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EXECUTIVE SUMMARY 

This report summarizes findings of l aboratory and fiel d trial eval uations 

of ponded fl y ash used as a component in a stabil ized aggregate base course. 

Three stabil ized aggregate base mixtures containing various proportions of 

dense graded aggregate , ponded fl y ash , and hydrated 1 ime were eval uated in 

the l aboratory rel ative to maximum dry density , optimum moisture content,  and 

unconfined compressive strength . The mixture that was sel ected for fiel d trial 

eval uation had the highest unconfined compressive strength and consisted of 
84% dense graded aggregate , 11% ponded fly ash , and 5% hydrated l ime. 

A 750-foot section of a 22-foot wide roadway was constructed in May 1988. 
Approximately 88 tons of ponded fly ash were util ized in constructing the 

experimental base. Prior to construction , in-pl ace Cal ifornia Bearing Ratio 

tests , moisture content determinations and Road Rater defl ection tests were 

performed on the prepared subgrade . The stabil ized aggregate base wa s pl aced 

in one 8-inch 1 i ft . During constructio n ,  rel ative compaction and moisture 

c o n te n t  of the base mate r ial  were monitored by n uc l e a r  devic e s .  P o s t  

construction eval uations incl uded Road Rater defl ection tests a n d  coring to 

obtain sampl es for l aboratory eval uation. 

De sign a n d  c o n s tructio n  procedures for the use of a ponded fly  a s h

hydrated l ime- l im e s to n e  a g g re g a te b a se have been demo n s t rated. Probl ems 

encountered during construction incl uded consistency and moisture content of 

the pozzol anic mixture and production of the material at the concrete batch 

pl ant . 

Observed performance of the pozzol anic base rel ative to the conventional 
dense  g r a ded a g g regate b a s e  h a s  been fa v o ra b l e. Compre s s ive strength  

eval uations indicate l ow initial strengths but exceptional l ong-term strength 

gain . Defl ection measurements indicate a significant increase in the overal l 
stiffne s s  of the s tructure with time. Rutting of the asphal tic c o n c r e te 

l ayers above the pozzolanic base has been minimal . 

Based upon short-term observations ,  the ponded fly ash-hydrated 1 ime

l imestone aggregate base has apparently enhanced overal l pavement performance 

a n d  con tinued use of these  materia l s shoul d be eval uated a s  l on g - te rm 

performance data ( structural stabil ity and durabil ity , freeze/thaw resistance , 

e t c . , ) become avail abl e .  I t  is q uite proba bl e that  paveme n t  l ife may be 

extended at reduced costs by using coal by-product waste material s such as 

ponded fly ash in constructing roadway bases . 

i i; 



INTRODUCTION AND BACKGROUND 

Kentuc ky has tradi tional ly been among the l eadi ng producers o f  coa l . Coa l 

fi el as of easterR KentYcky prodYce 1 o•11 sulfur, bi tumi no us coals "'hi 1 e ·�estern 
Kentucky coal fiel ds produce a hi gh-sul fur vari ety of bi tumi nous coal . Coal 

f i red el ectri c generati ng faci l i ti es are abundant i n  Kentucky and as a resul t ,  

by-products i n  the form of fly ash , fl ue gas desul furi zati on sl udge , boi l er 

sl a g ,  and bottom ash are generated i n  l arge quanti ti es. Approximately three 

mi l l i on tons of fly ash are p roduced annua l ly from Kentucky power pl ants. 

Ashes from coal - f i red pl ants consi st of fly ash and bottom ash . Fly ash , 

used i n  thi s  study , and bottom ash are codi sposed of by sl ui ci n g  to a di sposal 

pond.  These  ponds  requi re s i g n i f i c a n t  amounts of l a n d  area a n d  when  they 

become ful l ,  ei ther the ash must be removed or new ponds must be constructed,  

e i ther of which costs consi derabl e amounts of money . 

W i th the escal ati ng costs of material s and construction for h i ghways and 

s t re e t s ,  many agenc i e s c h a rged w i t h  the respon s i b i l i ty of de s i gn i n g  a n d  
c o n s t r uc t i n g  h i g hways a r e  uti l i z i n g by - produc t stabi l i zed ( pozzo l a n i c )  

mate r i a l s .  Low-strength  ( pozzol a n i c )  mate r i a l s have been used fa i rl y  

exte ns i vely i n  some areas o f  the Uni ted States a s  wel l a s  abroa d .  In  general , 

pozzo l a n i c  material s have been used to stabi l i ze an aggregate base or subbase 

by addi tion of fl y ash and l ime to produce a cementi ti ous reaction. 

Until  recently,  the use of stabi l i zed material s i n  h i g hway and street 
c o n s t r uc t i o n  i n  Kentuc ky was n o t  o f te n  c o n s i dered as bei n g  econom i c a l l y  

competi t i ve wi th abundant suppl i es of h i g h-qual i ty aggregates. However , as 

costs of production and process i n g  aggregate materi al s  have i ncreased,  so has 
the feasi bi l i ty of stabi l i zed base s ,  and parti c ul arly by-product stabi l i zed 

base material s. 

I n  Janua ry of lg87,  representati ves of the Kentucky Transportation Center 

( KTC ) and the Tennessee Val l ey Author i ty ( TVA ) met wi th representati ve s  of the 

Kentuc ky T r a n sportati o n  C a b i n e t  ( Ky TC )  to di scuss  the pos s i b i l i ty of an 

experimental proj ect us i n g  vari ous waste materi al s from TVA's Shawnee Power 

Pl a n t , n e a r  Paduc a h , K e n tuc ky , as b a se a n d  subbase course mate r i a l . The 

Kentucky Transportation Cabi net, Department o f  Hi ghways , had an upcomi ng 

proj e c t  l oc a l l y  and agreed to the e x p e r i me n tal  use of TVA's by - p roduc t  

mate r i al s .  TVA offi c i al s agreed to prov i de the by-product materi al s at no cost 

to the Department. By-product materi al s to be provi ded by TVA's Shawnee Power 

Pl ant were pond ash ( bottom ash and fly ash ) and resi due from an Atmospheric 

Fl ui d i zed Bed Combustion ( AFBC ) process . The AFBC resi due i s  a by-product 

from a p i l ot pl ant us i n g  new cl ean-coa 1 technol ogy to 1 essen the amount of 

sul fur dioxide emi ssi ons produced by coal - fi red el ectri c generati ng pl ants. 
The pond ash i s  a by-product from the more conventi anal coa 1 -fi red el ectric 

generati ng pl ants . 

T h i s  report desc r i bes t h e  p re l i mi n a ry e n g i n e e r i n g ,  c o n s t ructi o n  

acti v i ti e s ,  and i n i tial  performance eval uations o f  us i ng ponded fly ash a s  a 

component of a stabi l i zed aggregate base course . 



HIGHWAY DESIGN SPECIFICS 

The experimental project is a 750-foot section contained within the 1.5-
-------,mmli''llie�r-eeeeeetlllsfftleti e11 ef KY 3074, Bl ei cl'l Road, i 11 central McCracken County (see 

Figure 1). McCracken County is 1 ocated in the far western part of Kentucky 
and borders the Ohio River. Climate in the area is generally mild with average 
summer temperatures of 78°F and average winter temperatures of 40°F. Typical 

yearly rainfall in the region is 50 inches and yearly snowfall is typically 
about 14 inches. 

KY 3074 is a collector road extending from US 45 to KY 994. The design 
average daily traffic is 8,800 vehicles per day with approximately five 
percent trucks. The highway consists of two 11-foot lanes located in flat to 
slightly rolling terrain. The highway is crowned with turf shoulders. The 
design speed is 40 mph. Pavement thickness designs were determined on the 
basis of 410,000 Equivalent Single Axleloads and a subgrade material having an 
estimated California Bearing Ratio of 5%. The conventional pavement design for 
KY 3074 called for 8. 0 inches compacted asphaltic concrete above 4.0 inches 
crushed stone base placed on a properly compacted subgrade. 

.STA. Of5!J�--.15E"G/N 
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Figure 1. Location of Project. 
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Materials Information 

Ponded fly ash was suppl i ed by TVA and was obta i ned from TVA's Sh awnee 

Powe1 Plant located in t�cCracl<en Co�nty. Tl1e Slw.IRee Po1'1€r plaRt is located 
wi th i n  15 mi l es of the project s i te . Typi cal ly , the l oss on i gni ti on of the 

ponded fly ash ranges from 1 . 9  to 8 . 0  percen t .  The fi neness by the 325 si eve 
i s  general l y  wi t h i n  the r a n ge of 20 to 30 percent wi th spec i f i c  grav i ty 

rangi ng between 2 . 2  and 2. 4 .  Chemical composition o f  the ponded fly ash i s  

presented i n  Ta ble 1 .  Si eve analyses o f  the ponded fly ash were performed i n  

accordance wi th ASTM C 136, "Si eve Analysi s of Fi ne and Coarse Aggregates".  A 

composi te s i eve analys i s  i s  presented i n  Fi gure 2. 

Hydrated l i me was suppl i e d  by the Mi s s i s s i p p i  L i me Compa ny , Ste . 

Genev i eve,  Mi ssouri , through the Federal Materi al s Corporati on , Paducah,  

Kentucky . Spec i fi c s  descri b i n g  the characteristics of the hydrated 1 i me are 

l i sted i n  Tabl e 2. 

L i me s to n e  aggregate mate r i a l s were supp l i ed by Reed Crushed Stone  

Company , G i l bertsvi l l e ,  Kentucky . The 1 i mestone aggregate source is  1 ocated 

wi thi n 25 mi l es of the project s i te .  Aggregate properties are summari zed i n  

Tab l e  3 .  

TABLE 1 .  CHEMICAL ANALYS I S  OF PONDED FLY ASH 
======================================================== 

El ement/Parameter 

Moi sture Content 

Loss on Ign i t i on 

F i neness 

Speci fic  Grav i ty 

Si l i con Di oxi de Si 02 
Al umi num Oxi de Al 2o3 
I ron Oxi de Fe2o3 
Cal c i um Oxi de CaO 

Magne s i um Oxi de t�gO 

Sodi urn Oxi de Na2o 

Potass i um Ox i de K2o 

Ti tan i um Di oxi de Ti 02 
Sul fur Trioxide so3 
Phosphorus Pentoxi de P205 
p H  

3 

Typi cal Range of 
Concentrati on 

Less than 1% 

1 . 9 - 8 . 0% 

20 - 30% 

2 . 2  - 2 . 4  

41 - 58% 

18 . 1  - 28 . 6% 

3 . 9  - 26% 

0 . 8  - 4 . 5% 

0 . 7 - 1 . 4% 

0 . 2  - 0 . 6% 

1 . 5  - 3 . 3% 

1 . 0  - 1 . 9% 

0 . 1  - 2. 2% 

n i l  - 1 . 5% 

4 . 1  - 9 . 5% 
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Figure 2. Average Gradation of the Ponded Fly Ash. 

TABLE 2. CHEMICAL ANALYSIS OF HYDRATED L IME 
============================================ 

Element/Parameter 
Typical Range of 

Concentration 
--------------------------------------------
Moisture Content 0.3 - 0.95% 

Loss on Ignition N/A 

Fineness (325 Sieve) 92.0% 

Specific Gravity 2.2 

Calcium Carbonate Caco3 0.65 - 1.75% 

Calcium Hydroxide Ca(OH)2 96 - 97.2% 

Magnesi urn Oxide MgO 0.38 - 0.55% 

Calcium Sulfate Caso4 0.15 - 1.0% 

Silicon Dioxide Si02 0. 38 - 0.65% 

Iron Oxide Fe2o3 0.07 - 0.10% 

Aluminum Oxide Al2o3 0. 20 - 0. 30% 

--------------------------------------------
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TABLE 3. PROPERTIES OF L IMESTONE AGGREGATE 
================================================================ 

Gradation 

S1eve Percent Passing Physical Characteristics 

2" Spec i fi c  Gravi ty ( SSD) 2 . 66 
1-1/2" Absorption  1 . 0% 

1 " 100 L .  A. Wear ( 500) 1 9% 

3/4" 92 Sand Equi val ent Val ue 83% 

1/2" Mi nus 200 Wa sh 7 . 3% 

3/8" 59 
No . 4 37 

No . 8 

No . 1 0  21 

No . 1 6  

No . 30 

No. 40 13 

No. 50 

No. 100 

No . 200 8 

Mi xture Design 

Three stabi l i zed aggregate base mi xtures contai n i ng vari ous proporti ons 

of ponded fly ash , hydrated 1 ime ,  and dense graded aggregate were eval uate d .  
I n i ti al  e v a l uat i o n s  o f  t h e  s t a b i l i ze d  a g gregate m i x tures c o n s i sted o f  

determi n i n g  moi s ture-density relati onshi ps and ul timate compressive strengths 

of sampl es. Mi xture composi tions are summari zed i n  Kentuc ky Department of 

Hi ghways' Speci al Note for Experimental Use of Waste Material s i n  Hi ghway 

Construction ( see Appendi x A). Mo i sture-densi ty rel ati ons were determi ned i n  

general  acco rdance wi th ASTM D 1 5 5 7 , Method C ,  ( 1 ). Dev i a t i o n s  from that  

method i nvol ved the use of a 5. 5-l b rammer hav i ng a 12- i nch free fal l and  5 

l i fts were repl aced wi th 3 l i fts . Maximum dry den s i ty and optimum moi sture 

c o n t e n t  were determi ned usi n g  a p o l y n om i a l c urve fi tti n g  p roced ure. A 

smoothi ng techni que was used to el imi nate l ocal i zed changes i n  concavi ty .  

Appendix  B contai ns resul ts of moi sture-dens i ty rel ationships for the three 

mi xtures eval uated. 

Specimens for eval uation of compressive strength were prepared i n  general 

accordance wi th ASTM C 593 ( 2),  i n  4- i n .  by 4. 6- i n. mol ds . Spec imens were 

compacted at the optimum moi sture content,  as determi ned previously. The 

specimens were cured i n  general accordance wi th ASTM C 593 . Specimens were 

pl aced i n  seal ed pai nt cans and c ured i n  a 100° F oven for four , seve n ,  1 4 ,  

a n d  28 days. ASTM C 593 requi res submerg i ng samp l e s  for four hours pri or to 

5 



compressive strength testi ng; howeve r ,  the pozzol anic  specimens began to slake 

wi th i n a short time after submergence . The occurrence of sl aking  was more 

pronounced for the specimens c ured the shortest peri od of time . The specimens 

11ere teste a for com13ressi ·:e streAgti1 development i A accordance with P.STM C 39 
{ 3 }  a fter removal  from the soa k i n g  ta n k . Appe n d i x B c o n ta i n s  re s ul t s  o f  

unconfi ned compressive strength determi nations for each mi xture . 

T h e  t h r e e  s t a b i l i z e d  a g g r e g a te b a s e  m i x t u r e s  c o n t a i n e d  v a r i o u s  

proporti ons o f  ponded fly ash , hydrated 1 ime , and dense graded aggregate . 

Tri a l  mixture des i gns are summari zed i n  Tabl e 4.  The amount of ponded fly ash,  

in  the three mi xes eval uate d ,  varied from s i x  to 11%.  The amount of hydrated 

1 ime i n  the mi xes vari ed from three to five percent. Dense graded aggregate 

vari e d  from 84 to 9 1 %  of the total m i xture . Ave rage re s ul ts o f  mo i s ture

densi ty and unconfi ned compressive strength determi nations for the three 

mi xtures are l i sted i n  Tab l e  4 .  Because of the ul timately hi gher compressive 

stre n g th developme n t ,  m i x  n umbe r two was  c ho s e n  for the o p t i mum m i xture 

des i gn . The opti mum moi sture and maximum dry dens i ty of the opti mum mix was 

9 . 6% and 130 . 6  pcf ,  respectively .  These values represent the mean of at l east 

two seri es o f  tests performed to determi ne the optimum moi sture and maximum 

dry den s i ty relati onsh i p s .  Fi gure 3 i l lustrates a typi cal determi nati on of the 

optimum moi sture content and maximum dry densi ty for the mi xture conta i n i n g  

84% dense graded aggregate , { DGA } ,  1 1 %  ponded fl y a s h ,  a n d  5 %  hydrated l ime . 

TABLE 4 .  SUMMARY OF MOI STURE -DENS ITY RELAT I ONSHIPS 

AND COMPRESSIVE STRENGTH DEVELOPMENT 
========================================================= 

Opti mum Maximum Age Average 

Moi sture Dry At Compressive 

Mix Mi xture Content Densi ty Break Strength 

No . Component { % }  { pcf }  { days }  { ps i } 

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

1 Fly Ash: 9% 9 . 2  133 . 6  7 305 
Lime : 4% 14 595 

DGA: 87% 28 695 

2 Fly Ash :  11%  9 . 6  130 . 6  7 260 

Lime : 5% 14 535 

DGA: 84% 28 780 

3 Fly Ash : 6% 8 . 4  135 . 2  7 220 

Lime : 3% 14 445 

DGA: 91% 28 650 

6 



� 

- -- -- -- --
0 

v � ' I 0 

� I 
,--

1/ " 
" I I 

I 
I 

0 

I � .; 
� I 

I "' 
g I " I 1'-U-N 

u- I 
._ I" --

.o '\ ,__o I I 
... . I 
-N 

II I ' ., -
z [', w I Do 

0 I 
,__ . "'� I 
o- I I 

I I -+-0 

I I 0 

+-+� . 
N 

I 
-t-+--I g I I � _:_ � 

j I 

0 
0 

� 
-..,, 20 7. 60 e.oo B. 4.0 B. BO 9. 20 9. 60 10. DO 10. 40 10.80 11.20 II. 60 

MOISTURE CONTENT, W'l. 

Figure 3. A Moisture-Density Determination for Mix No. 2. 

Pavement Thickness Design Procedures 

Thickness design procedures for flexible pavements in Kentucky have been 
developed on the basis of a limiting strain-repetitions criterion (4). The 
flexible pavement criterion limits the vertical compressive strain at the top 
of the subgrade and the tensile strain at the bottom of the asphaltic 
concrete. Preliminary analyses indicated elastic layer concepts may also be 
applied for thickness design of pozzolanic bases (5). Thickness design 
requirements for the pozzolanic base alternate were determined by using the 
K entucky flexible pavement design p r o cedure to determine thickness 
requirements using conventional materials (asphaltic concrete and crushed 
1 imestone). American Association of State Highway and Transportation 
Officials' (AASHTO) structural coefficients a1 

= 0.44 for the asphaltic 
concrete and a2 

= 0.14 for crushed stone were used to determine the structural 
number for the conventional design determined from the Kentucky procedure (6). 
The structural number (SN) was then used in combination with the AASHTO design 
equation; 

[1] 
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and structural coeffi ci ents for asphal ti c concrete a1 
= 0 . 44 and a2 

= 0 . 28 for 

the pozzola n i c  base material to determi ne the thickness requi rement for the 

pozzola n i c  base materi al . The thickness des i gn requi rements based on these 

a�alyses iAdicated a pozzolaAic base thickAess of 8.0 iRches. 
The pavement des i gn of the experimental pozzo l a n i c  section a l so speci f i ed 

a stress reli e f  l ayer ,  to mi nimi ze the occurrence of reflecti ve crac k i n g ,  2.0 

i nches of compacted bi tumi nous concrete base , 1 . 5-i nches compacted bi tum i nous 

bi nder,  and 1 .  0-i nch compacted bi tumi nous concrete surface . A bi tumi no us tack 

coat was spec i fied between bi tumi nous concrete l ayers. A typi cal secti on for 

the e x p e r i me n tal  secti o n  i s  shown i n  F i g u re 4. The c o ntrol secti o n  was 

conventi onal ly desi gned and constructed and consi sted of 4.0 i nches of crushed 

aggregate base , 5 . 5-i nches compacted bi tumi nous concrete base,  1 . 5-i nches 

compacted b i tumi nous  conc rete bi n d e r  a n d  1 . 0- i n c h  compacted b i tumi n o u s  

concrete surface . A bi tumi nous tack coat was speci fied between bi tumi n o  us 

concrete layers.  A typi cal sect i on for the experimental section i s  shown i n  

Figure 5 .  A schemati cal di agram deta i li n g  1 ocati ons of the experimenta 1 and 

control secti ons is shown i n  Fi gure 6. 

CONSTRUCTION PROCEDURES 

The proj ect, McCracken County SSP 073 3074 000-002 ,  i s  a combi ned grade , 

drai n ,  and  su rfac i n g  p roj e c t. The c o n t ra c t  was awa rded to J i m  Smi t h  
Contracti ng Company , I nc . ,  a n d  Subsi di ari es,  of Grand Ri vers , Kentucky o n  June 

30 , 1987 . Gradi ng and drai nage work were i ni ti ated dur i n g  August, 1987 . 
Preparation  of the soi l subgrade was compl eted i n  May 1988 . Measurement 

o f  i n- s i tu subgrade strength , by KTC personnel , was in  general accordance wi th 

ASTM D 1883 ( 7 ) ,  except t h a t  the tests were perfo rmed on the s o i l  i n  i ts 

actual i n-s i tu condi t i o n .  Measurement of subgrade strength was also by the 

Clegg Impact Test using  the Cl egg Impact Soi l  Tester (8).  Moi s ture content of 

the soi l for these tests was determi ned i n  accordance wi th ASTM D 2216 ( 9 ).  
Val ues of Cal i forn i a  Beari ng Ratio ( CBR) for each method of  determi nation and 

s u bgrade m o i sture c o n t e n t  are c o n ta i ne d  i n  Ta b l e  5 .  The i n- s i tu beari n g  

strength a n d  moi sture content o f  the subgrade materi al s were not that uni form 

or consi ste n t .  The subgrade of the pozzol a n i c  section had an average i n- s i tu 

CBR of 43% and moi s ture content averaged 6 . 9 % .  The subgrade of the control 

s ec t i o n  a v e raged 33% a n d  14 . 6% fo r the i n- s i tu C B R  a n d  moi sture  c o n te n t ,  

respectivel y .  

Constructi on o f  the experimental base began June 1 ,  1988 . Construction 

requi rements are summari zed i n  Kentucky Department of H i ghways' Spec ial  Note 

for Experimental Use of Waste Material s i n  Hi ghway Construction ( see Appendix 
A). The ponded fl y ash and 1 ime stabi l i zed base materi al s were blended at the 

Federal Materi al s Corporation's concrete batchi ng pl ant l ocated on the I - 24 

Busi ness Loop i n  Paducah . The pl ant was a separate weigh-batch i ncrement type 

8 



SECTION B STA. 52+50 TO 60+00 
GRADE, DRAIN, end FLEXIBLE PAVEMENT 

-USING· 

1" +/- Compacted Depth Bituminous Concrete Surface Class I 
Bituminous Tack Coat !Apply As Directed By The Engineer! 
(Between Each Coarse I 
1 1/2" +;. Compacted Depth Bituminous Concrete Binder 
Class I 
2" +t� Compacted Bituminous Concrete Base Class I 
D.56 gal/sq yd SAMI 30 lb/sq yd SAM I Cover Aggregate 
&"+f. Pozzolanlc Base 

Figure 4. Typical Section and Detail for the Pozzolanic Section. 

ct 
11'-ll---11'1 6'---1 

-�1[ "�:1L·--���1�t�4�·:�1�·������1�t���·:�1�·�����Vl� 1�":11·�----
� I = ---

Detail B 

STA. 0+59.6 TO 45+00 AND 67+50 TO 80+00 
NEW CONSTRUCTION: GRADE, DRAIN, end FLEXIBLE PAVEMENT 

·USING· 

1" +; · Compacted Depth Bituminous Concrete Surface Closs I 
Bituminous Tack Coat !Apply Ao Directed By The Engineer) 
(Between Each Coarse! 
1 1/2" +;. Compacted Depth Bituminous Concrete Binder 
Class I 
5 1/2" Compacted Depth Bituminous Concrete Base Class 12- 2 3/4" Coersesl 

4"+/- Compacted Depth Dense Grade Aggreg1te Base 

Figure 5. Typical Section and Detail for the Control Section. 
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KY 3074 -- BLEICH ROAD 

AFBC CONCRETE POZZOLANIC 
STAB I L IZ E D  

BOTTOM ASH CONVENTIONAL 
BASE 

SECTION 

BASE 

SECTION 

SUBBASE 

SECTI ON 

( CONTROL )  

SECTION 

: --------------- : --------------- : - -------------- : - -------------- : 
STA 45+00 STA 52+50 STA 60+00 STA 67+50 STA 75+00 

Fi gure 6. Sc hematic Deta i l i ng Locati on of Experimental and Control Secti on s .  

TABLE 5. SUMMARY OF SUBGRADE CONSTRUCTION I NFORMATION 
===================================================== 

Station 
Number 

Moi sture 
Content 

(% l 

I n-s i tu Cal i forn i a  Beari ng Rati o 
ASIM D 1883 Clegg Hammer 

(% l (% l 
-- - --------------------------------------------------

Pozzo l a n i c  Section 

53+50 Rt 6. 1 49 48. 1 

55+00 L t  4. 6 47 43. 1 

56+50 Rt 7. 5 39 43 . 1  

58+00 L t  1 1 . 4  13 12.9  
59+50 Rt 5.0  65 59. 7 

Control Section 

68+50 Rt 15. 5 7 7 . 6  

70+00 Lt 1 1 . 6  77 33. 3 

7 1+50 Rt 1 1 . 1  46 32. 1 

73+00 Lt 1 6. 6  19 1 0. 1  

74+50 Rt 1 8 . 0  16 5.2 

p l a n t . P l a n t  e q u i pme n t  i n c l u d e d  a l l c o m p o n e n t s  a n d  a c c e s s o r i e s  f o r  
stabi l i zation-type mixi ng pl ants deemed necessary for proper performance .  The 

ponded fly ash and dense graded aggregate were s toc kp i l ed wi thout protec tion 
and the hydrated l ime was pumped from a pneumatic truck to a storage s i l o .  The 

ponded fly a s h  a n d  dense graded a g g re g a te were l oaded o n to an aggre g a te 

conveyor bel t at prevai l i ng moi sture contents and transported to the mixe r .  

T h e  hy drated l i me was dry fed f rom t h e  s i l o  o n to an aggre g a te bel t a n d  

c a r r i e d  to t h e  mi xer . The amo un t o f  m i x i n g water requi red for o p t i mum 
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conditions was generally estimated and the proper amount of water required for 
blending was arrived at accordingly. Appendix C contains information relative 
to production times and material quantities used. The blended base material 
was transported approximately 15 miles to the paving site in dump trucks. 

The base materials were end dumped into and spread by a conventional 
aggregate spreader box pushed by a small bull dozer (see Figure 7). The 8.0 
inches of base material was placed in one lift and compacted using a steel
wheeled vibratory roller having a minimum weight of 10 tons (see Figure 8). A 
motor grader was used to trim the material to proper grade. Because of 
scheduling difficulties at the concrete batch plant, three days were required 
to complete placement of the base material. Summaries of calculated material 
quantities for production of the ponded fly ash-hydrated lime-limestone 
aggregate road base are listed in Table 6. 

During construction, placement and compaction operations proceeded 
smoothly when material was available. Placement of the pozzolanic base 
material was hindered by a lack of production at the concrete batch plant. The 
base material was placed on Wednesday, Friday and Saturday, June 1, 3, and 4, 

1988, respectively. The number of truck 1 oads delivered to. the jobsite on 
Wednesday was only 1 5 ,  or about 215 tons of material. After delivery of the 
first load Wednesday morning, problems at the concrete batch plant caused a 
244 minute interval between the first batch and second batch. Because of these 

delays, Thursday' s production was canceled and Friday' s production was delayed 
until after noon. Twenty-two truck loads, or about 320 tons of material, were 

Figure 7 .  Placing the Experimental Base Material. 
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Figure 8 .  Compacting the Experimental Base Material . 

TABLE 6 .  BASE MATERIAL QUANTITIES 
====================================== 

Material 

Quantity 

( Tons) 

Percent of 
Total 

(% ) 

DGA 666. 82 84.0 
Ponded Fly Ash 88 . 10 11. 1 

Hydrated Lime 3 8 . 87 4.9  

Total s 793 . 79 100.0 

del ivered to th e jobsite on Friday a ftern oon . The 750-foot experimental  

section was c ompl eted Saturday morning, June  4, 1988 . Twenty truck l oads, or 

a bout 2 9 2  tons of materia l , were pl a c ed on the fina l  day . Overal l ,  the 

consistency of the mix appeared to be  fairly good . There were,  however , some 

material segregation and excess moisture observed 1n some of the l oads. The 

initial l oads often contained excess moisture,  l ater l oads were sometimes not 

12 



mi xed very thoroughl y .  The addi ti onal moi sture i n  the i ni ti al l oads often 

del ay ed compac t i o n . t�a teri  al segre g a t i o n  may promote softe n i n g  o f  the 

compacted pozzol anic base i n  the future . 

A compac ti 011 'equi r ement of no 1 ess tl1an 100% of 1 aboratory 9ry d€!1'1Si cy 

was speci f i ed for the pozzol anic  base construction.  I n-pl ace densi ties of the 

compacted pozzol anic  base material were determined by nuc l ea r  gages usi ng 

appl i cabl e Kentucky Departmen t  of Hi ghways' Test t�ethods ( KM 64-512) ( 1 0) .  A 

total of ten measurements were made for densi ty and mo i sture content.  A 

summary of construction den s i ty measurements i s  presented i n  Table  7 .  As 

i l l us t rated i n  Tabl e 7 ,  e i g h t  o f  ten mea s uremen t s  met o r  exceeded the 

spec i fi ed 1 00% of maxi mum dry densi ty .  A 5-hour time l i mi t between mi xing and 

compl eti on o f  compaction was spec i fi ed .  It al so was i ntended that al l trimmi ng 

and fi ne gradi ng be accompl i shed duri ng the 5-hour period.  

A bi tumi nous curi ng seal was pl aced over the compacted base to prevent 

excess evaporation of moi sture from the pozzol ani c materi al . The appl i cation 

rate of the b i tumi nous c ur i ng seal was estimated to be 1 . 2  pounds per square 

yard per i nc h  of depth . The requi red cur i n g  seal was to be pl aced as soon as 

possi bl e ,  but no l ater than 24 hours after compl etion of fi n i s h i ng operati ons . 

Al though a 5-hour time 1 imi t between m i x i n g  and compl eti on of compacti on was 

spec i fi e d ,  where l oads contai ned excess moi sture, the experimental pozzol anic  

b a s e  rema i n e d  s o me w h a t  pl a s t i c  f o r  s e v e r a l  h o u r s .  T h i s r e s ul t e d  i n  

di ffi cul t i es i n  pl aci ng the c uri ng membrane wi thi n  the spec i fi ed 24-hour 

period si nce the asphal t di stri butor woul d often rut the pl asti c base . 

To prevent the occurrence of refl ective cracki ng i n  the aspha l t  l ayers , 

known to be assoc i ated wi th pozzol anic  bases , ( 1 1), a pol ymeri zed emul s i on was 

TABLE 7. SUMMARY OF DENS I T I E S  FOR 
POZZOLAN I C  BASE CONSTRUCT! ON 

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

Moi s ture Fi el d 
Stati on Content Den s i ty 
Number Offset ( %) ( %  o f  optimum) 
--------------------------------------------

53+05 Rt 1 0 . 1  100 . 8  

53+80 L t  1 0 . 3  100 . 0  

55+76 Rt 8 . 8  94 . 6  
55+ 54 Rt 9 . 1  102. 5 

56+00 L t  1 0 . 0  99 . 0  

56+00 Lt 10. 2 100 . 0  

57+25 Rt 7 . 9  1 00 . 0  

57+25 Rt 7 . 7  101 . 4  
53+90 L t  7 . 6  1 01 . 0  

53+ 50 Rt 8. 4 100 . 9  
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used with 9M l i mestone chips  ( 3/8-i nch maxi mum) to cons truc t a stress rel i e f  

l ayer approximately 1/2 i nch thi c k. Appl i cation rates o f  the pol ymeri zed 

emul s i on and l imestone chi ps were estimated to be 0. 56 gal l on per square yard 

and 30 potlnds pe1· S(jtlare yard , 1·espectively. 

Asphal t pavement construction was begun approximately 10 weeks after 

pl acement of the pozzol a n i c  base materi al .  Asphal tic concrete was pl aced and 

compacted in three 1 i fts : base , bi nde r ,  and surface. Pl acement of asphal tic 

concrete l ayers was del ayed due to observati ons being made on two addi ti onal 

experimental secti ons where i n  res i due from an AFBC process was uti l i zed i n  

constructi ng base and subbase pavement 1 ayers. These experimental secti ons 

were constructed conti guous to the experimental ponded fly ash-hydrated l ime

dense graded aggregate base. Eval uations rel ative to the use of AFBC res i due 

in  base and subbase pavement l ayers wi l l  be deta i l ed in  a separate report. 

EVALUATIONS 

Dur i n g  and after constructi on , i nvesti gations rel ati ve to the engi neeri ng 

properti es of the pozzol ani c base mixture conti nued. During  constructi on , 

spec i me n s  were c ompacted at the j ob s i te fo r ve r i f i c a t i o n  o f  dens i t i es .  

Moi sture content sampl e s  al so were obta i ne d .  Fiel d compacted spec imens were 

taken to the l aboratory ,  cured under ambient condi tions i n  seal ed pl astic 

sampl e bags, and subjected to destructi ve testi n g .  Addi ti onal l y ,  cores of the 

pozzol ani c base were obtai ned at various times and tested for compressive 

strength and stati c chord el astic modul us. Road Rater defl ecti on surveys were 

performed on compacted subgrade , cured base materi al , and asphal tic concrete 
1 ayers. However ,  for thi s  report, the focus of Road Rater analyses wi 1 1  be 

l i mi ted to the subgrade and pozzol a n i c  base only. Vi sual di stress and rutti ng 

surveys were performed to assess the condi tion of the pavement. 

Densi ty, Moi sture, Compressive Strength and Modulus of El asti ci ty of the 

Pozzolani c  Mi xture 

Spec i me n s  were compacted a t  the j ob s i te f o r  e val u a t i o n s  rel a t i ve to 

densi ty and moi sture. Specimens for densi ty determi nati ons were prepared i n  

general accordance wi th ASTM C 593 i n  4- i n. by 4. 6-i n. mol ds. Devi ati ons from 

that  method i n vol ved the use o f  a 5 . 5 - l b .  hamme r  a n d  a 1 2- i n. free fal l 

i nstead of the spec i fied 1 0- l b. hammer and 18-i n .  drop. Sampl es were wei ghed 

i n  the fi el d and wet den s i ti es were cal cul ated. The 4-i n. by 4. 6-i n. sampl e s  

were to have been cured i n  seal ed pai nt cans under various con d i ti ons a n d  used 

for compres s i ve strength and e l a s ti c  modul us determi nations. However ,  whi l e  

transporti ng the specimens to the l aboratory ,  the specimens sl umped and these 

tests were not attempted. I n stead, 6-i n .  by 12- i n. pl asti c cyl i nder mol ds were 

u ti l i ze d  i n  maki n g  sampl e s  for compre s s i ve s tr e n g th and  e l a s t i c  modul u s  
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determ i n a t i on s .  The specimens  were compac ted i n  the fi e l d a n d  a l so w e re 

prepared i n  general accordance wi th ASTM C 593 . Dev i ati ons from that method 

i nvol ved the use of 6- i n .  by 12- i n .  cyl i n der mol ds and the use of a 5 . 5-l b. 

flammer ·,dtt1 a 12 iA. free fall insteac:l of 4 in by 4 6-in molds and the 
spec i fi e d  10- l b .  hammer wi th an 18- i n .  drop . 

To veri fy sati sfactory compactive effort whi l e  prepari ng the 6-i n .  by 1 2-

i n .  cyl i nder mol ds,  wet densi ti es were cal cul ated for al l compacted specimens . 
Sampl es of the pozzo l a n i c  base material  al so were obta i ned from sel ected 

series of specimens for moi s ture content determi nati ons. Usi ng these resul ts, 

dry den s i t i es of those spec i men were cal cul ated. After compacti o n ,  pl astic 

caps were pl aced on the cyl i nders and each cyl i n der was pl aced in a pl asti c 

sampl e bag and sealed  wi th tape to hel p prevent l oss of moi sture. Specimens 

remai ned at the j obsi te unti l the fi nal day of pl acement operations and then 

were transported to the l aboratory i n  Lexi ngton for destructive testi ng. 
Specimens were cured at ambient temperature in seal ed pl asti c bags in the 

l aboratory .  Unconfi ned compres s i ve strengths were determi ned i n  accordance 
wi th ASTM C 39. The static c hord el asti c modul u s  was determi ned i n  accordance 

wi th ASTM C 469 (12). Specimens were tested at seve n ,  14, 28 , 56, and 112 

days. The resul ts of these analyses are presented i n  Tabl e 8. 

An i nspecti on of the compres s i ve strengths of f i el d compacted spec imens 

contai ned i n  Tabl e 8 i l l ustrates the l ong-term strength gai n characteri sti cs 

of the ponded fly as h-hydrated 1 ime-1 i mestone aggregate base. Average seven
day compressive strengths were only 65 psi . There were no data obtai ned at 

seven-days for stati c chord el astic modul us because of weak sampl es and fear 
of damaging the compressometer and dial  gages. At 14-day s ,  the compressive 

strength had i ncreased to an average of 1 20 psi  with a stati c chord el asti c 

modul us of about 64 , 000 psi . The 28-day average compressive strength i ncreased 

to 265 psi . The stati c chord el asti c modul us i nc reased al most tenfol d over the 

14-day modul us to 573 , 000 psi . Average val ues for compressive s trength and 
stati c chord el astic modul us , at 56 and 112 days , had i nc reased to 645 psi and 

1 , 497 , 000 psi , and , 1 , 600 psi and 2 , 830,000 psi , respecti vely . Al though an 

attempt was made to simul ate proper compactive effort , obvious di fferences 

exi sts between fiel d compacted specimen and fiel d cores . The sparse modul us 

data presented i n  Tab l e  8 refl ect some of the probl ems . The 6- i n .  by 1 2- i n .  

fiel d compacted spec imens often exh i b i ted l arge numbers of voi ds o n  the i r  

si des and,  therefore , data coul d not be obtai ned usi ng the compressometer .  As 

a measure of the compactive effort, the wet den s i ty of specimens compacted at 

opti mum moi sture content shoul d have been 143. 14 pounds per cubic foot. 

Kentucky Transportati on Ce nter ( KTC) personnel vi si ted the project s i x  

months after the experimenta 1 base was pl aced and obtai ned three core s  from 

the pozzol a n i c  base . The core sampl e s  were transported to the KTC l aboratory 

for eval uati ons rel ative to compres s i ve strength and stati c c hord e l astic 
modul us.  The cores were tested at approximately 270 days of age . The average 

compressive strength of the three fiel d cores was 2, 055 psi . Because of sampl e 
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TABLE 8 .  C0�1PRES S I VE STRENGTH , ELASTI C  MODULUS,  AND DENS I TY 
OF FIELD  COMPACTED 6-i n .  BY 12- i n .  SAMPLES 

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

Wet Moisture I'Jry Age Compr·ess i ve E:lastic 
Sampl e Densi ty Content Densi ty at Test Strength Modul us 
Number ( pcf) (%) ( pcf) (days) (ps i )  (ps i )  
---- ------------------------ --------------- --------------------

1-1 142 . 70 7 80 
1 -2 144 . 28 14 130 
1-3 144 . 74 28 325 730,745 
5-1 130. 78 7 140* 
5-2 132.72 14 
5-3 131 . 60 28 275 
9-1 135 . 22 7 
9-2 141 . 33 14 135 
9-3 135 . 27 28 260 

13-1 133 . 33 7 130* 
13-2 135 . 57 14 
13-3 130 . 38 28 125 
17-1 144 . 59 8 . 6  133 . 14 7 35 
17-2 145 . 00 8 . 3  133 . 89 14 140 53, 730 
1 7-3 144 . 28 8 . 0  133 . 59 28 275 520, 260 
21-1 143 . 88 8 . 8  132 . 24 7 40 
21-2 143.47 9 . 0  13 1 . 62 14 80 52,635 
21-3 142. 70 8 . 8  131 . 16 28 220 299 , 680 
25-1 144 . 54 8 . 5  133 . 22 7 50 
25-2 142.86 8 . 6  131 . 54 14 110 
25-3 144 . 44 8 . 7  132.88 56 715 1 , 630,830 
29-1 145 . 00 9 . 0  133 . 03 7 
29-2 145 . 5 6  8 . 9  133 . 66 14 135 79' 310  
29-3 143 . 62 9 . 3  131 . 40 28 330 743 , 745 
33-1 147 .41 8 . 3  136. 1 1  7 50 
33-2 145 . 86 8 . 4  134 . 56 14 85 70, 565 
33-3 147 . 95 7 . 9  137 . 12 56 570 1 , 363, 340 
37-1 143 . 88 7 65 
37-2 143 . 47 14 105 
37-3 141 . 07 28 300 
41-1 143 . 62 7 65 
41-2 142.96  14 140 
41-3 144 . 08 112 1 , 795 3 , 15 5 , 215 
45-1 135 . 47 7 95 
45-2 140. 62 14 145 
45-3 142 . 65 112 1 , 400 2 , 503 , 940 
50-1 129 . 62 7 70 
50-2 133 . 33 14 
50-3 136.90 28 265 

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

NOTE : * i nd i cates l ess than 2 to 1 l ength to di ameter rati o .  
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preparation techniques, only one core was tested for static chord elastic 
modulus. The static chord elastic modulus for this core was 1,670,000 psi (see 
Figure 9 ). Results of these analyses are considered more representative of the 
compressive strength and el as tic nrodul us of the pezzel ani c mi xtu��caau�sS�e�t�h�e-----
tests were performed on actual field cores. The results certainly illustrate 
the long-tenn strength gain characteristics associated with the ponded fly 
ash-hYdrated lime-limestone aggregate mixture. 

Road Rater Deflection Measurements and D,ynamic Analysis 

Structural evaluation of the in-place pozzolanic base material was 

conducted using a Model 400B Road Rater. The Road Rater applies a steady state 
vibratory load to the pavement structure and records the corresponding 
deflections at several radial distances from the center of the load. The 
magnitude of the vibratory load is a function of loading frequency and 
vibrating mass. The loading limits of the Road Rater are 0 to 2,400-pounds 
force. A dynamic stiffness may be calculated using the deflection 
measurements. The dynamic stiffness is calculated by dividing the applied 
dynamic load by the deflection directly under the load. It may be represented 
in terms of pounds-force per inch. The dynamic stiffness is a measure of the 
structural capacity of the material. 
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Figure 9 .  Stress-Strain Curve for Field Core. 
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Defl ection measurements were obtai ned at various stages of construction . 

t�ore spec i fi ca l l y ,  defl ecti on measurements were obtai ned on the compacted 

subgrade and after pl acement of the pozzo l an i c  base materi al . De fl ection 

111easur eme11ts also were ebtaiAea at \1-a-1'-'kHJs times after pl aceme�t of the 
asphal tic concrete materi al . Howeve r ,  for thi s report, the focus o f  Road Rater 

analyses wi l l  be l imi ted to the subgrade and pozzo l a n i c  base onl y .  

Defl e c t i o n  me a su remen t s  we re made a t  50- foot i n terva l s a l o n g  the 

centerl i ne of each dri vi n g  l ane and al ong the centerl i ne of the roadway . Tests 

were conducted for dynamic l oadi ngs of 600-pound force and 1, 200-pound force . 

Mean val ues of stiffness were cal cul ated for each pass and for both l oadi ngs. 
The defl e c t i o n  measu reme nts were conducted  on the c ompacted su bgrade 

immedi ately before pl acement of the pozzo l a n i c  base materi al s and on the 

pozzol anic  base material at vari ous ages. Test were conducted at seven ,  14,  

28 , 42,  5 2 ,  and 68 day s  after f i n a l  p l ac eme n t  of t h e  base . The dyn am i c  

sti ffnesses cal c ul ated for each di rection a t  each age are shown i n  Fi gure 10.  

It may be seen from thi s  fi gure that the appl i cati on of the pozzol anic  base 

material  greatly i ncreased the structural capac i ty of the roadway . 

The l ong- term strength gai n characteristics of the pozzol anic  material i s  

further i l l ustrated i n  Fi gure 10.  Hi gher dynami c sti ffness val ues are recorded 

through 42 days. After 42 days, the gai n  i n  strength has decreased,  as waul d 

b e  e x p e c t e d . I t  may a l so b e  s e e n  t h a t  b ey o n d  4 2  day s ,  t h e r e  i s  some 

variabi l i ty i n  the dynamic  stiffness. Thi s  i s  most 1 i kely due to seasonal 

changes and the resul ti ng vari abi l i ty i n  the subgrade materi al s.  

Vi sual Survey and Rutting Characteri stics 

The experi me ntal  and c o n trol  sec t i o n s  have been v i su a l l y  surveyed 

p e r i o d i c a l l y  f o r  o b se r v a b l e  p a v e m e n t  d i s t r e ss s i n c e  c o m p l e t i o n  o f  

construction . Factors such as pavement rutti ng and crac k i n g  were of pri nc i pl e  

concern . Overal l ,  both sections  are i n  very good condi ti on. A deta i l ed vi sual 

survey was conducted wi thi n  one year after pl acement of the aspha l t i c  concrete 

1 ayers. There was mi nor crack i ng observed on the surface of the aspha l t i c  

concrete i n  the experimental secti on. The hai rl i ne l on g i tudi nal crack was 

l ocated wi thi n  6 i nches of the edge of the pavement and extended about 50  

fee t .  The crac k i ng appeared to be  an edge fai l ure and  may have occurred before 
pl acement of the soi l  and turf shoul der . The shoul der furni shes structural 

support to the pavement base and surface courses by serv i ng as a buttress 

al ong the pavement's edge . Prol onged absence of the soi l  and turf shoul der may 
have contri buted to the observed crac k i n g .  

Measurements o f  rutting  depth were obtai ned every 5 0  feet i n  both the 

experimental pozzol anic  secti on and the control section . These resul ts have 

been tabul ated and are l i sted i n  Tab l e  9 .  The magni tude of rutting  measured i n  

the westbound l ane of the control sec tion was observed to be twi c e  the amount 
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TABLE 9 .  RUTTING DEPTHS -- POZZOLAN I C  AND CONTROL SECTIONS 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = = = =  

POZZOLAN I C  SECTI ON CONTROL SECTION 
west East West East 

RWP LWP LWf' RWP RWP U<IP LWP RWP 
STA. { i n .  } { i n . }  { i n . }  { i n . }  STA. { i n . }  { i n .  } { i n .  } { i n .  } 

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

53+00 2/1 6  2/16 2/16 2/16 68+00 3/16 2/16 2/16 2/16 

53+50 1/16 2/1 6  2/1 6  1/1 6 68+50 5/16 4/16 2/1 6  2/1 6 

54+00 1/16 1/16 1/16 1/16 69+00 6/16 4/16 2/16 2/16 

54+50 3/16 1/16 1/16 1/16 69+50 5/16 5/16 2/1 6 2/1 6 

55+00 2/16 2/16 2/16 1/16 70+00 6/16 4/16 2/16 1/16 

55+ 50 2/1 6  l/16 2/1 6 2/1 6  70+50 7/16 5/16 2/16 1/16 

56+00 1/16 1/16 2/16 1/16 71 +00 5/16 5/16 2/16 1/16 

56+50 2/1 6  1/16 1/16 1/16 71+50 5/16 2/1 6  1/1 6 1/1 6 

57+00 2/1 6  2/16 1/16 1/16 72+00 3/16 2/16 1/16 1/16 

57+50 1/16 1/16 1/16 1/16 72+50 3/16 2/1 6  2/1 6 3/16 

58+00 2/16 1/16 2/16 1/16 73+00 2/16 4/16 1/16 3/16 

58+ 50 3/16 2/1 6  3/16 1/16 73+50 3/16 4/16 2/1 6  2/1 6  

59+00 2/16 1/16 1/16 1/16 74+00 3/16 4/16 1/16 2/16 

59+50 2/1 6  1/16 2/1 6  1/16 74+50 2/16 3/16 1/16 2/1 6  

Avg .  2/16 1/16 2/16 1 /16 4/16 4/16 2/16 2/16 

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

of rutt i n g  that was measured i n  e i ther l ane of the experimental secti o n .  The 

rut depths of the pozzo l an i c  section were fai rl y  uni form and averaged 1/16 to 

1 /8 i nc h .  

SUMMARY AND CONCLUSIONS 

Des i gn a n d  c o n s t r u c t i o n  procedures  for the u s e  of a ponded f l y  a s h 

hy drated 1 ime-1 imestone aggregate base have been demonstrated. Th i s  i s  the 
f i r s t  proj e c t  i n  Kentucky where i n  ponded fly a s h , a wa ste mate r i a l , wa s 

u ti l i ze d  i n  c o n s t ru c t i n g  a s t a b i l i z ed a g g regate road base . Probl ems 

encountered duri ng construction i ncl uded consi stency and moi sture content of 

the pozzol anic  mi xture and producti on of the materi al at the concrete batch 

pl ant . The l ack of a uni form moi sture content i n  materi al s del i vered to the 

jobsi te caused some del ay i n  compact i n g  the pozzo l a n i c  base , cutti ng to proper 

grade , and applyi ng the b i tumi nous curi ng seal wi thi n the spec i fied time . 

Producti on was del ayed due to vari ous probl ems .  Fa i l ure of a motor on one 

conveyor bel t caused a s i x- hour del ay on the fi rst day of producti on . Al so , 

del ays were encountered because the batch pl ant operators d i d  not devote ful l 

attention to the production of the pozzol anic materi al s .  The batch pl ant  
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conti nued produci ng concrete between batches of the pozzo 1 ani c base . The 

del ays at the concrete batch pl ant suggested that a better set-up for the 

produc t i on of the pozzol anic  base materi al may have been a pugmi l l  set up near 

Observed performance of the pozzo l an i c  base rel a ti ve to the conventi onal 

dense graded aggregate base has been favorabl e .  Use of the stress absorbi ng 

i nterl ayer membrane el imi nated,  or at l east has del aye d ,  the formati on of 

refl ecti ve cracks i n  the asphal ti c  conc rete due to shri nkage of the pozzol a n i c  

base . Compress i ve strength eva 1 uati ons i nd i cate 1 ow i ni  t i  a l  strengths but 

excepti o n a l  l on g- term strength g a i n .  De fl e c t i o n  measu reme n ts i n d i c a te a 
s i gn i fi cant i ncrease i n  the overa l l  sti ffness of the structure . The magni tudes 

of defl ecti ons for the pozzol anic base material  i ndi cate a strong pavement 

structure even wi thout the benefi t of the aspha l t i c  concrete l ayers . Rutti ng 

of the asphal ti c concrete l ayers above the pozzol anic base has been m i n i mal . 

Rut depths obtai ned to date for the experimental pozzo l a n i c  secti on and the 

conventi onal , or control , section i ndicate that the control sect i on had nearly 

twi ce the amount of rutti ng when compared to the pozzol a n i c  secti o n .  

Based upon these short-term observati ons , the ponded fly ash-hydrated 

1 i me-1 i me s to n e  aggregate b a s e  h a s  appare n t l y  e n h a nc e d  overal l paveme n t  

performance and conti nued use o f  these materi al s shoul d be eval uated as l ong
t e rm performance data ( s tructural  stabi l i ty a n d  durabi l i ty ,  freeze / thaw 

res i stance , etc . , )  become avai l abl e .  I t  is  qui te probabl e that pavement l i fe 

may be extended at reduced costs by usi ng coal by-product waste material s such 

as ponded fl y ash i n  constructi ng roadway bases . 
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APPENDIX A 

Speci al Note for Experimental Uti l i zati on of 

Waste Materi a l s  i n  Hi ghway Construction 



I .  DESCRIPTION 
' 

SPECIAL NOTE FOR 
EXPERIMENTAL USE OF WASTE MATERIALS 

IN HIGHWAY CONSTRUCTION 

This work shal l consist of furn i shi ng al l materi al s ,  except experimental 
mater-i al s ,  and al l l ab.or ,  equipment, and i nc i dental s  necessary to compl ete 
construction as shown on the p l ans and i n  accordance with provisions of the 
contract documents . Materi a l s  which are des ignated as experimental materi al s 
under I I . B wi l l  be supp l i ed to the Contractor at no cost and wi l l  be del i vered 
to the p l ace( s )  withi n the project l imits , or reasonably cl ose thereto , 
des ignated by the Contractor at no cost for del ivery. 

Al l requi rements of the Department ' s  Standard Specifications for Road and 
Bri dge Constructi on shal l app ly unless specifica l l y  modified herein .  Section 
references contai ned herein  are to the Standard Specifications.  

II.  MATERIALS 

A. Conventional Materi a l s .  Conventional materi al s shal l i nc l ude al l 
materi a l s  used i n  construction of the project with the exception of those 
materi a l s  l i sted herein  under B .  Experimental Materi a l s .  Conventional 
materials  shal l meet al l requi rements of appropriate sections of the Standard 
Specificati ons , p l ans , and proposal . 

For thi s project, hydrated l i me , the bituminous curing seal , and the 
stress-absorb i ng membrane (SAMI ) wi l l  be consi dered conventional materi al s .  

Hydrated l ime , when required,  shal l conform to the requi rements of ASTM 
C 207 , Type N ,  Paragraphs 3 ,  6 ,  7 . 1. 1, 10 , and 11. 

The bituminous material for the curing seal shal l be either RS-1 ,  AE-60 , 
SS-1,  SS·1h , CRS-1 ,  CSS-1,  CSS·1h , or Primer L ,  conformi ng to the requi rements 
of Section 806. 

B .  Experimental Materi a l s .  Material s whi ch are designated experimental 
for thi s  project are: 

(1)  fly ash ,  

( 2 )  residue from atmospheric fl uidi zed bed combustion process (AFBC 
res i due ) ,  and 

(3) ponded bottom ash.  

Experimental material s wi l l  be  supp l i ed and del ivered to poi nt(s )  of  mixi ng 
or stockpi l ing withi n the project l i mi ts or reasonab ly c l ose thereto designated 
by the Contractor and at no costs to the Contractor. The Contractor shal l 
i nform the Engi neer of the l ocati on to which the experimental materials  are to 
be de l i vered at l east 2 weeks before the materia l s  wi l l  be needed. 
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The Contractor wi l l  not be responsi b l e  for ensuring that experimental 
materia l s  meet physi cal and/or chemical  requi rements except the Contractor shal l 
be responsi b l e  for pre-hydrati ng the AFBC res i due prior to i ncorporation i n  any 
mixture or pl acement i n  the base. Pre-hydration shal l be accomp l i shed by the 
addition of 12 percent , by wei ght, water to the AFBC res i due . The water and 
AFBC residue shall be thol'ellghly mixed fn---a----JH-aflt---llleeti ng requirements of 
I I I . A . 4  and then permitted to i nteract for no less than 24 hours pri or to use.  

-

III .  �DNSTRUCTION REQUIREMENTS 

A.  P l ant-Mixed Base . 

z .  General .  The subgrade sha l l  be prepared i n  accordance wi th 
Section 208 and shal l be mai ntai ned free from i rregu l arities.  Where the 
requi red thi c kness i s  more than 6 i nches , the mi xture shal l be spread and 
compacted i n  2 or more l ayers of approximately equal thickness , and the maximum 
compacted thickness of any one l ayer shal l not exceed 6 i nches . Work on each 
l ayer shal l be performed i n  a simi l ar manner and the surface of the compacted 
materi al shal l be kept moi st or prevented from dryi ng , by a method approved by 
the Engineer , unti l covered with the next l ayer. The second l ayer may be 
app l i ed immedi ately after obtai n i ng sati sfactory compacti on of the fi rst l ayer. 

When a base course extends under the shou 1 ders , the section under the 
pavement sha l l  be constructed fi rst and the Contractor may defer the placing of 
the remaini ng portion of the base course under the shoul ders unti l after 
constructi on of the paved l ane. In such a case , the mi nimum wi dth of i nitial 
base construction shal l extend 2 feet beyond the paved l ane edges . In no case 
shal l construction joi nts of the base l ie underneath the proposed joints of the 
base or pavement to be superimposed. 

2. Seasonal L.imitation.s . The experimental bases shal l not be pl aced 
between October l and March l. 

3. Compo.sition of E.lCJ'er.iJllental Ba.se l'li.zture.s . Compositions of experi-
mental base mi xtures wi l l  probab ly be within the fol l owing ranges. Job-mix 
proporti ons wi l l · be based upon l aboratory tests and wi l l  be furnished to the 
Contractor pri or to start of construction. If the fi nal job-mix proporti ons 
require quantities of hydrated l ime , OGA , or coarse aggregate outsi de the ranges 
shown , payment to the Contractor wi l l  be adjusted based on the del ivered cost of 
the materi al and the actual quantity added or del eted outsi de the range. No pay 
adjustment wi l l  be made for changes i n  proporti ons of experimental material s .  

( a )  Experimenta 1 Section B .  Materi a  1 s for the 8- i nch pozzo 1 oni c base 
shal l consi st of hydrated l ime , fly ash ,  and dense graded aggregate (DGA ) .  The 
DGA sha l l  conform to requi rements of Section 805. Probabl e  composition by 
weight of the mixture , exc l uding water,  may be withi n the fol l owi ng ranges :  

Ingredi ents 

Fly Ash 
Hydrated Lime 
DGA 

Range ( Percent by Weight) ' 
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6-20 
2-10 
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Upon comp l etion of curing as specified under I I I . A. lO herein ,  a stress 
absorbing membrane i nterl ayer (SAMI ) shal l be p l aced i n  accordance with requi re
ments of Special  Provi sion No . 79 (85 ) .  

(b) Experimental Section C. Materi al s for lZ-inch l1me fly ash·stabil ized 
bottom ash base sha ) l  consist  of prehydrated AFBC res i due , fly ash ,. and ponded 
bottom ash. Probab l e  composi tion by wei ght of the mixture , exc l uding water ,  may 
be within  the ' fo l l owing ranges: 

Ingredi ents 

AFBC Residue 
Fly Ash 
Ponded Bottom Ash 

Range (Percent by Wei ght) 

9-Zl 
6-lZ 

65-85 

In . the event suffi cient AFBC res i due i s  not avai l able  to comp l ete the 
construction,  hydrated l i me wi l l  be substituted for AFBC res i due and composi
ti ons shal l be al tered as  di rected by the Engineer. 

(c)  Experimental Section D .  Materi a l s  for 8- inch AFBC base shal l consist 
of fly ash ,  pre-hydrated AFBC res i due , and s i ze no. 57 coarse aggregate. Coarse 
aggregate shal l conform to the requirements of Section 805. Probabl e  composi
tion by wei ght of the mixture , exc l uding water, may be within  the fol l owing 
ranges :  

Ingredients 

Fly Ash 
AFBC Resi due 
Coarse Aggregate 

Range (Percent by Weight) 

5-10 
30-40 
40-50 

4 .  Plant and Equipment. The equipment for proportioning and mixing sha l l  
be subject to approval at a l l times and shal l be mai ntai ned so that the mi xture 
i s  properly mi xed and contai ns the speci fied amount of cementitious material s 
and a sati sfactory amount of water at al l times.  

Ei ther a separate wei gh batch i ncrement type p l ant or a continuous 
vol umetric proporti oni ng type pl ant may be used , at the Contractor ' s  option,  for 
pl ant mixing. The equipment shal l i nc l ude al l the components and accessories 
for stabi l ization-type mixi ng pl ants deemed necessary for proper performance 
and , dependi ng upon the type of equipment, may i ncl ude scal es , vari abl e  speed 
motors , e l ectronic and/or mechanical sensors to detect vol ume changes , a 
separate s i l o  for each cementitious material storage , preci se feeders for 
materi al s ,  i nterl ocking actuators to control the simultaneous fl ow and stoppage 
of the i ngredient material s ,  and any other i tems that may be necessary i n  order 
to produce an acceptabl e  mixture. 

Al l cementiti ous material s to be weighed at batch type 'pl ants shal l each be 
weighed on scal es separate from the aggregate batchi ng scal es , except that if a 
compartment for pre-mixed cementi tious materi al s i s  contai ned within  the 
aggregate hopper and the pre-mixed cement i t  i ous materia 1 for each batch i s  
weighed pri or to the weighi ng o f  the aggregate , the pre-mixed materia 1 may be 
weighed on the aggregate scal e .  
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If cementi tious material s are pre-mixed , al l i ngredients sha l l be dry, or 
the pre-mi xing shal l not be performed unti l immediately before batchi ng. 

When the mixi ng pl ant is not a batch type equipped so that the materi al can 
--�bt�e.-.anc:r:c11uroraa1tt;�Je!-'ll�y�w,eigned--f�atch, then a daily check sha l l be made to 

determi ne the quantity· of cementitious materi al  bei ng used. Thi s may requi re 2 
or more si l os for storing cementi ti ous materi al s ,  cessation of p l ant operation 
for the time .requi red to make the determi nation , wei ghing of parti al l y  unl oaded 
materi a l s  shipments , and/or other approved methods . 

. 

The Contractor shal l provide the necessary equipment and devices to check 
the proportioning of materi al s to ensure the mixture uni formly conforms to the 
job-mix proporti ons . Thi s  check wi l l  be made twi ce dai l y ,  or more often i f  
deemed necessary by the Engineer. 

Continuous vol umetric pl ants shal l be equipped with feedi ng and metering 
devices which wi l l  add the aggregate and cementiti ous materi al s i nto the p l ant 
in the specific  quantiti es . Feeding equipment or procedures that do not 
consi stently produce a reasonably uni form mixture shal l be modified or rep l aced. 
The water supply system shal l be equipped with posi tive cut·off control which 
wi l l  stop the f l ow of water simul taneously  with any stoppage i n  the f l ow of 
aggregate i nto the pugmi l l .  

5 .  M:i.zing. Water shal l be added to the mixture i n  sufficient quanti ty ,  
and mix i ng shal l continue unti l al l component material s are evenly di stributed 
through the mass and a uniform unchangi ng appearance i s  obtained. 

6. Transporting and Spreading. Each l oad shal l be covered to reduce the 
l oss of moi sture i n  transit when the time between l oadi ng the vehi c l e  and 
spreadi ng the mi xture exceeds 30 minutes . Materi al sha l l  be deposited on a 
moi st subgrade by approved spreadi ng equipment. Depositing and spreading the 
mi xed materia 1 s on  the roadbed sha 1 1  commence at the point farthest from the 
point of l oadi ng and shal l progress conti nuously as far as practical wi thout 
breaks . No haul i ng sha l l  be done over the completed base course except as 
necessary to p l ace the succeeding l ayer of base or pavement. Dump i ng i n  pi l es 
upon the subgrade wi 1 1  not be permi tted except when speci a 1 equipment which 
di stri butes the materi al uni formly is used and i s  approved by the Eng i neer. 

The mixture shal l be spread to such width and thickness that , after 
compacti ng , the fini shed base wi l l  conform to the requi red grade and cross 
section .  The mi xture shal l be spread by sel f-propel l ed equipment which wi l l  
produce a smooth uni form depth of materi al ready for compaction. Further 
manipulati on or trimming of the mi xture by graders or other equipment i s  
undesi rabl e  and wi l l  not be al l owed as a part of the normal p l ac i ng and 
spreading operation.  However, smal l and i nfrequent areas needi ng correction or 
further spread i ng because of adverse conditi ons for the spreadi ng equi pment or 
other justi fiab l e  reasons may be corrected immediately after p l acement with a 
minimum amount of man ipul ation , or  the mixture shal l be removed and repl aced at 
no cost to the Department. 

Base materi al to be pl aced on areas i naccessible to mechanical spreadi ng 
equipment may be spread by other methods approved by the Engineer. 

27 



7 .  Compaction lllCi Finishing. Immedi ately upon comp 1 eti on of each portion 
of spreadi ng operati ons , the materi a 1 sha 1 1  be thoroughly compacted. Moi sture 
shal l be maintained at a l evel sufficient to faci l i tate compacti on. Initial and 
final ro l l i ng s ha l l  be performed by compaction equipment which wi l l  produce the 
required density and surface finish withi n the time l imit speci fi ed bel ow. 

Al l high spots on the fini shed surface of the fi nal l ayer outside of the 
specified tol-erance shal l be trimmed to withi n the specified tolerance. The 
excess materi.al shal l be removed and di sposed of as di rected by the Engineer 
immediately after trimming and before any further rol l i ng.  Trimmed areas shal l 
be wetted as di rected and shal l be rol l ed. Rol l i ng shal l be performed i n  such a 
unner as to avo i d  the formati on of i rregu l arities , and the finished surface 
shal l be true to the required grade and cross section.  

Areas i naccessibl e to rol l ers shal l be compacted by means of pneumati c 
tampers or other compacti ng equipment whi ch produces the requi red density. 

The fini shed experimental bases shal l be compacted to a dens i ty no less 
than 100 percent of the maximum densi ty determined by KM 64-511. 

The i n-pl ace density of each course wi l l  be determined by nucl ear gages or 
by KM 64-512. 

No more than 5 hours shal l e l apse between the time water is added to the 
combi ned materi a l s  and the time of comp l etion of fi nal compaction of the base. 
Any mi xture that has not been compacted and fi ni shed shal l not remai n  undisturb
ed for more than 30 mi nutes . 

When a second course i s  required, i t  shal l be p l aced as soon as practical 
after comp l etion of the first course , and on the same work day as the fi rst 
course. When the Contractor e l ects to work mul tip l e  shi fts , the second course 
shal l be pl aced during the same shift that the fi rst course is p l aced. 

It i s  i ntended that al l trimming and fine grad i ng be accomp l i s hed during 
the 5 hours mentioned previ ous l y ,  and that trimming of the compl eted base be 
l imi ted to occasional minor i rregul ari ti es .  

When it  is  determi ned that the specified density has not been obtained 
during compacti on,  the mixture may be dampened and thoroughly remixed and 
recompacted provided the recompaction can be compl eted the same day of i ni ti al 
mixing at the pl ant. When the recompacti on i s  not compl eted the same day , the 
material s shal l be removed and rep l aced with new stab i l i zed materi al . 

s .  jo.int:s. At the end of each day ' s  work and when base operati ons are 
del ayed or stopped for more than 2 hours , a construction joint sha l l  be made by 
trimming the end of the compacted materi al to a vertical face. The same 
procedure shal l be fol l owed i n  trimmi ng l ongitud i nal  edges where the abutting 
course i s  to be pl aced. The i nterval between a transverse construct i on joint i n  
the top course and one i n  the bottom course of the stab i l i zed base shal l be no 
less than 25 feet nor more than 50 feet. 
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II. 'J:oleruu:es . 

{a) Surface Tol erance. The top surface of the experimental bases shal l be 
smooth and uni form and sha l l  not deviate more than 112 i nch from the speci fied 
cross se�n-at-a��nt and shal l not deviate from the sp,ci fied l ongitudinal 
grade more than 3/8 i nch -;n 10 feet at any l ocati on. When final grad1 ng is to 
be performed by an automati c  gradi ng machine , the base shal l be trimmed to such 
accuracy that, the succeeding base or pavement courses wi l l  aeet their respective 
specified s urface and thickness tol erances . 

The Contractor sha1 1 furnish al l devices necessary to check the surface,  
such as stringl i ne ,  strai ghtedges , etc. , and the l abor necessary to handle the 
devices . 

When the compl eted base i s  found to devi ate from the desi gnated tol erances 
the devi ations shal l be corrected after the curing period, by l evel i ng and 
wedgi ng -with an approved bitumi nous concrete mi xture. This corrective work. 
sha l l  be performed at no cost to the Department. 

(b)  Thickness Tol erance. The base course wi l l  be checked for proper 
thickness after compacti on. The Contractor shal l refi l l  a l l  test hol es with 
approved mi xture and adequately compact the material at no additional expense to 
the Department. 

No base with a defi ci ency in thickness greater than 112 inch wi l l  be accepted. 

1 0 .  curing. The compl eted experimental bases shal l be protected against 
dryi ng by covering with a bi tumi nous curing sea l .  The curing seal wi l l  be 
required only for the top l ayer of the experimental bases . 

The curing seal shal l be appl i ed as soon as possibl e ,  but no l ater than 24 
hours after completi on of finishing operations. The fini shed base shal l be kept 
111oist unti l the curing seal i s  appl ied. When the bituminous materi al i s  
appl ied,  the surface of the base shal l be dense , free from l oose extraneous 
materi al , and sha l l  conta i n  sufficient moi sture to prevent penetration of the 
bituminous materi a l .  

The curing seal shal l consi st o f  the bituminous material speci fied and 
shal l be uniformly app l i ed to the surface of the compl eted experimental base 
course at the rate of approxi mately l. 2 pounds per square yard with approved 
distributing equipment. The actual rate of app l i cation of bituminous materi al 
wi l l  be determined by the Engineer. App l i cation temperature of the bi tumi nous 
materi al shal l be as specified i n  Section 407. 07. The curing seal shal l be 
app l i ed in suffi cient quantity to provide a continuous membrane over the base. 

No traffi c or equipment other than curing equipment wi l l  be permitted on 
the fi ni shed base unti l comp l etion of 7 satisfactory curing days , unless 
permitted by the Engineer. A sati sfactory curing day shal l be any day when the 
temperature of the compl eted base does not fal l bel ow 50°F. If traffic i s  
permitted on the seal , a sand bl anket s ha l l  be appl i ed at n o  cost to the 
Depar'tlllent. - If  any damage occurs to the curing seal prior to the completion of 
curi ng , the damaged area shal l be i1111edi ately resealed at the Contractor ' s  
expense. 
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B .  Mai ntenance and Pl"otec:ti on. Traffic: on  the compl eted base should  be 
hel d  to the m1 nimum necessary to comp l ete the work. Areas subjected to traffic: 
shal l be rechecked for grade and cross section and necessary corrections made , 

a dama ed areas repaired as di rected , before the succeedi ng course i s  
constructed. 

Any damage to the base by haul i ng or other 11eans at any time shal l be 
repaired wi th, an approved bi tumi nous concrete 11ixture at no cost to the 
Department. 

It i s  i ntended that the experi11ental base courses s hall  be comp l etely 
covered with the specified base and pavement courses before the work i s  
suspended for the wi nter months. The Contractor shal l 11ake every reasonabl e  
effort to accomp l i sh thi s  objective. When the experimental base i s  not 
completely covered with the spec i fi ed base and pavement , the Contractor shal l be 
responsi bl e for determi ning and performi ng any further work necessary to protect 
and mai nta i n  the uncompl eted work during the wi nter 11onths. The Contractor 
sha l l  perform any work necessary to acceptabl y  repai r or restore the uncompl eted 
work before the begi nni ng of Spring pav i ng operations. When extra 11ateri al s ,  
methods , and construction techniques are determined to be necessary to protect , 
maintai n ,  and repa i r  any portion of the uncompl eted work, the cost of such extra 
materi al s ,  methods , and techni ques shal l be borne by the Contractor. Al l work 
necessary to protect, mai nta i n ,  or repai r  the experimental base courses shal l be 
subject to the approval of the Engineer. 

C. Conventional Base and Pavement Construction.  Conventional base and 
pavement courses shall be constructed as speci fied el sewhere i n  the contract. 

IV. METHOD OF MEASUREMENT 

Ei ght- i nch Pozzolonic: Base,  12- i nc:h Lime Fly Ash-Stab i l i zed Bottom Ash 
Base , and 8- i nch AFBC Base wi l l  each be measured i n  square yards compl ete and 
accepted. The wi dth wi l l  be the width shown on the p l ans , and the l ength wi l l  
be measured horizontal ly  al ong the centerl i ne of each experimental secti on. 

Water used for dampening the subgrade , mixing with the mixtures , or for 
maintaining moi sture i n  the base duri ng shap i ng and compacti ng wi l l  not be 
measured for payment , but wi l l  be considered i ncidental to the base. 

Bituminous materi al for the curing seal wi l l  be wei ghed i n  accordance with 
Section 109. 

Measurement and payment for conventi onal material s shal l be as specifi ed 
e l sewhere i n  the contract. 

V. BASIS OF PAYMENT 

The accepted quanti ties of B· i nc:h Pozzolonic Base , 12-inch Lime Fly Ash
Stabi l i zed Bottom Ash Base, 8- i nch AFBC Base , and Bituminous Curing Seal wil l be 
paid for at thei r respective contract uni t prices , which shal l be ful l compensa
tion for al l l abor , material s ,  haul i ng ,  equipment , and i nci denta l s  necessary to 
complete the work speci fi ed herein.  
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Payment wi l l  be aade under: 

Pay Item 

B·inch Pozzolonic Base 
-----'11%�-__.;inch Lime-Ay Ash·Stabi lized 

Bottom Ash Base 
B· i nch AFBC Base 
Bitumi nous Cu!i ng Seal 

Pay Unit 

Square Yard 

Square Yard 
Square Yard 
Ton 
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APPENDIX B 

Moi sture-Dens i ty Rel ati onships 

and 

Unconfi ned Compressive Strength 
of 

Pozzol a n i c  Mi xtures 



w 
w 

Moi sture-Density Rel ationships 

M I X  No . 1 .  

Mi xture Proporti ons: 

Ponded Fl y Ash : 9% 

Hydrated Lime :  4% 
Dense Graded Aggregate : 87% 

Optimum i�aximum 

Moi sture Dry 

Content Densi ty 

{ %  l ( pcf) 
- - - - - - - - - - - - - - -- - - - -

Tri al No . 1 9 . 4  133 . 0  

Trial  No . 2 8 . 9  134 . 2  

Average 9 . 2  133 . 6  

MIX No . 2 .  

Mixture Proporti ons: 

Ponded Fl y Ash : 11% 

Hydrated Lime :  5% 
Dense Graded Aggregate : 84% 

Optimum Maximum 

Moi sture Dry 

Content Densi ty 

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

Tri al No . 1 9 . 9  131 . 9  

Trial No . 2 9 . 2  129 . 7  

Average 9 . 6  130 . 8  

MIX No . 3 .  

Mi xture Proporti ons: 

Ponded Fly Ash : 6% 

Hydrated Lime :  3% 

Dense Graded Aggregate : 91% 

Optimum Mabi mum 

Moi sture ry 

Content 

( % )  

Tri al No . 1 8 . 5  

Tri al No . 2 8 . 8  

Trial  No . 3 8 . 0  

Average 8 . 4  113 5 . 2  
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Unconfined Compressive Strength 

MIX No . 1 .  

Mi xture Proportions : 

Ponded Fl y Ash : 9% 

Hydrated Lime :  4% 
Dense Graded Aggregate : 87% 

Maximum 

Age at Compressive 

Sampl e Te st Strength 

Number { days }  { psi } 

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

A6-4 4 170 
86-4 4 150 

c6-4 4 * 

Average 160 

A6-7 7 * 

86-7 7 * 

c6-7 7 305 

Average 305 

NOTE:  * i nd i cates that sampl e was 

Curi ng Condi tions :  

Al l sampl es seal ed in  gal l on pai nt 

cans and cured i n  100°F oven . 

Al l sampl es soaked 4-hrs . prior 

to testi n g .  

Maximum 

Age at Compressive 

Sampl e Test Strength 

Number { days } { ps i } 

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

A6-14 14 685 
86-14 14 505 

c5-14 14 * 

Average 595 

A6-28 28 695 

86-28 28 640 

c6-28 28 750 

Average 695 

unabl e to be eval uated after 4-hour soak . 
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Unconfi ned Compressive Strength 

MI X No . 2 .  

Mi xture Proportions : 

Ponded Fly Ash : 11% 

Hydrated Lime :  5% 
Dense Graded Aggregate : 84% 

Maximum 

Age at Compressive 

Sampl e Test Strength 

Number { days )  { ps i ) 

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

A7-4 4 * 

87-4 4 * 

c7-4 4 * 

Average * 

A7-7 7 230 

87-7 7 265 

c7-7 7 290 

Average 260 

NOTE : * i ndicates that sampl e was 

Curi ng Condi tions : 

Al l sampl es seal ed i n  gal l o n  pai nt 

cans and cured i n  l00°F oven . 

Al l sampl es soaked 4-hrs . prior 

to testi n g .  

Maximum 

Age at Compress i ve 

Sampl e Test Strength 

Number { days )  { ps i ) 

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

A7-14 14 525 

87-14 14 500 

c?-14 14 585 

Average 535 

A7-28 28 770 

87-28 28 830 

c7-28 28 735 

Average 780 

unabl e to be eval uated after 4-hour soa k .  
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Unconfined Compressive Strength 

MI X No.  3 .  

Mixture Proportions : 

Ponded Fl y Ash :  6% 
Hydrated Lime : 3% 
Dense Graded Aggregate : 91% 

Samp l e  

Number 

Age at 

Test 

( days l 

4 

4 

4 

Maximum 

Compres s i ve 

Strength 

( psi ) 

* 
* 
* 

Average * 

7 

7 

7 

155 

180 

330 

Average 220 

Curi ng Condi ti ons : 

Al l sampl es seal ed i n  gal l on pai n t  

cans and cured i n  100°F oven . 

Al l sampl es soaked 4-hrs . pri or 

to testi ng.  

Sampl e 

Number 

Age at 

Test 

( days )  

14 

14 

14 

Maximum 

Compressi ve 

Strength 

( ps i ) 

505 

380 

445 

Average 445 

28 

28 

28 

670 

680 

600 

Average 650 

NOTE : * i nd i cates that sampl e was unabl e to be eval uated after 4-hour soak . 
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APPENDIX C 

Production Times 

and 
Materi al Quanti ties 



D'\TE: June 1 , 1988 

D.Jration Interval �Eight of lEight of Total �Eight Anount of Percent Percen 
Time of Betv-een �Eight of fjydrated Ponded of Dry Water Percent fjydrated Ponded 

Batch Batching Batches Aggregate Lime Fly Ash �'li teri a 1 s Added Aggregate Lime Fly As 
Nlllber (min.) (min. )  ( lb . )  (1  b . )  (1  b . )  ( lb . )  ( gal . )  (%) (%) (%) 
------------------------------------------------------------------------------------------------------------------------------· 

1 25 244 23,580 1,392 3,020 27,o/32 230 84.2 5.0 10.8 

2 3 36 23,580 1,389 2,980 27,949 120 84.4 5.0 10.6 
3 8 17 23,560 1,389 3,220 28,169 80 83.6 4.9 11.4 
4 1 23 14,080 1,389 0 15,469 102 91.0 9.0 o.o 
5 7 13 23,580 1,413 3,100 28,173 101 83.7 5.0 11.3 

6 10 15 23,500 1,407 2,960 27,867 100 84.3 5.1 10.6 
7 23 28 23,520 1,410 3,0a:J 27,990 100 84.0 5.0 11.0 

8 14 6 23,520 1,401 2,940 27,861 101 84.4 5.0 10.6 

� 9 5 6 23,540 1,392 3,060 27,992 100 84.1 5.0 10.9 
(]1 

10 16 18 23,520 1,398 2,860 27,778 120 84.7 5.0 10.3 

11 15 3 23,540 1,404 2,940 27,884 100 84.4 5.0 10.6 

12 4 5 23,500 1,389 3,0a:J 27,949 102 84.1 5.0 10.9 

13 23 9 23,520 1,395 3,040 27,955 121 84.1 5.0 10.9 

14 3 19 23,7a:J 1,389 2,620 27,769 140 85.6 5.0 9.4 

15 9 - 23,620 1,401 2,900 27,921 100 84.6 5.0 10.4 
-- -- ---- --- ---- --

Average 11 31 22,928 1,397 2,7lJj 27,115 114 84.7 5.3 10.0 
St. Dev. 8 60 2,366 8 758 3,114 34 1.7 1.0 2.7 
-------------------------------------------------------------------------------------------------------------------------------



�TE: June 3 ,  1988 

llirati on Interval W'!ight of W'!ight of Total W'!ight J!rnount of Percent Percent 
Time of Bet\o.een W'!ight of fjydrated Ponded of Dry Water Percent fjydrated Ponde' 

Batch Batching Batches Aggregate Lime Fly Ash M!terials Added Aggregate Lime Fly ASh 
Nultler (min. l (min . )  ( lb . }  ( lb . )  ( 1  b. )  ( lb . )  ( gal . ) (%} (%) (%) 
-------------------------------------------------- ----------------------------------------------------------------------------r-

1 7 22 23,560 1,353 2,780 27,693 175 85.1 4.9 10.0 
2 3 10 23,420 1,347 3,220 27,987 141 83.7 4.8 11.5 

3 9 10 23,500 1,347 3,540 28,387 141 82.8 4.7 12.5 

4 10 7 23,600 1,356 2,960 27,916 149 84 .5 4.9 10.6 

5 3 7 24,540 1,359 2,320 28,219 161 87.0 4.8 8.2 

6 3 8 23,480 1.347 3,160 27,987 162 83.9 4.8 11.3 

7 3 33 23,520 1,347 3,100 27,967 160 84.1 4.8 11.1 

8 7 8 23,840 1,353 3,260 28,453 162 83.8 4.8 11.5, 

9 2 9 23,560 1,347 2,980 27,887 160 84.5 4.8 10.7 

10 7 9 23,440 1,350 3,320 28,110 160 83.4 4.8 11.8 
..,. 11 9 7 23,260 1,347 3,320 27,927 160 83.3 4.8 11.9 "' 

12 10 20 23,520 1,356 3,280 28,156 160 83.5 4.8 11.6 

13 4 9 23,540 1,347 3,120 28,007 162 84.1 4.8 11.1 

14 8 8 23,660 1,350 2,880 27,890 160 84.8 4.8 10.3 

15 6 14 23,460 1,371 3,320 28,151 161 83.3 4.9 11.8 

16 6 9 23,700 1,353 3,060 28,113 160 84.3 4.8 10.9 

17 5 10 23,560 1,347 3,120 28,207 160 84.1 4.8 11.1 

18 11 14 23,840 1,350 3,520 28,710 160 83.0 4.7 12.3 

19 5 5 23,440 1,353 3,100 27,893 147 84.0 4.9 11.1 

20 12 10 23,540 1,347 3,140 28,(27 144 84.0 4.8 11.2 

21 6 6 23,520 1,371 2,940 27,831 144 84.5 4.9 10.6 

22 28 - 23,500 1,362 3,300 28,162 144 83.5 4.8 11.7 
-- -- ----- ----- -- -- --- ---

Average 7 11 23,591 1,353 3,125 28,068 156 84.1 4.8 11.1 

St. Dcv. 5 6 243 7 256 221 9 0.8 o.o 0.9 
------------------------------------------------------------------------------------------------------------------------------L-



[ll\lE: June 4,  1988 

!llration Interval !Eight of \Eight of Total \Eight !!mount of Percent Percen 
TillE of Be�n !Eight of fjydrated Ponded of Dry Water Percent fjydrated Ponded 

Batch Batching Batches Aggregate Lime Fly Ash M3.teria1 s Added Aggregate Lime Fly As 
t.IJITber (min. )  (min.)  ( lb . )  ( lb . )  ( lb . )  ( lb . )  (gal . ) (%) (%) (%) 
-------------------------------------------------------------------------------------· 

1 3 7 23,300 1,347 3,000 27,727 160 84.0 4.9 11.1 

2 7 14 23,600 1,350 3,C60 28,090 137 84.3 4.8 10.9 

3 4 7 23,820 1,347 3,440 28,607 137 83.3 4.7 12.0 

4 9 9 23,500 1,347 3,000 27,847 137 84.4 4.8 10.8 

5 3 5 23,840 1,356 4,220 29,416 136 81.0 4.6 14.3 

6 11 24 23,560 1,350 2,920 27,830 137 84.7 4.9 10.5 

7 7 8 23,540 1,359 3,740 28,639 153 82.2 4.7 13.1 

8 2 15 23,260 1,350 3,520 28,130 136 82. 7  4.8 12.5 

9 9 5 23,560 1,353 3,940 28,853 137 81.7 4.7 13.7 

10 6 23 23,580 1,350 2,960 27,890 138 84.5 4.8 10.6 

11 9 6 23,540 1,347 3,140 28,027 138 84.0 4.8 11.2 
..,. 

12 8 4 23,420 1,359 3,180 27,959 137 83.8 4.9 11.4 .._, 

13 4 4 23,920 1,350 2,580 27,850 130 85.9 4.8 9.3 

14 6 19 23, 520 1,350 3,140 28,010 128 84.0 4.8 11.2 

15 5 8 23,380 1,353 3,000 27,813 130 84.1 4.9 11.1 

16 5 4 23,340 1,356 3,460 28,156 128 82.9 4.8 12.3 

17 10 5 23,a:JO 1,353 2,980 27,933 129 84.5 4.8 10.7 

18 5 6 23,340 1,350 3,320 28,010 129 83.3 4.8 11.9 

19 9 8 23,520 1,347 3,260 28,127 128 83.6 4.8 11.6 

20 13 - 23,500 1,347 3,a:JO 28,447 128 82.6 4.7 12.7 
--- ---- ---- ---- --- ---- --- ----

Average 7 9 23,536 1,351 3,281 28,168 136 83.6 4.8 11 .6 

St. Cev. 3 6 173 4 375 413 8 1.1 0.1 1.2 
------------------------------------------------------------------------------------------------------------------------------· 


