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FOREWORD

This study was conducted as a part of the work authorized by the
Troop Support Division (formerly Ground Mobility Division), Directorate

~f ~~s~arch , Development , and Engineering , U. S. Army Materiel Command

(AMC~ , under the title , “Combat Engineer Equipment,” DA Project No.

lG76~47l7DHOl, Task 10, “Landing Mat .”

The engineer design tests (EDT) pertinent to this investigation

ter~ performed at the U. S. Army Engineer Waterways Experiment Station

(WES) during October-November 1969 and May 1970 under the general super-

vision of Mr. J. P. Sale, Chief , Soils and Pavements Laboratory (S&PL).

Personnel of the Materiel Development Division , S&PL, actively engaged
in the planning , testing , analyzing , and reporting phases of the investi-

gation were Messrs . W. L. Mclnnis, H. L. Green, D. W. White , Jr., and
C. J. Smith . The Pavement Design Division , S&PL, had the responsibility

of constructing and trafficking the test section and also of performing
the necessary soil tests under the supervision of Messrs. R. G. Ahivin,

R. L. Hutchinson, and C. D. Burns . This report was prepared by Messrs.
Smith and White.

Directors of WES during the conduct of this study and the prepara-

tion of this report were COL L. A. Brown, CE, BG E. D. Peixotto, CE,

and COL G. H. Hilt, CE. The Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, BRITI SH TO METRIC UNITS OF MEASUREMENT

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

metric units as follows:

Multiply By To Obtain 
—

inches 2.514 centimeters

feet 0.30148 meters

square feet 0.092903 square meters

pounds (mass) 0.145359214 kilograms

pounds (force) 14.14148222 newtons

pounds (force) 0.68914757 newtons per
per square inch square centimeter

V
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The investigation r~~~~ta~~~~~~~ was conducted to evaluate an
extruded aluminum alloy landing mat (designated )Cvli8Q) ~upp1ied—~y—the
D~w~Chemica1 Company, Madi-s€rn ,- Ill .~ The mat~~w-kiich was-4ab~i-eate~i bythe Washington Aluminum Company (WACO) , Enterprise , Ala . (Dow ’s -eubeon-

_ trac-th~.)-, is a one-p iece extrusion fabricated from 6061 aluminum alloy
artificially aged to the T6 condition . The mat panels are interlocked
along the sides by means of a hinge-type connector, the components of
which are an integral part of the basic panel extrusion . End connec-
tors , composed of extruded connectors welded to the basic panel , consist
of overlap and underlap sections secured by a locking bar after individ-
ual panels have been joined jtogether. The mat mentioned herein was dif-
ferent from modified ~vD(18~B~ mat in that the inserted tubes in the ends
of the ma t panels were shortened by 3/)~ in. and the amount of metal was
increased in the area of the female connector and first cavity adjacent
to this connector . The method of attaching the end connectors to the
mat extrusion was changed to allow improved welds at the corners.

The investigation consisted of traffic , skid, cable roll-over, and
laboratory tests to obtain information for use in evaluating the XM18Q
mat for potential use as a medium-duty landing mat. The test data re-
ported herein were evaluated against the criteri a for medium-duty mat as
established in the revised Qualitative Materiel Requirement (Q~MR). ~~~~~~~~~~~~~

__-

Traffic tests were conducted with the mat placed on a prepared
subgrade and trafficked with a rolling wheel load simulating actual air-
craft operations . The XM18Q. mat, which weighs 14.8 lb per square foot of
placing area, was assembled at an average rate of 600 sq ft per man-
hour. The mat’s weight exceeds the maximum Q~R requirement for a
medium-duty mat of 14.5 lb per square foot of placing area, and the plac-
ing rate exceeds the minimum Q)~ requirement of 250 sq ft per man-hour.
The traffic tests were conducted using the F-14C loading, which consists
of a single-wheel load of 25,000 lb with a tire inflation pressure of
250 psi , on a mat-surfaced subgrade with a rated CBR of 4.1. Results
of this investigation revealed that the XM18Q mat sustained 914-0 actual
coverages of traffic on a subgrade with a rated CBR of 14.1, which is

* The modified ~vDCl8- B mat was type classified for limited production
as XM18 in September 1967 and is shown in Supply Catalog SC-5680- 97-
CL-EOlt , “Mat Set , Landing, ” dated January 1968.

Vii
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equivalent to 850 coverages on a 14-CBR subgrade . This falls short of
the QMR 1000-cove rage requirement for a medium-duty mat on a 14-CBR
subgrade.

The average coefficients of friction obtained from skid tests on
wet and dry surfaces were 0.145 and 0.52, respectively. These coeffi-
cients of friction fall within the QMR range of O.~4 to 0.8. The tire
wear resulting from skidding on both the wet and dry surfaces was not
considered significant.

Cable roll-over tests were conducted on the )O~I1&~ mat with a 1-in.-
diam arre~ting cable trafficked with a 25,000-lb single-wheel load with
a tire inflated to 250 psi. Results indicated that the mat will with-
stand the 20 cable roll-overs stipulated in the QMR.

Laboratory tests conducted on the mat indicated that the 6061-T6
alloy exceeded the minimum physical requirements.

viii 
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-2•’Ai TJATION OF XMIPQ EXTRUDED

ALUMINUM LANDING MAT

I. DurLng  9~ t er-U . veni b~ r L ” C . ,  t r a f f i c  tests were conducted at the
Waterways E x : er rne nt Stati n (WES) on D~,w 2- by 12-ft )G418Q medium-duty
mat (Thel L ) .  This mat . w h i c h  we igh s  14- .~3 ib per sq ft of p lacing
ar’:a ~nc~ uding an tiskid c~ mpou nd , was supplied by the Dow Chemica .  C o . ,
~irUand , M ch .  under a c ntract  wi th  WES .

2. The 1a~ .~t :f the test section is shown on m c i  2. The subgrade
was pr~cessed to a depth of 2’~ in. and prepared with an in-place ~BR
of 3.8 (In cI  3 ) .  A polyethylene membrane was pLaced on the subg rade
~ri~ r t the  placement of mat to help prevent the subgrade from dry ing
and causing the CBR to rise. The mat was placed at the rate of
600 sq ft per man-hour with a seven man crew. No d i f f icul t ies  were
encountered in the placement of this mat .

3. Skid tests were conducted on both dry and wet surfaces using a
skid cart with  a 30,000-Lb load and a t i re- inflat ion pressure of 100 psi.
The coef f ic ien t  of f r iction was 0.52 he dry surface and 0 .145 for
the wet surface.  No antiskid was removed during this test and only a
small amo unt of rubber was removed from the t ire (m ci 14).

-
~~~. The t ra f f ic  tests were conducted with a 25, 000-lb si ngle-wheel load
using a 30 by 11.5, 24 -ply tire with 250-psi t ire-inflation pressure
(m ci 5) .  The pattern of t r a f f i c  was applied in accordance with the
standard pattern of 20 , 80 , and 100 percent coverages as Shown on m c I  6.

5. Prior to the application of t raf f ic , the mat surface was generally
smooth (mcI 7) .  After  1414 coverages , a slight turndown of the male edge
of panel 12 was observed . This turndown was adjacent to the end joint
of panels 13 and 114. Af ter 72 coverages (Inci 8),  the turndown had
progressed to a leng th of 14 f t .  (Panel 9 also contained a t urndown ,
however , not as severe as panel 12 nor did it progress as on panel 12.)
As traffic was continued , the turndown increased and at 160 coverages.
the deviation from flat was 1/2 in. at the male edge at the center of
the panel. The top skin was split 1-1/2 in. away from and parallel with
the male edge at the midpoint of the panel. The length of the split was
L3-L/2 in. At this coverage level, panel 12 was considered failed since

_ _ _  _ _ _
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t~ December ~~~~~~~

~tThJECT: ~~~~~ aeer f r a f ~dc  Test of ~~~~~~ X11 o- . Ned : urn—Duty Landing Mat

it hoO love I :ped nt o  ~ t : ro hazard . The r~oneL was removed from the
sec t :  n and was replaced w t h  a new pane~~. In addit ion to the split in
the top s k i n  of the mat . the make c .nnect r was split for  a length  oi
7 ft ( m d  ~).

6. Traffic was continued un t il  500 coverages were c- rnpooted . Ther2
were e i g n t  panels wh l c n  contained a s~~ight turndown simi . ar to panel 12.
The deviation from flat n these panels was 1/32 to L/ 1~ in.  The mat was
removed from the test O~~c t i O f l  and CBS data were taken. The CBS of the
oalgrade at the time was 1 .1. The mat wao replaced and t ra f f ic  was
resumed.

7. At ~. 14C coverages , popp ing noises were noticed in panel 21 as the
load wheel moved over the panel and as t r a f f i c  was continued , the panel
began to depress adjacent to the end joint of panels 22 and 23 ( m d  io).
Pane ls l~~, 214- . and 27 aLso contained depressions s imilar to panel 21.
As traffic was continued , the depressions and turndown at the maLe edges
did not increase rapidly; however, the popp ing noises cont inued , which
were an indication that the internal ribs were breaking . The condition
of panels 21 and 214 after idO coverages is shown on Incis ii and 12,
respectively . After  880 coverages , all ten panils with the center of
the panels located in the 100 percent coverage porti n of the test
seo t on contained depressions varying f r om a minimum of 1/16 in.  t .~ a
max imum of 11/32 in .  on panel 214- . Nine other panels contained depressions
wh~ ch began approximately 12 in .  fro m the end jo in ts  and extended
approximately 30 in. Traff ic  was c~ ntinued until 9140 coverages were
comp leted (Inc i  13). The test sect ion was considered failed due to
roughness and a tire hazard . Pane’s 21 and 214 were failed due to
roughness ( loc i  i14) ,  and pane l 29 contained a split and curl at the female -
overlap corner of the panel (mcI 15) which was a tire hazard . As the
load whe el passed over or adjacent to the end joint of panels 28 and 29~these panels separated . The failure of these panels in addition to
panel 12 which had previously failed constituted failure of the section
based on the allowable 10 percent replacement of panels in the 100 pe rce nt
area of the traffic lane. The CBR at the end of 9140 coverages was 14.6 .
The rated CBS for the test section was 14.1.

8. Results of the tests on the Dow XM18Q mat are as follows:

a. The mat will withstand 850 coverages of the 25,000-lb single-wheel
load with the 250-psi tire-inflation pressure on a 14 CBS.
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Id December t ;oj

JIJkCl : Engi~~ e-~ Traffic 
Toot of L~~ XM LjL~ Medium—Duty 

Landing Mat

~~ . The - eff .e ent el feJ eo~on on wet 
and dry sarfaces meets the

romorfo t the  revised ~~-~L ( 2CR ni 13—2 . or c eff~ c ent of f r  etion

f o.b t U t ) .

D. W. WFffTE
as F~ngineer

Mat Cect ion

CF o / i nc l :
:f1Cl2~t-i’F (i~r. k .  n. i1ar~b ck)
;~:‘ci-o - - :v (~:r . P. F . Coelt ~)
Fl IP -liT ‘i :- . Leo pr~ eo )

Inclosure 16 (with five inclosures) is an MFR on the cable roll-over
tes ts. Inclosures 17—22 have been added as additional information
for the reader. These include laboratory test data (Incis 17-18):
deflection (Thci 19) , cross-section (m ci 20) , and profi le (m ci 21’~
level data; and a strength evaluation curve (Thcl 22) for the
)Cvfl8Q mat.
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~~ -t~A~- Y ‘it-’ o:AT:-t- toe -ie’r , DEtt’ iTY, ktl Opt OATA

Water Dry
Dept h Oort~ r1t Den sity Rated

ion ~ov~’ra ’-i in. 
_______ 

pcf CBR CBR

0 0 30.1 87.2 3.5
8 29. 7 87.f 3.8

12 20 . 8 14~ 14

29. ) 88. 0 3.9

0-2 ° 0 0 30.2 86. 5 3 .2
6 29.1  27 . 1  3.6

12 30. 14 87 .5  14 .2

Avg 29.9 87.0 3.7

0-4-13 500 0 32.0 87.5 3 .5
6 28 .9  88. 14 14.3

12 20 . 2  1 4 . 2

Avg 30.0 88. 14 14 .0

~~29 500 0 30.8
6 28.8 - T ~~~t~ 7

12 30. 7 1 . 7  14.1

Avg 30.1 88.t

0-*35 500 0 3 0 .9  98.8 3 . 2

6 29.0 88.2 3.7
12 29. 5  9L2 3 . 7

Avg 29.8 89.14 3.5

O-~O7 9140 0 31.3 89.6 3.3
6 30.0 88.8 14 .1

12 29.9 90.2

Avg 30.14 89.5

0-432 9140 0 30.1 89.1 5 .1

6 30.1 90.2 14 .9
12 30~~ 

89.1 5~~
Avg 30.1 89.5 5.2

O I l  2
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TRAFFIC LANE

JO •-
~~
.. 60 20

/ / /

PASSE’ /IPA SSES~~~ ~~~~~~~~~~~~ /e AssEs I-I O )~~~~~~%~~~~~~~ /PAsSEs/ PASSES

I ( 2 3 4 5 6 I ~ f e 10 11 12

T R A F F I C  L IN E S

NOTE : EACH PASS IS EQUAL TO A COVERAGE
BY A 10-IN -WI DE LOA D WHEEL OVER
EACH TRAFFIC  LINE.

TRAFFIC DISTRIBUTION
PATTERN FOR LANDING

MAT TESTS
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. D~ PARTM~NT OF TH~ ARMY
W A T E R W A Y S  EXPERIMENT STATION . CORPS OF ENGINEERS

Ill ~~IPL im #0 214 May 1970

-h~- ) D’a~~ FOR RECORD

SUBJECT : C a b L - -  :~oll-Oi’ .-r T - - n t n  on X~s 1]14 C Mat

On 21 May 1970 , cable ro l l -nv--v  t~~~t : v o .ndacteci on X14114-C. mat
-:ith a l- in. -diain arr ’-ct ing -na b l-a  ( m ci 1) ~-;1th a 2 14, u- -lb ~i~a~ l~-
.-th---n i load and a 2C0-~~ol t iro-i rif la tion  pr~~~cur- o (F-~-C load conditions),

2 . An overall view Of tb - i  triro’- aroa•~ vlo ro th -  n at  -ian subjected  to
20 cable roll-oa’ ro is shown on m d  2. A c 1one—ox ~ view of the end

~- - I s - at , si-ic  joint , and c :nt ’:r 01 ~ ariel is shown on Incis 3-5, r ’- s]J:c-
t i VI l y .  The depth of thc 14 - tr oss ions  at the end joint , side joint , and
center  of panel was 3/16, ‘i/ H , oni 3/ lI e i n . ,  respectively. There
- ;4- r-r  no tears or break s in th~ surface of the mat .

3. Thifl cable roll-over tests  prove d t hat tb- XM18Q m a t  will support
20 cable roll-o-re-rn on a l - in. -’iian a r rent in~; cable as required by the

5 1 n 1  D. W.  WHITE , JR.
Encln eer
Mat 2 -Ct ion
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RESULTS OF STANDAR D TE::StO :~ TESTS OF XM18Q MAT CO1sfl’O~TENTS

Final
Gage Ultimat e Gage Percent

Length Width Thickness Area Load Stress Length Elongation
Specimen in. in. in. ~~ in. lb psi in. in 2 in.

Top 2.0 0.111 0.500 0.056 2475 44,196 2,280 i4

s’a rfacing 0.115 0.500 0.058 2550 143,966 2.240 12
o.i14 0.500 0.057 2565 45,000 2.260 13

Vertical 2.0 0.105 0.499 0.052 2350 45,192 2.240 12
rib 0.121 0.500 0.061 2675 43,852 2.280 114

0.102 0.500 0.051 2300 45,098 2.280 14

Bottom 2.0 0.084 0.499 0.042 1900 145,238 2.220 11
surtacing 0.091 0.498 0.0145 2025 45,000 2.280 14

0.080 0.500 0.0140 1755 143 875 2.200 10

Avg 41# ,602 Avg 13

m c i  17
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In accordance with ~~ 70-2-3 , paragraph 6c(l)(b),
dated 15 Febru ar y 1973, a facsimile catalog card
in Libra ry of Congress format is reproduced below .

~nith , Carroll J
Evaluation of )a-08Q extruded aluminum landing mat, by

C. J. Smith tandj  D. W. White , Jr. Vicksbu rg , IL S. Arxr ~y
Engineer ~~ter ways Experiiasent Station , 1974

1 v. (various paging s) illus . 27 cm. (u. S. Water -
ways Experin~~nt Station. Miscella neous paper 5-74-14)

Sponsored by U. S. Arn~r ~~terie l Coim~~ml , Project
No. 1G764717D1K)1-1O.

1 • Aluminum landing mats • 2. Cable roll-over tests -
— 3. Dow landing mats. 4. ~~ctru ded aluminum. 5. Lending

mats. 6. Skid tests. T. T~ai’fic tests. 8. X~.[L8Q
laming mat. I . Wh ite , Dewey W. ,  joint aut hor. II.
U. S. Arn~r ~~ter iel Command . (Series: U. S. ~~ter-
~~~‘s Experiit~ nt Station , Vicksburg , Miss. Miscellaneous
paper S-74-l4)
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