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EXECUTIVE SUMMARY

Extensive progrémmed laboratory tests involving some 400 asphalt
emulsion slurry seals (AESS) were conducted. Thirteen aggregates in-
cluding nine Iowa sources, a quartzite, a synthetic aggregate (Haydite),
a limestone stone from Nebraska, and a Chat aggregate from Kansas were
tested in combination with four emulsions and two mineral £illers, re~
sulting in a total of 40 material combinations. A number of meetings
were held with the Iowa DOT engineers and 12 state highway departments
that have had successfel slurry seal experiences‘and records, agd sev-
eral slurry seal contractors and material and equipment suppliers were
contacted, Asphalt emulsion slurry seal development, uses, character-
istics, tests, and design methods were thoroughly reviewed in cqnjunc~
tion with Towa's experiences through these meetings and discussions
and through a literature search (covering some 140 articles and,lz state
highway department specifications). The following is the summary of
findings, conclusions, and recommendations: |

1. Asphalt emulsion slurrj seals, when properly designed and
constructed, can impro%e the quality and extend the life of existing
pavement surface, and their application can become a viable and éco—
nomical pavement maintemance procedure, both preventive and corrective.

2. Although aéphalt emulsion slurry seals have been used.iﬁ the
U.5. for more than 25 years and many thousands of miles of successful
asphalt emulsion slurry seals have been built both in the U,S, and
abroad, their design and construction are still an art rather than a

science, Experiences with the slurry seal have been mixed; consistent



success in the construction and performance of the slurry seal, except
in a few states, has not been achieved.

3. More than 40 material, slurry, and construction variables were
identified that will affect the desipgn, construction, and performance
of a#n asphalt emulsion slurry seal,

4, The major reasons for the mixed experiemces and lack of con-
sistent succeés with AESS are believed to be:

@ Too many variables that will affect the properties, design,
construction and performance of an AESS.

® No standard design method and traffic and geographically-
based design criteria,

® General lack of experiences, total process control and proper
equipments on the part of some contractors.

5, Major material variables affecting slurry compatibility,
mixing stability, slurry consistency, and wear resistance were identi-
fied as a result of the programmed laboratory testing. They are:

® Aggrégate type‘and composition

¢ Agpregate gradation, amount, and type of fines

e Emulsion type and variability

@ Prewét water content of aggregate

& Filler content

® Emulgion content

6. Although not all of the aggregates studied met current speci-
ficationé, most of them could be made into a creamy, stéble, homogeneous,
free flowing slurry seal, with proper selections of emulsion type,
emulsion contént, prewet water content, and mineral filler type and con-

tent.



7. Not all of the slurries made with aggregates meeting sand
equivalent and gradation specifications géve satisfactory abrasion
and wear resistance. .On the other hand, satisfactory slurries could
be made with aggregaté blends which failed to meet either sand equiv-
alent or gradation specifications. These specification-performance
(laboratory) inconsistencies point to the need for field study.

8. Based on laboratory results obtained in this study a number
of recommendations are made with respect to Iowa slurry seal specifi-
cations.

9. Combining the basically sound Iowa slurry seal design proce-
dure of 1975, laboratory results obtained from this project and ex-
periences of other agencies and engineers, a laboratory asphalt emul-
sion slurry seal design procedure is recommended. The principal fea-
tures of this procedure are:

® Estimate the theoretical residual asphalt requirement based
on coating of an 8 ym £ilm on aggregate surfaces.

® Establish the minimum asphalt (emulsion) content by the
wet track abrasion test (WPAT) or shaker test,

® Establish the maximum asphalt (emulsion) content by sand
adhesion value determined from the loaded wheel test or modified
California rubber wheel test.

10, 1In order to establish design criterja and material Specifica-
tions most suited for Iowa conditions of weather, traffic, and avail-
able aggregates, and to gain field experiences, a field test, as en~
visioned by the Iowa DOT engineers, is recommended., The proposed field

test will consist of 32 sections of 500 ft each and will be constructed

during the 1977 construction season by the Iowa DOT. The testing and



design of slurry seals for the test sections will be undertaken by
Iowa State University. The selection of test site and the evaluation
of construction procedures and slurry seal performance will be under~
taken by fowa DOT engineers,

11. It is expected that conclusions regarding the performance
of slurry seals under Iowa conditions, the suitability of Iowa aggre-
gates, and the performance-based design criteria will be made at the

end of two to four years of field tests.



1. TINTRODUCTION

A slurry seal is a mixture of asphalt emulsidn, well-graded fine
aggregate, water, and, often, mineral filler. When these ingredients
are mixed in proper sequence and proportion, a creamy, homogeneous,
aﬁd fluid mixture is formed. The slurry, because of its fluidity, can
be spread in thin layers over an existing surface. After the setting
and curing a thin, hard, dense asphalt surface results,

The slurry mixtures are normally produced by continuous mixers
mounted on a truck chassis which also pull the box-type spreading units,
Slurry mixtures are produced by cold-wet mixing processes in'tha; ag-
gregate, emulsified asphalt, and water are used, Break of the emulsion
and setting and curing of the 1/8-in, to 1/2<in, ﬁhick surfacing .evolves
through chemical and/or mechanical action. Traffic can normally be
placed on the cured seal coats after atmospheric exposure in anywhere
from 1-8 hr depending on ambient conditions, mate#ial formulatiogs and
the nature of the ingredients (emulsion, aggregaté, and mineral filler).

Slurry seals are used for pavement seal coat# and crack«filiers
on airports, ﬁighways, streets, and parking lots. Generallya théy are
placed in lieu of cover aggregate seal coats and more_expensive #uriéce
courses to restore and protect existing weathered and deteriorated pave-
ments, and to improve skid resistance. More recently (Kari, 197%},
slurry seals have been used over asphalt treated bases on low ﬁoiume
roads or in stage constiuction, as an interlocking layer for chip seals

(Cape seals.) and as wearing surfaces over recycled asphalt pavements.




The primary advaﬁtages of slurry seal coats are (1) low cost,
(2) thin layer (no significant build-up at curbs, gutters, and manholes),
(3) easé of dpplication, (4) minimal equipment and manpower requirements,
(5 1owtuti1ization of material and energy, (6) no loose aggregate prob-
lem assgciated with chﬁp seals, and (7) construction speed. The primary
disadva;tageé are (1)‘fhe-probability of success being too dependent on
the artiof slurry seaiing, (2) short service life, (3) lack of reliable
design éfocedures aﬁd‘criteria, and (4) numerous construction constraints,

Ex%erience in Iowé and other states indicates that alternatives are
needed to cover aggregate seal coats and more eipensive asphalt concrete
overlays in order to protect of otherwise enhamce pavement surfaces.
Slurry seals havé occasionally exhibited appropriate cost effectiveness
and performance parameters. Unfortunately, except in a few states such
as Kansas and Virginia; they have not been shown to be consistently
satisfaétory:in that mimerous difficulties and failures have occurred,
These problems have preveﬁted the slurry seals from becoming viable
maintenanée alternatives,

However, because this type of surface treatment occasionally has
shown: promise, it nee&s to be thoroughly studied and evaluated so that
{1) usage can be expaﬁded where appropriate and (2) the limitations can

be properly identified.



2. OBJECIIVES

The overall objective of the proposed research is to review,
evaluate, develop, and verify necessary information for successful
design and application of emulsion slurry seals in Iowa. The research
is to be conducted in two phases. The work reported here was addressed

/
to Phase i of the study. The specific objectives are:

L. To provide a comprehensive literature search and digest on
'the material characteristics of, design procedures aund
criteria for, and field experiences with‘slurry seals.

2, To conduct & programmed 1ab§ratory studyiof slurry seal de-
sign procedures and criteria, testing and evaluation methods,
and material and mixture characteristics.

3. To formulate tentative slurry seal laborgtory design, testing
and evaluation procedures, and recommendations on the de-

sirability and design of field study.




3. REVIEW OF SiURRY SEAL DESIGN, APPLICATION, AND EXPERIENCES

A thorough literature search was conducted covering some 140 re-
ports and articles and 12 highway .department and other agency specifi-
cations., A number of meetings were held with Iowa DOT engineers,
Twelve state highway departments, emulsion suppliers, slurry seal con-
tractors and suppliers (including California, Kansas, Illinois, Ken-
tucky, Louisiana, Virginia, Chevron, Inc., Armak Co., International
Slurry Seals Association, Young Slurry Seal, Inc., Bitucote, and
Benedict Slurry Seal) were contacted, Asphalt emulsion slurry seal
developments, uses, characteristics, tests, and design procedures
were reviewed in conjunction with Iowa's experiences through these
meetings and discussions, and the literature searqh. Table 1 shqws a
compilation of material test procedures used by most major agencies
that have had experiences with slurry seals, Table 2 is a documenta-
tion of Iowa's experiences., The following is a summary of these re-

views:

3.1 Applications

Slurry seals have been used to improve and correct distresses of
existing pavement surfaces on airport runways, highways, city streets,
parking lots, and bridge decks, They have been used on both flexible
and rigid pavement surfaces. The primary uses of slurry seals are
(Barenberg et al., 1973; Godwin, 1975; Bradshaw, 1975):

@ Crack sealing

© Surface sealing (to improve and protect the existing or new
surface from oxidation, moisture and traffic wear)



Table 1. Summary of tests used by various agencies.

Proposed
Proposed ASTM -
Kansas Virginia Louvisiana Iowa California AASHTO USAE Chevron (ISSA) Young Iliinois Kentucky

Aggregates
e Gradation ' X X X X X X X X X X X X
e LA Abrasion X X X X
e Soundness X X X X
e Sand equivalent X X X X X X X
e Sp. gr. and absorption x? X x& X X xa X
& Surface area by gradation X . X X X X
® Surface area by CKE X : X
& 7 moisture vs. unlt wt. X
& Washed sieve analysis X X X
s P.I. X X
@ Void content ' X
¢ - Iusolubles : X
Emulsion
o Viscosity % X X X X X X X X b4
o Asphalt droplet size X
e Total residue X X X X X X X X X X
& Penetration of res. X X X X X X X ¥ X b4
® Particle charge X X X X X X X X X X
Siurry '
o Mixing test {compatibility) X X X X x° X
& Stain setting test X X X X
e <Cure time {cohesion) X
& Penetration setting test X<
e Shaker durability Xe xd
s Consistency: fummel method X X X . X X
cone method b4 X X X X
e Abrasioen:
WIAT 1/4" X X X X X X X X X
Rubberwheel, 1/4" X : : :
Steel~wheel (knurled}, 1/4" X
¢ Water resistance X X
Standard Aggregate
Ottawa sand X
Chat X
Granite agg. (Verdon, Va.) X
a C £
By CKE Chevron, P-8 Rubber balls

bMechanical, Chevron P-4, P-7 dSteel balls



Table 2. Hajor lows experiences with emulpion asphalt slurry sexls.
Speclflcations Projects
Specs. Field Experiences’
Date Ha. Emulsion Aggregate Hineral Fillers Date Co. (Project No.) Aggregate Emulsion  Lab Resules Construction Performance
1966 402 s5-1n - p.c.
{85-100 pen} » Sand not -$1 50X e td dust
% Sand equivalent net # Fly ash
lesa than 35-45
o 5-15% passing #204
3/8 ia. crushad srone blended £8-1h Low AC content, fine grada- Fafr. Short gervice life, pre-
1967 Pottaw. - Mills (MD-416-63-Da) with conerete B tion, thin application mature wear mnd cracking.
1968 Washington (fowa 1148, Hellman) Ferguson and 357 concrere C5-th Good Good Falr; premature weer.
sand (Blakat}
Wi &8 G5s-lk ® Crushed stone 503 + o Iype X p.c. (2I) 1970 Davis (O-529-88-D5) Douds and ssad ess-1h  Mixed « Mixed Surface failed wich CSS-1h
Hatural sand 30% + $8+1h # Starced wich C58-1h? CGood; after change of emulsion
type
& 6-147 passing F200
& Abragion and goundness
requirements
b
. " HMoscow and 28-38Y concrete G58-1h Guod ¢ Started with CES-1hH Very poor, flushed and slick,
- 3;’: :Zéenzi;:ite and - },W-ZZ I peer 197%  Muscatine (MB-528-68-D5) aand Changod to SS-18P Teqaieed heater Trostmant by
wone e ¥oor wainTenanse
& Crushed limestone and 1971 Delawsre-Buchanen (Maint. U.S. R4 Satisfactory ~ high shrickage
sand 20)
hd E::ghed idncecone and 3971 Jefferson {Maint. Ia. 78) Strip seal {4°) ab tentes~ Fair, very suséeptible to saou-
line for cracking. plow wesr.
* 3/8 in, Grushed Lime- 1974 Adpir (Maint. 1-80} Giimore Sity, Forc Dodge £55-1h HA AC content too high for traf- Faiy ~ fluohed during hot weath-
Stome Hine Formarion fic volumas - vhesl path er and heavy traffic
strip seal over crecked areas.
* 3/8 in. Crushed Mime- 1576 Haint. §rory Ia. 210 Ferguson srone Blakat HA Segregation problems Poor. Excessive wear.
gtane and comerete send
1575 £58-1h . » 1007 crushed stope * Type I poc- 1575  Worth (MB-Z165-69-D2) Fertile G53-1h Good ¥o major problems. Good; reflective cracking is
Part of project redone evident due to old base,
# Lirhographic limestone Xa 337 because of rain damage.
exciuded
* Lithographic lipestone ¢ Type I p.c. 1975  Cerre Gorde (MD-2165-69-B2) Ne major problems.
exoiuded Tows 107 Thornton ko Hezervey
a Crushed liuesltune and 1975 Mounona (Maint. X~29 shoulders} Madnt, crack Eflling. sarisfactory.
¢ Crushed liwmestone and 1975. Portaw ~ BHarrison {Maint.
sand 1-2% shoulders Maint. crack filiing. Satisfactory
1876 733 C58-1h » 130X crushed stone # Type I p.G. 1976 Franklin/Cerro Sorde Garner C55-1h Good Ko major problems. Cood
R (4P-2243-69-D2}
(85-10¢ pen) e Lithographic limestone
excluded
& §~15% passing #200
1976 adavs-Taylor (MP-4444-69-D4) Weeping Water, £55-1k Good Yo major problems, Good, except SN remts helow

Kebraska

average,

2 Serious mixing, piacing, serting. problems, false break.

b Serious mixing placing, setting problems. HMsterial bulked durlng placement.

Jodut crack filling only.

« Rating « Poor
Fair
Gogd

Excellent

Sarisfactory Special wses.

Refer to Iowa Highway Research Board Report.

Pour classes of performance used to classify behavior of slurry seals on readway.




@ Repair crazing, scaling, spalling, random cracking and "D"
cracking in p.c. concrete pavement surfaces

& Improvement of skid resistance
® Temporary wear surface

® Improvement of the appearance of a surface.

3.2 Slurry Seal Users

Slurry seals have been used in the U.S. in at least a dozen states,
notably Virginia, Kansas, Oklahoma, and Georgia, and many cities through~
out the counﬁry. Larger users of slurry seal in foreign countries in-
clude Canada; the United Kingdom, ffance, South Africa, Spain, Mexico,

Japan, Austria, and Switzerland,

3.3 Experiences and Problems

The following types of problems and failures have been encounterad,
'
both in Iowa and other states (Table 2):

® There are no standard, reliable design procedures and criteria.
Certain laboratory tests and evaluations have led to erroneous
conclusions with regard to slurry characteristics. On several
occasions mixes were designed in the laboratory that could not
be nmixed and placed in the field.

@ On several projects, what appeared to be acceptable slurry
mixes were produced and placed, but the service lives were
only a few months in duration. Traffic and weathering appeared
to wear away the new surfacing inordinately considering the
type and volume of traffic,

& Iowa experience has shown that several narrowly defined aggre-
gate -types, e.g., dolomitic limestone, can successfully be
used in slurries, This precludes letting contracts for projects
in areas where aggregates with different characteristics are
encountered,



To summarize the problems commonly associated with slurry seals:

@

Aggregates;

Emulsions:

Mineral
Fillers:

Slurry design procedure

Compatibility of material

Segregation of mixture in the field (excess water)
Surface streaking (oversized aggregate particles)

Too slow a curing rate.

3.4 Materials

Most crushed stone is a good slurry aggregate. The key

is that it must be, either silicecus or calcareous, clean,
Experiences with sand bhave been mixed. Synthetic aggre-
gates such as expanded clay and slag have been used suc~
cessfully,

Both SS-1h and C8$8~lh are used. 1In recent vears quick=-
set emulsions (CQS-1h or QS-1h) have been developed., They
have much ghorter curing time but are more difficult to
handle. :

Most commonly used fillers are Portland cement (Types I
and III) and hydrated lime.

3.5 Tests and Procedures

As noted earlier there are currently no standard tests and proce-

dures for slurry seal deéign (Table 1). Commonly required tests (and

specification$) on aggregate are gradation and sand equivalent, Most

agencies run some form of mixing (compatibility) test and consisteﬁby

test on fresh slurry, and abrasion test (WIAT) on cured slurry.
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4, PROGRAMMED LABQRATORY TESTS

4.1 Materials

Thirteen aggregates (16 blends) and four asphalt emulsions were
studied in this project (Table 3). Aggregates were obtained by the
Towa DOT and received in the early part of December 1976, Emulsions
were obtained from Bitucote Products Co. between October 1976 and
March 1977. These materials were selected jointly with Towa DOT en-
gineers in consideration of Iowa's past experiences, aggregate avail-

ability, and aggregates with known field performance records.

4.2 Experimental Desipn

Material combinations and levels of studies are shown in Table 3.
These were established as a result of literature and experiences review
and consultation with Iowa DOT engineers,

® Series 1 was a preliminary study using three aggregates
(Garner, Haydite, and Weeping Water) and three emulsions
in combination with a number of water contents and fillers
‘to become familiar with the slurry mix characteristics through
mixing, comsistency, set, cure, water resistance, and wet
track abrasion tests (WEIAT). Rather extensive study on the
shaker test was Investigated, and a procedure for the major
slurry study (Series 2} was established.

® Series 2 comprised the major part of this study. Thirteen
aggregates were studied in combination with two gradings,
four emulsions, three emulsion contents, and two mineral
fillers, All slurries were tested for mixing stability,
set, cure, WIAT, and shaker durability,

@ Series 3 was a study on loaded wheel tests (LWI) and California
abrasion tests on three aggregates and two emulsions at four
emulsion levels,




Table 3. Slurry seal material combirations and levels of study.

Aggregate

series 14 18 2 3 54 5B 6 7 g 9 G 11D iiF 124 128 13

(tizgi)gf Garner  Garper Garrer  Ferguson ConklinLithogﬂﬂ*ﬂccoggzste Garner Quartzite Haydite Chat Dolomite Dolomite ©Dallas Dickinson Weeping Water
b

LlC Llcl LIF LZC L3 L3 + 35 5 + FA Ll 4 8 Q H c nec oF G1 GZ Lé

csS-1h(85) 1,2 2 2 2,3,4- 2 2,3 2 2 1,2 2 2 2,3 2 z

$5-1h 1,2 2 2 2 - 2 2 2 - 2 - 4 2 2 2 1,2

COS-1h - 2 - 25 7* E o* - Pad 1 * - o 7* - z

CS8~1h{40} - - L4 - - 3 - - - - z - - - -

Bgeries 1 (Study lavel 1): 3 aggregate x 2 emulsion
s Consistency / set / cure / water resistance
» Wet track abrasion test, 3/8 in.
e Shaker durability

Series 2 (Study level 2): 16 aggregates (gradings) x 4 emulsions x 3 emulsion lewels
# Mixing and compatibility
+ Consistency (cone / funnel)
s Set [/ cure {cohesion [/ stain} / curing rate)
+ Wetr track adbrasion test (WTAT), 3/8 in.
» Shaker durability

Series 3 (Study level 3}: 3 aggregates x 2 emulsions
e Loaded wheel test
s Abrasion by rubber wheels (California 355-4)
# Abrasion by knurled steel wheels (Califorania 355-C)

Series 4 (Study level 4): 2 aggregates x 2 emulsions x 3 emulsion levels
¢ Thickness effects on WTAT

Sand equivalent effects on WTAT

Percent passing #200 and passing #325 on WTAT

Compaction effects on WTAT

Low temperature WTAT

L

b

®Mixing, compatibility, and curing rate only.

L = Crughed Limestone; FA = Fly Ash; § = Concrete Sand; £ = Coarse Grading; F = Fine Grading: G = Gravel; D = Dolomize

41
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® Series 4 was a series of tests designed to study WIAT as
affected by slurry thickness, sand equivalent, percent fines,
campaction, test temperature, and its repeatability. Two
aggregates and two emulsions were used at three emulsion
levels,

4.3 Methods and Procedures

Several promising-design and testing procedures were evaluated.
These included the ISSA procedure using the wet track abrasion test
(ISSA, 1975; Kari and Coyne, 1964), the surface area and absorption
method (Young, 1973; Harper et al., 1965), the California method and
its modifications (1967, 1971), the Iowa DOT tentative slurry seal
design procedure (1975), and the newly proposed Standard Recommended
Practice for Design, Testing and Construction of Slurry Seais under
consideratioﬁ in ASTM Committee D-4 (1976). The "shaker” or "bouncing
ball" method developed by the Kansas Highway Department (Delp, 1976;
Fiock and McAtee, 1972) and the use of a loaded wheel tester (Bemedict,
1975) in testing slurry seal were also studied. Consideration was
given in all cases to modifying procedures where dgficiencies were

noted or where conditions were not suited for Iowa.
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5. RESULTS AND DISCUSSIONS

~

5.1. Aggregates and Emulsions

Results of tests om aggregates are given in Table 4. The Iowa
DOT Materials Laboratory supplied data on wet sieve analysis, L. A,
Abrasion, soundness, sand equivalent, specific gravity and absorption,
P.1 and pH. The Bituminous Research Laboratory, Iowa State University,
conducted dry sieve analysis, passing #325 by washing, sand equivalent,
centrifugl kerosenme equivalent (CKE), voids content (Virginia VIM-5,
Appendix A), and chemical anhalysis by the EDTA titration methodt
Mr, Jack Dybalski of Armack Co. kindly determined Zeta potential and
specific surface on - #325 of five aggregates (Garner, Ferguson?
Quartzite, Moscow, and Weeping Water). The Zeta potentials for;the

four calcareous aggregates ranged from -14 to -20 mV, and that for

quartzite was ~32 mVy

. The specific surface by adsorption

itrogen
i o

ranged from 0.47 mZ/g for Moscow dolomite to 3.16 m2/g for Garmer.

The specific surface for quartzite could not be determined by thﬁs
method. From chemical analysis it can be seen that the aggregates
covered & wide range of materials from limestone (Conklin, Weeping Wa-
ter, Ferguson, Garner) dolomite (Moscow), to siliceous Chat, Haydite,
and quartzite. However, the pH values of the aggregates were in a
narrow range between 7.4 for Chat and 9.3 for Fergusaﬁ.

Compared with Iowa and ISSA specifications, seven of the blends
did not meet gradation requirvements for all the sieves, Garner lime-
stone did not meet the sand equivalent requirement of 45, and gonklin

limestone did not meet the Towa freeze and thaw requirement. Results




Table &

Characteristics of aggregates studled,

Agpregate No.
sy

1~ (Llc) 1= (chl) 2 - (i’.l':‘) 3 - (LZC) 3 (La) 6 {3} 7 (G457 8 (@ % (H) w0 () 11 {1 1L (F) 12 {a) 12 {B} 13
20T 770 bl 70 750 15 152 T+ 152 76> + 747 - 60 757 757 780 e 2z
Type Limestone Limestone Lizestone Limestone Lizestone Conerere Sand Limestone (uartzice Haydite Chat Bolomire Bolomite Gravel Gravel Limestone
Source Garoer Garner Garner Ferguson Comklin Haliex + Comcvete Sand Dell Rapids Hissours Kansas Mosgow Hoscaw Dalias Bickinson Woeping Warer, ¥eb.
Used as 166% 90T ¥T0 -~ {8 of - P4 of - F4 of 90% 752 0% 770 60% 765 160% 100% - F& of - I8 of ~ £4 of ~ F4 of 100% 722
10% -160 m 750 15 10% £y ash 30L 152 402 767 757 757 780 1w
of 770
Gradation Wet . Dry Har Dry Wer  Dry Wet  Dry Wet  Dry Het Dry Het Dry Wet bry Wet Dry Wer Dy Het  Bry Wet  Dry et  Dry Wer  Dry Vet Dry
% passing
372 in. 00 w0 160 186 160 10 190 100 106 100 100 100 W06 10 160 1606 100 190 10 100 188 w00 160 00 100 160 00 100 100 100
3/8 in. 10y R w00 00 00 180 100 100 100 100 108 100 100 160 106 00 106 100 i00 100 W0 106 w00 100 100 160 w0s 260 o0 160
No. &4 92 92 93 93 100 1co 60 K0 o0 100 a7 98 93 93 92 86 160 180 88 83 0o e W06 180 100 100 100 (08 a7 9%
Ho, 8 L % &% 3 63 100 56 52 50 58 80 8 69 87 9 73 oz 87 55 58 7% &3 100 100 70 &8 69 66 62 75
Ho. 16 %7 46 52 50 71 66 34 25 40 3 65 71 51 32 &5 56 57 51 2% 36 50 40 n 59 5% 48 50 45 42 54
Ho. 30 35 28 42 34 53 L 27 7 32 s} &6 50 37 a3 54 46 34 30 18 18 38 27 55 34 x) 13 37 n 31 &
Ne. 50 25 15 33 23 38 2L 22 13 26 24 19 18 21 14 33 % 2z 19 i3 13 i i9 a4 28 3. 26 28 22 23 0
No. 100 19 9 r 16 29 13 18 g 21 13 i pin 13 7 16 13 i3 12 i 8 23 14 13 20 23 17 21 15 13 12
No. 200 4 4 20 8 21 3 15 7 1815 9 9 0 4 8 3 12 8 [ 4 8 E 25 14 wou 15 10 % . 9
No. 323 5.0 15.6 12.9 6.0 i6.1 7.6 5.9 6.3 5.3 5.9 1.7 17.3 2.4 11.¢ 13.9
Sp. Surface
of - 325
o2 f gt 3.16 L - - 3.45 - - -— — - - .47 - - — 1.98
Specific o N .
Giravicy, 2,812 2.812 2.812 2.712 2,682 2.667 2,777 2,648 1.77 2.621 2.793 2.793 2. 716 2.73% 687
Sand N a o
Squivaleaz u® 25 30 53° 5T 985 51 81° 87 7 54 54 48 74 46 —
L.A. hbrasion : (=23
loss, % 23 23 23 33 23 - - 23 12 - 36 30 26 23 -
TRE, % 3.7 4.8 4.3 §.25 4,75 2.7 2.95 2.5 6.25 2.1 3.65 3.45 4.45 3.5 4.3
shgorprion, X 0.34 0.34 0,34 1.30 1.37 0.22 -— o.18% 14.4 1.32 1.3 111 L.42 ¢.38 0,50
LS ':b. z 4.1 Gl 4.1 3.5 3z.0 - e 0.2° 0.97‘i - 3.0 3.0 3.5 4.0 -
Voids, % #16 54 54 54 53 52 &7 St . 55° 56 sS4 55 35 36 13 52
30 38 3% 56 55 53 47 32 34 36 55 33 55 35 34 53
250 57 57 57 54 % &7 53 53¢ 55 55 EH) s5 55 - 56 54
ave. 55.7 55.7 55.7 54 53 a7 52 565 55 5% 55 5% 55 55 53
Total Agg. as £
ceceived 47 &7 &7 47 39,4 41 43.3 [ 4418 52 43 43 4% 45 ap
pH 8.7 8.7 8.7 9.3 §.4 8.q - 8.1* - 1.4 8.4 8.4 8.7 8.6 8.3
Liquid Lim{t 16 16 16 is 16 H.B. H.P. ¥.p. B %.2. 15 15 17 17 15
Plascic Limic 15 13 15 13 14 NP R.P. w.P, B q.P. 14 14 16 15 12
Plasticicy .
Index 1 1 H 2 F3 H.F. R.P ®.P. r.p NP, 1 i 1 2 3
Cheaical
Composition £152 ¥768 770 #7152
CaC03, X 57.7 57.7 5.7 83.2 9i.3 27.5 21i.5 51.7 273 9.6 0.0 1.5 35.1 36.1 14.0 5.0 82.0
¥gLoy, 2 3.3 31.3 3t.3 21.8 5.8 0.3 3.9 1.3 10.3 0.0 1.2 6.2 6G.1 80.1 15.5 4.3 6.9
Insolubles, T 7.4 7.4 -4 3.9 1.6 33.3 58.1 1.5 53.3 97.3 97.¢ 87.5 1.0 1.0 64.3 62.1 6.5
Specificarions fa  IS8A Ia 1854 Ta I58A Ia IS5A Ia  IS5A ia 1584 ia 1534 ia TS5A Ia  I$5A Ta  1s8a Is  ISSA 1a 1834 ia ISSA ia I3sa Ia 1554
Comparisong Yes ¥o o Tes ko ¥o Yes Ho o ¥o e Yes Yes Yo Ne Tes Ho Yes Ho Ho Xo Ro Ho Yo No He Yes  Yes Ho Yes
952 rom on total aggregace d?rcnzc—:han, 25 ayales BYes:  meets gradation specs: Ne: Does nor mees pradacion specs

by psg. No. B after 16 cycles F & T, water-alcohol solution

“lesghted avg.

Zon - 3/8 tn.

fon -

8

Pror concrete sand {752
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of tests on asphalt emulsions are given in Table 5, Some settlement
occurred in C8S-1h (Towa) as evidenced by the low viscosity at 77 °p
and low asphalt residue content, Special efforts had to be made to

stir the settlement back into suspension for this particular emulsion.

5.2 Preliminary Tests (Series 1)

Three aggregates (Weeping Water limestone and Haydite and Ottawa
sand) were used in conjunction with three emulsions to become familiar
with the mixing, consistency, cohesion, funnel flow, shaker, and wet
track abrasion tests and to finalize some of the test procedures to be
followed in Series 2.

A number of equipment items were fabricated at the ERI Machine
Shop. These included shaker tester sample retainers (Photo.l), a
WIAT set-up (Photo 2) and hose cutting device, a qohesion tester, and
various contact adopters (Photo 3). A loaded wheel tester was rented
from Benedict Slurry Seal, Iné., of Dayton, Ohio (Photo 4). In addition,
a California rubber wheel abrader and a California knurled wheel abrader
were made for use with a modified Hobart C-100 which can drive the
abrader at 63 rpm (Photo 5).

A significant development in the early stages of this project was
the adoption of a standard Gilson shaker for the slurry wear/durability
test using 4-in. diameter cans. Because the capability of testing a
large mumber of speciméns and the ganergl availability of this basic
equipment in most highway laboratories, this test, when correlated with
either WIAT and/or field test results, can be readily adopted as a

routine slurry design/control test by most laboratories.




Table 5. Properties of emulsified

asphalts,

€SS - 1h SS$~1h CQs - 1h €SS - 1 h (40)
Viscosity, SSF, @ 77 °F 14,8 31.1 21.5 - 23,1
Wt./Gal, lbs. - 8.41 8,49 8.29 8.39
Solubility in trichloroethylene 99.76 99.71 99.67 -
Asphalt content, % by Wt. 56.1 64.6 63.5 62
Penetration of residue, -

77/100/5 ' 81 52 65 69
Particle charge test Positive Negative Pogitive . Positive
Viscosity of residue @ 140 °F, p. - 4040 2030 1870

@ 275 °F, cs — 659 359 384
- 9.9 5.4 4.9

pH

B1
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Photo 1. Shaker durability ﬁéstl_"’?hoto 2. Chavxoh'WTAT: rubber hose.

Photo 3. Cohesion tester.

&

Loaded wheel tester with sand
frame in position. Specimens
before and after test are shown
in foreground.
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Photo 5. Califormnia WTAE.with_knurled.wheels in test
position and rubber wheel abrading head on
the_left. T . o s
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After a considerable number of exploratory trials, varying shaking
time, quantity of sand and water, number, type, and size of balls
(four to eight 1-1/8-in., 60 durometer Buna 5 rubber balls, four to
eighteen 1/2-in, steel balls, four to eight 3/4-in. steel.balls), and
treatment of specimens, the following operating conditions were adopted
(Appendix B):

® Slurry specimen thickness: 1/4 in,

@ Slurry treatment before each shaking: 90 min in a freezer
at "16 OF- ‘

@ Shaking with 50 g ice water (35 + 2 °F) and 50 g ASTM € 190
sand ., ‘

® Two shaking periods of 30 min each, weight loss determined
after each shaking.,

It is believed that .this procedure can produce more repeatable
results in less time than other conditions and is sensitive to'changes
in a wide range of slurry compositions, Figures 1—3 show the results
of shaker tests over a range of emulsion contents and operating con-
ditions,

Experiments with set time by paper stain/blof method, cure time
by cohesion test (Appendix D), and penetration test with modified
grease penetration cone, funnel flow test, and water resistance were
less successful, The paper stain test was found to be too dependent
on subjective judgment; the penetration test, funnel flow test, and
water resistance test were not repeatable. It was concluded that
these tests need to be modified and/or refined.

The cohesion test was tried op many specimens under loading con-

ditions with various contact adopters. Weights varying between
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16 .

i WEEPING WATER LIMESTONE S - 1n
1 s

141~ /

13 ////
12— d/

1 /
- /  ©18 SMALL (1/2 in) STEEL BALLS
& 10 / o 9 SMALL (1/2 in) STEEL BALLS
. 50 g SAND
Q |
S / 50 g H,0
'm....
= 8 ¢ ——— 10% EMULSION (100-Tp-15-10)
= -/ 20% EMULSION (100-1p-15-20)
<
e 3
=
a3
o

| i

0 15 30 45 60
SHAKING TIME, MIN

Fig. 1. Shaker test, 9 vs 18 small steel balls (Weeping Water/SS-1h).
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36 WEEPING WATER LIMESTONE/SS - 1h
34— 0

32~ /

281~ /
26~ {
241~ : /
22}~ /

0
20~ //

g

g 18 / O 8 LARGE {3/4 in) STEEL BALLS
= 16}~ d © 9 SMALL {1/2 in) STEEL BALLS
E / 50 g WATER

w T4 50 g SAND

= 12}- / e ——— 10% EMULSION (100-1p-15-10)
% / 20% EMULSION (100-1p-15-20)
[

SHAKING TIME, min

Fig. 2. Shaker test, eight large vs nine small balls (Weeping Water/
S5~1h). o
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12 -
WEEPING WATER LIMESTONE/SS - Th

H-A'—. _ i)

/ 9 SMALL (1/2 in) STEEL BALLS
10 / - = 10 g ICED H20
/ 10 g SAND
- ' ~—— 50 g ICE WATER
. f{ 50 g SAND
: / O 10% EMULSION
8=

& 15% EMULSION
0 20 % EMULSION

CUMULATIVE WEIGHT LOSS, GMS

SHAKING TIME, MIN

Fig. 3. Effects of water and sand on shaker test (Weeping Water/8S8-1h).
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4.4 and 29 1bs were tried with four adopters of different contact faces
(flat hard rubber, spherical hard rubber, abrasive-coated face, and
portable Torvane soil shear device), No meaningful and repeatable
torque versus time measurements could be obtained. Although this ap-
proach to determining cure time seemed sound, the operating conditions
and/or contact adopter need to be refined., Curing (weight loss vs
time) curves of some 1l/4-in. slurry pads were determined and seemed
to indicate curing characteristics of slurries. It was determined that
two 1/4-in. X 4~in. diameter slurry pads would be made; one would be
used to determine cohesion versus time curve with a 20~1b weight on a
1-1/8~in, 60 durometer rubber ball, and the second one would be used
to determine the percent weight loss versus Lime curve. An alternative
to the cohesion (torque) test would be a simple cqhesion/tensile strength
test such as Hveem cohesiometer., It is recommended that such an ap~-
proach to curing rate be evaluated in Phase II (field test) of this
project.

Microscopic examinatioms of slurry at various curing times were
also tried, Although stages of break, set, and coating of particles
could be observéd, they could not be quantified. ‘However, this ap-

proach also holds potential and should be further explored in Phase II.

5.3 Slurry Characteristics of Major Material Combinations (Series 2)

This was the major emphasis of the laboratory phase of the éiurry
test, consisting of 16 aggregates (grading) and three .emulsioné (31 ag-
gregate/emulsion combinations, each aﬁ three emulsion content levels).

In all a total of 400 mixing/consistency tests, 90 cohesion/cufing tests,

and 260 WIAT and 170 shaker tests were conducted.
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The gemneral procedure of slurry preparation and testing for each

aggregate femulsion combination was as follows:

a. Estimate the theoretical residue (emulsion) requirement
(Et) based on surface area/absorption method for an 8~um
coating (Appendix E, p. (8L).

b. Run 'cup mizing test on a 100-g aggregate sample using the
calculated emulsion requirement (Et) to estimate optimum
prewet water conteﬁt, filler requirement, and mixing time,
Adjust emulsion content for added filler and note the mix-
ing characteristics (such as creaminess, stiffening, separa-
tion; coating, foaming, etc.). (Appendix E, p. 82).

¢. Determine optimum mix-water content for three levels of
emulsion content of Q.8 Et, 1.00 Et, and 1,2 Et for 2.5-cm

cone consistency (Appendix E, p. 83).

1.0 Et, and 1.2 Et at corresponding water content at 2-3 cm
flow.
e. Run shaker test on duplicate samples and WIAT on triplicate
samples on cured slurries at 0.8 Et, 1.0 Et, and 1.2 Et.
The results of the slurry composition and properties of these
85 slurries [except those for CSS-1h (40-90 pen)] are tabulated in

Table 6,

5.3.1 Mixing, Compatibility and Curing
The key to good slurry, both for placement and service durability,

is that the ingredients are compatible and can be made into a creamy,



Table 6. Conmpositions and properzies of slurcy wixes {Series II).

Caxner Garner Garser Ferguson Conklin Lithographic " Conkiin Lithographic

Agaregate 1AL, 0) IBILG,Y 204,47 30,0 SAL,) SB(L, + §}
IsU ¢
DOT ¢ 710 S0% 770 10X (-2106 of 779) -#8 of 776 -4 of 750 ~fh of 15 597 -4 of 15; 50% Concrete Samd
Slurry Composition

% hggregate . 100 100 100 108 100 100 100 108 100 o £00 160 100 160 100 100 100 100

% piller/Type /2., 1/p.C. 1oL, 2/p.8. zle .. Ue.C, 1/e.0. PG e, b, .. ML 4/B.C. 4fp.C. 7.8, 2/p.C. 2/ .C. 2pP.C.

.3/E-11 L3E-1E L3/E-11 1.5/E-11 1.5/8-11 L.SfE-11

%R0 23 23 20 21 z n 23 21 2z 26 24 22 i5 10 0 7 7 6

% gemnlsion, CSS-1h ity iz 14 }1 17 21 13 16 19 0 1z 14 15 23 27 12 i6 13
Cone Tlosw, cn B 5.2 2 3 5.5 3 2.7 3 3.2 2.5 2.9 2z 3.9 2.9 2 3 33 3.4
Shaker Test®
Loss afrer 3 ofn, g 30.6 239 12,9 (1 5.2 5.2 13.4 9.7 Bt 1.3 I.8 2.8 a g 5.6 13.2 s [
Loss afrer 60 min, g 50.2 48.4 17.6 1.3 74 6.7 24.8 5.7 19.6 3.1 3.4 4.3 ¢ o 12.7 20.4 4.5 6
wrat®
Loes, glf:z &8¢ 441 218 261 172 1902 378 168 2 62 28 46 183 93 129 639 109 110
Siurry Composition

% Aggregate 100 00 100 100 100 180 166 3100 100 160 100 100 - -— — 160 o0 _—

¥ Pillev/Iype 8 4 o o 2 o 0 L4 ¢ o & ¢ - - e /R, /ML, -

T H,0 ¥ 16 13 i6 13 14 16 i3 14 14 11 4 e - — ] 7 —

% Emuleion, $5-1k 9 i1 13 12 15 1% 12 13 1B 9 il 13 e — - 34 17 —
Cone Fiow, cm ~ 2.5 3.8 4 3 2.2 2.4 2.2 3 32 3.9 2.9 2 - - - .9 & —
Shaker Test”

Lass afrer 30 min, g 12.6 6.2 5.1 7.2 5.2 4.8 11 9.9 6.5 7.9 3.7 1.5 - - s 2.3 .7 o
Lags after 60 nin, g 2.7 16.t 7.7 12.8 2.0 7 23.6 17.1 0.1 11.9 5.4 5.8 - - - 3.8 — —_—
wEar?

Loss, g:"ftz 202 100 78 139 39 64 208 341 98 144 73 47 - L _— 23 8 -

L2

aSafnple £rozen 30 min, shake with 50 g waver at 30 °F, 50 g ASIM C130 sané and 9-1/2 inch steel balls; average of duplicate sample.

b
Average of 3 samples; sample abraded 5 min in ?7 °F water with a rubber hose.



Table 6. (Gontinued)

Aggrogate Loncreke Sand and Fly Ash Garner and Toncrets Sant Quartzits Handite {hat Moscow Dolomite
e 6(3) T,C 8 8{a} {H) 1o(c} 130
ear 2 0% 152 10% 768 0% 770 307 752 &O0Z 765  a0% 767 -— 10 ~4 of 757

3isrry Composition

I Aggregate pies] 106 ep 100 00 100 100 100 100 100 100 106 100 10 10 100 108 1

Z Filler/iypa 1/p.C. 1fr.c. 1F.Ca 1/H.L. AfHLL. LA i34 SR Vi LELCL LR.L. 1/d.L. 1ML, p 2p Iz L. PRL AN g,

X “20 17 15 12 23 23 21 13 1z 12 40 &0 60 1% 14 1 22 24 24

% Emuision, £S5-1h 12 15 i3 3 i1 12 i3 1% i b4 i 2% 31 1b a3 b 16 k5]
Comg Flow, cm 5 & 3 3.3 335 2 3 4 3.5 3 33 s L5 2.2 3 .3 3 1.5

Suaker Test®

Loss afTer 30 min, g 1.8 z.2 3.0 8.2 J.4 8.7 0.6 .3 3.9 1.9 4.8 1.4 7.4 1.7 0.4 1.9 6.8 1.9
Loss after 60 min, g .7 3.3 4.3 16.2 13.2 13.5 15.8 6.3 4.3 0.9 5.6 2.9 11.9 2.6 0.7 1.8 1.0 2.9
war®

Loss, gffed 33 % 28 4 156 248 173 1 183 152 154 135 313 143 33 e 38 85

Slurry Composition

£ aggregate 0 -— - 190 100 100 - - .= 100 102 - -= -- - 100 00 100

2 Filkec/Type gL - —— 2 i o - e - 1fe.C. 1780, o - - e o o o

5 H,0 1o - - 14 13 10 -- -- - ¢ ] — -~ - - 1 k) ¥

I touision, $5- 1R 12 - - 3 0 1z - - — 34 a2 - - - - iz 13 8
Cone Flows, ca 3.7 - - H 2.5 7 - - - 3.2 4.5 o — - - 2.2 4 5

shaker Test®

Loss after 30 ain, g 2.7 P — 12.1 4.4 5.8 - - - o o - . - - 4.7 3.7 z.5
Loss after 60 ain, g 1.5 — — 21.2 9.4 8.8 - - - o o - - — e 7.4 5.0 3.8
wia®

Loss, g.’r:z 3 - -— 83 4% 83 — — e 51 28 e — - - £3 30 52

8¢

aSanple frozen 90 ®in, shake with 50 g water 2t:4G °F, 50 g ASTM G190 sacd and 9-1/2 inch steel balls; zversge of duplicate sample.

be\ve:age of 1 samplas; semple adraded § mim im 77 *F watexr with a rubber hese.



Tabie 6. {Contiaued)

Aggragate Hoscow Polomite Dalles Gravel bickinzon Gravel Peeping Warer
185 11{F) 12(A) 12(8) 13
DOT £ -8 of - 757 -4 of 780 ~4 of 779 722
Sluryy Composition
% Aggregate 100 100 100 150 106 160 i 106 180 160 100 156
% #iiler/Type LIRL L, 1/H.L. 1R, L. 2/R.L. 2/4.L. 278, 1. L/H.L. L/R, L. LI L. i/H-L- L/H. T /R L.
% H,0 30 26 24 26 33 a7 27 30 3z 5 27 ki
% Emuisiom, C55-1h 18 22 26 20 23 o 1% 22 W% 13 16 pas
Cone Flow, om &5 2.8 3.2 z 3.2 3.7 2,8 2.5 1 1.2 2.7 1.8
Shaker Test?
Loss afrer 30 min, g 5.6 3.4 2.5 g 0.8 [ 3.7 1.4 0.6 3.8 2.3 0.2
Loss after &0 min, g 3.4 5.6 [ 3.7 L.s 5 5.8 2.2 1.3 6.9 4.4 2.
'«‘l‘ﬁ'l'h .
Loss, §/€c" 12 84 57 46 3 62 136 4 n 102 69 3
Slurry Cosposition
2 Aggregare 106 100 100 100 190 100 - 108 — - 100 -
% Filler/Type [ ] @ a 43 o -- 1/ L. - - 0 -
10,0 13 3 7 13 10 8.5 - 10 . — 12 -
% Ewslsiom, 58-ih 7 2z 25 18 23 27 P 22 - - 15 -
Cone Fiow, cm z 3.2 4 ‘3.2 2.5 2.7 — - - - 2.2 -
Shaker Test®
ioss after 30 aln, g 7.5 4.7 4.1 4.7 3.5 2.9 - 0.8 - - &8 -
togs after 60 min, g 10.2 6.9 16 7.8 5.2 4.9 - 1.z -— - 8.1 -
wrar® )
Loss. gl/its as & 57 51 36 35 - 33 - - 70 e

asampla frozen 30 min, shake wirh 30 g vater ar 30 ®F, 50 g ASTH CI90 gand and

bavarage of 3.samples; sawple ebraded 5.min fn 77 °F water with 2 rubber hose.

9-1/2 ipch steel balls; average of duplicate sample.

14
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fluid, homogeneous, and stable slurry. The following discussion
concerns this aspect of results:

e Except for Garner limestone and Conklin lithographic limestone,
all the other aggregates could be made into slurries with C88-1h
at proper pre-wet water content and type and amount of fillet.
Redicote E-11l was needed for a satisfactory slurry with Cotklin/
CSS~-1h combination. The cured Garner/CSS-1h specimen had spotty
appearances, indicating that the emulsion might have been broken
during mixing, resulting in an uneven coating. This result may
be due to the high specific surface of Garmer (3,16 mZ/g) and the
high percent of Conklin passing No. 325 sieve., The cured Conklin/
¢8S~1h slurries with Redicote E~11 and with 2% hydrated lime as
additives are compared in Photo 6,

® Although no satisfactory slurry could be made with S$8~ih and
three' siliceous aggregates (quartzite, Haydite,!and Chat), S8-1h
was much easier to work with than CSS-~lh. 1In most cases, filler
was not required, In contrast, C8S«lh is more touchy, and the
-proper prewet water content and some type of filler is required.
Again, there were difficulties in making Garner/S$S-1h and Conklin/
§8~1h slurries, The differences in appearance of cured Quartzite
slurries made with C8S-~1h, $S-1h and CQS~-1h emulsions are shown
in Photo 7.

e There was a general trend of increasing cchesion (torque) and
then leveling off with time for all slurries, but the test was
not repeatable.

e Curing (drying) curves for some of the slurries are shown in
Fig. 4. Although CQS-1lh slurries showed quick-set character-
istics as indicated by points of inflection occurring at shorter
cure time, no significant differences could be observed between
88-1h. and (SS~1h, In all cases constant weight could be reached
(at 77 °F and 50% humidity) within 24 hr, However, the attain-
ment of constant weight may not indicate that the slurry is cured
in the sense that aggregate particles are coated and cohesion
(bond) is established between bitumen and aggregate. This was
evidenced by breaking the slurry after one day and after four
days as shown in Photo 8. Photo 9 shows the initial cured (right
half of specimen 10 and left half of specimen 12) and final cured
(left half of specimen 10 and right half of specimen 12) slurries
of Chat and Haydite with CSS-lh, A possible alternative for
determining cure time for traffic control is to deterriine total
moisture content in the slurry at various curing times instead of
moisture loss, and to establish, either in the laboratory or in the
field, the maximum moisture content that can be tolerated by slurries
made with different types of emulsions in order for them to resist
traffic load.
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Photo 6. Cured Conklin/ﬂésliﬁ.siurries with‘OQZ% Redicote E~11
(15) and with 2% hydrated lime (16).

Photo 7. Cured'quartéite élurri;

(32) and cQS-1h (35).
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Photo 8. Conklin Iimestone/CSSmlh; one~day cure (top) and four-
day cure (bottom).

Photo 9. Initial (l-day) and final (4-day) breaking faces of
Chat (10) and Haydite (12) wilth CS3-ih.
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o The importance of pre-wet water content when working with CS88-1h
is shown in Photos 10 and 1l. In both cases, although total mix-
ing water and emulsion contents were the same, insufficient prewet
water content resulted 1n premature breakage of the ‘emulsion and
poor slurries,

e Although either portland cement or lime can be used in making
stable slurry, for some aggregates, especially when in combina-
tion with C5S-1h, hydrated lime resulted in better slurries.
Photo 12 shows the differences in appearance of cured Ferguson/
€88-1h slurries contalning no flller, 1% portland cement and 1%
hydrated lime. : :

5.3.2 Mechanlcal Propertles of Cured Slurrles

Wear re31stance of cured slurrles was evaluated by shaker test
and WTAT, Major-observations are;

e Shaker loss, in general, increases with shaking time and decreases
with emulsion content; neither relationship is consistently linear
(Figs. 5-13). The exceptions to this statement were Conklin lime-
stone with CSS-1h (Fig. 8) and concrete sand plus £ly ash with
¢88~1h (Fig. 10), where shaker loss increased with increasing emul-
sion content, and Garner limestone with concrete sand (Fig. 7),
Dallas fine (- No. 4) with CS$S-1h (Fig. 9), Haydite with (SS-lh
(Fig. 10) and Garner fine {- No. 8) with CS55-1h where there
appeared to be optimum emulsion contents for either maximum or
minimm loss L G . .

® WTAT loss, in_general,_deéfeases with emulsion content (Figs.
14-18). o ' : -

e There is-significant correlation between shaker loss and WTAT
based on linear regression analyses, The commonly used slurry
seal WTAT wear criterion of 75 g/ft2 corresponds to a 30-min
shaker loss of 2.7 g and a 60-min shaker loss of about 4.0 g
(Fig. 19). .

e With the exception of Ferguson coarse grading (LpC), slurries
made with anfonic 88-1h showed consistently better wear resist-
ance than those made from the same aggregates but with catiomic
emulsion CSS-1h (Figs. 5,11,14,15, and 17).

¢ Based on the 75 g/ft2 WIAT wear criterion, satisfactory slurries
could be made with Ferguson, concrete sand with 10% £ly ash,
Haydite, Chat, and Moscow dolomite, both gravels and Weeping
Water limestone, but not with Garner, Conklin, lithographic
limestone, and quartzite.
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Photo 10. Weeping Water limestone/CS8S-1h.
2: TInsufficlent prewet water content (13%)
3: Opt. prewet water content (20%) and 1% p.c.
4: Opt. prewet water content (17%) and 1% lime.

Photo 1l. Quartzite/C8S-1h
Effects of preset water content in adequate water content
(top) and adequate water content (bottom).
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i

Photo 12. Effects of filler type on the cured slurries made
with Ferguson limestone and CSS-lh: No filler (13),
1% portland cement (25) and 1% hydrated lime (26).
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® Blending of low wear resistant Garmer and Conklin with concrete
sand (30~50%) improved the WIAT and shaker results, especially
when used with anionic S8~1h.

e Within gradation specification limits, increasing fines improved
the wear resistance of cured slurries (e.g., Garner LjC versus
Garner Lj1C1). However, no appreciable difference was observed
between $lurry wear resistances of coarse and fine gradings made
with the same aggregates and the same emulsions.

e No significant wear difference was observed between slurries
made with higher penetration (81 pen) Iowa specification CS5-1h
and lower penetration (69 pen) standard CSS~1h (Fig. 20).

e Due to either inadequacy in current specifications or inadequacy
in WIAT criteria, only four (concrete sand plus fly ash, Haydite,
Dickinson gravel, and Weeping Water) of the 16 aggregate blends
meeting both gradation (either Towa or ISSA) specifications and
sand equivalent of 454 also resulted in slurries meeting WIAT
criterion, Five (Perguson, Chai, Moscow coarse, Moscow Eine,
and Dallas gravel) aggregate blends met only the sand equivalent
requirement (not gradation specifications) but resulted in slurries
meeting WTAT criterion. Garner limestone blended with 307 con=-
crete sand and quartzite met both sand equivalent and gradation
specifications, but slurries failed to meet WIAT requirement. The
three Garner blends failed to meet the sand equivalent requirement,
and their slurries failed to meet WTAT criterion. Comklin litho-
graphic limestone met the sand equivalent requirement, but the
WIAT loss of the slurries was too high. These inconsistencies
point to the need for field study.

5.4 Loaded Wheel Tests (Series 3)

The loaded wheel tester (IWT) was deﬁeloped by Benedict (1975)
to simulate praffi@lldad on ‘the slurry seal in the laboratory. 1In his
own work compaction curves were drawn by a profilograph, tackiness points
were detected, and sand adhesion measurements were made of the excess
asphalt extruded to the specimen surface., It was found that the com-
paction curves, tack points, and sand adhesion values were related to

the asphalt content and the number of IWT cycles,
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There is good indication that the tack point and sand adhesion
value can be a measure of the upper 1limit of asphalt content the slurry
can contain without the danger of flushing and bleeding,

Six series of slurries made with six aggregate blends and cationic
emulsiqns,each at four to six emulsion levels, were tested with the
IWT following the proéedure described in Appendik F, Compaction curve
by profilograph was not measured because of the difficulties in inter-
preting the results. Tack points and sand adhesion values after 1000
cycles under total load of 125 1bs were determined., The sand adhesion
values versus emulsion content curves are shown in Figs. 21-23., There
is a génerai trend of increased sand adhesioﬁ with increasing emulsion
contenf, except for Haydite and Dickinson gravel, where sand adhesion
values dropped beyond certain emulsion contents (Fig. 23).

Limited tests were tried with sand adhesion determination on
slurries compacted by California rubber wheels. Sand adhesion values
were determined, after 30 min traffic compaction by loaded California
rubber wheels (1800 revolutions), by compaction of 180 OF sand for 5
min., The results on two series of slurry mixes were shown in Figs,

21 and 23. Similar sand adhesion values were obtained at slightly
higher emulsion contents. These results have shown that, because of
the general availability of mechanical mixers in most laboratories
and the larger areas afforded by the specimens, it has the potential
of replacing the more specialized IWT for design of slurry seals.

Because of the potential of the loaded wheel test in establishing
the maiimum allowable asphalt content in a slurry, this test should be

further investigated in Phase II of this project. ILoaded wheel test
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and field correlations should be made with respect to sand adhesion
limit at different levels of traffic,

The reéults of tack points determined in conjunction with loaded
wheel tests were plotted in ¥Fig. 24, Although the tack point shows
the relative sensitivity of the aggregate to change in emulsion con-
tent or the susceptibility to flushing, the repeatability is poor,

Both sand adhesion and tack point determinations need refinement.

5.5 $pecial Studies

Five series of special studies were conducted using Ferguson lime-
stone (L #4) and two catiomic emﬁlgioﬁs on (a) effect of fines (or sand
eqﬁivalént and - #325) on WTAT, (b) effect of slurry thickness on WTAT,
(¢) effect of compaction on‘slurry WITAT, (d) effect of testing tempera~
ture on WIAT, and (é) WIAT repeatability. A toﬁal of B8) WTAT specimens
were tested, |

To determine the effect of fines on WTAT, various percentages of
Garner fines passing a 200 sieve were added to Fergusom (LZC) passing
No. &4 sieve, and slurries were made at the theoretical emulsion level
(Et) and 20% either side of Et (0.8 Et and 1.2 Et). The results are
presented in Fig. 25. The imprﬁvement in wear resistance due to in-
creases in fines and asphalt content is evident,

Figure 26 shows the effect of slurry seal specimen thickness from
1/4-3/8 in. on WTAT results. WIAT results are dependent on slurry
thickness:; increases in thickness reduce WTAT loss,

To determine the effect of slurry compéction on WTAT loss, six

specimens were prepared at each of three emulsion levels, Half of the
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specimens were tested following standard procedure, and half of the
specimens were compac;ed 10 times at 30 psi pressure before testing.
Results clearly show‘ﬁhe improved wear resistance of compaction, esw
pecially at higher emulsion conteﬁt levels (Fig. 27).

It was thought that wear loss might be affécted by slurry tempera-
ture, especially at low temperatures, A series of specimens were pre-
pared and.tested for WTAT at 32-35 OF after conditioning in a freezer
(=15 OF) for 90 min, Results were compared with identical specimens
tested at standard (77 OF) condition (Fig. 28). Unfortunately, no
definite trend could be observed from this comparison.

To determine the repeatability of WFAT, a set of eight identical
slurry specimens were made of Ferguson (- #4) and 12% CSS-1lh (40).

The mean was 80.8 g/ftz, the standard deviation was 15.3, and the co-
efficient of variation of 19%. The coefficient of variation of most
WIAT triplicate samples was between 10-20% with a low of 1% and a high

Of 4&'%¢
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6. TENTATIVE SLURRY SEAL DESIGN PROCEDURE

Based on literature provided by other agencies, (especially Vir-
ginia, 1976, and Benedict, 1977), on experiences gained in this project,
and on the Iowa DOT tentative slurry design procedure (1975), which is
basically a sound procgdure, the following tentative slurry seal design
procedure.is recommended (see flow chart in Appendix G).

1. Evaluation and Selection of Materials:

a., Determine aggregates properties
1. Durability records
2, Mineral/chemical composition
3. Gradation (washed)
4, L.A. Abrasion
5. Soundness
6, P.I. (3~)
7. Voids (Virginia VIM-5) (474)
8. Sand equivalent (454)
b, Obtain aggregate design parameters
1. Surface area calculzated from gradation
2. Specific gravity
3. Centrifuge kerosene equivalent (CKE)
¢. Determine emulsion properties
1. Viscosity of emulsion
2. Percent residue
3., Penetration and viscosity of residue

4. pH
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5. Particle charge

6. Particle size distribution (Young's method)
d. Emulsion design parameters

1. Particle charge

2. Percent residue

2, Estimate the theoretical residue asphalt requirement for am 8-pm
f£ilm coating of the caiculated aggregate surface area and convert
to theoretical emulsion content Et (see Appendix E).

3._ Eétimate the optimum prewet water/fillef/additive feqﬁirements
by cup mixing test (L00 g aggregate) for a creamy, homogeneous,
fluid and stable slurry. (Adjust Et for added filler). Minimum
mixing time should be 2 min at 75-80 °F.

4. Determine the optimum mix water content for a cone flow of 2«3 cm,
Start with Et and the minimum prewet water contenﬁ and £iller con-
tent, Adjust filler content if required.

5. Prepare slurry mixes for:

a. Set time by papexr stéin method* for a 1/4-in. to 3/8-in, specimen
at field temperatures,
b. Curing time by cohesion test* and/or curing cure* and/or tensile

#
strength at field temperatures.

t t

c. WEAT (at 1east‘triplicate samples)-or shaker test’ (triplicate
samples).
d. LWT? (triplicate samples) or modified California rubber wheel

-k-‘-

*
sand adhesion ' or ISU traffic simulator sand adhesion,

= :
Method needs to be refined.

+briterion needs to be established by field-laboratory correlation studies.
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6. Repeat Steps 3-3 for 0.8 Et and 1.2 Et.
7. Plot WIAT (shaker) loss and sand adhesion versus percent
emulsion (oxr residual asphalt content) curves to determine
the optimum asphalt (emulsion) content (Fig. 29).
As a general guide for mix adjustments during the slurry seal de-
sign process, a cause-effect (problem) check 1list is prepared and shown
in Table 7, This table is only concerned with laboratory design process,

it may be modified to include field problems in the future.
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Possible causes for major slurry seal problems.

Table 7.

PROBLEMS MAY BE ENCOUNTERED IN SLURRY
PREMATURE BREAK OF THE SLURRY (INSTABILITY)

FALSE SLURRY

SLOW BREAK
SLOW CURE OR DRYING

TOO RAPID DRYING

HIGH FLOW (RUNNING & WET)

TOO LOW FLOW (STIFF)

SEPARATION OR SEGREGATION

TFLOATING (FATTING UP) OF BINDER

FORMATION OF FISSURES UPON DRYING

HIGH SAND ADHESION

HIGH WTAT OR SHAKER LOSS

FACTORS OR PROBABLE CAUSES
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7. SUMMARY AND CONCLUSIONS

Extensive programmed laboratory tests involving some 400 asphalt
emulsion slurry seals (AESS) were conducted. Thirteen aggregates in-
cluding nine Iowa sources, a quartzite, a synthetic aggregate (Haydite),
a . limestone stone from Nebraska, and a Chat aggregate from Kansas were
tested in combination with four emulsions and two mineral fillers, re-
sulting in a total of 40 material combinations. A number of meetings
were held with the Towa DOT engineers; 12 state highway departmgnts
that have had successful slurry seal experiences and records, and several
slurry seal contractors and material and equipment suppliers were con-
tacted. Asphalt emulsion slurry seal development, uses, characteristics,
.tests, and design methods were thoroughly reviewed in conjunction with
Towa's experiences through these meetings and discussions and through a
literature search (covering some 140 ;rticles and 12 state highway de-
partment specifications)., The following are the summary of fin&ings,
conclusions, and recommendations:

1. Asphalt emulsion slurry seals, when properly designed and
constructed, can improve the quality and extend the life of existing
pavement surface and can become a viable and economical pavement main-
tenance procedure, both preventive and corrective.

2. Although asphalt emulsion slurry seals have been used in the
U.8. for more than 25 years and many thousands of miles of successful
gsphalt emulsion slurry seals have been built both in the U.S., and
abroad, their design and construction is still an art rather than a

science. Experiences with' the slurry seal have been mixed; consistent
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success in the construction and performance of the slurry seal, except

in a few states, has not been achieved.

3.

The. major reasons for the mixed experiences and lack of con-

sistent success with AESS are believed to be:

4.

Too many variables that will affect the properties, design,
construction and performance of an AESS,

No standard design method and traffic and geographically-

based design criteria.

General lack of experiences, total process control and propex
equipments on the part of some contractors,

Major material variables affecting slurry compatibility, mixing .

stability, slurry consistency and wear resistance were identified as a

result of the programmed laboratory testing. They are:

& -

3.

Aggregate type and composition

Aggrégate‘gradation,Hamount, and. type of fines

- Emulsion type and variability

Prewet water content of aggregate

Filler content

Emulsion content.

Although not all of the aggregates studied met current speci-

fications, most of them could be made into a creamy, stable, homogeneous,

free flowing slurry seal, with proper selections of emulsion type,

emulsion content, prewet water content, and mineral filler type and

content,

6.

Not all of the slurries made with aggregates meeting sand equiva-

lent and gradation specifications gave satisfactory abrasion and wear

resistance. On the other hand, satisfactory slurries could be made with
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aggregate blends which failed to meet either sand equivalent or grada-
tion specifications., These specification-performance (laboratory)
inconsistencies point to the need for field study.

7. Poor overall charaéteristiés of slurries made with Garnér.
aggregate and its low sand equivalent value indicate that tﬁe sand
equivalent requirement should, perhaps, be included in specifications
for slurry seal aggregates.

8. Poor overall characteristics of Conklin slurries shows the
wisdom of Towa specifications in excluding lithographic limestone.

9, Although anionic emulsion 8S-1h is not included in current
Iowa specifications, mainly due to its slow curing rate, it is by far
the easiest emulsion to work with and often resulted in slurries with
better overall qualities. Considerations should be given to pemmitting
the use of SS-lh and thus making more aggregates suitable for slurrcy
seal work.

10. The single most importanf factor in making successful slurries
with cationic C8S8-1lh is the pre-wet water contenf. It is recommended
that pre-wet water content be specified in field applications,

11. A Gilson shaker durability test was developed. Once cor;elated
with WIAT and/or field test results, this test has the potential pf
being readily used as a routine slﬁrry design/control test by most
laboratories,

12, Combining the basically sound Iowa slurry seal design procedure
of 1975, laboratory results obtained from this project, and experiences

of other agencies and engineers, a laboratory asphalt emulsion slurry
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seal design process is recommended, The principal features of this pro-

cedure are:

® Estimate the theoretical residual asphalt requirement based on
coating of an 8-ym film on aggregate surfaces,

@ Establish the minimum asphalt (emulsion) content by the wet
track abrasion test (WIAT) or the shaker test,

® Establish the maximum asphalt (emulsion) content by the sand
adhesion value determined from loaded wheel test or modified
California rubber wheel test,

13, In order to gstablish design criteria and material specifica~
tions most suited for Iowa coﬁditions of weather, t;affic, and avail-
able aggregates, and to gain field experiences, a field test, as en-
visioned by Iowa DOT engineers, is recommended.

14, It is expected that conclusions regarding the performance
of slurry seals under Iowa conditions, the suitability of Iowa aggre-

gates, and the performance~based design criteria will be made at the

end of two to four vears of field tests.
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8. FIELD PERFORMANCE AND EVALUATION OF SLURRY SEALS

8.1 Objectives

Since the first extensive uses of asphalt emulsion slurry seals in
California in 1955, many miles of slﬁrry seals have been applied in both
the U.8. and abroad using a wide range of materials on many types of
surfaces for various purposes with varying degrees of success.

There has been ample evidence to indicate that when properly de-
signed and constructed the asphalt slurry seal can effectively seal
cracks and improve the surface quality (e.g., skid resistance) of air-
port and highway pavements to restore and/or protect existing weathered
and deteriorating pavements,

In view of the problems of energy, environment, and economy, there
is good reason to believe that emphasis in maintaining and protecting
our enormous investment in the existing highway system and in upg;ading
safety standards will be continued. The ability of asphalt emulsion
slurry seal to reduce one of the major causes of highway pavementide-
terioration due to entrapped water under pavements and to improve skid
resistance will make it onme of the most attractive maintenance alterna-
tives,

However, while many miles of successful asPEa;t slurry seals.have‘
been constructed, mainly through experiences in the art, in the u,s.
{e.g., in Kansas, Virginia, Georgia, and Oklahoma), experiences in Iowa
and other states have shown that consistent success of slurry seal ap-
plication in the field has been difficult to obtain and that field ex-

periences often do not reflect laboratory results.



76

The programmed laboratory testing on 40 material combinations has

shown that:

@& Although not all of the aggregates studied met current speci-
fications, nearly all of them can be made into a creamy, stable,
homogeneous, free flowing slurry seal, with proper selections
of emulsion type, emulsion content, prewet water content, and
mineral filler type and content.

@ Not all of the slurries made with aggregates meeting specifica-
tions gave satisfactory abrasion and wear resistance.

©® Although anionic emulsion SS-lh is not included in current Iowa
specifications, mainly due to its slow curing rate, it is by
far the easiest emulsion to work with and often resulted in
slurries with better overall qualities.
To test these findings, to determine limitations of some materials
and applicability of other materials in slurry seals, to correlate
laboratory tests with field performances, and to establish material

specifications and design criteria for lowa conditions of weather,

traffic, and materials a field performance and evaluation is recommernded,

8.2 Test Program

The proposed slurry seal field test factorial arrangement is shown
in Fig. 30, ' The test program will comnsist of thirt&-two 500 £t x 12 ft
sections at a site to be selected by the Iowa DOT engineers. The vari-

ables and their respective levels are as follows:

Factor Variables Levels

Aggregate type Garner limestone, Ferguson limestone; . 7
Moscow dolomite; quartzite; concrete
sand; Dallas gravel; Dickinson gravel;
and Haydite (expanded clay)

Gradation Fine; Coarse .2



Fig. 30. Proposed slurry seal field test factorial arrangement.

) CHNERETE SARD MOSCON
AGGREGATE GARNER FERGUSONR QUARTZITE AND FLY ASH O0LGRITE GRAVEL HAYDITE
& a) : F DALLAS [DTENSON
@({)\ srnoATTONt FINE |COARSE[ FINE §COARSE| FINE | COARSE! FINE | COARSE| FINE | COARSE| s Fopines FINE | COARSE
tr)
% SAND . . R _ i - . - " . _ . - -
CQUIICENT 40- 160+ 40-)60+1 40- |60+ 40-160+| 40~ 50+ 40-] 66+ 40 - [60+] 40 |60+ 40160+ | 40-|60+{40-| 60+|40-160+| 40- |60+ 90 |60+
FILLER
plutp plefr|PriPieip|P|P]P L p P
2N Type() cip|LipfLlei P plofetolt Lfvi PloeriL
L FLOW, cm
2-3 7
o
< 4-5
~ " % 7 Z
S ol % 7 7 7 % Z
= = 45
= %
@ G100 2-3 / %
has o~ 4
—i 4-5
wol o 2-3
=3
= 31 45
&
g e ) Z
o
= B
o}
fTs
= ol o2es /
L]
s |
L 2-3
<
= | 4.5
. ? P
= e e i : 7 ,
% e ;
s ~ i 45
ul 2.3
~
—1 45

% INDICATE TREATMENT COMBINATIONS TO BE TESTED
ZA

{adeone. £INE SIOF OF IOWA SPECS; COARSE: COARSE SEUE GF TOWS SPECS

(B)p. Type 1 PORTLAND CEMENT; L: HYDRATED LINE

{)EMULSTON CONTENT: €, > THEORETICAL EMJLSION CONTENT BASED ON U.S. ARMY SURFACE AREA METHOD AKD 8 um FILM
£/: HIGHEST ENULSION CONTENT DETERWINED BY LOADED WHEEL TESTER:
£, LONEST EMULSION CONTENT DETERMINED BY WIAT

LL



78

Factor ‘ Variables Levels

Sand equivalent o 40~; 604+ 2
Emulsion type cSS-1h (85-100 pen) 3
C88«1h (40~90 pen)

88-1h
Emulsion content 80% Theoretical Emulsion Content 3

100% Theoretical Emulsion Content
1207 Theoretical Emulsion Content

Filler type Type 1 Portland Cement; o 2
hydrated lime :

Slurry consistency 2-3 cm cone flow; | 2
4=5 cm cone flow

This recommended factorial arrangement will allow testing and com-
parison of slurry seals in terms of:
® Field versus laboratory behavior with respect to mixing stability,
.set and cure time, wear resistance (durability), and flushing

(bleeding) susceptibility under traffic.

@ Poor laboratory results in Phase 1 on aggregates that meet Iowa
specifications,

® Good laboratory results in Phase 1 on aggregates that do not
meet Iowa specifications.

® Coarse versus fine gfaded slurry seals.

® High versus low sand equivalenﬁ aggregates,

& Portland cement versus hy&rated lime as fillers.

® Normal versus high flow (low consistency) slurry seals,
@ Soft versus hard base asphalt emulsions.

._; GCationic lvefsus anionic¢ emulsions,

® Field performance versus emulsion content,

@ Feasibility of using f£ly ash in slurry seal.
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Preferably the test site is an existing high traffic volume (10,000
VED +) four-lane asphalt surfaced highway because traffic control is
easier, and performance results can be obtained gquicker., The existing
pavement should be structurally sound to simplify slurry seal perfoim-
ance evaluation, Although not essential, fhe test site should be located

relatively close to Ames so participating researchers from the Lowa DOT

and I5U can easily make frequent visits,

8.3 Scope of the Test Program

The proposed test program will consist of the following tasks:
1. Site selection {(Iowa DOT engineers)
2. B8ite (existing pavement) condition survey (DOT and ISU)
a, Sqrface conditions:
@ Surface texture and absorptivity
@ Cracks
@ Skid resistance
® Surface irregularities
b, Suxface geometry: crown, transverse and longitudinal grades,
ete,
¢. Subsurface condition: base, subbase and subgrade moisture
contents, etc,
d. Photographic documentation,
3. Material testing and slurry seal design (ISU)
a. Aggregates: Tests will include:

Chemical/mineral analysis, gradation (dry and



b. Emulsions:

¢. Slurxy seals:

80

wet), sand equivalent, voids, L.A. abrasion,
freeze, and thaw, CKE, specific gravity and
absorption, pH, Zeta potential, and plasticity.
Tests will include:

Viscosity, residue content, particle size dis-
tribution, particle change, pH, viscosity,

and penetration of residue.

Tests will include:

Mixing stability, time of set, curing rate,
water resistance, shaker durability, wet
track abrasion test and loaded wheel sand

adhesion test,

4, Construction of the slurry seal test sections (Lowa DOT)

5. Performance evaluation (Iowa DOT)

a. Durin

served and recorded:

e Slurry uniformity

® Extraction

® Crack filling

@ Slurry stability, separation, and foaming

@ Rate of cure

e Aggregate moisture versus unit weight

® Slurry consistency

@ Surface preparation

® Temperature, humidity, wind velocity, etc.
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b. At three-month intervals, the following will be tested,

observed and documented:

®

@

L

Uniformity of the slurry seals

Sanding, tearing, or scuffing

Extraction teéﬁﬂ

Perméability

Skid resistance

Crack sealiﬁg

Adhesion to existing pavement
Flushing/bleeding

Subsurface moisture conditions

Traffic counts

6. Reports (Lowa DOT and ISU): It is expected that three reports

will be prepared during the program:

@

Report No. 1 will be prepaféd by ISU three months after
the construction of the test sections., It will cover
the laboratory tests and evaluation of the materials
and slurry seals.

Report No. 2 will be prepared by Iowa DOT six months
after the construction of the test sections; It will
document the slurry behavior and problems during con-
struction.

Report No, 3 will be prepared jointly by Lowa DOT gnd
I5U on performance evaluation and laboratory correlation
as affected by the factors included in the field test

factorial arrangements. As end products, it also will
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include a slurry seal test and design manual, a set of
performance-based specifications, and a set of slurry

seal construction and inspection guides,

8.4 Program Schedule

It is recommended that the test sections be constructed by Sept-
ember 15, 1977, field performance tests continue to be conducted for

two years, and the final report be due by December 31, 1979.
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APPENDIX A

Virginia Test Method
for
Determining Percent Voids in Stone Sand

Designation: VIM-5

Scope

This method covers the procedures to be used in determining the

average percent voids present in manufactured stone sand and is

therefore a method for controlling particle shape.

Apparatus

The apparatus required shall consist of the following:

a, Standard set of fine aggregate sieves containing a No. 8,
No. 16, No. 30, and Ne. 50 sieve,.

b. Set of balances.

¢. Metal cylindrical cup calibrated for weight and volume and
having approximately a height of 5.5 inches and a diameter
of 2 inches, .

d. A metal frame with a base 6 inches square and a height of
10 3/4 inches with an opening in the top capable of supporting
a funnel which when suspended, will have its base one inch
above the cup when the cup is placed on the base, The bottom
opening of the funnel will have a diameter of ome inch. The
base will be fitted with lugs that are so placed that they will
center the cup directly below the funnel,

e. Small glass plate approximately 2 inches square.

f. Steel straight edge approximately 12 inches long.

Procedure

The sample is sieved until ample material of the No. 16, No. 30,
and No. 50 sizes is present to fill the cup to overflow1ng. This
will usually require at least three sievings.

Each size is introduced separately into the funnel of the apparatus
with the glass plate being held firmly against the bottom of the
funnel, When the funnel is full, the glass plate is withdrawn and
the material allowed to flow freely into the cup,
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The cup is then struck off with the straightedge, being careful
not to jar the container and thus pack the material.

Three separate weighings of each size are made and the average
weight determined.

The specific gravity of the material, determined previously ac-
cording to AASHO T 84, is multiplied by the volume of the cup to
obtain a theoretical solid weight.

This computed value is compared to the weight obtained by weighing
the material and the percentage is the percent solids present. This
is subtracted from 100 to obtain the percent voids.

The percent voids obtained from the three sizes is averaged and
reported as the percent voids of the total sample,
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APPENDIX B

Shaker Test Procedure

Apparatus (See Photo %)

1.

The Gilson Mechanical Screen Shaker:

a, Motor: 1078 rpm

b, Vibration Amplitude: 0.5 in.

Two Gilsom screen trays; each can hold 12 open-top cans size

4 /16 in, x 4 11/16 in. and each tray has a 1/4-in. thick
steel cover. On one side of the cover, there are 12 éircular
rubber gaskets., The diameter of these gaskets is about 1/8 in.

greater than that of the cans,

3. 24 open-top cans (No. 401 x 411, 4 1/16 in. 0.D. X 4 11/16 in.)

4, 1/2-in, diameter steel balls,

5. ASTM C190 silica sand

Procedure

1. Pour enough freshly mixed slurry in tared cans to make a slurxy
1/4 in. thick as cast, Gently tap the bottom of can against
a flat surface to bring the slurry to level,

2, Cure the specimen in can at 140 °F for 24 hr,, cool, and weigh,

3. Puﬁ specimen and can in a freezer (atl-lo OF) for 90 min.

4, After 90 min., remove and add 50 g of C1l90 sand, 50 g of ice

water (at 33-35 OF), and nine 1/2-in. steel balls to each can.
Position cans with specimens on the sample tray and retainer
and cover the top of each can with a piece of plastic paper

and then with the steel cover plate,
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10.

11.

920

‘Tighten the cover with the wing screws provided. =

Mount and fix trays onto the Gilson shaker.
Shake for 30 min,

Remove cans frém the shaker.

Remove the steel balls and wash out sand abtaded materials.

Oven dry the specimen at 140 °F to constant weight and WEigh.
The weight difference ffom the original weight is calculated
and reported as shaker loss at 30 min (grams or grams per
square foot). |

Repeat 3~9 for 60 min shaker loss in grams or grams per square

foot,
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APPENDIX C

Wet Track Abrasion Test

1. Scope

1.1 This method of test covers measurement of the wearing qualities
of slurry seal under wet abrasion conditions.

2. Summary of Method

2.1 A slurry mixture of fine graded aggregate, asphalt emulsion and
water is prepared to a homogeneous flowing consistency. The
slurry is formed into a disc by pouring in the circular opening
of a template resting on a larger circlet of heavy.smooth roll
roofing.

2.2 After removal of the template the disc specimen is dried to
constant weight at 140 °F. The cured slurry is placed in a
water bath for one hour, then mechanically abraded under water
with a rubber hose for 5 min. The abraded specimen is washed
free of debris, dried at 140 °r and ﬁeighed. The loss in
weight expressed as grams per square foot is reported as the
wear value (WIAT loss).

3. Apparatus

3.1 A Hobart C-100 planetary type mechanical stirrver equipped with
a 5-1b weighted rubber hose holding device (abrasion héag)
with about 1/2 in, of free up-and-down movement in the shaft
sleeve (See Photo 2).

3.2 Heavy flat bottom metal pan, approximately 13-in. diameter with
2-in, vertical side walls having thrée equi-spaced screw clamps

capable of securing 1ll-1/4-in. diameter specimen to bottom of pan.
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3.3

3.4

3.5

3.6
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Supply of 1l-1/4-in. diameter discs cut from smooth 50~ to 60~
1b weight roll roofing.

Circular template 1/4 in, to 3/8 in. thick with an 1lw-in, dia-
metey circular opening.

Reinfbrced,rubber_hose equivalent to U.S., Rubber Company P-2%0
with a 3/4-in. inside diameter and sbout 1/4-in., wall thickness.
The hose shall be cut into 5-in. lengths and drilled with two
paired 3/8-in. holes aligned on 4-in, centers.

Wooden prop block or equivalent for supporting platform assembly

into position during testing.

Procedure for.Prepgration of Test Specimen

4.1
4.2

4.3

4.h

ﬁix about 800 g of slurry.

Place the template over the 11-1/4=in, diameter disc of roofing
felt and hold the tempiate down with quick snap clamps. Im-
mediately pour the slurfy onto the roofing disc.

Squeegee the slurry level with the top of the template with a
minimum of manipulation. Scrape off excess material and discard.
Remove the template, place the molded specimen in the 140 °p

oven, and dry to constant weight.

Wet Track Abrasion Test

5.1

5.2

5.3

Remové the dried specimen from the 140 °F oven, allow it to
cool to room temperature, and weigh.

After weighing, place the specimen in the 77 OF_Water bath

for 60-75 min.

Remove the specimen from the water bath and place in the 13-in.

diameter flat bottom pan. Secure the specimen to the pan
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bottom by tightening the three wing-nuts and screws,

5.4 Completely cover the specimen with at least a 1/4-in. depth
of water (temperature 77 oF).

5.5 Secure the pan containing the specimen on the platform of the
Hobart C-100 machine., TLock the rubber hose abrasion head on
the shaft of the Hobart machine. Elevate the platform of the
Hobart machine until the rubber hose bears on the surface of
the specimen, Use the prop block to support the platform
assembly during testing.

5.6 Switch to the low speed of the Hobart machine (approximately
144 shaft rpm at 62 turns of the planetary). Operate the
machine for exactly 5 min running time, (Note: Install a
‘fresh section of hose after completion of each test.) It is
permissible to rotate the hose 1/4 turn after each test run
‘and obtain a fresh section for the next specimen.

5.7 Remove the specimen from the pan after the abrasion cycle and
wash off debris. Place the washed test specimen.in the 140 °F
oven and dry to constant weight.

5.8 The dried specimen is removed from the 140 O oven, allowed
to reach room temperature, and weighed, The difference be-
tween this weight and the weight obtained in Section 5.1 is
multiplied by 3.06 to express the loss in grams per square

foot (wear value).
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APPENDIX D

Abridged Testing Procedures for Consistency,
Set Time and Cure Time of Emulsion Asphalt Slurry Seal

1. Cone Consistency Test

1.1

1.2

1.3

The cone is used to determine the amount of water required to
form a stable, workable mixture. This test used the saﬁd
adsorption cone described in ASTM C-128 or AASHTO T-84 and a
base flow scale. The Cone is a hollow 20-gage metal frustrum,
2,9 in. high with 1.5-in. top and 3.5-in. bottom diameters,
The flow scale has seven concentric circles inscribed on an
industrial tile or metal sheet or paper in one centimeter
increasing radii from the circle formed by the large end of
the comne,

Several trial mixtures are made using 400 g of combined
aggregate at ambient temperature, optimum emulsion, and varied
water contents, The cone is centered on the flow scale, and
after 30 sec of thorough mixing the cone is loosely filled,
struck off, and immediately removed with a smooth vertical
motion. The outflow of the slurry is measured at four points
90° apart, averaged, and recorded as " cm flow

@ % added mix water."

Optimum is considered as 2.5 cm radial flow with limits of
2,0 cm to 3.0 cm and reproducibility of £ 0.25 cm. Design
work should be performed on all the actual project materials
and should simulate field conditions of temperature and

stockpile moisture expected.
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Set Time

2.1

2.2

3.1

3.2

3.3

This method of test is used to determine the time required

for the slurry mat to reach initial set (resistance to paper
blot),

The slurry mix or mixtures that provide fhe desired consistency
shall be repeated to determine their setting chracteristics.

A mix passing the consistency test is poured onto a 6 in, X 6 in.
asphalt felt pad and screeded to a 1/&4~in. thicknéss. At the

end of 15 min., at 77 = 3 °F and 50 # 5% relative humidity, a
paper towel or tissue is lightly pressed or blotted on the slurry
surface, If no brown stain is transferred to the paper, the
slurry is considered set, If a brown staln does appear, repeat
the blot procedure at 15 min intervals. Record and report

time required to obtain a stain-free blot as the set time.

Cure Time

Total cufe of a slurry mat is obtained when complete cohesion
between asphalt coated aggregate particles occurs., A cohesion
testing device is used to measure cure time,

A slurry mix of optimum design obtained from use of the con-
siétency test is screeded onto a roofing felt pad to a thickness
not exceeding the height of the largest aggregate fragment
present in the mix., A 4~in, diameter template is used to ob-
tain uniform thickness of the slurry wmat,

After "set'" of the slurry mat has occurred, the mat'is placed
beneath the weighted rubber foot (l-in. diameter) of the

Cohesion Tester (see Photo 3). The rubber foot is twisted by
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means of a hand torque tester. The torque procedure is re-
peated at 15-30 min intervals until the highest torque reading
obtainable remains constant. An undisturbed site on the slurry
pad should be selected for each time-iﬁterval test, The time

required to reach a constant optimum torque is recorded as the

cure time,
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APPENDIX E

Data Sheets for Slurry Seal Design, Mixing,

and Setting Tests, Consistency and Cure Test



Project Wk ~12%

100

Bituminous Research Laboratory
Iowa State University

Design of Slury Seals

Emulsion: S5-1H v/
CQS~-iH___
Residue Ashpalt Cont

CSS-1H (40)
CSS-1H(100)
ent in Emulsion (R) %™ %

Aggregate ! -

o Dk Srsem Ec. (?774) (\R)

Form 1851
11/20/76

——

Date
Calculated by WA
Sp. Gr. of Emulsion (SGE)(.e2wv

Apparent Sp. Gr. (ASG) 2.734

ISSA seal type: Type 1 (fine)

: Type II {(General) ./

Surface area of aggr

egate (S5A):

Sieve size percent Surjf,éce Area Syrface Area
passing Factor - = £t7/1b. Aggregate
3/8 in. oo 0.02 2.00
No. &4 Lop 0.02 . WE~°°
No. 8 o 0.04 276
No. 16 _,hm__ 0.08 — 4.00
No. 30 37 0.14 8
No. 50 28 0.30 R 131
No. 100 i 0.60 \2. bo —
No. 200 ‘o 1.60 240
Total SA = bo.aq
- 2.65 : 2
Corrected $4,(CSA) =SA x ise = 9 0 ft® [/ 1b aggregate
(0. 88 ) Wo®) C.2E)
Film thickness (t) = 7 A4 8 4w 9 M 10 L4
Kerosene absorption (KA), % = 3.£"
Total bitumen required, gm/100 gm agg.
= (CSA) x (t)x (SGE) x (0.0205) + (KA)
L 13.3¢
%
Emul sion requbred, gm/100 gm agg.
= (BR) x (100) = 2e.bo
(R)
IR B o= (2.004 5A) K6 .33 \b.bz 299 2492
ISSA recommended medium emulsion content
Fine (Type 1) = 20 gm/100 gm dry aggregate
General (Type II) = 16 gm/100 gm dry agairegate —
. oy
Increase emulsion required by 1 percent for every additional p.c. or hydrated lime

added to the aggregate



Form 185-2
101 11/20/76

Blruminous Research Laboratory
Towa State University

Slury Seal Mixing and Setting Tests

Project ~ Date

Temperature °F. Operator

Relative Humidity % p.c. Type 1 II
Aggregate . Emulsion

Sand Equivalent (SE)
Calculated emulsion content, gm/100 gm dry aggregate =

Trial No.

Aggregate, gm (oven dry/ air dry)

P.C. / Hydrated lime, gm

Watér, gm

#
Fmulsion , gm

Mixing time, min.

Mixing characterics;
Free flowing and creamy

Balling or stiffening

(premature braking)
Separation/coating

Fdaming /bubbles

Set time ; Clock time,

Paper blot 15 min.
- and displacement
30 min.
60 min.
24 hrs. -
Water resistance

30 min. -
60 min.

#* ' .
Increase emulsion content by 1 gm for every additional gram of p.c.
or hydrated lime added to the aggregate. '



Form 185-3
S 102 12/2/76

Bituminous Research Laboratory
Iowa State University

Consistency & Cure Test

Project: Date

Temperature: ' op Operator

Relative Humidity A : p.c. Type 1  Type II
Aggregate Emulsion: gm.

Mix Number:

Aggregate, gm.

p.c. / Hydrated lime, gm.

Water, gm.

*
Emulsion , gm.

Cone flow, cm.

Funnel flow, sec.

Cohesion; weight s foot#_“m“_3 torque inch-1b,
clock-time I
/2 he.
1 hr. R
4 hrs. R
24 hrs.
Torvane; shear hgad# 5 Depth __ in.
Clock—trine o
/2 he. o
1 br. e
4 hrs. .
24 hrs.
*

Increase emulsion required by 1 percent for every additional p.c. or
hydrated lime added to the aggregate
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APPENDIX F

Loaded Wheel and Sand Adhesion Test

Prepare sufficient slurry seal mix to £ill the molds. Mixing should
proceed rapidly and thoroughly so that the specimen is cast 30 sec
after the addition of the emulsion.

The selected mold is centered over a previously weighed specimen
mounting plate and uniformly over-filled with the mixture. Using

a horizontal sawing motion with the strike-off bar held in a vertical
position, the specimen is struck off level with the specimen frame.
When the specimen has set sufficiently to prevent displacement, the
mold is removed. The specimen is dried for a minimum of 12 hrs

to constant weight in a 140 °F oven. The specimen is removed from
the oven and cooled to room temperature,

The specimen is then placed on the mounting plate firmly against
the locating pins and clamped in position with the clamp washers
and wing nuts provided.

The wheel is inspected, thoroughly cleaned with evaporative solvent
and water, and then placed on the specimen; the weight box is then
loaded to the desired weight (125 1b).

The counter is returned to zero, and compaction is started. The
cycles per minutes should be 44,

At some point during the compaction, an audible tackiness and
visible shine may be noted. At this point, sufficient water to
prevent adhesion of the specimen to the wheel must be added from

the wash bottle. (With certain aggregates, it may become necessary
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to liberally flush the wheel path with water to prevent abraded
fines from impacting the specimen.) Notation of the revolutions
required to reach the tack point is made,

After 1000 gycles, the machine is stopped and unloaded, and the
specimen is washed of loose particles and dried at 140 OF to
constant weight.

The dried weight of the specimenfis noted, and the specimen is
mounted on the mounting plate in its original position. The sand
frame is centered over the specimen, with the foam rubber against
the specimen and secured to prevent loss of sand. Hot ASTM C 109
sand (180 °F) is uniformly spread in to £ill the sand mold, the
wheel is immediately loaded on the specimen, and 100 cycles are

complete,

All loose sand is removed, and the specimen is removed and weighed.

The increase in weight due to sand adhesion is noted.
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(

(Ei)
<::> (::) (jig | - L —
N\

1
[
- | | :
e T—— <:> | 3
= &.. 8 & 1ld SPECIMEN MOUNT PLATE zo ga.
} - o=t | waln s
L _ .
B Ix L 15"
f C | . |
SPECIMEN MOLDS -8 REGIHRED
bg*, Fe", 4", V" and Y THICK
|| 15" 2
LOADED WHEEL TESTER - PROPOSED 12/76 —[ [ — ”: ol
3}2ﬂ ' -14" !
FIGURE F -1 @ SAND FRAME - Yg' THICK
a. FRAME OF ADJUSTABLE STEEL CHANNEL
b, MOUNTING PLATE FOR SPECIMENS
¢c. 1/3 hp, 1750 .rpm FLANGED MOTOR
d. 40:1 HORIZONTAL DOUBLE QUTPUT SHAFT GEAR REDUCER
e. DRIVE CRANKS, 6-in. RADIUS:
£. DRIVEN CONNECTING ARMS OF ADJUSTABLE, STEEL CHANMEL
g. WEIGHT BOX, CENTRALLY ADJUSTABLE OVER THE WHEEL
h. BASSICK #180 CASTER ASSEMBLY WITH 3-in. DIAMETER x 1 in.
RUBBER TIRE MOUNTED AT A HORIZONTAL DISTANCE OF 24 in.
BETWEEN DRIVE AND CASTER AXLES. (OTHER WHEELS MAY BE USED)
i. RESETABLE REVOLUTION COUNTER
j. 5-25 1b BAGS OF #7 OR #8 LEAD SHOT
k. SPECIMEN MOUNTING PLATES, 20 GAGE GALVANIZED STEEL x 3 in.
x 16 in."DEBURRED
1. SPECIMEN MOLDS VARIOUSLY .125, .188, .250, .313, and .375 in.
THICK x 3 in. x 16 in. OUTSIDE and 2 in. x 15 in. INSIDE
DIMENSIONS
- m. STEEL SAND FRAME, .188 in. % 2.5 in. x 15 in. OQUTSIDE AND 1.5 in.

x 14 in. INSIDE DIMENSIONS, COMPLETELY LINED ON ONE SIDE WITH
/2 in. x 1/2 in. ADHESIVE-BACKED FOAM RUBBER INSULATION
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Slurry Seal Design

G

Flow Chart

EVALUATION OF PROPGSED AGGREGATE
BURABILITY/SERVICE RECORDS
MINERAL/CHEMICAL COMPOSITION
GRADATION
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& & & & & & © ©
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!
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SET TIME BY PAPER
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LWY SAND ADHESION

& 2.5 cm CONSISTENCY FOR:

CURE TIME 8Y COHESION TESTER
WTAT OR SHAKER TEST

CALIF. RUBBER WHEEL SAND ADHESION

0.8 £, 1.0 gy & 1.2 E,

STAIN METHOD

OR MODIFIED

/

CONTENT:
f WTAT
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3
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LWT
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