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FOREWORD 

The general authorization for developing plastic landing mats was 

formerly contained in Research and Development Project No. l-V-0-21701-

A-01~6, Task No. 05, approved June 1960, The specific authorization for 

this investigation is contained in a letter from Headquarters, U. s. Army 

Materiel Command (AMC) to the U. S. Army Engineer Waterways Experiment 

Station (WES), dated 27 March 19611.. The investigation was performed under 

the guidance of the Research and Development Directorate, U. S, Army 

Materiel Command. 

The laboratory and engineering tests pertinent to this investigation 

were performed at WES during the period June 1964 ·(:;o February 1965. Engi-

neers of the WES Soils Divicion who were actively engaged in the planning, 

testing, analyzing, and reporting phases of this invec;tigation were Mes:3r 8 • 

W. J. Turnbull, W. G. Shockley, A. A. Maxwell, W. L. Mcinnic, Robert 

Tm·ner, and Hugh L. Green. This report was prepared by Mr. Green. 

Directors of the WES dlrring the conduct of this investigation and 

preparation of this report were COLS Alex G. Sutton, Jr. , CE, and John n. 
Oswalt, Jr., CE. Technical Director was Mr. J. B. Tiffany. 
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

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

Multiply By To Obtain 

inches 2.54 centimeters 

feet 0.3048 meters 

square inches 6.4516 square centimeters 

square feet 0.092903 ;Jquare meters 

cubic feet 0.0283168 cubic meters 

pounds o. 1+5359237 kilograms 

kips Li-53,59237 kilograms 

tons 907.185 kilograms 

pounds per square 0.070307 kilograms per square 
inch centimeter 

pounds per cubic 16.0185 kilograms per cubic 
foot meter 

Fahrenheit degrees 5/9 Celsius or Kelvin 
degrees·X· 

·X· 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) + 273,16. 
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SUMMARY 

This report describes an investigation conducted at the U. s. Army 
Engineer Waterways Experiment Station (WES) for the purpose of evaluating 
an experimental quantity of commercially fabricated plastic mat designated 
as Airplane Landing Mat, Plastic, Modified Tl2. The mat is a sandwich 
structure fabricated from glass-fabric-reinforced honeycomb core material 
bonded on top and bottom with epoxy adhesive to polyester-resin-
impregnated, glass-fabric, laminated facings. Glass-fabric-reinforced 
tongue-and-groove side and end connectors are fabricated as integral 
parts of the mat panels. Individual panels are secured in the field by 
use of metal drive rivets. Laboratory and engineering traffic tests 
were conducted to determine various properties of the mat in an overall 
evaluation for comparison with the original Tl2 mat and with the project 
requirements. The service-life criteria under which the mat was tested 
required 200 coverages of a 25 ,OOO-lb single-wheel load with a tire-
inflation pressure of 250 psi when placed on a subgrade with a California 
Bearing Ratio (CBR) of l~. This was more critical than the original 
criteria under which the Tl2 was tested, which specified 700 coverages 
of a 50,000-lb single-wheel load with tire-inflation pressures up to 
200 psi when placed on a 15-CBR subgrade. 

The results of the laboratory tests indicated that the mat was gener-
ally fabricated in accordance with requirements stipulated by the technical 
specifications, and in most cases exceeded those requirementc. 

The results of the traffic tests indicated that with a 25,000-lb 
single-wheel load and 250-psi tire pressure and a subgrade :Jtrength of 
9 CBR, the mat will sustain 10 coverages of traffic. With the tire pres-
sure reduced to 200 psi using the same wheel load, the mat sustained 30 
coverages on a 9-CBR subgrade; this failed to meet the service-life cri-
teria. It was calculated that a 30-CBR subgrade would be required to 
support the mat for 200 coverages of the 25,000-lb single-wheel load with 
a 250-psi tire pressure. 

It was concluded that a future plastic landing mat should incorporate 
improved features to reduce weight, provide a stronger means of connec-l;ing 
individual panels, and improve the core-to-facing bond. However, prior to 
the procurement of any additional plastic landing mats, it is recommended 
that a reevaluation of new plastic fabrication techniques and plastics 
technology be made. Engineering tests then should be conducted on an 
experimental quantity of an improved plastic mat. 
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ENGINEERING TESTS OF MODIFIED 'rl2 PLASTIC AIRPLANE LANDING MAT 

PART I: Il'ITRODUCTION 

Background 

1. The U. S. Army Engineer Waterways Experiment Station (vJES) under 
the sponsorship of the U. S. Army Materiel Command (AMC) has a continuing 
program for the development of satisfactory prefabricated paving materials 
for use as expedient surfacing for airfields in forward areas. As a part 
of this program, investigations are made to determine the feasibility of 
using plastic landing mats as expedient surfacing media. It is contem-
plated that fabrication of landing mat from plastics would alleviate 
heavy demands on metals during a national emergency. A review of previous 
investigations conducted on plastic mat is contained in paragraphs 2-l+ to 
provide a background for this investigation. 
He search 

2. The decision to develop a plastic landing mat was made during a 
conference on 5 October 19~-5 in the Office, Chief of Engineers. A prelimi-
nary study was initiated early in 19!~6 by the U. S. Army Engineer Research 
and Development Laboratories (ERDL) to ::ielect the most promising of the 
available materials. Later that year a contract was negotiated with E. L. 
Cournand and Co., New York, N. Y., to study all plastics suitable for air-
plane landing mat and recommend the most promising of the available mate-
rials. In general, the results of thi::i investigation indicated that it 
would be feasible to fabricate airplane landing mats of glass-reinforced, 
polyester resin cover plates bonded to a cotton-duck, phenolic-impregnated 

core material. 1 

Investigation by ERDL 
3. ERDL investigated plastic materials and airplane landing mats from 

19!~8 to 1952. 2 Three plastic mats were considered in these investigations 
and were subjected to preliminary engineer field tests under simulated air-
craft wheel loads. From these tests it was concluded that: (a) none of the 
mats that were tested met the objectives of the project; (b) a higher 
strength, reinforced plastic would be required to meet the requirements; and 

1 



(c) the fabrication techniques should be improved. It was recommended in 
reference 2 that the development of plastic laminate materials with adequate 
phy.sical characteristics for twe in plastic landing mats be accelerated. 

Investigation by WES 

21. From 1952 to 1955 the plastic landing mat project was inactive 
due to lack of funds. The project wac reactivated in the latter part 
of 1955 and trarwferred to the WES. At this time a complete review 
was ma,de of the progress by the plastics indu;:;try in improved resins, 

reinforcing materials, and fabrication techniques. P.rnm 1955 to 1957, 
close contact was maintained with producers and fabricators of plastic 
materials, and numerous plastic materials were tested in the laboratory 
o.t the WES. 

5. In 1957 the design of the Tl2 plastic mat, a sandwich structure, 
was finalized, and a contract was negotiated with the Narmco Manufacturing 
Co. of La Mesa, Calif., for fabricating an experimental quantity of 1728 
rJq ft·X- of the mat for engineering tests. Results of tests on this mat were 
reported in May 1961. 3 The conclusions and recommendations from reference 
3 are swmnarized as follows: (a) the '1'12 plastic mat will sustain emer-

gency operational category traffic (two-week duration) of the 50,000-lb 
load; (b) the Tl2 plastic mat will sustain one-half the minimum operational 
category traffic of a 25 ,OOO-lb ,3ingle-wheel load at 100-psi tire presstrre; 
(c) the tongue-and-groove joint is adequate structurally for the side con-

nector but does not have enough stiffness or adequate moment-transferring 
capability for the end connection; (d) the plastic mat fails soon after 
it is stressed beyond its yield point, whereas metal mat is capable of 
withstanding repeated stress in the range between the yield point and the 
ultimate strength of the metal; and (e) the 'rl2 plastic mat design should 
be modified to incorporate improved connectors and other improvements, and 
engineering tests of the revi::>ed design Ghould be conducted. 

6. The Tl3 plastic mat design was completed in 1960, and 2160 sq ft 
of the mat was procured tmder a contract with Lunn Laminates, Inc., Hun.-
nington Station, N. Y., for engineering teGts. The Tl3 mat was also a 

·X· A table of factors for converting British units of measurement to metric 
unitG is presented on page ix. 
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sandwich structure, fabricated from phenolic-resin-impregnated, glass-
fabric, hon2ycomb core material bonded top and bottom to epoxy-resin-
impregnated, glass-fabric, laminated facings. Panel connections were made 
with extruded aluminum locking-type connectors bonded to the sides and ends 
of the panels and secured by connector locking beams. The mat was sub-
jected to engineering tests in 1961.L~ Preliminary traffic and laboratory 
tests indicated that the strength of the adhesive bond between the alumi-
nwn connectors and the panel facings was inadequate; therefore, the connec-
tions were modified by reinforcing the top and bottom facings with riveted 
strips of aluminum 0.125 in. thick and 3.00 in. wide placed around the 
perimeter of the panels. Listed below is a swnmary of conclusions and 
recommendations marle after the investigation of the Tl3 plastic mat: 
(a) the Tl3 mat as modifierl required an average California Bearing natio 
(CBR) of 16 to support 700 coverages of a 50,000-lb single-wheel load with 
tire pressure of 200 psi; (b) the adhesive ·bond used in the original def>ign 
was not satisfactory due to deficiency in bond strength; (c) the side and 
end connectors allowed placement of mat at a rate exceeding 150 sq ft per 
man-hour; and (d) it was recommended that consideration be given to new 
plastic landing mat designs as well as to pos.sible modifications to the 
Tl3 mat design to determine the feasibility of proceeding with further 
engineering tests of plastic landing mats. 

7. The original Tl2 der>ign wa;3 modified after the completion of the 
Tl3 investigation to provide a lighter panel with stronger joints. The 
cize of the Tl2 mat was reduced in width, and fiber glasG inserts were 
fabricated as a part of the end and side connectors. 

Test Criteria and PurpoGe and Scope of This Investigation 

Test criteria 

8. At the time of the design of the modified Tl2 landing mat, cri-
teria for performance of plastic landing mat under traffic were established 
in accordance with the overall requirements set forth in Research and De-
velopment Project Card for Project 80-07-03-103. The project objective 
was the development of a single layer of plastic mat that, when placed on 
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a subgrade with an in-place CBR of 15, would be capable of sustaining mini-
mum operational category (six months) traffic of military aircraft having 
single-wheel loads up to 50,000 lb and tire pressures up to 200 psi with 
maximum panel replacement of 10 percent. For test purposes, 700 coverages 
of a rolling wheel load of this type and magnitude were considered equiva-
lent to minimum operational category traffic. Other mat requirements 
concerning weight, ease of bundling, placing rate, and mat transportability 
were given in the project card referenced above. Although the modified 
Tl2 mat was originally designed to meet the requirements outlined on this 
card, many of the requirements for landing mat were altered, and other re-
quirements were added between the time of the design of the modified Tl2 
and the traffic tests of this item. Later requirements used in the test 
stipulated fighter load conditions, a lower strength subgrade, and speci-
fied lighter weight mat designs. Skid-resistance and tire-wear tests were 
conducted to obtain the desired information on these characteristics of the 
modified Tl2 plastic mat. 
Purpose and scope 

9. The primary objectives of this investigation were to determine 
whether the modified Tl2 plastic mat would meet the required project wheel-
load and service-life criteria and to obtain data for use in comparing the 

structural properties and performance of this mat with the structural prop-
erties and performance of the original Tl2 plastic mat and the Tl3 plastic 
mat. Secondary objectives were to: 

data: 

a. Determine the adequacy of the reinforced tongue-and-groove 
side and end connectors. 

b. Compare the data on skid-resistance and tire-wear character-
istics of the modified Tl2 mat with similar data previously 
obtained on the Tl2 and Tl3 mats. 

c. Determine if the modified Tl2 mat could be placed at the 
minimum specified rate of 150 sq ft per man-hour. 

d. Determine the practicability of the slotted rivet holes in 
the side and end connectors. 

10. The following types of tests were performed to obtain the desired 

a. Laboratory tests to provide information on physical and chemi-
cal properties of the modified Tl2 mat and its components. 
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b. Engineering traffic tests conducted on a specially con-
structed test section to study subgrade reactions 1.mder the 
mat acting as a load-distributing type of surfacing media, to 
observe the performance of the mat under a moving wheel load, 
and to evaluate the skid-resistance characteristics of the 
mat. 

Definitions of Pertinent Terms 

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

Sandwich structure. A laminar construction composed of a combination 
of alternating materials assembled and intimately fixed in a relation to 
each other in such a way that the combined properties of each can be used 
to attain specific advantages for the entire assembly. 

Core or core material. A lightweight material, designed to resist 
compression and shear stresses, bonded between outer layers or facings of 
a sandwich structure in order to separate the facings and support them 
against elastic instability under <~tress. 

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

Traffic lane. Area of the test section that is subjected to traffic 
of the moving 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 ca-
pacity and upon which the landing mat is placed. 

CBR. A measure of the bearing capacity of the soil based upon its 
shearing resistance. CBR is expressed as a percentage of the unit load 
required to force a piston into the soil divided by the unit load required 
to force the same piston the same depth into a standard sample of crushed 
stone (see Corps of Engineers Test Procedure, EM: 1110-1~5-302). 5 

Load cart. A specially constructed item of equipment utilized in 
WES engineering tests to simulate aircraft taxiing and braking operations. 

Skid cart. A specially constructed i tern of equipment utilized in 
engineering tests to determine the coefficient of friction and the degree 
of tire wear. 
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Test wheel. The wheel on the load cart that supports the main load. 
Coverage. One application of the test wheel of the load cart over 

each point in the traffic lane. 
Static deflection. Temporary longitudinal ·bending of landing mat 

panels under the static load from the test wheel. 
Lateral deformation. Permanent vertical deformation of the mat 

ci,nd/or subgrade perpendicular to the direction of traffic. 
Side ,joint. The connection used to interlock panels or runs of 

panels along the long side in a longitudinal direction. 
End .joint. The connection used to interlock panels along the short 

side in a lateral direction. 
Run. A strip of landing mat equal to one panel width and extending 

transversely (perpendicular to direction of traffic) across the entire 
tect section. 
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PART II: DESCRIP11ION OF MATS 

Tl2 Plastic Mat 

12. Data on the Tl2 plastic mat used for comparison in this inves-
tigation wer~ obtained from earlier tests. 3 

Modified Tl2 Plastic Mat 

13. The design of the Tl2 plastic mat was modified in 1964 to reduce 
the overall size of the panel and to strengthen the end and side connec-
tors. A contract for the procurement of an engineering test quantity con-
sisting of 2064 sq ft (86 panels) was made with Strato-Tek Co., Los Angeles, 
Calif., as the primary contractor. The panels were fabricated by a sub-
contractor, the M. C. Gill Corp., El Monte, Calif. 
Description 

14. The modified Tl2 plastic mat is a sandwich structw·e fabricated 
from phenolic-resin-impregnated, glass-fabric-reinforced honeycomb core 
material bonded on top and bottom with epoxy adhe<}ive to polyester-resin-
impregnated, glass-fabric, laminated facings. Glass-fabric-reinforced 
tongue-and-groove side and encl connectors are fabricated as integral parts 
of the panels, which are approximately 2 ft wide and 12 ft long. The con-
nectors are designed to be secured in the field by the use of drive rivets 
spaced on 6-in. centers. The rivets are 1/1~ in. in diameter and have a 
1-1/4-in. grip. The center pin is stainless steel and protrudes 3/16 in. 
above the brazier-type rivet head. The rivet holes in the panels are 
slotted so that after the tongue-and-groove connectors have be,en fitted 
together, the slots will overlap at a 90-deg angle, allowing easier 
alignment and a faster placing rate. Actual riveting is accomplished by 
placing a rivet in the predrilled slotted hole and driving the steel 
center pin flush with the head. '.I.1his forces the grips on the opposite 
end of the rivet to expand. A compo::.;ite view of this mat is shovm in 
fig. 1, and details of the design are shown in plate 1. 
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PLAN OF PANE L 
DIMENSIONS 2 FT-1.25 IN. X 12 FT- 1. 25 IN. 

SIDE AND EN D GROOVE S IDE AND END TONGUE 

........ 

IPllU 
• 

CONNECTOR msASSEMBLED CONNECTOR ASSEMBLED 

Fig. 1. Modified Tl2 pl astic l anding mat 

Shipping bundles 
15. Seven bundles plus two additional panel s of modifi ed Tl2 mat 

were procured. by WES for thi s investigation. Each of the bundles contained. 
t en flLll-length (12-ft) panels and four half-length ( 6-ft ) panels, together 
with a container of L1.08 d.ri v e rivets. Panels were alternately s tacked 
within the bundles s o that groove openings were over tongue openings, with 
individual panels separ at ed by two l ayers of paper. Each bundle was packed 
in a crat e construct ed from 2 by L1. lumber ( fig . 2 ) and secured with five 
flat st eel straps 1. 25 by O. 05 in. conformi ng to Federal Specificat i on 

6 QQ- S- 78le, Type I, Class B. Two straps were placed longitudinally along 
the bundle, and three were placed transversely around the bundle . Upon 
arrival at WES, none of the bundles showed any s ignificant damage, and all 
of the panels were in excell ent condition. 

16 . The foll owing tabulation compares average overall bundle dimen-
s ions and. weights for the Tl2 and modified Tl2 plas tic mats: 

Length Width Height Weight Cub age 
Type Mat in. in . in. lb cu ft 

Tl2 150 L~2 2L1 . 75 2320 90 . 2 
Modified Tl2 155 32 21. 50 1590 61.7 
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Fig. 2. Bundle containi ng modified Tl2 plastic landing mat 

Panel dimensions and weights 
17. From the contract shipment of 86 panels , 61 panels wer e se-

lected at random and weighed to determine the average weight, and seven 

were measured in detail to determine the average overall dimensions and 
plac ing dimensions. The result s are listed in the following tabulation 
with similar data for the Tl2 mat : 

Overall Weight s 
Dimensions Placing Dimensions lb 

Width Length Width Length Area Panel per sq ft of 
Mat in. in . in . in. sq ft lb Placing Area ---
Tl2 37.20 145.19 36 144 36 . o 147 . 0 4 . 08 

Modified Tl2 25.25 145 . 44 24 144 24 . o 106 . 7 4 . 44 

As shown above, the width of the modified Tl2 panel was 12 in . narrower 
than· that of the original Tl2; hence , the placing area was reduc ed by one-

third, and the overall panel weight was reduc ed to 106 . 7 lb, providing a 

lighter load for two men and facilitating easier and faster panel assembly . 
18 . The specified nominal thickness of the glass honeycomb cor e 

material was 0 . 975 in . with a tolerance of ~0 . 025 . Micrometer measurements 
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showed the average thickness of the core to be 0.950 in, The thickness of 
each facing was specified as 0.125 in.; however, actual average thickness 
was 0.129 in. Thus, the average total sandwich thickness of the modified 
Tl2 panel was 1.208 in. 

19. One discrepancy that affected individual panel assembly occurred 
in the fabrication of the grooves on both the side and the end connectors. 
The minimum opening allowable in the groove was 0.875 in. A total of 27 
panels had groove openings less than 0,875 in. and required modification 
before the grooves would fit properly with the tongue connectors. A steel 
test gage with an exact machined thickness of 0,875 in. was used to deter-
mine whether the groove openings were adequate (photograph 1). The panels 
with undersize grooves were corrected by hand-sanding with emery cloth. 

10 



PART III: LABORATORY 'l'ESTS 

Determination of Physical Properties 

Test equipment 
20. Sandwich-beam flexure tests of the modified Tl2 plastic mat 

were performed using a universal-type Tinius Olsen testing machine. The 
remainder of the strength tests were performed on a universal-type 
Baldwin-Southwark testing machine. Both machines have a capacity of 

60,000 lb. 
Test specimens 

21. Laboratory tests were performed on specimenG of the modified 
'.r12 mat to determine itG physical propertieG for compariGon with thoGe of 
the 'rl2 and to ascertain if the mat met the requirements stipulated in 
the technical Gpecifications. 'I'he tests were performed on specimens from 
panels selected at random, with Gpecimens compoGed of the following: (a) a 
sandwich panel; (b) facings that had been removed from the sandwich panel; 

and (c) core material. 
Test procedures 

22. The sandwich specimens were tested for compressive, Ghear, and 
flexural strengths in accordance with MIL-STD-ltOlA, dated 15 June 1956, 
"Sandwich Constructions and Core Materials: General 'rest Methods. n7 The 
modulus of elasticity in flexure for the sandwich material was computed 
from results of the flexure tests. Facing Gpecimens were tected for ten-
sile, compressive, and flexural strengths; water absorption; flammability; 
and resistance to certain chemicals used in aircraft operations in accord-
ance with Federal Spe~ification No. 1t06, dated 5 October 1961, "Plastics: 

rrB t th t ·. Methods of Testing. The las- ree ests were also conducted on the 
core material in accordance with the same specification. The core shear 
stress was determined by the sandwich flexure method in accordance with 

MIL-STD-401A. 7 
23. Flexural and shear properties were determined from simple beam 

tests in which the specimens were loaded at quarter points to produce shear 
stress as well as bending moment. A typical flexural test arrangement 

11 



Fig. 3. Test setup for flexural tes t s 

is shown in fig. 3 with a beam of 42 - in . span length . This type of 
sandwich beam flexure tes t can produc e failure in two important ways : 

(a) by shear of the core and/or the core-to- facing adhesive bond; or (b) by 
direct compression or tension of the facings . Beam spans were selected 
to ensure that the particular properties in ques tion were measured . The 

long spans (42 in .) were used to determine bending of f l exural properties, 
and short spans (8 i n.) were used in tests to determine shear properties . 
An 8 - in. span beam i s shown in photograph 2 a~er core failure has occurred . 
The failure at the right between the quarter - point load and the support 
shows core shear and adhesive shear between facing and core . In addition 
to the failure on the right s ide of the beam, a 45 - deg shear line can be 

observed between the l e ft support and the left loading point. A core 

splice joint made during fabrication can be observed jus t above and to the 
right of the s upport on the right end of the specimen . This is a typical 

splice joint and was formed by crushing two adjacent overlapping cores 
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together and redipping the joint in resin. No strength loss occurred in 
tests of specimens with this type joint located at various points within 
the span. Plate 2 shows graphically the straight-line relations of the 
shear and flexural stresses induced with quarter-point loading in speci-

mens simply supported for spans of 8 and 42 in. between supports. Also 
shown in plate 2 are the specified minimum flexural strength for the sand-

wich panel and the specified minimum core and/or bond shear strength. 
Flexural properties of the facing were determined by using center-point 

loadings on facing specimens supported as simple beams. Shear strength of 
the facing was determined by testing small facing specimens in a shear jig 
devised to induce double shear along two parallel planes. 

Results of Laboratory Testing 

24. Laboratory test results of the modified Tl2 mat are presented 
in table 1 where they are compared with contract specifications. With the 
exception of the facing shear strength, all physical properties exceeded 
the technical specification requirements of the procurement contract. 
Both the core and facing material also met all requirements stipulated in 
the chemical, water absorption, and flammability tests. 

25. Load-deflection curves showing load per foot of width versus 
deflection at midspan for specimens of MS steel mat, modified Tl2, and Tl3 
plastic mats are shown in plate 3. The Tl3 mat is 0.5 in. thicker overall 
than the modified Tl2 mat and hence is somewhat stiffer. The MS steel mat 
is stiffer than the modified Tl2 up to the yield point; however, at loads 

beyond this point, the plastic mat had a stiffness advantage. The 60-in. 
specimen of modified Tl2 plastic mat was loaded to a maximum of 7375 lb 
and deflected 8 in. Rotation of the loading device due to the large de-
flection caused the loading frame to slip off the bearing plate, stopping 

the test with an unfailed specimen. However, the almost straight-line 
relation between load and deflection of the plastic specimen indicated that 
there was little, if any, difference between yield strength and the ultimate 
strength of the plastic mat specimens. 
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PART IV: TEST PHASE I 

Description of the Test Section 

26. The test section used in test phase I was constructed under the 
protection of a hangar in order that the necessary controlled conditions 
for obtaining the required subgrade strengths could be provided. 
Preparation of subgrade 

27. The plan of test specified that the soil for the test be proc-
essed to provide an in-place CBR of approximately 10 for a depth of 21~ in. 
Therefore, the test section (plate 1~) was excavated to a depth of 24 in. 
below the final grade and was then backfilled with five 5-in.-thick com-
pacted. li~s of heavy clay. The clay had an average liquid limit of 58, 
an average plastic limit of 25, and an average plasticity index of 33 
(plate 5). 

28. The surface of each compacted lift was scarified prior to place-
ment of the next lift. Water content and compaction efforts were con-
trolled to provide a uniform subgrade within the CBR range specified to 
ensure that the desired strengths were obtained; CBR, moistul'e-content, and 
density tests were made after each lift had been placed. The top inch of 
compacted material of the fifth lift was carefully removed to provide a 
relatively smooth surface with no transverse grade. The elevation of the 
finished subgrade was adjusted so that the test section and approach sec-
tions would be in the same plane. Results of CBR and density tests made 
after completion of construction of the test section are presented in 
table 2 as 0-coverage data. Average CBR' s of 9 were obtained in the sub-
grade before traffic. A general view of the finished subgrade is shown in 
photograph 3. 
Mat placement 

29. Individual panels were placed on the test section by a 6-man 
labol' crew under the direction of a foreman. This crew was experienced 
in placing other types of mat, but other than trial placement of a few 
panels during inspection of the mat, the crew was inexperienced in placing 
the modified Tl2 mat. A forklift positioned bundles of mat alongside the 



test section, and the bundles were opened. Individual panels were easily 
hand carried by two men and placed in the proper position on the test sec-
tion (photograph 1~). After the panel had been placed in position, one man 
inserted rivets in the slots, and a second man drove the rivets with a 
hammer in order to set the pins (photograph 5). The overall placing rate 
including the riveting was approximately 172 sq ft per man-hour. 

Layout of test section 
30. The test section was 24 ft wide and 40 ft long and had 30-ft 

approach sections at each end (plate 1~). The approach sections provided 
maneuver areas for the load cart and smooth transitions for the test wheel 
in moving onto the modified Tl2 mat. All panels were placed on the section 
with the longitudinal axis of the mat perpendicular to the center line of 

the test and approach sections. 

Skid-Resistance and Tire-Wear Tests 

Method of testing 
31. Prior to actual traffic, skid-resistance and tire-wear tests 

were conducted on the mat-surfaced test section. The skid-resistance and 
tire-wear data obtained in previous tests on the original Tl2 plastic mat 
were used for comparison. The tests to determine the skid-resistance 
characteristics of the modified Tl2 mat were performed by towing a 
pneumatic-tired skid cart with locked wheels over the mat sm·face at a uni-

form rate of speed. 
32. The skid cart used in these tests was developed at WES for 

accelerated traffic tests with light wheel loads, and consists of an Athey 
wagon frame attached to the front half of a 2-1/2-ton 6x6 military truck. 

This cart was used for skid tests instead of the one used for heavy wheel 

load traffic tests, since locking the large load tire of the single-wheel 

cart and subjecting it to the abuses of the skid test might damage the 
tire. The skid cart was loaded to 10,000 lb on each of the rear wheels, 
and the tires were inflated to 200 psi. These wheels, spaced on 6-ft cen-
ters, were equipped with two 26.00x6.6 tires with contact areas of 53 sq 
in. each, and average contact pressures of 190 psi. The truck section of 
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the cart was used only for steering , and a rubber - tired , 11- - wheel drive, 
front - end loader was used to pull the skid cart over the test section 
(photograph 6 ). 

33 . In the skid- resistance and tire- wear tests, the skid cart was 
pos itioned on the mat, and both wheels were locked to prevent rotation . 
Th e cart was then towed over the t est section at a lmiform rate of speed 
to det ermine skid res istance and t ire wear . The tires were skidded over 

the mat initially on a dry surface and next on a wet surface for a dis -
tanc e of approximately 20 ft. After the dry test , the load whe els were 
rotat ed sufficiently to ensure that undamaged areas of the tires would be 

in contact wl th the mat. 
311-. The neces sary force or drawbar pull required to pull the cart 

over the test s ect i on was mea s lrred with a dynamometer attached between the 
cart and the :front - end loader (:fig . 4 ). Instrumentation :for these test s 

Fig. L~ . Dynamomet er us ed to measure drawbar pull in skid- resis tance tests 

consis ted of a continuous - s trip recording os cillograph and a 10,000- lb -
capacity dynamometer . 



Test results 

35. Skid resistance. Considerable fluctuations in the force magni-
tude were observed during the skid tests and were attributed to minute 
irregularities in the mat surface, rivet heads at joints, high inertia 
of test equipment, etc. For comparative pLrrposes, average values of the 

force required to keep the skid cart moving were considered as representa-
tive. The average force was taken from the recorder and divided by the 
total load on both wheels to obtain drag or friction coefficients. These 
data are tabulated below in comparison with similar data for the original 

Tl2 mat. 

Type Mat and Length of Average Coefficient 
Surface Condition Pull, ft Force,-x- lb of Friction 
Tl2, dry 10 8,800 o.44 
Modified Tl2, dry 20 8,ooo o.4o 

Modified Tl2, wet 22 l+ ,ooo 0.20 

* Force required to keep load cart moving. 

These results show very little difference in frictional resistance of the 
original and modified Tl2 mat with dry surfaces. The coefficient of fric-
tion on the modified Tl2 surface was reduced 50 percent when the surface 
was wet. 

36. Tire wear. During the dry skid tests, rubber was worn from the 
tires (photograph 7). However, as indicated by the coefficient of friction 
results, the skid tests on the wet surface were not so severe as those o:f 
the skid tests on the dry surface. No cuts or slices were observed on the 
tires afterwards, and only small particles of rubber were left on the mat 

surface. 

Traffic Tests 

Procedure and equipment 

37. Test phase I was conducted on the test section with a 9-CBR sub-
grade. The mat was subjected to traffic in a lane 10 ft wide and l1-0 ft 
long in the center of the test section, as :.ohmm in plate l+. 
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38 , The traffic was applied with the specially designed load cart 

shown in fig . 5 , The cart was loaded with a 25,000- lb single- wheel load, 

Fig . 5, Load cart with 25,000- lb single - wheel load, 250- psi tire 
pressure, and 111 . 1 - sq-in. contact area 

with a tire-inflation pressure of 250 psi . The size of the load tire was 
30 . 00xll.5 with a 24 ply rating, and the tire had a contact area of 111 . 1 
sq in. with an average contact pressure of 225 psi on the mat surface . The 
small outrigger tire locat ed at the rear and on one side of the test cart 

was used only to prevent the cart from tilting, and carried no appreciable 
load. 

39 , To simulate normal traffic concentration that occurs along 

the center line of an actual runway, the traffic distribution pattern 
shown in plate 6 was used over the 10- ft - wide traffic lane . This pattern 

approached a normal distributi on curve . 9 ,lO Traffic was applied by driv-
ing the load cart first forward and then backward the length of the t est 
section , with the path of the cart shifted laterally about 10 in . (one 
tire - print width) on each successive forward pass . This procedure re-

sulte~ in two complete coverages each time the load cart maneuvered from 

one side of the traffic lane to the other . In attempting to duplicate 
prototype conditions, the center 5 ft of the 10- ft lane received 100 per -

cent of the traffic; the next two widths, or 20 in . on each s ide of the 

center portion, received 80 percent of the traffic; and the next width , 

or remaining 10 in . on each s ide of the section , received 20 percent of 
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the traffic. Broken down into increments of ten passes, the first two 
passes covered the whole width of the section, the next six covered the 
center 100 in., and the final two passes were restricted to the center 
60 in. By applying the coverages in this manner, the resulting cover-
ages for the three portions described were 20, 80, and 100 percent, 
respectively. 

Types of data obtained 
40. Water content, density, and in-place CBR determinations were 

made in the subgrade before, during, and a~er traffic testing, and the 
results are shown in table 2. Cross sections of the test section were 
taken before traffic and at the completion of the testing to measure per-
manent deformation of the test section and to determine the degree of 
roughness (plate 7). These measurements showed the section to be rela-
tively smooth at failure, with some bridging of the subgrade occurring 
as indicated by cross sections of the subgrade prior to and at the com-
pletion of traffic (plate 8). Deflection of the mat under the load wheel 
prior to traffic and at the completion of traffic is shown in plate 9. The 
permanent deformation of the mat from elevations taken at 1-ft intervals 
along the center line based on profiles made on the mat surface before and 
after completion of traffic is shown in plate 10. Visual observations of 
the reaction of the mat and subgrade under the moving wheel load were re-
corded and supplemented by photographs. A description of the traffic test 

results is given below. 

Test results 
41. The test section prior to traffic is shown in photograph 8. The 

traffic was applied as described in paragraphs 38 and 39 within the area 
bordered by the white lines, as shown in photograph 8 and as also shown in 
plate 4. Average deflections of the mat under the load wheel recorded at 
an end joint and at quarter and center points along the panel length are 
presented below. Deflection measurements were taken at 0 and 10 coverages 
(plate 9). The deflections given are the differences in elevations of 
points on the surface of the mat without the test wheel and the elevations 
of the same points when under the influence of the static test wheel. 
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Coverages 
0 

10 

Average Estimated Deflections, in. 
End Joint Quarter Point Center Point 

o.68 o.42 0.62 
0.80 o.68 0.78 

112. Table 3 gi vec traffic damage occurrence ac coverage;J were ap-
plied. A continuouc crackling cound wac noted as the tect wheel firct 
pasced over the section. This was attributed to failure of the core-to-
facing bond shear. However, no outward indication of damage was evident. 
At the end of lt coverages, numerouc cracks or rips were evident in panels 
12, 26, and 29 beginning at the rivet slots and progrecGing across the 
panel (photograph 9). It was also evident that several rivetc had 
loocened and were no longer gripping the bottom facing. After 8 coverages, 
panel 26 had failed almost completely in the core-to-facing bond (photo-
graph 10). Conciderable deflection wac evident in the area of thic panel 
ac the load cart trafficked over the panel. The crune panel after 10 cover-
ages is chovm in photograph 11, wlth the top facing being pulled back and 
the bottom facing and portionc of the core still in pocition. Rips and 
tears are also shovm in adjacent panelc in which some of the rivets are 
mis,1ing. Although photograph 12 show.s the mat surface to be relatively 
smooth after 10 coverages, the section was considered failed due to numer-
ous rips in panels, missing rivets, and the core-to-facing bond failure 
occurring in 11 out of 30 panels located in the traffic lane. Loose and 
protruding rivets constituted a tire hazard to the load cart. The failure 
of the core-to-facing bond. was an internal failure that wac not obvious. 
It was ucually detected by one of the following procedures: (a) observing 
vertical movement of the top facing as the load wheel rolled over the 
panel, (b) obcerving movement of the top facing as a person standing on the 
panel shifted weight from one foot to the other, (c) striking the panel fac-
ing with a rubber hammer and observing a distinct slapping sound from the 
area of failure, or ( d) observing an abrupt change in color or tone of the 
facing, which indicated the presence of an air space und.er the top facing. 

lt3. Prior to traffic, a CBR of 9 was measured in two separate 
locations (see plate lt). CBR tests after traffic under failed panels 12 
and 26 both gave values of 8. However, a CBR pit made under an unfailed 
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panel (No. 18) gave an average CBR value of 9, indicating that mat failure 

occurred in areas with a CBR of 8. Photograph 13 was made after a portion 
of the section had been sawed out in the vicinity of panel 12 to permit 
digging of a CBR pit. A traffic rut is visible on the far side of the 
pit indicating bridging of approximately 1-3/l~ in. 
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PART V: TEST PHASE II 

44. During test phase I, the section was considered failed after 
10 coverages, indicating that the 25,000-lb single-wheel load with tire-
inflation pressure of 250 psi was too severe for the modified Tl2 mat 
placed on an 8-CBR subgrade. Therefore, the test section was reconstructed 
and trafficked with the same load cart but with the tire pressure reduced 
to 200 psi. 

Description of the Test Area 

1t5. The same approach sections that were used for test phase I were 
used for test phase II. However, the mat in the test section itself was 
removed, and the section was prepared for test phase II (plate 11). 
Preparation of the subgrade 

1t6. The surface of the subgrade was scarified to a depth of 4 to 
5 in. and then compacted with 8 coverages of a 50,000-lb rubber-tired 
roller with 7 tires, each inflated to 90 psi. The surface was fine-
graded with a motor grader and rolled with a 10-ton tandem steel wheel 
roller. The finished subgrade had an average in-place CBR of 8 to 9 for 
a depth of 18 in. Results of water content, density, and CBR tests made 
after final preparation of the subgrade are shown in table 2. 
Mat placement 

1t7. The mat was placed by a 6-man crew under the direction of a 
foreman in the same manner as described in paragraph 29. The overall 
placing rate of the mat was the same as for test phase I, approximately 
172 sq ft per man-hour. 
Layout of the test section 

1t8. The 1tO-ft-long section between sta 1+70 and 2+10 (plate 11 and 
photograph llt) was used as the test area for test phase II. This section 
was surfaced with new mat in the traffic lane. Due to the limited quan-
tity of available new mat, some half panels were reused. However, these 

used panels were placed outside the 10-ft traffic lane and were not con-
sidered part of the test. 
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Traffic Tests 

Types of data obtained 
1t9. CBR and density data at 0 and 30 coverages are shovm in table 2. 

Determinations made after completion of test phase I were considered repre-
sentative of the subgrade prior to commencement of test phase II. Cross 
sections of the test section were taken before, duxing, and after traffic 
to measure permanent deformation of the test section and to determine the 
degree of roughness (plate 12). Cross sections were also taken of the 
s,ubgrade prior to and after traffic and give a more realistic indication 
of roughness (plate 13). Deflection of the mat under the load wheel 
before, during, and after traffic is shovm in plate 11t. 'rhe permanent 
deformation that occurred between 0 and 16 coverages and 0 and 30 cover-
ages along the center line of the test section is shovm in plate 15. 
Visual observations of the reaction of the mat and subgrade under the 
moving wheel load were recorded and s11pplemented by photographs. A de-

scription of the traffic tests is given below. 

Test results 
50. Traffic was applied as described in paragraphG 38 and 39. De-

flection measurements were made at O, 10, 16, and 30 coverages, and average 
measurements are shovm in plate 11t. The 10-coverage data are not shown 
in the plate. The average deflections of end joints and quarter and center 
points are given below. Plate 11 shows locations of the test wheel during 

deflection measurements. 

Average Estimated Deflection, in. 
Coverages End Joint Quarter Point Center Point 

0 o.49 o.tn 0.50 
10 0.52 0.60 0.75 
16 0.61 0.81 0.82 
30 1.10 0.83 1.110 

51. Table 3 gives traffic damage occurrence a;3 coverages were ap-

plied. At the beginning of traffic, there was a continuow.l crackling sound 
and evidence of core-to-facing bond failm·e. At the end of 6 coverages, 
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two ripe were observed in panel 27, and there was almost 50 percent bond 
failure evident between facing and core. No other panels showed any signs 
of damage other than deflecting under the moving wheel load. At the end 
of 10 coverages, only panel 27 showed extensive bond damage plus 5 rips 
in the panel facing. After 16 coverages, several panels indicated bond 
failure, rivets began to loosen, and 5 additional panels contained rips. 
Photograph 15 shows the section after 16 coverages, and except .for panel 
27, which is visible in the extreme top portion of the photograph, the 
overall section appears relatively smooth. 

52. Photograph 16 shows the severity of damage occurring in panel 
27. Due to the damage in this area caused by the failure of panel 27, 
additional traffic was stopped at run 17 and only runs 1 through 16 were 
trafficked. During coverages 17 through 24, the bond failure between 
facing and core continued and increased to most of the remaining panels. 
The number of loose rivets increased, and they were removed to prevent a 
tire hazard. 

53. At 30 coverages the load wheel broke through the facing of 
panel 18 (photograph 17), and the tect rig was immobilized, unable to 
move lmder i tc ovm power. Panel 18 and the area around it are shown in 
photograph 18 after the wheel had been removed. A general view of the 
failed test cection at 30 coverages is shovm in photograph 19. 

51~. Soil tests in the traffic-lane area after the completion of 
traffic at 30 coverages chowed a CBR of 9 under panel 6, 9 under panels 
27 and 29, and 10 under panel 15. Since panel 27 failed during the 
early stages of traffic and allowed considerable deflection, the CBR 
value possibly increased due to additional compaction. Plate 11 shows 
location of CBR pits and deflection stations. 

55. Cross sections and profiles were made before and after traffic 
and are shown in plates 12, 13, and 15. These elevations show that there 
was evidence of subgrade movement and rutting during traffic. This rutting 
can be seen in photograph 20, which shows the subgrade after the mat panels 
had been removed. 



PART VI: DISCUSSION OF RESULTS 

Laboratory Tests 

56. As previously described in paragraph 21, the laboratory tests 
were performed on specimens to determine the physical properties of the 
modified Tl2 mat for comparison with those of the Tl2 and to ascertain if 
the modified Tl2 mat met the requirements stipulated in the technical 
specifications. The results indicated that the modified Tl2 exceeded the 
specifications for most requirements, and greatly exceeded the re:.mlts 
obtained in the laboratory tests of the original Tl2 mat. 3 The require-
ments of the technical specifications that were considered of most impor-
tance in evaluating overall strength of the panels were sandwich flexural, 
compressive, and shearing strengths. As shown in tar)le 1, the result8 
indicated that the modified Tl2 meets these requirements adequately. 

Traffic Tests 

57. During both test phases, the type of failures experienced was 
identical. However, during phase II testing with reduced tire pressure, 
more traffic was sustained before failure. The panels were closely in-
spected both during and after traffic, and the following is a list of the 

causes of failure. 
a. Core-to-facing bond shear 
b. Core failure in vertical shear 
c. Cracks and rips in facing 

d. Loose rivets 
58. In each traffic test phase, initial mat distress began with 

core-to-facing bond failure. Although this type failure was quite preva-
lent during initial traffic, munerous coverages were continued under these 
conditions. The next most common types of failure were rips and cracks 
in the facing beginning at rivet slots and gradually progressing across 

the panels. 
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Interpretation of Test Results 

59. Traffic test results of the modified Tl2 plastic landing mat 
can be presented graphically by use of the CBR equation presented in a 

previously published WES report. 11 Curves have been plotted in plate 16 
based on test data obtained from failure points in both test phases. The 
250-psi curve is based on failure at 10 coverages on an 8-CBR subgrade, 
and the 200-psi curve is based on failure at 30 coverages on a 9-CBR sub-
grade. These pointG were plotted aG initial points taken directly from 
test data, and a second point was computed for each curve by use of the 
test data applied to the above-mentioned CBR equation. From these curves, 
it is indicated that a CBR of 30 would be required for the modified Tl2 
to support a 25,000-lb single-wheel load with 250-psi tire pressure for 
200 coverages. Likewise, a CBR of 16 would be required for 200 coverages 
of the same load if the tire pres::mre were reduced to 200 pGi. Various 
combinations of CBR's and coverages can be obtained from the curyes in 
plate 16 for the 25,000-lb single-wheel load. 
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PART VII: SUMMARY OF RESULTS, CONCLUSIONS, AND RECOMMENDATIONS 

Results 

60. Results of this investigation are given below: 
a. The modified Tl2 mat did not support an appreciable amount 

of traffic in either phase of testing due primarily to the 
failure of the bond between core and facing. However, re-
duction of the tire pressure from 250 to 200 psi increased 
coverages before failure from 10 to 30. 

b. The plastic mat had a stiffness advantage over metal mats 
once the yield points of the metals were reached. 

c. The overall placing rate of the modified Tl2 mat was 172 sq 
ft per man-hour. 

d. The laboratory tests showed that, in general, the mat ex-
ceeded requirements outlined by technical specifications. 

Conclusions and Recommendations 

61. From this investigation of the modified Tl2 plastic mat, the 
following conclusions and recommendations are made: 

a. It is calculated that the modified Tl2 mat, when placed on 
a subgrade of 30 CBR, will support 200 coverages of traffic 
of a 25 ,000-lb single-wheel load with tires inflated to 
250 psi. If the tire pressure is reduced to 200 psi, the 
CBR can be reduced to 16, and 200 coverages can still be 
maintained. However, the mat as presently designed fails 
to meet the project requirements. 

b. The bond between the facing and core material was too rigid 
and would not allow sufficient flexure between facing and 
core to carry the moving wheel load without shear failure 
at the bond line. It is recommended that a film-type ad-
hesive be used to provide a more flexible structure. 

c. The tongue-and-groove connectors allowed placement in excess 
of the desired 150 sq ft per man-hour. 

d. The skid-resistance and tire-wear characteristics of the mat 
surface were determined to be satisfactory and in line with 
previous mats tested. 

e. The plastic mat fails soon a~er it is stressed beyond its 
yield point, whereas a metal mat is capable of withstanding 
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repeated stress in the range between the yield point and 
ultimate strength. 

f. It is recommended that a reevaluation of fabrication tech-
niques and plastics technology be made prior to procuring 
an additional quantity of experimental plastic mat. 
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Table 1 
Comparison of Contract Specifications 

and Laboratory Test Results 

Physical and Mechanical Properties 
Facings 

Strength, tensile, minimum, psi 
Strength, compressive, minimum, psi 
Strength, flexural, minimum, psi 
Modulus of elasticity in flexure, 

minimum, psi 
Strength, flexural, reduction after two 

minutes at 500 F, maximum, o/a 
Strength, shear, minimum, psi 
Water absorption, maximum by weight, °/o 
Flammability, maximum per minute, in. 
Chemical* resistance, maximum change in 

weight, % 
Core Material 

Strength, flatwise compressive, 
minimum, psi 

Strength, shear, minimum, psi 
Water absorption, maximum, % 
Flammability, maximum per minute, in. 
Chemical* resistance, maximum change in 

weight, a/a 

Contract 
Specifications 

50,000 
50,000 
60,000 

3,000,000 

10.0 
15,000,0 

0.5 
0.5 

0.5 

1,000 
700 

5.00 
0.5 

3,00 
Sandwich Panels 

Strength, flatwise compressive, 
minimum, psi 

Strength, flexural, minimum, psi 
Modulus of elasticity in flexure, 

minimum, psi 
Strength, flexural, reduction after 

2 min at 500 F, minimum, % 
Strength, shearing, minimum, psi 

1,000 
50,000 

3,000,000 

10.0 
700 

Laboratory 
Test Results 

51,26lt 
50,560 
63,650 

3,2ltl,750 

o.o 
12,096 

o.1+6 
o.oo 
0.09 

3,570 
744·X-X-, 

lt. 55 
o.oo 
1.91 

3,570 
60 , 6 30-x-x-

3,074,388 

o.oo 
7lt4·X-X-

* Automatic fuel, engine coolants, deicer fluids, and hydraulic 
fluids, 

·X-X- Core was oriented in weak direction during tests. 



Table 2 
:3unnnary of Water Content, Demi ty, and CBR Data 

3to.-
t.:.lon Dr.::pth 
~ ln. 

11·'{'{ :Jur face 

6 
12 

Avg 

l+FJ5 8tu-fu'.:!~ 

2 
~ 
0 

12 
]Jl 

Avr, 

1+89 ~3lU' face 
~ 

0 

l'' 
lFJ 

Avg 

1+93 ;}lU' l\l/::!'3 

G 
12 

;J·1rr f:..1.r..!D 

~ 
') 

12 
lfJ 

l\V(!, 

2+r)J :Jtu•far.::r~ 

., 
~ 

6 
J2 
li) 

Avg 

2+rJG ;3,_U' f o.r.:: e 

G 
12 
If; 

Ave, 

(J Covr~rages 
(TeJt PhaJe I) 

W:.d:;r..:?r 
Con-
t en I; 

;·~ Dry 
WI; 

Dry 
Dcm-
.Jity 
-12£.£ CBH 

lU Coverages 
(Teet Phase I)·X· 

Water 
Con-
tent 

~G Dry 
Wlo 

Dry 
D~n-

o ity 
pcf CDH 

Panel 12 

25.1 ;6.G ') 21~. 3 fJ 
25.2 9G.9 fJ 

2/1 .• U ')7, 3 10 25.0 95,6 fJ 
2G .~~ 95.7 

., 
'J 2l:J.: 95.li 10 

21~. 5 ry(j • r) l()·X-X- 2-i.6 'XI .o J.l·X-X· 

25 .i.~ '.JG.G ') 211.6 96.2 f) 

Panel 18 
25.0 9).'.) 9 
25.9 96.3 10 

26.1 '.)6.o ') 

211 . .11 r)5.2 1 v-x· 
25.11 95.D '.J 

Purv~l l'.J 

25.3 '.)'.).8 
., 
') 

211.11 ')'(.9 9 
2l1.l1 JG.e 10 
2·~. '( 9G.') ll·X-X· 

2!1.11 9G.e 9 
Panr~l 26 

25.0 7 
25.11 95.'I '( 

?.5. 5 911.'.) i' J 

25.l; '.JG.2 10 
2).') '.JG.9 J.2-X-X· 

25.0 95.9 fl 

30 Coverageo 
(Test Pha:Je II) 

Water 
Con-
tent 

•f, Dry 
Wt 

Dry 
Dc:n-
o ity 
....12£! CBR 

Panel 6 
2!1.2 97.1 9 
25.8 96.G 9 
25.9 95.0 9 
21~. 5 9!1.11 lO·X-X-

25.1 95.e 9 

Panel 15 
211 . .11 97.5 lfJ 

25.0 95.G 8 
211.'.J 96.2 11 

2'3.7 '.)7.5 12·Y.-X· 

2!1.5 ')!).7 J.C) 

Pm1el:J 27 and 29 
211. 3 9'1. 3 8 
21~.e 95.'.) 9 
211.G 97.1 11 
21}.ll 97.8 J.O·X-X-

211.5 '.JIS.9 9 

·X· 1l1lv1zr_:: clo.tct al30 rrjpro:;cnlj rJ-covero.ge d:l.ta for te;Jt pha:Je II. 
·Y.~Y.· Hr:!:_1.rllrn3:.; at lU-in. rlr~pth not u.Jed in computinlj average CDTI. 

Remarks 

P:lne:l 6 failed at 30 coverag~.3. 

Panel 12 failed at lrJ covcrne;es. CBH pit 
locater1 .in c:entrjr of traffic lane-. 

Po.nel 15 failerl at 30 cover:_ige:J. 

Panel 1e ha.d not failed at 10 coverae;eJ. 

Panel 26 failecl at 10 coverages 

Panel 27 failcrl at 16 coverages. Panel 
~~7 developed core-to-facing bond fail-
lU'e at !~ covoragez. Panels 27 and 29 
failecl at 3rJ coverages. 



Table 3 
Occurrence of Traffic Damage to Panels 

Cover-
Panel No. Type Damage ages 

Test Phase I; 250-psi Tire Pressure 

29 Core-to-facing bond shear 2 

12' 26, 29 Crack in top facing at rivet holes lt 

12 Core-to-facing bond shear 4 
19, 20 Rivets loose lt 

27, 30 Crack in top facing at rivet holes 6 
12, 19, 20, 27 Rivets loose 6 
10, 19, 20, 26 Rivets loose 8 
26 Core-to-facing bond shear 8 

25' 9 Rivets loose 10 

1, 6, 8, 9, 16, 25 Crack in top facing at rivet .holes 10 

4, 6, 8, 9, 10, 25' 27, 30 Core-to-facing bond shear 10 

Test Phase II; 200-psi Tire Pressure 

27 Crack in top facing 6 
27 Core-to-facing bond shear 10 

1, 9, 15' 21t' 29 Crack in top facing 16 

9, 27, 29 Loose rivets 16 

9, 10, 29 Core-to-facing bond shear 16 

10, 12, 18 Crack in top facing 21t 

18, 22' 23 Core-to-facing bond shear 2!t 

5, 11, 15, 16 Loose rivets 2!t 

3, 6, 7, 8, 17, 19, 21 Core-to-facing bonq shear, crack 30 
in top facing, loose rivets 





Photograph 1. Test gage being used to check groove opening 

Photograph 2 . Shear failure in sandwich flexure test 



Photograph '.) 
_) . 

Photograph 4. 

-- .--·_. 

Subgrade prior to mat placement for test phase I 

Individual panels being assembled into test section 



Photograph 5. Drive r ivets being placed in connector 
slots and driven with hammer 

Photogr aph 6. Test cart being towed over section in skid test 



4552 -32 

Photograph 7. Skid marks left on mat after dry skid test 

Photograph 8 . Test section prior to test phase I traffic 



Photograph 9. Rips in facing of panel 12 after four 
coverages; test phase I 

Photogr aph 10 . Panel 26 a~er eight coverages showing evidenc e 
of core - to- facing bond failure ; test phase I 



•• 

Photograph 11 . Panel 26 a~er 10 coverages . Top facing has been puiled 
back to show condition of core; test phase I 

Photograph 12 . Test section after failure at 10 coverages ; test phase I 



Photograph 13. Sawed portion removed from section after test phase I 
showing 1- 3/4- in. bridging of mat over subgrade 

-
-

.---

Photograph 14 . Test section before test phase II traffic 



Photograph 15 . Test section after 16 coverages; test phase II 

Photograph 16 . Panel 27 showing condition of core after 16 coverages . 
Note r ips in adjacent panel ; test phase II 



, 
I , )".) - ,I 

Photograph 17. Load wheel on failed panel at 30 cover ages ; t est phase II 

Photograph 18 . Failed panels showing core- to-bond failure , loose and 
missing rivet s , and cracked and r ipped facings after test phase II 



Photograph 19 . 

Photograph 20 . 

--
---~-

---

Failed test section at 30 coverages ; t est phase II 

--------~------ -----

Subgrade rutti ng shown after panels had been removed; 
test phase II 
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REVISIONS 
SYM I DESCRIPTION I DATE 

5 !CORRECTED AS NOTEDl7/21/64 
-------------~12_'-~l.~25''.f 0.06? (FULL _PANEL) _____ -----r 

4_200''t0.031 I __ o.• 1"""' 11 ·-· ___ ..!.C::_lf.875" l 
--

' ' 

24 SLOTS 6" 0 C -23 ~P~A~C~ES~A~T~O~"-=~ll_'-~•~"--------------------1 

GROOVE SIDE--....... 

""' ~ I~ (~;;;/·;,;~rsn-1;;~01;z:;.;s,:;;,P·:;R~;;;;@ l v~ 
~ O Ji" J HEAD-ALUMINUM 2117-T4, TOTAL OF 28 RIVETS --@ ~ ~ <\I 

~ ~ ~ 2 " -\ PER PANEL TO BE FURNISHED BY FABRICATOR ~ ~ ~ 
tr If> "'= I FOR RIVETING IN FIELD.) ~ "t ~1 , 

~ ~ ~ ~ ~ L---- TONGUE ENO ~ ~ ~' 
~ "'~ ~I 1- "'~<\I 

~' L~~------------------------- ~ 
() 0 () 0 ---D--- ------+ () () () 

1 11-1...... TONGUE SIDE- : : ~ -. /-~ f+ --SEE ENLARGED VIEW I ~5" !g.gg~ ~ 

4;~:te_;_J u- 24 SLOTS 6" OC -123 SPACES AT 6" OC = 11'-6" 
2-~ 

~ TONGVE ENO 6'-1.250" , • -~G~R~O~OV~E~E~NO~~·-·--~O_" _________ _, 

I o62s"~883b 

:'lc__i1 4/J~~ ''¥Q.': 
ai4'5r ,~ ~- L o·-~--

' 'tics -0'? ~.J' a ~?: <.~ .. 
®~· ' t /, ', , "" 
~ ... °l-~e--"'l 900 

' 1 
"'~~:- ·45° 

--~!!_~t_0_2_l_J __ _ 

ENLARGED VIEW OF 
ALIGNMENT SLOTS 

HALF SCALE SIZE 

~; 
~: 

~I 
f 

1--- HALF PANELS TO BE MADE BY 
CUTTING FULL PANELS TO 
DIMENSIONS INDICATED 

PLAN OF PANEL 
ONE-EIGHTH SCALE SIZE 

SECTION I - I SECTION 2-2 
FULL SCALE SIZE FULL SCALE SIZE 

SIDE AND END CONNECTORS 

PLAN OF PLACED MAT 
NOT TO SCALE 

ENLARGED VIEW OF 
ALIGNMENT SLOTS 

HALF SCALE SIZE 

NOTE' I. FURNISH 6ADDITIONAL1/4" DRIVE RIVETS PER PANEL WITH 
1.zsn GRIP @ ANO BRAZIER HEAD @. 

2. LONGITUDINAL ANO TRANSVERSE STRAIGHTNESS ANO 
FLATNESS OF PANELS SHALL BE MAINTAINED SO AS 
TO PERMIT PROPER FITTING OF THE TONGUE ANO 
GROOVE SIDE AND END CONNECTORS. 

3. WEIGHT OF PANEL SHOULD NOT EXCEED 125 LB. 
4. ALL RIVETS TO BE ALUMINUM 2117-T4 WITH STAINLESS 

STEEL PINS. 
5. UNLESS OTHERWISE SPECIFIED, TOLERANCES ON SIDE 

ANO END CONNECTOR SHALL BE MAINTAINED TO ±0.010. 
15. A TEMPERATURE OF 75° F TO BE USED AS REFERENCE 

FOR CHECKING ALL TOLERANCES. 
7. THE CONTRACTOR WILL BE REQUIRED TO FURNISH 

CERTIFICATION OF DIMENSIONS, TOLERANCES, AND 
PHYSICAL PROPERTIES REQUIRED BY SPECIFICATION. 

AIRPLANE LANDING MAT 
PLASTIC MODIFIED T-12 

SCALE IN INCHES 
I 0 I 2 3 4 
D__----i::L.1:!1:-=-:::---=--~--:::.::-_~ 

·---.-.--~~ 
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vi 40,000 
fJ) 
w 
0:: 
f-
fJ) 

.J 
<( 
0:: 
:J 
x 30,000 w 
.J 
11_ 

0 

PLATE 2 

BEAM LOAD PER INCH OF WIDTH, LB 

440 880 1320 

MINIMUM SANDWICH FLEXURAL 
STRENGTH SPECIFICATION 

200 

MINIMUM CORE AND BOND 
SHEAR STRENGTH 
SPECIFICATION 

400 600 

CORE AND BOND SHEAR STRESS, PSI 

1760 2200 

800 1000 

STRESS ANALYSIS OF 
BEAM SPECIMENS 
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LOAD 

l I MAT 
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4,000 
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DEFLECTION AT MIDSPAN, IN. 

LOAD-DEFLECTION CURVES 
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I 
lt70 

b 
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//----'-! __ l 
LEGEND 

0 CBR PIT BEFORE TRAFFIC 

0 CBR PIT AFTER TRAFFIC 

® LOAD WHEEL LOCATION FOR 
DEFLECTION MEASUREMENTS 

NOTE: NUMBER IN SYMBOL IS 
AVERAGE CBR OF PIT. 

PLATE 4 
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I 
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15 : I 
14 I 13 I 

[fil12 I I 
® II i 10 : 
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8 (]]) 7 : 

6 I I 
s I 4 : 

3 I I 
PANEL NO. 2 I I : 

I 
I 

APPROACH SECTION I ":::: 
I 
I ,,, 

" 

LAYOUT OF TEST SECTION 
PHASE I 
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GRADATION AND 
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SUBGRADE SOIL 
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TRAFFIC DISTRIBUTION 
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DISTANCE FROM CENTER LINE OF TRAFFIC LANE, FT 

STA 2+05 
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0 COVERAGES 
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CROSS SECTIONS OF 
MAT SURFACE 
TEST PHASE I 

PLATE" 7 
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PLATE 8 
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OF SUBGRADE 
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