
!NTER!}{ REPORT 

EVALUATION OF CHEM-CRETE 

by 

G. W. Maupin, Jr. 
Research Scientist 

(The oninions, findings, and conclusions expressed 
renort are those of the author and not necessarily 

the sponsoring agencies.) 

in this 
those of 

(A 
Virginia Highway and Transportation Research Council 

Coogerative Or.•anization Snonsored Jointly bv the Virginia 
Denartment of Highways & Transnortation and 

the University of Virginia) 

In Cooperation with the U. S. Denartment of 
Federal Highway Administration 

Transportat "on 

Charlottesville, Virginia 

January 1982 

VHTRC 82-R30 



BITUMINOUS RESEARCH ADVISORY COMMITTEE 

R. L. ALWOOD, Chairman, District Materials Engineer, VDHgT 

A. D. BARNHART, District Materials Engineer, VDHST 

P. F. CECCH!NI, District Engineer, VDH&T 

VDH$ m J L CORLEY, Dms•rict Engineer, 

W. R. DAVIDSON, Assistant Maintenance Engineer, VDH&T 

C. E. ECHOLS, Asst. Prof. of Civil Engineering, U. Va. 

R. V. FIELDING, Materials Engineer, VDH&T 

C. S. HUGHES !II, Highway Research Senior Scientist, VHSTRC 

A. B. JOHNSON, Assistant Construction Engineer, VDH&T 

J. T. LOVE, Materials Engineer, Materials Division, VDHgT 

H. E. MARSHALL, District Engineer, FHWA 

T. W. NEAL, JR., Che•.•istry Lab. Supvr., Materials Div., VDHST 

R. D. WALKER, Chairman, Dept. of Civil Engineering, VP! & SU 

±i 



ABSTRACT 

Two test sections, one on new construction and the other on 

a maintenance resurfacing nroject, were installed in the fall of 
1980 to evaluate the nronrietary asphalt product Chem-Crete. 
Dynaflect and density measurements were performed on the experi- 
mental and control mixes and the pe•.formance of the pavements 
is being evaluated. 

Raveling was noticed, especially in the Chem-Crete mix, 
the deteriorat{on approximately 2 months after paving; however, 

stabilized shortly thereafter. Traffic appeared to heal the 
control mix; however, some deep raveling and several potholes 
remain in the Chem-Crete portions. The high-absorption sand used 
in the mixes might have been partially responsible for the 
failures. 

Pavement deflections were not reduced significantly in 
either of the overlaid sections. Strength did not develop as 
rapidly in either mix on-the pavement as it did in specimens 
prenared and cured at 140°F. (60°C) in •h_ laboratory There was 

no significant difference between the results of strippinz tests 
on the control mix and those on the Chem-Crete mix prepared in 
the laboratory. The Chem-Crete mix exhibited superior fatigue 
characteristics under constant stress tests and the control mix 
did the same under constant strain tests. 
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INTERIM REPORT 

EVALUAT!O•,• OF CHEM-CRETE 

by 

G. W. Maupin, Jr. 
Research Scientist 

PURPOSE AND SCOPE 

Recently, the pronrietary asphalt product Chem-Crete was 
introduced for exnerimentation. Some of the benefits cited by 
the manufacturer were that it increased strength, reduced creen, 
improved temperature susceptibility, improved adhesion, and improved 
fatigue life. An allowable 25% reduction in the thickness of the 
bituminous concrete because of the forementioned benefits is 
claimed. Although exnerimenta! costs are estimated by the manu- 
facturer to add about 25% to the normal price of bituminous con- 
crete, the additional cost is claimed to be only about 3% when 
the process is fully operational. 

Thus, an investigation was undertaken to comgare the nerfor- 
mance of a Chem-Crete surface mix to that of a regular surface 
mix. Test sections are being evaluated on a new construction 
project and on a maintenance resurfacing •ob. Laboratory tests 
have been performed on the reg•uiar and the Chem-Crete mixes. 

TEST SECTIONS 

Route 220 Roanoke City-Co. 

An S-• surface mix was placed at the rate of i00 ib./?-d. • 

(37.9 kg/m on a section of new construction (project no. 
o 402 6•20-080-i0• o 401)in Roanoke City-Co 6220-128-105, 

•, •- 

by the Virg±nia Asphalt Pav'ng Company, Inc. (see Figure !). 
The Chem-Crete mix was placed October 28, 29, and November 6, 
1980, and the control mix during the period November 8-20, 1980. 
The average results of extraction tests on both mixes are listed 
in Table !. 
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Table I. Job Mix and Extraction Results Roanoke City-Co. 

Percent Passing 

Job Contro i Chem- Crete 
Sieve Mix Mix Mix 

1/2 !00.0 !00.0 I00.0 
4 58.0 59.0 59.0 
30 22.0 22.0 22.0 
200 7.0 5.7 6.4 
Percent asphalt 5.9 5.5 5.9 

The sources and blend of materials are listed in Table 2. 
The natural sand was highly absorptive. The method described in 
Asphalt Institute Manual MS-2 was used to compute the absorbed 
asphalt and effective asphalt content of the mix at 0.49% and 
5.46%, respectively. 

Table 2. Materials and Sources 

Material Source 

30% #8's Vulcan Haterials, Stonevilie, N. C. 
55% crusher run Vulcan Materials, Stonevi!!e, N. C. 

Va. •5% natural sand Martin property, Roke, 
5.9% AC-20 Fuel 0il and Equipment Co., Roanoke, Vao 

•a!ifornia Chem-Crete concentrate Chem-Crete Corp., Henlo Park, 

Chem-Crete liquid concentrate was stored at the asnha!t 
terminal at 2i0OF. (99oc) and blended with AC-20 asphalt cement at 
a 1"9 weight ratio. The blend was transported to the storage tank 
at the hot mix plant and allowed to circulate overnight. 

Route 220 Franklin Co. 

ror the overlay, an S-5 mix was placed at the rate o± i$5 lb./yd. 
(62.6 kg/m 2) 

on a section of maintenance schedule 202-80 by the 
Virgin{a Asphalt Paving Company, Inc. (see Figure 2) The contro 
mix was placed October 2-7, 1980, and the Chem-Crete mix October 
7-9, 1980. The average results of extraction tests on both mixes 
are listed in Table 3. 
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Table 3. Job •ix and Extraction Results Franklin Co. 

Percent Passing 

Jo b Contro I Ch em- Cre t e 
Sieve Mix Mix Mix 

I/2 I00.0 I00.0 I00.0 
4 58..0 63.0 60.0 
30 22.0 25.0 23.0 
200 7.0 7.• 6.7 
Percent asphalt 5.9 6.0 6.1 

The sources and blend of materials were the same as those 
listed in Table 2, and the method of blending the Chem-Crete 
concentrate and asphalt cement was the same as that described 
previously. 

TESTING PROGRAM 

Field Tests 

Density tests were performed in the laboratory on cores 
removed from the pavement on the test section in Franklin Co., 
but the section in Roanoke Citv-Co. was not cored because the 
surface layer was thought to be too thin to allow accurate dens it•; 
measurements 

Dyn-flect measurements were performed every I00 ft. (30.5 m) 
before and after paving on both projects to determine the 
stiffening effect of the surface layer. 

Laboratory Tests 

The laboratory work included Marshall tests (ASTM D1559), 
density tests of cores (ASTM D2726), viscosity and penetration 
(.ASTM 2170 and 2171) (ASTM DS) tests of the asnhalt before mixing 
and after Abson recovery (ASTM D!856). 

The mix was not made from aggregate and asphalt as described 
in ASTM D!559 but was sammled at the hot mix mlant, transported 
to the laboratory, and reheated in an oven prior to being com- 

pacted into Marshall specimens. In some cases, specimens were 



cured for various times at i40°F. (60°C) to determine the strength-time relationship, as Chem-Crete reportedly requires approximately I month to reach full strength. 

Stripping tests were performed according to a mod•{•cation 
of a test method developed under NCHRP Program 4-8(3). 

Constant stres• and constant strain fatigue tests were con- ducted at 72°F. (22 C) on 3 in. x 
3 in. x 15 in. (7.6 cm x 7.6 cm 

x 38 cm) beams with sawed surfaces. The mixes were •repared._ and 
the beams fabricated in the laboratory. 

RE SULTS 

Mix Voids 

The voids total mix (VTH) values for cores removed from the 
control and Chem-Crete mixes on the Franklin Co. project after 
i week and 5 weeks are lis•ed in Table 4. The difference in 
voids between mixes should not be large enough to influence 
performance. The variation in voids was considered normal and satisfactory for maintenance resurfacing. 

Table 4. Voids Total Hix- Franklin Co. Cores 

Hix Averaze Percent Voids 

! week 5 weeks 

Control 7.6 7.5 
Chem-Crete 7.5 7.2 

The voids data for the Mar:shall specimens (Table 5) revealed 
that both mixes were at the recommended upper limit of 85% voids 
filled with asphalt (VFA) and slightly below the lower limit of 
3.0% VTH, thereby indicating a potential problem with bleeding 
navement. 

As noted previously, no cores were removed from the Roanoke City-Co. project because the mix was too thin--0.87 in. (2.2 cm)-- 
to allow accurate measure.me.nt o • the voids. The vo'ds values 
for the Marshall specimens were within Virginia specifications: 
however, the pavement had a potential to be less dense than the 
pavement on the Franklin Co. project discussed previously. The 
application of a thin layer--0.9 in. (20 m•n)--and cold weather 
conditions also increased the likelihood of pavement density 
be ing low. 



Table 5. Average Voids of Marshall Specimens at 50 Blows 

Frank•. in Co. Roanoke City-Co. 

Control Chem-Crete Control Chem-Crete 

Percent Voids Total Mix 
Percent Voids Filled With 

Asphalt 
Percent Voids in Mineral 

Aggregate 

2.7 2.7 4.O 5.4 

85.0 85.0 78.0 73.0 

18.0 18.0 18.0 20.0 

Dynaflect 

On the Franklin Co. nroject, dynaf!ect measurements were made 
before the surface mix was placed, and then at I week, 5 weeks, 
and 13 months after construction. On-the Roanoke City-Co. project, 
they were made before the surface mix was placed and soon after 
completion of paving. 

When the average deflections (Table 6) and standard deviations 
(Table 7) were examined it was evident that the populations of the 
measurements made before and after construction overlapped at a 

95% confidence level. Therefore, there was no significant 
difference between before and after measurements on either project. 

Table 6. Maximum Deflection, in. 

Before 1 Week 5 Weeks 13 Months 
P•roj ect Mix Paving. After After After 

Roanoke 
City-Co. Control 0.008* 0.007 

Chem-Crete 0. 008 0. 008 

Control 0. 025 0. 021 0. 021 0. 018 
Chem-Crete 0. 021 0. 020 O. 019 O. 018 

Franklin 
Co. 

Note" 1 in. 25.4 m•n 

*Dynaflect deflection converted to Benkleman beam values. 



Table 7. Standard Deviation of Maximum Deflection, in. 

Before 1 Week 5 Weeks- 13 Months 
Proj ec t Mix Paving Af ter After Af ter 

Roanoke 
City-Co. 

Franklin 
Co. 

Control 0.003* 0.001 
Chem-Crete 0. 002 0. 002 

Control 0o 009 0o 006 0. 006 0. 006 
Chem-Crete 0. 007 0. 004 0. 003 0. 003 

Note" 1 in. 25.4 mm 
*Dynaflect deflection converted to Benkleman beam values. 

The deflections of the control and Chem-Crete sections are 
approximately equal on both projects; therefore, they are being 
subjected to the same strain levels. The Franklin Co. project 
had much higher deflections than the Roanoke City-Co. project 
because of its less stiff underlying pavement structure, and 
therefore should be the first •co yield conclusions concerning 
performance. The thin surface la:fer on the Roanoke City-Co. 
project had a negligible effect on the deflections• therefore, 
no measurements were made except those immediately following 
construction. 

Asphalt Properties 

The physical properties of the asphalt cement with and with- 
ou< the Chem-Crete concentrate are listed in Table 8. There were 
significant changes in the properties when the concentrate was 
added; the nenetration increased and the viscosity decreased. 

Table 8. Physical Properties of Asphalt Cement 

Franklin Co. Roanoke City-Co. 

Control Chem-Crete Control Chem-Crete 

Pen. at 
77°F. (25°C), 0.i mm 

Vis. at 140°F. (60oc), P 
Vis. at 275OF. (135°C), cSt 

83 106 80 120 
2,310 i ,470 2,170 1,272 

671 384 



The decrease in viscosity increased the possibility of the 
asphalt being absorbed into the aggregate during and immediately 
after mixing• however, the chance of absorption decreases during 
construction because the asphalt hardens and behaves as an 
untreated asphalt. The stiffening of the asphalt and 9avement is 
reported to continue for about i month, but this period can 
depend upon the chemical composition of the concentrate and 
other factors. 

As mentioned previously, the sand was very absorgtive, and 
more asnha!t could have been absorbed in the Chem-Crete mix than 
in-the control mix. The high absorption could have been martially 
responsible for raveling, as is discussed subsequently under 
Performance. 

Streng%h Tests 

Figure 3 illustrates the strength development of the mixtures 
sampled during construction, comnacted to the annroximate nave- 
ment density, cured at 140°F. (60°C), and tested by the Marshall 
method at various time intervals. The Chem-Crete mixes exnerienced 
similar rates of increase; however, the Roanoke City-Co. Chem- 
Crete mix attained approximately 40% more strength than the 
Franklin Co. mix at 28 days. Both control mixes experienced no 
significant strength change during the 28-day testing period. 

Figure 4 illustrates the strength development of the 
Franklin Co. mixes compacted with a standard 50-blow compactive 
effort. The average VTM was 3.1% compared to 7.0% for the mixes 
discussed previously. The decrease in void content resulted in 
an approximately 50% strength increase for both the control and 
Chem-Crete mixes. 

Figure 5 illustrates the indirect tensile strength develop- 
ment of lab snecimens cured at i40°F. (60 C) and cores extracted 
from the pavement. The cores received no cur'ng except from the 
natural navement environment. The lab specimens gained strength 
at a faster rate and attained higher strengths than the core 
snecimens. The difference in absolute strengths of the lab and 
core specimens might be partially due to their thickness. The 
cores averaged 1.4 in. (36 ram) thick and the specimens were 
2.5 in. (64 mm) thick. It is possible that the strength of the 
Chem-Crete mix did not d=ve!on as •uickly as ant{cimared ann i • 
had not reached full strength when the last cores were taken. 
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Stripping Tests 

•s the ratio of nrecon- The tensile strength ratio, TSR, 
ditioned strength to the dry strength of a mix. A low TSR 
indicates that a mix is susceptible to stripp{ng. The results 
of the stripping tests are presented in Table 9, where it can 
be seen that there were no significant differences in the 
tensile strength ratio results for lab specimens of the control 
and Chem-Crete mixes. The tests on pavement cores revealed that 
the Chem-Crete mix had a much lower TSR than the control mix. 
Since both mixes contained antistripping additives; there should 
have been no difference, and it is speculated that the difference 
might have been caused by the high variability inherent in 
testing cores. 

Table 9. Stripping Test Results 

Type of Type of 
Project Mix Specimens TSR 

Franklin Co. Control Pavement 0.9! 
Cores 

Chem-Crete 0.64 

Franklin Co. Contro! Lab 0.70 
Specimens 

Chem-Crete 0.75 

Roanoke Controi. Lab 0.66 
City-Co. Specimens 

Chem-Crete 0.58 

Fatigue Tests 

The results of constant stress and constant strain fatigue 
tests are illustrated in Figure 6 and Figure 7, respectively. 
The former is applicable to the analysis of thick layers 
--greater than 4 in. (!00 mm): and the latter to thin layers 
--less than 2 in. (50 ram)--(2) 

as is the case for the surface 
courses being e•.Ta!uated. 
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The control mix gave superior fatigue nerformance at the 
tested strain levels, which are higher than those anticinated 
to occur in pavements. The fatigue curves (Figure 6) of the 
control and Chem-Crete appear to converge at lower strain levels; 
therefore, the apparent difference in the fatigue performance 
of the two mixes might not hold true for low strain levels 

•i00• in./in. (I00• m/m). 

The Chem-Crete mix demonstrated superior fatigue performance 
under constant stress testing and thus would perform better than 
the control mix in a thick layer. 

Performance 

Approximately 2 months after •aving, raveling was observed 
in all test sections. The removal of fines was severe in the 
wheel naths of the Chem-Crete sections and noticeable but less 
severe in the control sections. The full denth of the Chem- 
Crete layer was eroded at several locations on. the Roanoke City- 
Co n•oject The •avelin• of the control sections has healed 
with traffic, and it does •not appear to be detrimental to the 
performance of the pavement. The deterioration of all sections 
stabilized after several mon-ths and annears not to be nro- 
gressing. 

As discussed previously, because the viscosity of the Chem- 
Crete asphalt was lower than that of the control asphalt during 
pugmil! mixinz, it is possible that an excessive amount of it 
was absorbed by the highly •{h•sorpZive sand. However, the voids 
of W[arshall specimens did not indicate excessive absorption 
during laboratory mixing. They did indicate that the mix could 
not have tolerated additional asphalt without the likelihood o:f 
producinz a "rich" pavement. 

Representatives of the Chem-Crete Corp. believe that the 
performance of their product would have been improved if the 
material had been altered chemically. 

The weather conditions and control of density were considered 
satisfactory on the Franklin Co. job. Although cores were not 
obtained to check the density on the Roanoke City-Co. project, 
it is doubtful that adequate density was attained because the 
temperatures were low and the surface layer was very thin 

0.9 in. (20 ram). 
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