- to be of a poor 

quality. In this design, the 0.095-in. top-sheet thickness was not strong 
enough to withstand the shearing stress produced by the load cart at the 
end connections (photograph 11). Either the welds at the end of the panels 
need to penetrate deeper or the end connectors should be redesigned to 

distribute the stresses more uniformly and/or provide more metal in the 
cross section of the mat. 
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sandwich-type • 5) :from 

. 5. Composite view of U, S. Type 3.5A ma.t 

high-strength stainless steel. The core is composed of an crate con-

with stru.ctural members bonded together with an adhesive. The 

core is bonded to:p and bottonr to 0.018-in. steel facings. The a.a.,.. 
hesive is cured applying hea:t and pressure. The panel so 

that the strength be adjusted or altered by varying the core spacing, 

mat depth, and thiclmess and/or strength level of the steel for the 

members. Panels, e.pproxima.tely li. ft , are joined together by a 

tongue-and-groove connector and secured with four pi:ns per side. To aid 

aircraft in braking, an -anti-skid coating :ma.nuf'actu:r-ed by W. P. l'u1.1€r 

Company was applied to the top surface of the panels. 

Physical ditnensions 

37. Individual panels and bundles were weighed and measured and 

average s a.re shown in table 2. 

and the cells were 1. 313 in. square. 

placing area was 3.6 lb. 
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Mat placement 

38. The panels were placed on the test section (plate 4) at an angle 

of 45 deg to the direction of traffic, according to the fabricator's in

structions. Various size triangular panels were provided to make the 

section square on the ends to join to other mats. In checking the panel 

dimensions, it was discovered that the tongue was larger than the groove 

into which it was to fit. The average measurements of the tongue and 

groove were 0.507 and 0.495 in., respectively. In an effort to make the 

panels fit together, electric-powered wire brushes were used to remove the 

paint from the tongues (photograph 14). However, very little if any benefit 

was derived from this procedure. The panels had to be hammered together and 

several panels showed signs of bond failure before traffic. Because of the 

extreme binding of the panels, the placing rate was quite low, averaging 

approximately 30 sq ft per man-hr with a crew of six laborers and a super

visor. The mats were not placed on a crowned subgrade. 

Skid tests 

39. Skid tests were not performed on the Type 3.5A panels since the 

same antiskid material was on the U. s. Steel Type 4.5A panels. The skid 

test data for that mat are presented in paragraph 61. 

Traffic tests 

40. The surface of the test section had a generally smooth appearance 

prior to traffic (photograph 15). The average CBR of the subgrade was 3.8 

(table 1). From the start of traffic, the mat made popping and crackling 

noises. During the first two coverages of traffic, excessive deflection of 

the panels was observed, and the top sheets on several panels were found to 

be completely loose. The section was judged failed and unsuitable for f'ur

ther traffic before the second coYerage was completed. Photograph 16 shows 

the section after traffic. Photograph 17- shows- the- load cart wheer immooi:.. · 

lized during traffic. Photograph 18 shows the compressed and distorted in

terior web members. Representative cross-section curves and permanent de

formation profile curves, shown in plates 8 and 9, respectively, indicate 

the degree of surface change and roughness. Plate 7 shows the maximum 

measured static deflection to be approximately o.8 in. at O coverages. 
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Analysis of results 

41. The adhesive bond between the facings and the core did not have 

sufficient strength to withstand the effects of the rolling wheel load. 

After failure of the bond, the top sheet no longer performed the function 

of distributing the load. The web core members, not strong enough to with

stand the total direct load, failed in compression. Even though the steel 

possessed a high yield strength, the members were reduced too much in cross 

section to carry the required load when the mat was placed on a low

strength subgrade. 

Alcoa Tll 

Fabrication features 

42. The 2- by 12-ft panels are formed from two 1-ft-wide extrusions 

welded together. A high-strength alloy (7005) used to reduce the original 

Tll top-sheet thickness of 0.130 in. to 0.100 in. produced the same strength 

and gave a 9.5 percent reduction in weight. 

7005 alloy are given below: 

Tensile strength, psi 
Ultimate 
Yield 

Elongation, percent 
(2-in. gage length) 

The physical properties of 

54,ooo 
46,ooo 

12 

The panels are connected at the sides by a hinge-type connector, the com

ponents of which are an integral part of the panel. The ends of the panels 

are connected by an auxiliary H-shaped spline. A composite view of the 

panel is shown in fig. 6. The panels are equipped with a water-seal gasket 

_on _the _f'.emale -side -connector that is -bonded to the -bottom of the top sheet 

(fig. 7). 

Physical,dimensions 

43. Panels and bundles were measured and weighed, and average fig

ures are given in table 2. Panels were approximately 2 by 12 ft and 1.6 in. 

thick, with a ribbed bottom to embed in the subgrade (fig. 8). A panel 

weighed 91.0 lb or 3 .8 lb per square foot of placing area. 
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Fig. 6. ComposHe view of Alcoa Tll mat 

Fig. 7. Waterproofing gasket on :f'emale side connector, Alcoa 'I'll mat 

Fig. 8. Bottom of ribbed panel of' Alcoa 'J'll 



Mat placement 

44. The panels were placed on the section (plate 5) with staggered 

end joints in a brickwork pattern. There was considerable binding of the 

panel ends when the H-shaped end-connector spline was inserted, and on 
numerous occasions the splines and panels had to be hammered into place. 
The placing rate varied according to the degree of binding from 206 to 

381 sq ft per man-hr. The overall average for the section placed was 
253 sq ft per man-hr using an experienced crew of six men and a super

visor. The panels were not placed on a crowned subgrade. 

Skid tests 

45. Skid tests were performed on the test panels although the panels 

were not coated. Tests performed on dry and wet surfaces required an aver
age force of 7800 and 5400 lb, respectively, to keep the locked-wheel cart 
moving at a uniform speed for 12 to 15 ft. From these data, the coeffi-

cients of friction are: 

Dry surface: 

Wet surface: 

7,800 -
20,000 -

5 ,400 -
20,000 -

0.39 

0.27 

Tire wear for both tests was negligible. Comparative skid data (coeffi
cients of friction) are given in table 4. 
Traffic tests 

46. The average CBR of the subgrade at the beginning of traffic was 
3.8 (table 1), and the mat surface was generally smooth (photograph 19). 
As the load cart started over the section on the first pass, popping and 
crackling sounds from the panels were audible. Dishing of the panels under 
the load cart indicated that the loading and stresses exceeded the capacity 

_of _the-mat. -Photograph 20 shows -si;.:: tear-s in the top -sheet of panel 2 af
ter one pass of the load cart forced the ribs down into the subgrad~ 
(photograph 21), but the much stiffer end joint of the panel did not embed 
and the top sheet failed by tearing. Photograph 22 shows panels 2 and 3 
after two passes of traffic (note the weld failure in panel 3). After two 
coverages, the end connector of every panel in the test lane had the same 
type of failure, and over 50 percent of the welded end connectors on top 
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and bottom had failed; therefore, the section was considered failed (photo

graph 23). Because of the limited service life of the mat, the waterproof

ing capabilities of the seals were not determined. 

47. Representative cross-section and permanent deformation profile 

curves (plates 8 and 9, respectively) indicate a maximum change of 1.3 in. 

in elevation after two coverages. Static deflections at 0 coverages 

measured at the end joint of panels 5 and 6 and the center of panel 22 

are shown in plate 7. 

Analysis of results 

48. The end connection, much stiffer than the body of the panels, 

was in complete contact with the subgrade for the widths of panels, whereas 

the interior panel bodies contacted the subgrade only with the footing of 

the ribs. Hence, the interiors (middles) of the panels could deflect and 

embed more than the end joints. When the load was applied, the ribs were 

embedded and the ends resisted embedding, causing the top sheet to tear 

above the ribs near the end connectors (photograph 24). 

Fenestra 

Fabrication features 

49. Fenestra mat panels are composed of four extrusions, each 

approximately 6 in. wide, 103 in. long, and 1 in. deep. The extrusions 

are wedged together making a mechanical connection to form a 21.3-in.-wide 

panel. The two interior extrusions of each panel are identical, and the 

width can be varied in fabrication by varying the number of interior 

extrusion members. Overlapping and underlapping end connectors are welded 

on opposite ends; the ends are locked with a 1/4-in.-diam steel rod. The 

sides are connected with a hinging male and female configuration that is 

an integral part of the basic panel. The mat and component parts are made 

of 6061 aluminum alloy artificially aged to the T6 condition. A composite 

view of the panel is shown in fig. 9. In the female side connector, the 

panel has a gasket for waterproofing attached to the panel in a wedged 

groove (fig. 10). Panels are painted olive drab and have no antiskid 

surfacing. 
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Fig. 9. Composite view of Fenestra mat 

F:i,g. 10. Gasket for waterproofing the side connector of' F'enestra mat 

22 



Physical dimensions 

50. Panels and bundles were measured and weighed, and average fig

ures are given in table 2. Panels are 8.8 by 1.8 ft by 1 in. thick and 

weigh 5.0 lb per square foot of placing area. 

Mat placement 

51. The panels were hinged together at the side connection, an 

overlapping end fitted into an underlapping end, and the panel dropped 

into position. In test 1, the ends were locked with a 1/4-in.-diam rod 

for the widths of the panels. The rods were loose and easily disengaged 

when the section was rolled to seat the mat. At the request of the manu

facturer, the diameter of the steel end-connector rods used in the second 

test was increased to 5/16 in., since the smaller rod used in the first 

test did not give a snug fit. There were no unusual difficulties encoun

tered in placing the mat. Because there were no half panels, the sides of 

the section were left uneven. The panels were placed by six men and one 

foreman at an average rate of 492 sq ft per man-hr on a flat subgrade. A 

summary of placing rates is given in table 3. The panels were not placed 

on a crowned subgrade. 

Skid tests 

52. Although there was no antiskid coating on the mat, skid tests 

were performed on both dry and wet surfaces. The wheel was skidded for a 

distance of 12 ft on each test and required an average force of 16,600 lb 

on the dry surfacing and 6000 lb on the wet surfacing, producing coeffi

cients of friction as follows: 

Dry surface: 16,600 = 0 83 
20,000 • 

Wet surface: 6,ooo _ 
20 000 - 0 •30 

' 
Tire wear in both tests was negligible. Comparative skid data (coeffi

cients of friction) are given in table 4. 

Traffic tests 

53, Test 1. Plate 5 shows the layout of the test section. The 

section was generally smooth at the beginning of traffic (photograph 25). 

The initial subgrade CBR was 3.8 in the top 12 in. (table 1). As traffic 
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was applied, individual extrusions within panels deflected under the load. 

The end-connector bars disengaged and lost the ability to transfer load. 

54. After two coverages, 53 panels had a total of 154 weld fail

ures at the end connections (photograph 26), and the section was consid

ered failed (photograph 27). Representative cross-section and permanent 

deformation curves are shown in plates 8 and 9, respectively. Typical 

static deflections measured at the end joint of panels 44 and 45 and the 

center of panel 67 are shown in pJate 7. The waterproofing capabilities 

of the seals were not determined because of the limited service life of 

the mat. 

55. Test 2. New panels were placed on a second section (plate 6), 

using 5/16-in.-diam rods to fasten the end connectors. The larger rods 

were used to provide a snug connection at the ends because the 1/4-in.

diam rods used in the previous test were loose and easily disengaged 

when the section was rolled to seat the mat. The subgrade strength was 

3.8 CBR, and the section was smooth at the beginning of traffic (photo

graph 28). 

56. At two coverages, end-connector rods were disengaged on seven 

joints, and end-joint extrusions on nine other panels were completely 

separated because of weld failures (photograph 29). When an end-joint 

weld failed, the load caused the adjacent female side connector to fail 

on the bottom flange, as shown in photograph 30. The section was con

sidered failed at this time; however, four additional coverages were ap

plied, and a view of the section after six coverages is shown in photo

graph 31. 

57. Representative cross-section and permanent deformation profile 

curves are shown in plates 8 and 9, respectively. Static deflection data 

were recorded at the end joint of panels 34 and 35 and the center of panel 

12 and are shown in plate 7. 
Analysis of results 

58. The end-connector rods were too loose in the initial test and 

became disengaged under traffic, causing early failure. However, the 

second test with larger rods produced the same types of failures. The end

connector extrusion was considerably stiffer ,than the body of the panels. 
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As the panel deflected under load and the end pieces resisted deflection, 

the stresses were greater than the weld could resist. Photograph 32, a 

closeup view of a weld failure, indicates the weld was porous, nonuniform, 

and of poor quality. The tolerances for the end joints were too great, 

giving a loose fit and allowing the end-connector rods to become easily 

disengaged. 

Fabrication features 
and physical dimensions 

U. S. Steel Type 4.5A 

59. The fabrication and physical features are similar to those de

scribed in paragraph 36 for the U. S. Steel Type 3.5A mat. However, the 

Type 4.5A mat was fabricated from 0.025-in.-thick, high-strength 11cor-ten 11 

steel. The major difference is that the Type 4.5A mat is thicker and 

therefore heavier, being 1.6 in. thick with an average weight of 4.9 lb per 

square foot of placing area. Average panel and bundle weights and dimen

sions are given in table 2. The top surface of the mat was coated with 

Fuller antiskid compound. 

Mat placement 

60. The panels were placed at 45-deg angles to the direction of 

traffic according to the fabricator's instructions (plate 5). The panels 

were fitted together by sliding a tongue into a groove (photograph 33). 

The panels were joined together without use of undue force and were placed 

on a flat surface at an average rate of 154 sq ft per man-hr (table 3). 

In the second placement, the mat was also placed on a special section 

that contained a 3 percent crowned subgrade. Starting at an end base 

line, the placing rate was 15l_ s_q ft per man-hr. However-, in the tnfrd

placement, a rate of 288 sq ft man-hr was obtained when the center-line 

crown panels were placed first (photograph 34) as a base and panels were 

placed in both directions from the crown. The fastest rate (fourth place

ment), 381 sq ft per man-hr, was achieved when the panels were placed with 

a joint falling on the center line of the crown (photograph 35). The pan

els fitted together more easily in the later placement, as the panels had 

been used previously and fitted looser. When the panels were placed over 
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the center line of the crown, all connecting edges of the adjacent panels 

had to be raised into the same plane with the panel being placed before the 

connection could be made and fastened. This connection was easier to make 

when the joint was at the crown center line. The rates of placement are 

given in table 3. 

Skid tests 
61. An average force of 12,000 lb was required to pull the test cart 

at a uniform speed over the section on a dry surface for a distance of 

13 ft. On a wet surface, the necessary force was only 8800 lb. From these 

data, the coefficients of friction are: 

Dry surface: 12 ,000 = 0 60 20,000 • 

Wet surface: 2~'~gg = o.44 
' 

Comparative skid data (coefficients of friction) are given in table 4. The 

tire wear on the wet surface was negligible and on the dry surface was 

slight (photograph 36). In tests on the wet surface, the antiskid bond was 

loosened from the mat in several places (photograph 37). 

Traffic tests 

62. Test 1. At the beginning of traffic, the section was generally 

smooth (photograph 38), and the subgrade CBR averaged 3.7. The panel sur

face started dimpling between the interior vertical core members at the be

ginning of traffic. This effect is shown in photograph 39 at two coverages. 

63. At 14 coverages, panel 6 failed. The panel was adjacent to the 

transition to another test section. It appeared that the adhesive between 

the top sheet and the core failed, and the top sheet peeled completely 

loose. When the panel was removed, it was seen that the bottom sheet had 

failed in tension along a straight line (photograph 40). The panel was re

placed,,and the new panel (6A) withstood only two coverages (total of 16 

coverages on the section) before failure (photograph 41). The core failed 

in bearing or sheared after the adhesive bond between the core and top 

sheet failed (photograph 42). 

64. At 26 coverages, panel 39 failed in the top sheet-to-core 

adhesive bond (photograph 43). At 32 coverages, panel 38 failed in a 
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manner similar to panel 6A. The bottom sheet of panel 38 had also failed 

(photograph 44). 
65. At 46 coverages, the failure of the first panel in the interior 

of the section occurred when panel 29 failed in the adhesive bond. After 
removal, it could be seen that the panel had two tension failures in the 
bottom sheet (photograph 45). Deformation of the subgrade under the failed 

panel measured 1-1/2 in. (photograph 46). 

66. At 62 coverages, panel 28 failed in the core-to-top sheet bond, 

and the section was declared failed based on the 10 percent mat replacement 
requirement given in the failure criteria. A general view of the section 
at 62 coverages is shown in photograph 47. Soils data were recorded at the 

end of the test (table 1), and the rated CBR for the section was determined 
to be 4.o. Representative cross-section and petmanent deformation profile 
curves are shown in plates 8 and 9, respectively. Static deflection data 
recorded at the end joints of panels 11, 15, and 16 and the center of 
panel 22 are presented in plate 7. 

67. Test 2. At the manufacturer's request, new panels of Ty})e 4.5A 
steel mat were reinforced at three corners by inserting and attaching solid 
steel to the groove, making the groove continuous at the corners. The 
panels were placed in a pattern similar to that described for test l. The 

average CBR for the section was 3.6 (table 1). Traffic was started, and 
after two coverages the section was considered failed (photograph 48). 
The adhesive bond between the top sheet and the core had failed on panels 
18, 26, 27, and 30. The core had sheared through the bottom sheet of 
panel 30. The change in the mat surface from 0 to 2 coverages is shown 
in plates 8 and 9, and the static deflection data for 0 coverages are shown 
in plate 7. 

Analysis of results 

68. The adhesive bond did not have sufficient strength on the 

limited area of core-to-sheet contact to withstand the peeling and loading 
stress induced by the rolling wheel load when the mat was placed on a 3.5-

to 4-CBR rated subgrade. After the bond failed, the concentrated stresses 

on the other individual members were too great for them to withstand, and 
in some cases, the core buckled or sheared through other core members 



and/or through the bottom sheet. The mat's performance in the first test 

was 31 percent of the desired coverage level on a 4-CBR subgrade. With a 

3.5-CBR subgrade in test 2, the panels deflected slightly more and this was 

enough to cause rapid failure of the adhesive bond. The strength of the 

adhesive bond was inadeQuate for the panels to perform satisfactorily; 

hence, the panels with reinforced corners did not perform any better than 

the mat in test 1. Seemingly, the reduction from 4 CBR in the initial test 

to 3.5 CBR in the second test was very critical to the performance of the 

mat. The mat on a 4-CBR subgrade survived 62 coverages, whereas the mat 

with reinforced corners placed on a 3.5-CBR subgrade withstood only two 

actual coverages before failure. 
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PART V: COMPARISON PJID CHARACTERISTICS OF MATS 

Comparison 

69. Table 6 presents a brief surrunary of the results of traffic tests. 

Actual CBR's, load, tire pressures, and coverages were used in the follow

ing equation* to derive the coverages that each mat would withstand if 

placed on a 4-CBR subgrade. 

where 

t =design thickness of pavement structure, in. 

C = coverages at failure 

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

CBR = rated California Bearing Ratio of subgrade 

p = tire pressure, psi 

70. Based on the equation above, the Dow MX18-A and modified Tll 

mats would withstand 40 and 45 coverages, respectively, if placed on a 

4-CBR subgrade. Table 5 shows that both mats were actually trafficked 

30 coverages (the rated CBR's for the two sections varied only 0.1 CBR). 

The U. s. Steel Type 4.5A mat in test 1 withstood 62 coverages on a sub

grade with a rated CBR of 4; hence, it survived 31 percent of the required 

200 coverages. 

71. Five mats withstood only 2 to 6 actual coverages placed on sub

grades with CBR's ranging from 3.5 to 4.o. These mats were (a) U. s. Steel 

Type 3.5A and modified Type 4.5A, (bJ Alcoa Tll, and (c} Fenestra mats with 

1/4- and 5/16-in. end-connector rods. 

Characteristics of Mats 

72. Most of the panels were approximately 1.5 in. thick and should 

* This is a combination of equation 2, page 2, and the equation for slope 
of curve, plate 3, from reference 9. 
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give the same unit volume when bundled. The slight variance of the unit 

volumes (table 2) can be attributed to the type pallets or skid frames 

used·for bundling. The ratio of volume to placing area of the modified 

Tll mat and the Fenestra mat is small because the modified Tll panels 

are open on the bottom and will nest in pairs bottom to bottom, while 

the Fenestra panels are only 1 in. thick. 

73. All panels except the U. S. Steel mats had similar hinge

type side connections and locking-bar end connections. The U. S. Steel 

mats had tongue-and-groove connections and locking pins. All side

hinge connecting mats were placed with the hinging joints perpendicular 

to the direction of traffic, producing continuous transverse joints 

across the test section. The U. S. Steel panels were placed so that 

traffic ran at a 45-deg angle to the panel edges. 

74. In all sections except those with the U. S. Steel mats, a 

damaged panel in the interior of a section could be replaced by sliding 

out a complete run until the damaged panel was removed and replaced. 

Then the run was slid back into place. In the U. S. Steel sections, 

panels were removed starting from the side and progressing into the 

interior of the section to reach the damaged panel. It should be pointed 

out that in a wider runway or test area, the problem of replacing a dam

aged panel from the interior would be more difficult. The problem becomes 

even more acute if the subgrade is crowned. 

75. Generally speaking, the placing rates for the panels were good. 

The MX18-A panels were placed on a flat subgrade at an average rate of 

574 sq ft per man-hr; when placing the MX18-A mat on a 3 percent crown, 

the rate was 320 sq ft per man-hr. However, by using 6-ft panels to give 

a continuous joint at the crown center line (photograph 9), the placing 

rate was increased to 510 sq ft per man-hr. The shorter panels and the 

_joint -at the -crown -cente-r -line --partly eliminatea the necessity of lifting 

the connecting edges of previously placed panels. The placing rates for 

U. S. Steel Type 4.5A mat on a flat and 3 percent crown subgrade were 

almost identical when placed according to the manufacturer's instructions 

(154 versus 151 sq ft per man-hr). The rate was increased to 288 sq ft 

per man-hr when the panels were placed first over the crown center line 
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at a 45-deg angle to the traffic lane, and then both sides were filled in. 

However, when the mat was placed square with the section, with a joint to 

coincide with the crown center line, the placing rate was more than doubled 

to 381 sq ft per man-hr (table 3). The increased rate was partially due to 

the fact that the grooves of the mats were opened wider during previous 

placement. 

76. The MX18-A end-connector welds failed, and the vertical ribs 

were overstressed and sheared. The modified Tll failed because the rivets 

were overstressed and the top plate sheared at the ends. In each case, 

there were indications or signs of progressive failure. In the U. S. Steel 

mats, there was hardly any warning of impending failure. An apparently 

good panel would fail completely after one or two additional passes. 

77. Apparently, sufficient quality controls were not exercised in 

fabrication. Welds were of poor quality and lacked maximum effective pen

etration on the Fenestra and MX18-A mats. The tongues of the connectors 

of. the U. s. Steel Type 3.5A mat were larger than the grooves after fabri

cation and prevented easy assembly of these mats. The antiskid coatings 

were not uniformly applied to give the maximum adhesion and had not been 

allowed to dry completely before the panels were stacked. Bonded mats 

should be fabricated to ensure 100 percent adherence of metal members to 

cores. 
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PART VI: CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

78. Based on the results obtained in this investigation, the follow

ing conclusions are believed warranted: 

a. None of the mats tested were capable of supporting a 
25,000-lb single-wheel load with a tire inflation pressure 
of 250 psi for 200 coverages when placed on a 4-CBR subgrade. 

b. The Ferrox antiskid coating on the modified Tll mat was not 
uniformly applied or properly cured and appeared to lose 
bond during the wet-skid tests. The coating gave the high
est coefficient of friction values on both dry and wet sur
faces of the two antiskid coatings tested. Excessive tire 
wear was evident during the dry-skid tests. The coeffi
cients of friction on both wet and dry surfaces of the U. S. 
Steel mat coated with Fuller antiskid compound were accept
able, and tire wear during wet and dry tests was negligible 
and slight, respectively. In tests on wet surfaces, the 
Fuller antiskid bond was loosened from the mat in several 
places. Although tire wear on uncoated and painted surfaces 
was negligible during the skid tests, the coefficients of 
friction were not acceptable except for those determined on 
the painted Fenestra panels tested dry. 

c. A damaged panel in the interior of an MX18-A, modified Tll, 
Alcoa Tll, or Fenestra section could be removed and replaced 
by sliding out a complete run of mat. A damaged panel in 
the interior of the U. S. Steel section could be replaced 
only by removing panels progressively from the side of the 
section until the damaged panel was removed and replaced. 
Then the panels were relaid. 

d. All of the mats except U. S. Steel Type 3.5A were placed at 
a rate of at least 250 sq ft per man-hr (the minimum re• 
quirement) in one of the patterns or over one of the crowns. 
Placement rate for the U. S. Steel Type 3.5A was less than 
the minimum requirement due to fabrication deficiencies. 

Recommendations 

79. It is reconunended that none of these mats be considered for f'ur

.ther investigation until the designs have been modified as indicated by re

sults of the tests described herein, and until improved fabrication tech

niques and quality control measures have been established. 

32 



Table l 

S1.r>."':8..!'Z of CPR i D.,.l".sitv 1 A!"'.d /..'>1tPr Cc>:te!"t "[\~_+ 9. 

~vaLc!!.tion ['13.ta ~-~l'.l':!.t!.on ta"": a 
0 C0verM~s O Ccvert-__ ,es .Failure 

t;ater '>\at.er 1:ater '•:at er 
Dry Conter.t r:o. Dry Cor::tent I'?":/" Conter:t. !;o. .::ry Ccr.te:-::t 

De:rth tensity % Dry Cover- Der~si ty % Dry Hated Derth rer.sity 0:. Dry C;:.ver- Der.sit~.· :::: rry Fatt:d 
T''T'e cf Vs.t- !.TJ. £5. _...££f._ ~;'e1 '~-"!: ~ C'?~ --1'2L r.·"'1;:":t ('?~ T·.-;-"° Of !·'.<!t C?EI ____E[__ ~ ~ r,,~ ____£2£.._ ~ cro~ 

Fa!!el 15 Ffl!'.el 2f.i !ac:el fQ 

l·!~J.if"ied Tll 0 3.4 88.5 29.5 30 3.3 88.8 30.0 3.4 Fer.:estra (te<t l) 0 3.1 .. ?J.3 ~u 6 3.6 87.3 30.0 3.2 83.6 31.4 (Continued) E j.) :,"Z'..·:J. 
12 4.1 69.1 28.3 3.1 89.7 30.4 12 3.4 ')1.4 2).5 
18 4.o 90.5 29.6 3.9 92.4 28.9 13 5.6 93.4 Ci .8 
Avg 3.7 83.3 29.6 3.2 89.0 30.2 1-.Vf!, 3.E 91.2 28.5 

I'anel 4<J ra. .... els 46 and 47 : 8..'"'!?l l< ~-e!'":el 15 

Dow ?·:U8·A 0 3,7 90.6 29.B 30 2.9 91.0 ~).4 3.5 1..:. s. Steel ':'ne 4.5A 0 3.6 8_?.3 2).5 62 4.5 ')1.4 29,9 4.o 
6 3.8 69.7 29.8 3,5 91.7 27.5 (test l) G 3, 7 ')2.3 29.0 4,5 '?l.5 ::3.4 

12 3,9 91.8 28.7 3.3 91.!+ cS.2 12 3.2 f.3.€ 31.0 3,5 85.8 3c.t-
18 4.5 91.0 28.l 3.6 89.4 28.3 13 3.7 83.7 23.7 4.6 o3,5 28.7 
Avg 3.8 90,7 29.1 3.2 91.4 23.4 --··~ 3,5 90.1 29.8 4.3 8:?.4 ;:9,6 

ra .. ,f>l ,4 ~"'-'10:-1 2·'.) ! 9.'.!"el ?3 re_..,.,l -;-,t., 

u. s. Steel Type 3.5A 0 3, 7 94.2 26.7 4.5 93,7 2£.6 3-9 4.o ~c.o 29.3 f2 5.6 91.l 28.5 
6 3,6 92.1 27.7 4.5 95.2 27,8 4.3 89,5 :9.3 4,5 91.3 28.9 

12 4.4 92.3 27.9 3,8 92.5 28.4 12 3.8 53.7 ~·~). 3 3,5 2c .S 29.9 
18 4.5 90.4 28.2 3.l ?3.3 28.6 13 3.8 91. 7 Jl.5 5.4 93.4 2·'.3.2 
Avg 3,9 92,9 27,4 4.3 93.S 27.6 Avg 4.o E·J.4 29.3 4.5 5J. 7 29. l 

Fe.r!el 10 Fa::~l l~ '-'?.r.el l' 

0 3.2 92,5 27.0 Fe~_estra (test 2) 2.6 EC. J 30.9 3.7 89.C 32.l 4.0 
6 3.6 9E.3 26.3 ~.5 ~'-0. t 27.0 5.8 93.0 27.5 

12 4.o 95.8 25,5 12 3.3 c.~.3 31.3 3.6 8$,7 30.0 
18 4.3 94.0 27.8 13 3.4 •i-1...6 27.2 
Avg 3.6 94.9 26.3 Avg 3,5 88.6 29.3 4.4 90,4 29.9 

Fa..,el 12 f:!t!:.el " 
Alcoa. Tll 0 3.4 89.8 ';£.7 2* 3.8 4.3 92.l 29.2 

6 4.5 90.6 'f-7.0 4.2 ?l.6 2}.3 
12 3.3 83.3 31.3 12 3,8 89,5 23.3 
18 3.4 94.6 n.2 18 3,6 91.5 29.2 
Avg 3.7 89.6 f'9·0 Avg 4.1 91.l 29,3 

Fa.'1el 11 -i::-a~'.~.l l< ;-a~: el 13 

0 3.6 91.2 :.18.8 !·rodified t:. s. Steel 0 3.2 87,5 30.6 3,3 89.6 30,9 3.5 
6 4.2 91.6 ~9.3 1'Jil'O 4.5A (test 2) 6 3,7 92.3 29.0 3.2 91.5 29.1 

12 3.8 89,5 \29-3 12 3.2 88.6 31.0 3,3 83.4 2?. 7 
18 3.6 91.5 ?9.2 13 3.7 89.7 :S. 7 
Avg 3,9 90.8 ?9.l /,vs 3.1+ 8).5 38.2 3,3 89.8 29.9 

Far!<?l 22 f'a..'!el 23 

Fenestra (test l) 0 3.6 91.3 :.?7.7 2* 3.8 c 3.5 'X).2 29.8 
6 5.5 92.0 ?6.7 (, 4.3 SJ.5 29,3 

12 3,0 83.5 31.3 12 3.8 83.7 29,3 
18 3,5 92,7 28.6 13 3.8 91.7 31.5 
Avg 4.o 90.6 28.6 Avg 3,9 8).5 29.5 

Note: Avera.ges do not include data taken at 18-in. clepth. 
4 Section failed so rapidly that no additiona.l t-ests •-ere considered necessary. 



Table 2 

Average Panel and Bundle Dimensions and Weights of Mats Tested 

Panels 
Weight 

Placing per 
Area per sq ft of 

Length Depth Width 1 in. Panel Weight Placing 
Name in. in. Overall Placing sg, ft lb Area 1 lb 

Modified Tll 144.12 1.6 26.77 25.92 .25.94 116.3 4.5 

Dow MX18-A 144.oo 1.5 24.80 24.oo 24.oo 105.3 4.4 

U. s. Steel 
Type 3.5A 48.oo 1.5 48.80 48.30 16.10 58.2 3.6 

Alcoa Tll 144.oo 1.6 24.80 24.oo 24.oo 91.0 3.8 
Fenestra 105.90 LO 21.30 20.50 15.10 75.0 5.0 
U. s. Steel 

Type 4.5A 48.oo 1.6 48.80 48.30 16.10 79.1 4.9 

Bundles 
Volume 

Total per 100 
Placing sq ft of 

Length Width Depth Volume Weight No. Area Placing 
Name ft ft ft cu ft lb Panels sg ft Area 

Modified 
Tll 12.52 2.42 1.37 41.50 1682 14 363.0 11.4 

Dow MX18-A 12.15 2.31 2.59 72.69 1904 18 432.0 16.8 

U. S. Steel 
Type 3.5A 4.08 4.08 3.17 52.60 1310 21 338.0 15.5 

Alcoa Tll 12.27 2.13 2.65 69.26 1440 15 360.0 19.2 
Fenestra 9.27 1.79 2.25 37,33 1600 20 302.0 12.3 
U. S. Steel 

Type 4.5A 4.25 4.25 3.90 70.44 2027 25 402.5 17.5 



Flat 
Trans-

Mat verse* 

Modified Tll 314 

Dow MX18-A 574 

U. s. Steel 
Type 3.5A 

Alcoa Tll 253 
Fenestra 492 

U. S. Steel 
Type 4.5A 

Table 3 

Summary of Placing Rates 

Placing Rate, sq ft 
2 Percent 

Sube;rade Crowned 
Subs;rade 

45 deg** Transverse* 

200 

450 

30 

154 

per man-hr 
3 Percent 

Crowned Subgrade 
Trans- Longi-
ver se* tudinalt 45 deg** 

320 510 

381 151 
288tt 

* Transverse - normal lay pattern with continuous joints transverse to 
the direction of traffic. 

** 45 deg - continuous joints are placed at 45-deg angle to the direction 
of traffic. 

t Longitudinal - normal lay pattern but with a continuous joint placed on 
the crown center line. 

tt Mats were placed on crown center line prior to placement on either side. 

Table 4 

Coefficients of Friction 

Coefficient of Friction 
Mat Coating Dry Surface_ Wet Surface 

Modified Tll Ferrox 0.70 0.60 
Dow MX18-A None 0.34 0.14 
Alcoa Tll None 0.39 0.27 
Fenestra Painted 0.83 0.30 
u. s. Steel Type 4.5A Fuller 0.60 o.44 



Table 5 

Summary of Static Deflections at Indicated Cover~es 

Maximum Static Deflection 
at Indicated Coverages Coverages 

Rated in. Adjusted 
Name CBR 0 Failure Actual to 4 CBR 

Modified Tll 3.4 1.6J* l.9J 30 45 

Dow MX18-A 3.5 o.8J 0.7Q** 30 40 

U. S. Ste.el 
Type 3.5A 3.9 o.8J 2 2 

Alcoa Tll 3.8 l.3Q 2 2 

Fenestra 
(test 1) 3.8 l.OQ, 2 2 

U. S. Steel 
Type 4.5A 
(test 1) 4.o o.7J l.lJ 62 62 

Fenestra 
(test 2) 4.o l.OQ, 6 6 

Modified 
U. s. Steel 
Type 4.5A 
(test 2) 3.5 o.7J 2 2 

* J = joint of panel. 
** Q, = quarter point of panel. 



Name 

Modified Tll 

Dow MX18-A 

U. S. Steel 
Type 3.5A 

Alcoa Tll 

Fenestra 
(test 1) 

U. S. Steel 
Type 4.5A 
(test 1) 

Fenestra 
(test 2) 

Modified U. S. 
Steel Type 
4.5A (test 2) 

Table 6 

Summary of Traffic Test Results 

Rated CBR 
of 

Subgrade 

3.5 

3.9 

3.8 

4.o 

4.o 

3.5 

Actual 
Coverages 

at 
Failure 

30 

30 

2 

2 

2 

62 

2 

Remarks 

Roughness; rivet and end
connection failure 

Transverse deformation; 
end-connector weld 
failure 

Core-to-facing bond shear 
failure 

End-connector weld fail
ure; bearing failure in 
top sheet 

End-connector weld fail
ure; end connectors 
disengaged 

Core-to-facing bond shear 
failure; tension fail
ure in bottom facings 

End-connector weld 
failure 

Core-to-facing bond shear 
failure 

* Traffic was continued to 6 coverages. 



to connect modified Tll 

Photograph 2. Placing Dow panels on a crowned subgrade 

ends 



Photograph 3 . Extreme tire wear 
:resulting from on dry 

modified Tll mat 

Photograph 4. Antiskid coating 
peeled skid tests on 
wet surface of modified Tll mat 



Photograph 5. General of section of modified Tll mat before traff'ic 

Photograph 6. Hivet failures on modified Tll mat after 10 covera..ges 



Photograph 7. Rivet failures and mat breakage on modified Tll mat 
after 30 coverages 

Photograph 8. General view of modified Tll mat section 
after failure at 30 coverages 



Photograph 9. MX18-A panels placed on 3 percent crown subgrade using 
half panels to make a continuous joint down the center-line crown 

Photograph 10. General view of MX18-A mat section before traffic 



Photograph 11. End-joint and core failure after 22 coverages, M:Xl8-A mat 

Photograph 12. End-joint weld failure after 30 coverages, MX18-A mat 



Photograph 13. General view of MX18-A mat section after failure 
at 30 coverages 

Photograph 14. Using wire brush to remove :pa.int from the tongue 
connector, U. S. Steel Type 3.5A mat 



Photograph 15. General view of U. S. Steel Type 3. mat before .traf:t'ic 

Photograph 16. General view after failure at 2 coverages, U. S. Steel 

Ty:pe 3. 5A mat 



Photograph 17. Load cart wheel immobilized during second coverage of 
on U. S. Steel 

Photograph 18. Web members of U. S. Steel Type 3. 5A mat 
compressed and distorted after 2 coverages 



Photograph 19. General view of Alcoa Tll mat section at 0 coverages 

Photograph 20. Tears in panel 2, Alcoa Tll, after one pass 
of the load cart 



Photograph 2L pattern of ribs in the subgrade under 
Alcoa. 'I'll mat 

Photograph 22. Progressions of tears in panel 2 after 2 passes on 
Alcoa Tll mat. Note weld failure on panel 3 



Photograph General view of the Alcoa. 
2 coverages 

Photograph 24. Failure at the end connection of panels 2 and 3, 
Alcoa Tll mat section 



Photograph 25. General view of Fenestra test 1 se ction at 0 coverages 

Photograph 26. Weld failure at end connection after 2 coverages, 
Fenestra test 1 



Photograph 27. General view of Fenestra test 1 section at failure 
after 2 coverages 

Photograph 28. General view of Fenestra test 2 section at 0 coverages 



Photograph 29. Weld and end-connector failure at 2 coverages, 
Fenestra test 2 

Photograph 30. Failure at bottom of female side connector after failure 
of adjacent end connector, Fenestra test 2 



Photograph Fenestra test 2 section aft er failure 
6 coverages 

Photograph 32. Porous a.nd nonuniform weld in Fenestra mat 



Photograph Placing U. s. Steel Type 4.5A mat 

Photograph 34. U. S. Steel Type 4.5A mat placed on a 3 percent crowned 

subgrade. Placement vre.s started on center-line crown and was continued 
to-ward ea.ch side 



Photograph 35. U. s. Steel Type 4.5A panels placed on a 3 
crmmed subgrade a continuous joint at the crown center line 

Photograph 36. Slight damage to tire after skid tests on dry surface 
of U. S. Steel Type 4.5A mat 



Photograph 37. Antiskid coating bond loose after wet-skid test on U. s. 
Steel Type 4.5A mat 

Photograph 38. General view of U. s. Steel Type 4.5A mat a.t 0 coverages 



Photograph Dimpling of U. s • •  steel Type 4. mat surface caused by 
2 coverages of 

Photograph 40. Tension. failure in bottom sheet of U. S. Steel 
Type 4.5A panel 6 at 14 coverages 



4.5A panel 6A 
coverages . on the 

Photograph 11-2. Adhesive and core shear failure of U. S. Steel Type lt. 5A 
panel 6A after 2 coverages 



Photograph 4 3 . Ad.he si ve failure of' U. S • S tee 1 
panel 39 at coverages 

Photograph 44. Bottom sheet failure on U. S. Steel 'l'ype 4. 5A 
panel 38 at 32 coverages 



Photograph 45. Bottom sheet of U. S. Steel Type 4.5A panel 29 failed in 
tension at 46 cove:rage s 

Photograph 46. Deformation of the subgrade under U. s. Steel Ty:pe 4.5A 
panel 29 at 46 coverages 



Photograph 47. General view of failed section at 62 coverages, 
U. S. Steel Type l+.5A mat 

Photograph 48. General view of U. S. Steel 'l'ype 4.5A test 2 section 

after failure at 2 coverages 
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APPENDIX A: PERFORMANCE REQUIREMENTS FOR LANDING MAT 

1. Presently there exists an immediate need for portable airfield 

landing mat for use in the construction of forward operating bases in 

theaters of operation that may be located in any part of the world. Port

able landing mat is required for use in the construction of runways, taxi

ways, and parking aprons where appropriate facilities are nonexistent, in

adequate, or not suitably located and where soil conditions are such that 

construction by conventional methods would require more time and effort 

than available or where the anticipated service life does not warrant 

more permanent construction. The landing mat should meet the following 

requirements: 

Single-wheel load 
Tire inflation pressure 
Hook impact 
Traffic life 
Minimum foundation 

Desired weight 
Use 

25 ,ooo lb 
250 psi 
1 in 1 spot 
2000 sorties per month (6 months) 
Less than 50 percent loss in 6 months 

on 4-CBR subgrade 
4 lb/sq ft 
Must be reusable 

2. The desirable characteristics of portable airfield landing mat 

are as follows: 

a. When placed on nonuniform soils having a varying CBR ranging 
from a low of 4, the mat should require not more than 10 per
cent replacement in any month or 50 percent replacement in 
6 months when under sustained operation of aircraft. The 
matting should also be capable of use as an overlay on ex
isting paved runways. 

b. Weight, including accessories, shall be the minimum practi
cable and shall not exceed' 5 lb per square foot of area to 
be surfaced. The- mat should- be- a-".r:r tra:n-spurtable in c;;.123 
and C-130 aircraft, and it should be of size and shape to 
facilitate bundling adaptable to air-drop and ground prox
imity extraction. 

c. Individual mats should be of size, shape, and weight to per
mit handling and placing by two men. 

d. The landing mat should have a minimum placing rate of 
400 sq ft per man-hr by experienced personnel on a 2 percent 
crowned subgrade. 
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Landing mat should have simple connectors and a minimum 
of accessories and extra parts. 

Joints of individual mats should permit laying in at least 
two directions at the same time, from runway center to both 
ends. 

A simple method of transition in laying from runway to taxi
way and parking aprons should be provided, such as diagonal 
laying of mat or special connectors for changing direction 
of laying. 

A system of anchoring at the ends and edges of runways, taxi
ways, and parking aprons should be provided in order to pre
vent movement and lift. 

Individual mats should be designed so that damaged mats can 
be easily removed and replaced. 

Waterproofing and dustproofing of the underlying soil surface 
should be inherent to the landing mat. 

The landing mat should be suitable for use in ambient tem
peratures ranging from -25 to +125 F. 

The mat should have a nonskid surface and should not cause 
undue tire wear under braking action of aircraft. 

Surface of matting and accessories should be free of sharp 
edges and projections that could be sheared by tail-hook 
operations or that could cause damage to aircraft tires. 
The surface should offer minimum rolling resistance to 
aircraft. 

The assembled landing mat should be such that waves of mat 
will not build up in front of aircraft wheels throughout 
takeoff roll or during braking action of aircraft. 

Mat should be absolutely resistant to jet fuel spillage or. 
to jet engine blast during normal operation of aircraft. 

Barrier engagement with nosegear on pavement and aircraft 
rolling is considered standard. (The F-4c tail hook is held 
down under 750-lb hydraulic pressure on an elliptical-shaped 
tail hook-to-mat contact area of approximately 8.5 sq in.) 
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life criterion for an experimental mat was 200 coverages. Results of these investiga
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when related to performance on a 4-CBR subgrade); these mats were considered undesir
able; and (c) the Alcoa Tll, U. S. Steel Type 3,5A, modified U. S. Steel Type 4.5A, and 
Fenestra mats failed after 2 to 6 actual coverages. It is recommended that none of 
these mats be considered for further investigation until the designs are modified as 
indicated by results of these tests, fabrication techniques are improved, and quality 
control measures are established. In conjunction with this series of engineer design 
tests, four other mats were tested and they met the project requirements. These mats 
were Kaiser honeycomb MX19, Dow MX18-B, Dow MX18-C, and U. S. Steel Type 4.5 Air-Dek. 
Development of the MX19 and the MX18-B mats is continuing, 
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