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I. SUMMARY AND CONCLUSIONS 

The load bearing and drainage characteristics of base and/or 

subbase materials as currently used by the New Jersey Department of 

Transportation, and specified thereby as Type 1, Type 2, or Type S 

materials, were investigated via laboratory CBR and permeability 

determinations. Samples pf Type 1, Type 2, and Type 5 materials 

were· selected to represent the, various geological and mineralogical 

sources from throughout the State. Sample gradations were selected 

or artifically created to i represent the extreme and intermediate 

gradations within each particular Type and Class specification band. · 

The results were evaluated within the framework of the Dep~rtment 's 

design standards. 

Currently, interstate highways in New Jersey basically consist 

of approximately 9 inches of pavement (bituminous or portland cement 

concrete) supported by about 6 inches of dense, well-graded base course 

material, which in turn is, supported by 6-12 inches of slightly less-

dense, relatively non-permeable subbase material upon the subgrade. 

Whereunderdrains are used, they consist of transverse outlet trenches 

placed to intercept infiltrated water traveling along the subbase, 

and located at approximately 350-foot intervals along the roadway profile. 

Simultaneous field observations, conducted in the pursuit of 

this project and another, revealed important qualitative information 

regarding water in the base. and subbase layers of :the highway. Of 

significance was that base courses beneath portland cement concrete 
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. pavements, as well as bituminous pavements, w.ere observed to be 

saturated following rain storms. !Furthermore, these courses were 

observed to have remained saturated fo:r two. or three days in some 
. . 

cases. ln addition., moisture measurements taken over a period of 

an entire winter revealed that for .that winter, the moisture contents 

at most .of the 31 sites monitored changed by only 2 or 3 percent, 

and represented a saturated, 01" near-saturated state ofmoisture. 

In addition to the aforementioned, more directly applicable 

analysis, it was also possible to superficially study the effects of 
. . 

llblending", and to attempt to correlate measured pernteabilities with 
. . 

results predicted by. theoretical methods. 

From the analysis of the test results, and in light of field 

observations, conclusions are offered as fol low: 

1. In a relative comparison of load bearing capacities, the 

various base and subbase materials~ by Type and Class, generally 

conform to the assumptions held by the. Department's Engineers. 

However, on an individua.l basis, Le., from one source of material 

to another, there is little assurance of achieving the intended . 

. relative bearing cl:lpaci ties; given only the current gradation 

requirements as a control. method~ In this regard; the gradation.:. 

based specifications are inhe1;ent1y weak. 

2. The current gradation;.;based specifications allow the 

use of materials which may have very little load stability under 

partial confinement and which have permeabilities ranging into 

» however, and on the basis 
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of field ovservations and laboratory testing, such instability is 

not frequer1tly encountered, and materials having such large permeabilities 

do not exist ii1 a .natural state. It is necessary that, the gradation 

bands of the current specifications·he as "liberal" as they are. 

· Further "tightening" or narrowing of the bands would probably cause 

the exclusion of more sources of ''good" material than of poor material. 

3. Materials used as base and/or subbase in New Jersey, when 

compacted by the Standard Proctor method (AST\\! D-698) , typically exhibit 

the highest CBR vah1e when at less than the optimum moisture coritent 

(based on maximum density) : There is no apparent further decrease in 

CBR value~, as the moisture content is increased from optimum to saturation, 

)while maintaining a sample at maximum (Proctor) density. This information, 

coupled with the aforementioned field observations regarding the state of 

moisture in base a.nd subbases leads to the conclusion that the critical 

support layers of the pavements frequently lie in a weakened state for 

extensive periods of time. This conclusion is further reinforced in light 

of the dynamic nattirc of highway loading and resulting stresses. 

4. Looking at the study data overall, Type 1, Class C subbase 

is generally a little more permeable than Type 1, Class A material, 

which is in general agreement with design assumptions. However, as with 

CRB resu~ts, there is no assurance that this relationship will be achieved 

in actual construction, given only the current gradation-based specifications. 

In reality, these two materials can be, and sometimes arc ,one and the same 

material. 
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s: Io general, al 1 of the base and suhb.asc materials that· 

.. comJ>ly. with, exi~ting New .Jers~y IJcpart~ctit of :'ftansportat{on Type 1, ·· . 

'Iy11e 2, ot Type S mate;ialS spccificat;i~ns and' ar.e. avai.lable as· 

haturaily exi'sti11g, ''Qank~run" limt~l'ial~ shci~id be considered fc>r use 
.... · .•:, . . . . . , ...... 

. as dense·,· n~n~pl~sticstrength ·~ourse~. · .. Wit1',the relative pepforina~ce ·.· 

obset~;t:i_on{ of' p<>rt:l.and ceme;t conc:r,-ete p~vements in mind, and in 

• .. c~nside.r~tion of•. the req\iir~me~ts i!Jipo.~ed- upon the b~se .. courses. by. 

·.·. the hi~~way environmen,t' only_ a fc~ of thoie courses in .service can 

be des¢rlhed as <liainable: Realistically,: ~OJl~Lof the materials 
. . . '\ ,·. 

al lowed bY the; ~~:rrertt sppcifications sh,ou1<l · b¢ regarded as sufficiently 

In 
: . ·. 

iicw of. tn,e 't~-regoing Statctnent' it follows. ihdt: none of th~·. materials 

·currently u~ed for'basc ·and_stlbl-,_;ise:.·in :New Jersey ~hou'i<l he referred· to'· 
• . • . I ' . ,··, ' . . •· 

.· or used ::a ''d;;in~ge ~OUI'S,c" Wl thin the cb~foxt of :otir higl1way .design'· 

6> ·Generally ,s,pcaldrig~ the nature Of the soils _use,d in New 
Jersey base_ a~1d: $~1bbase .layers is su~h that these · 1aycr~ ~ay normally.· 

_··p~s,sess-inL~1}~:~pisture contents w~i.ch are fairly clo_se tt) s.aturat.ion. 

TI1is .. assert,i.on ;l~ reitiforced hy the ·aforementioi1cd ·statenicnt :regarding 
. . . . . . . ' 

'•, .· 

nuclqar moisture: measi1r~rnents' \'J11iJe the cxa~t cause{s) of tl1e lligh 

'moisture eofrtents ~~c:: ·d~batablc. and ccrtai11i/ vary fri,m site. to site'·. ft 

•· may stl!i::be concludccl .that tinl{ ve,ry · small amounts of water 'h)' · seepage 
."·. '. ''. .· . . ."-•. ·. . ' . . 

... or -S~rfac-'e<inf'iltratioil ,tfe neqc~safy to satura:~e, or :Su1;cr-~aturate these _·,.: .. _· ' .. · .•·- ' .. 

··-.layers .. 'i'r~nica11;, ~t. may be: that-'th~ I"Clative impc:rviousness: q:f: these 

' soils prevents ta1iid satur~tioi1. f.roru occi.trri.og beneath a contiiluo1.1s expimse 
. . .... ,. ·-:-.·· .:- .. . . 

of i1nt,crvious su~face pavemcilt r such as a new bituminous paveme11.t. having no 

cracks o:i-. }oihts. and a Jow voiu cont¢nt .· .. 
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7. On the basis of the analysis presented e lscwhcre herein, 

it is concluded that while the concept of using under<lrains to remove 

water from the soil support layers is sound, the three basic components, 

i.e. the surface pavement~ the soil support layers, and the underdrain, 

are incompatible. All pavements wi 11 allow some water to enter the 

base course. And the undcrdrain is capable of removing the water from 

the subsurface system, but only if the base course 1.s capable of 

transporting the water to .the undcrdrain. The soi 1 support layers 

in use in New Jersey cannot capably transport excess water for even 

a few feet to an underdrain within the time frame thought necessary 

to prevent distress. Hence, the use of the outlet trench in conjunction 

with New .Jersey's base and suhbase materials can never be optimized as 

a complete subsurface drainage system. On the assumption that subsurface 

drainage is necessary, it is concluded that a complete subsurface 

drainage system· must be incorporated into the design and construction 

of New Jersey pavements'.. 

8. ''Blending" as practiced in New Jersey is a method of 

"up-grading" a bank run material via the addition of course aggregate, 

usually a crushed stone product. Although not originally planned, a 

number of blended samples were prepared and tested in the course of 

this project for two reasons: (1) some such samples were prepared 

to closely represent bases or subbascs that had been constructed with 

blending; and (2) blending was used as a means of adjusting the gradation 

of a sample toward the course side of the applicable specification band. 



.-6-

With regar~ to load bearing characteristics, the results are 

inconclusive, with some samples yielding CBR increases, and others 

yielding CBR de.creases .. The moSt significant increases occurred 
. . 

with samples. that had very low CBR values before blending. This. 

tends to support construction practices, whereby qlending has occasionally 

been used to "stabilize" some base courses. With regard to drainage 

capacity, it is concluded that blending< to the extent currently practiced 
., . . 

has no significant effect upon the. drainage. capacity of the bank-run 

natural. soil aggregate. Blending by large amotmts ()10% total sample·· 

weight)· appears to have, at least superficially, a random effect Upon 

achievable. density .. The research effort was not designed specifically 

to study blending. The var;iation of parameters. such as specific gravities, 

· particular shapes and gradations, and the relative proportions of added 

blending ~tone pre>bably account for the ''apparent" randomness in density 

results of blended samples. It is concluded however, that blending, 

particularly if. achieved with the addition of material having a specific 

gravity significantly different from the hank-run soil aggregate, can 

yielci highly erroneous results when density-control .construction methods. 

are used, and when the added.quantities are around lOl, by weight, or 

more. If the added quantities are less .than 10%, there is no sotmd 

evidence that· the blending se.rves any beneficial purpose. 

Blending a natural soil with a large .proportion of crushed 

stone o?' gravel. shifts the gradation curve of the .total sample toward 
. . ' . . 

the coati;e side of the specificatio11 .bands where ultimately the obtained 
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material is actually a very opcn~graJed materfoJ having minimum 

permeabilities of a few hun<lrcd feet per <lay, lloi.revcr, thc-

quanti ties of. cru::;heJ stone require I). for this to happen are around 

80~" or more, of the total s,unplc weight, 

9. As an offshoot to this project, it was attempted to 

correlate the pcrmcahjlity test results of this project with results 

obtaineJ via pcrmeabi lity prediction methods, Existing prediction 

metho<Js are essentially empirically c.lev<~ loped cqtrntions which 

consider those parameters thought to. lnflocncc permeabili t)'· One 

of the latest methods is that of Lyle 1-loul ton of West Vifgin}a 

tlni versity, in which an equati<)ll is developed 011 the has is of three 

parameters: (a) P2nn, the pCrcenta1te t,y weiglrt of sample tl1at passes 

the 11200 sieve; (b) D10, the effective particle <.liarneter for which 

10~; of the sample is small et;; (c) tl~e dry ~iensity, or conversely the 

poroiity of the sample. 

Correlation between Moulton 's formula and the project test 

results was not good, and substantial Jeviation occurred.for P200 

amounts of 2: 6%, or generally for samples with very low measured 

ycrmcabili ties. Using the results obtained from the project tests, 

a multiple regression atmlysis was performed on t.hc same parameters, 

and an equation cvol vcd whicl1 di fferc<l subst.u1t:ial ly from that of 

~1oulton. The large !jtandard error of estimate, or confidence limits, 

associated with this new equation, as ,wll as the ])oor correlation 

between the test results and 'loulton I s for-mula, indicate in the 

opinion of the -authors~ that these three parar1eters alone, are 
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inadeHilate for; p:te<lictiori of permeab1lities occurring over a range 

. of several orders:of m~gnitu(l¢. _· 
.. . ·. _.··._ '._ :. 

N()ting certain weakn~sse~ in . 11sini Pzoo an'd n'io' valtie.s .. to 

re·present sample gradations,: an tll~eniati~e method of/particle'. size 
•· . . -.. · . .• . > .. ' . 

repres~ntation was···1.1ttemptccf th~ough. d1e'.,us~> of a\ -si;gie,· c~mb{ned 

gradation. iitodulus caned the ·;,,tlvalticii. A1;f1ough ~\Ivahies. were 

developed · for ·u~e. in niix :designs of 1joft:li:md. ,Celllent ~on:crete and 

bituminous conc'rete » they; ~re ess~nHaHy •a r~_preseritaticfri or:' a 

complete. gradati:cin pf :a sampte/ ,~ttb" dnly a :si'tig{e ;t~lu~ ...• After•· ... 

· Jrive~tigation · of ·th~ method ·df 'cQ~pl.iting .,r-val~~s, ·ft was :relf-· 

th~~ the use 'of A\valti~s. w~uld/b.~ supe;rfor t·o_'th~'us~ of)>zoO<"and 
·. D10 quantities .... :Thet·e~ultifi·~·•anal~sis. dgd :rio.t ·p:r-ovi_<le i1nptoved 

permeability prediction ·:ca:1)ahilit'y. . iI61~ev~;.·- tlic>proiier 'i:f~termf-_· .· 

···11a.tion··.(ff A~values req~iiret:J :~\¥6'r~ ;~finSi"Sreve·::1J~1ysis •. than···flrnt; 
. - . . 

i11hich was . routine1y perf~".fylli{d during>tf1is,; p,;oj~ct .... In· :spit~ Qf : 
. . 

this. ~onsideration', .the'authors '.contlude t:lla·t··.these res.ults J1elp 
·. , . r ... 

·confirm the fo:regoiri'g 'coh~lusto11 re&~r;Jtrig 'tlie iri'adecpiacy ·of only 
'. - . . ,. ' . . 

shape ·pa.rnnieters·and pbro~J~y tb;deti~\n~ne 'pe~e~hili1:y; . ()n the' 
.· .-,.· .. ; ':"·.: .. " .. ,; . . : ·, .. :··.: ~-~.-~.<~ · .... ·; .... · .. f~: :: --··--·: ;··-· .. , ., ' .· ·- ··~· ·.:, 

basis, of _--the ra.tner superfic1:a1 · fovest'igation _described elsewhere 
. ,, :.•.. . . ,.· / -· . '. '.· ,'•, :: .·. . _, . ,· . . ... : ' .. 

herein, ·.' i;t a~;ears · that ··A.:,yiliie~ ar~-'.p;ten.tiali'y m~te .· usefur\1.tan ·, .. ··. 

D10 andP2oo q'uaititi~s 'iri'':su6I1. 'brnpi~i<iii/ de;lVed ,pei~c~b;ility .. 
prediction: eq~ratJ.ons aJ vte;JnJ€3d~.: •· 

'ln 11n. e:ffe>'.~t 'tci :f(fr:hei-.re~s'oive \h~ 0 <lefi.~1ei1~ies :iii\ predicting 
. . . 

permeiiti_i 1i t.i,es / ... ·-. . . . . . .· -: ..... ' 

. . . . sapple~ \~ere gathet~d ''frd~l 

• ~~oil1gr··•·:vri.;ial,i'~: ',vris'i, .. so,t1~f1·t' •. 
. .. ' :· 

t1rrcnighout the .'~nti~e state.·· -$in~e:, • 
. . .. 

generally, the southern portibJl, of state is form~r o¢can-hottoin 
. . . '•,• .. '• . ' . 

m~teri~'i J _and. the northern portion of.'thc st.ate ·r~presbnts the 
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leading edge of glacial advance 9 with a rather extensive conglom-

eration of soil materials having various origins, and therefore 

various particle shapes, it is highly probable that a particle 

shape parainetcr should he considered, The State nepartment of 

Transportation of New York has developed a pctr,cabi li ty prediction 

mctho<l which indirectly incorporates a shape factor through the 

inclusion of the speci fie surface of solids as one variahle. It 

,ms not possible to evaluate that metho<l \dthin tl1e scope an<l 

constraints of this project. !Im\·cvcr~ it is thought tliat the a<l<lition 

of this factor (i.e. particle shape) may provide tl1e refinement 

necessary in order to pretlict perme.ibility with sufficient accuracy. 

Conversely; by isol::1tin1_i particle ~hapc and holding it constant for 

a group of samples ·\d th v;nious densities an<l gradations, it may be 

possible to develop a series of tl1e forr:1er type of equations• that 

would apply on an individual basis to any natcrial depending upon the 

cffecti ve general shapes of the particles of that r1atcrial. 

II. Recommendations 

This research has supplied data on the more rational engineering 

characteristics· of the soil aggregate and crushed stone materials 

currently s~ecifie<l for use as base and subbase materials in 

New Jersey's state and interstate hi~tt~ay construction. Alci1ough 

there is little direct usage for such newly acquired CBR and perme-

ability data in the design process in New .Jersey• the investigation 

has shed new light on the individual, as well as the overall, re-

lative character of the various aforementioned materials, and some 

interesting conclus presented. On the basis of 

those conclusions, the following recommendations are offered: 
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. . . 

1. It is felt that the bank-run soil aggregates currently 

being allowed by specification and ·used as base or subbase materl~ls, 

are borderline materials i.e., they are not consiste11tly adequate, 

nor are they consistently inadequate, _for their intended use. The 

degree of adequacy depends upon seve.ral highway environment parameters , . 

such. as the magnitude and f,requency of loads, water accessibility, 

localized natural drainabili ty of the pavement bed, or subgi:ade; and 

·others. Until a Substantially more rational approach to pavement 

design (including sub-surface drainage) is adapted, there is little 

sound reasoning to support recommendations for changes to the current 

gradationbands of Types l, 2 or 5 materials. In the absence of any 

implementation of the .findings of this research project, it is likely 

that a permeability :requirement in. combination with stability and 

gradation requirements would only slightly improve the overall quality . 

. of base courses~ 
. . 

In the presence of a sub-surface drainage system consisting 

of a drainage base. course .and outlets, the existing specif:ications 

would be pertinent for the underlying>subba~e .. While no changes 

to those specifications. are recommended in an urgent fashion, it is 
. \ ' . . 

recommended on an. interim basis that· tl")e B:ureau -0f Soils Design, in . : . ' ' .. , ' 

light of the range of GBR vahies attained in: this work, give some consi-cleration 

to the addition .of a minimum load sta'bHity requirement for those . 

materials which are to he used as dense Supporting layers. A CBR 

test method is specifically not rece>mmended for this purpose until 



the method is correlate<l with field :results an<l another more applicable 

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

approach ( with or w·ithout incorporation of drainaS?;e) 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 a<ldi tion of one size of aggregate to an 

existing, 11bank-:run" soil, is currently practiced in New .Jersey for 

one of two reasons. Usually blending is performed for the purpose of 

''1neeting" specifications requirements, A common example of this 

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

theoretically reduce the percentage by weight passing a smaller sieve, 

i.e. a #4, or a #200 sieve, puring the course of this project, 
. . 

samples of an "as constructed" blended base course were taken from 

beneath a pumping portland cement concrete pavement (Sections of 1-295, 

south of Trenton), and it was found that without the blended stone, 

the samples had effective P200 amounts of up to. l2%, Permeability 

tests on the blended, and on unblende<l samples of the basic material 

indicated that: (1) the permeability or the basic soil was around 

10-4 ft./<lay, and (2) blending had no affect on the soi,l permeability. 

TI1erefore, it is seen that if the base course is selected for use 

as a drainable mediwn, the allowance of blending is indirectly 

detrimental. 

The second reason for blending is in cases when a bank-run 

soil meets gradation requireme,nts r but lacks unconfined stability, 
' . 

Tids \\ilccu:rs occa;5ionaUy when m,c1.terial is too sandy. Blending, 

via addition of coarse aggrega:te 1 can sufficiently stabilize ,such 

materials, and in fact, has been effectively utilized in that manner. 
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Ble11ding for the second purpose is legitimately justified, whereas 

blending for the first purpose lacks rationale, an.d as indicated 

above, may actually 'be de.feating the purpose of .the gradation 

. specifications. Therefore.,, it is recommended. that the Department 

carefully reassess its position regarding ,the use of ''blending" in 

base course materials. 

3. In the course of this study, and another, related research 

effort, it has become apparent .that sources of the good quality,· 

granular material which typi€ally .comprises Type lA base course in 

northern New Jersey, is quickly becoming virtually unobtainable. 
. . 

Forttmately, the highway construction program .is at an ebb in New 

Jersey. It .is strongly recommended that, during this period of grace, 

the Department investigate the· performance and .availab.i lity of 

al temati ve .materials and/or highway design sections .• 

4. I,t is recommended .that current and future attempts to 

develop theoretical pernieabili ty prediction methods give consideration 

to the .use of a. single, combined size parameter, such. as .the Gradation 

Modulus A, and to. the in,clus,ion of a shape parameter, both in conjunction 

with. a porosity paramete.r. The work cited herein as Reference #9 /. 

includes analysis of particle :shapes and, warrants further investigation 

with regard to. permeability predict;ion. 

The above recommendations are a direct result •Of this research. 

However; it is the opinion of the authors that the most, outstanding, 

significant result of this work is its further ac.cent upon the need for 

answers to questions that have existed too long. And basically, they 

all center about one issue: water in the highway section. There£ ore, 



in New Jersey a comprehensive program of research is recommended 

which would encompass the following additional points: 

5. A thorough investigation of the root causes of "failures" 

in portland cement concrete' pavements, is sorely needed. These 

failures are usually well defined, and basically the causes are 

identified. However, there are no limiting criteria on these problem 

areas from ~hkh to proceed. with a mOJ'e rationale des1gn for the pavement. 

For instance, the limiting conditions for pumping must ,be 

determined. . Toe effective porosity and drainage capabi 1i ty of the 

pavement system at which pumping cannot occur, or will no longer be 

detrimental, must be determined, after which engineers could apply 

appropriate judgements in· the desigl) of a system that would properly 

accommodate anticipated design quantities of water. Simultaneously, 

other aspects must be considered as well, such as the possibility of 

frost heave or deterioration, and subseq~ent differential settlements, 
. . . 

·or the relative load stability of various types of· "drainable" base 

courses. 

6. A similar, parallel investigation into the root causes of 
' bituminous concrete pavement failures and design requirements is also 

urgently recommended. With :the bituminous concrete pavements as 

currently constructed in New_ Jersey it is often difficult to find a 

clear definition of "failures". It is even more difficult therefore 

to recognize causes behind failures. For this reason the role that 
' . 

wat®r may play in the failur~ -of a bituminous roadway remains very 
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obscure and should be thoroughly studied. The phenomenon of ''liquefaction''· 

(described elsewhere herein). of granular Jltaterids is of particular 

interest in such a study. 

7. It is interesting to note that the .9-inch ~hic:k bitumin<>us 

pavements, as now used in New Jersey, have evolved from a much . thinner 

. pavement placed upon a. macadam base course. In essence , the macadam 

paveme:nts exhibited generally severe deterioration long before their 
,.· . ' ' ' . 

intended longevity. The approach to this problem was to replace 
. . . 

the macadam bas.e with a very de;i&se bitumi:rious stabilized base having 

very low voids.· This in effect•is a iifull--depth pavement", although 

it is not referred to as such in ·New Jersey. Thfs kind of approach 

makes no attempt to solve the problemsdirect:ly, but rather just 

pushes them into a more remote or obscure status, while perhaps 

introducing new problems, of a differentna.ture. Justification for 

this approach is very . questioriab le, · since many othe~ users · o.f 

bituminous pavement have not found iti necessary . to follow Slli t. 

Consequently, it is felt that this kind of approach may be denying 

the chance to attain the mosf economical overall solution. 

Therefore. in cbnjunct:i.on with the above two recomm,endations' 

it is recommended that a reevaluation be perfof:med of the entire 

pavement section' with particular emph~sis on' the accommodation of 

subsurface water. It Is feit that the Departrt1ent, thr()hgl{ the continued 

adherence to only the gradation specifications, is fence--sitti'ng. The 
. . ' 

Department must t'.ake a Strong position on the 'matter of ai1 sub-surface 

drainage, and then having establishCd 5uch goals, should react accordingly. 



A positive reaction towar<l .such drainage necessarily includes a11 over-

haul of design and testing .methods to reflect dynamic effects and related 

means of testing, including actual test tracks, as well as eventual use 

of analysis methods involving stress and strain criteria. This admittedly 

is a large program, but is never-the-less strongly recommended. 

The merits of such a program would be an improved rationale on which 

to base the selection of all elements involved in the overall pavement 

section. Any comparative evaluation of different overall pavement sections 

should be conducted in light of the findings fi;:om the investigation reco.mmended 

in i terns It l and #2 above and should therefore consider load-carrying 

capacity, water-draining capacity, overall frost penetration and affects, 

long.:.term durabilit:y of the pavement, and "constructability" and economics, 

as well as future avaUa,bflity of materials. 

II I. INTRODUCTION 

A; General 

This report is the final report for New Jersey Department 

of Transportation Study #7775, "Permeabi 1i ty of New Jersey Base and 

Subbasc Materials''. The ohjecti ve of the study is to determine 

permeability an<l load-bearing characteristics of materials that are 

used for base and subbase courses in New Jersey Interstate highways. 

On the basis of said <letermin.ation, and in the context of the current r 

design and construction of Interstate highways in New ,Tersey, the 

current method of specification, i.e .. , gradation requirements are 
' evaluated-. Conversely, gi ven1 those materials allowed by the current 

\ i 

11article size :requirement~ (s~e. Table 1) the subsurface dr:ainage 

c,ipabili tics of standard pave~~mt Sf3cticms are investigated. 

This study is basically'. an investigation of the status quo 

with regard to water in the base and subbase courses, and is therefore 
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limite<i in scope in the sense that while problem areas ma.y be identified, 

no provisions are .included for the trial and/or eyaluation of BilY gross 

changes in· either the design of the ,;standard" pavement cross-section 

or in base-subbase material specifications. Nor is any consideration 

given to permeability and load carrying capacity of the sub grade 

materials, since t_here is evidence that water ... related problems are 

substantial in the mc,re critical base and subbase layers~ 

Type 

Class 

4'' 

TABLE l 

NEW.JERSEY ·oEPARTt.ENT OF TRANSPORTATION 
.· STAN DARO SPECI Fl CATIONS 

A 

100 

FOR BASE AND SUBBASE AGGREGATES; 

1 

B C 

.100 

A 

2-1/2" .· · 100 

2". 

3/411 

No .• 4 

No.SO 

No.200 

70 -

so 
30 

100 

65 - 100 60 -·100 

40 - 75 · 30 - 100 · 35 - 75 

5 - 30 15 - ,30 

100 

70 -
30·-

10 -
• 

100 55 ·-
80 25 -
35 ·5 -

3 -

90 

60 

25 

12 

·•If the tot~l of shale, slate, schist and soft and decomposed-• aggregate 
be five. percent or less, the qua11tity passlng tjte No. 200 sieve shall 

· be 11ot ·_ less than 4 .5 percent and not more. than 12 percent ... lf the total 
of shale, slate, schist,. and soft and decomposed aggregate be more than 
five percent but no more than 25 percent, the quantity passing the No. 200 
sieve shall be not less than four percent· and not more than nine percent ... 
The amount of shale, slate, schis.t and soft and decomposed aggregate shall 
not exceed 25. percent. · · 

ii 
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B. Background 

1. Description of the Problems 

The current New Jersey Stm1dard Specifications for soil 

aggregates used as foundation materials in highways is primarily 

a set of gradation require~ents. These specifications were originally 

formulated to encompass gradation of soi 1 aggregates which were 

available at the time and appeared to have been effective in previous 

highway applications. The11r formulation was therefore empirically 

based and also extremely subjective. The problems associ~ted with 

this are essentially twofol:d: (1) there is little or no basis on 

which to evaluate even minor changes to the specification, and, 

(2) when in spite of adherbnce to the specifications, failures occur 

in the field, it is diffic1,1rlt to find a rational explanation for them. 
I 

These problems have become increasingly prevalent in New Jersey with 

the construction of the Interstate Highway network. Other factors, 

as follow; further complicate matters. 

New Jersey is heavily populated and highly urbanized and 

suburbanized. Use of the small "open" areas that still exist in 

this locale is extremely difficult for several reasons. Suffice it 

to say that in the midst of a probable ab\,lildance of material that 

meets our gradation requirements, "good" material that is actually 

avail ab le for use has becoJ11e: quite scarce. Base and subbase materials 

must often be transpo:irted ove:r long distances, and are sometimes 
i 
I 

dredged from thee sea or :rivel'$ o Compounding th.e problem is the fact 
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that New Jersey lies directly between nearby, large metropolitan 
. . 

areas such as New York City~ Philadelphia, Baltlntore .lnd Washington 

and therefore. serves. as a. co;l'ido1: for large yolum~s of thrciugh .. state 

traffic. This further accentuates the demand fol" more highways and 

puts even more pressure on the. ''supply-demand" relationship for the 

hase and subbase materials. · Ultimately, this pressµre has lead to 

serious questioning c:>f the validity Qf the apparently strict, 

exclusiv:e aspect of tht? gradl3.tion based specifications. · 1n s.ome 

. cases o.f highway co11st11,1ction, ma.terials a:re artifically blended. to 

meet specifications.·· In such instances,. the blending usually ccmsists 

of adding c?arse aggregate (crushed stone products) to a material which. 
. . . ... . 

. . 

usually has an ~xces,sive percentage (by weight} pas.sing .the #200 sieve. 

The result is a soil agg~gate which passes gradation requiremen.ts, . 

but is<costly to p,roduce. and 1'as . .in ~enera,l the permea.l>ility a.nd 

stability of the unblended material, 

Another consideration in this matter. is the fact that a 

significant portion of New Jetsey 's Interstate h:j.ghways have exhibited 

early "failures." which. are· often attribut.ecl. to .the presence of .wa.ter, 

in the soil layers .directly beneath the. pave11Jent, i, e., in the aggregat,e 

base and subbase layers . Pymping, l~ss Qfbe:aring capaci.tY, and frost. 

heave are all di~ctly attributed io water in th.e s.oil system, a.nd at 
', '., • ::•, • • • :_ ', \•• C ', ._':'_ \ •,· ._•, ' 

least the first two of tl,e aforementioned are known prol>lems Jn New 

Jersey payements. The questions therefore . fc,llow: llts the current 

specification r¢ally providing only the kind. of mater.ial that is 

needed?" and !'Doe~ the specific;ation exclude from use only the poor 

j;. 
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soil materials?" These two questions generate a host of other 

questions which all lead to the inescapable conclusion that very 

little concrete engineering information exists about the base and 

subbase aggregate materials. Therefore, in· order to even consider 

changes to the specifications •. or a more adept use of them, 

substantial data should first be gathered. 

AH of these things together, provided the spark that· kindled 

this :research project. The limited scope of the project evolved from 

a few considerations. The. primary consideration, however, was that · 

· there were so many unanswered questions, that the need for a very 

large and comprehensive investigation was indicated. To intelligently 

formulate and determine th~ course of any sµch project, it was thooght 

prudent to first obtain a qeeper working knowledge of existing methods 

and materials. Therefore, .the permeability and load carrying characteristics 

of our base and subbase soi ls were to be determined, and then these soi ls 

were to be evaluated in light of their use and their role in the overall 
J 

pavement cross-section. 

2 • The Status Quo 

The present design practice in New Jersey is to support 

a 9" - 10" surface pavement with a 6--inch thick densely graded base 

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

generally of 611 - 12" thickness. The thicknesses vary from job to job 
, , . . 

depending. upon anticipated traffic· and numerous other factors. But 

the basic function of the bilse course is pdmarily to provide strength, 
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whereas it is thought that· the subbase laye. r ne.ednot be as stron.g 
• ' • ' •_ - C 

and should serve to aid subsur.face. drainage somewhat. I.n addition,, 

standard designs. call for subbase outlet drains• at 350 foot spacings 

along the pavement profile anc;Lat any low point in the profile, for 

removal of water .from base and subbase. }ayers.·. An outlet drain is 

a trench fillecLwith coarse aggregate (usually 3/8'' stone) that·is. 

cut transversely across the roadway subgrade. The· top of<the outlet 

drain is in contact with the bottom of thesubbase and permits.removal 

of subbase water which 'is flowing parallel ·to the roa.d profile. 

Water intercepted by the>drain is carried to an in.let. basin or a 

pipe daylighted on an emba.nkmen:t slope. 

The irony of ~h~s "d~sign" is .that these layers aren't reaily 

designed.· Jhey.are mote or less simply put together .on the .basis,. 

that it seems to work pretty good. Y.et when failures occur., .• one. 
. . 

is forced to. lpok back at the design .and reevaluate its. adequacy 
. . 

,pr tp,t a~,qua~y pf the. materials involved tO per.form according. to. 

the design conditions. It is in this context that the following 

study is. presented. 

IV. STUDY PROCEDURES 

· A. Representative 

Soil samples were gathered such that, as much as possible,. 

a complete ~rray of b;;e and subbase course materials would be 

tested. The selecdon was based upon specification Class and Type, 

as well as geological origin. A statistical or weighted sampling 

approach was neither nece•sSary nor practical to meet the scope and 

objectives of the project. 

,;, 

j) 
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1. · Selection by Class and · Type 
i 

Table l is a condensed version of "Table 36 - Soil 
' ' ' 

Aggregates Gradation" which is pa:rt of the New Jersey State Department 1 
' ' 

·of Transportation's "Stand~rd Specification~ f o~ Road and Bridge 

Construction." . In Table 1, only those materials which comprise bases 

and subbases are included.• To help. envision the gradation requirements, 

the "bands" are plotted in Figu:res 1, 2; and 3 .. As a. matter of ppint, 

· the material designated as iType 2, Class A has been deleted from the 

.latest version of Table 36 because of the extreme scarcity of said.· 

DU1terial. · Samples of each Type and Class, including "2-A", were ·· 

gathered. '• Wi thiri the gradation band of a Type and Class, attempts 

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

limits, and others to cross the band.· Figure 4 illusttates this _concept.· 

2. Selection b~ Cieolo$ical Origin 
- ' . . - . . . . . . . . 

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

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

practice, the differences are often very subtle if one only considers. 

the sieve analyses in1 comparison. . But considering load carrying 

capacity, substantial· differences can exist. 

Probably more so than anything else, these different specifications 

evolved from the fact that the State is sharply divided into greatly 

different geological facets', · f,enerally in the northern half ofNew 

Jersey there is. a conglomeration of shales, trapr~cks, lime~tones, 

· ;md gneisses representing the edge. of the glacial advance. · ln contrast; 
, 

scmt~em New Jersey has little or no l'Ock, nor shale. It. is practically 
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all ocean bottom material consisting of siliceou~ sands, clays, silts, 

and gravels. Therefore, in general, a gradation band for a particular 

Type and Class was derived according to the .material which was available 

in a certain area of the State. As an example, Type 1, Class A material 

is commonly referred to as ''North Jersey" base course, whereas Type 1, 

Class B material .is commonly cal led "South Jersey" base or sub base. 

For clarification, a very general description of the use of 

each material follows : 

Type 1, .Class A (IA) .; North J:ersey base course placed 
directly beneath portland cement concrete pavements,, 

Type 1, Class B (IB) - South Jersey base course placed 
directly beneath portland cement concrete pavement. 
Usually placed in thicknesses sufficient to serve as 
both base and subbase. 

Type 1, Class C (IC) - North Jersey sub.base placed 
beneath IA base course or beneath SA material. 

· Type 2, Class A, Class (2A or 2B) - South Jersey 
· material called "Gravel Base Cours:e''. Used where a 
very hard, dense course is.desired, usually under the 
bituminous shoulders of a portland cement concrete 
pavemen,t or as the .soil subbase beneath a bituminous 
concrete pavement. Used in southern New Jersey 
because of a lack of SA material. · 

Type s·, Class A (SA) - Quatry processed crushed stone., 
used as a very· dense, hard base cours.e to support 
bi ttiminous concrete pavements. · Usually restricted 
to northern New Jersey pavements. 

In order to encompass the m~jority of base and subbase materials 

in our testing program, m~etings with the Department geolog1sts and soils 
. /. . 

personnel were held. · Using their expertise, the types of soil aggregates 

to be tested, and the sample selection sites were chosen. 
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New Jersey has, in general, seven geologic sources of material 

used as base and subba,se. In south and central New Jersey, for 

testing purposes, the material was grouped into the Pennsauken 

Formation, Cohansey Sand, and Hyd:rBiiulic Material. In northern New 

Jersey. 2 types of subbase and base sources were chosen, i.e., 

Limestone valleys and Gneiss and Quartzite sources. Also found 

in northern and central New Jersey are Trap Rock sources from which 

high quality crushed stone, "SA" material. is produced. The final 

source is limestone sources of crushed stone from Pennsylvania. 

Material in the Penn~auken Formation consists of gravelly 

sand, mostly quartz with varying, sometimes large, amounts of clay. 

The formation is composed of heterogeneous Pleistocene alluvial 

deposits, and outcrops in a band from Sayerville southwest across 

the state to. Salem. (See Figure S) The Cohansey sands are comprised 

of quartz with varying amounts of clay and some small gravel; clay 

content is usually much less than in the Pennsauken formation. 
I 

Cohansey sands are found throughout much of southern New Jersey. 

These two formations yield any of lA. 18, IC, 2A and 28 materials. 

Hydraulic material is, for the most part, a clean quartz sand. 

It is a product of dredging and is obtained from coastal bays, and 

at times from the Delaware River. Dredging i.s a source for IC material. 

Limestone valley material (IA or IC source) is heterogeneous 

glacial debris. Its composition varies widely from being larger 

carbonate rock, shale and slate :fragments. to gneiss and quartzite. 
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This material, often in "banknm" fom, is scattered throughout the 

. mountainous regions of northern New Jersey, notably, Hamburg, 

Sparta, Blairstown and Belvidere. 

Gneiss and quartzite sources are usually "rock gravel u; 

hence they are often the source for Type SA products via crushing 

operations. These are found in the Wharton, Hopatcong and Riverdale 

areas to .mention a few. Lo_ieate_d in northeast and central New Jersey 

are isolated igneous outcrops known commercially as "Trap Rock" which 

is very hard and durable diabase 1or basalt. It too is used to make 

quarry processed subbase (SA) -- a primary crusher product generally 

composed of all the material that passes the 2-inch screen. New Jersey 

also uses some Pennsylvania carbonate rock which is quarried in the 

New Hope and Norristown areas. The material is used in quarry processed 

subbase (SA) . 

B. Schedule of Sampling 

In order to. effectively study all of the aforementioned 

materials it was estimated that approximately 60 samples of soi 1 

material and blended aggregates should be tested. This figure was 

based on an estimated. total of 15 sources which would include all 

Types and Classes _in Table 1, and which would also afford general 
I 

coverage of the various geological sources. For each of the 15 

sources, it was intended to try to obtain 4 differently graded 

samples within a particular specification band, illustrated in 

Figure 4. and therefrom a total of 60 samples was derived. Table 2 

summarh~s the 'fyp,es m1d g@ologk.al ~Hllurces actually sampled, and 
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TABLE 2 

SAMPLING AND TESTING OF MA.TE.RIALS _ . 
USED AS BASE OR SUBBASE IN NEW JERSEY HIGHWAYS 

Specification 
Type of 
Material 

IA 

18 

IC 

2A 

2B 

SA 

Ac.tual Testing Source 

I Carbonate Source 

2 Granite/Quartzite sources 

1 Pennsauken Formation Sourc_e 

4 Pennsauken Formation Sources 

1 Carbonate Source 

I Pennsauken Formation Source 

2 Hydraulic Sources 

2 Hydraulic Sources 

I Granite/Quartzite Source 

2 Pennsauken Formation Sources 

2 Cohansey Sand Sources 

3 Pennsauken Formation Sources 

2 Carbonate .Sources 

I Diabase Source 

1 Granite Source 
·Totals 

No. 
Samples 

2 

5 

3 

7 

2 

4 

2-

5 

3 

5 

2 

3 

2 

1 

4 

1· 
54 

No. of 
_ Replicates 

X 

x· 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3 

3 

3 

2 

3 

2 

2 

2 

2 

2 

2 

3 

2 

3 

Total No. 
of ·rests_ 

= 6 

= 15 

= 9 

= 

= 

= 

9 

14 

4 

= 8 

= -. 6 

= · 10 

= 6 

= 

= 

10 

4 

6 

4 

8 

= 3 
1~ 
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the total number of,samples, including replicates, tested. At the 

start of the testing program, each field sample was divided and 

three replicates were prepared for tests. This procedure was reduced 

to two replicates after good repeatability in the testing procedure 

was demonstrated. 

As a minor off-shoot of the project, a few samples of base 

course material were taken from two highways that were already in 

use and had demonstrated some particuarly interesting behavior such 

as "pumping", or in another case, excellent long-term stabi 1i ty. 

C. Test Methods 

1. General 

Equipment for testing is detailed in Appendix A. To the 

extent practical, standard available testing apparatus and methods 

were utilized. Although permeabilities and bearing strengths were 

of primary concern, it was also necessary to perform a particle size 

determination for identification purposes and to determine some 

"appropriate" density at which to perform those tests. These are 

described hereinafter. 

2. Incidental Tests 

For density requirements the optimum moisture content and 

maximum density was determined using 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 employed a 6-inch diameter Proctor 

mold. Method "D" was chosen for two reasons. First, the mold size 
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. . ... , ,_·.·' .· .. ,.-, .. ·: 
.(6" diameter) was the same size as that used in the compaction 

permeameters. Secondly, larger size ma.1:erla.t (mail.JlllUII of 3/4") 

could be used with this mold. Th is was thcmght to be a better 

representati..on of t:he material actually eric~Jnier~d in the field. •· 

In the 6-inch mold, the soil was placed in thtee equal layers, 
. '·. 

each layer compacted by 56 blows. of the drop h~1JD11er .. · After compaction 
. . 

of the final lift, the excess material was ''struck offit flush with 

the top of the mold. using a straightedge. 'A_ f_te_ r_. the de_nsity_· .. was_.· . ',• . 

determined,. the soil was' remixed; iratrea~i.ng the ~~ist:ure content 

by 2%. The procedure is repeated un ti i a drop in 'density is n,Oted. 
,.. , 

. The same material was used throughout the tests unless. a 

particle breakdown was obs'efved. In these cases\ mate-rial w~s 
changed each time the moisture content was cha11ged. In 

. '. , 

having individual aggregate larger than. 3/411 , th'el~rge 

was removed and replace cl by an equal weight' of ·~atetiai 

a 3/4" sieve and reiained on a #,f sieve. Test' results were. 

on standard rn'oistut·t? densltf forms and the· optimtnn moi.st:ure content 

and maximum density .were obtained from the graph. (See Figure 6) 
'<''.. ; ', :.' ,: . .:·. ,., . \ 

Although there is general agreement that such "maximum" 

densities arc( iess than in-situ field ctJ~si_ti'es, it was 't-e1{ prudent 

because of a la'ck of. stifficierit qiianti tati ve data in that regard,not 

to utilize any mbdi fied rne.tbbds of achi.evi~g higher densities. This 

decision wa:s.' further bibked bY: two other .factJrs-: 

(1) it was found that the 111ax.i.mum density (as per AS'I'M 1)-698, 

''D") could be very closely attained when pre)ari~g samples. in a 

permeability or a CBR mo.Id J and · 

.. 
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(2) the only other means of compaction that was avaUab le 

. was the •imodified" Proctor method and preliminary trials indicated 
' ' 

' ' 

some aggregate ''breakdown'' under the higher compaction effort. This 

was very un:desirable since the amount. of "fines" in a soi_l wi 11 

influence that soil's permeability. 

Particle size determination was required for all sample~ as 

a basic means of identifi~a.tion Le., to determine -whether or not 

the sample complied with the grad·ation requirements for the Type and 

Class for which it was intended, and als.o to determine where its 

gradation lay within the required band. Sieve a.na;yses were performed 

in accordance with ASTM D,;;422 using a motorized sieve sllaker. 
C •• • • • '-·, • 

Usually, the sieves emp l9yed were those required by the Type 

and Class specification, butoccasionally ~dditlorial sievt? sizes were 

included. Sieves were checked for opening s~ze compliance at 

month intervals. For the soils tested~ a hydrometer analysis was not 

thought to. be necessary and. samples were washed on a 
accurately.determine the 8.J!IOUnt of minus 

3. Load. Bearing Capacities 

Determination. of loa.d bearing capa.eity of the base and 

subbase·so:ilswas a sqbject of consi~era.hiecontroversy for a.number 

of reasons. Although a 'California: Bea.ti.rig 
to have drawbacks, it was selected b~cause of, a ac o .. ·· a . >e . er, 

. or more appropriate, test rtl¢thod. variations, of 
., '. 

'the CBR test which may. be interpreted as evidence 'of its apparent 

inadequacies in a given situation.' Having' no prior load stability 
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data on Types l, 2 and S materials, it was opted to adhere as closely 

as practical to the method prescribed by ASTM D-1883. 

All samples were compacted at maximum density (as per ASTM D-698 ,D) 

into 6~inch diameter molds. For each sample, four replicates were 

prepared. Two were tested immediately at their optimum moisture content; 

the other .two replicates were submerged in a soaking tank for four days 

before testing at saturation. These samples were always instrumented 

and checked for swell during soaking; no swelling was ever indicated. 

During all CBR tests a standard surcharge of 10 pounds was 

applied to the samples. Lo~d was applied to the sample using a manually 

operate<:l loading machine at the rate of O. OS inches/minute. A load-

penetration curve was obtained and the "Bearing Ratio" recorded for 

O .10 inch, O. 20 inch and O. 30 inch penetrations. In the ASTM standard 

for CBR,the value to be reported i~ the one obtained at the 0.1" 

penetration. However, if the O. 2" penetration is greater than the O. l" 

penetration, the test is to be repeated. If the results are unchanged, 

the 0.2" penetration is reported. It was found that all CBR tests 

run in this investig.-tion had a greater value at O. 2" penetration as 

compared to the o. l". Therefore. all CBR values reported are for the 

o. 2" penetration. 

Some difficulty was enco.untered using the ASTM D-1883,-73 method. 

Most notable was the tendency of .certain materials (sands and clean 

base and subbase materials) to fall from the mold as it was inverted 

and reset on the· ba~e plate., · This was corrected by the use of sheet 
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•· J;><>lyeth;~ene dis~s -.which were· used i~ l~e~'of the req,~f~d fi-lter ' 

papers. ·.• The pia:ti~ dis~~·· fed{iced· the·:;endeh~t Qf -the·-'samplei· toe 

-adhe:re .to the, nietal ~p:jcei-:I1nd c·otild?eisiJ.:;, b·e-t~moved-· wihottt< .. 

disturbing· the samplt, ,surfac_e:. - .... <:; 

··tigure/1,is .. a:•:gra~h.·····~f.··tlte0 ··re~tiltS?'(>fif1··.·nwnber •ol:CSR·.test·s•··· 

· ... ce>nduct¢d> on/eac~ .of_• ~e lA '.and-Type ~A materials -~ith· varying_' 
. . 

moisture"COnterits~. The'"optiillum moistuie.content"s(f6r densificat:ion)•·.· 
• • • . • ' . . : • - ' • - .- • • • . • • • <· • • 

for ;th~sematerials"were·:1.S% -and 9.2%),' r.espe~t:ively .Nbti~e· that··· 

the maximum -GBR ;,alties: we.re -.obtain~d fdr moistµ~e,: ~aiues: ·of- 5 /5% and 

4.5% ,·- respectivelr.-\ Therefore/it maj' .lt¢~erally·•be ext,e¢tedit:h~t'a,•·: 

CBR:res_ult obtained.:_~t;"Op-timuin: m9~sture~~J,l :pl'<>Vide af· s-lightly --··,-'!;:, 

conservati ;e value•/: n:ot-' c:onsldertng isuch -·fac.tor~ · as• ·dynamic '; loadi11g ; · ·>: '· -· 

quring· sattirati:on i·.·. or.super-sa:turiti9n~< The··· d~c;isiorifto run·''.al 1:' IL>-·-. 

sample~- at:. opiimom ~oistur:e, c~ntent-provid.es a•reasonabte··CBR valuej•· 
. ·. i ~e. ;_.Olle wh.i<;h could ~be :quite freq~en'tly \erttountered-in'the ba,se1·br- ' 

. . . ,· 

. subb~e- cc,ur~:es. ,As a ma~t~r 'of iriformation ,· a,t. the <>Ptim1,1111 moisture 
. .- ·: ··, .. .-_ 

-. contenf.most, Sl:Ullples we:re,:·a1,otit .·9d%•" saturated,; :. __ :! ., 

_.· -· :· • .. · 

• In-Newi'Jer~ey•the,.Qepartrnent. of.ti-~~port~~.~~n does ·.not-·ustl-

.··• pe~eabi'lity requi~em~nt~:_in "any as~e:,ct. or phase'·of' hfg~waY .design.•·· 

·•. Th:e .Department: h~s :~a.opted rio- :pe:r111¢·abf ~i tr, ,equip~nt: .~or. test m~thod~ 

. as ;;stand~rd'' for its use;•;' Thieref:ore/ fot the<purpos·e~ (>f,:this'- project; 
it was. necessary£~ c~inple~ew dev~·1op the'n:~~ssary'labor)1tory~~s: 

.,_. . ··:_: ... _._··---. 

-well as adequate-tesl metht>ds ·., }. 
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Having no factuil information regarding the permeabilities 

· of the subject materials, the method of permeabj Ii ty determination • 

was to be dependent uponthe range of permeabilities obtained from 

the initial tests. Reference to a chart. by A. Casagrande and 

R. E. FadumC2) indicated thatpermeabilities of the subject ~oils 

may range from 10 to· 10-6 cm/sec., Particularly sJnce j:f was i.ntended 

. to test soi ls meeting the "open side!' of the specific:atfon hands; 
. . 

The same chart indicated tl'lat, both a constant head permeame~er 

and a f allihg head permeameter would be' n,quired to achieve accurate . 

results over this range. On the other hand, constant head permeability 

. tests are supposed to yield a high degree of accuracy and repeatability 

when performed on soils with permeabilities c:,f between l to so ,oho ft/day(3) 

and with less than 10% passing a #200 sieve; . Accord~ng to specific~tions; · 

most of the soils to be .tested would meet th.is #200 sieve requirement. 

Of the two methods, the constant head test requires slightly more 

sophisticated apparatus from which falling h¢ad apparatus is easily 
. . 

developed .. Theref.ore, ih the development of'' the laboratory, the primary·. 
> , '.·~ 

emphasis was on constant head apparatus; although eventually,nearly all 
. . ' ·. . " ., 

' ' • .,'• • .·:· 1 • 

permeabilities were determined via the falling head method . 
. - <-_ ... · . 

(4a) Constant He.ad Permeability Test and Apparatus 
. .. 

In the development of· the constant• head apparatu$, :reference 

was made to ASTM method of test D.:..2438-68, and a soil mechanics text(4) 

from. which the theo:ry and test requirements we.:re obtained. The general 

setup i5 shown in Figure 8. Complett.'l cletails" inclµding theory, are. 

provided in Appendi:X A, r~ther than here, since from the first 



Constant Head Reservoir 

variobte · 

· Tubes 

Bleeder Vc,lve --

Q 

. . 

Figure 8-- CONSTANT HEAD PERMEABILITY · 
APPARATUS ( SCHEMATIC). 
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.perrneabi li ty tests conducted it became apparent that falling-head 

apparatus wouJd be more appropriate for al I subsequent perrneabi li ty 

·tests ... 

(4b) .·· Falling Head Permeability Test and Apparatus 

Figure 9 shows the falling head apparatus used in this 

project.· The metal permeability molds were selected on the basis of 

long term durability arid on the basis .of commercial availability of 

the required size. A fr-inch diameter mold was selected on the basis 

of the ASTM D-2438 stipulation that the diameter he at least 8 to 12 

times the diamete·r of the maximµm particle size of the sample.· The 

soil samples were to be prepared according to ASTM D-698, Metho~lD~ 
. . 

J'htis, as cited earlier, all material :retained ori a 3/4'' sieve was 

removed and replaced by an equal :weight pf material passing the. 3/4'' 

sieve but retained on the #4 sieve. This maximum particle size of' 

3/ 4" indicat.ed .the ,necess1ty , Recording to the aforementioned 
.-, ,-. . . ' 

. . 

diameter stipulation, .of a mold diameter from 6 to 9 inches. 

Therefore,, the 6-.ihch diameter mold was used. 

Although the 6'"'.inthdia,met:er metal molds were conunerd.aily, 

.• available, some slight modif'ic~tions were necessary. These iricluded 
' ,, ' 

drilling and tapping the top cover"ilate to accept a 3/8'' diameter 

water intake tube and installing a small shutoff valve at the base 

·port. T<?. pul"ge the permec1me.tEl.r of \ail'.,, a b,leedel" ya1 ve was a lsQ 

fitted direct:ly to the top plate. The attachment of a s'bmdpipe 

and a head h~ightmeasuririg stick completed the permeameter .. 
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. .• :· :· , .. _;·.c" ' ' ; .·-

Samples were: 'compacted' intb the pe:nne~eters 'at: 'optimum moisture 

content in five equal -layers each .layer being'compac:t~~l 1))' 5_6 :blows 

. by 'a S.Sp01md dro;frammer . . Ea.ch 'laY,er, ~r}ift~was scarified pefore · 
' ' 

the next .lift was added. J~ithout s~arffication(therl was>'a distinct; : • 
. .f,· . ,· .- •. . . . . 

'lmbound inter.face between 1a:y,ers,wh1cli could gi~e'e~roneous ,p:ermeability 
. . . - . . - ·.: . . . 

results . · The -top ·. collar was then removed f:rom th~ -two;,,-piec~ mold 

cylinder· an.d the top s·urface 6f the s~pie wa~' p;epa_r~il by ·••striking ;off;,· .. 
•with ,a steel St:~al~ht~dge. ,The collar.was ,then-~pl~~ed; ap~rotis.st~ne . . ' ·, . . ... 

'arid '!;pacer ,placed atop th¢ sample; f,~l lowed by Pillcement of the top ' 
: -~ . ' .. · . .' -, . .. ' . . . . ·:•-, ··- . .. : . · .. 

permeametei_plate ., _· The· )<>in1:s betwee11 ~ylirtdel' co~<m~nt~--:~fi t~ltAJ,ldi~i{ 

base plates Were_ aJi s~a.led 'wi,th rubb~r.:gaskcfts\tL · 

.·The.: p;ocedu:re for Pei:rneability_tests ~9uif~s:,~acu11ti,01\ of-• all 

air in ·the sample, follow~d:)Y _s,low sit~ration wftlf de~~ired water 
_ . : :- _- .. . •· · .· · fi/ _; . · _ , --·· · . \?:{C _ ; : ._.· .·· .· .. .-• 

from t,h, bottom upward. '' ~-1:::real(ty<, <~owe'vei'.', 'Jt'.;'wis, e,s;tab1ished that 
-~~---

this m«,thod: ~f ~atura~ing_;}~#s :~_ot. fea:s~ble fx~e~t, Jn: the nio~ft. permeable 

base. and subbase samp1es .. -)In~tial -atte111pts at v~c:ti~ -~atul'ation liter,uy 

tore the soilsamples apart.• b~c:ause of the.• preisiirl ditfe:rential betwe~n , 
• • . • . 1, .• . • • . . • '-. ; • ·:,.:. ~~·- • . \ . • . ' .. 

the ends. of the sainpl_es ; TI:i,i~ :occurred in spit~;pi, tl\~}i~te1.'.11al spacing 

_ collar (to hold 'th~ µpper·phr~tJS stotie'•inplace)and,in,:spite.of' attempts 
. . : .·· '. ·. ..: -'. . \:_.-;'.: ::--..-·.-;···. ·... . : :7,' ; ' ... : ~. : -:. .. .·. . .. · .. _,: __ ·: ,. ·:,\ .".::: . ~- ·' ~~-: .. '·;..'-::,.- . ·, ._\: ._,.: .... ·f· _ _._,..;:. ·.. ·, '. ·., :_ < 

··-, to at.ta.in' very slow water entry 'via. sfilall,p-ressure' differertti.a:ls. :Vacµum 
-.. ' . ',· .. i--:. i ,.-i-. ~.. .•; '.,. 

·: .... '.·-.·~:-?. ": _·. _,.. :···;'- ~:>.,i-\\-, ,-~-_;"' - . . ·- .·:. ~~": __ ,.::·~·-:,~-•-_,,~ ·. . ... ' - , 
saturation attempts,·were· abzindoned''.obf'ofj1ecessity, · and >sliniple -saturation,'• 

. •·:.· . , . . ·. . . . . , . , 

this soaking method,' a head o't eight inc::hes above the>b<>tto~ of' the . - , . . .. ' . .. . .. ,. . -
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samples th.rough the base port and upward until free water was observed 

atop the sample for at least 12 hou:rs. Some of the more dense samples 

required soaking times of up to seven days. Before removal from the 

tank, the base port was closed. The top porous stone, spring, rubber 

seal and top plate assembly were secured into place ready for the 

permeability test. 

The entire assembly was placed .in an· outflow basin and the 

standpipe was filled with water. Th.e assembly was purged of· air using 

the bleeder valve. Then the assembly was gently tipped alternately 

from side to side to. aid in this purging process. With this process 

completed, the bleeder valve was used to drop the head in the standpipe 

to Just a:bove the ~esi:red be.ginning head. This adjustment was only 

performed on samples with very low permeability. For samples with 

· higher permeabilities, the standpipe was filled and the timing commenced 

as the standpipe water level passed the initial head height. 

To standardize testit1g, wate:r in the standpipe was allowed to 

drop from 105 cm .. to 55 cm. above the level of the outflow ha.sin for 

each test. Three drops were timed on each sample with a water temperature 

taken each time. During the initial tests, three molds were prepared 

for a soil sample. When it' was shown that only minor differences 

occurred between molds, this testing was reduced to two ll)olds per soil 

sample.· If the permeabilities between molds differed by an arbitrary 

10%, the sample was retestecL 
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Permeahilfty varue:s ; ''K" aTe reported in lllll t~ of f~et per,· / ' 

. . . . , 

where, t1 ;,. to is the time required for the test head to drpp in 

a = cross· sectional area of _t·he glass t_ube 

-.·, -_ LS=: 1e'ngth \,f the' sped men 
A = cross sectiqnal area of the specimen 

.:":· ;· .. 
·" .-· : ,·· . : . · .... ,· : ··. ' . 

In perme,bi)ity calculati'ons .there i-s a: corre~i:ion-i•Wh,ich'iaccounts 

for the __ change i1{watei- Visco,i;ity,--•~ue. to tem~e-r~tJre:~h.a)lges-.: .:Rerm;abi,Iity•--_, 

-•·ra11c1e~ ___ areJ1ormal1y tepk,rtl'& at,· 20~C! Thf· foJ~owi.ng fotm~la•-:pJ:'.OVi~~s/ , 

for temperat_ure ¢or.:rection:,· 

K20 = 

, K20 ,: Permeability at' 20~C 
Kt '= -Perm~abi lity at temperature:". t 

Ut: =· Viscosi ~y ·of w~t~r -at -temperai:u~, t* · ___ .. 
. . ·. \ 

_u20 z< Viscosity• of materi_al ·20°c : -_· 
.. ·· .. :· : .· ._. '. - . . : ... · ... 

, ~The ratio ~ut/u20 : ls based Qll data;: -from ''Interiiati~nal Critical Tables'.' 
-- . Vo h V. (2) . -- •- : --- · -- _, __ -- · 
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Some tests were run to check the accuracy of this formula. 

Permeability tests were performed on soil samples with an initial 

temperature of 40°F, Subsequently, pel"!ieabf Ii ty tests were performed 

on the sae ~amples at increasing temperatures to a maximum of 90°F, 

and the correction factor was appl:ied to. the results. The corrected 

values agreed with the calculated results very closely, as shown 

tn Table 3. , !n all subsequent t®sting the above formula was applied, 

and all values of "K" reported hereinafter are for a water temperature 

of 20°C(68°F). 

TABLE 3 

OIECKS OF TEMPERATlJRE .. VISCOSITY CORRECTION FACTORS 

Temp. 
Sample temp. °F Correction - Meas. "K"(ft/day) . Adjusted "K"(ft/day) 

40 1 ~53 5.44 8.32 
Concrete 
Sand 68 1.00 8.27 8.27 

90 0~76 10. 79 8.20, 

40 1 ~53 3.63 5.55 

lC-6 68 1.00 S.51 5.51 

90 0. 76 7.37 S.60 

I 

40 l ~S3 .024 .036 

lA-3. 68 LOO .038 .038 
' 

90 0;76 .044 .033 
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V. Results and Discussion 

A. General 

Tables 4 through 9 group the test results of all samples by 

specification as follows; 

Table 4· Type 1, Class A 
Table 5 Type s. Class A 
Table 6 Type 1, Class C 
Table 7 Type l ' Class 13 
Table 8 Type 2, Class A 
Table 9 · ·Type 2, Class. B 

Within a table, samples are group~d by source.· From these tables, 

several interesting comparisons are investigated. 

B. Effects of "Blending_" 

Blending is a method of combining 'a bank-run soil aggregate 

material with some predetermined size .of a:ggregat~ for the purpose 

of meeting the gradation requirements for the intended mat.erial 

usage. For instance, -for a particular co.nstruction project, the 

Contractor. may be capable of. obtaining a nearby source for. Type' l, 
Class A base course material. However, this bank-tun source may be 

running around 9% passing the #200 sieve (7% maximum allowed). 

Rat.her than use an alternate. source ·several miles away from the 

job, the Contractor may find it cheaper to ship in .3/4 inch size 

crushed stone and mix it with the material from the nearby source. 

In terms of reducing the percentage by weight of material passing 

the #200 sieve, 1:his practice appears to be .sensible, and has becom~ 

quite common. Yet the effects of blendfog upon the drainage and 

leiad support characteristics of th~ soil~ were esse~tially unknown, 

Table 10 provides a comparison of CBR va.lues "K" (Permeability) 

values, and Proctor dry densities for bank-nm soils with and without· 

blending. 



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

Gradatfon 
CBR (% Passing Square 

(at .2" penetration) Mesh Sieve Sizes) 

Cl) ""' 2" 3/4 11 . #4 #50 11200 ...... Cl) Perm. Dry Opt. 
ltK". Dens. M.C. re :, 

Location ft/day (pcf) Soaked Unsoaked 100-70 95-50 60-30 25-5 7-0 Comments en z % 

lA-1 SayerviHe» NJ 0,019 129.9 8.7 0.45 100 95,0 59.3 14.4 5.9 Blend (29% Stone Added) 

lA-2 SayerviHe,, NJ 0,058 133.3 9,0 0,65 0.65 100 95.0 45.0 10.8 4,3 Blend (43% Stone Added) 

lA-3 Sayervi Ue. NJ 0.038 118,6 n.o 0.16 0,17 100 95.6 88.3 21.4 8,8 

lA-4 \ Did-not meet gradation 

lA-5 Ogdensburg, NJ 0,570 129.4 8.8 0.58 o. 76 100 93.8 58.2 18.7 4.8 Rlend (35% Stone Added) 
(Treated as Non-blended: 

lA-6 Ogdensburg, NJ 0.260 131.0 7.8 0,61 0.66 100 95.3 57.8 20.1 6.1 Blend (33% Stone Added) 
(Treated as Non-blended: 

lA-7 G. s. Stone & 0.00043 126.4 11.0 0.32 0.28 100 86.6 59.0 10.7 'S .1 Blend (5% Stone Adde<l} 
· Gravel {Treated as Non-blended 

lA-8 r,. s. Stone & 0.0021 132.0 9.0 0.40 0.22 100 93A 58.8 13.7 7.6 
Gravel 

lA-9 Flanders S&G 0.0461 126.3 9.1 0.57 0.62 100 87.8 74.4 31.2 14.3 Failed - not used in CS: 

LA-10 Flanders S&G 0.342 119.5 11. 8 o. 29. 0,48 100 .64.0 58.7 24,7 7.5 Blend {24% Stone Added) 

LA-11 Flanders S&C. 2.130 106.7 13.6 0.29 0,29 100 64.1 59.0 27.2 3.5 Blend {35% Stone Added) 
I 

LA-12 Houdaille 0.!250 132 .2 7,5 0.91 0.79 100 93.9 58.1 17.7 4~3 .i:,. ...., -
I 



0.0086 

Trenton Yd. 0,00438 

Trenton Yd. o. 0103 

,A-4 W •. Trenton Yd. o. 0056 139. 9 

,A-S Norristown,Pa. 0,0123 144.9 

,A-6 Norristown, Pa. 9.7 135.9 

,A-7 Mt. Hope 1200 125.0 

,A-8 New Hope, Pa. 0.366 136,3 

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

CBR. 
(at .2" Penetration) 

· 4.8 

~--:.' . i 
s.o I 

2" 

Gradation 
(% Passing Square · 
Mesh Sieve Sizes) 

3/4" #4 #SO #200 

· lOO 90-SS ·· 60..:25 · 25;..5 . 12-3 

100 • 83.1 55.1 16.8 

16.4 

51 .1 20.0 

40.9 

40.S 17.0 

30.0 10.0 

21.3 s:1 
100 54.9 14.0 

I 
-I=" 
OQ 
I 

(25% Stone.Added). 

. (Falling Head) 



ii 

Table 6 - TEST RESULTS OF TYPE 1, CLASS C SOIL AGC.REGATE 

Gradatiolfi 
CBR (% Passing Square 

(at .·2" Penetration) Mesh Sieve Sizes) 
0 ~. Perm. Dry Opt. .... 0 2" 3/4" #4 #50 #200 ti !'K" Dens. M.C. 

tf.l z LocJ1tion ft/day (pcf) % Soaked Unsoaked 100 100-60 100-30 35-5 5-0 Comments 

lC-1 Hamilton Lakes, NJ 0.228 118.0 12.J 0.20 0.28 100. 93.9 76.4 12.8 3.2 
---

lC-2 Hamilton Lakes, NJ 0.022 ·125.5 9.0 0.19 100 94.1 71.1 14.4 3~4 

lC-3 Hamilton takes, NJ 0.2256 122.6 7.7 0.42. 100 95.9 71.4 23.8 3 • .6 

lC-4 Newark 11 NJ 2~85 U4.S 12.1 d.46 0.45 
.. 

100 J.00 65~0 36.S 1.0 Blend 

1c .. s Houdaille. NJ 0.46 128.4 9.7 0.45 0.42 0~8 19.1 58.0 5.8 4.4 
,.r . 

.21.3 Hydraulic -Matedar lC-6 Houdaille,. NJ s.so 113.5 13.1 0.21 0~24 100 97.9 9l.l 3 .. 0 

lC-7 ·.Ogdensburg., NJ 8.16 ·- _:ni.3 13.7 0.20 0.24 100 :90.0 84.2 23.2 2 .S· -· 

1c~s Ogdensburg., NJ 0.54 129.4 8.8 -- 100 98.7 62.7 

lC-9 Ogdensburg, NJ 22.1-1 112.4 14.0 0.22 0.-20·· l0-0 100 g9 __ 9 30.2 2.0 
... 

lC-10 G. s. Stone& 0.77 119.9 ·12.1 0.-21-. 0.16 100 ' 96.7 68.9 4.9 2.1 
Gr_ave1 

lC-U G. s. Stone & 3.99 125.S 10.8 0.18 0.18 100 lOO $2~2- - . 12.1 L6-
Gravel I 

1C~l2. Newark, NJ 4.32 112.4 13.3 0.38 0.42 100 100 65.0 37.6 l.O Blend (35% Stone Added 
I 

Lakes, :NJ 2.11 0.16 lC-13 Hamilton 122.0 10,7 0.1s 100 90.5 71.2 10 •. 6 1.4 ·~ 

\0 
J 
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Perm~ . 
''K" 

ft/day 

.C-15. Hiuiiilfon Lakes, NJ 12.S7 

. c.::f6 H~i.i ton i.a:k~s, 

lC.'..ff Odgensburg, NJ.·. 

lC-18 Odgensburg, NJ 

lC-19' Odgensburg, NJ 

[C-20 Newark, NJ 

'2.24 

15.61 

2.545 

8.21 

3,05 

117 ,' 8 

132:9 

109,l 

129,2 . 

124~2 

112 

7. 3 

11.4 

Table 6 (Continued) 

CBR 
,2;'' Penetration) 

Soake.d 

·. Q.~n• 
0.57 

0,12 

0.60, 

0.43 

0..44 

0.16 

0,67 

0.40 

"c0-,27 

;2'' 

100 

100 

.10.() 

100 

100. 

, Gradation ~-,, ·· 
(% Passing' Squa;e . 

•:Mesh Sieve S:i,zesJ 

69,() 

100 

100 

100 

100 

. 100~30: , 35-5 · 5..,0 

45,0 

,98. 7 

35.0 
.. 
50,0 

99.6 

5.0 0.0 

27,,4 2. 2 

5.0 o.o 
8,0 o.o 

. 56.,6 1 ~5 

c;ommen.ts 

Not Run 

Blend 

I 
V1 
0 
I 

All material from 
Odgensburg 

Blend 

Blend 

•. 



<I> Perm. ..... <I> 

"K" co ::, Ll{l>cation ft/day V) :z 

1B-1 Woodman$iei, NJ .0007 

18--3 Rt. 295/Slab 844 0.0016 

IB-4 Crosswicks 9 NJ 0,0039 

lB-5 Rt~ 295/Slab 4.07 0.057 

lB-6 Rt. 295/Slab 1004 o.us 
1B-7 Rt. .295/Slab 1004 -0. 441 

.Jamesburg, NJ o.002s 

lB-9 Jamesburg, NJ 0.390 

LB-10 Jamesburg, NJ 0,01195. 

lB-11 J acobstown, NJ 0.021J 

lB-12 Jacobstown, NJ 0.026 

lB-13 Jacobstown, NJ 0.0021 

lB-14 Jacobstown, NJ :0.0084 

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

Dry Opt. 
Dens. M.C. 
(pcf) % 

128.1 9.3 

125,8 lD.9 

128.6 9.0 

126~0 9.8 

123.2. Hl.9 

116.3 9 • .S 

126.3 

125.8 

12.3.0 

CBR 
(at • 2" Penetration) 

Soake.d Unsoaked 

0.39 

o. 38 . 

0.43 

0.28 

0,29 

0.37 .. 

0.21 
i o.a:9 l 

l 
I 

0.24 

0,39 

0.39 

2" 

mo 
100 

100 

100 

Gradati{)n 
(% Passing Square 
Mesh Sieve Sizes) 

3/4" 

100,.;65 

77.4 

95.0 

97.7 

17.8 

#4 

75-40 

68.9 

71.2 

70.,8 

51.6 

68.6 

79.6 

85.2 

88.7. 

57.5 

79.S 

60.-0 

#50 #200 

30--5 7-0 Comments 

lS.O 6.4 

22.1 7.4 

2-0.1 6.1 
J 
VI 

13.9 6.2 ... 
I 

11.6 

s.9 Blend (33.5% Stone Added) 

8 .. 2 ·. Origf~al Sample 

18.6 6.4 Blended from lB-U {20%) 

89;3 39. 7 12.3 Original Sample 

60.0 23~0 7.0 Blended from 1B .. 13 {30%) 



Location 

295/Slab 1004. 

295/Slab 844 

295/Slab407 

295/Slab 239 0.254 

~A-:5 . , Rt. 130 (Cranbury) • 0056 

· · Table 8 . .,;: TEST RESULTS OF TYPE 21 CLASS A SOIL AGGREGATE 

129 .. 7 

125.1 

•··r 
Opt. 
M.Ci 

%' 

9.8 

10.4 

12 .• 9 .. 

ll.4 

9.5 

I 

! 
L\ 

CBR'; 
.·211 

Soaked Unsoaked 

0.36 0.36 

0.38 0.30 

0.22 0.22 

0.28 .0.32 

2" 

Joo 
10.0 

100 

100 

100 

100 

qrada:tion . ··. .· 
:(% .·•Passing Square .. 
. Mes Siev~ S.i zes) ,,_;_ . - . ,, 

3/411 #4 #50 

100-.70 75-S~ ··30 ... 1s·· 

93,.8 70~0 18 .• 6 

93.7 65 .• 5 
•. 26,0 

96.0 }6.4 21,0 
' 98.1 i 66.S 

I 13. 1 i 
87.5 l; 60.3 

1 17.4 

9.6 

5.9 

'7.8 

4.9 

8.5 

Comments 

I 
V1 
N 
I. 



) f.-4 
-I G> 

ri 
IS. ::S Location. ,z 

B-1 s. Jersey Ma.int. Yd. 

B-2 Jamesburg .. 
--- ----- ~-4---'--_-·------~---~--~_:_ __ 

B-3 Woodmansie-

B-4 Crosswicks 

B-5 R~.-130 
-. 

B-6 Woodmansie, NJ 

J 

. •.· .. . 
. . . . . . 

. : .· . .. : .'.. : . . 
. . . 

Table 9 - TEST. RESUL:tS ·.pf" TYPE. 2, CLASS' B SOIL AGGREGATE 

Perm. ·Dry Opt. 
"JC" Dens. M.C. 

. ft/day (pcf) % 

0.00168 122.4 U.8 

.0025 126.3 ·:10.0 
----" - -~- , ___ - ·. 

~0007 128.1 9'.,3 

' 9.()% .0039 128.6 

.Q017. 129 •. 4 · 8.5% 

.0007 126.S 11.0 

... ,, ·•:. 

.CBR .. · 
(at: .. 211 penetration) 

2" 

Soaked Unsoaked .100 

··.0,27 0.18 100 

·o.37 0.36 100 
--,----·:;-·- ·-.- --•-

_0.39 0.24 100 

· 0.36 .39 100 
, ;._ 

0.60 .S4 . 100 

.03 • 02 100 

i 
' 

Gradation 
(% Passing Square 
Mesh Sieve Sizes) 

3/411· #4 #SO 

· 100-70 80-30 35"".10 

98.4 81.0 19;4 

95 85 18.l 

77.4 68.9 15.0 

Q7.7 70.8 20 .. l 
.. 

Q6.2 71.2 18~-3 

68.l 62.6 21.6 

1200··• 

12-4 

If. I 
9,.0 

6.4 

6.l 

1.8 

U.6 

Comments 

·s1end (15% Stone Added) 

--~----~--

Orig~nally sampled 
from a 1-B Source. 

I 
- VI 

""' I 



Sase 

1 

2 

3 

4 

5 

·· 1-A, Pennsauken Fonn. 

1-A, Pennsauken 

Carbonate 

.l-C, Coastal 

Coastal 

Pennsauken Form; 

Form. 

'!Bank-Rim" . · 
Permeability, 

. K (ft ./day) 

TABLE 10 . - COMPARISON OF. BLENDE.D 
AND lJNBLENDED MATERIALS 

Permeability 
Afte.r Blem.ling, 

K (ft./day) 

0.019 

0.058 

. 0.0004 

0.342 

9.7 

"Bank-Run" 
· CBR@ 

Opt • . Moisture 

. Avg. CBR before blending . 
Avg. CBR after blending = 
Avg. difference is 0.212 or 67% 

. Avg. unbiend~.g d~nsity 125 
Avg. blended density · 126 

Blended 
CBR@ 

''Bank-Run" 
Proctor 
Density 

(pcf) 

Blended 
Proctor 

120 

136 

115 

112 

I 
V1 
:,. 
I 
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For each case shown in Table 10, the blended samples were, 

prior to the addition of the stone, precisely the same material 

as the unblended samples. The summary at the bottom of Table 10 

reveals that overall, there was no significant change in average 

density with blending. A look at the individual density changes, 

however, reveals .that individually, from one source to another, 

blending may substantially affect densities. For instance, the 

largest increase in density due to blending was 14 pcf. For that 

particular case, about 50% of the measured increase was due to the 

higher specific gravity of the added stone itself. Therefore in 

terms of the effective density change, or the change that occurred 

due' to compaction, there was an increase of about 7 pcf due to · 

blending. 

The largest decrease occurred with Case #5, the Type 5, Class A 

sample, where the blended sample was 9 pcf less than the original 

· sample. In this case, the stone that was added for blending was of 

the same source as the original sample. Therefore, the addition of 

the stone for blending caused a "real" density decrease of 9 pcf. 

By similar reasoning in Case #4, a quartz-granite sample, blending 

by addition of traprock caused an apparent sample density decrease 

of 6 pcf. The stone that. was added in blending had a higher specific 

gravity than the original sample material. Therefore, the "real" 

density decrease due to blending is around 8 pcf. For Case #3 the 

amount of stone added for blending was only 5% by weight. Therefore, 

the 6 pcf decrease is not adjusted and may be considered the 11real" 

effect of blending. 

Each of the aforementioned cases is from a different geological 

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



. , ..... · ' 

(#1~ 2,, 8, ·9, i'th whi(;h tam~ .f;otn thi same geological oi-~gfo· J 

· (P:enJ1sauken Forination)• ·a1fhoti~'.h, th~)' .• can\e' f~~m 3 differe?,t-pit;,, The' 

... ·.··l-A sa~tes 'fro~ the: ·firs; pit: had an eff~~tived~~sit/i~cr~J~e ~f 
··.5~7 pc£.< Ca.ses _#8: ahd#9 ,f;om ·a.···sJco11~•·pif; had.an· eff~'~tJve density·· 

' .: :· · .. · ·. 

decrease of ab~ut S -01'.' ;6 pcf ·. C' And c,ase , # ltl from a 'thtrd 'pi.t: had' ifu . 
effective den~l'.ty in.cr~as~ of arourrJ 2 ,Jr .3. pcf / nier~.£~:re, even 

. ~ateriah 'th~t' ;;e···leo'.logicau/ similar m~Y: dern~ristrate ~is,similai" , 
' . ' ;. : ,. . .: ··,.:·. ':·. . -."--·-,·.···. ",. "/ 

. density changes from· hleridifrg. 

in comparing c'BR . v~iuei, the summary at the ·. bottom of Table Jo· ··. 

is rep~s~ritat\ve 'otilll biit c~~e ,#4· shown the·reiri. · Ut: gehe~al ,•· the 

·,· CBR.va:iti~s ,inc:t~ased'substantially,••wfth blending.,· ,·How s:igJ)ificant'• 

this is with·re·garcl to -re~Hstic · 1had s~ppdr\ ofJ;,8.veme~ts iiri'd, 
. ',subsequent. Jncrea:5es in pavement' life is, unknown . 

. '.'·'( ., . -.• · '·/,.',(/'\.',.,.". ,· .... : .- .. :c.,·' ..... ,:,, ... ,", ... ·. ,..:., .... : .. ··, .. : .. :•i ,' ' ·,i· ·., ,,:•· . ,,·. ·" .. •:, ' . , 

, •, :. It' is iriterestlng to· note:;that ;ill of the bank ... ri,tn soits. that 

]tad CBR ·1nc't~ases ;J:tn blending~ o·r:iginally hJd -relatively lo~ CBR 
.· val~e·s / : The- 'dni sample '{C~SE; :#4 J tl)it •had. a :cBR decre~s/ with 

. ·.--. 

blen'din'g~·· 6~iginai1y had a·high CBR compa~ed with the o,ther samples''.'·· 
.' .. _. . ,. 

of ·lA: ·~a:t'ei'ial fjstedin Table 10.:. ,Although.there,are •. cerfainiy.tiot,·. 
' • •, •• I ,' • ·.• ,; • •• 

' 'e~oJgh d~ta' <>ti' whi.ch' to has.e' abs<>lute,. sound :~~nciusI~ns rega:rd'rng 

the' affects of.blending, t,her~ 'is the indication that 'blending with 

•. , cril~lietJ:~t<>nJ''"'ill hnprove the str~ngtfr_,or ~at~·rial~ having very' ,low , 
' . ·- . . 

: CBR _vaitles, ·. whil~ the. affect. of bletidi_n~ 'up~m 111ate:rials h~ving' · .; 

high~r CBR·values' (from ibout o.so and M.ghef) is Vefy questl,onabie •. ,·· 

· 'of, prlma:ry i¢portance··· in •th~i project. is'· the' i'nyestig,ti~,n of·' 

the pel,'11leabili ties ,of-t:he various base. and subbase, m:at:e;iats.~· Ouj,-ing .. 

the coUrse of.the research a -~ituati'tjn presented'itse1f w,~ereina ·._ . 

new' PCGpa~erneilf, ~onst~c~ed·' cm a'. ia base:, cours;e ,·. ~xhiM, ted ·' s1,1bs,tantial 
. : . . . ' . . ' 

.· "p~ing'' • A revi~w 0£\he material -.salripllng ancl t~sting record$ , . 



" I 

-57-

showed that the base course had been blended to meet the gradation 

requirements. The performance of the base course raised a serious 

question pertaining to the affects of the blending. Samples taken 

by the researchers directly from the source of the material, revealed 

that the material was high in "minus #200" material. These samples 

are represented by Cases #8 and #9 in Table 10. Although the 

permeabilities (k) of these two cases varied by one order of 

magnitude, blending did not cause an appreciable change in K-values 

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 magni t.ude. 

Case #3 exhibited a decrease in permeability with blending. 

However, a separate set of tests conducted on this general sample of 

shale material revealed that substantial aggregate "breakdown" could 

occur by the drop hammer densification method, In all such tests,· 

the minimum increase in minus -#200 material was 3.% by weight. It 

is probable, therefore, that the observed drop in "K" was largely 

due to this factor. 

In Case #4, the sample was visually noted during compaction to · 

have lost stability with blending. This observation was verified by 

the CBR decrease'1 as well as the drop in density. Therefore, the 

increase in "K" would appear to be a logical result of the blending. 

Case #5 is a quarry processed material, designated ~l's "SA'\ 

Based on other tests of this kind of material in related work but 

not specifically included within this study, the large increase in 

permeability, K, of this sample probably oc.curred because the 

material had been transformed into a "so-called" open-graded sample, 

i.e., larger size aggregate has been added to an extent suff1cient 



.· ·. _.·. : ;. ·-.--,-... . ·- . _:--_·_. 

to cau~e v.~ids· "1'ithih the sample that ·can. no longe:r'b~ filled by the 

remaini~g ·finer ·aggregate •Sizes. ; This- explanation a1$.o. accounts 

.· for the ·. i:it~~ drop' iff den$,1 ty_ and .. th:e,.,,large -iircrease '. in CBR yalue. 

Actually, at this :point in such 'ma.te'ri.alsJ the (:BR t~st itself. 
> • • • • ·- :' '. • .- • _', • -~·. • • • 

. is probabty inapprop;iate sihce ~" confined SIUllple• of ihis mat;erial . 

· .·_ -·• ~ail scarcely d~'forn1without crushing ~f .t~e aggregate) · .• · 

. With. the'· exception'·1t,the ~,foreJ11entioh~i t~r~e ,ca!;es·, . ~'bl;en~H;ngll· < 
appeared' t'<> inake ,no change in the dra:i,nage· characteri;Ucs, .sfrom , · 

. th<>se exh:i,blted' in>:th:e ~.atutal materia~s. . TI)erefore:~ it)• S1JlllJ1larizing 
.. . . . . 

Table 10;- ''Comparisori·:of Bferide~ and ·Unblended Materi~~S, II it: may .. 

· ··_•be ~ftated that' ,tn ge,ieral, blending ;his J:ittie, :eff~c:t tip<:>n the .· 
- . . . 

. _ permea.bility,••,of .. a m~t~riai; . tf :bleiHling is···used fo:r tlle ·purpose o.£ 
' ; . .. .' ·.' ·, '. · .. ·: ' 

ar1:ifi¢~al:~Y't."e'1ucing'Jhe ·p-~rc:entag~.·.:of'minu~}.~#20_(),materJal,. __ .thi• ......... · 
net effect' is ,~O allow the<use 'of natul'al }1ateri~l,. whfch even· wry_en 

blendedt will• be:prac·tfcally·tmdrai~able .-· 

Fui:therinore, blertdi:~g,:appears to ::;ubstaritia11i improve.· CBR · 

: value~ of soils having low> CBR' v~lUEfS ill th~ir natural: state .. ·• -: ' 

These ·resµHs' are'ha,se'd.:'6~,:.;srun;le~/whfch are'. confirie•iin?a• CBR:mold • 
. · \: ;>,. .. ·. 

Just. how well ithese results translat~ intq reality\ t~at ,is/h9w _·_·· 

<:losely they_ ·I"eptesent._~he behavio£ ~f; the·,same titateTi:~ls'.in their: .· 

semi-cotl'fih~d po'sition'~fthln a,.pdye!llen~: s:ectioil,.is qµ~stionabJe.~:·. 

I-t is note\1/~rthy that th~:'.Depart~e~t h_;s, 11se4;01e11~~~g ~$ a. meap$: ,'•· .. 

·of stabilizing. soif •base)~'ateriafs::•tna(met ,gradatio1r.requirements} .·· 
,,.,. .· . . 

·of-the specif;icatiotfs" A recent· Jasi in ptjint, is on Route ·l--195·, .~. 

no unconfined jta,bility undtir 1Qa·~ •. · ~lending imptoved. this.soili· 

such that •its replac~me11t W~s not n~c.ess·ary~ ·_·At this._~t'it:ing, •.n~ • 
. --. ·.·, •' , . 

11befo~-an9°-aft~r11: 'CBR' s. a:re a.vailahle· on. the above rnentioried ·2s ··: . :_ ,.. ;·_ .-·-- ,...-. ··-, .· 
.j 

\. 
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material. But the fact that t;here is general agreement between 
. . 

laboratory and field experience implies that a fairly inexpensive load 

bearing test and load bearing rrequirements could be used to avoid, 

or at least to satisfactorily resolve, the disputes which arise over 

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

acceptable. 

If ahy increased CBR va:tue is to be used (in a design analysis) 

for a blended. material, it wi i1 be necessary to conduct appropriate 

tests using the actual materials that are to be utilized for the 
' . 

·. particular construction job. !Particularly in northern New Jersey, · 

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

engineering properties can vary greatly over small distances within 
. ' 

a source pit. Therefore, the importance of adequate and representative 

sampling and testing cannot be over-emphasized. · Finally, the practice 

of blending can lead to large ,and important errors in any construction 

' phase where density control is important. "Target" densities should 

always be estab.li:shed on the basis of the results of the blended 

material. 

C. Load Bearing Characteristics 

Tables 4 through 9 present two CBR values per sample taken at 

each of_the optimum moisture content,and the soaked-saturated condition 

for each sample. These values represent, in the opinion of the 
' . authors, only a gross indication of the relative strengths of the 

various materials tested, In: fact, during the planning stages of 

the P,roject, it was never intended that the CBR results would be 
' used for a more "refined" ana1ysi s with CBR data.· Hence at that 

time, it.was decided to perfol'1Jl one of the CBR tests at the optimum 



moisture content, .on main t:tioughfs: L .. this water 
- • . ! • ' ----.- ••• ·• •• > ., ·-.- -,-:·--. 

content would allow us to clChieve maximum densi:ticl:ltion,. somewhat 

· representative of "field conditionsll for 3: hewly constructed 

and 2. it was esf.im;ited that this moisture content would be gener.illy 

representative of'the moisture content in base ~nd subba.se courses 

at almost any time after construction 9:f the highway. Tests were 
. . 

also conducted on soaked samples. 

For most. of the samples t·he perirteahiii(ies were so fow 

took .at least a day to hecome saturate cl in. the . soaking tank. 
. . _, . 

. these .samples, ff is ~afo t'o .say that a GRR t¢st was conducted 

saturated condition. This saturated Condition (or worse} is· 
' -_ ' '-· ' ·,- ·- ' ' 

representative {)f the I 'fie Id concli dons n o:f some base 

immediately beneath PCC pavement slabs foll.~wing :rafn storms . 

. more pe;Irieable SaptpleS w.ere tested Iri a soaked cotidition. 

to say that some drainage occurred immediately upon removal from 

the soaking tank and during the CB 

· Table 11 s.urnmarizes the .. range{ anclmea.ns· 
. . 

values and the unsoaked CBR values for each of 'fables. 4 thrOU$h 
• • • i 

.The mean' unsoaked. CBR va.1iies for non-blended samples are also 

given. A few interesting aspects surface as one examines Table 
. '. . 

First, · it is 1nterest:ing. to note t:hat. for elich Type and Class 

of material., there is no significant difference between soaked 

· unsoaked CBR 

shows that even on a sample by sample b~sis there are>usually on1y 

small differences betw.een soaked and: unsoak.ed CBR values. Further, 
' .. . 

differences shown are not consistently higher or lower. The reason 
. . . . . . - ' 

for this ''closenes.s" of soaked and. unshake<l v.alue~ probably lies 
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Table 11 - SUMMARY OF CBR VALUES 

CBR Value at 0.2" Penetration, 10# Surcharge 
Type 
and Soaked .Or Unsoaked Unsoaked 

Class General Use of Material Saturated All Samples (Range) Non-blended (Range) 

1-A Base Course Beneath PCC 0.48 0.49 (0.17 - o. 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) 

I 

1-C Subbase Beneath 1-A or 5-A 0.30 0.30 (0.11 - 0.67) 0. 23 (0.11 - 0,42) 0--~-
· (16 samples) (16 samples) (13 samples) I 

1-B Base and Subbase Combined 0.41 0.36 (0,24 - 0.65) 0.33 (0.24 - 0,41) 
(8 samples) (9 samples) (8 samples) 

2 -(A&B) Base Course 0.33 0,29 (0,02 - 0,54) 0,30 (0,02 - 0,54) 
(11 samples) (11 samples) (10 samples) 



in .the fact that. in general , · for ai 1 of these 

only 2%- 3% mQre water than 9ptimum~ 1.e., if the optitnurn m~c. is 

10% by dry weight, then saturation is usually :reached at .a.bout 12\ 
,. ',,· . . . ' 

. : . . . 

or 13%. Of course, this trend was JlOt apparent uriHl substantial 

testing on variousTypes and.Classes had.been performed. Neverthe-

less, the results. obtained are significartt as will be discrissed 

. herein a£ ter. 
. . - ' '. 

· Upon further examincition ·of Tabl«:? lt, it is interesting t:o 
. . . - . 

compare the relative strengths of the va:rious Type and c;la.ssmat:erials, 

particularly in view of their intended use; type S, Class A material 

is a crushed stone product. It is, by comparison to all .the. other 

materials, substantially stronger in terms of CBR values (0,58/0,49). 

Considering its origin and nature, 'these results are expected. Its 

use in the pavement section is to serve as a strong base\ upon which . 

· approximately a 9-inch thick bituminous pavement .is usually placed. 

Of the six Jna terial.s used for N. j. base. and suotiase, this is the 

strongest a.11d therefore the one· to use, ba.rripg ariy considerat:ions of .. 

water problems. 

Type 1, Class A {1-A) had .i mean CBR of O ,49 {including blended 

samples} which li.es about midway between the CBI~' s for S..,A and 1-C. 

a subbase material ... This fits Jlicely into the pattern of design 

assumptions, i.e. that 1-.A serves as a 

less strength (GBR == 0.30) and is used deeper within thf pavement 
. . . . . 

section. · However) because Of difficulties in pbtaining 1-A material 

that actually met the gradation requirements; many of the L-A 

were blended material. Samples. lA-5 and lA-6 were taken from 

. old pit of glacial till that was no longer used as a 1-A source. 
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was found that the only way to obtain material meeting 1-A gradation was 

to blend the material from points' within the pit. Since this pit had 

been used as a large ~-A source at one time, it was desired to make the 

1-A samples entirely from the native material. . Therefore, these 

samples, although listed as blended, are treated as non,-blended. 

Because they were artificially mape with their gradations so similar, 

the CBR results were averaged and ta.ken as one CBR for computational 

purposes. With this consideration, the average CBR for unsoaked, non-

blended 1-A material is seen as 0.43 which again falls nicely between 

the expected higher CBR for 5-A (0. 49) and the anticipated lower CBR 

of 0,23 for 1-C materials; 

The range of CBR values for 1-A material is somewhat revealing 

in that the lower end of the range is well into the range of values to 

be expected for 1-C materials. · In other words, al though it is intended 

that a 1-A material should be a stronger course than 1-C, there is 

absolutely no guarantee that this will be the case, th:rough the 

application of the current speci~ication. 

Type 1, .Class B (1-BJ material is basically a southern New - ' ' 

Jersey substitute for 1-A soils beneath PCC pavement. It is also used 

as a subbase sometimes beneath a 2-B base course. The mean CBR 

values lie about midway between those of 1-A and 1-C soils which is 

in general agreement with design assumptions. In addition, the range 

of CBR values (0.17, non-blended) is small in comparison to that of 1-A 

(0.62 non-blended} thereby implying that overall, the l..;B specification 

may at times be assuring a bette~material than the 1-A requirements. 

However, Figure 1 shows that the gradation bands for Type 1-A and 



-64-

and Type i-B soils• while shifted slightly, from one another, are 

about equal band. width. It ·would therefore not be expected that the 

specificationwotild asst.ire hetter mate:rial, or exhibit less variability 

in CBR strength, than. the 1--A sp~Cific_ation. 
. . . 

ht the authors I oPinion' the imai l range of> CBR values of the 

1-B samples is due to the .fact that., although the• sa111ples 'were 

selected from varipus sources, there is little cha.nge>1n g~oiogical,. 
. ' _,. -'-:. . . . . 

mineralogical makeu{ amongst t:hese sources. since· th~y are . all in 

southern Nel'< Jersey (Refer to Figtil.'e 5) the J:..;A samples 

we:re· selected'.from sources thi~ughm.it nhrthern NeWS~:rsey and' thus 

represent .materials of v.istly difforing ge.ological-mfne:t'alog;i.ca.1 origin. 
. . . ' . 

Therefore, at least for New Jersey, where the geplogical Ori.gin of 
' ' . . 

materials varies.substantially, a specffic~tion based primaiily 
. . ' . . 

gradation characteristics is inherently weak with regard to load. 

support characteristics~ 

Type i material is used' Where solid. suppor't is desired~ 
- ; \"' ', ... , ,'• ..... 

,-: --· .. -__ -__ :_ ' . ' ' ' ' ', - <:::'..:-<.::-, .'"'.',_•·,.,.: ·_ . . ' 
is used asathi~kbas$ beneath thin bituminous shoulders and as a 

base for bituminous paiement where SA is prohibitively expensive or 

where lighter tr.affic is. expect:.ecL . Although 2..;A is so scarce that 

it is no longer .·sp;cified·, some samples' \\lete obtained from highways 

already constructed. For practical purposes the results of 

Tables. 8, and 9 inay be considered. together~ particulaily since 4 of ' 

the 5 .samples of2:..A came from the. same job ... 

Table .11 shows CBR means of O. 29 and 'O • 30 for the Type 2 
- : ' ' --,_ >--.___ ' '·, . 

•' . . 

materials. While 'the non-blended CBR of a; 30 is better than that 

of 1-C, it is. not superior tc/ that' of T-B; Densities are very · 

·· comparable to 1-B samples. There apparently is no bcfsis to assume 
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that Type 2 material will.provide more density or support than 1-B 

soils or than blended 1-C soils.· 

Of importance is the range for Type 2 samples. The highest 

value of 0.54 was obtained.on la sample taken from a 30 year old 

PCC pavement. It was purpose,y: selected because this particular 

pavE:ment has performed (and syi11 performs} ex:cellently. By· 

comparison the highest val'ue of all other Type 2 samples was only 

On the other hand, the lowest CBR of the Type 2 range is 

0. 02. Because of the apparent abnormality of this value, this 

particul~r sample was checked: and re-checked.. Agreement in results · . I . . . 
I 

was extremely good and the re~ults must be accepted as valid. 0£ · 

all of the non-blended sample~, this sample (2B-6) possesses~. by· 
·, 

far, , the most minus. -#200 material. This sample also had one 

of the lowestpercentages of m;t~rial passing the #4 sieve. Records. 
' ' 

indicate substantial sloppine~s of this sample.at its optimum 

moisture content; While' thislexplains the. very low CBR value, it· 

also serves as evidence of we~kness in the specification. As 

he.reinbefore mentioned, it is:noteworthy that cases of extreme 

instability of 2-B material on C?hstruction jobs have occurred. 

D. Drainage CharacteristJ:£~ 
' ' 

.As· stated in the introdhction, the center of. interest of this 

work is upon the drainage cap~city of material in relation. to the 

requirements placed ·'upon that: mat.Elrial by the highway desi~n and 

· highway loads. Before gettin~ intb this discussion; however, a 
I 

few 'other pertinent matters• a[re presented. 



1. · PermeabilityData 

Data for all _of the sarnples are p:regent:ed in. TaM.e 4 through 9. 

A review, of this cJata: shows that in genera1: the, i~we:st. •P~rmeabilitfes . 
. . - . , . ·.· '. . :· . 

are found in Type lB. a.pd Type 2 mat'erials,. and the,.,.highest are found 
' .·.. . . . . . .. - . , .. ·-·.- . : ' . 

in the lC mater;ial s., , Wi thih ·_.· each 'lyp¢ l Class,, th~::permeabiliti~-s ·,may . 

. , ·, ·: va:r:y frqm_sampleto. :samp,le by a fe.w orders :Of lilagnitucle>: ~e g~ilera1 

. · finding$' mentioned are •somewh;at consi~t'ent Wl. th tl1e Oep~rtment' S .. , .·.··,· ·,· . 
·• design a:Ssumpt:i.ons that the 'bas.e courses are a· little s~ronger, but 

" , 

a 1i ttie. less perm~a.ble than a subbase. (IC).· 1'.ype l.B niatepial, 

···.which is somefj.mes :used a.5'. lJ6tJ1: the· base· and sqbbase offers orily • 

-··moderate.strengtlt, combine~witll ·generally<'~f;l')' po.or &rainage.·_ .• A_.·. 
. . . . : . . 

more detafled analysis;• o:f the: .. data fs presente<t later herein~ 
, , 

' ' .. ' .· .· . . ·· .. 

2. · ''Qpent' · G:rada~}o~s-- · 
. . - . . . . . 

', The effe.bts -~f b iertdini upon p~:nrteabt fitY\ m~y or' m'ay , riot.· be •· 

fayorab:fe regin:·din~ ·dr~irtflge .• i 'For the m<>s:t pait•, howeve.t, ·blendfog •· · -

has'.a n~gligahle,e££e<i_~ uphn peimea.bility because· the so,ps that , 
. : . .·, .. ·,- ·. .- . . . . . . . - . . 

', are bl~ncied, initially ·have ve~y :£'ine gradations 

have V:ery l.ow penne.~bil~t;~·es. • :It is po;sib1e •to 

.and consequently 
, , , 

,add enough stpne ' 

.of various sizes ta e:ventuatl,y ''6:peffup" ·3;, samp~~-, but this. would 

require·. con~iderab-le }~bontory testin:g:·a~d ~xpense. . Durin~ the 

course ~ft-his research; soinesons w~teseparat~d,by sieving; 
. . . ... . .. . . ' . ' ,· .:- .,. . ', .~ 

and then recombined at predetermined pe~cenJages}for specific· 

sizes,, of, the /mat:edaT.'' , This, was .done to prov:i:<J:e; insight to the 

· gradation specific~t.ions.· , Specifically, 1f wa; c~esired to majc~' 
. . . ,. . . ·-

sample,s that fo·11o~~<ithe\qpe11•side df tfr~ specifi·c~tiori graqatfon. ·-•· 

band., While this, is' ri&t really the s'.a,me ·as bletidlng- a:s 'it is done .• 

in const~ctio~; ;1:hese ''artificatii, s,~rnples, r~pl'esent the e:ictrenies 
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that would develop if enough stone is added in various sizes to open 

a sample. 
' Several of the samples made in this manner are not included in 

the data tables because.they were so unstable. These samples would 

never be encountered as a natural source of material and in that 

sense, the gradation band is excessively liberal on the lower limit 

of the various sieves, Because of their instability, it was felt 

that they would be totally impractical for use and no further tests 

were conduct.ed. However, the key factor in this instability is that 
. . . , 

these samples were comprised ?nly of·the particular native material 

in recombined form. Since th,ese ,particles are al I fairly well-

rounded, good stabi Ii ty can h:ardly be expected. 

In contrast t.o these open· ~ate rials, sample number SA- 7 

(Table 5) represents the same. concept of opening up a sample, but 

with 100% crushed stone. The effectin that·ca.se was to produce 

a material with a permeability of several hundred feet per day. The 

.CBR test could not be conducted but would obviously be quite high. 

Sample #SA-6 represents the Same affect, but not quite to the extreme 

of Sample #SA"." 7. 

Therefore, it is seen that the current gradation specifications 

are liberal enough to allow substantial variation in permeability 

and stabi)ity; but, the area Qf the band where these gross changes 

occur, i. e the lower limits of the bands, have no corresponding 

representative materials in u,se, either naturally occurring or man .. 

made. . The effects on stability of combining a natural soil with a 
I 

crushed aggregate are hereinbefore documented, and there is a good 

possibility that the combination of crushed stone and a lesser 

portion of natural soil aggregate could provide a well• graded 



material with both strength .and good drainage properties. 

3. Predict ion of penneabi li ty 

A scan of each of 'fables 4 throt1gh 9 shows clearly that o.nly 

in the grossest terms could the penneabili ty of a base or subbase 

be predicted, given only the. gradatiop. requirements .. oLthe Type and 

Class of soil to be used. In fact, given a set gradation' for a 

number of different soil sources it would st.ill be difficult to 

predict penneability. 

Methods for predicting soil permeability are µsua.lly based on . . . . . . ' . . 

the. densities and the pai-ticle size. analyses to one extent or 
. ' . ' . 

another. Characterizatic>n of filtration sand and gravels by the 

D10 size was attempted by Hazen as early as 1893 .(5} One of the , 

latest works in .the field· is that of ~oulton, (6) in which a nomogr.i,ph 

is presented for the estima!ion .of pennea'.bilitybased on the D10. 

particle size, • the dry density, Qd, and the percen:tage by weight of 

material passing the No. 2.00 sieve, P200 '. In Moul ton's nomograph, 

the dry de~~i:ty, xd, is actuaHy a convenient substitution for the. 

sample porosity, ,n .. The notnograph is represented math~matically by 

the foUowing equation; 

KMoulton 
= ·6.214 x1os cnio)l.47s 

(Pzoo)o,s96 

(n)6; 654 (Eqn. #1). 

To achieve ma:Ximu,m ,accuracy, the theoretical pe:rtn~abilit~es .for 

soil samples of this research• were calculated via the above. 

expre'ssion using the dry density,. rather than the porosity. 



Table 12 is a listing of the r.esul ts and provides a comparison to the 

corresponding laboratory measured permeabilities. In Table 12, 

srunples were grouped roughly according to their r200 amounts. 

Figure 10 is a plot of the logarithm of the measured permeabilities 

versus the. logarithm of the calculated permeabilities whereby it is 

clear that the predicted values are consistently higher than measured 

values. Also, the accuracy of the expression dec.reases considerably 

as P200 increases. Generally, for P200 '? 6%, the predicted "K"-values 

are about 2 orders of magni tuqe too high. Be.cause of this di~crepancy, 

permeabilities were re-calculated using the actual porosities for 

those.samples for which the specific gravity was accurately known. 

The results ar.e plotted in Figure 11; whereon the dashed line indicates 

where the points should lie if there is one-to-one agreement between 

the calculated and measured results. Again, the predicted values are 

higher tha.n the measured permeabilities. 

As a matter of interest~ a multiple regression analysis was 

performed, using only the test results from this research and the 

The equation ohtained is as follows: 

K = l,633xl07 (n) 13 , 37 
(n ·)0,092.(p )1,347 10 . · · 200 

(Eqn. 112) 

This new expression is interesting because it appears to indicate that 

the D10 quantity is an insignificant factor in determining permeability, 

since with the small exponent, the quantity approaches a •Value of unity, 

In reality, this is not thought to he the case for all soil gradations. 

The reason that this has occurred, is that for all· of the samples 

tested in this research, there was simply very little variation in 

l) 



Sample 
.NQ, . 

IC-13 

lC-18 

lC-17 

'"70-

COMPARISON.·OF PREDICTED PERMEAIHLITlES 

(MOULTON) TO MEASURED PERMEABILITIES 

D10 
(nun) .. 

0,5· 

0.12 

Measured 
Permeability 
){ft/day) 

Calculated 
Permeability 

(Moulton,· 
ft/day) 

lC,;.20 . 0,095 

122 .o 
129. 2 

· 109, 1 

113. 0 

2.71 

2.54 

15.6 

3;05 

57.0 

9,93 

5.65 

11. 1 . IC-19 

IC-12 . 

IC-11 

lC-3 

1c~s 
lC-2 · 

IA-7. 

lA-5 

0,35 

0'.12 

0.21 

0.13 

0,18 

0,30 

0.11. 

J.O 

1.0 

1.6 

120,0 

112.4 

· 8,2l 

22.11 

0 •. 77 

. 0,077 

7.27 

14.75 

9,66 

2.78 

6.26 

1.34 

l.9 

0.427 

12. 3 

5. 0. 

0,5 

4.1 

7.5 

0.29· 

1. 0 

1.5 
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Table 12 - (Continued) 

Calculated 

)(. dry 
Measured Permeabi 1i ty 

Sample D10 P200 Permeabi 1 i ty (MOl,1lton, 
No, (mm) (pcf) (ft/day) ft/day) 

2A-5 0.11 8.5 132,6 0,0056 0,2 

lB-1 0.16 6.4 128.1 0.0007 0,78 

lB-3 0.10 7.4 125.8 0,0016 0.55 

lB-4 0,22 6 .1 128.6 0,0039 1.4 

18-5 0 .13 6.2 12(1. 0 0.057 1.2 

lB-6 0,23 5,7 123,2 0,135 4,0 

lA-3 0,09 8,8 118 .6 0,038 1.4 

lA-6 0.11 9.1 131.0 0.26 0,30 

lA-8 0,15 7,6 132.0 0.0022 0.39 

lA-9 0,05 14. 3 12(1. 3 O. fM(,1 0.015 

1!3- 7 0.22 5.7 116. 3 0,441 q_5 

lB-8 o. 10 8.7 126.3 0,0025 0,55 

18-9 0,24 11.1 121. 2 0.300 2.9 

lB-10 0,20 5,9 133.8 0.012 0.6 

2B-2 0,08 9,0 126.3 0,0025 0,41 

28-3 0.15 6.4 128.1 0.0007 0.81 

28-4 0.13 6,1 128.6 0.004 0,52 

2B-5 0, 12 7,8 129,4 0,0017 0.49 

SA-I 0,10 8,9 135. 9 0.0086 0.08 

SA-2 0. 10 9.3 137 .8 0,0044 0,06 

SA-4 0,06 10.3 139,9 0,0056 0,01 

SA-8 0, 11 8,5 136.3 0,366 0,09 
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. · the . D10 p·arameter · (See . Table 12). • :For the natur~ll~ existing bank..; 
'• ·. : . . . . , .. 

run materials in New Jersey that c<>mply with the Department's 

:~pecification bands, thi"s. sJ11all variation. i.s almost inevitable .. · But 

. if samples having co~side.r.ably more iatitud~ i~ grain size 

distribution are incl~ded in sucJ1 analyses,,. the D10 size would 

: lc,gically asswne more. s ignificanc~ The poo:r, agreem~~t bet~een the 

~erme,ability results obtained in this.research and Moulton:'s 

. ~quation,. as: .well as the significant difforenceS between that·· 

. eqµation and the newC expre·ssion presented herein indicates' in th~ ·. 

Qj,,inion of the authors' -~Some basic) <in!ierent deficiencies in the . 

· accurate pl"ediction of JJ.ermeabilities, usin~. only these three 

p~rame~ers,: namely,· porosity, P200 ~nd D10 . 
. : . ' ' . . ,. 

- . ' . .. 

'In an fairness· to the ;ethod, however,. it is noted that the 

ccirrelation coefficient obi:aineci · fo~ .Eqn lt2 was O. 87, (standard error 

pf estimate= (L84; orders.of ~ag.) indic~ting a fairly goqd.fft of 
. . . . . . . . . . . . 

the ·data.•· ·· This may be indicating tllat,. although there·. is some 

. · apparent weakness ·'in tire ·m·ethod over a wide variation of. the . 

p~rameters, the method may be usef~l on a more. Umited bl¼~is, ·. 

·. ~hen one pa.rameter ~hows lit tie variation for a pa~ticulaT group. 
. . . 

c,f materials. . In ··such i~n instimc~, . it would, of Ce>tirse. be.· necessary 

to develop, on the:basis of te~t results, ·the eqµation that.best 
.· . . . 

-. ·described that gro~p of :materials. 

ln--view·of this; 1i:t ma:y 'be. cohjectlired that another, method·· . . , . .. ' . . . . 

.. 0£. repTesenting the grain size charac:teristics of th~• subject soil . . . . . .. . . . .' . 

may provide _bettef results than relia~ce- ·Ji,on the Drn and P200 

quantities .• :.· : In an effort to st'udy Jhl.s pp~.sibillty' Hudson A 
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. 
-values w~.re used in a combined form called "gi-adation: Modulus A/' (7) 

This method provides a singl~ number to represent an entire 
. ' . 

gradation! Fo;r each consecu~ive pair of sieves used in the gradation 

~alysis the mean. diruneter of the particles between those siev~s is 
' 

calculated. Th.is diameter i~ multi plied. by the percent fraction of 

·aggregate retained between .tHose.sieves. The sum of these prod.ucts 
! 

is the combin_ed IIGradc1tion Modulus A'' hereinaftel' referred to as 

11A' 1 value. 

The. A value met_hod · was ;originally developed to ~ompensate for 
. . . . ' . . . . . . : . 

deficiencies in so~e 'other aigregate gradation m9dulii and tp-provide 
. ' 

a single modulus for Use .in the various applications of the other . . . . ' ' . '. -· . . ' . 
. . . ' . . 

modulii. These applications lwere· conceJ:'11.ed with specific surface 
.· . . :- ' . .. . '" 

considerati,ons in asphalt:ic ~oncrete mi,xtu:res, soil-moi5tllre 

mixtu~s, and portland cement ;concrete mixture$. However, basical}y 

the A value is still a funct~on of average particle sizes. S~per-

ficiaHy, A values, ~ppear toJhaye an advantag~ .pver a 010, P200 

inethod because the paramete.:r ;A would never · app!loach zero regardless 
·, .' . . . . :: . . . . . 

.• of the openness;· ot.the . fineness, of a particular gradation. 
' . ···: 
Furthermore in the calcuiati~n of the A value, progressively mor~ 

. . . . · ... 

weight is given to the. finer :sieve sizes •.. · 
'.-! 

. . I . . From the data ob.tained ,from the tests in this project, a 

. multiple re~ression analysis :wasperformed using measured . 

penneabilities, "K", porosity, '"rt''., and A. The ·equation obtained·· 

. is shown in Figure. 12 and follows·: • 

K _.8.86(10l6).(n)~9.945(ft./day (Eqn 113) 
(i\)~.798 . i 



The cofrel.atioii{:oe•ffici~nt obtained" for this e~pressibn J;s 0~-787, 

'with,? -_-sta~dai~r:erro:r,'·of :~st;ilnlit~ -,,f -1~02 .:Cordets :9f,:magnitJcie)'; 

. ThUSi;::'o,{·the d>asls \of_th;e"·satne· data, the_:use( of ;; Values did not ' 
,, pfo~ide '.a_:-in~r:e-:ac;.curate':tfret>·reticai' pr~dicd~n rtteth~d .. One factor;' ' 

that_ shollld ',be rtoted''hf ;ili~i<whilf :the i:valu~: m~~hod 'is <cl~sfgned_ 
to consider, ;fn a·_w~;ght:·t;:d~fashion., the- ~o(mts. c,f S?,i.l :particles_-.·. 

_-_ of various ~iz~s, -t:he arialys:is:·performed ln ~his''"J'~search could:not 
take advantage:of:th~s c::apa~iJity,, --

i)r{forturtat~ly,•-. thesr'consi'deratfons 'ihvolvin:g A values were 

ail aftettn~ught, .: there:fd;e•/ the·•~ieve~. \1St:d)tr1 'the pafticle·• __ ·. 

•size·•·an~lrsii .. wete··•~o't,'s~eciJicat~on.-c()111pliarice'·'4~t~rini~atioti,':.· _.--• 
_- and -includeci-.ortiy- the:'~;J;::'!,/411 ,· At'lf,_-Jtso,·· and'J#i(l0:;iev¢,S}' The,>#sO;,o>·_-

and -#200 s ieve_s . i~c~;afe.i~ pr:oyi'<J~d ~D1-Q i~nd, : 1>200 qu~ntf t: ie~ ·: -__ -Hci~eyer} . >,ii -

• } t_ is :tbQught probabi'e -~that >ad<ii t:ionaF shvi si;es betwcie,n: '3/ 4,;, ·a11d- ·-· 
- #200 wouid j,mp;ov'~>the :p;~aict;i,~n>,capabiHty ~itng A,ilihles. - :. ,' 

As __ a,fin~li 1t~nH~e'riif,ion'res,;~rd,i:~g-p~Tn1eaq'1l~ty_predictibn,·····•--·---' 
. -the aU:thor-f ri~t~ :tHat n~Hhir ·-of· i~e -f9re'go~11g niethd4¥•cdnsiders the., 

shap~s ot the tOiistituen{ pa~ifcJ~:$. 'The. ·Ne~,,Yc,t-k St#e pepartment 
_of Transpor-tatiort '.has c~~let·ed:::~oflf itith;¥r;~ara(9~:~wh~reiri" ,a .-.-

. fopn~la £0~ tij~ pred~¢tfb~' of ~e_rm·~abiHty of -~f,nu!ar .. soils -iJ ,· -
pre!;ented. : The\formuia· itself,.5on:~1derf. only :.~*~ P~tamet·er$, ,f. e ~-. ·. _-

p,orosity _-- and specific ; su:r:'f ac¢ ', ·:.Ho~ijyerJ -the ,met~od •·-used in -.- __ -

d~terminjng :th~ -~pedf•iC.stir£ace inclu~es ''a9j_\fi;t111ent' 1 of ._.-the:··'· 

'- Specific• sui-fac~ oi" ~iidh:,:si:eve•·_interval,"by a,'.!shtp~· :facto;r'\ '\Vhile· ' 

. -_. _· determin;ation of thf ''shap~ fac~,Qr" ii}~L ~ubje~;i:v~', procedu~e:~ _it ' 
may well provid~- th~, refin~~~nt·nece_s~ifry 1:; obtai11 goo~,:Pet,nea,hili.ty-.. ·-· 
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prediction. Shape factors were not determined in the course of 

testing in this project and no analysis is presented. 

In summary, it appears that permeabilities of s.oils may be 
' ' 

theoretically determined only within rather liberal limits of 

accuracy with methods that are based only on particle size 

characteristics and density ,or porosity. Some refinements in 

particle size parameters,and the addition of a "shape" parameter 
' . 

warrants further investigati;on. In this research, the number of 

samples for each particular geological origin was rather small. 

Ilowever, it may be possible to develop individual prediction formulii 

for various classifications of soil; said classification would 

isolate partic1J shapes and therefore eliminate the shape parameter 
. I 

requirement within each class. With the development of a more 

accurate permeability predic;tion capability, engineers would then 

possess a new tool which may: become quite·. useful. · Conceivably,· the 

theory could be used to modi!fy soils to attain a desired permeability. 

for a particular situation. , As is usuaUy the case, the ultimate 

usefulness of a new "tool''' or concept· is realized only through years 

of trial and experimentation. 

4. Considerations Relating to Needs of the llighway 

The ensuing discussion 1 largely departs from theoretical analysis 

and instead attempts to pull various facets· and considerations 

together in a practical approach toward evaluating the perrneabili ty 
. . . 

data in light of the highway system needs. In doing so, the 

discussion most appropriatelybegins with two very pertinent questions: 

a.) Do the base and/or subbase courses need to be drained,or to be 

drainablc? _; and b.) Assuming that diainage of said courses is 
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necessary, what are rea.listic requirements a:nd can they be achieved 

within the context of our current design? 

'The tests condµcted in the course of this project are not. 

considered ,:representative". of field conditions, nor were they . 

intended to be, Therefore., it would be difficult, to :=1~c;1rately 

predict from the results .of t.hese tests the.· field behavior of the 

subject soils. .And in that sense the .CBR results of this project 

cannot be used to .indicate the effects ofwater upon the base and 

subbase materials. However, the questi-on of whether or not these 

materials need to be drained is answered directly by documented 

field performance in the c::tse of PCC pavements. In hituminous 

pavements, .water ... ·is not.so obviously a culpritinfailure,probably 

because the failure mode is. sd different from thl:l.t of PCC slabs. It· 

is known; however, that water does get Ipto th~ supporting layers 

of bituminous pavements and in quantities that res.tll tin. saturation 

of the base course, And it has·been shown that base and subbase 

support values are lower . during 1:he presence of moisture varying 

from optimum to saturation. .To provide maximum support, the base 

and subbase materials must beat amoisture content less than optimum. 
. . 

Hence, one can coricltJcle that with bituminous pavements there is.a 

need for drainage in these courses. 

In.determining the drainage requirements, several factors 

enter the picture. 

a. Frost effects - Ideally, it would be desired .t.hat no water 

remain in the base course after an extended period.of time, say 5 to ,,1 

10 days after a rain. Based on ,experience in measuring frost 

penetration in NewJersey pavements, it would he extremely improbable 
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that frost would penetrate the base course within that period of time 

following rain. 

b, Stability with Water - For the granular materials used in 

New Jersey, the presence of water in the base courses is detrimental. 

For the m<>st part, these materials are permeable enough to become 

saturated, but not penneable enough to drain themselves sufficiently 

to prevent damage under traffic- loads. It has been noted elsewhere 

herein that CBR values are about the same for the optimum moisture 

content of these soils, as for the saturation point, and further, 

that both of these CBR values are lower than the r.BR' s in a "drier'' state. 

This may be an indication that, particularly for bituminous pavement, 

the base course· would remain with a semi-critical water content long 

after the "free water" had drained. However, given the type of soil 

gradations that exist, only the free water can he dealt with. 

It is this free water that causes the more dramatic failure 

such as pumping and its associated problems, as we 11 as the more 

obscure, long:..term settlement related proplems which may he occurring 

beneath bituminous pavements[ This is explained by a phenomenon· 

known as ''liquefaction'' which is described as follows: 

'The liquefaction in fine, open-structure, and saturated sand, 
induce.d by a sudden shock, is explained as follows: the 
sudden shock means a sµddenly applied shearing stress to the 
soil mass. Upon receiving the shock, the sand tends to 
decrease rapidly in volume.· Simultaneously, the water in the 
voids of the sand - termed pore water - receives a suddenly 
applied pressure, or s~ress. 



ln soil mechanics' stress carried hy water is termed neutral 
stress. Upon the. increase in·neutral stress, some of the 
weight of the soil mass, which might be. considered as 
furnishing the normal effective or intergranular stress . 
ente·ring into .the shearing process of soi~, is· transmitted 
.to the pore water pressure. According to· Coulomh, the 
shear strength of .a non.,cohesi ve soil, t, can be expressed 
in an analytical form as · 

where Con - u) 

t = Con - u)tan 

= 1:orma1 effect i~c (in!er2ranu~ar) stress, 
i,n kg/qm2 , or rn lh/rn. , whJchever system 
of iunits of measurements· is used; 

crn = total normal stress: 
= pore water pressure~ or neutral stress, and 
= c.oe:fficien-t of·· i.nte.rnirl frict}on· Q_f . .cl n.oli-

cohesive soil which for one and the same 
material is considered to he constant. 

u 
. tan4> 

Erom this equatfon, i.t can easily he seen that upon the 
increase in neutral stress; ti, the ef·fective or intergranular 
stress of .. the soil' {on.- u) decreases' and the shear strength 
of .the· soil, T, decreases, The decrease .in sh.ear strength 
means decrease in hearing; capacity of the s9il.' C 4) 

Thus, water must be removed froni the base course as quickly as 

possible, · since traffic loading continues regardless of the "1ater' s 

presence. The time to he aJ lowed for remo~al of this water is a 

matter of Judgement. Field investigations reveal that pumping 

continues for as much as .24 ,hot.t'fs •. foll<:ndng a rain storm. Therefore, 

it would. not be tin:reason.ible to 1:equire removal of 10% 20% of 

the available water within one .or two hours -- even Jess time if 

. practicaL and possible. This would (hopefulfy} relfeve. the soil 

support system for the hydrodymunic .· forces which occur due to 

traffic loads. 

The U. S, Army. Corps of Enginee'rs utilizes this kind of 

approach,but with vastly different. "boundary" conditions. The. 

Corps requires that 50% of the availalHe water. he drained from a base 
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course within 10 days. (8) In calculating the time for 50% drainage, 

the following formula is use;d: 

where: 

t = NeD2 

2 KHo 
(Eqn #4) 

tis time in days for SO% drainage 

·Ne is the effectiv~ porosity of the soil 

D & H0 are the dimensions as. shown in Figure 12 

K is the coefficie!lt of permeability in ft./day 

For purposes of illustration 1
, Table 13 presents results using 

Equation #4 while varying parameters as listed. 

In Cases #1, #2, and #p, the calculations are based on 

the current design practice t:>f using an "outlet trench" every 350 

feet along the profile. It is also assumed· that the grade is 5%, a 

very generous assumption. Case #1 represents a clean sand and some 

of the more drainable lC sub~ases. In reality such permeabilities 
' ' 

' I • • 

are not encountered in the upper, or base, courses, Cases #2 and #3. 

are more representative of the majority of soil bases and subbases 

in New Jersey. In examining the resu.l ts it should be remembered 

that the permeabilities listed are vertical permeabilities. 

Literature reveals that the effective permeability" along the 

direction of stratification may be several times the value of the 

Vertical permeability.ClO) In Table 13 the ratio of horizontal to 

. vertical permeability was taken as unity. Also, the calculations 

assume that no water escapes through any means other than the outlet 
I , 

trench. Admittedly, this is :a severe assumption but it is used in 

the absence of. any factual ql,lantitative data to the contrary. The 
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. Figure 12- SCHEMATIC. OF PAVEMENT .CROSS~SECTION · Wtt·H 
SUBDRAtNAGE SYSTEM .. 
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Table 13 - DRAINAGE EXAMPLES 

. 
Case Ne D Ho 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 o. 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 

6 0,06 0.01 0,05 1 5 days Vertical drainage (a,b) 

T .25 160 24 .0,90 (@2%) 0.1 (2 1/2 Underdrain along shoulder 
hours) 

Notes: 

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

b) In these cases, twas calculated only for 10% drainage of the 
free water 

(b) 



severity of the assumption is borne out by the ahsurdity of th~ time 

required for 50%drainage,i~e. 575 years and 5.8 years for Case #2 

and #3, respectively, The significance of this is simp]y that the 

pavement system on the whole-does n~t drain itself via outlet 

trenches. 

Case #4 exemplifies a base course with a ''typical" petmeabi1ity 

and assumes that there is an outlet 'tre.nch placed parallel to the 

roadway and that water in the base course need only drain 24 feet 

transversely, The gradient is reduced to 2% which represents the 

maximum normal cross slope to be used. The total gradient used in 

the computation also includes an additional O ,5 ft. to account for 

the base course thickness. This case is an attempt to determine 

whether or not an underdrain can be practically used to drain typical 

bases meeting New ,Jersey's current gradation specifications. This 

example (Case #4) shows that even a base with a comparatively good 

permeability is undrainable by the use of underdrains. 

Cases #Sand #6 assume that the base course drains vertically 

downward into an extremely permeable strata, Case #5 shows that 

for a base course "K" of O. 01 ft/ day, 25 days would be required to 

drain one half o:f the free water, This means that theoretically 

after 25 days, the bottom haif of a 6" thick hase course '"ould still 

be saturated. Similarly, Case #6 shows that the same course would 

require 5 days for 10% of its free water to drain out, al though 10~. 

drainage for such a material would most probably not be suffichmt. 

Case. #7 is a hypothetical material which in reality would be 

an open-graded material, For this case, it was assumed that 10% 

drainage .(of free water) occ~rs within 0.1 days: This assumption 

.. 



.. 

was based on a desire to attain 10~ .. open .voids within a minimum of 

· time so that .. hy<lrodynami~ ~or¢es are quickly alleviated. A material 

such as this would have an effective porosity of at least- o ~20. 

Assuming 1that .this layer would .drain- transve~ely into .an underclrain, 

the required perrneabi li ty would be 160 H/day . 

. TI1e various cases in TalJle 13 help to put the drainage character..;. 

is tics of New Jersey bases ancl subbasc~ into perspective .. While it is 

. known that these n1ate.riais <lo: .not re<1ui re 5 75 nor 5. 8 years to drain, it 

is knowi1 that some mate.rials remain· saturated for 1, 2, or 3 days following 

raii1. The analyses in. Table 13 indicate that the current drainage, Le. 

occasi9naL suboase outlet ·trenches, is .incapable of effectively draining 

the base and/or subhase layers. · Because the permeabilities of most of these 

layers fall into the· "low perh1cabi lity" to "impervious n range, they cannot 

be effecdvely drained by an ~xpansion of the under<lfain network. Such an 

expansion exists c:>n a sect:ion of Route I-78 where about 14 miles of under-

drain were installed beneath .the shoulder joint of a PCC pavement.. 111is. 
. . 

underd:rain system was installe<.l as an att~mpt to allevia!e the severe 

pumpiiig con<lition of the highway.: Follow.::up investigations revealed that 

after the installation of the · un~erdrains, the ,base course simply pumped 

· into the open-graded <lrairi material instead. of vertically upwa~d and onto 
' .. . . . 

.. ,the pavement surface. It is :also not~worthy that during the design of this 

. undcrdrain system, anti-clogg'ing ·criteria· (relative percentages of particle 
. . 

sizes) was applied; In a'ddition, it is suspected that the underdrain material 
. . ' . 

. . was' finer than that used .,in said '.Unaiysis, 'i11is is v~ry importarit because 

it. demonstrates the severity 1of the hydrodynamic forces that exist beneath a 

pavement as well a_s the problems that result. In view of thi_s experience, it 
. . . . . . . . 

is felt that the prov1sions of drainage outlets throughout such low--perrneability 

base courses (as used in New .Jersey) is a futile effort; conversely, the need . 

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



is amply, demonstrated. 111e hydrodynamic forces that occur due to 

traffic loading must be alleviated, and this can only occur through 
. . . 

increased perviouspess through~ut the stressed and water-laden c~urses. 

Fro_m this concept of inc:reas"ed perviousness throughout the 

base course, arises the question .of how much permea}?ili:ty is .needed.· In 

New Jersey, basically the same PCC slab an.d e,xpansion joint design has 

. •· 

been used for almost 30 years·. Some of those. pavements perform excellently, 

\\lhile,others .begin to. pump with their first years ·of traffic. The base 

course materials sp~cifi'cations have not changed appreciably in· that 30 

yea:r- per,iod. Apparently; the base course materials all.owed by the gradation 

,specifications are ''borderline" materials with· respect to their suscept-

ibility to pumping. ln ,the case of bituminous pavements, as pteviously · 

stated, failure modes· are riot so. dramatic and the causes for failures, 

inde~d .the definitions of bituminous pavement failures~ are not nearly so 

obvioi1s. - lt is known that substantial water enters the base course -of 

new an<l _old bituminous pavement at least on t1 Jocalize<l basis, if not in 

gene:ral. Therefore, it is known that at least some areq:s of hituminoqs 

pavement a.re_ sitting upon a weakeuccl base course <luri11g. wet periods. For 

these pavements the amount of iri1provemcnt to he gained from a more pcrvious 

base course simply c11nnot be deterruined from the (:Urrcnt extent of knowledge. 
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APPENDIX A 

EQUIPMENT USED IN SOIL TESTING LARORATORY 

Apparatus Description and Modification 
; 

1, Particle-size analysis equipmen;t 

a.) Sieve Set from "Soil Test''. 

· U, S, standard sieves 811 diameter. Sieve sizes included 2'', 

1 1/2", I", 3/411, 1/2", 3/8", #4, #8j #10, #16, #50, #140, #200, and 

a pan with cover. Also #200 washing sieve 4" height were used in 

washing samples, Because of the large number of samples that were 

anticipated sieves ranging from #10 to #200 were purchased with 

stainl~ss steel ~esh to minimize wear. 

b.) Sieve Shaker Set from "Soil Test". 

Model 305 A-1~ 110 volts 60 cycles AC. The shaker has. a 

capacity of 7 sieves. The machine was secured to the concrete floor 

using lead "malz'' anchors. A foam insulated cabinet housed the 

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

2. Proctor Density Equipment from "Soil Test", 

Six inch diameter compaction molds with collars, model 

number CN-403""6 were used for moisture density determinations. Two 

compaction hammers, a CN-415 standard hammer (5.5 pounds x 12" drop) 

and a CN-416 modified compaction hammer (10 pounds x 18" drop) were 

used in the various tests, 

3. CBR Equipment from "Soil Test!!, 

Catalog number CN702. A complete set of laboratory CBR equip~ 

ment was purchased as a.unit. This included a mechanical loading 



Figure A I 
SIEVE SHAKER AND CABINET 

press with 6000 lb. capacity, 3 CRR molds (6" dia.), spacers, fi 1 ter 

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

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

4. Permeability - Constant Head Equipm~nt. 
I 

Compaction permeameters (6" diameter) were obtained from 

Soil Test, Inc., and modified to meet ASTM specifications 0-2434-68 

Permeability of Ciranular Soils. Figure A4 is a schematic drawing 

of the modified permeameter mold. To provide a means to take 

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

90 

i, 

i. 
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Figure A2 
C BR APPARATUS 

.. 

Figure· A3 
CBR LOADING PRESS 
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machined 1" from each end of the cylinders. With a 7" sample height 

this allows 5" of· sample hetween manometer grooves, providing an 

.adequate pressure different.ta!. Nipples were tapped into the 

grooves for connection to the manometer tuhes. No. 200 sieve 

screen epoxied across the grooves prevented fine soil particles from 

entering the manometer tubes. In th~ top plate of the permeameters, 

holes were drilled and tapped·to accept·a 1/4" metal pipe·stud and 

inlet valve assembly, To remove trapped air, a- srnall bleeder valve 

was also fitted to the top. On theoutlet>orthe permeameter, a 

shut off valve was provided as a means to start and stop the tests. 

Porous stones were obtained to fit tightly into the 

permeameter at the top and hot.tom of the soil sample. Rubber 

gaskets are used at the mold separations (top platc-col lar-cylindet-

base plate) creating a good s~al for internal-external pressure 

differentials, During the vc1cuum saturation of the prepar~d soil 

samples, it was found to be impossible to keep the sample intact, 

despite the internal·spring that is compressed between the top porous 

stone and the top plate. To maintain the.integrity of the soil 

sample, a rigid, perforated collar was fabricated to fit into this 

same space. While this maintained the sample integrHy, it was 

subsequently found to be totally iwpossihle to vacuum saturate most. 

of the subject soils and soak· saturation was used henceforth . 

. The ASTM procedure for constant head permeability tests 

.requires the use of either de~ail'."ed water, or a filter apnaratus to remove 

most of the dissolved air from the water .. Since constant head 

tests generally require large volumes of water, a constant head tank 



20" wide x 24" long. x 9!' high was constructed arid provided with a: 
sand filter. See Figure AS. Tire tank was capable of delivering a 

maximum of 3 gallons/;min,, more than an .adequate quantity for the 

base and subbase samples expticted, · A few tests on irilet and outlet 

water in the tank showed that very little air was being remqved by 
' ' 

the sand filter and tap water was.used for subsequent tests. 

· On the very permeable samples• a vacuum pump was connected· 

to the top bleeder valve and a vacuum gage•attached to the lower 

part. At full vacuum,the gage was disconnected while the lower 

parts were opened slowly to allow the upward flow of water through 

the sa111ple. After saturation, the lowe·r port \oJas closed, and the 
' ' 

water supply was hooked to the inlet, The manometer tuhe valves 

were opened and tubes allowed to slowly fill with water; 

The bottom part was opened and water run through the sample 

until .a>stabl.e_ cohdi tion in m:mometer readings was oh served. 

Time·, t, hea<l, h (difference in levels in the manometer) , 

quantity·of flow, Q, and water temperature, T, were taken·a.nd 

recorded. 

Coeffici,ep,t, pf Perme2.,bili ty. 

Fundamental Test Conditions 

The basic assumptions in constant head permcabi 1 ity calculations 

assume laminar flow throi.1gh· the specimens. The following ideal test 

conditions are prerequisites for lanlinar flow of a liquid through 

granular soils under a constant head condition. 

n. Continui t~' of flow with no soil volume· change 

·· b. Flow with total ~aturation r>f soil voids 
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Constant 
U--iL_.:._------+~~~'"-s:..+---:-'-------,~-t""''~-· Water 

Float Type 
Shut Off --
Value 

Water~=~==-J 
Supply 

Grad.ed Sand 
Filter 

Height Of Tank 
Varlable 

Water Outlet 
( To Permeameter) 

Figure AS·· SCHEMATIC DRAWING OF CONSTANT 
HEAD 8 DE -AIRING 

, • • •• " I 
TANK 

! • 

c. Steady state Oow w:j. th no changes in hydraulic gradient 

d. Direct proportidnally of velocity of flow with hydraulic 

gradient below certain values at which turbulent fl Of\' 

starts. 

Darcy's law for conditions of, laminar flow states that Q the 

quantity of water flowing through a given cross-se(;'.tional area. A, 

of soi 1 under a hydraulic gradient, i. in 'time. t. can he expressed 

by the formula 

Q=KiAt (la) 

Level 
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or. solving for K 

where 

in which 

K = Q 
iAt 

i = hydraulic gradient, h r-

. K = QL 
fiAt 

(lh) 

Q = total quantity of water which flowed thro,ugh 

elapsed time, t, 

h = head loss (difference in manometer readings) 

A= area of sample 

L = length of samples between manometer ports, 

. . 
5,. >oven. - From Blue K1 Electric Company 

Temperature range from l,00°F to 550°F, 230 voits 

Interior dimensions are 17'' x 15" x 20". 

6. . Hydrometer Equipment - from "Soil Test". 

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

in conjunction with _the constant temperature bath at the department. 

main soil testing lah sin_ce this equipment was not needed often 

enought to warrant the expense of a constant temperature bath at 

the LexingtOn Avem1e lab. 



7. Sample Washing Apparatus 

" A standard kitchen type spray hose. was installed on the Jab 

sink to facilitate sample washing. A settling tank of approxiJ11ately 
. . 

7 gallon capacity was installed: beneath the sink to allow fine 
; . . . 

material to settle out of the water before reaching the building 
. . 

drainage system. This tank was equipped with a'detachahle outlet 

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

8~. Vacuum Pump - from Sargent :Welch 
.·. . ·. . . 

Duo Seal pump Model No. ;1399 110 volt AC powered. 

9. Scales .. a heavy duty solution halancefrom Ohaus with a 20 Kg 

capacity and a lgram sensitivity '"as uscct' to weigh large samples, 
. . . . . . . . 

molds and pans. A small scale· from .Wi 11 Corporation with a 1500 

gram capacity and a ,.1 gram sensitivity was used in weighing 

·. moisture cans, small samples, .~tc. 

10.. Soak Tanks - a 55 gallon drum cut .in half and heavily "red: 

leaded" provided an adequate m~aris . of soaking the samples for both 

.· penneabili ty and CBR tests. 

11. Miscellaneous Equi prnent -

Towels, pans, sieve cleaning hrushes, spatulas, sample cans, 

dial gages, ruhber tubing, clainps, valves ancl other equipment was 

obtained by various means. 

. ,/. 
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