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. Introducti.on1 
. j" '.': . " 

AutJiority;. 

1. Authority- for:; eond.uettng;~hese test!. is conta.1.ned .in .a. letter 
from the 'office; c:h:fef of ~-gineers' Washington, D. c. to thA P!'esident I 
The EngineAr ]oard, Fort ]elvoir; fVirginia~ dated 7 May 1945; subject: 
"Determination· of· Sat1sfactor1· Methods o:f' Em:Ploying Pierced Plank Landing 
Mats Over:PJ3S 11 (Work Order No, ·D.A.C 3083). Thh autho~!ty _was transmitted 
to the Director, U. s. Waterw8YsiElperiment Station, Vfcksbure, Mise. 
through the President• Mississippi River Commhilion, VfokAburg, Miss. by 
the Engineer :Soard in a directive dated 19 Ma;r 1945, s~bje.ct: ''Plan for 
Test, Determination of'.t.Sati sfaotnr1 Method. of' ~loying Pierced Plank 
Landing Mat over PBS.". : 

Purpose· 

•.. 2: --The purpose o:f these 'tests. was 'to determine the most feasible ' • 
method of employing standard et eel and alilminum p~erc~ed ·plank land~ng mats 
Ui; combination· ~th ·P:B& (Pre:fabrica'ted ru.~uminous Surfacing)' without de
str0ying the ~ate~rSJ~~ cllaracteristios: of the P'BS 'when~·~ubj~cted to : • 
20 000- and··31 000..1\h W1ee~!'leade.' · · · •. · · 1 • " ~;· • '... ., .'1 . 

• ··, • • ~, ~ ;«· :.r~·. . .. :· :. \ ·. 

Se op·~ 
·._ .... .. , . 1 ... -~ • , .-... • '. • ' "" · · " . . · · .:. r 

· 3; The tests invplve.<t g1e arrang~ent .. of ... eight combinations of mats 
in two ·s'imiiar traffic. lanes;. tJie rehabil1t,atti-0n1 of an old traffic ··test « 

site;· ~he placing of .sui ta~ie. base co~ses.: ~h~ laying. of pi~rced piank· : 
mate: in conj'iinction Wi t,h· ~.fl.Yer al cushioning materials on P:BS.- and tr~fiC;· 
testing of one lane with a ·20,000-lb wheel load and the other with a · 
37,000-lb wheel load, They also involved laboratory tests on sand-~sphalt 
and soil-asphalt cushion materials and the keeping of' co'mpiete WX"itten <:.:· ..... 
and photographic records ae the tests ~rogressed. · 

• PreE~8:ti~S of ·:aj·~a.~ Si~~· 
' . 

Sulf grade 
,.., '. . ; . 

• ·~~ : LB;yout· of tes't seeti'ons·._". ~se,··~f>-st~ we;r,e eon~uc~ed. on:a: '5itet~,: 
tha~ ~ad bee~. u~~~ 11:1,~r.~~:<j~iteots on alJlmin~~pierced.ple.jik.m~t. ·. "Tlie~·, · 
aubgrade toi- the,:old te'°'~ lan~ w~s. QO .. :feet .wide.r::bY 500 feet ;'lhflg~ .. Plans. : ~ 
ror th·e~new· tests called 'ror iS sectioD.s 30 r'eet wtde by '.35 feet long. 
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·"T • . 

ThP.M Mctions were organi zea into two similar parallel lanes,. each 30 
feet wide b:v 280 feet long. · This required a 'subgrade · 70 f'eet wide 
(including a 5-foot shoulder on each side) and 280 feet long (see plate 1). 
Hence it vas decided to widen the west 280 feet of the old subgrade to 
70 fP.et and to utilize the existing turnarounds. Ea.ch lane was composed 
of' eight sections and contained eight.diff~rent combinations of PBS, 
cushion material and pierced plank mat~· ·The following tabulation shows 
th!? combinations. The columns under 11Mat Haterial.s 11 reading from left 
to rig.ht show the matArials from base course to wearing surface. · '· ' · 

·: ·, '. ·· ·' SP.ction Numbers ·Mat: Materials·· .. ~ . .. 
f ~ •.• 

... 

i" arid 9' 
· 2 Slia 10 · 
3' and 11. 
4 and i2 
5 and .13 
6 -and 14 
Tand 15 
8 and 16 

·p~(l) 

PBS 
PBS 
PBS 
P:SS 

·.PBS· 
?!3S I. 

P3S 

. ,, . 
• 

Asphalt PBS 
PSP · inv8rt P.d ·' PSP ·normal · ' 
Hay mulch: 'Wire mesh .j. PSP 
Hay I!ll1loh · PSP : : ·' · . 
Ha:i mulch · PAP(2) · · · 
Sand~asphi:i.l t · PAP 
Sand-a.gphal t · · P4P · 
Soi 1-o.sphal t P SP . · 

·,I• • 

- ........ •, 

(1) Pif'rcAd steel plank , (2) Pit-reed aluminum plank. 

Plates .5 and 6 show general views of sections in the two traffic lanes. 
, ' ' '. ' 

'JJ •. Prep!lration of subgrade. California bP.a~irig ratio mP.asuremr>nte· 
madA ori 0 the old subgrad.e showed val ti.f's averaging ·aoout 20~· at thfl · eurfaee 
but thP.se valuee decreasP.d to 7 or 8% at 12 · inChns b1'iow thP. si.irfac~. · · 
This was not considP.red. strong Anough for 1000 covPragAs by Bithr>r of 
the traffic testing machines, Hence, an S-inch lift of hP.avily compacted 
soil was addf1d over thA ~ntire tnst area. A 5-inch basP. coursr> of .. 
gravAlly sand-clay was pl~cP.d,on thn 20,000~lb test lane and an 8-inch 
baSP C0Ul'BO Of. thP: Bame mA.tP?:iO.l ~as added to thf' 37 .. oqO-lb tP.st lane •. 
ThAf!P. thicknel~SflS. Wf'rfl. df'Bignr.d. to furnish adequatA, strength. t·o withstand,. 
lQOO coverar::~s without f~ilure or serious deflection under the wheel lo~ds 
used. · . , •• 

siirf'acing .. materhls . 

6. Prefabricated bituminous surfacins. The protective. covering 
of PBS was placed. directly on the base course of the whole test area 
except sections 1 and. 9. Its function was to prevent surface water from 
entering and softening the base and/or subgrade. It was laid with a 50% 
lap to form a double thickness of fabric, The edges along both sides ~d 
at each end of the area were anchored in small V-ditches approximately 
8 inc.hes deep. Th~ PBS was placed with the pilot-model: laying machine, 
using' di.eeel oil_'. as a so~vent ... Rolling. was ac.complished with a light- .. 
we1gh~. pneumat~c-tire·d., ro.ller .•. I~ s ectio'f1s l ~d. 9 the·· protect! ve cover""· 
ing of PBS· was placed on. top ·Of the pie~ced eta.el plank• In these two . . . 

'• 



sections it waR fabricated by ha.'ld. methods into blanket I'! 
1 
cons~sting o-f 

six stri"ps of·40-inch P:9S 40 feet long. These· strip's we:i:-e given a 50% 
lap, resulting in blankets of .double thickness with an 'effective widt!l 
of 10 feet .. For convenience in handling, the blankets we~e rolled on 
pieces of 2 by 4,...inch lumber 12 feet long. · In this coridi tion they were. 
transuorted'.by hand to their positions in the sections where they were 
unroliea on·tho pierced plank mat after it had been coated.~ith hot . 
85-100 penetl'ation .AC asphalt, using hand pouring· pots. The ,blanket 
edges were overlapped 20 inches and eealed. tog_ether with 'di_i:uteL oil .• -

3 

At thE'l sides of' this pair of sections and at the ends adJace~t to the 
turnaround, ·the mat formed. of the P:SS blankets was anchored' in V-d;i tches. 
as d.escri'bed above ... Along the ends ·adjacent to secfion's ·2 ''a'.nci. 10, a. 
watertight jO'ir:tt was ·formed by pouring enough hot .asphalt through the 
holeA in the PSP to effect a seal between the P:SS blanket above the PSP 
and the P:SS -mat laid directly- on the baae courAo in sf."!ctions 2 and 10. 

·.::'/. Inverted pier~ed steel plank. In sections 2 .a.'ld .~o .• a mat o,f 
pierced ste·e1 :plank was placed Upside down on the -protActi ve coverinP;: of 
P3S. It ~as be~ieved that the comparatively smooth upper surface of' the 
pierced. plank mat would not puncture tho P3S and that thiA inverted mat 
would eliminate diamage -by the ba,yonets of the top couree of pierced plank 
mat laid in the' normal manner.· This mat' was laid· by~ ':h ttine the slots i:tt. 
the plankp being placed, over the bayonets on th~. P,r~s. in the' last row
previousl~ laid. Two spring cli':ps per plank were ~~ien .-i.!lserted frol!l. -the 
bottom: side· (which ·normull;r would be· the top side)· by h~S/ing two Itl~n 
equip}'ed ·with wreekinr, bat's raise the last plank placl'ld.' h.igh eno~gh f'Qr 
two other.·men equipped. with hammers· tq reach 1.lnder and dri v~ th0 clips 
upward •. ·In this ·manner the men were' able to placti approximately one
third: as mant· square feet per man hour as they could "Pia.ca with the 
usual manner 0:£ lla;ting. · 

~ . :• t .· • ~ 
' 

8. Hay and wire mesh. In sections 3 and 11 a loos~ layer of haY · 
6 to g inches thick was placed directly on the PBS mat .. to prote.c~ .. it 
from damngP by the pierce'tl plank mat. This hey consisted of about 70% 
Johnson grass, which .is ,fl. tough, coarse -grass with long blades and stems; 
10% Bermuq~.graa.s, w,ith rathAr fine b~t ·tough ste~s 6 to 10 inches long, 
and 20% We.e_ds, Vin~A an~ otl;H'lr. gl'aASes. It was cut locally and trucked 
to stacks at the· test si tA. Later it was hauled onto the test sP.ctions 
and sprea;<i. uniformly with pitchforks. After being sprtiad it was he.ld .in 
plnce _by fl wire mesh laid parallel ~o the traffic lanes. The wire mosh 
used was part of' a shipment rec~ived for a pr~vious tAst. It was made 
of 0.212-inch diameter wi~e, welded toenther to form st~ips 7 feet 3 
inches wide and 77 feP.t 3 'inches long, havine a 3-inch-squar~ mesh. 
Plate 2 shows the appeara.~ce of the hay mulch and wire mesh just prior 
to placement of the piercP.d plank mat. 

. ' . 9. Hey mulch. The.hay described in paragraph 8 was used·as a pro-
tective cushiqn f.or the P:BS in sections 4, 5, ·12 a~d 13; ·Th~ directive 

·cR.lled for 11 a laye?T·2 inch~s in conmacted. thickness. 11 'Since it-was found . - . . . 
impractical to cpmpaot the hay ·wtth e..'l'ly ·ordinary ·equipment; a uniform ·foose 



la.ver was: ~p~'~ad i4 to .16. inches thick over _the sections. ThiR packed · 
down 'to about ? :tnehes ;thickness under the weight of a smooth-drum .. 
rollPr_, but. :nuff~d up again behind t;he roller. · Plate 3 shows the ·ha:?. 
mulch at this· stage ·o~f .. constructi·on. Traffic tests in thP. 20, 000-lb 
lane (sections :1'2" im~· 13). demonstr~ted· th~t 'tlils· thickne·u was iriad&- • 
qua.te: Henc:e, ."·the~ pi~rced pla."lk. mat· wa:s"removed and ·an ad.di tional. 14 
inches; of lo'os·e ·ha:y- · w:as pla.ced o'n 8-Mti'o_ns 4 and 5., .mak:!:ng a t~t-al 
·loos-0-tM.-ckness o·f .apyroximately 28. inche·s in the 37,.000-lb traffi·c ·1ane 
(sM plate 1) 'b.ef~r·e· traffiq ~esting :.was ~.tarted-. ·· · · ·· · · · 

10. San,d..:.asphalt and. soil-asphalt cushions.. The fu.nctton of these 
cushions was to pt.otACt t~e P:B'S from damage by the :ba..vonets on the . 
piPrced plank mats· and to serv~ as a bedding material for those.·mats~· 1 

They were not· designed to act as pavement nor to·iricrease the load~bearing 
capaoit~ of the test ·lane. Aside ·fr.om protecting 'the Pi3S, the only :re
quirements were that they remain dustless in dry weather and that the not 
be detrimentailY· affected by wator; . It' was found noeessar:r to ~do .tome 
laboratory 'lork·, ~rfor to ~ixing · ljlnd placing t~~ cushion material in the~ 
field, in order to dP.tArmine the proper range· of mixturetf. to use.··. 

·~ . , . 

. ·· !.~' · Labo~atory t~stirt_g: Labpratory tosts on coarse river-bar: · 
sand with various pf!rcentagas of. cut-back asphalt added indicated. that ·no 
st·abiiit::v eoUJ.d 'b,e expected from 'a straight sand-e.sphalt cushion. Even .. 
after eleven days of aeration the·: sand ·appeared oily ·and. c·ould. not· be 
compacted to show any stability. whatsoever.·, ThiB led. to the inclusion ·of 
sand containing. a filler of pulverized cla.Y-loess, It was found that ·the 
addition of 10 .to 25% o:t: this filler tO the sa."ld produ.csd' a reasonable · · · 
degree of stabi:Hty, The soil-'as'phalt mixed und·er· laboratory condi tiona 
developed considerabl;<r more stabi·li ty· than the s'and-asphalt with fillel', 
MC-3 c~t-back asphalt was used w1 th the sand and MC-2 ·with';the soil. ·In 
view of the indicated V&riatiQns in stability ot the VRrious mixes, the 
follo~ing subsecti-o,ns were placed: · ,· ·. · •. : 

Seciions 

6·· a.Iid 14 

7 and 15 

. ' ·. 

Subsections " , . . Design Mix• 

CA .Rive~-bar sand.- 8% asphait ' ... ... i<t. ... · 

'J3 River-bar .sand. .,. 6%.,asphq.lt -i 15'? filler. 
·c River-bar~s.a'.nd.- 7~-~~:Ehalt - 25i%.fille~. 

A Riyt')~.:_ba.r. s~nd° ~ . 7%· aaphai ~ :. 2~% fillt>r. 
1

_' 

:B . ~ver.-bar · ~and.-:-: 6~ asphalt - .. 15;'6 fillo~ 

A 
B: .. 
c 

, .. .. ~ 

Olay-loess 
r· . 

Ol~v.-loess 
Cla.y~loes!! 

l .. . 

. ~. . . . 
12% asphalt., . . 

.9% asphalt . , 
6% .asphalt,. ; ~ 

. , ~ 

, b. · "Field mixing and placing>. On the t~st site ·the sand-asphalt 
and sofl~asnhal t I oushion materials WArA mixed. in a 6-s concrete mixer~ •. ' 
ThP- cut~b.ack: :as}'.>h~lt was h·ea:ted to' approxi~ately 1SO degrees F. and 'poUred 
into the mixing drum from the discharge ·sid~~ · The.'soil, a ola.Y-l'o·Pse;· was 
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thoroughly dried and pulverized beforA being mixed. This method.· of mix
ing was entirely satiAfactory for sand-asph~lt without filler. When the 
pulverized clay-loess was added: to ~be· sand there. was a "1ight tena:ancy 
for the filler to form· into small .pellets over-rich in a.ephe:l t and thue" 
reduce the effeqtive· perc.entage of: asphnlt in the mix. This tAndency. 
was more pronounced in the soil~a~'phalt mixtures; h· is beli·eved ·that 
better mixing- equipment ·wo-uld have eltm1nated this- condtt-·ton to Aome· 
extent~-·· After .being mixed, the cushi?n ma.terial was .dUl??Ji.~d directLr · 
onto tlle :?:BS. from ~bbPr.,.tired· wheelbarrows and ·Spread to a uniform 
thicknees slir.htl~r greater than.:2 :l:ncheA. It was ·then allowed to cure 
from 4 .to 6- de.vs, w1 th the-. surface being ruked ·each da~r ·to increase . 
,aeration·and was then compacted by one pass of a smooth-drum rollrr. 

11'~ · Pit:rced plank mat. The pierced ·steel ;plank was:• latd directly 
on thA. ba.se co'.urse in ·sections l and 9. In snctions 2 'f.Uld 10, .. pinrced 
st·ee1 plank waA laid in tne· no:rmal manner over. that ·whieh pre,•ioutily had 
been "91.aoed upside do"m· · All 'other pierced plank mat was placed on to!J ·. 
of the mulch or cilshion materi-141 desc.ri'b'e--d in paragraphs .g through 10. 
Since it was not ·:f'1maible to truck over: ond durJp· bundl!'1S0 of piPrced r". 
plB.nk. on the cushions, th,e mat WM ei thrr brought i'n from the E;.ide b~ 
hand ar trucked· in from the renr over tbA finished tPst lane. It Waf! 

found impl'acti oul to stretch the mat· with trucks or .~ractors. on the hay 
mulch and a·ephalt cushio'n.s, Hence the slack was pulled out by. hand as .. 
thA mat was placed. 

Traffic Test1ni$ 
"• 

Method of tt>st~ 
··' 

· 12. T"'sting eguipmc-mt. ·The 20,000~lb traffic.jlanf'· was fest,-d .~;\th~, 
a 12-cu-yd~ournaptl.ll scraper uni't, loaded. \,ri th scrap steel to a' gr~sr~· 

. weic;ht of 20,000-lb on each of ,the four whe~,lR •• Thi~ _mMhine was e.quippP.d. 
with 21,00-24 tirf>B on the. front wheels and. 18,00-24 tires on the rear 
wheels, All of the t_irM were ·inflat€'.d to 55 ps1. '.2his"' resul.ted. .in con~ 
ta~t- :prP.Bl'luree. of, 60 psi under the front wheels nnd 70 ps·! under the r,ear 
wheels·. Redµcing the inflation preasur.e in ~he rear tirt'lS wou~.d. have- ... 
resulted in dangerous d"ef;J.ection of the side wo.lh. ~ht" machine. for' 
testing t~e" }7 1 000-lb traffic: ;Lane was B; 32-cu-:rd. Tournapull scrn:per' unit 
loaded. with acrap steel to a gro~e weight of"'37 ,000-lb on each wheel •.. 
It wa.e equipPed with 30.00-4o tires on ull wheels.' The" tires WAre in:. ' . 
flated to 50 psi and° the resuitant co.nt.?-Ct pres~1U-e"wa.~ 64 pd, .. 

13, Testing proced.ure. Th:e1 tt~sting ma.chi?{e~· we~~· driv~n over th~ 
•· · , · · . . ' I f , ·• "'"' 

traffic lanes in on!'! di~,Action, turned and shift ed.· lat,irally the. width 
of one. ti r~. pri ni and. then ·dr'i,v,~n over t.he . teid: 'i~e~ : ~ n. the oppo si i e : . · 
direction. This P.roced.'tl!"~ wai; · ~epented unti 1 ·ail.. the:'tra:f'ffo lonos had 
been ~iforml'Y. c~;"er.ed~·: .'~.e;i"t~·e lan.~s·h.e.(~~e.n·:~o'._q~v~red, .the dir;c- · 
tlon. of traff~o. was. i:ever~e.d; ,so· ~~at s:ucqes~i~.e ,pasa~a pf the .tirAl!I :.9Y:~r 
an;r given :Point· wi:re in opposite dfrectfon~·;" :· ·· · ·· · 



i:t!_es.t !'&sultS: ; . ' 
' ' ~ ;. . . '' .. ~ 

14~ . $ecttons with PBS blankets. Section 1 in the 37 ,000-lb traffic 
l~·e 

1
and seo-tion 9 in the 20,000-lb traffic lane contained a double 

thickness O.f .PBS mat cementedi to' the top· of a J?SP. mat with asphalt• ~ -
Method.a of pl.acing the P:BS on the steel mat are deseribed in the la-at .. · · 
half ot. paragraph. 6. In the 37 ,000-lb lane the· sez-ubbine action of th·e 
large ,tires (30 .• 00-40) ,as they deflected. under the test load, abraded the 
P3S so .r.apid.l;v that holes ·started appearing at the spring clips at 32 
cov:Pr.agef! .• : At, ,76 coverB11:es the fabric started tearing along ·tha seams 
Where there WBS,. onl;v a single thickneRS to resist lateral tPndon, and 
along the ed.p;ee <>f tl;le piPrced. planks whPN! abrasion was accentuated.. 'I'his 
nbrasion increased so that' at 100 coverages the PES had failed completely 
as a·waterproofing agent, although it· continued to servo as a dust·pre
venti ve throughout the ..test. Uo b~md failures occurred, eithF!r between 
strips of P~S or between PBS and steel mat. Plate 7 sho~s how the spring 
clips puncturecl the blankets. In plate 6 the blanket has• bnfln cut and 
openAd up to show the bond formed b;v the asphalt cement. !Tote how 
thoroiighly the piArced plank mat was embedded in the base course material. 
In the 20.ooO-lb traffic lane (section 9) the blankr-ts gave much better 
pPrformancF!. The tirf's on. thA 20,000-lb testing machine were much smallflr 
than those on the 37 1 000-lb machine (see paragraph· 12) and while they had 
about the same cont A.ct pressure the a.brasi ve action wa.s much lAss. The · 
spring clips did not start corning through the blankets until 300 covAr
agPs had bPen applied, At 700 coverages only 21 clips had come throuch 
and a light rain at this stage did little. or no dnmaf~f' to the base course. 
At 1000 covnrages (the end of the tes~) about 50% of the clips had cut 
thro~h the PBS. No other holes or damage had. occurred except a few 
punctures caus<>d by piecfls of gravel that had been pi eked up by the tirf!B 
and brought onto thA test section from the turnaround. This of course 
would not occur on a Vmdinc; field rind. thflse puncturos werf' not conflidernd 
imp'ortMt •. Plate 9 shows the condi tt.on of sect.ion 9 at 1000. COVf'.r.a~e.s. . . ' 

'• .. ) 
I; : f 

15. · S'Actions. with inverted. piArced steel plank .. ,. The most notice8'ble 
t'eature of this combination df PSP laid normall:r ov.ai- .PSP invertect was . 
. ~he: nohe it pr~duc.ed under iiraff"ic. · .There was .. no~ damage to the. J3'S i?t 
either l~e_ vtSible from the surface ·at th~ en,d. 9r the tAst, (J.000 co,.v.t>r
ages), Thils" iB shoW!". by comparison of plate 10 !dth platfl 11 an.ri plate. 
12 with'plate 13. However, removal of the tw~ ;1.raY,~rs_ pf piorced plank 
mat a!tel" .. te·sting, the 20,.ooO-l:tJ 1!111~ rev~ea~ed ~hn~ the· ·.base cours.f'I mate
ria~· had. been forced up into the. ribs of" the inverted la;y8r nnd had ~orn 
the fabric i~ many places. It is bel'ievf-d ~h,af .the. operat~.P?l of the 
20,000-lb load at somewhat greate"r speed produePd a tamping action which 
was greater than that produced by the slower 37,000-lb load..~nd hence 
resulted in loose,ning the surface of- the base Oo-urse material, ana: forct~d 
it upward. into the openings or convex SUrf aC~R of the mat. ·.'.!'he rounded. ' 
tops of ·the spring clips had also ·cut through the.PJS. Careful esttmates 
ind.teated t~at this .tearing had' start ea _just prit>r to 700 coyera.ges •. · It 
was also revealed th~t even though the base CO\lrse material had bee~. 
thoroughl7r rolled wt th a smooth-:d~~r~~ler::J.~~t before: placing the ~:ss,. 

- _,. . 



p'ractic.ally everir piecP_ of heavv gravel· left at tht>' surface had. cut· · • 
thr~ugn tWe. fabric under the· tar.rpine: action rPferr.E!d to above •. Aft~r· 
this ·experience th'e planks were remo-irecl and periodic inspections were 
made of the P::SS in the 37 9000-lb traffic lane as the' test· progressed. 
The same· cond.itions described for the.20,000-lb.lane occur.red' in this 
lane, but to a lesser d·egree. The fabric· started· ti::arihg be'tween 500 
and 900 coveruf,es. Plat~e 14 and 17'show the condition of the PES·in 
the·se' se'ctions at the end of traffic· testing and plates .. 16 and 17 are 
co!respondin1; vit!WS of the base courses with the P:BS removed. 
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· · ·.·.· 16~ ·Sections with ha~r mulch cushions and. wire mt>sh. F.8.Y mulch 
held in place 'by wire mesh was festAd as a cushiofi. to prot1?ct• the P:BS · 
in both traffic lanes (see t:iurar:raph 8 for i:iethod of plncemi>nt·).' Test ·. 
result's und:er both "wheel loads were practica.11,. th'e same,· exc~pt' that. 
possibly: :!i;' ff:'W' more punctures occurr·ed in the 37 ,000-lb lane. Dtirin~ 
the earlv part of the test th~~re was considerable springing of the 
pierced plank m,a.t a~ .. the test load . .,P.a~s ed,. This de_c;r.P;_as.e~ and finally 
disappeared at ·about ·200 covPraP,es~ · Thf' hay compacted so· rapidl:t U.'ld.er 
traffic that at 300 covP.ra~es it was ohly nbout onP. inch thick. At 
around 800 coverages in each larie it. wa'S noted that the wire mesh had 
been forced. down fnto the hay. tntiich, forming· a mat of hay and wire that 
ac.tu.al.ly.. J:+§.d n:io:re ha.1. above .than below the wi!'.e. me~h. ~his condition is 
sho~m on plate 18, PuncturPs started. to appear in the PBS in both lanes 
at about 900 covr.rages. These hol.es were ma.de. b;r the w1 re mesh be;tng . 
forc0.d through the fabri.c bJ• the pit-reed_ plenk. Plates 19 and. 20 show . 
the appearance of.section 3 in ihe 37,000-lb iane before and ~fter test
ing, resprctively. S.ection 11 in t~e. 20,000-l'b lane. is similar to. sec
tion ). Plat.es 21 and 22 ~how the .condition of th,.., P3S under the .h~,. 
and wire mesh after 1090 ~overages.in the 37,000- and 20,000-lp lanes,. 
rPS:pAC.ti vel:r. . 

17 ~ Secti.ons. with hay, mulch. , .. Ha;l mulch onl~r ~"as. a 1r1eadis of p,ro-:-
t t=>cting the P3S from. d.a."!lu~e bY .. the pi-·rct1d. plank.mat, was. tP.st.ed in both 
traffic. lEtnes roid µndt>r.:"ooth steel. and: oium;tnum.pierct>d pl.aclc. (see pura.
graph 9 for. dP!'!Criptiop. Of. mulch)• Al though the· SUbgrade. I'e!llained. firm, 
there wa~ a decided springing of the hay mulch and ~ats in both lane~ 
throughout the tests. The springing was more pro.nouilced in the sections 
containine aluminum pi~+ce.d plank than. in thosl'!. cont.t}.ining steel pi "rced 
plank. . This wafl attributed tq the. greater re~ilienc;r of the aluminum mat. 
Ap-parentl:r more hn.y worked up throw:~h. the larger holes. in the steel mat 
than did throur,:h the al'.llllinum mat. ~owever,. the grinding action and' de
struction. of htaY. was more, rapid under the stiffer aluminum mat: . At 700 
covf'rages the h~y under .tbe· ali.uninu.in m~t in the 20,000-lb traffic lone 
had. compacted an~ worn down. till the bayonets pad cone.in contact with 
and punctured the PES. This did not occur"under the steel ~at in this 
lane until aftPr 800 coverages had oeen applied. In both cases the sec
tions appeared on the su.rfac;:e to be in gqoci. _oondi tian at 1000 covnap:es. 
However, the conditi9n of,t'fre;'PJ3S would ha'l:e.pirmttted rain water to· 
enter and. soften.~P.e.,'baee c.PU{se :paterial •. Pl~tes,23 and.24 show section 
12 containini\ the .steel t;l.~t, "i:t;h. sect~on .. l.J containing ;the alu.rninum mat 
in the background, at the beginnins und end of the test, respectively. 
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Platea 25" and 26· show the punctured·P:OS in section 12 at 1000 coverages 
and. ·that in· section 13 at· 700 coverages, respect! vely. ':l'he increased . 
thiok:nes!I of hay mulch in sections ·li .. and 5 ( eee. paragraph 9), afforded , 
ample protection for the PBS in this portion of the 37 ,000-lb traffiq 
lane throtlghout the test. Howe\' er, the hay was -beginning to decay and. 
give off a foul odor at the end of the test •. Plate. 27 shows the. appear
ance of seoti:ons 4 and. 5 · at 1000 cov~rages. PlatAS 28 and 29 $how the 
sound cotidi tion. of th~ PJ3S ·at the end. of the test in these two sections. 

' '.. - . . 
18. -Se-ctions ,·rith sand-asphalt cushions. Sand-asphalt, with nnd 

without filler. was tPsted· as e. cushion material under alU!!linum pi(>rced 
plank in both traffic 'ianPs. Sand-asphalt with fille'JI' was tested under 
steel pierced-plank in both lanes •. In sections 6 end 14 {37,000- and 
20,000..:.lb.·lanes). the following mixes of sand-asphalt were found to have
bp,en·placed, as·dP.te:rm:ttied by extra.etion·after the traffic test: · 

.. 
Subsection .Aggr ega_t e 

A Coarse river sand 
·. B · Sand· with 15~ fill er 

·C Sand with 25%,filler 

No.te: PArce'.!'ltag~' asJ)hal"t based on 
~ . .. ·~ . . ~ 

% .Asphalt 

6 
7 
7 

drv weight of agc:regate: · 

In se~tion~ 7 and·. 15 the cushion· materials in rmbsflctions' A ond :S were 
the st-il'.le, as t~ose in subsecti~ms C and :s, respectively, of the _prec<idin.g 
sections (seE'/ plate 1). D~spite the fact that the sand-asphal't without' 
fil.~~r· had no s~abili ty and th11t containing 25% ±"ill Pr· had fairl:r good · 
stability,. th~rt=>. was no practical· iH.fference in the behavior of the three 
mixes. : In'each · casf> th£' fluxing agent in the cut-"bacli:: a.;phalt sof~cned 
thP asphalt on the U'ppPr side of the PBS so that the cushion material· 
adhP~ed.to the fabric •. ThA s~eel pierced plank embedded ~n the c~shion 
material.perfectly and aftPr the first fpw covPrages ehowed. no movement 
under traffic. thr9ugho~t t:he tm'lt.. Due to thP. great Ar rt=>sili ence·. of the 
alumimllll' p;erced p~arik; it continued to spring sllghtl;;r A.nd nPvnr became 
as firmly Ambedded a.s did the stP.el. There was no·· dustin€' at the surface 
of eny of the mi:i;:Ps. Light rains and snrinkling had no HpparP.nt. effect 
Qil thf_i. CUSh~on mat~rii:\l And. thPl'P WaS no dametf_;P to the fabric in' ei thPT 
,lane or undPr' 81 th<"'r tyPe. of piPrCPd. plank. Platt~a _ 30 Md 31 show com
parr:lti ve n'Pnenranees of section'i4'with section'll) in thf=l background 
(20 ,000-1 ~ ll'tnf'l) bP.fore· and -aft Ar t0.Sting 1 !'PSpf'lcti VPl;'f • ~hA RJ>pAaranC~ 
of thfl 37 ,COO-lb lanA was simrlA.r to this. PhtPR 32, 33 and. 31+ sh9w 
thP condt tf.on of thP. P:BS und.ef thf'! sand-r:tsphal t cnshions· in s~ctions - . 
14.::.A, 14..:B and. 15-A, l'f'lBp8ctiv~ly, nt the ·end of thP tAst. They A.TA 

rAprF'sflntnt,fv~· pictures for .. all t>:irPf'. tYPf'.S of cushion mn.t<>rial i_n bo~h 
traffic lAnes. .. · . . 

_19L ·s~ctioris with soil-asphalt cushions~ Soil-asph~lt cushions 
Wf>rfl tf>sted und1>r B~f-'P-1 piorcAd plank in both traffic lanPs. Tho follow
'ing· tRbiA f!hOWS the, miXPS emp),O'.'TAd in the .thrAP SUbSACtions of SE>Ctions g 
and 16, B.S d.'etf"rm~ne~ b'y b;traotion .. nftP,_r ·the· tl"affie tASts:' 



' ~ . .. 
. l .. 

Subseetion .Ag~regate 

A . Pulveri zed .. elay-loes~· 
B P,~lvPriz~d clay~loess 

C Pulverized clay-loess 

1 Asphalt . 

11 
. 9 

6 
... 

Uote: PE>rcentagfi asphalt bairnd ,on dry. weight ·o_r .agfC.regate. 

9 

There was no ,notl.J:cea·o1e d:if:'ference 'between· the behavior o'f. the eush
i'Ons··imd~l:' the 'two whMl loads. The material containin.g/1%of asphalt· 
was satisfacttlry throughout:· the test.· It· adheI"A.d ta· the PBS in the . 
same 'manner as .. the sand-a.sphai.t. The soil· with. 9 f,,, of asphalt started· 
dusting at about 300 covera~As and. continuea' t·o do so' throughout' th·e . · ~ 
test. While no damage· was clone to the P:BS in these tests, it is beli'eved. 
that enoup,h ma.terial would be lost in the propeller slipstre·am to d-estroy 
the cushion in an airplane runway. The soil with 6 f.. asphalt protected 
the PBS· f~m d.hinage· by the pierce·d plank inat during these tests, but it 
start·ed diisting badl? at· nbout 250 CoVeri.:tgM ~d· became, muddy nuring a.·' 
light rain' and when sprinkled. · Neither of these m1xes· stuck to the PBS~ 
Plates 35 and. 36 show section 16 at the· be.ginni·ng of~ the test and at 
400 coverages, respectively. lil'ote the dust on subsections 16-B and 16-C 
on the lattef:·piate.· .. Plate 37 shows the dusty· al'pe"arance· of sectio;i. S 
at 1000 coverages, 'Plates .. 38· and 39· show the condition of 'the P3S 'il.hder 
the.cushions in subsection S-A (37,000-lb lane)· and'i6.:.:.c~(20,000-1b lane) 
after the tent.· It can: be Reen that while rio aotual 1 damage had occurred., 
the PBS under the cushion material in subsection 16-C was beginning to 
show the results of pressure from. the pier~e~'_ plank mat. 

Conclusions, 
& •·. 

20. From observations made during these tests the fo~.lowing 
specific concltl.si o'I'l.s .. al'e d.rawn::· · · · 

....... : ~ , ~ ·-

. · ·· · a •. The proces·ri of «jem·~nting· PBS blankets to tne ·td:P of ·a.· 
pi ere ed. plarlk mat with ·hOt asphait' WaS SlOW and t'ed.i QUS I 'but' 'ft • WOUl'd 
re posd.'ble to ·.work out a ·more :rfradtioal .procAdure ·on 'a 'large..;scale· ·job, . 
The blankets did not possess' ·S"'.ifficien't· to1ighness to resis't .. 'the abrasive 
action of the large, heav::r tir'es "of the 37,ooci:...]'.b wheel load equ'.ipment. 
They did. remain watertight u.~der smaller tires loaded to 20,000 lb, under 

·H.m±ted o'p>eratfon, with .the e':lecep'tnm o'f :a; 'few of 'the spring e-iips which 
punctured the PBS blanket. 

2.• The . .inverted: 'steel mate diet no1r. adequ.afoly protect the P:BS 
under either the. 37,000- or 20,0.00-lo whe,el loads. for l~mited operation 
and the combination of two layers of :pierced plank was nois~r under 
trafffo·. " ' · · - · · ······ ' 
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£· Wire meal~ adds mat Art ally to the ef ,eotivene1is of a hay 
mulch in protecting the P:BS. However, a 6-inch· loose la.yer is not ade
quate, even when held in place by the ·wire· me~h; It is believed that a 
loose layer 12 to 15 in_cfiles .thick -W~].tld. fur-nt~h ample protection for 
Umi ted op,era~i9n un4e.r poth 37,000-. and 20,000-1? wheel lo.a~s, until 
the ·straw deeomp·oses; or" is· chewed up' and blowri away. . ' 

· . ~· . It -is impracti~al to compact etraw by rolling. A 11~-inch 
loose thickness of str~w not. held in._.place. by wire mesh will not protect 
P:BS from damage by,etther steel.or aluminum pterced. plank under a 
20_,000-lb ~~eel lo~d. Howev:er, a 28-inch loos~ layer furnishN'I .p:rot.ect
ion under a 37 ,000-11? whe~l. load for limited opera~ion. .Pierced. plank 
laid·on a thick h~.mulch.forms a very springy surface, and might cause 
'trouble under the')raking action of airplanea •. ·· . . .. · .· 

. ; .. !.-. ·:!--?~inch l~·~'ae ... thlckness of s~d.-·asphalt, with°"' without 
filll"r, f~rms _a satisfactory protective cushfon for the P:BS.mider ei.ther 
steel or ~lumin1:1111 pierced plank m~t. Flexibility rath.er than ·~b.ili ty 
appears to be the ruiing criterion. · . '. 

. . . f •.. Pulv~rized soll_, and asph~lt are diffic,_;,lt, to. n{,_x uniformly. 
A soil~asphalt· mix containing.abqut 12% of out~bac~. asphalt .forms a 
satisfactory proteotiye cushiop for the PBS. MixAs leaner:~~-. this, 
unless very thoroughly and uniformly rpixed, are not .ea.t.isfactory. · 

. . . . . . ' ' . . "' . .... ' 

fi; Al~inum .. pie.r~~d.'.plMk ·m~t, .du~ to.'i.ts .. 'g~e~t~~·.s~iffness, 
is more springy and difficult to hold in plaee on cushions than steel 
piereed plank mat. 

21. General conclusions drawn from' the .testr described above are 
as follows: 

). . . ~ ~. .. . ' ' 

!• Sand-asphalt, or soi 1-asphalt of prop er consist ency; · made · 
the most durable protective cushion for PBS under pierced plank mat and 
the most .sa1;isfactory ~edding material for.the pie~c.ed plank,, However_, 
the oo_mbination of P:BS cemented _to. the .t.op of p~P...rceA ;p~ank with a. hard 
asphalt. 'fias the I110'Bt .practical, in _that .i.t req_uirad, .. n.o aggregate for 
ou.:ihion material .and 'the waterpro.~f,.ng quall,tie• of the blankets .could. 
be maint~ned by .adding strips of P:BS as holes. appeared. · · - · 

' .. . . . . '. 

:,,. . ' . :'2.· 
. . .... ··- . '. . .. . . : ~~ . . , . . . . . t ... . .. =r "". . . . . 

The hay mulch was not sat·isfactory,. for, the following .. reasons: 
• • . . . 1 

(1) In dry weathe.p it was gr.ound ·up and destroyed by the 
sp~ingi':lg ac~.ion of. the- pierired -pl~~ 

. :(2) In ·wet· ·weath~l' 1 t t'ended'· to d.'Acompose ra:Pi.d:ly·. ' · · .. 

(3) Pierc~d pi~k:laid o'n ~ha; ~~~hion.w~~- ~P;;in~ ~· '··· 
the extent that ~t might prove dangArous. especially 
under braking action. 
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FOR COVERING WITH PIERCED PLANK MAT 



STRAW MULCH, JUST PRIOR TO PLACEMENT OF PIERCED PLANK MAT 



SAND - AND SOIL - ASPHALT CUSHIONS READY FOR COMPACTION 



SECTION I, WITH 37,000- LB TRAFFIC LANE IN BACKGROUND, PRIOR TO TESTING 
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SECTION 9, WITH 20,000-LB TRAFFIC LANE IN BACKGROUND, PRIOR TO TESTING 



1J 
r 
~ 
rn 
'1 

SECTION I, 37,000-LB LANE. BLANKET PUNCTURED BY SPRING CLIPS (48 COVERAGES) 



SECTION I, 37 ,000- LB LANE, SHOWING EFFECTIVENESS OF BOND FORMED BY HOT 
ASPHALT CEMENT (1000 COVERAGES) 



CONDIT ION OF PBS BLANKETS IN 20,000- LB TRAFFIC LANE AT I 000 COVERAGES 
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SECT ON WITH INVERTED PSP CUSHION, BEFORE TESTING 



SECTION 2, WITH INVERTED PSP CUSHION, 1,~FTER TESTING 



\J 
r 
~ 
rn 
I\) 

SECTION 10, WITH INVERTED PSP CUSHION, BEFORE TESTING 
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SECTION 10, WITH INVERTED PSP CUSHION, AFTER TESTING 
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CONDITION OF PBS IN 37,000 - LB TRAFFIC LANE, INVERTED PSP MAT REMOVED AT END OF TEST 



CONDITION OF PBS IN 20,000-LB TRAFFIC LANE, INVERTED PSP MAT REMOVED AT END OF TEST 
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BASE COURSE UNDER INVERTED PSP IN 37,000-LB LANE, AT END OF TEST 
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BASE COURSE UNDER INVERTED PSP IN 20,000-LB LANE, AT END OF TEST 



SECTION 11, WIRE MESH EMBEDDED IN STRAW AT IQ.00 COVERAGES 
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SECTION 3, BEFORE TESTING 
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SECTION 3, AT END OF TEST 



SECTION 3, APPEARANCE OF PBS UNDER STRAW AND WIRE MESH AFTER 
1000 COVERAGES (ARROWS INDICATE HOLES) 
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SECTION 11, APPEARANCE OF PBS UNDER STRAW AND WIRE MESH AFTER 
IOOO COVERAGES (ARROWS INDICATE HOLES) 





SECTION 12 (SECTION 13 IN BACKGROUND) AT END OF TEST Qooo COVERAGES) 
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SECTION 12, PUNCTURED PBS UNDER PSP IN 20,000-LB LANE Al. 1000 COVERAGES 



SECTION 13, PUNCTURED PBS UNDER PAP AT 700 COVERAGES 
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SECTION 4 (SECTION 5 IN BACKGROUND) AT END OF TRAFFIC TEST 
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CONDITION OF PBS UNDER STEEL MAT IN SECTION 4 AT 1000 COVERAGES 



CONDITION OF PBS UNDER ALUMINUM MAT IN SECTION 5 AT 1000 COVERAGES 
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SECTION 14, BEFORE TESTING 
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SECTION 14, AFTER TESTING 



'1J 
r 
)> 
-I 
m 
w 
I\) 

CONDITION OF PBS UNDER SAND-ASPHALT CUS'HION IN SECTION 14-A AFTER TEST 
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CONDITION OF PBS UN i'~ - SP'-IAL T CUSHION IN SECTION 14-8 AFTER TEST 



CONDITION OF PBS UNDER SAND-ASPHALT CUSHION IN SECTION 15-A AFTER TEST 
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SECTION 16, BEFORE TESTING 



SECTION 16, AT 400 COVERAGES 



SECTION 8, AT 1000 COVERAGES 
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CONDITION OF PBS UNDER SOIL-ASPHALT CUSHION IN SECTION 8-A AFTER TEST 



CONDITION OF PBS UNDER SOIL-ASPHALT CUSHION IN SECTION 16-C AFTER TEST 




