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ABSTRACT: This study is an evaluation of the effects of over-
loads on newly constructed cement treated bases (CTB) that are
utilized as haul roads during portland cement concrete (PCC)
paving. Ten wheel dump trucks were used during transporting
of 8 cubic yard batches of plastic PCC. Single axle loads

up to 20 kips were permitted on a trial basis. A net loss

or gain in strength or a weakening of the CTB as a result

of overload hauling was determined using surface deflection
meagurements both before and after the hauling operations.
Condition surveys were also performed to evaluate surface
damage and cracking. Equivalent 5,000 pound wheel loads were
determined from axle weights and daily truck counts. These
data were collected on four paving projects. It was concluded
that overloads up to 20 kips per axle are not detrimental

to newly placed CTB when the average haul period is from 3

to 6 days. :

Recommendations covering overload hauling are suggested for
incorporation in a tentative specification.

KEY WORDS: cement treated bases, condition survey, deflection,
hauling, overloads, construction practice.
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INTRODUCTION

In the construction of multilane freeways, there is a trend

to utilize heavier than legal loads in transporting portland
cement concrete (PCC) for pavement construction. The most
modern technique involves batching and mixing the ingredients
in a central plant and hauling thé plastic PCC to the paving
site in dump trucks. Generally, the project haul roads are
rough and undulating and cause considerable wear on the
hauling vehicles. If newly constructed cement treated bases
(CTB) could be utilized as haul roads, this could reduce wear
and tear on the hauling vehicles, as well as reduce the number
of trucks necessary for continuous production. It has been
suggested that considerable savings in time and money could be
realized from this operation, both to the State and to the
Contractor. This would promote lower competitive bidding and
also improve construction safety. '

Yamanouchi and Ishido(l) discuss the possibility of accelerating
road construction by omitting the initial curing period and

opening a soil-cement base to general traffic directly after
compaction. Present California Standard Specifications permit
construction traffic to travel over newly placed cement treated
bases, when loads are not in excess of the legal load of 18 kips
per axle. These specifications prohibit most PCC hauling operations
because paving concrete is usually mixed in 8 cubic yard batches
that produce single axle loads of about 20 kips.

A revised specification on weight limitations was put into
effect during the 1970-71 construction season. On a trial
basis, this permitted up to 20 kips per axle on newly placed
cement treated base. It allowed trucks loaded with plastic
PCC for paving teo travel on exposed cement treated bases and
exceed the present maximum legal load of 18 kips on a single
axle. Loads exceeding 18 kips on a single axle and 32 kips on
a tandem axle are considered overloads.

This research study was conducted to evaluate the(iffects of
the overload hauling operation. BAn earlier study made

by the California Division of Highways investigated the effects
of overload hauling on six different CTB projects. The method
of evaluation consisted of cbtaining Benkelman beam deflection
measurements on newly placed CTB prior to any hauling. Sub-
seguent measurements were then made following various wheel
load applications. Any substantial increase in deflection was
to be considered an indication of a weakening of the CTB.
However, after 340 to 400 applications of 35,000 pound tandem
axle loads, no significant increase in deflection was noted
and no visual evidence of distress was observed. The test
periods, however, were limited to one day hauling operations.
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It was ‘recommended as a result of the earlier study to allow
hauling of loads in excess of the legal load on CTB on a trial
basis and restrict the overloads to 25 percent above the legal
tandem axle load. It was the intent of the present study

which is reported herein to expand these findings by additional
research. This study could also serve to justify the use of
the above-mentioned revised specification on weight limitations
which permits up to 20,000 pound axle loads on newly placed
cement treated bases.

CONCLUSIONS

1. Overloads up to 20 kips per axle, are not detrimental to
newly placed CTB when the average haul period is from 3 to 6 days.
For the conditions encountered in this study, 1t appears that an
accumulative load limit between (8 and 13) X104 equivalent 5,000
pound wheel loads could be carried on an exposed CTB bhefore
imposing load restrictions.

2. Ovdrloadé up to 20 kips per axle cause no detrimental increase
in deflection level of CTB during the 3 to 6 day haul period when
loading is within the limits defined in conclusion 1.

3. Isolated longitudinal cracking may develop in CTB after 4
days of overload hauling but does not necessarily reduce
structural integrity. Relatively long or continuous longitu-
dinal cracking in or adjacent to wheel paths of the haul
vehicles at any time would indicate that overload hauling
should be stopped

4, Normal construction traffic could fatigue newly placed CTB
under wet subgrade conditions and overloads should, therefore,
not be allowed for the flrst 7 days following CTB placement.

5. On two of the pr03ects studied, some transverse cracking
developed in the test section during the period of overload
hauling. The observed crack pattern was transverse cracking
with an’ interval of from 20 to 25 feet on the average and would
normally be thought of as shrinkage associated rather than load
related. Overload hauling may accelerate the development of
transverse shrinkage cracks, but did not appear to be detrimental
under the conditions encountered on these projects. Measurements
before and after hauling did not show detrimental increases in
deflectlons, hence, it is believed that the cement treated base
retalned its structural integrity.

6. Overload hauling produces some loss of CTB curing seal that
may require replacement.

7. Asﬁinsurance against future loss of PCC load carrying
capacity, overload hauling on CTB should be restricted to the
Ne. 1 median lanes.
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RECOMMENDAT IONS

1. Overloads should be permitted on a trial basis and should
be stopped, if block cracking develops. Particular attention
should be given when the haul period exceeds the normal 3 to 6
days encountered in this study.

2., Overloads should not be allowed on CTB during the first
7 days of the curing period.

3. Restrict overload hauling to the No. 1 median lanes only.
4. DLimit maximum loading to 20,000 pounds per axle.

5. All loose material should be broomed off the CTB surface
following the final haul and the curing seal should be replaced
in spalled areas prior to PCC placement,

IMPLEMENTATION

Preliminary recommendations from this study were furnished to
our Headquarters Construction Department and have been incorpor-
ated in the following Standard Special Provisions:

1. 8spP 27.01 dated 9-7-71, "Road-Mixed Cement Treated Base."
2. S8P 27.02 dated 9-7-71, "Plant-Mixed Cement Treated Base."

3. S88P 27.03 dated 9-7-71, "Road-Mixed and Plant-Mixed Cement
Treated Bases." :

The following are standard paragraphs which have been included
in the above:

After cement treated base has cured for 7 days, trucks loaded
with portland cement concrete for paving may travel on the
completed cement treated base with axle loads not exceeding
20,000 pounds per axle. Such overload hauling shall be limited
to the lane immediately adjacent to the median, in each direction.
If block cracking occurs, the Engineer may reduce said axle

loads to the maximum specified in Section 7-1.02, "Weight
Limitations, " of the Standard Specifications. The Contractor
shall not be entitled to any additional compensation nor
extension of contract time by reason of such load reduction.

Before placing portland cement concrete paving over the

cement treated base, any damage resulting from hauling shall
be repaired, all loose material shall be broomed off +he

ChbhPDF - www . fastio.com -
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" cement treated base surface, and any damaged curing seal
shall bé repaired by the Contractor at his expense, all as
directed by the Engineer.

The implementation of these Standard Special Provisions could
possibly result in lower bid prices for portland cement concrete
pavement. The annual cost savings from this operation cannot
be estimated at this time.

" EVALUATION PROCEDURE

Four paving projects were investigated during this study to
determine the effect of hauling overloads. A net loss or
gain in“strength or a weakening of the CIB as a result of
overlcad operations was determined using surface deflection
measurements both before and after the hauling operation.
This was used as the main criteria for evaluation. These
measurements were obtained with the California Traveling
Deflectometer (Figure 1) carrying an 18 kip loading on the
rear axle. The deflection data was statistically analyzed
using the t-statistic by testing the hypothesis that the mean
deflection levels of the loaded No. 1 lane and the No. 2 or
No. 4 unloaded lanes were equal. If a significant difference
existed at the 95 percent confidence level, the hypothesis
was then rejected. The alternate hypothe51s that the mean
deflection levels were different, was then accepted. This
same analysis was used on test areas receiving no truck
traffic,.‘ ;

Condltlon studies which included photographs and crack surveys
were also made to evaluate surface damage and cracking.
Equivalent 5,000 pound wheel loadings were also determined
from axle weights and daily truck counts.

Portable MD400 California Highway Patrol scales (Figure 2)
were used to weigh both loaded and unloaded trucks, picked
at random during one hour haul periods (Figure 3).

Test sectlons were selected to represent lcaded, unloaded and
no- load conditions. Loaded trucks traveled to the paving
operatlon gver the No. 1 lanes nearest the median and returned
to the plant unloaded over the No. 2 and No. 4 truck lanes
(Flgure 4) .

Final evaluation was based on deflection measurements, surface
condition and wheel loadings.

DATA COLLECTION AND ANALYSES

The four projects included in this study are presented below
with representative data collection and analyses.

B
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07-0ra-91-R13.4/R18.9

This project is an eight-lane divided freeway located in the
Santa Ana Canvon east of Anaheim. A 4,000 ft. area was selected
for testing in the westbound lanes between Station 450 and
Station 490. Ten wheel dump trucks loaded with 8 cubic yards

of PCC traveled to the paving operation over the No. 1 lane
(nearest median) for a period of three days and returned
unloaded over the No. 4 lane (near outer shoulder}. The age

of the CTB at the beginning of the haul period was 15 days in
the No. 1 lane and 20 days in the No. 4 lane,

A total of 1,295 loads passed over the test area. Average
loaded and unloaded axle weights were determined from 6 locaded
trucks and 4 unloaded trucks picked at random during a one
hour haul period.

The average weight of the heaviest loaded axle was 20.2 kips
which was only slightly in excess of the maximum specified axle
load. The overloads produced a total of 40,780 equivalent
5,000 pound wheel loads over the test area during the three day
period. ‘ '

Deflection measurements were obtained on the CTB of lanes 1 and
4, prior to hauling and following the first and second day of
hauling. Refer to Table 1. Construction operations prevented
measurement of deflections on the final day of haul just prior
to PCC pavinhg. Condition surveys and photographs were taken
following each day of hauling. After three days of hauling
some loss of MC-250 curing seal was observed. Only transverse
cracks developed and the total amount was about the same after
2 days for the unloaded test haul (lane No. 4) as for the
locaded {(lane No. 1). Refer to Table 2. '

After 3 days of hauling, the amount of transverse cracking had
increased from 25.8 to 61.0 linear feet per station in the
loaded lane. The cracking in the unloaded section remained
unchanged at 26.6 linear feet per station after the third day

of hauling. In this comparison, it was necessary to adjust
these values to represent the uncovered test lane lengths
following each haul period. These data suggest that overload
hauling may have accelerated the development of normal shrinkage
associated transverse cracks. However, the majority of these
cracks were hairline and not considered detrimental. An attempt
was made to secure CTB coreg for further evaluation but
crumbling resulted and this was abandoned. The field data

from this project are presented graphically on Figure 5.

Tests for significance at the 95 percent level (Table 3) indicate
a difference in mean deflection magnitude between the right

Al
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wheel track measurement of the No. 1 loaded lane and the No. 4
unloaded lane prior to hauling. The unloaded No. 4 lane produced
the higher deflection magnitude of 0.012 inch wversus 0.011 inch
for the No. 1 loaded lane. However, no significant difference

in deflection level existed between these lanes after two days

of overload hauling.

A significant difference was noted between measurements made
prior to hauling and those obtained after two days of hauling
for both the loaded (No. 1) and unloaded (No. 4) lanes.
During the haul period the deflection magnitude increased

by 15 and 27 percent per wheel track in the No. 1 lane and

22 and 25 percent in the No. 4 lane. In terms of deflection,
this increase was about 0.002 to 0.003 of an inch. These
data suggest about the same relative deflection change
regardless of truck loading. In final analysis it can be
concluded that overload hauling did not produce a detrimental
increase in deflection level of the CTB on this project.

11-SD-805-3.5/7.3

This project is an eight-lane divided freeway located in
Chula Vista, south of San Diego. The length of this facility
is 3.8 miles. Three test areas were selected for study in
the southbound lanes between Station 230 and Station 270,
Ten wheel dump trucks loaded with plastic PCC traveled over
the No. 1 lane (nearest median) and the return trip unloaded
was over the No. 4 lane. A portion of the No. 3 lane served
as a no-load section, On the first day of the operation

179 8-1/2 cubic yard batches were hauled. This was later
reduced to 8 cubic yard batches because of problems with

the batching operation. The age of the CTB at the start

of the PCC haul period was 19 days in the No. 1 lane and 13
days in the No. 3 and No. 4 lanes.

The average weight of the heaviest loaded axle carrying 8-1/2
cubic yards was 22.0 kips which was in excess of the maximum
specified axle load. This loading was reduced to 19.7 kips
with 8 cubic yards.

A total of 3,401 loaded trucks passed over the test section
in 6 days of hauling. This was equal to 129,000 equivalent
5,000 pound wheel loads. Field data was collected in the
same manner on this project as that collected on the
07-0Ora=-91 job. Data are presented graphically in Figure 6.

The deflection results are shown in Table 4. Statistical
analysis of deflection data for significant difference
(Table 5) indicates the mean wheel track deflection levels of
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the No. 1 loaded lane prior to hauling are significantly
higher than the mean levels of the No. 4 unloaded lane by
10 and 20 percent prior to hauling.

No significant difference existed between right wheel track
measurements in these lanes after 5 days of hauling. The
left wheel track deflection of the unloaded lane No. 4
remained the same after 5 days of haul and the left wheel
track measurement in the No. 1 loaded section increased by
an additional 6 percent. This increase was considered
statistically significant at the 95 percent level; however,
the deflection magnitude increased by less than 0.002 of an
inch. This deflection increase was not considered detrimental
to the CTB. An increase of the same magnitude was also
produced by the right wheel track of the No. 4 unloaded
test lane after 5 days of hauling.

The deflection level of the unload test area in the No. 3

lane was significantly different than both the loaded No. 1
and unloaded No. 4 lanes after 5 days of hauling. It wasg also
of higher magnitude by about 0.001 to 0.002 inches. In final
analyses, it can be concluded that no detrimental increase

in deflection was produced by overload hauling.

Condition surveys suggest that overload hauling may accelerate
the development of transverse shrinkage cracks since about four
times as much transverse cracking developed in the loaded test
section as in the unloaded test section (Table 6). However,
the total cracking was approximately equal for the same CTB
ages. Also, the transverse cracking was only hairline and
not considered detrimental. Longitudinal cracking also
appeared after three days of hauling in the loaded test
section and after four days haul in the unloaded test section.
Some short transverse cracks did appear in conjunction with
longitudinal cracking in the loaded test section after four
days of hauling but did not progress further. No loss in
structural integrity was indicated by deflection measurement.

09-Ker-gBd-58-~135.0/1.5

This project is a four-lane divided freeway located near Boron
in the high desert east of Mojave. The test areas on this
project were in the eastbound lanes between Stations 530 and
560. The loaded haul was made over the No. 1 lane nearest

the median and no hauling was done over the No. 2 lane.

The age of the CTB at the time of the initial haul was 12 days.
However, CTB construction problems occurred later because of
cold weather and delayed the PCC paving operation by about 2
weeks.
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' The average weight of the heaviest loaded axle carrying an

8 cubic yard batch was determined from portable scale
weights to be 18.1 kips. A total of 2,438 loaded ten wheel
dump trucks passed over the test section during 5-1/2 days
of hauling. This was equal to 62,700 equivalent 5,000 pound
wheel loads. The resulting deflection levels are shown on
Table 7. No new cracking developed in the test areas during
the hauling period. However, a few isolated areas of "alli-
gator" cracking were present prior to the hauling period

and were delineated by high deflection.

This project experienced a rainstorm following the CTB
placement and a combination of saturated subgrade and construc-
tion traffic could have contributed to the "alligator" cracking
problem. Field data are presented graphically on Figure 7.

Nuclear densities were obtained on the CTB in the test areas
of the No. 1 and No. 2 lanes at random after 4 days of over-
load hauling. These measurements were taken by state project
personnel to determine if overload hauling produces additional
densification. These test data are presented in Table 8,
Results suggest no significant difference between the density
of the No. 1 lane, subject to overload hauling, and the No. 2
lane subject to no hauling.

Tests for significant difference in mean deflection levels

are presented in Table 9. The left wheel track of the No. 2
no-load section was found to be significantly higher than the
No. 1 loaded lane by 22 percent prior to hauling. There was
no significant difference between the right wheel track mean
deflection levels. After 5-1/2 days of hauling there was still
a significant difference between the left wheel track mean
deflection level of the No. 1 and No. 2 lanes. The no-load
section (lane 2) was still 13 percent higher than the No. 1
loaded lane at the same CTB age. Also, after 5-1/2 days of
hauling the left wheel track of the No. 1 loaded section
produced no increase in deflection. The right wheel track
deflection levels of the No. 1 and No. 2 lanes both decreased
by 8 percent and produced the same deflection magnitude after
5-1/2 days of overload hauling.

This analyses indicated that overload hauling produced no
significant increase in deflection level on this project.

04-CC-4,84-27.3/30.6, 9.3/11.4

This pfoject is a four- and six-lane divided freeway located
near the city of Antioch.
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Test locations were selected near the contractor's batch plaht
on the Route 4 portion of this facility. Two separate test
areas were selected in the westbound lanes between Stations 19
and 30 and Stations 47 and 57. A delay of nearly two months

‘occurred between the time of CTB completion and placement of

the PCC pavement. This resulted because the contractor shifted
his CTB equipment to another contract and additional delays
resulted from heavy rains. The loaded haul was made over the
No. 1 median lane and the return unloaded was made over the

No. 2 lane. The age of the CTB at the beginning of the haul
was 59 days.

Ten wheel dump trucks were utilized for the hauling operation.
The average weight of the heaviest loaded axle was determined
by scale weight as 19.6 kips with an 8 cubic yard PCC load.

A total of 1,452 batches were hauled during a 3-1/2 day test
period. This resulted in a total of 45,500 equlvalent 5,000
pound wheel loads, passing over the test areas in the No. 1
lane.

Deflection measurements are presented in Table 10. The test
areas in the southbound lanes between Stations 47+00 and

53+00 were eliminated from further analyses because of changes
in PCC hauling patterns and construction progress. Field data
are presented on Figure 8.

Statistical analyses of deflection data (Table 11) indicated
that the No. 1 locaded lane between Stations 18+00 and 30400
produced a significantly higher deflection level than the

No. 2 unloaded section prior to hauling. However, the No. 2
lane produced a significantly higher deflection following the
haul period. The unloaded No. 2 lane deflections increased

in the wheel tracks by 38 and 93 percent. The right wheel
track of the No. 1 lane increased by 13 percent which was
equivalent to slightly over 0.001 inch. The left wheel track
deflection decreased by 6 percent. Overall analyses suggests
no detrimental increase in deflection level as a result of
overload hauling. Also, no cracks developed in the CTB during
the overload hauling in lane Wo. 1. However, a few longitudinal
and transverse cracks were evident in the unloaded No. 2 lane
(Table 12).

All Projects

Figures 9 through 18 present the CTB conditions before and
after overload hauling on all projects except 04-CC-4,84 where
representative photographs were not available.

Surface spalling and loss of curing seal was evident on all
projects tested. This was true for both loaded and unloaded

test areas.
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AlthSigh there were some significant increases in deflection
level produced by overload hauling, there were also signifi-
cant deflection increases produced in the unloaded test areas.
The magnitudes of these increases were generally equivalent
for both loaded and unloaded test areas. It is, therefore,
concluded that overload hauling did not contribute to these
deflection increases. The final levels of deflection were

not considered detrimental.

Structural section information on layer thicknesses, densities
and compressive strengths from field control testing are

presented on Table 13.
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Figure 1
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WEIGHING LOADED BATCH TRUCK
USING PORTABLE SCALES

i Figure 4

UNLOADED BATCH TRUCK
RETURNING TO PLANT
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OBSERVED IN THE CTB
BY AGE 28 DAYS.

NOTE. NO CRACKS WERE
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VISUAL CONDITION
PROJECT 07-ORA-91-R13.4/R18.9

Figure 9 . Figure 10

LOOKING EAST AT STA. 474+60 IN STA. 461+70 WESTBOUND LANE
WESTBOUND LANE NO. 1 PRIOR TO NO. 1 AFTER 2 DAYS OF OVER-
HAULING. LOAD HAULING.

Figure 11

TYPICAL TRANSVERSE CRACK AFTER
3 DAYS OF OVERLOAD HAULING.
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VISUAL CONDITION
PROJECT 11-8D-805-3.5/7.3

Figure 12 Figure 13

STA. 235+60 SOUTHBOUND LANE " STA. 233+75 SOUTHBOUND
NO. 1 PRIOR TO HAULING. ' LANE NO. 1 AFTER 6 DAYS
OF OVERLOAD HAULING.

Figure 14

TYPICAL TRANSVERSE CRACK AFTER
6 DAYS OF OVERLOAD HAULING.
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VISUAL CONDITION
PROJECT 09-KER,SBd-58-135.0/1.5

Figure 15 Figure 16

STA. 530 EASTBOUND LANES PRIOR STA. 530 EASTBOUND LANE NO. 1
TO HAULING. AFTER 6 DAYS OF QVERLOAD HAULING.
Figure 17 Figure 18

STA. 540 EASTBOUND LANES PRIOR STA. 546+70 EASTBOUND LANE
TO HAULING. NO. 1 AFTER 6 DAYS OF OVER-
LOAD HAULING.
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