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A .  S i te Spec i f i cs 
1. Location: 

EXECUTI VE SUMMARY 

Man O ' War Boul evard 
--------------------+-«;·d-rrgton-,---ittnt-ulttv----------------

B .  

2. Length : 
3. Geometr i  cs : 

1.7 mi les  
2 l anes 
Urban section  

4.  Tr aff i c :  Projected 1 4 , 0 00 veh i c les per day 
2 % trucks 

Des i gn Spec i f i c s  
1. Pa vement l ayers 

a .  Subgrade : 
b .  Pozzo l an i c  base 
c .  St ress absorb i ng membrane i nterl ayer 
d. Aspha l t i c  concrete 

2. Components of pozzol a n i c  base mate r i a l  
a .  fly a s h  
b .  l i me k i l n dust 
c .  crus hed l imestone aggregate 

CBR 5 
10  i nches 
1 /4 i n ch 
5.0 i n ches 

8.0 percent  
8.0 percent 

84.0 percent 

C .  Co nstruct ion Spec i f i cs 
1.  Total Cos t  $2, 2 6 0 , 580.47 
2. Qu anti t i es 

a .  F l y  Ash  est imated 1 , 1 14 tons 
b. L i me K i l n  Dust est imated 1 , 1 1 4  tons  
c .  Li mestone Aggregate est imated 1 1, 693 tons 
d .  Stress Rel ief Inter l ayer 
e .  Aspha l t i c  Co ncre te est imated 5 , 833 tons 

3 .  Contractors 
a. Ca rey Constru c t i on I n c .  
b. CHW Construction Inc.  

4. Co ntract Spec i f i cs 
a. award d ate 9/20/83 
b. begi n  con struction 9/30 /83 
c .  con st ruc t i on compl eted 1 1 /1 5/84 
d .  f i n a l  i nspect ion and acceptance 1 /1 6 /85 

5 .  Cons truct ion Procedures 
a .  c o n t r a c t  awa rde d  as a grade , d ra i n ,  a n d  s u r fa c i ng 

contract 
b .  i ni t i a l  con struct i on 

grad i ng 
dra i n  age 
p reparat ion o f  subgrade 

c .  pavement  and base cons truct i on 
pozzo l a n i c  b ase p l a cement and compact ion 
p l a cement of b i t umi nous cur i ng membrane 
p l acement of s tress rel ief i nter l ayer 
p l a cement of asphal t i c  concrete base and surfac i n g  

i i i 



D. Eval uat ions 
1 .  Co nstruct ion Qu al i ty Control 

b rade 
dens i ty 
moi sture content 
CBR 

b. l ime k i l n  dust-fly  ash- aggr egate base 
den s i ty 
mo i s t ure 
compres s i ve s trength 
t h i ckness 

c .  stress reli ef i nterlayer 
app l i c a t i on rate 
quanti t i es 

d. asphalt i c  concrete 
dens ity 
t h i ckness  

2. Research Eval uat i ons 
a .  subgrade 

defle c ti ons 
i n-pl ace C BR 

b. l i me k i l n  d u st- fly ash- aggregate base 
compres s i ve strength 
modu l us of e l ast i c i ty 
den s i ty 
defl ect i ons 

c. stress rel i ef i nterlayer 
d .  asph alt i c  concrete 

deflect i ons 
3 .  Long term eval u a t i o n s  

a. defl ect i ons  
b. core/ compress i v e  strengt h 
c. observable di stress 

i v  



INTRODUCTION AND BACKGROUND 

The primary objecti ve of th i s  study was to demonstrate the use of a 
--------JJPLUDLZLJZOlluawni c st a hi 1 i zed aggr_egate base as an a l ternate base canst ruc t i on 

where i n  the added structural qual i t ies  of the stab i l i zed base mater i a l  
wou l d  reduce th ickness requ irements for h i g her qual ity asph a l t i c  concrete 
mater i a l s .  Two secondary object i ves of the study were generat ion  of a data 
base for con t i nued devel opment of procedures for desi_gn and eva luat i on of 
poz zo l an i c  base mater i al s ,  and con serv a t i on of materi al s as soci ated w i t h  
cons truct i on o f  a h i g hway pavement .  

Kentucky has trad i t i onal ly been among t h e  l eadi ng producers of coa l .  
Coa l  i s  used for the  genera t i on of e l ectricity and , as such , an abundance 
of by- product mater i a l s  are produced at coa l - f i red e l ectric generat i ng 
p l ants . A pri nc i p l e  by- product mater i a l  i s  fly ash . F ly  ash has been used 
e f f ect i ve l y  i n  comb i n a t i o n  w i t h  o t h er mater i a l s  for var i ou s  h i g h way 
construct ion  app l i cat i ons  and i s  an al ternat ive  mater i a l  source for use i n  
h i g hway cons truct i on .  Th e avai l ab i l i ty of h i gher qua l i ty aggregates i s  
becom i ng cr i t ica l .  E sca l at i ng costs as soci ated w i t h  the product ion of h i gh  
qua l i ty aggregates warrants the  use  of  a l tern a t i v e  mater i a l s .  Pozzo l a n i c  
stab i l i zed bases apparently offer a n  economical al ternat i v e  for pavement 
base  cons truct i on. 

F or K e n tucky ' s  f l y  a s h  demo n s t ra t i on proj ect , t h e  p o zz o l a n i c  
stab i l i zed base  mater i a l  con s i s ted of 1 0 . 0  i nches of a mixture of 8% f ly  
a s h , 8%  l ime k i l n  dust , and 84% l imestone aggregate mater i a l . A b i tum i n ous 
curi ng membrane mater i a l  was appl i ed to the base course immed i ately after 
pl acement to faci l i tate curi ng by s l ow i n g  moisture loss  and fac i l itati ng 
t h e  a b s orp t i o n  of h e a t . A m i n i mum compre s s i ve strength  of 600 p s i  w a s  
requ i red a t  7 day s w h e n  s amp l e s  were prep ared and  cured accord i n g  t o  
K e n tucky D e partment  of H i g h w ay s '  S p ec i a l  Prov i s i on 7 0 ( 7 9 )  " F l y  A s h  
Stabi l i zed Bases"  (Append i x  A ) .  A bi tum i nous stress-absorbi ng membrane 
i n terl ayer cons i s t i ng of 3 /8- i nch s i ze aggregate , emul s i fi ed aspha l t ,  and a 
po lymer add i t i v e  was appl i ed w i t h  the  expectat i on that refl ect i ve crack i n g  
i n  t h e  asph a l t i c  concrete surfac i n g  woul d  b e  mi n im i zed. A t h i ckness o f  4 
i nc h e s  a s p h a l t i c  concrete w a s  p l aced a s  t h e  f i n a l  p h a s e  o f  p av emen t 
construct i on ,  

The demonstrat i on project i s  a 1 . 7 -m i l e  s ect i on of Man O ' War Bo ulevard 
i n  southern Fayette County and extends from N icholasv i l l e  Road (US  27 ) 
eastward to  Tates Creek Pike  (KY 1 9 74 ) .  Fayette County i s  l ocated i n  the 
h eart of the b l uegrass reg i on of Kentucky . C l imate i n  the area i s  genera l l y  
m i l d  w i t h  a v er a g e  s u mm er t e m p e r a tu r e s  o f  7 6 ° F  a nd a v er a g e  w i n t e r  
temperatures o f  37° F .  Ty p ical yearly rai nfal l i n  the reg i on i s  44 i nches 
wh i l e yearly  snowfa l l  i s  typ i ca l ly about 14 i nches .  



HIGHWAY DESIGN SPECIFICS 

----------------���-d� i��verage d aily traffic is 14,000 v e h i cles  per  day w i t h  
approximat ely 2 percent trucks . Th e h i ghway cons i s ts of two 1 2-foot lanes 
w i t h t u r n i n g l a n e s w h e r e  ne eded . T e r r a i n  o v e r  t h e  1 . 7 - m i l e  s e c t i o n  i s  
g e n e r ally fl a t  to  sl i g h tly r oll i n g .  C o n c r e t e  box  c u r b s  p a r allel t h e  
pavement  f o r  t h i s  u r b a n  s e c t i o n .  T h e  h i g h w ay i s  c r owned w i t h  curb a nd 
gutter drai nage facil i t i es located on e i ther s ide of the roadway . Four 
alternate pavement des i gn s  were i ncluded i n  the b id proposal .  Alt ernate 
p a v em e n t  t h i ck n e s s  d e s i g n s  w e r e  d e t e r m i ned on t h e  bas i s  of 500 , 000 
Equ i valent Axleloads and a CBR 5 subg rade mater i al.  The  alternate pavement 
t h i ckness  des igns  are summar i zed i n  Table 1 .  

TABLE 1 :  SUMMARY O F  ALTERNATE PAVEMENT THICKNESS D ESIGNS 
==================================================================== 

Alternate 

As phalt i c  
Concrete 
( i n • ) 

Pavement Layer Components 

Crushed 
Stone 

( i n • ) 

Portland Cement 
Concrete 

( in • ) 

Pozzola n i c  
Base Mater i al 

( i n .  ) 
----------------------------------- -------------- ---------- ---------

No.  1 
No .  2 
No .  3 
N o .  4 

6 . 50 
9 . 25 
4 . 00 

Materials Information 

3 , 00 
1 2 . 50 

8 , 00 

10.00 

Class "F" fly a s h  was obtai ned from Kentucky Ut il i t ies  Company' s E .  W .  
Brown Stat i on located i n  Burg i n ,  Kentucky . The  fly a s h  source wa s located 
w i t h i n  40 m iles of the  project s i te .  Ty pi cally , the loss on i g n i t ion r anges 
from 1 . 7 1  to  2 . 9 1 .  The f i neness by the 325 s i ev e  i s  generally wi th i n  t h e  
r a n g e  of 20 to  30  p e r c e n t  wit h  a s p e c i f i c  g r a v i ty of 2 . 44.  C h e m i cal 
compos i t i o n  of the  Class  " F "  fly ash  i s  pres ented in Table 2.  

L i me k iln dust ( baghouse l i me)  was suppl i ed by Dravo L i me Company 
located near May s v i ll e ,  Ken tucky . The  l ime k iln dust source wa s located 
w i t h i n  1 0 0  m i l e s  o f  t h e  p r oj e c t  s i t e .  S p e c i f i c s  d e s c r i b i n g t h e  
character i st i c s  of the l ime k i l n  dust are l i sted i n  Table 3 .  

L i m e s t o n e  a g g r e g a t e  mat e r i als w e r e  suppl i ed b y  L e x i n g t o n  Qu a r ry 
Company located i n  N i ch olasv ille,  Kentucky . The l imestone aggregate source 
i s  located wi th i n  10 miles of the project s i t e .  Aggregate propert i es are 
summ a r i zed i n  T a ble 4 .  

2 



TABLE 2 :  CHEMICAL ANALYSIS OF F LY ASH - C LASS "F" 
====================================================================== 

p le  A 
9/23/83 

( % )  

SamR l e B 
9/ 1 2/84 

( % )  

SamQk_j: 
1 1/ 28/84 

( % )  
-- - ------------------------------ --- --- ------------- -------------- ----

Mo i sture 0.29 o.o 0. 1 0  
Loss on Igni tion 1. 7 1  1.96 2.91 
F i neness 26. 5  29.4 28.8 
Spec i f i c  Grav i ty 2.43 2.45 2. 42  
A l um i num Ox ide Al 2o3 24.19 22.65 27.64 
I ron Ox ide Fe2o3 1 7.73  18.46 17. 1 9  
C a l c ium Ox i de CaO 0. 59 0.03 0.0 1  
Magnes i um Oxide  MgO 0.53 1.09 1. 28 
Sod ium Ox ide Na2o o. 58 3.1 6  7. 57 
S i l i con D i ox i de S i 02 51.36 47.09 50.86 
Potas s ium Ox i de K20 2.33 2. 70  2. 7 7  
Su l fur Tr iox ide so3 0.28 0. 52 0.54 
Phosphorus Pentox i de P2o5 0. 1 0  0.35 0.40 
Ti tanium D i ox i de Tno 2 0.98 1.25 1.21 
------------------- ---------------------------------------------------

TABLE 3: CHEMICAL ANALYSIS OF BAGHOUSE LIME KILN DUST 
====================================================== 

( Percent) 
Mo i sture 0.2 
Loss  on Ign i t i on N/ A 
F i neness 22. 5  
C a l c ium Carbonate CaC03 5 1. 9  
Ca l c i um Oxide CaO 23.1 
Magnes ium Ox ide  MgO 4.1 
Sul fur s 1.8 
S i l i con D i ox i de S i 02 8.7 
Iron Oxide Fe2o 3 0.5 
Al uminum Oxide Al 2o 3 2.2 

3 



TABLE 4 :  PROPE RTIES O F  LIME STONE AGG REGATE 
====================================================================== 

Gradat i o n  

Si eve Percent Pass i ng Physical Ch aracteristics 
-- --------------------------- -----------------------------------------
2 "  
1 - 1/2 " 
1 "  
3 / 4 "  
1/ 2 "  
3 18 "  
No. 4 
No. 8 
No. 1 0  
No. 1 6  
No. 30 
No. 40 
No. 50  
No. 100  
No. 200 

100 
98 

70 
51 

35 

1 7  

10  

Speci f i c  Gravity 
Absorpt i on % 
L .  A. Wear (5 00) 
Sand E qu i v a l ent Value 
Mi nus 200 Wash 

Mixture Designs 

L i me K i l n  Dust- F l y  Ash-Aggregate 

2.69 
1.10 

31 
4. 6 
9 . 8  

M i xture des i g n  requi rements are summari zed i n  Kentucky Department of 
H i g hways' Spec i al Prov is i on 7 0 ( 7 9) "Fly Ash St abi l i zed Bases" ( Ap pend i x  A) 
( 1). P re l i m i n ary m i xture des i g n a n a l ys es us i ng procedures out l i n ed i n  
Append i x  A i n d icated a m i xture of 8% fl y ash ,  8% l ime k i l n  dust, a nd 84% 
l i mest o n e  a g g regate ( by w e i g h t )  wou l d  resu l t  i n  a m i n imum compress i v e  
strength of 600 psi when cured for 7 days at 100°F i n  a sealed contai ner. 
Specimens for e v al uati on of compress i v e  strength and modulus of e l asticity 
were prepared i n  general accordance with ASTM C 593 ( 7 9 )  i n  4- i nch by 4.6-
i nch m o l ds ( 2 ) .  Dev i ati ons from that method i nvo l ve the use of a 5 . 5 - l b. 
h ammer and  a 12- i nch free fal l  i nstead of the spec i f i ed 10- l b. h ammer and 
18- i n. d rop. 

M at e r i a l s  sub m i tt e d  to t h i s  l a bo ratory for  a n a l ys es i nd i c ated a 
maximum dry density of 145.0 pcf and opt imum mo i sture content of 6.6% for 
the proposed d es i gn when tested i n  accordance w ith ASTM D 698(7 9) (3 ) .  
Max imum dry density and opt imum mo i sture content were determi ned usi ng a 
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polynomial curve fitting procedure.  A smoothing technique was used to 
eliminate localized changes in concavity . Additional specifics relating to 
preparation and testing of specimens are presented in Appendix A " Special 
Provision-Fly Ash Stabilized Bases'' . Unconfined compressive strengths were 
determined in accordance with ASTM C 39-( 7 2 )  ( 4 ) . T h e  static c hord elastic 
modulus was determined by method ASTM C 469 (83 )  ( 5 ) . Information gained 
through initial laboratory study of base mixture materials is presented in 
Table 5 .  

TABLE 5: SUMMARY OF COMPRESSIVE STRENGTHS AND 
ELASTIC MODULI OF LABORATORY SAMPLES 

================================================================== 

S ample 
Number 

1- 2  
1-3 
1-4 

1-5 
1-6 
1-7 

1- 8  
1-9 
1- 1 0  

1- 1 1  
1-1 2  
1-1 3  

2- 1  
2-2 
2-3 

2-4 
2-5 
2- 6 

2-7 
2-8 
2- 9  

Compressive 
Strength 

( psi) 

2 , 565 
2 , 765 
2 , 625 

2 , 635 
2 , 760 
1 , 630 

2, 7 7 5  
2 , 980 
2 ,  725  

890 
940 
860 

1 ,9 7 5  
2 , 085 
1 , 970 

2 , 07 5  
2 , 125 
2 , 040 

1 , 790 
2 , 100 
2 , 040 

Elastic 
Modulus 

( psi x 1 05 ) 

2. 7 4 
2. 1 5  
1.83 

2 . 7 3  
3 . 01 
1 . 86 

2 . 0 7  
2. 04 
4 . 7 8  

0.83 
0 . 68 
1 . 39 

1 . 26 
1 . 42 
1 . 2 1  

1 . 29 
1 .  47 
o. 9 6  

1 . 1 2  
0 . 7 6  
1 . 3 5  

Curing 
Conditions 

7 days oven at 100° F  
in sealed container , v acuum 
saturated prior to testing 

7 days oven at 1 00°F 
in sealed container , soaked 
prior to testing 

14 days ( 7  oven at l00°F ,  
i n  sealed container , 7 days 
air at ambient temperatures) 

14 days at ambient temperature 
in sealed bags , soaked prior 
t o  testing 

7 days oven at 100°F in 
sealed container , soaked 
prior to testing 

7 days oven at 100°F in  
sealed container , soaked 
prior to testing 

7 days oven at 100°F in 
sealed con tainer , soaked 
prior to testing 

---- ------------------ --- ---------------------------------------- -
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As halt i c  Co ncrete 

Aspha l t  cement for thi s  project was suppl i ed by the Ashl and Petro l eum 
Company , Lou i sv i l l e ,  Kentucky fac i l i ty. Al l asphalt cement mater i a l s were 
AC- 20 grade. The aspha l t i c  concrete was pl aced i n  three cour ses : bas e ,  
b i nder , and surfa c i ng. The job m i x  formula a nd design  asphalt contents for 
these  courses are summari zed i n  Tabl e 6. 

TABLE 6 :  ASPHALTIC CONCRETE PAVEMENT MI XTURE DESIGN INFORMATION  
====================================================================== 

S i ev e  
S i ze AC% 

Base  

m i n  max 

Job M i x  Formulas  

B i nder Surface 

AC% m i n  max AC% m i n  max 
- - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -- -- -- - - - - - - - - - - - ----------------
1 -1/2 "  5.0 
314 "  
3/8 " 
No. 4 
No. 8 
No. 16  
No. 50 
No. 100 
No. 200 

100 
86- - - - -98 
53- - - - -63 
42- - - - -52 
28- - - - -38 
14- - - - -24 

5- - - - -13 
4------8 

5.2 

Pavement Thickness Design Procedures 

100 
65- - - -7 5  
46- - - -56 
35- - - -45 
25- - - -35 

5- - - -13 
3- - - - -7 

5.6 
100 

87----97  
67- - - -77 
50- - - -60 
35- - - -45 

5----13 
3- - - - -7 

25- - - -55 

Thi ckness  des i gn procedures for flexi bl e  p avements i n  Kentucky have 
been devel oped on the b as i s  of a l i m i t i ng strai n- repet i t ions cri terion (6 ) .  
The flex i b l e  pavement c r i terion l im i t s  the verti cal compre s s i v e  strai n  at 
the top o f  the s u b g r ade and the t e n s i le s t r a i n  at the bot tom of the 
aspha l t i c  concrete. Prel imi nary analy ses have i nd i cated e l a st i c  layer 
concepts may also be appl i ed for thi ckness design  of pozzo l a n i c  bases (7 ) .  
Thi ckness  des i g n  requ i rements for the pozzolan i c  b a s e  al ternate presented 
i n  Tab l e  1 were determi ned by us i ng the Kentucky f l e x i b l e  pavement design  
procedure to determ i n e  thi ckness requ i rements u s i ng conventional materi als 
( as pha l t i c  concrete and c rushed l imestone) . AASHTO structural coeff i c i ents 
a1 = 0.44 for aspha l t i c  concrete and a2 = 0.14 for crushed stone were used 
to determ i n e  the structural number for the convent ional  des i g n  determi ned 
from the Ke ntucky procedure ( 8 ) .  The structural number (SN ) was then used 
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i n  comb i na t i on w i t h  the AASHTO design  equat i on SN = [a1 x d1] + [az x dz] 
and structural coeff i c i ents for asphalt i c  concrete a1 = 0.44 and a2 = 0.28 
for poz zolan i c  base mater i al to determ i ne the th i c k ness requ i r ement for the  
pozzolan i c  base  mater i al .  T h e  results of  this  analy s i s  are summar i zed i n  
Table l. 

CONSTRUCTION PROCEDURES 

T h e  project , Fayette Cou nty SSP 034-7229-60-C , i s  a comb i n ed grade and 
d r a i n ,  a n d  s u r f a c i n g  p r oj e c t. T h e  c o n t r a c t  w a s  a w a r d ed t o  C a r ey 
Constru ction  Inc. and CHW Construct i on Inc., both of Lex i ngton , as a jo i n t  
venture on September 20,  1983. Grad i n g  and drai nage work were i n i t i ated 
dur i ng September 30 , 1983. 

Preparat i on of the soil subgrade was completed i n  September 1 984. 
Subgrade mo i s ture , dens i ty and laboratory and i n-s i tu Cal i forn i a  Bear i ng 
R a t i o  ( C B R )  i n format i o n are  co n t a i n ed i n  T a ble 7. S u b g r ade de n s i ty 
mea su reme n t s  a nd mo i s t u r e  determi n a t i o n s  were  made u s i n g n u clear  
i n s truments. Values of  C BR ' s  of  remolded f i eld s amples were obtai ned i n  
a c c o rd a n c e  w i t h  K e n t u c ky M e t h od 6 4 - 5 01-80 , " K e n t u c ky Soaked C B R '' ( 9 ) .  
Measurement of i n- s i tu su bgrade bear i ng strength was i n  general accordance 
w i t h  ASTM D 1883 ( 7 3 )  ( 1 0 ) , except that the tests were performed on the soil 
i n  its  actual i n- s i tu cond i t i on. Mo i s ture content of the soil for t h i s  test 
was d e t e rm i n ed i n  a c c o r da n c e  w i t h  ASTM D 2 2 1 6 ( 8 0 )  ( 1 1 ) ,  "La b o r a t ory 
Determi nati ons of Water ( Mo i sture)  Content of S o i l ,  Ro ck  and So il-Ag gregate 
M i xtures." 

T h e  fly ash stabili zed base mater i al was blended i n  a conti nuous 
volumetr i c- proport i o n  pugmill. L ime k iln dust was fed dry from a s i lo onto 
an aggregate belt. Cond i t i oned fly ash  was s tockpiled wi thout protect i o n  
a n d  l o aded i n to  t h e  feeder b i n  a t  t h e  p r e v a i l i n g mo i s t u r e  c o n t e n t. 
Occas i onal , problems were encountered w i t h  fly ash clump i ng w h i c h  s ometi mes 
prevented u n i form flow through the b i n  openi ng. Dense graded l i mes tone 
aggregate mater i als  were al so loaded i nto the feeder b i n  at prev a i l i n g  
m o i s t u r e  c o n t e n t s. T h e  amo u n t  o f  m i x i n g water  req u i r ed f o r  opt i m u m  
c o nd i t i o n s  w a s  compu ted a n d  t h e  p roper  amo u nt of w a t e r  req u i r ed f o r  
blendi ng was added accordi ngly. The  blended base mate r i al was transported 
approximately 10 miles to the  pav i ng s i te by dump truck. 

The  pozzolan i c  base mater i als  were end d umped i nto  and spread by a 
conventi onal aggregate spreader box pushed by a small b ulldozer . A motor 
grader was used to d i stri bute the  base mate r i al around preformed concrete 
curb  a nd gutter at i ntersect i n g  roads. The 10.0 i nches of base mater i al was 
p l a c ed i n  two e q u al l i ft s  and com p a c t ed u s i n g s t eel-wheel ed v i bratory 
rollers hav i ng a m i n i mum we i ght of 10 tons ( see F i gure 1 ) .  Although i t  
c o uld n o t  be  v er i f i ed ,  r ep o r t edly some p or t i o n of t h e  p o z zol a n i c  b a s e  
materi al w a s  placed i n  one 1 0- i nc h  l i f t. Calcul ated materi al quant i t i es 
u s ed i n  the  producti on of the l ime k iln dust-fly ash-aggregate mi xture are 
l i sted i n  T a ble 8. 
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TABLE 7 :  SUMMARY OF SUBG RADE CONST RUCTION INFORMATION 
========================================================== 

� O-i+W� -Ca-1-i-LQ)C�j_a_f>aadnq_RalJ 
Stat i o n  Dry Den s i ty Content F i e l d  Laboratory 
N umber ( pcf) (%) {%) (%) 
-------------- - - - - - ----------------- ----------------------

404+50 9 9 . 4  2 2 . 1  
405+00 9 5 . 0  21 . 9  1 0 . 0  29 . 0  
4 09+00 97 . 0  7 . 0  
409+50 9 7 . 3  2 5 . 8  
4 1 4+50 103 . 5 23. 5  
41 5+00 100 . 0  1 5 . 0  6 . 5  2 7 . 0  
4 1 7  +50 1 05 . 5  23 . 0  
4 1 9+50 9 9 . 0  24 . 0  
422+50 1 0 6 . 7  20 . 7  
423+00 102 . 1  2 3 . 4  
425+00 106 . 0 14 .  0 9 . 0  4 1 . 0  
427+50 1 0 1 . 0  24. 4  
428+00 9 6 . 7  2 3 . 4  
430+00 99 . 4  2 3 . 7  
435+00 1 00 . 0  1 2 . 7  1 0 . 0  41.0 
437+50 107 . 2  1 7 . 4  
438+00 9 5 . 7  2 3 . 4  
445+00 1 0 6 . 0  8 . 0  
447+50 1 05 . 0  22. 7 
448+00 107 . 5  1 5 . 0  
4 5 1 +0 0  98 . 0  21 . 0  7 . 0  
453+00a 1 0 1 . 0  1 8 . 8  
4 53+00b 1 0 1 . 6  2 0 . 9  
455+00 1 0 1 . 0  9 . 0  
4 5 8+00a 9 1 . 4  21 . 5  
458+00b 1 0 1 . 8  23. 1 
463+00 9 5 . 5 22. 0 
4 6 5+00 9 3 . 0  1 6 . 3  7 . 0  33 . 0  
4 68+00 9 5 . 0  2 2 . 2  
472+00 1 1 3 . 0  1 6 . 0  2 . 0  
4 7 3+00 1 03 . 5  1 5 . 4 
4 7 4+50 1 0. 5  9 2 . 0  
47 5+00 1 07 . 0  1 8 . 0  3 . 0  
47 7+50 108. 0 1 8 . 0  3 . 5  
478+00 1 00 . 4  20 . 7  
481+00 9 9 . 0  2 4 . 0  5 . 0  
482+50 1 04 . 0 17 . 0  2 . 5  
483+00 1 0 1 . 7  1 7 . 8  
483+90 9 9 . 6  1 7 . 1 
485+80 9 7 . 2  2 4 . 5  
486+00 1 0 5 . 0  20 . 1  10 . 0  21 . 0  
489+00 99. 0 22. 0 4 . 0  
489+50 1 08 . 4  1 7 . 3  
-----------------------------------------------------------
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TABLE 8: BASE MATERIAL QUANTITIES 
==================================== 

Percent of 
----------------------------------------�Quantit.�y ____ �To�. t�a� l ____________________________ _ 

M ater i al (tons) (%) 
- - - - - - - ---- - - - - - - - ----- ----- - ----- --

L i me 
Fly ash 
Aggregate 

Totals 

1 ,  484. 50 
1 ,486.17 

15 ,704.69 

1 8 , 675.36 

7.95 
7.96 

84.09 

100.00 

A compacti on requi rement of 102% of laboratory dry dens ity ( AASHTO T-
9 9 )  ( 1 2 )  was spec i f ied for the pozzolan ic base. Dur i n g  construct ion , fewer 
than 3 0% of tests i nd i c ated th i s  req u i rement was met. A mean average 
dens i ty of 100.3% of the 145.0 pcf w ith a standard dev i ation of  1.6% for 
the mean w as obt a i ned. A mo re re ason able standard may be 1 0 0% of 
laboratory dens i ty. A summary of construction dens ity measurements i s  
presented i n  Table 9. A motor grader was used to trim the base mater i al to 
grade pr i o r  to placing  the cur i ng seal. 

The cons i stency of the m i xes appeared to be very good. Placement and 
compact i on operations proceeded smoothly w i thout any apparent d i fficulties. 
The base mater i al was placed over a two week per iod. 

An i n it i al cur i n g  membrane of b itumi nous material was requ i red w ithi n 
24 hours afte r f i n al comp act i on .  Pr i me r  L was a ppl ied w i th a n  asphalt 
d istributor at a rate of about 1.2 pounds per square yard (see F i gure 2 ) .  
Properti es of Pr imer L are summari zed i n  Table 10. A 2-1 /2-hour t i me limit  
between m i x i n g  and completion  of compacti on was i n i t i ally spec i f ied. Thi s  
l i m i t  generally proved i mpractical. I n  some s ituati ons , the base remai ned 
plastic  for two to three days after placement. This somet imes resulted i n  
d i fficulties i n  plac i ng cur i ng membrane w i th i n  the spec i f ied 24-hour period 
s i nce the asphalt distr i butor would sometimes rut the plastic base. 

After the demonst r at i on project was u n de r  contract , reflect i ve 
crack i ng was observed for a section  of an earl ier project where a s i mi lar 
base mate r i al had been used. That project i nvolved a ramp a nd mai nl i ne 
segment of a local c i ty street w i th constructi o n  be i ng completed i n  October 
1 9 83. The earl i e r  p roject also ut i l i zed a s i m i l a r  des i g n  (4.0 i nches 
asphaltic  concrete and 1 0.0 i nches fly ash stab ili zed base) .  Crack i ng was 
f i rst not i ced i n  the s p r i n g  of 1 984 on the ma i nl i ne p a vement segment. 
C r ac k i n g w as subsequently obser ved on  the r amp sect i on as well. The 
observed crack i ng occurred at somewhat regular i ntervals of 80 to 90 feet 
on  the m a i nl i ne segme nt. C r ack i ng o n  the r am p  was also obser ved on  a 
somewhat regular  i nterval i n  the order of 40 to 60 feet. 
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F i gure 1 .  Compacti ng the Pozzolan i c  Base Materi al 

F i gure 2. App l y i ng the Cur i ng Seal  
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TABLE 9: S UMMARY OF DENSITIES FOR P OZZOLANIC BASE CONSTRUCTION 
===================================================================== 

Mo i s ture F i e  1d 
Stat i on Content Dens i ty In/ Remar k s  

D a te Number Offset (%) (% of opt i mum) Out 
---------------------------------------------------------------------

9 / 1 1 /84 448+00 LT 10 1 . 8  In 
440+00 RT 10 2 . 1  In 
435+00 RT 1 0 0 . 5  Out 
432+00 LT 1 0 1 . 7  In 

9 / 1 3/84 422+00 6 . 2  9 9 . 6  Out all tests on 
41 6+00 6 . 7  10 0 . 1  Out f irst  course 
448+00 7 . 1  101 . 8  In 
443+00 6 . 3  10 2 . 1  In 
438+00 6 . 1 100 .5  Out 
433+00 6 . 4  1 0 1 . 7  In 

9 / 1 4/84 4 1 1  +00 6 . 5  101 . 6  In a 11 t ests on 
407+00 6 . 9  9 7 . 4  Out fi rst cours e  
403+00 7 . 4 100 . 6  Out 

9 / 1 9 /84 488+50 LT 6 . 1  97 . 6  Out fi rst course 
486+00 LT 6 . 4  100 . 1  Out f i rst cour se 
489+00 RT 6 . 4  1 0 0 . 9  Out second cours e  
489+00 LT 6 . 8  1 0 0 . 7  Out second course 
486+50 LT 7 . 0  99. 9 Out f i r s t  course 

9/2 0/84 4 7 6+00 LT 6 . 5  1 01 . 1  Out a l l  t ests on 
47 6+00 RT 7 . 0 100 . 1  Out f irst  course 
47 1+00 LT 6 . 4  1 0 0 . 3  Out 
471 +00 RT 6 . 4  101 . 6  In 
466+00 RT 6 , 9  9 8 . 1  Out 
466+00 LT 7 . 6  9 8 . 6  Out 

9 /2 0/84 482+00 LT 6 . 5  103 . 0  In a l l  t ests on 
482+00 RT 6 . 1  10 1 . 6  In second course 
47 6+00 LT 6 . 6  1 0 1 . 0  Out 
4 7 6+00 RT 6 . 8  9 9 . 9  Out 
47 1+00 LT 6 , 4  9 9 . 7  Out 
471+00 RT 6 . 5  1 0 0 . 0  Out 
466+00 RT 6 , 9  98. 1 Out 
466+00 LT 6 . 6  1 0 1 . 0  Out 

9 / 2 1 /84 46 1+00 RT 6 . 0  1 00 . 1  Out 
461+00 LT 7 . 1  9 9 . 8  Out 
457+00 LT 6 . 2  1 0 0 . 2  Out 
457+00 RT 6 . 2  9 7 . 8  Out 
453+00 RT 6 . 4  9 9 . 0  Out 
453+00 LT 6 . 7  1 0 0 . 3  Out 

9 /25/84 40 1+25 RT 6 . 2  1 04 . 6  In f i rst course 
400+50 LT 6 . 9  9 9 . 9  Out f irst  cours e  
402+00 RT 6 . 1  1 0 1 . 8  In second course 
401+00 LT 6 . 2  1 0 0 . 6  Out s econd cours e  

---------------------------------------------------------------------
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TABLE 1 0: S UMMARY OF CHARACTERISTICS FOR BITUMINOUS CURING MEM BRANE 
======================================================================= 

P r i mer L (Cut Back Asphalt Emu l s ion)  

TEST 
,_R_EQU IB,E�M �EN�T_,e S---c�������-

M i n .  Max . 
- - - ----------- ------------------------- ------ - -- -------- ----------- ----
Vi sco s i ty ,  Saybolt-Furol , 
AASHTO T 59 at 77°F, sec. 

Water content , ( AASHTO T 55 
u s i n g Xy l ene ) ,  percent 

Asphalt content ( AASHTO 
T 78 u s i ng res idue from 
water content determi nation  
and  results of  water content 
tests ) , percent 

Te sts on res i due from 
D i st i l l ation-Float Test 
( AASHTO T 5 0 )  at 122°F ,  sec. 

Wet Stone Coating (KM-64-414)  

So l ub i l i ty i n  Tr ichl oroethy l ene 
( AASHTO T 44 ) ,  percent 

Recommended app l i cation 
temperature , degrees F 

30 100 

3 8 

45 

80 

SHALL PASS 

97.5 

60 120 

Bec ause o f  t h e  occur re nce of ref l ect i ve c r ac k i n g  at the e ar l i e r  
project , a change order was executed for app l ication o f  a rubber-asphalt  
stre s s - absorb i ng membrane i nter l ayer (SAM! ) .  Schedu l i ng di fficu l t ies  
prevented its use and , i nstead , a CRS-2S pol ymer emul s ion was  used with  No . 
9m l imestone c h i ps ( 3 /8 i nch max imum) to construct a stress rel ief l ayer 
approximate ly  1 /2 i nch th ick. Appl ication rate of the l imestone ch i ps was 
about 27 pounds per square y ard. The stress rel i ef l ayer was appl i ed to the 
1 0. 0 - i nc h  po z zo l a n i c  b a s e  mate r i a l  f rom Stat i o n  400+06.50 to Stat i o n  
437+78.25 and from Stati on 452+78.25 to Station 490+50.00. A 1 , 500-foot 
section i n  the center of the demonstration project d i d  not rece i ve the 
stress re l ief l ayer. Speci fics rel at i n g  to the po lymer- asphalt emu l s ion 
CRS- 2S a re presented i n  Table 1 1. 
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TABLE 1 1 :  SUMMARY OF CHARACTERISTICS OF POLYMER-ASPHALT EMULSION CRS-2S 
======================================================================== 

TEST Min .  Max.  
---------------------------------- -------------------- ------------------

Vis cosity, Saybo l t-Furo l ,  
( AASHTO T 5 9 )  a t  122° F, sec. 

Storage Stabil ity, 24 hrs., percent 
( AASHTO T 5 9 )  

Sieve test, 20 mesh, percent 
( AASHTO T 5 9 )  

Distil l ation: ( AASHTO T 5 9 )  
oil  distil l ate by Vo l ,  of 
Emul sion, percent 

Residue from distil l ation, percent 

Penetration, 77°F, 100, 5 sec., mm. 
( AASHTO T 49 )  

Ductil ity, 77° F, em. (AASHTO T 51 ) 

Ductility, 34° F, em. (AASHTO T 5 1 )  

Softening Point (Ring and Bal l ) ,  °F 
( AASHTO T 1 0 2 )  

Solubil ity i n  Trichloroethyl ene, percent 
( AASHTO T 44)  

Demu l sibil ity, 0.02 CaCl 2, percent 
( AASHTO T 5 9 )  

Demul sibility, 35 m l ,  0 . 8% Sodium 
dioctyl Su l fosuc cinate, percent 
( AASHTO T 59 ) 

100 400 

1 

0.1 

3 . 0  

65 

125 200 

50+ 

15+ 

90 130 

97.5 

40+ 

20+ 
-------------------------------------------------------------------------

Aspha l t  pavement construction was begun approximately three wee k s  
after p l acement o f  t h e  pozzo l a ni c base material. As  ph  a l ti c concrete was 
p l a ced in three lifts: base, binder, and surface. Specifics rel ating to 
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the  mi xture design  for the  various l ayers are presented i n  Tabl e 6 .  Nominal  
l ayer th icknesses for construction were 2-i nches aspha l t ic concrete base, 
l-i nch  asphal tic concrete b i nder, and l-i nch aspha l ti c  concrete surfac i n g .  

------11'1-l�eme+J-t-Df----tite-�Lime�JdlrLLimLcLLy___as_b-:lJJRasJ;QJLe�<>g�L§_Q_�te b a s e  .. .,w-"'a=s ----� 

compl eted by October 1 984.  P l acement of aspha l t i c  concrete l ayers was 
com p l e t ed by m i d  Nov ember, 1 9 8 4 .  F i n a l  i n s p ect i o n  and acceptance o f  
construct ion was not compl eted unt i l  J anuary 16 , 1985.  

EVALUATIONS 

Dur i n g and  a f t e r  con s t ruc t i on,  i n v e s t i g a t i on s  re l a t i ve to t h e  
eng i neer i n g  properties o f  the f l y  a s h  stabi l i zed aggregate base cont i nued . 
Laboratory compacted f i e l d  mater i a l s  were cured under various cond i t ions 
and subj ected to destruct i v e  testi ng, Cores of the  pozzo l a n i c  base were 
obtai ned and tes ted for compres s i ve strength at v ary i ng ages . Road Rater 
d e f l ec t i o n  survey s  were per formed on comp acted subgrade, cured b a s e  
mate r i a l , and  a s p h a l t ic concr ete l ay e r s . V i su a l  d i s t r e s s  su rveys  were 
performed to assess the cond i t i on of the pavemen t .  

Compressive Strength and Modulus o f  Elasticity 

Spec imens made from f i e l d  mater i a l s  for evaluation of compres s i v e  
strength and modulus  o f  e l ast icity were prepared i n  general accordance w i t h  
ASTM C 5 93 ( 7 9 )  i n  4- i n .  by 4 . 6- i n .  mo lds . Dev i at ions from that method 
i nvo l ve the  use of a 5 . 5- l b .  hammer and a 12- i n, free fal l i nstead of the 
spec i f i ed 1 0- l b .  hammer and 1 8- i n .  drop . Moi sture-dens i ty rel at ions h i ps 
were  d e t e rm i n ed i n  acco rda nce w i t h  ASTM D 698 ( 7 9 )  i n st ead o f  ASTM D 
1557 (79 ) .  Max i mum dry dens i ty and opt i mum moi s ture content were determined 
u s i ng a po l ynom i a l  curve f i t t i n g  procedure. A smooth i ng techn i que was used 
to e l i m i n ate l ocal i zed changes i n  concav i ty .  Add i t i onal  spec i fics r e l a t i n g  
to p r e p a r a t i o n  a n d  te s t i n g  o f  s p ec i m e n s  are  p r e s e n ted i n  A p p e nd i x  A 
"Spec i a l  Prov i s ion-Fly Ash Stab i l i zed Bases". Unconf i n ed compres s i ve 
strengths were determi ned i n  accordance w i t h  ASTM C 3 9 ( 7 2 ) . Th e static 
chord e l astic  modul u s  was determi ned by method ASTM C 469 (83 ) . 

Compress i ve strength and e l astic  modu lus  data are summari zed i n  Tab l e  
1 2 .  T a b l e  1 2 a  summa r i z es compr e s s i v e s t r e n g t h s  a n d  e l a s t i c  modu l i  o f  
mat er i a l s  co l l ected at t h e  j o b s i t e a n d  compact ed a nd tes ted i n  t h e  
laboratory by Kentucky Transportation Center (KTC ) personne l .  A summary o f  
compres s i ve strengths for core sampl es taken at v ar i ous ages and tested i n  
KTC l aboratories  i s  g i ven i n  Tab l es 1 2 b  and 12c.  Resu l ts of compres s i ve 
s t r e n g t h  determ i n a t i o n s  by t h e  D i v i s i on o f  Mater i a l s  of l aboratory 
com p acted f i e l d  mater i a l s  are  g i v en  i n  T a b l e  1 2 d . Tab l e  1 2 e  l i s t s  
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compress i ve strengths of f i e l d  cores obtained and tested by the Kentucky 
Department of Hi ghway s '  D i v i s ion of M ater i a l s. The d i fferences as soci ated 
w i th compre s s i v e  s t rengths and e l a s t i c  mo d u l i of l abora tory com pacted 
s am p l e s  and f i e l d  cores may be d i rect l y  a t t r i b u t ab l e  to the deg ree o f  

------·�c�o�m
'-
p�a-ct i on .  An i n s pect i on of den s i t i e s  l i s ted i n  TableTproVTa'�e�s---

support ing ev i dence, The In/ Out col umn of Tab l e  9 indicates whether or not 
d e n s i ty o f  the c o m pac t e d  p o z z o l a n i c  b a s e  w a s  w i t h i n  r e q u i r e d  
spec i f ications. F i e l d  den s i t i e s  w i th a dec ima l  v a l ue of 0 . 5  or greater are 
norma l l y rounded to the ne a re s t  who l e  number, On l y  29% of the f i e l d  
den s i t ies  obtained during construct i on met the requi red compact i on of 102% 
o f  t h e  l a bo r a t o ry d r y  de n s i ty ( AA S H T O  T-9 9 ) .  Bec a u s e  com p ac t i on 
req u i rements were not a l ways met , d i fferences in the compres s i ve strengths 
and e l a s t i c  modu l i of l aboratory compacted specimens and f i e l d  cores can be 
expecte d .  

TABLE 1 2 a :  SUMMARY OF COM PRESSIVE STRENGTHS AND ELASTIC MODULI 
FOR FIELD MATERIALS COMPACTED IN THE LABORATORY 

=============================================================== 

Stat ion 

426+50 
436+00 
436+00 
436+00 
443+50 
444+0 0  
444+00 
459+00 
459+00 
46 1+00 
461+00 
476+00 
476+00 
478+00 
478+00 
488+25 
488+25 
488+75 
488+75 

Age 
at Test 
( day s )  

7 
7 

10  
28* 
28 

8 
28 
7 

28 
7 

28 
7 

28* 
7 

28* 
7 

28* 
7 

28* 

Compress i ve 
St rength 

( ps i )  

1 '715 
1 , 355 
1 , 360 
1 , 410 
2 , 385 
1 '650 
2 , 265 
1 , 330 
2 , 085 

970 
960 

1 ,440 
2 , 050 
1 , 600 
2 , 045 
1 , 665 
2 , 150 
1 ,475 
1 '57 5 

Elastic 
Modul us 

( ps i  x 105 ) 

3,  78 
2 . 01 
4 , 3 1  
4 , 90 
6 , 97 
4 . 50 
6 . 97 
3 . 08 
5 , 85 
2 . 54 
2 . 38 
3 . 93 
6,82 
5 . 1 1  
7 . 05 
4 , 51 
7 ,56 
3 . 52 
4.77 

Note s :  * Ind icates ambient cure , a l l others cu red at 100°F i n  
a sea led container. 
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TABLE 12b :  SUMMARY O F  COMPRESSIVE STRENGTHS AND ELASTIC 
--------------MODUlLffiiL£lELD. CORE .. 5£\MuPI_.E..,.,S�--

======================================================== 

Stat ion 

Age 
at Test 
(days) 

Compress i ve 
S t rength 

( ps i )  

E l astic 
Modul us 

( ps i  x 105 ) 
--------------------------------------------------------

405+00 
405+00 
415+00 
415+00 
425+10 
425+12 
465+00 
474+50 
485+00 

4 225 0.48 
7 440 1.32 
5 250 0 . 83 
8 3 30 1.17 
6 470 1.02 
6 540 1 .02  

14 690 1.02 
14 760  1 . 02 
14 7 25 1.02 

TABLE 12c: SUMMARY O F  COMPRESSIVE STRENGTHS 
FOR FIELD CORE SAMPLES 

============================================ 

Stat i on 

Of fset 
from 
Curb 
( ft)  

Compress i ve 
Strength 

( ps i )  
-------------------------------------------

423+00 
423+00 
423+50 
423+50 
424+00 

6 
9 
6 
3 
9 

2 , 315 
3 , 095 
2 , 635 
1 , 935 
1 , 685 

-------------------------------------------

Note: Al l cores obtai ned and tested at the 
Kentucky Transportation Center. Age 
o f  cores was approximately 525 days. 
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TABLE 12d: SUMMARY OF COMPRESSIVE STRENGTHS F OR FIELD 
MATERIALS COMPACTED IN THE LABORATORY 

====================================================== 

Date 
Compressive 

Stren th Cur in 
S amp 1 ed ( psi) Conditions 
------------------------------------------------------

9 / 1 1 /84 2,465 7 d ays oven 
2,405 cured at 
2 '  190 100°F 

9 / 1 2/84 1, 530 7 days oven 
1,730 cured at 
1, 695 100°F 

9 / 1 4/84 1 , 7 30 2 days air, 
1 '7 70  5 d ays oven, 
1 ' 7 7 0  2 days air 

9 1 1 9 /84 1, 035 1 day air , 
9 35 6 days oven 
980 

9 / 2 9/84 2, 1 1 0  7 days oven 
2,070 
2, 090 

Note: A l l material s  obtained , compacted, and tested 
by the Ke n t u c ky De p a r t m e n t  o f  H i g h ways' 
Division of Materia ls. 

TABLE 12e:  SUMMARY OF  C OMPRESSI VE STRENGTHS 
FOR FIELD CORE SAMPLES 

============================================ 

St ation 

Offset 
Left of 

Curb 
( ft)  

Compressive 
Strength 

( psi) 
-------------------------------------------

401+70 
41 1+75 
421+70 
431+60 
441+80 
452+00 
461+84 
482+00 

6 
18  
32 
18  

7 
22 

5 
25 

1, 9 60 
1,590 
1,670 
2,545 
2, 375 
1,390 
1, 350 

995 

Note: A l l cores obtained and tested by the 
Ken tucky D e p a r tment  of Highw ays' 
Div i sion of Materia ls.  Age of cores 
was approximatel y  65 days . 
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A n  i n s pe c t i o n  of the compre s s i ve stre n g th s  of f i e l d  spe c i mens  
c o n t a i n e d  i n  T a b l e  12  i l l u s t r a t e s  the l o n g - t e rm s t r e n gth g a i n  
character i st i c s  of a l ime k i l n  dust- fly ash- aggregate base. Average 14-day 
compress ive strengths were 725 p s i .  The compress i ve strength i ncreased to 

------

a bout 1 , 735 p s i  at 65 days  a n d  to 2 , 335  p s i  at a bout 525 day s. Ag a i n, 
d i fferences assoc i ated with compress i ve stren gths of l a boratory compacted 
samples  and f i e l d  cores may be rel ated to the degree of compaction. 

Road Rater Deflect ion Measurements 

D e f l e ct i o n  m e a s u r e me n t s  we r e  o bt a i ne d  at v a r i ou s  s t a g e s  o f  
construction. More spec i f i ca l ly ,  deflection measurements were obtai ned 
after compact ion  of the subgrade but before pl acement of the pozzo l a n i c  
base mater i a l , and at var i ous i nterv a l s  after pl acement of the aspha lti c 
conc rete mater i a l .  Re sul ts of defl ect i on measurements are presented i n  
Table 13. 

An i n spection of deflection data presented i n  Table 13  i nd i cates a 
con s i derable reduction  of deflection after p l a cement of the pozzo l an i c  base 
mater i a l ,  One series of deflect i on measurements after comp l et i on of a l l  
construction  act i v ities  was obtai ned. Unfortunately , the dev i ce used for 
measurement of pavement temperatures m a l functioned and i nv a l i dated the 
analys i s. 

Conti nued mon i tor i ng of def lections  o ver a per iod of time wi l l  pro v i de 
valuable i nformation re l at i ve to the long-term structural  behavior of l ime 
k i l n  dust-fly  ash- l imestone aggregate bases. The hi stori cal def lection and 
compre s s i ve strength i nformati on wi l l  prov i de spec i f i c  i nformation rel at i ve 
to the long-term strength g a i n  characte r i st i c  of these pozzo l a n i c  base 
sections. 

Visual Surveys 

The e x pe r iment a l  sect i o n  h a s  bee n sur veyed pe r i od i c a l l y  fo r 
observable p avement d i stress s i n ce completion of construction. Factors 
such as rutt i ng and crack i ng were of princ i ple concern. Dur i ng August 1986 
and aga i n  dur i ng October 1987 , KTC personnel conducted a detai l ed v i sual  
c r a c k  sur vey of the r o a d way surface. Resu l t s  of tho se sur veys are 
conta i ned in  Append i x  B .  The 1.7-m i le experimenta l section was  canvassed by 
techn i c i ans u s i ng rol a-tape measuri ng dev i ces. Al l v i s i b le cracks were 
charted on data sheets w ith stat i on numbers. For conven ience , Stati on 0+00 
was estab l i shed at the i ntersection of the subject road with N i chol a sv i l le 
Road (US  27 ) .  The survey progressed i n  an easterly d i rection and culmi n ated 
at Station 9 0+43 , just short of the i ntersection of the subject road with 
Tate s Creek P i ke ( K Y  1 97 4 ) .  Photog r aphs were o bt a i ned to document the 
cond ition of the road. 
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TABLE 1 3a: SUMMARY O F  DEFLECTION MEASURE MENTS 
OBTAINED DIRECTLY ON THE COMPACTE D SUBGRADE 

=================================================================== 

Road Rater Model 400 Oefl ect ions  
( i n. X 10  ) 

-------- ------------------------
Stat i o n  D i rect ion Date Senl Sen2 Sen3 Sen4 
-------------------- -------------------------------------------- ---
401+00 East 9-06-84 144 88 44 28 
401+00 East 9-1 1 -84 1 40 74 72 22 
405+00 East 9-06-84 88 25 20 8 
405+00 East 9 - 1 1 -84 1 16 46 20 12  
410+00 East 9-06-84 810 410 140 20 
410+00 East 9-06-84 410 195 75 5 
41 0+00 East 9-1 1-84 680 270 80 20 
4 15+00 East  9-06-84 350 165 105 10  
415+00 East 9 - 1 1 -84 138 64 30 20 
420+00 East  9-06-84 132 42 16 2 
420+00 East 9-1 1-84 150 48 26 18  
424+95 East 9 -06-84 78 34 15 8 
425+00 East 9- 06-84 410  155 100 125 
425+00 East 9 - 1 1 -84 1 48 64 36 20 
430+00 East 9-06-84 98 30 22 12  
430+00 East  9-1 1-84 1 00 40 1 4  8 
435+00 East  9-06-84 96 24 6 1 0  
435+00 East 9-1 1 -84 130 22 8 8 
439+50 East 9-1 1 -84 152 28 4 4 
440+00 East  9-06-84 120 28 12  20 
440+05 East 9-06-84 102 32 12  8 
445+00 East 9-06-84 300 96 30 6 
445+00 East 9 - 1 1 -84 154 52 18  1 4  
449+00 East  9-06-84 124 28 8 36 
449+00 East 9 - 1 1 -84 136 34 12 1 0  
450+00 East  9-07-84 470 90 
451+00 East 9-18-84 234 66 9 
455+00 East  9-07-84 180 42 44 24  
455+00 East 9-18-84 162 70 30 12  
460+00 East  9-07-84 1 14 74 20 
460+00 E ast 9-18-84 154 62 12  8 
465+00 East  9-07-84 291 75 21 15 
465+00 East 9-18-84 85 51 12 10 
470+00 East 9-07-84 166 78 40 32 
470+00 East 9-18-84 91  35 20 16 
475+00 East  9 -07-84 204 105 45 
475+00 East 9-18- 84 176 78 26 20 
480+00 East  9 -07-84 138 64 34 30 
480+00 East 9-18-84 83 29 13  7 
483+50 East  9-07-84 1 48 34 
486+00 East 9-07-84 1 44 128 16 8 
490+00 East 9-07-84 207 60 27 24 
-------- - - - - -------------------------- -----------------------------
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TABLE 13a: SUMMARY OF DEFLECTION MEASUREMENTS 
OBTAINED DIRECTLY ON COMPACTED S UBGRADE (continued ) 

=================================================================== 

Road Rater 
(

Model i��Deflect ion s  
... 

1 n .  x 
- - ------------------------- - ----

Station D i rection Date Senl Sen2 Sen3 Sen4 
- ---------------------------------- - ---- - -- - -----------------------
401+00 West 9-06-84 207 123 78 48 
401+00 West 9-11-84 186 58 20 18 
405+00 West 9-06-84 114 56 32 1 4  
405+00 West 9-11-84 96 32 12 10  
410+00 West 9-06-84 134 54 28 24 
410+00 West 9-11-84 176 84 48 3 6  
415+00 West 9-06-84 370 180 60 25 
415+00 West 9-11-84 495 300 150 50 
420+00 West 9-06-84 128 76 14 10  
420+00 West 9-11-84 178 66 34 20 
425+00 West 9- 06-84 225 78 27 3 
425+00 West 9-06-84 179 58 26 18 
425+00 West 9-11-84 340 135 60 40 
430+00 West 9-06-84 106 44 12 2 
430+00 West 9 - 1 1 -84  110 30 6 4 
435+00 West 9-06-84 72 27 20 2 
435+00 West 9-11-84 104 30 12 8 
439+50 West 9-06-84 144 30 4 4 
439+50 West 9-11-84 80 27 10 9 
445+00 West 9 -06-84 120 32 16 20 
445+00 West 9-11-84 11 2 32 4 6 
449+00 West 9-06-84 160 46 12 8 
449+00 west 9-11-84 156 34 12 1 4  
450+00 West 9-07-84 390 40 
451+50 West 9-18-84 164 48 8 8 
455+00 West 9-07-84 180 30 14 
455+00 West 9-18-84 132 32 8 2 
460+00 We st  9-07-84 162  38 28 14 
460+00 West 9 -18-84 164 100 40 6 
465+00 West 9-07-84 385 205 85 35 
47 0+00 West 9-07-84 192 78 36 22 
470+00 West 9-18-84 156 56 16  6 
475+00 West 9-07-84 198 96 51 3 6  
47 5+00 West 9-18-84 154 60 36 8 
480+00 West 9-07-84 178 114 20 12 
480+00 West 9-1 8-84 83 29 13 7 
483+50 West 9-07-84 57 25 5 4 
486+00 West 9-07-84 88 38 22 12  
490+00 West 9-07-84 345 160 75 50 
------------- - - - - ------ - ---------------------- - --------------------
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TABLE 13b :  S UMMARY O F  DEFLECTION MEASUREMENTS 
OBTAINED DIRECTLY ON C OM PACTED POZZOLANIC BASE MATERIAL 

=================================================================== 

Road Rater �ode l
1
��eflections 

1 n. x 
---- ---- -------- ----------------

Stat ion D i rection Date Sen1 Sen2 Sen3 Sen4 
---------------------------------------------------- ---------- -----
402+50 East 9-20-84 23 19  13 11  
405+00 East 9-20-84 18 14 6 6 
410+00 East 9-20-84 24 24 1 1  9 
415+00 East 9-20-84 31 31 21 19 
420+00 East 9-20-84 20 16 10  8 
425+00 East 9-20-84 88 77  48 36 
430+00 East 9-20-84 18 16 6 6 
435+00 East 9-20-84 14 9 2 3 
440+00 East 9-20-84 20 14 6 6 
445+00 East 9-20-84 3 1  20 12 8 
449+00 East 9-20-84 24 1 4  7 5 
451+50 East 9-27 -84 45 36 24 
455+00 East 9-27 -84 36 27 20 
460+00 East 9-27 -84 36 30 16 
465+00 East 9-27-84 52 36 20 
470+00 East 9-27 -84 31 24 15 
475+00 East 9-27-84 31 20 12 
480+00 East 9-27-84 29 20 8 
483+ 7 5 East 9-27-84 16 1 2  6 
485+00 East 9-27-84 24 15 6 
490+00 East 9-27-84 32 26 20 

402+00 West 9-20-84 31  25 19  14 
405+00 West 9-20-84 12  8 4 4 
41 0+00 West 9-20-84 26 24 14 14 
415+00 West 9-20-84 36 37 33 27 
420+00 West 9-20-84 12  12  6 6 
425+00 West 9-20-84 38 27 18  12  
430+00 West 9-20-84 22 17  10 8 
435+00 West 9-20-84 20 12  6 4 
440+00 West 9-20-84 20 14 9 7 
445+00 West 9-20-84 20 1 4  6 6 
449+00 West 9-20-84 22 16 6 4 
451 +50 West 9-27-84 32 21 12 
455+00 West 9-27-84 34 26 16 
460+00 West 9-27 -84 49 41  31  
465+00 West 9-27-84 32 24 15 
470+00 West 9-27-84 31 26 18  
475+00 West 9-27 -84 16 13 6 
480+00 West 9-27- 84 16 10  4 
483+75 West 9-27-84 14 14 8 
485+00 West 9-27-84 18  12  6 
490+00 West 9-27-84 38 32 20 
--- - ------ - --------------------------------------- - - - -- ---------- --
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O v e r a l l , the pa vement was genera l l y i n  good co n d i t i o n , The most 
notable  d i stress observed was shr i n k age cracks appeari ng around most curb 
i n l et drai ns .  From the survey d ata sheets i n  Appen d i x  B ,  it may be noted 

·----------�t.�h�at�4�9 dra i n  i n l ets were charte d ,  1 1  of those bei n g  located i n  the section  
n ot rece i v i n g the stress re l i ev i n g  i nter l ay-e r--:-rti ere was a d i -st�,�. n_c_t�---------

crack i n g p atte r n  of the asph a l t i c  conc rete arou n d  those d ra i ns that 
exhib ited crack i ng .  Re l at i ve to the percentage of dra i n  i n lets exhibiting  
c r a c k i n g i n  the  two d i st i n ct s e ct i o n s  t h e r e  w a s  no d i f f e r e nce . 
A p p ro x i m ate l y  63 % of the d r a i n  i n l ets exh i b i ted v a r i ous amounts of 
shr i n k a ge crack i ng i n  both sect i ons . F i gu res 3 ,  4, and  5 show th i s  
crack i n g  pattern ,  Fi gure 3 i l l ustrates how the concrete gutter of  the curb 
i n let d ra i n  juts out i nto the pav i n g  l ane . This des i g n  was observed to 
have contributed to problems rel ati ve to compact ion of the experimental  
b ase mate r i a l  dur i n g construct i o n .  F i e l d  obse r v a t i o ns dur i n g  the 
construct i o n  phase d i d  n ot i n d i cate a ny e f fort on the part of the 
contractor to rect i fy th i s  s i tu a t i o n  ( i e .  use of a p neumat i c  t amp i n g  
dev ice) . The d r a i n  i n  F i gure 3 was l ocated near Station 16+72. Note the 
f i ne debris that has bu i lt up i n  the outer area. 

F i gure 4 shows the curb i n l et d ra i n  near  St at i o n  17+88 . Note the 
s im i l ar ities of the crac k i n g  pattern when compared to F i gure 3. Aga i n ,  the 
geomet ry o f  the curb i n l et d ra i n  a p p a rent l y  made comp act i o n  o f  the 
exper imental base material  d i fficult.  Note the f i ne debris that has bui l t 
u p  i n  the gutter area and the vegetati on g row i ng there . Th is obstructi on 
i n  the gutter area wi l l  probably cause water to f l ow out onto the traff ic  
l a ne . The water  w i l l  most l i ke l y  i n f i l t r ate the exper i mental  b ase by  
seep i n g  through the shr i n k age cracks and  the l ong itud i na l  joi nt at the curb 
gutter pavement i nterface. Th is may l ead to an accelerated fai lure of the 
base mater i a l  i n  the area of the dra i n  i n let and resul t  i n  fai l ure of the 
asphaltic  concrete l ayers. Data conta i ned i n  the survey d ata sheets are 
supporti ve of thi s  contention .  The aspha ltic  concrete paveme nt adjacent to 
the concrete gutter d r a i n  l ocated near Station 57+15 was exhibit i ng l i ght 
a l l i gator crack i ng ,  which i s  i nd icat i ve of impend i ng base fai l ure , dur i ng 
the October 1 987 v isual  survey. 

F i gure 5 shows the curb i n let dra i n  l ocated near Stat i on 19+54.  The 
s imi l ar i t i es of the crack pattern and f i ne debris deposited i n  the gutter 
area a re eas i l y  recogn i ze d .  These f i gures are typ i cal  of those curb dra i n  
i n l ets e xhibiting  crac k i n g .  There were seven curb i n let dra i ns i n  the 
secti on rece i v i ng the stress rel i ef i nter l ayer that exhibited this crack i ng 
pattern . 

F i gure 6 is a photograph of a transverse crack l ocated near St at i on 
6+72 wh i ch i s  w i th i n  a sect i on rece i v i n g the i nte r l aye r . The crack  
extended from curb to curb , across both l anes and  the two-way 1 eft turn 
l ane. Another transverse crack extendi ng from curb to curb is shown near 
Stat ion 5+85 in the crack survey d ata sheets. S i x add itional  transverse 
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Figure 3 .  Shrinkage Cracking around Co ncrete In let Drain 

Figure 4. Shrinkage Cracking around Concrete I n let Drain 
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F i gure 5 ,  Sh r inkage Crack i ng around Concrete In let Dr a i n  

- -- � --· 

F i gure 6 .  Transverse Refl ect ive Crac k i ng of Pozzol a n i c  Base 
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c r acks  were l ocated w i t h i n  the treated sect ions  and were near St at i ons 
1 0+38 , 1 8+38 , 19+48 , 20+45 , 22+03 , and 60+4 7 .  These cracks were present i n  
t h e  eastbound travel l ane o n l y .  

Of  part i cu l ar i nterest was the  amount o f  refl ective  crac k i ng i n  the 
secti on not recei ving--th e  stress rel i ef i nter l ayer . The 1 , 500- foot sectla·�n------·----
contai ned t h ree transverse cracks w h i c h  pr i nc i pal ly extended from c urb to 
c ur b .  These cracks  were l ocated near Stat i ons 45+41 , 46+36 and 49+4 0 .  Other 
forms of d i stress noted on the data s heets i n c l uded sma l l  areas of surface 
rave l i n g ,  a n umber of sma l l  potholes and some random l ong i tud i nal  crack i ng .  

Th e A u g u s t  1986  s u r v ey i nd i c ated  4 6 5  l i n e a l  feet of l o n g i t u d i n a l  
c r a c k i n g i n  t h e  s e c t i on r e c e i v i n g t h e  s t r e s s  r e l i ef i n ter l ay e r  a n d  34 
l i n e a l  f e e t  o f  l o n g i t ud i n a l  c r a c k i n g  i n  the s e c t i on not  r e c e i v i n g t h e  
i nter l ay e r .  Long i tudi nal  crac k i ng was l ocated pr imar i ly near the dra i n  
i n l ets . Trans verse crac k i ng was observed i n  both sect i on s .  Th e 1 , 500- foot 
s e c t i on n o t  r e c e i v i n g t h e  i n te r l ay e r  h a d  54 l i n e a l  feet of t r a n s v e r s e  
crack i n g  wh i l e  t h e  rema i n i ng 1 . 4  m i l es of t h e  experimental secti on had 1 1 2  
l i neal  feet o f  tran sverse crack i n g .  The October 1987 v i sual  survey revea l ed 
add i t i onal  amounts of crac k i ng i n  both secti o n s .  An add i t i on a l  413 and 1 19 
l i neal  feet of l ong i tud i na l  crac k i ng was observed for the treated s ect i o n s  
a n d  u nt reated sect i o n ,  respect i v e l y .  O n l y  20 l i neal feet o f  add i t i onal 
transverse crack i ng was observed i n  the sect i on rec e i v i ng the i nter l ayer 
w h i l e  an add i t ional  57 l i neal  feet of transverse crac k i ng was detected in 
t h e  sect i o n  not rece i v i ng the i nter l ayer.  Due to the re lat ive  i ncrease i n  
t h e  amount of refl ect i v e  crack i n g ,  i t  may be concl uded that the  stress 
r e l i ef i nt e r l ayer at least s l ows the deve l o pment of refl ective  crac k i n g .  

M e a s u r e m e n t s  of r u t  d e p t h  were  o b t a i n ed e v e ry 1 000 feet . Th e s e  
resu l ts h a v e  been tabul ated and are l i sted i n  Tab le  1 4 .  The average was 
h i gher for the  l eft wheel path i n  both travel l anes , averag i ng nearl y  3/16  
i nc h .  The average for the r i ght  wheel path was about 1 /8 i n ch . 

TABLE 1 4 :  RUTTING DEPTHS -- MAN O ' WAR BOULEVARD 
====================================================== 

D I RECT I ON 
East west 

Station LWP RWP LWP RWP 
N umber ( i n . )  ( i n  , ) 
-- - - -- - -- - ---- - --- -- - -- -- -- - -- -- ------ - - ----------- ---
1 0+00 3 / 1 6  4 / 1 6  6 / 1 6  2 / 1 6  
2 0+00 4 / 1 6  2 / 1 6  4 / 1 6  4 / 1 6  
30+00 2 / 1 6  2 / 1 6  3 / 1 6  1 / 1 6  
40+00 1 1 1 6  1 /1 6  2 / 1 6  3 / 1 6  
50+00 3 / 1 6  2 / 1 6  1 11 6  2 / 1 6  
60+00 3 / 1 6  1 /1 6  3 / 1 6  3/1 6 
7 0+00 4 / 1 6  2 / 1 6  3 / 1 6  2 / 1 6  
80+00 4 1 1 6  2/1 6 3 / 1 6  1 / 1 6  
90+00 1 / 1 6  1 11 6  1 / 1 6  1 / 1 6  

Av erage 3 / 1 6  2 / 1 6  3/16  2/1 6 
- -- --- - -- -- -- -- - - - - -- -- - -- - - - ------- -- -- - --- ------ ----
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

Des ign  and construct ion  procedures for uti l i zation  of a fly ash-1 ime 
k i l n d u s t- l i m e s t o n e  aggregate  base h a v e  been  demon s t r a t ed .  N o - m a j o r-������ 

constr u c t i on probl ems were encoun tered , The dev e l o pment of add i t i onal  
i nformation r e l a t i v e  to  des i g n  procedures wou l d  be  of s i g n i f i cant benefit .  

Observed performance has  been favorab l e  thus  far. Refl ect i v e  crac k i ng 
h a s  been mi n i ma l  w i t h  the excep t i on of s hr i n kage crac k i ng observed at dra i n  
i n l e t s .  Com p r e s s i v e  s t r e n g t h  ev a l u at i on s  i n d i c a te s a t i s fa c tory t o  
except i on a l  i n i t i a l  compres s i ve strengths and a l so conti nued strength gai n 
o v e r  a per i od of t i me . D e f l e c t i o n me a s u reme n t s  i nd i c a te a s i g n i f i c a n t  
red u c t i o n  i n  defl ect i on for before p l acement o f  the base relative  to after 
p l acement.  P l acement of the  pozzo l an i c  base a l so prov i ded a con s i derab l y  
more u n i form base for pl acement of the aspha l t i c  concrete mater i a l . The 
mag n i t udes of defl ect i on measurements for the pozzo l a n i c  base materi a l  
i nd i cate a very strong pavement structure even w i thout the benefi t  of the 
asph a l t i c  con crete l ayers , Back-cal c u l at ion of spec i fi c  e l a s t i c  l ayer 
mod u l i i nd i cate that the modul i of the pozzo l an i c  base mater i a l  i s  most 
l i k e l y  w i t h i n  a range of 5 x 105 to 1 x 106 ps i . 

The  re l at i ve ly  sma l l  amount of refl ec t i v e  crac k i ng present i n  the 
s ec t i o n  that rec e i ved  the stress re l i ef i nter l ayer i nd i cates the apparent 
success  of the app l i cat i on to date. Major refl ect i v e cra c k i n g  has been 
observed for a s im i l arly  des i gned pavement sect i o n  e l sewhere wh i ch d i d  not 
rece i v e  a stress re l i ev i n g  i nter l ay e r .  A far greater amount of refl ective  
crac k i ng could  be expected if  the pozzo l a n i c  base  had  not rec e i ved the  
stress  re l i ef i nterl ayer . The  observ at i on of  i n c reased refl ect i v e  crac k i ng 
i n  the 1 , 500-foot untreated sect ion  supports th i s  conc l u s i on .  

Based upon observat i ons  t o  date , treated bases apparent l y  enhance 
overa l l  pavement performance and t h e i r  conti nued use  shoul d be eva l u ated as  
l ong-term performance data (durab i l i ty ,  freeze/thaw res i s tance,  etc . , )  
becomes ava i l ab l e .  I t  i s  q u i te proba b l e  that pavement l i fe may be extended 
at reduced costs by the  u s e  of treated bases . 
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SPE C I AL PROV I S ION NO. 70 ( 79) 

FLY ASH SIA'I I L I ZED BASE 
( l XPER! IIl N I Al )  

(OGA, f ly A s h ,  and L i me o r  K i l 11 O u s t )  

T h i s  SrPc i a l  Prov i s i o n  �ha l l  a p p l y  when i nd i cated o n  t h e  p l ans or i n  the propos a l .  Sec t i on references here i n  are to the 
---� ·oepartment.-s 1� Standa,·a----specl T 1C"a1:1ons for Road and e-r--tclge Con--stru 

I .  DESCRIPTION 

T h i s  work sha l l  cons i s t  of furn i s h i ng a l l  mate r i a l s ,  
and the cons tr�ct i on o f  a pl ant-mixed base mater i a l  c o n s i st
i ng of DGA, fly ash , water ,  and e i ther l i me or k i l n  dust 
p l aced on a prepared subgrade to the l i ne s ,  grade s , and 
t h i c kne s s  spec i f i ed in the contract o r  d i rected by the 
Engineer.  

I I .  MATERIALS 

A.  Acgrega t e .  T h e  aggregate sha l l  be Dense Graded 
Aggregate (OGA) conforming to the requi rements of subsection 
605. 04 . 03 ,  Part A.  

B.  F ly Ash. F l y  a s h  sha l l  conform to the requi rements 
of ASIM C 593. 

C.  l ime . l ime sha l l  conform to the requi rements o f  
ASTJ� C 207 , Type N ,  S e c t i ons 3 ,  6 ,  7 . 1 . 1 ,  10 , and 1 1 .  

0 .  Cement K i l n  D u s t  o r  l i me K i l n  O u s t .  The cement 
k i l n  d u s t  or l i me k i l n  d u s t  shou l d  be bas i c a l ly l ime i n  the 
form of CaD or CaOH or percentages of each. The Contractor 
sha l l  submit cert i f i ed test data on the chemi c a l  compo s i t i on 
of the k i l n  dust ( i f  used ) .  The k i l n  dust sha l l  be 
reasonably u n i form. The suppl i er may be required to f u r n i s h  
p o3 s t  te s t  data to show uni form proper t i e s .  T h e  Engineer 
reserves the r i ght to pPrform p l ant i nspection at the source 
of the k i l n  d u s t .  

E .  \o/ater. Water mi xed w i th t h e  b a s e  materi a l  sha l l  
t:onform t o  the requi rements o f  Sec t i on 803. 

r .  B i tuminuus Cur i ng Sea l .  The b i tuminous mate r i a l  
for the c. ur i ng s e a l  s ha l l  b e  e i ther RS- 1 ,  R S- 2 ,  SS- 1 ,  S S - l h ,  
CRS - 1 ,  CSS- 1 ,  C S S - l h  o r  Primer l ,  conforming to the require
ments o f  Sec t i o n  806. 

G.  Natural Sand. Natural sand added to the base 
mater i a l  sha l l  confot·m to the requi rements of Section 
804 . 04 . 02 . 0 1 ,  Part A,  and sha l l  have a m i n imum sand equi va
lent of 60. 

I I I .  CONSTRUCT ION REQUIREMENTS 

A.  Genera l .  The subgrade sha l l  be prepared i n  accor-
dance w t th Sect i on 208 and sha l l  be mai nta i ned free from 
irregu l a r i t i e s .  Where the requ i re d  thickne s s  of the base i s  
6 inches or l e s s ,  the m i x t ure may be spt·ead and compacted i n  
one layer. Where the rt>quired t h i c knes s  i s  more than 6 
inche s , the m i xture sha l l  be spread and compacted i n  2 o r . 
more l ayers o f  approx imately equal thickne s s , and the max i 
IliUm compacted thi ckness o f  a'ny one l ayer s ha l l  not exceed 6 
i nches. Work on each layer sha l l  be performed i n  a s i m i l ar 
manner and the surface of the compacted mate r i a l  s ha l l  b e  
�ept moi � t  or prevented from d ry i ng ,  by a method approved by 
the E n g i ne e r ,  unt i l  covered w i th the next l ayer. The second 
layer may be app l i e d  i mme d i at e l y  after obta i ni ng s a t i sfac
tory compac t i o n  of the f i rs t  l ayer. 

When a b a s e  course extends under the shou l ders , the 
section under the pavement s ha l l  be constructed f i rst and 
the Contractor may defer the p l a c i ng of the rema i n i ng 
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portion of the base course under the shoulders unt i l  
after construction o f  the pav i n g  l o n e .  I n  s u c h  a c a s e ,  
the m i n i mum w i dth o f  i n i t i a l  b a s e  construction sha l l  
extend 2 feet beyond the paving l ane edges. I n  no case 
sha l l  construction j o i nts of the base l i e  underr1eath the 
proposed j o i nts of the pavement to be superimposed. 

B. Seasonal l i m i ta t i o n s .  T h e  f l y  a s h  stabi l i zed 
base sha l l  not be pl aced between the period of October 1 
and Apr i l  30. 

C .  Compo s i t i on of M i xture. The compos i t i on of the 
m i xture wi 1 1  depend upon mate r i a l s  and sources of 
mater i a l s  s e l ected for use by the Contractor. Therefore , 
the Contractor sha l l  be respons i b l e  for subm i t t i ng a 
recommended m i xture compos i ti on together w i th samp l e s  of 
each proposed i ngredient to the D i v i s i o n  of Mater i a l s  at 
l e a s t  30 c a l endar days p r i o r  to p l acement on the job 
s i te .  

T h e  i ngredient proportions of the mi xture of DGA, 
f l y  a s h ,  water, and e i ther l ime or k i l n  dust sha l l  be 
determined i n  accordance w i th procedures out l i ned i n  :rM 
C 593 , except Method 3 of KM 64-511 sha l l  be used n 
p l ace of Method C of ASTM D 1557 as referenced under b. 'l 
Propo r t i o n i ng o f  ASTM C 593. The resultant recomme 
m i xture sha l l  produce a 7-day compres s i ve strength of J 
l e s s  than 600 ps i .  

Probab l e  compo s i tions may be w i th i n  the fol l owing 
ranges: 

I ngredient* 
lime 
F l y  Ash 
DGA 

l i me • F l y  Ash - DGA 

Percent Range 
2 6 
6 20 

74 • 69 

K i l n  Dust • F l y  Ash • DGA 

I ngredi ent* 
Kl l n  Dust 
Fly Ash 
OGA 

Percent 
6 
6 

74 

Range 
12 
20 
89 

*the free water content may be appro x i mately 7 percent of 
SSO weights o f  a l l  other mate r i a l s .  

A portion of the OGA may b e  repl aced w i th natural 
sand at the Contractor ' s  op l t on ,  prov i d i ng the spec i f i ed 
gradation requi rements for DGA are met. 

The recommended compos i ti on ,  a s  submitted by the 
Contractor, w i 1 1  be checked by the D i v i s i on of Mater i a l s .  
Base mater i a l s  sha l l  not be p l aced o n  the job s i te prior 
to receipt o f  approval o f  mate r i a l s and compo s i t i on from 
the D i v i s ion of Materi a l s .  

Mater i a l  proport i ons , a s  approved for. use o n  the 
job , sha l l  be w i t h i n  the fol l ow i ng t o l e rances i n  percent 
by weight of the total mixture: 

l i me or K i l n  Dust 
F l y  Ash 
Water ( free) 
Aggregate Components 

± 0 . 5  
± 1 .  5 
± I .  0 
± 2 . 0  



D. P l ant and _Equipment. P l ant m i x ing may be accom-
p l i shed in e 1 ther a separate we i gh batch i ncrement type 
p l ant o r  a conti nuous v o l umetric proportioning type p l ant a s  
the Contractor �ay e l ec t .  

F l y  a s h  a n d  e i ther l i me o r  k i l n  dust to be we i ghed a t  
batch type pl ants sha l l  e a c h  b e  wei ghed on scales separate 

____ --f-r=..om-.-----.t-he..-.-ag�-Qa-te--ba-t-€-h-i-ng---s-c--a-l-e-s--,-------ex-c-ep-t-----tha-t-----1 
compartment for pre-proportioned f l y  ash and e i ther l ime o r . 
k f l n  dust f s  contai ned w1 th f n  the aggregate hopper and the 
pre-mixed f l y  ash and l i me or k i l n  dust for each batch t s  
weighed prfor t o  the weighing o f  the aggregate , the pre
proportioned materi a l  may be wei ghed on the aggregate scal e .  

I f  f l y  a s h  and l ime o r  k i l n  dust a r e  pre-proportioned, 
both tngredients sha l l  be dry , o r  the pre-proportioning 
sha l l  not be performed unt i l  flllmediately before belching. 

Conti nuous vol umetric p l ants sha l l  be equi pped with 
feeding and metering devices which w i l l  add the aggregate , 
f l y  a s h ,  wahr ,  and l ime or k i l n  dust i nto the pl ant f n  the 
spec i f f e d  qusnt i t i e s .  Feedf ng equi pment or procedures that 
do not cons i s tently mainta i n  the contents of the m i x ture 
w i t h i n  the spec i f ied tol e rances shal l be modi f i ed or 
replaced. The water supply system sha l l  be equipped w i th a 
posi t i ve cut� o f f  control which w i l l  stop the f l ow of water 
s i m u l taneously w i th any stoppage i n  the f l ow of aggregate 
into the pugmi l l .  

E .  M i x i ng. Water sha l l  be added to the aggregate , f l y  
a s h ,  a n d  l ime o r  k i l n  dust m i xture i n  s u f f i c ient quantity, 

. and m i x i ng sha l l  conti nue unt i l  a l l  component 1nate r i a l s  are 
evenly d i stributed through the mass and a uni form unchanging 
appearance fs obtained. Mixer components s ha l l  be regul arly 
checked for wear and e f f i c i ency. 

F. Transpo rt i ng and Spreading. Mater i a l s  shal l be 
transported to the roadbed by means o f  suitable veh i c l e s .  
The vehi c l e s  s ha l l  b e  equipped w i th protective covers when 
the t tme between l o a d i n g  the veh i c l e  and spread 1ng the 
Jnixture exceeds 30 m i nutes. Materi a l  sha l l  be depos i ted on 
a mo i s t  subgrade by approved spreading equipment. 
Depos i t i ng and spreading the mixed mater i a l s  on the roadbed 
sha l l  comrnenc·e at the point farthest from the point o f  
loading a n d  s ha l l  progress continuously as f a r  a s  practical 
wi thout breaks. No haul i ng sha l l  be done over the comp leted 
base course except as necessary to p l ace the succeeding 
layer o f  base o r  pavement. Dump i ng fn p i l e s  upon the 
subgrade w i l l  not be permitted except when spec i a l  equipment 
which d i s t r i butes the mate r i a l  uni formly 1 s  used and i s  
approved by the Engineer. 

The mixture sha l l  be spread to such width and th i c kness 
t ha t ,  after compact i n g .  the f i n i shed base w i l l  conform to 
the requi red grade and cross section. 

F l y  ash s t ab i l i zed base to be p l aced on areas inaccess
i b l e  to mechan i c a l  spreading equi pment may be spread by 
oth�r methods approved by the Engineer. 

G. Compaction and F i ni s h i ng. Immedi ately upon comple
t i on o f  each portion o f  spreading opera t 1 o n s ,  the mate r i a l  
sha l l  b e  thoroughly compacted. Mo i s ture sha l l  b e  ma i n ta i ned 
at a level suff i c i en t  to fac i l i tate compaction. I n i t i a l  and 
f i na l  rol l i ng sha l l  be performed by compac t i on equipment 
which wi l l  produce the required dens i ty and surface f i ni s h  
w i t h i n  the t i m e  l im i t  spec i f ied below. 

Al l h i gh spots on the f i n i s hed surface o f  the f i n a l  
layer outside o f  t h e  spec i f i ed tol erance s ha l l  b e  trimmed 
off to w i th i n  the spec i f i ed tol e rance p r i or to p l a c i ng tiny 
mate r i a l  thereon. The excess mate r i a l  sha l l  be removed and 
dhposed of as d i rected by the Engi neer invnediately after 
trimming and before any further rol l i ng .  Trimmed areas 
.sha l l  be rol le d .  Rol l i ng sha l l  be performed i n  such a 
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manner as to avoid the forma t i on of i rregul a r i t i e s ,  and 
the f i n i shed surface sha l l  be true to the requi red grade 
and cross section. 

Areas i nacce s s i b l e  to ro l l ers sha l l  bP compacted by 
means o f  pneumal i c  tampers or other compac t"'' l'tg equipment 
which produces the required dens:_ic:t�Y.c· ________

_
_ 

_ 
The f i n i shed base sha l l  be compacted to at least 102 

percent of the maximum densi ty determi ned by KM 64-511. 

The i n- p l ace density of each course wi l l  be deter
mi ned by nuclear gages or by KM 64-512. 

Not more than 2 1/2 hours sha l l  e l apse between the 
t i me water f s  added to the combi ned aggregat e ,  f l y  ash,  
and l i me or ki l n  dust and the t f me of comp l e t i on of f i nal 
compaction o f  the base or layer, as the case may be. Any 
mi xture that has not been compacted and f i n i s hed sha l l  
not rema i n  undi s turbed for more than 30 m i nutes. 

It is intended that a l l  trimming and f i ne grading be 
accomp l i shed during the 2 1/2 hours mentioned above, and 
that t r i mm i ng of the compl eted and cured base be l im i ted 
to occasional m i nor i rregulari t i e s .  

H .  Joints.  At the ·end o f  each day's work and when 
base operat1ons are delayed or stopped for more than 2 
hours , a construction joint shal l  be made by t r i mming the 
end o f  the compacted mate r i a l  to a vertical face. The 
s ame procedure sha l l  be fol l owed in trimming longitudinal 
edges where the abutting course is to be pl aced . 

I .  T o lerances. 

(1)  Surface Tolerance. The surface o f  the top of 
the base sha l l  be smooth and uni form and sha l l  not 
deviate more than 1/2 inch f rom the spec i f ied cross 
section at any point and sha l l  not deviate from the 
spec i f i ed longitudinal grade more than 3/8 inch in 10 
feet at any l ocation. When f i nal grading i s  to be 
performed by an automatic grading machi ne ,  the base sha l l  
be trimmed to such accuracy that the succeedi ng base 
and/or surface courses wi 1 1  meet their respective 
spec i fied surface and thickness tolerances. 

The Contractor sha l l  furn i s h  a l l devices necessary 
to check. the surface, such as s t r l ng l i ne s ,  strai ghtedge s ,  
e tc . , and the labor necessary t o  handle the. devices. 

When the completed base Is found to deviate from the 
to 1 erance s ,  the dev fat ions ,sha 1 1  be corrected after the 
7-cal endar-day curing period , by leve l i ng and wedging 
with an approved bi tuminous concrete mixture. Thi s  
correct i ve work sha l l  be perforlled a t  no cost to the 
Department. 

( 2 )  Thickness Tolerance. The base course wi 1 1  be 
checked for proper thickness after compaction. The 
Contractor sha l l  ref i l l  a l l  test holes with approved 
mixture and adequately compact the mate r i a l .  

No base with a def i c i e ncy i n  thickness greater than 
1/2 i nch wi l l  be accepted. 

J. Cur i ng. The completed fly a s h  stabi l i zed base 
sha l l  be p rotected against drying by covering with a 
b i tuminous curing seal .  The curing seal w i l l  be required 
only for the top layer. 

The curing seal sha l l  be app l ied a s  soon as 
pos s i b l e ,  but no later than 24 hours after comp l e t i on of 
f i n i s h i ng operations.  The f i n i shed base sha l l  be kept 
.. : o i s t  unt i l  the curing seal i s  app l ied.  When the 
b i tuminous material 1s app l ie d ,  the surface o f  the base 



s ha l l  be dense , free from loose extraneous mater i a l , and 
s ha l l  conta i n  suf f i c i ent Moisture to prevent penetration 
of the bi tuminous mater i a l .  

SPECIAL PROV I S ION NO. 7 0  ( 79 )  
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Payment wi l l  be made under: 

. Pay Item Pay Unit 

The curing seal  shal l cons i s t  of the b i tuminous Fly Ash Stab t l  i zed Base Ton 
--

---.a .. h·r-i.-a·l�-sve-e-1-H-e4----a-A d-----s-h-a-l-1-be-un4-f-o-l'fllly-app-l-i-e-d--to---t-h,ee---�BHi-tum-i-na-us---Cul'-f-Rg---Se-a-l---------l<>"· ------

surface of the comp l eted base a t  the rate of approximately 
1 . 2  pounds per square yard w i th approved d i s t r i buting 
equipment. The actua 1 rate and app l i cation temperature of 
b i tuminous mate r i a l  wi l l  be determined by the Engineer. The 
curing seal s ha l l  be . .  app l ied 1n s u f f i c i ent quantity to 
provide a conti nuous membrane over the base. 

No tra f f i c  or equi pment other than curing equipment 
w i l l  be permitted on the f i n i shed base unt i l  comp l etion of 7 
sati sfactory curing d ays , unl ess permitted by the Engineer. 
A satis factory curing day sha l l  be any day when the tempera
ture of the comp leted base does not fal l below 50°F. I f  any 
damage occurs to the curing seal prior to the comp l e t i on of 
the curing of the ba se , the damaged area shal l  be immediate
l y  resealed at the Contractor' s expense. 

K. Mai ntenance and Protection.  Tra f f i c  on the 
completed base shou l d  be held to the m i n i mum necessary to 
complete the worSe Areas subjected to tra f f i c  shal l be 
rechecked for grade and cross section and necessary 
corrections made, and any damaged areas repaired as 
dt rected, before the succeeding course is constructed. 

Any damage to the base by hau l i ng or other means at any 
t i me sha l l  be repa i red w i th an approved b i tuminous concrete 
Ei xture at no cost to the Department. 

Jt i s  i ntended that the base s ha l l  be comp l etely 
covered with the spec i f i ed pavement courses before the work 
i s  suspended for the winter months. The Contractor s ha l l  
make every reasonab l e  effort to accomp l i sh t h i s  object i v e .  
When t h e  base i s  n o t  compl etely covered with the spec i fied 
pavement course s ,  the Engineer wi l l  then determine the 
extent of any further work necessary to protect and mainta i n  
the uncomp leted work during the wi nter months and unt i l the 
beginning o f ·  spring paving operations. When extra 
mater i a l s 9  methods, and construction are determined to be 
necessary to protect ,  ma i ntai n ,  and repa i r  any portion o f  
t h e  uncompl eted work, t h e  c o s t  o f  s u c h  extra mate r i a l s ,  
aethods , and techniques s ha l l  b e  borne by the Contractor. 

IV. METHOD OF MEASUREMENT 

Water used for dampen i ng the subgrade, m i x i ng with the 
w!i xture , or for m a i nta i n i ng moi sture i n  the base durtng 
shaping and compact i ng wi l l  not be measured for payment , but 
wi l l  be considered i ncidental to the base. 

Fly a s h  stabi l i zed base Rlater i a l s  wi l l  be weighed fn 
accordance with Section 109; no .deduction wi l l  be made for 
water f n  the Mixture. 

B i tuminous mate r i a l  for the curing seal wi l l  be weighed 
in accordance with Section 109. 

V. BASI S  OF PAYMENT 

Payment for the accepted quant i ti es at the contract 
uni t  prices sha l l  be f u l l  compens ation for a l l l abor, 
equipment, materi a l s ,  hau l i n g ,  and i nc i denta l s  necessary to 
complete the work spec i f i ed herei n .  
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