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'I. SUMMARY AND CONCLUSIONS

Tﬁe load bgaringﬂand_drainage characteristiés of base and/or
Subbase‘materials'as curfently used by the New7Jersey Department: of
'TransportatiOn, and specified thereby.as Typé l,.Typé 2, or Type §
materiélé;'wére investigated Qié laboratory CBR and pefmeability‘
determinations. Samples of Type 1, Typéiz,band Type 5 materials
were selected to xepresenf thef&afibus geoldgicaljand mineralogical
sources from throughout tﬁé State.,’Samplevgréda;ions were sele;ted
pr'artificaliy created to%represenf the éxtreme.and intermediatefa
‘.grada;ions within each péfticular'Type-and Class_épecificafion.bénd.
‘The results were evaluatéd within the framework of the Department's’
design standards. ‘

o Curréntly, interstate highways in New Jersey basically cbnSiSt}
of'épﬁroxihately 9 inches pf payement_(bituminous or»portlahd cemeﬁt
concréfe) sﬁpported by aboht 6 inches bfﬁdense, well:graded base course
materiél, which in turn islsuppofted by 6-12 incﬁeskof”slightly'less—
.dense, reiatively non~pefméable,subbase matérial‘upon‘the subgrade.
Where_Undérdrains.are used; they consist of tr;nsverse outlet trenches
placed to interceptvinfiltratéd witer traveling along‘thé subbase,
and located_af approximateiy 350-foot intervals‘along the*rqadway profile.

Simultaneous fieldiobservations,.conducted in the pursuit of
this project and another,‘feveéled iﬁportant qualitative information
regérding water in theibase and‘subbése layers of the highway. Of

significance was that base courses beneath portland cement concrete



 §avements as well as bitumlnous pavements wereuobservedftofbe‘
‘saturated follow1ng raln storms aFurthermore these courses were
-observed to have remalned saturated for two or three days 1n some

_ cases, In addltlon,-mo1sture measurements;taken 0ver awper;od of -
~an entirehuinter;reVeaieduthattfothhat winter “thefmoisturexcontents
at most ef the 31 51tes monltored changed by only 2 or 3 percent, |
and represented 2 saturated or near- saturated state of moisture.

| In addlt;on to the aforementloned more d1rect1y appllcable
'vanalySis 1t was also p0551b1e to superflclally study the effects of :
f"blendlng",‘and to attempt to correlate measured permeabllltles w1th'
1resu1ts predlcted by theoretlcal methods. e ‘ |

: From the ana1y51s of the test results -and 1n 11ght of fxeld'

*‘observat1ons conc1u51ons are offered as follow

{lt In a relatlve comparlson of load bearlng capac1t1es the
’[sVarious base and[subbase mater1a15\’by Typevand Class, generally
‘conform to the assumptlons held by the Department's Eng1neers
‘However on. an 1nd1v1dua1 ba51s 1 e., from one source of mater1a1
”to'another, there is lrtt;e“assuranee of achieving the ;ntendedt;
,reiatiVe hearing cabacities;dgiuen‘on}y the'eUrrent gradationf .
vrequlrements as a control method :In this:regardg’the’gradation;
based spec1f1cat10ns are 1nherently weak | | | »
2, The current gradatlon—based spec1f1cat10ns gllgg_the:
ruse of materials wh1ch may have very llttle load stab111ty under'
»partlal cemfznement and whieh have permeahxlltles ranglng 1nto ,

‘theusands«ef‘feet per daya' Hm prectaee hewever and on the ba51s
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- of fie;d ovservations andflaﬁoratory testing, such insfability is
" not frequéntly cncountered,'and métgriais having such large permeabilities.
do not‘exist in a natural state. »it is necessary that the gradation ;.:_ﬂ
“bands of the current specificafionsrbeias "liberal' as they are.
Further ”tlghtcn1ng” or narrowing of the bands would probably cause
the exclu51on of more sources of ”good" materlal than of poor matcr1a1

| 3. Materlals used as base and/or subbasc in New Jersey, when
.compacted by the Standard Proct0r>method (ASTM D=698); typiégl}y exhibit
the highest CBR Vaiue‘whenéat less'tﬁan’the optimum moisture éontent
(based on maximﬁm deﬁsity)i There is'no apparenf further dccréasé in
CBR values, as the moiSturé content.is increased from optimnm'tg saturation,
while malntalnlng a sémﬁle at maximum (Proctor) den51ty This informatidn
- coup1ed w1th the aforementioned field obscrvatlons rcgardlng the statc of
moisture in basc and subhdqcs 1de5 to the conclusion that thc crltlcal
support layers of thc pavements {requently lie in a weakened state for
extensive periods of time. This conclusion is further reinforced in light
6f the dyﬁamié nature of highwayiloading and resulting stfessesf

4. Ldoking at the stﬁdy data OVefall, Type 1, Class C subbase
is géﬁerélly a little more permeable than Type 1, Class A material,
which is in general’agreemént with désign assumptions. However, as with
CRB results there is novas;urancevthat tﬁis relationship Qill bébachieved
in actual constructlon given ‘only the current pradatlon-based specifications.
In r¢a11ty, these two materials. can be, and sometimes are ,one and the same

material.



téﬁ ‘Inigenefal~ all of the base anu suhhase materlals that
-unconmly w1th Lxlbtlng Vew Jersey Depdrtment of Transportatlon Type i
' Type 2 or Type 5 materxals spcc1f1cat10ns and are avallable as
naturally ex1st1ng,»"bank run" materlals‘should be conSLdered for use -
has dense, non plastlc strength courses. | Wlth the relatlve perfotmance
;observat1ons of portland cement concrete pavenents in m1nd’ and in
'vocon51derat10n of the requlrements 1mposed upon the base courses by
_ythe hlghway envtronment only a few of those courses 1n serv1ee can
 be descrlbed as dralnable._'Reallstleally; none'of the materlals
allowed by the current spec1f1cat10ns should be‘regatded -as suff1c1ent1y‘
‘adralnable for pavement base course byrany conservatlve estlmate. In
1v1ew of the foreg01ng statement 1t follows that nonc of the ater1a1s
":currently used for base and subhase in New Ierscy should he referred to,
hor used as a.”dralnage eourse” vlthln the context of our hlghway des1gn.
>'6 Generally spcaklng, the naturc of the 50115 used in New
'Jersey base and subbase layers 1s such that these ldyers may normally
_hposseSbln-51tu moisture contents whleh are falrly close to saturatlon.
tThls asse rtlon is relnforced by the aforementtoned statement regard1ng
;nuelcar molstuteincasurements._ Whlle the exact cause(s) of thc h1gh

moxsture contents are debatable and certaxnly vary from 51te to. 51te it

'°.:may stlll be concluded that only very small amounts of water by seepdge

‘or surfaee 1nf111rat1on are neccssary to saturate,‘or supcr saturate these
"layers , Iron1ca11y,'1t mdy be.that the relatlve 1mpcrv1ousness of these.
250115 prevents rapld satuxatlon ftom eceurrlng’benearh a conttnuousbexpanse
2of lmpervlous-surfaee pnvement ueh dsya new hltumlnous pavement hav1ng no

cracks or joints, dnd a low v01d eontent

$



',f. On the basis ef the anaIYSis presented clsewhere herein,
_:1t‘15 concluded ‘that whlle the concept of uelng underdralns to remove
‘water from the soil support layers is sound the three basic components,
i.e. thebsurfacc pavement the soil support layers, and the gnderdraln,
arevlncompatlble. All pavements wiIl allow some water to enter the
‘base eourse, And the undcrdraln is capablc of remov1ng the water from
the. suhsurface system but 224& if the base course is capable of
“transportlng the_water‘to xhe,underdreln. The 5011 support - layers -
in use in New JerseyFeaant capebiy‘transpert excess water>for'even
a few feet to-an underdreie'wifhin the time frameithought necessary
ro‘preeentbdisrress. ‘Henee’ the usc.of the outiéf trench in conjunction
‘Qith Ne ,Jersey s basc and‘subbasc materlals‘gan never be opt1m1zed as
ia Lompletc subsurface dralnageisystem On.the assumptlonbthat subsurface
'v‘dralnage is necessary, it 1s concluded fhaf a complete eub5urface
dralnage system must be 1ncorporatcd 1nto the de51gn and constructlon
’of New Jersey pavcments »lé : Y
8. "Blending” as praericed in‘NerJersey is a method of :
'"upegrading" a bankren material viaethe‘addition of course aggregate
usually a crushed stone product Although not orlglnally planned a
number of blendcd samples wcre prepared and tested in the course of
thls pro;ect for two rcasons: (1)’$ome such samples were prepared
‘to closeiy represent‘beses or 5ubeescs that’had been constructed with
: biending; and (2) blending Qes.useé as a means ofeadjustihgvthe gradation

of a sample toward the course side of the applicable speeificatioﬁ’band.‘

’



With regard to_load bearing characteristics;{the results are-
’ ihccnclusive, with sohe_semples yieldiﬁgacgk inéreases;';nd others |
_yielding:CBR decreeses' ;The heSt‘significant increeses cccurred

with samples that had very low CBR values before blendlng This

tends to support constructlon practlces whereby blend1ng has occas1ona1ly
~ been used to ”stab111ze" some base courses | Wlth regard to drainage
.capac1ty, it is concluded that blend1ng to the extent currently pract1ced
has no s1gn1f1cant effect upon the dralnage capac1ty of the bank-run |
.lnatural,soll aggregate. ,Blendlngwby;large amounts ()]D%;total samplefj
',.ueight)fappearsnto;héve, at least superficiellv,safrendom:effecteupon‘r
lachievable,density‘ »The research effort was netldesighedvspecifically

to study hlendihg - The var1at1on of parameters such as spec1f1c grav1t1es
'iparticulsr‘shapes-and;gradatrens and the relatlve proportlons of ‘added .
blending stone prohalefacceunt forfthe "apparentﬁ_randpmness in density
llresults:of blendeafsamples vlt.is cencluded houever <that blehdingtb |
::partlcularly if. achleved w1th ‘the addltlon of mater1a1 hav1ng a spec1f1c
gravity slgnlflcantly dlfferent from the bank run 5011 aggregate, can
y1e1d h1gh1y erroneous results when den51ty control constructlon methods
‘are used,»and.when,the added,quantltles'areiaround loi,vbvaelght, or ~
more . 1Ifzthe addee'quentities drebless;than 10% fthere iS'nO‘Sound ‘
‘ev1dence that ‘the blendlng serves any benef1c1a1 purpose

| Blendlng a natural 5011 with a large proportlon of.crushed

stone or gravel shlfts the gradatlon curve of the total sample toward

_ the coarseﬁslde.of theispeclflcatlon bands where;ultlmately_the obta1ned



‘meterial‘is aetually a~reri open»gradedkmaterial‘hariﬁg hinimem
pCTmCdbllltleb of a few hundrcd feet per ddy. Howchr; the-
quantities of crushed stone requ1red for this to happen are around.
80% or more, offthe total sample welghto

0. As anroffehoot te thiS»projeet 1t was dttemptedvto
correlate the pcrmeabrllty teet resnlts of th1s prOJbLt with results.
ebtained via permeability prediction methodss Cxisting prediction .
methods dre‘eqsentldlly emplrlcally developed equatlons wh1ch
con51der those pdrqmeters thovght to 1nf1uence permeablllty ,nné
of the latest methods’ls‘that of Lylchoulton of West Vlrg1n}a
1ﬁniversity, in which aﬁ equetien:igideveloﬁed oﬁ‘thevhasis ef‘three
barameters?v(d) Pr00s the perceﬁtaoe hy wc;bht of samplt that paqscs-‘
the #ZOO‘sieve~ (b) Dlﬂa the effcctrve partlcle dldmeter for hthh‘
'100 of tne sample is 5m4110r (c) the_dry‘density,.or converscly the
xpor051ty of the bdﬂple. | . |

Correlatlon between Meuiton's formeld aﬁd the prOJect test

results was not good and’ substant1a1 dGV1at10n oceurred for Pﬂoo
- amounts of 226%, or generallyffer sempleS‘With very low measured
‘permeabilities. Usinobthe reeulte,obtaiﬁed’frem the project tests,
a ﬁultlple re&r0551on andlysls was ptrformed on the same parameters,
and an cquatlon evolvcd which d1ffered qubstdntlally from thnt of
Moulton. The ]arge-standnrdtcrrer of estrmate,'or-confrdenceulrmlts,
aéseciated'with this new equatioﬁ,ves;well ae the‘pnor‘eorrelation,
bétﬁeenithe test resnltstaud'ﬂoulton's formula; indieate'in the -

" opinion of the authors, that these three parameters alone, are
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1nadequate for: predlctlon of permeab111t1es occurr1ng over a range
"of several orders of magnltudc.-
Notlng certaln weaLnesses 1n u51ng P700 and Dlo values to’

ﬁrepreqcnt sample gradatlons,:an altcrnatlve method of partlclc size

~representat10n was’ attemptcd"thrdughﬁthe'use‘ofua»51nglc, comblned ;

'5radat10n modulus called the "K?Valué“;"’Alfhbnghlﬂivalues:WGre :

' developcd for use 1n max de51gns of portland cement concrere and
bltumlnous concretc, thcy are- assentlally a representatlon of a
complete gradatlon of a sample w1th only’a 51nglc value.~ After -
ralnvestlgatlon of the method of computlng A values, it was felt

| that the use of A-values would be superlor to the usc of Pooo and
l D10 quantltles. The resultlng ana1y51s dld not pr0v1de 1mproved

t>111ty However the proper determl- :

vpermeab111ty predlctlon cap

”‘natlon of A- values requlres a nore. reflncd sieve- ana1y519 than that
' wh1ch was routlnely pcrformed durlng thlb progect In splte of

this. con51derat10n the authors conclude that these results help

tconflrm the foreg01ng conclus1on regar 1n£ the 1nadequacy of only
.shape parameters and poros1ty to’ deternlne permeablllty ‘ On‘thc
: ba51s of the rather superf1c1a1 1nvest1gat10n descrlbed elsewhere:
‘hereln 1t appears that A values are potentlally more useful than"
‘Dlo and p70() quantltles 1n such cmplrlcally derlvcd permeablllty

-predlctlon equatlons as presented

In an effort to further resolve the def1c1ent1es 1n pred1ct1ng

“brﬂbibllltlbs, anothcr varlable was sought In th1s proJect
j~7>a1p1e< here gatherud fron througbout thc entlre atatc ‘Slnce,’
’generally, the southern portlon of the state 1< former ocean- bottom

’bmaterlal, and the:northern;portlon'ofvthe stata ICPICSCntS'the

o



leading edge bf glacial advance; with a rather extensive conglom-
eration of soil materials having various origins, and therefore
‘various particle sﬂapes, it is highly probable that a partiéle'
shape’parameter should be consi.dered. " The State Department of
Transportatlon of New York has dcvelopea a permeability prediction
method which 1nd1rcct1y 1nc0rworatcs a qhape factor through the
inclusion of the speciflc surface of SO]idS»ﬂS one variable., It

wvas not possible to evaluate that method within the scobe and
constraints of this project. llowcver, it is thought that the addition
of thié factor (i.c. particle shape) may provide the refinement
néccssary in order to prédiét permeability wifh sufficient accuracy.
Convcrsely, by isclating pafticle shape and holding it constant for

a group of samples with various densities and gradations, it may be
»possiblé fo develop a series of the former type of equations, that
would apply on an individual baéisvto any matcfial depending upon the

effective general shapes of the particles of that material,

II. Recommendations

| This research has supplied data on the more rational engineering
charactéfistics:of the soil aggregate and crushed stone materials
currently specified for use as base and subbase materials in
New Jersey's state and 1ntcrstate hlghway construct1on. /Although
. there is 11ttlc direct usage for such newly acqu1rcd CBR and perme-
ability data in the design process in New Jersey, the investigation
has shed new light on the iﬁdividual; as weliﬁas thdvoverall, re-
lative character of the variéus aforementioned materials, and some
interesting conclusions were thereby presented, On the basis of

those conclusions, the following recommendations are offered:



o that. a permeab111ty requlrement in: comb1nat10n w1th stab111ty and

=10~

_1 It 1s felt that the bank -1un 5011 aggregates currently

3

;,belng allowed by speclflcatlon and used as base or subbase materlals

&

’:are borderllne,materlals i.e. s they are not con51stent1y adequate
vnorhare they cons1stent1y 1nadequate for the1r 1ntended use. The
:degree of adequacy depends upon several hlghway env1ronment parameters
dsuch as the magnltude ‘and frequency of loads, water access1b111ty, L
locallzed natural dra1nab111ty of the pavement bed or subgrade,'and

:others. Unt11 a substantlally more rat10na1 approach ‘to pavement |
design (1nc1ud1ng sub-surface dra1nage) is adapted there is 11tt1ev
:sound reasonlng to support recommendatlons for changes to the current

| gradatlon,bands of‘Typesllg'Z or‘Svmaterlals;- In the absence of any

*simplementation'of”the‘findings'of'this'research project, "it is likely

‘gradatlon requlrements would only sllghtly 1mprove the- overall qualltyﬂ
of base courses,,»\’ ' o

‘In the'presenCe'of:a_sub-surface drainage'systemvconsdstingu7‘
of a drainage.base:course'and(outiets; the existing specificatronSV:‘
Zwould be pertlnent for the under1y1ng subbase lWhiieino changes -

fto those spec1f1cat10ns -are recommended 1n an urgent fashlon, 1t 1s

recommended onan, 1nter1m ba515 that the Bureau of 80115 De51gn in‘n

' llght of the range of CBR values attalned in. thls work g1ve some consideration

¥

to the addltlon of a m1n1mum load stab111ty requlrement for those,

ny

o mater1als_wh1ch-are to be used as\dense_supportlngvlayers. A~CBR

test-method‘is'specifically ngt;recommended for this purpose until
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the method is correlated with ficld results and anotherkmofé applicable

method such as a plate bearing method:_ In the event that only this

approach ( with or without iHCOrporati@n of drainage) is taken by the

Department, a general reevaluation of the specification is recommended

- since it is likely,that_only two (or three at most) different

gradation bands would be necessary.

2. '"Blending'", or the addition of one size of aggregate tc an
existing,’”bankurun"‘soil, ié:cufreﬁtly:practiced in New Jers¢y.fof
one éf two’féasons.‘ Ushally;blending is performed for the purpose of
"meeting"vspecifications‘reqﬁirements; A common eiamplc of this ‘

would be when a contractor adds 3/4'inCh stone to a soil in order to

ktheoretically reduce the‘per;entage by WGight passing a smaller sieve,

i.e. a #4, or a #200 sieve.‘;During,the course of this project,

Jsamp1e5~of an "as constructed" blended base course were taken from

beneath a pumping portlahd_éemeht'concrete:pavement (Sections of 1-295,

~ south of Trenton), and-it wasifound that without the;bléndedystone,
~the samples had effective Pygq amounts of up’tofl2%; - Permeability

‘tests on the>b1ended, and on unblended samples of the basic material

indicatéd that: (1) the perméébilityrof the basic soil was arbund
10-4vft./day, énd (2) blending had no affect on the soil permeability.
Therefore, it'is seen that if:thé base.céurse is‘selected for use

as a drainable medium, the alioWance of blendiﬁg is indireétly
deﬁrimehtal,v |

|  The‘sec6nd reéson fér ﬁlendiﬁg is in cases when a bank-run

soil meets gradation requireménts, Eut lacksbunconfined stability,

This occurs Qccﬁsiénally when:the material.is tod sandy, Blending,

via addition of coarse aggregate, can sufficiently stabilize such

" materials, and in fact, has beén,effectively utilized in that manner,
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'Blending- for the second purpose is 1eg1t1mate1y Just1f1ed whereas
_blendlng for the- flrst purpose 1lacks ratlonale and as 1nd1cated
above, may actually be defeat1ng the purpose of . the gradat1on
specifications. . Therefore it is recommended that the Department
carefully reassess its pos1t10n»regardxngwthe‘use:of Vblendrng" 1n'
. base course materials. | | L ;
3. In. the course of this study, ‘and - another‘ related research
_effort, 1t has become apparent that sources of the good quality,
granular mater1a1 whlch typlcally comprlses Type 1A base course in
northern‘New’Jersey, is qurckly;becomrng v1rtua11y‘unobta1nab1e.
vFortunately,-theihighWay.constructionvprogram is,at an .ebb in New L
Jersey It is strongly recommended that, dur1ng thls per1od of grace,
- the Department: 1nvest1gate the performance and ava11ab111ty of
alternatlve materlals and/or hlghway des1gn sect1ons.,
| 4. It is recommended that current and future attempts to
develop theoret1ca1 permeablllty predlct1on methods g1ve con51derat10n
‘to the use of a 51ng1e comblned size parameter such as the’ Gradatlon
’ Modulus A, ~and- to the 1nc1us1on of a shape parameter both in conJunctlon
. wlthJa»poros1ty‘parameterr, The work,c;ted‘herexnias‘Reference‘#9 _
__ﬁintludesranalysis;ofaparticiefshapesjand,warrants"further investigation
~ with regard to permeabilityfpredictiont», ‘ |
The above recommendat1ons are a d1rect result of th1s research
However 1t is the oplnlon of the authors that the most outstandlng,
>51gn1f1cant result of this work is- 1ts further accent upon the need for
‘answers to questlons that have exlsted too long And bas1ca11y, theyv

- all center about oneflssue: water in the hlghway~Secti0n.' Therefore,



inrNew JerSef a>chprehensive.pr@gram_af research is recommended
which‘would encompass the following additiomalkpoints:

5. A thofough,inve;tigétiom of th@:root causes of ''failures"
—in poftland cement concrete:payeﬁents, is $ore1y needed. These
failures are usually well dgfined,'and'basicélly the causes aré '
identified. However, there are no limiting criteria on these problem
areas from which to ?roceediwith a more rationale design for the pavement.

For instance, the limiting:conditionsvfor pumping mustvber.

determined. = The effective botoSity and'drainagé capability of the
:pavement sys;em at which puﬁping”cannot occur, or willvnb longer be
detrimental,'must be determined,vafter whi;h engineers could apply
appropriate judgements in thé-dgsignvqf;a.system,that would_properly
accommodate anticipated design quantities of ﬁater./,Simultaneously,
‘other aépects must be.considered as well;:suéh as the possibility éf
frost heave or detefioratioﬁ, and subseqﬁent differehtial settlements,
‘or the rélative load stabiliﬁy of Various types 6f "drainable" base
courses . |

6. A similar, parallel investigation iqto the root causes of
bituminous'concrete pavemehi‘failurés‘and design requirements.is also
urgentiy fecommended. With ihe bituminous concrete pavements as
currently constructed in N§w1JerSey if is bften difficult to find a
clear definition of 'failures'. It is even mére difficult therefore
té recognize causes béhind f;iiureé.. For fhis reason the role that

water may play in the failure of a bituminous roadway remains very
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~ obscure and'should'be~thorough1y studied; The'phenomenon'of‘”iiouefaCtionh»

e

’(descrlbed elsewhere hereln) of granular materlals 1s of partlcular

om

s 1nterest 1n such a study

'e,‘ 7. It is 1nterest1ng to note that the 9‘1nch thlck b1tum1nous
"pavemente as now used in New Jersey, have evolved from a much thlnner

- pavement placed upon a macadam base course.l ‘In essence the macadam;'

; pavements exhablted generally severe deterloratlon long before the1r”
1ntended longevity The approech to thls problem was to replace |

the macadam base w1th a very dense bi tuminous stab111zed base hav1ngf’ B
'very‘low vo1ds This in effect is’ a "full-depth pavement",ialthoughii

1t is not referred to as such in New Jersey Thxs klnd of approach

w

;makes no attempt to solve the problems dlrectly, but rather just’ S
éjpushes them into a more remote or obscure status whlle perhaps |
"_1ntroduc1ng new problems of a dlfferent nature. Justlflcatlonvfor

’ thlS approach is very‘questaonable srnce many otheriuSers'of
'b1tum1nous pavement have not found it necessary to follow 5u1t.
Consequently, it is. felt that thxs klnd of approach may be deny1ng

the chance to attaxn the most economlcal overall solutlon. . |

| ;Therefore"1n'con3unctron wrth theiabove two-recommendatrons;vv
b1t is recommended that a reevaluatlon be perfermed of the entire
"pavement sectlen thh partncular emphaszs on the accommodatlon of
subsurface watera It s felt that the Department through the cont1nued
.adherence to only the gradatlon speclflcatlons 1s fence—51tt1ng The f-l ' : ' ‘ ;»
-Department must take a strong p051t10n on the matter of all sub surface o

‘ dralnage- and then hav1ng cstab11shed such goals should reactvaccordlngly;v~
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A positive reaction tehardjseeh_drainege,ﬁeeessariiy:includes en‘over~
haul of design and testing;methods to rcflect dynamic effects and related
‘means of testlng, 1nc1ud1ng actual test tracks, as well as eventual use
of analysls methods 1nvolv1ng stress and straln crlterla. Thls admlttedly
“is a large.program, but is never-theeless strongly recommended,
The‘merits‘ef euch a program weﬁld be an improved rationale on which
. to basefthe'selection of'all-elementsiinvolved.inrthe overall paVement
"section. Any comparatlve evaluat1on of dlfferent overall pavement sett1ons
should be conducted in- 11ght of the flndlngS from the 1nvest1gat1on recommended
in 1tems #1 and #2 above and should thereforc con51der load- carrylng
capac1ty, water dralnlng capac1ty, overall frost penetratlon and affects
long-term durablllty of the pavement and "constructablllty" and economics,

as well as future avallab;lltyvqf materlals.

I11. INTRODUCTION

B : Geﬁeral

| This report is the f1na1 report for Ncw Jersey Department
»of Transportatlon Study #7775 ”Permeablllty of Vew Jersey Base and
Subbase Materials". The ob;ecthe of the study 1s to determlne
»permeability-ahd iOad-bearlng»characterlst1cs of materlals that are
used for base and subbase courses. 1n New Jersey Interstate hlghways
On the ba51s of said determlnatlon, and in the context of the currcnt p
de51gn*and constructlon of Interstate‘hlgnways 1nvNew'Jersey, the
edrrent method of‘speeificatien; i;er,rgraeation_requirements are
evaluated. Converselyl givehrthesermaterieis allowed:by the‘current
yartlcle size requlremente (gee Ynhle 1) the: subsurface dlalnage
C&pdbllltlcs of %tahderd pavement eeetl@ns are lnvestrgated

Thls study is baelcally an 1nvcst1gat10n of the status quo

with regard to water in the base’and Subbase courses,, and is therefore
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11m1ted in scope in the sense. that whlle problém areas may be 1dent1f1ed

- no prov1s1ons are 1nc1uded for the tr1a1 and/or evaluatlon of any gross e

Tvbchanges in elther the de51gn of the "standard" pavement cross-sectlon o
'or in base-subbase‘materlal specificatlons Nor is any con51deration
]_glven to permeability and load carrylng capac1ty of the subgrade
‘Tmaterlals, §1ncevghere,1s ev1d¢nce that water-related,problems are

- substantial inﬂthe-mQre»critical3base and subbase layers. -

* . TABLE 1

NEW JERSEY DEPARTMENT OF TRANSPORTATION
‘ STANDARD SPECIFICATIONS R
-1FOR BASE AND SUBBASE AGGREGATES

“tyre ]   ‘ . , ‘.‘ | ],1 S | B >.J.:v2 5 . ':TTT*_ET,;S'
Class | A | B ¢ | x| . BT';T 1 a
‘4h’, X IQOT.LTT,TV L "lbo, ' | : : |
22 || R e e TTT““Trloo‘T
2" | 70 -.100 _;T;Q_ibo:f TT"' g i-"~1qo:jTT 1000 |
3/4" ‘SO - 95 . Ti‘6sf—,1oo-f 60%-:100 ‘7o'~fido'-f7b - 100 | 55--~90T
| No.a | 30-60 | 40-75 |30-100|35-75 | 30-8 | 25-60
| :No.SO | s- 5 | 5_‘;30T 5.3 |[15-30 . 10-3 | 5 _2s
No.200 | 0-7 | o0-7 | 0.5 | wo e "'3f3 12

~#If the total of shale”‘slate, schistfand:SOft and decompdse&»aggreg#te o
be five percent or. less, the quantity passing the No. 200 sieve shall -
- be not less than 4.5 percent and not more than 12 percent. If the total

 of shale, slate, schist, and soft and decomposed aggregate be more than.

five percent but no more than 25 percent, the quantity pass1ng the No. 200
sieve shall be not less than four percent and not more than nine percent.
The amount of shale, slate, schist and soft and decomposed aggregate shalll
not exceed 25 percent. R L N s R P

. L18
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~B. Background

1; Descrlptlen of the Pr@hlems "

The current New Jersey Standard Spec1f1cat10ns for soil
’aggregates used as foundatlon mater1als in highways is pr1mar11y
~a set of gradatlon requlrements. These spec1f1catxons were originally
: formulated to encompass gradatlon of 5011 ‘aggregates which were
avaxlable at the t1me and appeared to have been effective in previous
‘h1ghway applications. Thelr formulatlon was therefore emplrlcally >
_based and also extremely subjectlve,’ The‘problems assoclated wlth
,thls are essentxally twofoid (1)‘»there_is little or»no basis'on
which to evaluate even miner chenges toithe;specification; end, |
(2) when:inispite'of adher%nce.te the specificetions,hfailnres occur
in the field; it isidifficg@tvtb find a rational>exp1anation for them.
These problems‘have'become'increaeingly1prevaient in’New Jersey with
the constructlon of the Interstate nghway network Other factors,
-as follow; further compllcate mattersnv‘ |

" New Jersey is heav11y populated and hlghly urbanlzed and
suburbanized. .Use‘Of thefsmallv"open" areas that still exist in
this locale is extremely d1ff1cu1t for several reasons.' Suffice it
to say that in the mxdst of a probable abundance of material that
_meets our gradat1on requlrements "good" mater1a1 that is actually
‘avallable for use has become qu1te scarce. .Base and subbase materials

must often be transperted over leng dxstances, and are sometlmes

dredged'fr@m the sea or‘rlver50, C@mp@@mdlng the problem is the fact



. "- 18‘—"k

"fthat NewiJersey lies‘directli betweentnearby;'largetmetropolitan
'gareas such as New York Clty, Phlladelphla Baltlmore and Washlngton’
,,and therefore serves as a corrrdor for large volumes of through state
_‘traff1c Thls further accentuates the demand for more h1ghways and

‘puts’even more,pressure on the'"supply-demand" relat1onsh1p for the
Abase and subbase materlals Ult1mate1y, this pressure has lead to
‘serlous questlonlng of the va11d1ty of the apparently str1ct |
exclus1ve aspect of the gradatlon based spec1f1catrons 'In some'_‘;;

cases of hlghway constructlon materlals are. art1f1ca11y blended to

'»meet spec1ficat10ns In such 1nstances the blend1ng usually con51sts E

of addlng coarse aggregate (crushed stone products) to a material whxch :

usually has an exce551ve percentage (by welght) pass1ng the #200 sxeve
*rThe result 1s a 5011 aggregate whlch passes gradat1on requlrements

- but. 1s costly to produce and has 1n general the permeab111ty and

a stablllty of the unblended materlal

o Another con51derat10n 1n thls matter 1s the fact that a
51gn1f1cant portlon of New Jersey s Interstate h1ghways have exhlblted
early "fallures" whlch are’ often attrlbuted to the presence of water
| in the so11 layers dlrectly beneath the pavement ,1 e s 1n the aggregate
,ebase and subbase layers Pumplng, 1oss of bearlng capac1ty, and frost

iheave are all dlrectly attrlbuted to water 1n the 5011 system and at

rleast the flrst two of the aforementloned are known problems in, New‘“ .

Jersey pavements ‘ The questlons therefore follow "Is the current
'spec1f1cat10n really prov1d1ng only the k1nd of mater1a1 that is

needed?” and "Does the spec1f1cat1on exclude from use only the poor

¥
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soil materials?" These two questions generate a host of other

questions whieh all lead to the inescapable conclusion that very

little concrete engineering information e€xists about the base and
subbase aggregate materials; Therefore, in order to-even.consider.

- changes to the spec1f1cat10ns or a more adept use of them

substantlal data should first be gathered.
All of ‘these thlngs together prov1ded the spark that kindled
thls research project. The llmlted scope: of the prOJect evolved from

a few cons1derat1ons. The‘prlmary cons1derat10n however, was ‘that -

"there were so many unanswered questlons, that the need for a very

‘large and comprehensive 1nvest1gat10n was 1nd1cated To 1nte111gent1y

formulate and determxne the course. of any such pro;ect it was thought .

prudent to f1rst obta1n a deeper work1ng knowledge of exist1ng methods

\U

and materials. Therefore,;the permeablllty and load carrying characterlstics

of our.base‘and?subbase soils were to be determined 'and then these soiis
were to be evaluated 1n 11ght of thelr use and their role in the overall
pavement cross-section.
2. The Status Quo
| The present de51gn practrce in Neu Jersey is to support
a 9" - 10" surface pavement,w1thja‘6-1nch th1ck.dense1y graded base

course, which is in turn supported by a less dense layer of soil subbase,

~generally of 6" - 12" thickness. The thicknesses vary from job to job

dependingrupon anticipated traffiC‘and numerous other factors. But

" the basic function of the base course is primarily to provide strength,
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o whereas 1t is thought that the subbase layer need not be as strong

'and should serve to a1d subsurface dralnage somewhat In addltron,
‘ustandard de51gns call for subbase outlet dra1ns at 350 foot spac1ngs
' along the pavement proflle and at any low p01nt in: the proflle for-
5»'remova1 of water from base and subbase layers.i “An outlet dra1n is
."'a trench f111ed w1th coarse aggregate (usually 3/8" stone) ‘that-is.
cut transversely across the roadway subgrade The top ‘of- the outlet :d‘

dra1n 1s in contact w1th the bottom of the subbase and permlts removal

"_Vof subbase water whlch 1s flowlng parallel to the road prof11e

_VWater 1ntercepted by the draln is. carrled to an 1n1et ba51n or a.
‘,gplpe day11ghted on. an embankment slope Bl

The 1rony of thls "de51gn" is that these layers aren't really :
. des1gned They are more or less s1mply put together on the: baszs : .;’ : if -

7;that 1t seems to work pretty good Yet when fa1lures occur one

1 ?;llS forced ‘to look back at the d351gn and reevaluate 1ts adequacy

ngior the adequacy of the materlals 1nvolved to perform accord1ng to

‘ithe deslgn condltrons It is’ in thlS context that the followlng

'.vstudygis‘presentedi _;{J

o ‘srumr PROCEDURES

) “ TA;;‘Representatlve Sampllng; P

| ;?8011 samples were gathered such that as much as’oosslble
’ta completexarray of base and subbase course materrals would be -
| htested The selectlon was based upon spec1f1cat10n Class and Tybé;Jg N e
t',as well as geolog1ca1 or1g1n A stat15t1ca1 or we1ghted sampllng

h‘approach was nelther necessary nor practlcal to meet the scope and

E~'ob3ect1ves of the prOJect . b,i S aﬁh _;‘ S e Co o
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R T Selécticn by Class and”TYPe‘
Table 1 is a condensed'version'§f "Table 36 - Soil

Aggregates Gradation“ whicﬁ iS'partvdf the New Jéfsey,State Department .
‘of"Transporfation's ﬂStandérd Specifications for Road and Bridge |
‘Constructipn," In Tabie 1; only those materials which comprise bases
and subbases are included.i To help\envision the gradation requirements,
the “bands"-are,plotfedvin‘Figures 1, 2, and 3. As a méttgr of point,
'the material designated as Type 2, Class A has been deleted from the

latest version of Table 36 because ofvihe éxtreme scarcity of said
material. Samples of;éach‘Type and Class, including "2-A", were
gathéred; Within the gradatioh band of a Type andFCIASS, attemptg

were made to find or make some samples to represent the outer allowable

limits, and others to cross fhe band. Figure 4 illustrates this concept.

| 2. Seléction bj Geological_Origin‘

Upon'examination of Table 1, it is seen that apparently.

. small differences exist from one Type and Class to another. In

practice, the differenceé are qften very subtlg if one only considers’

the sieve analyses in compafis0n; But»cdnside;ing load carrying,

cépacity, substantial'diffe?ences can exist. J

Probably more so thah‘anything elsé, these different specifications

vevolved from the fact that the State is.Sharply divided into greatly
.Vdiffefent geological facets;- Generally in the northern half of New

Jeréey-tﬁere is a conglomeration_of‘shalés,-traprqéks, limestones,

and gneisses répresenting tﬁe edge of the glacial advance. In cdntraSt,

southern New Jersey has little or no rock, nor shale, It is‘practfcally
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all ocean bottom mater1al con51st1ng of 5111ceous sands, clays, 511ts
.yvand gravels Therefore in general, a gradatlon band for -a partlcular
Type and Class was derlved accordlng to the materlal which was ava1lab1e
1n»a certaln-area'of the State» As an example Type 1, Class A mater1a1
lb is commonly referred to as fNorth Jersey" base course, whereas Type l
FClass B materlal 1s commonly called "South Jersey" base or subbase

| For clarlf1cat1on a very general descr1pt1on of the use of
 each materlal follows | | | |

. Type l Class A (lA) - North Jersey base course: placed
dlrectly beneath portland cement concrete pavements

Type 1, Class B (1B) - South Jersey base course placed
,'d1rect1y beneath portland cement concrete pavement.

‘Usually placed in thlcknesses suff1c1ent to serve as
”vboth base and subbase ' : : :

:;Type 1 Class C (lC) - North Jersey subbase placed
beneath 1A ‘base course ‘or beneath SA mater1al

-,Type 2, Class A, Class B (2A or 2B) - South Jersey
mater1al called "Gravel Base Course'. ‘Used where a
very hard, dense course is desired, usually under the

~ bituminous shoulders  of a portland cement concrete
~pavement or as the soil subbase beneath a b1tum1nous
concrete pavement. Used in southern: New Jersey

) because of a lack of S5A- materxal

;Type 5, Class A (SA) - Quarry processed crushed stone,‘”
used as-a very dense, hard base course to support. -
bituminous concrete pavements. Usually restrlcted
, to northern New Jersey pavements
In order to encompass the maJorlty of base and subbase materlals
in our test1ng program meetlngs with ‘the Department geologlsts and 50119.

,rr.personnel were held. U51ng the1r expertlse the types of 5011 aggregates

to be tested,‘and‘the sample,selectlon sites were"chosen.
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‘t hew Jersey_has,:invgeneral seven>geologic sources'ofvmaterial
used as baseﬁand subbase - In south and central New Jersey, for
tesfing‘purposes the materlal was greuped into the Pennsauken
Forﬁaﬁiong.Cohansey Sand, and Mydraulic Materlal. ‘In northern New
Jefsey; 2 ﬁypes of-subbase{and base'soufces were chosen,‘i.e.,
leestone valleys and Gnelss ‘and Quartzlte sources. Also found -
'lln northern and central New Jérsey are Trap Rock sources from which.
“hlgh qua11ty crushed stone ‘"SA” material is produced The final
source. is llmestone sources of crushed stone from Pennsylvan1a

Materlal in the Pennsauken Format1on cons1sts of gravelly
‘sand mostly quartz w1th varylng, somet1mes large, amounts of clay
The formatlon is composed of heterogeneous Plelstocene alluv1a1
vdep051;s, anduoutcrops in auband from Sayerv111e southwest across
_the state-tooSalen.,(See Figufe 5)"lhe;Cohansey sands are oomprised
of quartz w1th varylng amounts of clay and some small gravel; clay
:content 1s usually much less than in the Pennsauken format1on
Cohansey sands are found throughout much of southern New Jersey
These two format1ons ‘yield any of lA lB 1C -2A and ZB materials.
"Hydraullc material 15, for the most part a clean quartz sand
It is a product'ofvdredglng and is obtalned from coastal bays, and’
‘at times fromrthe Delawafe River | Dredging is a source for 1C material;

leestone valley mater1a1 (lA or 1C source) 1s heterogeneous
'vglaoial debgls Its comp051t10n var1es w1de1y from being larger

carbonate rock, shale and slate fragments,vto gneiss and quartzite.
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This material 1eften,in "bankrun" form, is scattered throughcut che
‘meuntaxnous regions of northerm New Jersey9 notably, Hamburg,
Sparta Blalrstown and Belvxdere |
| Gnelss and quartzlte S@urces are usuelly "rock gravel"
hence they are often the source for Type S5A products via crush1ng ‘
»operations, These_arevfound in the Wharton, Hopatcong and Riverdale
areas &@,mentien a fewe L@ca&ed in northeast and central New Jersey
are‘isclated igneous outcrops known coumerciallyras "Trap Reckﬁswhich
is very hard and durable dihbaseadr besalt. It too is used to meke
‘quarry processed subbase‘(SA) --:a'primary crusher product generally
composed of all the mater1a1 that passes the 2-inch screen New Jersey
| also uses some Pennsylvanla carbonate rock Whlch is quarrled in the
>New Hope and Norristown arees The mater1a1 is used in quarry processed
subbase (5A). | |
B. Schedule of Sampllng

In order to effectlvelyvstudy all of the aforementloned v
' materials it was estlmated that approx;mately 60 samples of soil
material and:blended aggregetes‘should be tested.' This,figure was
based dn an estimated,totsliof'ls sources which would include all
3 Tyues and Classes‘ih Table I,vahd.which‘would‘else affcrd,general
"coverege of the variOusugeoiogical sources. For eech’of thev15
,'scurces,_icvwas incended toffry te‘obtain 4 differently graded -
samples’wifhin a psrticularvspecification band, iilustrated in
Figure 4, and therefrom a t@tal of 60 samples was derzved vTeble'Z

summarlzes the Yypes @nd g@@l@gﬂcal s@urces actually sampled and



USED AS BASE OR SUBBASE IN NEW JERSEY HIGHWAYS

‘Specification
Type of
Material

1A

1B

1C

2A

2B

5A
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TABLE 2

SAMPLING AND TESTING OF MATERIALS

Actual Testing Source

Carbecnate Source
Granite/Quartzite Sources
Pennsauken Formation Source

Pennsauken Formation Sources

Carbonate Source
Pennsauken Formation Source
Hydraulic Sources

Hydraulic Sources

1 Granite/Quartzite Source

Pennsauken Formation Sources

Cohansey Sand Sources

Pennsauken ‘Formation -Sources

> Carbonate Sources

Diabase Source

Granite Source
Totals

: No. No. of Total No.
~ Samples Replicates of Tests

2 ‘3 = 6

5 3 = 15

3 3 = 9
'3 3 = 9
7 2 = 14

2 .2> = 4

4 | 2 = 8

2 3 = 6

5 2 = 10

3 2 = 6
5 2 = 10
2 2 = 4

3 2 = 6

2 2 = 4

1 3 = 3
4 2 = 8
B 30 = 3
54 134
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the tétal number 6f;samplesg-inciuding réplicates, tested. At the
start of the testing program, each field sample was divided and
three replicateé were prepared for tests. This procedure was reduced
toe ﬁwo réplicates'aftervgoo& repeatabiiiiy‘iﬁ the tesiing procedure
was'demqnstrated; |
As a minor offashodt of thé project, a few sampies of base
course material were taken from two highways that were already in
usevand had aeménstfated sdﬁe particuarly interéstiﬁg behavior such
as "pﬁmping"; or in another case; excellent long-term stability.
C. Test Methods
‘1, General
Equipment fdr'tésting is detailed in AppendiX A. To the
extent practical, s;;ndérdfavailabie te;ting‘apparapus and methods
were utilized.v Although permeabilities and‘bearing sFrengths were
bof primafy concern; if was also necessary to pérform a partiéle'size
determination for identification phrposes_and to determine some
' "appropriate" denéity at which to perform'thoseitests. These are
described hereinafter, | |
'é. Incidental Testﬁ
‘For density reduirements the‘optimum moisture content.and
maiimum‘denéity was determined dsing ASTM D-698-70, Method D
(5.5 lb drop hammer and 12' drop). This test was performed on
material passing a 3/4" sieve and employéd>a 6-inch diameter Proctor

mold. Method "D" was chesen for two reasoms. First, the mold size



Cen d1ameter) was the same s1ze as that used‘1n thehcompactron tt:
zpermeameters.» Secondly, larger s1ze mater1a1 (maxlmum of 3/4") )
Atcould be used w1th th1s/mold Thls was thought to be a better o
"representatlon of the materlal actually encountered 1n the f1e1d :
| | In the 6 1nch mold the 5011 was placed 1n three equal layers,bt
each layer compacted by 56 blows of the drop hammer After compact1on
- of the flnal 11ft the excess materlal was "struck off" flush w1th :
the top of the mold usmg a stralghtedge After the densxty was
determ1ned ‘the 5011 was remlxed 1ncrea51ng the molsture contentVHb
by 26 The procedure 1s repeated untll a drop 1n den51ty 1s noted
| The same materlal was used throughout the tests unless a

partlcle breakdown was observed In these cases materlal was
\‘changed each’ t1me the m01sture content was.changed In samplesitwﬁ;fv
haV1ng 1nd1v1dual aggregate larger than 3/4" :the large aggregate’f'}?r
was removed and replaced by an equal welght of materlal pa551ng E
a 3/4" 51eve and reta1ned on a #4 51eve Test results were plottedhxﬂi
on standard m01sture den51ty forms and the optlmum m01sture content S

‘and maxlmum den51ty were obtalned from the graph (See F1gure 6)

SR Although there is general agreement that such "max1mum" ::f

3 den51t1es are less than 1n—51tu f1e1d den51t1es 1t was felt prudent '
| :because of a lack of sufflcient quantltatlve data 1n that regard not \
to utlllze any mod1f1ed methods of achxev1ng h1gher densltxes ThlS pﬂ

. dec151on was. further backed by two other factors

(l) it 'was: found that the maxlmum den51 i5(as per ASTM D 698
"D") could be very closely attalned when preparlng samples in a '

,'permeablllty or a CBR mold, ‘and
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(2) the only other means of compactlon that was avallable

‘was the "modlfled" Proctor method and prellmlnary tr1als 1nd1cated B

fv'some aggregate "breakdown" under the h1gher compactlon effort Th1s

o was very unde51rab1e 51nce the amount of ”flnes“ 1n a 5011 w111

't 1nf1uence that 5011'5 permeablllty
Partlcle size determlnatlon was requlred for all samples as
”; a ba51c means of 1dent1f1catlon 1 €. to determlne whether or not

the. sample complled w1th the gradatlon requlrements for the Type and

"uk‘Class for wh1ch it was 1ntended and also to determlne where 1ts

B gradatlon lay w1th1n the requlred band Sleve analyses were performed

'ij1n accordance w1th ASTM D 422 u51ng a motorlzed s1eve shaker.»i

Usually, the 51eves employed were those requ1red by the‘Type

land Class spec1f1cat10n but occaslonally add1t10na1 s1eve 51ze,fwere‘;f
1_1ncluded S1eves were checked for openlng s1ze compllance at slx.
: month 1ntervals For the 50115 tested a hydrometer ana1y51s was not
bwvthought to be necessary and samples were washed on’ a #200 51eve to E
accuratelyndetermlnevthe amount of m1nusa-200>materralan;>”¥¥;¢k

S;f Load Bearlng Capac1t1es :

Determ1nat1on of load bearlng capac1tylof the base and

'subbase 50115 was a subJect of cons1derable controversy for a number

| 'of reasons., Although a Callforn1a Bear1ng Ratlo (CBR) test appeared

“to have drawbacks it was selected because of a 1ack of a better
or more approprlate test method v There are several varlatlons of
vthe CBR test wh1ch may be 1nterpreted as ev1dence of 1ts apparent

- .1nadequac1es 1n a glven s1tuat1on. Hav1ng no prlor load stab111ty



data on Types 1, 2 and 5 maferieis it was opted to adhere as closely
as pract1cal to the method prescrlbed by ASTM D-1883. -

All samples were compacted at maxlmum densxty (as per ASTM D-698,D)
into 6-inch dlameter molds “For each sample, four replicates’ were
prepared. Two were tested lmmedlately at the1r opt1mum m01sture content;
the other two repllcates were submerged in a»soaklng tank for four days -
beforevtesting at saturation. Theee sampies were always instrumented
and checked for swell duriné soaking; no swelling was ever indicated.

buring all CBR tests‘a_etandard surcharge of 10 pounde was
applied'to the eamples.  Loéd was applied to‘the sample esing a ﬁanuelly’
oeerated loading machine at the rate ef 0.05 inches/minute. A loed; :
penetrat1on curve was obtaxned and the "Bearlng Ratio'" recorded for
0.10 1nch 0.20 1nch and 0. 30 inch penetrat1ons In the ASTM standard
~for CBR,the'value to-bevreported is the one obta1ned'at-the 0.1"
'penetration; However if the 0. 2" penetratlon is greater than the 0.1"
penetretion the test is to be repeated _If‘the results are unchanged,
‘xthe 0.2" penetration is reported. It was found thar all CBR tests |
run in this investigatien had a greater'vaiue at 0.2" penetration as
compared to the 0,1“. Therefore, all CBR values reperted are for the
0.2" penetratien.

Some difficulty was‘encountered usingithe ASTM D-1883-73 method.
Most notable‘was the tendency of certain materials (sands end clean
base and subbase.materials) to fall from the’mold as it was inverted

and reset on the base plate. This was corrected by the use of sheet



- pOlyethylene‘discs~Which were7used in lieu of“the;required filter'

‘ papers. The plastic‘discS‘reduCed the'tendencyhof the“samplefto’,fﬁi %

B

adhere to the metal spacer and could ea511y be removed wlhout i

',‘dlsturblng ‘the sample surface.

’ F1gure 7 1s a graph of the results of a number of CBR tests
:i conducted on: each of a Type lA and Type SA materlals with" varylng
vm01sture'contents The optlmum m01sture contents(for den51f1catlon)
for these materlals were 7 5% and 9. 26 respectlvely Notlce that
the maximum CBR values were obtaxned for m01sture values of 5. 5% and
4.5%, respectlvely : Therefore 1t may generally ‘be expected that ‘a
CBR result obtalned at: optlmum moxsture w111 prov1de a sllghtly

conservatlve‘value;.not*conslderrngnsuchvfactors’as dynamrcwloading-“ftw'

L3

during saturation, or super-saturation. The decision to runall’’-
'samples‘atvOptimum;moisturefcontent*proVides airéas055b1e'cBR value”nfmk
'?1 e.; one whlch could ‘be- qulte frequently encountered in- the base’or-
subbase courses.; As-a matter of 1nformat10n at the optlmum m01sture
content most samples were about 90$ saturated ‘
Lo 4. 8011 Permeabllltles |

In New: Jersey the Department of Transportatlon -does ‘not . use
'permeablllty requlrements in any aspect or phase of hlghway de51gn
‘vThe Department has adopted no- permeablllty equlpment or test methods |
- as "standard" for 1ts use.  -Therefore, for the purposes of this" prOJect
Jit was necessary to completely develop the necessary laboratory.as

. well as adequate*test:methods.:vlvav“xﬂ
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, j \~|Q__ lFA Type l Closs A 'Soul With Crushed Gravel

Opnmum Mouswre 75% (Stondard Proctor)

I

3 [A Type 5, Closs A Crushed Stone Material
- Optimum Moisture =9.2% ( Standard Proctor)

AVE CBR VALUES -~

o 2 4 & 8 10
S % MOISTURE (BY DRY WEIGHT )

Flgure 7 EFFECT OF MOISTURE CONTENT
ON CW QESULTS |
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Hav1ng no factual 1nformatlon regardlng‘the permeab111t1esdb

' ;of the subJect materlals the method of permeablllty determ1nat1on
was to be dependent upon the range of permeab111t1es obta1ned from
'elthe 1n1t1a1 tests Reference to a chart by ‘A. Casagrande and

‘R E. Fadum(z) 1nd1cated that permeab111t1es of the subJect so1ls
‘may range from 10 to 10 6 cm/sec B partlcularly s1nce 1t was 1ntended
to test 50115 meetlng the "open 51de” of the spec1f1cat10n bands

: The same- chart 1nd1cated that both a constant head permeameter'.~

; and a falling head permeameter would be requ1red to ach1eve accurate
‘results over - thlS range On the other hand constant head permeab111ty
_tests are supposed to yleld a h1gh degree of accuracy and repeatabrllty ‘
- when performed on 50115 w1th permeab111t1es of between 1 to 50 000 ft/day(s) ,"

and w1th less than 106 pa551ng a #200 sxeve Accord1ng to spec1f1cat1ons

Tmost of the so1ls to be tested would meet thlS #200 51eve requlrement
'10f the two methods the constant head test requlres sl1ghtly more 'ﬁl" o
‘sophlstlcated apparatus from wh1ch fa111ng head apparatus 1s ea511yyluv
developed Therefore 1n the development of the laboratory, the pr1mary
fempha51s was on constant head apparatus although eventually,nearly a11
"permeabllltles were determlned v1a the falllng head method

(4a) Constant Head Permeab111ty Test and Apparatus s'

In the development of the constant head apparatus,referencevi'
‘was made to ASTM method of test D 2438 68 and a so11 mechanlcs text(4)
from- wh1ch the theory and test requ1rements were obtalned The general
| ’setup 1s shown in F1gure 8. Complete detalls 1nc1ud1ng theory,- 2,'

prov1ded 1n Appendlx A rather than here 51nce from the f1rst -
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upermeablllty tests conducted it became apparent that falllng-head

apparatus would be more approprlate for all subsequent permeablllty

o __‘teS_tS'r-_ o :

(4b) Fa111ng Head Permeablllty Test and Apparatus :

Flgure 9 shows the falllng head apparatus used in thls

rﬂjproject ' The metal permeablllty molds were selected on. the ba51s of -

long term durablllty and on’ the ba51s of commerc1al ava11ab111ty of

,fthe requlred sxzev~wA~6;1nch d1ameter mold was selected on the basis

vf‘of the ASTM D 2438 stlpulatlon that the dlameter be at least 8 to 12 o

'“tlmes the dlameter of the maxlmum partlcle 51ze of ‘the sample -The' ’

lso1l samples were to be prepared accordlng to ASTM D 698 Method D

’lTh as c1ted earller a11 mater1a1 retalned ‘ona- 3/4” 51eve was

removed and replaced by an equal welght of mater1a1 p3551ng the 3/4”-

; s1eve but reta1ned on he #4 51eve Th1s max1mum part1c1e 51ze of

E 3/4" 1nd1cated the nece551ty ; accordlng to the aforementloned
'dlameter stlpulatlon of a mold dlameter from 6 to 9 1nches
‘k;vTherefore the 6 1nch d1ameter mold was used

Although the 6 1nch dlameter metal molds were. commerc:”€:'~"

;avallable some sllght mod1f1cat10ns were necessary These 1nc1uded

»}‘_drllllng and tapplng the top cover plate to accept a 3/8" d1ameter

a'water 1ntake tube and 1nsta111ng a small shutoff valve at the base

port‘ To purge the permeameter of alr a bleeder valve was. also TR

ffltted dlrectly to the top plate The attachment of a standplpe

',;and a head helght measur1ng st1ck completed the permeameter

[

s
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' Samples werevcompacted 1nto the permeameters at optlmum morsture‘
Ihcontent in f1ve equal layers each layer be1ng compacted by 56 blows o
by a5.5 pound drop hammer bach layer or 11ft was scar1f1ed before’
the next 11ft was-added W1thout scar1f1catlon there was a dlstlnct e
bkunbound 1nterface between layers whlch could g1ve erroneous permeab111tv
results The top collar was then removed from the two-plece mold

cyllnder and the top surface of the sample was prepared by "str1k1ng off"

”w1th a steel stralghtedge The collar was then replaced a porous stone o

’and spacer placed atop the sample, followed by placement of the top

'v,permeameter plate The 301nts between cyllnder components and top and

base plates were all sealed w1th rubber gaskets o
The procedure for permeablllty tests requ1res evacuatlon of all

de a1red water

air- in the sample followed*by slow saturat1on w

} from the bottom upward Inwreallty, however 1t was establlshed that :
‘thlS method of saturat1ng was not fea51ble except 1n the most permeable

‘base and subbase samples ’ In1t1al attempts at vacuum saturatlon 11tera11y

‘vtore the 5011 samples apart because of the pressure dlfferentlal between f

',‘ the»ends of the samples ThlS occurred 1n sp1te of the 1nterna1 Spac1ng

, collar (to hold the upper porous stone in place) and 1n sp1te of attempts

to attaln very slow water entry ‘via small pressure d1fferent1als ,Vacuum.b.

saturatlon attempts were abandoned outyof nece551ty, and sample saturatlon

~.was henceforth achleved 51mply by soaklng 1n the CBR soaklng tank F nai" -

~ this soaklng method ‘a head of elght 1nches above the bottom of the

'samplevwas.usedaandcsoak;nguwas‘alwaxs‘achlevedAbxgwaterzenter;ng~the;fti
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':vﬁsamples through the base port and upward until free water was observed
‘atop the sample for at least 12 h@urs Some>ofvthe’more dense samples
.requlreddsoaklng tlmes of-up'tobseven days.‘ Befdre-rem@val frém'the

: ﬁank;:fhé base‘ééxt1was'0105édn-”The top potous stone, spring, rubber

Seai and top pléte aésehbiy w¢ré‘$eEuréd into place réady for the ,

'permeab111ty test - : - .

/

K The entlre assembly was piaced in an outflow basxn and the
;
-standp1pe was f111ed w1th water The assembly'was purged of a1r using
 the bleeder valve.' Fhen the assembly was gently tlpped alternately
’from side to 51de to. a1d 1n this purglng process | With this process -
:completed the bleeder valve was used to drop the head in the standp1pe
St

”to Just above the de51red beglnnlng head ThlS adJustment was only
ﬁperformed on samples w1th very low permeablllty For’ samples with
hlgher;permeablllt;gs,‘the standp;pe_was‘fllled and the timing commenced
as che’ standpipe wa'térlevei -passéd the initial heéd’hevight

| "To standardlze test1ng, water in the standplpe was allowed‘to
>drop from ‘105 cm. to 55 cm. above the level of the outflow basin for
"each test Three drops were tlmed on each sample w1th a water temperature
taken each time. Durlng the 1n1t1a1 tests, three molds were prepared
for a 5011 sample Wheq.lt:was'shown(that onlyfmindr differences |
occurred between molds, thig tqsfiné‘was reducéa_ﬁp two moldsbper'soil
“sample. If thé'pérﬁeabiiities bétween.mqlds differéd by anvarBitraryv

10%, the‘sample was retestea}
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"'Permeability'values- "K" are reported in unlts of feet pertl

day and are calculated us1ng the follow1ng formula

K=.2:3aLl x 1og), 2
A(tr -t 0k

where t; - to 1s the t1me requlred for the test head to drop 1n

“the standplpe from hg to hf o JS"E

a ross sectlonal area of the glass tube

'L" length ‘of the spec1men

A = cross sect1onal area of the spec1men

In permeability calculations there is a correction which accounts

‘ foruthe ehange.indﬁaterjviscoaity,due.to,temperature”ghange54lPermeabllity’

aiyalues_are normally;repqrted”at:ZOfC,e‘TheﬁfollOWing‘formula¢providesx
for temperature correction::

u

Kz = ke .553‘

where

-\perméabiriiy‘at‘éd‘cﬂ “

-

N

o
e

K¢ = Permeablllty at temperature t
ug = V1sc051ty of water at temperature t#
Tuyg = V15c051ty of mater1a1 20° L

| *The ratlo “t/“ZO is based on data from "Internat1ona1 Cr1t1cal Tables"'
~Vol. V. v : : :

L 13
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Somé tests were run to check the aéc@racy of thls formula
Permeablllty tests were perform@d on'. 5@11 samples w1th an 1n1t1a1
emperature @f 40°F Subsequently permeab;llty tests were performed"
”:on the same samples at 1ncr6351ng temperatures 'to a maxlmum of 90° F,
and the correctlon factor was appl;ed to the results The co:rected
v@;ues agregd w1th the.;alcmlated rgsults verygclosely, aé shdwh
~im Taﬁle 3. fﬁﬁ 311 $ub§éqmént'téstimg‘éﬁévabove formula was applied,
and all values .of "K" reported here;naftex are for a water temperaturé .

of 20° cces F)
 TABLE 3
~ GHECKS OF TEMPERATURE-VISCOSITY CORRECTION FACTORS

. o «‘ - Tepp e , |
Sample - “vTemp.°F‘ v'Correction~v< Meas.'K'(ft/day) | Adjusted "K'(ft/day) =

h ; 40 |   ~1‘.‘53' ‘ ‘ . 5.44 : 8.32 _
Concrete : L SR T o N
Sand - | 68 | 100 . | 827 8.27

1o | 0s 1 10079 . 8.20,
16 | e | 100 | ss1 | sl
| 9 | o6 | o 7.37 560
w o alss | o2 - Lo36

J1A-3 | e c1o0 | 38| o3s

9 | o076 | .44 | 033
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Vo o Results and Discussion_
A, General _V - | ‘ |
Tables 4 thm“gh 9 group the test reSultsofall samples by ;

: sPec1f1cat10n as follows . v A T A,

- Class

riTable : Type

. Table'5 ~ Type-5, Class A
- Table 6  Type 1, Class C -

‘Table 7 - Type 1, Class B..-

"~ Table8 ~Type 2, Class ‘A

_vaable.Q L’ Type 2, ClaSS~BTr

- W1th1n a table,samples are grouped by source. From thesegtables,
7severa1 1nterest1ng compar1sons are 1nvest1gated

Effects of "Blendlng:

Blend1ng 1s a method of comb1n1ng a bank - Tun soil aggregate k
B mater1a1 w1th some predetermlned size: of aggregate for the’ purpose

_of meetlng the gradatlon requlrements for the 1ntended materlal

L

'usage., For 1nstance, for a part1cular construct1on pro;ect thev
;Contractor may be. capable of obta1n1ng a nearby source for Type 1

Class A base course materlal However th1s bank run source may be '

runnrng around 9% pa551ng the #200 51eve (7 max1mum allowed) ‘

Rather than use an alternate source several m11es away from the. ?';.fb

JOb the Contractor may f1nd 1t cheaper ‘to sh1p in 3/4 1nch 51ze
~crushed stone and mix it w1th the mater1a1 from the nearby source.

In terms of. reduc1ng the percentage by we1ght of materlal pass1ng

the #200 s1eve, thls practlce appears to be sen51ble, and has become ,n " : .
"qulte common Yet the effects of blendlng upon the dra1nage and |
| load support characterlst1cs of the 50115 were. essentlally unknown o
.,Table 10 prov1des a comparlson of CBR values, ”K" (Permeab1l1ty) |
values, and Proctor dry dens1t1es for bank run 50115 w1th and w1thout :.

blendlng.u



Table 4 - TEST RESULTS OF TYPE 1, CLASS A SOIL AGGREGATE

CBR

Gradation
(% Passing Square

Mesh Sieve Sizes)

Location

Perm.
HK".

'1ft/déy

--Dens,
_peh)

opt.

M.C.

Soaked

(at 2" penetration) o

Unsoaked

m

100-70

95-50

'3/4vv;

¥4

60-30

#50

’25-5;

| #200

7-0

" Commerits

1A-3 |
1A-4 |

1A-5

1A-6

'lA;7

iAfB:

1A-9

lA-10

lA-11 |

tA-12

| Ssayerville, NJ
Sayerville, NJ

Sayerville, NJ

T S

Ogdensbﬁrg; NJ |
diensbufg, NJ.

'G. S. Stone &

"Gravel .

G. S. Stone §

~ Gravel

Flanders S&G

Flanders S&G
Flanders S§G

Houdéille

10.019

0.058
0,038

0.570

| 0.260 |
| 0.00043]
10,0021 |

- 0.0461 |

0.342

2,130

0.250

129.9
133.3
118.6
| 12004 |
131.0 |
126.4 |
132.0:

126.3

119.5
106.7

132.2

8.7
9.0 |
11.0
8.8 |
7.8 |
11.0
9.0

9.1
11.8

13,6

7.5

[ 0.16
110;58: ;
  0.617
o2
"5;40‘

0.57
0,29

0.29

0.91

s
| 0.65
- 0.17
L 0.76
.;‘ 0'66 
0.28
022 |

0.62

‘0,48

0.29

- 0,79

1100

100
100 |
2100:1 

1100

100
100

100

I 100

-.100

. 100

- 95.0
95,0

95,6

| 86.6

‘ '93;4:

87.8
164.0"

64.1

93.9

88,3

03.8.|

v95;3~}

59.3

45.0 |

58,2 |
57.8 | :
59.0 |

58.8 |

74.4

58,7
59.0

58,1 1

14.4
10,8 |

31,2
24,7

27,2

17.7

5.9

4,3

8.8

4.8

6.1

7 7.6

14,3

7.5

3.5

4.3

Blend (29% Stome Added)

'Blend (43% Stone Added)

. | Did not meet gradation

Rlend (35% Stone Added)
(Treated as Non-blended

| Blend (33% Stone Added)

(Treated as Non-blended

.1 | Blend (5% Stone Added)
| (Treated as Non-blended

1 Failed - not used in CB

Blend (24% Stone Added)
Blend (35% Stone Added)

=Ly-



" Table 5 - TEST RESULTS OF TYPE 5, CLASS A BASE COURSE

~8Y-=

CBR !

(at .ZﬁvPenetration)'j

. 1*Gradation ;

©. . (% Passing Square

Mesh Sieve Sizes) -

“| Location - .

1o
|ft/day |

Deﬁs. v ‘
(pcf) |

>: Soakea

Uﬁépakéd

~ 100

o

f3/4":

90-55 "

#4

60-25 "

| #s0

25-5

#200

112-3

. Comments. .

1 | Pennington TR -

:!'W}iffeﬁfQﬁbYa;v
| W, Trenton ¥.
[pa—
f.Néyfistéﬁn,ng,
| Norristomn, Pa.
M. Hope

| 0.0086
|0.00438 | 137.8

0.0103 |

0.0056
0.0123

;-9:._7 i R

1200

0.366

130 |

130.9
a9 |
.fjsabﬂﬁlv
1250

136.3 |

0;451
ot |

0.40

0,68

-~ 0.86

" 0,59

v_*;o,g7g .

0,49
0,40
- 0.39

£ 0.58

L 22 E T

100
100
100
100
| 100
'f>100v 

| 100 |

- 85.3

70,0

83,1
" 81.5
92,9

' 74.3

i 60 .:40 I

55.1

.50.6

51.1

- 40.9
40.5
30.0°

21,3

54.9

16.8 |.

16.4

 20.9
16.0
17.0
kiO;Oj
57|

10|

"'8.9 .

9.3

12,9

10.3

ao
3.0

8.5

1.7 |

Blend (25% Stone Added)

(Falling Head)




‘Table 6 - TEST RESULTS OF TYPE 1,

CLASS C SOIL AGGREGATE

 '(at

CBR

L2 Penetratlon)

- Gradatien

(% Passing Square

Mesh Sieve Sizes)

| Samplef -
Number

-L@cation v

- Perm.

ng
ft/day

Dens. | |
’(pcf) 1 %

opt.|
M.C.} o o
% | Soaked

‘Un;oéked.

: zn
100

374" | #4

100-60 | 100-30 |

35-5

#50.

#200.
5.0 |

~ Comments

}C -1
:1C 2,
1¢-3.
f1C-4;
 1€§§;;
1c-6
1c-7 | ogdensburg,
1c-8. |
169

1¢-10
1C-11

1c-12 |

1€-13 ||

'Ogdensburg,f

ngdensburg,

'Newark NJ

Ham13t®ﬁ Lakes NJ

Hamllt@ﬁlkakes, NJ

Hamlit@ﬁ Lakes NJ

Newark NJ

Houdaille3 NJ :’,

’Houda111e. NJ s

- Cravel

G. S StonevG,:',"

Gravel )

Ham11ton Lakes NJv‘

NJ  .
NI

N

”0;223 1
o.ozé,:
6;2256
| 2.85 |
B  §;46;11
| ss0 |
»;s_76;:

0,54 |

2.1

G.S. Stone &fﬁf '§i:O;?7 ,

"ff4;327

2,71

11850_
~125,s |
_122;6   
14.5
 128L4:€%[
1135 |
oz |
129, 4l
| nza

1199
125.5 |

12,4

122.0

12.1

9.0

| 121

N '0
N

}isfl}if
13.7]
s8]
10|

: IO-‘..' 8

13,3}

10,74

f@j0;45'

0.20

0.46

022

Coa21 |

:fTOLIS ]

'5»0;38_ 

0.16

';,;;0;42:

.28

L 0.19

024

;f0;24:Li~

0.6
0.8

1018

{100 |
1100 |

1100 |

1100 |

1100 | ¢

100

100 |

*iDﬁnjfcf

93.9 | 76.4

igg.g.-:;71g4;
797 | ss.0 |
979 | en1

| sa.2 |

100 | 65.0

90,5

| 7.2

4.
irzj,g}'
36.5
58
{213
3.2
2  6§;?]£if‘

| e8]
4".‘ 8,~2 .”2 : '>: .

537-5 

12.8 | 3.2

' 3;ﬁ'
20

12.1

'10,65{1;4;~v.'

3.4 |
3.6 |

laa |

5.0 |

,1;0”‘

Blend

Z;Svf"'3». o
NocmR's
20 |

‘é;ifég'f-f«*

;,1;6f;v,~=s»

Blend (35% Stone Added

1
.
N

-4



. Isble 6 (Continued) .

-08-

(@t

»hE;Grada;ipn,*iygn e

(% passing Square .

 Soaked

«2" Penetration) | ..

Unsoaked |1

] s

}ﬁj#SOE

_.Mesh Sieve Sizes) . . | . .

g#zooi o

jﬂ;kacéﬁmgﬂtSf f

15| Hami1lton Lakes, NJ |

| Hamitton Lakes, N3 | 2.

17 | 0dgensburg, NJ 1

‘ Odgehsbﬁ:g;iNJﬂTu 5

| 0dgensburg, NJ .

: Neﬁafk; NJ?,ylﬁfflﬁ~'

TN

1.4

3| 0,57

0,12

:fb'édﬁﬁiﬂf
 f0;4$‘

0.1

016

040 |1

4 R

o100 |

45,0
| 08,7
35.0
50,0

50,6

5.0 |
| o27.4-
| sof
8.0

56,6 |

1 0.0

1.5

0.0

2.2 |

ide i

‘' Not Run -

_ Blend

All material from
-Odgensburg -

- ‘Blend

- Blend fﬁﬂflﬂif’



Table 7 - TEST RESULTS OF TYPE 1, CLASS B SOIL AGGREGATE

uef -

{at 2" Penetfation)w

CBR

‘Gradation

0
(%

Passing Square

Mesh Sieve Sizes)

Location

Perm,
| Dens.

HK"

ft/day

(pcf)

Opt. |

M.C.

d { Unsoaked

1100 |

- 374

100-65 -

1 #4 | #50

75-40. | 30-5

#200

- .Comments

’1Be47
1#-5;
1376f
15475
TLB-Si
18-9.
(B-10
[B-11 |
B-12

1B-13 |

B-14

,Jamesburg, NJ

1Jamesburg, NJ'»

Jacobstown, NJ

iJacobstOwn,'NJ

| Woodmansie, NJ

vRt,VQQS/SEab 844
Crcsswwkgs NJ

Rt. ZQSKSRab 407

Rt ZQS/Siab 1004

Rt., ZQS{SIab 1004

Jamesburg, NJ
JacobstOwn,‘NJ

JacdbstOWH,iNJ_'

{0.024

.0007

0 0016

:o.oosg
|o.057

0.135__

0.441

;:o;oozs;
~{o.390

" {0.01195'

0.026
“lo.0021

|0.0084.

[128,1°
125.8

12805;
126.0
123.2
'11613’
126.3 |
l121.2
133.8]
azs2|
,126;sf:’
‘123;3 !

|123.0]

9.3

10.9 .

9.0

_9;8‘v
10.9
, 9;3’k,
‘19.93 N

111}

8.9]

0.21

0.43

0.29

0.37 |

0.89 |

0.24
;b;;Q
0.30
0.41 :
0.30
3 0.31

0.3
022

0.65

- 100
100 |
100 |
11boi»,
ipbf;
100
oo |
oo
;}106'
100

- 190“@‘51061_

77.4

95,0 -

97.7

77.8

90.5 |

93.8

.1065  :’
6.8 |
>f;§7»é' V>
| o8.a |

100

68,9 | 15,0
71.2 | 22.1

70,8 | 20.1

| s1.6 |13.9

- 79.6 |17

68.6 | 11.6 |

887 1|
s7.5 |12z ]
79.5 | 24.5 |
60.0 | 18,6

893 | 39,7

-60.0 .1-23.0

| 6.4
_»6;i7_
76.2_]5f\

5.71

6.4
{12.3

7.0}

‘5:,-9'5

-1~

ls.7]

8.7

lBlend (33 5% Stone Added)‘ 

:Or1g1na1 Sample

Blended from 1B- 11 (20%)

,0r1g1na1 Sample

‘Blendedvfrom 18-131(30%)
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. Table 8 - TEST RESULTS OF TYPE 2, CLASS A SOIL AGGREGATE . * -~ -l -

Lo "!‘i,

o Gradat1on -
(ﬁ Pass1ng Square W'

! (atq 2”'Penetrat1on)  f‘gjgf , Mes Sleve Slzes)

A 3/4"v,ﬂ  #41,¥]f~#s§;, #200;\*‘

ﬁSamplglﬁ v R
“Number|™ . |

ﬁLocatlon ;H; %fffldéyj

‘” i (pel . |, Soa i'T,iqﬁsqékeg;; 1pd3§]100 70 jsﬁzé;w130;;§u"§ff'j{;,’,_;ééﬁm;hts°%»_a
wes | R”"S/S“’ w07 | o. 077 105 | 12.9] 022 | o022 100 | 96.0 | 76.4 | 21,0 78]

'A-4 ‘5R¢42295/51ab 239 | o. 254é~a”_,éﬁf'€f 7 0.28 | 0,32 [100 | 98.1 | 66.5 | 13.1 | 4.9 |

0,35 | 0.24 {100 | 87.5 | 60.3 | 17.4 | 8.5

A-5 ﬁkﬁgglso (Cranbury) 0056."‘ 6




Table O - TEST RESULTS OF TYPE 2, CLASS B SOIL AGGREGATE
_ ~ Gradation
o 7 CBR (% Passing Square
, (at .2" penetration) Mesh Sieve Sizes)
18 Perm. | Dry | Opt. 20 3/4m | #4 | #50 | #200°
TE o "K' | Dems. | M.C | | - i o
b= Location - ft/day (pcf) % | Soaked | Unsoaked {100 |100-70 | 80-30 | 35-10 | 12-4 Comments
B-1 | S. Jersey Maint. Yd.|0.00168 | 122.4 | 11.8 0,27 0.18 |100 | 98.4 | 81.0| 19.4 | 11.1 |Blend (15% Stone Added)
B-2 | Jamesburg .0025 | 126.3| 10.0/ 0.37 | 0.36 (00| 95 | 85 | 18,1 | 9,0 | |
B-3 | Woodmansie .0007 | 128.1| 9.3| 0.39 | 0.24 [100| 77.4 | 68,9 15.0| 6.4
B-4 | Crosswicks |.0030 | 128.6 | 9.0% 0.36 | .39 [100| 97.7 | 70.8| 20.1| 6.1
B-5 | Rt. 130 .0017 | 129.4'| 8.,5%| 0.60 .54 j100 | 96,2 | 71,2 18,3 | 7.8
B-6 | Woodmansie, NJ {.0007 | 126.5 | 11.0/ .03 02 |100] 68.1 | 62.6| 21.6 | 11.6 |Originally sampled
O » o . RE - - R - from a 1-B Source

~gG6-



'TABLE '10 - COMPARISON OF BLENDED
T AND UNBLENDED MATERIALS

=g

Case |

" Type & Source

";."Bank-RUn"A:=j

‘Permeability,

K (ft./day)

Perheaﬁiiity
- After Blending,
K (ft./day)

| "Bank-Run"
| opt. Moi

' Blended
LN CBR @
sture

Opt. Moisture | I :
S (el o

‘v”BankJRuh”,

- Proctor -
.Density

Blended |
Proctor

| Density - -
(pef)

ilbuﬁ

| 1-A,

‘;-1§A};
}ifl;A;
’éi*C’f
.f‘ﬁl;c;;

‘2143;1

1-B,.

Pennsauken Form.

1-A,

1-B,

‘PenhSauken'ﬁgrﬁ;fu:_
Cafboﬁafe-Sﬁgi;'\vu,
‘Quarf24Granitéfl3'?'
C??bAﬁatelvff e
Cdé?fai Dfeégiﬁé};i’g
Coééiéi Drédgiﬁg5%":
*Péﬁhsaukép;sagﬁ,g»u,

Pennsauken Form. '

©0.038
0.038
0.0021

1 0.046

‘3;05 u»1
o 0.024

0.0021.

o.012

Pénnséﬁﬁen_Forﬁ{ 'vf’j,OQGGSfi ,,”f

0.019
£ 0.0004

97

e 1f:0¥626'75‘y

0.084

0,058

0012

R
.Hﬂi;Q‘17‘3]
022 -
0.62
-;O?sz}
.v’65275,

' Q;27:,f

:  0%36\

0,45

0,28
0.48
‘)§97;fi*f

0.45

.68

'0f65; ﬁu»5v1 

.6;42 .{_1\'

Co11e

Cispo
126 |
| o1as

7,;ii?j‘v' 

ouz

128 o0

C 126

Co126

130

;}§3iff; j, ’

126

120

136

115

112 ‘;?f
  126' f

'5¥123f1?"

3,’134fg7j‘;' 2

 xAVg;
‘Avg.

- Avg. nded density
“Avg. blended denéityl '

CBR béfbre bléhdingf
‘CBR after blending

"o

Avg. difference is 0.212 or

»

0.333
0,545
67% increase

‘unblended density =~ 125 .

126 -
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For each case shown in Table;lo,bthe blended samples were; o)
prior to the addition of the stone; precisely -the same.materiai
. as thé unblended samples. The summafy at the bottom of Table 10
reveals that overall, there was nb significant chahge in éverage
~density with blending. A look at the individual density changes,
'howevér, reveais that individually, from one source to another,'
blending may subStantially affect densities. For iﬁstance, the
laigest increase in density due to Blending was 14_pcf. For that
particular case, about 50% of the measured increase was due to the
‘rhigher specific gravity of the added stone itself. Therefore in
terms of the effective deniity chahge, or the change.that‘occurréd
‘ dué'tb compaction, there wés an increase ofvabout 7 pcf due to
blending. | |

_Thé,larges; de@reése bcCurred with Casé #5{ the Type 5, Class A
sample, where(the blended_sample was 9 pcf less than‘the original
‘sample. In this case, the stbne that was added for blen&ing was of
the same sburce asvthe-original sample. Therefore, the addition of
the stone for blending‘causéd a "réal” density decrease Qf 9 pCf.

By similar reasoning‘in‘Case #4, a quartzfgranite sample, blending
by addition of traprock caused an appafent'Samplé-dénsity decrease
of 6 pcf. The stone that.&as added in blending had a higher specific
gravity than the original sample»material. Therefore, the ''real”
density deérease due to blending is arOUnd 8 pcf. For Casey#S the
‘amount of stone added for blending was only 5% by weighf. Therefore,ll
the 6 pcf'deérease is not adjusted and may be considgred the 'real"
effect of blending. |

| Each of the aforgmentioﬁed»casesiis from a differént geological

and mineralogical source. In Table 10, however there are five cases



T

- (#1 2 8v 9‘ 10)‘uhrch‘came from the same geologlcai orrg1n
’ ~(Pennsauken Formatlon) although they came from 3 d1fferent p1ts.1 The';
S1- A samples from the flrst p1t had an effectlve den51ty 1ncrease of ‘
5 7 pcf. Cases #8 and #9 from a second p1t had an effect1ve den51ty;
‘:decrease of about 5 or 6 pcf And Case #10 from a th1rd p1t had an’
‘effectlve den51ty 1ncrease of around 2 or 3 pcf Therefore even.
.dmater1als that are.geologlcally 51m113r may demonstrate"drssimilar;
‘dens1ty changes from blendlng | ‘ | ‘,‘ |
N In compar1ng CBR values, the summary at ‘the bottom of Table 10
: rs representatlve of a11 but Case #4 shown thereln. vIn general the
~ CBR. values 1ncreased substant1a11y w1th b1end1ng. How 51gn1f1cant
this 1s w1th regard to reallstlc load support of pavements and |
'subsequent 1ncreases in pavement 11fe is- unknown.
It is 1nterest1ng to note that all of the bank run 50115 that
‘had CBR 1ncreases w1th b1end1ng, or1g1na11y had relatlvely low CBR
- ; values The one sample (Case #4) that had a CBR decrease W1th |
blend1ng, or1g1na11y had a h1gh CBR compared w1th the other samples(”“
of 1A materlal 11sted 1n Table 10 Although there,are certa1n1y not
hienough data on wh1ch to base absolute, sound conc1u51ons regardlng
the affects of blendlng, there 1s the 1nd1cat10n that b1end1ng w1th
' 1,crushed‘stone will 1mprove the strength of materlals having very low _
':CBR values wh11e the affect of blend1ng upon mater1als hav1ng
hlgher CBR values (from about ‘0,50 and hlgher) is. very quest1onab1e.
Of prlmary 1mportance in: th1s pro;ect 15 ‘the 1nvest1gat10n of
'the permeab111t1es of the varlous base and subbase materlals. Durlng" ’
the course of the research a s1tuat1on presented itself whereln a o
new PCC pavement, constructed on a lB base course .exh1b1ted substant1a1

”pumplngﬂr A review of the mater1a1 sampllng and testlng records ‘
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showed that the base course had been blended to meet‘the’gradetion
requirements. The performance of fhe base coufse féised.a_serioﬁs'
question pertaining to the affects of the biendiﬁg. Samplesvfaken_

by the researehers directly from thevseurce of thevmaterial, reveeied
that the material was high‘in "minus #200" material. These samples |
are represented by Cases #8 and #9 in Téble 10.V.Aitﬁ0ugh the
'permeabilities (k) of these two cases varied by one order of‘.
magnitude, blending did not ceuse an appreciable eﬁange in K-vaiues“
in either case.. Of the ten cases shown in Table 10; only three .
show a change in measured K of one or more orders of magnitude.

Case #3 exhibited a decrease in permeability withrblending;
However, a separate set of tests conducted on this_generel semple'of
shale material revealed that substantial aggregate ”bfeakdowh”chuld:
occur by the drop hammer densification method, In all such tests, .~
the minimum increase in minus -#200 material was‘S%'by’weight,e‘It
is prebable, therefore, that the observed drop iﬁi"K” was largely
due to this factor. | | |

~In Case #4, the sample‘was visually noted during‘cohpactien tbe
have lost stability with blending. This‘observetien‘was verified by
the CBR decrease’ as well as the drop in density. Therefere, the
increase in "K'" would appear to be a logical result of tﬁe'blending;

| Case #5 is a quarry‘processed material, desighated as “SA", |
Based on other tests ef this kind of matefial in related:wOfk but
not specifically included within this study, the large increase in
permeability, K, of this sample probably occurred because‘the:
:ematerial had beeh-transformed into a "so—célled" openfgraded sample,,.

i.e., larger size aggregate has been added to an extent sufficient



to cause v01ds w1th1n the sample that can no longer be f111ed by the
"remalnlng f1ner aggregate 51zes. Thls explanat1on also accounts
dfor the large drop in dens1ty and the large increase- 1n CBR value |
Actually, at thls p01nt 1n such mater1als the CBR test 1tse1f

fls probably 1nappropr1ate since a conflned sample of thls mater1a1

;'~“can scarcely deform w1thout crushlng of the aggregate

“:‘ W1th the exceptlon of the aforementloned three cases ”blendlng" o

appeared to make no change in the dralnage characterlstlcs, from
'those exh1b1ted 1n ‘the - natural materlals Therefore 1n summarlzlng‘
vTable 10 V"Comparlson of Blended and Unblended Mater1als,” 1t may
l;be stated that in general blendlng has 11tt1e effect upon the

: permeabllltytof'a-materlal If blend1ng is used for the purpose of

| :art1f1c1a11y reduc1ng the percentage of mlnus -#200 mater1a1 the
net effect ‘is to allow the use of natural mater1a1 ‘wh1ch -even when '
| blended w111 be practlcally undra1nable T |
o Furthermore blendlng appears to substant1ally rmprove CBR i”
values of so1ls hav1ng low CBR values 1n the1r natural state.!,,
These results are based ‘on: samples wh1ch are conflned 1n a CBR mold
Just how well these re;ults translate 1nto reallty, that is how .,;f”

closely they represent the behav1or of the same mater1als 1n the1r S

semi- conflned p051t10n thh1n a. pavement sectlon 1s questlonable

It is noteworthy that the Department has used blendlng as a means g?”’

»of stab11121ng 5011 base mater1als that met gradatlon requlrements 7
“of the spec1f1catlons A recent case in po1nt is on Route I 195
'Sectlon 6B where Type 2B was placed The materlal had‘llttle"
h no unconflned stab111ty under load Blendlng 1mproved th1s 5011
‘such that - 1ts replacement was not necessary.> At thlsgwrltlng,hnow:w
~"beforefand-after21CBR?s.are avallable on the:ab¢V¢;ﬁ§ntiQﬁﬁdL23v’

i
1

».



‘material.
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materialr. But the fact that there is general agreement between
laboratory and,field‘experiencb implies'that a fairly inexpensivé load
bearing test and load bearing;fequirements could be used to-avoid,

or at leastbto satisfactorily;resolve, the disputes which arise over

an "acceptable' material (by specification) that is not really

-acceptable,

If any'increased CBR value is to be used (in a design énalysis)

for a blended material, it»wifl be necessary to conduct appropriate

tests usihg-the actual materiéls that are to be utilized‘for the

~particular construction job.,?Particuiarly'in northern New Jersey,

the geological make-up is such that the soii composition and

engineering properties can vary greatly over small distances within

a source pit. Therefore,'thefimportance of adequate and representative

i .

sampling and testing cannot bé»over-emphasized. 'Finaily, the practice
of blending can lead to large and importént errors in any construction
phase where density control is important. 'Target' densities should

always be established on thev$asis,of the results of the blended

|

C. Load Bearing Characteristics
Tables 4 through 9 presént two CBR values per Sample taken at
each of the optimum moisthre content, and the soakedfsaturated»condition

for each sample. These values represent;'in the opinion of the

~authors, only a gross indication of the relative strengths of the

vari0us'materials tested. In fact, during thé'plahning stages of
the groject, it was never intendedrthat‘the CBR réSults would be
used for a more "refined" analysis with CBR data, Hence atvthat

time, it was decided to perform one of the CBR tests at the optimum



,:m01sture content ‘onbthe ba51s.of twormaln thoughts.'lh‘vthisZWaterfd
f‘content would allow us to achleve max1mum dens1f1cat10n,_somewhat ef'f”- ~'ﬂ>‘f"‘fsc a
'representat1ve of ”fleld condltlons" for a newly constructed hlghway, ) o
and 2 it was est1mated that thls mo1sture content would be generally-‘
h’representatlve of the m01sture content in base and subbase courses
at almost any t1me after construct1on of the hlghway.— Tests were
‘also conducted on soaked samples | PR
For most of the samples the permeab111t1es were so'low that they

took at least a day to become saturated 1n the soaklng tank Féf»:’

ythese samples,u1t 1s safe to say that a CBR test was conducted 1n‘a
usaturated condltlon. Thls saturated condltlon (or worse) 1s
' ‘representatlve of the ”fleld condltlons” of some base courses

1mmed1ate1y beneath PCC pavement slahs follow1ng raJn storms ’Other'fft
:more permeable samples were tested 1n a soaked cond1t10n That is

'to say that some dralnage occurred 1mmed1ate1y upon removal from |

the soaklng tank and durlng the CBR test |

Table ll summarlzes the ranges and meansvfor the soaked CBR

hvalues and the unsoaked CBR values for each of Tables 4 through 9,

,The mean, unsoaked CBR values for non- blended samples are also B

81Ven A few 1nterest1ng a5pects surface as one exam:nes Table 11 t*,'5”
| | F1rst, 1t is 1nterest1ng to note that for each Type and Classk
‘;offmaterlal there 1s ne s1gn1f1cant dlfference between soaked andv:'
;unsoaked CBR values. Scann1ng through any of Tables 4 through 9 :ff'ff SR ’s‘ %i
ffshows that even on a sample by sample ba51s there are usually only vh‘ |

wSmall dlfferences between soaked and unsoaked CBR values. Furtherﬁ*~k
dlfferences shown are not cons1stent1y h1gher or lower | The reason"j'l"-&‘

. for thls ”closeness” of soaked and unsoaked values probably 11es



Table 11 - SUMMARY OF CBR VALUES

CBR Value at 0.2'" Penetration, 10# Surcharge

Unsoaked
Non-blended (Range)

2 (AGB)

Base Course

'Type
~and Soaked Or ’ Unsoaked
Class General Use of Material Saturated All Samples (Range)
1-A Base Course Beneath PCC 0.48 0.49 (0.17 - 0.79) 0.43 (0.17 - 0.79)
_ (10 samples) (11 samples) (6 samples)
5-A Base Course Beneath Bit, Concrete 0.62 0.58 (0.39 - 0.97) 0.49 (0.39 - 0.59)
(6 samples) (6 samples) (5 samples)
1-C- Subbase Beneath 1-A or 5-A 0,30 , 0.30 (0.11 - 0.67) 0.23 (0.11 - 0,42)
‘ - (16 samples) (16 samples) (13 samples)
1-B Base and Sdbbase Combined 0.41 0.36 (0;24 -.0,65) 0.33 (0,24 - 0.41)
(8 samples) (9 samples) - {8 samples)
0.33 0.29 (0.02 - 0.54) 0.30 (0.02 - 0.54)
(11 samples) (11 samples) (10 samples)

-10-



"_;1n the fact that 1n general for all of these so1ls;.saturat1on 1s:y
“only Zof- 3 more water than optlmum, i, e, 1f the optlmum m‘c ise*
df10° by dry we1ght then saturatlon 1s usually reached at about 125ijs*

”iior 130.\ Of course thlS trend was not apparent unt11 substant1a1>k
r:testlng on varlous Types and Classes had been performed v Neverthe—f}a=
v7less, the results obtalned are 51gn1f1cant as w111 be d1scussed |

ﬁevherelnafter.,°"'

Upon further exam1nat10n of Table 11 .1t is. 1nterest1ng to

"compare the relatlve strengths of the varlous Type and Class materlals,

rpart1cu1ar1y in V1ew of thetr 1ntended use. Type 5 Class A mater1a1 ;:‘ ‘

1s a crushed stone product It 15, by compar1son to a11 the other
Tj,materlals substantlally stronger in terms of CBR values (0 58/0 49)
k Con51der1ng 1ts or1g1n and nature, these results are expected.,‘Its

" use. 1n the pavement sectlon 1s to serve as a strong base upon wh1ch -

"'approxlmately a 9—1nch thlck b1tum1nous pavement 15 usually placed

Of the six materlals used for N. J base and subbase th1s is the.

'nfl’strongest and thorefore the one to use, barrlng any con51derat1ons of
.;éwater problems | | : .

Type 1 Class A (1 A) had a mean CBR of 0 49 (Jncludlng hlended

;;’samples) whlch 11es about m:dway between the CBR's for 5 A and 1 C,

fi“'a subbase-mater1a1 ThlS flts n1cely 1nto the pattern of de51gn~£f:f‘“

jassumptlons, 1 e, that 1 A serves as a strong base whereas 1 C has

' lnﬁless strength (CBR 0 30) and is used deeper w1th1n the pavement

7*,sect10n However, because of d1ff1cu1t1es 1n obtalnlng 1 A mater1a1
'.:that actually met the gradatlon requlrements,'many of the l A samples
'were blended mater1a1 Samples 1A 5 and 1A 6 were taken from an

e ,old plt of glac1a1 t111 that was no longer used as a 1 A source. 'It“f
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was found that‘the:only way to ob%ain material meetingyl-A gfadation,ﬁas
to blend the'materiallfrom ﬁoints?within the pit. Since this pit had ‘
‘beeh‘used as a large‘l-A;source ét-one time, it wés.desired to maké the
1-A samples entirely’ffoﬁ the natﬁve materiai.‘,Therefqre,‘thgse |
vsamples, although listed as»ﬁlendéd, ére tteatéd asvnon—biended.
vBecausevthey were artificially mahe with’their.gfadationsiso'Similar,v
~ the CBR results were averaged and}taken‘as one CBR fof'compUtafiqnal
' pufposes, _With this c0n$ideratioh, fhé average‘CBR for uﬁsoaked,‘nOn-
4'b1endéd 1-A mate;ial isvseen‘as‘O;AS which'égain falls hiéely befﬁeen
the expebted higher CBR fbr'S}A (b.49j aﬁd the anticipatéd'lowerACBR
of 0.23_for'1-C materials. - : ; o | B
The range of CBﬁ»values>for l-A maperial is'Sqﬁewhét_revealing
in that the lower end of fhevrangp is weli inﬁo fhe fangelof values to
"be éxpected‘fbr l-C:matefials.  I£ other Qordsialthough,it is intended
that a 1-A material should‘be a strongcr ¢oufse than lfc;;theré is
absolutely no‘guéfantee that,thiQIwill‘Be tHe case; through the
application of the‘curreht‘specification. | | ‘
| Type 1, Class B (1-Bj«métefial is bééiéally a soﬁtherﬁ New .
; Jérsey substitute for 1-A éoils Qéneath PCC bavement; It is also usgd
Aas‘a subbase sometimes beneathfa;2¢B base course. The mean CBR
valuesnlie abdut midway between éhose of l-A and 1-C soils which,is 
in‘general agreement with design{assumptions; in addition; the rénge
of CBR»vélueé‘(O.17, non;blendedi is small iﬁ éompariSon to:that1of ifA
(0.62 non-blended) théreby implying_thét 5ver511; thevl-B spécification
may at times be assuring a bette#’material thanlthé»iéA‘réquirements.

However, Figure 1 shows that thezgradation bands for Type 1-A and
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and Type l B 50115 whlle shlfted sl1ght1y from one another,rare of :
"about equal band width It would therefore not be expected that the' 1 B
‘spec1f1cat10n would assure better mater1a1 or exh1b1t less var1ab111ty 8
i in CBR. strength than the 1- A Spec1f1cat1on. 2

' In the authors' oplnlon, the small range of CBR values of the
111 B samples 15 due to the fact that although the samples were; ,‘ |

jselected from var1ous sources there 1s l1tt1e change 1n geologlcal-

'.fm1neralog1ca1 makeup amongst these sources, 51nce they are all 1n'

fsouthern New Jersey (Refer to F1gure 5) In contrast the 1 A samples »’"7“*’

']were selected from sources throughout northern New Jersey and thus" 'v;jﬁ":"

7

;trepresent materlals of vastly dlfferlng geolog1cal m1neralog1cal or1g1n o
;:Therefore at least for New Jersey, where the geolog1ca1 or1g1n of
umaterlals varles substantlally, a spec1f1cat1on based prlmarlly upon -
{igradatlon characterlstlcs is 1nherent1y weak W1th regard to load
"support characterlstlcs.d | < S
Type 2 mater1a1 1s used where solld support is de51red
‘1s used as a th1ck base beneath th1n b1tum1nous shoulders and as a
' base for b1tum1nous pavement where 5A 1s proh1b1t1vely expen51ve or
__where llghter trafflc 1s expected , Although 2 A is so scarce that
',,j1t 1s no longer spec1f1ed some samples were obta1ned from h1ghways ?7
already constructed For practlcal purposes the" results of

wTables 8 and 9 may be con51dered together partlcularly 51nce 4 of

o the 5 samples of 2 A came from the same Job

Table 11 shows CBR means of O 29 and 0 30 for the Type 2
materials Whlle the non blended CBR of 0 30 1s better than that
‘_Tof l#C 1t is. not superxor to that of 1- B Dens1t1es are very

itomparable,to 1-B»samples There apparentlv 1s no ba51s to assume =
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that Type 2 material will prov1de more den51ty or support than l B
soils or than blended 1 C 50115.

| Of importance is the range for Type 2 samples. The‘highest;
value of 0,54 was obtained ana sample taken from a 30 yeartold
PCC pavement; It was purposely selected hecause this particmlaf'
pavement has performed (and st111 performs) excellently Byh
comparison the hlghest value of all other Type 2 samples was only
0.39. | | : |

On the other hand, the lpwest‘CBR of therType 2 fange ie

0.02. Because:of_the apperent abnormality‘of thisfvalue; this’
vparticﬁlar sample.wae checkediand re-checked. Agreement,ih'resultsf
was extremely good and,the re%Ults must be accepted astvalid .Of:
all of the non- blended samples this sample (2B-6) poesesses by
far,(the most minus -#200 mater1a1  This sample also had one
of the lowestpercentagesof meterial passing the #4'sieve. Recofds'
ihdicate substentiel sloppinees of this sample at its optimum
‘moistmre conteht( While this eXplalns the. very low CBR value it
also serves as evidence of weakness in the spec1f1cat10n As :
~ hereinbefore ment;oned, it 1s;noteworthy that cases of extreme
instahility of 2-B'materia1 oh'constructicn jobs have4cccﬁrmed.

D, Dralnage Characterlstlcs

As stated in the 1ntroduct1on the center of 1nterest of thlSr
work is upon the dralnage capac1ty of a material 1n relatlon to the
requlrements placed upon_that;materlal by the hlghway design and
highway‘leeds.i Befofe gettih%iintoethis’dlscussion; however, a

S |
few ‘other pertinent matters are presented.
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1. 'Permeability Data.

:‘ Data for all of the samples are. presented 1n‘Tab1e 4 through 9
A review: of thls data shows that in general the lowest permeabllltlesvh
tare found in Type 1B and Type 2 naterlals and the hlghest are. found
1n'the lCrmaterlals.: Wlthln each Type l Class the permeabllltles may
vary from sample to. sample by a few orders of magnltude ,Thejgeneralbg‘
flndlngs mentloned/arefsomewhatwcon51stent w1th:the Department'd
"vde51gn assumptlons that the base courscs are a 11tt1e stronger but
a 11ttle less permeable than a subbase (1C) Type 1B mater1a1 |
wh1ch 15 sometlmes used as’ both the base and subbase offers only
moderate;strength comblned:w1th generallyfvery~poorfdralnage 7A .
,,ybmore detalled analy51s of the data is presented later hereln |

‘vé;. "Open" Cradatlons | | »

The‘effects of blendlng upon permeablllty nay or. may not be
favorable regard1ng dralnage. For the most part however blendlng
“'has a negllgable effect upon permeab111ty because the 50115 that
are blended, 1n1t1a11y have very f1ne gradatlons and consequently
'have very low permeab111t1es.» It is. p0551b1e to add enough stone =
of various 51zes to: eventually "open up" a sample but thlS would -
requ1re con51derable laboratory testlng and expense. aDurlng the
: course of thls research, some 50115 were. separated by 51ev1ng,
and then recomblned at predetermlned percentages for spec1f1c
‘-51zes of‘the‘materlal Thls was done to prov1de 1n51ght to. the

:gradatlon spec1f1cat10ns. SpeC1f1ca11y, 1t was de51red to make '_
"samples that followed thevopen 51de of the spec1f1cat10n gradatlon |
: band Wh11e thls 1s not really the same ‘as blendlng as it is done

~in constructlon these "art1f1ca1” samples represent the extremes'ﬁr‘
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fthat‘wouldvdeVelopfiftenough»stone‘is'added in various sizes‘to open -
~ a sample. | | |

Several of the samples made in th1s manner are not 1nc1uded in
the data tables because they were so unstable These samples would
never be encountered as a natural'source of material and in that
_ sensep the gradat1on band is exce551ve1y 11bera1 on the lower limit
- of the varlous 51eves. ,Beceuse of the;r 1nstab111ty,_1t was felt
'ithatvthey would be totally impracticelgfor use and'no further tests
were conducted, ?However, theukeyufectog in this'inStabilityiis'that,
these samples were'compriSed only of'the‘particular native material -
‘in'recombinedfform :'Since these particles are alljfeirly well-
rounded, good stab111ty can hardly be expected

In contrast to- these Open mater1als, sample number 5A-7
‘ (Table 5) represents the same concept of openlng up a sample but
hw1th 100/ crushed stone, The effect in that case was to produce f
a mater1a1 with a. permeab111ty of several hundred feet per day. The7ff
CBR test could not be conducted but would obv1ously be quite h1gh
_‘Sample #SA 6 represents the same affect but not qu1te to the extreme
| of Sample #SA77. | |

Therefore, it is seen that the current gradatxon spec1f1cat10ns

are 11beral enough to ‘allow substantla] varlatlon in permeab1l1ty

- and stab111ty, but the area of the band where these gross changes

'10ccur i.e, the lower.llmitSiof‘the bends‘have_no correspondlng

representatlve materlals 1n use, either naturall&‘occurring or man-
'made. The effects on stablllty of comblnlng a natural 5011 w1th a
icrushed aggregate are herelnbefore documented and there is a good

:p0551b111ty that the comblnatlon of crushed stone and a. lesser.

portlon of natural soil aggregate could pr0V1de a well-graded



. -68 =

: mater1a1 W1th both strength and good dralnage propertles

3.4 Predlctlon of permeablllty

A scan. of each of Tables 4 through 9 shows clearly that only }:'

~ in the grossest terms could the permeab111ty of a base or subbase :;-

f} be pred1cted, g1ven only the gradatlon requ1rements of the Type and

'~C1ass of 5011 to be used In fact g1ven a set gradatxon for a

"number of d1fferent 5011 sources it would st111 be d1ff1cu1t toefiby‘:"' g

ipredlct permeablllty

| | Methods for pred1ct1ng so11 permeablllty’are usually based on‘k
the den51t1es and the partlcle size analyses to one extent or. |
,another Characterlzatlon of flltratlon sand and gravels by the o
1010 51ze was attempted by Hazen as early as 1893 (5) One of the :
latest works An the f1e1d 1s that of Moulton,(6) 1n wh1ch a nomogranh

is presented for the estlmatlon of permeab111ty based on the DlO

L part1c1e 51ze the dry den51ty,}§d, and the percentage by welght of -

hmaterlal pa551ng the No 200~51eve P200 ‘ In Moulton s nomograph

the dry den51ty,?fd, 1s actually a: convenlent substltutlon for the h;\

'}vhsample poros1ty,&“ The nomograph 1s represented mathematlcally by hfphv o

the follow1ng equatlon

| ,;KMou;;tons'- & D7 e

(PZOO) 0 ’596

To achleve max1mum accuracy, the theoret1ca1 permeabllltles for

o ,f5011 samples of thlS research were calculated via the above

express1on u51ng the dry den51ty, rather than the poros1ty
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Table 12 is a llstlng of the results and prOV1des a compar1son to the
corresponding laboratory measured permeab111t1es In Table 12
samples‘were grouped roughly-according to their PZOO amounts.
Figure 10 is a'plot of the logarithm of the measured permeabilitieS'
versus the logarlthm of the calculated permeab111t1es whereby it is
clear that the predlcted values are consistently hlgher than measured
values. Also, the accuracy of the,eXpressiOn decreases conS1derab1y‘
as ono_increases; Generally, for P,,, 2 6%, the predicted “K”—ualues
are about 2 orders of'magnitude.too high.; Beceuse'of this discrepancy;f
permeabilities were re—calculated using the actual porosities for
those samples for which the’shecific gravity was accurately known.,
The results are plotted in Figure'll,whereon the dashed line”indicates‘
where therpolnts'Should lie'it‘there is-one-to;one agreement between
the calculated and measured results. Agaln the predlcted values are
higher than the measured permeabllltles.

As a matter of 1nterest) a multiple regression analySiS'wes.
performed ‘uSing only the test results from this research and the
same basic expre551on of K: C(Dlo)x(n))’/(ono)z

The equatlon obtained is as follows

l.633x107(h)13-37

X =
(D],O‘)O.OQZU)ZOO) 1 .;347 .

(Eqn. #2)

Thls new expre551on is 1nterest1ny because it appears to 1nd1cate that
the Dio quant1ty is an 1ns1gn1f1cant factor in determlnlng permeablllty,
since with the small exponent the quant1ty approaches a»value of unity.
In reality, thls is not thought to hc the case for a11 s011 gradat1ons.
The reason that this has occurred, is that for all of the samples

tested in this research,‘there was s1mply very 11ttle variation in .
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Table‘iz - (Continuedj
Caiéulated
: : Measured Permeability
Sample D10 PZOO erry Permeability (Moulton,
No. {mm) (pcf) (ft/day) ft/day)
2A-5 0.11 8.5 1132.6 0.0056 0.2
1B-1 0.16 6.4 128.1 0.0007 0.78
1B-3 0.10 7.4 125.8 0.0016 0.55
1B-4 0.22 6.1 128.6 0.0039 1.4
1R-5 0.13 6.2 126.0 0.057 1.2
1B-6 0.23 5.7 123.2 0,135 4.0
1A-3 0.09 | 8.8 118.6 0.038 1.4
1A-6 0.11 9.1 131.0 df26 0,30
1A-8 0.15 7.6 132.0 0.0022 0.30
1A-9 0.05 14.3 126.3 10,0461 0.015
1B-7 0.22 5.7 116.3 0.441 Q.5
1p-8 0.10 ‘8,7 126.3 0.0025 0.55
1B-9 0.24 11.1 121.2 0.390 2.9
1B-10 0?20 5.0 133.8 0.012 0.6
2B-2 0.08 9.0 126.3 0.0025 0.41
2B-3 0.15 6.4 128.1 0.0007 0.81
28-4 0.13 6.1 128.6 0.004 0.52
2B-5 20,12 7.8 129.4 0.0617 0.49
5A-1 0.10 8.9 135.9 0.0086 0.08
5A-2 0.10 9.3 137.8 0.0044 0.06
SA-4 0,06 - | -10.3 139,90 0.0056 0.01
S5A-8 0.11 8.5 136.3 0.366 - 0.09
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{the D10 parameter (See Table 12) For the naturally ex1st1ng bank-

- Tun materials in New Jersey that comply w1th the Department'

tspec1f1cat1on bands,thls small var1at10n is “almost 1nev1tab1e. “But

lf samples haV1ng con51derab1y more. 1at1tude in graln size
ﬁdlstrlbutlon are 1nc1uded in such analyses, the D10 size would
v‘iloglcally assume more 51gn1f1cance The poor agreement between the
':permeablllty results obta1ned in thls research and Moulton s

',equatlon .as well as the 51gn1flcant dlfferences between that

' equatlon and the new. expre551on presented hereln 1nd1cates, in the

o oplnlon of ‘the authors, ‘some ba51c, 1nherent def1c1enc1es in the

‘Taccurate predlctlon of permeabllltles u51ng only these three

vparameters namely, por051ty, p200 and~D10'

In all. fa1rness to the method however, 1t is- noted that the

Thhcorrelatlon coeff1c1ent obtalned for Eqn #2 was 0 87 (standard error'{

rof estlmate = 0.84 orders of mag ) 1nd1cat1ng a falrly good f1t of
hthe data. ThlS may be 1nd1cat1ng that although there is some
fapparent weakness in the method over a w1de varlatlon of the
sparameters, the method may be useful on a more‘llmrted bas1s,»i.e.

‘when one-parameter»Sh0wshlittle variation for a particular group

of materlals. In’such ‘an inStance,.it”would,’of course be necessary

’__to develop, on the bas1s of test results ‘the eonation‘that best

endescrlbed‘that group‘of materlals :' | |
In. v1ew of thls, ;t may be con;ectured that another method

'of.representlng the gra1n slze character1st1cs of the subJect soil

"may prov1de better results than rellance upon the DlO and P200

i quantltres,3 ‘In an effort to study thls p0551b111ty, Hudson A

o

L}
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valnes were used in'a combined'form called "gradationhModulus ()
This method prov1des a 51ng1e number to represent an entlre -
gradatlon. For each consecutlve pa1r of sieves used in the gradat1on
analysis the mean dlameter of the partlcles between those sieves is
‘calculated This dlameter 1s mu1t1p11ed by the pereent fractlon of
'aggrcgate reta1ned between those 91eves. The sum of these products
‘is the comblned ”Cradatlon Modulus A" herelnafter referred to as
"A" value. |

The Kﬂvalue‘method7was§originally deveioped to compensate for
deficiencies in some:other aégregate gradation’modmlii and toaprovide
a single mbdulus.forbuselin the‘various applicatione of the other
“modulii. ‘These applicationS{Werefconcerned with enecific surface
considerations in asphaltic concrete mixtnres, soil-moisture
mixtures, and portlandfoementiConcrete mixtures. fHowever, haeically
the K value is still a functfon of average particle sizes; ‘Super-
' flClally, K values appear to ! have an advantage over a Dlo,bpzoo
method because the parameter 7y would never approach zero regardlessiy
vof the‘opennessj.orrthe,flneness; of a partleular gradation.
Furthermore in the calcuiatrdn_of'the X Valme, progressively more
weight isvgivendto‘the_finergsieve sizes.. = ‘ |

From the data;ObtainedEfrom theﬂtests in this project,'a' ‘
‘multinle regreesionhanalysisiwas performed USing mea5ured
‘ permeab111t1es, "KM, por051ty, ”n , and K. The equationyobtained:

is shown“ln F1gure-12 and follows;

| R 8. 86(__16) gn)1° 945 (ft /day (EQh’#S)'
m? 708 o o
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':The correlatlon coeff1c1ent obtalned for thas express1on is 0. 787
”>,w1th a standard error of estlmate of 1 02 (orders of magnltude)
'.iThus,lon the ba51s of the same data the use of A values d1d not

f‘prov1de a more accurate theoret1ca1 pred1ctlon method One factor {1
“‘that should be noted is that wh11e the A value method 1s de51gned
to. cons1der in a welghted fash1on, the amounts of 5011 partlcles
,'of varlous 51zes the ana1y51s performed in. th1s research could not
take advantage of thls capablllty | P

Unfortunately, these con51derat1ons‘1nvolv1ng A values werev ﬂ’;
an afterthought Therefore the 51eves used 1n the partlclevA

size analy51s were for spec1f1cat10n compllance determlnatlon';}e:thT

- and 1nc1uded only the 2” 3/4' #4 #50 and #200 S1eves.v The #50

'and #200 51eves accurately prov1ded DlO and P200 quantltles. However;"“
' ‘1t is thought probable that add1t10na1 51eve 51zes between 3/4” and

T#ZOO would 1mprove ‘the predlctlon capab111ty u51ng A values 2

v As a flnal con51derat10n regardlng permeablllty predlctlon
vthe authors note that ne1ther of the forego1ng methods con51ders the

shapes of the constltuent partlcles.l The New York State Department

- of Transportatlon has completed work 1n thlS regard(q) whereln a

‘,"formula for the predlctlon of permeab111ty of granular so1ls is ”";5;

presented The formula 1tself con51ders only two parameters,‘1 e.
‘vpor051ty and spec1f1c surface However the method used 1n g

) determ1n1ng the spec1f1c surface 1nc1udes "adJustment” of the
'fspec1f1c surface of each sieve 1nterva1 by a "shape factor”. Whlle -ﬁ
vdetermlnatlon of the ”shape factor” 1s a subjectlve procedure, 1t

kmay well prov1de the reflnement necessary to obtaln good permeab111ty
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prediction. Shépe_fattors Qere‘not détefminéd in the cbﬁrsefof
testing in this project and;no‘aﬁalysis,ié presented,

In summary, it appears thaf permeabilities of soils may be
utheoreticallf determined‘onfy Within rather'iiberal,limits‘of 
accuracy with méthde-that éfe baSed Only on particle si;e
characteristics and dengity‘or porosity; Some refinements in
- particle size parameters,and'the'addition‘of a "'shape' parameter
warrants further inveétigétion. In‘this'fesearch, the number of
sampies for each pafticularfgeOIOgical origin was.rather small.
llowever, it may be"po§Sib1e:tQ develop'individual‘prediction formulii
for various claésifications:of SOil;'said'éléSSification would
isolatélparticlé shépes and therefore eliminate the shape parameter? .
requiremént within each‘élass;_‘With‘thé ﬁevélopheﬁt‘of'a more
accurate permeability prédicﬁion capability, engineers woﬁld then
,pquess a new tool whicﬁ may?bécome quite”useful. ACohceiVanyi the
'theéry could be used fb.modi&ybsoilé to_attéin a dégired permeability
for a particular situation; cAs is usuallf the case, the ultimate ‘
usefulness of a ne&_"tool”\o;'conceptiis‘realizcd‘only through years
of trial and expérimentdtion¥ |

4.r Considératiohs’Réléting tO‘Needs‘df‘thé Highway:

The ensuing.discussioﬁﬁ1arge1y departs ffom theoreticai'analysis
and instead attempts to pull various facets and ¢onsiderafions
togethéf in a praétical apprbach toward evaluating fhe permeability
,data in iight of the highwayjsygtem needs. In doing so, the |
discussion most appfopfiatel&vbégins with‘two very pertinent qﬁestions:
a.) Do the base“and/dr subbase courses need to be drained,or té be

drainable?; and b.) Assuming that drainage of said courses is
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: necessary;fwhat are reallstic reQnirenentshand\canfthey_be‘achieved
within the context of our Current design?- ', R o | | o A
| *The tcsts conducted in the coursc of th1s progect are‘not
con51dered representat1ve” of f1e1d condltlons nor were they
7;d1ntended to-be.» Therefore, it would be. d1ff1cu1t to accuratelx
Vpredlct from the results of these tests the f1e1d behav1or of the
subJect 50115.. And in that sense the CBR results of this prOJect
cannot be used to 1nd1cate the effects of water upon the base and
* subbase materlals.; However,pthe,questron;of’whether or not these‘
materials need'to be;drained‘is answered ddirectly,by documented
,f1e1d performance 1n the case of PCC pavements In bitnminous’v“
pavements, water is not so obv1ously a culpr1t 1n fallure probably’i
because the fa1lure mode»15rso.dlfferent;from'that of'PCC slabs g It
is.known‘ however, that water does get 1nto the supportlng layers
of b1tum1nous pavements and 1n quant1t1es that result in saturat1on h
’of the base course. And 1t has ‘been shown that base and subbase
| support values are lower. dur1ng the presence of mo1sture varylng
Afrom optxmum to saturatlon.. To prov1de max1mum support the base
hand subbase mater1als must be at a mo1sture content less than opt1mum;
’Hence one can conclude that w1th b1tum1nous pavements there 1s a -
 need for dra1nage in these‘courses.
| In “determining the dralnage reqnlrements, several factors
: enter ‘the p1cture.]a> ) | |
| a. Frost effectsv- Ideally, 1t would be des1red that no water
remaln in the base. course after an extended perlod of t1me say 5 to:
10 days after a. ra1n Based onﬁexperlence in measurrng frost

penetration 1nhNeWQJersey pavements, it would be extremely improbable
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that frost would penetrate theibase course w1th1n that period of t1me
lfOIIOW1ng raln.v; ‘
- b. Stab111ty w1th Water —rFor the granular materlals used in
'New Jersey, the-presence of water in the base courses is detrlmental.
For the most:part, tnese materials are,permeahle enough to’become
Saturated, but‘net_permeablejenough to draln themSelves sufficiently
to prevent'damage’underltrafricrloads.‘ Itvhaslneen noted elsevhere
herein tnat‘CﬁR ualues'are anout’the same foritheioptimUm‘mbisture
content of these soils,-as'fer the saturation peint, and further,
that both of these CBR values are lower than the CBR's in a "dr1er" state, |
This may be an 1nd1cat10n that partlcularly for b1tum1nous pavement
the base course ‘would rema1n w1th a semi- cr1t1ca1 water content long
after the ”free water” had dralned However, given the typc of‘501l
gradatlons that exist, only the free'water can be dealt withl
It is this free water'that‘causes’the more dramatic,failure
such as pumping and its assoc1ated problems, as well as the more
: obscure, long iterm settlement related problems whlch may ‘be occurr1ng
‘beneath‘b1tum1nous pavementsi Thls is exp1a1ned by a phenomenon
known as "liquefaction" wh1ch is descrlbed as follows
| "The liquefaction in f1ne :open structure and saturated sand
induced by a sudden shock, is exp1a1ned as follows: the
- sudden shock means a suddenly applied shearing stress to the
soil mass. Upon rece1v1ng ‘the shock, the sand tends to
decrease rapidly in volume. 91mu1taneously, the water in the

voids of the sand - termed pore water - receives a suddenly
applied pressure, or stress. :
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~In 5011 mechanlcs, stress. carrled hy water is termed neutral
"stress. Upon the 1ncrease in neutral stress, some of ‘the
weight of the soil mass, which might be considered as
furnishing the normal effective or 1ntergranular stress
- entering into the shearing process of soil, is transmitted
to the pore water pressure, According to Coulomb, the
shear strength of a non-cohesive soil, r, can be exprcssed
1n an analytlcal form as

(on - u)tan )

,normal effect1ve (1nter rdnular) strcss,
.. in Lg/cm ~or-in 1h/in.4, whichever system
. of units of measurements i's used-
‘Op. = total ‘normal stress;: ,
u = pore water pressure, or neutral stress, and

. . tan¢ = coefficient of internal friction of a non-

~ . " cohesive soil which for one and the same
_material is cOnsidered to_be constant.

“where (on - u).

I

- From . thls equat1on, it can easlly be seen that upon the
~ increase in neutral stress,; u, the effectlve or intergranular
- stress of the soil, (o4 - u) decreases, and the shear strength
of the soil, T, decreases. ‘The decrease in shear strength
means decrease in bearlng capac1ty of the s01l

o Thus water must be removed from the hase course as qu1ck1y as

R p0951b1e, 51nce trafflc loadlng cont1nues regardless of the water's

fpresence., The t1me to be allowed for removal of th1s water is a .

L ,matter of.Judgement , F1e1dv1nvest1gat1onsirevealrthat ‘pumping

;contlnues for as much as 24, hours followlng a ra1n storm, Therefore,

:1t would not ‘be unreasonable to requlre removal of 10 - 20% of
the avallable water within- one or: two hoursn—- even less time 1f
,nract1ca1 and poss1b1e.¢ Th1s would (hopefully) relieve the soil
-support system for the hydrodynamlc Forces wh1ch occur due to
'.traff1c loads.“' | . s

The u. S Army Corps of anlneers ut111zes th1s kind of
‘approach but w1th vastly d1fferent ”boundary" condltlons. The

FCorps requires ‘that 506'of the avallable water he dralned from a base

¥
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-COurse within-lovdays1(8) ‘fn‘ca1¢u1atihg the time for 50% drainage,.
~the following formula is uséd:

‘:L : 2 ) v ‘
NeD

t o= — (Eqn #4)
2 KHg

where: -
t is time in days %OrVSO% drainagé’>"
-Né is the effecti&;~porosity:offthe soil
D & H, are the'dihénsidns és‘sho@n ianigure 12
K‘is‘the‘COefficiebtlof petmeability‘in ft./day
For'pﬁfﬁoses of,illustrationi Tablev13 presents results using
,Eduatidn #4 while yafying ﬁa%ameteis as listéd.j
In Casés #1; #2, and #é;nthe Ca1¢u1ation$‘are baged on
fhé‘éufrent design practice bfkuSing.an "outlet trench" every 350
feet along the.profiié. It %s-also aésumed>that~the’grade,is 5%, a -
Qery geﬁerous assumptidn. Cése #lyrepresentsva clean sand and some
of'the'more,drainable 1C sdbbases.; In reality>such‘permeabilities o
are hot encountered in tﬁe uﬁper;or'base,cQurses;, Cé;es #2 and #3,
‘are more repreéentatiVe of tﬁe majority of SOilfbases aﬁd subbases
~in:New Jersey;' In examiningéthe results it should be-remembéred
thét the~permeébilitiés listéd»are véftical permeabilifies.
Literature_reveals'ﬁhat'the‘éffeﬁtive»permeability"aléﬁg‘the
: .diiectioﬁ of.stratificatipn ﬁay bé seyera1 time$ the,valde of the
vertical permeability;(io) in Table 13'the rétio of,horiionfal to
vertiﬁal permeability was takeﬁ as unity.  ‘Also, the palculationé
assume that no water eSCapes;through any means other than the outlef
, trench} Admittedly, this is%a Severe’assumption bﬁt it i§ used in

. the absence of any factual qﬁantitative‘data to the contrary; The
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~Table 13 - DRAINAGE EXAMPLES

Case Ne D Hq t
No. ft/day | feet | % grade x D Days Comments
1 0.1 10.0 350 | 17.5 (@5%) 35.0 Clean sand base course
2 0.06 | 0.001 350 | 17.5 (@5%) | 575 years
3 0.06 0.1 350 17.5 (@5%) | 5.8 years
4 0.06 0.1 24 0.98 (@2%) 176 days | Underdrain along shoulder
5 0.06 | 0,01/ 0.25 1 25 days | Vertical drainage (a)
10.0 o
6 0.06 0.01 0.05 1 5 days | Vertical drainage (a,b)
7 .25 160 24 | 0.90 (€2%) | 0.1 (2 1/2| Underdrain along shoulder (b)
hours) : ~
Notes:

a) Fquation #4 was not used, t (days) = D/K

b)' In these cases, t was calculated only for

free water

10% drainage of the
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severity of the assumption is borne out by the ahsurdity of.fhg,time
required fo¥ SO% Arainage;i.e. 575 &éars ahd'S.é yéarsbfor.CQSe #2
~ and #3, respectively:' The'significancé of this is simply that,thé. o ‘v e
pavement system on»thé whole- does not draih itse1f vié Outlgﬁ ' |
trenchesr | | B
Casé #4 exempiifies a base course with a ”t}picél”.perméabilify :
and assumes that there is énvoutlet'trencﬁ placedbparallel to fhe‘
andWay‘and.that'watér'iﬁ the base éoursé need only drdih 24 feet
transvefsely.- The gradient is reduéed to 2% which represents the
maXimum normal cross slope to be used. The total‘gradiént u$¢d in
v thetcomputafion élso inciu&és’aﬁ’additionél 0.5 ft;vto aétountzfor,"
.the‘basg couréé thickness; This caéé is an attempt to determine
“whether or not.an underdrain can be préctically used to drainitypiéal
béses meeting New Jersey's cufrent g;adatibn sbeéifications. This
e#ample (Case #4) shows that even a base‘with a comparatively good
- permeability is undrainable'by:the use of;underdréins. |
Cases #5 and #6 assuﬁé that the base éoufse»drains vertically
downward into aﬁ‘ektfemely permeable strata. :CaSe,#S:SHows that
for a baée coﬁrse 1K §f>0.01 ft/day, 25 Hays woﬁldvbe reQuifed to:
drain dne half erthejfreé water, This means that theoretically
after 25 days,the-ﬁbttom half of a 6'* thick base course.woﬁld still
be saturated. Similafly, Case #6 shows that ihe same coursé would
réquire 5 days for io% of its free‘water to draih Out,‘aithough 10%
drainage for such a material wopld‘most prbbébiy not be sufficient.
Case»#7rgg a hypothetical material which iﬁ réality‘would be
" an open-graded méfefial. yFor'tHis case;’it was assumed that ;O%

‘drainage»(ofkfree water) occurs within 0.1 days. ~This assumption
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was based_bn a desire to.httain 10% opcn»vﬁids Qithin a minimum of
‘time so that hydrodynamic'fqrcgs‘are QUickly alieviétcd.  A materiai
such as this would have an effecti§e porosity ofvat lcast\O.ZO.
AséUmihg ‘that thiS»layer wou1d dréinjtransvér$e1y into an underdrain,
the required.permeabiiity wbuid Be 160 ft/day.

The variou; caSesyin Téble 13 help to3fﬁt the drainage character-
istics of New Jersey bases and subbaseé intq'perspeétiQe. 1While it is
known ihat'tﬁese matétiéledo not-require'575 nor 5;8vyears to drain,'iti
is known that §gmg_materials’remain-satufhtcd er 1, 2, or 3 days folldwing
rain. The analyses in,Tab1¢vis indicatc that thé current draiﬁage, i;e.
occasionalasubbgse ouﬁlet"trehches,ris.incapablévof’effeétiVely draining -
the base and/or subbase layers.v Because‘the'pefmeabilities'bf ﬁost'dffthésé‘
layers fall into the'”léw perheability" to.“imberviouS” range, they,cannqt
be effectiﬁely draincdxby'an expahSion of the'ﬁﬁderdrain n¢tWork. Such anj
eXpansibn exists ohva»Section:of.Route 1-78 where about 14 miles of under-
‘draih were installed beneath ?hexsh0u1der:joint of a PCC p&?ement;x This.
underdrain systemrﬁas installéd as an»éttempt to-aileviape the‘severc'
xpumping'condition of the highWay.- Follow-up invésﬁigations revealed that
‘after the instaliation ofithé: underdrains; the base coursé>simp1y pumped
into the opeh—graded drain materiéllinstééd_of Verticaily upwéfd and onto
the pavement surface. It is ﬁlso‘nétgworthy th;tvduring fhe desigﬁ of this
- underdrain systém, anfi—élogging/ériteria’(relativé percentages of particle
sizes) was appliéd; In addiﬁion, it is‘suspc;ted that the'underdréin material
‘was finer than that'uSQd,in‘said!anAIYsisf This is very important because
it demonstrates the severityjof the hydrodynamic forces that exist bcneath #
pave@ent as well és the pfbblems that resﬁlt. In view of this experience, it
. is felt that the prdvisiéns'df drainage 6ﬁt1éf5‘througﬁout Suﬁh low—pgrmeability
ﬁasc courses (as uéed in New?Jerséy) is a futilé éffort; conversely; the.néed

for an entire, compatible, underdrain system, with filter design where necessary,

\
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is amply-demqnstrated. Thg hydrodynamic forces that occur due to
| traffic loading must be alleviated, and this can only dccur-through
increased pervidusness throughoﬁf the stréssed and water-léden cdurses.
From this coﬁcept of increased p¢rvioUsn¢ss throughout the
bqse cOursé, arises thé question of hgy_much‘permeaﬁility is needed. In
New Jersey, basically the éame PCC sléb and expansion joint design has
been used for almost 30 years. Some of those pavements perform excellently,
whilélotﬁers begin to pump with tﬁeir firét years of traffic. The base
course materials spécificétions have not changed appreciably in that 30
year period. : Appafehtlys the base course-materials allowed by the gradation
 specifications‘are "borderlineﬁ materials with respect to their suscept-
ibility to pumping. In the cése of bitumindus pavemehts,‘as previbusly
stated, failure modes are not so,dramatic and the causes for failures,
indeqd,tﬁe definitionsvof bituminous pavement failures; are not nearly so
obvious..»It‘is known that substantial water enters the bése course. of
new and old bituminous pavement ét:lcast-on a localized basis, if not in
general. ‘Therefore, it is known that at least some areas of bituminous
pavement are sitting upon.a weakened basc course during‘ﬁet periods. For
these pavements the amountvof'improvemént to be gained from a more pervious

base course simply cannot be determined from the current extent of knowledge.
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APPENDIX A

EQUIPMENT USED IN SOTL TESTING LABORATORY
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APPENDEX A

FQUIPMPNT USED IN SOIL TESTINC LABORATORY

-Apparatus Descriptien’and’Modificatien‘
1. Particle-size'ahalyeie equipment
| a.) Sieve Set frem "S0il Teet”.f

‘U.xS,bstéhderdieieves 8" diameter.‘JSieve sizes:included 2“{
1120, 17, 3/an, 1720, 3/8v, #4, #s, #10, #1s, #50 #140, #200, and
a pan with coVer. Also #200 washlng sieve 4" helght were used in
washing‘samples. Because of the large number of samples that were
anticipated sieveslranging from #10 to #200'were purchased with
stainless steel mesh ‘to m1n1m1ze wear, | k

h.) Sleve Shaker Set from "§011 Test”

Model 305 A-1, 110 volts 60 cycles AC. The shaker has a
‘ cepaeity'of:7bsieves.> The meehine was secured to the concrete floor
using lead Jmaiz“ anchors. Aifoam ihsuiéted'cébinet housed the

shaker to minimize noise emission in the working area. See Figure Al,

22' Proctor Density Equlpment from ”5011 Test",

| | Six inch-diameter compactlon molds with collars, medel

number CN-403;6 mere used for‘moisture density‘determinatiohé \ Two
compactlon hammers, a CN 415 standard hammer (5 ) pounds X 12” drop)
and a CN—416 mod1f1ed compact1on hammer (10 pounds x 18" drop) were

used in the varlous tests.

3. CBR Equlpment from "Soil. Test“
.Cataiog number CN?OZ.' A cempiete set of laboratory CBR equlp—,

ment was’puréhased'ae a'umit.g This 1ncluded a mechanlcal 10ad1ng



Flgure Al
SIEVE SHAKER AND CABINET

press with 6000 1b, capacity, 3 CBR molds (6' dia.), spacers, filter

screens, swell test apparatus, surcharge weights, straight-edge,.

~cutting edge, and 10 pound compaction hammer. See Figures A2 and A3.

4, Permeabiiity:- Constant Head Eqnipmént.

Compactlon nermeameters (6" dlameter) were ohtalned frém
§011 Test, Inc.,. and modlfxed to meet AST“ qpeCIflcatlons n- 2434 68
Permeability of Granular Soils. Flgure A4 is a schematic draw1ng
of the modified permeameter mold. To proQide a‘meahs to take

~average pressure readings in the sample, a groove 1/8" x 1/8" was

90



Figure A2
CBR APPARATUS

Figure A3
'CBR LOADING PRESS

91
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machihed‘l” from each_ehd‘of,the cylinders, With a ™ sample‘height
thieveiiows‘S”'of‘sampIe hetween manometerrgrooves;vprOViding an -
eadequate‘pressdreidifferentiall. Nipples-wcre tapped into the
grooves for connection to thc manometer tubes. No 200 sieve.‘/
screen epox1ed across the grooves prevented fine s011 part1c1es from"
enter1ng the manometer tubes. In the top plate of the permeameters,
holes Werecdriiled and tapped"to accept-a 1/4“«meta1 plpe-stud and
inlet‘valve‘assemhly.- To remove trehped ain‘a~sma11 hieeder valve
was also fitted to the top. - On the outlet of the permeameter a
shut off valve was provlded ae a means to start and stop the tests.

Porous stones were obta:ned to f1t tlghtly 1nto the
'permeameter at the top and bottom of the so11 sample. ‘Rubber'
gaskets are’used at'the'mold separations'(top,plate;coilarecYIinder-‘
base plate) creating e good seal-for»internal-exterhal preseure
differentia1$,= Duringuthe'vacuum saturation of the‘prehared soil
~samples, it was found to he impossible to keep the‘semplelintact
4desp1te the. 1nterna1 sprlng that is- compressed between ‘the’ top poroue
stone and the- top plate. To malntaln the 1ntegr1ty of. the 5011
sample a r1g1d perforated collar was fabrlcated to f1t into thlS
hSame space. Wh11e thls ma1nta1ned the sample 1ntegr1ty, 1t’was
'subsequently found to be totally 1mpo<slhle to. vacuum eaturate most.
of the sub)ect 5011% and eoak saturatlon was used henceforth.

The ASTM procedure for constant. head permeah111ty testq
requires the use of e1ther de- arred water, or a f11ter apnaratus to remove
d most of the dlssolved air from the water., Since constant head |

testsgeneraliyvrequire largehvolumesjofwwater, a constant head tank



20" wide xv24? lohg b3 9”—Bigh was constructed and pfovided with a
sand filteraj See Figure A5, The tank was capabLevof delivéring a
maximum @f‘3~gailon5/min,9 more than an adegquate quantity-for the
baée and subﬁase saﬁpies expected, A fe& tests on inlet and outlet
water in the ténkvshbwed that very littlé'air was béing removed by
the sand fiitér and tap watef was;uSed for Subsequent tests.

'On the very permeable samples, a vacuum bump was connected
to’phe top'Eléeder valve and a vacuum gage»attééhed to the lowef
part. At full vacuum,the gage ﬁaé disconnected‘whilé the lower
'partS‘were'openéd sldwly to allow the upward flow of watér-thfough
the sample. Aftér saturation, the lower porf was closed, and fhe
water sﬁppiyfwas hooked td“the inlet, Tﬁe‘manomefer tubg valves’
Qere opened ahd tubes allowed to slowly fill with water.

The boffom part was opened and water Tun through the sample
until a-stable;condition in,manometer readings was observed.

Timej t, head, h fdifferenCC'in levels in the“ﬁanometer), -
quantity of flow, Q, and water temperature, T, were taken and

recorded. -

Coefficient of Permeability

Fundamental Tegt Cohditioﬁs

The basic assumptions‘in constént héad'perhéébility calquiations
assume laminarvfiow thréﬂgh~the specimens, The folleingbideal test
conditions aié_pferequisités for léminar flow of a 1jquid through
granﬁlaf‘soiié.undér a conéfant head condition,

aav‘Contiﬁuify of Fﬁow with no soil &61ume~change

“b.., Flow with total saturation of soil voids
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: Constant
Ly  Level
 Float 'Type i Grddéd Sand
Shut Off —~~>[4] Filter
Value |
;?
Water__ ‘ Height Of Tank o .~ Water Outlet

Supply - Varlable ‘ . (To Permeameter)

FlgureAS SCHEMATIC DRAWING OF CONSTANT
| HEAD & DE -AIRING TANK:

¢. Steady state Eléw with no changesrin hydraulic‘grddignt_
d.._ﬁirect proportidnaliy Qf_velocity»of flowbwith hydraulic"
‘g;adjent>belpw certain‘values at which furhuleht f]oy
starts, |
Darcy's law for conditions of. laminar flow states th#t‘Q the X
quantlty of water flowxng thro&gh a glven cross- eectlonal area, A,
of soil under a hydrahllc gradlent i, in tlmé,’t, can be expresscd

by thc Fnrmula

Q=Kiat  (1a)



,or:solvingrfor"ki

" where

in Which

.96 -

o am

total.quantity'ef water which flowed through
fvelapsed'time,“t, s

‘head loss  (difference in manometer‘readings)

area of sample

length of samples hetween manometertports.

s, Oven - From Blue M- Electrlc Fompany

Temperature range from 100 F to SGO E 230 .volts

. Interlorfdlmenslonsare 17ﬁ'x 15? x'20”.~‘

6. Hydrometer Fqulpment - from "8011 Test"

Model CL- 207B Hydrometer and CL 271 Hydrometer Jars were used

in conjunctlon w1th the constant temperature bath at. the denartment

ma1n 5011 test1ng lab since th1s equ1pment was not needed often -

‘enought to warrant the expense of a constant tempcrature bath at .

the Lex1ngton Avenue lab.'
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7._»Samp1e.Washing Appafatus'
o A standard kitchen type spray hose,was inétalled on the lab
.sink to facilitate sample washing. A‘settling»tank'of approximately
7 gallon capacity wasrinstalled?beneath‘fhe sink to aliow fine
méterialkto settle Qut of the water before reachinglthe‘building,
drainage systém. This tank was equipped‘witﬁ afdétaéhabléboutletlu

pipe and set on a dolly to facilitate»dumping and cleaning.

8. Vacuum Pump - from Sargent Welch

Duo Seal pump Model_No.;lSQO 110 volt AC powered.

9. Scales.— a heavy duty solﬁéién halance fr6m Ohaus with a 20ng‘
‘cabaéity-and'a lgfam'SensitiVity was u#ed'to'Wéigh lﬁrge:samples,

) moids and pans. A small scale from Will Cofporafion with 5 1500
gram’capacity_éﬁd a .1 gram seﬁsitivity was used iﬁtweighing

‘moisture cans, small samples, étc.

10, . Soak Tanks - a‘SS gallon~¢rﬁm cut in half and heavily "red
leaded" provided an adequaté'méans‘of,soaking the samples for both

~ permeability and CBR tests,

~ 11. Miscellaneous Equipment‘:
Towels, pans, sicve cleﬁning‘hrushes, spatulas, sample cans,
~dial géges, rubber tubing, clahps, valves and other equipment was

obtained by various means,
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