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FOREWORD 

The investigation reported herein was conducted as part of the land

ing mat development program, Project No. 1G664717D556, Task 10, under the 

sponsorship of the Ground Mobility Office, Director of Development, U. S. 

Army Materiel Command. 

The tests pertinent to this investigation were performed at the U. S. 

Army Engineer Waterways Experiment Station (WES), Vicksburg, Miss., from 

November 1968-June 1969 under the general supervision of Mr. J. P. Sale, 

Chief, Soils Division. Personnel of the Expedient Surfaces Branch respon

sible for the planning, testing, analyzing, and reporting phases of this 

investigation under the supervision of Messrs. W. L. Mcinnis and H. L. 

Green were Messrs. D. W. White, Jr., G. L. Carr, and D. A. Ellison. The 

Flexible Pavement Branch was responsible for constructing and trafficking 

the test section and.for performing the necessary soils tests under the su

pervision of Messrs. R. G. Ahlvin and C. D. Burns. This report was pre

pared by Mr. Carr. 

COL Levi A. Brown, CE, and COL Ernest D. Peixotto, CE, were Directors 

of the WES during the investigation and the preparation of this report. 

Mr. F. R. Brown was Technical Director. 
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CONVERSION FACTORS, BRITISH 1'0 METRIC UNITS OF MEASlIBEMENT 

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

units as follows: 

MultiElY 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 o.45359237 kilograms 

pounds per square inch 0.070307 kilograms per square centimeter 

pounds per square foot 4.882t~3 kilograms per square meter 
pounds per square yard 0.54249184 kilograms per square meter 
pounds per cubic foot 16 .0185 kilograms per cubic meter 
kips 453.59237 kilograms 
miles per hour 1.609344 kilometers per hour 

Fahrenheit degrees 5/9 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 

The investigation reported herein was conducted to evaluate a water
proof version of XM19 landing mat. The XM19 mat with water seals was de
signed and developed by Kaiser Aluminum and Chemical Sales, Inc., Oakland, 
Calif. The mat described herein is identical with standard XM19 mat, ex
cept that the connectors have been redesigned for insertion of water seals. 
Individual panels are joined along two longitudinal edges by hinge-type 
male/female connectors, with the male connector containing a neoprene com
pression seal inserted and bonded along the length of the connector. The 
adjacent two transverse connector edges of the mat are symmetrical and con
tain slots into which an aluminum-neoprene seal bar and an extruded alumi
num locking bar are placed after the mat has been laid to form a waterproof 
joint. 

. Laboratory, blast, and traffic tests were conducted on three 
versions of the XM19 waterproof mat. The traffic tests were conducted 
using a 25,000-lb F-4C single-wheel load with a tire inflation pressure of 
250 psi. The tests were conducted both inside a hangar for protection from 
the elements and in an exposed area in which the tests were conducted over 
a six-month period with the mat subjected to both natural and simulated 
rainfall. 

The following specific results were obtained: 

a. The type 1 mat (D connector) permitted excessive deflection, 
inducing stresses and breaks in the panels, and the test was 
stopped at 500 coverages on a subgrade with a rated CBR of 
4.6. 

b. The type 2 mat (Dl connector without water seals), tested 
under controlled subgrade conditions for comparison with most 
previous mat data, withstood the 25,000-lb, single-wheel load 
for 2000 coverages on a subgrade with a rated CBR or 4~1 _ 

~- - - - - - - . ~-, -

which equates to 1785 coverages on a subgrade with a strength 
of 4 CBR. This exceeds the Qualitative Materiel Requirement 
(QMR) of 1000 coverages on a 4-CBR subgrade by 78,5 percent 
and is essentially equal to the service life of the standard 
XM19 mat. 

c. The waterproofing capabilities of the type 3 mat (Dl con
nector with water seals) were demonstrated on both low
strength (4 CBR) and high-strength (27 CBR) subgrades. Prior 
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test data indicated that similar mat would not withstand 50 
coverages in rainy weather, but the type 3 mat withstood 642 
and 1668 coverages on subgrades of low and high strength, re
spectively, over a six-month period during which a total of 
55.24 in. of rainfall (natural and simulated) was recorded. 

d. The placing rates for the types 1 and 2 mats were 414 and 
441 sq ft per man-hour, respectively, on a flat subgrade. 
The maximum placing rate obtained for the type 3 mat in three 
tests was 66.4 sq ft per man-hour on a 2 percent crowned sub
grade; however, the rate for placing the type 3 mat using im
proved placing tools was 174 sq ft per man-hour on a flat 
subgrade. 

e. The antiskid coating provided a surface that yielded a co
efficient of friction of 0.52 for both wet and dry surfaces 
and that produced only slight tire wear. 

f. The type 3 mat withstood the blast temperature test as speci
fied by the QMR for medium-duty mat (300 F for 5 sec) without 
loss of structural strength or damage to the seals. 

,g_. The seal bars were damaged both during traffic and during the 
removal operation and were not reusable. For adequate per
formance, it is not considered desirable to reuse any of the 
seal bars. All locking bars were reusable except those dam
aged during removal. 

It is recommended that further efforts be made to improve both the 
placing rate and the removal rate of the waterproof mat. 
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EVALUATION OF KAISER XM19 WA'rERPROOF ALUMINUM HONEYCOMB 

LANDING MAT WITH D AND Dl CONNECTORS 

PART I: INTRODUCTION 

Background 

1. The investigation reported herein comprises an engineer traffic 

test in the U. S. Army Materiel Command's (AMC) RDT&E program for the devel

opment of landing mats satisfactory for use as expedient surfacing mate

rials for forward-area airfields. As part of this program, the u. s. Army 

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

bility for the development of metallic and nonmetallic mats. One of the 

major problems in a landing mat runway system is the loss of subgrade 

strength resulting from water infiltration through the mats. Integral 

waterproofing features that prevent water infiltration and thus loss of 

subgrade strength would conceivably, by reducing deflection and bending of 

the panels, extend the service life of the mat to approach or equal the fa

tigue life of the mat material and eliminate the need for a waterproof mem

brane under the mat. 

2. Extruded :MX181 and sandwich-type MX192 mats were subjected to 

engineering design tests (EDT) in January-April 1965,· They both provided 

smooth riding surfaces suitable for high-performance aircraft. The solid 

surfaces of these mats were also partially dustproof, which is required for 

jet aircraft to prevent ingestion of dust, small foreign objects, or rocks 

into jet engines. Results of the 1965 EDT's indicated that field tests 

were warranted, so the mats were field-tested at Dyess AFB in 1966 and 

1967. 3 Having met the. essential require.ment.s_ of'. the... Qualitative_ Materiel 

Requirement (Q,MR) dated 2 April 1968 (Appendix A to this report), the MX19 

mat was type-classified for limited production (LP) as XM19 in September 

1967 and is shown in Supply Catalog SC 5680-97-CL-E03, "Mat Set, Landing," 

dated January 1968. 
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3. The XM19 mat with D- and Dl-type* edge connectors was designed 

and fabricated by Kaiser Aluminum and Chemical Sales, Inc., Oakland, Calif. 

The design changes from the standard XM19 mats were made to provide recep

tacles for waterproofing compression seals and to facilitate replacement of 

a failed panel by allowing an individual panel to be removed without remov

ing adjacent panels. Prior to testing the waterproofing features of the 

type 3 mat, tests were performed to determine the service life of the 

types 1 and 2 mats for comparison with the service life of mats previously 

tested under similar conditions. Test quantities of the mats were procured 

to evaluate the waterproofing characteristics and other features of the 

mats. 

Objectives and Scope of Investigation 

Objectives 

4. The investigation was designed and initiated to achieve the fol

lowing objectives: 

a. Determine the service life (1000 coverages minimum required) 
of types 1 and 2 mats when placed on a subgrade with a 
California Bearing Ratio (CBR) of 4 and trafficked with a 
25 ,OOO-lb-X-X- single-wheel load with a tire inflated to 250 psi 
to produce a contact area of 111 sq in. 

b. Determine the service life of the type 3 mat under the above
described loading conditions when exposed to inclement 
weather. 

c. Determine the placing rates of the mats with and without 
water seals. 

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

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

* For convenience throughout the text, the 
ferred to as type 1, the Dl connector mat 
connector mat with water seals as type 3. 
identical except the type 3 mat has water 
on the type 2 mats. 

D connector mat will be re
as type 2, and the Dl 

·H A table of factors for converting British 
metric units is presented on page ix. 
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Scope 

f. Determine the structural properties of the mats. 
£.· Determine the structural strength of the mat after exposure 

to jet engine blasts of various temperatures and duration. 

5. This report describes and gives results of accelerated traffic 
tests to evaluate the performance of the waterproof mats. The desired data 
were obtained by EDT's and laboratory tests as follows: 

a. Traffic tests were conducted on specially constructed and con
trolled test sections in order that subgrade behavior could 
be studied and the performance of the mats under a rolling 
wheel load could be observed. Mat strength was evaluated in 
one test, and waterproofing and weathering qualities were 
evaluated in the other. 

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

c. The force required to skid a loaded cart over the mat was re
corded, and the coefficient of friction was determined. 

d. Records were kept to determine the time and effort needed to 
replace a damaged panel in the interior of the test section. 

e. Reusability of the mats and components was evaluated. 
f. Laboratory tests were performed to determine the mechanical 

and physical properties of the mats before and after exposure 
to jet engine blast and elevated temperatures. 

Definitions of Pertinent Terms 

6. For information and clarity, definitions of certain terms used in 
this report are given below: 

Test section. A prepared section on which the 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 
engineering tests for simulating aircraft taxiing and braking operations. 

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

3 



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 of 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 on 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 sam
ple of crushed stone and multiplying by 100. 
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connector of the water seal mat has a neoprene compression seal wedge<l into 
the connector and glued along the length. The seal extends into the cor

ners. The seal bar has an aluminum carrier (bottom), neoprene top, and 

.:;pring steel along the longitudinal edges. One end a metal stop for 
positioning the seal when panels are connected. Close-ups of connected 
panels at the Dl connector, as viewedalongthe male edge and in cross sec
tion, are shown in f'ig. 2, The aluminum carriers are coated v.iith a molybde

m:un base coating to facilitate sliding the seal into place. 'l1he coating is 

a. E,'nd view along male connector 

b. Cross section 

Flg. 2. Dl connector and WB.ter seal bar 

6 



not for material protection and is easily removed by sliding or abrasion. 
The extruded Dl connectors were made slightly wider than the D connectors 
for resistance to bending forces. Thus, when measured from connector to 
connector, the types 2 and 3 panels are wider than the type 1 panels. The 
mats as received were inspected (by visual observation) and adjudged ac

ceptable (comparable to other similar type mat). However, to ensure that 
the seals would not be damaged in placement by small burrs or irregulari
ties, some handwork (described in paragraph 25) was performed on the type 

3 mats prior to tests. 

Physical Dimensions 

9, The panels are approximately 4 ft square and 1.5 in. thick. The 
D and Dl locking bars weigh 1.0 and 1.3 lb, respectively. The seal bar 

weighs 0.8 lb. Individual panels (without bars) and bundles were weighed 
and measured, and the average results are as follows: 

Panels 
Placing Weight Per 

Lensth 2 in. Width 2 in. Area Per Square Foot 
Mat Over- Plac- Over- Plac- Depth Panel Weight of Placing 
~ all ing all ing in. sq ft lb Area, lb --

1 48.84 48.95 49.25 48.70 1.5 16.6 66.o 3,98 
2 49.12 49.25 49.25 48.70 1.5 16.7 67.3 4.03 

3 49.12 49.25 49.25 48.70 1.5 16.7 68.o 4.07 

Bundles 
Total 

Placing 
M9.t Length Width Depth Volume Weight No. of Area 
~ ft ft ft cu ft lb Panels sq ft 

1 4.33 4.25 2.91 53.55 1365 18 298.8 
2 4',31 4.27 2.96 54.47 1445 19 317 .3 
3 4.33 4.25 4.08 75.08 1985 26 434.2 

10. The compression seals of the type 3 panels were protected in the 
bundles during shipment by a 4- by 4-ft by 1-in.-thick sheet of polyure-

thane. Only one seal was damaged during shipment; however, the damage was 
minor, and the seal was reinstalled in the panel with a minimum of effort. 
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PART III: LABORATORY TESTS 

Test Equipment 

11. All laboratory tests were performed on a 60,000-lb-capacity, 
universal-type testing machine. 

Tests and Results 

Test specimens 

12. Laboratory tests were performed on control specimens of the type 

3 mats to determine the mechanical and physical properties for comparison 
with those of standard XM19 mat. The tests were performed on specimens cut 

from panels selected at random. All tests, except the tension test, were 

repeated on mat specimens that had been exposed to (a) a jet blast tempera
ture of 300 F for 5 sec, (b) a jet blast temperature of 700 F for 10 sec, 

and (c) an oven temperature of 300 F for 5 sec. 

Standard tension tests 

13. Standard tension tests were performed to determine the actual 

ultimate tensile strength of the 6061-T6 aluminum alloy used in fabricating 
the XM19 mats. Three tests were performed on three specimens taken from 

the top sheet and on three specimens taken from the bottom sheet. The aver

age ultimate strength values for the top and bottom sheets were 44,760 and 

43,080 psi, respectively. These values exceed the specified 38,000-psi 
minimum ultimate tensile strength for extruded 6061-T6 aluminum alloy. 4 

Test procedures 

14. The specimens were tested by the two methods described below: 

a. Compression, shear, and flexural strength tests were con
ducted in accordance with MIL-STD-401B.5 The core shear 
-strength -wa-s determined by the sandwicn flexure method given 
in reference 5. Simple beam tests with loading at the quar
ter points were used to determine the shear and flexural 
strengths of the sandwich-type specimens. A test of this 
type is designed to produce failure by: 

(1) Shear of the core and/or failure of the core-to-facing 
adhesive bond. 

(2) Direct compression or tension failure of the facings. 
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Results 

Long spans (8 by 20 in.) are used to determine the flexural 
properties, and short spans (3 by 8 in.) are used to deter
mine shear properties. 

b. Specimens were also subjected to static edge member tests. 
In these tests, the connector was left along one edge of the 
specimen (width edge), and this edge was used as a support 
along with one other support area (plate 2). The purpose of 
the off-center loading was to ensure that the potting adhe
sive joining the core and edge extrusions received the max
imum shear load. If the potting adhesive remained intact 
during a test but shear failure developed in the core, it 
would be evident that the potting shear tie was adequate to 
withstand greater load than the core would withstand. The 
specimen size was 9.50 by 10.50 by 1.50 in. The shear 
strength was calculated by use of the following equation: 

5P 
F = 8.5W(t - 0.063) 

where 

F = Shear strength, psi 
p = Load applied at failure, lb 
w = Specimen width = 9.5 in. 
t = Specimen thickness = 1.5 in. 

15. Results (average values) of the tests conducted on the type 3 

mat and the comparison of these results with those obtained from tests on 

standard MX19 welded mat (1965) are presented in table 1. The results in

dicate that the strength of the type 3 mat increased after exposure to a 

temperature of 300 F for 5 sec. The values for the standard MX19 mat are 

generally slightly higher (for example, flexure strength in the strong 

direction) than those for the control type 3 mat. However, strength values 

for the type 3 mat after exposure to 300 F temperatures for 5 sec more 

nearly approached the values for the standard MXT9- mat. The- higher- test 

values after exposure to the elevated temperature are believed to have re

sulted from the continued heat-curing of the adhesives. 
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PART IV: BLAST TESTS 

Equipment and Test Setup 

16. A J-35 jet engine was used to blast and heat the type 3 mats to 

determine if the ma ts and sea ls could with stand a temperature of 300 _:!: 15 F* 

for 5 sec as specified by the QMR for medium-duty landing mat (Appendix A) 

and to-determine any loss of strength caused by the blast and heat as de

termined by repeating the laboratory test on exposed test specimens. For 

information purposes only, separate mats were also blast-tested at 

700 _:!: 35 F* for 10 sec as specified by the QMR for heavy-duty landing mat. 

Tests were conducted as follows: (a) blasts at each temperature were di

rected at an area where the corners of two panels were connected to each 

other and to the side edge of a third panel (see photograph 1), and (b) 

blasts were directed at the center of a single panel not connected to any 

other panel. When the first method was used, it was difficult to control 

the blast well enough to ensure that it would hit the intended impingement 

area. However, it is felt that the estimated center of impingement (based 

on temperature readings) was sufficiently close to the intended impingement 

area to suit the purposes of the tests. No single panel was exposed more 

than once during the testing. The impingement angle of the blast was 

75 deg to the surface of the mats. This is believed to be the most severe 

angle, as heat transfer from gas to the panel is greatest at approximately 
this angle. Also, the deflected exhaust gases do not recirculate as read

ily as when the impingement angle is at 90 deg. The test setup is shown 

in fig. 3. Panel test specimens were also exposed to a temperature of 

300 F for 5 sec in an oven, and then the laboratory tests were repeated 

for comparison. 

Tests and Results 

17. The 700 F blast test on a single panel caused the top skin to 

* A tolerance is not specified in the QMR for either of the temperature 
tests. A +5 percent deviation was used and is considered a reasonable 
or expected variation for temperature tests of this nature. 

10 



Fig. 3. Setup for jet blast tests 

dfobond from the core as shown in photograph 2, which was taken the 

'panel had been dissected :following the blast test,. The com1)ression seal 

along the male connector was distorted and torn by the 700 F blast, as 

shown photograph 3. When the 700 jet blast was directed at the joint 

of (:photograph 1), minor distortion was evident in the seal, 

and the top skin was separated f1'om the core on one :panel. The thermo

cou:ple reading on the bottom surface was 300 I~ when the . top surface was 

exposed to the 700 F jet blast for 10 

18. The 300 F blast test clid not cause any noticeable changes or 

damage to the panels or seals either when the single J?anel was exposed or 

when the blast was directed at the connected joint o:f three panels. The 

radiometer reading on the top surface of the mat was 200 F when the 300 F 

jet blast test was performed, indicating that the panel coating served as 

efficient insulation ana/or that the panel was an effective heat sink to 

dissipate the applied heat. Temperature contour lines on single and 

11 



connected panels are shown in plate 3. A~er the 300 F blast test, speci

mens were cut from the panel, as shown in plate 4, for laboratory tests. 

No laboratory tests were performed on the panels after the 700 F blast be

cause the basic panel structure had failed during the blast test. Dupli

cate test specimens, as shown in plate 4, were cut from a new panel and 

exposed to 300 F oven temperature for 5 sec. laboratory beam, shear, com

pression, and static edge member tests were conducted on specimens from 

the 300 F jet blast test, the oven heat test, and on a control panel, and 

test results are given in table 1. 
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PART V: LABORATORY, SKID, AND TRAFFIC TESTS 

laboratory Tests 

19. Classification data for the soils used in construction of the 

test sections are shown in plate 5. Soil 1, a heavy clay (CH) with an av

erage liquid limit of 58 and plasticity index of 33, was imported from an 

alluvial backswamp deposit along the Mississippi River. The soil was proc

essed and controlled during construction to provide a subgrade with a 

strength of 3.5 to 4 CBR. Soil 2 (plate 5) was a lean clay (CL) with an 

average liquid limit of 43 and plasticity index of 22. It was taken fran 

the residual loess deposit on the WES reservation at the site of the test. 

Soil 1 was used for the subgrade in the mat strength test because its water 

content and CBR remain nearly constant under controlled conditions during 

a test. Soil 2 was used for the subgrade in the waterproof test because 

it is highly susceptible to wetting (causing a rapid loss of subgrade 

strength). 

20. laboratory compaction and CBR data for the lean clay are shown 

in plates 6 and 7; the data for the heavy clay are shown in plate 8.* The 

data in plates 6 and 8 are for the as-molded condition; the data in plate 7 
were obtained after the molded specimens had been subjected to a four-day 

soaking period. (After-soaking data on the heavy clay were not required 

since the material was not exposed to water during the test·.) These two 

conditions are analogous to as-constructed and saturated field conditions. 

Three different compaction efforts were used in obtaining the data for each 

set of curves: the CE 12 effort (12 blows per layer**), an intermediate 

effort (CE 26, 26 blows per layer), and the CE 55 effort (55 blows per 

layer). 7 In each plate, the data in the lower left graph indicate the re

lation between molding water content- and dry density, and- tlie data in the 
, 

Upper left graph indicate the relation between molding water content and 

CBR. The graphs to the rigqt in each plate, dry density versus CBR and 

* Plates 6, 7, and 8 were taken from reference 6. 
** Blows were applied with a 10-lb hammer having an 18-in. drop on each of 

five equal soil layers (approximately 1 in. thick) placed in a 6-in.
diam mold. 

13 



molding water content versus CBR, were derived from the first two relations. 

Traffic Test Sections, Mat Placement, and Test Equipment 

Section for types l and 2 mats 

21. The test section for determining the load supporting capabili

ties of the types l and 2 mats was constructed under a hangar-type shelter 

to provide both protection from the ·elements and the conditions necessary 

for accurately controlling the subgrade for comparative traffic tests. The 

section was 42 ft long and 24 ft wide with a 10-ft-wide traffic test lane 

in the longitudinal center. The section was excavated to a depth of 24 in. 

and backfilled with five 5-in.-thick compacted lifts of the heavy clay (CH) 

soil. The subgrade was graded to provide a smooth surface with no trans

verse grade. The type l mat was tested first, and when the test was com

pleted, the type 2 mat was tested in the same area on a prepared subgrade 

of the same type soil. Plate 9 shows the layout of the test section for 

types l and 2 mats. 

Section for type 3 mat 

22. Tests of the waterproofing capability of the type 3 mat were · 

performed in an open area exposed to local weather conditions. The test 

section was 50 ft long and 24 ft wide with a 10-ft-wide traffic test lane 

in the longitudinal center. The section was excavated to a depth of 8 in. 

and the next 8 in. was pulvimixed in place and compacted. Then the section 

was backfilled with two 5-in.-thick compacted lifts of subgrade material. 

The subgrade material was a lean clay (CL) soil (plate 5, curve 2). Water 

was added to the subgrade material as required, and compaction efforts were 

applied to the material to achieve CBR' s of approximately 15 and 3 in items 

1 and 2, respectively. The subgrade was graded smooth to produce a trans

verse crown of 2 percent. Membrane was .I>laced around the periphery of the 

section (under the outer edges of the test mat), and French drains were 

constructed at each end of the section to ensure that water from the ap

proach areas would not penetrate beneath the edges of the mat. Plate 10 

shows a layout of the test section. 

Mat placement 

23. The panels were placed in a bricklaying pattern with the 
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and continuous line of joints consisting of hinge'-type c:onnectors 

parallel to the direction of traffic. 'fne hinge-type connectors 

are integral parts of the basic panels. The two lock- connector are 

symmetrical and form a nun when placed to the U-connector bar for 

type 1 mat 

connector 

connector bar 

l ). 1'he type 2 mat forms half of a square U (the lock-

are also symmetrical) to 

l) when placed. 

24. Each type of mat was :placed an 
of a foreman and six laborers. '.I'he 

tool for placement. 'rl1e plac 

441 sq ft per man-hour for tY})eS 

'ro place -~ mat, following ,J 

l 

half of a square U-

con-
1 and2 mats required no 

rateson a sub grade 

and 2 mats, respectivi~ly. 

tools (see 4) were :re:.. 

quired: (a) two tools, ) a positive itioner, and 
(c) a spacer or pry bar to position panels prior to installing the 

. 4. Special tools for pladng type 3 llk'lt 

Prior to placement of the 3 mat, all were 
hand-filed smooth, cleaned w:i.th an aromat:tc: , and spray-coated with 
'.reflon in an effort to remove burrs, irregulari t:tes, pot t:Lng com:pmmd, 

or foreign matter and to 

th(~ panels were placed, all 

a, smooth, slick finish. As 

were wiped prior to placement, 



and all connecting were by hand after be-

fore the next adjacent panel was placed. 1rhe grease was used to the 

mats to slide more easily during (when squeeze-up tool was 

used) and to adhesion at a later time during exposure to hot 

weather, which would hinder mat a,nd reuse of the 2-eals. 

The same seven-man crew that laid the 1 2 mats 
mat at an averagcc; rate of 66 .4 sq 1Jer man-hour on a 2 

subgrade. This dicl not include the timE: of three 

who 

and 

cise 

a lifting tool to 

inate binding 

up tool, and a 

to all connectors, all 

of the seal bars . a 

( one tool :i.n the 

panels approximately 5 in. 

the rnalf/female connectors 

adjtrnt space between 

Fig. 5. Improved :for placing 

crewmen 

clean after I)lacemc::nt, 

ex er-

ground to elim-

squ.eeze

(fig. 5)), a six-

3 mat 

man crew 

runs. 

the mat at a rate of ft per man-hour aftm" sc'vera.l 

the mat on a membrane-surfaced 
--------···-------···---------

The improved tools were and :furnished by the contractor a~1 a 
means for increasing the placing rate. 
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subgrade at a rate of 174 sg ft :per rrtan""hour. The latter two tests were on 

a flat subgrade, and a single row of mats was placed continuously before 

the succeeding row was begun. 

26. The panels could be flexed at the D connector up 15 in. (photo

graph 4) and down 4 in. before binding of the connector bar occurred. This 

flexibility permitted a downward 

to move the down and out of' 

along the D connector on one panel 

with the ad,jacent panel as much as 

0 .100 to 0 .130 in. during placement of the :panels. The flexibili.ty of the 

standard. XM19 is only lF-1/2 to 5 in. in either direction, and that of 

mat is up 6 in. and down 3 in. 

and 
ap;plication methods 

27. Traffic test t!art. A specially designed single-wheel test cart 

loaded to 25 ,000 lb (fig. 6) was used in the traffic tests. It was fitted 

Fig. 6. Single-wheel test cart loaded to 25 ,OOO lb 

with an outrigger wheel ( 1oacl considered imdgnificarrt) to prevent over

turning and was r)Owered by the front half of a four-wheel-drive truck. The 

load wheel had a 30 .OOxll.5, 24-ply tire inflated to 250 psi, which pro

duced a 111-sq-in. contact area 

28. Application of traf'f'ic. Traf'f'ic was applied to simulate the 

traffic clistribution pattern that would be encountered in actual aircra:ft 

takeoff's and landings. This pattern approaches a normal distribution 

curve. 8 ,g 'rraffic was started at one side o:f the test lane, and the load 
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was driven forward and then backward along 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 trip. 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 lal1e was then trafficked. for six additional 
coverages. The longitudinal center 60 in. of the traffic lane then re~ 
ceived two additional coverages, making a total of ten coverages for that 
particular area. The 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 center 60 in. received 80 percent, and the two 
10-in. -wide strips received only 20 percent (see plate 11) • This pattern 
o:f traff'ic ap:plication was repeated until mat failure occurred. 

29. Skid test cart. Skid tests were performed on both dry and wet 
surfaces. The skid vehicle used (fig. 7) was a C-130 test cart loaded to 
30,000 lb on a 20x20, 20•:ply tire inflated to 100 The .truck section 

F'ig. 7. Skid test cart 

of the test cart was used only for steering, and a Taurnadozer was used to 
pull skid cart. 

30. A;p;plication method. During the tests, the cart was positioned 
along one side the traffic lane, and the wheel was locked to prevent 
rotation. The cart was skidcled over the mat at a uniform speed for a given 
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distance to determine the skid resistance offered by the mat surface and 

the tire wear resulting from the skidding. 

Criteria for Mat Failure and Data Taken 

Failure criteria 

31. The following guidelines were used to determine failure of a mat: 

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 af
fects 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, usually not to exceed 1 in. maximum 
(accompanied by indication of structural failure). 

c. Roughness. 

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

(2) Dishing not to exceed 0.6 in. 

(3) Uneven mat surface and instability of the test vehicle 
as determined by visual observations and experienced 
judgment when the test vehicle was traveling_ at_ a_ unL
form speed (approximately 2 to 4 mph). 

32 •. · It was assumed that a certain amount of maintenance would be 

performed in the field during usage of the mat. The total number of panels 

that can be replaced in the traffic lane is equal to 10 percent of the num

ber of panels receiving 100 percent of the traffic. When an additional 

Panel requires replacement or is considered to be a tire hazard, the sec

tion is considered failed. 
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Skid test data 

33. The force required to pull the skid cart with locked wheels over 
the mat surface was measured with a 50,000-lb-capacity dynamometer. Elec
tronic recordings of the force required to pull the load cart and of the 
distance of the skid were made on individual oscillograms. Comparative 
tire wear was estimated by visual observations supplemented by photographs. 
Observations and photographs of the antiskid coatings on the mat were made 
before and after the skid tests. 

Traffic test data 

34. Subgrade densities, water contents, and in-place CBR's measured 
prior to, during, and at the conclusion of traffic are shown in tables 2 
and 3. These soils tests were made at the surface of the subgrade and at 
depths of 6 and 12 in., with a minimum of three values per depth. Static 
deflections of the mat were measured with the load wheel at the joint of 
three panels, at the joint of two panels, and at the center of a panel. 
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. Rainfall (actual and simulated) data 
were recorded to determine the effectiveness of the water-seal joints 
(table 4). Records of the number of men and the amount of time and effort 
required to place the mats were kept. 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. 

Test Results and Analysis 

Skid tests 

35. Skid tests were conducted prior to traffic tests on both a wet 
and a dry surface of the type 2 mat using the skid cart described in para
graph 29. A summary of the test results is presented in the tabulation 
below. The average coefficient of friction for both the wet and dry sur
faces was 0.52. (QMR, 2 April 1968, specifies a coefficient of friction 
between 0.4 and 0.8 on a wet and a dry coated surface.) 
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Condition 
of Surface 

Dry 

Wet 

Length of Skid Wheel Load 
~ lb 

12 

~ 

30,000 

30,000 

Pull, lb 
Initial Continuous 

22,500 

21,500 

15,600 

15,600 

Coefficient of 
Friction 

36. Slight tire wear resulted from skidding on the dry surface 

(photograph 5), and tire wear resulting from skidding on the wet surface 

was negligible. There was no peeling of the antiskid coating during either 

of the skid tests. The tire skid mark after the dry-skid test is shown in 

photograph 6. 
Traffic tests on type 1 mat 

37. Test results. An overall view of the generally smooth test sec

tion prior to traffic is shown in photograph 7. Prior to application of 

traffic, the average CBR of the subgrade was 3.7 (table 2). The first in

dication of stress or failure was a hairline break at the corner intersec

tion of the female and D connectors on panel 27 at 184 coverages, which 

progressed to 1 in. at 500 coverages. Panel 11 developed a similar break 

at the same corner (described above) at 292 coverages, which also pro

gressed to l in. at 500 coverages. A hairline break was noted in panel 31 

at 500 coverages similar to and located in the same corner as the qreaks 

described above. 

38. The maximum change from 0 to 500 coverages in ~he cross section 

and profile data was a 0.5-in. depression in two places. The subgrade con

solidated fairly uniformly, causing the mat surface to average less than a 

0.3-in. change in elevation from 0 to 500 coverages of traffic. 

39. The maximum static deflection at the joint of two panels (D con

nector) at different locations at 0 and 500 coverages is given below: 

Joint of Def'Iection 2 in. 
Panels 0 Coverages 500 Coverages 

15 and 19 0.7 and o.8 1.0 and 1.0 

27 and 31 0.7 and 0.9 0.9 and 1.0 

The loose fit of the D connector bars permitted the panels to deflect un

der the load wheel to 1.0 in. in three of four measurements made at 500 
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coverages, which is the maximum permitted under the failure criteria. 

40. Permanent set measurements were recorded along the D connector 

on four panels at intervals during the test. Maximum measurements recorded 

occurred on panel 27 at intervals as follows: negligible at 0 coverages, 

0.225 in. at 52 coverages, 0.236 in. at 100 coverages, and 0.292 in. at 500 

coverages. Permanent set measured on other panels was approximately 0.200 

in. at 100 coverages and slightly over 0.200 in. at 500 coverages. 

41. Analysis. The CBR data recorded at 500 coverages indicated that 

the subgrade had increased in strength considerably (table 2), and the 

rated CBR for the test section was 4.6. Although the mat was still serv

iceable, failure was considered imminent because the mat had developed 

breaks on three panels, static deflection readings were 1.0 in., permanent 

set readings were approaching 0.200 in. on numerous panels, and the panels 

were allowed to work up and down somewhat excessively at the D connection 

before the load was transferred to the adjacent panels. These conditions 

had developed at 500 coverages on a subgrade with a rated CBR of 4.6, which 

equates to less than 30 percent of the coverages required by the Q}1R cri

teria. The test section at the end of testing is shown in photograph 8. 
The test was halted, and data analyzed. The contractor (Kaiser) began de

sign studies to determine how a new D connector design would prolong the 

service life of the mat. As a result of these studies, Kaiser proposed to 

make a modification to the D connector (designated Dl) and to furnish a 

test quantity of mat at no cost to WES. After studying the design changes, 

the WES agreed to Kaiser's offer, and the type 2 mat (i.e. with Dl con

nectors) was delivered for testing. 

Traffic tests on type 2 mat 

42. Test results. The type 2 mats were placed on a subgrade with an 

-average -pretraff-ic -C-BR -of -3·7. The -section was generally smooth at the be

ginning of traffic (photograph 9). Table 2 presents the complete soils data 

for tests conducted at 0 coverages, at 500-coverage intervals, after reproc

essing at 1500 coverages, and at 2000 coverages (failure). The first break 

was observed at 500 coverages on panel 27 in the surface at the female con

nector. The break was 1 in. long and increased progressively with traffic 
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as follows: 2-1/2 in. at 1000 coverages, 3-3/4 in. at 1500 coverages 

(photograph 10), and 6-1/4 in. at 2000 coverages (failure). The broken fe

male end was protruding up more than 3/16 in. after 1600 coverages. Panel 

27 had a similar break on the opposite end of the female connector at 760 

coverages, and the break increased progressively with traffic. 

43. Panel 27 also developed a depression along the north Dl connec

tor at 1650 coverages. The depression increased in length along the Dl 

connector to 16 in. at 1670 coverages, 24 in. at 1730 coverages, 30 in. at 

1900 coverages, and 39 in. at 1922 coverages. Stress lines were apparent 

along the Dl connector at the weld at 1900 coverages. The weld failed af

ter 1900 coverages, and the resulting crack was 18 in. long at 1950 cover

ages. Photograph 11 shows the depression, weld break, and skin break at 

1950 coverages (failure of panel 27). When the panel was removed at 2000 

coverages, the Dl connector was found to be completely separated from the 

panel (photograph 12). 

44. Panel 31 developed a break (similar to that in panel 27) at the 

female connector at 670 coverages, which progressed to 3-9/16 in. (and 

2-1/2 in. on the opposite end) and protruded up 1/2 in. at 2000 coverages. 

Panel 23 had similar breaks that occurred at 870 coverages and progressed 

to 5-3/4 in. (and 1-7/8 in. on the opposite end) and protruded up 3/8 in. 

at 2000 coverages. Panels 23 and 31 were considered failed at 2000 cover

ages because the breaks were tire hazards. At 2000 coverages, 12 panels 

had 17 of these tY})eS of breaks, with the ends protruding up a maximum of 

1/2 in. on panel 31. Plate 12 shows a summary and sketches of all types of 

breaks at 2000 coverages. A general view of the test section at 2000 cov

erages (failure) is shown in photograph 13. Failure of panels 23, 27, and 

31 represented more than the 10 percent allowable replacement factor as 

given in the failure criteria, and the sect±on- was- consi-dered- f-ai-le-a.-. 

45: Typical static deflection data are shown in plate 13 for cover

age levels of O, 1500, 1500 reprocessed, and 2000. Maximum static deflec

tion measurements taken along the Dl connector joint for various coverages 

are given in the following tabulation. 



Tire Maximum Deflection Readings on Each Side of Tire~ in. 
Located 0 500 1000 1500 2000 

on Panels Coverages Coverages Coverages Coverages Coverages 

15 and 19 0.9 and 0.7 0.9 and 0.9 o.8 and 0.9 0.8 and L2 0.9 and o.8 

27 and 31 LO and LO 0 .9 and LO LO and Ll L2 and 1.4 1.4 and l.Ot 

t Panels failed. 

46. Permanent set measurements along the Dl connector prior to traf

fic averaged 0.050 in., with a maximum set of 0.075 in. Generally, the 

permanent set increased to 0.100 in. during the first 20 coverages and con

tinued to 0.200 in. by 100 coverages. Four panels had a permanent set of 

over 0.200 in. by 800 coverages with the maximum being 0.269 in., and two 

additional panels had over 0.200-in. set at the end of the test (2000 cov

erages). The center-line profile curves show that the elevation of the 

mat surface changed a maximum of 2.0 in. from 0 to 1500 coverages (plate 

14). After the subgrade had been reprocessed at 1500 coverages, the maxi

mum change from 1500 to 2000 coverages was 0.6 in. (plate 14). The cross

section curves indicate that the elevation of the mat surface changed a 

maximum of 1.5 in. from 0 to 1500 coverages and a maximum of 0.8 in. from 

1500 to 2000 coverages (plate 15) a:f'ter the subgrade had been reprocessed. 

47. When the panels were removed at 1500 and 2000 coverages, each 

was examined for breaks and wear. Photograph 14 shows a type D break (see 

plate 12) that occurred on one panel only. Photograph 15 shows a typical 

mat break that occurred during the test. Records and sketches of these 

breaks are shown in plate 12. Photograph 16 shows the wear on the Dl con

nector bars caused by traffic and by tools used to remove the bars. Note 

that the holes (or eyes) have been torn out at the ends of the bars. This 

was caused by the force required to slide the bars out. There were no 

breaks on-the bottoms of the ~ane~s. 

48. Analysis. Both the initial and reprocessed subgrades for the 

type 2 mat were rated at 4.1 CBR for an accumulated total of 2000 cover

ages. The actual CBR' s, load, tire pressures, and coverages were used in 

the following equation* to derive the number·of coverages that the type 2 

* This is a combination of equation 2, page 2, and the equation for slope 
of curve, plate 3, from reference 10. 
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mat would withstand if placed on a 4-CBR subgrade: 

where 

t = design thickness of pavement structure, in. 

C = coverages (2000) 

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

CBR = rated California Bearing Ratio of subgrade (4.1) 

p = tire pressure, psi (250) 

This computation indicates that the type 2 mat on a 4-CBR subgrade would 

withstand 1785 coverages of traffic of a 25,000-lb single-wheel load with 

a tire inflation pressure of 250 psi. The strength evaluation of the type 

2 mat is shown graphically in plate 16. 

49. No panel failed suddenly; after exhibiting evidence of being ex

cessively stressed or weakened, a distressed panel would sustain over 100 

additional coverages before failure. 

Water seal test on type 3 mat 

50. The water seal test was performed in an open area during the pe

riod November 1968 to May 1969 to expose the mat to local weather condi

tions. Simulated rain was achieved by applying water from a spray bar of 

a water truck (photograph 17) and by sprinkling the section with water from 

a hose on the water truck. Traffic was applied during all types of pre

vailing weather conditions and simulated rainfall. The test section was 

divided into items 1 and 2 (plate 10). Item 1 had a 15-CBR subgrade 

strength, and item 2 had a 3-CBR subgrade strength prior to mat placement 

(table 3). Type 3 mats were placed on both items. 

51. Test results, item 1, type 3 mat. Prior to traffic, the mat 

was generally smooth and conformed to the 2 percent crowned subgrade (photo

graph 18). ·During the movement of the load wheel, the observed motion of 

the mat was very small. A minor amount of subgrade soil was pumped onto 

the mat surface at the joint of panels 14, 15, and 18 at 300 coverages, and 

the pumping continued throughout the test. There were no noticeable dif

ferences in the performance or action of the panels when trafficked wet or 
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dry. The mat surface maintained some of the 2 percent crown during the 

first 1000 coverages of traffic, but a noticeable trough developed north of 

the center line and tended· to pond water. The trough, which remained 

throughout the test, is discernible in the cross-section plots (plate 17). 

Static deflection measurements (plate 18) show that the mats deflected a 

maximum of 0.5 in. at 0 coverages, and that the deflection did not increase 

significantly during the test. 

52. At 1000 coverages, a 1/2-in. crack was detected at the southwest 

corner of the female connector on panel 22. At the adjacent corner on 

panel 26 (southeast corner), a similar crack was observed at 1020 cover

ages. The next break (crack) occurred along the weld of the female connec

tor near the center of panel 23 at 1600 coverages and progressed in both 

directions a total of 10 in. at 1608 coverages. At 1640 coverages, panel 

21 had a crack along the male connector that progressed to 25 in. at 1668 

coverages. All four of these panels with breaks (panels 21, 22, 23, 

and 26) were adjacent to each other and were in the transition area be

tween items 1 and 2, as shown in plate 10. A summary of these breaks and 

their ultimate lengths at failure is given below: 

Coverages at Which Length of Break 
Panel Break Was at Failure* Description 
No. Initially Observed in. of Break --
22 1000 4 At corner of female 

connector flange 

26 1020 4 At corner of female 
connector flange 

23 1600 24 At the weld along the 
female connector 

21 1640 25 At the weld along the 
male connector 

* 1668 coverages. 

Photograph 19 shows the breaks at 1668 coverages on panels 21, 22, and 26, 

and photograph 20 shows the break on panel 23 at 1668 coverages. A general 

view of item 1 at the end of the traffic test (1668 coverages) is shown in 
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photograph 21. Except for the four panels damaged in the transition area, 

all panels were in good condition. 

53. Analysis, item 1. Plans were to remove the damaged panels, re

place them, and continue traffic to further evaluate the performance of the 

mat and water seals. However, this was impractical because of extreme dif

ficulties encountered in removing the panels (paragraphs 63-65). Traffic 

was discontinued since there were no new panels or seals available for re

placements and since extensive efforts would be required to connect dif

ferent types of mats to the section to provide a waterproof approach area. 

Also, more effort and time would be required to prevent water from the ap

proach area infiltrating into the test item. 

54. Permanent set measurements taken along the Dl connector were re

corded on panels 7, 11, 14, 15, 18, and 22 at various coverages during the 

period of traffic, and maximum values (measured on panel 22) are plotted in 

plate 19. The permanent set was less than 0.125 in. during the traffic on 

panels that did not fail. 

55. Cross-section (plate 17) and profile plots (plate 20) indicate 

that the subgrade retained part of the 2 percent crown and that most con

solidation (0.08 ft) occurred during the first 642 coverages of traffic (ex

cluding the transition area between items 1 and 2). A maximum of 0.02-ft 

additional consolidation occurred after 642 coverages. The initial CBR 

of 15 increased to a maximum of 59 on the surface and averaged 38 for the 

top 12 in. at 1668 coverages (table 3), and the subgrade strength was rated 

at 27 CBR. Table 3 shows that the surface water content of the subgrade 

had decreased by 1 percent although 55.24 in. of water had been applied to 

the mat surface during the seven-month period of traffic. This indicates 

an effective water seal during the period of traffic on this high-CBR item. 

56. Test results, item 2-, type 3 mat-. Pr±m· to the start or-traffic, 

the mat surface generally conformed to the contour of the 2 percent sub

grade crown (photograph 22). The motion of the panels was observed to be 

similar to that produced by passage of the load cart over XM19 mat placed 

on a heavy clay 3- to 4-CBR subgrade. At 8 coverages, a loud popping sound 

was emitted from panel 43; at 10 coverages, the panel deformed along the 

female connector (photograph 23). The panel was removed from the mat field 
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and dissected, as shown in photograph 24. Inspection indicated that the 
potting compound did not adhere properly to the edge connector, the film 
adhesive did not adhere to the top skin, and a large quantity of potting 
compound had migrated between the film adhesive and the honeycomb at the 
bottom during fabrication and had filled several rows of honeycomb cells 
adjacent and parallel to the failed female rail. A close-up of the filled 
cells is shown in photograph 25. The adhesion failure between the edge 
connector and the potting compound probably occurred because the edge con
nector was not properly cleaned or became contaminated. Under panel 43 at 
failure, the top surface of the supgrade was a wet slurry, and the average 
CBR recorded was 3.3 for the top 12 in. (table 3). 

57. The failed panel 43 was replaced with panel 43A, and traffic was 
continued. New seal bars were required in the traffic lane when the panels 
were relaid. Traffic was continued, and between 30 and 40 coverages, water 
ponded slightly 4 to 8 ft south of and parallel to the traffic center line. 
Ponding of water was also noted 4 to 8 ft north of and parallel to the cen
ter line after 100 coverages, and the ponding increased progressively as 
traffic continued. The condition is shown in photograph 26 at 324 cover
ages after application of 1.9 in. of water in 40 min. 

58. At 240 coverages, panel 43A was slightly depressed along the 
west Dl connector adjacent to the female connector. A weld failure devel
oped along the depression of panel 43A at 300 coverages, and the panel was 
considered failed, removed from the test section, and replaced with panel 
43B. New seal bars were used in panel replacement because the used bars 
were damaged during traffic and/or during panel removal operations. During 
fabrication, potting inspection holes drilled in panel 43A for quality con
trol revealed that some areas were void of potting compound. The accept-

-able correction-procedure during fabrication -was tu ~orce more potting com
pound into the void until the compound ran out the inspection holes and 
then plug the holes. Assuming corrective action was attempted on this 
panel, the void was not completely filled, as shown after the panel was dis
sected after failure (photograph 27). In photograph 27, a wooden plug can 
be seen in the void area. This plug should have been inserted only when 
the void was full to prevent potting from running out of the orifice. The 
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void extended 22 in. along the Dl connector. The average CBR under the 

failed panel was 4.o for the top 6 in. 

59. Between 60 and 70 coverages (dry cycle), pumping of subgrade 

soil (mud slurry) onto the mat surface was observed at the following junc

tions: panels 25, 26, and 30; panels 29, 30, and 34; panels 33, 34, and 38; 

panels 30, 31, and 27; panels 34, 35, and 31; and panels 39, 40, and 35. 
This condition was observed throughout the test but was less noticeable 

during the coverages when water was being applied because the water tended 

to wash away the mud, leaving a clean mat surface. The pumping was most 

evident during application of traffic at the beginning of a day on a dry 

surface after water had remained on the mat overnight. The pumping forced 

soil and air from beneath the mats, creating a partial vacuum, and a suck

ing or hissing noise was audible. The condition, which apparently had no 

adverse effect on the mat's performance, is shown at 420 coverages in photo

graph 28. Throughout the test, it was evident that pumping was more pro

nounced where panel corners intersected at the male connector rather than 

where panel corners intersected at the female connector. 

60. Permanent set (measured along the Dl connector) versus coverage 

curves (plate 19) indicate that three of the panels had a permanent set 

that exceeded the failure criterion (0.6 in.) at 500 coverages and that the 

permanent set measured for three other panels exceeded the failure crite

rion at 642 coverages. Although the measurements had already exceeded the 

failure criterion at 500 coverages, traffic was continued until structural 

failure occurred in the mat in order to evaluate the water seal capabili-

ties as fully as possible. Maximum permanent set measurements at 

ter of panel 35 progressively increased with traffic as follows: 

at 450 coverages; 0.868 in. at 500 coverages; and more than 1 in. 

the cen-

0.750 in. 

at 642 
coverages. Water ponded on individual dished- panels, as shown- on- panej_- 31 

at 400 coverages in photograph 29. This condition did not cause any leak

age problems, but did cause the test item to become progressively rougher 

to traffic. 

61. Traffic was continued to 642 coverages. At this coverage level, 

the load wheel broke through panel 42, causing the panel to deform and fail 

as shown in photograph 30. The male connector of panel 42 was completely 
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severed from the panel during traffic and is shown in photograph 31 after 

the panel had been removed from the test section. The cleanliness of the 

rail in the photograph indicates an adhesive failure, which is usually 

caused by improper cleaning, contamination, or possibly aged material. A 

thorough inspection of the panels in the item after 642 coverages revealed 

a depression along the female connector and a skin break in panel 28 at a 

corner of the female and Dl connectors. Therefore, item 2 was considered 

failed. The load wheel caused rutting of the subgrade beneath the failed 

panels, as shown in photograph 32. The slurry surface that was beneath 

panel 42 and also the dry surface soil that was under adjacent panels (sur

face dried after panels were removed) are visible in the photograph. 

62. Analysis, item 2. The center-line profile curves (plate 20) in

dicate that the subgrade consolidated and/or shifted laterally, causing the 

mat surface to deform a maximum of 0.12 ft (slightly greater in the transi

tion area between items 1 and 2). Cross-section curves (plate 17) indicate 

that the mat surface was irregular and rough to the traffic load cart. Low 

spots where water ponded are discernible on the cross sections along with 

the loss of the original 2 percent crown. Static deflection curves (plate 

18) show that at the joint of three panels, the mat deflected 1.1 in. at 0 

coverages and 1.3 in. at 642 coverages (failure). However, a maximum de

flection of 1.6 in. was recorded at 400 coverages at the joint of three 

panels. Part of the deflection could have been due to the mats bridging 

voids in the subgrade where subgrade material had been pumped onto the 

surface of the mat. 

63. Mat removal. Efforts were first directed toward removing and 

replacing the failed panels by conventional means using a squeeze-up tool, 

punch, vise-grip pliers, hammer, and assorted pry bars. This was attempted 

by remmd.ng J'iv_e _panels -from row 1 (plate -21), four panels from row 2, and 

continuing to remove panels in a pyramid fashion until the failed panels 

in the farthest row from the beginning were reached. The lock bars in the 

first row of mats, which received no traffic (anchor row), were removed 

with a minimum of effort using a tapered punch and hammer. The lock bars 

in the second row, where the mat received only 20 percent of the traffic, 

were removed in a similar manner and with the same ease. In the next three 
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rows of mat, eight lock bars had to be removed to reach the last failed 

panels. On three of these eight lock bars, two holes were destroyed and 

one hole was badly damaged (photograph 16) by efforts to pull the bars out 

to disconnect the mats. Efforts were continued to remove the lock bars 

using other available tools. Two bars could not be removed; two bars were 

cut out (one bar with eye destroyed); two bars were removed with much ef

fort; and two bars (one with eye destroyed and one with eye damaged) were 

removed after the mats were out of the mat field. 

64. When bars were cut to gain entry to a row, the remaining con

nected mats in that row were removed intact and placed along the edges of 

the test area to be disconnected later. In the later effort, the tapered 

punch was replaced with a steel rod with the end machined down to a 

1/4-in.-diam pin to give full contact with the hole in the connector bar. 

This prevented destruction of the hole in the bar, but the pin was broken 

on two occasions after removal of four bars. When the pin was used to re

move the bars, the panels could be moved up or down (as they were connected 

on one edge or two opposite edges only) to eliminate binding of the joints 

and facilitate bar removal. In addition to damage to the lock bars, two 

seal bars per row were destroyed in removing the panels; many seal bars 

had already been damaged by traffic. Nine of 24 seal bars examined were 

damaged beyond use. Typical damage to the seal bars is shown in photograph 

33. New seal bars were always used when panels were replaced. No damaged 

bars (locking or seal) were reused. 

65. Af'ter one bar between two connected panels had been cut and re

moved, the joint was examined to determine why the lock bar was so diffi

cult to remove. The space around the locking bar was found to be over 

50 percent filled with a hardened material composed of soil, fragments of 

rubber, oil drippings, paint, and antiskid particles. During the six-montli 

test period, the material had adhered to the bar and the panel. Photograph 

34 shows a cut bar and panel before and after the accumulated material was 

removed. Subgrade soil had completely filled the space under the seal 

bars, and the soil had hardened into a glazed bricklike material. Binding 

of the bars and the panel could not be relieved with the tools available to 

aid in removal of mat. Because of the extreme difficulties in removing the 
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mat, the various methods used, and downtime caused by various efforts, it 

was impractical to compute a rate of removal. 

66. Antiskid coating. The antiskid coating performed adequately 

during the early periods of traffic. Some panels showed indications that 

the coating was wearing and flaking off under traffic, as shown in photo

graph 35, which was taken at 400 coverages. A total of 18 panels showed 

antiskid wear but to a lesser degree than that shown in photograph 35. At 

the end of the test, the condition had not progressed to any great degree. 
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PART VI: CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

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

ing conclusions are believed warranted: 

a. 

b. 

c. 

d. 

e. 

f. 

·. £· 

h. 

The type 1 mat was not stiff enough along the D connector to 
prevent excessive permanent set. 

The type 2 mat sustained 2000 actual coverages on a subgrade 
that had a rated CBR strength of 4.1. This actual coverage 
level indicates that on a 4-CBR subgrade, the mat will sup
port 1785 coverages of the F-4c loading, which exceeds the 
QMR requirement by 78.5 percent and is essentially equal to 
the coverage level that can be sustained by standard XM19 
mat on a 4-CBR subgrade. 

The coefficient of friction for both dry and wet surfaces 
was 0.52, and the antiskid coating caused only slight tire 
wear during skid tests. 

The placing rate of the type 1 mat was 414 sq ft per man
hour. The type 2 mat (without seals) was placed at an aver
age rate of 441 sq ft per man-hour. Both of these rates 
were achieved on a flat subgrade and exceed the minimum rate 
of 250 sq ~ per man-hour specified by the QMR. The initial 
placing rate for the type 3 mat (with water seals) was 66.4 
sq ft per man-hour on a 2 percent crowned subgrade. Later, 
with improved tools and with placement on a flat subgrade, 
the average placement rate of the type 3 mat was increased 
to 174 sq ft per man-hour. 

Because of its waterproofing capability, the type 3 mat is 
believed to be a breakthrough in the development of a water
proof mat, provided the mat is laid properly and with ade
quate supervision. 

The mat continued to perform adequately, without structural 
failure, after the static deflection failure criterion of 
1.0 in. was exceeded. 

Extreme difficulties in removing the mat made it impractical 
to compute a rate of mat removal. There was a considerable 
amount of downtime and experimentation in efforts to remove 
the mat. 

The type 3 waterproof mat met the QMR requirement for 
medium-duty mat to withstand a blast temperature of 300 F 
for 5 sec. 

New seal bars are required when panels are relaid. All lock
ing bars were reusable except those damaged during removal. 
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Recommendations 

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

ing recommendations are believed warranted: 

a. The types 2 and 3 mats should be slightly modified, as in
dicated in this report, to improve results of the EDT's. 

b. Proper handling and placement of the type 3 mat are ex
tremely important for proper performance. It is recommended 
that placing crews be instructed to keep panel edges cleaned, 
that all bars be installed and in a water-sealed and locked 
position, and that care be taken to prevent damaging the 
water seals during placement. 

c. Since locking bars were very difficult or, in some cases, 
impossible to remove after traffic, it is recommended that 
improved methods be developed for locking bar removal or 
that a new locking bar/seal bar combination be developed and 
evaluated for field use. 
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Table 1 

Co!!!Earison of Results of laboratory Strength Tests 

Standard and Water-Seal XM12 Mats 

S~rrple Size Load Orientation 
Type Test in. of Core 

Compression :3 by 3 N/A 

Shear (8-in. span, 3 by 12 Weak 
1/4-point loading) Strong 

Flexure (20-in. span, 13 by 24 Weak 
1/4-point loading) Strong 

Static edge member** 9-1/2 by 10-1/2 
(shear) 

Dl connector Weak - top load 
- bottom load 

Male connector Strong - top load 
- bottom load 

Female connector Strong - top load 
- bottom load 

* Nomenclature was changed to XM19 in Sep 1967. 
** See plate 2 for loading diagram. 

t Overlap connector of standard mat. 
tt Underlap connector of starndard mat. 

MX19* Welded 
( 19652 

1,789 

635 
1,066 

46,280 
65 ,115 

587t 
593tt 

848 
763 

892 
810 

of 

Strength~ :esi 
Type 3 mat 

300 F for 5 sec 
Control Jet Blast Oven 

1,090 1,440 1,700 

670 740 690 
890 1,060 1,020 

52,270 55,940 54,220 
60,170 61,150 59,060 

620 740 630 
580 690 620 

720 810 
660 760 

730 720 710 
680 760 700 



Table 2 

Summarz of CBRz Water Content! and Densitl Data 
Tests of Types 1 and 2 Mats 

Water Water 
Type Location of Depth Content Density Rated Type Location of Depth Content Density Rated 
Mat Test Pit Covera5es* in. _:!__ ---E.£L_ CBR CBR Mat Test Pit Covera5es* in. _j_ ---E.£L_ CBR CBR 

1 Sta 0+15 0 0 30.6 87.9 3.3 4.6 2 Sta 0+12 1000 0 30,3 88.4 4.3 4.1 
6 29.2 90.1 3.8 6 30.1 88.3 3.4 

12 28.7 90.0 4.7 12 30.1 87.8 4.2 
Avg 29.5 89.3 3.9 Avg 30.2 88.2 4.o 

Sta 0+25 0 0 28.4 87.8 3.0 Sta 0+32 1000 0 29.6 89.8 4.o 
6 28.2 90.1 3.7 6 30.0 89.3 2.5 

12 28.5 2£:1 ~ 12 29.6 88.1 4.1 

Avg 28.4 89.4 3.5 Avg 29.7 89.1 3.5 
Sta 0+15 500 0 27.6 89.4 6.o Sta 0+24 1500 0 30.2 88.8 7.0 

6 28.5 90.4 5.0 6 30.9 87.3 4.3 
12 29.7 88.1 '.!.:.} 12 31.3 86.4 4.6 

Avg 28.6 89.3 5.1 Avg 30.8 87.5 5.3 
Sta 0+23 500 0 29.6 87.9 6.o Sta O+o8 1500 0 29.1 89.2 6.o 

6 28.1 90.7 6.o 6 31.0 83.4 2.7 
12 28.5 ~ 5.0 12 ~ 87.9 ~ 

Avg 28.7 89.5 5.7 Avg 30.0 88.5 4.2 

2 Sta 0+10 0 0 30.0 86.1 4.1 4.1 Sta 0+16 1500 0 29.7 89.1 3.8 
6 31.4 87.2 3.5 Reproc- 6 29.7 87.2 3.4 

12 30.9 87.5 4.2 essed 12 29.3 89.4 .1& 
Avg 30.8 86.9 3.9 Avg 29.5 88.6 3.7 

Sta 0+30 0 0 30.7 86.2 3.3 Sta 0+30 1500 0 30.1 88.7 3.7 
6 30.5 87-9 3.3 Reproc- 6 29.1 89.2 4.o 

12 29.2 89.9 3.8 essed 12 29.6 89.4 3.7 
Avg 30.1 88.o 3.5 Avg 29.6 89.1 3.8 

Sta 0+16 500 0 29.0 89.2 4.9 Sta 0+12 2000 0 27.5 90.8 4.8 
6 31.1 87.7 4.2 6 28.6 90.1 4.5 

12 28.1 90.0 6.0 12 ~ 22d ~ 
Avg 29.4 89.0 5.0 Avg 28.7 90.4 4.2 

Sta 0+20 500 0 30.7 88.2 4.2 Sta 0+30 2000 0 30.0 88.7 4.8 
6 29.9 88.6 4.2 6 29.5 88.7 5.0 

12 29.7 89.7 4.7 12 ~ 90.1 4.5 

Avg 30.1 88.8 4.4 Avg 29.6 89.2 4.8 

Sta 0+26 500 0 29.7 88.4 3.9 
6 30.6 87.3 2.6 

12 30.0 88.6 4.4 

Avg 30.1 88.1 3.6 

* Applied using a 25,oOO-lb single-wheel load cart with tire inflated to 250 psi. 



Table 3 

Summar;y: of CB R i Water Content 2 and Densit;y: Data 

Waterproof Test of Type 3 Mat 

Water Content 2 ~ Dry Densit;y: 2 ECf CBR 
Average in Top Average in Top Average in Top Rated 

Date Item Coverages* Surface 12 in. Surface 12 in. Surface 12 in. CBR --
4 Nov 68 1 0 16.o 15.0 103.5 101.2 15 16 

19 May 69 1 1668 :15 .o 15.8 110.6** 102.8 59 38 27 

4 Nov 68 2 0 J.9.4 19.6 102.3 103.3 2.9 3.0 

12 Nov 68 2 10 19.0 19.3 105.9 104.9 4.1 3.3 

20 Nov 68 2 300 19.0 18.7 106.4 lo6.3 5.0 4.9 4.o 

7 Mar 68 2 642 23.3 20.3 102.1 104.1 2.5 . 4.7 

Applied using a 25,000-lb? single-wheel load cart with tire inflated to 250 psi. * 
** Determined using water batloon method; all other density values determined using drive cylinder method. 



Table 4 

Rainfall and Coverages 

Rainfa11 2 in. 
Date Coverages Application Time 2 min Actual Accumulative 

13 Nov 68 30-40 Sprayhose 40 0.33 0.33 
13 Nov 68 50-60 Sprayhose 30 0.63 0.96 
14 Nov 68 70-80 Sprayhose 40 0.33 1.3 
14 Nov 68 80-90 Spraybar 20 1.5 2.8 
14 Nov 68 100-110 Spraybar 30 1.6 4.4 

14 Nov 68 120-130 Spraybar 30 1.8 6.2 
15 Nov 68 140-150 Spraybar 30 1.9 8.1 
15 Nov 68 160-170 Spraybar 40 2.2 10.3 
15 Nov 68 180-190 Spraybar 45 2.7 13.0 
16-17 Nov 68 Natural Weekend 1.5 14 .5 
18 Nov 68 210-220 Spraybar 45 2.3 16.8 
18 Nov 68 230-240 Spraybar 40 2.4 19.2 
19 Nov 68 250-260 Spraybar 40 2.5 21.7 
19 Nov 68 270-280 Spraybar 40 2.2 23.9 
21 Nov 68 300-310 Spraybar 40 1.9 25.8 
21 Nov 68 320-330 Spraybar 40 1.9 27.7 
24 Nov 68 Natural Sunday 0.9 28.6 
24 Nov 68 340-350 Sprayhose 40 0.67 29.27 
25 Nov 68 360-370 Sprayhose 40 0.25 29.52 
25 Nov 68 380-390 Sprayhose 40 0.30 29.82 
26 Nov 68 390-400 0.00 29.82 
27 Nov 68-

6 Jan 69 Natural 9.71 39.53 
6 Jan 69 400-450 o.oo 39,53 
6-17 Jari 69 Natural 0.79 40.32 
17 Jan 69 450-500 0.00 40.32 
17 Jan-20 Feb 69 Natural 2 .12 42.44 
20 Feb 69 500-550 o.oo 42.44 
20 Feb-3 Mar 69 Natural 1.85 44.29 
3 Mar 69 550-600 o.oo 44.29 
3-6 Mar 69 Natural 1.03 45.32 
6 Mar 69 600-642 o.oo 45.32 
6-10 Mar 69 Natural 0.24 45.56 
10-Mar-69 .61~2-700 o.oo 45.56 
10 Mar-30 Apr 69 Natural 8.14 53.70 
30 Apr 69 700-818 o.oo 53.70 
1 May 69 818-916 0.00 53.70 
2 May 69 916-1000 o.oo 53,70 
5 May 69 1000-1064 o.oo 53.70 
5-6 May 69 Natural 0.24 53.94 
6 May 69 1064-1164 o.oo 53,94 
7 May 69 1164-1236 o.oo 53,94 
7-9 May 69 Natural 1.30 55.24 
9 May 69 1236-1342 o.oo 55.24 
13 May 69 1342-1500 o.oo 55.24 
14 May 69 1500-1590 o.oo 55.24 
15 May 69 1590-1600 0.00 55.24 
16 May 69 1600-1668 0.00 55.24 



Photograph 1. ,Taint of three panels where jet blast was directed 

Photograph 2. Panel dissected after 700 F blast test 
showing disbanded top skin ( type 3 mat ) 

Photograph 3. Compression seal torn and distorted 
after 700 F blast test ( type 3 mat) 



Photograph 4. 'Iype 1 mat flexed. up over 15 in . 



Photograph 5. Tire showing slightwear after 
dry":'skid test 

Photograph 6. Skid mark af'ter dry-. 
skid test 



Photograph 7. General view of s ection prior to traffic (type 1 mat ) 

Photograph 8. General view of test s ection for type 1 mat at 
500 coverages ( end of test) 



Photograph 9. General view of test section at 0 c overages 
on the type 2 mat 

Photograph 10. Break at female connectors on panels 23 
and 27 at 1500 coverages (type 2 mat) 



Photogra:ph 11. Panel 27 at 1950 coverages. Note depression, 
weld break, and skin break (type 2 mat) 

Photograph 12. Dl conne ctor severed from panel 27 
at 2000 coverages. (type 2 mat) 



Photograph 13. General view of section at 2000 coverages 
(type 2 mat at failure) 

Photograph 11�. Break on male connector at failure (type 2 mat) 



Photograph 15. 

Photograph 16. 

Typical wear and break at center line of female 
connector at 1500 coverages ( ty-:pe 2 mat) 

Wear on end connector liars at 2000 coverages 



Photograph 17. Simulated rain from the spray bar of a water truck 

Photograph 18. General view of item 1 at 0 coverages (type 3 mat) 



Photograph 19. Breaks in item 1 at 1668 coverages on panels 
21, 22, and 26 (type 3 mat) 

Photograph 20. Break on panel 23 at 1668 coverages (type 3 mat) 



Photograph 21. General view of item 1 at 1668 coverages 
(type 3 mat at failure) 

Photograph 22. General view of item 2 at 0 coverages (type 3 mat) 



Photograph Def'o:rmed panel 43 in item 2 at 10 coverages ( ty:pe 3 mat) 

Photograph 24 . Panel l� 3 dissected to show failure of potting 
compound and top adhesive (type 3 mat) 



Photograph 25. Honeycomb cells along connectors in panel 43 
filled with potting compound ( type 3 mat ) 



Photograph 26 • Water :ponding in item 2 after 1.9-in. application 
of simulated rainfall at 324 coverages 

Photograph 27. Potting void on panel �-3A (dissected after 
failure of type 3 mat at 29-J coverages 



Photograph 28. Mud slurry pumped on type 3 mat at �O coverages 

Photograph 29. Water ponding on panel 31 at l..�OO coverages (type 3 mat) 



P'notograph 30. F'a:l.led panel 42 at 642 coverages (type 3 mat) 

Photograph 31. Panel 1+2 after 642 coverages (male connector 
completely s evered, type 3 mat) 



Photograph H:i.ltting under panel t�2 after failure 
and removal of' the type 3 mat 

Photograph 33. Typical damage to seal bars caused by removal 
operations and 1668 coyerages of traffic 



Photograph 34. Bar and panel cut for removal ( type 3 mat). 
Note soil compacted around the bar before 
removal and soil a�er removal 

Photograph 3 5. Antiskid wearing off between items 1 
and 2 at 400 coverages (type 3 mat ) 
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SUMMARY OF BREAKS 

TYPE AND LENGTH OF BREAK, IN. 
MALE 

PANEL FEMALE CONNECTOR CONNECTOR 
NO. A* B* c• D* REMARKS 

31 3·9/16 N*', 2-1 /2 S*' 2-1/4 TIRE HAZARD, FAILED AT 2000 COV. 
35 2-1/4 N, 1-3/8 S 3-1 /2 
23 5-3/4 N, 1-7/8 S 2-3/4 TIRE HAZARD, FAILED AT 2000 COV. 
19 3/4 
15 1-1/4 N, 1 S 
11 1 N 3/4 3 
7 4 3 

14 1-1/8 N 1-1/2 
18 2N 
22 1 N 
26 1 N 1-1/2 
30 1-3/8 N 5-1/4 
34 2-1/2 N 
32 3-3/4 
27 4-3/4 N, 6-1/4 S 2-1/2 FAILED AT 1950 COVERAGES 

• SEE SKETCHES BELOW. 

•• NORTH OR SOUTH END OF PANEL AS PLACED IN THE TEST SECTION. 

Cf. 
OF PANEL 

o. FEMALE CONNECTOR 

. PLATE 12 

b. MALE CONNECTOR 

SUMMARY AND SKETCHES 
OF BREAKS AT 

2000 COVERAGES 
TYPE 2 MAT 



DISTANCE FROM CENTER LINE OF TIRE, IN, 

WEST EAST WEST 

o,....::3~0~~~--;20=-~~__;1~0~~~__;0T--~~~..:.r-~~~-:::i;:::::=======:3to= 30 20 

--- ,- --6-_ 
- ~ 

~ 

CENTER OF PANEL II 

i. -------2_,1-i--~~~-l-~~~~......::ii.--.,,--~~l-c-:,..-.=--~-+--,,_..::=..~-t~~~~f-i 
0 

1-
u 
w 
..J ... 
w 
0 

LEGEND 
0 COVERAGES 
1500 COVERAGES 
1500 COVERAGES 
(REPROCESSED SUBGRADE) 
2000 COVERAGES ' 
EXTRAPOLATED 

,..,.. ---
JOINT OF PANELS 15 AND 19 

JOINT OF PANELS 30, 31, AND 34 

10 0 10 

-.......... ,--

20 

__-_:::::::. ~ -

EAST 
30 

/ 

'n., ,. ,,. , __ ,.. ,_ -

--=---

TYPICAL 
STATIC MAT DEFLECTIONS 

TYPE 2 MAT 



15 

14 

z 

' :.:: 
a: 
<t 13 ~ 

:r 
u 
z 
w 
ID 

w 
> 12 0 
Ill 
<t 

Z. 16 !2 
t-
~ 
w 
..J 
w 

15 

14 

SOUTH 
0 

-.............. ...--

4 

r-, 
' 

8 12 

0 cov_ 
I'-... 

< 

-~1500 cov - ' -- ---· ------

DISTANCE, FT 

16 20 24 28 

: 

~- ...... _ -..... 

32 

-
~ 

-· --------

36 

-- --

NORTH 
40 

,,,... .... ............. --------- ............ .,,,., --

1500 COV (REPROCESSED)--_ 

--I'--.-
~ 

- --- --------- -- 2000 cov~ ......... i----- ----i-- - ---
~ r--

......... --
~ 

~ 

--_ .. ---- ..._.,,,,,,-
,,,... ... 

PERMANENT 
DEFORMATION PROFILES 

CENTER LINE OF TRAFFIC LANE 
TYPE 2 MAT 



"U 
r 
~ 
('11 

lJ1 

z 

" 31: 
a: 
< 
:::;: 

:x: 
u 
z 
w 
Ill 

w 
> 
0 
m 
< 
z 
~ 
t-
< 
> w 
...J 
w 

1~ 
WEST 

8 6 
16 

' ' 15 

' ' ' ',,l 
14 

13 

--15 

14 

TRAFFIC LAN£ 
DISTANCE FROM CENTER LINE OF 

4 2 0 

0 cov 

' 
' ' ' ' 1500 cov 

' / 

/ 
..................................... / 

....... 
........ 

....... 
....... 

~ I TRAFFIC LANE, FT 

2 4 

/ 
/ 

/ 

/ 
/ 

/ 

/ 
/ 

------

6 
EAST 

8 

/ ,,,.. 
,,,... ..... 

----

CROSS SECTIONS 
STA 0+22 

TYPE 2 MAT 



6 

5 

a: 
ID 4 
0 

3 

~ 
~ 

... ~ 

LEGEND 
0 SECTION FAILURE POINT 

0 POINTS COMPUTED BY USE OF 
CBR EQUATION FROM WES 
INSTRUCTION REPORT 4 
(REFERENCE 10) 

v v 
~ 

~ 

v 
~-

!....--' 

1,000 

COVERAGES 

v ~ 
~v 

~ 
~ 

~ v 

10,000 

STRENGTH EVALUATION OF 
TYPE 2 LANDING MAT 



... .... 
z~ 

Q ... 
<( 
> 
"' ..J 

"' 

SOUTH 
~-----TRAFFIC LA Ne-------. 

NORTH 

10 8 6 
DISTA~CE FROM 2 CENTER ~NE OF TR2AFflC LA~E, FT 6 8 10 

99.6 

99.8 

LEGEND 

0 COVERAGES 
---- 642 COVERAGES 
--- 1000 COVERAGES 
---- 1668 COVERAGES 

STA O+ 09 

STA 0+17 

ITEM I 

STA 0+33 

STA 0+41 

ITEM 2 

CROSS SECTIONS 
TYPE 3 MAT 

PLATE 17 



~ 
£ 
Q 
>-u ... 
_J .. ... 
a 

DISTANCE FROM CENTER LINE OF TIRE, IN. 

NORTH SOUTH NORTH SOUTH 

0 r-'!30~--'"°-2To ____ 1ro--------,o,----~10 ___ ~2ro ___ ---':3~0~ ~~30'------~z~o ____ 1or-----~o----T10 ___ ~zro ___ ----.30---. 

/ ---~---+-.:.·=:-=-~--
,1 • .- ___,,_-··==--- ----::-i----- ----

CENTER OF PANEL 11 

0 

--
-I 

-- ~'(;:",--.' .. __ 
......... ' .... 

'~ 

____ .,,,..... ,,-----.--
........ ,,. .. ---

JOINT OF PANELS 11 AND 15 

-----~;;;;-"'" 

o~-----+-----+-----__,1------+-----+-----1---< 
"""""-i.---- .--i---------

---=.::.: ~........... ---- ~::::.--;;.-----r------L...J 
.... ~--- ---- _;...,,,,..,. .... _,, ____ ----

-11--<1------+------+---~--1------+-----+----+-t 

JOINT OF PANELS 14, 15, AND 18 

ITEM I 

LEGEND 

0 COVERAGES 
- - - 642 COVERAGES 
-- - -- 1668 COVERAGES 
-------- EXTRAPOLATED 

......;;; __ 
--.;;;: -----,, 

-- -----
CENTER OF PANEL 35 

----..... .. ---
__ ... 

_ ... ---
JOINT OF PANELS 31 AND 35 

-----
..... ____ -------

JOINT OF PANELS 38, 39, AND 42 

ITEM 2 

STATIC MAT DEFLECTIONS 
TYPE 3 MAT 



0 100 
0.1 

\ 
\ 

0.2 

?; 

1-' 
0,4 

w 
Ill 

~ 
z 
w z 
< 
::E 0.5 IX: 
w 
a. 

LEGE~D 
\) ~~~ r I:!. I 22 I ... 
~ a z 31 2 • 

0 3 34 2 • ('Tl v 4 35 2 

ID 

zoo 300 

CURVE~~ 

5 38 2· 
6 39 2 
7 42 2 

400 

COVERAGES 

500 eoo 

NOTE: PERMANENT SET MEASURED 
ALONG THE Dl CONNECTOR. 

700 1500 1600 1700 

1668 COVERAGES 
FAILURE ITEM I 

PERMANENT SET 
VS COVERAGES 

TYPE 3 MAT, ITEMS I AND 2 



EAST 
2 

E C 

100.8 

E 
6 
c 

r--_ 
....-------

~ 

z 
0 
i= 
<{ 

I 

100.7 

> 
UJ 
...J 
UJ 

E 

26 

c E 

~ 
100.8 

--

30 

c 

--

E 

t- -

E 

PANEL NUMBERS 

10 
c 

--

E 
14 

c E 

-- i------~ 
-,r 

34 

c 

ITEM I 

E 
38 
c E 

18 
c 

""""' -

42 

c 

E 

WEST 
22 

C E 

----

E 

-

----< ......... 

-

46 
c 

~) 

E 

---- --------------100.7 

LEGEND 
0 COVERAGES 

--- - 642 COVERAGES 
0 0 1668 COVERAGES 

E EDGE OF PANEL 
C CENTER OF PANEL 

PLATE 20 

ITEM 2 

PERMANENT 
DEFORMATION PROFILES 

TYPE 3 MAT 
CENTER LINE OF TRAFFIC LANE 



..-~~~~~~~~~~~~~~~so'~~~~~~~~~~~~~~--<-i 

..-..._~~~~~~~~~~~~-46'~~~~~~~~~~~~~--..... 

24' 

i;;:s:) MEMBRANE UNDER MAT 

F FEMALE CONNECTOR 
t.A MALE CONNECTOR 
D •o• BAR CONNECTOR 

0.086 PERMANENT SET VALUE 
xxxxx PERMANENT SET LOCATION 

LEGEND 

TRANSITION ZONE 

I 

STATION NUMBER 

PLAN 

(D NO TROUBLE TO REMOVE BARS. 

@ HOLE ALMOST PULLED OUT IN BAR. 
PANEL 23 CUT IN HALF (FEMALE TO MALE). 

@ BARS REMOVED WITH MUCH EFFORT. 

@ HOLE PULLED OUT IN BAR. 

@ BAR CUT ONLY. 

@ COULD NOT REMOVE BARS BEFORE OR AFTER 
ROW WAS REMOVED FROM SECTION BY 
SIMILAR METHODS PREVIOUSLY USED. 

NOTE: NUMBERS INSIDE PA.NELlj; INDICATE PANEL NUMBERS. 
I 

2% 

TRANSVERSE 
PROFILE 

~ 
-N-

~ 

MAT REMOVAL TEST 
TYPE 3 MAT 



APPENDIX A 

REVISED DEPARTMENT OF THE ARMY APPROVED 
QUALITATIVE MATERIEL REQUIREMENT 

FOR PREFABRICATED AIRFIELD SURFACINGS 

Section I - Statement of Requirement 

1. Statement of Requirement 

Prefabricated or expedient airfield surfacings are required to provide 
the Army with improved capability to produce the required aircraft landing 
facilities, in theaters of operations, which are essential for support of 
air mobility concepts. Economy in logistics and costs and flexibility in 
design of landing facilities can best be provided by development of mats 
and membranes. The landing mats will provide a bearing surface capable of 
supporting specified aircraft loadings on low strength soils. Use of the 
matting will greatly reduce the time and engineer effort required to con
struct airfields by substantially reducing the need for subgrade prepara
tion and by providing a surface which can be rapidly emplaced. The mem
branes will provide a rapid means of waterproofing and dustproofing runways 
and taxiways in areas where soil strength is adequate and of waterproofing 
subgra.des beneath landing mats. Use of the membranes will enable in-situ 
soil strength to be maintained, reducing airfield construction and main
tenance effort required, and provide dust control, reducing safety hazards 
to aircraft operation and airfield detection. It is desirable that these 
membrane requirements be met by a single membrane. All surfacings will be 
lightweight, consistent with meeting operational requirements, reusable 
without rehabilitation if undamaged, and packaged for ease of handling. 
The landing mats and membranes will be of such superiority to warrant re
placement of current standard items. Army engineer units or groups of 
indigenous personnel under Army engineer supervision will use the surfac
ings to improve existing airfields or to construct new airfields in all 
areas of the world where operations require airfield support. (TF: 70) 
(CDOG para 639b (2)) (Approved 14 Apr 66) 

Section II - Operational, Organizational and Logistical Concepts 

2. O:perat-icnal Con-cept& 

a. Requirements. The proposed airfield surfacings will provide rapid 
means for preparing and/or improving airfields and landing areas capable of 
accommodating all types of aircraft in support of military operations in
cluding strategic and tactical li~ (inter-theater and intra-theater), and 
tactical air support. The surfaces must provide all-weather operational 
capability and be capable of installation during all times except when the 
proper subgrade conditions cannot be obtained or maintained. The landing 
mat must be capable of providing operational surfacing for two weeks or 
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500 sorties (sortie - one takeoff and one landing) without failure. A 
typic.al daily 24-hour mission for an airfield is 36 sorties. The membrane 
must be capable of providing operational surfacing for two weeks or 100 
sorties without failure. A typical daily 24-hour mission for a membrane 
surfaced airfield is seven sorties. The method of construction and mate
rials used will provide for the suppression of dust to the extent that 
visual detection and adverse effects on aircra~ maintenance will be 
reduced. 

b. Operational Information. 

(1) Planned deployment. The proposed materiel is essential to the 
successful conduct of air operation within any theater of operations. The 
airfield surfacings may be utilized to support air operations in any land 
area of the world; however, primary use is expected to be in the under
developed areas where airfields are either nonexistent or inadequate. The 
surfacing will also be used to repair damage of existing airfields with 
like surfacings. Adoption of this materiel will provide significant reduc
tions in logistical tonnages and manhours of installation and maintenance 
effort required. The proposed surfacings will be installed primarily by 
Army engineer combat and construction battalions or trained indigenous 
personnel, under .supervision of Army engineers. 

(2) Turnaround time. Predicted turnaround time is unknown. Turn
around time is the time needed to remove, inspect for reuse, reprovision, 
and install at another site. 

(3) Reaction time. Reaction time is the time needed to inspect the 
airfield surface to determine if an aircraft can take off or land without 
damage. The reaction time will not exceed ten minutes per landing or 
takeoff. Normally, the suitability of the airfield to perform a typical 
24-hour mission will be determined during a daily (1 hour essential) (30 
minutes desired) visual inspection of the runway surface. The daily visual 
inspection will be performed from a moving ground vehicle driving up one 
side and down the other side of the runway with intermediate stops as 
necessary. 

(4) Service life. The surfacing will have a service life of not less 
than six months or equivalent sorties with not more than a 10 percent re
placement of materiel due to failures. 

( 5) Availabi-lity. It -is -des±reti. -that operational availability be at 
least 93 percent, with 15 percent replacement parts (AR 700-19). 

(6) Reliability. The materiel shall demonstrate a Mean Time Between 
Failures (MTBF) of not less than two weeks or equivalent sorties. A 
failure is defined for the purposes of computing MTBF as a repair necessary 
to restore performance to within limits indicated herein and requiring 
greater than 24 manhours of total effort by personnel from an Engineer 
Platoon of the Airmobile Divisional Engineer Battalion. 
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(7) Durability. Surfacing materiel shall without failure complete the 
foll9wing initial operations requirement of 500 sorties for mat and 100 
sorties for membrane. 

3. Organizational and Logistical Concepts 

a. The size and numbers of the installing crews will be consistent 
with construction requirements and the time factors dictated by operational 
requirements. 

b. The proposed surfacings will be Class IV supply items. 

c. Specific quantities required will be determined after completion of 
the current US Army Combat Developments Command Study, Airfield Construc
tion Requirements, Theater of Operations 1967-1970 • 

. Section III - Justification, Feasibility and Priority 

4. Reason for the Requirement 

The requirements for air support to ground combat operations have in
creased significantly and are continuing to grow. Present planning in both 
general and limited war situations, and for sustained ground, airborne and 
airmobile operations, call for an unprecedented volume of Air Force and 
Army aircraft for such air missions as inter-theater strategic lift, close 
tactical support, air assault operations, intra-theater airli~ in an air 
line of communications (ALOC), and intra-division airlift to front line 
units. Additionally, the concept of total air mobility as developed by the 
Army Tactical Mobility Requirements Board will create many new aircraft 
missions within the front line division area. Current Army construction 
capabilities in support of these concepts are not compatible with require
ments in terms of time and geographical areas of employment. Concepts 
dictate that airfields be readied in the early stages of troop deployment 
in airmobile operations and that airfields be located in proximity to the 
supported forces thereby ensuring that the mobility of the Army force is 
consistent with strategic and tactical objectives. Current airfield sur
facing methods require either the selection of a site where the California 
Bearing Ratio (CBR) of the soil will sustain aircraft loadings or the ex
tensive preparation of the subgrade to achieve necessary soil strengths. 
In many areas of the world where deployment of US airmobile forces is 
foreseen~ required airfields do not exis_~~ are_too.~ew. in number, or cannot 
sustain the loadings of supporting aircra~. Also, construction materials 
for preparation of airfield subgrades and surface are not available or 
necessitate disproportionate demands for time and effort to locate, process, 
transport, emplace and compact granular materials for airfield base con
struction. Current military systems (PSP, M6, MB, and M9 mats) due to 
weight and load bearing characteristics and conventional methods of con
structing airfields do not permit the development of air landing facilities 
for airborne and airmobile forces throughout the world on a selective basis 
within envisioned time parameters. Without the construction capability to 



support airborne and airmobile forces their employment is seriously jeop
ardized if not totally prevented. This proposed system will facilitate 
the construction envisaged. 

a. The time phasing of this requirement is immediate in relationship 
to present material and capabilities. The requirement satisfies immediate 
and long-range objectives. 

b. The requirement for this type materiel is supported in CDOG para
graph 639b ( 2). 

c. References which support this requirement are: 

(1) US Army Tactical Mobility Requirements Board Final Report, 
August 1962. 

(2) Final Report of Joint Exercise SWIFT STRIKE III, 20 November 1963. 

(3) Army Air Mobile Evaluation, Headquarters, US Army Combat Develop
ments Command, 15 February 1965. 

5. Technical Feasibility 

It is technically feasible, as stated Appendix I, to develop the air
field surfacings which will satisfy the requirements of this QMR. 

6. Priority 

This QMR is assigned Priority I, functional group 4 Tactical Movement, 
Appendix C, CDOG. 

Section IV - Characteristics 

7. Performance Characteristics 

a. It is essential that the landing mats for the various 
classifications: 

(1) Be capable of being directly installed upon graded subgrades. 

( 2) Be capable of withstanding the aircraft ioading conditions shown 
on Incls 1 and 2. 

(3) Be capable of withstanding coverages and loads shown on Incls 1 
and 2, with a maximum of 10 percent replacement. 

(4) Be capable of: 

(a) Heavy duty mats will withstand aircraft operations to include 
maximum takeoffs using afterburner. These mats shall withstand blast ef
fects of 700°F for 10 seconds. 
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(b) Medium duty mats will withstand aircraft operations to include 
maximum takeoffs using afterburner. These mats shall withstand blast ef
fects of 300°F for 5 seconds. 

(c) Light duty mats shall withstand C-130 aircraft assault landings 
utilizing maximum wheel braking and reverse thrust procedures. 

(d) Surfacing at locations of arresting cables and arresting hook im
pacts are subject to unusual loadings and impact effects and are considered 
critical areas. Special surfacing will be provided when heavy and medium 
duty mats do not meet the requirements listed below for critical areas of 
runways surfaced with heavy or medium duty mats. 

1. Surfacing for critical areas of heavy duty mat surfaced runways 
will withstand five F4 tailhook impacts of 80 knots at equivalent 18 feet 
per second (FPS) sink speed at the same location without structural fail
ure due to rupture of the top surface of the mat. 

2. Surfacing for critical areas of heavy duty mat surfaced runways 
will withstand 20 roll-over loadings on a one inch diameter arresting 
cable with a 50,000-lb wheel load, having a nominal tire contact area of 
200 sq in. and a tire-inflation pressure of 250 psi, without structural 
failure due to rupture of the top surface of the mat. 

3. Surfacing for critical areas of medium duty mat surfaced runways 
will Withstand two F4 tailhook impacts of 80 knots at equivalent 18 FPS 
sink speed at the same location without structural failure due to rupture 
of the top surface of the mat. 

4. Surfacing for critical areas of medium duty mat surfaced runways 
will withstand 20 roll-over loadings on a one inch diameter arresting cable 
with a 25,000-lb wheel load, having a nominal tire-contact area of 100 sq 
in. and tire-inflation pressure of 250 psi without structural failure due 
to rupture of the top surface of the mat. 

(5) Be so designed so as to not cause damage to waterproofing or dust
proofing treatment applied to the subgrade, or desirably, inherently pro
vide waterproofing and dustproofing of the underlying soil surface. 

(6) Be capable of withstanding ambient temperature variations in ac
cordance with paragraph 7c of AR 705-15, change l,_ wLth~ut dei'onna.:tion_o~
such magnitude as to interfere with assembly and operations. 

(7) Possess a surface which provides effective braking with a Runway 
Condition Reading (RCR) of 13-25 for aircraft landings and control during 
all ground operations, under conditions specified in AFR 60-13 and in para
graph 7a, b, and c of AR 705-15, change 1. 

(8) Resist adverse effects, when installed operationally, resulting 
from exposure to POL spillage, downwash from helicopters, and wheel vehicle 
traffic. 

A5 



(9) Be capable of storage and air transit under conditions stated in 
paragraph 7.la, b, and d of AR 705-15, change 1: for closed storage, ten 
years; for open storage, five years without adverse effects upon the sys
tem components. 

(10) Possess a service life of not less than six months or 6000 
sortie with not more than a 10 percent replacement of material due to 
failures. 

(11) Possess an operational availability of at least 93 percent, with 
15 percent replacement parts (AR 700-19). 

(12) Possess reliability that the Mean Time Between Failures (MTBF) 
shall be not less than two weeks or 500 sorties. A failure is defined for 
the purpose of computing MTBF as a repair necessary to restore performance 
to within limits indicated herein and requiring greater than 24 manhours 
of total effort by personnel from an Engineer Platoon of the Airmobile 
Divisional Engineer Battalion. 

(13) Possess a durability which will enable the mats to sustain 500 
sorties of initial operations without failure. 

b. It is essential that the membranes: 

(1) Be capable of being directly installed upon graded subgrades. 

(2) Possess a surface which provides effective bra.king with a Runway 
Condition Reading (RCR) of 13-25 for aircraft landings and control during 
all ground operations, under conditions specified in AFR 60-13 and para
graph 7a, b, and c of AR 705-15, change 1. 

(3) Be capable of withstanding wheel loads without destruction of 
waterproof properties when laid on soils capable of supporting these 
wheel loads, or when placed underneath landing mat, see Incl 3. 

(4) Resist adverse effects, when installed operationally, resulting 
from exposure to POL spillage, helicopter downwash, and wheel vehicle 
traffic. 

(5) Be capable of storage and air transit under conditions stated in 
paragraph '[.la~ b_~ _and d nf _AR 7D5--15~ 1!ha.nge -1-: i'or closed storage, five 
years; for open storage, three years without adverse effects upon the sys
tem components. 

(6) Be capable of withstanding ambient temperature variations in ac
cordance with paragraph 7c of AR 705-15, change 1, without elongation or 
contraction of such magnitude as to interfere with assembly and operations. 

(7) Be readily repairable in the field under conditions as specified 
in paragraph 7a and b of AR 705-15, change 1. 
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(8) Possess a service life of not less than six months or 1200 sorties 
with not more than 10 percent replacement of material due to failure. 

(9) Possess an operational availability of at least 93 percent assum
ing adequate logistical support. 

(10) Possess reliability that the MTBF shall be not less than two 
weeks or 100 sorties. A failure is defined for the purposes of computing 
MTBF as a repair necessary to restore performance to within limits indi
cated herein and requiring greater than 24 manhours of total effort by 
personnel from a Engineer Platoon of an Airmobile Divisional Engineer 
Battalion. 

(11) Possess a durability which will enable the membrane to sustain 
initial operations of 100 sorties without failure. 

8. Physical Characteristics 

a. It is essential that the landing mats: 

(1) Be as lightweight as possible consistent with other requirements, 
and weigh as shown on Incls 1 and 2. 

(2) Be capable of installation by trained personnel at the rates 
shown on Incl 1, Table 3. 

(3) Permit replacement of an individual mat panel within two hours 
essential, one hour desirable. 

(4) Be capable of placement with a minimum number of accessories and 
special tools. 

(5) Be provided with a simple method of transition and laying from 
runway to taxiway and parking aprons. 

( 6) Be provided with an adequate system of anchoring runways and taxi
ways to prevent movement, lift, and not cause damage to aircraft tires. 

(7) Be capable of being installed directly on graded subgrades with 
maximum crowns of 3 percent, longitudinal grades of 5 percent, and a maxi
mum longitudinal grade change of 2 percent in- 100- ft. 

(8) Individual mats be of such size, shape, and weight to be handled 
by two men (desirable maximum weight - 100 lb, essential maximum weight -
120 lb). 

(9) Be packaged so as to compliment ground transportation and instal
lation and for ease of aircraft transportation in accordance with para 5a 
of AR 705-35. 
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(10) Be provided with a capability which will allow rapid replacement 
of buckled (forced together) and forced apart panels in the center of the 
runway from bomb or other damage. 

(11) Be provided with, components which will permit joining light duty 
panels to medium duty panels, and medium duty panels to heavy duty panels. 

(12) (Desirable) Be provided with 45-deg transition connector panel 
which will allow construction of high speed taxiways. 

b •. rt is essential that the membranes: 

(1) Be as lightweight as possible as shown on Incl 1, Table 4. 

(2) Be capable of being installed by trained personnel at the rates 
shown on Incl 1, Table 5. 

(3) Withstand locked-wheel braking action and maximum wheel braking 
procedures of critical aircraft. 

(4) Be packaged to facilitate hand laying so as to compliment ground 
transportation and installation and for ease of aircra~ transportation in 
accordance with para 5a of AR 705-35. 

(5) Be proVided with suitable anchoring devices which will not damage 
the membrane or tires. 

(6) Be capable of being installed directly on graded subgrades with 
maximum crowns of 3 percent, longitudinal grades of 5 percent, and a maxi
mum longitudinal grade change of 2 percent in 100 ft. 

9. Maintenance Characteristics 

a. The mats and membranes shall be designed to minimize maintenance. 
It is essential that maintenance be as follows: 

(1) Be designed to facilitate maintenance accessibility in the field 
environment at all categories so that required maintenance will be per
formed in the minimum practicable time with a minimum degree of skill, 
variety of tools, test equipment, and other supplies. 

(2) Be designed towards minimization of maintenance by utilization of 
the most reliable components; modular construction; built-in, simple, 
failure indicators; and other technological advances in components and/or 
methods. 

(3) Be· designed so that individual and/or damaged sections of materials 
may be removed and replaced. 

b. Typical maintenance to restore performance specified herein will 
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consist of but not necessarily be restricted to the following: cle.aning, 
inspecting for repairs, alignment, tightening of anchors, patching, replace
ment of damaged mat panels, and repair of nonskid surface. Maintenance 
performed shall not exceed 150 manhours per month by personnel from an 
Engineer Platoon of the Airmobile Divisional Engineer Battalion for the 
service life of the materials. (Subgrade failures are not included in this 
paragraph.) 

10. Human Engineering Characteristics 

Human factors engineering characteristics of the system will include 
consideration of the intellectual, physical and psychomotor capabilities 
of the intended user. 

11. Priority of Characteristics 

a. Performance 

b. Weight 

c. Reliability and Durability 

d. Transportability 

e. Maintainability 

Section V - Personnel and Training Considerations 

12. Quantitative and Qualitative Personnel Considerations 

a. The system will be installed primarily by Army engineer units. 
However, its simplicity of emplacement will require a minimum of training 
whereby any Army unit, or indigenous personnel, could install and maintain 
the system. 

b. No new MOS will be required. 

c. Although a savings in personnel strengths normally associated with 
airfield construction may not be effected, with this system the troop ef
fort required to prepare base courses can be diverted to other tasks, and 
the over-all air-field construction time retluced-. 

13. Training Considerations 

Training for actual installation and maintenance of this system will be 
negligible. Preparation of the ground for installation of this system will 
normally be by Army engineer units which already have this capability. 
Training literature on the repair and reuse of prefabricated airfield sur
facing materials is required. This literature should cover the factors to 
be considered in evaluation of surfacing for reuse, evaluation methods and 
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procedures, repair techniques and methods, repackaging information, and a 
basis of classification of prefabricated airfield surfacing materials for 
future use. 

Section VI - Associated Considerations 

14. Training Devices 

None required. Components of the system will be utilized for training. 

15. Related Materiel 

No change in present items of s.upply is anticipated. Similar items of 
supply already in the Arrrry supply system may still be required to support 
Army aircraft operations. It is not intended that this system be capable 
of inter-mix usage with current standard, similar items of supply, although 
this would be desirable if it could be done with no compromise of capabil
ity in the proposed system. Ancillary equipment and special tools to em
place, use, and maintain prefabricated airfield surfacings must be 
developed as required. 

16. Concealment and Deception 

Normal camouflage considerations apply; reduction in light reflectivity 
is required. No disguise or simulation devices are required. 

17. Interest 

This system will probably be of interest to British, Canadian, and 
Australian Armies. 

18. Current Inventory Items 

There are no existing items, and no items are under development by 
other services or allied armies which can fulfill this requirement. 

19. Conununication Security 

None. 

-2Q. _Additional C_ommentB 

a. If, during the development phase, it appears to the developing 
agency that the characteristics listed herein require the incorporation of 
certain impracticable features and/or unnecessarily expensive and compli
cated components or devices, costly manufacturing methods or processes, 
critical materials or restrictive specifications which will prove exces
sively expensive or serve as a detriment to the military value of the unit, 
such matters shall be brought to the immediate attention of the Chief of 
Research and Development of the Arrrry, and Headquarters, US Arrrry Combat 

AlO 



Developments Command for consideration before incorporation into a final 
design. 

b. This materiel requirement is identified by USACDC Action Control 
Number 7494 and supports the following: 

(1) 

(2) 

(3) 

(4) 

( 5) 

3 Incl 
Tables 

Arrey CD Program 

Study "Engineer 75"; 
USACDC Action Control No. 

Arrey Tasks 

Phase 

Function 

Arrey 75 (70-75) 

6493 

1: High Intensity Conflict 
2: Mid Intensity Conflict 
3: Low Intensity Conflict, 

Type I 
4: Low Intensity Conflict, 

Type II 
6: Military Aid to US Civil 

Authorities 
7: Complementing of Allied 

Land Power 

Materiel 

Service .Support 

All 



Mat 
Classification 

Heavy duty 
Medium duty 
Light duty 

Mat 
Classification 

Heavy duty 
Medium duty 
Light duty 

Mat 
Classification 

Heavy duty 
Medium duty 
Light duty 

Membrane 
Classification 

Heavy duty 
Medium duty 
Light duty 

Membrane 
Classification 

Heavy duty 
Medium duty 
Light duty 

Incl l to QMR 

Table 1 

Tire Nominal 
Single-Wheel Pressure Contact Area Coverage 

Load 2 lb psi 

50,000 250 
25,000 250 
30,000 100 

Table 2 

Desirable weight 
lb per sq ft 

5.0 
4.o 
2.5 

Table 3 

Desirable Placing Rate 
sq ft per man-hour 

400 
400 
6oo 

Table 4 

Desirable Weight 
lb per sq yd 

5.0 
3.0 
1.0 

Table 5 

Desirable Placing Rate 
sq ft per man-hour 

300 
400 
600 

sq in. Level CBR 

200 
100 
300 

1000 
1000 
1000 

Essential Weight 
lb per sq ft 

6.5 
4.5 
3.0 

4 
4 
4 

Essential Placing Rate 
sq ft per man-hour 

150 
250 
400 

Essential Weight 
lb per sq yd 

6.o 
4.o 
2.0 

Essential Placing Rate 
sq ft per man-hour 

200 
300 
400 



TIRE PRESSURE, PSI 
20 

0 
0-/E 

30 50 60 80 IOO 

CH-47 

ov-1 

C-7A 

200 300 400 500 

F-IOOC 
F-1068 

F-IOOFO 0 
201-----.+---.+--+--l--+--1--+-+----..,r-----t-F-IOIA~~--.._----1 

•c-.SA 0 
I I 
C-1.100 
C-.54 

0 8-.52 

1001-----+---+--+--+--bo'-+--t-+-------t-~---t------t----; 

120'--------...1-----...1----L.--....J...--.J.--L.-.L--'--------------...__------_.._----_.._--_, 

LECENO 

A MAT CATEGORY DEFINITION 
0 AIRCRAFT REQUIREMENT 
* MAXIMUM TAKEOFF WEIGHT 
• THEATER OF OPERATIONS WEIGHT 

NOTE: THESE CURVES DO NOT INDICATE MAT 
CAPABILITY FOR ARRESTING GEAR 
LANDINGS WITH TAILHOOKS, 
THE PURPOSE OF THLS FAMILY l)F ~R\'E.s 
IS TO ILLUSTRATE THE APPROXIMATE LOAD
CARRYING CAPABILITY OF A PROPOSED 
FAMILY OF MATS WITH RESPECT TO LOADINGS 
OF SOME CURRENT AIRCRAFT, THE CURVES 
HAVE ONLY BEEN PARTIALLY VALIDATED ANO 
SHOULD NOT BE USED FOR DESIGN PURPOSES, 
EACH MAT WILL SUPPORT ALL AIRCRAFT 
PLOTTED IN A POSITION ABOVE THE CURVE 
REPRESENTING THAT MAT CATEGORY, 

Incl 2 to Q}ffi 

PROJECTED RELATIVE 
LANDING MAT 
CAPABILITY 

1000 COVERAGES 4 CBR 

(SUBJECT TO REVISION) 



PROJECTED PERFORMANCE OF MEMBRANES FOR PERIOD OF SIX MONTHS (1200 SORTIES*) 

(This is a preliminary table subject to revision) 

Operation Auxiliary Use 
Max Engine Locked- Locked- Waterproofing 
Run-Up for Wheel Wheel Beneath 

Aircraft Landinr; Takeoff Turns --- Taxiing Brakinr; Landinr; Mats Remarks 

Heavy-Duty Membrane (5-6 lb per s9 yd} 

F-lllA 4 4 4 4 4 4 Performance rating 

F-lllB 4 4 4 4 4 4 scale for membranes: 

F-4B 4 4 4 4 4 1 1 Satisfactory 
2 Borderline 

C-141 4 4 4 4 4 1 3 Unsatisfactory 

C-5 4 4 4 4 4 4 4 No test data 
available 

C-130E 1 l 1 1 l l 

C-7A 1 l 1 1 1 l 

CH-54 1 1 l 1 1 1 * Sortie - one 

C!!-47 l 1 1 1 1 1 landing and one 
takeoff 

UH-1 l l NA 1 NA 1 

OV-1 l l l l l l 

01-E 1 l l l 1 1 

Medium-Duty Membrane (3-4 lb Eer s~ yd} 

F-lllA 4 4 4 4 4 4 NOTE: The purpose 

F-lllB 4 4 4 4 4 4 of this projected 
performance of a 

F-4B 3 3 l 4 4 l family of membranes 

C-141 4 4 4 4 4 4 is to indicate their 
relative capabilities 

C-5 4 4 4 4 4 4 for selected current 

C-130E 2 2 l l l l aircraft and 
helicopters. 

C-7A 1 1 1 1 1 l 

CH-54 1 1 1 1 1 l 

CH-47 1 1 1 1 1 1 

UH-1 l l NA 1 NA l 

OV-1 l 1 l 1 1 l 

01-E 1 l l 1 1 l 

Lir;ht-Duty Membrane (1-2 lb per sq yd) 

F-lllA 4 4 4 4 4 4 

F-lllB 4 4 4 4 4 4 

F-4B 4 4 3 1 3 1 

C-141 4 4 4 4 4 4 

C-5 4 4 4 4 4 4 

C-130E 3 3 2 1 2 1 

C-7A 3 3 2 l 2 l 

CH-54 1 1 l 1 1 1 

CH-47 1 1 1 l' l 1 

ID!-1 3 3 NA 3 NA l 

OV-1 3 3 3 l 1 l 

01-E l 1 l l l l 

Incl 3 to QMR 
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