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INTRODUCTION

During the last twenty-eight years, California has placed.
thousands of miles of portland cement concrete (PCC) highway
pavement over cement treated bases (CTB). Most of these pave-
ments have given adeguate performance; however, there is'a
persistent small percentage of PCC pavements which developed a
faulting problem. This faulting results in a decrease in riding
dqualities and, in the extreme case, structural failure. Thus,
elimination of pavement faulting‘will extend the service life

of, PCC pavements.

It has been reported (1) that a faulting condition develops as
molsture and differential temperatures within the concrete
produce a curling of the pavement slabs, resulting in a rocking
rovement on the CTB with the passage of heavy traffic. It has
been theorized that this movement of the slab abrades the CTB
surface ‘and in so doing, generates a supply of fine material

that is subsequently deposited, through water action, beneath

the end of the approach slab adjacent to the joint in the
pavement, thus creating a step~off. Since it appeared that a
more abrasion-resistant CTB would'retard this generation and
subsegquent accumulation of material at the pavement joints, a
study of the construction procedures being used for CTB placement
which might affect its surface integrity was conducted. Early

in the investigation, it became apparent that the trimming opera-
tion was highly suspect as a factor contributing to a loss of
surface integrity. The research was then directed towards a
study of "no-trim" methods for placement of CTB. Surface profile,
density, strength, and erodibility were investigated for CTB

which was placed using both "trim" and "no-trim" methods.
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" CONCLUSIONS

1. ‘A wire~controlled automatic grading machine, vibratory
screed, and steel drum roller can be used to place CTB with

minimal surface grade variation and no need for trimming.

2. The nuclear densmty tests indicated that the surface

‘1ntegr1ty of cement treated base placed using no-trim methods

was superior to that of CTB which had been trimmed.

3. The no-trim method of CTB placement contributes to a shorter
operdtion time for placement.

4. The initial consolidation of the CTB by the vibratory screed
permitted final compaction by the roller without excessive defor-
mation and displacement as normally occurs during conventional
placéﬁent;

5. Trlmmed materlal placed and compacted in low areas does
not bond to the underlylng 1ayer.

6. If cement treated base is placed using conventional con-

struction‘methods, trimming reduces the standard deviation of
the CTB surface grade variation by about 50%.

RECOMMENDATIONS

Thié~%eport indicates'the-advantages of not trimming cement
treatéd base, and field studies indicated that a wire-controlled
autométic grading machine, vibratory screed and steel drum
roller can be used to place CTB with minimal surface grade
varlatlon and no need for trimming. Further, if such a system
is used, the elapsed time from-addition of water to cement and
aggregate to completion of compaction does not have to exceed
two hours. ' p
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Therefore, it is recommended that the construction industry be
informed of these methods and at the earliest date a no—-trim
specification be written for use on a trial basis followed by

. complete elimination of the trimming operation from all CTB
construction. '

In the interval it is strongly recommended that a wire-controlled
automatic grading machine or its equivalent be used in lieu of a
motor grader for trimming operations. Further, any areas of low
grade should not be filled with debris from the trimming oper-
ation but with surfacing material. We consider this recommendation
of great importance to prevent pumping under PCC and preventing
serious premature failures of asphalt concrete surfaces from
pumping fines into the pavement.

DISCUSSION

Background

During the yéars 1944 to 1946 Hveem (1) conducted an investi-
gation into the causes of faulting and pumping of joints in
California's portland cement concrete (PCC) pavements. All PCC
pavement at that time was placed on untreated aggregate base in
California. He concluded that "the basic cause and origin of
all joint troubles, including mud pumping and faulting, is the
volume change of' concrete arising from variations in moisture
gnd temperature”". This volume change caused curling or warping
of the pavement slabs, thereby allowing alteration of the base
due to'passing wheel loads, especially when free water was

] present. His recommendation was that if slab movement cannot

| be prevented, the base material must be treated so as to "with-

[ 4 stand the béating". In 1946, a four inch thick cement treated
aggregate base covered by a heavy application of penetrating
cut-back asphalt was used under a PCC pavement. Due to its

ClihPDF - www .fastio.com
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‘success, this practice became common in California. Since 1950,

all California Department of Transportation PCC pavements have
been constructed on treated aggregate bases. These "treated"
aggreqéte bases denerally contained 3~5% cement and were com-
pacte&'in place; however, a qu have been treated with bituminous

materials.

Probléﬁs can occur with many construction materials and practices;
cement treated bases are no exception. Although California has
used cement treated bases for about thirty vears with generally
good fésults, there is a persistent number of PCC pavements which
have éhéwn distress. In January 1970, the California Division

of Hiéhways published an interim report titled "California Pave-
ment Faulting Study" (2). It contained the results of a limited
stateﬁide survey of rural PCC pavements constructed since 1960.
Fault#ng was apparent in half of the randomly selected pavements
aged Ehree to eight years. Generally, only £he truck lane joints
were faulted, with the greater magnitude at the outer edge and
only a minor amount at the inner edge. There were a few excep-
tions:Where more than just the truck lane was faulted, especially
near urban areas where there were three or more lanes in each
direcéion and a heavy concentration of truck traffic in more

than one lane. This faulting condition prompted this investi-
gation of CTB surface integrity as affected by construction
placement procedures.

In order to effectively discuss construction eguipment and
procedures, it is first necessary to present a brief overview
of thé commonly used CTB placement procedures in California.

The five general opefations are: Depositing, Mixing, Spreading,

Compacting, and Trimmihg.

Depositing and Mixing - These two operations are interrelated.
The aggregate is deposited in windrows along the grade in either

wwwfastio.com
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.an untreated or treated (mixed in a central plant) condition.

Ifgplaced in the untreated condition, cement is uniformly dis-
tributed along the top of the-.windrow, followed by a traveling
road mixing machine (Figure 1) which simultaneously mixes the

aggregate and cement and adds the necessary moisture.

‘Figure 1 Typical Road Mixing Machines

‘Spreading - The windrowed treated aggregate is spread over the
‘width of the roadway using either road graders or a wire con-
trolled automatic grading machine (Figure 2).

3
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Figire 2 Wire~Controlled Automatic Grading Machine

COmpacting;+ This‘is commonly performed by making sufficient
passes ﬁﬁxh'bdth steel-wheeled and rubber tired rollers to
attain the specified compaction.

Tiimming - This is the removal of "high" areas of CTB - that

is, those that are above a specified grade elevation. The

- trimming is normally performed by one of two methods: 1) making
a second pasé with the laydown machine after lowering the screed
oé 2) using a blade or grader.

:iﬁitiallj, two CTB éoﬁstruction projects were selected as typical
and the placemenﬁ procedures used on those jobs were examined.
Dﬁring the ipitial investigation of these projects it appeared
that the trimming operations created several negative factors
which could contribute to faulting. These were as follows:

ClihPDF - wyvaw.fastio.com
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1. Trimming increased the elapsed time between the addition
of water to the cement and aggregate and the completioh of com~
Paction and thereby provided a larger period for the CTB to

dry out prior to the application of the curing seal.

2, Trimming disrupted the surface, damaging the iniﬁial bond
L between the cement and the aggregate and thereby weakening the
upper surface (Figure 3).

3. Trimming deposited a thin layer of disturbed material in
low spots which did not readily bond to the underlying CTB.

Recognition of these factors led to research to determine if
modified CTB placing and compaction procedures might produce
an acceptable cement treated base which would not require

; _trimming.

Figure 3 Trimmed CTB Surface

ClihPDF - www .fastio.com
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“A further investigation of the initial two CTB construdtion pro-
jects and an investigation of four additional CTB construction
projecte were conducted. These investigations consisted of both
field end laboratory phases. The field phase consisted of se-
lecting one or more test sections approximately 500 feet long
on the main line, preferably without curves or cross slope, and
monitoring both the surface grade variations and nuclear densities
at various stages of placement'as well as upon completion of
placement. At a later time (to allow for strength development},
four inch diameter CTB cores were taken from within the test
sections. The laboratory phase consisted of determining core
densities, compressive strengths, and abrasion resistance values

as permitted by the physical condition of the cores obtained.

Field Investigations

Surface Variation vs.'Placement Method:

Surface variations were obtained by taking string-line grade
measurements at two foot intervals transversely and fifty foot
intervals longitudinally, using the contractor's wire grade con-
trol ae a reference. These measurements were analyzed using

two methods. The first, a surface planar analy81s, consisted

of computing the "estlmated standard deviation" for all grade
points within a test section about the mean of the surface plane.
The second method, a transverse cross section analysis, was
performed on each test section by averaging the “"estimate of

the standard deviation" for each transverse profile. The values
obtained by these two methods of statistical analysis were used
in two ways. First, a comparison was made between the surface
grade %ariations which occurred within individual test sections
before: and after the trimming operation. Secondly, the test
sections were grouped by similarity of placement methods and

the surface grade variations then averaged. This permitted a

further comparison of placement methods vs. surface variation.

ClibPDF - www fastio.com:
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This information is presented in tabular form. The placement
opeiations were performed in the order listed from left to right
in Table 1. The X's indicate the equipment used to perform the
placement operation. The numbers listed in the equipment columns
are the surface variation values in feet following that phase of
the plaéement procedure. The numbers in parenthesis are the
values ohtained by surface planar analysis and the other numbers
are those values obtained by the transverse cross section analysis.,.
Although the physical measurements were taken to the nearest hun-
dredth of a foot, the calculated values are reported to the nearest
thousandth because the sections with average values less than 0.01
féot did, in fact, contain several locations with deviations
greater than 0.01 foot. '

A review of the data in Table 1 indicates that trimming does
réducé the magnitude of surface variation; however, test section
14 was placed without trimming and showed the lowest final surface
variation. This indicates that a no-trim placement operation,
which consists of accurately placing CTB to specified final grade
without trimming, is certainly feasible.

As shown in Table 1, the test strips were constructed by a variety
of procedures. Despite this variation in construction methods,

the test sections were grouped into the following three classifi-
cations:

1. Prior to trimming.
2. After the final CTB surface was trimmed.
3. After the no-trim procedure was conmpleted.

www . fastio.com
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Vibratory Screed
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Btesl Wheeled Vibratory Moller
Rubber Tired Rollar

trol Grading Machine
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The average surface grade variation values for all the test sec—
tions, when grouped into these classifications, are presented in

Table 2.
TABLE 2 - Average Surface Variations
-
Planar Transv.
. Classification Test Sections Avg. "s" Avg. "s"
1l T .031"? .022°
2 14 .020° .013"
3 4 .019! .01l6"

The information presented in Table 2 once again confirms that
trimming reduces the magnitude of surface variation; however,
the vertical control for those test sections placed using the
no-trim procedure is certainly comparable with that for the
trimmed test sections. '

Nuclear Densities vs. Placement Method:

The féilowing nuclear density work was performed to determine

if trimming actually aggravated the surface integrity as it
appeared to do during the initial inﬁestigations. From the
generally accepted principles that compressive strength increases
as density increases and compressive strength is directly related
to other strength characteristics, the inference was made that
surface strength is related to surface density. A nuclear gage
operated in the backscatter mode was selected as the most appro-
priate means for determining the density of the top few inches

of the CTB. Locations were randomly selected within each test
section and'nuélear‘densities obtained before and after the

&) trimming operation. Because density is highly dependent on
aggregate shape and grading, both of which varied for the proj-
- ects reviewed, the densities were converted to percent relative
11
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compaction. ' Test Meéthod No. Calif. 312, "Design and Testing

of Clésses "A" and "B" Cement Treated Bases", was chosen to deter-
mine the appropriate densities for computing relative compaction.
The relative compaction results, grouped by project rather than
by test section, are presented in Table 3.

TABLE 3 - Nuclear Density Results

Project Relative Compaction "‘Relative Compaction
Before Trim After Trim & Rolling
X . S n . X S n
1 94.4% 1.76% 9 91.5% 3.01% 9
2 93.3% 2.62% 5 92,7% 1.37% 5
3 89.9% 2.53% 6 86.3% 2.87% 6
4 89.9% 1.58% 6 90.4% 0.79% 6
5 96.0% 1.80% 8 Not Trimmed
6 2 95.0% 2.00% 2

97.5%  0.50%

These:aata indicated that the surface densities were reduced
by thé trimming operation which therefore infers a loss in sur-
face strength. The relative compaction of the no-trim project
is prééented to illustrate that it possessed the highest final
relative compaction.

FieldﬂSampling:

In additidn to the field investigations dufing construction,
four inch diameter specimens of the CTB were later taken by
coring through the pavement layer in all the test sections.

The coring operation on each CTB project was delayed for a
period}from four to six months until Jjust prior to opening of
the roﬁdway to traffic, This permitted increased strength

gain and thereby facilitated removal of the cores intact. In
spiteJOf this, the coring operation frequently resulted in many
of the fines being washed away and/or cracking of the CTB spec-
imens. This necessitated additional coring to obtain sufficient
Samplés for laboratory testing.

12

ClibPD wyvw . fastio.com


http://www.fastio.com/

4

]

ClibhPDF -

Laboratory Investigatioh
i

Puring this phase of the project, the physical properties of the
CTB cores taken from the test sections were determined. The
éondition of the CTB specimens obtained varied from clumps of

CTB to highly intact cores with the pavement layer still bonded
to them. Although many of the specimens were broken during
coring, thus requiring additional coring in the same area, all
the specimens were evaluated as much as possible to provide a
ﬁaximization of available data. All the specimens were subjected

to the following testing if the specimen condition permitted.

1. Density Test
2. Abrasion Resistance Test

3. Unconfined Compressive Test

The results of these tests were grouped into trim and no-trim
classifications to reflect placement procedure effects.

Pensity Tests:

The density test was performed on the CTB specimens prior to
either the unconfined compressive strength test or the abrasion
resistance test. Before the density test could be performed, it
was necessary to separate those CTB cores still bonded to the
pavement layer. To facilitate separation, these cores were
placed in a 140°F oven for twenty-four hours to soften the curing
seal. The separation generally occurred along the curing seal
plane; however, some separations occurred either through the CTB
on a plane nearly parallel to the curing seal or through both the
CTB and along the curing seal plane.

=13~
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'Densiﬁies:Wére.determined for all the CTB specimens greater than
approximately twenty-five cubic inches in volume. Each specimen
was dried at 140°F to a constant weight which was recorded. A
twentYffour hour water socaking followed, after which the specimen
was weighed submerged-in'watér and then again in air while still
saturaﬁed.- The dry dgnsity was caiculated from these results
Uusing fhe following formula:

X 62,4

= Dry density in pounds per cubic feet.

E: 2 U - J‘ - _I;' e

D

b = Weight of dry core in grams.

A= Weight in air of saturated core in grams.
W. = Weight in water of saturated core in grams.

g

The dry density determined for each specimen was an average for
the entire core. The dry densities of the individual cores did
not inaicate an advantage of one'plaéément method over another
as the differences became lost when averaged over the entire
core. Therefore, the density results were treated as samplings
and grbuped into trim and no-trim classifications for each proj-
ect. The averages and'estimateS'of the standard deviation for
the groups were calculated and are given in Table 4.

 TABLE 4 - Core Dry Densities

”Trim No-Trim

Project X 'S n X s n
1 ©135.3 2.3 46 132.3 2.1 6
2 138.8° 3.0 5 - - -
3 140.1 2.0 5 - - -
4 134.1 2.0 5 130.2 3.0 6
5 139.0 3.1 6 138.5 2.7 6
6 137.0 0 4 137.0 2.0 10
14

ClibPDF -wyvnw .fastio.com


http://www.fastio.com/

ClibhPDF -

The results indicate that the densities of those cores removed
from the trimmed test sections are generally greater than those
from the untrimmed areas. This might be expected as the trimmed
sections received additional compactive effort following the |
trimming operation. Also, the higher surface densities of the
untrimmed sections, as indicated by field nuclear testing, are
masked when determining the density of the entire core. Although
the higher density for the trimmed sections is apparent, the
variation within each project group was too large to indicate

a distinct advantage of one placement method over another.

Abrasion Resistance Tests:

To investigate the relative resistance to abrasion, CTB cores
that separated along the curing seal plane (see Figure 4, Core
No. 2) and those that separated partially in the curing seal
and just below the curing seal in the CTB (see Figure 4, Core
No. 11) were tested. The cores with their top surface exposed
were placed in a closéd cylindrical mold. Two hundred and fifty
milliliters of water and four 1.33" diameter rubber balls were
ﬁdded. The mold was then subjected to a wvertical oscillation
bf 1" at a speed of 20 cycles per second for four minutes at
room temperature. This action caused the top of the specimens
to be abraded by the water and rubber balls. The abraded
material was then washed from both the mold and the core and
collected in a pan for drying and weighing, The amount of
abraded material indicated the relative capability of the core
to withstand abrasion.

Cores which separated from the PCC throwugh the curing seal were
highly resistance to surface abrasion, and those that separated

partially in the curing seal and just below the curing seal in
the CTB showed only slight abrasion loss. The abrasion loss

15
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results lndlcate a we -demented material just below the curing
seal together with a well-bonded membrane. This is confirmed by
'the continued low abra51on 1oss even when some of the specimens

parted just below the curlng seal in some areas of the surface.

A number of separatlons occurred entirely within the upper por-
tion of the CTB core on a plane nearly parallel to the curing
seal, Thls material was friable and was not well-cemented
together. The shear Strength of this part of the core must be
very ;ow éiﬁéé'lt sheared before a heated asphalt layer, and
one may assume that a high abrasion loss mould have resulted
if it had been possible to perform the abrasion test on this
type of‘specimen.

An attempt was made to relate the type Of separation to the
trim or no-trim methods. No- relatlon was found. This tends
to 1nd1cate that there are random zones of weakness in the
ares just below the: curlng seal for both forms of construction.
The extent of these zones and their 1mportance in the faulting

problem 1s unknown.

16
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Figure 4 Typical CTB Cores

Figure 5 Typical CTB Cores

17
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‘Hnconfined Compressive Strength Tests:

The final test performed on the CTB cores was the unconfined
compréssive strength test. Those cores with a length of 2.5" or
greater for their full diameter were selected for this testing
and the following procedure was used. A diamond saw was used to
trim those cores with.extremely uneven ends the minimum amount
neceséary to pérﬁit capping. The cores were. capped to provide
flat,fparallel Surfaces aﬁdfthen.soaked in water for 40+ hours.

This ﬁas followed by loading the cores in compression at a rate

of O.QS" per minute until failure. The total load at failure

was récorded. This was converted to unconfined compressive
strenéth by dividing by the average cross-sectional area of the
core and multiplying by a length compensation factor, which is
a facﬁor developed over twenty-five years ago to convert the
strenéth value of samples with a length to diameter ratio not
equalgto one to an equivalent compressive strength for a sample
with é ratio of one. Only the strength results for those cores
3.4" 6r greater in length were selected for analysis. This was
done because those cores shorter than 3.4" exhibited extreme
variaiions_in strength even when taken from the same test
sectibns. The results from each project were separated into the
trimfénd no-trim placemggt;classifications,waveraged, and an
estiméte of their standard deviation computed. The values re-
pres?hting compressive strength at an age of approximately six
months are presented in Table 5.
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TABLE 5 - Unconfined Compressive Strength of Cores

Trim No-Trim

s -Rroject' X S n X 5 n

471,5 127.4 2
875 283

1550 76

1059 301

1098 304
517.5 51

450.5 109.1 6

i

663 174
967 120
560 98

codn |

These data indicate that higher compressive strengths occurred
within the cores taken from the trimmed area. This most likely
occurred because generally the average core densities of the
trimmed areas were greater, as previously noted, and often the
weaker top surface of the core was lost during coring or during

separation from the pavement layer.

SUMMARY

One can conclude from this work that while trimming disturbs

the CTB top surface, the additional rolling performed after
trimming densifies that CTB below the trimmed surface and re-
sults in a stronger material. Application of the curing seal
apparently binds together that material disturbed during trimming.
For these two reasons, a decisive advantage between trim and
no-trim placement procedures could not be proved. However, a
no-trim method capable of placing CTB to grade tolerances

could specify additional rolling to yield higher densities.

}Ql No definite conclusions can be made pending a follow-up of the
: development, or lack thereof, of faulting on the projects studied.

19
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