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The investigations reported here’iin: we;e afxthorized by the Raval Air
Material Center, Philadelphia, Pennsyivani\fp ix{ Project Orders No. 2-14036
and 3-4007, dated 15 February 1952 and 1%} 5962 respectively. Respon-
sibility for prosecution of these 1nvestig§tings was assigned to the U. S.
Army Engineer Waterways Experiment Station (WES), and they were performed
by WES during the period March through November 1962.

The investigations were under the general supervision of Messrs. W. J.
Turriell, Chief, and W. G. Shockley, Assistant Chief, of the WES Soils
Di\-:isig;i. Engineers of the Flexible Pavement Branch, Soils Division, who
were zétively concerned with the planning, testing, analysis, and report
phases of the study were Messrs. A. A. Maxwell, Branch Chief, O. B. Ray,

W. L. McInnis, C. D. Burns, M. J. Mathews, and W. B. Fenwick. This report
was prepared by Messrs. Burns and Fenwick. .
Col. Alex G. Sutton, Jr., CE, was Director of the WES during the con-

duct of the study and preparation of this report. Mr. J. B. Tiffany was

Technical Director.
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SUMMARY

The initial phase of this study was conducted to evaluate four ex-
prvimental, aluminum landing mats, and to develop CBR design curves for the
-ni sclected as most satisfactory, which was staundardized and designated by
Wi Navy as Airfield Matting No. 1 (AMl). The design curves were to Yepre- -
st 1600 operational cycles of an aircraft having & 60,000-1b gross weight
i o single-wheel, main-gear assembly weight of 27,000 1b and a 30-7.7
.+ inflated to 400 psi. CBR design curves were also desired for 1600

ol a 39,000-1b single-wheel load applied in a single track to repre-
© ‘he loading calculated to be imposed on the landing mat during the
*'ng of a 60,000-1b aircraft by catapult. .

" test section consisting of items with different subgrade strengths,
vt iaced with the four mat types, was constructed and subjected to
i rated traffic of 27,000- and 39,000-1b single-wheel loeds with a
, Lire inflated to 40O psi. Analysis of the data obtained indicates
bonad 1-d, later designated AM1, will satisfactorily sustain 1600 cycles
nircraft operations with a 27,000-1b single-wheel load and 40O-psi tire
;o7 cure when placed over a subgrade having & CBR of T or greater through-
vt the traffic period. The minimum subgrade strength required for 1600/
trenig of the 39,000-1b load was not determined; however, it was determined

tnat mat 1-d4 would support this traffic when placed on & subgrade with a
CPR of 13 or more.

For the second phase of the study, a production quantity of the AM1
wmal was manufactured and subjected to the same types of field tests used
for the experimental mats on subgredes with CBR's ranging from about 5 to

- 1» pecause the end Joints of the mats in test item 1 with the weakest

stbisrade began to fail early in the tests whereas the mats in the other
turs showed no distress, the mats in item 1 were strengthened with end-
“rueeting rods.  Analysis of the test results indicates that the mat with
' id-conneeting rods will sustain 1600 cycles of the 27,000-;\ single-wheel
loud, or 1600 passes of the 39,000-1b single-wheel load ‘on a subgrade with
" CBR of 8 or more throughout the traffic period. Without the end-
“onnecting rods, the AM1 mat must be placed on a subgrade having a CBR of
‘‘bout; 10.7 to carry the design traffic.
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DEVELOPMENT OF CHR DESIGN CURVES :FOR AMl LANDING MAT

PART X: INTRODUCTION

Background

{

1. For several years the Marine Cérps hes been engaged in a sffxdy of o

problems involved in the construction and support of small airfields: for
tactical support (SATS) in amphibious: opera.tioné. A SATS has been defined
as & small, j('luickly constructed, tactical-support airfield of temporary/
nature, capéble of sustaining opera.tic:zns ‘of modern Jet aircraft of the ’
Marine Corps employing assisted takeoffs and arrested landings. The minir-;r*!
rum operational installation must be ready for use in the objective area’
vwithin the first three to five days of an amphibious asseult. The runway’
nust be capable of withstanding thé heavy wheel loads and arrest:ﬁxg-hook
landing impacts of the us-\i.};g 'air'c!rb.ft, and heat blasts from tailpipes of
Jct engines during takecoffs; it must also remain serviceable with minimum
waintenance for 1600 aircraft cycles (or round trips) during a 30-day pe-

riod. At the time of this study, the weight of the newest proposed Marine

: aireraft that will utilize SATS was 60,000 1b (27,000 1b per main wheel)

with' & 30-7.7, 18-ply tire inflated to 400 psi (formerly, the weight of
this ‘aireraft was 40,000 1b, or 17,000 1b per main wheel, with the same
tire size). Computations show that a single-wheel load of 39,000 1b will
be impused on the lapding mat during the launching of the 60,000-1b ai:-
craft by catupult.

2. At the beginning of fiscal year 1962, the responsibility for
development of SATS landing mat was assigned to the Naval Air Material
Center. This agency requested several manufacturers to develop small quan-
Lities of experimental landing mats for use in tests to establish their
suitability for surfacing SATS. The first of these experimental mats to be
tisted consisted of & group of four mats manufactured by Fenestra, Inc.,
Philadelphia, Pennsylvania. These mats were initially identified as
¥enestra Mark III. Based on the results of these tests, one of these mats
vus ctandardized and designated as Ajrfield Matting No. 1 (AML) by the
Navy. A contract was subsequently let by the Navy to Butler Manufacturing
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Company, Kansas City, Missouri, for a pioduction quantity of AM1 mat. A
portion of this mat was furnished WES for further testing.

Objectives of the Investigations

3. The preliminary objective of the investigations reported herein
was to evaluate the performance of the four experimental Fenestra Mark III

mats under accelerated traffic tests with single-wheel loads of 17,000,

27,000, and 39,000 1b with 400-psi tire pressures. Tests with the 17,000-

1b single-wheel load were included to provide a comparison of performance

of the Fenestra mats with previous mats tested with the 17,000-1b single-

wheel load. The primary objective of the investigations was to develop CER

design curves for the most satisfactory Fenestra Mark III mat, later desig-

nated AM1l, and the Butler AMl mat. The CBR design curves were to indicate

the minimum strength required for subgrades surfaced with the AML mat to

support 1600 cycles of aircraft operations with 27,000- and 39,000-1b
single-vheel loads with 400-psi tire pressures. i

Scope of Report

4, Part II of this report describes and gives the results of the
field traffic tests which were conducted to evaluate the four experimeuntal
landing mats. Part III describes tests on profuction quantities of the
most satisfactory of these mats (designated AML), and includes en analysis

of the data obtained and the CBR design curves which were developed for use
in designing airfields to be surfaced with AM1 mat.

Part IV summarizes the
conclusions derived from the investigations.
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PART II: TESTING AND DEVELOPMENT OF DESIGN CURVES
FOR THE FENESTRA MARK III MAT

Mat

5. The landing ats used in this investigation were fabricated from
nine aluminum extrusions which were mechanically interlocked and usually
welded to form a mat plank approximately 2 by 12 ft. Aluminmum end connec-
tors were welded across the ends of +he 2-ft plenks. The variation in the
experimental mats was primarily in the degree of welding along the longi-
tudinal joints of the individual extrusions. A top view of the four.-ex-
perimental mat types studied is shown in fig. 1. A brief description of

the mats is given below:

Fig. 1. The four types of Fenestra mat

Designa- Official Full Plank Weight
tion in Designa- Iaying Dimensions of Full
fig. 1 tion _ Description Length Width Plank, 1b
R l-a Longitudinal 11 £t 11-3/4 in. 2 £t 1/b in. 176.5
weld; with
leg
Y 1-b Tack weld; 12 £t 2 £t 1/8 in.  172.0

with leg (Continued)

i
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Designa~- Official Full Plank
tion in Designa- Laying Dimensions
fig. 1 tion Description Length Width

W o l-c No weld; 11 £t 11.7/8 in. 2 £t 1/b4 in.
with leg

Iongitudinal 11 £t 11-3/4 in. 2 £t 1/8 in.
weld; with-

The leg is & swall extension of the
underlapping plank edge .('ﬁg. 2) on
the bottom of the mat. When the mat
is in place, the leg rests on the
bottom extension of the overlappiag
plank, thus furnishing vertical sup-
port to the underiapping plank. A
total of 15 bundles of mat, each
consisting of 9 full planks and

Fig. 2. Bottom view of type l-a mat 6 half planks, were received for
with leg and 1-d mat without leg surfecing the test section.

Test Section

Location

6. All traffic tests were conducted at the WES on a test section
which vas constructed and tested under shelter to control the water content
and strength of the svlgrade. -

Description

T. A layout of the test section is shown in plate 1. The test sec-
tion consisted of four items, each approximately 2k ft wide and 40 ft long.
Items 1 and 2 were constructed cf a heavy clsy soil, itent 3 of an uncom-
pacted rock, and item 4 of & loose sand.

Subgrade materials ' .

8. Gradation and classification data for the subgrade materials used
in the test section are shown in plate 2. The sand used in this investiga-
tion was obtained from a local river bar, and had characteristics resem-
bling those of a beach sand. It clussified as SP according to the Unified
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Soil Classificatior System. The rock classified as GP, and was & hard,
durable, crushed limestone obtained from a nearby source. It was graded
from & maximum size of 2 i.. down to that passing a Ho. U screen. The
rock wes used to simulate an existing paved runway or an area surfaced
with srvoken concrete. The heavy clay soil {buckshot) had a liquid limit
of 57 = plasticit: index of 33, an® classified as CH. ILaboratory come

pacticr znd C2R data Tur the heavy ciay soil are shown in plate 3.
Constrv-cion of .uiarnda

9. Items : =4 2. These :ltemé were to be constructed to a total
thicknest ¢f 24 in.; therefore, the exisiing material at the test site
was excavat:d to a depth of 24 in. below finished grade. The soil at
the bottom of the excavation was ;a. i’éan cley having a CBR value of about

10. It wvas desired to construct,'items 1 and 2 with tbs heavy clay soil at

water contents that would result‘ in CBR values of 5 and 10, respectively,

when compacted. The s0il for each item was processed to the desired water

content, hauled to the test section site by truck, spread, and compacted

in 6.in. lifts. Compaction of items 1 and 2 was accomplished by applying

eight coverages of a four-wheel rubber-tired roller loaded to 40,000 1b
with tires inflated to 90 psi. The surface of each compacted lift was
scarified prior to placement of the next lift. After placement and . mpac-
tion of the fourth and final 1ift, the surface of the subgrade was fine-
bladed to grade with a motor petrol. Constructi~n control date were ob-

tained for each 1ift immediately after placement. Strengths were measured

by in-place CBR tests. Construction data representing the average of the
four lifts are shown below.

Test water Dry Density

Item Content, % ib/cu £ CER
1 27.6 95.0 5
2 2.3 97.3 11

10. Items 3 and k. Item 3 of the test section consisted of 12 in.

of uncompacted, loose rock that had been end-dumped (fig. 3) and spread by
hand. Item 4 consisted of 2l in. of uncompacted sand that had been end-
dumped (fig. 4) and spread with a D4 tractor. A CBER of about 3 was mease
ured in the sand item prior to placement of the mat. A CBR of 3 for a
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Due to the coarseness and loose state of the rock, no attempt was made to
obtain an initial CBR value in item 3.

Placement of mat

11. The Fenestra mat was placed on the test section by a crew of six
experienced laborers working under the supervision of a foreman. The mal
bundles were placed alongside the test section by crane, and individual
planks were carried about 30 ft intc place (fig. 5). Approximately 250 sq

e

Fig. 5. Placement of Fenestra’ﬁéfﬂdﬁﬁiéét ction

ft per man-hour was leid by the seven-man crew. This laying speed included
opening the bundles and carrying the mats into place. Minor difficulties
were encountered occasionally in aligning the élots on adjacent planks.
This would be considered a serious handicap only if the mat were being
placed on an irregular subgrade surfacc.

12. The entire test section was surfaced with Fenestra mat for a
total width of 2 ft, as shown in plate 1. Five runs of each type of mat
were placed in each of the four test items to evaluate all four nad
types on each subgrade streagth. The laying order in all items was l-d,
l-a, 1-b, an. 1-c. Photngraph 1 shows a general view of the test sec-
tion prior to‘traffickzn@. With this arrangement, each time the load cart
(@escribed on following page) traversed the entire length of the section,
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the four types of mat were tested on each type of subgrade.

Test Loed Cart

Ve oo 13. A specially designed single-wheel test cart (fig. 6) was used
W\ 1. for traffic tests with 17,000- and 27,000-1b single-wheel loads. This test
. % cart was fitted with an outrigger wheel (not visible in fig. 6) to prevent

Fig. 6. Test load cart with 27,000-1b sthgle-fheel load
with tire inflated to 400 psi / !

overturning, and was powered by the front haif of a fou;éwheel-drive truck.
The aircraft which the test load was to simnlate is equipped with 30-7.7,
18.ply tires inflated to 400 psi. However, a.t ,.the time the tests were
initiated, these tires were not available :f'oxz test purposes, and FBU air-
craft wheels and tires, furnished by the Naval Air Engineering Labbratory
‘(NAEL), were used for the 17,000-1b single-wheel-load tests.’’ ;‘he F8U,
26-6.6, 16-ply tires were inflated to 40O psi, which resulted in a tire-
contact area of about 48 sq in. with a tire-print width of abéut 5 in. when
loaded to 17,000 1b. The average contact pressure Was about 355 psi. The
30-7.7 tires were obtained after 50 coverages of traffic had béen applied
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with the 17,000-1b load on the 26-6.6 tires. At this stage of traffic,
MAEL requested that the 30-7.7 tires be used and the test load be increased
The 27,000-1b load on the 30-7.T tire resulted in a tire-

to 27,000 1lb.

ETER LRI IRE] “"!"'ﬂ"‘l“"i”l”‘""" 1 i A

|
Fig. 7. Test load cart with 39,000-1b single-wheel load
§ with tire inflated to 4OO psi

contact area of 82 sq in. with a
tire-print width of 7.3 in. The av-
erage contact pressure was sbout 330
psi. A large runway test cart (fig.
7) was used with the 30-7.T tire for
the 39,000-1b, single-wheel-load
traffic. A close-up of the load
vheel mounzed under the load box is
shown in fig. 8. The 39,000.1b load
on this tire resulted in a contact’
trea of 103 sq in. and an average

j tontuct pressure of 378 psi.
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Traffic Tests

Untf‘orm-coverage traffic \
4. A statistical study of aircraft landings on & 78-ft-widé;~mw
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by the Marine Corps Equipment Boa}d* indicated that with a probability of
100 percent, a main landing-gear wheel path would not vary more than 25 ft _
laterally from the runway center line. For about 90 percent of the land-
ings, the main gear load vas fairly evenly distributed over a 10-ft width ;
of runway. For the traffic tests reported herein, it was assumed that

100 percent of the main.gear-load operations of the design aircraft would
be evenly distributed over about a 10-ft width of runway, which may be
alightly conservative based on the statistical results of the study refer-
enced at the beginning of this paragraph. However, for test purposes, this
assunption was considered reasonable. Therefore, & 20-ft-wide traffic lane
was laid out down the center of the test section.
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15. The test objective was ‘to develop & CBR design curve for 1600
cycles of aircraft operations. One takeoff and one landing comprise one
aircraft cycle. Therefore, 1600 cycles is equivalent to 3200 passes of the
load wheel. For the 17,000~ and 27,000-1b single-wheel loads, the traffic
passes were evenly distributed over the 10.ft-wide traffic lane. ‘Since the
tire-print width of the 26-6.6 tire was 5 in., 24 passes of the load wheel
were requireé. to obtain one covErage over the 10-ft.wide lane. This traf-
fic was applied by driving the load cart forward and then backward the
length of the traffic lane, shifting the path of the cart laterally 5 in.
on each successive forward trip. This resulted in two complete coverages
each time the load cart maneuvered from one side of the traffic lasne to the
other. For the 27,000-1b wheel load, the tire.print width was 7.3 in.,
therefore, about 17 passes of the wheel load would be required to obtain
one complete coverage over the 10-ft-wide traffic lane, or & total of 188
coverages to equal 3200 passes. However, since guidelines had previously
been laid out for shifting laterally 5 in. on each successive forward trip,
the sume guidelines were used for the 27,000-1b load traffic; this resulted
in an overlap of 46 percent on each forward pass. Thus, each 24 passes of

the load cart with a 27,000-1b load and 5-in. spacing resulted in 1.46
coverages.

Sinrle-track traffic

AT 0 3 P o

X

16. If a catapult system is used for launching the aircraft from the

E * Small Airfield for Tactical Support (SATS) Concept, Second Interim Re-
port, Projoct 16. 51-56-0L, dated 5 Mar o T




mat-surfaced runway, then the main-gear wheels of & given type aircraft
will run in the same path'during each takeoff operation. 1In this type of
operation there will also be an added vertical load imposed on the mat be-
sides the static load of the aircraft. NAEL has calculated that the main-
gear single-wheel load which will be imposed on the landing mat during the
launching of a 60,000-1b aircraft by catapuluv may be as much as 39,000 1b.
For 1600 cycles of aircraft operations, 1600 launchings would be required.
Therefore, to simulate these operations, traffic was applied in a single
path with the single-wheel test cart loaded to 39,000 1b with & tire pres-
sure of LOO psi. The load cart was driven forward and backward in the same
track. The center line of the traffic path was located 2 ft outside the

uniform-coverage traffic lane and 5 ft from the outside edge of the sec-
tion, as shown in plate 1l.

Soil Tests and Miscellanebus Observations

~ 17. For the 17,000- and 27,000-1b load tests, water content, den-
5ity, and in-place CBR were determined in test items 1 and 2 prior to traf-
fic and at various stages during traffic, and in item 4 before and after
traffic. CBR measuremeits were made in item 3, the rock item, at the

.end of the traffic period. These data are summarized in table 1. These

tests were made at depths of 0, 6, and 12 in. in the clay and sand sub-
grades, and on the surface of the rock item. A minimum of three tests were
made at cach depth, and the values listed in table 1 are the averages of
the values measured at each depth. No CER tests were made in the subgrades
along the wheel path used for the 39,000-1b single-wheel-load traffic.
However, the CBR values shown in_table l-are considered to be representa-
tive of the subgrade strength along the 39,000-1b single-wheel-load traffic
path.

18. Visual observations of the behavior of the-test items and other
pertinent factors were recorded throughout the traffic-testing period.

These obcervations were supplcmented by photographs. Level readings were

tuken prior to and at various intervals during traffic to show the develop-

ment of permanent deformation und deflection of the mat under the wheel
loads.,

L v Aavaeietd SadRBA



Behavicr of Mat Under Traffic

17.000-1b single-wheel load

19. Observations. A total of 50 coverages of traffic with the
17,000-1b single-vheel load were applied to the test lane. The mat per-
formance was considered satisfactory in all test items. However, some
weaknesses did appear in the mat types designated l.b and l-c. The tack
welds in the type 1l-b mat
(tig. 9) vere completely in-
effective, as more than 50
percent of these welds failed
in all test items during the
50 coverages of traffic.
'Biererore, the performance of
types 1-b and l-c mats, which
bad no longitudinal welds be-
tween the individual extru.
sions, was quite similar.
There was & tendency for the
individual extrusions of both
types l1l-b and l-c mats {0 work
or move with respect to each
other under the rolling wheel
loads; this causeci a pumber of
minor cracks to develop at the
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end~connector joints, as shown

in fig. 10. A number of over-

lapping corner breaks along

the side connector also de- 3
2 veloped, as shown in fig. 10. E
These breaks were more preva- %
3 = lent in test item 1, the low- %
4 ' strength clay subgrade, than 4
’ Fig. 9. Tack weld breaks in mat l<b in 3

item 2 after 20 coverages of 17,000-1b in the other test items. The

, single-wheel load traffic with the 17,000-1b
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in item 1 after 20 coverages of traffic

single-whecl louad had no detrimental effects on types l-a and l-d mats, ex-
cept for & minor crack at an end joint of a plank of type l-d mat.
20. Permanent deformation. Level readings taken to show permanent

oy

3 r
) deformation of the mat during traffic are shown in plate 4. As the nat was .
: 5] laid in a staggered pattern, every other run of mat consisted of two whole

Planks with an end joint located at the cénter of the traffic lane. The
adjacent runs consisted of two half planks and a whole plank; one half
Plank was located on each side of the lane with the whole plank in the
tenier so that the center of the whole plank was located at the center of
the traffic lane. The data in plate 4 show average cross sections for both
: conditions for each item of the test lane. These data indicate that the

: deformation across the traffic lane is about the same regardless of where
the end Jolnt‘ is located. The dsi.s 2\%0 show that the permanent deforma-
tion in itcms 1 and 2 was very small -t & maximum of about 1/l in.,
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whereas in items 3 and 4 the permanent deformation exceeded 1/2 in. This
was due to the fact that the rock and sand were placed loose with no com-
paction, and were densified by the traffic load.

2i. Center-line profiles showing deformation of the mat in each test
item down the center line of the test lane are shown in plate 5. These
profiles show slight deviations in deformation within the various test
items, but no consistent difference due to mat type. In general, the sur-
face grade remained smooth throughout the 50 coverages of traffic, as can

be noted in photograph 2. .
22, Mat deflection. Ilevel readings taken to show the mat deflection

under load are shown in plate 6. These date indicate the elastic def_lec-‘
tion, or rebound, of the mat as the wheel load moved over the surface.
Data are shown for three locations on a mat panel in each test item:
an end joint, at a quarter point, and at a center point of a plank. The
maximun deflection indicated is for item 4 where the value approached 1 in.
at the end of 50 coverages of traffic. The severe deflection in item &4 was
due to the densification of the sand under the mat and the bridging of the
subgrade by the mat. A few observations made at the end of 50 coverages of
traffic indicated that the subgrade was 1/2 to 3/l in. below the mat along
the center line of the section in test item 4.

27,000-1b_single.wheel load
. 23. Traffic tests with the 27,000-1b single~wheel load were con-

ducted in the same traffic lane used for the 17,000-1b single-wheel-load
traffic. This load was considerably more detrimental to the mat than the
17,000-1b load. The behavior of the mat in the various test items is dis-
cussed in the following paragraphs.

2h. Item 1. Types l-b and l-c mats in item 1 deteriorated rapidly

under the 27,000-1b wheel load. After 18 coverages, two end joints in each
A close-up of one

This condition created a

at

type of mat sheared completely off, as shown in fig. ll.
of the end-Jjoint failures is shown in fig. 12.
tire hazerd, and traffic was discontinued on types 1-b and 1l-c mats. Types
1-a and 1-4 mats were still in good condition. At this stage types 1.b and
l-c mats were removed from item 1, and types l-a and l-d mats were shifted
and placed adjacent to item 2. As traffic continued, a number of mat

breaks developed in both types l-a and 1-d mats. By 29 coverages, &
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Fig. 11. Failures in types 1-b and l-c mats in item 1 after 18 coverares
of traffic with 27,000-1b single-wheel load

lumber of overlapping corner breaks had developed, as shown in fig. 13.

Ihe loose projecting ends from these breaks were cut off to prevent tire

dnmage, we chown in fig. 1lb. The breaks continued to progress as traffic
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in 13. Overlenping corner breaks in item 1 after 29 coverages of traffic
with 27,000-1b single-wheel load

Fig. 14, Area where loose projecting ends of overlapping edge of mat were i
cut off .
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was continued, and by 128 coverages three end-joint failures developed; at
this point, traffic was discontinued. A general view of item 1 at the end
of 128 coverages of traffic is shown in photograph 3.

25. Item 2. All mat in this item withstood the full 188 coverages
of traffic with the 27,000-1b single-wheel load. However, there was con-
siderable breakage in types 1-b and l-c mats of the same type that occurred
in item 1, but the breaks were not as severe. Only one serious break de-
veloped in the entire item--an. end-joint failure in one plank of type 1l-b
mat, which occurred at about 73 coverages. No breaks developed in type 1l-d
mat, and only two minor overlapping corner breaks developed in type J:-_-a. mat.

26. Item 3. All four mat types performed satisfactorily in this
item. Although practically all the tack welds on type 1l-b mat failed early
during the traffic period, this did not affect the performence of the mat.
A few other minor breaks developed in types 1-b and l-c mats, but no breaks
were noted in type l-a or l-d mat. ’ .

27. Item 4. Considerable breakage occurred in types 1l-b and l-c
mats. These breaks were similar to those discussed for item 1, end started
during the early stages of traffic. By T3 coverages, three end Joints had
completely failed, as shown in fig. 15, and types 1l-b and l-c¢ mats were
removed from the item. Types l-a and 1l-d mats performed satisfactorily
for the full period of traffic (188 coverages).

Fig. 15, Failed end joints in item ! after T3 coverages with 27,000-1b
single-wheel load

28. Permanent deformation. Level readings taken to show permanent
deformation across the traffic lane during the 27,000-1b single~wheel-load
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traffic tests arc uhown in plate 7. These data show about the same pattera
as that discussed |u paragraph 20 for the 17,000-1b single-wheel losd, ex-
cept thet the degren of deformation had increased. Center-line profiles
showing the deformallun down the center of each test item are shown in
plate 8. These dula show that by the end of traffic (188 coverages) the

o permanent deformatlon down the center of the traffic lane exceeded 1 inm.
v in test items 3 and 4.

29. Mat defluection. Plots presenting elastic deflection of the l-a
. and 1-d mats under load for the varions intervals of traffic are shown in
- plate 9. The mat deflection in item 4 was severe, exceeding 1.5 in. As

‘ discussed in paragraph 22, this severe deflection was due to the mat
bridging the subgriude, as the mat did not conform to the subgrade after
‘ densification of the: sand occurred under traffic. As can be noted in
N table 1, the density of the sand increased from about 91 1V per cu £t
prior to traffic Lo about 106 to 111 1b per cu £t after traffic.

' Single-track trafr:.,
: 39,000-1b_single-win-cl load

30. Based it the performance of the various types of mats under the
27,000-1b single-wiel load, it was concluded tha:b only types l.a and 1-d,
o which had continmuuuu Jongitudinal welds, should be considered for traffic
- with the 39,000-1b single-wheel loasd. There was only & sufficient quantity
x of this mat for two ¢umplete test items; therefore, only items 2 and 3, the
’ high-strength clay wnd the rock items, were utilized for the 39,000-1b
single-wheel-load test. For this test, it was necessary to reuse types l-a
and 1-d wats that had previously been subjected to traffic with the 17,000-
and 27,000-1b single<wheel loads. However, the mat was taken up end relaid
on items 2 and 3 with the ends reversed so that none of the mat along the
single-track traffi¢ path had previously been trafficked. Although 811
Planks used were in wood condition, some difficulty was encountered in re-
\ laying the mat, mwostly in aligning the connector slots on adjacent planks.
x ‘Sixteen runs of mat %cvre placed on each of the two test items.

31, The mat in bLoth test items performed satisfactorily under the
39,000-1b single-wheel load. Fig. 16 shows a failure of the interior of
one plank; this failuve occurred in item 2 after 400 passes of the losd
wheel. The reason that the mat collapsed was not apparent, and this
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Fig. 16. Interior failure of mat plank in item éhhféer_hoo passes

_

of 39,000-1b single-wheel load

condition wii not representa-
tive of the section.

32. The load tire blew
out after 260, 435, and 638
passcs, and in each instance,
the impact of the wheel rim
caused rathcr severe damage
to the mat. A view of a
blown-out tire is shown in
fig. 17. Fig. 18 shows a
cloce-up of damage to the mat
caused by a Lire blowout.
Immediately ufter thece

g

'Fig. 17. Blowout of 30-7.T tire
(39,000-1b single-wheel load with
tire inflated to 400 psi)

19




o o

"

ST

T WA PP

T T R R T T

L T o
LA Wl

N

iprlEas sl

TENC B 0 e, e

—iw e

PR R

e dliaiicss v . - il
T o r B s Gar e L . s

Fig. 18. Mat damage from blowout at 638 passes

© 362554

blowouts, the dnamaged mat run was offset by 2 £t to avold intexrference with
continued trafficking operations. A total of 946 passes had been gpplied
when the carcass of the last available tire separated and became unsafe for
further use. It was apparent at this stage of trafficking thet the mat
would satisfactorily withstand the full _1600 passes of the load wheel, and
the test was considered complete. .

Failure Criteria and Aralysis of Test Results

Failure criteria

33« The criteria tfor failure of the Fenestra Mark III mat were es-
sentially the same as that used for the MOM2 mat, as reported in WES
Miscellaneous Paper No. 4-501, Development of CBR Design Curve for MOM2

Ianding Mat, dated June 1962. However, some slight modifications had to
be made due * the differences in the design and performence of the
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Fencrtra mat. The failure criteria used for the Fenestra mat were as
rollows:
a. Excessive mat breakage

End-Joint failures
Core (interior) failures

. Defleciion
Maximum permiscible, about 1 in.

34, It was assumed that a certain amount of maintentnce wouid be
performed in the field during actual usage, and that short weld breaks,
overlapping corner bresks, etc., could be repaired rather easily. However,
when an end-connector joint sheared off or & mat core failed, the mat plank
would be considered failed, and should be replaced. It was also considered
feasible to replace up to 10 percent of the mat with new planks during the
design life of the runway. For replacement of more than 10 percent of the
planks, the maintenance effort would be excessive. Therefore, for the test
section, it was assumed that up to 10 percent of the mat planks in each
ftem could be replaced, and when an additional 10 percent fai ' ed, or a
total of 20 percent, the entire item was considered rfailed.

35. 'The deflection criterion of l-in. maximum is based on previous
experience in mat testing in which it has ‘been observed that a deflection
' i - in excess of 1 in. causes the mat to treak up at a rapid rate, and also to
- create a high rolling resistance. '

: 36. ‘'me degree of roughness is also normally used in judging fail-
ure;. However, for this mat, it was not used, as the surface remained
uzooth throughout the period of traffic except when an end joint of a plank
foiled. o

Summary of test resulis

‘ 37. A summary of the traffic teet results for the 17,000- and
21,000-1b singls-iheel-load uniform-coverage traffic is shown in table 2.
This table iden-::ies the test items, shcus the rated subgrade CBR, indi-
cules the number of planks of the different type mats in each item, and
Dresents data on mat breakage and deflection at various stages of traffic.
The last column in table 2 indicates a rating for each type of mat in each
item, based on the failure criteria d:scribed previously.

35. The rated subgrade CBR for the clay subgrace (items 1 and 2) is

—
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based on the nunmerical averages of tﬁe CBR values measured at O-, 6-, and
12-in. depths prior to tralfic and at various traffic intervals where tests
were nmude (see table 1). The only value measured for the rock subgrade was
a CBR of 81 at the end of traffic. However, this strength was developud as
& result of densification and confinement of the rock under the mat during
traffic. As previously stated, the material was placed loose with no com-
paction, and would have had a very low CBR value at the start of the test.
Therc{ore, the item is not assigned a CBR value, as the mat behavior vas
probubly inf'luenced more by the initial strength than by the strengtl which
developed during the traffic tests. The sand in item 4 had an init%al CBR
of 3.5, but the value increased considerably to about 15 to 20 during the
traffic period, as shown in table 1. The bridging and severec mat deflec-
tion, uc discussed previously for thic.item, were due to densification of
the sund Guring traffic. The initial CBR value is a relative measure of
the degrec of density in & sand, and the lower the initial-CBR value, the
more cettlement can be anticipated. Therefore, the initial CBR strength
of 4 is used for evaluating this item, as it is believed that the initial
strength, or density, of the sand more nearly indicates how the mat will
bechave. -

39. Since the 27,000-1b single-wheel-load traffic was applied on
the same traffic lane as that previously subjected to 50 coverages of a
17,000-1b single-wheel load, the effects of the initial traffic are con-
sidered in the evaluation. This was accomplished by taking the actual
coverages applied with the 17,000-1b single-wheel load and converting them
to equivalent coverages of a 27,000-1b single-wheel load. The conversion
was based on equivalent-wheel-load rclations which have been developed at -
the WIS for Tlexible-pavement design.* From these relations it was com-
puted that 50 coverages of the 17,000-1b single-wheel load were equivalent
to 6 coverages of the 27,000-1b single-wheel load. Therefore, the 6 cover-
ages were added to the number of coverages of the 27,000-1b load (see
"Equivalent Accumulative Coverages of 27,000-1b Load" in table 2).

40, The borderline ratings of types l-a and l-d mats in items 3 and

* U. S. Army Engineer Watervays Experiment Station, CE, Revised Method of
Thickness Desipn for Flexible Highway Pavements at Military Installa-
tions, Technical Report No. 3-582 (Vicksburg, Miss., August 196l).
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coar. baled cn She izflections exceedinz 1 in. However, the mat plenks did
27 r=il, snd were in good condition at the end of the test. Theie severe
LUhorsiins tere aud to iensification of the subgrade and to the mat
sLI2ing the subsrade as previously discussed. This condition is not dee
sornnls, and ceuld e eliminated in practice by scme compaction c¢f the rock
or sand oricr to laying the mat.

41. As previously stated, the single-track traffic with 39,0C0-1b
wheel lcad was applied on test items 2 and 3 only. No CBR tests were made
in the subzrade along the wheel path, and it was assumed that the subgrade
strenzth was the same as was measured in these items within the uniforume
coverage traffic lune. The mat performed satisfactorily through 946 passes
of the 39,0C0-1lb wheel load. The meximum mat deflection under load was
abcut 0.6 to 0.7 in. in item 2 and about 0.7 to 0.8 in. in item 3. Based
on the mat performaace through 9Ué passes, it was evident that the mat
could sustain the desired 1600 passes of the 39,000-1b single-wheel load
when placed on a subgrade with a CER of 13 or greater.

Development of Design Curves

42, In arriving at a CER design curve for the Fenestra Mark III mat,
the mat was considered to behave similar to = base course in distributing
lcad over the subgrade, and thus, in a sense, to replace a certain thick-
ness of base course. Therefore, a standard flexible-pavement CBR design
curve for 188 coverages of & 27,000-1b single-wheel load with a tire pres-
sure of U0 psi was used as a basis, and the reduction in the thickness of
base course that could be epplied to the flexible-pavement design curve .
wvas determined from the landing-mat test data.

CBR design curves

43. A plot of CBR versus coverages for the 27,000-1b single-wheel-
load traffic is shown in plate 10. The points plotted are the rated CBR
values listed in table 2, which correspond to the aumber of coverages at

-t

failure or end of traffic. Failures developed in types 1-b and l-c mats
on the subgrade with a rated CER of 6 at abeut 2 coverages; types l-a and

1-d mats failed cn the same strength subgrade at about 134 coverages.

it 1 g

Therefore, to determine the minimum CBR required to support the lcad for

.
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wre points at 24 and 134 coverages were translotzd

S

Lo Lol cuvorsges by use of the CBR equation, wnich is written in the

(=)

ceneral forme¥®

S
0.23 loglo C + 0.15 ~ 8.1 CBR ‘pn

t = thickness, in.
C = number of coverages
P = single-wheel load, 1b
CBR = measure of subgrade strength

p = tire pressurs, psi

For flexible-pavement design, the value of t obtained from this equation
indicates the total thickness of base course and pavement construction
which would be required to support the load for a given number of coverages
on 8 subgrade of given strength. In the case of landing mat, the t valuc
indicates the thickness of base course and pavement which the mat can re-
place. For the data shown in piate 10, the ¢ value was computed for tke
failure points on the clay subgrade at 24 and 134 coverages. Then, on the
assuupticn that the thicxness of the base course and pavement which was re-

O e e e

placed by the mat was constant throughout the range of coverages from falil-
ure to 183 coverages, the minimum CBR which would support 188 coverages wa.
corputed. The computed values were a CBR of 13 for types l-b and l-c malie
and a CBR of 7 for types l-a and l-d mets. An example of these computi-
tions is given in WES M:iscellaneous Paper No. 4-501, pages 1T and 18. It

bt b

is Interesting to note that the computed failure point for types l-b and

l-c mats is 189 coverages on a CER of 13. The subgrade strength for teow
-tem 2 was rated at a CER of 13, and although the mat performance was c¢oi-
sidered satisfactory at the end of 194 coverages, one plank of type 1-b -

o
I g

T A

"

had failed, and numerous mat breaks were noted in other planks of typ:s -

and l-2 mats. Thus, complete failure of these mats was imminent at &h.

o i

PO

This is a combinavicn of eguusion 2, page 2, WES Instruction Repo:i
] Noe 4, Dovelapins o 30t of CBR Desi~n Curves, dated lNovember 1959, -
the 2auubion for slope of curve, plate 6, of the same report.

i Ky (0

%




it T pieat T

£
=
£

M RN O B S, T N

LI

LR

- -

LA e

T ¥

i
:
¥
:
f

25

of the tests. This indicates that the method used for translating cover-
ages is reasonably accurate.

44. Plale 11 shows CER d&esign curves for 188 coverages of a 27,000-
1b single-whecl load with a tire pressure of 40O psi. The lower curve is &
standard flexible~pavement CBR design curve. The curves for the Mark III
lending mat were developed &s follows: In plate 10, it was shown that a
subgrade with a CBR of 13 would sat.sfactorily support a 27,000-1b single-
wheel load for 188 coverages when surfaced with type l-b or l-c mat. It
can be seen from plate 11 that a flexible-pavement design based on a sub-
grade CBR of 13 would require about 10 in. of base course. Thus, types 1l-b
and l-c mats are equivalent to about 10 in. of base course. Similarly for
the types l-a and l-d mats, it was shown in plate 10 that a subgrade with a
CBR of T would satisfactorily support the 27,000.1b single-wheel locad for
188 coverages; and as shown in plate 11, the indicated thickness for a
flexible-pavenent design for a subgrade with a CBR of T would be sbout
14 in. Thus, vypes l-a and 1-d mats are equivalent to 1% in. of base
course. The CBR design curves for types l-b and l-c mats, and l-a and l-d
mats were obtained by taking 10 and 1% in., respectively, from the thick-
ness indicated by the flexible-pavement design curve.

45, The data obtained from the loose rock and sand test items were
not used in developing the design‘ curves shown in plate 1l. However, the
data indicated that a loose sand or rock subgrade with an initial CBR of
I or better, surfaced with type l-a or l-d mat, would perform satisfac-
torily for 188 coverages of the 27,000-1b wheel load provided that the
severe mat deflections caused by the mat bridging the subgrade were not
detrimental 1o aircraft performence. A slightly higher initial subgrade
strength would be required for type 1l-b or l-c mat.

46. The minimum subgrade strength required for type l-a or l-d mat
to sustain 1600 passes of the 39,0C0-1b single-wheel load in a single path
was not determined. However, from the performance of the mat through 946
passes on & subgrade with a CBR of 13, it was evident that the mat could
carry the desired 1600 passes of traffic when placed on a subgrade with
a CBR of 13 or greater.

30456
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Conclusions and Action Taken

4. -

Bae

From the results of the tests discussed in the preceding
2, it was concluded that the continuous welds used in the types ].

UL
ard led nats provided a stronger mat and were needed to meet the test ;..

quirements. It was further concluded that types l-b and l-c mats did :.

neet the cest reguirements of the Navy.

Therefore, type 1-d mat was
standardized and designated AM1 by the Navy.
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PART III: TESTING AND DEVELOPMENT OF DESIGN CURVES
FOR EUTLER AML MAT

Mat

48. The AML mat was essentially the same design &s the Fenestra type
1-d mat except that a groove along the overlapping edge of' the panels was
omitied in the AMl mat. Pig. 19 shows the AM1 plank. The planks were
about 2 ft wide, 12 It long, and weighed epproximately 171l 1b. A total of
16 bundles, each consisting of 10 full planks and 4 half planks, were re-

ceived for surfacing the test section.

A
P T S S IR T T ot ,.'.#I"_‘-'-_".:-_-::.-}::{_;.'..;:'j:':'-‘.‘a'-r.':h':' <
Fig. 19. Butler AML mat plank
Test Section
Location

49. All iraffic tests were conducted at WES on a test section which
was constructed and tested under shelter to control the water content and
strength oi' the subgrade.

Description
50. A layout of the test section is shown in plate l2.

seen, the test section consisted of five test items, each of which was ap-
proximately 24 £t wide and 30 £t long. Items 1, 2, and 3 were constructed
of a heavy clay soil, item % of an uncompacted rock, and item 5 of & loose

As cen be

sand.

Subaraode materials

5L. These materials were similar to those used in the Fenestra mat
gradation end

tests and have been described in paragraph 8 of this report.
classification data are shown in plate 2.
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PN M AR A
Construction of ¢ :ihorade

52. Items 1. 2, and 3. It was desired to construct items 1, 2, u .

3 of the heavy zluy s0il at water contents 'g.he.t would result in CBR'c o1 -,
Construction procedures were t:,
Construction date representing ..

10, and 15, respectively, when compacted.
some as those described in paragraph 9.
average of four 1lifts are shown below.

Test Water Dry Density

Item . Content, ¢ 1b/eu ft CBE
1 27.5 93.5 5
2 23.7 96.3 10
3 19.7 97.1 i1

53. Items 4 and 5. Items 4 and 5 were constructed using the same

procedures as those described in paragraeph 10 of this report.

Mat placerent
54. The A4l mat was placed in the same manner as the Fenestra mat

i r:mmz'#mumgmmuummmm:mm”mwmwmmmmmmmmmmmmﬂmwmw v

(see paragraph 11). Approximately 290 sq ft per man-hour were laid by the
six-man crew. Ko difficulties were encountered during the placement operu. d
1 tion. The entire subgrade was surfaced with AMl mat, resulting in a total ' %

Fifteen runs of mat were placed

mat width of 24 £t, as shown in plate 12.
in each of the five test items.

T 1 503 e €

it

Test Ioad Cart

AR

55. The test load cart described in paragraph 13 and showvn in fig.
was used in the 27,000-1lb single-wheel traffic tests. This same cart was
strengthened and used for the 39,000-1b single-wheel-load tests. A 30-T.7
tire inflated to 400 psi was used for both wheel losads.

T

o

-
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Traffic Tests

Lty

Uniformecoverase traffic
56. The test section was subjected to traffic with the 27,000-1b
Fach time the load curt

I A

single-wheel load at & tire pressure of LU0 psi.
traversed the leagth of the test section, data were obtained for each U

of subgrade. The traffic was distributed uniformly over a traffic lanc
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O [t wide laid out down the center of the test section, as indicated in
plate 12, Traffic was applied on each test item until failure or to a max.
imum of 188 coverages. The coverage criterion was established as described
in paragraniz 15.
Single-track traffic

57. Traffic with the 39,000-1b single-wheel load was applied to a
single-~vheel path to simulate catapult launching operations. The traffic
path was located 5 ft from one edge of the mat section and 2 £t from the
edge of the 27,C000-1b single-wheel-load, uniform-coverage lane, as indi-

cated in plate 12. The traffic path was also 1 £t from an end joint on

every other run of mat.

Soils Tests and Miscellaneous Observations

58. Water content, density, and in-place CBR date were obtained in
each test item prior to traffic and at the end of the traffic period.

These data are shown in table 3. A minimum of three tests was made at each
depth, and the values listed in table 3 are averages of the values meas-
ured at the indicated depths. The test values shown in table 3 were ob-
tained from within the area subjected to the 27,000.1lb single~-wheel-load
traffic. No tests were made along the 39,000-1lb wheel path; nowever, the
rated CBR values derived from the 27,C00.1lb test lane were considered ap-
plicable for analysis of tests with the 39,000-1b single-wheel loed.

59. Visual observations of the behavior of the test items and other
pertinent factors were recorded throughout the traffic-testing period.
These observations were supplemented by photographs. Level readings were
taken prior to and at intervals during the traffic period to show the de-
velopment of permanent deforrmiation and mat deflection under the wheel load.

Behavior of Mat Urder Traffic

Unircrm.coverage traffie,
27,000-1b sinple.wheel load

60. Observations. I{ was apparent at the beginning of trafficking

operations that considerably more flexing of the mat was occurring in
item 1 than in the other items. Small breaks in the overlapping ends

1o ¢

i Al
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Fig. 20. Overlepping-edge breaks in item 1 after 10 coverages %

of traffic with 27,0C0-1b single-wheel load E

: and in the overlapping edges began to occur at an early stage of traffic ii j
item 1. Fig. 20 shows two overlapping-edge breaks in item 1 after 10 cov. . z

erages of traffic. This same type of break occurred in item 2 after 10
coverages, although it was much less severe than in item 1. No breaks had

S IRUNLL L SPLIAY f ARG, ISP SO, PO occurred in items
N L o3, 4, and 5 by the
: f end of 10 coverag..
i of traffie, and tir
: ' riding surface rc-
: é mained in excelle:.
; condition over the
: i entire test sect..
; 61. The nu -
! ber and severity
; . . ; breaks in item 1
A; i i g g: increased rather
3 | . 1 rapidly as trafl
i : _ ", contirued. Fig- -
: ¥ e eeieserc e revisewsawtesr m s s o dtdin D
4 \ g+ 2l. Overlapping-edge and end-joint breaks in shows an
T Toon 2 astor 50 coverages of traffic with 27,0001  OVerlapping-cdsy
single-wheel load break and an
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Fig. 22. End-joint failure in item 1 after 30 coverages of
traffic with 27,000.1b single-wheel load
down to eliminate a tire hazard. v - : e e
After 30 coverages, an end joint .}

in item 1 sheared completely (see
fig. 22). Fig. 23 shows the load
wheel stopped on this end joint.
It can be seen that the mat de-
formed severely which resulted in

. e

& considerable amount cof roughness

in item 1. This item was con- . . e
sidered failed after 36 coverages,
although traffic was continued to
42 coverages. A close-up of an

-
[DRPIRY <V PP

overlapping-edge failure in item 1

after 42 coverages of traffic is .
shown in fig. 2k, .- - . . . i
Fig. 23. load over end jeint in item 1
after 30 coverages of traffic with
signed so that a 5/8-in..diameter 27,000.1b single-wheel load

62, The AML mat was de=
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Fig. 2. Foilurs of mat in center of plank. Item L after 42 coverages of
trai'fic with 27,000-1b single-wheel load

rod could be ﬁsed at the end Jjoints, which would provide some load transfer -
across the end joints. The end rods were not used initially in laying the
mat as the NAMC preferred to use the mat without the rods. However, be-
cause of the early mat failure in item 1, it was decided to take up the mat
in this item and relay it using the end-connecting rods in order to evalu-
ate the benefits in load-carrying capacity that might result from use of
these rods. Therefore, as traffic continued from 42 to 50 coverages in

| e i e Lt e o s e e ey LCMS @, 3, 1, and
5, the mat in item
1 was renoved, the
ends of the mats
were reversed, and

- ot ot Gnmtpean ol o gt

the mat was relaid
using 5/8-in.-
diameter steel
rods in the end
P P A itamivsined  Joints as shown

Fig. 25. ZEnd-connecting rod in joint in fig. 25. Traf-
of Butler AWMl mat

~ fic was then re-
sumed on the test lane with O coverages on item 1, and 50 coverages on the
other items. It was found thut the rods added significantly to the load-
carrying capabilitico of the mat. After 30 coverages on item 1l with the
end-connecting rods Lnstalled, thé section was in good condition with only
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minor derornitiss. However, after 32 -3
coverazes, one end joint sheared (see i 4
Tig. 26), and the entire mat run was 5
i

replaced !

63. An end-joint break devel-
oped in item 2 after S0 coverages and

n e b s

became more severe with increasing
traffic (fig. 27). It was noted _
after 100 coverages that small amounts : ]
of clay were being squeezed up be- ‘

tween the joints in items 1 and 2,
and some side slipping was occurring
in item & (rock section).

64. After 110 coverages of
traffic (60 coverages on item 1),
1/b-in.-diameter holes were drilled
near the ends of progressing edge
éf ~ breaks in items 1 and 2 in an effort

S e

L—-‘ Bttt 4 b dsbbns 5 b i Bl bbb Sute & iant

£ t0 stop the breaks. A second end ?
4 joint sheared in item 1 at 66 cover- |
; ages, and the entire run was re- L“. 4 o ~
placed. As traffic progressed, some Fig. 26. Broken end joint, weld,
3 of the breaks extended beyond the and overlapping edge. Item 1 mat
3 . with end-connecting rod after 32
3 drilled holes. After 90 coverages on coverages of traffic with 27,000-1b
> item 1, 20 percent of the mat planks single~wheel load
: :, rover s e Lot e 5t earetesgeem srraeperees v wEeRpERRAT mae ey eeia] ot e — pome o rasggene ".............1“ 4
\ :
}
.\
'i \
{
fis mmeeeete sier fiees e tesvesseett = ebintassssimmenterssseren sumtaessessnes e snsteeesncled ddvasbettiods oot 4
E Fig. 27. End-joint break in item 2 after 188 coverages
5 with 27,000-1b single-wheel load




/
had failed; however, traffic was continued through 138 coverages with
/

frequert maintenance of the test item. Test items 2 through 5 withutuwu
the tull 188 coverages of traefflic with only one plank failure in ftum .. .
a f'ew miror breaks in the other items. A general view of the test lun. ..
the end of traffic is shown in photograph k.

65. Permanent deforimation., Level rendings taken to show permu:n :.:,
deformation of the mat during traffic are shown in plate 13 for all uuu
items. From these data it cen be ncied that little settlement oceurred it
any of the clay subgrades, items 1 through 3. However, considerable detor
metion occurred in items 4 and 5, rock and sand subgrade items, respec-
tively. This deformation was due toédensification of the rock and sand
under traffic, as was the case for the Fenestra mat discussed previously.

66. Profiles showing the deformetion.of the mat along the center
line of the test lane are shown in plate 1h. These data show conslderubla
deviation in the deformation of edjacent mat planks in item 1 at the end ¢!
36 and 138 coverages, respectively. This is due primarily to breaks in th
end joints. This condition would result in a rough riding surface. The
mat surface remgined fairly smooth in items 2, 3, &, and 5 throughout the
period Pf traffiic, even though considerable deformaﬁiég occurred in
items 4 and 5 ‘

67 M9t~d€£lection. Plots showing elastic deflection of the mut
under load at whrious intervals of traffic for all test items are shown i
plate 15. fTﬁ} rather high deflectione indicated for the mat in itcms b
and 5 were due to' thd mat bridging the subgrade, as was discussed for Lhie.

¢ e

Fenestra mnz." }‘ ,M “

l\.

\
Single-track'traffic !
39,000-1b uingle-whéel load

68. No mat brg;kage was noted in any of the test items during the
initial stages of traffic using the 39,000-1b single-wheel load. Two firl
runs in test item 4 were damaged by & tire blowout at 146 pasces {ov

fig,. 28). The damaged mat was replaced with new mat planks. As trali.
continued, some breaks did develop in all test items. A corc failure

started developing in & mat plank in item 1 at about 150 pacses aind -
gressed to complete failure at about 4OO passes. At this poinl, the i
Joint also sheared, as shown in fig., 29. By 500 passes, thrce cndeg o

Rest Available Copy
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Fig. 23. Dameged AM mat in item b4 caused by tire blowout after
146 passes of 39,000-1b single-wheel load
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Fige 29. Sheurcd vnd joint «iter core failure of AML mat in
item 1 after k00 passes of 39,000.1b single-whcel load
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vailures 21l one core fallure had developed in item 5, and one core fajlw-

ane Lwvoral longioudinal-weld failures were noted in item 4. Typical

lonzigulinni-welye failures are shown in fig. 30. General views of ituenr

el

PRI IS s sl dhe

k- : Fig. 30. Typical longitudinal-weld failures in AMl mat

5 : through 5 at the end of 500 passes are shown in photographs 5 through 9,
i : respectively. A close-up of 2 mat depression indicating a core failure ...

oot AR A g

item 5 is shown in fig. 31.

»
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Fig. 3L. Depressica in AML mat in itew § indicating corc faltur
after Su0 passes of 37,000.1b singleawneel load
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69. As traftic continued, test items 1 and 5 deteriorated quite
rapidly, and were considered failed at about 616 passes. However, tratfic
vas contirucd to 750 passes on item 5 and to 954 passes on item 1. The mat

in itews 2, 3, anda b performed satisfactorily through 1200 passes, although

1]

ome Bindr breaks developed in all test items. Traffic was discontinued
at the end or 1200 passes as it was evident that items 2, 3, and 4 would
sustain 1E0u pesses of the wheel lozd with & reasonable maintenance effort.
General views of test items 1 through 5 at the end of traffic are shown in
photograpns 10 through 14, respectively.

Sumrary and Analysis of Test Results

T0. The results of traffic tests with the 27,000-1b single-wheel
load are summarized in teble 4. The rated subgrade CBR shown therein was
determired from the test values shown in table 3, using the method of anale-
ysis described in paragreph 38. The failure criteria were the same as
those discussed in paragraph 33. From table 4 it can be noted that mat
failure occurred in only item 1. Item 5 is rated borderline due to the mat
deflection under load exceeding 1 in. at the end of 188 coverages of traf-
fic. Howsver, there was no mat breakage in item 5, and the item would be
considered satisfactory provided the severe deflection is not detrimental
to aircrafi performence. This deflection was due to the densification of
the sand and to the mat bridging the subgrade, as previcusly discussed.

Tl. A summary of test results of the 39,000-1b single-wheel load is
shown in {able 5. As previously stated, traffic was applied in a single
path 2 £t outside the uniform-coverage traffic lane used for the 27,000-1b
single-wheel load. No CBR tests wsre made along this traffic path, and it
was assuned that the subgrade strength was the same as that for the 27,00u-
1b single-whecel-load traffic. Therefore, the same rated CBR values are

used for analysis.

CBR Desimgn Qurves

72. The approach used for establishing CBR design curves for the.
Butler AMl mat was the same as that used for the Fenestra mat and described

in paragraph 42.
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of CBR versus coverages is shown in plate 16. The
s the robvsd CBR vo aes listed in table 4 for test items 1 tiy...
ding ¢ the number of coverages at failure or at end of trur:.
an b2 scen in plste 16, all test items with a subgrade CBR of 12 or
greator wsre satizfaciory at the end of 188 coverages of traffic. Fajlu:-
oceurred in ivem 1 (rated CBR of 6.4) at 36 coversges of traffic for th.
mat without snd-connecting rods and at 90 coverages of traffic for the nae
with eadeconnecting rods. These failure points were translated to 188
coverczes by use of the CBR equation given in paragraph 43. From thesc
data the indicated CBR reguired for 183 coverages of the 27,000-1b singl.-
wheel lcad is 10.7 for the Al mat without end-connecting rods and 7.9 fu:

>
Gi
(2]
e

the All mat with end-connecting rods.

Th. CBR design curves for 188 coverages of the 27,000-1b single-
wheel load with a tire pressure of LOO psi are shown in plate 17. The
lower curve is a standerd flexible-pavement CER design curve. The curves
for the Butler AM1 mat were developed in the same menner as those for the
Fenestra mat, as discussed in paragraph 4k.

T75. The data obtairned from the sand test item were not used in de-
veloping the design curves shown in plate 17. However, the data indicat..
that a loose-sand subgrade with an initial CBR of 5.6 or better surtaced
with Eutler AMl mat would perform satisfactorily for 188 coverages ot ti:
27,000-1b single-wheel load with 400-psi tire pressure, provided the sui.
meb deflection caused by the bridging of the subgrade by the met was nol
detrizental to esircraft performance. '

39,000-1b sinzle-wheel load
76. A plot of CBR versus passes for the 39,0C00-1b single-wheel-l

traffic is shown in plate 18. The points plotted are the rated CER valu
listed in table 5 for test items 1 through 4 corresponding to the nuber
passes at failure or end of traffic. From these data it can be noted
all test items with a subgrade CBR of 12 or better performed satisiuac-
torily. However, mat failure occurred on the subgrade with a ratcd Cis
6.4 av about 616 passes of the load wheel. In order to determine he -
mun CBR required to support the 39,000-lb single-wheel load for lGuv

passes, this failure point at 616 passes was translated to 1€CO passet

h
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use or tie CBR ¢quation in paragraph 4;. The indicaved minisum CBR re-
auirzd .o Juot2in 16S0 passes of the 39,000-1b single-wheel load is 8.
his ainli.e C23 of B is based on the performance of the mat in test

n wad pluced with the end-connecting rods at joints. By conme
aring the zsriormance of the AML mats with and without the end-connecting
rods unzsr the 27,000-1lb single-wheel-load traffic (see plates 16 and 17),
the mininus subgrade CBR required to' support the 39,000-1b single-wheel
load for 1600 passes on the Alil mat without the end-connecting rods would
be about 10.8. The satisfactory points shown in plate 18 are for the AM1
mat withcut end-connecting rods.

T7. A CBR design curve for 1€00 passes of the 39,000-1b single-wheel
load with & 400-psi tire pressure for the Butler AML mat with end-connecting
rods is shown in plate 19. This curve was developed in the same manner as
that previously described.

78. The Butler AML mat placed on & sand subgrade with an initial CBR
of 5.6 withstood 616 passes of the 39,000-1b single-wheel load. During the
application of traffic, the sand densified under the mat, resulting in de-
pression of the subgrade under the mat. The strength of the sand increased
considerably due to densification. However, the mat did not conform to the
subgrade settlement and tended to bridge the subgrade. This resulted in
rather severe wat deflections and caused the mat to break up. Therefore,
for the AML mat to sustein 1€00 passes of the 39,000-1b single-whesl load,
the sand should receive some initial compacvion to avoid detrimental sebe
tlement. By translating the failure point for the send subgrade (CBR 5.6
at 616 passes) to 1600 passes, the indicated initial CBR required for the
sand subgrade to sustain 1€00 passes of the 39,000-1lb single-wheel load is
about 7. This is just slightly less than the strength required for a clay

subgrade.
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PART IV: CONCLUSIONS

The following conclusions are drawn from the date presented in

this rerort.

_3_.

b.

c.

g'

The Fenastra type l-d mat, designated AM1 by the Navy, will
sustain 16U cyeles of aircraft operations with a 27,000-1b
sinzle-wacel load and a 4CU-psi tire pressure when placed on
a subgrade having a CER of T or better throughout the period
of traffic.

The minimum subgrade strength required for the Fenestra type
1-d (Alil) mat to sustain 1€CC passes in a single path of the
39,000-1b single-wheel load with & 400-psi tire pressure was
not determined. However, it was debermined that the mat
would support the desired 1600 passes of the 39,000-1lb
single-wheel load with a 40O.psi tire pressure when placed
on & subgrade with a CBR or 13 or graster.

The Butler AMl mat with end-connecting rods will sustain
1600 cycles of aircraft operations with a 27,000-1b single
wheel load and & 400-psi tire pressure when placed on & sub-
grade having 2 CBR of 8 or better throughout the period of
traffic. For the Butler AML mat without the end.connecting
rods, the subgrade CBR required for 1600 cycles of the saue
loading 15 about 10.7.

The Butler AML mat with end-connecting rods will sustain
1€00 passes of a 39,000-1b single~wheel loed with a tire
pressure of 40O psi applied in a single path when placed
on a subgrade having a CBR of 8 or better throughout the
period of traffic. For the same mat without the end-
connecting rods, the subgrade strength reguired for 1600
passes of the same loading is about 10.8.

B e
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