
I' 
L: 

78 * 014-7775 

PERMEABILITIES & 10AD SUPPORT CHARACTERISTICS 
OF MATERIALS USED AS BASE OR SUBBASE 
COURSES IN NEW JERSEY HIGHWAYS 

BRUCE COSABOOM , PRINCIPAL EN6lNEER 

VICTOR MOTTOLA, ASSISTANT ENGINEER 

APRIL 1978 

Preaared By 

New Jersey Department 0 .  Transpottat 01 

Division o f  Research and Oevaloptneit  
In Cooperation W i t h  

U.S. Department of T r a i s p o t t r t i a o  
Fede r a  I H i g  hwa y Ad m i  n i s  t 18 t ion 



I t C H N l C A L  REPORT STANDARD TITLE P A G E  

1. Report No. 2. Government Accession No. 

4. T i t l e  and Subtitle 

PERMEABILITIES AND LOAD SUPPORT CHARACTERISTICS OF 
MATERIALS USED AS BASE OR SUBBASE COURSES IN NEW 
JERSEY HIGHWAYS 

21. No. of Poges 19. Security Closrif .  (01 this report) 20. Security Classif .  (OF thar page) 

~ 

7. Author's) 

Bruce Cosaboom, P r i n c i p a l  Engineer,  Research 
Victor E . Mottola, Ass is tan t  Engineer, Research 

Bureau of S t r u c t u r e s  ,Materials & Appl .Mechs .Research 
Division of Research and Development 
New J e r s e y  Department of Transportat ion 
1035 Parkway Avenue, Trenton, New Je rsey  08625 

9.  Performing Organization Name and Address 

-- 
12.  Sponsoring Agency Name and Address 

22. Price 

Federal Highway Administration 
Washington, D. C. 

15. Supplementary Notes 

3. Recipient's Catolog No. 

5. Report Date 

A p r i l  1978 

N.A. 
6. Performing Organizotion Code 

- 
8. Performing Organization Report NO. 

10. Work Unit  No. 

N.A. 
1 1 .  Contract or Grant No. 

13. Type of Report ond Period Covered 

Final  

14. Sponsoring Agency Code 

16. Abstract 

This r e p o r t  descr ibes  an i n v e s t i g a t i o n  of t h e  drainage and load carrying 
c h a r a c t e r i s t i c s  of  n a t u r a l ,  bank-run s o i l s ,  and quarry processed materials, 
which are used as base and subbase layers  i n  t h e  cur ren t  design sec t ions  of 
New J e r s e y  highways. 
design assumptions h e l d  by t h e  Department regarding t h e  s u b j e c t  materials. 
They are f u r t h e r  evaluated i n  t h e  context  of t h e  c o n s t r a i n t s  and/or requirements 
placed upon them by t h e  highway "environment" and loadings.  
t h e  effects of  "blending" ( t h e  addi t ion  of  coarse ,  crushed aggregate t o  bank-run 
s o i l )  is provided, along with commentary on f u t u r e  a v a i l a b i l i t y  of mater ia l s .  
F i n a l l y ,  some analys is  and discussion of t h e o r e t i c a l  penneabi l i ty  pred ic t ion  
methods is presented.  

These c h a r a c t e r i s t i c s  are evaluated i n  l i g h t  o f  the 

Ins ight  regarding 



NOTICE 

The contents  of t h i s  r epor t  reflect the  views 
of t h e  au tho r s ,  who are responsible  for t h e  
facts and the accuracy of t he  d a t a  presented 
he re in .  
t he  o f f i c i a l  views or p o l i c i e s  of t h e  S t a t e  of 
New J e r s e y ,  o r  t h e  Federal  Highway Administration. 
This r e p o r t  does not c o n s t i t u t e  a s t anda rd ,  
s p e c i f i c a t i o n ,  or r egu la t ion .  

The contents  do n o t  n e c e s s a r i l y  reflect 

The c i t a t i o n  of t r ade  names used h e r e i n ,  does 
no t  c o n s t i t u t e  an o f f i c i a l  endorsement, o r  
recommendation of t h c  use of  any such commercial 
p roduc t s ,  and is  the re fo re  provided s t r i c t l y  
€or inforrnatioiial , and not  promotional, purposes. 

i i  



The authors wish t o  thank all those of  t h e  

Division of Research & Development who a s s i s t e d  i n  

various ways toward the  successful  completion of 

t h i s  p r o j e c t ,  with s p e c i a l  recogni t ion given t o  

t h e  e f f o r t s  o f  Mr. Joseph Fasanel la ,  whom a s s i s t e d  

Mr. Mottola throughout the  conduct of t h e  sampling 

and t e s t i n g .  Recognition is a l s o  given t o  t h e  

personnel of the  Bureau of Quality Control,  and 

the  Bureau of  P lan t  and Projec t  Inspection from 

whom we obtained some s u p p l i e s ,  as well as guidance, 

p a r t i c u l a r l y  i n  the  area of source-sampling 

information. 

g r a t i t u d e  t o  the  FHWA f o r  funding t h e  major 

por t ion  of  this p r o j e c t .  

F ina l ly ,  t h e  authors express t h e i r  

iii 



TABLE OF CONTENTS 

Page 
~ 

Abstract  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . .  v i  

L i s t  of Tables . . . . . . . . . . . . . . . . . . . . . . . . . .  v i i  

I . Sununary and Conclusions . . . . . . . . . . . . . . . . . . .  1 

I1 . Recommendations . . . . . . . . . . . . . . . . . . . . . . . .  9 

111 . Introduct ion . . . . . . . . . . . . . . . . . . . . . . . . .  15 

A . General . . . . . . . . . . . . . . . . . . . . . . . . .  15 

B . Background . . . . . . . . . . . . . . . . . . . . . . . . .  17 

1 . Description of t h e  Problems . . . . . . . . . . . . .  17 

2 . The S t a t u s  Quo . . . . . . . . . . . . . . . . . . . .  19 

. . . . . . . . . . . . . . . . . . . . . . .  I V  . Study Procedures 20 

A . Representative Sampling . . . . . . . . . . . . . . . . .  20 

1 . Selec t ion  of Class & Type . . . . . . . . . . . . . .  21 
Selec t ion  of Geological Origin . . . . . . . . . . . .  2 1  

B . Schedule of Sampling . . . . . . . . . . . . . . . . . . .  29 

C . Test  Methods . . . . . . . . . . . . . . . . . . . . . . .  31 

1 . Cineral  . . . . . . . . . . . . . . . . . . . . . . .  31 

2 . Inc identa l  Tes ts  . . . . . . . . . . . . . . . . . . .  31 

2 . 

3 . Load Bearing Capaci t ies  . . . . . . . . . . . . . . .  34 

4 . S o i l  Permeabi l i t i es  . . . . . . . . . . . . . . . . .  36 

a . Constant Head Permeabili ty Tes t  and Apparatus . . 38 

b . Fal l ing  iiead P e m e a b i l i t y  Tcs t  and Apparatus . . .  40 

i V  



TABLE OF CONTENTS (CON'T.)  

Page . 

V . Results and Discussion . . . . . . . . . . . . . . . . . . . .  46 

A . Ceneral . . . . . . . . . . . . . . . . . . . . . . . . .  46 

n . Effects o f  "Blending" . . . . . . . . . . . . . . . . . .  46 

Load Bearing Characteristics . . . . . . . . . . . . . . .  59 C . 
D . Drainage Characteristics . . . . . . . . . . . . . . . . .  65 

1 . Permeability Data . . . . . . . . . . . . . . . . . .  66 

2 . open Gradations . . . . . . . . . . . . . . . . . . .  66 

3 . Prediction of Permeability . . . . . . . . . . . . . .  68 

4 . Considerations Relating t o  Needs of the llighway . . .  77 

References . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 

88 Appendix A . Equipment Used i n  S o i l  Testing Laboratory . . . . . .  

V 



LIST OF FICURES 

Page - 

Figure 1 - Specif icat ion Bands f o r  Type 1 S o i l  Aggregate 
Materials.  . . . . . . . . . . . . . . . . . . . . . .  22 

Figure 2 - Specif icat ion Bands f o r  Type 2 Soil Aggregate 
Materials. . . . . . . . . . . . . . . . . . . . . . .  2 3  

Base Course Material . . . . . . . . . . . . . . . . .  24 
Figure 3 - Specif icat ion Band f o r  Type 5 Crushed Stone 

. . .  Figure 4 . Different Gradations Within a Specif icat ion Band 25 

Figure  5 . Geological Material Sources . . . . . . . . . . . . .  28 . 

Figure 6 - Optimum Moisturc Determination hy Standard Proctor 
Densificntion Method . . . . . . . . . . . . . . . . .  33 

Figure 7 - Effect of Moisture Content on CBH Results. . . . . . .  37 

Figure 8 . Constant Head Permeability Apparatus (Schematic) . . .  33 

Figure 9 . Fall ing Head Permeability Apparatus (Schematic) . . .  41 
Figure 10 - Permeabi l i t ies :  Calculated Versus Measured; N e w  

Jersey Department of  Transportation Materials. . . . .  72 

Figure 11 - Permeabi li t ies : Calculated Versus Measured 
(Adjusted f o r  Spec i f ic  Gravity). . . . . . . . . . . .  73 

82 

Figure A1 - Sieve Shaker and Cabinet . . . . . . . . . . . . . . .  .30 

Figure 12 - Schematic of Pavement with Subdrainage System. . . . .  

Figure A2 - CRR Apparatus. . . . . . . . . . . . . . . . . . . . .  ! ) I  

Figure A3 - CDR Loading Press. . . . . . . . . . . . . . . . . . .  9 1  

Figure A4 - Schematic Drawing of Permeaneter . . . . . . . . . . .  32 

95 Figure A5 - Schematic Drawing of Constant Head & &-Airing Tank. . 



LIST OF TABLES 

Page 

Table 1 . N e w  J e r s e y  Department of Transpor t a t ion  Standard 
S p e c i f i c a t i o n s  for Base and Subbase Aggregates . . . . .  16 

Table 2 . Sampling and Tes t ing  of Materials Used as Base 
or Subbase i n  New J e r sey  Highways . . . . . . . . . . .  30 

. . .  Table 3 . Check of Temperature-Viscosity Correc t ion  Factors 45 

. . . . .  Table 4 . Test Results of Type 1. Class A Soil Aggregate 47 

Table 5 . Tes t  Results o f  Type 5 .  C l a s s  A Base Course . . . . . .  48 

'I'able 6 . Test  Results of Type 1. Class C S o i l  Aggregate . . . . .  49 

Table 7 . Tes t  Resul t s  of Type 1. Class B S o i l  Aggregate . . . . .  51 

Table 8 . Test  Results of Type 2 .  Class A S o i l  Aggregate . . . . .  52 

Table 9 . Test  Resul t s  of Type 2 .  Class B S o i l  Aggregate . . . . .  5 3  

Table 10 . Comparison of Blended and Unblended Mater ia l s  . . . . .  5 4  

Table 11 . Summary of CBR Values . . . . . . . . . . . . . . . . .  61 

Table 12 . Comparison of P red ic t ed  Pe rmeab i l i t i e s  (Moulton) 
t o  Measured Pe rmeab i l i t i e s  . . . . . . . . . . . . . . .  70 

Table 13  . Drainage Examples . . . . . . . . . . . . . . . . . . .  83 

vii 



I .  SUMMARY AND CONCLUSIONS --- 
The load bear ing and drainage c h a r a c t e r i s t i c s  of base and/or 

subbase materials as c u r r e n t l y  used by t h e  N e w  J e r s e y  Department of 

T ranspor t a t ion ,  and s p e c i f i e d  thereby as Type 1, Type 2 ,  or Type 5 

materials, were inves t iga t ed  v i a  l abora to ry  CBR and permeabi l i ty  

determinat ions.  Samples of Type 1 ,  Type 2 ,  and Type 5 materials 

were s e l e c t e d  t o  r ep resen t  t h e  var ious geological  and mineralogical  

sources  from throughout t he  S t a t e .  Sample g rada t ions  were s e l e c t e d  

o r  a r t i f i c a l l y  c rea t ed  t o  r ep resen t  t he  extreme and in t e rmed ia t e  

gradat ions within each p a r t i c u l a r  Type and Class s p e c i f i c a t i o n  band. 

The r e s u l t s  were evaluated within the framework of t h e  Department's 

design s tandards . 
Current ly ,  i n t e r s t a t e  highways i n  N e w  J e r s e y  b a s i c a l l y  c o n s i s t  

of approximately 9 inches of pavement (bituminous o r  po r t l and  cement 

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

material, which i n  t u r n  i s  supported by 6-12 inches of s l i g h t l y  less- 

dense,  r e l a t i v e l y  non-permeable subbase material upon t h e  subgrade. 

Where underdrains are used ,  they c o n s i s t  of t r ansve r se  o u t l e t  t renches 

placed t o  i n t e r c e p t  i n f i l t r a t e d  water t r a v e l i n g  along t h e  subbase,  

and located a t  approximately 350-foot intervals along t h e  roadway p r o f i l e .  

Simultaneous f i e l d  obse rva t ions ,  conducted i n  t h e  p u r s u i t  o f  

t h i s  project and ano the r ,  revealed important q u a l i t a t i v e  information 

regarding water i n  t h e  base and subbase l aye r s  of the highway. 

s i g n i f i c a n c e  w a s  t h a t  base courses beneath p o r t  land cement concrete  

O f  



pavements, as well as bituminous pavcments, were observed t o  be 

s a t u r a t e d  following r a i n  stoxms . Furthermore, these courses were 

observed t o  have remained s a t u r a t e d  f o r  two o r  th ree  days i n  some 

cases. I n  a d d i t i o n ,  moisture measurements taken over a period of 

an e n t i r e  win ter  revealed t h a t  f o r  t h a t  w i n t e r ,  t h e  moisture conten ts  

at  most of the  31 sites monitored changed by only 2 o r  3 p e r c e n t ,  

and represented a s a t u r a t e d ,  o r  near -sa tura ted  s ta te  of moisture.  

I n  addi t ion  t o  t h e  aforementioned, more d i r e c t l y  appl icable  

a n a l y s i s ,  it w a s  a l s o  poss ib le  t o  s u p e r f i c i a l l y  s tudy t h e  effects of 

"blending", and t o  attempt t o  c o r r e l a t e  measured permeabi l i t i es  with 

r e s u l t s  pred ic ted  by t h e o r e t i c a l  methods. 

From t h e  ana lys i s  of the  tes t  r e s u l t s ,  and i n  l i g h t  of f i e l d  

observat ions,  conclusions are of fered  as follow : 

1. In a relative comparison of load bear ing c a p a c i t i e s ,  t h e  

var ious base and subbase materials, by Type and C l a s s ,  general ly  

conform t o  the  assumptions he ld  by the  Department's Engineers. 

However, on an ind iv idua l  b a s i s ,  i .e . ,  f r o m  one source of mater ia l  

t o  another ,  there  i s  l i t t l e  assurance of achieving t h e  intended 

r e l a t i v e  bear ing c a p a c i t i e s ,  given only t h e  cur ren t  gradat ion 

requirements as a cont ro l  method. 

based s p e c i f i c a t i o n s  are inherent ly  weak. 

I n  this regard ,  t h e  gradat ion-  

2 .  The c u r r e n t  gradation-based s p e c i f i c a t i o n s  allow the 

use of materials which may have very l i t t l e  load s t a b i l i t y  under 

p a r t i a l  confinement and which have permeabi l i t i es  ranging i n t o  

thousands of feet p e r  day. In  p r a c t i c e ,  however, and on the b a s i s  

-1 
i 
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of f i e l d  ovservat ions and laboratory t e s t i n g ,  such i n s t a b i l i t y  is  

not  f r equen t ly  cncountercd , and materials having such l a rge  pe rmeab i l i t i e s  

B 

do riot ex i s t  i n  a natural s t a t c .  

ba lds  o f  t h e  c u r r e n t  s p e c i f i c a t i o i i s  be as "liberal" as they a r e .  

Further  "tiglitcnirig" o r  narrowing o f  tlie bniitls would probably cause 

t h e  exclusion o f  morc sourccs of "good" ma te r i a l  than of poor m a t e r i a l .  

I t  is necessary t h a t  the gradat ion 

3 .  Materials used as base and/or subbase i n  :4ew J e r s e y ,  when 

compacted by t h c  Standard Proctor  method (ASTN D-698), t y p i c a l l y  e x h i b i t  

t he  h ighes t  CBR valuc when a t  lcss than t h e  optimum moisture content 

(basccl on maximum d e n s i t y ) .  

Ci3R va lues ,  as t h e  moisture content i s  inc reased  from optimum t o  s a t u r a t i o n ,  

while maintaining a sample a t  maximum (Proctor)  derisi ty.  This information,  

coupled with t h e  aforementioricd f i c l d  observat ions rcgarding t h e  s ta tc  of 

moisture i n  basc arid subbascs lcatls t o  t h c  conclusion t h a t  the c r i t i c a l  

support  l ayc r s  of tlic pavements Crcquently l i c  i n  a weJcried s ta te  f o r  

ex tens ive  per iods o f  time. 

o f  t h e  dynamic na tu re  of highway loading and r c s u l t i n g  stresses. 

Therc is no apparent f u r t h e r  dccrcase i n  

This conclusion is  f u r t h e r  r e in fo rced  i n  l i g h t  

4 .  Looking a t  t h e  s tudy d a t a  o v e r a l l ,  Type 1, C l a s s  C subbase 

i s  general ly  a l i t t l e  more permeable than Type 1, C l a s s  A material, 

which is i n  general  agreement w i t h  design assumptions. 

CRB r e s u l t s ,  t h e r e  is no assurance t h a t  t h i s  r e l a t i o n s h i p  w i l l  be achieved 

i n  a c t u a l  c o n s t r u c t i o n ,  given only t h e  current gradation-l)cased s p e c i f i c a t i o n s .  

In  r e a l i t y ,  thcsc two m a t e r i a l s  caii bc, a i d  sometimes arc,one and t h c  same 

m a t e r i a l .  

Ilowever, as with 
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5. In geiicral ,  a1 1 of tlic basc and suhhasc ma te r i a l s  t h a t  

comply with e x i s t i n g  Ncw Jcrscy Dcpartmcnt o f  Transportation Type 1, 

V p e  2 ,  or Type 5 mate r i a l s  s p c c i f i c a t i o n s  and a r e  ava i l ab le  as 

n a t u r a l l y  e x i s t i n g ,  "hank-run" ma tc r i a l s  sliould be considcrcd f o r  use 

as dense, non-p la s t i c  s t r eng th  courses.  I V i t l i  t hc  r e l a t i v e  performancc 

observat ions of port land cement concrcte pavements i n  mind, and i n  

considerat ion of tlic requirements imposed upon t h e  base c o w s e s  by 

t h e  highway environment, only a fcw of  those courses i n  s c r v i c e  can 

be described as drainable .  R e a l i s t i c a l l y ,  none of the ma te r i a l s  

allowed by the cu r ren t  s p c c i f i c a t i o n s  should bc regarded as s u f f i c i e n t l y  

drainable  f o r  pavcment base courses ,  by any conscrvative e s t ima te .  In 

vicw of t h e  foregoing statcmciit ,  i t  follows t h a t  noiic of  the m a t e r i a l s  

cu r ren t ly  used f o r  bnsc and subhase i n  New Jc r scy  sliould hc r c f e r r c d  t o ,  

o r  used as a "drainage coursc" w i t h i n  tlic contcxt of our highway design.  

6 .  Generally spcaking, t hc  nature  of t h e  s o i l s  used i n  Ncw 

Je r sey  base and subbase laycrs  i s  such t h a t  thcsc laycrs  may normally 

possess i n - s i t u  moisturc contents  which a r e  f a i r l y  c lose  t o  s a t u r a t i o n ,  

Tliis a s s e r t i o n  i s  reinforccd by thc  aforernentioncJ s t a t e m n t  rcgarding 

nuclcar  moisturc nensiircments . 
moisture contents  arc debatablc ,  and cc r t a i i i l p  vary from s i t c  t o  s i t c ,  i t  

may s t i l l  be coiicludctl t h a t  0 ~ 1 1 ~  vcry small amounts of water hy scepagc 

o r  su r facc  i n f i l t r a t i o n  a r c  ncccssary t o  s a t u r a t c  , o r  s q c r - s a t u r a t e  these  

l a y e r s .  

s o i l s  preveiits rapid s a t u r a t i o n  from occurr ing beneath a contiriuous expanse 

of iinlwrvious su r face  pavcment, such as a new bituminous pavcmcnt having 110 

Ii%i l e  thc cxact cause (s) of t hc  h i  g11 

I r o n i c a l l y ,  it may 1)e t h a t  the r c l a t i v c  inipcrviousness of t h c s c  

cracks o r  j o i n t s ,  aiid a low void content .  



-5 - 

7 .  On t h e  b a s i s  of tlic ana lys i s  presented clscwllcrc hc rc in  , 

i t  is concluded t h a t  while tlic coriccpt of  using uiiderdrains t o  remove 

watcr from t h e  s o i l  support  l ayc r s  i s  sound, t h e  t h r c e  b a s i c  components, 

i . c .  t h e  s u r f a c c  pavcmerit t h c  s o i l  support  layers  and t h e  underdrain 

arc inconipatiblc.  

basc coursc.  

t h e  subsurface system, bu t  only i f  t h e  bast course is  capable o f  

t r a n s p o r t i n g  t h e  watcr t o  t h e  uridcrdrain. l i e  s o i l  support  l aye r s  

i n  use i n  F!cw Je r sey  caririot capably t r anspor t  C X C ~ S S  water f o r  even 

a fcw fcet t o  aii undcrdrain within tlic timc framc thought ncccssary 

t o  prcvent  d i s t r c s s .  

w i t h  N c w  Jersey's basc and sublnsc ma te r i a l s  can iicvcr bc optimized as 

rl conipletc subsurface drainage systcm. 

drainage is  necessary,  it is  coiicludcd t h a t  a complete subsurface 

d ra inage  system must b c  incorporatcd i n t o  the  design and constructioii  

A l l  pavements w i l l  a l low somc water t o  c n t c r  tlic 

k i d  t he  undcrdrain is capable of rcmoving t h e  watcr from 

llencc, the usc of t h e  o u t l c t  trcncli i n  conjunction 

On the assumption that subsurfacc 

of Ncw J e r s e y  pavements. 

8. "Blending" as prac t i ced  i n  N e w  J e r sey  is a method of 

"up-grading" a baiikrun matcrial via t h e  add i t ion  of course aggregate,  

u s u a l l y  a crushed s tone  product.  

number of blendcd samples were prepared and t e s t e d  i n  the  course of 

t h i s  p r o j e c t  f o r  two reasons: 

t o  c l o s e l y  r e p m s c n t  bases  o r  subbascs t h a t  had becn constructed with 

b l end ing ;  and (2) Illending w a s  used as a means of ad jus t ing  the  gradation 

of a sar;iplc toward the course s i d e  of the app l i cab le  s p c c i f i c a t i o n  band. 

Although not  o r i g i n a l l y  planned, a 

(1) somc such sainplcs werc preparcd 
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With regard t o  load bearing cha rac t e r i s t i c s ,  the r e s u l t s  are 

inconclusive, with some samples yielding CBR increases ,  and o thers  

yielding CBR decreases. 

with samples t h a t  had very low CBR values before blending. 

tends t o  support construction prac t ices ,  whereby blending has occasionally 

The most s ign i f i can t  increases occurred 

This 

been used t o  l ' s tabi l izel l  some base courses. 

capaci ty ,  it is concluded t h a t  blending t o  the extent  cur ren t ly  prac t iced  

has no s ign i f i can t  e f f ec t  upon the drainage capacity of the bank-run 

With regard t o  drainage 

na tura l  s o i  1 aggregate. Blending 

weight) appears t o  have, a t  l ea s t  

achievable density . The research 

t o  study blending. The var ia t ion 

p a r t i c u l a r  shapes and gradations,  

by large amounts ( > l o %  t o t a l  sample 

supe r f i c i a l ly ,  a random effect upon 

e f f o r t  was not designed s p e c i f i c a l l y  

of parameters such as s p e c i f i c  g r a v i t i e s ,  

and the r e l a t ive  proportions of added 

blending stone probably account f o r  the "apparent" randomness i n  densi ty  

r e su l t s  of blended samples. 

pa r t i cu la r ly  i f  achieved with the  addition of material having a s p e c i f i c  

gravity s ign i f icant ly  d i f f e ren t  from the bank-run s o i l  aggregate,  can 

y ie ld  highly erroneous r e s u l t s  when density-control construction methods 

are used, and when the added quant i t ies  are around 109, by weight, or 

more. 

evidence tha t  the blending serves any beneficial  purpose. 

I t  i s  concluded however, t h a t  blending, 

#, 

If the added quant i t ies  are  less than 109, there  i s  no sound 

Blending a natural  s o i l  with a large proportion of  crushed 

stone or gravel s h i f t s  the gradation curve of the t o t a l  sample toward 

the  coarse s ide  o f  the spec i f ica t ion  bands where ul t imately the  obtained 
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mate r i a l  is  a c t u a l l > *  a very opcii-gradcd niaterial  11;iving riiiiiifiiuii 

p e r m a b i l i t i e s  o f  n few Iiundrcd f cc t  pcr  day. Ilowevcr, thc 

q u a n t i t i e s  of crushed s tonc rcquircd f o r  this t o  Iiappen a r e  around 

SO% o r  more, of tlic t o t a l  sainplc w i g l i t .  

9. As an offshoot  t o  this p r o j e c t ,  it was atteinptctl t o  

c o r r c l a t e  tlic pcrncabi l i t ) .  t e s t  rcsiilts of this p r o j e c t  with results 

ob ta ined  v i a  1 x m e n b i l i t y  p red ic t ion  methods. Exis t ing prccliction 

mctliorls arc  c s s e n t i a l l y  e n p i r i c a l l y .  dcvelopec! cqtiations d i i c h  

cons ide r  those p a r m e t e r s  tlior:glit t o  inf luence permeabi l i ty .  

of  t he  la tes t  mcthods i s  that of I.ylc !-forilton o f  llcst Virginia 

*ne 

Ihi ivers i ty  , i n  sliicli an cquat ion is  tlcvclopetl on tlic Ixisis o f  t l ircc 

paranicters: (:I)  

tlie 6200 s i evc ;  (I!) 111~1, the c f k c t i v e  p a r t i c l c  Jiair!eter f o r  which 

109,; o f  tile sample i s  sinallcr;  ( c )  tlic J r y  J e n s i t y ,  o r  coiivcrscly tlic 

tlic pcrcciit;i!:c by wcj l;!it o f  s;tinplc. tllat passcs 

Cor re l a t ion  between bloulton's formula and the  p r o j e c t  tcst  

r e s u l t s  was not  good, and s u b s t a n t i a l  deviat ion occurrcd f o r  P200 

amounts o f  16%, o r  gene ra l ly  fo r  samples w i t h  very lois measured 

p c r m e a b i l i t i e s .  Using t h e  r e s u l t s  ohtainerl from t h e  p r o j e c t  tests , 
a m u l t i p l e  rcgrcssion a n a l y s i s  was pcrformed on tlic samc paramctcrs, 

and an cquation cvolvcd idiicli di f fercd s i r l ~ s t a n t i a l  l y  From t1i:it of 

Floulton. Tlic largc standard crror of  c s t ima tc  , or coiifitlcncc limits , 
a s s o c i a t c d  with t h i s  new equation, 3s wll ;is t!ic poor c o r r e l a t i o n  

iwtrwen tlic tes t  r c s t i l t s  and 'foulton's formula, i n J i c a t c  i n  t h c  

opinion of t!ie aut!:ors, t h a t  t!icse th ree  p a r m e t e r s  a lonc , are 
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i 
inadequate f o r  p r e d i c t i o n  of  p e r m e a b i l i t i e s  occur r ing  over a range 

o f  s eve ra l  o r d e r s  of magnitude. 

Noting c e r t a i n  wealmesses i n  u s h g  P200 and Dllo values  t o  

I 

represent  sample g rada t ions ,  an a l t e r n a t i v e  method o f  p a r t i c l c  s i z e  

r ep resen ta t ion  was a t t e n p t c d  through tlic iisc of a s i n g l e ,  combined 

gradat ion modulus c a l l e d  tllc llT-valucl'. 

developed f o r  use  i n  mix designs o f  portlalid cement concrete  and 

bituminous concretc ,  they a r e  e s s e n t i a l l y  a r ep resen ta t ion  o f  a 

Altlrough X'-valucs were 

7 

complete gradat ion of a sample, with only a s i n g l e  value.  

i n v e s t i g a t i o n  o f  t h e  method of conputin:: r -va lues ,  i t  was f e l t  

t h a t  t he  use o f  x-values would be s u p e r i o r  t o  t h e  use o f  l'zoo and 

A f t e r  

1110 q u a n t i t i e s ,  Thc r e s u l t i n g  a n a l y s i s  did not provide iinproved 

i 

! 
- 1  

pemeab i  l i t y  p r e d i c t i o n  capabi 1 i t y  . I lowver  , t h e  propcr tletcrmi - 
na t ion  o f  T-values r equ i r e s  a inorc refillet! sieve a n a l y s i s  t han  t h a t  

which was r o u t i n e l y  performed during t h i s  l i ro j cc t .  In spitc o f  

t h i s  cons ide ra t ion ,  t h e  authors conclude t h a t  t h e s e  r e s u l t s  help 

confirm t h e  foregoing conclusion regarding t h e  inadeqiiacy o f  011 l y  

sliape par,meters and p o r o s i t y  t o  detcrminc permeabi l i ty .  On t he  

b a s i s  o f  t h e  r a t h e r  s u p e r f i c i a l  i nvcs t ign t ion  descr ibed elsewherc 

he rc in ,  i t  appears t h a t  T-values a r c  p o t c n t i a l l y  more u s r f u l  than 

D10 and 

pred ic t ion  equat ions as presented.  

q u a n t i t i e s  i n  such cmpi r i ca l ly  rlcrivcc? p c m c a b i l i t y  

In an e f f o r t  t o  f u r t h e r  r e so lve  the d e f i c i e n c i e s  i n  p r e J i c t i n g  

i 

.-i 

y r r r e a i v i l i t i e s ,  anotlicr v a r i a b l c  \L*as sought. In this :Jroject, 

snnples  ucrc gsthercd fro?. t?lroiighout t h e  e n t i r e  s t a t c .  

general ly ,  t h e  southern po r t ion  of t h e  s t a t e  i s  former occnn-hotton 

S ince ,  

material , and t h e  no r the rn  p o r t i o n  of t ?w  s t a t c  r ep resen t s  t h e  
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l ead ing  edge of  g l a c i a l  advance, w i t h  a r a t h e r  ex tens ive  conglom- 

e r a t i o n  of s o i l  ~ n n t c r i a l s  having var ious o r i g i n s  

var ious p a r t i c l e  shapes, it i s  highly probable t?iat a p a r f i c l e  

shape parameter should l)c corisi c!ercd. Tlic S t a t e  D e p r t n e n t  of 

T ranspor t a t ion  of New YorL has clcvclopcd a penieabj l i t y  p r e d i c t i o n  

mct!iod which i n d i r e c t l y  i n c o q o r a t c s  ;I shape f a c t o r  t1:roiigh the 

irlclusion o f  t h e  s l :zcif ic  surface o f  solids 3s one var ia l i le .  

I-as no t  poss ib l e  t o  evnliiatc t h a t  method \:i t l l in t!ne scope am! 

c o n s t r a i n t s  of  t h i s  p r o j e c t .  

of tliis f a c t o r  ( i . c .  p a r t i c l c  s:iai)c) nay pruviJc  tile refillcricnt 

ncccssary i n  o r i c r  t o  ;mx l i c t  per iw' tbi l i ty  w i t h  s u f f i c i e n t  accuracy. 

Coiivcrscly by isc;lati:i:: i ~ a r t i c l e  stiapc arid iioldiiig i t  constant  f o r  

a group o f  samples l i i t l i  var ious d e n s i t i c s  and grac!ations, i t  m3y bc 

p o s s i b l c  t o  develop ;t s c r i c s  o f  tlie Former type of  equations, t h a t  

uould apply 011 311 ind iv idua l  basis t o  any n a t c r i a l  tlepending upon tlic 

c f f e c t i v c  gene ra l  siiapcs of  t h e  p a r t i c l e s  of t?iat  n a t e r i a l .  

and t h e r c f o r e  

It 

i:u\\cvc:r, it i s  t:ioilg:lt tliat tllc a d d i t i o n  

11. Recommendations 

'rliis research has  suppl ied d a t a  on t h e  more r a t i o n a l  enginecr ing 

c l i a r a c t e r i s t i c s  of  tlie s o i l  aggregatc and cruslicd s tone  n a t c r i a l s  

c u r r e n t l y  s p e c i f i e d  f o r  use as base and sulhase materials i n  

Nerc J e r s e y ' s  s t a t e  and i n t c r s t a t e  highway cons t ruc t ion .  

t h e r e  i s  l i t t l c  d i r e c t  usage f o r  such ncwly acquircd Cl3R and perme- 

a b i l i t y  d a t a  i n  the  design process in Ncw J e r s e y ,  t he  i n v e s t i g a t i o n  

has shed new l i g h t  on tlie i n d i v i d u a l ,  as well as tlic o v e r a l l ,  re- 

l a t i v e  c h a r a c t e r  of  t h e  var ious aforenentioned materials , and some 

i n t e r e s t i n g  conclusiops were tlicreby Zrzsented. 

t l iose conclusions , t h e  following recommendations are o f fe red :  

Although 

On t h e  b a s i s  of 
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1. I t  i s  f e l t  t h a t  the  bank-run s o i l  aggregates current ly  

being allowed by spec i f ica t ion  and used as base or  subbase mater ia ls ,  

are borderl ine materials i .e . ,  they a re  not  consis tent ly  adequate, 

nor are they consis tent ly  inadequate, f o r  t h e i r  intended use. The 

degree of adequacy depends upon several  highway environment parameters, 

such as the  magnitude and frequency of loads, water access ib i l i t y ,  

local ized na tu ra l  d ra inabi l i ty  of the pavement bed, o r  subgrade, and 

others .  

design (including sub-surface drainage) is adapted, there  i s  l i t t l e  

sound reasoning t o  support recommendations €or changes t o  the current 

gradation bands of Types 1, 2 o r  5 mater ials .  

implementation of the findings of t h i s  research p ro jec t ,  i t  is l ike ly  

t h a t  a permeability requirement i n  combination wi th  s t a b i l i t y  and 

gradation requirements would only s l i g h t l y  improve the overa l l  qua l i t y  

of  base courses. 

Until  a subs tan t ia l ly  more r a t iona l  approach t o  pavement 

In the  absence of any 

In the presence of  a sub-surface drainage system consis t ing 

of a drainage base course and o u t l e t s ,  the  ex is t ing  spec i f ica t ions  

would be per t inent  f o r  t he  underlying subbase. While no changes 

! ... I 

. _.: 
- i  

t o  those specif icat ions are  recornended i n  an urgent fashion, it is I 

. I  

. I  
-I I 

recommended on an. inter im bas is  t h a t ' t h e  Bureau of Soils Design, i n  

l i g h t  of t h e  range of CBR values a t ta ined i n  this work, give some cons ide ra t ion  

t o  the  addi t ion of a minimum load s t a b i l i t y  requirement f o r  those 

mater ia ls  which are  t o  be used as dense supporting layers.  A CBR 

test method is  spec i f i ca l ly  not  - recommended f o r  t h i s  purpose u n t i l  
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t h e  inetliod i s  c o r r e l a t e d  with f i e l d  r e s u l t s  and another more appl icable  

method such as a p l a t e  bear ing method. 

approach ( wi t11  or without incorporat ion of drainage) is taken by t h e  

Department, a general  reevaluat ion of  t h e  spec i f ica t ion  i s  recommended 

In t h e  cvent t h a t  only t h i s  

s i n c e  it is  l i k e l y  t h a t  only two ( o r  t h r e e  a t  most) d i f f e r e n t  

grada t ion  bands would be nccessary.  

2 .  "Blending", o r  t h e  addi t ion o f  one s i z e  of  aggregate t o  an 

e x i s t i n g ,  "bank-run" s o i l ,  i s  cur ren t ly  prac t iced  i n  New Je rsey  f o r  

onc o f  two reasons.  

"meeting" s p c c i f i c a t i o n s  requirements. 

would be when a c o n t r a c t o r  adds 3/4 inch stone t o  a s o i l  i n  order  t o  

t h e o r e t i c a l l y  reduce t h e  percentage by weight passing a smaller s ieve ,  

i . e .  a t 4 ,  o r  a #200 sieve, 

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

beneath a pumping p o r t l a n d  cement concrete pavement (Sections of  1-295, 

south  of  Trenton) , and i t  was found t h a t  without the blended s tone,  

t h e  samples had e f f e c t i v e  P200 amounts o f  up t o  1Z.  

tests 011 t h e  blended, and on unblended samples o f  t h e  b a s i c  material 

i n d i c a t e d  t h a t :  (1) t h e  permeabi l i ty  of t h e  b a s i c  s o i l  was around 

10-4 f t . /day ,  and (3) blending had no affect on the  s o i l  permeabili ty.  

Therefore ,  it i s  seen t h a t  i f  t h e  base course is  se lec ted  f o r  use 

as a dra inable  medium, t h e  allowance o f  blending i s  i n d i r e c t l y  

de t r imenta l .  

Usually blending i s  performed f o r  t h c  purpose of 

A common examplc o f  t h i s  

During the course o f  t h i s  p r o j e c t ,  

Permeabili ty 

The second reason f o r  blending i s  i n  cases when a bank-run 

so i l  meets grada t ion  requirements, but  lacks unconfined s t a b i l i t y .  

Tiis occurs  occasional ly  when thc  material i s  t o o  sandy. 

via addi t ion  of  coarse aggregate ,  can s u f f i c i e n t l y  s t a b i l i z e  such 

materials, and i n  fact, has  been e f f e c t i v e l y  u t i l i z e d  i n  t h a t  manner. 

Blending, 



-12- 

Blending f o r  the second purpose is legi t imately j u s t i f i e d ,  whereas 

blending f o r  the first purpose lacks ra t iona le ,  and as indicated 

above, may ac tua l ly  be defeating the purpose of the gradation 

specif icat ions.  

careful ly  reassess its pos i t ion  regarding the use of "blending" i n  

base course materials. 

Therefore, i t  is recommended t h a t  the Department 

3. In the course of this s tudy,  and another,  re la ted  research 

e f f o r t ,  it has become apparent t ha t  sources of the good qua l i ty ,  

granular material  which typ ica l ly  comprises me 1 A  base course i n  

northern New Je rsey ,  is quickly becoming v i r tua l ly  unobtainable. 

Fortunately, the highway construction program is a t  an ebb i n  N e w  

Jersey. 

the Department invest igate  the performance and ava i l ab i l i t y  of 

a l te rna t ive  mater ia ls  and/or highway design sect ions.  

I t  i s  strongly recommended t h a t ,  during t h i s  period of grace,  

4 .  I t  is recommended tha t  current and future  attempts t o  

develop theore t ica l  permeability predict ion methods give consideration 

t o  the  use of a s i n g l e ,  combined s i z e  parameter, such as the Gradation 

Modulus 1, and t o  the inclusion of a shape parameter, both i n  conjunction 

with a porosi ty  parameter. 

includes analysis  of p a r t i c l e  shapes and warrants fur ther  inves t iga t ion  

with regard t o  permeability predict ion.  

The work c i t e d  herein as Reference 19 

The abow recommendations are a d i r e c t  r e su l t  of t h i s  research. 

However, it is  the opinion of the  authors tha t  the most outstanding, 

s ign i f icant  r e s u l t  of t h i s  work is its fu r the r  accent upon t h e  need f o r  

answers t o  questions t h a t  have exis ted too long. 

a l l  center  about one i ssue :  

And bas i ca l ly ,  t hey  

water i n  t h e  highway sect ion.  f i e r e fom,  
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i n  N e w  Jersey a comprehensive program of research is  recommended 

which would encompass t h e  following addi t ional  points : 

5. A thorough invest igat ion of the root  causes of I*failures1* 

i n  portland cement concrete pavements, is' sorely needed. These 

f a i l u r e s  are usually w e l l  defined, and bas ica l ly  the causes are 

iden t i f i ed .  

areas f r o m  which t o  proceed with a more ra t iona le  design f o r  the pavement. 

For i-nstance, t he  l imit ing conditions f o r  pumping must be 

However, there  are no l imit ing c r i t e r i a  on these problem 

determined. 

pavement system a t  which pumping cannot occur,  or w i l l  no longer be 

detr imental ,  m u s t  be determined, af ter  which engineers could apply 

appropriate judgements i n  the  design of a system t h a t  would properly 

accommodate ant ic ipated design quan t i t i e s  of water. Simultaneously, 

o the r  aspects must be considered as well, such as the poss ib i l i t y  of 

f r o s t  heave or deter iora t ion ,  and subsequent d i f f e r e n t i a l  sett lements,  

or t he  relative load s t a b i l i t y  of various types of  "drainable" base 

courses. 

The e f f ec t ive  porosi ty  and drainage capabi l i ty  of  the 

6 .  A similar, p a r a l l e l  invest igat ion i n t o  the root causes of 

bituminous concrete pavement failures and design requirements i s  a l so  

urgently recommended. 

cur ren t ly  constructed i n  New Jersey it is often d i f f i c u l t  t o  f ind  a 

clear def in i t ion  of "failures".  

t o  recognize causes behind f a i lu re s .  

water may play i n  the failure of a bituminous roadway remains very 

With the bituminous concrete pavements as 

I t  is even more d i f f i c u l t  therefore 

For t h i s  reason the  ro l e  tha t  
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obscure and should be thoroughly s tudied.  

(described elsewhere herein) of granular  materials is of p a r t i c u l a r  

i n t e r e s t  i n  such a study. 

The phenownon of "l iquefaction" 

I 

7. I t  is in t e re s t ing  ti note  t h a t  the  9-inch thick bituminous 

pavements, as now used i n  New Je rsey ,  have evolved from a much th inner  

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

pavements exhibi ted generally severe de te r iora t ion  long before t h e i r  

intended longevity. 

the  macadam base with a very dense bituminous s t a b i l i z e d  base having 

very low voids. This i n  e f f e c t  i s  a "full-depth pavement", although 

it is  not re fer red  t o  as such in New Jersey.  

makes no attempt t o  solve the  problems d i r e c t l y ,  but  rather just 

pushes them i n t o  a more remote or obscure s t a t u s ,  while perhaps 

introducing new problems of a d i f f e r e n t  nature.  

this approach is  very questionable,  s ince  many other  users of 

bituminous pavement have not found it  necessary t o  follow s u i t .  

Consequently, it i s  f e l t  t h a t  t h i s  kind of approach may be denying 

the  chance t o  a t t a i n  the  most economical overa l l  so lu t ion .  

The approach t o  t h i s  problem w a s  t o  replace 

This kind of approach 

J u s t i f i c a t i o n  f o r  

Therefore, i n  conjunction w i t h  the  above two reconmendations , 

it is  recommended t h a t  a reevaluation be performed of the  e n t i r e  

pavement sec t ion ,  w i t h  p a r t i c u l a r  emphasis on the  accommodation of 

subsurface water- 

adherence t o  only t h e  gradat ion s p e c i f i c a t i o n s ,  is f e n c e - s i t t i n g  . 
Department must tak'e a s t r o n g  p o s i t i o n  on t h e  'mtter of  a l l  sub-surface 

drainage,  and then having c s t a b l i s h c d  such goa l s ,  should  r e a c t  accordingly.  

I t  i s  f e l t  t h a t  the Department, through t h e  continued 

The 
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A p o s i t i v e  r eac t ion  toward such drainagc necessa r i ly  includes an over- 

haul  of design and t e s t i n g  methods t o  rcflect dynamic cffects and r e l a t e d  

means o f  t e s t i n g ,  including ac tua l  t es t  t r a c k s ,  as well as cventual  use 

o f  ana lys i s  methods involving s t r e s s  and s t r a i n  c r i t e r i a .  

is a large program, bu t  i s  never- the- less  s t r o n g l y  recommended. 

This admit tedly 

The merits of  such a program would bc  an improved r a t i o n a l e  on which 

t o  base the  s e l e c t i o n  of a l l  elements involvcd i n  the o v e r a l l  pavement 

s e c t i o n .  

should be conducted i n  l i g h t  of t he  f indings from the  i n v e s t i g a t i o n  recommended 

i n  items 111 and 112 above and should t h e r e f o r c  consider load-carrying 

capac i ty ,  water-draining c a p a c i t y ,  o v e r a l l  f r o s t  pene t r a t ion  and aPfec t s  , 

Any comparative evaluat ion of d i f f c r e n t  o v e r a l l  pavement s e c t i o n s  

long-term d u r a b i l i t y  of t h e  pavement, and "cons t ruc t ab i l i t y"  arid cconomics , 

as well as f u t u r e  a v a i l a b i l i t y  of ma tc r i a l s .  

111. INTRODUCTION 

A. General 

This r e p o r t  is  the  f i n a l  r e p o r t  f o r  New Je r scy  Departmcnt 

of  Transportat ion Study #7775, "Permeability of New Je r sey  Basc and 

Subbasc Natcrials". The ob jec t ivc  of t h e  s tudy i s  t o  detcrminc 

pcrmeabi l i ty  a i d  load-bearing c h a r a c t e r i s t i c s  of e l a t e r i a l s  t h a t  arc 

uscd f o r  base sic! subb'ase courses i n  New Je r sey  I n t c r s t a t c  higliways. 

9n the b a s i s  o f  s a i d  determinat ion,  and i n  t h e  context o f  t h e  cu r rcn t  

desigii and construct ion of I n t c r s t a t e  higiiways i n  I:ew J e r s e y ,  t h c  

c u r r e n t  method o f  spcc i f i ca t io i i ,  i .e. , gradat ion requirenents  a r c  

cvsluated.  

l lnrt icle s i r c  requircmcnts (sce Table 1) t h e  su l su r fncc  drainage 

Convcrsely , given those ma tc r i a l s  allowed by t h c  cu r ren t  

c a p d ) i l i t i c s  of struiiard pavewilt scct ioi is  are i n v c s t i g a t c d .  I 

This study i s  b a s i c a l l y  ui i t i vcs t iga t ion  of  t he  status quo 

with regard t o  watcr i n  t h e  base and Subbase courses ,  and is t h c r e f o r e  



l imited i n  scope i n  the sense tha t  while problem areas may be iden t i f i ed ,  

no provisions are included f o r  the trial and/or evaluation of any gross 

changes i n  e i t h e r  the design of the "standard" pavement cross-section 

or i n  base-subbase material spec i f ica t ions .  Nor is any consideration 

given t o  permeability and load carrying capacity of the  subgrade 

materials, s ince  there  i s  evidence t h a t  water-related problems are 

subs t an t i a l  i n  the more cr i t ical  base and subbase layers. 

TABLE 1 

~~ 

C l a s s  

41l 

2-1/2" 

2" 

3/4" 

N0.4 

No.50 

No. 200 

NEW JERSEY DEPARTENT OF TRANSPORTATION 
STANDARD SPEC1 FICATIONS 

FOR BASE AND SUBBASE AGGREGATES 

A 

100 

70 - 100 

50 - 95 

30 - 60 

5 - 25 

0 - 7  

1 

B 

100 

65 - 100 

40 - 75 
5 - 30 
0 - 7  

C 

100 

60 - 100 

30 - 100 

5 - 35 

0 - 5  

2 

A 

100 

70 - 100 
35 - 75 
15 - 30 

B 

100 

70 - 100 

30 - 80 

10 - 35 

* 

5 
- 

A 

100 

55 - 90 

25 - 60 

5 - 25 

3 - 12 

'*If the  t o t a l  of sha le ,  s la te ,  s c h i s t  and s o f t  and decomposed aggregate 
be f i v e  percent or  less, the quant i ty  passing the No. 200 s ieve s h a l l  
be not  less than 4.5 percent and not more than 12 percent. I f  the t o t a l  
of sha le ,  s la te ,  s c h i s t .  and s o f t  and decomposed aggregate be more than 
f i v e  percent but  no more than 25 percent ,  the quant i ty  passing the No. 200 
sieve s h a l l  be not less than four percent and not more than nine percent.  
The amount of sha le ,  s l a t e ,  s ch i s t  and s o f t  and decomposed aggregate s h a l l  
not  exceed 25 percent.  

j . 
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B. Background 

1. Description of  t he  Problems 

The current  New Jersey Standard Specif icat ions f o r  s o i l  

aggregates used as foundation materials i n  highways is  pr imari ly  

a set  of gradation requirements. 

formulated t o  encompass gradation of s o i l  aggregates which were 

ava i lab le  a t  the  time and appeared t o  have been e f f ec t ive  i n  previous 

highway appl icat ions.  Their formulation was therefore  empir ical ly  

based and a l s o  extremely subject ive.  The problems associated with 

t h i s  are e s sen t i a l ly  twofold: (1) there is l i t t l e  o r  no bas i s  on 

which t o  evaluate  even minor changes t o  the spec i f i ca t ion ,  and, 

(2) 

i n  t h e  f i e l d ,  i t  is  d i f f i c u l t  t o  f ind  a r a t iona l  explanation f o r  them. 

These problems have become increasingly prevalent i n  N e w  Je rsey  w i t h  

the construction of the I n t e r s t a t e  Highway network. Other f ac to r s ,  

as follow, fu r the r  complicate matters. 

These spec i f ica t ions  were o r ig ina l ly  

when i n  s p i t e  of adherence t o  the  spec i f ica t ions ,  f a i l u r e s  occur 

New Jersey is heavily populated and highly urbanized and 

suburbanized. 

t h i s  locale  is extremely d i f f i c u l t  f o r  several  reasons. Suf f ice  it 

t o  say t h a t  i n  the  mids t  of a probable abundance of material t h a t  

meets our gradation requirements, Itgood'' material t h a t  is ac tua l ly  

ava i lab le  f o r  use has become qu i t e  scarce. 

must of ten be transported over long d is tances ,  and are sometimes 

dredged f r o m  t he  sea o r  r ivers .  

Use of the  small "open" areas t h a t  s t i l l  e x i s t  i n  

Base and subbase materials 

Conpunding the  problem is the  fact 
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that New Je r sey  lies d i r e c t l y  between n e a h y ,  l a rge  metropolitan 

areas such as New York Ci ty ,  Ph i l ade lph ia ,  Baltimore and Washington 

and t h e r e f o r e  serves  as a co f r ido r  f o r  large volumes o f  through-state  

t raff ic .  This f u r t h e r  accentuates  t h e  demand f o r  more highways and 

p u t s  even more p re s su re  on t h e  "supply-demand" r e l a t i o n s h i p  f o r  t h e  

base and subbase materials. Ultimately,  t h i s  p re s su re  has  lead t o  

s e r i o u s  quest ioning of  t h e  v a l i d i t y  o f  the apparent ly  s t r i c t ,  

exc lus ive  aspect  of t he  gradation based s p e c i f i c a t i o n s .  

cases o f  highway construct ion,  materials are a r t i f i c a l l y  blended t o  

meet s p e c i f i c a t i o n s .  

of adding coarse aggregate (crushed s tone  products) t o  a material which 

usua l ly  has  an excessive percentage (by weight) passing the  1200 s i e v e .  

The r e s u l t  i s  a s o i l  aggregate which passes  gradat ion requirements ,  

b u t  is c o s t l y  t o  produce and has  i n  general  t h e  permeabi l i ty  and 

s t a b i l i t y  of the  unblended material. 

In some 

I n  such in s t ances ,  the blending usua l ly  c o n s i s t s  

Another considerat ion i n  t h i s  matter is  t h e  fact t h a t  a 

s i g n i f i c a n t  po r t ion  of New J e r s e y ' s  I n t e r s t a t e  highways have e x h i b i t e d  

e a r l y  " f a i lu re s"  which are o f t e n  a t t r i b u t e d  t o  t h e  presence of  water 

i n  t h e  s o i l  layers  d i r e c t l y  beneath t h e  pavement, i . e . ,  i n  t he  aggregate  

base and subbase l aye r s .  

heave a r e  a l l  d i r e c t l y  a t t r i b u t e d  t o  water i n  t h e  s o i l  system, and a t  

least the  first two o f  t h e  aforementioned are known problems i n  New 

Je r sey  pavements. The quest ions the re fo re  follow: "Is t h e  c u r r e n t  

s p e c i f i c a t i o n  r e a l l y  providing only t h e  kind of  material that is 

needed?" 

Pumping, l o s s  o f  bear ing capac i ty ,  and f r o s t  

and "Does t he  s p e c i f i c a t i o n  exclude from use only the poor 

- 1  

1 
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s o i l  materials?" 

questions which a l l  lead t o  the inescapable conclusion t h a t  very 

l i t t l e  concrete engineering infomat ion  exists about t h e  base and 

These two questions generate a host  of other  

subbase aggregate mater ia ls .  Therefore, i n  order  t o  even consider 

changes t o  t h e  spec i f i ca t ions ,  or a more adept use of them, 

subs t an t i a l  data  should first be gathered. 

A l l  of these things together ,  provided the spark t h a t  kindled 

t h i s  research pro jec t .  

a few considerations.  

The l imited scope of the  pro jec t  evolved from 

The primary consideration, however, w a s  t h a t  

there  were so many unanswered questions,  t h a t  t h e  need f o r  a very 

large and comprehensive invest igat ion was indicated.  To i n t e l l i g e n t l y  

formulate and determine the course of any such pro jec t ,  i t  was thought 

prudent t o  first obtain a deeper working knowledge of ex is t ing  methods 

and materials. Therefore, the permeability and load ca r ry ing  cha rac t e r i s t i c s  

of our base and subbase soils were t o  be determined, and then these s o i l s  

were t o  be evaluated i n  l i g h t  of t h e i r  use and t h e i r  role i n  the overa l l  

pavement cross-sect ion.  

2 .  The Sta tus  Quo 

The present  design p rac t i ce  i n  New Jersey i s  t o  support 

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

course,  which is i n  turn supported by a l e s s  dense layer of s o i l  subbase, 

general ly  of 6" - 12" thickness.  

depending upon an t ic ipa ted  traffic and numerous other  fac tors .  

t he  bas i c  function of t h e  base course is pr imari ly  t o  provide s t rength ,  

The thicknesses vary f r o m  job t o  job 

But 
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whereas i t  is thought t h a t  the subbase layer  need not  be as st rong 

and should serve t o  a id  subsurface drainage somewhat. 

standard designs call f o r  subbase o u t l e t  drains  a t  350 foo t  spacings 

along the  pavement p r o f i l e  and a t  any low point  i n  the  p r o f i l e ,  for 

removal of water f r o m  base and subbase layers.  An o u t l e t  drain i s  

a trench f i l l e d  with coarse aggregate (usually 3/8" stone) t h a t  i s  

cu t  t ransversely across the roadway subgrade. 

drain i s  i n  contact wi th  the bottom of the  subbase and permits removal 

In addi t ion ,  

The top of the  o u t l e t  

of subbase water which is flowing p a r a l l e l  t o  the road p r o f i l e .  

Water intercepted by the drain is car r ied  t o  an i n l e t  basin or a 

pipe daylighted on an embankment slope.  

The irony of t h i s  'tdesign't i s  tha t  these layers  a r e n ' t  r e a l l y  

designed. 

t h a t  it seems t o  work pre t ty  good. Yet when f a i l u r e s  occur,  one 

is forced t o  look back a t  the design and reevaluate i t s  adequacy 

or the  adequacy of the mater ia ls  involved t o  perform according t o  

They are more or less simply put  together on the  bas i s  

t he  design conditions. 

study is presented. 

I t  i s  i n  t h i s  context t ha t  the following 

I V .  STUDY PROCEDURES 

A. Representative Sampling 

Soi l  samples were gathered such t h a t ,  as much as poss ib l e ,  

a complete array of base and subbase course materials would be 

tes ted.  

as well as geological or igin.  

approach was ne i ther  necessary nor p rac t i ca l  t o  meet the  scope and 

object ives  of the pro jec t .  

The select ion w a s  based upon spec i f ica t ion  Class and w e ,  

A stat is t ical  o r  weighted sampling 

-. 
I 

I 
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1. Selection by Class and Type 

Table 1 is a condensed version of "Table 36 - Soi l  

Aggregates Gradation" which is  pa r t  of the New Jersey S ta t e  Department 

of Transportation's "Standard Specif icat ions fo r  Road and Bridge 

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

and subbases are included. 

the  flbands*t are p lo t t ed  i n  Figures 1, 2 ,  and 3. As a matter of poin t ,  

the  mater ia l  designated as Type 2 ,  C l a s s  A has been deleted from the  

latest version of Table 36 because of the extreme sca rc i ty  of sa id  

material. 

gathered. 

were made t o  f ind  o r  make s'ome samples t o  represent the outer  allowable 

l i m i t s ,  and others  t o  cross the band. 

To help envision the gradation requirements, 

Samples of  each 5 p e  and Class, including "2-A", were 

Within the  gradation band of a we and C l a s s ,  attempts 

Figure 4 i l l u s t r a t e s  t h i s  concept. 

2 .  Selection by Geological Origin 

Upon examination of  Table 1, it is  seen tha t  apparently 

small differences exist from one lLpe and Class t o  another. 

p rac t i ce ,  the differences are of ten very subt le  i f  one only considers 

the  s ieve analyses i n  comparison. 

capaci ty ,  subs tan t ia l  differences can exist. 

In 

But considering load carrying 

Probably more so than anything e l s e ,  these d i f fe ren t  spec i f ica t ions  

evolved from the fact t h a t  the S ta t e  i s  sharply divided i n t o  grea t ly  

d i f f e r e n t  geological facets. 

Jersey there  i s  a conglomeration of sha les ,  traprocks,  limestones, 

and gneisses representing the edge of the  g l ac i a l  advance. 

Canerally i n  the northern ha l f  of New 

In C O n t r a S t ,  

southern N e w  Jersey has l i t t l e  o r  no rock ,  nor shale .  I t  is p rac t i ca l ly  b; 
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S l E V t  SILLS U S E S ,  IN  GHAUA'I'ION ANALYSIS 
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SIEVE S I Z E S  USED IN GRADATION ANALYSIS 
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I al l  ocean bottom material consisting of s i l i ceous  sands, c lays ,  silts, I 

- 1  and gravels. 

Type and Class was derived according t o  the material which w a s  ava i lab le  

Therefore, i n  general ,  a gradation band f o r  a p a r t i c u l a r  

I 

i n  a cer ta in  area of the S ta te .  

is commonly referred t o  as "North Jersey" base course, whereas Type 1, 

As an example, Type 1, Class A material 

C l a s s  B material is  commonly ca l led  "South Jersey" base o r  subbase. 

For c l a r i f i ca t ion ,  a very general description of the use of 

each material  follows : 

Type 1, Class A (1A) - North Jersey base course placed 
d i rec t ly  beneath portland cement concrete pavements. 

Type 1, Class B (1B) - South Jersey base course placed 
d i r ec t ly  beneath portland cement concrete pavement. 
Usually placed i n  thicknesses suf f ic ien t  t o  serve as 
both base and subbase. 

Type 1, Class C (1C) - North Jersey subbase placed 
beneath 1 A  base course or  beneath 5A material .  

Type 2 ,  C l a s s  A ,  C l a s s  B (2A o r  2B) - South Jersey 
material called "Gravel Base Course". Used where a 
very hard,  dense course i s  desired,  usually under the 
bituminous shoulders of a portland cement concrete 
pavement o r  as the s o i l  subbase beneath a bituminous 
concrete pavement. 
because of a lack of 5A material .  

Used i n  southern New Jersey 

Type 5 ,  Class A (5A) - Quarry processed crushed s tone ,  
used as  a very dense, hard base course t o  support 
bituminous concrete pavements. Usually r e s t r i c t ed  
t o  northern New Jersey pavements. 

In order t o  encompass the majority of base and subbase mater ia ls  

i n  our t e s t i n g  program, meetings w i t h  the Department geologis ts  and s o i l s  

personnel were held. 

t o  be t e s t ed ,  and the sample select ion s i t e s  were chosen. 

Using t h e i r  expert ise ,  the types of s o i l  aggregates 

n 
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New J e r s e y  h a s ,  i n  gene ra l ,  seven geologic sources of material 

used as base and subbase. 

t e s t i n g  purposes,  t h e  material was grouped i n t o  t h e  Pennsauken 

Formation, Cohansey Sand, and Hydraulic Material. In northern New 

J e r s e y ,  2 types of  subbase and base sources  were chosen, i . e . ,  

Limestone v a l l e y s  and Gneiss and Quartzite sources .  

i n  northern and c e n t r a l  New J e r sey  are Trap Rock sources from which 

high q u a l i t y  crushed s t o n e ,  "5A" material, is produced. 

sou rce  is limestone sources  of crushed s tone  f r o m  Pennsylvania. 

In south and c e n t r a l  New J e r s e y ,  for  

Also found 

The f i n a l  

Material i n  the  Pennsauken Formation c o n s i s t s  of  gravel ly  

sand,  mostly q u a r t z  with varying, sometimes l a r g e ,  amounts of clay.  

The formation i s  composed of heterogeneous Pleis tocene a l l u v i a l  

d e p o s i t s ,  and outcrops i n  a band from S a y e r v i l l e  southwest ac ross  

t h e  state t o  Salem. (See Figure 5 )  

o f  q u a r t z  wi th  varying amounts o f  c l ay  and some small g rave l ;  c lay 

con ten t  i s  usua l ly  much less than i n  t h e  Pennsauken formation. 

Cohansey sands are found throughout much of southern New J e r s e y .  

These two formations y i e l d  any of l A ,  l B ,  l C ,  2A and 2B materials. 

Hydraulic material is ,  for the most p a r t ,  a clean q u a r t z  sand. 

I t  is a product of dredging and is  obtained from c o a s t a l  bays,  and 

a t  times from the Delaware River. 

The Cohansey sands are comprised 

Dredging i s  a source f o r  1 C  material. 

Limestone v a l l e y  material ( 1 A  or 1 C  source) is heterogeneous 

g l a c i a l  d e b r i s .  

carbonate rock,  s h a l e  

I ts  composition v a r i e s  widely from being l a r g e r  

and slate fragments, t o  gneiss and q u a r t z i t e .  
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GENERAL AREA OF SOURCES 
OF TRAP ROCKS, CARBONATE ! 
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I 

Figure 5 - GEOLOGICAL MATERIAL 
SOURCES. 
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This mater ia l ,  of ten i n  "bankrun" form, i s  sca t t e red  throughout the 

mountainous regions of northern New Jersey,  notably,  Hamburg, 

Spar ta ,  B l a i r s t o w n  and Belvidere. 

Gneiss and qua r t z i t e  sources a re  usually "rock gravel"; 

hence they are often the source f o r  Type 5 A  products v i a  crushing 

operations.  

areas t o  mention a few. 

are i so la ted  igneous outcrops known commercially as "Trap Rock" which 

is very hard and durable diabase o r  basa l t .  

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

composed of a l l  the material  t ha t  passes t h e  2- inch screen. 

a l s o  uses some Pennsylvania carbonate rock which i s  quarr ied i n  the 

New Hope and Norristown areas. 

subbase ( S A ) .  

These are  found i n  the Wharton, Hopatcong and Riverdale 

Located i n  northeast  and cen t r a l  N e w  Jersey 

I t  too is used t o  make 

New Jersey 

The material  i s  used i n  quarry processed 

B.  Schedule of  Sampling 

In order t o  e f f ec t ive ly  study a l l  of the aforementioned 

materials i t  w a s  estimated t h a t  approximately 60 samples of s o i l  

material and blended aggregates should be tes ted .  

based on an estimated t o t a l  of  15 sources which would include a l l  

Types and Classes i n  Table 1, and which would a l so  afford general 

coverage of the various geological sources. 

sources,  it w a s  intended t o  t r y  t o  obtain 4 d i f f e ren t ly  graded 

samples within a pa r t i cu la r  spec i f ica t ion  band, i l l u s t r a t e d  i n  

Figure 4 .  and therefrom a t o t a l  of 60 s q l e s  w a s  derived. 

summari:es the  Wes and geological sources ac tua l ly  sampled, and 

This f igure  was 

For each of the  15 

Table 2 
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TABLE 2 

SAWLING AND TESTING OF MATERIALS 
USED AS BASE OR SUBBASE I N  NEW JERSEY HIQWAYS 

Specif icat ion 
Type of 
Material Actual Testing Source 

1 A  1 Carbonate Source 

2 Granite/Quartzite Sources 

1 Pennsauken Formation Source 

1 B  4 Pennsauken Formation Sources 

1c 1 Carbonate Source 

No. No. of Total No. 
Samples Replicates of Tests 

2 X 3 = 6  

5 X 3 = 1s 
3 X 3 = 9  

3 X 3 = 9  

7 X 2 = 14 

2 X 2 = 4  

1 Pennsauken Formation Source 4 X 2 = 8  

2 Hydraulic Sources 2 X 3 = 6  

2 Hydraulic Sources 5 X 2 = 10 

1 Granite/Quart z i te  Source 3 X 2 = 6  

2A 2 Pennsauken Formation Sources S X 2 = 10 

2B 2 Cohansey Sand Sources 2 X 2 = 4  

3 Pennsauken Formation Sources 3 X 2 = 6  

SA 2 Carbonate Sources 2 X 2 = 4  

1 X 3 = 3  

1 Diabase Source 4 X 2 = 8  

1 X 3 = 3  
1 3 4  

- 1 Granite Source 
Totals 54 
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the  t o t a l  number of samples, including r e p l i c a t e s ,  t es ted .  

s t a r t  of t h e  t e s t ing  program, each f i e l d  sample w a s  divided and 

three  r ep l i ca t e s  w e r e  prepared fo r  tests. 

t o  two rep l i ca t e s  af ter  good r epea tab i l i t y  i n  the  t e s t ing  procedure 

was demonstrated. 

A t  the 

This procedure was reduced 

As a minor off-shoot of the  p r o j e c t ,  a few samples of base 

course material were taken from two highways t h a t  were already i n  

use and had demonstrated some pa r t i cua r ly  in t e re s t ing  behavior such 

as "pumping", or i n  another case,  exce l len t  long-term s t a b i l i t y .  

n C. Test Methods 

1. Ceneral 

Equipment f o r  t e s t ing  is de ta i l ed  i n  Appendix A. To t h e  

ex ten t  p r a c t i c a l ,  standard avai lable  t e s t i n g  apparatus and methods 

were u t i l i z e d .  Although permeabi l i t ies  and bearing s t rengths  were 

of primary concern, it was a l so  necessary t o  perform a p a r t i c l e  size 

determination f o r  i den t i f i ca t ion  purposes and t o  determine some 

"appropriate" densi ty  a t  which t o  perform those t e s t s .  

described here inaf te r .  

These are 

2 .  Incidental  Tests 

For densi ty  requirements t he  optimum moisture content and 

maximum densi ty  w a s  determined using ASTM D-698-70, Method D 

( 5 . 5  l b  drop hammer and 12" drop).  

material passing a 3/4" s ieve  and employed a 6-inch diameter Proctor 

mold. Method "D" w a s  chosen f o r  two reasons. 

This tes t  w a s  performed on 

F i r s t ,  the  mold si te 
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(6" diameter) w a s  t h e  same s i z e  as t h a t  used i n  t h e  compaction 

permeameters. Secondly, l a r g e r  s i z e  material (maximum of 3 / 4 9  

could be used with t h i s  mold. ?his w a s  thought t o  be a b e t t e r  

representat ion of t h e  mater ia l  a c t u a l l y  encountered i n  the  f i e l d .  

In  t h e  6-inch mold, the  s o i l  w a s  placed i n  three  equal l a y e r s ,  

each l a y e r  compacted by 56 blows of t h e  drop hamner. 

of t h e  f ina l  l i f t ,  t h e  excess material was "struck o f f "  f l u s h  with 

t h e  top of t h e  mold using a s t ra ightedge .  

After compaction 

After the dens i ty  was 

determined, t h e  s o i l  w a s  remixed; increasing the  moisture content  

by 28. The procedure is  repeated u n t i l  a drop i n  densi ty  i s  noted. 

The same material was used throughout t h e  tests unless  a 

p a r t i c l e  breakdown was observed. 

changed each time the  moisture content was changed. 

having individual  aggregate la rger  than 3/4", t h e  l a r g e  aggregate 

was removed and replaced by an equal weight of mater ia l  passing 

a 3/4" s i e v e  and retained on a 64 s ieve .  Test  r e s u l t s  were p l o t t e d  

on s tandard moisture densi ty  forms and the  optimum moisture content 

and maximum density were obtained f r o m  t h e  graph. 

In  these cases, mater ia l  w a s  

In  samples 

(See Figure 6 )  

Although there  is  general  agreement t h a t  such "maximum" 

d e n s i t i e s  a r e  less than i n - s i t u  f i e l d  d e n s i t i e s , i t  w a s  f e l t  prudent 

because of  a lack of  s u f f i c i e n t  q u a n t i t a t i v e  da ta  i n  t h a t  regard,not 

t o  u t i l i z e  any modified methods of achieving higher  d e n s i t i e s .  This 

decis ion w a s  f u r t h e r  backed by two o ther  f a c t o r s :  

(1) it w a s  found t h a t  the  maximum densi ty  (as p e r  ASTM D-698, 

''D'I) 

permeabili ty o r  a CBR mold, and 

could be very c lose ly  a t t a i n e d  when preparing samples i n  a 
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MOISTURE CONTENT 
( Ot’o DRY WEIGHT) 

Figure 6 -OPTIMUM MOISTURE 
DETERMINATION BY STANDARD 
P RO CTO R DE N SI F I C AT I 0 N 
METHOD. 
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(2) the only other  means of compaction t h a t  w a s  avai lable  

w a s  the 9nodified" Proctor method and preliminary t r ia l s  indicated 

some aggregate "breakdown" under the higher compaction e f f o r t .  

w a s  very undesirable s ince the amount of "fines" i n  a s o i l  w i l l  

'Ihis 

influence t h a t  s o i l ' s  permeability. 

Par t ic le  s i z e  determination w a s  required f o r  a l l  samples as 

a bas ic  means of ident i f ica t ion  i . e . ,  t o  determine whether o r  no t  

the sample complied with the gradation requirements f o r  the Type and 

Class f o r  which it w a s  intended, and a l so  t o  determine where i t s  

gradation lay within the required band. Sieve analyses w e r e  performed 

'1 

I 
1 

i n  accordance with ASTM D-422 using a motorized s ieve shaker. 

Usually, t h e  s ieves  employed were those required by t h e  Type 

and Class spec i f ica t ion ,  but occasionally addi t ional  s ieve  sizes were 

included. 

month in te rva ls .  

Sieves were checked f o r  opening s i z e  compliance a t  s i x  

For the s o i l s  t e s t ed ,  a hydrometer analysis  was not 

thought t o  be necessary and samples were washed on a #ZOO sieve t o  

accurately determine the amount of minus -200 mater ia l .  

3. Load Bearing Capacities 

Determination of load bearing capacity of the base and 

subbase s o i l s  was a subject of considerable controversy for a number 

of reasons. Although a California Bearing Ratio (CBR) test  appeared 

t o  have drawbacks, i t  was selected because of a lack of 8 b e t t e r ,  

o r  more appropriate,  test method. There are  several  var ia t ions of 

the CBR t e s t  which may be interpreted as evidence of i t s  apparent 

inadequacies i n  a given s i tua t ion .  Having no p r i o r  load s t a b i l i t y  

i 
I 
! 

I 

t 
-L  

I 
I. I 
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data on Types 1, 2 and 5 materials,it w a s  opted t o  adhere as c lose ly  

as p r a c t i c a l  t o  the  method prescr ibed by ASTM D-1883. 

A l l  samples w e r e  compacted a t  maximum dens i ty  (as p e r  A!3M D-698,D) 

i n t o  6-inch diameter molds. 

prepared. 

t h e  o ther  two r e p l i c a t e s  were submerged i n  a soaking tank f o r  four days 

before  t e s t i n g  a t  s a t u r a t i o n .  These samples were always instrumented 

and checked for swell during soaking; no swel l ing w a s  ever  indicated.  

For each sample, f o u r  r e p l i c a t e s  were 

TWO were t e s t e d  imnediately a t  t h e i r  optimum moisture conten t ;  

During a l l  CBR tests a standard surcharge of 10 pounds w a s  

appl ied t o  the  samples. Load w a s  appl ied t o  the sample using a manually 

operated loading machine a t  the rate of 0.05 inches/minute. 

pene t ra t ion  curve w a s  obtained and the "Bearing Ratio" recorded f o r  

0.10 inch,  0.20 inch and 0.30 inch penet ra t ions .  

for CBR,the value t o  be reported is t h e  one obtained a t  t h e  0.1" 

pene t ra t ion .  However, i f  the  0.2" penetrat ion is g r e a t e r  than the  0.1" 

p e n e t r a t i o n ,  t h e  test is  t o  be repeated. I f  the  r e s u l t s  are unchanged, 

t h e  0.2" penet ra t ion  i s  reported.  

run i n  t h i s  inves t iga t ion  had a g r e a t e r  value at 0.2" penet ra t ion  as 

A load- 

In the  ASTM standard 

I t  w a s  found t h a t  a l l  CBR tests 

compared t o  t h e  0.1". Therefore,  a l l  CBR values reported are f o r  t h e  

0.2" penet ra t ion .  

Some d i f f i c u l t y  w a s  encountered using the  ASTM D-1883-75 method. 

Most notable  was the  tendency of c e r t a i n  materials (sands and clean 

base  and subbase materials) t o  f a l l  from t h e  mold as it  w a s  inver ted 

and reset on t h e  base p l a t e .  This w a s  corrected by t h e  use of  sheet  
l 
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polyethylene d iscs  which were used i n  l i e u  of the required f i l t e r  

papers. 

adhere t o  the metal spacer  and could e a s i l y  be removed wihout 

d i s turb ing  the  sample surface.  

The p l a s t i c  discs reduced the tendency of the sample t o  

Figure 7 i s  a graph of the r e s u l t s  of a number of CRR t e s t s  

conducted on each of a Type 1 A  and v p e  5A mater ia ls  with varying 

moisture contents.  

f o r  these mater ia ls  were 7.5% and 9 . 2 % ,  respectively.  Notice t h a t  

t h e  maximum CBR values were obtained f o r  moisture values of 5.5% and 

4 . 5 1 ,  respect ively.  

CBR r e s u l t  obtained a t  optimum moisture w i l l  provide a s l i g h t l y  

conservative value,  not considering such factors  as dynamic loading 

during sa tu ra t ion ,  o r  super-saturat ion.  

samples a t  optimum moisture content provides a reasonable CBR value,  

i .e . ,  one which could be qui te  frequently encountered i n  the base o r  

subbase courses. 

content most samples were about 90% sa tura ted .  

4 .  S o i l  Permeabili t ies 

In  New Jersey the Department of Transportation does not  use 

The optimum moisture contents ( fo r  densif icat ion)  

Therefore, it may generally be expected t h a t  a 

The decision t o  run a l l  

As a matter of information, a t  the optimum moisture 

permeabili ty requirements i n  any aspect or  phase of highway design. 

The Department has  adopted no permeability equipment o r  test methods 

1 
! 

as "standard" fo r  i t s  use. Therefore,  f o r  the purposes of t h i s  p r o j e c t ,  

it w a s  necessary t o  completely develop the necessary 1aboratory.as 

w e l l  as adequate tes t  methods. 
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Figure 7 -  EFFECT OF MOISTURE CONTENT 
ON C B R  RESULTS. 
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Having no f a c t u a l  information regarding t h e  permeabi l i t ies  

of t h e  s u b j e c t  materials, t h e  method of  permeabili ty determination 

w a s  t o  be dependent upon the range of permeabi l i t i es  obtained from 

t h e  i n i t i a l  tests. Reference t o  a char t  by A. Casagrande and 

R. E. Fadurn(') ind ica ted  t h a t  permeabi l i t ies  o f  the s u b j e c t  s o i l s  

may range from 10 t o  

t o  test s o i l s  meeting the  %pen s ide" of the s p e c i f i c a t i o n  bands. 

The same char t  ind ica ted  t h a t ,  both a constant head permearneter 

and a f a l l i n g  head pennearneter would be required t o  achieve accurate  

r e s u l t s  over t h i s  range. On t h e  o ther  hand, constant  head permeabi l i ty  

tests are supposed t o  y i e l d  a high degree of accuracy and r e p e a t a b i l i t y  

un/sec., p a r t i c u l a r l y  s i n c e  i t  w a s  intended 

when perfonned on s o i l s  with permeabi l i t ies  of between 1 t o  50,000 f t / d a y  (3) 

and with less than 10% passing a 1200 sieve. 

most of the  s o i l s  t o  be t e s t e d  would meet t h i s  #200 s i e v e  requirement. 

O f  t h e  two methods, the  constant  head test requi res  s l i g h t l y  more 

s o p h i s t i c a t e d  apparatus from which f a l l i n g  head apparatus is e a s i l y  

developed. Therefore,  i n  the  development of t h e  laboratory,  t h e  primary 

According t o  s p e c i f i c a t i o n s ,  

emphasis was on constant  head apparatus ; although eventually,  near ly  a l l  

permeabi l i t i es  were determined v i a  the  f a 1  l i n g  head method. 

(4a) 

In  the development of t h e  constant head apparatus,  reference 

Constant Head Permeability Tes t  and Apparatus 

was made t o  ASTM method of test D-2430-68, and a s o i l  mechanics t e x t  (4 )  

from which t h e  theory and test requirements were obtained. 

se tup  is shown i n  Figure 8 .  

provided i n  Appendix A ,  r a t h e r  than here ,  s i n c e  f r o m  t h e  f irst  

The general  

Complete d e t a i l s ,  including theory ,  are 
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! 

i 
I 

permeabili ty tests conducted it became apparent t h a t  fa l l ing-head  

apparatus would be more appropriate  f o r  a l l  subsequent permeabi l i ty  

tests. 
1 

-1 

(4b) 

Figure 9 shows the  f a l l i n g  head apparatus used i n  this 

Fal l ing  Head Permeability Test and Apparatus 

p r o j e c t .  

long term d u r a b i l i t y  and on the b a s i s  of commercial a v a i l a b i l i t y  of 

t h e  required size.  A 6-inch diameter mold w a s  s e l e c t e d  on t h e  b a s i s  

of the  ASTM D-2438 s t i p u l a t i o n  t h a t  the  diameter be a t  least 8 t o  1 2  

times t h e  diameter of t h e  m a x i m u m  p a r t i c l e  s i te  of the  sample. 

s o i l  samples were t o  be prepared according t o  ASTM D-698,Method D. 

Thus, as c i t e d  e a r l i e r ,  a l l  mater ia l  re ta ined  on a 3/4" s i e v e  w a s  

removed and replaced by an equal weight of mater ia l  passing t h e  3/4" 

s ieve  but  re ta ined  on the # 4  s i e v e .  

3/4" ind ica ted  the  necess i ty  , according t o  the aforementioned 

diameter s t i p u l a t i o n ,  of a mold diameter f r o m  6 t o  9 inches.  

Therefore, the  6-inch diameter mold w a s  used. 

The metal permeabili ty molds were se lec ted  on the  b a s i s  of 

The 

This maximum p a r t i c l e  s i z e  of 

Although the  6-inch diameter metal molds were commercially 

avai lable ,  some s l i g h t  modifications were necessary.  

d r i l l i n g  and tapping t h e  top cover p l a t e  t o  accept a 3/8" diameter 

water in take  tube and i n s t a l l i n g  a small  shutoff  valve a t  t h e  base 

p o r t .  To purge t h e  permeameter of air, a bleeder  valve w a s  a l s o  

f i t t e d  d i r e c t l y  t o  the  top p l a t e .  The attachment of a s tandpipe 

and a head height  measuring s t i c k  completed t h e  permeameter. 

These included 

f 
i 
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Figure 9- FALLING HEAD PERMEABILITY 
APPARATUS ( SCHEMATIC 1. 
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Samples were compacted i n t o  the penneameters a t  optimum moisture 

content in  f ive equal layers each layer being compacted by 56 blows 

by a 5.5 pound drop hammer. Each layer ,  o r  l i f t ,  was sca r i f i ed  before 

7 

I 

the  next l i f t  w a s  added. 

unbound interface between layers, which could give erroneous permeability 

r e su l t s .  

cylinder and the top surface of the sample w a s  prepared by "s t r iking off"  

with a steel straightedge. 

and spacer placed atop the sample; followed by placement of the top 

permeameter p l a t e .  

base p la tes  were a l l  sealed with rubber gaskets. 

Without s ca r i f i ca t ion ,  t h e r e  w a s  a d i s t i n c t  

The top c o l l a r  w a s  then removed from the two-piece mold 

The co l l a r  w a s  then replaced; a porous s tone 

The jo in t s  between cylinder components and top and 

The procedure f o r  permeability tests requires evacuation of a l l  

a i r  i n  the sample, followed by slow sa tura t ion  with de-aired water 

from the bottom upward. 

t h i s  method of sa tura t ing  w a s  not feas ib le  except i n  the most permeable 

base and subbase samples. I n i t i a l  attempts a t  vacuum sa tura t ion  l i t e r a l l y  

tore  the s o i l  samples apar t  because of the pressure d i f f e r e n t i a l  between 

the ends of the samples. This occurred in  s p i t e  of the in te rna l  spacing 

c o l l a r  ( t o  hold the upper porous stone i n  place) and in  s p i t e  of attempts 

t o  attain very slow water entry v ia  small pressure d i f f e ren t i a l s .  Vacuum 

saturat ion attempts were abandoned out of necess i ty ,  and sample sa tura t ion  

w a s  henceforth achieved simply by soaking i n  the CBR soaking tank. 

In r e a l i t y ,  however, i t  w a s  es tabl ished t h a t  

For 

t h i s  soaking method, a head of e ight  inches above the bottom of the 

sample w a s  used and soaking w a s  always achieved by water enter ing the 

i 
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samples through t h e  base p o r t  and upward u n t i l  free water w a s  observed 

atop t h e  sample f o r  a t  least 1 2  hours.  Some o f  the more dense samples 

requi red  soaking times of up t o  seven days. 

t a n k ,  t h e  base p o r t  was closed. 

seal and top  p l a t e  assembly were secured i n t o  p lace  ready f o r  t h e  

permeabi li t y  test . 

Before removal f r o m  the 

The top  porous s tone ,  s p r i n g ,  rubber 

The e n t i r e  assembly w a s  p laced i n  an outflow basin and t h e  

s tandpipe w a s  f i l l e d  with water. 

t h e  b leeder  valve. 

f r o m  s i d e  t o  s i d e  t o  a i d  i n  t h i s  purging process.  

completed, t h e  bleeder  valve w a s  used t o  drop the  head i n  the  standpipe 

t o  j u s t  above t h e  des i red  beginning head. 

performed on samples with very low permeabi l i ty .  

h i g h e r  permeabi l i t i es ,  t h e  s tandpipe w a s  f i l l e d  and the  timing commenced 

as t h e  s tandpipe water l e v e l  passed the i n i t i a l  head height .  

The assembly was purged of a i r  using 

Then the  assembly was gent ly  t ipped a l t e r n a t e l y  

With this process 

'his adjustment was only 

For samples with 

To standardize t e s t i n g ,  water i n  the standpipe w a s  allowed t o  

drop from 105 cm. t o  55 cm. above t h e  level  of t h e  outflow bas in  f o r  

each test .  

taken each time. 

for a soil sample. 

occurred between molds, t h i s  t e s t i n g  w a s  reduced t o  two molds p e r  so i l  

sample. 

l o%,  t h e  sample w a s  r e t e s t e d .  

Three drops were timed on each sample w i t h  a water temperature 

During t h e  i n i t i a l  tests, t h r e e  molds were prepared 

When it w a s  shown t h a t  only minor d i f fe rences  

I f  t h e  permeabi l i t i es  between molds d i f f e r e d  by an a r b i t r a r y  
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Penneability values,  "K" are reported i n  un i t s  of f e e t  pe r  

day and are calculated using the following formula: 

where tl - t o  is the  t i m e  required fo r  the test head t o  drop i n  

the standpipe from ho t o  hf 

a = cross sec t iona l  area of t h e  g l a s s  tube 

L = length of the  specimen 

A = cross sec t iona l  area of the specimen 

I n  permeabi l i t y  calculat ions there  i s  a correct ion which accounts 

f o r  the change in  water viscosi ty  due t o  temperature changes. Permeability 

values are normally reported a t  2OoC. 

f o r  temperature correct ion : 

The following formula provides 

where 

K20 = Penneabili ty a t  2OoC 

Kt  = permeability a t  temperature, t 

ut = Viscosity of water a t  temperature, t* 

1120 = Viscosity of material  Z O O C  

-7 

! 

: ,  
. -. .... 

j 

*The r a t i o  ut/u20 is based on data  from "Internat ional  C r i t i c a l  Tables" 
V O l .  v . ( 2 )  
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Some tests were run t o  check the accuracy of t h i s  formula. 

Permeability t e s t s  were performed on s o i l  samples with an i n i t i a l  

temperature of 40°F. 

on t h e  same samples a t  increasing temperatures t o  a maximum of  90°F, 

and the correct ion f a c t o r  was applied t o  the  r e s u l t s .  The corrected 

values agreed w i t h  the calculated r e s u l t s  very c lose ly ,  as shown 

i n  Table 3. 

and a l l  values of "K" reported here inaf te r  are f o r  a water temperature 

of 20°C(680F). 

Subsequently, permeability tests were performed 

In a l l  subsequent t e s t ing  the above formula was appl ied ,  

TABLE 3 

MECKS OF TEWERATURE-VISCOSI?Y CORRECTION FACTORS 

Sample 

Concrete 
Sand 

1C-6 

1 X - 3  

Temp. O F  

40 

68 

90 

40 

68 

90 

4 0 

bs 

90 

Temp. 
Correction 

1.53 

1.00 

0.76 

1.53 

1.00 

0.76 

1.53 

1 .oo 
0.76 

Meas .l*K1'(ft/day) 

5.44 

8.27 

10.79 

3.63 

5.51 

7.37 

,024 

.038 

.044 

Adj us tod "K" ( f t /day)  

8.32 

8.27 

8.20 

5.55 

5.51 

5.60 

.036 

.038 

.033 
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V. Results and Discussion 

A. General 

- - 1  

Tables 4 through 9 group the test r e su l t s  of a l l  samples by 

specif icat ion as follows: 

Table 4 Type 1, Class A 
Table 5 Type 5 ,  Class A 
Table 6 Type 1, Class C 
Table 7 Type 1, Class B 
Table 8 Type 2,  Class A 
Table 9 Type 2, Class B 

Within a table, samples are grouped by source. From these tab les  , 

several  in te res t ing  comparisons are investigated.  

B. Effects of "Blending" 

Blending i s  a method of combining a bank-run s o i l  aggregate 

material  with some predetermined s i z e  of aggregate f o r  t h e  purpose 

of meeting the gradation requirements f o r  t h e  intended material  

usage. For instance , f o r  a pa r t i cu la r  construction pro jec t ,  the  

Contractor may be capable of obtaining a nearby source f o r  Type 1, 

Class A base course material .  However, t h i s  bank-run source may be 

running around 9% passing the #200 sieve (78 maximum allowed). 

Rather than use an a l te rna te  source several miles away from the  

job, the  Contractor may f ind  it cheaper t o  ship in  3/4 inch s i z e  

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

In terms of reducing the percentage by weight o f  material passing 

the  #200 sieve,  t h i s  prac t ice  appears t o  be sensible ,  and has become 

qu i t e  common. Yet the  e f f ec t s  of blending upon the drainage and 

laad support charac te r i s t ics  of the s o i l s  were essent ia l ly  unknown. 

Table 10 provides a comparison of CBR values, "K" (Permeability) 

values,  and Proctor dry dens i t ies  f o r  bank-run s o i l s  with and without 

1 
I 

.- I 

I 

blending. 



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

- 
O)k -la 

$3 v)z 

1A- 1 

1A-2 

1 A - 3  

1A-4 

1A-5 

1A-6 

1A-7 

IA-8 

1 A -  9 

1A-10 

1 A - 1 1  

1A- 1 2  

Location 

S a y e r v i l l e ,  NJ 

Sayervi 1 l e  , NJ 

Sayervi 1 le,  NJ 
-- 

Ogdensburg , NJ 

Ogdenshurg , N J  

G.  S. Stone I .  
Gravel 

C,. S. Stone E 
Grave 1 

Flanders SCG 

Flanders S6G 

Flanders S6C 

I loudai 1 1 e 

Perm. 

f t /day  

0.019 

0.058 

0.038 

IIKII 

-- 
0,570 

0.260 

0.00043 

0.0021 

0.0461 

0.342 

2.130 

0.250 

Dry 
Dens. 
(PCf) 

129.9 

133.3 

118.6 

-- 
129.4 

131.0 

126.4 

132.0 

126.3 

119.5 

106.7 

132.2 

Opt 
M.C. 

% 

8.7 

9.0 

11.0 

-- 
8.8 

7.8 

11 .0  

9.0 

9.1 

11.8 

13.6 

7.5 

CBR 
( a t  ,2"  p e n e t r a t i o n )  

Soaked 

- -  
0.65 

0.16 

-- 
0.58  

0.61 

0.32 

0.40 

0,57 

0.29 

0.29 

0.91 

Unsoaked 

0 .45  

0.65  

0.17 

- -  
0.76 

0.66 

0.28 

0.22 

0.62 

0.48 

0.29 

0.79 
. .  

2" 

100- 70 

100 

1 00 

100 

-- 

I00 

1 rlf) 

100 

100 

100 

100 

100 

100 

Gradat ion 
(% Passing Square 
Mesh S ve Sizes) 

3/41' 

95-50 

9 5 . 0  

95.0 

95.6 

-- 
9 3 . 8  

95.3 

86.6 

93.4 

87.8 

64.0 

64.1 

93.9 

ff4 

60-30 

59.3 

45.0 

88.3 

-- 

58.2 

57.8 

59.0 

58.8 

74.4 

58.7 

59.0 

58.1 

- 
ff50 

25-5 

14.4 

10.8 

21 .4  

- -  
18.7 

20 .1  

10.7 

13.7 

31.2 

24.7 

27.2 

17.7 

- 
#200 

7- 0 

5 .9  

4.3 

8.8 

- 

-- 
4.8 

6.1 

5.1 

7.6 

14.3 

7.5 

3.5 

4.3 

Comments 

Blend (29% Stone Added) 

Rlend (43% Stone Added) 

Did n o t  meet gradation 

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

Blend (33% Stone Added) 
(Treated as  Non-blended 

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

Fa i led  - n o t  used i n  CB! 

Rlend (241 Stone Added) 

Rlend (35% Stone Added) 
I 
CI 
U 
I 



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

Q , k  

&5 v)z 

5A- 1 

5A- 2 

5A- 3 

5A-4 

5A-5 

5A-6 

5A- 7 

5A- 8 

Locat ion 

Pennington TR 
_- 

W .  Trenton Yd. 

W. Trenton Yd. 

W, Trenton Yd. 

Norristown, Pa. 

Norristown, Pa. 

M t .  Hope 

New Hope, Pa. 

Perm, 

?t / day 

0.0086 

0,00438 

0.0103 

0,0056 

0.0123 

I I K I I  
Dry 

( P W  
Dens, 

135.9 

137.8 

144.3 

139.9 

144.9 

9.7 : 135.9 

Opt 9 

M.C. 
'I, 

11.1 

9.2 

9.2 

10.2 

6.9 

4.8 

- -  
8.0 

CBR 
(at .2" Penetration) 

Soaked 

0.76 

0.48 

0.51 

0.44 

0.68 

0.86 

-- 
- -  

Unsoaked 

0.59 

0.49 

0.40 

0.39 

0.58 

0.97 

- -  
- -  

2" 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Gradat ion  
(% Passing Square 
Flesh Sieve  S i z e s )  

3/4" 

90-55 

83.1 

81.5 

92.9 

74.3 

85.3 

60.0 

70.0 

80.1 

ff4 

50-25 

55.1 

50.6 

51.1 

40.9 

40.5 

30.0 

21.3 

54.9 

-- 
#SO 

25-5 - 
16.8 

16.4 

20.0 

16.0 

17.0 

10.0 

5.7 

14.0 

11200 

12-3 

8.9 

9.3 

12.9 

10.3 

11.7 

4.0 

3.0 

8.5 

Blend (25% Stone Added) 

(Fa1 1 ing Head) 
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Q , k  
d a l  

$3 v)z - 
1C-14 

1C-15 

1C-16 

1C-17 

1C-18 

1c-19 

1c-20 

Locat ion 

- -  

Hamilton Lakes, NJ 

Hamilton Lakes, N J  

Odgensburg , NJ 

Odgensburg , NJ 
Odgensburg, NJ 

Newark, NJ 

P e n .  

f t /day  

I I K l l  

- -  

12.57 

2.24 

15.61 

2.545 

8.21 

3.05 

- -  - -  

117.8 1 10.5 

132.9 7.3 
i 

j 109.1 11 .4  

129.2 

124.2 

112 

6.7 

8.3 

-- 

Table 6 (Continued) 

CBR 
:at .2" Penet ra t ion)  

Soaked 

- _  
0.11 

0.57 

0.12 

0.60 

0.43 

0.27 

Unsoaked 

I -- 
0.11 

0.44 

0.16 

0.67 

0.40 

0.27 

. .  

- 
2" 

100 - 
-- 
--  

100 

100 

100 

100 

100 

Gradat ion 
(S Passing Square 
Mesh Sieve S i z e s )  

3/4" 

100-60 

-- 
-- 

69.0 

100 

100 

100 

100 

#4 

100-30 

- -  
- -  

45.0 

98.7 

35.0 

50.0 

99.6 

#SO 

35-5 

-- 
- -  
5.0 

27.4 

5.0 

8.0 

56.6 

#200 

5-0 

-- 
-- 

0.0 

2 .2  

0.0 

0.0 

1.5 

Comments 

Not Run 

Blend 

A l l  material from 
Odgensburg 

Blend 

Blend 



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

4 , k  
" 9 :  82 - 
1B-1 

1B-3 

18-4 

1B-5 

18-6 

18-7 

18-8 

18-9 

18-10 

1B-11 

18-12 

18-13 

18-14 

Lacat ion 

Woodmansie , NJ 
Rt. 295/Slab 844 

Crosswicks, NJ 

Rt. 295/Slab 407 

Rt. 295/Slab 100 

Rt. 295/Slab 100 

Jamesburg, NJ 

Jamesburg, NJ 

Jamesburg, NJ 

Jacobstown, NJ 

Jacobstown, NJ 

Jacobstown, NJ 

Jacobstown, NJ 

Penn. 

ft/day 

,0007 

0.0016 

0.0039 

0,057 

0.135 

0.441 

0.0025 

0.390 

0.01195 

0.024 

0.026 

0,0021 

0.0084 

IlKll Dry 

(pcf) 
Dens. 

128.1 

125.8 

128.6 

126.0 

123.2 

116.3 

126.3 

121.2 

133.8 

128.2 

126.5 

125.8 

123.0 

Opt 0 

M.C. 
% 

9.3 

10.9 

9.0 

9.8 

10.9 

9.8 

10.0 

11.1 

8.9 

- 

- 
- 
- 
- 

CBR 
[at .2" Penetration) 

Soaked Unsoaked 

0.39 

0.38 

-- 
0.43 

0.28 

0.29 

0.37 

0.21 

0.89 

- 
- 
- 
- 

0.24 

0.39 

0.39 

0.41 

0.30 

0.31 

0.36 

0.22 

0.65 

- 
- 
- 
- 

2" 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Gradat ion 
(% Passing Square 
Mesh Sieve Sizes) 

,/,I' 

100-65 

77.4 

95.0 

97.7 

77.8 

90.5 

93.8 

97.5 

100 

65.8 

97.9 

98.4 

100 

100 

14 

75-40 

68.9 

71.2 

70.8 

51.6 

68.6 

79.6 

85.2 

88.7 

57.5 

79.5 

60.0 

89.3 

60.0 

- 
a50 

30-5 

15.0 

22.1 

20.1 

13.9 

11.6 

11.7 

18.1 

11.6 

12.2 

24.5 

18.6 

39.7 

23.0 

- 

- 
I/ 200 

7-0 
- 
6.4 

7.4 

6.1 

6.2 

5.7 

5.7 

8.7 

4.0 

5.9 

8.2 

6.4 

12.3 

7.0 

Comrnen t s 

I 
cn 
)-r 
I 

- 
Blend (33.5% Stone Added) 

Original Sample 

Blended from 18-11 (20%) 

Original Sample 

Blended from 18-13 (302) 



I 
VI 
N 
I 

Soaked 

0.36 

0.38 

0.22 

0.28 

0.35 

Tahle 8 - TEST RESULTS OF TYPE 2, CLASS A SOIL AGGREGATE 

Unsoaked 

0.36 

0.30 

0.22 

0.32 

0.24 

O k  

!z 
m z  

2A- 1 

2A- 2 

2A- 3 

2A- 4 

2A- 5 

0.019 125.1 
j .  
I 

0.077 ' 119.5 

0.254 121.9 

,0056 132.6 

i 

Locat ion 

10.4 

12.9 

11.4 

9.5 

R t .  29S/Slab 1004 

R t .  295/Slab 844 

R t .  295/Slab 407 

R t .  235/Slab 239 

R t .  130 (Cranbury) 

Perm. I Dry 

:t/day (pcf)  
"K" Dens. 1 

C BR 
(a t  .2" Penet ra t ion)  

2" 

100 

100 

100 

100 

100 

100 

- 

Gradat ion 
(% Passing Square 
Mes Sieve S i z e s )  

3/4" 

100-70 

93.8 

93.7 

96.0 

98.1 

87.5 

#4 

75 - 35 

70.0 

65.5 

76.4 

66.5 

60.3 

#SO 

30- 15 

18.6 

26.0 

21 .o 

1s. 1 

17.4 

u200 

9.6 

5.9 

7.8 

4.9 

8.5 

Comments 



Table 9 - TEST RESULTS OF TYPE 2 ,  CLASS B S O I L  AGGREGATE 

#200 

12-4 

11.1 28-1 

29-2 

2B-3 

28-4 

2B-5 

28-6 

Comments 

Blend (15% Stone Added) 

.- 

Locat ion 
I 

S. Jersey Maint. Yd. 

Jamesburg 

Woodrnansie 

Crosswicks 

R t .  130 

Woodrnansia, NJ 

Opt 
M.C. 

S 

-- 
Perm. 

€t/day 
1lKll 

Soaked 

0,00168 

,0025 

,0007 

.0039 

,0017 

.0007 

100 

100 

100 

100 

100 

100 

100 

Dry 
Dens. 
(pcf) 

122.4 

126.3 

128.1 

128.6 

129.4 

126.5 

100-70 

98.4 

95 

77.4 

97.7 

96.2 

68.1 

CBR 
( a t  .2" ; 

11.8 

10.0 

9.3 

9.0% 

8.5% 

11.0 

0.27 

0.37 

0.39 

0.36 

0.60 

.03 

70.8 

71.2 

62.6 

met ra t ion)  

20.1 

18.3 

21.6 

llnsoaked 

11.6 

0.18 

0.36 

0.24 

.39 

.54 

.02 Original ly  sampled 
from a 1 - B  Source 

Gradat ion 
(% Passing Square 
Mesh Sieve Sizes) 

9.0 I 
6.4 

6.1 

7.8 



TABLE 10 - COMPARISON OF BLENDED 
AND UNBLENDED MATERIALS 

- 

Case 

1 

2 

3 

' 4  

5 

6 

7 

. 8  

9 

10 

Type & Source 

I - A ,  Pennsauken Form. 

1 - A ,  Pennsauken Form. 

I - A ,  Carbonate Sha le  

1 - A ,  Quartz-Grani te  

5 - A ,  Carbonate 

I-C, Coas ta l  Dredging 

I -C,  Coas ta l  Dredging 

I-B, Pennsauken Form. 

1 - B , Pennsauken Form. 

1 - B ,  Pennsauken Form. 

"Bank-Run" 
Pe rmeab i l i t y ,  
K ( f t . / d a y )  

0.038 

0.038 

0.0021 

0.046 

0.012 

3.05 

3.05 

0.024 

0,0021 

0.003 

Permeabi 1 i t y  
After Blending,  
K ( f t . / day )  

0.019 

0.058 

0.0004 

0.342 

9.7 

2.85 

4.32 

0.026 ' 

0.084 

0.012 

"Bank-Run" 
CBR @ 

Opt. Mois ture  

0.17 

0.17 

0.22 

0.62 

0.58 

0.27 

0.27 

- 
- 

0.36 

Rlended 
CBR @ 

Opt. Mois ture  

0.45 

0.65 

0.28 

0.48 

0.97 

0.45 

0.42 

- 
- 

0.65 

Avg. CBR b e f o r e  b l end ing  = 0.333 
Avg. CBR a f te r  b l end ing  = 0.545 
Avg. d i f f e r e n c e  i s  0.212 o r  67% i n c r e a s e  
Avg. unblended d e n s i t y  125 
Avg. blended d e n s i t y  126 

"Bank- Run" 
P r o c t o r  
Dens i t y 

(PCf)  

119 

119 

132 

126 

145 

112 

112 

128 

126 

126 

B 1 ended 
P r o c t o r  
Dens i ty  

(PCf) 

130 

133 

126 

120 

136 

115 

112 

126 

123 

134 

I , *  
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I 
i For each case shown in  Table 10, the  blended samples were, 

p r i o r  t o  the  addition of the stone, precisely the same material 

as t h e  unblended samples. The summary a t  the bottom of Table 10 

reveals  t h a t  overa l l ,  there  was no s igni f icant  change i n  average 

densi ty  with blending. 

however, reveals  t h a t  individually,  from one source t o  another, 

blending may subs tan t ia l ly  affect densi t ies .  For instance,  the 

l a rges t  increase i n  densi ty  due t o  blending was 14 pcf.  

p a r t i c u l a r  case, about 50% of the  measured increase was due t o  the 

higher  spec i f i c  gravi ty  o f  the added stone itself. 

terms of  the e f fec t ive  density change, o r  the change t h a t  occurred 

due t o  compaction, there  w a s  an increase of about 7 pcf due t o  

blending. 

A look a t  the  individual density changes, 

For t h a t  

Therefore i n  

The l a rges t  decrease occurred with Case # 5 ,  the  Type 5 ,  Class A 

sample, where the blended sample was 9 pcf less than the or ig ina l  

sample. 

the  same source as the or ig ina l  sample. 

the  stone f o r  blending caused a "real" density decrease of 9 pcf. 

In t h i s  case, the  stone t h a t  was added f o r  blending was of 

Therefore, the  addi t ion of 

By similar reasoning i n  Case t4 ,  a quartz-granite sample, blending 

by addi t ion o f  traprock caused an apparent sample density decrease 

o f  6 pcf .  

g rav i ty  than the o r ig ina l  sample material. 

dens i ty  decrease due t o  blending is  around 8 pcf. 

amount of  s tone added f o r  blending was only 5% by weight. 

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

e f f e c t  of blending. 

The stone t h a t  was added i n  blending had a higher spec i f ic  

Therefore, the  "real" 

For Case X3 t he  

Therefore, 

Each of the aforementioned cases i s  from a d i f fe ren t  geological 

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



( # l ,  2,  8 ,  9, 10) which came from the same geological or igin 

(Pennsauken Formation) although they came from 3 d i f fe ren t  p i t s .  The 

1 - A  samples f r o m  the  first p i t  had an ef fec t ive  densi ty  increase of  

5-7 pcf. 

decrease of about 5 o r  6 pcf.  

e f fec t ive  density increase of around 2 o r  3 pcf. 

materials t h a t  a r e  geologically similar may demonstrate d i ss imi la r  

density changes f r o m  blending. 

In comparing CBR values, the  summary a t  the bottom of Table 10 

In  general ,  t he  

Cases #8 and #9 from a second p i t ,  had an e f fec t ive  densi ty  

And Case #10 from a th i rd  p i t  had an 

Therefore, even 

is  representative of a l l  but Case #4 shown therein.  

CBR values increased subs tan t ia l ly  w i t h  blending. 

t h i s  is with regard t o  r e a l i s t i c  load support of pavements and 

subsequent increases in  pavement l i f e  i s  unknown. 

How s ign i f i can t  

I t  is in te res t ing  t o  note t h a t  a l l  of the bank-run s o i l s  t h a t  

had CBR increases with blending, or ig ina l ly  had r e l a t ive ly  low CBR 

values. The one sample (Case #4) t h a t  had a CBR decrease with 

blending, or ig ina l ly  had a high CBR compared with the other  samples 

of 1 A  material l i s t e d  i n  Table 10. Although there  are ce r t a in ly  not  

enough data  on which t o  base absolute, sound conclusions regarding 

the a f f ec t s  of blending, there  i s  the indicat ion t h a t  blending with 

crushed stone w i l l  improve the s t rength of materials having very low 

CBR values, while t h e  a f f ec t  of blending upon mater ia ls  having 

higher CBR values (from about 0.50 and higher) is very questionable.  

Of primary importance in  t h i s  pro jec t  i s  the  invest igat ion of 

the penoeabi l i t ies  of the  various base and subbase mater ia ls .  

the course of the research a s i t ua t ion  presented i t s e l f  wherein a 

new PCC pavement, constructed on a 1 B  base course, exhibited subs tan t ia l  

llpumpingll. 

During 

A review of t he  material  sampling and t e s t i n g  records 

-56-  
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showed t h a t  t h e  base course had been blended t o  meet t h e  gradation 

requirements. The performance of t h e  base course r a i s e d  a ser ious  

quest ion per ta in ing  t o  t h e  a f f e c t s  of  t h e  blending. Samples taken 

by t h e  researchers  d i r e c t l y  from t h e  source of t h e  mater ia l ,  revealed 

t h a t  t h e  material was high i n  "minus #200" material. 

are represented by Cases #8 and #9 i n  Table 10. 

permeabi l i t i es  (k) o f  t h e s e  two cases var ied by one order  of 

magnitude , blending d i d  not  cause an appreciable change i n  K-values 

i n  e i t h e r  case. O f  t h e  t e n  cases shown i n  Table 10, only t h r e e  

show a change i n  measured K of one or more orders  of  magnitude. 

These samples 

Although t h e  

Case #3 exhib i ted  a decrease i n  permeabi l i ty  with blending. 

However, a separa te  set o f  tests conducted on t h i s  general  sample of 

s h a l e  mater ia l  revealed t h a t  s u b s t a n t i a l  aggregate "breakdown" could 

occur  by t h e  drop hammer dens i f ica t ion  method. 

t h e  minimum increase i n  minus -1200 material was 3b by weight. 

i s  probable,  therefore ,  t h a t  the  observed drop i n  "K" was l a r g e l y  

due t o  t h i s  f a c t o r .  

I n  a l l  such tests, 

I t  

In  Case 1 4 ,  t h e  sample was v i s u a l l y  noted during compaction t o  

This observation was v e r i f i e d  by have l o s t  s t a b i l i t y  with blending. 

t h e  CBR decrease as well as t h e  drop i n  densi ty .  

increase  i n  "K" would appear t o  be a log ica l  r e s u l t  of t h e  blending. 

Therefore, t h e  

Case 15 i s  a quarry processed mater ia l ,  designated as "5A". 

Based on o t h e r  tests of  t h i s  kind of material i n  r e l a t e d  work but 

n o t  s p e c i f i c a l l y  included within t h i s  study, t h e  la rge  increase i n  

permeabi l i ty ,  K, of t h i s  sample probably occurred because t h e  

mater ia l  had been transformed i n t o  a "so-called" open-graded S a s l p l C  , 

i .e. ,  l a r g e r  s i ze  aggregate has been added t o  an exten t  s u f f i c i e n t  



t o  cause voids within t h e  sample t h a t  can no longer be f i l l e d  by the  

remaining f i n e r  aggregate sizes. 

for the  large drop i n  density and the  large increase i n  CBR value. 

Actually, a t  t h i s  point i n  such materials, the CRR tes t  itself 

is  probably inappropriate s ince a confined sample of t h i s  material 

can scarcely deform without crushing of the  aggregate. 

This explanation a l so  accounts 

I 

With the exception of the aforementioned three  cases, "blending" 

appeared t o  make no change i n  the drainage charac te r i s t ics ,  from 

those exhibited i n  the na tura l  materials.  Therefore, i n  summarizing 

Table 10, "Comparison of Blended and Uliblended Materials," it may 

be s t a t e d  t h a t  i n  general, blending has l i t t l e  e f f e c t  upon the  

permeability of a material .  

a r t i f i c i a l l y  reducing t h e  percentage of minus -#200 mater ia l ,  the 

I f  blending i s  used f o r  the  purpose of 

net  effect i s  t o  allow the use of natural  mater ia l ,  which even when 

blended, w i l l  be p rac t i ca l ly  undrainable. 

Furthermore, blending appears t o  subs tan t ia l ly  improve CBR 

values of s o i l s  having low CBR values i n  t h e i r  na tura l  state. 

These r e s u l t s  are based on samples which a re  confined in  a CBR mold. 

Just how well these r e su l t s  t r ans l a t e  i n t o  r e a l i t y ,  t h a t  i s  how 

closely they represent the behavior of the same mater ia ls  i n  t h e i r  

semi-confined posi t ion within a pavement sect ion,  i s  questionable. 

I t  i s  noteworthy t h a t  the Department has used blending as a means 

of s t ab i l i z ing  s o i l  base materials t h a t  met gradation requirements 

of the  specif icat ions.  

Section 6B, where Type 2 B  was placed. 

no unconfined s t a b i l i t y  under load. 

such tha t  i t s  replacement was not necessary. 

"before-and-after" C B R ' s  are avai lable  on the above mentioned 2B 

A recent case in  point  i s  on Route 1-195, 

The material  had l i t t l e ,  or 

Blending improved t h i s  soil 

A t  t h i s  writ ing,  no 

.i 

I 
i 



- 5 3 -  

material. 

laboratory and f i e l d  experience implies t h a t  a f a i r l y  inexpensive load 

bearing t e s t  and load bearing requirements could be used t o  avoid, 

o r  a t  leas t  t o  s a t i s f a c t o r i l y  resolve, the disputes which arise over 

an "acceptable" material  (by specif icat ion)  t h a t  is  not r e a l l y  

But the f a c t  t h a t  there  is general agreement between 

acceptable. 

If  any increased CBR value i s  t o  be used (in a design ana lys i s )  

€or a blended material ,  it w i l l  be necessary t o  conduct appropriate 

tests using t h e  actual  mater ia ls  t h a t  a r e  t o  be u t i l i z e d  f o r  the 

pa r t i cu la r  construction job. Par t icu lar ly  in  northern New Jersey,  

the geological make-up is  such tha t  the s o i l  composition and 

engineering propert ies  can vary great ly  over small distances within 

a source p i t .  

sampling and t e s t ing  cannot be over-emphasized. Final ly ,  the  prac t ice  

of blending can lead t o  large and important e r ro r s  in  any construction 

phase where density control is important. 

always be establ ished on t h e  basis  o f  the r e su l t s  of the  blended 

material. 

Therefore, the importance of adequatc and representat ivc 

"Target" dens i t ies  should 

C .  Load Bearing Character is t ics  

Tables 4 through 9 present two CBR values per  sample taken a t  

each o f  t h e  optimum moisture content,and t h e  soaked-saturated condition 

€or each samplc. 

authors,  only a gross indication of the r c l a t ivc  s t rengths  of thc 

various mater ia ls  tes ted.  In f ac t ,  during t h e  planning s tages  of 

the  pro jec t ,  it was never intended t h a t  the CRR results would he 

used for a more "refined" analysis  w i t h  CER data.  llence at that 

time, it was decided t o  perform one of the CHR t c s t s  a t  the  optimum 

Thcsc values rcprcseiit,  in t h c  opinion of tlic 



, -60 - 

moisture content ,  on the  b a s i s  o f  two main thoughts: 1. t h i s  water 

content would allow us t o  achieve maximum dens i f ica t ion ,  somewhat 

representa t ive  of " f ie ld  conditions" for a newly constructed highway, 

and 2. 

representa t ive  of  t h e  moisture content i n  base and subbase courses 

a t  almost any time af ter  construct ion of t h e  highway. 

a l s o  conducted on soaked samples. 

it was estimated t h a t  t h i s  moisture content would be genera l ly  

Tests were 

For most of t h e  samples t h e  permeahi l i t i es  were so low t h a t  they  

tool; a t  least a day t o  become sa tura ted  i n  t h e  soaking tank. FOT 

these  samples, i t  is  s a f e  t o  say t h a t  a CRR test  was conducted i n  a 

sa tura ted  condi t ion.  This sa tura ted  condition (or  worse) i s  

reprcsenta t ive  of t h e  " f i e l d  conditions" of some hase courses 

immediately beneath K C  pavement s l a h s  following r a i n  stornis. 

more permeable samples were t e s t e d  i n  a soaked condition. That i s  

t o  say  t h a t  sofile drainage occurred immediately upon removal from 

t h e  soaking tank and during the  CBR t es t .  

Othcr 

Table 11 summarizes the  ranges and means f o r  t h e  soaked CBR 

values and t h e  unsoaked CRR values f o r  each of  Tables 4 through 9. 

The mean, unsoaked CRR values f o r  non-blended samples a r e  a l s o  

given. A few i n t e r e s t i n g  aspects  sur face  a s  one examines Table 11. 

First, it i s  i n t e r e s t i n g  t o  note t h a t  f o r  each Type and Class 

of mater ia l ,  there  i s  no s i g n i f i c a n t  d i f fc rence  between soaked and 

unsoaked CBR values.  

shows t h a t  even on a sample by sample b a s i s  there  a r e  usua l ly  only 

small differences between soaked and unsoaked CRR values.  

d i f fe rences  shown a r e  not cons is ten t ly  higher  o r  lower. 

f o r  t h i s  "closeness" o f  soaked and unsoabed values prohahly l i e s  

Scanning through any of  Tables 4 through 9 

Further ,  

The reason 



Table 11 - SUMMARY OF CBR VALUES 

TYPe 
and 

Class 

1 -A 

5 -A 

1-c 

1-B 

2- (Aha) 

Genera Use o I ~ t e r i a l  

Base Course Beneath PCC 

Base Course Beneath B i t .  Concrete 

Subbase Beneath 1 - A  o r  5-A 

Base and Subbase Combined 

Base Course 

CBR Value a t  0.2" Penetration, l o #  Surcharge 

Soaked O r  
Saturated 

0.48 
(10 samples) 

(6 samples) 

(16 samples) 

0.62 

0.30 

0.41 
(8 samples) 

0.33 
(11 samples) 

Un s oake d 
A l l  Samples (Range) 

0.49 (0.17 - 0.79) 
(11 samples) 

0.58 (0.39 - 0.97) 
(6 samples) 

0.30 (0.11 - 0.67) 
(16 samples) 

0.36 (0.24 - 0.65) 
(9 samples) 

0.29 (0.02 - 0.54) 
(11 samples) 

Unsoaked 
Non-b lended (Range) 

0.43 (0.17 - 0.79) 
(6 samples) 

0.49 (0.39 - 0.59) 
(5 samples) 

0.23 (0.11 - 0.42) 
(13 samples) 

0.33 (0.24 - 0.41) 
(8 samples) 

0.30 (0.02 - 0.54) 
(10 samples) 



i n  t h e  fact t h a t  i n  general ,  f o r  a l l  of these s o i l s ,  s a t u r a t i o n  i s  

only 2% - 3% more water than optimum, i.e. i f  t h e  optimum m.c. i s  

10% by dry weight, then s a t u r a t i o n  is  usua l ly  reached a t  about 12% 

o r  13%. 

t e s t i n g  on var ious Types and Classes had been performed. 

less, t h e  r e s u l t s  obtained a r e  s i g n i f i c a n t  as w i l l  be  discussed 

h e r e i n a f t e r .  

O f  course, t h i s  t rend  was not  apparent u n t i l  s u b s t a n t i a l  

Neverthe- 

Upon f u r t h e r  examination of  Table 11, it is i n t e r e s t i n g  t o  

compare t h e  r e l a t i v e  s t r e n g t h s  o f  t h e  various Type and Class materials , 

p a r t i c u l a r l y  i n  view of t h e i r  intended use. 

is a crushed s tone product. 

materials, s u b s t a n t i a l l y  s t ronger  i n  terms of CBR values (0.58/0.49). 

Considering i t s  o r i g i n  and na ture ,  these r e s u l t s  a r e  expected. I t s  

use i n  t h e  pavement sec t ion  i s  t o  serve as a s t rong  base upon which 

approximately a 9-inch th ick  bituminous pavement i s  usua l ly  placed.  

O f  t h e  s i x  mater ia l s  used f o r  N . J .  base and subbase, t h i s  i s  t h e  

s t ronges t  and therefore  the  one t o  use,  bar r ing  any considerat ions o f  

water problems. 

Type 5 ,  Class  A m a t e r i a l  

I t  i s ,  by comparison t o  a l l  t h e  o t h e r  

Type 1, C l a s s  A (1-A) had a mean CBR o f  0.43 ( including blended 

samples) which l i es  about midway hetween the  CBII ' s  f o r  5 - A  and 1-C, 

a subbase mater ia l .  

assumptions, i .e .  t h a t  1 - A  se rves  as a s t rong base,  whereas 1 - C  has  

less s t rength  (CBR = 0.30) and is used deeper within t h e  pavement 

sec t ion .  

t h a t  a c t u a l l y  met the  gradat ion requirements, many of the  1-A samples 

were blended material. Samples 1A-5 and 1A-6 were taken from an 

o l d  p i t  of g l a c i a l  till t h a t  was no longer used as a 1 - A  source.  

This f i t s  n i c e l y  i n t o  the  p a t t e r n  of design 

However, because o f  d i f f i c u l t i e s  i n  obtaining 1 - A  mater ia l  

I t  
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was found tha t  the only way t o  obtain material  m e e t i n g  1 - A  gradation was 

t o  blend the material  from points within t h e  p i t .  

been used a s  a large 1 - A  source a t  one time, i t  was desired t o  make the 

I-A samples e n t i r e l y  from t h e  nat ive material .  Therefore, these 

samples, although l i s t e d  as  blended, a r e  t reated as non-blended. 

Because t h e y  were a r t i f i c i a l l y  made with t h e i r  gradations so s imi la r ,  

the  CBR r e su l t s  were averaged and taken as one CRR for computational 

purposes. With t h i s  consideration, the average CRR for  unsoaked, non- 

blended 1 - A  material  is seen as 0.43 which again f a l l s  nicely between 

the expected higher CBR fo r  5 - A  (0.49) and the ant ic ipated lower CBR 

of  0.23 for 1-C mater ia ls .  

Since t h i s  p i t  had 

The range of CRR values fo r  1 - A  material i s  somewhat revealing 

in  t h a t  the lower end of the range i s  w e l l  i n to  the range of values t o  

be expected f o r  1-C mater ia ls .  In other  words, although it i s  intended 

t h a t  a 1 - A  material should be a stronger course than 1-C, there  i s  

absolutely no guarantee t h a t  t h i s  w i l l  be the case, through the 

appl icat ion of the  current specif icat ion.  

Type 1, Class B (1-B) material i s  basical ly  a southern New 

Jersey subs t i t u t e  f o r  1 - A  s o i l s  beneath PCC pavement. 

a s  a subbase sometimes beneath a 2-0 base course. The mean CRR 

values l i e  about midway between those of 1-A and 1-C s o i l s  which is  

i n  general agreement w i t h  design assumptions. 

of  CBR values (0.17, non-blended) i s  small i n  comparison t o  tha t  of 1-A 

(0 .62  non-blended) thereby implying t h a t  overal l ,  the  1 - B  specif icat ion 

may a t  times be assuring a b e t t e r  material  than t h e  1-A requirements. 

However, Figure 1 shows tha t  the  gradation bands f o r  Type 1-A and 

I t  is a l so  used 

In addition, the range 
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and Type 1 - B  s o i l s ,  while sh i f t ed  s l i g h t l y  from one another, a r e  of 

about equal band width. 

specif icat ion would assure b e t t e r  mater ia l ,  or exhibi t  less v a r i a b i l i t y  

i n  CBR s t rength,  than the 1 - A  specif icat ion.  

I t  would therefore not be expected t h a t  the 1-B  

In the  authors '  opinion, the  small range of CRR values of the 

1-B  samples i s  due t o  the f ac t  t h a t ,  although the samples were 

se lec ted  from various sources, there  i s  l i t t l e  change i n  geological- 

mineralogical makeup amongst these sources, since they a r e  a l l  i n  

southern N e w  Jersey (Refer t o  Figure 5) .  

were selected from sources throughout northern New Jersey and thus 

represent materials of  vas t ly  d i f f e r ing  geoloRica1-mineralogical or ig in .  

Therefore, a t  l e a s t  f o r  N e w  Jersey,  where the geological or ig in  of  

mater ia ls  var ies  subs tan t ia l ly ,  a specif icat ion based primarily upon 

gradation charac te r i s t ics  i s  inherently weak with regard t o  load 

support charac te r i s t ics .  

In cont ras t ,  the  1 - A  samples 

Type 2 material  i s  used where so l id  support is  desired.  I t  

i s  used as a thick base beneath th in  bituminous shoulders and as a 

base f o r  bituminous pavement where 5 A  i s  Frohibi t ively expensive o r  

where l i gh te r  t r a f f i c  i s  expected. 

it is no longer specif ied,  some samples were obtained from highways 

already constructed. 

Tables 8 and 9 may be considered together,  pa r t i cu la r ly  s ince 4 of  

the 5 samples of 2-A came from the  same job. 

Although ? - A  i s  so scarce t h a t  

For p rac t i ca l  purposes the r e s u l t s  of 

Table 11 shows CBR means of 0.29  and 0.30 f o r  the Type 2 

While the  non-blended CBR of 0.30 i s  b e t t e r  than t h a t  materials. 

of 1-C ,  it i s  not superior  t o  t h a t  of 1-B. Densities a re  very 

comparable t o  1-B samples. m e r e  ap?arently is  no bas i s  t o  assume 
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t h a t  Type 2 material w i l l  provide more density o r  support than 1 - B  

s o i l s  o r  than blended 1-C so i l s .  

O f  importance is  the range f o r  Type 2 samples. The highest  

value of  0.54 was obtained on a sample taken from a 30 year old 

PCC pavement. 

pavement has performed (and s t i l l  performs) excel lent ly .  By 

comparison the highest value of a l l  o ther  Type 2 samples was only 

0.30. 

I t  was purposely selected because t h i s  pa r t i cu la r  

On the  other  hand, the lowest CBR of the Type 2 range i s  

0.02. Because of the apparent abnormality of  t h i s  value, t h i s  

pa r t i cu la r  sample was checked and re-checked. 

was extremely good and the r e su l t s  must be accepted as valid.  

a l l  of t h e  non-blended samples, t h i s  sample ( 2 8 - 6 )  possesses, by 

far ,  the most minus - # Z O O  material .  This sample a l so  had one 

of  the  lowestpercentages of material  passing the t 4  sieve.  

ind ica te  substant ia l  sloppiness of t h i s  sample a t  i t s  optimum 

moisture content. 

a l so  serves as evidence of weakness i n  the specif icat ion.  

hereinbefore mentioned, it i s  noteworthy t h a t  cases of extreme 

i n s t a b i l i t y  of 2-B material  on construction jobs have occurred. 

Agreement i n  r e s u l t s  

Of 

Records 

While t h i s  explains the very low CRR value, i t  

As 

D. Drainage Character is t ics  

As s ta ted  in  the introduction, t h e  center  of  i n t e re s t  of t h i s  

work i s  upon the drainage capacity of  a material i n  re la t ion  t o  t h e  

requirements placed upon t h a t  material  by the  highway design and 

highway loads. 

few other  per t inent  matters are  presented. 

Before g e t t i n g  i n t o  t h i s  discussion, however, a 
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1. Permeabili ty Data 

Data f o r  a l l  of t h e  samples are presented i n  Table 4 through 9. 

A review of  t h i s  da ta  shows t h a t  i n  general  t h e  lowest permeabi l i t i es  

are found i n  Type 16 and Type 2 mater ia l s ,  and t h e  highest  are found 

i n  t h e  1 C  materials. Nithin each Typc 1 Class,  the permeabi l i t i es  may 

vary from sample t o  sample by a few orders  of magnitude. 

f indings mentioned a r e  somewhat cons is ten t  with the  Department's 

design assumptions t h a t  t h e  base courses a r e  a l i t t l e  s t ronger ,  but 

a l i t t l e  less permeable than a subbase (3C). 

which i s  sometimes used as both t h e  base and subbase o f f e r s  only 

moderate s t rength ,  combined with general ly  very poor drainage. A 

more d e t a i l e d  ana lys i s  o f  the  da ta  i s  presented l a t e r  here in .  

The general  

Type 1 P  mater ia l ,  

2 .  Wpen" Gradations 

The effects of blending upon permeabili ty may o r  may not  be 

favorable  regarding drainage. For t h e  most p a r t ,  however, blending 

has  a negl igable  effect upon permeabili ty because t h e  s o i l s  t h a t  

a r e  blended, i n i t i a l l y  have very f i n e  gradat ions and consequently 

have very low permeabi l i t i es .  I t  i s  poss ib le  t o  add enough s tone 

o f  var ious sizes t o  eventual ly  "open up" a sample, but  t h i s  would 

requi re  considerable  laboratory t e s t i n g  and expense. 

course o f  t h i s  research, some s o i l s  were separated by s ieving,  

and then recombined a t  predetermined percentages for s p e c i f i c  

sizes of t h e  material. This was done t o  provide i n s i g h t  t o  t h e  

gradat ion s p e c i f i c a t i o n s ,  Spec i f ica l ly ,  it was d e s i r e d  t o  make 

samples t h a t  followed t h e  open s i d e  of t h e  s p e c i f i c a t i o n  gradat ion 

band. h'hile t h i s  is  not r e a l l y  the  same as  blending a s  it i s  done 

During t h e  

i 

i n  cons t ruc t ion ,  these  " a r t i f i c a l "  samples represent  the  extremes 
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t h a t  would develop if enough s tone i s  added i n  var ious sizes t o  open 

a sample. 

Several  of the  samples made i n  t h i s  manner a r e  not  included i n  

t h e  da ta  tables because they were so unstable .  

never be encountered a s  a n a t u r a l  source of material and i n  t h a t  

These samples would 

sense,  t h e  gradat ion band i s  excessively l i b e r a l  on t h e  lower l i m i t  

of t h e  var ious s ieves .  Because of  t h e i r  i n s t a b i l i t y ,  it was f e l t  

t h a t  they would be t o t a l l y  impract ical  f o r  use and no f u r t h e r  tes ts  

were conducted. However, t h e  key f a c t o r  i n  t h i s  i n s t a b i l i t y  is t h a t  

t h e s e  samples were comprised only of t h e  p a r t i c u l a r  n a t i v e  material 

i n  recombined form. Since these  p a r t i c l e s  are a l l  f a i r l y  well- 

rounded, good s t a b i l i t y  can hardly be  expected. 

- 

In c o n t r a s t  t o  these  open m a t e r i a l s ,  samplc number 5A-7 

(Table 5) represents  the  same concept of  opening up a sample, but  

with 100% crushed s tone .  

a mater ia l  with a permeabi l i ty  of  severa l  hundred f e e t  p e r  day. 

CBR t e s t  could not  be conducted but  would obviously be q u i t e  high. 

Sample #SA-6 represents  t h e  same affect, but  not  q u i t e  t o  t h e  extreme 

o f  Sample #5A-7. 

Therefore,  it i s  seen t h a t  t h e  cur ren t  gradat ion s p e c i f i c a t i o n s  

The effect  i n  t h a t  case was t o  produce 

The 

are l i b e r a l  enough t o  allow s u b s t a n t i a l  v a r i a t i o n  i n  permeabi l i ty  

and s t a b i l i t y ;  bu t ,  t h e  a r e a  of  t h e  band where thesc  gross  changes 

occur,  i .e. t h e  lower limits of  t h e  bands,have no corresponding 

representa t ive  materials i n  use,  e i t h e r  n a t u r a l l y  occurr ing o r  man- 

made. The effects on s t a b i l i t y  of combining a n a t u r a l  s o i l  with a 

crushed aggregate are hereinbefore documented, and t h e r e  is a good 

p o s s i b i l i t y  t h a t  t h e  combination o f  crushed s tone  and a lesser 

por t ion  of  n a t u r a l  s o i l  aggregate could provide a well-graded 



-68- 

material  with both strength and good drainage propert ies .  

3. Prediction of  permeability 

A scan of each of Tables 4 through 9 shows c lear ly  tha t  only 

i n  the grossest  terns could the penneabili ty of a base o r  subbase 

be predicted,  given only the gradation requirements of the Type and 

Class of s o i l  t o  be used, In  f ac t ,  given a set gradation for a 

number of different  s o i l  sources it would s t i l l  be d i f f i c u l t  t o  

.predict  permeability. 

Methods f o r  predict ing s o i l  permeability are usually based on 

the  densi t ies  and the p a r t i c l e  s i ze  analyses t o  one extent or 

another. 

D10 s i ze  was attempted by Ilazen as ear ly  a s  lS93.(5) One of the 

l a t e s t  works i n  the f i e l d  is  tha t  of Moulton,(6) i n  which a nomograph 

is  presented for t h e  estimation of permeability based on the  D10 

p a r t i c l e  size, the dry densi ty ,Xd,  and the percentage by weight of 

material  passing the No. 200 sieve,  PzoO. In Moulton's nomograph, 

the dry density,\dd, is  actual ly  a convenient subs t i tu t ion  f o r  the 

sample porosity,  n. 

the  following equation: 

Characterization of f i l t r a t i o n  sand and gravels by the  

The nomograph is  represented mathematically by 

To achieve maximum accuracy , the  theore t ica l  p e n e a b i l i t i e s  f o r  

s o i l  samples of t h i s  research were calculated v ia  the above 

expression using the d ry  density,  ra ther  than the porosity.  

i 
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Table 12 i s  a l i s t i n g  of t h e  r e s u l t s  and provides a comparison t o  t h e  

corresponding l abora to ry  measured pe rmeab i l i t i e s .  

samples were grouped roughly according t o  t h e i r  P200 amounts. 

Figure 10 i s  a p l o t  o f  t h e  logarithm of  the  measured pe rmeab i l i t i e s  

ve r sus  t h e  logarithm of t h e  c a l c u l a t e d  pe rmeab i l i t i e s  whereby it i s  

clear t h a t  t h e  p red ic t ed  va lues  are c o n s i s t e n t l y  h ighe r  than measured 

va lues .  

as PzO0 increases. 

are about 2 o r d e r s  o f  magnitude too  high. 

p e r m e a b i l i t i e s  were r e -ca l cu la t ed  using t h e  a c t u a l  p o r o s i t i e s  f o r  

t h o s e  samples f o r  which t h e  s p e c i f i c  g r a v i t y  was accura t e ly  known. 

The r e s u l t s  are p l o t t e d  i n  Figure 11,whereon t h e  dashed l i n e  i n d i c a t e s  

where t h e  p o i n t s  should l i e  i f  t h e r e  i s  one-to-one agreement between 

t h e  c a l c u l a t e d  and measured r e s u l t s .  Again,  t he  p red ic t ed  values  are 

h i g h e r  than t h e  measured pe rmeab i l i t i e s .  

In Table 1 2 ,  

Also,  t h e  accuracy o f  t h e  expression decreases  considerably 

Generally,  f o r  P200 Z 6%, t h e  p red ic t ed  "K"-values 

Because o f  t h i s  discrepancy, 

As a matter o f  i n t e r e s t ,  a mul t ip l e  regression a n a l y s i s  was 

performed, u s ing  only t h e  tes t  r e s u l t s  from t h i s  research and t h e  

same b a s i c  expression o f  K: C (Dlo)x(n)Y/ (P200)z. 

The equat ion ohtained is as follows: 

Th i s  new expression i s  i n t e r e s t i n g  because i t  appears t o  i n d i c a t e  t h a t  

t h e  D10 q u a n t i t y  is  an i n s i g n i f i c a n t  f a c t o r  i n  determining permeabi l i ty ,  

s i n c e  with t h e  small exponent, t h e  q u a n t i t y  approaches a value of uni ty .  

In  r e a l i t y ,  t h i s  i s  not thought t o  hc t h e  case f o r  a l l  s o i l  gradat ions.  

The reason t h a t  t h i s  has occurrcd,  is t h a t  for a l l  o f  t h e  samples 

t e s t e d  i n  t h i s  r c s c ~ r c h ,  therc was simply very l i t t l e  v a r i a t i o n  i n  



Sample 
No. 

1C-13 

1c-18 

1C-17 

1c-20 

1c-19 

1c-9 

lC-10 

1c-12 

1c-11 

1c-1 

1 C - 3  

1c-5 

1C-8 

1c-2 

1A-  7 

1A-5 

2.4- 4 

1C-7 

1C-6 

2A- 1 

2A- 2 

2A-3 
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Table 1 2  - COMPARISON OF PREDICTED PERMEARILITIES 

(MOULTON) TO MEASURED PERMEABILITIES 

0.31 

0.5 

0.12 

0.095 

0.35 

0.12 

0.38 

0.11 

0.19 

0.21 

0.12 

0.30 

0.13 

0.18 

0.30 

0.11 

0.20 

0.13 

0.13 

0.10 

0.12 

0.10 

p200 

1.4 

0 

2 .2  

1.5 

1 .0  

2.0 

2 .1  

1.0 

1.6 

3.2 

3.6 

4.4 

5.0 

3.4 

5 .1  

4.7 

4.9 

-9.5 

3.0 

0.6 

5.9 

7.8 

XdrY 
(Vf) 

122.0 

129.2 

109.1 

113.0 

1 2 4 . 2  

112.4 

120.0 

112.4 

125.5 

118.0 

122.6 

128.4 

129.4 

125.5 

126.4 

129.4 

121.9 

112.3 

113.5 

129.7 

125.1 

119.5 

Measured 
Perme ab i 1 it y 

( ft / day) 

2.71 

2.54 

15.6 

3.05 

8.21 

22.11 

0.77 

4.32 

3.99 

0.228 

0.226 

0.46 

0.54 

0.022 

0.0004 

0.57 

0.254 

8.76 

5.5 

0.036 

0.010 

0.077 

Calculated 
Permeabi l i ty  

(Moul ton, 
f t /day)  

17.0 

57.0 

9.93 

5.65 

11.1 

7.27 

14.75 

9.66 

2.78 

6.26 

1.34 

1.9 

0.427 

2.3 

5.0 

0.5 

4 . 1  

11.0 

7.5 

0.29 

1 .o  

1 .s 

.- I 

- I  
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Sample D10 
No. (m) 

2A-5 0.11 

1B-1 0.16 

1R-3 0.10 

1R-4 0 . 2 2  

1 P-5 n. 13 

1R-6 0.73 

1A-3 0.00 

1A-6 0.11 

1A-8 n. 15 

1A-9 0.05 

1B-7 0.22 

1B-8 0 ,  lfl 

1B-CI 0.34 

w i n  0.20 

2R-2 0.08 

28-3 0.15 

2R-4 0.13 

2B-5 0.12 

SA-1  0.10 

5A- 2 o.10 

5A-4 0.06 

5A-8 0.11 

Table 12 - (Continued) 

1 
Calculated 

Permeability (Moulton, 
Measured Permeability 

( ft/ day) ft / day] p200 Xdry 
(PCf) 

8.5 132.6 0.0056 0.2 

6.4  178.1 0.0007 1 0.78 

7.4 135.8 0,0016 0.55 

6.1 175.6 n . o n m  1.4 

6.7 126.0 0.057 1.2 

5 . 7  12.7.1 0.13.5 4 .o 

S.8 118.6 (1, 03s 1 . 4  

9.1 131 .il 0.26 0 .30  

7.6 132.0 0.0022 n.so 

14.3 126.3 0.0461 n. 01s 

5.7 116.3 0.141 Q.5 

5.7 126.3 0.0035 0 . 5 5  

11.1 121.2 0.390 2 .9  

5 .? 133. S 0.01-3 0.6 

9.0 126.3 0 .  n o x  0.41 

6.4 12s.1 0,0007 0.81 

6.1 128.6 0,004 0.52 

7.8 119.4 0.0017 0.49 

8.9 135 .? 0.0086 0.08 

9.3 137.8 0. 0044 0.06 

10.3 13?.? 0.0056 0.01 

8.5 lSh.3 0.366 0.09 
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the  D10 parameter (See Table 12). For t he  na tura l ly  ex is t ing  bank- 
I 

run materials i n  New Jersey t h a t  comply with the Department's 
1 

specif icat ion bands, t h i s  small var ia t ion is almost inevi table .  

i f  samples having considerably more l a t i t ude  i n  grain s ize  

d is t r ibu t ion  are included i n  such analyses, the D10 size would 

logical ly  assume more significance.  

permeability r e su l t s  obtained i n  t h i s  research and Moulton's 

equation, as well as the s ign i f icant  differences between t h a t  

equation and the  new expression presented herein indicates, i n  the  

Rut 

The poor agreement between the  

.. . .. , .! 
' 4  

opinion of the authors, some basic ,  inherent def ic iencies  i n  t h e  

accurate prediction of permeabilities,using only these t h r e e  

parameters, namely, porosity,  P200 and DlO. 

In a l l  fa i rness  t o  the  method, however, it i s  noted t h a t  t h e  

correlat ion coef f ic ien t  obtained for Eqn K? was 0.87 (standard e r r o r  

of estimate = 0.84 orders of mag.) indicat ing a f a i r l y  good f i t  of 

-1 
3 

P 
i 

the  data. This may be indicat ing t h a t ,  although there  i s  some 

apparent weakness i n  the  method over a wide var ia t ion of  the 

parameters, the  method may be useful on a more l imited bas is ,  i . e .  

when one parameter shows l i t t l e  var ia t ion for a pa r t i cu la r  group 

of materials.  In such an instance,  it would, of course be necessary 

t o  develop, on the bas i s  of t e s t  r e su l t s ,  the equation t h a t  bes t  

described t h a t  group of materials.  

In view of t h i s ,  it may be conjectured tha t  another method 

of representing the grain size charac te r i s t ics  of the  subject s o i l  

may provide b e t t e r  r e s u l t s  than rel iance upon the Dlo and P200 

I quant i t ies .  In an e f f o r t  t o  study t h i s  poss ib i l i t y ,  Hudson A 
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values  were used i n  a combined form c a l l e d  "gradation Modulus K,11(7 )  

This method provides  a s i n g l e  number t o  represent  an entire 

gradat ion.  

a n a l y s i s  t h e  mean diameter o f  t h e  p a r t i c l e s  between those s i e v e s  is 

ca lcu la ted .  This  diameter i s  mul t ip l ied  by t h e  percent  f r a c t i o n  of  

aggrcgate r e t a i n e d  between those s ieves .  The sum o f  these  products 

i s  t h e  combined "Gradation Modulus T\i' h e r e i n a f t e r  re fer red  t o  a s  

llR' value.  

For each consecutive p a i r  o f  s i e v e s  used i n  t h e  gradat ion 

The value method was o r i g i n a l l y  developed t o  compensate f o r  

d e f i c i e n c i e s  i n  some o t h e r  aggregate gradat ion modulii and t o  provide 

a s i n g l e  modulus f o r  use i n  the  var ious a p p l i c a t i o n s  o f  the  o ther  

modulii .  

considerat ions i n  a s p h a l t i c  concrctc  mixtures,  soi l -moisturc  

These a p p l i c a t i o n s  were concerned with s p e c i f i c  surface 

mixtures, and por t land  cement concrete mixtures. 

t h e  x value is  s t i l l  a funct ion of  average p a r t i c l e  sizes.  

f i c i a l l y ,  A values  appear t o  have an advantage over  a D10, P200 

method because t h e  parameter Kwould never approach zero regard less  

o f  t h e  openness, o r  t h e  f ineness ,  of 3 p a r t i c u l a r  gradat ion.  

Furthermore i n  t h e  c a l c u l a t i o n  of  the  

weight i s  given t o  t h e  f i n e r  s i e v e  sizes. 

llowever, h a s i c a l l y  

Super- 
- 

value,  p rogress ive ly  more 

From t h e  da ta  obtained from t h e  tes ts  i n  t h i s  p r o j e c t ,  a 

mul t ip le  regression a n a l y s i s  was performed using measured 

permeabi l i t i es ,  "K", poros i ty ,  "n" , and K. The equation obtained 

i s  shown i n  Figure 12 and follows: 
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The cor re la t ion  coeff ic ient  obtained f o r  t h i s  expression i s  0.787, 

with a standard e r r o r  of  estimate of  1.02 (orders of magnitude). 

Thus, on the bas i s  of the same data ,  the  use of K values did not 

provide a more accurate theore t ica l  prediction method. 

t h a t  should be noted i s  t h a t  w h i l e  the  value method i s  designed 

t o  consider, i n  a weighted fashion, the amounts of s o i l  pa r t i c l e s  

of various sizes, the analysis  performed i n  t h i s  research could not 

take advantage of t h i s  capabi l i ty .  

One fac tor  

Unfortunately, these considerations involving values were 

an af ter thought .  Therefore, the s ieves  used i n  the  p a r t i c l e  

s ize  analysis  were for spec i f ica t ion  compliance determination 

and included only the 2", 3/4", #4, #SO, and #200 sieves.  The #SO 

and #ZOO sieves  accurately provided D10 and PZoO quant i t ies .  

it i s  thought probable t h a t  addi t ional  sieve s i zes  between 3/4" and 

#ZOO would improve the  predict ion capabi l i ty  using 

However, 

values. 

As a f i n a l  consideration regarding permeability predict ion,  

the authors note tha t  ne i ther  of the foregoing methods considers the  

shapes o f  the const i tuent  pa r t i c l e s .  

of Transportation has completed work i n  t h i s  regard(9) wherein a 

formula for the  prediction of permeability of  granular s o i l s  is  

presented. The formula i t s e l f  considers only two parameters, i .e.  

porosi ty  and spec i f i c  surface.  However, the method used in  

The New York Sta t e  Department 

-. 
i 

I 

,i 

I 

i 

determining the  spec i f ic  surface includes "adjustment" of t he  

spec i f i c  surface of each sieve in te rva l  by a "shape factor".  W h i l e  

determination of the "shape factor" is  a subject ive procedure, it 

may well provide the refinement necessary t o  obtain good permeability 
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p r e d i c t i o n .  

t e s t i n g  in  t h i s  p r o j e c t  and no ana lys i s  i s  presented. 

Shape f a c t o r s  were not  determined i n  t h e  course of 

In  summary, i t  appears t h a t  permcabi l i t i es  of s o i l s  may be 

t h e o r e t i c a l l y  determined only within r a t h e r  l i b e r a l  limits of  

accuracy with methods t h a t  are based only on p a r t i c l e  size 

c h a r a c t e r i s t i c s  and dens i ty  o r  poros i ty .  

p a r t i c l e  s i z e  parameters, and the  addi t ion  of  a "shape" parameter 

warrants  f u r t h e r  inves t iga t ion .  In t h i s  research,  t h e  number of  

samples for each p a r t i c u l a r  geological o r i g i n  was r a t h e r  small. 

Ilowever, it may he poss ib le  t o  develop individual  pred ic t ion  formuli i  

f o r  var ious c l a s s i f i c a t i o n s  of s o i l  : s a i d  c l a s s i f i c a t i o n  would 

i s o l a t e  p a r t i c l e  shapes and therefore  e l imina te  the  shape parameter 

requirement within each class. 

a c c u r a t e  permeabi l i ty  pred ic t ion  c a p a b i l i t y ,  engineers would then 

possess  a new t o o l  which may become q u i t e  usefu l .  

theory  could be used t o  modify s o i l s  t o  a t t a i n  a des i red  permeabili ty 

f o r  a p a r t i c u l a r  s i t u a t i o n .  

usefu lness  of  a new "tool" or concept is  r e a l i z e d  only through years  

o f  t r i a l  and experimentation. 

Some refinements i n  

With t h e  development of a more 

Conceivably, the  

As is usua l ly  t h e  case, t h e  u l t imate  

4 .  

The ensuing discussion la rge ly  depar t s  from t h e o r e t i c a l  ana lys i s  

Considerations Relating t o  Needs o f  t h e  Ilighway 

and i n s t e a d  at tempts  t o  p u l l  var ious f a c e t s  and considerat ions 

t o g e t h e r  i n  a p r a c t i c a l  approach toward evaluat ing the  permeabili ty 

d a t a  i n  l i g h t  of  t h e  highway system needs. 

d i scuss ion  most appropr ia te ly  begins with two very p e r t i n e n t  questions:  

a.) 

J r a i n a b l c ? ;  and b , )  

In  doing so, the  

Do t h e  base and/or subbase courses necd t o  be drained,or  t o  be 

Assuming t h a t  d r a i n a p  of Faid coilrses is  
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I 

necessary, what are r e a l i s t i c  requirements and can they be achieved 

within the  context of our current design? 

The t c s t s  conducted i n  thc cotrrse of t h i s  project  a re  not 

considered "representative" of f i e l d  conditions, nor were they 

intended t o  be, Therefore, it would be d i f f i c u l t ,  t o  accurately 

pred ic t  from the r e su l t s  of these t e s t s  the f i e l d  behavior of the 

subject s o i l s .  And i n  tha t  sense the  CER r e su l t s  of t h i s  project  

cannot be used t o  indicate  the e f f ec t s  of water upon the base and 

subbase mater ia ls ,  However, the question of whether o r  not these 

materials need t o  be drained is  answered 

f i e l d  performance i n  the case of PCC pavements. 

pavements, water is  not so ohviously a cu lp r i t  i n  f a i lu re ,  probably 

because the  f a i l u r e  mode i s  so d i f fe ren t  from that of PCC slabs. I t  

i s  known, however, t ha t  water does get in to  the supporting layers  

of  bituminous pavements and in  quant i t ies  t ha t  r e su l t  in  saturat ion 

of the base course. And it has been shown tha t  base and subbase 

support values a re  lower during the presence of moisture varying 

from optimum t o  saturat ion.  

d i r ec t ly  by documented 

In bituminous 

To provide maximum support, the base 

and subbase materials must be a t  a moisture content. l e s s  than optimum. 

Hence, one can conclude t h a t  w i t h  bituminous pavements there  is a 

need f o r  drainage in  these courses. 

In determining the drainage requirements, several  fac tors  

en te r  the  picture .  

a. Frost e f f ec t s  - Ideally,  i t  would be desired tha t  no water 

remain i n  the base course a f t e r  an extended period of time, say 5 t o  

10 days a f t e r  a ra in .  Based on experience in  measuring f ros t  

I penetration in  New Jersey pavements, i t  would he extremely improbable 

-7 
i 



t h a t  f r o s t  would pene t r a t e  t he  base course within t h a t  pe r iod  o f  time 

fol lowing r a i n .  

b. S t a b i l i t y  w i t h  Water - For t h e  g ranu la r  ma te r i a l s  used i n  

New J e r s e y ,  t h e  presence of water i n  t he  base courses i s  detr imental .  

For t h c  most p a r t ,  t hese  ma te r i a l s  are permeahle enough t o  become 

s a t u r a t e d  , but  not permeable enough t o  drain themselves s u f f i c i e n t l y  

t o  prevent  damage under t ra f f ic  loads.  I t  has  heen noted elsewhere 

h e r e i n  t h a t  CBR values a r e  about t h e  same f o r  t he  optimum moisture 

con ten t  o f  t h e s e  s o i l s ,  as  f o r  t he  s a t u r a t i o n  p o i n t ,  and f u r t h e r ,  

t h a t  both of t hese  CBR values  are lower than t h e  CBR's i n  a t t d r i e r "  state.  

Th i s  may be an ind ica t ion  t h a t ,  p a r t i c u l a r l y  f o r  bituminous pavement, 

t h e  base course would remain w i t h  a s e m i - c r i t i c a l  water content  long 

a f t e r  t h e  "free water" had drained. Ilowever, given t h e  typc o f  s o i l  

g rada t ions  t h a t  e x i s t ,  only the  free water can he dealt w i t h .  

I t  i s  t h i s  free water t h a t  causes the more dramatic f a i l u r e  

such as pumping and i t s  as soc ia t ed  problems, as well as the  more 

obscure , long-term se t t l emen t  r e l a t e d  problems which may he occurr ing 

beneath bituminous pavements. This is  explained by a phenomenon 

known as "l iquefact ion" which i s  described as follows: 

'The l i q u e f a c t i o n  i n  f i n e ,  open-structure , and s a t u r a t e d  sand, 
induced by a sudden shock, is  explained as follows: 
sudden shock means a suddenly appl ied shearing stress t o  t h e  
s o i l  mass. 
decrease r ap id ly  i n  volume. 
voids of tlie sand - termed pore water - receives a suddenly 
appl ied pressure , o r  stress. 

tlie 

Upon receiving t h e  shock, t h e  sand tends t o  
Simultaneously, t h e  water i n  the 
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In s o i l  mechanics, stress c a r r i e d  by water i s  termed n e u t r a l  
stress. Upon t h e  inc rease  i n  neu t r a l  stress, some of t h e  
weight of t h e  s o i l  mass, which might be considered as 
furnishing t h e  normal e f f e c t i v e  or  i n t e r g r a n u l a r  stress 
en te r ing  i n t o  t h e  shear ing process  of s o i l ,  i s  t r ansmi t t ed  
t o  t h e  pore water pressure.  According t o  Coulomh, t h e  
shear  s t r eng th  of a non-cohesive s o i l ,  T, can he expressed 
in  an a n a l y t i c a l  form as 

T = (an - ii)tan I$ 

whcre (an - u )  = normal e f f e c t i v e  ( i n t e r  ranii lar)  s trcss,  
i n  kg/cm2, o r  i n  l!i/in.3, whichever system 
o f  u n i t s  o f  mcasiiremcnts is used: 

an = t o t a l  normal s t re s s :  
u = nore v a t e r  nressrirc,  or n e u t r a l  stress, and 

cohcsivc s o i l  h7hici: f o r  one and t h e  same 
mater ia l  is  considered t o  1)c constant .  

tan+ = c o e f f i c i e n t  of i n t c n i a l  f r i c t i o n  of  a non- 

From t h i s  equat ion,  i t  can e a s i l y  be seen t h a t  lipon t h e  
increase i n  neu t r a l  stress , 11, t h c  e f f e c t i v e  or i n t e r g r a n u l a r  
stress of t h e  s o i l ,  (an - u)  decreases,  and t h e  shear s t r c n g t h  
o f  t h e  s o i l ,  T, decreases.  Thc decrease i n  shea r  s t r e n g t h  
means decrease i n  bearing capac i ty  of  t h e  s o i l .  ' (4 )  

Thus, water must be removed from t h e  base course as quickly as 

poss ib l e  , s ince  t r a f f i c  loading continues r ega rd le s s  of  t h e  water's 

presence.  The time t o  he allowed f o r  removal of  t h i s  water is  n 

matter o f  judgement. 

continues f o r  as much as 24 hours following a r a i n  storm. 

it would not be unreasonable t o  r e q u i r e  removal of 10% - 20% of 

t h e  a v a i l a b l e  water within one o r  two hours -- w e n  less time if 

p r a c t i c a l  and poss ib l e .  This would (hopefully) r e l i e v e  t h e  s o i l  

support system f o r  t h e  hydrodynamic forces  which occiir due t o  

t r a f f i c  loads.  

F i e ld  i n v e s t i g a t i o n s  reveal  t h a t  pumping 

Therefore ,  

The U. S. Amy COTS of Engineers u t i l i z e s  t h i s  kind o f  

approach, but with v a s t l y  d i f f e r e n t  "boundary" condi t ions.  

Corps r equ i r e s  t h a t  50% o f  t h e  a v a i l a b l e  water he  drained from a base 

The 



course within 10 days.(g) 

the following formula is used: 

In calculating the time for SO?; drainage, 

.. 

where : 

t is time in days for 50% drainage 

Ne is the effective porosity of the soil 

D & 11, are the dimensions as shown in Figure 12 

K is the coefficient of permeability in ft./day 

For purposes of illustration, Table 13 presents results using 

Equation #4 while varying parameters as listed. 

In Cases #1, #?, and # 3 ,  the calculations are based on 

the current design practice of 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 1C subbases. 

are not encountered in the upper,or base,courses. 

are more representative of the majority of soil bases and subbases 

in New Jersey. 

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. (lo) 

In reality such permeabilities 

Cases t 2  and U3. 

In examining the results it should be remembered 

In Table 13 the ratio of horizontal to 

vertical permeability was taken as unity. 

assume that no water escapes through any means other than the outlet 

trench. 

the absence of any factual quantitative data to the contrary. 

Also, the calculations 

Admittedly, this is a severe assumption but it is used in 

The 



Figure 12- SCHEMATIC OF PAVEMENT CROSS -SECTION WITH 

SUBDRAINAGE SYSTEM. 
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Table 13 - DRAINAGE EXAMPLES 

Case 
No. 

1 

2 

3 

4 

5 

6 

7 

Ne 

.- 

Notes : 

0.1 

0.06 

0.06 

0.06 

0.06 

0.06 

.25 

f t / d a y  

10.0 

0.001 

0.1 

0.1 

0.01/ 
10.0 

0.01 

160 

D 
feet  

35 0 

35 0 

350 

24 

0.25 

0.05 

24 

HO 
% grade x D 

17.5 (@5%) 

17.5 (@S%) 

17.5 (P5%) 

0.98 (02%) 

1 

1 

0.90 (@2%) 

t 
Days 

35.0 

575 years  

5.8 years  

176 days 

25 days 

5 days 

0.1 (2  1/: 
hours) 

Comments 

Clean sand base course 

Ilnderdrain along s h o u l d e r  

Ver t ica l  drainage (a)  

Vertical drainage (a ,b)  

Underdrain along shoulder  (h) 

a )  Equation #4 was not  used. t (days) = D/K 

b)  I n  t h e s e  cases, t was ca lcu la ted  only f o r  10% drainage of t h e  
free water 
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s e v e r i t y  o f  t h e  assumption is  borne out by t h e  ahsu rd i ty  of  t h e  time 

requ i r ed  €or 50% drainage, i .e. 575 years and 5.8 years  fo r  Case # 2  

and # 3 ,  r e s p e c t i v e l y .  The s ign i f i cance  of t h i s  i s  simply t h a t  t h e  

pavement system on thc whole does not d r a i n  i tself  v i a  o u t l e t  

t r enches .  

Case # 4  exemplif ies  a base course w i t h  a "typical" permeabi l i ty  

and assumes t h a t  t h e r e  i s  an o u t l e t  t rench placed p a r a l l e l  t o  t h e  

roadway and t h a t  water i n  t h e  base course need only d ra in  24 feet  

t r a n s v e r s e l y .  The g rad ien t  i s  reduced t o  2% which r ep resen t s  t h e  

maximum normal c r o s s  s lope  t o  be used, The t o t a l  gradient  used i n  

t h e  computation a l s o  includes an add i t iona l  0 .5  f t .  t o  account for  

t h e  base course th i ckness .  

whether or not an underdrain can he p r a c t i c a l l y  used t o  d ra in  t y p i c a l  

bases  meeting New .Jersey's cu r ren t  gradat ion s p e c i f i c a t i o n s .  This 

example (Case #4) shows t h a t  even a base with a comparatively good 

permeab i l i t y  i s  undrainable by the  use of  underdrains.  

T h i s  case i s  an attempt t o  d c t e n i n e  

Cases #5 and #6 assume t h a t  t h e  base course d ra ins  v e r t i c a l l y  

downward i n t o  an extremely permeahle s t r a t a .  Case #S shows t h a t  

f o r  a base course "K" o f  0.01 f t / d a y ,  25 days would be required t o  

d r a i n  one h a l f  of t h e  free water ,  

a f te r  25 days, t h e  bottom h a l f  of a 6" t h i ck  hase course would s t i l l  

be s a t u r a t e d .  

r e q u i r e  5 days for 10% of i t s  free watcr t o  drain o u t ,  although 10'6 

drainage for such a ma te r i a l  would most prohably not be s u f f i c i e n t .  

This means t h a t  t h e o r e t i c a l l y  

S i m i l a r l y ,  Case 66 shows t h a t  t he  same coiirsc would 

Case # 7  is a hypothet ical  ma te r i a l  which i n  r e a l i t y  would be 

an open-graded material. 

drainage (of free water) occurs  within 0.1 days. 

For t h i s  case,  it was assumed t h a t  10% 

"tiis assumption 



was based on a d c s i r c  t o  a t t a in  10; opcn voids w i t l i i i i  a minimum of 

time so that hydrodynamic fo rccs  a r e  quickly a l l e v i a t e d .  

such a s  t h i s  would havc an e f f e c t i v e  po ros i ty  of a t  l e a s t  0.20 .  

Assuming t h a t  t h i s  l aye r  would d ra in  t r ansve r se ly  i n t o  an underdrain , 

t h e  required permeabi l i ty  would be 160 f t / d a y .  

I\ mater ia l  

The var ious cases i n  Table 13 help t o  pu t  t h e  drainage cha rac t e r -  

i s t i c s  of New Je r sey  bases and subbases i n t o  perspect ive.  IThilc i t  is  

kiiowri t h a t  t hese  niater ia ls  do not r cqu i r e  575 iior 5 . 8  years t o  d r a i n ,  i t  

is l,nowii t h a t  some niatcr ia ls  renaiii sattirated for 1 ,  2 ,  o r  3 clays following 

rain. The analyses i n  Table 13 i i idicatc  t h a t  tlic cu r ren t  drainage,  i .e. 

occasiorial subbase o u t l e t  t r enches ,  is  incapable of e f f e c t i v e l y  draining 

t h e  base and/or subbase l a y e r s .  Because tlic p c n n e a b i l i t i e s  of most of t hcse  

l a y e r s  f a l l  i n t o  the  "low pernicabi l i t y l '  t o  "impervious" range, they cannot 

be e f f e c t i v e l y  drained by an expansion of t he  underdrain network. Such an 

expansion exists on a s e c t i o n  of Route 1-78 where about 14 miles of under- 

d r a i n  were i n s t a l l e d  beneath the  shoulder j o i n t  of a PCC pavement. 

underdrain system w3s i n s t a l l e d  as an attempt t o  a l l e v i a t e  thc severe 

pumping condi t ion of  t he  highway. Follow-up i r ivcst igat ions revealed t h a t  

a f tc r  t h e  i n s t a l l a t i o n  of  t he  underdrains,  t h e  base course s i m p l y  puniped 

i n t o  t h e  open-graded d ra in  material in s t ead  of v e r t i c a l l y  upward and onto 

t h e  pavement su r face .  I t  is a l s o  noteworthy t h a t  during the dcsign of t h i s  

underdrain system , ant i -c logging c r i t e r i a  ( r e l a t i v e  pcrceiitages of  p a r t i c l e  

s i z e s )  was appl ied.  

w a s  f i n e r  than t h a t  used i n  s a i d  analysis. 

i t  demonstrates t he  s e v e r i t y  of  t he  hydrodynamic forces t h a t  cx is t  beneath a 

pavement as well  as t h e  problems t h a t  r e s u l t .  

is f e l t  t h a t  t he  provis ions of drainage o u t l e t s  throughout such low-permeability 

base courses (as used i n  New Jersey)  i s  a f u t i l e  e f f o r t ;  conversely,  t he  need 

f o r  an e n t i r e ,  compatible , underdrain s y s t c n ,  with f i l t e r  design where  necessary,  

- 

This 

In a d d i t i o n ,  i t  is suspected t h a t  the underdrain matcrial 

This is  very - important bccausc 

In view of  t h i s  experience,  it 
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is amply demonstrated. 

t r a f f i c  loading m u s t  be a l l e v i a t e d ,  and t h i s  can only occur through 

increased perviousness throughout t he  s t r e s s e d  and water-laden courses.  

From t h i s  concept of increased perviousness throughout t h e  

"lie hydrodynamic forccs  t h a t  occur due t o  

base course,  a r i s e s  t he  quest ion of how - much permeabi l i ty  is needed. 

New J e r s e y ,  b a s i c a l l y  the same PCC s l a b  and cxpansion j o i n t  design has 

In  

bccn used f o r  almost 30 ycars .  

while o the r s  begin t o  pump with t h e i r  first yea r s  of t r a f f i c .  Thc base 

course ma te r i a l s  s p e c i f i c a t i o n s  have riot changed apprcciably i n  t h a t  30 

year  per iod.  

s p e c i f i c a t i o n s  are "borderline" materials 

i b i l i t y  t o  pumping. 

s t a t e d  , f a i l u r e  modcs are not s o  dramatic and t h c  causes f o r  f a i l u r e s  , 

indecd. t he  d e f i n i t i o n s  of bituminous pavcmerit f a i l u r e s  , are not  near ly  s o  

obvious. 

new and old bituminous pavcmellt a t  lcast on ;I local izcl l  b a s i s ,  i f  not i n  

general .  

pavcnicnt a r c  s i t t i n g  ul)oli a wcaLelicJ hiisc coursc diiriiig wet pc r iods .  

thcse psvcnciits tlie aaiount of i~iproveinent t o  be gainccl from a morc I w n i  oils 

hase coursc simply cannot. be deterriined from the  cu r rcn t  cx ten t  of knowlecigc 

Some of  those pavements perform e x c e l l e n t l y ,  

Apparently, the base course materials allowcd by t h e  g rada t ion  

w i t h  r e s p e c t  t o  t h e i r  suscept-  

In t h e  case of bituminous pavcincnts, as previously 

I t  i s  known t h a t  s u b s t a n t i a l  water e n t e r s '  the basc coursc of 

Thcrcforc,  it i s  I.iioim that a t  l c a s t  some areas  of hitiiminous 

For 
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APPENDIX A 

EQUIPFIENT USED IN SOIL TESTING MAORATORY 

Apparatus Descr ipt ion and Modification 

1. P a r t i c l e - s i z e  a n a l y s i s  equipment 

a.1 Sieve Se t  from "Soi l  Test". 

U .  S .  s tandard s i e v e s  8" diameter. Sieve sizes included 2", 

1 1/2",  l", 3/4", 1/2'', 3/8", #4, #8, # l o ,  #16, #SO, #140, #200, and 

a pan with cover. 

washing samples, 

a n t i c i p a t e d  s i e v e s  ranging from #10 t o  t200  were purchased with 

s t a i n l e s s  steel  mesh t o  minimize wear. 

Also #200 washing s ieve  4" height  were used i n  

Because of t h e  la rge  number of  samples t h a t  were 

h . )  Sieve Shaker Set  from "Soil Test". 

Model 305 A - 1 ,  110 v o l t s  60 cyc les  AC. The shaker has  a 

capac i ty  of  7 s i e v e s ,  

using lead  "malz" anchors. 

shaker  t o  minimize noise  emission i n  t h e  working area .  

The machine was secured t o  t h e  concrete  f l o o r  

A foam i n s u l a t e d  cabinet  housed t h e  

See Figure A l .  

2. Proc tor  Density Equipment from "Soil  Test". 

S i x  inch diameter compaction molds with c o l l a r s ,  model 

number CN-403-6 were used for moisture dens i ty  determinations.  

compaction hammers, a CN-415 s tandard hammer ( 5 . 5  pounds x 12" drop) 

and a CN-416 modified compaction hammer (10 pounds x 18" drop) were 

used i n  t h e  var ious tes ts ,  

TWO 

3. CBR Equipment from "Soil  Test". 

Catalog nwnbcr CN702. A complete set of l abora tory  CRR equip- 

ment was purchased a s  a u n i t .  This included a mechanical loading 



Figure A l  
SIEVE SHAKER AND CABINET 

p r e s s  with 6000 l h .  capac i ty ,  3 CRR molds (6'' d i a . ) ,  space r s ,  f i l t e r  

s c reens ,  swell t es t  apparatus ,  surcharge weights,  s t r a i g h t - e d g e ,  

c u t t i n g  edge, and 10 pound compaction hammer. See Figures A 2  and A X .  

4 .  Permeabi l i ty  - Constant Head Equipment. 

Compaction permeameters (6'' diameter) werc obtained from 

S o i l  Tcs t ,  Inc., and modified t o  meet A S T f  specifications D-2131-68 

Permeabi l i ty  of Granular S o i l s .  Figure A4 i s  a schematic drawing 

o f  t h e  modified permeameter mold. 

average p res su re  readings i n  t h e  sample, a groove 1/8*' x 1/8" was 

To provide a means t o  take 

.- I 
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Figure A 2  
C B R  APPARATUS 

Figure A 3  
CBR LOADING PRESS 
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machined 1" from each end of the cy l inde r s .  

t h i s  allows 5" of  sample hetween manometer grooves, providing an 

adequate pressurc di f f c r e n t i a l .  Nipples were tapped i n t o  t h e  

Rrooves f o r  connection t o  t h c  manometer tubes.  No. 200 s i e v e  

screen epoxied across  t h e  grooves prevented f i n e  s o i l  p a r t i c l e s  from 

e n t e r i n g  the manometer t ubes ,  In t h e  top p l a t e  of t h e  permeameters, 

h o l e s  were d r i l l e d  and tapped t o  accept a 1/11" metal pipe s t u d  and 

i n l e t  valve assembly. To remove trapped a i r , a  small b l eede r  valve 

was a l s o  f i t t e d  t o  t h e  t on .  On t h e  o u t l c t  of t h e  permeameter, a 

shu t  o f f  valve was provided a s  a means t o  start  and s t o p  t h e  tests.  

w i t h  a 7" sample he igh t  

Porous stones were ohtained t o  f i t  t i g h t l y  i n t o  t h e  

permeameter a t  t h e  top and 1)ottom of thc s o i l  sample. 

gaske t s  are used a t  the mold separat ions ( top p l a t c -co l l a r - cy l indc r -  

base p l a t e )  c r e a t i n g  a good s e a l  f o r  i n t e rna l - ex te rna l  p re s su re  

d i f f e r e n t i a l s .  During t h e  vacuum sa tu ra t ion  o f  t h e  prepared s o i l  

samples, it was found t o  be impossible t o  keep the  sample i n t a c t ,  

d e s p i t e  t h e  i n t e r n a l  spr ing t h a t  is compressed between t h e  t o p  porous 

s tone  and t h e  top  p l a t e .  

sample, a r i g i d ,  pe r fo ra t ed  c o l l a r  was f ab r i ca t ed  t o  f i t  i n t o  t h i s  

same space.  While t h i s  maintained the sample i n t e g r i t y ,  it was 

siibsequently found t o  he t o t a l l y  impossible t o  vacuum s a t u r a t e  most 

of t h e  sub jec t  s o i l s  and soak s a t u r a t i o n  was uscd henceforth.  

The ASTFl procedure f o r  constant  head pcrmeahi l i t y  tests 

Ruhlier 

To maintain t h e  i n t e g r i t y  o f  the s o i l  

r e q u i r e s  t he  use of e i t h e r  de-aired water, o r  a f i l t e r  apnaratus  t o  remove 

most of  t?ie dissolved a i r  from t h e  water. Since constant  head 

tests gene ra l ly  r equ i r c  l a rge  volumes of water, a constant  head tank 
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20" wide x 24" long x 9" high was constructed and provided with a 

sand f i l t e r .  See Figure AS. 

m a x i m u m  o f  3 gallons/min.,  more than an adequate q u a n t i t y  f o r  t h e  

base and subbase samples expccted. 

water i n  the  tank showed t h a t  very l i t t l e  a i r  was being removed by 

t h e  sand f i l t e r  and t a p  water was used f o r  subsequent tes ts .  

The tank was capable o f  d e l i v e r i n g  a 

A few tes ts  on i n l e t  and o u t l e t  

On t h e  very permeable samples, a vacuum pump was connected 

t o  t h e  top  bleeder  valve and a vacuum gage at tached t o  t h e  lower 

p a r t .  

p a r t s  were opened slowly t o  allow t h e  upward flow o f  water throurh 

t h e  sample. After s a t u r a t i o n ,  t h e  lower p o r t  was c losed ,  and t h e  

water supply was hooked t o  t h e  i n l e t ,  

were opened and tuhes allowed t o  slowly f i l l  with water. 

A t  f u l l  vacuum,the gage was disconnected while  t h e  lower 

The manometer tuhe valves  

The bottom p a r t  was opened and water run through t h e  sample 

u n t i l  3 s t a b l e  condi t ion i n  manometer readings was olrscrved. 

Time, t ,  head, h (d i f f c rencc  i n  l e v e l s  in  t h e  manometer), 

q u a n t i t y  of flow, 0, and water temperature,  T,  were taken and 

recorded. 

Coef f i c i en t  o f  Permeabi 1 i t y  

Fundamental Test  Conditions 

The b a s i c  assumptions i n  constant  head pe rmcah i l i t y  c a l c u l a t i o n s  

assume laminar flow through t h e  specimens. The following j deal t e s t  

condi t ions a r e  p re req r i i s i t e s  for  Innlinar flori of n liquid t h rough  

g ranu la r  soi  1s untlcr n constant head condi t ion.  

: I .  ( 'ontinuity of f\o\c with no s o i l  v o l m c  clmnpc 

b .  Flow h - i t l i  t o t a l  qnt i imtion of  s o i l  voids 

I 
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Float Type 

Value 
Shut O f f  - 

Water- ==@===!-I Height Of Tank 
Supply Va r I a b I e (To 

Water Outlet 

-- Figure A5- -  SCHEMATIC DRAWING OF C o b  
HEAD 8 DE-AIRING TANK 

STANT 

C .  S t c a d y  s t a t e  Flo\v with no changes i n  hydraulic gradient 

d .  Direct proportionally of v e l o c i t y  of flow w i t h  hydraulic 

gradient beloh? cer ta in  values at  which tiirhulent flow 

s t a r t s .  

Darcy's law for conditions of laminar flow s t a t e s  that r) thc 

quantity of water flowing through a given cross-sect ional  area, A ,  

of  s o i l  under a hydraulic gradient,  i ,  in time, t, can he expressed 

hy t h e  f o m i l a  

Q = k i ~ t  ( l a )  
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or solving for K 

K =  Q - 
i A t  

where 

i = hydrau l i c  g rad ien t  h 
L 
- 

K = QL mt 
i n  which 

. -. 

Q = t o t a l  q u a n t i t y  of water which  flowed through 

elapsed time t 

h = head loss (d i f f e rence  i n  manometer readings) 

A = area of sample 

L = length of samples Iwtwcen manomctcr p o r t s ,  

5. Oven - From Blue ?1 E l e c t r i c  Company 

Temperature range from 100°F t o  SSOOF, 230 v o l t s  

I n t e r i o r  dimensions are 17" x 15" x 20" .  

6 .  Hydrometer Equipment - from "Soil  Test". 

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

i n  conjunction with t h e  cons t an t  temperature bath a t  t h e  department 

main s o i l  t e s t i n g  l a b  s i n c e  t h i s  equipment was no t  needed o f t en  

enought t o  warrant t h e  expense of a constant  temperature bath a t  

t he  Lexington Avenue lab.  

I 
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7. Sample Washing Apparatus 

A s t anda rd  ki tchen type spray hose was i n s t a l l e d  on t h e  l a b  

s ink  t o  f a c i l i t a t e  sample washing. A s e t t l i n g  tank of approximately 

7 g a l l o n  c a p a c i t y  was i n s t a l l e d  beneath t h e  sink t o  allow f i n e  

material t o  s e t t l e  o u t  of  t h e  water before  reaching the bu i ld ing  

d ra inage  system. This tank was equipped with a detachable  o u t l e t  

p i p e  and set on a d o l l y  t o  f a c i l i t a t e  dumping and cleaning.  

8. Vacuum Pump - from Sargent Welch 

Duo Sea l  pump Model No, 1.399 1117 v o l t  AC powered. 

9. S c a l e s  - a heavy duty s o l u t i o n  halance from Ohnus w i t h  a 20 Kg 

c a p a c i t y  and a lgram s e n s i t i v i t y  was uscd t o  weigh l a rgc  samples, 

molds and pans. 

gram c a p a c i t y  and a .1 gram s e n s i t i v i t y  was used i n  weighing 

moisture  cans ,  small samples, e t c .  

A small s c a l e  from IVill Corporation with a 1500 

10. 

leaded" provided an adequate means of  soaking the  samples for both 

pe rmeab i l i t y  and CBR tests. 

Soak Tanks - a 55 ga l lon  drum cut  i n  h a l f  and heav i ly  "red 

11. Fliscellaneous Equipment - 
Towels, pans,  s i c v e  cleaning hrushes,  s p a t u l a s ,  sample cans ,  

d i a l  Rages, ruhlwr tuhing,  clamps, valvcs  and o t h c r  cquipmcnt was 

ob ta ined  by var ious  means. 


