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FORE\~ORD 

This report describes laboratory and field evaluations of an 
experimental bituminous base mix using incinerator residue as aggregate 
which was placed during 1974 in Houston, Texas. An adjacent conventional 
bituminous concrete pavement was also constructed and evaluated as a 
control section. Both 6 i~ch base test sections were covered with 1~ 
inches of standard bituminous concrete wearing surface. After 4 
years of service the results indicate that the incinerator residue 
test base is performing in an excellent manner and as well as the 
control base. 

This publication is being distributed to bituminous technologists 
and will be made available to anyone interested in the new concepts 
developed on the use of incinerator residue waste as ~ighway material. 
This report is the second in a series to result from this continuing 
research being conducted by the Texas Transportation Institute for the 
Federal Highway Administration. 

The ass.istance of the City of Houston in this study is gratefully 
acknowledged. . 

CZL c!T..uJI~ 
Charles F. Sc~~y 
Director, Office of Research 

NOTICE 

This document is disseminated under the sponsorship of the 
Department of Transportation in the interest of information exchange. 
The United States Government assumes no liability for its contents or 
use thereof. 

The contents of this report reflect the views of the authors, who 
are responsible for the facts and the accuracy of. the data presented 
herein. The contents do not necessarily reflect the official views or 
policy of the Department of Transportation. 

This report does not constitute a standard, specification or 
regulation. . 

The United States Government,does not endorse proaucts or 
manufacturers. Trademarks or manufacturers'·names appear herein only 
because they are considered essential to the object of this document. 
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1.0 Introduction 

1.1 Background 

The construction and maintenance of the United States' ever ex­
panding highway system has created an increasing demand for quality con­
struction materials. In terms of materials production, the strong lead 
which the United States enjoyed over other industrialized nations since 
the early 1950's has steadily diminished.{l) 

While there is an abundant supply of source materials for the pro­
duction of quality aggreg~tes for the foreseeable future(2) the distri­
bution of these sources does not always coincide with' the location of 
need. This has increased the cost and the energy consumed in construct­
ingtransportation facilities. Attempts have been made to develo'p sup­
plemental aggregate sources, economically and realistically, in an ef­
fort to fulfill, localized demands. One such aggregate source being in­
vestigated is incinerator residue obtained from the burning of municipal 
solid wastes. The feasibility of using solid wastes in highway construc­
tion' and maintenance has been investigated by the Texas Transportation 
Institute.(3) Several potential us!s of solid wastes were studi~d in­
cluding its use as an aggregate replacement for base, subbase, and stabi­
lized materials. This report is concerned with the four year in-service 
evaluation of municipal solid waste 'taken directly from an incineratqr and 
used as an aggregate replacement in bituminous base construction on a city 
street. 

1.2 Objective 

, The objective of this study was to determine the usefulness of muni­
cipal residue as an aggregate in bituminous base construction (termed lit­
tercrete in this study). 

1.3 Scope 

The work consisted of construction, control and evaluation of approxi­
mately 200 ft (60 m) of roadway on Bingle Road at the intersection of the old 
Hempstead Highway in Houston, Texas, Figure 1. This test section, contracted by 

1 
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Figure 1 Sketch of test section site 
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the City of Houston, and constructed in 1974 by Brown & Root, Inc., con­
sisted of municipal incinerator residu~ from Houston's Holmes Road incine­
rator plant as the aggregate in a 6 in. (15.2 cm) thick bituminous base 
(tenned littercrete) which was covered by approximately l~in. (3.8 cm) 
of a conventional hot-mixed asphaltic concrete wearing surface. For com­
parison purposes a conventional aggregate bituminous base (termed blackbase 
control), situated adjacent to the test section, was constructed and eval­
uated. The evaluatio~ period was four years. 

1.4 Conclusions 

1. Based on evaluation of recovered asphalt sampl~s,the asphalt in 
both the littercrete and the control section is performing essentially the 
same in service. 

2. Based on visual examinations of the pavement surface and cores, 
as well as the densities of the cores, the littercrete section, after three 
years in service, is performing as well as the blackbase control section. 
No rutting or shoving has occurred. 

3. Laboratory results of strength, as determined by Marshall stabi­
lity and splitting tensile.strength values, verify the observation that the 
littercrete is performing as well as the blackbase control. 

4. Laboratory results of the Hveem stability indicate the littercrete 
section has lost more ,stability than the black base control. The impli­

'cations of these results are not known. 

5. Laboratory results' of the Resilient Modulus test indicate after 
three years in service the littercrete is performing essentially the same 
as when it was constructed while the control section has "hardened". 

1.5 Recommendations 

While the different test results indicate that the littercrete sec­
tion is performing satisfactorily and should remain satisfactory for a 
long period of time, it is our recommendation that the test sections be 
observed and evaluated at one year intervals for another three years .. 
After this additional three year evaluation period, another report should 
be prepared. With a potentially valuable aggregate .substitute such as 
incinerator residue being tried, it is important to see if the littercrete 
fest section does indeed continue to perform in a satisfact9ry manner. 

3 



2.0 Materials 

2.1 Asphalt 

The asphalt used throu~hout this study was an AC-20 grade asphalt 
cement, refined at Exxon's Baytown, T,ex., refinery. Standard asphalt 
tests and asphalt extractions were performed on laboratory and field 
samples from both the littercrete and control sections during the three 
year evaluation period (Table 1). :Ouring the period of evaluation the 
viscosity of the recovered asphalt has increased and the penetration of 
the recovered asphalt has decreased. "Hardening" of the asphal,t is a 
normal expectation due to oxidation and other forces on the asphalt. 

r. 

From the table it is apparent that the asphalt in each section is perform-'\ 
ing essentially the same in service. 

2.2 Aggregate 

The aggregate consisted of municipal residue from the Holmes Road 
Incinerator Plant in Houston, Texas. A typical sample of this aggregate 
was compared to a Texas Class A-Type C grading specification (Figure 2)' 
and was found ~o be within specifications except in the range of minus 
No. 30 (6011 m) to mi nus No. 200 (75]..im ). The aggregate was found to con­
tain appreciable fines which w~re not noticeable in the dry sieve 'analysis. 
When wet sieve analysis was conducted the aggregate was found to meet the 
Texas specifications. 

2.3 Mix Proportion 

Trial mixes consisting of 9; 10, and 11 percent asphalt by total 
weight of mix were mixed in the labo'ratory, compacted and tested to deter­
mine the optimum asphalt content of the mix. A discussion of the mix pro­
cedure, sample preparation, and test procedures used in the optimum mix 
design are given in the first report of this study. The seemingly high 
asphalt contents are due primarily to the low specific gravity of the 
aggregate (average of 2.13). Based on the results obtained" the recoJTl11ended 
optimum mix design consisted of: 

4 
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Percent Percent by 
by Total Total Weight Equivalent Percenta 

Material Volume of Mix By Total Weight Mix 
Incinerator 
Residue 80.9 89.0 91.0 

Asphalt 
AC-20 17.4 9.0 7.4 

Hydrated 
Lime 1.7 2.0 1.6 

aEquivalent percent by total weight of mix assuming the aggre­
gate had a specific gravity of 2.65. 

3 Construction Sequence 

Construction began in July 1974. Approximately 600 yd3 (460 m3) 
of incinerator residue were stockpiled at the Holmes Road Incinerator 
Plant. The residue was spread into a 1 ft (0.3 m) thick lift and bulk, 
hydrated lime was added to the residue at the approximate rate of, 2% lime 
by dry weight of the material (to prevent asphalt stripping from 'the glass 
in the residue). Water was added and the residue and lime mixed to a depth 
of approximately 8 in. (200 mm). 

The residue (with lime) was loaded into end dump trucks, h~uled to an 
asphalt plant, and run through a conventional pug mill at 300°F (150°C). 
The material was then transported to the con~truction site and placed into 
a conventional asphaltic concrete laydown machine. The material was placed 
in two 3 in. (76 mm) lifts over 6 in. (150 mm) of lime-stabilized subgrade, 
and each lift was compacted with tandem, steel wheel rollers, and pneumatic 
rollers. Finally, a 1~ in. (38 mm) conventional asphaltic concrete wear­
ing surface.was placed over the base material. After the pavement had 
cooled sufficiently, 4 in. (100 mm) diameter base cores were taken for 
testing purposes. Coring was repeated at ages of 6 months, one year, two 
years, and three years. 

A control section placed adjacent to the littercrete section consisted 
I 

of 1~ in.(38 mm) maximu~ size limestone aggregate, natural sand fine aggre-
gate, and 6% asphalt (b~ total weight of the mix). The design used is 
typical of pavement systems for the City of Houston, Texas. 
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4.0 Field Observations 

Visual examinations of the pavement sections were taken monthly for 
the first six months in service and at three month intervals thereafter. 
These visual examinations were performed to observe the two pavement sec­
tions for evidence of cracking or noticeable failure. After two years in 
service small longitudinal cracks 3/16 in. (.476 cm) to 1/4 in. (635 em) in 
size were noticed in both the littercrete and control sections (Figure 3, 
page 10). During the third year observation period it was noticed that 
although there were slightly more cracks, the cracks had not increased 
in size. At this time a core sample was taken from the cracked section 
to determine the depth of penetration of the crack .. 

The cracks were found to be in the wearing surface ~ Figure 4, 
page 10) and are believed to have been caused by shrinkage of the wearing, 
surface due to temperature changes. These field observations indicate that 
the littercrete is performing in an excellent manner carrying the traffic 
and withstanding environmental effects very well. No rutting or shoving 
has occurred. 

A traffic count was taken in 1973 at the test section with-results 
shown in Table 2, page 11. The number of 18 kip (81,700 kg) equivalent 
axle loads per day the test section would experience in 1973 is 170. 
Of this traffic it was found that approximately 78% was cars, 19% pickups, 
2% single unit trucks and 1% heavy trucks. If a growth rate of 5% 
per year is assumed, in the three year period the test section would have 
been subjected to around 200,000-18 kip (81,700 kg) equivalent ~xle loads. 

5.0 Laboratory Investigation 

5.1 General 
, " 

Laboratory investigations conducted in this study were perfonned on 
the littercrete and the adjacent control test section t6: 

1. Compare the littercrete and control mix properties. 
2. Quantify the performance of the two pavement sections with time. 
Field cores were drilled using a trailer-mounted rig and a4 in. (10.2 

cm) diamond-tipped core barrel. ,Various testing methodi were utilized and 

the test ,results are recorded in the appendicies of this report. 

9 
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Figure 3 Picture of longitudinal crack in littercrete section. 

Figure 4 Picture of cracked wearing surface. 
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I' , 

The tes t i ng program fo 11 owed on the cores is gi ven in Fi gure 5. The pro­
cedure for the different tests perfonned and means of data reduction involved 
can be found in the first report orr this study~9) Also given in the first 
report are the data used in the graphs and tables involving laboratory, 
field and six month field compacted samples. 

A summary of the results of the tests performed is given in the appro­
priate sections which follow. Whenever possible the methods used in reducing 
and presenting the data are similiar to the methods used by other investi­
gators as indicated in the literature. Linear regression equations and 
correlation coefficients are given for the l~ast square regression lines, 
using small sample theory. 'confidence intervals of 90 percent are given 
as applicable. 

5.2 Specific Grav~ 
Some problems were associated with determination of the specific 

gravities of the cores" of littercrete. Due to the hetrogeneity of the 
residue it was difficult to obtain representative samples of the mix. 
Samples of apparently similar gradation varied in composition which re­
sulted in data scatter of the results. "The Maximum Specific Gravity of 
the core samples (ASTM D2041)(10) was modified slightly to allow the use 
of a larger test sample which helped to reduce the amount of variability 
in results. The maximum specific gravity of the different core specimens 
are summarized in Table 3. As expected, some increase of specific gravity 
with time was experienced, probably due to densification of the aggregates 
in the asphaltic concrete. 

5.3 Stability 
Stability tests performed on the test samples consisted of the Hveem 

Stabilometer test and Marshall test. (9,10,11) A summary of these data 
aregiven in Figure 6 and Figure 7 with the individual data given in Appen­
dix A. The six months field compacted Marshall Stability samples are very 
low in relation to the other samples which could be caused by testing of 
a bad sample. The minimum criteria for coarse aggregate type, hot plant 
mixes in the state of Texas for AC 20 and AC 10 is a Hveem stability of 
30(13). When placed both mixes satisfied the Hveem criteria for base 
courses. The minimum Marshall Stability recommended by the Asphalt In-

12 
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Height, Bulk Specific Gravity, 
Weight, Voids, 21·SAMPLES 

I 

Reoilient Modulus 
74 F 21 Samples 

tOc = (tOf - 32)/1.8 

1 in. = 2. 54 cm 

Re~ilien~ ModulHs ~3....;S;..;.;a_mp~1;...;;e;.:.s_-4--___ 1..;..8....;S;.;.;a_mpL..l;..,;e~s SP6itting Tensile 
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3 Samples 3 Samples 

Hveem Stabi 1 i ty 
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Marshal Stability 
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Maximum Specific 
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Asphalt 

Extraction 

Asphalt 

Properties / 

I 
I 

J 

SP&itting Tensile 
32 F~ 0.20in/min 

3 Samples 

SP&itting Tensile 
32 F, 2.00in/min 

3 Samples 
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74 F, 0.02in/min 
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Figure 5 Testing Program for Core Samples 
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stitute of 750 lb (3336N) (13) -was easily met.by both the littercrete 
and blackbase control mixes, when placed. 

Three year in-service Hveem Stability values for the littercrete were 
20 (a 33% reduction) and for the control were 49 (a 5% reduction). With 
time in service the Marshall stability of the littercrete samples decreased 
from 1815 to 1349 (a 26% reduction) while the control samples decreased 
from 2830 to 1940-(a 31% reduction). The meaning of these reductions is 
not clear. Certainly some reduction in stability is to be expected. The 
Marshall values are still quite high, exceeding the recommended as-cons..; 
tructed minimum. On the other hand, the Hveem values for the littercrete 

J 

are somewhat low. The literature yields no clues as to whether or not 
a reduction in Hveem values indicates future problems with the littercrete. 

5.4 Splitting Tensile Strength 

Graphs of the ultimate tensile strength of the various samples versus 
the unit deformation rate .can be found in Appendix B for one, two and 
three year in-service specimens.(9,12) Line~r regression lines showing 
the increase in strength with increasing deformation were determined. 
Figures8,9,and 10 show a comparison of the splitting tensile strength 
results between the littercreteand control sections at 74°F (23°C) for,one, 
two and three years in service. These figures indicate the two mixes have 
essentially the same ultimate splitting tensile strength for all three 
ages, which means the littercrete is holding up essentially the same as 
the black base control section in terms of load carry capacity. 

5.5 Schmidt Test 

Resilient Modulus. versus temperature relationships are shown in Figures 
~11, 12, and 13.(9) The data for these graphs along with the 90% 
n 

confidence limits of the specimens can be found in Appendix C of this 
report. The one, two, and three year field compacted samples were compared· 
to resilient modulus at time of construction. In these figures it can 

be seen that the aged samples tend to have slightly greater values of 
resilient modulus. This would be expected taking time and traffic into 
consideration. After three years in service (Figure 11) the Jittercrete 
is performing essentially the same as when it was placed, while the con­
trol section has somewhat "hardened". 
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6. Implications of Results 

As expected, some conflicting results were obtained. The Hveem 

!stability values for the littercrete dropped significantly with time. 
What this means is not clear at present. Marshall Stability values are 
still quite good. Splitting tensile strengths and Resilient Modulus look 
excellent. And Of course visual examinations indicate that th~ littercrete sec­
tion is performing essentially the same as the blackbase control section. 
So the prognosis looks good. After three years in service all signs point 
to a long healthy life for the littercrete. 
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Sample 
Number 

APPENDIX C - Schmidt Test Results 

Table 11 Schmidt Test Results. 

Specific Percent 
Gravity Air Voids 

Temperature 
of 

(A) One Year Field Compacted Control 

r:-1A 2.282 ~ 3.3 -9 

(-18 2.195 7.1 -9 

C-6C 2.225 5.8 -9 

C-1A 2.282 3.3 32 

C-18 2.195 7.1 32 

C-6C 2.225 5.8 32 

C-1A 2.282 3.3 68 

C-18 2.195 7.1 68 

C-6C 2.225 5.8 68 

C-1A 2.282 3.3 100 

C-18 2.195 7.1 100 

C-6C 2.225 5.8 100 

47 

Res il i ent 
Modulus 

ksi 

3651 

4303 

3180 

2709, 

2750 

1991 

1186 

920 

837 

133 

120 

111 



Tab] e 11 ,Schmi dt Test Results.- "tConti nued) 

Res·i 1 i ent 
Sample Specific Percent Temperature Modulus 
Number Gravity Air Voids of ksi 

(6) One Year Field Compacted Littercrete (Heavy Traffic) 

T9A 2.081 .4 -9 4423 

Tl7B 2.015 3.5 -9 3107 

T18C 2.060 1.4 -9 3320 

T9A 2.081 0.4 .32 2548 

Tl7B 2.015 3.5 " 32 1948 

Tl8C 2.060 1.4 ' 32 1503 

T9A 2.081 0.4 68 943 

Tl7B 2.015 3.5 68 333 

Tl8C 2.060 1.4 68 631 

T9A 2.081 0.4 100 74 

T17B 2.015 3.5 100 98 

Tl8C 2.060 1.4 100 65 

(C) One Year Field Compacted Littercrete (Light traffic) 

L-10A 2.086 .2 -9 4441 

L-12B 2.040 2.4 -9 4444 

L-10A 2.086 .2 32 2588 

L-12B 2.040 2.4 32 2075 

L-10A 2.086 .2 68 814 

L-12B 2.040 2.4 68 842 

L-lOA 2.086 .2 100 058 

L-12B 2.040 2.4 100 059 

48 



Table 11 Schmidt Test Results. (Continued) 

Res i1 i ent 
Sample Specific Percent Temperature Modulus 
Number Gravity Air Voids of ksi 

(D) Two Year Field Compacted Control . -

ClOC 2.281 4.2 -9 4388 
C18A 2.271 . A.6 -9 6331 
C15B 2.291 3.7 .-9 5089 
ClOC 2.281 4.2 '32 1801 
C18A 2.271 4.6 32 2050 
C15B 2.291 3.7 ~ 32 2189 
ClOA 2.280 4.2 74 471 

C10B 2.246 5.6 74 434 

ClOC 2.281 4.2 74 404 
C11A' 2.271 4.2 .74 482 

CllB 2.291 5.1 74 577 

CllC 2.281 6.6 . 74 500 
C12A 2.276 4.3 ·'74 563 

C12B 2.254 5.3 74 459 

C12C 2.278 4.3 74 478 

C13A 2.284 4.0 74 490 

C13B 2.251 5.4 74 468 

C14A 2.272 4.5 74 514 
C14B 2.242 5.7 74 495 

C15A 2.298 3.4 74 500 

C15B 2.291 3.7 74 417 

C16A 2.290 3.7 74 .520 

C16B 2:215 6.9 74 353 
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Table 11 
, , ' :, ' ..:, ~' ", • r" < 

Schmi dt Tes t 'Resu,lts. (Conti nued) 
,. 

- . .. . ' _.. ~ - -

Resilient 
Sample Specific Percent Temperature Modulus 
Number Gravity Air Voids of ksi-

C17A 2.266 4.8 74 456 

C17B 2.306 3.1 74 407 

C18A 2.271 4.6 74 450 

e18B 2.298 3.4 74, 558 

ClOC 2.~81 4.2 104 92 

C1BA 2.271 4.6 104 173 

C15 B 2.291 3.7 104 90 

(E) Two Year Field Compacted Littercrete 

L3A 1. 954 8.6 -9 3318 

L5C 1.963 8.3 -9 2381 

L7B 2.025 5.2 -9 3560 

L3A 1.954 8.6 . 32 1712 

L5C 1.963 8.3 32 1903 

L7B 2.025 5.2 32 ' 1808 
\ 

LlA 1. 993 6.8 7'4 644 

LIB 2.032 5.0 74 549 

L2A 1. 995 6.7 74 625 

L2B 1.995 6.7 74 548 

L3A 1.954 8.6 74 564 

L3B 1.866 12.8 74 410 

L4A 1. 954 8.7 74 663 

L4B 2.012 6.0 74 440 

L4C 2.003 6.4 74 552 
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Table 11 Schmidt Test Results. (Continl,led) 
" ,'I ' -

Resilient-
Sample Specific Percent Temperature Modulus 
Number Gravi ty Air Voids of ksi 

L5A 2.003 6.4 74 698 

L5B 2.010 6.1 74 475 

L5C 1. 963 13.3 74 494 . 

L6A . 2.037 4.8 74 669 

L6B 2.033 5.0 74 509 . 

L7A .2.027 5.3 74 608 

L7B 2.025 5.2 74 288 

L7C 2.024 5.4 74 475 

L8A 1. 997 6.7 74 436 

L8B 1.995 6.0 74 619 

L8C 2.030 5.0 74 575 

L9A 2.012 6.0 74 593 

L9B 2.015 5.8 74 397 

L3A 1. 954 8.6 104 1075 

L5C 1. 963 8.3 '104 085 

L7B 2.025 5.2 104 036 

(F) Three Year Field Comp~cted Littercrete 

LIC 2.048 3.9 -9 3718 

L5A 2.025 5.0 -9 3229' _. 

L5B 2.016 5.4 ':"9 2658 

LIC 2.048 3.7 32 1544 

L5A 2.025' 5.0 32 1559 

L5B 2.016 5.4 32 1604 
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Table 11 Schmidt Test Results. (Continued) 
, . ' . • I·, 

• ~ ~ '-' - p. • 

Res il i ent 
Sample Specific Percent Temperature Modulus 

. Number Gravi ty Air Voids of ksi 

LIA 2.014 5.5 74 485 

LIB 1.990 6.6 74 547 

LIC 2.048 3.9 74 456 

L3A 2.052 3.7 74 484 

L3B 1.966 6.4 74 498 

L4A 2.034 4.6 74 389 

L4B 2.020 5.2 74 418 

L5A . 2.025 5.0 74 540 

L5B 2.016 5.4 74 514 

L6A 2.025 ~. 5.1 74 512 

L6B 1.992 6.6 74 559 

L6C 2.053 3.7 74 558 

L7A 2.053 5.1 74 482 

L7B 2.101 1.4 74 556 

L7C 2.041 4.3 74 460 

L8A 2.009 5.7 74 505 

L8B 2.027 4.9 74 449 

LIOA 2.024 5.1 74 532 

LIOB 2.070 2.9 74 518 

LllA 2.042 4.2 74 485 

LllB 2.023 5.1 74 497 

LI2A 2.012 5.6 74 557 

LI2B 1.924 g.7 74 529 

LIC 2.048 3.7 100 39 
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Table 11 Schmi d (res t' Re~Gl'ts ~ (Continued) 

, -"", .. , ~ . ~ --,. ", .' 

Resil i ent 
Sample Specific Percent Temperature Modulus 
Number Gravity Air Voids' of ksi 

L5A 2.025 5.0 . 100 46 

L5B 2.016 5.4 100 49 

( G) Three Year Field Compacted Control 

C 12A 2.254 7.4 -9 5703 

C14B 2.270 6.8 -9 4627 

C16C 2.272 6.7 -9 4495 

C12A 2.254 7.4 32 2539 

C14B 2.270 6.8 32 2718 

C16C 2.272 6.7 32 2951 

CllA 2.290 5.9 74 935 

CllB 2.292 5.9 74 963 , 

CllC 2.252 7.5 74 925 

C12A 2.254 7.4 74 956 

C12C 2.22 8.7 74 1053 

C13A 2.293 5.8 74 964 

C13B 2.298 5.6 74 1009 

C13C 2.263 7.1 74 909 

C14A 2.283 6.2 74 929 

C14B 2.270 6.8 74 1070 

C14C 2.272 6.7 74 1059 

C15A 2.289 6.0 74 993 

C15C 2.285 6.2 74 991 

C16A 2.305 5.3 74 896 
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.t'." 

Table 11 Schmidt Test Results. (Continued) 

Resilient 
Sample Specifi c Percent Temperature Modulus 
Number Gravi ty Air Voids of ksi 

C16C 2.272 6.7 74 929 

C19A 2.306 6.0 74 1077 

C19C 2.296 5.7 74 1036 

C12A 2.254 7.4 100 127 

C148 2.,270 6.2 100 104 

C16C 2.272 6.7 100 111 

t °c = (t~ - 32)/1.8 1 psi = 6.9 kPa 

) 
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