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12.ASSTRACY

’i(is report describes an investigation to evaluate a medium-duty aluminum honeycomb-core landing mat designedj
and fabricated by Goodyear Acrospace Corporatioi, Akron, Ohio, as a result of the Government request for pro-
posal dated 6 May 1968, The medium-duty mat was a sandwich-type structure with a honeycomb core bonded by an
epoxy film adhesive to aluminum top and bottom gkins. Extruded aluminum edge connectors were alaso bonded
with a similar adhesive to the top and bottom skins and to the core., Individual panels were joined along twol
edges with a hinge-type connection and along the adjacent two edges by overlnp~/underlap~type connections
that were locked together by insertion of a connector bar. The panel dimensione, welght, and placing rate
were 4 ft by & £t by 1.5 in., 67.5 1b. and 478 square feet per man-hour, respectively. The welght per squ
foot of placing ares was 4,1 1b, Traffic and skid tests were conducted to obtain information for evaluat:l:;‘T
the service life and performance of the medium-duty mat as specifled by project requirements. Laboratory
teats were performed to determine the mechanical properties of the mat panels and their component parts, and
results indicated that the materials in the nat met the specified requirements, The traffic tests wer{.el con=
ducted with s rolling wheel load, simulating aircraft operations on mat placed on a prepared subgrade.’ h‘he
tests were conducted using a single-wheel losd of 25,000 lb with a tire-inflation pressure of 250 psi th a
mat-surfaced subgrade with a rated CBR of 3.8, The Goodyear medium-iuty mat sustained 622 coverages of traf-
fic under the above-stated conditiena, which iz equivalent to 630 coverages on a 4.0-CBR subgrade; thus, the
mat failed to meet current requirements of 1000 coverages on a 4,0-CBR subgrede, The medium-duty mat suse
tained almost twice as many coverages as a previously tested Goodyear all<bonded mat, Failure of individual
panels resulted from a gradual depression of the surface of the panels caused by failure of the adhesive be-
tween the core and skina and by overstressing of the adheslve between the edge connectors and skins, The co«
efficienta of friction cbtalned from dry and wet skid tests wers C.57 and 0.45, respectively.
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FOREWORD

The investigation reported herein was ¢onducted as part of the
landing mat development program, Project No. 1G664717DHO1-10 (formerly
1G664T717D556-01), 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. Ammy Engineer Waterways Experiment Station (WES), Vicksburg, Miss.,
during the period September-October 1969 under the general supervision
of Mr. J. P. Sale, Chief, Soils and Pavements Laboratory. Personnel of
the Expedient Surfaces Branch who were actively engaged in the planning,
testing, analyzing, and reporting phases of this investigation, under the
supervision of Mr. W. L. McInnis, were Messrs, H. L. Green, G. L. Carr,
D, W. White, Jr., and D. A. Ellison. The General Engineering Support
Branch was responsible for constructing and trafficking the test section
and for performing the necessary soils tests under the supervision of
Messrs. R. G. Ahlvin and C. D, Burns. This report was prepared by
Mr. Carr.

The Directors of the WES during the investigation and the prepa-
ration of this report were COL Levi A. Brown, CE, and COL Ernest D.
Peixotto, CE. Technical Director was Mr. F. R. Brown.

Praceding page blank




a—

R e R S T TR SN

R A e

CONTENTS

FOREWORD
CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT .
SUMMARY ¢ 4 & ¢ 0 0 o o o o s 6 6 o o o e o o 6 o o s o a o
PART I: INTRODUCTION o ¢ & v v v 4 4 v 4 v v o 0 o o o o o s

Background
ObJjectives and Scope of Investigation . . . . . . . . .
Definitions of Pertinent Terms

PART II: DESCRIPTION OF MAT

Fabrication Features
Physical Dimensions . . « « « & « « « &

PART III: TEST SECTION, EQUIPMENT, AND PROCEDURES , . . . .
Test Section

- L] . . . . . . . L4 . L] . L] . * . - » * L . L4 L] . »

* 46 ¢ & o & 2 + 6 s 5 s & 2 s s & e+ 6 & a2 »

¢ & s 8 & & o & e + & @

¢ & & & & & 8 e+ 2 & & s+ s * e e

L] * L] L . « . - . . . - - . L] L] *

. - * . L] L) . .

Matplacement.......-.............
Traffic Test Equipment . « ¢« ¢ v v v ¢ v ¢ ¢ ¢ v o 4 &
Application of Traffic .« ¢ &+ ¢ v ¢ v ¢ 0 ¢ 4 ¢ ¢ ¢ 4 &
Skiq Test Equipment . . . . ¢ 4 ¢ ¢ ¢ v o 4 ¢ 0 0 0 0

PART IV: CRITERIA FOR MAT FATILURE AND TYPES OF DATA RECORDED

Fallure Critoria . . ¢ ¢ ¢ ¢ ¢ ¢ 6 6 ¢ ¢ ¢ o o ¢ o o o
Types of Data Recorded

PART V: TRAFFIC AND SKID TEST RESULTS AND ANALYSIS -,

TestResultsQQOthotonoo.olttocnn
Anlly&iBOfReﬂultS.......o..a......¢

PARTVI: WORATORYTNTS ¢ 4 & % 8 4 & B 4 v B & & & s s @

Test Equipment
Tests and Regults « « + « . .

PART VII: SUMMARY OF RESULTS AND CONCLUSIONS .

Results + . . - L L . . . - . . L] * . . . . L[] . . . L] .
ccnc lu s i ons L3 . . A ] . L] . L] . . . . . L] . L4 + . . . . .

LITERATURE CITED

Praceding page hlank

v * LI . LI } L] L ¢ & & & @ .

L] . L] . L] . - L] . L] . [ ] * - . L . . . L]

® & & s 4 & a2 & & 4 & ¢

a & & 4 & 5 4 & 3 8 s s s+ B

vii

-
= » ;
E 68vvwo o oo & wroe = 8 8§ < kﬁ

]
BE

[ d
w

L= )
=

-
(o]

o
o m

n
|

o
~

n
n

LR e e

B Gara v

R



* M
m |
. o
¢
. |
3 |
- |
L i
i .
!
2]
‘. -l
& 3
_ E o
. .. m
i
‘_
: .. (@] .,,
] ™M ~ O
m ROt
: 488
| s 24
SR L j
ﬁ T T SOV




R R e T T ATRA W T

PR AN T W TS SRR O L NS IR

. - >

CONVZRSION FACTO3S, BRITISH T0 M'TRIC UNITS OF MEASUREMENT

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

Multiply By To Obtain

inches 25.4 millimeters

square inche. 6.4516 square centimeters
| feet 0.3048 meters ?
square feet 0.092903 squere meters

cubic feet 0.0283168 cubic meters

pounds (mass) 0.45359237  kilograms

; pounds (force) L 448222 newtons

3 pounds per square inch 0.6894757 newtons per square centimeter

pounds per cuble foot 16.0185 kilograms per cubic meter

kips 453.59237 kilograms

tons (2000 lb) Q07.1847 kilograms

miles per hour 1.60933% kilometers per hour
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SUMMARY

This report describves an investigetion to evaluate a medium-duty
aluminum honeycomb-core landing mat designed and fabricated by Goodyear
Aerospace Corporation, Akron, Ohio, as a result of the Government
request for proposal dated 6 May 1968. The medium-duty mat was a
sandwich-type structure with a honeycomb core bonded by an epoxy film
adhegive to aluminum top and bottom skins. Extruded aluminum edge cou-
nectors were also bonded with a similar adhesive to the top and bottom
skins and to the core., Individual panels were joiued along two edges
with a hinge-type connection and along the adjacent two edges by
overlap-/hnderlap-type connections that were locked together by inser-
tion of a connector bar. The panel dimensions, weight, and placing rate
were U ft by 4 ft by i.5 in., 67.5 1b, and 478 square feet per man-hour,
respectively. The weight per square foot of placing area was 4.1 1b,

Traffic and skid tests were conducted vo obtain information for
evaluating the service life and performance of the medium-duty mat as
specified by project requirements. Laboratory tests were perrormed to
determine the mechanical properties of the mat panels and their compo-
nent parts, and results indicated that the materials in the mat met the
specified requirements.

The traffic tests were ccnducted with a rolling wheel load, simu-
lating aircraft operations on mat placed on a prepared subgrade. The
tests were conducted using a single-wheel load of 25,000 1b with a
tire-inflation pressure of 250 psi on a mat-surfaced subgrade with a
rated CBR of 3.8. The Goodyear medium-duty mat sustained 622 coverages
of traffic under the above-stated conditions, which is equivalent to
890 coverages on a 4,0-CBR subgrade; thus, the mat failed to meet cur-
rent requirements of 1000 coverages on a !,0-CBR subgrade. The
medium-duty mat sustained almost twice as many coverages as a previously
tested Goodyear all-bonded mat. Failure of individual panels resulted
from a gradual depression of the surface of the panels caused by failure
of the adhesive between the core and skinz and by overstressing of the
adhesive between the edge connectors and skins. The coefficients of
friction obtained from dry and wet skid tests were 0.57 and 0.45, re-
spectively.
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EVALUATION OF GOODYEAR MEDIUM-DUTY
ALUMINUM HONEYCOMB LANDING MAT

PART I: INTRODUCTION

Background

1. The investigation reported herein comprised an engineer design
test in the U, S. Army Materiel Command's continuous program for the de-
velopment of satisfactory landing mats for use as expedient surfacing
materials for forward-area airfields. As part of this program, the
U. S. Army Engineer Waterweys Experiment Station (WES) is responsible
for the development of metallic and nonmetallic landing mats.

2. In 1955, the WES tested a Kaiser medium-duty aluminum
noneycomb-core landing mat,1 which was subsequently designated XMi9 and
was type classified for limited production in 1967 (see reference 2 for
Federal stock rumber and mat nomenclature). A production contract was
awarded for 9,000,000 sq ft* of the XM19 mat for use in Southeast Asia.
The WES tests of the production XM19 mat are reported in reference 3,

3. The WES was directed to obtain mats for testing that met the
full spectrum of the performance specifications of' the Qualitative Mate-
riel Requirements (QM), revised 2 April 1968. 1In response to the WES
request for proposal dated 6 May 1968, Goodyear Aerospace Corporation
submitted & proposal to design, develop, and fabricate a medium-duty
mat. This rroposal resulted in contract No. DACA39-6Q-C-00LL, and
Goodyewx 's afforts were directed to meet the QMR performance specifi-
cations for medium-duty mat. After extensive experimentation, Good-
year bagan to fabricate a medium-duty aluminum h.neycombeccre mat of
sandwich-type construction that was similar in some yespects to an
all-bonded mat previously fabriceted by Gnodyear and tested at the WES.h

* A table of factors for converting Britiih units of measurement to
metric wiits is presented on page ix.
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Lk, The edges of the XM19 and both Goodyear mats interlocked, and
the internal construction of cach was similar. The Goodyear mats dif-
fered from the XM19 mat as follows: the core-to-edge members of the
Goodyear mats were Joined with a film adhesive, whereas a potting com-
pound joined those of the XM1L9; the skins-to-edge members of the Good-
year mats were also Joined with a film adhesive, whereés those of the
XM19 were welded.

ObJeetives and Scope of Investigation

Objectives

5. The general objective of this investigation was to evaluate
both the design and the performance of the Goodyear medium-duty aluminum
honeycomb mat as an expedient surfacing msterial for military airfields.
Specitic objectives were to determine the following:

a. The service life of the mat when placed on a 4.0-CBR sub-
grade and trafficked with a 25,000-1b single-wheel load
with the tire inflated to 250 psi to produce a contact area
of 11l sq in.

b. The avarage placing rate for the mat.

¢. The skid-resistance and tire-wear characteristics of
the mat.

d. The mechanical properties of the mat.

Scope

6. This report describes laboratory, siid, and traffic tests con-
ducted to evaluate the Goodyear medium-duty landing mat. Data for the
evaluation were obtained as follows:

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

b. The placement times were recorded for use in computing
the placing rate.

¢. 8kid tests were conducted to determine the force required
to skid a loaded cart over the mat and the coefficlents
of friction.

d. Laboratory tests were performed on specimens cut from
ranels selected at random %o determine the mechanical
properties of the mat.

e
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Definitions of Pertinent Terms

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

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.

; 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 the
wheel load of the load cart.
Loac 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

I T $A

Pl oy

load.

Covercge. Oune application of the test wheel of the loed cart
over every point in the traffic lane.

Static deflection, Temporary longitudinal bending of landing mat
panels under the static load from the test wheel.

Longitudinel dishing. Permanent deformation of a panel surface
parallel to the direction of traffic.

Transverse dlishing. Permanent deformation of a panel surface per-
pendicular to the directica of traffic.

CBR (California Bearing Ratio)., A measure of the bearing capacity
of the soil based upon its shearing resistance. The CBR value is calcu=
lated by dividing the unit load required to force a piston into the scil
by the unit load required to forve the same piston the same depth into a
standard sample of crushed stone and multiplying by 100.

Direction of traffic. The direction in which the load cart trav-
els on the test section and which is representative of actual landing
directions with respect to panel joints.
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PART II: DESCRIPTION CF MAT

Fabrication Features

8. The L- by U-ft Goodyear medium-duty landing mat (fig. 1) con-
sisted of an aluminum honeycomb core bonded inte a sandwich-type struce-
ture with 0.063-in.-thick top and bottom sheets by an epoxy fiber-film
adheslive. Extruded edge-connecting members were also bonded to the top
and bottom sheets and to the aluminum honeycomb core with a film adhe-
sive. The core was formed from 5056-H19¥ aluminum alloy foil. The foil
was 0.0027 in. thick and was formed into 1/8-in. hexagenal cells. All
s rface pieces of the panel were formed from 6061 aluminum alloy artifi-
clally aged to the .6% condition, which resulted from a process involv-

ing soluiion heat treatment and oven cycling to produce & stable temper.

Flg., 1, Goodyear medium-duty landing mst

* H and T denote temper conditiens to produce varlous strengths,
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The mechanical properties specified in reference 5 for extruded 6061-T6

aluminum alloy are as follows:

Specified
Minimum
Tensile strength, psi
Ultimate* 38,000
Yield 35,000
Elongation, percent
(2~in. gage length) 10

o -

FINVOISUNSSITSTSEEY SR e
* L2,000 psi for sheet aluminum,

9. The panels were interlocked along the two edges parallel to
traffic by hinge-type comnections and along the adjacent two edges by
overlgp/hnderlap connections., A locking bar secured the overlgp/
underlap connection after individual panels had been Joined together.
The top facing of each panel was corted with an antiskid compound.

10. At the manufacturer's request, two special panels (fig. 2)

were included in the test. The structure of these panels was the same
85 that of the mat described in paragraphs 8 and 9 except that the core

Pig. 2. Goodyear medium-duty landing mat with 5052 core

)
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was made from 5052 alutinum alloy and the panels were not coated with an
antiskid compound and painted. Use of the 5052 alloy would represent a
cost savings of 20 to &5 percent of the cost per square foot of core
material. The location of these two panels is indicated in plate 1.

Physical Dimensions

11. The mats were shipped in bundles (fig. 3) containing an aver-
age of 18 panels and weighing approximately 3/h ton. The panels were
approximately 4 ft square and 1.5 in. thick. No panels were damaged
during shipment. The average weight of the locking bars was 0.5 1b .

Fig. 3. Bundle of Goodyear medium-duty landing mat

6




Individual panels and bundles were measured and weighed, and average
dimensions and weights were as follows:

Panels
Weight per
Overall Dimensions Placing Dimensions sq ft of
in, Width Length Area Weight Placing
Width Length Depth in. in, sq ft 1b Areg, 1b
49.50 50.25 1.50 49.20 49,32 16.85 67.5 L,1
Bundles

Total Volume per

Placing 100 sq ft

Length Width Height Volume Weight No. of Area of Placing
£t 't 4 cu £t 1b Panels s8q ft Area,cu ft

L.6 4,6 3.7 78.3 1542 18 303.3 25.8
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PART III: TEST SECTION, EQUIPMENT, AND PROCEDURES
Test Seection

12. The test section was constructed under a hangar to provide
protection from the elements and to maintain the necessary controlled
conditions for obtalning the required subgrade strength. The test sec-
tion was 24 ft wide and 46 £t long with o 10-ft-wide traffic lane in the
longitudinal center and a 30-ft-long approach area at each end of the
section (plate 1).

13. The test section was excavaled to 24 in, below final grade
and backfilled with a heavy clay material (CH) irith an average liquid
limit of 58 and an average plasticity index of 33 (plate 2). The clay
was processed to ensure uniformity, hauled to the test section, spread
with a bulldozer, and compacted in 6-ir. lifts. Each lift was mixed in
place with a pulvimixer and then compacted by applying eight coverages
of a self~propelled, seven-wheel, rubber-tired roller loaded to
50,000 1b and having a tire-inflation pressure of 65 psi. The surface
of each compacted lift was scarified and sprinkled with water prior to
placement of the next lift. Construction control data were obtained for
each lift after compaction by means of in-place CBR, moisture content,
and density tests. After backfilling had been completed, the subgrade
was finished to final grade by a motor grader and then rolled with a
steel-wheel tandem roller to provide a relatively smooth surface with no
transverse grade.

14, Prior to mat placement, T16 neoprene-coated membrane was laid
over the subgrade to retard drying that would cause a change in the sub-
grade strength, The mat was seated in the subgrade with the roller that
had been used to compact the subgrade. Lead weights were placed along
the szides of the scction to anchor the panels. Results of tests con-
ducted after completion of construction are given as zero coverage data
in table 1. These data were based cn measurements from two test pits in
the test section. An average subgrade CBR of 3.4 was obtained in the
teat section before traffic.
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Mat Placement

15. The mats were placed on the test section by a crew of six wmen
under the direction of a foreman. The mats were stacked adjacent to the
test section in open bundles to minimize the distance that panels had to
be carried by the placing crew. A forklift was used to keep the panels
as close to the placing crew as practical. The panels were placed in a
brickwork pattern with the male and female connectors parallel to the
direction of traffic., After the overlap/underlap connectors had been
nested, *“hey were secured with a locking bar. The average placing rate
was 478 square feet per man-hour on a flat surface. The panels were
stacked upside down in the bundles by the manufacturer, so the placing
rate was somewhat slower than that for the XM19 mats. Nevertheless, the
tale was luscer tnan that of bu6 square feet per man-hour achieved wiin
the previously tested Goodyear mat.4

Traffic Test Equipment

16. A single-wheel load cart (fig.t) loaded to 25,000 1b was used

Fig. U. load cart used in traffic tests

in the traffic tests. It was fitted with an outrigger wheel (load con-
gidered insignificant) to prevent overturning and was powered by the

front half of a four-i heel-drive truck. The load cart hed a 30.00x11.5,
2h-ply tire inflated to 250 psi to produce a contact area of 111 8q in.

9




sy

wavp et A

P 2 atear S AL T

Mat Placemsnt

15. The mats were placed on the test section by a crew of six =uen
under the direction of a foreman. The mats were stacked adjazent to the

test section in open bundles to minimize the distance that panels had to
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be carried by the placing crew. A forklift was used to keep the panels

as close to the placing crew as practical. The panels were placed in a

brickwork pattern with the male and femsle connectors parallel to the 3
direction of traffic. After the overiap/underlap connectors had been
nested, *“he:r were secured with & locking bar. The average placing raie

was 478 square feet per man-hour on a flat surface. The panels were
stacked upside down in the bundles by the manufacturer, so the placing
rate was somewhat slower than that for the XM1G mats. Nevertheless, the
rate was faster thar that of 446 square feet per man-hour achieved with

the previously tested Goodyear mat.

Traffic Test Equipment

16. A single-wheel load cart (fig.4t) loaded to 25,000 1b was used

Fig. 4. Load cart used in traffic tests

in the traffic tests. It was fitied with an outrigger wheel (load con-
sidered insignificant) to prevent overturning and was powered by the

front half of a four-.-heel-drive truck., The load cart had a 30.00x1i.5,
2l-ply tire inflated to 250 psi to produce a contect area of 111 sq in.
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Mat Placement

15. The mats were placed on the test section by a crew of six men
under the direction of a foreman. The mats were stacked adjacent to the
test section in open bundles to minimize the distance that panels had to
be carried by the placing crew. A forklift was used to keep the panels
as close to the placing crew as practical. The panels were placed in a
brickwork pattern with the male and female connectors parallel to the
direction of traffic. After the overlap/underlap connectors had been
nested, they were secured with a locking bar. The average placing rate
was 478 square feet per man-hour on a flat surface. The panels were
stacked upside down in the bundles by the manufacturer, so the placing
rate was somewhat slower than that for the XM1G mats. Nevertheless, the
rate was faster than that of LkL6 sqﬁare feet per man-hour achieved with

the previously tested Goodyear mat,

Traffic Test Equipment

16. A single-wheel load cart (fig.l4) loaded to 25,000 lb was uszd

Fig. 4. Load cart used in trarfic tests

1 in the traffic tests. It was fitted with an outrigeer wheel (load cona
sidered insignificant) to prevent overturning and was powered by the
front half of a four-wheel-drive truck. The load cart had a 30.00x1l.5,
2h.ply tire inflated to 250 psi to produce a contact area of 11l sq in.,
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Application of Traffic

17. The mat was subjected to traffic in ‘a 10-ft-wide, 46-ft-long
traffic lane in the longitudinal center of the test section (plate 1).
Traffic was gpplied to similate the traffic distribution pattern in alr-
craft takeoffs and landings.6’7 Traffic was applied by starting at one
side of the traffic lane, driving the load cart forward then backward in
the same path for the length of the traffic lane, and then shifting the
path of the cart laterally 10 in. (tk: width of the tire print) on each
successive trip. Thus, two coverages of the entire traffic lane ware
produced when the load cart had maneuvered from one side of the traffic
lane to the other. The interior 100 in. of the traffic lane was traf-
fickea for six additional coverages. The longitudinal center 60 in. of
the traffic lane recelved two additional coverages for a total of ten
cuverages. The net result was that this 60-in.-wide strip of the traf-
fic lane received 100 percent of the traffic, the two 20-in.-wide strips
on each side thereof received 80 percent, and the two 10-in.-wide edge
strips received 20 percent (plate 3). This pattern of traffic applica=
tion was repeated until mat failure occurred.

Skid Test Equipment

18, Skid tests were conducted on Luth dry and wet surfaces. The
skid vehicle used was a C-130 load cart, loaded to 3C,300 lb on &
20.00x20, 20-ply tire inflated to 100 psi. The truck section of the
lozd cart was used only for steering, and a Tournadozer was used to
pull the load cart.

19. To perform the tests, the load cart was positioned along one
side of the traffic lane with the wheel locked. The cart was skidded
over the mat at & uniform rate of speed for a given distance to deter-
mine the skid resistance offered by the mat surface and the tire wear
resulting from the skidding. The force required te pull the load cart
over the mat surface with the wheel locked was measured with a
50,000=1b-capacity dynamcmeter.

10
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PART IV: CRITERIA FOR MAT FAILURE
AND TYPES OF DATA RECORDED

Fallure Criteria

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

&. Excessive mat breakage.

(1) Weld failure: when the weld failure appreciably af-

fected the performance of the mat or became a tire
hazard.

(2) Core failure: when the core failurs appreciably af-
fected the performance of the mat or caused undue
roughness.

(3) Breaks:
(a) A panel was considered failed when a break was
considered to be a tire nazard.

(b) A section was considered falled when bresks ex~
ceeding 6 in. in length occurred in 50 ﬁercent
of the panels or when breaks extending 40 per-

cent of the length of a panel oceurred in 20 per-
cent of the panels.

b. Static deflection. Usually not to exceed 1 in. maximum
(accompanied by indi~ncion of structural failure).

¢. Roughness.

(1) Deflection not to exceed 1 in. at side joint, mea-
! 21.
-

sured from a 4-ft-long straightedge.
(2} Dishing not to exceed 0.6 in.

(3) Instability of the load cart as determined by obsar-
vations and experienced judgment when it was travel-
ing at a uniform speed (approximately 2 to 4 mph).

It was assumed that a certain amount of maintenance will be
verioraed in the field during usage of the mat. It was considered fea-
sible to replace up to 10 percent of the panels in the center portion
of the traffic laue (i.e., that portion receiving 100 percent of the
coverages) with new panels during a test. When an additional panel re-

quired replacement or was ccnsidered to be a tire hazard, the section
was considered failed.

11
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Types of Data Recorded

Traffic tests

22, Subgrade densities, water contents, and in-place CBR's mea-
sured before, during, and after traffic are presented in table 1. The
soil tests were made at the surface of the subgrade and usually 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 were taken before, during, and after traffic to
measure transverse and longitudinal deformation of the test section and
to reveal the degree of roughness. Observations of the mat, subgrade
behavior, and other relevant factors were recorded throughout the period
ol traffic and ware supplementcd by rhotographs. Pertinont dats will bve
discussed later in the report.

Skid tests

23. An electric strip chart recorded the force required to pull
the load cart and the distance of the skid on individual oscillograms.
Observations and photographs of the antiskid coating on the mat were
made before and after the skid tests.

12
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PART V: TRAFFIC AND SKID TEST RESULTS AND ANALYSIS
Test Results

Skid tests

2k, Skid tests were conducted on the panels prior to traffic
tests., The load cart described in péragraph 18 was skidded on both a
dry and a wet surface. A summary of the test results is tabulated

below. |
Dry Wet
Surface Surface
Total length of skid, ft 16 14
Maximum pull force, lb 29,500 15,000
Average pull force, lb 17,000 13,500

Coafficient of friction 0.57 0.h45 ;

The data above indicate that the coefficient of friction on the dry mat
surface increased approximately 25 percent over that on the wet surface.
(The QMR, 2 April 1968, speciﬁeé a coefficient of friction range of
0.4 to 0.8 on b~%u dry and wet surfaces.)

25. No antiskid coating was removed from the mat under either dry
or wet conditions, and the tire wear was considered slight. Skid marks
and tire wear after the dry skid test are shown in photos 1 and 2.
Traffic tests

26. The test section proir to traffic (photc 3} was generally
smooth, and the avarage CBR of the subgrads was 3.4 (table 1).

27. Traffic vas applied using the load cart descrived in para-
graph 16, After 180 coverages, panel 15 was considered failed due to a
depression of approximately 43 by 7-1/2 in. parallel and adjacent to the
male connector (photo 4), When the panel was removed from the test sec-
tion, the surface subgrade strength under the panel was 3.8 CBR (table 1)
The core had depressed 0.37 in. (maximum) along the male comnector. In
rddition to the depression, a break l-1/2 in. long haa occurred at the
corner of the male and underlap connectors. The bottom skin had broken
at the sale connector alang the entire length of the panel. Photo 5 shows

13




adhesive failure at the top and bottom skins and shear failure of the
core or panel 15 after 180 coverages.

28. At 500 coverages, the subgrade strength was checked, and an
average CBR of 3.8 (see table 1) was measured. Traffic was continued to
59 coverages. At this coverage level, panel 2 showed evidence of sep-
arations at the underlap and male corners. After 600 coverages, the
separation along the underlap connector was 4 in. in length, and a 3-in.
break had developed along the male connector. The lengthening of these
breaks was slight during the remaining 22 coverages of the test, so
panel 2 was not considered failed,

29. At 622 coverages, the test section was considered failed due
to failure of panels 3, 15, 18, and 39, which represented more than
10 percent of the mats in the 100 percent traffic area; therefore, traf-
fic was discontinued. Panel 3 was considered failed due to & depression
of 0.38 in. (maximum) along the entire length of the female connector.
Alsn, there were l-in.-long breaks at right angles in the corner cf the
overlap and female connectors and l-l/é-in.~long breaks at the underlap
and female connectors. The bottom skin had broken along the female con-
nector for the lergth of the parel, along the overlap connector for a
distance of 3 in.. and along the underlap connector for 7 in. A section
of panel 3 with the top skin removed for inspection is shown in photo 6.
Note the strip that was void of film adhesive {approximately 0.5 in.
wide).

30. Panel 18 was considered failed due to a depression of
0.375 in. (maximum) along the male connector, beginning at the underlap
corner. The adhesive bond between the top skin and the connectors had
broken for 31 in. along the male connector and for 17 in. along the un-
derlap connector. The bottom skin had separated along the male connec-
tor for the full length of the panel. Bottom-skin separation also
extended along the underlsp connector for 32 in. and along the overlap
connector for 2 in, The top skin at the male/underlap corner hed curled
upward (photo 7). The penel was removed, and the top skin was peeled
from the male/underlap corner area for examination {photo 8). In some

areas, there were indications that the film adhesive had wrinkled during

1
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fabrication, thus preventing the top sheet from being completely bonded
to the core., The interior corner of the underlap connection had broken
only on this panel.

31. Panel 39 was considered failed due to & depression of 0.5 in.
(maximum) along the female connector. The top-skin adhesive bond had
broken for 34 in. along the femsle connector and for 2 in. along the
underlap connector. A 48-in, separation had occurred between the bottom
skin and the female connector, extending for 13 in. along the overlap
connector and for 1% in. along the underlap connector. Photo 9 shows
top-skin separation on panel 39 with the load wheel on the panel at
627 coverages. The panel had internal failures similar to those of pan-
els 3 and 18 described in paragraphs 29 and 30, respectively (see
photos 6 and 8).

32. BExcept for the failed panels, the test section was in good
condition at the conclusion of traffic (photo 10). CBR data were re-
corded at iwo locations (plate 1), and the rated CBR for the test secw
tion was 3.8 (table 1). Cross sections and longitudinal profiles at
0 end 622 coverages are shown in plates 4 and 5, respectively. Repre-
sentative static deflection measurements at O and 622 coverages are
shown in plate G. Permanent longitudinal deformation along the center
line of the traffic lane reached a maximum ~f spproximately 1.l in. and
averaged 0.6 to 0.7 in. The maximm static deflection measured at O
coverages was 0.8 in. at the joint of panels 30, 31, and 34; ut 622 cov-
erages, the maximum static deflectlon was 0.9 at the same location. The
greatest increase in static deflection, 0.2 in., occurred at the joint
of panels 27 and 31 (see plate 6).

33. The two special panels, 42 and 43 (see paragraph 10), with-
stood the Mll 627 coverages of traific. There was no evidence of
cracks, core failure, or adhesive failure in either. At 622 coverages,
panels 42 and 43 had maximum permanent sets of 0.1l15 and 0.201 in., re-
spectively, measured at the center of the top surtace of the mats, as
compared to respective maximums of 0.122 and 0.225 in. on typicsl panels
19 and 15 of the regular test panels,

15
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Analysis of Results

34, The coefficients of friction of 0.57 and 0.45 on a dry and
wet surface, respectively, were within the range of 0.4 to 0.8 specified
by the QMR.

35. All puanel fallures were similar in the manner in whi~h they
initiated, The film adhesive was ordered by the fabricator in 48-in.=
wide rolls and was cut to the length of the skins so that all required
areas cov:id be covered for honding. However, the width of the adhesive
as del.vered was undersize by approximately 0.5 in., and a splice in the
adhegive was required to assure 100 percent coverage. In some of the
panels tested, it appeared that the adhesive had not been spliced (see
the 0.5-in.-wide void area across the center of panel 3 in photo 6).
Panel 18 was void of adhesive along the overlap connector (see photo 8),
and a similur condition existed on panel 39 along the female connector.
Failure of paneis 3, 18, and 39 was attribvuted to the lack of splicing
in the undersize fiber-film adhesive. None of the panels failed suddenly,
however; and, after being excessively stressed or weakened, each survived
several additional coverages before failure,

36. The rated (BR, total single-wheel .oad, tire pressure, and
number of coverages at failure were substituted in the ¢ juation*

o+ Pl 5
0.23 loglo (C) + 0.15 .1 CBR pn

where
t = design thickness of pavement structure, in.
C = coverages at failure (622)
P = total single-wheel load, lb (25,000)
CBR = rated California Bearing Ratio (3.8)
p = tire pressure, psi (250)

% This is a combination of equation 2, page 2, and the equation for the
slope of the curve in plute 3 from reference 8.

16
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PART VI: LABORATORY TESTS

Test Equipment

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

Tests and Results

Test specimens

38. Laboratory tests were performed on specimens of the Goodyear
medium-duty mat to determine its mechanical properties and compare them
with properties of the previously tested Goodyear all-bonded math and
with those of XML mat.l The tests were performed on specimens cut from
panels selected a* random.

Taest procedures

39. The specimens were tested by procedure a below, with the ex-
ception of the edge specimens, which were tested by procedure b. The
procedures were as follows:

a. Compressive, shear, and flexural strength tests were con-
ducted in accordance with reference 9. The core shear
strength was determined by the sandwich-flexure method
given in reference 9. Simple beam tests with loading at
the quarter points were used to determine the shear and
flexural strengths of the specimens., A test of this type
was designed to produce failure in one of two ways:

(1) By shear of the core and/or of the core-to-facing
adhesive bond.

(2) By direct compression or tension failure of the
facing.

Spanc of mat of 8 by 20 in. were used to detarmine the
flexural properties, and 3- by 8-in. spans were used to
determine the chear properties.

b. Specimens were subjected to static edge member tests. In
these tests, the connector was left along one of the nar-
rower edgaes of the specimen, and this edge was used as a
support along with one other support area (fig. 5). The
spedimen size was 9.5 by 10.5 by 1.5 in. These tests
were used to determine if the adhesive joining the core

18
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Fig. 5. Static edge member tests

to the edge connectors was as strong in shear strength as
the honeycomb core, rather than to determine the strength
of the edge connectors. (For structural balance, the
shear strength of the adhesive bond should equal or ex-

ceed the shear strength of the panel core.) The shear
strength was calculated using the equation:

op
F = Btswzt - 00&3’
19
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where

F = shear strength, psi

P = load applied at failure, 1lb

W = specimen width, in. (9.5 in.)

t = specimen thickness, in. (1.5 in.)

Results

40, The results of the laboratory tests conducted on the Goodyear
medium-cuty mat (tables 2 and 3) compared favorably with those deter-
mined for previously tested Goodyaar all sonded ma'ch and with those for
the XML9 mats.l The vertical shear values obtained in tests of the
Goodyear medium-duty mat exceeded tre 550-psi minimum specified for the
XML9 mat, Tests of the static edge members produced shear failures in
the honeycomb core but no shear failures in the core-to-edge-connector
adhesive; therefore, the core-to-edge-connector adhesive appeared ade-
quate to resist a greater shear load than that required to fail the
honeycomb core.
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PART VII: SUMMARY OF RESULTS AND CONCLUSIONS

Results

The following results were obtained from the investigation:

B

The placement rate of the medium-duty Goodyear landing
mat was 478 aquare feet per man-hour on a flat surface.

The mat supported 627 coverages of a 25,000-1h single-
wheel load on & subzrade with a rated CBR of 3.8.

Tire wear during s«id tests was slight, and the perfor-
mance of the antiskid compound was considered adequate.
The coefficients ¢f friction on dry and wet surfaces
were 0.57 and 0.4%, respectively.

Core shear, compression, and flexural strength values
ware comparable to those of the previously tested Good-
year all-bonded mai and the XM19 mat; thus. the mat met
the mechanical specifications for the materials.

The film adhesive did not cover all necessary and in-
tended areas,

Conclusions

The placing rate and the coefficients of friction of the
medium-duty mat met the QMR performance specifications. However,

the mat will not meet the performance specification of supporting
a 25,000-1b single-wheel load with tire-inflation pressure of 250 psi
on a 4,0-CBR subgrade for 1000 coverages.

21
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Table 1

Summary of CBR, Water Content, and Density Data

Test Pit Depth Water Content Dry Density Rated
Coverages __lLocation in. CBR % Dry Weight pef CBR
0  Panel 13 0 3.3 29.5 87.2 |
; 6 3.6 29.7 89.1
12 3.5 30.1 86.8
AVg 3-5 29-8 8707
Panel 32 0 3.8 28.8 89.9
6 3‘3 3009 8702
12 3.1 30.7 87.4
Avg 3.4 30.1 88.2
180 Panel 15 0 3.8 30.2 89.9
; 500 Joints of 0 3.7 28.7 89.7
panels 7 6 3.5 29.9 88.8
and 11 12 3.9 30.0 88.7
Avg 3.7 29.5 89.1 3.8
Joints of 0 4.0 29.9 91.7
panels 31 6 3.8 29.4 90.2
and 35 12 3.9 29.8 88.3
g Avg 3.8 29.7 90.1
| 622 Joints cf 0 5.0 29.2 89.5
panels 18 6 4.5 29.6 89.9
and 15 12 kL. 30.1 88.8
AVQ hl? 2906 8901‘
Joints of 0 h.2 30.7 88.9
panels 3“‘ 6 hol 2908 %01
and 30 12 3.9 30.2 88.0
Avg b 30.2 89.0 Y

———— r—— "
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Table 2

Comparison of Compression, Shear, snd Flexural Strength Values

ioad
Type of Orientation
Test Sample Size, in, on Core* XML9¢

Compressive 3y 3 Not applicable 1790

Shear 3 by 12 (1/4-point Weak 600
loading, 8-in. Strong 1070
span)

Flexure y.5 by 24 (1/4- Weak 4,280
point losding, Strong -
20-in. span)

Flexure 8 vy 24 (1/4-point Weak L8,570¢
loading, 20-in. Strong 65,120
span)

Ftress, psiwt
Previously
Tested Goodyear Goodyear Mediug-

All-Bonded Mattt Duty Mat

1500
730
1060

53,920

1690

580
950

45,870
56,240

* Weak: sample oriented so load was applied parallel to ribbon of core.

load was applied perpendicular to ribbon of core.
**  All samples falled in the core.

t Reference 1 of text.
tt Reference 4 of text.

Strong: sample oriented so

$ Data from tests conducted on a 1968 production quantity of XMl mat (referenc: 3 of text).

Tabls 3

Comparison of Vertical Shear

Strength Vajues (static Bdge Membes Motiiod)

Sonnzetop Sample
Tasted dige, {n.

vertical Shear Stresses, psi

loaa at Failt -, b

per in. of ¥ilthes

Previoysi, Goodyenr
Tested Qoodyear Medlume

All Eonded Mattt Duty hat

Over.ap 9.% by 105
Underlap 9.5 by 125
Female 2,5 by 0.5

Mate 9.5 by 10.5

toad Previously Goodyear
Ortentativa Tested Goodyenr Mediume
an Cope* Wigr AllBoaded Mattt Duty Mat XH19¢
Weak 590 £80 “70 ko
weal 490 + 30 §90 1h60
dtrong (top 830 &0 - 2189
load)
Stranz (vote 810 780 030 1990
tom loag)
fFtrorg (top 840 B3he H60 2080
1sad)
Strong (kote »
tom lead) 790 190 620 1860

1670 1390
1600 430
2100 .-

16C0 1559
2088 1020
1920 1936

* Yea: sample orlented so .oad wasd applied papailel to ritbon of core, Strong: sasple orleanted w0
load was applied perpecdieuiar to ribbon of core.
*¢  AL) saxples falled in the eupe,

+ Reference ) of Yest.
* Befrredce & of veat.
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Photo 4. Failed panel 15 showing depressed area after 180 coverages
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L SR9e5 10

i

Phots 7. PFailure of panel 18 showing topeskin separation
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