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t cverlay test sections were constructed and subjectced to sirtlated
aircraft traffic. 3Both test sec.ions consisted of a2 co=pacted soil and AM2 xmat overlay
on rough deterioratew ME mat. In the Siret test secticn, four itypes of soil cushions
~ere evaluated: =2 thin cand lzyer, a L-in.-thick sand layer, a b-in.-thick clay gravel
layer, and a l-in.-thick, mevbrane-covered lean cley layer. The test section was sub-
Jjected to sim lated F-IC truffic. Best rnarformaace wes obtaineg with the lean clay
cushion. The serond itest section had z f-in.-thick lean clay soil cushion surfaced
with new AM2 over deteriorated M5. The test section hed 2 2-1/2 percent crown, and
eight different placement configuraticns were useé to determine the optimm pattierr for
plecing 2~ by 12-t mat or. » crowned subgrade. The test section was subjected to sin-
ulated F-4LC and C-130 tesi iraffic. 3Best periormance was obtained with a configuration
having 2 1-ft staggersd longitudinal end-joint pattern with only helf panels at the
center line of the test section.® .rall findings from this and another Bare Base zat
overley invesiigation indicate that the besic soil-landing mat cverlay techmique is
feasible. Practicelly any typs of soil can be used, but the soil cushion rmust be well
protected from surfece water. Sands end fine-.rained soils can be mrotected with pre-
fabricated merzbrane. Gravelly soils must be chemically stabilized. Generally, the
minimm thickness thet will rrovide a soooth bearing surfuce for the overlay =at is
considered optirum. Greater thickness =a) be used except with sard, which wiil exhibit
considerable densification and cause subsequent high mat deflection.
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FOREYWORD

This report is the third of a nmumber of resports covering investiga~-
tions conducted by the U. S. Army Engineer Waterways Experiment Station
(¥ES) for the U. S. Air Force (USAF) under the gemeral prcject title Bare
Base Support. The investigation reported herein was authorized by USAF
MIPR Ho. AS-7-203, dated 19 April 1966, and was conducted by the WES during
the period January i967-February 1968.

Engineers of the ¥WES Soils Division who were actively engaged in the
planning, testing, analyzing, and reporting pheses of this study were
Messrs. ¥W. J. Turnbull, J. P.-cale, A. A. Maxwell, R. G. Ahlvin, C. D.
Burns, W. H. Brabston, and R. W. Grau. Tnis report was prepared by Messrs.
Burns and Brabston. --

Directors of the WES during the conduct of this investigation and
preparation of this report were COL John R. Oswalt, Jr., CE, COL Levi A.
Brown, CE, and COL Ernest D. Peixotto, CE. Technical Directors were Messrs.
J. B. Tiffany and F. R. Prown.
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CONVERSIOH FACTORS. BRITISH TO MEIRIC URITS OF MEASUREMEIT
British units of zeasurement used in this rspori can be conwerted to metric :
wnits as foliows: :
#altiply By To_Obtain ;
; inches 2.54 centimeters
] .
foet 0.3048 meters
square inches é.k516 square centimeters
v square feet 0.002603 square ~cters
T pounds 0.45359237 kilograns |
. kips 453.59237 ¥ilograns
: tons 907.185 xilograzs .
! Tounds per sguare inch 0.070307 kilograms per 2quare centimster !
' pounds pvar sguare foot % 88243 kilograms per sguare meter <
‘ pounds par cubic foot 16.0135 Hlcgrams per cubic rmeter
4
r 4
1
!
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TECHHIQUES FOR OVERIAYING DETERIORATED TAIDIIG MAT

BARE BASE SUPPORT

PART 1: TINTRODUCTIOH

Back .

1. Tne U. S. 2ir Force (USAF) rmst possess a2 high mobile capebility
in order to mzintaip the operational readiness reguired in rapialy changing
strategic apd tactical siftaations. A& concept pow being devsloped under the
nzme "Bare Base” is designed o enhance the mobility of tactical Air Force

units of sguadron size so they can depley from home base to anywnere in the

world with nd more than 2k hours notice, cormence air ope=rations within

8 rours afier arrivel, sustain cperations at wariime soriie rates up to
180 days, znd still retain the capability of deploying at amy tire to
another Bare Sase.

Specitically, Bare Base means a2 facility consisting of a runway.

- - - -~

taxiway, angd parking zpron capzble of supporting a tacticel cozbat force of

#

D8 ML AT, MBS Pt ¥ Mgy Pete v
"
.

sguadron size for at lsest 30 days, and having a scurce of water thet can

be mace potablie, and pothing slce. 3Bera Base sites include everything froz=

operational z2irports io unimprsyved arezs whers construciion of 2 isnding
f2cility «311 be reguires before tactical {Gight operations can begin.

Sites 1o be considersd under this concept include opersiional airport facii-
ities: zbandoned or deterioraied runwayn; existing or nsxly constructed
landing-mat-suriaced, mezbrane-covered, or unsurfaceé soil asszult sirips;
and areas ¥iih no existing facilities whatsosver. Thus., thers wili rot
always be 2 usadble Bare 2zse axisting in the arez under consideration, and

the need exisis to have the cepadbility of constructing or upgreding 2 mm-

‘z¥, "exiwey, and airon to ine strergih and confizuration needzd io support
tactical aircrafi. The tesls reported herein were concerned with vhe spe-
cific case of ine deteriorated lanling-mai-type runway that mist be icproved
or upgraded o permht a2ircraft cperations.

3

. 4&bandeoned, deteriorated, landing-mat-surfaced airsirips that are

fout
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peons

too rough for aircraft operations will have to be overlaid quickly in order
to provide an adeguately smooth landirng surface. Placement of new airfield
landing mat cdirectly over the rcugh deteriorated mat will resuit in point
loadings and uneven surface characteristics that cza lead to early failure
of the overlay mat. It is desirable, therefore, to develop procedures for
placing new airfield matting over old deteriorated landing mat surfaces in
crder o provide a satisfactory larding facility under the Bare Base con-
cept. Technigues thai appear feasible irclude placing a thin leveling
ccurse or a cuchion ¢f scil over the rough deteriorated mat prior to place-
ment of the new mat.

L. These techniques and related problems were investigated by the
U. S. Army Engineer Waterways Experiment Station (KES) by means of a two-
dhase test program. The first phase of this study consisted of a pilot
test to determine the optimum soil type and layer thickness to be con-
structed on the deteriorated mat before placement of the overlay mat. The
second phese was conducted to walidate preliminary results and to investi-
gate various placement configurations for laying 2- by 12-ft* landing rmat
on a crowned rumwzy or taxdway. Thic problem, which is not umigque to over-
lay construction, was included in this study since a crowned ouverlay wes
considered a necessary design feature. The difficully involved in placing
2= br 12-ft matiirg on a crowned runway or taxiway develops from the fact
that as placement cf the mat rroceeds, the in-place matting conforms to the
crowned surface on which it lies ard tends to berd somewhat over the center-
line crown. Thus, in the crowuid area, comnection must be made between the
in-plece m=at that is slightly bowed apd subseguent penels that are rela-
tively straignt.

5. This investigation, both phases of which are reported herein, was
conducted by the ¥ES during the period January 1967-Februsry 1968.

Cbjectives and Scope of Investigation

6. The primary objective of this study was to develop methods and

¥ 3 table of factors for converting British units of measurement to metric
units is presented on page ix.
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b.
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procedures for overlaying rough and deteriorated landing mat surfaces to
provide a suitahle landing facility meeting the Bare Base requirements.
Specific objectives were to determine the following:

The quality and thickness of cushioning material needed be-
tween the deteriorated mat and the overlay mat.

The best laying pattern for placing 2~ by 12-ft mat panels
over a croWned subgrade based on laying time and met
performance.

The ability to maintain adequate subgrade surpor: during wet
weather periods by the use of membrane underlay.

These objectives were accomplished in twc general phases. The

Ec

firs%i phase ccnsisted of:

Constructing a pilot test section having a low-strength sub-
grade surfaced with M6 landing mat.

Producing a deteriorated surface on the M6 mat by accelerated
irafficking with 2 30,000-1b single-wheel load (SYL) on &
20120 tire inflated to 100 psi.

Overlaying the deteriorated mat with several thicknesses and
types of soil surfaced with AM2 landing mat.

Performing accelerated traffic tests on the test section
with a 25,000~1b SWL on a 30x11.5 tire inflated to 250 psi.

Observing the behavior of the mat and subgrade during traffic
tests and recording pertinent test data.

second phase consistad of:

Constructing a large test section having a low-strength sub-
grade built to a 3 percent crown and surfaced with M6 landing
nmat.

Producing a typical dsteriornted mat surface bvLy applying ac-
celeraied traffic on the M6 mat until failure.

Overlaying the deteriorated mat surfacy with a minimum 4-in.-
thick cuchion of lean clay soil protected with T16 mambrane
and surfaced with new AM2 landing mat.

Using eight different placement ccnfigurations when laying
the AM2.

Performing accelerated traffic tests on the test section in
three lanes using a 30,000-1b SWi. on a 20x20 tire inflated to
100 psi, a 25,000-1b SWL on a 30x11.5 tire inflated to 250
psi, and a 15,000-1b SVL on a 311.5 tire inflated to 250
psi.

Ovbserving the behavior of the test section under traffic and
recording pertinent test data.




E g. Concucting rate of placement tests for various configurations
l using three diffe—ent placement techniques.

I

Evaluating available data from a full~scale field construc-
tion effort involving placing mat similar to AM2 on a 2-1/2
percent crowned subgrade.

9. This r=port describes the test sections, test procedures, and re-
sults or tests, and gives an analysis of the results.
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PART II: PILOT TEST SECTION 1

Materialis
Soils
10. Three types of soil were used in the test section: a heavy clay
(cH), a lean clay (CL), a clay gravel (GP), znd a fine sand {SP).* C(Clas-

sification dasta for these soils are shown in plate 1. The CH material was
an alluvial soil having a liquid limit (IL) of 68 and 2 plasticity index
(PI) of 40. The GP was a pit-run gravel having a PI of 7. The Ci was a
Jocal soil hawving ag IL &:i' 35 2nd 2 PI of 12. The SP was a uniform’y
graded nonplastic material.

116 Membrane

i
|
i
3
|
:

11. This membrane is a single-ply neoprene-cozted nylon fabric ma-
terial weighing approximately 0.12 psf. The membrane is mamufactured in i
strips apporoximately 4 ft wide, which are factory bonded to form sheets of
P appropriate size,

Landing Mats
12. M6. A view of a panel of M6 mat is shown in fig. 1. The

. e se ewse

. - bt pesmes

- b b —————ed N S P mOY e By e

Tig. 1. M6 steel mat
and end connector

N

L arp g e

% * A1l soil classifications given in this report are in accordance with
U. S. Department of Defense, "Test Methods for Pavement Subgrade, Subbase.
‘ and Base~Course Materials," MIL-STD-621A, 22 Dec 1964, Washington, D. C.
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perlorated stercl punols are about 10 't long und 1.3 £t wide and welgh sp-
proximately 68 1b each.

13, AM2, Full and half panels of AM2 arc chown in fig. 2, The
full panels are 2 by 1° ft and weigh approximately 1kl 1b cach; the hal’
pancls are 2 by 6 ft and weigh approximately 72 b each. Three types of

~-

Fig. 2. Full and half panels of two-piece AM2 aluminuwa mat

AM2 were utilized at random in the test: one-piece panels, i.e., panels
made from a single 24-in.-wide aluminum extrusion; two-piece panels, i.e.,
panels made by welding two l2-in.-wide extrusions together at a longitudi-
nal seam; and three-plece panels, i.e., panels made by welding three 8-in.-
wide extrusions together o form a 2h-in.~wide panel. The panels used in
the pilot study had been used in previous landing mat tests and had re-
celved prior aspplication of test traffic. Use of this mat was necessitated
due to nonavallability of new landing mat at the time the tests were to be
conducted.

Test Section

Location
1k. ‘'The test section was constructed in an ungheltered area at WES in



order to allow exposuvre to various climatic conditions.
Description

15. A layout of the test section is shown in plate 2. The test sec=~
tion was 100 ft long and 24 ft wide and consisted of four test items. The
lengths of items l-k were 26, 28, 24, and 22 ft, respectively. The test
section had a 12-in.-thick heavy clay subgrade, which was contimuous under
a1l four items. The average strength of' the subgrade was approximately
2.6 CBR. The entire subgrade was initially surfaced with new M6 lending
mat, which was subsequently deformed by trafficking with equivalent C-~130
aircraft loadings. In each item, the deformed M6 was overlaid with soil
and AM2 landing mat. In item 1, a thin leveling course of sand was placed
over the M6. Items 2-4 had & minimm 4-in.-thick¥* cushion layer of dry
} sand, compacted clay gravel, and compacted lean clay, respectively, between
3 the deteriorated M6 and the AM2. In item 4, T16 membrane was placed over

the lean clay prior to mat placement in order to r—ovise prr cection -gainst

I water intrusion duving wet weather. All items were surfaced with used AM2
landing mat. The first run of mat was made up of two 2- by 12-ft panels
joined end to end. The second run ccusisted of four 2- by 6-ft panels
joined end to end. This alternating pattern was followed for 50 rums, or
approximately 10C £t (see plzte 2). Ttems 1-k had 13, 14, 12, and 11 runs
X of mat, respectively. Initially, the mat was laid to form & continuous

% joint down the center line of the test section. After 26 coverages, the
nat pattern was modified by shifting the individual runs alternately left
and right about 6 in. to form the configuration shown in plate 3. A 10-ft-
wide traffic lane was painted on the surface of the test section.

e

7 o
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Construction

TR

16. The test section was conctructed as follows. First, an area
100 £+ long and 24 ft wide wmns excavaied to a depth of spproximately 12 in.
The ecubgrade soil, a heavy ciay {CH)., was then processed to a water comient
of gprroximately 27 peresnit and plzced in the test section in three com-

5k
5

rected 1ifts, each aporoximately b in. thicxk, 1o make = total subgrade

: thickness of approximat 12 in. Each 1ift of soil was compacted with =
PP f

w

* Further reference will be mede %o the minimmm thickness without
specifying it as such.
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eight coverages of a 50,000-1b, pneumatic-tired self-propelled roller hav=-
ing seven tires, each inflated to 55 psi. After the final iift had been
placed and compacted, the surface of the subgrade was fine-bladed with a
road grader to a 2-1/2 percent crown and smoo .ed with a 10-ton steel-wheel
roller. The average strength of the subgrade after construction was approx-
irately 2.6 CBR. The entire subgrade was suriaced with M6 landing mat (see
photograph 1). In order to produce a typical deteriorated landing mat sur-
face, the M6 was trafficked until failure. Failure of the M6 mat was ob-
tained with 18 coverages of a 25,000-1b SWL on a 20-20/22-ply rating (PR)
tire inflated to 90 pci, followed by 2ight coverages of the same wheel and
tire having a 30,000-1b SWL and 125-psi tire inflation pressure. A view of
tue M6 mat after failure is shown in photograph 2.

17. The overlay and cushioning materials were then placed on the de~
formed M6 mat. Items 3 and & were constructed first. The cushioning mate-
rials fo. items 3 and L4 were the clay gravel {GP) and lean clay (CL) de=-
seribed in paragraph 10. The clay gravel and lean clay were placed on the
deteriorated M5 mat in adjacent loose 1ifts at zrespecticz water contents of
5.3 and 1kh.2 percent and were compacted with 16 coverages of a 50,000-1b,
pneumatic-tired, self-propelled roller .»aving seven tires, each infiated to
55 psi (photograph 35. After compaction, each 1lift was approximaizly 4 to
6 in. thick. Both items were fine-bladed with a road grader to a 2.5 per-
cent crovn. The cushioning material for item 2 and the leveling course for
item 1 was the sand (SP) described in paragrzph 10. This material was
placed on item 2 in a loose 1ift and compacted slightly with two coverages
of a Dk tractor to a final thickness of approximately % in. (photograph k).
The leveling course in item 1 was dumped on the M6 mat and smoothed with a
D4 tractor to the minimum thickness that would provide a level uniform
surface. In both items, the water content of the sand af"ter placing was
approximaiely .2 percent. T16 membrene was placed over the lean clay in
item %. & view of the unsurfaced base in 211 items is shown in photograph 5.
A1l jtems were surfaced with AM2 landing mat. The panels were brougnt to
the test site by forkliftc and placed in position by a crew of lsborers. The
panels were placed in the configuratic.: shown in plate 2. This particular

laying pattern was used in order to alleviate some of the difficulties
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normally encountered when laying 2~ by 12-ft panels over a highly crowned
subgrade. After all the mat had been placed and the edges anchored, a 10=-
ftewide traffic lane and the test vehicle guidelines were painted on the
suriace of the AM2. A general view of the test section after construction
is shown in photograph 6.

Test load Cart

18. A specially designed single-wheel test cart loaded to 25,000-1b
(fig. 3) was used in the traffic tests. The test vehicle was fitted with
an outrigger wheel to prevent overturning and was powered by the front half
of a four-wheel-drive truck. The load cart was equipped with a 30x11.5,
24-PR tire inflated to 250 psi, which gave a tire contact area of about
111 sq in. and an average contact pressure of about 225 psi.

Tests and kesults

Traffic tests

19. Treffic was applied to the test section using the vehicle de-
scribed in paragreph 18. To apply the test traffic, the wehicle was driven
forwverd and backward along the same path, then shif$ed laterally for =z

- -
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distance eqgual to one tire print width, and the process was repeated. ;
Therefore, when the test vehicle had traversed the full wicdth of the test
lane, a totel of two coverages of traffic had been applied on the entire
lane. Traffic was gpplied in an epproximately normsl distribution pattern

fig. 4). The interior 60 in. of the traffic lane received 100 percent of
the traffic applied, and the exterior portions of the lane received 80 and
20 percent, as shown below. This pattern is similar to thke distribution

\l
2

S 1

PERCENY OF TOTAL COVEHAGES

R R

120-. TRAFFIC LANE —

Fig. k. Traffic distribution pattern for test section 1

occurring on runways during actual zircraft operations. The coverage lev-
2ls referred to in this rsport are the totzl nusber of coversges applied to
the 100 percant coverage 20ne.

f e

Soil tests and
miscellianecus coservetions

! 20. Soil water conteni, density, and in-place CER tests wars con-

ducied vrior to znd &t the end of traffic in each test iten on the heavy

clay subgrade a2nd cushion maierials. These data are surmmarized in table 1.

At least three tests were conducted 2% each depth, and the velues listed in

10
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table 1 corresponding to the various depths are averages of the values
measured &t that particular depth.

21. Visual observations of the performance of the test section under
traffic were recorded throughout the test period. These observations were
supplemented by photographs. Ievel readings were taken prior to and at in-
tervals during traffic to show the development of permanent deformation and
deflection of the mat under the wheel Joad.

Failure criteria

22. Failure criteria were based primarily on mat breakege. It was
assumed that a certain zmount of maintenance would be performed in the
field during actual usage and *hat minor mat breaks would be repaired.
However, if severe breaks that presented tire hazards developed, the indi-
vidual panel would be considered failed. I% is considered feasible to re-
place ur to 10 percent of the panels in a field facility and perform in-
place repair ~m no more than an additional 10 percent. In thkis test, the
individual items generally were considered failed when 20 percent of the
panels in an item had failed. Other factors, such as elastic deflection of
the mat under traffic and cross-sectional deformation of the mat in the
traffic lane, were also considered in the evaluation of the behavior of
each item under test traffic.

Behavior of test
section under traffic

23. Generai. A gepneral view of the *est rectiol pr’ur to traffic
is shown in photograph 6. As traffic was applied to the test section, the
mat deflected considersbly, particularly alung the test lanz center line.
During application of ths first 2€ coverages of traffic, the individual
panels shifted laterally and longitudinslly due {o the apparent instability

of the placerent coniigaration used. A clcseup view of a mat panel is

shown in photograrh 7, and a general view of item 2 at 26 coverages is
shoan in thotograph 8. At this point, 211 the met was removed froxm the
test section, and the plecement configuration was changed so that succes-
sive end joints were offset about 6 in. from the center line a2s shown in
vhotograph O and plate 3. This configuration eliminated the tendency for
the penels to shift and creep by eliminating the rutual intersection of the
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longitudinal and transverse joints. After the panels had been relaid and
the edges of the mat anchored, traffic was resumed. Again, considerable
mat deflection was observed in all items, but the panels no longer shifted
laterally or longitudinally.

24. Item 1. A general view of item 1 after rearrangement of the mat
at 26 coverages is shown in photograph 10. The first mat damage in item 1
appeared at 116 coverages when a small crack developed in an end-connector
weld in panel 23. At 160 coverages, an additional three end-connsctor
welds were cracked, but the item was still in serviceabie condition. The
first panel failure occurred at 210 coverages when the end connector of
panel 23 sheared completely from the extruded pert of the panel (see photo-
graph 11). At 300 coverages. panel 17, which was two-piece AM2, faiied due
to severe cracks in both the end-connector weld and the center-line weld
(see photograph 12). In addition to the two failed panels, there were
eight panels with end-comnector weld cracks. After 4OO coverages of traf-
fic, a total of 1i end-connector weld cracks had occurred. These cracks
averaged about 2.5 in. in length and occurred mostly on the overlapping end
cornectors. The most severe cracks were i panel 14, where the end-joint
weld was cracked alrost entirely across the pan2l, and in panels 234% ang
19, both of which had large cracks on both ends of the end-connector welds.
Panel 1k also had a severe crack in the center-line weld. At 457 cover-
ager . vanels 19 and 234 failed when the end connectors sheared off. At
500 coverages, panel 6 failed due to end~comnzctor shear, znd panel 14
failed cdue +s longitudinal weld bresks. At this time, item 1 was consid-
ered failed, having six failed panels and 1k additicnal areas of panel
bregkage. A view of item 1 at failure is shown ir photograph 13. During
application of traffic, approximately 6.92 in. of -infal: was recorded in
the test area. After periods of espscially heavy rainfall, it was observed
that a smell amosmnt of the sand in the leveling course had been washed froa
under the mat and deposited alongside the test section.

25. Item 2. A genersl view of item 2 after the mat was rearranged
at 26 coverages is shown in photograph 14. Mat breaks developed rather

* Suffix A indicates a replacement panel.
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rapidly in item 2. After 160 coverages, panels 39, 43, and 4k had failed
due to end-connector weld breaks. In addition, there were 12 panels with
end-connector weld cracks and one panel with a longitudinal weld crack.

The end-connector weld cracks averuged about 3 in. in length. Traffic was
contimued to 300 coverages, at which time panels U434, 4hA, and 36 had
failed due to complete seperation of the end-comnector weld. At this time,
item 2 was considered failed. At failure, there were 33 cnd-connector
breaks (including failed panels) and two longitudineal weld breaks in the
item. A view of item 2 at failure is shown in photograph 15. During the
traffic tests, approximately 4.95 in. of rain fell on the test area, caus-
ing considsrable pumping and displacement of the sand from under the mat in
the traific lane. Some sand also washed out from under the edges of the
mat.

26. Item 3. A general view of item 3 after reurrangement of the
panels at 26 coverages is shoun in photograph 16. After 96 coverages,
panel 16, which was two-piece AM2, developed cracks in the longitudinal
weld and after 160 coverages, failed -ompletely. At 16D coverages, there
were also four panels witk: end-comnectsr weld cracks. Traffic was con-
tirued to 500 coverages, at which time panel 58 failed due to end-connector
snear. At this time, in addition to panel 58, there were 10 panels with
end-connector weld breaks, which averaged about 1.7 in. in length. Over-
all, the item was in fair coniition. Traffic was continued, and at 660
coverages, panel 65 failed due to end-connector shear. At 760 coverages,
panel 584 failed from end-comnector weld failure and item 3 was considered
failed. A view of item 3 at failure is shown in photograrh 17. 4’ 760
coverages, in addition to the failed panels, there were 18 spi-joint weld
cracks in verious panels in the iiem. The sverage length of the weld
cracks wes anproximately 4.2 in. Also, there was one panel with £ longi-
tudinal weld crack about 18 in. lonz. During the spplication of tke 760
coverages of traffic on item 3, approximately 8.12 in. of rainfall was re-
corded in the test area. It was cbserved that a szmall amount of the fines
in the clay gravel was washed from under the rat, and there was some densi-
fication of the soil.

27. Item 4. A general view of item 4 after raarrangement of the
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panels at 26 coverages is shown in photograph 18. The first mat damage was
observed at 110 coversges when panels 92 and 94 developed cracks irn the
center-line welds. At 116 coverages, tnese cracks had progressed to about
20 in., and both panels had developed end-connector weld cracks. Generally,
the item was in good condition. However, panels 92 and 94 began to deterio-
rate rapidiy after 200 coverages, and panels 88 and 90 developed severe epd-
connector weld cracks. At 300 coverages, all four panels failed, and the
entire itexr was considered failed. In addition to the failed panels, there
were three panels in tne item with end-conmnector weld cracks. A view of
item 4 at failure is shown in photograph 19. As noted in paragraph 24, ap-
proximately 6.92 in. of rainfall was recorded in the test area during appli-
cation of the initial 500 coverages of test traffic. Since the compacted
lear clay soil in item 4 was protected with T16 membrane, the soil was not
affected by the rainfall.

28. Permanent deformation. Plols showing mat deformation as deter-
mined from level readings taken at 26 coverages and at failure in each item
are shown in plate 4. A maximum deformation of about 0.5 in. was measured
at failure in items 1, 3, and 4. In item 2, the maximum deformation at
failure was sbout 0.1 in.

29. Elastic mat deflection. Plots indiceting elastic mat deflection
in each item at varicus levels of traffic are shown in plate 5. For each
itenm, deflection data were taken with the lozad wheel centered-on the longi-
tedinal joint between penels. These are the maxirum deflections referred
to in this report. The maxirum deflectiops in items 1-4 prior to traffic
messured 1.0, 0.9, 1.0, and 1.4 in., respectively. At failure, the maxirum
elastic deflections in items 1-k were 1.6, 2.6, 3.0, and 2.2 in., respec-
tively. The largest increase in deflection over the test period occurred
in item 3 znd messured 2.0 in. The sxmeilest ircrease occurred in iiem 1
and measured 0.6 in. Marxirum deflection values are shown in fatle 2.

Discussion of Test Results

30. From tha2 resulis of the pilot study reported herein, it was con-
cluded that the gemeral concept of overlsying a deteriorated landing mat
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surface with a seil layer and new landing mat is feasible. It was also de-
termined that almost eny type of soil may be used as a cushioning layer be-
tween o0ld and new mat if measures are taken to prevent water from saturat-
ing the soil.* The thin leveling course of sand performed better than the
h-in.-thick layer, possibly due tc inadequate confinement of the thick sand
laye ¢ under the overlay mat. The thickness (4 in.) of the clay gravel and
lean clay cushion material used in items 3 and L4, respectively, was ade-
quate and was considered to be asbout the minimm thickness that can be
properly graded and compacted over a deformed mat surface.

31. Although adeguate strength was maintained in the clay gravel
cushion layer, there was a considerable loss of fines that were pumped up
through mat joints during wet-weather traffic. The T16 membrane used over-
the lean clsy cushioning material in item 4 provided good waterproofing and
prevented any pumping action or strength loss in this item.

32. The pilot test section was only 24 ft wide and was constructed
to a 2.5 percent crown. During traffic, the edges of the mat were anchored
with lead weighis, as shown in photograpk 6. The anchorage was necesssary
to prevent excessive shifting and movement of the mat during traffic. How=-
ever, due to the crown, the narrow width of test section, and the anchorage
a2t the edges, the mat did not adequately conform to the soil cushioning
layer along the center line of the section and, in many places, was bridging
the subgrade an inch or more. As traffic was applied, the bridging became
Eore severe, especially in items 2 and 3, where a loss of fines from pump-
ing action aiso contributed to early failure. This bridging of the mat re~
sulted in excessive mat deflection under the wheel load and thus contrib-
uted to early failure in the end-joint welds of the mat. 4lso, the mat
used in the test sectionr had already been trafficked in other tests and
sone of the service life expended.

33. Base2d on the resuliz of the pilot test, it zpveared that the
greatest needs in the developzent of oveilay techniques were: (2) to vali-
date the ability of T16 merbrene to protect a fine-grzired overlay soil,

¥ C. D. Burns and ¥. K. Brabston, "Landing Mat Overlay on Deteriorated
Pavement, Bare Base Support,” Miscelleneous Paper S-69-27, June 1959,
U. S. Army BEngineer Waterways BExperiment Station, CE, Vicksburg, Miss.
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when used in overlay construztion, from infiltration of water through mat
joints during prolonged trafficking in wet weather, and (b) to determine
the optimum laying configuration with respect to time and mat performance
when placing 2- by 12-ft landing mat panels over a high crown.

P

16

R - . —— e n

-




PAR1 ITI: TEST SECTION 2

gg poses

34. The purposes of the tests on test section 2 were to:

a. Validate the ability of T16 membrane to protect a fine-
grained soil, used in overlay construction, from infiltra-
tion of water through mat joints during prolonged traffick-
ing in wet weather.

b. Determine the optimum laying configuration for placing 2- by
12-ft landing mat ;anels over a crowned surface with respect
to time and mat performance.

Materials

Soils :

35. Two types of soil were u-cd in construction of the test section:
a heavy clay (CH) and e lean clay (CL:). These soils are described in para-
graph 10.

Membrane
: 36. The membrane used in this test section was T16, which is de-

P R GrOSes M A A Ml e R Al | e SN RN St o e

, scribed in paragraph 11.
Landing mat
37. M6 landing mat, which is described in paragraph 12, was used to
surface the low-strength subgradec. The overlay cushion was surfaced with

IR LA 2E

) new two-piece AM2 mat, which is described in paragraph 13.
QO0-deg turn adapter

38. Ninety-deg turn adapters are narrow aluminum extrusions that ave
nurmally used to facili®ate initial panel connection when laying a lending
mat twdway at 90 deg to an existing landing met runway, i.e., a case where

an adapter is needed to join the end connectors of the runway mat to the
side connectors of the mat forming a taxiway laid at a Q0-deg angle to the
rutway. The adapters are extruded in b~ and 10-ft lengths. Typical adapt-
ers used during this test are shown in fig. 5. The adsapter to the left in
fig. 5 is a h-ft extrusion having an overlap (end) connector on one side
and a male (side) connector on the other side. The adapter to the right is

17
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Fig. 5. Ninety-deg turn adapters

a 10-ft-long extrusion having a femaie {side) cona ~tor on one side and aa
underlup (end) connector on the other side. Use of the adapters in this
test is explained in paragraph L49.

Test Section

Iocation

39. The test section was constructed in an unsheltered arez on the
WES reservation in orde: to obsain maximum exposure to various weather
conditiors.
Description

LO. A layout of the test section is showm in plate 6. The test sec-
tion was 120 ft long and approximately 48 ft wide, and had a 3 percent
crown to facilitate drainage. The test section was divided into eight test
items. Items 1 and 2 were 24 ft long and 48 ft wide. Items 3a, 3b, ka,
kv, 5a, and 5b were esach 12 ft long and 48 ft wilde. The only other vari-
able among the eight items was placement configuration of the AM? mat.

b1, The tesi section had a subgrade consisting of heavy clay soil
(CH). The subgrade had aa average strength of approximately 3.0 CBR, was

18
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120 £t lorg and 36 ft wide, and varied in thickness from 18 in. at the cen-

ter to 12 in. at the edges. The subgrade was surfaced with M6 lending mat,

which was subsequently deformed by accelerated trafficking to produce a
typical deteriorated landing mat surface.
bz, The soil cushion, which was constructed directly on the de-

formed M6 mat, was lean clay soil (CL). Iean clay was selected because the

strength of the remolded material is sensitive to an increase in moisture;
therefore, any leakage in the protective membrane could easily be detected.

The lean clay was compacted to an average initial strength of approximately
18 CBR. The overlay cushior was 120 £t long anc 48 ft wide and had a mini-

mun thickness of 4 in. Due to surface irregularities in the deformed M6
mat, the thickness of the overlay cushion varied from 4 to 8 in.

k3. The lean clay cushion was covered with 'i‘lé merbrane, and then

the test section was surfaced with AM2 landing mat. BAs shown in plate 6,

a different mat placement configuration was used in each item.

In item 1,
the standard brickwork configuration was used. Item 2 was similar to
item 1 except that half panels instead of whole panels were placed over the

center-line crown on alternate runs of mat. Item 3a consisied entirely of

whole panels with a 6-in. stagger of end joints. In item 3b, half panels
were used over the crown in each run and were overlapped approximately 2 £t
(i.e., one-third the length of the pauel) to provide a staggered joint sys-

tem with alternate end joints offset approximately 1 ft from the center
line on orposite sides of the center line. The remaining panels in eacu
run of item 3b consisted of two full panels on one side and a full and a
half panel on the other side of the center panel, as shown in plate 6. In
items L4a and 4b, the mat was placed with a contimious joint along the cen~

ter line. In item La, half panels were used cn both sides of tke center

line in alternate runs, and full panels were used on both sidas of the cen-
ter line in the adjacent runs. In item kb, only full panels were used,

which resulted in contimuous joints aiong the center line snd along lines

12 £t from each side of the center line. Items 5a ard 5b were similar %o
items ba and Lb except that along the center line, the panel end commectors

were attached by means of the turn adapters described in peragraph 38.
by, Iiems 12

S

and 2 each comsisted of 12 runs of mat, snd ite=rs 3a=-5b
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each consisted of six runs of mat. Three traffic lanes were laid out on
the test section. The center line of lane 1 was situated 12 ft north of
the test section center line. Iane 1 was 90 in. wide. Lane 2 was situated
with its center line ccimcident with the test section cen.er line. The
cenier line of lane 3 was located 12 ft south of the test section center
line. Lanes 2 z21 3 were both 70 in. wide.
Construction

45. An area 120 £t long and 36 't wide was excavated to a depth of
approximately 12 in. The excavated area was then filled with heavy clay

soil (CH). The heavy clay was processed in a stockpile area to a water
content of about 29 percent, transported to the site by dump truck, dumped
into the excavated area, and spread vwith a dozer (see photograph 20). The
soil was placed in lifts, each arproximately 6 in. thick after compaction.
Fach 1ift was compacted with eight coverages of a 50,000-1b, pneumatic-
tired roller having four tires, each inflated to 65 psi (see photograrh 21).
Two full 1lifts were used to £ill to original grade level, and a third iift,
approximately 6 in. thick at the center and tapering toward the edges, was
used to finish the fil]l to apprceximately the desired crown. After £ill
work had been completed, the keavy clay was cut to finished grade with a
road grader. The test section was constructed to a 3 percent crown. Aver-
R age strength of the subgrade after construction was about 3 CBR. The hzaavy
clay subgrace sfter final grading is shown in photograph 22. M6 landing
mat was then placed on the subgrade. The mat was placed to cover an area
essentiaily 40 fi wide and 120 £t long. Since there are no M6 half parels,
i.e., 5=t lengths, only 1O0=-ft-long panels were used. Therefore, consecu~
tive runs of Mh were staggered right and left to facilitate interlocking,
which resulted in the configuratio. shown in photograph 23. The M6 was
then deformed by acceleratad vraificking to produce a typical deteriorated
| landing met surface. Traffic was accomplished with a 62,000-1b twin-wheel
load on two 20x20 tires, each inflated to 125 psi. Forty passes were made
over the M6, after which there were average surface deformations of about

L T 7 Y Sy

) 3.0 in. A close-up of ihe M6 after deformation is shown in photograph 2L.
46. A lean clay cushicxn, 120 £t long and 48 ft wide, was then con-
structed on the test section. The lean clay was processed in a stockpile
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area to a water content of approximately 13.7 percent, transported to the
site by dump truck, dumped everly on the M6, and spread with a dozer (see
photograph 25).
mum loose thickness of about 6 in.

One 1if% of soil was placed on the test section to 2 mini~
This 1ift was then compacted with 12

coverages of a 50,000-1b pneumatic-tired roller having four tires, each in-
fiated to 90 psi.
with a road grader to give a finished minimum thickness of about U4 in. (see
photograph 26).
. approximately 17 CER.

Lfter compaction, the lean clay cushion was fine-bladed

Strength of the clay cushion after construction mzasured

A view of the clay cushion after construction is

shown in photograrh 27.

s %7. T16 membrane was placed orer the lean clay. The membrane is
manufactured in sheets 156 ft long snd 78 ft wide. Two sheets were re-

The T16 sheets were placed on the

test section and were bonded together by a transverse lap joint located 2p-

-t by

quired to cover the entire test section.

proximately on the center line of the test section. The sheets were over-
lapped approximately 12 in., and after thorough cieaning, 34 EC 1099 cement
was applied to the surface that was to be bonded. The two layers were then
pressed togetner by roliing a light vehicle along the entire length of the
Jjoint,

k8. AM2 mat was next placed on the test section. The mat wac pack-
aged in bindles, each of which contzined 14 full and k half panels. %Yhe
bundles were transported to the site by forklift, and each panel was hand
carried from the bundles to the desired location and positioned as shown in
protograph 26. The panels were placed cr each item in the configurations
shown in plate 6. In items I-3, ihe panels were locked tcgether at the end
Joint in the conventional manner, i.e., insertion of a locking bar in the
end-connector slot (see plate 7a). In this methcd, the 2-ft-long bar is
inserted the full widith of the panel, which is 2 £t wide. In items Le-5b,
the end-connector tars used in the contimicus-type e€d joints were posi-
} ' tioned so that half of the bar penetrated into the end-conmnector slot of
one run, and the other half of the bar penetratzsd into the end-connector
clot of the adjacent run of mat. This method, as shown in plate 7b, pro-
vided lateral stability at the mutually intersecting longitudinal and lat-
eral met joints.

P L

o

(R LIS e S




- 47—"' V -.v‘— ' ¥ 7"'v*—"-v-——'v - .i‘-“-— .-' * !

A gt

49. In item 5. connection of the panel ends along the center line of
the test section was accomplished by means of 90-deg turn adapters, which
are described in paragraph 38. This connection is shown in plate 7e. In
this method, one side of the narrow bar is compatible with the end con=-
nector of the mat on the left side. The narrow bar was connected to the
wider bar, the other side of which is compatible with the end connector of
the mat on the right. This connection is also shown in photograrh 29. The
{turn adapters are connected end to end with a setscrew, as shown in
photograph 29.

50. As shown in plate 6, items 1 and 2 each consisted of 12 rums of
mat, and items 3a-5b consisted of 6 runs of mat each, for a total length of
60 runs, or 120 ft. The average width of the mat surface was approximately
48 f£t. After the mat had been placed, traffic lanes and guidelines were
painted on the mat. A general view of the completed test section is shown

g
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in photograph 30.
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Mat Placement, Test Traffic, Soil Tests,
and Miscellaneous Observetions i

~ore .

4 Mat placement

51. Mat placercnt tests were conducted to determine the optimm
method of laying mat over a crowned subgrade. As mentioned previously, the
difficulties involved in mlacing AM2 on a crowned runway or taxiway derive
from the fact that as piacement of the mat progresses, the in-place matting
conforms to the subgrade, producing a curved surface laterally over the
center-line crown and making comnectior of additionzl pznels in the center-
line crown area difficult since the in-place matting is curved and the
pencl to be comnected is relstively straight. Therefore, in order to ob-
tain aligrment betw=en the side connectors of the in-place mat and the
1anel to be placed; it is necessary io raise the in-place mat slightly near
the crcwn before comnection can be made. The three following methods of
raising the in-place matting were evaluated: i

) . a. 7Tae mat was placed with hand labor only, and the edge of the
in-place mat was raised by using only steel dbars ani fulcrum
blocks.
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b. The edge of the in-place matting was raised near the crown
by means of a forklift before additional panels were
connected.

¢. A sianted sled, as shown in fig. 6, was positioned under the
in-place mat on one side of the crown in order to provide
continuous uplift in that area. The sled was pulled along
the test section as placement of the mat progressed, and a
portion of the sled extended from under the mat to provide
support for the panels being rlaced.
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Fig. 6. Slented sled used to assist in vlacing
mat on crowned subgrade
Rate of placement tests were conducted using several placement coniigura-
tions in order to destermine the optirum method of placement. All placement
tests were timed to determine rates of mat placement in syuare feet per
men-hour. Results of these itests are discussed in paragraph 62.
Test vehicles

52. The test vehicles used in test 2 were similar to the wvahicle
shown in fig. 3 and described in paragraph 18. For traflic in lane 1, the
vehiclie had a2 30,000-1h SKL on 2 20x20 tire inflated to 100 psi. Traffic
in lane 2 was initially applied using 2 15,000-1b SKL on a 30x11i.5 tire in-
flated to 250 psi; Lowever, the SWL was later increased to 25,000 1t. Lane
3 was traificked with a 25,000-1b S¥L on a 30=11.5 tire inflated to 250 psi.
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Tire contact areas and pressures for tte different loads used are given

below:
Inflation Contact
Pressure Area
Tire S¥L, 1b Psi sq in.
20x20 30,000 100 Loo
30x31.5 15,000 20 57
3¢al.5 25,000 20 1313

Tx0 test carts were usei to apply traffic. One vehicle was eguipped with
the 20x20 tire, and the other with the 3(x11.5 tire. Both vehicles had es-
sentially the same configuration as the vehicle shown in fig. 3.
Trafiic tests

53. Traffic was applied to each lane of the test section using the
method described in paragraph 19. The relative position of the ianes ca

tr2 ta2st section and tke respsctive loadings used were selected to simmlate
the tralTic of a single whe2l of a C-130 main gear in lane 1 and the nose
gear anu main gear o7 an P-UC in lanes 2 and 3, respeciively. However, the
loading in lane 2 was inereased from 15,000 to 25,000 1b afYer 200 cover-
ages, as explzined in paragraph 57. Test traffic was applied in an appror-
imately normal distribution pattern as shown in fig. 7. The interior 5k in.

1" 16"t —— 30" :a'ag-;g-

™1 TIRE ~1 FIRE
PRINT PRINT
wIoTH WiOTH

20%:

PERCENT OF TOTAL COVERAGES

7
//Z

%0———— 90-IN. TRAFFIC LANE

i
fo——70-1V. TRAWM——‘]’

a. LANE | b. LANES 2 AND 3

Fg. 7. Traffic distrivution pattern for sest section 2
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of lane 1, a2nd the interior 30 in. of lanes 2 &nd 3 received 100 percent of
the test traffic that was applied, and the exterior portions of each lane
received less traffic as shown. This patiern is similar to the traffic
distribution occurring in the aircraefi wheel paths on runways during actual
aircrait ov2rations. The coverage levels referred to in this report are
the totzl number of coverages applied in the 100 percent coverage zone.

Scil tests and
niscellaneous observations
Sk, Soil tesis, miscellaneous observations, vhoiographs, and defor-

mation and éeflection datza, as described in paragraphs 20 and 21 for test i
section 1, also were obtained for test section 2. These datz are shown in

table 3.

v
L L e L ey

pahavior of Tast Section Under Trafiic

- e s gare

53. Test traffic was cormenced on 12 October 1957 anc ended on 29 t
Decedver 1067. During this vperiod, a iota. of 2000 coverages of traffic g

b

was zpplied to eack lane. Trafficking was a2ccompiished in btoth dry and wet
weather. A total of 1k.37 iv. of rzinfall occurred ir the test area during

e s I )

tue test period.

Izre 3
5. A total of 2000 coverages of test traffic was applied in lane 1;
of thece, 10k were applied during light to besvy rain showers. A total

[N

rainfz1” of approdimzitely 2.71 in. was recordsd in the test arsa dquring the
vet-weather trafiic pariods. Mat breakage in Jane 1 was negligible, and
after traffic, the entire lane was in execalisnt condition. 4 view of
: lane 1 before and after traific is shown in photographs 31 and 22,
respectively.
Izne 2
57-. & view of lane 2 before traffic is shown in photograph 33. The
first 200 coverages of traffic in lane 2 were applied with a 15,000-1t SHWL N
; . on a2 30x11.5 tire inflated to 250 psi. DPuring this initial traffic phase,
il wes observed thet there was little deflection of the landing mat under
the rolling wheel load, and no discernible distress had developed in the

25
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mat as a result of test traffic. Therefore, the test load wa: increased to
25,020 1b and traffic was continued. Approximately 298 coverages were ap- .
plied durirg periods of light to heavy rainfall, and a total rainfall of i
1.91 in. was recorded in the test area during the wet-weather traffic ‘
veriods. As traffic was applied, small end-comnector cracks developed in
several panels in each item except items 3a and 3b; however, the mat break-
age generally was minor and of little detriment to mat performance. During
the application of traffic with the 25,000-1b S¥L., it was observed that
generally there was greater mat deflection in items ka, b, 5a, and 5b
(i.e., those items having the contimuous longitudinal joint) than in the
four other items. Traffic was continued until 1800 coverages had been ap-
plied with the 25,000-1b S¥L, making a total of 2000 coverages of test
traffic. Overall, the test lane was in ¢-~213ent condition after traffic.
A view of lane 2 at this time is showr n nhotcr~aph 3h.

Leae 3

do 58. A view of lane 3 before traffic is siown in photograph 35. 4

‘ total of 2000 coverages of test traffic was arplied in lane 3 with the
25,000-1b SWL and 250-psi tire inflation r-essure. Approximateiy 470 cov~
erages were applied in periods of light {o heavy rain showers, and a total
of 2.86 in. of rainfall was recorded in the test area during wet-weather
traffic periods. 4&s traffic was applied, end-connecior weld cracks devsle
oped in each iten except item 2, apd C-rail web cracks were found in one or
two par2ls in items i, 3b. ka, 2nd 5b. A total of 2000 coverages of traf-
fic was zpplied in lane 3. Mat breaksge after traffic consisted of miror
weld cracks in items 1, 2, 3a, 3b, and La, and these items were in excel-
lent condition. However, there were &, 2, and 1 failed parels in items Lb,
5a, znd 5b, respectively. Panel failure ip each case was due Zo total
failure of the ende-connactor weld and compiete separation of the end con-
nector from tae main body of the panel. A view of iters 3b and 5b sfter
traffic is shown for comperison in photograrhs 35 and 37, respectively. A
generel view of lane 3 after traffic is shown in photograpk 38.

Surface deformation
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59. Plots of the cross—sectional elevation of esch item before and
ter traffic are shown in piates 8-10. Tnese data show that permanent mat

k 26
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deformation during the traffic period was negligible.
Mat deflection

60. Plots indicating maximum mat deflection in each item are shown
in plate 11. These plots show tkat the maximum deflections, which occurred
at the panel end joints, were obtained in lane 3. The greatest deflection
value, 1.7 in., was measured in item 5b of lane 3. Generally, the deflec-
tion values increased during trafficking. Average increases of these values
for lanes 1-3 were 0.1, 0.3, and 9.% in., respectively. The greatest in-
crease in deflection was obtained in iten 5b of lane 3 and measursd 0.9 in.

Removal of AM2 Mat and T16 Merbrane

61. After completion of traffic tests, all mat was removed from the ]
test section (see photogravh 39). Inspection of the T1€ revealed that the
membrane under lanes 1 and 2 was in excellen? condition, and no holes or
cuts were found. In lane 3, several small holes were found mainly in areas
of the mevbrane vwhere the end conneciors of the overlying mat had sheared
and the edges of the broken panels had cut the T16 during traffic. Most of
the membrane damage was limited to items kb and 5b. Sm=ll holes were also
found in the T16 in item 2. I% was also found that in lane 3, a slight
amount of water had leaked through the dameged arsas of the merbrane during
wet weather., In items 5a and S5b, there was z reiatively large area that
had become wet due to leakage through the =ewbrane, and in items 2 and lb,
s=all wet areas were fourdi in the lean clay. Ixcept for item 5b, however,
lane 3 generally was in good condition and was still quite serviceable. 4
generai view of lanes 1-3 aiter removal of the mecbrane is shown in photio-
graphs L10-42, respectively. In-place CBR, water content, and dry density
data taken after removal of the membrane are stown in table 3.

kS
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Mat Placement Rates

HES tests

62. Rate of placement tests were conducted using the panel configu-
rations of items 1, 2, and 3b. For items 1 and 2 configurations,

27




approximately 1020 sq ft of met was pleced. All three of the placement
metnods described in paragrapn 51 were used in these tests. For the item 3o
configuration, only the forklift method was used. Approximately 576 sq ft
of mat was piaced in this coafiguration. Results of these tests are as
foillows:

Placement Rate

Configvration Meothicd of Plscement <q ft per men-hour
Titem 1 Manual 278
Porklift 202
Sled o/
Iten 2 Manual 319
Forklift 393
Sled 340
Iten 3 Forklift Loo

Field obserwvations

63. Rate cf plzcement data also were obtained fx: project records
covering the construction of a 6000~ by 100-Ti test runway at Dyess AFB.
Texas, in 1968. The rumway, which had a 2-1/C percent crosn, was surfaced
with 232, 208, 2nd M9 landing mat. The X8 mat is mamufactured in
2- by 12-fi penels and is similar to A¥2. Initially, the 18 mat was laid

on the subgrade in the conventisnal brickwork coastruction vattern; how-

ever, due to difficulty in placing the mat on the crowned surface, subse-
guent mat placement was accomplished asing a steggered-joint pattern simi-
lar {0 that of iten 3b of this test section, sxcept a 6-in. stazger of
Joints on each side of the center line was used instead of the 1-fi stagger
shown in plate 6. Rate of placement dzta for the AM2 and MG8 mzts at

Dyess AF8 ware as follows:

Plzcement Hate

Yat Configuration Meothod of Placement sg £t per man-hour
203 Item 1
(conventional) Forkxlifi &6
tem 3b (modified) Marual 270
a2 Tten 3p (modified) ¥anual 180
28
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PART IV: DISCUSSICE AHD COXCIUSIQGIS
Discussiop

64. The resulis of traffic tests on lane 1 indicated that mat break-
age under the 30,000-1b SHL and 10C-psi tire inflation pressure was negli-
gible and that as traffic progressed, there was little change in maxdram
mat deflection through the test lane. Therefore, within the coverage level
achieved in lan= 1, no correlation between mat placement configuration and
behavior under traffic could be established.

65. TIn lane 2, slthouch minor weld cracks did develop in alrost
everr item during traffic, mat damage was not so severe as to ailow a res-
songble performznce comparison betwzen items from a2 standpoint of relative
mat breakages. BEowever, it was nolted that when the SWL was increased to
25,000 1b, there was a considerable difference betwesn the maxirmm mat ds-
flection vaines obtained in items ka, bb, S5a, and 5b and the deflection
vaiues obtained in the other four items. Tims, the increased loading did
reveal the urdesirzble deflection characteristics of the continuous longi-
tudinal joint configurations.

66. In lane 3, mat ds=age resulting from test traffic varied from
nene in item 2 to actual panel failures in items bb, 5a, and 5b. Thus, it
was again indicated that the performance of the items with the contimuous
longitudinal joint was rot so good as thalt of the other items. Maxirum mat
deflections were somewnal higher in a1l jtems of lape 3 than in the respec-
iive items of lanes 1 and 2. Also, it is possible tzat so=e bridging of
the mat cccurred in lane 3.

67. Based on the results of the iraffic tests, it was decided to
conduct timed mat placement tests ito compare the piacement rates obtained
with the configurations of items 2 and 3b with the placement rate obtained
with the conventional pattern {item 1) when 2ll are used on a crowned sub-
grade. Tne results of the mat rate of placement tests indicate that the
forklift assistance technique was superior to the mamial ard sled mat
placement methods. Of the three placement configurations evalusted in this
test, the highest placement rate, 40O sg ft per man~hour, was obtained with

29
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the configuration of item 3b. It should be recognized that the placement
tests conducted at HWES were performed wiith an experienced crew in a test .
cituation and that the placement rates obtained would tend to be higher
than those obtained under actual field conditions. However, the data do -
provide a usefnl comparison of the placement rates obtairned using three .
different configurations.

68. Data in paragraph 63 show that in construection of an actual fieid
facility at Dyess AFB, there was a2 marked increase in rate of mat placement

when a nodified version of the ifiem 3 configuratior was used in lieu of the

conventional pattern, i.e., 270 sq ft per man-hour versus 656 sq Tt per men-
hour. These field rates were obtained with X8 landing rat, which is very
similar to the &2, The field placerent rate for AW similar to that used
in this =est was 180 sq £t per ren-hour.

69. A sum=ary of the soil CER, water content, ard dry density data ;
' ‘ is given in table 3. These Gata indicate that before traffic, the aversge
‘ CER, water content, and dry density of the lean clay soil measured 18, 13.7
percent, and §7.€ pef, respectively. After traffic, these same respective
velues measured 19, 16.6 percent, and 99-% pef in lene 1, znd 20, 16.% per-
cent, and 100 pef in lane 2. The slight increas2 in moisture content in
these lanes was probably due to condensation of moisture mnder the mesbrane
during the test period. In lane 3, the soil strength afier traffic in
jters 1-5 neasured 2k, 10, 1%, 8, 2nd 4.8 C3R, respectively. (3n table 3,

jtem 3 vaiuves include iters 3a and ¥ values; item k values irclude iten kz
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and bb values, etc.) Water contents ranged from 1B.6 percent in itex 1

t0 25.4 percent in item 5. As noted in maragraph 61, there had been scee

lezkage through the cecbrane in items kb and 5b due to the sharp edxes

of broken cat piercing the T16 and allowing eniry of water in this area. ‘

Overall, nowevar, the compacted lean clay cus?! on was stable and dry and

was in excellent copdition afier 2000 coverages of traffic. Severe mat

bregkagze gnd subsegquent membrane damage were confined to a few items, and

in the areas where the mat remained intact (most of the test section),

* there was ro merbrane dsmage and conseguently no leskage. As mentioned

earlier, there was a total of 14.37 in. of rainfall during the test period.

T70. Over the past several years, the WES has conducted landing rat
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tests in which systems having two layers of nat were evaluated under test
traffic. W¥While these were not mat overlay investigations as such, the

characteristics of the layered systems were similar to the overlays evaiu-
ated in the Bare Base investigations. Tnerefore, summary descriptions of
some of the more pertinent systems and thei: performances under test traf-

fic are presented in table k.
Conclusions

T71. From the date obtained during this test, it can be corncluded
that:

2. A compacted layer of fine-graiped svil, when used as a cush-
ioning material in overlay ccastruction, can be maintained
in a dry and stable condition for prolonged periods of a2ir-
craft trafiic if it is protected by Ti6 membrane between the
soil cushion and the overlay mat.

b. The optimum configuration with respesct to placement time and
mat performance for placing 2- by 12-ft landing mat on a
crowned subgrade is 2 coniiguration similar to that used in
item 3b of test section 2 (see plate 6).

72. Concurrent with the test reported herein, the HES cenducied an
investigation of mat overiay techniques on deteriorated pavements. A re=-
pori on that investigation has been published.¥* Joint findings from those
tests and from the tests rcported herein indicated generally that a rough,
deteriorated landing riat or pavemsnt surface can be successfully upgraded
to Drovicde a smooth surface t will sustain aircraft traffic by overlay-
ing witn a soi:r leveling course and new or usgble landing mat. Specific
findings from these investigations also revealed thet:

a. Practically any type of inorganic soil can be used for the
leveling course.

b. Tne optirmm thickness of the soil layer after the grading is
the maxirmum thicimess that will (1) provide a uniform bear-
ing surface for the mat; (2) provide an adequate slope or
crown for drainage (2-1/2 to 3 percent); and (3) allow a
sufficient quantiiy of s0il so that the material can he
easily piaced, compacted, and graded. Thick sand layers

¥ Burns and Brabston, op. cit.

U~ A R . '

A R e Me e A e mem e ———

I — o ah PRy - adecstimelematiinndetenn

AUV RGBS s»




IR . - A b — — o '

SR

should be avoided, however, due to high densification that
can result in excessive mat deflection under traffic.

c¢. The soil leveling course must be well protected from surface
water saturation.

m
oy
L 2

d. Means of protecting the soil are as follows:

(1) Sands and fine-grained soils. Covering with a prefab-
ricated membrane such as T16 and WX18 after grading.

(2) Gravelly materials. Chemical stabilization with port-
land cement at 6 percent by soil weight. (There is
currently no prefabricated membrane that can be success-
fully used between gravel and landing mat due to the
severe abrasion generated during traffic on the mat.)

The optirmm configuration for placing 2- by 12-ft landing

mat on a crowned surface is one similar to that used on

item 3b of test sectior 2 as reported herein (see plate 6).

i : Landing mat having a square configuration, e.g. XM19, may be
placed on a crowned surface in the conventional configuration.

————
o
.
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Table 4
Multilayer Mat Test Data
CBR
in Top Tire
12 to Tesv Inflation
15 in. Ioad Pressure
System* Subgrace kips psi Performance
h-in. soil layer 14 50 200 Failed at
between two 325 coverages
layers of M6 mat
2-in. soil layer 1 50 200 Failed at
between two 252 coverages
layers of M6 met
Two layers of T7 18 50 200 No failure after
wagnesium mat 700 coverages
mechanically
connected
Two layers of M8 16 50 200 Failed at 200
mat mechaxically coverages.
connected at Not considered
lightening holes practical
Two layers of T1i. 1 50 200 No failure after
mat 700 coverages

* The first four systems are discussed in WES Technical Repor:
3-461, "Engineering Tests of Experimental T7 Magnesium and
Modified Standard Steel Airplane Landing Mats," July i957;
the last system is discussed in WES Technicel Report 3-634,
"Engineering Tests of Experimental T1l Alumirum Airplane Land-
ing Mat," Sept 1963.

36

e e e ma &

——— - v e W o  S———




T e P s

T

cer e @R Ry p ) Lol

AT ULLL S 1-,\)v ,):v» (1

S!Sn&.

M6 steel mat prior to traffic

Photograph 1.
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Reproduced from
best available copy.
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Deteriorated M6 landing met surface

Pnotograph 2.
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Photograph 3.

Compacting cushioning soils in items 3 and 4
with 50,000-1b roller

L. Spreading sand in item 2 with D& tractor

——




R Y e s . e

SRR

= > e
5 :

T e, o, Tt~

e A,

W T

ey

Photograph 5. Test section after construction of overlay soils
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Photograph 6. Completed test section prior to traffic




coverages

Item 2 after

Curl of overlapping end connector after 26 coverages

Photograph 8.
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Sheared end connector of panel 23 (210 coverages)

Photograph 1l.
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failure at 300 coverages

Item 2 after

Photegraph 15.

Item 3 after joints were staggered at 26 coverages

Photograph 16.
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Photograph 17. Item 3 after faiiure at T60 coverages
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Photograph 18. Item L after joints were steggered at 26 coverages =ES
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Photograph 19. Item 4 after failure at 300 coverages

Photograph 20.

Heavy clsy being cumped into excavation
for test section 2 and spread with a dozer
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Photograph 21. Compaction of subgrade of test section 2
using 50,000~1b roller .
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Photograph 22. Heavy clay subgrade a“ter final grading
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M6 mat surface

Photograph 23.
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Deformed M6 mat surface of test section 2 afi
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Protograph 26.
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FPhotograph 27. Iezn clay cushion after comstruction
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Protograrh 28. Placing AM2 mat on test section 2
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Photograph 32.

Lane 1, test section 2, after 2000 coverages of traffic
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Photograph 33. ZLane 2, test section 2, prior to traffic
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. Protograph 37. Item 5b, lane 3, after 20C0 coveragas of traffic

Protogrepna 38. ZLene 3, test section 2, after 200C coverages oi trafiic
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Pootograph 39. T16 mecbrane (in background) after mat
had been remopved following traffic tests
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Frotograph 40. Iean clay cushion, lane 1, after mat and mecbrane
ware removed following traffic tests
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Fhotograph b1l. Iean clay cushion, lene 2, after mat
membrane were removed following traffic tests

Photograph 2. Lean clay cushion, lsne 3, afier ru:{ and mesbrene
were removed following traffic tesis
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