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Comparative Study of Manganese-Treated 
and Conventional Asphalt Concrete 
Mixtures and Pavements 

J. LUDWIG FIGUEROA AND KAMRAN MAJID ZADEH 

A typical reh abilitation alternative of roadways that have reached 
their erviceability level i the co11s1ruction of asphah cOnl·re te 
(AC) overlays on either rigid r flexible pavement . H wever, 
overlay· c:mnstrucled with conventioual AC tend tu reflect 1he 
cracking and joi.nting pattern · of existing pavement. a ho rt time 
aitcr their placement. Other typical dist res ·es observed i.n con
ventiona l A mixture arc fatigue cracking stripping, and mois
t.ur damage. A manganese-based AC additive ( Tl - 101. 

hernkrete) has been claimed to tninimize . omc or these prob
lems. The Ohio hemkretc test ec1ion was built flt a location 
ubjectcd to average climatic and tra ffic condit ions. Whetber the 

additive led ro any beneficia l performance gain or, at least to 
equal perfo rmance for th same co. l of conventional A overlays 
was studied. The study compared ondition urvey {consistil)g 
of pavement condi tion rating and crack surveys) , Dynaflect 
defl ction measurements, and lab<>ratory te ting or field-procured 
·pecimens that obta.jned values of resilient modulu . Marshall 
tabi.Lity in.direct tensile trength , fracture toughncs , creep com-

pliance, and fatigue. Result of Laborntory tests perfo rmed on 
field-procured cores indicated better performance by conven
tional A specimens than by the hernkrete-trea ted specimen . 
On the basis of re ults of core te ting, VES YS lTI computer model 
rut depth calculation predicted that rut deprh would be approx
imate ly twice the magni tude along the hemkrerc-treated section 
than along rhe cm1trol section . Dynaflect deflecrion mea ure
ments indicated a lightly better performance on the con.t rol sec-
tion than on the hemkrete-t reated section. ignificant gain 
in the engineering properties of A mixtures are obtained with 
the addition of Chemkrete. 

Prolonging the ervice life of pavements has been a ·ubject 
of majo r concern for highway and materia l engineer . As the 
expansion of the highway n twork reached it apparent limit 
in the United States , and with the increased amount f traffic 
on most of these roads, attention has been directed towards 
maintenance and rehabilitation . 

A typical rehabilita tion a lterna tive is the construction of 
asphalt concre te (AC) overlays on e ither rigid or flexible 
pavements th at have reached their minimum acceptable er
vicea bility leve l. However a short tim.e afte r their placement 
overlays constructed with conve ntional A tend to reflect 
the cracking and jointing patterns of the existing pavements. 
Other typical di. tresse ob erved in co nventional AC mix
tures are fatigue cracking, tripping and moisture dam age . 
Some of these problems may be minimized with the u e of 
additive in the AC. T hese addit ive a re claimed to affect the 
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pr perties of the A by producing mixture · in which soft r 
asphalts can be used without impairing the high-temperatur 
stability of the mixture , wh.ile not becoming a. brit1le a t low 
temperatures (/ ) . 

A ma ngane e-based AC additive (CTI-101) developed by 
hemkre te Techno logies , Inc., has been claimed to produce 

these beneficial effects (1,2). The apparent success in improv
ing de ·irable properties in the laboratory . reported by several 
authors, has encouraged state highway offi cials to set up 
experimental pavement section. c nta ining lhi · additive to 
determine whether or not pavement performance improvements 
result under actual working conditions (1 ,3-6) . 

Several test sections containing CTI-101 (Chemkrete) as 
an additive , as well as adjacent control sections containing 
conventional AC, have been built in several states, with mixed 
performance re ·ults . T he Ohio hemkrete te t section was 
built at a location subjected to averag climatic and traffic 
conditions. The objective of the study was to determine whether 
the additive led to any beneficial performance gains or, at 
least, equal performance for the same cost of AC overlays. 

PREVIOUS LABORATORY EXPERIENCE 

E xtensive laboratory te ting of hemkre te-m dified and con· 
ventional A ·pecimens wa undertaken by eve ral research
ers to de te rmine if the addition of Chemkre te produced any 
significant impr v me nt in the physical and engineering 
properti e of a phalt concre te mixtures (/,4,6). 

Chemkrete-modified A mixture had a more desirable 
behavior than conventional AC mixtures when tested in the 
laboratory . However, a ignificant amount of curing time was 
required before the e be nefi cial properlie m aterialized . This 
result may have ome implica tions on pl tcement c nditions 
as well as on the length of time before allowing traffic on a 
new con truction project. Tbe most important gain , in me 
cases, were a reduction in the temperature su ceptibility , a 
indicated by a flatte r temperature-vi co ity relation hip and 
the possibility of u ing marginal-quality aggregates in the 
preparation of AC mixtures. 

PREVIOUS FIELD EXPERIENCE 

Experimental pavement sections using Chemkrete have been 
built in several ·tates with various degrees of ucce, (7- 10). 
Moulthrop and Higgins (3) also reported a total of 44 projects 
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containing Chemkrete-modificd asphalts built in a variety of 
climatt!; in the United rntes between January 1980 and August 
1984. 

In previous studies, it was expected that the addition of 
Chemkrete to AC mixtures would result in a reduction of 
their temperatuse susceptibility leading to less rutting or shov
ing at high temperatures and less thermal distress at low tem
peratures . Other benefits would include (a) a longer pavement 
life because of grealer load-carrying capacity as a result of 
resilient modulus and indirect tensile strength increases at 
high temperature, (b) lower cost because of reduced section 
thickness for equal performance, and ( c) the possibility of 
using less costly aggregates. These studies indicat d that 

hemkrete-modified A yielded more de irable prope rtie 
than conventional A when subjected to adequate currng in 
the laboratory. onventional A pavement sections however, 
performed substantially better than Chemkrete-modified AC 
pavement sections when subjected to identical curing, climatic , 
and traffic conditions. 

PROJECT DESCRIPTION 

The Ohio Chemkrete test section is located on US-23 near 
the Delaware-Marion county line. Al that locatio11, US-23 is 
a 4-lane, divided highwa carrying an average daily traffic of 
18,425 vehicles, with a dfrection distribution fac tor f 50 
pe rce nt , and 23 perce nt of the traffic consisting of trucks. 

Two Ch •m.kr te test ections were placed in July 1984; a 
2-mi-long section in the travel lane of the northbound direc
tion, and a 1-mi-long section, also in the travel lane, of the 
southbound direction . The original plans called for the passing 
lant:s in both direction · to be used as control sections; how
ev r, because of the difference in the number and compo ition 
of traffic this procedure was changed to select the control 
sections on the trrwel lanes (northbound and southbound), 
following the Chemkrete-modified sections. 

T h t:xisti11g pavement consisred of 9 in . of badly cracked 
portland cement concrete pavement on 6 in. of gra nul:ir sub
ba e placed on a gently rolling terminal moraine deposit. The 
project called for the placement of a 3-in .-thick overlay con
sisting of a I V..-in. -thick wea ring our e {Ohi Department of 
Transportation Typ 404) on a 1 V.1-in.-thiek I veling ourse 
(Type 402). Approximately 25 percent of the joint we re full
dcpth repaired befofe ov1:: rlay. 

Mixture and Placement Characteristics 

Limestone aggregate was mixed with AC-5 asphalt cement 
treated with 4 percent of Chemkrete (CTI-101) for the 
Chemkrete test section, whereas AC-20 asphalt cement was 
mixed with the same aggregate for the control section. A 
laboratory analysis of the AC-5 asphalt cement treated with 
4 percent of Chemkrete yielded a dynamic visco ity equal to 
250 poise: . The test was conducted all40"Ffollowing AASHTO 
T202 ·peci fications. 

The grain size distribution for the aggregate used in the AC 
for the wearing course met Ohio 848, Type I, specifications. 
The g-ra in ize distribution for the aggregate used in the AC 
for the leveling cour met Ohio 84 Type ll, specifications. 
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The maximum-sized aggregate was limited to 1 in . for the 
leve ling cour ·e and to \'2 in. for the wearing course. 

Mix Lu rt t.lt:sign , by th Marshall method 111dicated required 
A content of 5.9 percent by weight for the wearing course 
and 5.1 percent by weight for th lev ling cour c . A recom
mended 4 percent Chemkrete d age by weight of binder 
yielded an average 0.089 percent mangane. e content by weight 
of binde r (after testing representative ·amples) . a c mpared 
t a target of a 0.08 percent content. Tested sample. ranged 
from 0.082 to 0. 104 p rcent in manganese content by weight 
of binder. 

Construction Procedure 

The construction procedure for Chemkrete-modified AC 
pavements is imilar to that of conve nlional AC pavements . 
The only variation is the addition f he mkrete to the AC 
before blending it with the aggregate. The Chemkrete AC 
blending may be done in a heated storage tank that requires 
prol aged mixing or at the nozzle before spraying the AC on 
the heated aggregate. 

The AC used in the construction of the test section was 
prepared with the specified proportions at a mixing plant and 
transported to the site where it was compacted with a pneu
matic breakdown roller, followed by a vibratory intermediate, 
and a heavy, tandem finish roller. 

Temperature during placement ranged between 255°F and 
275°F. Minor cracking was noticed in the northbound 
Chemkrete ection after rolling; however , overnight traffic 
knitted the pavement together. The southbound section showed 
heavy segregation and low AC content, leading to raveling 
when traffic was permitted onto this section. The section wa 
immediately removed and repaved (2). 

Initial Performance Observations 

Initial performance observations obtained 5 months after 
overlay placement are presented in Table 1 (2). Before the 
first winter ; the conventional .. A..C paveinent section \va:; per
forming better than the Chemkrete-treated AC pavement sec
tion. No apparent drainage-associated distress was observed 
at either the Chemkrete or the control sections. Although 
some of the most distressed joint were full-depth repaired 
along both the Chemkrete and the control section , reflection 
cracking still occurred at these joints, showing not one but 
two reflected cracks. 

TESTING PROGRAM AND ANALYSIS 

The inve tigation of Chemkrete-modified AC pavements 
included the comparison of their performance with that of 
conventional AC pavements. The comparison included PCR 
and crack condition surveys, Dynaflect deflection measure
ment , and the laboratory testing of field-procured specimens 
to obtain perbnent phy ical and engineering properties . 

The foll wing di cu ion will be limited to the pre entation 
of test results and the identification of any noticeable and 
consistent behavioral trends of field-obtained, Chemkrete-
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TABLE 1 INITIAL PERFORMANCE OBSERVATIONS 

Control Section 

Texture Good 

Edge Cracking None 

Reflective Cracking Many Joints 

Average Crack Spacing 98.3 

Spacing (ft) 

• Approximate Joint Spacing 

Chemkrete Section 

Good 

None 

Almost every Joint 

• 58.9 

modified and conventional AC specimens, as well as of the 
actual field test sections. 

Condition Survey 

The field condition survey included periodic PCR determi
nations and crack surveys to ascertain the pavement overlay 
performance with time and an increased number of vehicles, 
for both Chemkrete-treated and untreated pavement sections. 

Reflection cracking surveys were conducted in December 
1984, in May and October 1985, and in April 1986, leading 
to the results presented in Table 2. Pavement condition sur
veys were also performed on May 17, 1985, and April 7, 1986 
(see Table 3). 

Comparisons can be made between the PCR obtained on 
the Chemkrete and the control sections. Results of the earlier 
PCR determination indicated that the Chemkrete-treated sec
tion was performing slightly better than the control section. 
The second and more detailed (on a joint by joint basis) PCR 
determination, obtained approximately 1 year later , indicated 
slightly better performance on the control section than on the 
Chemkrete section. 

Dynaflect Deflection Measurements 

Dynaflect deflection measurements, provided by ODOT, were 
used as an added method to measure the relative performance 
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TABLE 3 AVERAGE PAVEMENT CONDITION RATINGS 

MAY 1985 APRIL 1986 

CH EMK RETE (Northbound) 

20.0 - 20.5 (DEL) 93.0 84.0 

20.5 - 21.0 (DEL) 90.0 89.0 

21 .0 - 21.5 (DEL) 91.0 82.0 

00.0 - 0.5 (MAR) 90.0 89.0 

CONTROL (Pass-Northbound) 

0.5 - 1.0 (MAR) 89.0 87.0 

LO - 1.5 (MAR) 89.0 89.0 

DEL = Refers to Delaware County Log Mile on US-23 

MAR = Refers to Marion County Log Mile on US-23 

of Chemkrete-treated AC pavements with respect to the per
formance of conventional AC pavements. Existing data, how
ever, do not distinguish between deflection measurements 
obtained at the joint on the approach or leave slab or at 
midslab, making it difficult to draw any conclusions regard
ing pavement performance with respect to time or seasonal 
variations. 

Dynaflect deflection measurements were obtained on two 
different occasions: September 27, 1984, and December 4, 
1985. Figures 1 and 2 show the deflection measured with the 
first sensor (Wl), and the spreadability (SPR%) defined by 
the equation 

SPR% = Wl + W2 + W3 + W4 + W5 x 100 (1) 
5 WI 

where Wl, W2, W3, W4, and W5 are the deflections measured 
with the first, second, third, fourth, and fifth sensors, 
respectively. 

Measurements at the two different times have been pre
sented to determine whether there are any significant changes 

TABLE 2 REFLECTION CRACKING SURVEY 

DATE CHEMKRETE CONTROL 

December, 1984 Low Very Low 

May, 1985 Low-Medium and Extensive Medium and 

Extensive 

October, 1985 Medium and Extensive Medium and 

Extensive 

April, 1986 Medium and Extensive Medium and 

Extensive 
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FIGURE 2 Spreadability (from Dynaflect measurements) along the Chemkrete and control sections. 
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in the relative performance of the Chemkrete and control 
sections with time and additional traffic. 

The observation of the deflection measurements obtained 
with the first sensor, Wl (see Figure 1), generally indicated 
that higher deflections (less favorable) were obtained on the 
Chemkrete-treated section than on the control section. Near 
the boundary between the Chemkrete and control sections, 
the variations in Wl and spreadability were less than at sta
tions farther apart. This result may indicate the influence of 
subgrade variability on the Dynaflect deflection measure
ments. Spreadability values were, in general, lower on the 
Chemkrete section (also less favorable) than on the control 
section as shown in Figure 2. Dynaflect testing results indicate 
slightly more favorable values on the conventional AC than 
on the Chemkrete-treated section. 

Laboratory Testing of Field Cores 

Field-extracted cores from both the Chemkrete-modified and 
control sections were subjected to resilient modulus, Marshall 
stability, indirect tensile strength, fracture toughness, creep 
compliance, and fatigue tests. All extracted cores were 4 in. 
in diameter and extended through both the wearing and lev
eling courses. In some cases, it was difficult to drill through 
the leveling course because some of the cores crumbled during 
extraction, probably from lack of adequate compaction during 
construction or lack of adequate curing. Wearing course 
specimens, in some cases, were also thinner than 1 in., 
which presented difficulties in the testing of the disc-shaped 
specimens. 

The diametrical modulus of resilience is commonly applied 
to asphaltic mixtu res. A dynamic load of known duration and 
magnin1de {below the indirect tensile strength of the ample) 
is applied across the vertical diameter of a Mar hall-sized 
specimen, and the ela tic deformation acros the horizontal 
diameter is measured with displacement transducers. The 
resilient modulus M, is calculated using the equation 

M = P (µ + 0.2734) 
' flt 

where 

P = magnitude of dynamic load, 
µ = Poisson's ratio, 
t = specimen thickness, and 
~ = total deformation . 

(2) 

The ultimate strength of asphaltic mixtures under an indi
rect tensile stress field is obtained after diametrically applying 
a vertical load, at a rate of advance of the load piston of 0.065 
in./min, until the maximum load (yield strength) that the spec
imen is able to withstand is reached. The indirect tensile strength 
ay is calculated using the equation 

2P 
(]' =--

y 'ITDt 

where 

P = maximum load (lb), 
D = specimen diameter (in.), and 

t = specimen thickness (in.). 

(3) 
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Both resilient modulus and indirect tensile strength tests 
were conducted at 40°F, 70°F, and 100°F to account for tem
perature influences expected during the life of the pavement. 

Some f the specimens tested for resilient modu lus and 
indirect tensile strength were subjected to Lottman's accel
erated moisture damage system to determine their durability 
under freezing and thawing. The procedure consists of the 
vacuum saturation of Marshall-sized specimens after which 
they are subjected to freezing at 0°F for 15 hr while the spec
imens are wrapped, followed by their submersion in a 140°F 
distilled water bath for 24 hr. 

The Ohio State University procedure was used to determine 
the fracture toughness K1c of Marshall-sized specimens. The 
method consists of cutting a right-angled wedge into a 
Marshall-sized specimen and initiating a crack (usually 0.25 
in. long) at the apex of the notch. The specimen is set on a 
base with the notch pointing upwards, and a vertical load is 
applied to it through a three-piece set-up consisting of two 
plates (placed against the sides of the wedge) and a semicir
cular rod placed between the two plates to transmit the load 
by wedging to the sides of the notch. The results of tests 
conducted at room temperature allowed the calculation of K,c 
from the equation 

p 
K1c = t (0.92 + 0.284c + 0.552/) 

where 

P = maximum applied load (lb), 
t = specimen thickness (in.), and 
c = initial crack length (in.). 

(4) 

The fracture toughness test provides pavement engineers 
with an additional parameter for evaluating cracking potential 
(one of the controlling asphalt pavement design criteria). Kie 
is a material constant independent of crack geometry, loading 
conditions, or other physical variables (11) . 

The creep compliance and permanent deformation tests 
have been developed to determine the long-term effects of 
static and dynamic loads on the behavior of asphaltic mixtures. 
The contribution of asphaltic layers to rutting is measured in 
the laboratory by testing cylinders in dynamic compression or 
static creep, as specified in the VESYS II User's Manual (12). 
The procedure includes an incremental static-dynamic test in 
which specimens measuring 4 in . in diameter by 8 in. in height 
are used to determine the primary response, expressed as the 
creep compliance function, and the permanent deformation 
properties of asphaltic mixtures. 

The permanent deformation properties are derived from 
incremental static-dynamic compression tests to define the 
fraction of the predicted total strain that is permanent, as a 
function of load cycles. The permanent strain, measured dur
ing the test, is plotted versus the number of load repetitions 
on a log-log scale, and a straight line is drawn to approximate 
the permanent strain within the expected range of loading. 
The permanent deformation properties are characterized by 
the parameters µ and a, defined as 

a= 1 - s (5) 

Is 
µ (6) 



74 

where 

s = slope of the drawn line, 
I = intercept at one load repetition , ~!lrl 

E200 = resilient strain at the 200th load repetition. 

The standard-sized specimen designated by the VESYS II 
procedure (cylindrical specimen , 4 in. in clit1meter l>y 8 in. 
in height) ha been modified to accommodate fie ld cores using 
specimen 4 in. in dia meter by lY4 lO 131.t in. in height. Value 
obtained from creep compliance and permanent deformation 
test are used in conjunction wich rhe VESYS Ill computer 
model to predi r the amoun t of rutting in the treated and 
untreated pavement after a defined period of time. 

Fatigue te ts are useful in developing damage functions for 
th design of A pavements when pavement failure by fatigue 
is identified a. th de ign control facwr. Result of fa tigue 
te ting were . tati tically analyzed to develop regression 
eq uations for damage function · of the form 

Nt = K(l/cr)" (7) 
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where 

Nf = number of load applications to failure, 
u = a.pp1ie;<l Stu:;::,!), cu1U 

K, n = regression constants. 

Three sets of cores each were obtained at the Chemkrete 
and control sections to determine changes in engineering 
properties with time and traffic. The c res were obtained in 
September 1984, October 1985, and October 1986. It was 
particularly d ifficult to obtain enough intact cor sin eptem
ber 1984, becau e they crumbled during xtraction . As pre
viously indicated, this behavi r probably result from insuf
ficient curing of the mixture. Table 4 and 5 present the resuJt 
of laboratory testing of cores obtained in October 1985. The e 
tables represent typical behavior observed at different sam
pling p riods. A complete summary of all testing conducted 
at each sampling period ha been provided by ODOT (13). 

Te t re ulls indicate that pecimen obtained .from the con
trol section yield, in general, slightly more desirable results 
than specimens obtained from the Chemkrete-treated section. 

TABLE 4 PHYSICAL AND ENGINEERING PROPERTIES OF FIELD CORES 
AND WEARING COURSE CORES OBTAINED OCTOBER 1985 

PARAMETER UNTREATED 

Average Value 

Th ickness (in) 1.36 NB 

1.08 SB 

Unit Weight (pcf) 142.1 NB 

141.4 SB 

MR @ 40°F (xJ06psi) 2.19 

MR@ 70°F (x106psi) 1.39 

MR @ 70°F (xl06psi) (a) 1.31 

MR @ 70°F (x106psi) (b} 0.69 

MR@ I00°F (xl06psi) 0.26 

uy @ 70°F (psi) 193 

17 @ 70°F (psi) (a) y 208 

rry @ 70°F (psi) (b) 117 

K 1 c (psi Jin) 917 

(a) Vacuum Saturation Only 

(b} Freeze and Thaw (Lottman's Procedure) 

NB = Northbound Lane Specimens 

SB = Southbound Lane Specimens 

CHEMKRETE TREATED 

Average Value 

1.36 NB 

1.35 SB 

142.3 NB 

143.9 SB 

1.32 

0.76 

0.75 

0.38 

0.14 

96 

109 

60 

419 



Figueroa and Majidzadeh 75 

TABLE 5 PHYSICAL AND ENGINEERING PROPERTIES OF FIELD CORES 
AND LEVELING COURSE CORES OBTAINED OCTOBER 1985 

PARAMETER UNTREATED CHEMKRETE TREATED 

Average Value Average Value 

Thickness (in) 1.81 NB 

2.37 SB 

Unit Weight (pcf) 143.1 NB 

MR@ 40°F (xl06psi) 1.84 

MR@ 70°F (xl06psi) 1.10 

MR@ 70°F (xl06psi) (a) 0.91 

MR @ 70°F (xl06psi) (b) 0.76 

MR @ J00°F (xl06psi) 0.28 

ay @ 70°F (psi) 171 

a @ 70°F (psi) (a) y 190 

ay @ 70°F (psi) (b) 114 

K le (psi y'in) 600 

(a) Vacuum Saturation Only 

(b) Freeze and Thaw (Lottman's Procedure) 

NB = Northbound Lane Specimens 

SB = Southbound Lane Specimens 

This conclusion is based on the comparison of test results of 
resilient modulus, indirect tensile strength, fracture toughness, 
and Marshall stability. 

In addition to testing, field-obtained cores were subjected 
to fatigue testing to compare the relative performance of the 
Chemkrete-treated and conventional AC pavement sections. 
Fatigue testing was performed on leveling and wearing course 
cores and the results are shown in Figures 3 and 4 for cores 
obtained in October 1986. Similar trends were observed on 
the fatigue testing of cores obtained in October 1985, and the 
corresponding results have also been provided by ODOT (13). 
No fatigue testing was performed on cores obtained in Sep
tember 1984 because of the difficulty in obtaining sufficient 
intact specimens. Regression equations following the form of 
Equation 7, their coefficient of determination R2

, and their 
standard error of estimate Sx are shown next to the corre
sponding curves, when appropriate. These curves indicate 
that cores from the control sections performed substantially 
better than cores from the Chemkrete-treated sections. These 
cores already had some accumulated fatigue damage from the 
applied traffic between the time of construction and the time 
of testing. 

1.82 NB 

145.7 NB 

1.87 

0.90 

I.OJ 

0.60 

0.15 

121 

171 

70 

418 

Pavement deformation characteristics of field-compacted, 
Chemkrete-treated, and conventional (control) AC were 
investigated through creep compliance and permanent defor
mation tests, as previously described. The average results of 
three specimens tested for each type of mixture are presented 
in Table 6. These results were used in conjunction with the 
VESYS III computer model to obtain expected rut depths 
versus time along the Chemkrete-treated and control sections. 
Layer properties used in the VESYS III analyses are pre
sented in Table 7. The control section generally exhibited 
more desirable permanent deformation characteristics than 
the Chemkrete-treated section. The calculated rut depths 
(through VESYS III analyse · and shown in Figure 5 along 
the hemkrete-treated ection are approximately double the 
magnitude of those of the control section. 

SUMMARY AND CONCLUSION 

Results of laboratory tests performed on field-procured cores 
indicated better performance of the control specimens than 
that of the Chemkrete-treated specimens. Properties such as 
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TABLE6 CREEP COMPLIANCE TEST RESULTS 

Course Section i200 a 

•10-6 •10-6 

Chemkrete 3.47 0.49 3.95 0.43 0.51 

Wearing 

Control 0.91 0.56 2.32 0.22 0.44 

Chemkrete 4.17 0.47 4.32 0.45 0.53 

Levelling 

Control 1.23 0.31 2.30 0.17 0.69 

• Refer to Equations 5 and 6 for Symbol Equivalencies. 

TABLE 7 MATERIAL PROPERTIES FOR VESYS III ANALYSES 

Layer Thickness Mr µ. Q 

(in) •106 (psi) 

Chemkrete 1.25 1.06 0.43 0.51 

ODOT 404 

Control 1.25 1.27 0.22 0.44 

Chemkrete 1.75 0.63 0.45 0.53 

ODOT 402 

Control 1.75 0.99 0.17 0.69 

PCC 9.00 3.60 0.10 0.95 

Gravel Base 6.00 0,07 0.05 0.60 

Subgrade Semi- 0.02 0.0075 0.85 

Infinite 

• Refer to Equations 5 and 6 for Symbol Equivalencies 
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FIGURE S Predicted rut depth (VESYS III analyses). 

25 

modulus of resilience, indirect tensile strength, and fracture 
toughness were consistently higher on the control specimens 
than on the Chemkrete-treated specimens. Control ection 
cores also exhibited longer fatigue life and more desirable 
creep and permanent deformation characteristics than 

h mkretc-treated eetion cores . VESYS m computer model 
rut depth ca lculation also indic:Hed predicted rut depths of 
app·roximately twice the magnitude along the Chemkrete
treated section than along the control section. 

Dynaflect deflection measurements als indicated a slightly 
better performance on the control section than on the 
Chemkrete-treated section. The difference, however, was 
almost imperceptible in measurements obtained near the 
boundary of the two section . Subjective field observations 
(PCR) also indicated a slightly better performance of the 
control section than that of the Chemkrete-treated section. 
Because both Chemkrete-treated and control sections had the 
arne overlay thickness, no apparent beneficial gains are 

obtained in the performance of A mixtures with the addition 
of Chemkrete to the AC. 

No significant gain. in the engineering propertie · of A 
mixtures are obtained with the addition of hemkrete, con
sistent with experience in other tales, as previously di cu sed. 
T .aboratory testing of field-obtained core subjected to simil r 
climatic and traffic conditions indicates that Chemkrete appears 
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to adversely affect the engineering properties of AC. This 
behavior may be attributed to the lack of proper curing within 
a reasonable period of time before the road is opened to 
trathc. 
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