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INTRODUCTION 

A significant amount of fine sized waste limestone screenings is 

produced during aggregate production. This waste material, which 

is to fine to be used in either asphalt or portland cement 

concrete paving, is becoming an ever increasing burden of 

disposal for aggregate producers. Large stockpiles of the 

material are at most Iowa quarries. Any road construction 

process which could successfully use this material would be 

assured of a continuous supply of inexpensive aggregate. 

Linn County was interested in developing such a construction 

process. An Iowa State University laboratory study (see 

Appendix B, page 42, reference 1) sponsored by Linn County showed 

that waste limestone screenings could be used as the sole 

aggregate in an emulsified asphalt mix. Such a mix could be used 

to replace selected granular surfaced roads and/or provide the 

base for stage construction of a future asphalt or portland 

cement concrete pavement. 

OBJECTIVE 

The objective of this research project was to construct and 

evaluate an experimental roadway base using a waste limestone 

screenings/emulsion mix. Specific topics to be investigated 

included: 

1. The development of an efficient roadway construction 
technique using the waste limestone screenings/emulsion mix. 



2. The mix strength, stability and durability properties 
obtainable in the field. 

3. The optimum residual asphalt content and base thickness 
required to adequately support local traffic. 

4. The validity of the anionic/cationic relationship existing 
between waste limestone aggregate and an. asphalt emulsion. 

PROJECT LOCATION AND DESCRIPTION 

The roadway selected for this research was a 1.27 mile (2.04 km) 

section of East Main Street beginning at its intersection with 

Council Street in the town of Robins and running southeast to its 

intersection with Linn County road W56 (C Avenue NE). A map of 

this location is shown in Figure 1, page 18. 

The field test section layout included sections having compacted 

thicknesses of 4 and 6 in. (100 and 150 nun) and residual asphalt 

contents of 2.5%, 3.5% and 4.5% of the dry weight of the waste 

limestone aggregate. A control section of untreated limestone 

screenings was also added for comparative purposes. 

PRECONSTRUCTION WORK 

Work on the existing roadway was performed prior to placing the 

experimental base. Linn County awarded a contract to Gee Grading 

and Excavating, Inc. to replace culverts and shape and compact 

the subgrade. This work was completed early in July 1988. 
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CONSTRUCTION 

Linn County awarded the contract for construction of the 

experimental base to Vulcan Industries. A copy of the contract 

is given in Appendix A. The contractor began base production and 

construction August 1, 1988. The final surface seal coat was 

placed August 13, 1988. 

Base Materials 

Base paving materials included waste limestone screenings from 

Vulcanls quarry in Robins and a CSS-1 emulsion produced by Koch 

Materials in Dubuque. An average particle size distribution of 

the limestone screenings is shown in Figure 2, page 19. Included 

on the graph are dashed boundaries indicating the limits of a 

well graded soillaggregate mix (1). The emulsion contained 62% 

residual asphalt and had a zeta potential ranging from +27.6 

millivolts to +34.6 millivolts. 

Mix Production 

Vulcan Industries produced the mix used on the project. The same 

limestone screenings were fed from two bins which were metered to 

feed aggregate to a continuous drum mixer. Emulsion was sprayed 

into the drum at the rate needed to obtain the desired residual 

asphalt content in the mix (2.5%, 3.5%, or 4.5%). The mix 

production rate was low, usually running around 100 tons (907 Mg) 

per hour. 
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Several problems were encountered during mix production. First, 

a considerable amount of balling of the emulsion occurred 

throughout the time the mix was being produced. Most of these 

balls were less than 112 in. (13 mm) diameter. However, the 

balling resulted in a slightly uneven distribution of asphalt in 

the mix. Also, aggregate being fed to the mixer would 

occasionally clog the bins. Because of this, a worker was 

required to continuously monitor the bins to ensure aggregate was 

flowing. 

Several attempts were made to reduce the balling problem. It was 

felt the problem was moisture related, so the contractor began to 

modify the mix moisture content. First, a drier limestone 

screenings aggregate, coming immediately from the quarry's rock 

crushing operation, was fed into the bins. The drier aggregate, 

however, did not reduce the amount of asphalt balling. Next, a 

hose was used to apply additional moisture to the surface of the 

aggregate on the conveyor prior to entering the mixer. This also 

failed since moisture tests indicated less than desirable mix 

moisture content, and visual examination indicated layering of 

moist to relatively dry aggregate on the conveyor. The asphalt 

balling problem continued throughout the research project. 

The asphalt balling was not considered to be a major problem. A 

majority of the asphalt was well mixed with the aggregate. 

Also, the method of compaction used on the base, a padsfoot 
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roller and motor grader operation, provided added mixing of the 

asphalt. The balling simply prevented a more desirable 

distribution of asphalt throughout the mix, a condition which may 

have been improved through use of a pugmill, rather than a drum 

mixer. 

Base construction 

Construction data on each test section are presented in Table I. 

Table I 
Test Section Data 

Section 
NO. 

1 
2 
3 
4 
5 
6 
7 

Stationing 
From To 

108+37 117+83 
117+83 127+30 
127+30 136+76 
136+76 142+22 
142+22 6+77* 

6+77 16+23 
16+23 25+70 

Base Depth, Residual Asphalt 
mm Inches - Percent 

*Station Equation 150+02.90 Back = 1+10.00 Ahead 

Six-Inch (150 mm) Base 

Base construction began on the eastbound lane of Section 1. 

Mix was hauled to the site in trucks and dumped into a Cedar 

Rapids BSF-420 asphalt paver. The waste limestone 

screenings/emulsion mix would not pass through the paver and 

spread uniformly across the roadway. Construction was 

discontinued after laying only 470 ft (143 m). 
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A decision was made to abandon use of the paver. A Jersey 

type spreader pushed by a CaterpillarD8 was used throughout 

the remainder of the project to lay the base mix. 

The loosely laid mix required from 1 to 3 hours for aeration, 

depending on the amount of emulsion in the mix. Initially, a 

steel drum roller was used to compact the base. However, two 

problems were quickly encountered with its use. First, the mix 

shoved badly under the roller, resulting in small, tight, shear 

cracks being created on the surface. Also, the roller created a 

tight crust which inhibited curing of the mix and reduced 

compaction in the lower portion of the base. 

In order to increase the aeration rate, eliminate shear cracking, 

and improve depth of compaction, a padsfoot vibratory drum was 

used to compact and aerate the laid base. The aeration increased 

the curing rate of the mix and allowed full depth compaction to 

be completed much sooner than with the smooth drum roller. A 

motor grader was used to level the surface once the padsfoot had 

made several passes over the base. Final compaction was done 

with a pneumatic tired roller providing a smooth, tight surface. 

Some shoving of the mix continued to occur under the padsfoot, 

but to a much lesser extent than had occurred when using the 

steel drum roller. There were two principle reasons for the 

shoving. First, the aggregate was lean on limestone screenings 
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larger than a #4 sieve ( 4 .75  mm), resulting in a lack of 

aggregate interlock being developed. Second, there was no 

lateral support to confine the mix when compacting the outside 

edges of the base. 

At the start of the second day of construction, a new laydown and 

compaction procedure was used in order to reduce the amount of 

shoving encountered the first day. The spreader box was adjusted 

such that extra material was placed on the outside edge of the 

eastbound lane. This extra material was spread onto the shoulder 

and compacted first, thus acting to confine the remaining 

material being compacted. Although not eliminated, lateral 

shoving was reduced significantly using this procedure. 

The second day, the contractor experienced problems with the mix 

being too dry. In an attempt to alleviate the asphalt balling 

problem discussed previously, a drier limestone screening 

aggregate was used in the eastbound lane of Section 3. The 

combined effect of using a drier aggregate and reducing the 

amount of emulsion (2.5% residual asphalt) resulted in a mix too 

dry to compact. A distributor truck was used to add water to the 

mix in the field. The mix was then recompacted using the 

padsfoot roller. 

Once the eastbound lane of Section 3 was finished, the contractor 

returned to begin paving the westbound lane of Section 1. The 
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dry aggregate worked well with the higher emulsion content used 

on Section 1 (4.5%). However, the asphalt balling problem 

remained. Use of the dry aggregate was discontinued once it was 

determined the balling was not being reduced. 

After laying the westbound lane of Section 1, the contractor 

added a second lift on the eastbound lane of Section 1. This was 

required because the asphalt paver used initially did not place a 

full 6 in. (150 mm) of base. Once the second lift was completed, 

the contractor continued paving the westbound lane of Sections 2 

and 3, which were completed without further incident. 

Four-Inah (100 mm) Base 

The paving sequence on the 4 in. (100 mm) base was altered from 

that finally used on the 6 in. (150 mm) base. Section 7 (4 112% 

A.C.) was paved first, both lanes being paved before beginning 

Section 6. This pattern of completing one section before 

beginning another was continued for the remainder of 

construction. 

Placement of each section proceeded without incident. Asphalt 

balling was the only persistent problem. In a final attempt to 

resolve the problem, a water hose was placed inside the drum 

mixer to add moisture to the aggregate during the mixing process. 

It was hoped this would keep the fines from balling with the 

asphalt. However, this was not the case. It was determined the 



9 

balling was not a serious problem and that paving should 

continue. 

The 4 in. (100 mm) sections were compacted more easily than the 

6 in. (150 mm) sections. The padsfoot roller penetrated full 

depth of the lift, confining the material within the roller's 

pads, resulting in less lateral shoving compared to the 6 in. 

(150 mm) sections. 

Rain fell one night while the 4 in. (100 mm) base sections were 

being constructed. Fortunately, the contractor had compacted all 

the mix placed that day and had rolled down all edges. Had this 

not been done, water would have soaked into the mix and the 

aerationlcuring process would have likely been delayed several 

days. 

The control section, consisting of untreated limestone 

screenings, was placed using the same technique used in placing 

the other sections. Finally, a double seal coat was placed over 

the entire project to keep down limestone fines and to provide a 

water tight riding surface. 

TESTING 

Testing on the project was conducted jointly by Iowa State 

University and the Iowa DOT. Iowa State University personnel ran 

moisture and density tests during construction and prepared field 
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mixed samples of the waste limestone screenings/emulsion mix for 

laboratory testing. A report prepared for Linn County by 

Iowa State University describing the test results is given in 

Appendix B. 

Iowa DOT testing included Road Rater structural rating, 25-Foot 

California Profilometer, and BPR Roughometer testing. Results of 

these tests are given in Appendix C. 

Testing was continued for a period of five years. Annual testing 

performed by the Iowa DOT include the Road Rater and crack 

surveys. 

Road Rater Summary 

Road Rater testing has been conducted annually on the entire 

project (Table 2 and Table 3). The Road Rater is a dynamic 

deflection measuring device used to determine the structural 

adequacy of pavements. The differences in pavement structural 

ratings from year to year may be explained by the fact that 

annual testing is performed on the outside wheel track during the 

months of April and May when the roadway exhibits the poorest 

structural support. The structural rating can vary from one year 

to the next depending upon the moisture content of the soil at 

the time of testing. 



Table 2 
Average Structural Ratings 

Section Station - 1989 - 1990 - 1991 

Note: Station Equation 150+02.90 = 1+10.00 
*Error in data collection 

Table 3 
Average Soil K Values 

(pci 

Section Station - 1989 - 1990 

Note: Station Equation 150+02.90 = 1+10.00 

The annual average structural ratings for the project are given 

graphically in Figure 3, page 20. For any given asphalt content, 

the annual structural ratings of the 6 in. (150 mm) base was 

higher than the 4 in. (100 mm) base except for the 2.5% asphalt 

sections in 1993. The 3.5% asphalt test sections had the highest 

structural rating for the 6 in. (150 mm) and the 4 in. (100 mm) 

depths. The 6 in. (150 mm) base with no asphalt cement showed a 

large variation in its structural rating. The general trend for 
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,all the test sections that were treated with the asphalt emulsion 

was an increase in the structural rating from 1989 to 1990. From 

1990 to 1993 these sections experienced a steady decrease in 

their structural rating. Note that no data was available for 

Section 4 in 1991. 

The annual average soil K values are shown in Figure 4, page 21. 

The same general trends that were observed in the annual average 

structural ratings are also evident in the graph of the annual 

average soil K values. The 6 in. (150 mm) bases had higher soil 

K values than the 4 in. (100 mm) bases. The 3.5% asphalt content 

test section had higher soil K values than the 2.5% and 4.5% 

asphalt content test sections for each depth. The 6 in. (150 mm) 

base with no asphalt had a wide variation in soil K value. 

Table 4 lists areas that have received A.C. strengthening mats. 

These A.C. strengthening areas seemed to have only minor effects 

on the Road Rater tests. The general trends of the Road Rater 

data appeared to be unaffected by the A.C. strengthening mats. 

Crack Survey 

Crack surveys were conducted annually since the completion of the 

project in 1988. However, during the duration of the project 

strengthening asphalt mats and new chip seal layers were required 

in some test sections. The asphalt strengthening areas are 

listed in Table 4. These maintenance operations have prevented a 
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detailed comparison of cracking between the sections. However, 

several trends were noted during the crack surveys. 

Table 4 
A.C. Strengthening Areas 
Robins - East Main Street 

Test \ 
Date Location Section Lenath Death Side Width 

10-17-91 *Sta. 147+00 to 1+72 V 365' 2" F.W. 24' 
6-5-92 Sta. 4+00 to 5+50 V 150' 2" F.W. 24' 
6-5-92 Sta. 144+50 to 147+35 V 285' 2" F.W. 24' 
6-5-92 Sta. 140+78 to 142+28 IV & V 150' 2" F.W. 24' 
7-6-93 Sta. 134+28 to 144+78 111, IV, V 1050' It;" LT. 12' 
7-6-93 Sta. 136+03 to 144+78 111, IV, V 875' 1%" LT. 12' 

*Equation Sta. 150+02.90 Back = Sta. 1+10.00 Ahead. 

1 inch = 25 mm 
1 ft. = 0.305 m 

The sections having a 0% or 2.5% residual asphalt content 

(Sections 3, 4 and 5) had the most severe cracking. These 

sections also required the asphalt strengthening mats. The 6 in. 

(150 mm) bases having a 3.5% or 4.5% residual asphalt content had 

fewer cracks than the 4 in. (100 mm) bases of the same residual 

asphalt content. The section with the fewest cracks was 

Section 1 (6 in. (150 mm) base, 4.5% asphalt). 

PROJECT COST 

The project cost $141,355.13. The contract can be found in 

Appendix A. The final construction costs can be seen in 



Appendix D. A large portion of the contract price was the 

$70,297.08 for the bituminous treated aggregate (limestone 

screenings). The contract price for the bituminous treated 

aggregate was $14.84/ton. If the price for bituminous treated 

aggregate could be reduced, the economic benefit of using 

limestone screenings would greatly increase. This may be 

possible as these screenings continue to stockpile. 

CONSTRUCTION RECOMMENDATIONS 

After the project was completed, a meeting was held to discuss 

possible improvements to the procedures used. Some suggestions 

made included the following: 

1. The mixing process will need to be improved on future 
projects. Although adequate for this project, the drum mixer 
used did not completely mix the emulsion and limestone 
screenings. The asphalt balling problem persisted throughout 
the project. It is recommended a traveling plant or road 
mixer be used on future projects. If a central plant is 
required, a pugmill type would be more suitable. 

2. A padsfoot roller and motor grader worked well to compact and 
shape the roadway. This procedure should be continued due to 
fineness of the aggregate and lack of interlocking granular 
particles. Steel drum and pneumatic tired rollers should 
only be used in the final stages to obtain a tight base 
surf ace. 

3. Base lifts should be limited to a maximum compacted thickness 
of 4 in. (100 mm). This depth worked well with the 
compaction technique used on this project. Excessive shoving 
of the mix is likely to occur when compacting lifts of 
greater thickness. 

4. Precautions should be taken to prevent rain water from 
soaking into the material after it is placed. All material 
placed in a day should be compacted and rolled to provide a 
tight surface seal. Also, all edges should be rolled down to 
allow easy drainage of rainwater. 
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DISCUSSION 

The use of limestone screenings mixed with an asphalt emulsion as 

a base is a viable technique. If the base had at least a 3.5% 

residual asphalt content and a depth of 4 in. (100 mm) an 

acceptable base was produced. A 6 in. (150 mm) thickness will 

produce a base that will yield fewer cracks and a higher 

structural strength. Figure 5, page 22 shows the optimum 

residual asphalt content to most likely reside near 3.5% for 

maximum structural strength. These results may vary as the 

gradation of the limestone screenings change, especially as the 

percentage of clay and silt particles increase. 

CONCLUSIONS 

This research on emulsion stabilized limestone screenings support 

the following conclusions: 

1. A low maintenance roadway can be produced using a seal coat 
surface on 6 inches (150 mm) of stabilized limestone 
screenings with 4.5% asphalt cement. 

2. A 6 inch (150 mm) emulsion stabilized base with less than 
3.5% asphalt cement does not produce a satisfactory low cost 
maintenance roadway. 

3. A 4 inch (100 mm) emulsion stabilized base does not produce a 
satisfactory low cost maintenance roadway. 

4. A 2 inch (50 mm) asphalt concrete surface would be necessary 
on many roads to provide a low maintenance roadway using 
emulsion stabilized limestone screenings. 
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Appendix A 
Contract 



I uii18 1403113 G-I5 
24 

xind of work Bituminous Base 
CONTRACT 

Milcs 1.255 
LFAC-910-88 ?rojccl No. County Linn 

'""i AGREEMENT madc and cntcrcd by and bciwccn Linn County Iowa, by its Boa d of Supervisors 
.I ng of illc following mcmbcrs: B. Joseph Rinas, Kenneth A. Schrxner and 

L ~ ~ .  0 x 1 ~ ~  , party of tllc flrst part, an0 
Julcan Materials Company of Cedar Rapids1 Iowa , party of thc sccor~d part. 

WITNESSETH: That thc party of tllc s c c o ~ ~ d  part, for and it]  coi~sidcration of o n r ? _ k u n & L - . - - .  
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S , \ , S ,  

No. l lcnt  / Quatt t i ly  

Linn County project LFAC-910-88, / bituminous 
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I 

875 Ton 
58,840 Gal. 
3,976 Gal. 
5,522 Gal. 

&'he Standard Specifications Series 1'9 lowk Department of Transportation and 
sha 1 apply to construction work on t 

Ut t i l  t'rice I- Att~ot t t t l  

base on 
AJenue. 

11.81 
0.65 
1.10 
1.10 

230 Ton 

1,156 Ton 

ial Provision - Linn County Ordin 
-1-5 covering minimum wage scale 
ided the contractor's bid and sub 
is more than $75,000.00. 

17.50 

7.50 

County Supplemental Specificatio for Aspha t Emulsion 
Construction - shal apply to L his projec - 

Said s i ~ ~ c i l i ~ i i t i o t ~ .  an6 ol;,ns are lharcl,-: i i i i ~ Io  o ;,or, o l  on6 t lw b o a i s q  I i s  ; r cmunt. nnll a in,. I ~y o l  roir l  6vl.lna and snr!ailicntioz~s :an?  now on lil*: i n  

I ~ c  nl l icc 01 lbc Cotlnty Aedilor umlcr il;rtu 01 
11aY 24 88 . I&-...-. 
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icnur.1 snrl Ootoilcrl plans ibrv and ci,nstil$alo lhc basis 01 cont!acr lbctwcon tl,c oartius horalo. 

IN WITNESS WHEREOF Il,(r 8,artics lhorcto l,i$vc %:I t l l ~ i r  lhaarl:; lor l l lc  pbirgoscs Ih~roi l l  (?XIIICIEC~ 19 i l l is ilntl ~LICC 01hl:i i l l s l r ~ ~ l ~ ~ n l ~  01 l i ku  Il!i1Or. as (11 1!1(? 
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T , i  nn . . couaty. lowil 

party 01 thc l i rs t  ~niirt 

UY - 
cl,ai.",t,$, 

Tlmt i t  i s  l u t t l t ~ r  U D ~ C O I O O ~  ant1 af,ruc,l by iho nortics 01 ib is conlr;ncl 1ltnt the nhovc work shill1 I,c cumnmnced nn or balorc, nod slli8ll bn coliwlolorl on or 

Al,l,rox. or Si~~ lc i l la r l  Slarliso Deio 
ur Nlknibcr of Workinr) D w s  

spaciti<al Cutr,$,lo!ion ~ a t o  
vr Nvnil>oi 05  &Vvrkln~) DWS 

,nloro; 1 15 Working Days 9-1-88 
Tl>ilt liinc is  tbc C S S C ~ C C  01 i l l is  contrect vrnl tl>at said contract contnins i~l i  at tbc tcrinn snd conrlitions ourocd u00n by tlxa uar l ics lioroto. 

~t i s  itlrtt>cr untior~tootl ittiat IITC second ~ o r t y  cunsuoir, to t ~ l c  iuriscliction ot tho courts 01 Iowa 10 #>c;lr. detcrn,ioo ;mrl condor ia<ltjon,ont as to any c+,ntrbvcrry 
~t is i t t t j  I~uIcu$~~~cI. 



Appendix B 
Iowa State University 

Test Report 



SOILIAGGREGATE PROPERTIES AND CLASSIFICATION 

The s o i l l a g g r e g a t e  m a t e r i a l  used f o r  c o n s t r u c t i o n  was a  w a s t e  

l i m e s t o n e  s c r e e n i n g s  p r o v i d e d  from t h e  Vulcan M a t e r i a l s  q u a r r y  n e a r  

Robbins , Iowa. 

F i g u r e  1 shows t h e  a v e r a g e  p a r t i c l e  s i z e  d i s t r i b u t i o n  c u r v e  f o r  

s e v e r a l  soi l /aggrey,a te  samples  removed from t h e  s t o c k  p i l i n g  o p e r a t i o n s  

d u r i n g  c o n s t r u c t i o n  o f  t h e  t e s t  s e c t i o n s .  I n c l u d e d  o n  t h e  g raph  a r e  

dashed  b o u n d a r i e s  i n d i c a t i n g  tlie g e n e r a l  l i m i t s  of  a  w e l l  g raded  s o i l /  

a g g r e g a t e  mix. The term "wel l  graded"  r e f e r s  t o  t h a t  g r a d a t i o n  needed 

t o  a c h i e v e  maximum d e n s i f i c n t i o n  under a  g i v e n  compac t ive  e f f o r t .  A s  

n o t e d  i n  t h e  p l o t ,  t h e  s o i l l a g g r e g a t e  shows a  l a r g e r  q u a n t i t y  o f  g r a v e l  

and  c o a r s e  sand than  t h a t  c o n s i d e r e d  t o  b e  w e l l  g raded .  The u n i f o r m i t y  

c o e f f i c i e n t  of  165, T a b l e  1 ,  would i n d i c a t e  a  m o d e r a t e l y  w e l l  g raded  

m a t e r i a l ,  whereas a w e l l  g r a d e d  m a t e r i a l  would have a  u n i f o r m i t y  

c o e f f i c i e n t  i n  e x c e s s  o f  200,  and  a  p o o r l y  g raded  m a t e r i a l  would e x h i b i t  

a u n i f o r m i t y  c o e f f i c i e n t  of  10 o r  l e s s .  T a b l e  1 p r e s e n t s  a d d i t i o n a l  

a v e r a g e  p h y s i c a l  p r o p e r t i e s  and c l a s s i f i c a t i o n s  o f  t h e  s o i l l a g g r e g a t e  

used d u r i n g  c o n s t r u c t i o n .  

Tab le  1 .  P h y s i c a l  P r o p e r t i e s  and C l a s s i f i c a t i o n .  

P a r t i c l e  S i z e  

Gravel ( 4.76 m . . . . . . . . . . . . . . . . . . . . . . . .  5.7 
Sand (4 .76-0.074 mm) , % ....................... 66 .6  

Coarse  sand (4.76-2.00 mm), % ............ 28 .4  
Medium sand (2 .00-0.42 mm), % ............ 26.9 
F ine  sand (0.42-0.074 mm), % ............. 1 1 . 3  

S i l t  (0.074-0.005 m m ) ,  'Z ...................... 19.8  
.......................... Clay ( <  0.005 mm) , % 8 . 0  

C o l l o i d s  ( <  0.001 mm), % ...................... 5 .6  





Table 1.  Physical Properties and Classification. (CONTINUED) 

................................. Effective size, mm 
Uniformity coefficient ............................. . . . .................................. Atterberg Limlts 
AASHTO classification .............................. 
Unified classification ............................. 

................................... Specific gravity 
................................. Zeta potential, mv 

pH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EMULSIFIED ASPHALT 

The 1987 Linn County study,' on the use of emulsified asphalts in 

conjunction with waste limestone screenings, revealed that best results 

were achieved with a CSS-I emulsion having a zeta potential of +18 mv; 

a value almost equal, but opposite in charge to the soil/aggregate used 

1 
during the study. Eased on these initial results, and the fact that 

the soillaggregate used for construction had a zeta potential of -17 mv, 

a CSS-1 emulsion having a zeta potential of about +18 mv, was recommended 

for use in construction of the test sections. Analysis of emulsion samples 

removed from two tankers during construction, showed zeta potential values 

of +34 .6  mv and +27.6 civ, respectively. 

Following is a listing of test results for the emulsion produced 

for the Linn County project, as supplied by Koch bkterials Company, 

Asphalt Division, Duhuque, Iowa: 

Weight per gallon @ 60°F ........................... 8.53 
Viscosity @ 77'F . .................................. 2 3 s  
Sieve test, 8 ...................................... 0 
Pen of residue from distillation ................... 86 
Residue from distillation, 5 ....................... 61.5 
Oil from distillation .............................. 0 



LABORATORY INVESTIGATION 

A s  p r e v i o u s l y  n o t e d ,  s e v e r a l  s o i l J a g g r e g a t e  samples  were  removed 

from s t o c k p i l i n g  o p c r a t i o n s  d u r i n g  c o n s t r u c t i o n ,  i n  o r d e r  t o  p r o v i d e  a  

l a r g e  composi te  sample f o r  f u t u r e  l a b o r a t o r y  tests when combined w i t h  

a s p h a l t  emuls ion samples  removed from s e l e c t e d  emuls ion t a n k  t r u c k s .  

These  f u t u r e  t e s t s  a r e  f o r  t h e  purpose  o f  p r o v i d i n g  c o r r e l a t i o n s  L i t h  

t h e  1987 s t u d y , '  a s  w e l l  a s  s t u d i e s  performed on f i e l d  mixed m a t e r i a l s  

no ted  below. 

During c o n s t r u c t i o n ,  a  s e r i e s  of  samples  were  randomly removed 

from each test s e c t i o n  mix immediate ly  a f t e r  s p r e a d e r  laydown of  t h e  

r e s p e c t i v e  t r e a t e d  b a s e s ,  and p r i o r  t o  f i e l d  compact ion.  Each sample 

s e r i e s  was then  d i v i d e d ,  one p o r t i o n  b e i n g  p l a c e d  i n  s e a l e d  c o n t a i n e r s  

? o r  r e t u r n  t o  Spang le r  G e o t e c h n i c a l  L a b o r a t o r y  (SGL) f o r  molding and 

t e s t i n g ,  t h e  second p o r t i o n  be ing  compacted on s i t e  i n  P r o c t o r  molds 

a t  MSHTO T-99, ASTEI D 698,  compact ive  e n e r g y ;  t h e  l a t t e r  specimens  

t h e n  b e i n g  wrapped and s e a l e d  f o r  t r a n s p o r t  t o  SGL f o r  t e s t i n g .  The 

f o l l o w i n g  l a b o r a t o r y  t e s t s  were t h e n  performed on (1) p l a n t  mixed 

f i e l d  l a b o r a t o r y  compacted specimens ,  a n d / o r  ( 2 )  p l a n t  n ixed  SGL 

cnmpacted specimens .  

I n d i r e c t  T e n s i l e  S t r e n g t h  - 

I n d i r e c t  t e n s i l e  s t r e n g t h  (ITS) t e s t s  were  performed on ? r o c t o r  

s i z e  specimens  f i e l d  molded d u r i n g  c o n s t r u c t i o n ,  f rom uncompacted mixes 

removed from t h e  roadway. A l l  specimens  were  wrapped i n  p l a s t i c  and 

f o i l  i rmnediately f o l l o w i n g  molding i n  o r d e r  t o  m a i n t a i n  t h e  mol.ded 

m o i s t u r e  c o n t e n t  u n t i l  t e s t s  cou ld  be performed.  P r i o r  t o  t e s t i n g ,  

t h e  specimens  were a i r  cu red  f o r  72 h r s .  



The i n d i r e c t  t e n s i l e  t e s t  is a  method f o r  e v a l u a t i n g  t h e  t e n s i l e  o r  

f l e x u r a l  c a p a b i l i t i e s  of  a s t a b i l i z e d  mix. T e s t i n g  is accomplished by 

compress ing each  sample l a t e r a l l y  between two d i a m e t r i c a l l y  oppos ing  

s t r i p  l o a d s .  Under t h i s  c o n d i t i o n ,  a  f a i r l y  uniform s t r e s s  is developed 

i n t e r n a l l y ,  a c t i n g  p e r p e n d i c u l a r  t o  and a l o n g  t h e  d i a m e t r a l  p l a n e  o f  t h e  

a p p l i e d  l o a d  r e s u l t i n g  i n  a  s p l i t t i n g  of t h e  spec imen .  T e n s i l e  s t r e n g t h ,  

S t ,  
is c a l c u l a t e d  from t h e  e q u a t i o n :  

where: P = mximum l o a d  

D = specimen d i a m e t c r  

L = specimen l e n g t h  

Tab le  2 p r e s e n t s  t h e  a v e r a g e  i n d i r e c t  t e n s i l e  s t r e n g t h  v a l u e s  

c a l c u l a t e d  from d u p l i c a t e  spec imens .  

T a b l e  2 .  I n d i r e c t  T e n s i l e  S t r e n g t h .  

Nomi  na 1 F i e l d  Molded Dry D e n s i t y ,  T e s t  
T  rea tmen t  M . C .  , %  PC f Ps 1 - M . C .  ,% 

Untrea ted  
2.5"aCS-lh 
3.53 CSS-lh 
4.5% CSS-lh 

A d d i t i o n  of t h e  e m u l s i f i e d  a s p h a l t  d e c r e a s e d  d e n s i t y  and t e n s i l e  s t r e n g t h  

v a l u e s  from t h o s e  of t h e  u n t r e a t e d  l i m e s t o n e  s c r e e n i n g s ,  though maximum 

t r e a t e d  v a l u e s  of each a p p e a r e d  a t  t h e  3.5% r e s i d u a l  a s p h a l t  c o n t e n t  l e v e l .  

I n  g e n e r a l ,  S v a l u e s  of  t h e s e  f i e l d  mixes were somewhat l e s s  t h a n  a t t a i n e d  
t 

i n  t h e  1987 l a b o r a t o r y  s t u d y .  
1 



Freeze-Thaw 

A major  problem a f f e c t i n g  pavement c o u r s e s  i n  any c l i m a t e  where 

f r e e z i n g  o c c u r s  i s  c a u s e d  by f r o s t  a c t i o n .  F r o s t  heave  o c c u r s  when w a t e r ,  

p r i m a r i l y  absorbed  th rough  c a p i l l a r y  a c t i o n ,  f r e e z e s  and expands ,  c a u s i n g  

, 
a  breakdown of  t h e  p a r t i c l e  t o  p a r t i c l e  m a t r i x  s t r u c t u r e .  F r o s t  b o i l s  

occur  d u r i n g  thawing r e s u l t i n g  i n  h i g h  m o i s t u r e  r e t e n t i o n  c a u s i n g  a  l o s s  

of a  b a s e  m a t e r i a l ' s  l o a d  b e a r i n g  c a p a b i l i t y .  Cont inuous  f reeze - thaw 

c y c l e s  c a n  r e d u c e  a  s o i l  s t r u c t u r e  t o  a  l o o s e  c o l l e c t i o n  of s o i l  and  

a g g r e g a t e  p a r t i c l e s  p r o v i d i n g  l i t t l e  o r  no l o a d  s u p p o r t .  A s t a b i l i z i n g  

a g e n t  must c o n t r o l  t h e  e f f e c t s  of  h e a v i n g ,  w h i l e  m a i n t a i n i n g  t h e  s o i l  

s t r u c t u r e ,  i n  o r d e r  t o  p r o v i d e  l o a d  s u p p o r t  d u r i n g  s e v e r e  f reeze - thaw 

c y c l i n g .  

Freeze-thaw d e t e r i o r a t i o n  was a n a l y z e d  u s i n g  P r o c t o r  s i z e  f i e l d  

mixed a n d  f i e l d  molded specimens .  The t e s t  d u p l i c a t e s  normal f i e l d  

c o n d i t i o n s  of  f r e e z i n g  from t h e  s u r f a c e  w h i l e  f r e e  water is a v a i l a b l e  

a t  t h e  specimen b a s e  f o r  c a p i l l a r y  a b s o r p t i o n .  A s  t e m p e r a t u r e  d r o p s ,  

a b s o r p t i o n  i n c r e a s e s ,  moving w a t e r  t o  t h e  f r e e z i n g  f r o n t ,  a l l o w i n g  

development o f  i c e  l e n s i n g .  

P r i o r  t o  t e s t i n g ,  a l l  specimens  were a i r  cu red  f o r  72  h r s .  Fol lowing 

F-T t e s t i n g ,  a l l  s ~ e c i m e n s  were  s u b j e c t e d  t o  Iowa K-Tests ( d e s c r i b e d  i n  

a  l a t e r  s e c t i o n )  t o  e v a l u a t e  s t r e n g t h  and s t a b i l i t y  r e t e n t i o n .  

The v o l u m e t r i c  F-T test i s  accomplished by p l a c i n g  specimens  i n  

p l e x i g l a s s  h o l d e r s  hav ing  p e r f o r a t e d  b a s e  p l a t e s .  The h o l d e r  and  

specimens  a r e  t h e n  p l a c e d  i n  Dewar f l a s k s  c o n t a i n i n g  wa te r  i n  c o n t a c t  

w i t h  t h e  specimen b a s e ,  t h u s  a l l o w i n g  c a p i l l a r y  s a t u r a t i o n .  To keep  



t h e  w a t e r  i n  t h e  f l a s k  f r o n  f r e e z i n g ,  a  6 w a t t  b u l b  m a i n t a i n s  a  w a t e r  

t e m p e r a t u r e  o f  a p p r o x i m a t e l y  35°F.  Once s e t  up ,  i n i t i a l  h e i g h t  measure- 

ments a r e  t a k e n  s o  t h a t  v o l u m e t r i c  changes  can  be moni to red .  The t e s t  

a p p a r a t u s  and  specimens  a r e  t h e n  p l a c e d  i n  a  f r e e z e r  m a i n t a i n e d  a t  

a p p r o x i m a t e l y  20°F f o r  16 h r s .  AEter t h e  f r e e z e  c y c l e ,  t h e  a p p a r a t u s  

and spec imens  a r e  removed from t h e  f r e e z e r ,  and main ta ined  a t  room t e m p e r a t u r e  

f o r  8 h r s .  Height  measurements a r e  t aken  a f t e r  each f r e e z e  and  thaw 

c y c l e .  Upon comple t ion  of t e n  c y c l e s ,  t h e  specimens  were  removed from 

t h e  p l e x i g l a s s  h o l d e r s  and K- tes ted  f o r  s t r e n g t h  and s t a b i l i t y .  

E f f e c t  of  v o l u m e t r i c  changes  d u r i n g  F-T may b e  viewed t h r o u g h  two 

c r i t e r i a .  F i r s t ,  r e s i d u a l  e l o n g a t i o n  may b e  d e s c r i b e d  a s  t h a t  q u a n t i t y  

of h e a v i n g  which o c c u r s  i n  a  m a t e r i a l  a s  t h e  d i f f e r e n c e  between z e r o  change,  

and e i t h e r  f r e e z e  o r  thaw v o l u m e t r i c  change,  d u r i n g  any  number of  c y c l e s ;  

i . e . ,  t h e  d e p a r t u r e  of  t h e  f reeze - thaw c u r v e  from t h e  a b s c i s s a  o f  t h e  

p l o t .  In a d d i t i o n ,  r e s i d u a l  change o f t e n  i n d i c a t e s  w a t e r  a b s o r p t i o n  

and e x p a n s i o n  c h a r a c t e r i s t i c s  o f  t h e  m a t e r i a l  b e i n g  t e s t e d ,  which d o e s  

n o t  d i s s i p a t e  th rough  g r a v i t a t i o n a l  d r a i n a g e  d u r i n g  thawing.  Second, 

c y c l i c , c h a n g e  is t h e  d i f f e r e n c e  between f r e e z e  and  thaw v o l u m e t r i c  

changes  d u r i n g  any  s i n g l e  c y c l e ,  and  r e p r e s e n t s  a  v o l u m e t r i c  e s p a n s i o n  

due t o  i c e  l e n s e  f o r m a t i o n  d u r i n g  f r e e z i n g ,  o r  a  v o l u m e t r i c  s h r i n k a g e  

ti 
due t o  thawing coupled w i t h  downward g r a v i t a t i o n a l  f low.  Development of  

a  sudden c y c l i c  e l o n g a t i o n  is most o f t e n  a t t r i b u t a b l e  t o  a  s t a b i l i z e d  

s o i l - p r o d u c t  m a t r i x  ( s t r u c t u r e )  breakdown w i t h  accompanying l o s s  o f  

o v e r a l l  s t a b i l i t y .  L a r g e  combina t ions  of bo th  r e s i d u a l  and c y c l i c  
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change r e p r e s e n t  a  d e f i n i t e  l a c k  o f  f r eeze - thaw s t a b i l i t y ,  and  accompanying 

l o s s  o f  s t r e n g t h .  Very low combina t ions  o f  e a c h ,  would show a  s o i l  

o r  s o i l - a d d i t i v e  composi te  hav ing  l i t t l e  o r  no f r o s t  heave  s u s c e p t i b i l i t y  

w i t h  a n  accompanying r e t e n t i o n  oE s t r e n g t h .  

F i g u r e  2 p r e s e n t s  t h e  a v e r a g e  v o l u m e t r i c  f reeze- thaw r e s u l t s  f o r  t h e  

f i e l d  mixed and molded specimens .  A s  n o t e d ,  t h e  u n t r e a t e d  specimens  produced 

c o n s i d e r a b l e  r e s i d u a l  expans ion  d u r i n g  t h e  t e n  c y c l e s ,  i n d i c a t i n g  w a t e r  

a b s o r p t i o n  w i t h  accompanying expans ion .  C y c l i c  v a r i a t i o n  was r e l a t i v e l y  

minimal  w i t h  t h e  u n t r e a t e d  u n t i l  a b o u t  t h e  t h i r d  c y c l e ,  s u g g e s t i n g  

s t r u c t u r a l  d e t e r i o r a t i o n  t h e r e a f t e r .  

A l l  emuls ion  t r e a t e d  specimens  performed i n  n s i m i l a r  f a s h i o n  w i t h  

l i t t l e  v a r i a t i o n  between c o n c e n t r a t i o n s .  R e s i d u a l  change was q u i t e  

s m a l l  f o r  each  o f  t h e  emuls ion t r e a t e d  mixes ,  and d e f i n i t e l y  less than  

t h e  u n t r e a t e d ,  s u g g e s t i n g  r e l a t i v e l y  good c o n t r o l  o f  h e a v i n g  e f f e c t s .  A s  

n o t e d  i n  Tab le  3 however, emuls ion t r e a t m e n t  d i d  n o t  p r e v e n t  c a p i l l a r y  

m o i s t u r e  i n t r u s i o n  d u r i n g  F-T t e s t i n g ,  s i n c e  a v e r a g e  m o i s t u r e  c o n t e n t s  

f o l l o w i n g  10 c y c l e s  were  s i m i l a r  t o  t h a t  o f  t h e  u n t r e a t e d  s o i l / a g ~ r e g a t e .  

C y c l i c  v o l u m e t r i c  changes of t h e  t r e a t e d  specimens  were somewhat l a r g e r  

t h a n  t h e  u n t r e a t e d ,  becoming n o t i c e a b l e  a t  a b o u t  c y c l e s  2 and  3 .  While 

t h e  c y c l i c  changes s u g g e s t  some p o t e n t i a l  f o r  m a t r i x  breakdown, K - t e s t s  

a f t e r  10 c y c l e s  o f  F-T showed good s t a b i l i t y ;  t h e  c y c l i c  changes  t h u s  

p o t e n t i a l l y  i n d i c a t i n g  some e l a s t i c  a b i l i t i e s  of  t h e  s o i l / a g g r e g a t e  

m a t r i x  when t r e a t e d  w i t h  t h e  emuls ion.  



Table  3 .  Average M o i s t u r e  and D e n s i t y  Summary of  
F-T Specimens.  

Nom i na 1 F i e l d  Molded Dry D e n s i t y ,  T e s t  M . C .  A f t e r  
Treatment  M . C . ,  8 ~ c f  1 0  F-T Cyc les ,  2 

Un t rea t ed  6 .03  124 .3  
2.58 CSS-lh 7.09 122.2 
3 .58 CSS-lh 6 . 5 9  117.7 
4.52, CSS-lh 5.94 117.6 

Iowa K-Test 

The K-Test s i m u l a t e s  an  u n d r a i n e d ,  r e l a t i v e l y  r a p i d  s t a t i c  f i e l d  

l o a d i n g  s t r e s s  s t a t e .  E s s e n t i a l l y ,  t h e  t e s t  i s  a  v a r i a b l e  r e s t r a i n t  

L s t r e s s - p a t h  t r i a x i a l  s h e a r  t e s t .  The t e s t  p r o v i d e s  q u a l i t a t i v e  v a l u e s  

of  cohes ion  ( c )  and a n g l e  of  f r i c t i o n  ( 4 ) ;  p a r a m e t e r s  which a r e  n o t  

u n l i k e  t h o s e  produced from t r i a x i a l  s h e a r  t e s t s ,  b u t  a r e  n o t  q u a n t i t a t i v e  

d u p l i c a t e s  t h e r e o f .  Va lues  of c-@ may be  used i n  v a r i a t i o n s  of  t h e  

c l a s s i c  T e r z a g h i  a n a l y s i s  t o  o b t a i n  t h e  b e a r i n g  c a p a c i t y  (q ) .  Nhen 
0 

coup led  wi th  v e r t i c a l  l o a d i n g ,  a x i a l  d e f o r m a t i o n s  c o n v e r t e d  t o  a x i a l  

s t r a i n s ,  p r o v i d e  d e t e r m i n a t i o n  o f  a p s e u d o - e l a s t i c  modulus ( E ) . ~  A 

b r i e f  e x p l a n a t i o n  of e a c h  parameter  is a s  f o l l o w s :  

1. S t r e s s  R a t i o  (K). A nominal  u n c o r r e c t e d  r a t i o  of  
h o r i z o n t a l  t o  v e r t i c a l  s t r e s s  induced  i n  a  loaded  
specimen. May be  viewed a s  a  q u a l i t a t i v e  i n d i c a t o r  
of  l a t e r a l  s t a b i l i t y .  Values  of  K s h o u l d  n e v e r  
exceed 1.00.  The s m a l l e r  t h e  K v a l u e ,  t h e  g r e a t e r  
t h e  improvement i n  l a t e r a l  s t a b i l i t y ;  a n  a s s e t  i n  
c o n t r o l  of  movements i n  a  compacted e a r t h  f i l l ,  
o r  c o n t r o l  of  r u t t i n g  i n  a  pavement c o u r s e .  

2. Angle of  I n t e r n a l  F r i c t i o n  ( 4 ) .  R e f e r s  t o  t h e  sum 
of  s l i d i n g  f r i c t i o n  p l u s  i n t e r l o c k i n g  f o r c e s  w i t h i n  
t h e  s o i l l a g g r e g a t e  m a t r i x .  R e l a t e d  t o  s t a b i l i t y  
and b e a r i n g  c a p a c i t y  of  a  compacted m a t e r i a l .  



3 .  Cohesion ( c ) .  A p a r a m e t e r  i n d i c a t i v e  o f  t h e  amount 
of a t t r a c t i v e  ( e l e c t r o - s t a t i c )  and a d h e s i v e  f o r c e s  
between p a r t i c l e s  i n  a  s o i l  m a t r i x .  R e l a t e d  t o  
s t a b i l i t y  and b e a r i n g  c a p a c i t y  of a  compacted m a t e r i a l .  

4 .  Psuedo-Elas t i c  Elodulus (E). An approx imate  r e l a t i o n -  
s h i p  between stress and s t r a i n  of  a  s o i l  d u r i n g  
v e r t i c a l  l o a d i n g .  Thus E is i n d i r e c t l y  r e l a t e d  t o  
c o m p r e s s i b i l i t y .  S i n c e  s o i l  i s  a n  e l a s t i c - p l a s t i c  
m a t e r i a l ,  v a l u e s  of  E  s h o u l d  b e  viewed o n l y  from a  
q u a l i t a t i v e  s t a n d p o i n t .  

5 .  ULtinaLe U e a r i n ~ ~ e j ! ~ ! i t y  ( q  ) .  C a l c u l a t e d   fro^^: ehe 
c l a s s i c  Terzagli i  b e a r i n g  c a p z c i t y  e q u a t i o n  f o r  s o i i  
under a  s u r f i c i a l l y  a p p l i e d  c i r c u l a r  f o o t i n g .  I n  i t s  
d e t e r m i n a t i o n ,  u t i l i z e s  c-9 v a l u e s ,  a s  w e l l  a s  q 0 
s o i l  wet  u n i t  w e l g h t .  

P a r a m e t e r s  o b t a i n e d  from t h e  K-Test must b e  c o n s i d e r e d  i n  a  developmental  

s t a g e ,  and should  n o t  be  used  f o r  d e s i g n  purposes .  They a r e  viewed h e r e i n  

f rom a q u a l i t a t i v e  c o n t e x t  of  compar ison o f  t h e  u n t r e a t e d  and  t r e a t e d  

mixes. 

Tab le  3 shows t h e  a v e r a g e  molded m o i s t u r e  c o n t e n t  and d r y  d e n s i t y  

a t  t i m e  of  f i e l d  molding,  and m o i s t u r e  c o n t e n t  of  t h e  specimens  f o l l o w i n g  

f reeze - thaw a s  u t i l i z e d  i n  t h e  G T e s t .  A l l  specimens  had s imilar  cured  

m o i s t u r e  c o n t e n t s  of a p p r o x i m a t e l y  1.2% p r i o r  t o  fkeeze-thaw t e s t i n g .  

Fol lowing F-T t e s t i n g ,  a 1 1  of  t h e  t r e a t m e n t s  e x h i b i t e d  s i m i l a r  m o i s t u r e  

c o n t e n t s .  

T a b l e  4 p r e s e n t s  r e s u l t s  of t h e  K-Test performed on t h e  F-T specimens .  

While  f r i c t i o n  a n g l e s  tended t o  d e c r e a s e  w i t h  i n c r e a s i n g  r e s i d u a l  a s p h a l t  

c o n t e n t s ,  cohes ion  of t h e  t r e a t e d  mixes was c o n s i d e r a b l y  h i g h e r  t h a n  t h e  

u n t r e a t e d  ( 0 ) .  The s l i g h t  v a r i a t i o n  i n  c o h e s i o n  of  t h e  3.5% mix may h e  

a t t r i b u t e d  t o  t h e  s l i g h t  v a r i a t i o n  i n  m o i s t u r e  c o n t e n t  t h e r e o f  n o t e d  i n  

T a b l e  3 .  



S t i e s s  r a t i o s  i n c r e a s e d  s l i g h t l y  w i t h  r e s i d u a l  a s p h a l t  c o n t e n t .  The 

v e r y  s m a l l  i n c r e a s e  i n  K - r a t i o s  s u g g e s t  a  s l i g h t  l o s s  o f  l a t e r a l  s t a b i l i t y ,  

and i n c r e a s e  i n  r u t t i n g  p o t e n t i a l ,  though t h e  i n c r e a s e s  a r e  s o  s m a l l  a s  t o  

s u g g e s t  no l o s s  i n  e i t h e r  mode. The l a t t e r  concep t  i s  a l s o  v a l i d a t e d  i n  

t h a t  none of  t h e  K - r a t i o s  were  g r e a t e r  t h a n  t h o s e  produced by a n  A-7-0(12), 

CL s o i l ,  s t a b i l i z e d  w i t h  4% oE a  CSS-1 emuls ion  and  c o n s t r u c t e d  i n  

4 Po t t awat tamie  County,  Iowa, i n  1979;  a  b a s e  s t a b i l i z a t i o n  p r o j c c t  s t i l l  

i n  s e r v i c e  w i t h  d o u b l e  c h i p  c o a t  s u r E a c i n g .  

Tab le  4. Iowa K-Test Summary 

Nominal 
Treatment  <bO c ,  p s i  E ,  p s i  < q - ,  p s i  

Unt rea ted  40.2 0 5889 0.236 31.4 
2.5% CSS-lh 36.6 2.5 3272 0.245 179.0 
3.5% CSS-lh 37.3 1.8 2953 0.243 144.1 
4.5% CSS-lh 34.6 2.9 2612 0.268 157.9 

I n c r e a s e d  r e s i d u a l  a s p h a l t  c o n t e n t  produced d e c r e a s e s  i n  t h e  pseudo- 

e l a s t i c  moduli  (E) i n d i c a t i n g  some p o t e n t i a l  f o r  c o m p r e s s i b i l i t y  and 

r u t t i n g ,  i f  t h e  b a s e  m a t e r i a l s  were  e v e r  s u b j e c t e d  t o  c a p i l l a r y  s a t u r a t i o n  

d u r i n g  Freez ing  and thawing c y c l e s ,  and i l l u s t r a t i n g  t h e  need Eor adequa te  

e x t e r n a l  d r a i n a g e .  

Cohesion and f r i c t i o n  a n g l e  (c-$) v a l u e s  were used  t o  compute t h e  

u l t i m a t e  b e a r i n g  c a p a c i t y  (qo) a g a i n s t  s h e a r .  For t h i s  purpose ,  a  s u r f a c e  

l o a d  a p p l i e d  t o  a  12 i n c h  d i a m e t e r  p l a t e  was assumed; t l ~ i s  assumpt ion 

cor respond ing  t o  t h e  approx imate  c o n t a c t  a r e a  of  a  t r u c k  t i re .  I f  i t  i s  

assumed t h a t  t i r e  c o n t a c t  p r e s s u r e  r a n g e s  from 75-125 p s i ,  t h e  q  v a l u e  
0 

o b t a i n e d  From t h e  u n t r e a t e d  mix,  Tab le  4 ,  would s u g g e s t  a n  e a r l y  f a i l u r e  

i f  used a s  a  base  c o u r s e  under  n t h i r ~  c h i p  and s e a l  su rFace  and a l lowed 



t o  r each  s a t u r a t i o n .  tlowever, e a c h  of  t h e  t r e a t e d  mixes ,  T a b l e  4 ,  i n d i c a t e d  

more t h a n  a d e q u a t e  l o a d  b e a r i n g  s u p p o r t  u n d e r  s i m i l a r  c o n d i t i o n s .  

While each of  t h e  K-Test p a r a m e t e r s  were  a f f e c t e d  by f r o s t  a c t i o n  and 

s a t u r a t i o n ,  t h e  combined F-T and K-Test d a t a  s u g g e s t  t h a t  t h e  a d d i t i o n  of 

t h e  a s p h a l t  emuls ion a s  a  s t a b i l i z i n g  a g e n t  may p r o v i d e  s i g n i f i c a n t  

c o n t r o l  of  t h e  e f f e c t s  of  f r o s t  h e a v e ,  w h i l e  m a i n t a i n i n g  s u f f i c i e n t  

s t a b i l i t y  and load  b e a r i n g  s u p p o r t  f o l l o w i n g  a  s p r i n g  thaw. 

M a r s h a l l  T e s t  

The M a r s h a l l  t e s t  is o n e  form of  mix d e s i g n  t e s t i n g  used  t o  a s c e r t a i n  

optimum r e s i d u a l  a s p h a l t  c o n t e n t .  R e s u l t s  can  a l s o  be  a p p l i e d  t o  t h i c k n e s s  

d e s i g n  of t h e  v a r i o u s  c o u r s e s  of  a  i l e x i b l e  pavement sys tem.  

Q u a d r u p l i c a t e  four - inch  d i a m e t e r  by 2 .5- inch h i g h  c y l i n d r i c a l  

specimens  were  molded i n  t h e  l a b o r a t o r y  u s i n g  mixes o b t a i n e d  from t h e  

f i e l d  , w h i l e  m a i n t a i n i n g  mois t11t-e c o n t e n t s  a c h i e v e d  d u r i n g  c o i ~ s t r u c t i o n  . 
G m p a c t i o n  c o n s i s t e d  of 75 !,lows p e r  s i d e  w i t 3  a  10-lb.  ilanmer, dropped 

18 i n c h e s .  F o l l o ~ r i n g  mold ing ,  a l l  specimens  were a i r  cu red  f o r  72 

h r s ,  a f t e r  which two specimens  of  e a c h  mix were M a r s h a l l  t e s t e d ,  t h e  

remain ing  two a l lowed  t o  c a p i l l a r y  s a t u r a t e  f o r  96 h r s .  p r i o r  t o  t e s t i n g .  

I n  g e n e r a l ,  a  mix shou ld  meet o r  exceed t h e  f o l l o w i n g  c r i t e r i a :  5 

a .  Minimum s t a b i l i t y  o f  500 l b s .  

b. Maximuin s t a b i l i t y  l o s s  of  50% a f t e r  96 h r .  s a t u r a t i o n  

c .  Maximum of 4% a b s o r b e d  m o i s t u r e  a f t e r  96 h r .  s a t u r a t i o n .  

d.  Flow v a l u e s  between 0.80 and 0 .180 i n c h .  

While l i m i t a t i o n s  a r e  n o t  g e n e r a l l y  e s t a b l i s h e d  f o r  p e r c e n t  a i r  

v o i d s  i n  m a t e r i a l s  of predominant  sand  s i z e ,  f low v a l u e s  a r e  i m p o r t a n t  



i n  p r e v e n t i n g  d i s t r e s s  of a  pavement sys tem.  Mixes hav ing  f low v a l u e s  

below t h e  noted range  tend t o  b e  b r i t t l e ,  c a u s i n g  p remature  c r a c k i n g .  

Above t h e  range  n o t e d ,  mixes t end  t o  be  s o f t ,  i n c r e a s i n g  r u t t i n g  

p o t e n t i a l .  High f l o w  v a l u e s  a r e  a l s o  u s u a l l y  accompanied by low s t a b i l i t y  

v a l u e s . 6  The optimum r e s i d u a l  a s p h a l t  c o n t e n t  is g e n e r a l l y  chosen a s  

t h a t  which p r o v i d e s  maximum s a t u r a t e d  s t a b i l i t y ,  bu t  may be  a d j u s t e d  + o r  - 

depending on m o i s t u r e  a b s o r p t i o n ,  p e r c e n t  l o s s  of s t a b i l i t y ,  v o i d s ,  and 

c o a t i n g  of p a r t i c l e s .  I f  one o r  more of t h e  c r i t e r i a  a r e  n o t  m e t ,  t h e  

mix may be c o n s i d e r e d  i n a d e q u a t e .  

Tab le  5 p r e s e n t s  t h e  a v e r a g e  M a r s h a l l  t e s t  d a t a  f o r  specimens  which 

were  l a b o r a t o r y  molded from t h e  f i e l d  mixes.  D e n s i t i e s  tended t o  v a r y  

between t h e  d i f f e r e n t  c o n c e n t r a t i o n s  of  r e s i d u a l  a s p h a l t  i n s t e a d  of  

d e c r e a s i n g  w i t h  i n c r e a s i n g  a s p h a l t  c o n t e n t s ,  due t o  t h e  v a r y i n g  m o i s t u r e  

c o n t e n t s  encoun te red  d u r i n g  c o n s t r u c t i o n .  Optimum m o i s t u r e  c o n t e n t  f o r  

maximum d e n s i f i c a t i o n  of  t h e  t r e a t e d  mixes s h o u l d  have been 7.0% o r  

s l i g h t l y  g r e a t e r .  

A s  s t a b i l i t y  is dependen t  on d e n s i t y ,  t h e  v a r i a t i o n s  mentioned 

above a r e  r e f l e c t e d  i n  bo th  t h e  cured  and s a t u r a t e d  s t a b i l i t y  v a l u e s  f o r  

t h e  d i f f e r e n t  mixes .  Both c u r e d  and soaked s t a b i l i t y  v a l u e s  were  w e l l  

above t h e  minimum c r i t e r i a ,  w i t h  t h e  e x c e p t i o n  of t h e  u n t r e a t e d  mix, 

which f a i l e d  d u r i n g  s a t u r a t i o n .  I t  shou ld  b e  n o t e d  t h a t  w h i l e  s t a b i l i t i e s  

exceeded minimum s p e c i f i c a t i o n s ,  p e r c e n t  s t a b i l i t y  l o s s e s  due t o  

s a t u r a t i o n  exceeded maximum c r i t e r i a .  

Flow v a l u e s  of  t h e  cured  and s a t u r a t e d  mixes were a l l  w i t h i n  t h e  



0.80-0.180 i n c h  range .  Random v a r i a b i l i t y  of  t h e  f low v a l u e s ,  however, 

a p p e a r e d  r e l a t e d  t o  d e n s i t y  v a r i a t i o n s .  

Absorbed m o i s t u r e  d a t a ,  T a b l e  5 ,  is t h e  numer ica l  d i f f e r e n c e  between 

m o i s t u r e  c o n t e n t s  f o l l o w i n g  s a t u r a t i o n  and c u r i n g .  L i t t l e  v a r i a t i o n  i n  

a b s o r p t i o n  was e v i d e n t  between t h e  d i f f e r e n t  r e s i d u a l  a s p h a l t  c o n t e n t s .  

However, a  d r a s t i c  r e d u c t i o n  i n  m o i s t u r e  a b s o r p t i o n  was a p p a r e n t  between 

t h e  u n t r e a t e d  and t r e a t e d  mixes .  Q u a n t i t y  of  absorbed  m o i s t u r e  f o r  each 

of t h e  t r e a t e d  mixes exceeded t h e  4% maximum by a b o u t  1 .0%.  

I n  terms of  M a r s h a l l  test c r i t e r i a ,  each of t h e  n i x e s  migh t  be  

q u e s t i o n a b l e  f o r  u s e  a s  a  pavement c o u r s e .  klowever, due t o  t h e  

e x p e r i m e n t a l  n a t u r e  of t h e s e  m i x e s ,  o n l y  a c t u a l  i n - s i t u  pe r fo rmance  w i t h  

time w i l l  de te rmine  t h e  e f f e c t i v e n e s s  of  t h e  emuls ion and w a s t e  l i m e s t o n e  

b a s e  c o u r s e  m a t e r i a l s .  

Tab le  5. Marshal l  T e s t  Summary. 

Molded Dry Cured Soaked S t a b i  I i t y  
Nomi na 1 M o i s t u r e ,  D e n s i t y ,  S t a b i l i t y ,  S t a b i l i t y ,  Loss ,  
Treatment  pcf I b s  I bs - "a 

Untrea ted  6 .17  136.4 6257 . --- 100 
2.5% CSS-lh 5.46 132.0  4365 1410 67.70 
3.5% C S S - ~ h  7 .02 135.0  6497 1895 70.83 
4.5% CSS-lh 6 .92 131.1 5245 1262 75.94 

Cured Soaked Cured Soaked Absorbed 
Flow, Flow, T e s t '  M C ,  T e s t  MC Mois tu re  - 

Untrea ted  0.117 - - -  0 .92  12.19 1 1  .27 
2.5% CSS-lh  0 .095 0.137 0 .86  5.84 4.98 
3.5% CSS-lh 0 . 1 2 8  0 .123 0 .83 5.65 4.82 
4 .5% CSS-lh 0 .123 0 .145  1 . 1 1  6.40 5.29 

Cured Soaked 
Voids Voids - 

Untrea ted  19 .5  - - -  
2.5% CSS-lh 1 9 . 8  17.2 
3.5% CSS-lh 16 .4  15.2 
4.5% CSS-lh 17.8  16.0 



Res idue1  A s p h a l t  C o n t e n t s  

Aspha l t  c o n t e n t n  of  each emuls ion  t r e a t e d  mix were  de te rmined  i n  

a c c o r d a n c e  w i t h  ASTM D e s i g n a t i o n  D2172, Mcthod B ,  Q u a n t i t a t i v e  E x t r a c t i o n  

of Bitumen from Bituminous Paving Mix tu res .  Samples used  f o r  t h i s  test 

were  randomly s e l e c t e d  from t h e  f i e l d  mixed m a t e r i a l s  o b t a i n e d  p r i o r  to. 

compact ion.  R e s u l t s  i n d i c a t e d  2 .35 ,  3 .15 ,  and 4.05% r e s i d u a l  a s p h a l t  f o r  

t h e  nominal  c o n t e n t s  of  2 . 5 ,  3 . 5 ,  and 4 .52.  While t h e  e x t r a c t e d  v a l u e s  

were less t h a n  t h e  nominal  mix d e s i g n  v a l u e s ,  i t  must  b e  n o t e d  t h a t  a  p e r i o d  

of t i m e  e l a p s e d  between c o n s t r u c t i o n  mixing and e x t r a c t i o n  t e s t i n g ,  a  

c o n d i t i o n  o f t e n  y i e l d i n g  somewhat lower  than  t a r g e t e d  bi tumen c o n t e n t s .  

S M K Y  

L a b o r a t o r y  tests conducted on t h e  E i c l d  mixed m a t e r i a l s  w i l l ,  u l t i m a t e l y  

be  i n c l u d e d  i n  c o r r e l a t i o n s  w i t h  a d d i t i o n a l  l a b o r a t o r y  t e s t s ,  t h e  1987 

1 
l a b o r a t o r y  f e a s i b i l i t y  i n v e s t i g a t i o n ,  and p e r i o d i c  i n - s i t u  performance 

e v a l u a t i o n s .  A d d i t i o n a l  l a b o r a t o r y  s t u d i e s  p r e s e n t l y  b e i n g  conducted 

I n c l u d e  t r a f f i c a b i l i t y ,  CBR, and R e s i l i e n t  Plodulus t e s t i n g .  F i e l d  tests 

b e i n g  performed i n - s i t u  i n c l u d e  m o i s t u r e - d e n s i t y ,  Clegg Impact Values ,  and 

Benkelman Beam d e f l e c t i o n  t e s t s .  Such l a b o r a t o r y  and  f i e l d  t e s t s  w i l l  be  

p r e s e n t e d  i n  s u b s e q u e n t  r e p o r t s .  While i n c l u s i o n  of  ma jor  performance 

and l a b o r a t o r y  c o n c l u s i o n s  h e r e i n  would be p r e m a t u r e ,  and p a r t i c u l a r l y  

w i t h o u t  b e n e f i t  of  a t  l e a s t  one  F u l l  y e a r  of  f i e l d  c l i m a t i c  c o n d i t i o n s ,  

a s  of t h e  d a t e  of t h i s  r e p o r t ,  a l l  t e s t  s e c t i o n s  a p p e a r  i n  e x c e l l e n t  

c o n d i t i o n .  
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Appendix C 
Post Construction Test Results 



HR-309 
An Investigation of Emulsion Stabilized 

Limestone Screenings 
Field Test Results 

Road Rater Results 

Section Descrivtion 

1 6", 4 112% A.C. 
2 6", 3 112% A.C. 
3 6", 2 112% A.C. 
4 6", Untreated 
5 4" ,  2 112% A.C. 
6 4'1, 3 1/2% A.C. 
7 4" ,  4 112% A.C. 

Section 

80% 
Structural Ratinq Soil K Value 

Smoothness Test Results 

BPR Roughometer 25 Ft. California Profilometer 

Rouqhness. In./Mi. Rouqhness, In./Mi. 

1 in./mi. - 15.8 mm/km 
1 in. = 25 mm 



Appendix D 
Construction Materials and Costs 
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Appendix E 
Construction Photographs 



Photo 1: C o n t r a c t o r ' s  drum mixer p l a n t  

Photo 2:  S t i f f e n e d  mix i n  a s p h a l t  paver  



Photo 3: Torn base mat placed using asphalt paver 

Photo 4: Padsfoot roller compacting base laid with spreader box 



Photo 5: Compacted base prior to final shaping and compaction 

Photo 6: DOT Road Rater testing being conducted on finished roadway 




