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PREFACE

The study reported herein was conducted at the U. 8. Army Engincer Waterways Experiment
Station (WES) under Department of the Army Project 4A762719AT31, Research for Lines of
Communication Facilities in Theater of Operations, Military Engineering RDTE Program, Task 02,
“Air Line of Cemmunication Facilities,” Work Unit 081, “Evaluation of Paremeters Affecting the
Horizontal Stability of Landing Mats,” under the sponsorship and guidance of the Office, Chicf of :
Engineers, U, S, Army. 5
The study was conducted by Drs, Y. T. Chou and W. R. Ba.ker during the period July 1972-
December 1974 ader the genzeal supervision of Mr. J. P. Sale, Chiel, Soils and Pavements Laboratory.
Professor W. P. Dawkins of Qklahoma State University was smployed by WES as a technical ;
consultant. This report was prepared by Drs, Chou and Barker. Professor Dawkins prepared Part VI, :
“Mathematical Analysis of Landing Mats,” and made suggestions and comments oa the report,
BG E. D. Peixotto, CE, and COL G. B. Hilt, CE, were Directors of WES during the conduct of this '
investigation and the preparation of this sepost. M. F. R. Brown was the Technical Divector.
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follows:

Muliiply

inches

feet

square inches

pounds {mass)

pounds (force)

kips (force)

pounds (force) per square inch
pounds (mass) per square foot
inch-pounds (force)
foot-pounds (force)

inches per minute

knots {international)

degrees (angle)

UNITS OF MEASUREMENT

By

254
0.3048
6.4516
0.4535924
4.448222
4429202
6.894757
4882428
0.1129848
1.355818
284
0.5143344
0.01745329

CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (Si)

U. S. customary units of measurement used in this report can be converted to metric (S1) waits as

To Obtain
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kitograms
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newton-metres
newton-meires
centimetres per minute
metres/ second

radians

g i e A g+ ey et e v

.4.,_,__.,_«,.,,.




 EVALUATION OF PARAMETERS
~ AFFECTING HORIZONTAL
STABILITY OF LANDING MATS

PART I: INTRODUCTION

SACKGROUND

1. ¥a August 1970, an experiment on the eperations of the C-5A aircraft on the landing mat test
tacoay was conducted at Dyess Air Force Base (AFB), Texas. A failure of an AM2 mat runway system
wzs observed, indicating an instability of mat runways to loads applied by aircraft braking forces during
tanding operations. A detaded description of the observations of the incident is reported in Reference 1.
To facilitate this presentation. the observation is briefly described in the following paragraphs.

2. The landing mat test facility was 6000 fi® long and 96 to 98 ft wide, and consisted of XM18,
XMIQ, and AM2 landing mats. The C-5A used inthis operation had aninitial gross weight of 480,000 b
with 82-psi tire pressure on the main gears and 108 psi on the nose gear. Prior to the landing which
caused the failure incident, the test facility had alreacy experienced four take-olfs and theree Landiags. In
the fourth landing, the aircraft made aw indtial mais gear touchdown on XMI9 mat &t a speed of
approximately 140 to 150 knats. Oaly brakes and spoilers were used in stopping theairerati. The initial
- damage to the mat originated at the transition batween the XM I9and AM2mats, whictrisabout 1200 ¢
from the location where braking started. The center portion of the XMI9 had shifted in the landing
dircction approximately |Hin, the underlap-female transition adaptor had heea bentand distorted, and
sorne of the conngctos Lips were sheared off. The damaged mat was primaniy AM2mat. (XMI8 mats.
were placed in the ares betund the AM2 mats. ) T damaged AM2mathad became dugonnected slong
the 124t side jnts due to joint failure. Ead joint weld failures were evident wath panct distortian of all
wpes. Numerous side jonts were tors oft and wverat partions of pangls were driven inte the ground.
tmmeduately after the incident, a 5841 vertical bow wave exuied in some arcas and wis biter ralled out.
Lo the area of incudent, the Landing mut was uaderlond with polypropylene-aipaaly watergroofing
wnaterial with a Herculite mcmbrane cover, The subgrade strcugihwas estimated to be i the Faage of IO
to 45 Calworais Beanag Ratio (CHRY

3 Several days after 1 incudent at B AFB Lockheod porsoanct and porvaanct of vahats
porciatneatal ageanes Mot to revicw the cadent. The man véaty preccnled at the taccting were:

@& The U84 was beakingat S0 poreent of maximys with na reverse thuii; haweree, thiscokdd.

pussidiy be 00 porcent beakiag at the tizes nhce the atifukud deve wis cycling.

b A dag vertical Baw wave had been observed by Lockhood persaaiiet i the AN 2 mat ona
peceious Linding after the C3A stuppad oo tee mats bowever. an the auvrall aed
torward, the wave diapgeannd.

¢ Hygh sdixas torces wduced By the Foiw of the C-SA blaluag apparcatly weee the geicial
mahmmmmnmpn

¢ Au&ﬂhmwmﬁ iuﬂu-usmﬁmwmtmmnm“w'b
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4. After the failure incident at Dyess AFD, a scries of tests and studies were conduved at the U, S,
Army Engincer Waterways Expsriment Station (WES) and at Urah State University to .udy the
ckling characteristics of landing mats subjected to horizontal toads Yor better understat..ing and
definition of the problems associaved with the C-5A aireraft and landing mat. These studics and tests are

beicily described in the following paragraphs,

¢. lmmediately after the incident, tension aund compression tests and tests to determine thye
coefiicient of friction beneiith the maw were condusted at WES to abtain additionz!
information concerning the behuvior of the AM2 mat. These tests were completed in
Qctober 1970. Valuable results were obtained and warranted further full-scale taborgtory
bucklizg tests. The material presented in this report is @ continuation of the 1970
investigation se further understand the factors affecting the horizantal stadility of landing
mats, The results of the 1970 uudy were sepoited i wemorandua form and are tncluded in
 Appendix A.

b. Foliowing the 1970 tests, extensive skid tests were condugted at WES on XMIS, XM 19, und
TH landing mats placed in contact with soil and placed on meabeane on soil. The results
were repotted in the form of  memorandum for record.?

¢ Amodal study of C-SA Eandings e AM2 landing mats sponsored by the Air Force Wegpons
' Laboratory (AFWL) was initiated at Utah State University in 1970, A mathematical model
to simulate the buckting response of the s to the horizontal loads was abyo geveloped.
_ Yhe eesults of the study ire reported in Reference 3. A mecting wus held in 1972 toevaluate
Utah State’s work and to mnake eecommendations for WES's program to evatuate Lainding
mat behavior under C-SA loadings. T he reviewing board consisted of engineers from WES,
Professor E, L. Wilson of the University of Ca lifornia, Professor M. £, ilase of Purduc
University, and Professor E. 3. Rarenberg of the University of Hlinois. the generat
consensys of the meeting was that hecause of the extreme wmplcmt\ of the problent, itwgs
wot practical to attempt an elaborate wechanistic analyticat solution; rathice, a simpler
“model dealing with statie beancolump-type analysis should be tricd. Theretore, Protewor
W. P Bawkios of the Oklakiomea State University was conploved by WES to study and
anatyze the resilts of the buckling tests reported herein awt to examire the possibitity of
developing an anatvtical expression for landing wats gubmmi to hoeraatas lads. This
repott covers the woek of Professor Bawhins.

& At the completton of the model study on AM2 mats, Utah Srate undertook anather wiics,
sparared by WES, of modet studws ot heavyduty trim web may thearstical study was et
pursusd. The rosyite and concdusions of the wydv are reposted i Referome & A s of
teafiie tewh and ahorarory Bikhing teus on pma;pe um w:b ety silar to those
reposted 1 this study were comdusted at WES.

PURPOSE AND SCOPE

$. T purpones of this study weee 0433 dotiad and ealiuate 1he porafoters st affect the vzl
of Liadng at to borieatal botols, 1RY Qo mcthods by which thus skabedsty can be iagicasods aad

(o) develap an aralvtwal wivtwa to pradict the Mgihag debavior of the Lindwg Hat,

& The prossiary work Bveved i s udy was 50 Suleiive Wiy of Libosatuéy statw fullwile
bic kb o AM 2 N AR, gad N MY RS ol XATES rals with asmgtated watiepeosheg  Mal tos
sotiors fanged Yoam o8¢ ko bive Radats, Ehe saa stmiio width of & (o wekzok %was W61 The XD sigte
wicte tosiod with wmulased watcprooting to dotormise the elfict oa bk hag loads of The Rblets asatod
afohg the panits. A s off Bl kling tods of snadcl AM 2 mal wite comnduited b tie Babocatory il Btate
weic oblaacd fod thw Utoh Stale Univcosidy K the wadths of Ui vl tost sodtioie fangind o U 5630
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FRR 1 Fiese widhs were cquivalont te 610 96§t in prototype swale. The purpose ol the model testing
Wi es Sldaie aformation for estrapolating the Liboratory brckling test results to mat sections of
greany softén A theoretiad atid s s coducted o study the buchling behavior of the mat system,

and ¢ resulls wore fhen vour arcd vl experimental dat.
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PART W LABORATORY FULL-SCALE BUCKLING TESTS
" » - - OF LANDING HATS S

sauqugm .

The magnitude of the toad uand its corresponding Lateral movements wege secorded electronicafly
were plotted on a separate N-Y sevorder. Load speed was about 610,/ min.

¥gury ¥ Owvendll ’mdwgm 2 \udng Sy
- TEST MEVHOD

B Talve viae of St swere gracrally Ged 672 teete, withthe b fun bolted to the La® atody’s
oﬁ-.fctc *‘-&w T zzns‘s the g pwh. ** sigd l’ﬁcta th ﬁa vw fss tt‘-& Mt ‘eﬁé to rs‘e;wfs t!ae iaﬂﬁf@:d fmtm

an Mtal THw io@' B 5&&1\@& i&a& tmmgm,

@ The windth of the oY runway dueng the T34 farues meadvat was 96 18, oind e mavifum
wadth of the fat formuting toaid o the Libhocatcry was 36 i TINECEES. (o uiteulalé tie wirghl of e
CEER el Baiy eoRiiite oF hoad BEoGhs wiie plichd aloag fle te s sidis o3 The 56:88 Mgl o los i v
ke o 10 cifodt on thie Badkliag bobavwof was tudand iFyguice Jacad Q). The wictghl of the boad bhosts

7. ‘The landing mats were pushied in the lateeal divection by a hydraulie loading systemiFigure 1,
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Figure 2. Overview of mat formation

Figure 3. Ovarall view of mat formation with tead blocks
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Figure 4. Mat formation with concrete blocks curing buckling

was approximately 2000 1b each and that of a concrete block approximately 450 Ib; thercfore, the
concrete 2'ock more loosely approximated the weight of the extra width of mat.

10. * ae shapes of the mat system during the buckling process were measured optically usinga level
set. The elevations of each mat at the center line uf the entire mat system in the longitudinal direction (in
the direction of the applied force) were measured before and during the buckling process,

1. Since the mat runways in an actual airfield are never placed on a perfectly flat subgrade surface,
eccentricities inevitably exist in the mat system during braking operations. To study the effect of
eccentricity on the buckling behavior of the mat, laboratory tests were conducted with a mat system
having various magnitudes of eccentricity. Eccentricity was introduced by placing a stee! rod across the
center line of the mat system in the direction perpendicular to the application of the load.

12. Each mat formation was subjected to repeated buckling tests (generally four or five
repetitions). Results of repetitive tests of a formation were found to be reproducible if the mat was pulled
to a full extended position after each loading, Otherwise, for a subsequent loading the buckling load was
smaller than that of the previous test.

10
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PART Il LABORATORY BUCKLING TESTSOF .~
MODEL AM2 MATS |

13. The model AM2 mats were obtained from the Utak State University. The mats were fabricated

to a 1/7 scale with respect to the width, length, and weight of the prototype, but were otherwise not in

. accordance with the engineeringsimilitude law, pa-ticularly with respect to the geometry and stiffness of
the joints. Figure 5 shows two model mats connected along the side joint. A detailed description of the
mats can be found in Reference 3.

Figure 5 Modal AM2 mat

14. Tests wrre conducted on various widths ranging from one to eight pancls. The width of the
eight-panel formation corresponds to the 96-ft width of the prototype mat runway at Dyess AFB.
Figure 6 shows the sctup of the model huckling test; the load was applicd to the mat by a ficld CBR
machine through an arrangement to simu'ate the horizontal force applied by two C-5A 12-wheel pear
assemblics, Tests were also conducted by pushing the mats witk the CBR piston, which hasa diameter.of
2in

15. Because the joints of the medel mats were very weak, difficulty was expeticnced in assembling
the mats. In some cascs, the mats had to be pricd open by a knife for assembly purposes, Unlike the
pfolo!ypc buckling tests, reproducible results could not be obtained in the model mat esting  the
buckling load always decreased as the test was repeated. Evidently, the joints were bent once the mots
were buckled: the subsequent buckling toad decreased because of the damaged joints even though the
mats were returned to a fully extended position before the test was repeated.

i\
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 PART IV:2 ANALYSIS AND PRESENTATION OF RESULTS
" CHARACTERISTICS OF MATS TESTED

16. General descriptions of AM2, XM18, and XM19 mats can bx found in References 5,6, and 7,
respectively, and are not repeated in this report. Waterproof XM 18 mats were not available during the
_tests; however, tests were conducted on XM I8 mats with a heavy-duty rubber hose and plastic wires
“inserted along the joints, It is believed that the mats with the inserts simulated prototype watesproof
. mats insofar as buckling tests are concerned.

MODEL AM2 MATS

12, Figure 7 shows the relationships between mat width and buckling load for model AM2 mats.
Curve: A shows tiie results for the mats pushed by the 3-sq-in. CBR piston. It can be secn that the
buckliag load increased almost linearly with increasing mat width; as the number of mats increased
beyonc three panels (or 36 ft in prototype) the buckling load rate of increase began to slow. As the
numbey of the mats was increased beyond five panels (or 60 ft in prototype). the rate of increase dropped
sharply. Curve B shows the results for the mats pushed by the wo simulated C-5A 12-wheel gear
assemblies, :

I18. As explaincd carlier, the purpose of the laboratory tests was 10 obtain iniormation to
extrapolate faboratory results of buckling tests to mat formation of greater width. bieure 7 provides this
information. It should be noted, hawever, that since the model mats were not manufactured according
to engincering similitude laws and the joints were very weak, the information provided in Figure 7
should be viewed ss a crude approxination.

10
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PROTOTYPE BUCKLING TEZSTS

19. The joint configurations at both sides of the mat in compressed and buckled up positions for
XM19, AM2, and XM I8 mats are shown in Figure 8. The contact points between two pieces of mat are
snown in the figures. The dimensions are very sitnilar between AM2 and XM 18 mats; therefore, some
dimensicns of the two mats are presented. It should be noted that the dimensions of landing mats vary
from one to the other; the information presented in Figure § is measured from the specific mats. For
instance, the contact points may be more than those shown in Figure 8 as the buckling process continues.

XM19 Mats

20. The honeycomb XM 19 mat isa 4- by 4-ft square mat with a upit weight of 4.1 psf. The tests were
conducted with mat formation widths of one, three, and five panels, and with the connector bars
perpendicular and parallel to the !aad application. The tests were also performed with the square mats
staggered with the connector bars in the position perpencicular tothe load, whichis the normal method
of placement,.

?'. The iwxing angle of the longitudiral joint (which is parallel to the landing direction in the
actual laying pattern) is larger :han that of the transverse joint (which is perpendicular to the landing
direetion and has the connector bar); the locking angles are approximately 10 and 4 deg, respectively.
However, these angles vary greatly with different mats. The locking angle is defined as the maximum
angle at the joint between two adjacent panels at which free rotation can exist. Tables 1 and 2 show the
results of buckling tests of the XM 19 mats with th: connector bars perpendicular and parallel to the
load, respectively. The mat formation had a width of 20 ft (five panels). The verzical movement values at
each of the 12 panels delineate the shapes of the buckled mats at different horizontal movements; they
are shown in Figures 9 and 10, respectively, corresponding to Tables 1 and 2. Itisscern that althouvgh the
maximum buckling loads were nearly the same, the shapes of the buckled mats were distinctly ditferent.
When the joint with connector bars (transverse joint) is perpendicular to the load, the shape of the mats
under the buckling load was similar to a continuous plate, because the lockingangle alang the transverse
joint is smali (about 4 deg), the maximum buckling load was obtained during the fiest buckling and the
loads decreased as the height of the buckled mat continued 1o increase. It s behieved that more panels
would be buckied and the height of the buckled mats would cont.aue to increase if the length of the mat
system had been ingreased during the test.

2., Because the tocking angle along the longitudinal jownt (uints withont connector pins) is large
tabout 10 deg) fewer pancls were displaced vertically dunng buckiing than when the transverw joints
weare perpendicular to the Load. Ttw believed thatif the buckbing process was continued. the mat would
break atong the joints at locatieas 8 and 910 Figuse 10,

2). Atthetop of Figure L. the shapes of thie buckled mats at tocattons 110 of Figure 10duning the
tast two conweutive loading stages afe prewnted. The figures were drawn to the same seale i bath
vertical and honzomtal ducctions. It s sgen that the angle at tocation 9 was 15 deg at the end of the tewt,
which was § deg preater than the locking angle of the jmnts §t should be poanted out that at locations 7

and 10 the mat could ratate frzely. Tn the muddle of Figure |1, the shapes of the buckied mats o) Figure
are prasented. The angles at locatieis § and 9 were B dog which was much Lirgee than the &dep
ecasured locking angle. As noted zarlier the measured backing angle vatics greatly with diferent mats:
the measused dudog angle may be less thaa the true avetage value
4. Ia s study, it was hypothesszed that the buckling load would incsease o the lochmg angle o

14
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TEST NO. 19R-200

MAT XM19, 4-FT X 4-FT
WIDTH 20-FT, LEMGTH 48-FV
ZERO ECCENTRICITY

NOTE NUMBERS BY LINES . .RE
HORIZONTAL FORCE [LEFT)
AND HORIZONTAL MOVEMENT
(RIGHT)
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the joint could be reduced. The results shown in Figures 9-11 indicate that the locking angle affects the
shape of the buckled mat surface but not the buckling load. The influence of the locking angle will be
discussed subsequently. Although the maximum buckling loads are nearly the same, the advantage of
having a continuous and smooth buckled mat surface as shown in Figure 9 may be rewarding; the bow
wave appeared to be so flexibie that the chance for the mat to break is believed to be smaller than when
the mats have an abrupt surface as showa in Figure 10,

25. Table 3 shows the test resuits of staggered XMI9 square mats with conncctor bars

4=
i | TEST NO. 19-20-0
b HAT XM19, &-FT X 4-FY !
; #IDTH 20-FT, LENGTH 48-FT l
g ZERQ ECCENTRICITY :
:
3 12~ xGic WUMBERS BY LINES ARE ;
4 HORIZONTAL FORCE (LEFT) :
¥ AND HORIZONTA'. MOVEMENT !
[ tRIGHT) ;
4 ;
of- '/“ :
12,65 KIPS /583 IN, —emmeimy
i s ok 2345 KIPS/ 4,00 IN. =~
1 :
5
: 2
- ('Y}
f >
.‘ g 8-
: <
3 )
3 .-
: -3
EA w
3 10,40 K95 1.6 IN, =
oI
;
O P —
.2 | 1 I | '
0 2 4 . e "0 12
o HONIZONTAL LOCATIONS, NO OF ManELS
Figure 10 3hapes of Duckiil AMIR SQuated mals wih CONNSCIOr DiNE paraliv! 1o the ke, mad
i HjPeredd




perpendicular to the load. The maximum buckling load was nearly dnubled as compared with the mat
system when joints perpendicular to the load were not staggered (Figure 9 and Table 1). Figure [2shows

_ the shapes of the buckled mats at three consecutive ioading stages. It can be noted that when compared,

at the same horizontal movement, the heights of the buckled mats we=. about the same whether the mats
w.re staggered (Figure 12) or not (Figure 9). The shapes of the staggered mats during the iwo last
loading stages are shown at the bottom of Figure 1. )

26. Figure 13 shows the effects of eccentricity on the maximum buckling loads of X M19 mats. The
maximum eccentricity used in the tests was 1 in. Itis seen that for mat formations of one-mat width, i.e.,
4 ft, and !2 ft with joints not staggeced, eccentricity did not affect the buckling loads. The test results
were rather inconsisient for mats with staggered joints. This may be due to the fact that the mats werenot
laid exactly flat at the zero-cccentricity position. i.c., the mats bad iaitial eccentricities in some areas
because of roughness and irregularity in the joints. Consequertly when the 0.5-in. eccentricity was
induced, the mat system became flatter and the buckling ioads were thus increased. In most caces, the
buckling loads were greatly decreased when the eccentricity was increased to | in.

AM2 Kats

27. The aluminum AM2 landing mat is 12§t tong and 2 ft wide with a unit weight of 6.1 psi. Tests
were conducted with widths of 6, 12, and 241t, and were conducted only with the connector bars paralle}
to the load application which is the actual laying pattern in airfield runways. The measured locking angle
of the AM2 mat is about 10 deg.

28. Table 4 shows the test results of AM2 mat complex with 2 width of 24 ft. Figure 14 depicts the

shapes of buckled mats. Because the locking angle is velatively large, the surface of buckled AM2 mat

was ot so smooth and continuous as that of the XM 19 mat with connector pins perpendicular to the
load (see Figure 9); however, it was sineother than that of the XM 19 mat with connector pins paralicito
tac load (see Figure 10),

29. Figure 15 shows theeffects of eccentricity on buckling loads of AM2 mats, I the tests with 6-t-
wide half pancl, a concrete block was placed near the load ipplication to prevent the premature buckling
of the mat ut that pancl. Figure |5 indicates that the buckling loads were very seasitive to eccentricity.

X180 Mats

30. The sluminum XMIS mat is geometricaily similar to AM2 mat, te., 12t tong and 2 it wide,
The unit weight of XMIS mat is4 7 paf, which is substantiably less than that of the AM2 mat (6.1 puf).
The locking angle of the XMIS mac o approximately the same as that of the AM2 mat (abovt 10 deg).
Tests were conducted with widths of 6, 12, 24, and 36 ft, and with the connector hars only paratloltothe
divection of the applied load, which is the actual laying pattern in airfield runways. Table § shows the test
re: ults of 28ft-wide XMIS mats. In Figure 14, the shapes of buckled NMIR mais are lusteated.

M. The elfccts of ecocatricity and mat width on buckling loads of XMIS mats ate shown in
Figure 17, Asinthetests of other mats, the buckling loads decrease with incredsed eccentnicity. Alo, the
buckling loads increase with increasing wideh of the mats at at thiee cecentncities,

2. Becawse the maximum widt) of mat system tested in the labaratory was 36 {t 264 the mat
runway used 1n the Dyews AFB had a width of 96 e, coneréte blocks were placed along the odges ol the
36-{t mat system to emulate the added weight oi the additionat width of mat. Test reaults with and
without the blocks are shown in Figute 18 for induced cocentrwitics of 0,0.5.and Lin, Ax wasespected,
the buckling loads increased with the addiion of blocks, although induced eoccntnicaty appears to have
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TEST NO. 195-20-0

MAT XM19, A-FT X &-FT
WIDTH 48-FT, LENGTK 20-FT
ZERO ECCENTRICITY

241 \OTE: NUMBERS BY LINES ARE

HORIZONTAL FORCE (LEFT)
AND HORIZONTAL MOVEMENT
(RIGHT)

VERTICAL MOVEMENT, IN

| - | S 0 S et

4 [ e -] 14
w“AMIONTYAL LOCAYIONS, N0 OF BaNELS

-4

85 Jrww

Figare 17 ERatie 51 DuchNg KUID 3ua@ a5 w i CORMIKID R DOIDmadiht B the I0ad. s

Litle effect. The rosults of the model AM? mats vhown int Par, U may be wsad to ohaie gualiative
wloraation tor incicascd Bakkling loads Jue to wcrcamig widil of the mats doyonid the St width
B The asterali docs not atways Land at the Coater of the flitway, so tests were coaducted withihe
toad apphicd ucat thie edge of the mat sysdem The teaialin ate shown 1n Fuguie 18 1 can be soca that the
buckling taads were greatly fedued when the boads wete i applicd at the ceater of the tiats
. Bguics 1920 show the suifaces of soveral buckicd XMIB @ial systains with aod without
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concrete blacks. Figure 22 shows the buckled surface when fatlure of the joints was incipignt. Figure 23
shows closeup views of failed joints. For other tests conducted in this study. the duckling process was
discontinued tong before tailure became incipient.

COMPARISON OF BUCKLING LOADS OF DIFFERENT MATS

35, The celationships Between buckliag loads and mat widih for dufferent mats dre showe in
Figure ™. Bxcept for XM mats whes =0 joiats were ant staggirea. the Buckling loads of the maty
wrcased hincarly with inceeaiing rat wideh within the range of tests The rmavrmwn buckliag load wis
obiained with staggerad NMI9 mats w which the connestor dan were perpendicular tothelaad Wika
the NMEEY maty were aol staggerad, the tevts wite conducted with cantector bats both peepeaduulie
and paralich ta the laads The buchbing loads Foe thus Case were Largee thian for AM2. ats 3t 1 24 wadih
but saaller than for AM2 mats at 200 walth. Elhic season foe the aaalingar wistivaship boweca
b kling boads and tat width foe the XMI9mats s not knows Borauae the uait weight of XMEY s clow
ta that of N MK mual, the greates haskling laad of XM (with mals not waggecadbomparad with that
of the NMIE mat u attabutable to the greater panci wadth of the XMID mals tue., greater dutamie
betwaris painci joiins 1 the diraition of loadiigl

Y% The wt weight of the XMIED mat 1s substaatually boes than chat of AM2 mate However. the
Buchlng laad of the XMI9 mats 1a a stagectod laving pattees t much gieatcs thad the buckiig load of
the AM2 mal. Ab can be soen o Figiuic 24, staggoinag the jownls ol 2h XM 9 aaal gically saircased the
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VEST NO D-1

MAT AN2 2-FT X 12-FY
WIDTH 24-FT LENGTH 22-FY

1] o549, A
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Figure 15. Effects of eccentricity on buckling loads of AM2 mats

37. The joints of AM2 and XM18 mats are very similar, as shown in Figure 8. However, the
dimensions shown i» ‘.e figure may vary greatly among different mat sections.

SIMULATED WATERPROOF XM18 MATS

38, The purpose of the tests of simulated waterproof mats was to determine the effect of the fillers
nserted along the joints on the buckling loads. Prior to the tests, it was considered that the filler
insertion would reduce the locking angle and thus increase the buckling loads. As previously mentioned,
waterproof XM 18 mats were not available during the tests; thus a 0.5-in. (outside diameter) heavy-duty
rubber hose was used as shown :n Figure 25. Because of difficulty in inserting the hose along the full
length of the transverse joint, 6-in. pieces of hose were placed at two sides and the center of each panel. It
is believed that this arrangement was an adequate simulation of the waterproof XM 18 mats, Tests were
also performed with a 5/16-in.-diameter, plastic-coated utility wire inserted along the joint as also
shown in Figure 25.

39. Test results for a 6-fi-wide mat showed no increase of buckling load with the insertions along
the joint. Tests were also conducted with the center of the rubber hose filled with plastic wire to increase
its stiffness, but no increase of buckling load was observed. However, it was found that the surface of the
buckled mat with insertions was much smoother and mor¢ continuous than that of the buckled mats
without insertions. This is particularly truc when plastic-coated wires were placed at the upper part of
the joint. Tests with mat width greater than 6 ft were not conducted.
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TEST NO. G-1
MAT XM18, 2-FT X 12-FT
WIDTH 24-FT
ZEROQ ECCENTRICITY
24 —
NOTE: NUMBERS BY LINES ARE
HORIZONTAL FORCE (LEFT)
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Figure 17. Effects of eccentricity and mat width on buckling loads of XM18 mats
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Figure 25. Configurations of XM18 mats with and without
fillars during buckling

BUCKLING SHAPE

40. As noted earlier in this report there is a difference in the buckled shape depending on the type of
mat, the lay pattern, or the joint locking angle. In the tests it was also observed that the stability of the
buckled form relative to its horizontal position along the mat depended on the buckled shape of the mat.
The stability of the buckled shape has significance with respect to the ability of the buckling wave to
move ahead of a rolling aircraft. All the evidence (ndicates the wave which formed ahead of the C-5A 0.
Dyess AFB was a stable type whach would not move horizontally ahead of the aircraft. Ascan be noted
in the movies and photos which were taken of the failure, complete disintegration of the mat occurred
when the aircraft ran onto the buckled mat. Disintegration was not caused by the horizontal braking of
the aircraft,

41. The ability of the wave formed by buckling to move ahead of an aireratt depends not only on
the shape of the wave but also on the speed of the aircraft and the height of the wave, Thus any statement
regarding the ability of an unstable wave, such as the wave formed by the buckled XMi9, to run ahead of
a landing aircraft would be pure conjectitre, About the only statement that car be made at this time is
that a wave such as that formed by the buckling of AM2 or XMIK will not move abead of an aireraft,
However, it is possihie that the wave formed by the buckling of the XM 19 mat, or by other mats with
nsertions, may move ahead of the aircraft and roll without causing a mat failure.
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PART V: FACTORS AFFECTING PERFORMANCE OF MATS
DURING LANDING OPERATIONS

42, The forces imposed on a mat runway due to aircraft landing and braking are indicated in
Figure 26. These forces are:

a. A normal component W due to the weight of the aircraft.

b. A friction force Fy between the tire and the mat which is proportional to the friction
coefficient between the tire and the mat u, , the aircraft weight W . and the
deceleration a .

c. A friction force F_ between the mat and the subgrade which is zlso proportional to
aircraft weight as well as the coefficient of friciion between the mat and subgrade

d. A tensile force F{ in the mat behind the aircraft.

e. A compressive force F. in the mat ahcad of the aircraft.
The maximum horizontal reaction of the mat system occurs when all joints behind the aircraft are fully
extended while all joints ahead are compressed. To reduce the compressive force ahead of the aircraft,
which contributes to buckling, it is desirable that as much tensile re<istance be mobilized as possible.
This can be accomplished if the joints of the system are maintained 11 a fully extended position. The
insertions shown in Figure 25 would assist in keeping the joints in a state capable of vesisting tension
without requiring lacge horizontal displacements. In addition, the surface of the buckled mats is
smoother and more continuous with the insertions because the lecking angles of the mat are reduced.
This would resuit in a contiguration which would be more likely to move ahead of an aircraft without
causing mat failure.

LANDING BIRECTION

~RIRCRAFT TiRE

JNNT
A e

Peuuw §
s 3 r"
Figure 26. Forces on mat runway

43, Test results indicate that the buckling load is sensitive to the cecentaity of the mats. The etlect
of induced initial eccentricity in mosteuses was farely pronounced for a narrow system but wasobwured
as the system width increased, Itis casier for a 4= oF G-ftsystem to be laid flatand straght; a wider sy stem
would have a kirger rumber of natural irvegutantioy (e, warped panels, crooked oF datmaged ponts,
ote ) which would overshadow the effects ot g induced eccenteiaty. Nevertheless, test results indwate
that the ranway subgrade shauld be as smonth as possible hetore layiag mats.

44, The eitect of paned width on buckhng had s evident e the results of the wsts of NAHSmat
with joants oot staggered, To uwe the avalable AM2 and XMIS mats, the altecnative pattert shown i
tiguve 27 would increase the buchhag load siwe the losygitudinal jownts of the NM IR aat avecorapatible
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Figure 27. Lay pattern for AM2 or XM18 mat to increase ellective panel width with XM19 panels

with those of the AM2 and XM I8, This arrangement would make the AM2 and XM 18 pancls behave
more like the XM19 with continuous transverse joiats and with connector bars parallel {Figure 9) to
traffic. However, the increase of the buckling load is belicved to be not very sigaificant.

45. The lay pattern shown in Figure 28 for AM2 and XM I8 mads can increase the buckling load.
Special rods and panels placed at the center of the runway will have to be manufactused. Because the
wats are placed atd5-deg angles to the center rods, the component toree parallel to the connector pins is
reduced. The other component force will not cause the mats to shift because the mats are keid
symmctrically with respect to the center ronds.
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Figure 29. Diagonal lay palterns 1or XM19 mals

46. The lay pauterns for XM19 mat shown in Figure 29 may increase the buckling load to some
extent. The checkerboard pattern is more continuous but predomnnant migration is unidirectionat and
parallel to connector pins. In the diamond pattern the migration problem may be less severe but the
system has & predominant weak axis parallel to the connector bars.

47. Test results indicate that edge restraints, cither weights or anchors, are cftective in increasing
the buckling foad when the load is applicd near the edge. However, it is believed that this effectiveness
would diminish very rapidly with distance from the ¢dge and would nut provide much beneiit jo the
center partion of the mats. :
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PART VI. MATHEMATICAL ANALYEIS OF LANDING MATS

48, The results of static tests of various mat systems have been replotted in Figures W-32. In
Figure 30 the buckling ivad has been normalized with respeet to mat width and totul system weight,

BUCKLING LOAD DIVIDED BY MAT WIDTH AND UNIT WEIGHT, FT
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Figure 31. Normahzed buchhr:g load versus mat width
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This plot indicates the beneficial effect of panel width (4 ft for XM19, 2 ft for AM2 and XMI8) on
buckling load. In Figure 31 the buckling load has been further normalized with respect to panel width.
The curves of Figure 31 indicate that the nondimensional buckling load is relatively independent of
system width within the range of widths tested.

49. The variation of the nondimensional horizontal load on the mat with vertical deflection is
illustrated in Figure 32 for sev-ral mat systems. These curves indicate that the maximu horizontal
reaction of the mat is auained at low vertical displacements and as soon as vertical displacement i3
initiated, the horizontal load required to induce further deflection diminishes to essentially a constant
value and additional imposed horizontal deformation results only in increasing the number of panels
undergoing vertical displacement during the buckling process.

50. Except for the XM19 mat with staggered joints, the behavior of all mats tested may be
demonstrated by a simplified atticulated system composed of siraight rigid bars and moment-free
(frictionless) joints as shown in Figure 33a. Once buckling of the real mat system was initiated, the
buckled shape progressed through the series of configuraiions shown in Figure 33b-f.

51. For the configuration shown in Figure 33, the nondimensional horizontalload, Q , required
to sustain each of the buckled shapes may be expressed as ’

Q= 3 -4(-1)# cot [3,,'4('1}2 0]

and the maximum nondimensicnal vertical displacement o (maximum displacement divided by
panel width) is

A = sin [3 - (DT 8] + Z Jj - sin {arc tan [————-——-—4i i ‘I4+ (-l)n]

P 0]}

where
8 = argle shown in Figure 33
n = pumber of parels in buckled shapes
Ji=0 for n <4
Ji=1 for n2>4
J9=0 for n<6
Ja=1 for n=6

Plotsof Q wversus A areshownin Figure 34 forvaluesof theangle 0 | Figure 33, upto 10 deg.
Nondimensional potential energy of the systern weight (weight potential energy divided by total system
weight) as a function of maximum vertical displacement is shown in Figure 35

52. The straight mat shown in Figurce 334 is capable of transmitting any level of horizvatal foad.
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Figure 33 Buckled confrgqurations of idealized mat

However. it any imtial vertical displacement consmistent with one of the displaced shapes of Figure 33b-t
is present, then the horizontal load necessary 1o ststaan the system i equilibrium decreases rapdly as
the deflection increises.

53, The joats of the real mat are relias oly moment ree, as assumed in the dealized svatem, only
up to i hmating vatue of the angle 0 . This hinuting vadue, referred toas the “loching anele™ above,
depends on the type of mat and the condition of the jeings and has been observed to range trom
approximately 3o Hdeg. When 8 reachies the tochig angle at a gomnt, then that jort s no longer

W
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moment free and the horizontal load required to induce further verfical deflection increases rapidly
depending on the stiffness of the joint. This is illustrated by the dashed vertical lines in Figure 34 fora
locking angle of 5 deg. Up to this value of displacement, the total potential energy of the system is
essentially equal to the potential energy of the system weight. When the locking angle is reached any
additional work done on the system is stored as strain energy in the locked joint and the total energy of
the system increases with little change in the weight potential energy. This increas is ilfustrated by the
arrows in Figure 33 for a locking angle of 5 deg.

54. It is now possible to obtain a qualitative visualization of the buckling phenomena observed in
tests of the real inat. Although the real mat was initially flat before loading, there existed myriad natural
irregularities in the system. These irregularities provide the vertical displa‘cemems required to begin
buckling. As horizontal load was applied to the system, the total potential energy of the systein increased
with the work done 0.: the system being stored as axial strain energy due to the axial tlexibility of the real
mat pancls. As the load and ¢nergy increased above the values consistent with those of the initial state,
the initial state became unstable and the system underwent a sudden transition to a new configuration at
a higher vertical displacement and an attendant reduction of load necessary to sustain equifibrium in the
new shape. When additional horizontal loading effort was applied to the system, the vertical deflection

{ncreased, azcompanied by decreasing horizontal load and increasing weight potential energy until the

locking angle at a joint was again reached. When joint tocking occurred, the load required for further
displacement increased due to the moment resistance developed in the locked joint and the total
potential energy of the system increased. The increased energy in the system was stored as strain energy
in the locked joint. When the horizontal load ars total energy in the current state reached stfficiently
high levels, the system again became unstable and progressed 1o a new configuratinn with an
accompanying decrcase in axial load. increase in vertical deflection. and increase in the number of
panels comprising the buckled shape. This process was repeated as the buckled system moved
progressively through the shapes ¢ vovenin Figure 33, Hlustrative variat. ons in loads, displacement, and
energy during the buckling process are shown in Figures 36 and 37 by the heavy curves. The similarity
between the speculative load-displacement behavior shown in Figure 36 and the observed behavior of
the real system, Figure 32, is apparent.

§5. Because the joints of the real mat are not moment free before locking, and duc to shifts in the
points of horizental load transfer through the joint during buckhng {see Figure 8), only quahtative
comparisons between the ideatized and real systems ave available. However, it is possible to drinw several
conclusions which apply to an assessment of the campressive toad transter capabilities of the real mat,

a. The horizontat toad af which buckhing will hegin depends almost exclusively on the vernigal
cecentricities existing in the mat at the tne the foad s applied Because of the random
nature of inital irregulanition of the real system (o.g., waiped panehy, damaged joints,
uneven subgrade) the initial buckhing load @ an unrekable measure of the load-carrving
capacity of the system.

A, Onvce buchhing hay begun, the bortaonial resntanee of the mat dimmshes sapudiy and

attmns & refatively constant valte even though the systemt contines to displace vertically
with progressively lasger numbers of panels ivelued in the buckled shape.

¢ The rosistanee of the mat te horvontal foads aftee buch hig dependa predetmmantiy e the
loching angle at the fmet. The posthuckhing resistinee capabihity of the mat wcrcaes
rapidly with deercased loching angle bwe bigure W),

o Lae number of panchs mvetved i the buckled shape mereises with reduved locking angle
Lven though the vertival displaventent mereases wath the number af painels, the profile of
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the buckled shape presented to a landing aircraft is longer and smoother than that for a low !
number of panels and offers the possibility that the buckled shape will move ahead of the :
aircraft.

e. Because of the random nature of irregularities in the real system, there appears to be little
benefit to be gained from more ¢laborate mathematical analyses directed toward a more
exact determination of initial buckling load or of sustained postbuckling resistance.
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PART Vil: CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

Laboratory Buckling Tests

§6. Because the available data are limited, it is only possible to present the following qualitative

conclusions

a.

b.

o

The initial buckling load of the mat increases with panel w.dth, mat unit weight, and system
width.

The initial buckling load of the mat decreases rapidly with increased initial eccentricities in
the system.

The initial buckling load is independent of the locking angle of the joints.

The postbuckling resistance of the mat is substantially lower than the initial buckling load
and increases rapidly with decreased locking angle.

The profile of the buckled wave becomes smoother and more continuous as the locking
angle is reduced,

Insertion of filler rods in the joints nerpendicular to the loading direction reduces the
locking angle and in addition maintuins the joints in a fully extended position to permit
maximum mobilization of the tensile resistance of the mat behind a landing aircraft.
Any revision such as resilient filler insertions or alternative lay patterns which cause the
mat to tend toward a continuous system or which increase the effective panel width will
enhance the postbuckling behavior and may wncrease the initia! buckling load.

Theorelical Analysis

57. As previously mentioned. because of the random nature of initial irregularities of the real

system (e.g.

.warped panels, damaged joints, uneven subgrade) the initial buckling toad is an unreliable

measure of the load-carrying capacity of the system; more elaborate deterministic mathematical
analvses directed toward a4 more exact determination of inmtial buckling load or of sustained
postbuckling resistance are unwarranted.

RECOMMENDATIONS

S8, To investigate the potential cnhancenent of mat behas tor without requinng extensive revision
of pancl design, the following expenmental investigations are recommended:

a.

&

The smoother profile of a buckled mat with tiller rods inserted in the joimts may permt the
buckled wave to propagate along the mat when it is encountered by the wheel. This
possibility should be examined using the C-3A wheel assemabiy with a relatively large mat
Livow,

The alternative mat lavaut shown in Figure 27 ivarelatively axpedient sreans of increaving
the effective panel width. The belwvior of this layout should be examimued i asevies of tests
stanlar to those reparted above.

The dugonat bay patterns for NMIY mag shown in Bigure 29 may mrcase the eifectine
panel width while reducing the compoanent of horontal load perpendicular e the
predomitant weak (oint (witheut cetmectoy pins) The helavior of these alternatives
should be exanuned expernentally both with and without Wlles mseitions i the weak
Jonts,
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APPENOIX A

AM2 LANDING MAT PERFORMANCE UNDER C-5A TRAFFIC
AT DYESS AF8, TEXAS
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DEPARTMENT OF THE ARMY
“ WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS

P. O. E9X 631 ) ~
VICKSBURG, MISSISSIPPI 39180

w maey nergn vo. \WESSF 3 November 1970

MEMORANDUM FOR RECORD

SUBJECT: AM2 Landing Mat Performance under C-5A Traffic at Dyess AFB, Texas

1. In a meeting with Mr. Ronald L. Hutchinson on 21 Sentember 1970, Dr. Yu-Tang Chou and
Dr. Walter R. Barker were requested to study the available ixformation concerning the AM2 mat
failure at Dyess AFB, Texas. The failure in question occurred on 24 August 1970 during a landing

> pperation of a C-5A aircraft.

2. The available information on the events of the failure consisted in its enirety of the report by
M. H. L. Green and a film taken by Mr. R. H. Ledbetter (selected irames areshownin Figure Al).

3. Information on the AM2 mat is available from reports of simulated-tratfic investigations conducted
by the Waterways Experiment Station (WES). The report covering the evaluation of May two-piece
AM2 mat is given in Misceliancous Paper S-68-11. One WES report (Miscellancous Paper $-69-50)
covers the reconstruction of the landing mat test facility and its performance during C-14EA flight tests,
Another report by the U, S, Army Test and Evaluation Command ¢overs the pertormance of the mat at
Dyess AFB from |5 August 1966 to 18 October 1967,

4. In order to oblain additional information concerning the behavior of the AM2 mat, several tests were
conducted at WES by personel of the Flexible Pavemens Branch. The tests, which are deseribed on
pages Aé through A2, cansisted of a tension test of the tongitudinal joint (side joant), theee buckling
tests, and a test to determime the coeflicient of friction hencash the mat. Figures A2, A3, Ad-AN (which
are fram the Ledbetter fim), A9-A LY, and Fably Al tlustrate these tests. Addittonal tests are presently
being vonducted by personnel of the Mat Section, Expedient Surfaces Branch,

5. The horteontad thent applicd to the mat runway by a hraking wireralt is a tunction of normal toree,
the coetticient of friction between the trre and mat, am! the coctlicient of friction between the mat and
subgrade. The relattonship Cay be exprosed v equation taem ay

wheee
Fyy 0 the Bunzental thrust

i’;‘t v the coclicent of iriction between G tire and mat
€y u the cocllivint of Inctivn between the wat and subgrade

Fy ts the aoraml force tassumed to e waight of the avcrait) ‘

N



WESSF
SUBJECT: AM2 Landing Mat Performance under C-3A Traftic at Dyess AFB, Texas

a. First distress noted. (Dot 15 reference point at edge of b. Bow wave starting to torm
ruaway)
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WESSF 3 November 1970

SUBJECT: AM2 Landing Mat Performance under C-5A Traffic at Dyess AFB, Texas
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WESS!‘ 3 November 1970
SUBJECT: AM2 Lauding Mat Performance under C-5A Trattic at Dyess AFB, Texas

Figurg Ad PRt om bim Showng manimyum Bucklitig BNgRE (appeoeamatedy 50 n )

tavuang buckhng has beent mduced by the movement of the aserati) tor the develaprwent of the how
ware, il the mit hehund the bow wave wonld have to muove o horvortal dintanee greater than it
Fhts hatizantal toaee s the torue which bad to be applied to the runsay 1o troat of the atrvrad and
Assutiigs thut rane was tahent by tenvion i the runwae behund the aaferatt N horzontal thigst of Kbk
th wartthd eaean that the ditference i the costhivient between the tire and mat and the voethioent betagen
rhe gt and subgrade woukd be approsimatels 02 Althouph Jest See Sinee Biguee AP indwcated a
wocltiownt dibterenen oh oy O o delt that a dddeienve of 0 2 of greates cossld have e sistnd 1n the tield

T the transvera Jotnt ul the AN taat st corteeted, the mat tvapable of catrving wen e
foadain teiten Bt N $ iwe Frgure ST mdcated the strength ot one panet to e i the otder ol
ML th The worght of the runwas b apipeosutatels SR 1ot rurwas amd sl be ably to fosst
o T ot Bopsaoqitisl thest Gasurming a % eoethic ent of Fewtie botucesi the tinwas and membganct i
atiy W5 of rumway Behand the srteralt wete eifective, WGER I woukd e tegrined to duwds the muat
Teet N | itdicated snat srovemwnt bohid the anvialt st greater dstatices Fiias s grosdon s, win
oud the b fol 1ahe thae Baorrevaital theusd By it iy the it Aot the sanratt* The ccass apfeats
1o b g ettt ratioct of pant rantures aid the avesimutatton of sunt stack Aithouph the tratisgese pasit
will take Lanpe tenatle Fotees, the sl will b eme doaontectad wah ctall esatieaat Bioveacat ol the
o, partwuiadly ot the Caald w datmaged  Soseeal potis bobund the aderalt wite vated te by
ducohmoetod

A%




WESSF 3 November 1970
SUBJECT: AM2 Landing Mat Performance under C-5A Traffic at Dyess AFB, Texas
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a. Four panels in buckling shape b. Fifth panel has popped up in buckling shape

gy TR i

6 Sinth pase DOKWRG up g Mat in final buckking torm

Fgura A3 Sers of pants Hom Mation piclyre tim LhQwing Change in Gucklng shape

B After studying the avatlable wiormanon, | have the tellowing cominents on the subject tests.

a- Honly neghpble tensile farcesdonetng behind the sircraft, then the koneontal thrust produced by
the awruralt brabang i sulfcient to cause buchling of the AM2 mat.

b 1o the fartute at Dyoa AFB, Buckbing did occur nind the mat faled by beadig of the tiansieise
Rt

¢ the cause of fardure s 1 the hasw deugr af the AM2 s, althaugh the worn condamn of the

reat af the hime of the fatture war a contibubing Gus. The wert coadition is fell to be the prunaiy
reased fof Jiscosicctions foted belund the awcralt,
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. SUBJECT: AM2 Landing Mat Performance under C-5A Traffic at Dyess AFB, Texas
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SUBJECT: AM?2 Landing Mat Performance under C-5A Traffic at PDyess AFB, Texas
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SUBJECT: AM2 Landing Mat Performance under C-5A Traffic at Dyess AFB, Texas
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WESSF 3 November 1970
SUBJECT: AM2 Lunding Mat Performance under C-SA Traffic at Dyess AFB, Texas
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N=NORMAL LOAD
P=PULL (L8)
H=COEFFICIENT OF FRICTION
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Figura A13 AM2 Test No. &
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WESSE 3 November 1970
SUBJECT:  AM2 Landing Mat Pectormance under C-5A Traflic at Dyess AFB, Teaas

a. The strength of the joint in beading is from 3000 to 3500 in.-1b per in. of mat, or from 36,000 to
$4.000 fi-lb per 12t pancl.

b. The failurc of the male rail caused the joint failure. The tirst failure was in the top shin of the mals
rail; then the lower shin tailed.

¢ Lius mat failore was the same type of failure observed at Dyess AFB.

¥

12, The findings trom Test No. 3 (buckling ot 6-t mat) are:

TRENET

a. The streagth of the joint was 2800 in.-1b per in. or 33,000 ft-ib per 12-§t panel.

b. Failure of the top shin ¢t the male rail caused joint falure.

¢ The angle @ was appronmately 24.5 deg.

d. Alter buckling began, only about a 28 pereent increase in toree was reguired to fad the nuat,
13, The tindings from lost No. d {tension test) are:

a. The strength ot an undantaged jomt was approxuiately 1490 1b per . ot panet orapproxsmately
216,008 b per 12-18 panel.

AR TN A T e B

b. The mat taded 1 teason by bending of the C-ranl and she jomt beconung uncoupled.
«. Vhe upper part of the C-ead bent upward 0.1 .

Jd Wath the Ceranl bent the mat had to rotate eady about 13 deg to become unvoupled Sormally,
W undataped it the rotdtion reguited tor the mat to beowine tnaoupied v about W deg

14 Fhe tindiags trom bost Noo § determination of the coctivent of trcty aee.

o Fhe voetiicnt of trwtuss Bobweet the badtenn o the tiat atkd pobvcthulens was approsemately
TR

b The cocttivient of tewtion hetsgon the o o the rmiat aned subgrade was approuimatedy ol

v L owve vsottiviert valugs were s giticd wath the ogded muad tha wety abtamesd when the gt
wan At baded FRg pumber o} toste votduntod wore sisubtnichit to establinh a vob lisive telatvianip
Betuurts the ol had aid the uweifuaent of gt

1% the gongiuusse oty e £:%9 selated to tadute afg

2 Bhemane damage waveausiad B the hemation of § Bow wavy o Bl of the sain latdon goat
B sat taded by hondifty the sude punte

B Fhe fodor foguaend to foem amd antasn thos wane woghd By ot bogot 0 G0 (b

n B peoshee that peet si@tatioas bokod the arenalt weichd Bave andod i the tebmation of 1he
how wguy

¢ Fox the bom ware to i, eonodotabid saenaent of The mat was tegasiad 62 (e Hin

\E

R LG



Y

WESSE 3 November 1970
SUBJECT: AM. Laading Mat Performauce under C-5A Trallic at Dyess AFB, Texas

e. For the development of a feree sufficient to buckle the mat. the difterenee in the coctticient of
friction hotween the mat and tize and between the mat and subgrade would have had to be at least1 0.2,
The test conducted indicated a difference of only 8.1, 1t is most likely that the test conditions for the
determination of the coctlicient of friction wiseen the mat and membrane did not Juplicate the ticld
conditions,




