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1.0 INTRODUCTION

Most of the rigid pavements in urban areas in California are nearing or have passed their
design lives and are in various stages of deterioration and disrepair (1). In addition, Caltrans
engineers and policy makers have felt that existing methods of rigid pavement maintenance and
rehabilitation are providing diminishing returns, in terms of additional pavement life from each
rehabilitative action, due to the damage incurred by the pavements under increasing volumes of

traffic.

The agency costs of applying lane closures in urban areas is very large compared to the
actual costs of materials and placement, and increased need for maintenance forces to be in the
roadway increases costs and safety risks. In addition, the costs to Caltrans clients, the pavement
users, are increasing due to the increasing frequency of lane closures, which causes delays, and

the additional vehicle operating costs from deteriorating ride quality.

In order to remedy this problem, Caltrans has formed the long-life pavement
rehabilitation strategies (LLPRS) committee to evaluate and develop rehabilitation strategies. To
minimize the lane closure time for construction, Caltrans is exploring the use of fast-setting
hydraulic cement concrete (FSHCC). The principal property of the FSHCC is its high early
strength gain. This accelerated strength gain would increase the lane-km productivity of urban
rehabilitation projects (within a construction window of 67 hours, or 10 a.m. Friday to 5 a.m. the
following Monday) and therefore aliow normal traffic to resume 4 to 8 hours after maintenance
or rehabilitation action had been taken. Design features such as load transfer devices, tied
concrete shoulders, and widened truck lanes are also being investigated as part of LLPRS with

the goal of providing longer pavement life (30+ years). The effects that certain design features



have on the life of concrete pavements have been discussed in detail in other reports already

delivered to Caltrans (1,2).

FSHCC has previously been used for concrete pavement patching and bridges in both
California and other states. Caltrans has used FSHCC to quickly repair earthquake damaged
bridges in Southem California after the Northridge quake in 1994 and to patch deteriorated
concrete slabs on heavily trafficked corridors during overnight construction. Caltrans has also
paved several test sections on Interstate 60/71 and Interstate 605. SEATAC (Seattle Tacoma)
airport has used FSHCC to replace taxiway and runway slabs at night. Due to the growing need
for quick rehabilitation on congested freeways, Caltrans has initiated laboratory and full-scale

research projects to check the viability of FSHCC in long-life pavement rehabilitation projects.

In a recent FHW A published report (3), California pavements were found to have a very
high incident of faulting and cracking. Load transfer devices, tied concrete shoulders, and
widened truck lanes have been used successfully in many states (3). Most states use dowels in
their transverse joints to limit faulting. Many states are beginning to build their new concrete

pavements with widened lanes and/or tied concrete shoulders to reduce the pavement edge stress.

The University of California at Berkeley Pavement Research Center (PRC), Dynatest
Consulting, Inc. of Ojai, California, and the Council for Scientific and Industrial Research
(CSIR) of South Africa have joined Caltrans in a partnership to evaluate and analyze the goals of

the LLPRS strategies.



2.0 OVERVIEW OF THIS REPORT

The Palmdale project work includes installation of internal (embedded in the pavement)
and external pavement instrumentation, construction material sampling and testing, full-scale
accelerated pavement testing on the field-constructed FSHCC pavements using the Caltrans
Heavy Vehicle Simulator No. 2 (HVS2), and monitoring of the loaded and unloaded test sections
with respect to dynamic and environmental loading. The project work also includes a laboratory
component to validate the field HVS results, and computer modeling and analysis as outlined in

the Test Plan for CAL/APT Goal LLPRS - Rigid Phase III report (2).

This report details the FSHCC field construction, instrumentation, and strength testing of
the field HVS test site on State Route 14 near Palmdale, California, which took place from June

5-18, 1998.



3.0 SITE LOCATION

Given that many of the proposed LLPRS projects lie within Caltrans District 7, that
district was chosen as the location for the HVS field test site. The test site is located on State
Route 14 approximately 6 kilometers south of Palmdale. This particular site was chosen
primarily because an HOV (High Occupancy Vehicle) project was proposed at this location and
the space atlotted for the HOV project provided adequate room to place HVS?2 on the shoulder of

the highway with little or no impact on the flow of traffic.

The test site is divided into two distinct areas, referred to as the North Tangent and the
South Tangent. The South Tangent is located on the shoulder of the southbound (traffic flowing
towards Los Angeles) lanes. The North Tangent is located on the shoulder of the northbound
(traffic flowing towards Palmdale) lanes. The South Tangent is approximately 1 kilometer south

of the North Tangent.

The North and South Tangent are both situated in road cuts with steep side slopes. Each
tangent is approximatety 210 m long and is divided into three different sections approximately
70 m long. The 70-m sections are each constructed using different pavement structures or design
features, as described in Section 4, The general layout and location of the individual test sections

can be found in the Test Plan for CAL/APT Goal LLPRS-Rigid Phase III (2).






4.0 PAVEMENT STRUCTURE AND MATERIALS

The North and South Tangent were both built with a fast-setting hydraulic cement
concrete (FSHCC) surface layer. All pavement layers had to meet the material properties
specifications included in the “Notice to Contractors and Special Provisions” (4). The following

sections detail specifics about the pavement materials.

4.1  Subgrade

Both the North and South Tangent are constructed on the same native subgrade material.
Only a brief visual examination of the subgrade material has been performed, The subgrade
material appears to be uplifted alluvial deposits with large stones (> 5 cm diameter) included and

some weak to relatively strong cementing of the sand and gravel. It is most likely an AASHTO

A-1 soil.

4.2  Pavement Structures and Section Layout

The North and South Tangents at the Palmdale test site are each intended for different
tests. The South Tangent sections are the subject of a fatigue study with the goal of developing a
fatigue curve for the fast-setting hydraulic cement concrete under dynamic loading. The North
Tangent sections are the subject of a distress evaluation study (fatigue cracking, faulting,
environmental cracking). The specifics of the accelerated tests for the Palmdale test site are

detailed in the LLPRS Rigid Test Plan (2).



4.2.1 North Tangent pavement structure

The three North Tangent test sections are each 70 m long. The North Tangent was
constructed with 150 mm of Class 2 aggregate subbase (ASB) placed on compacted subgrade. A
100 mm thick layer of Class A cement treated base (CTB) was placed on the aggregate subbase.
The CTB was designed to have a 7-day compressive strength of 1.9 MPa (275 psi) to simulate
material meeting the pre-1964 Caltrans specification. The CTB mix design submitted to Caltrans
by Coffman Specialties, Inc. is shown in Table 4.1 All concrete slabs on the North Tangent were

nominally 200 mum thick and follow the mix design described in Section 4.3.

Table 4.1 Cement-Treated Base (CTB) Mix Design used on North Tangent.
Material Batch Weight (kg/m’) Batch Weight (Ib./yd.”)
Cement 04.5 159
Coarse Aggregate (25 mm) | 925 1560
Sand 1389 2342
Water 100 168.6
Water-to-cement Ratio 1.06 1.06

The North Tangent test sections will be tested tc evaluate the efficacy of various
pavement design features, specifically, load transfer devices and widened truck lanes. Test
Section 7 is plain jointed concrete without dowels, a standard asphalt concrete shoulder, and
regular 3.7-meter wide lane. Test Section 9 has steel dowels placed in the transverse joints and
tie bars bridging the existing inside lane slab with the new 3.7 m wide lane. Figure 4.1 shows a
typical doweled joint layout, Figure 4.2 presents the layout and dimensions of the tie bars used
for simulation of a tied concrete shoulder. The HVS test wheel will run at the edge of the
FSHCC pavement adjacent to the existing inside lane. This setup will help evaluate the

performance of tied concrete shoulders under accelerated load testing.



Dowels are 1.0"(30.0 cm) apart on center

e

11.0°(3.3 m)
Plan View

1.5" (38mm) diamater

/
A A A W WY A A WY A SO A W A Wy AW AW UE L2

Side View
Figure 4.1. Illustration of Typical Dowel Bars.

shoulder in

Figure 4.2. Layout and Dimensions of Dowels Used to Simulate a Tied Concrete Shoulder.

Test Section 11 has steel dowels across all the transverse joints, a standard asphalt
concrete shoulder, and a 4.3-m wide truck lane. Al slab joints have been sawed at 90° to match
the existing joint spacing and orientation of the adjacent slabs. The joint spacing for the entire

South Tangent approximately follows the pattern of 3.7, 4.0, 5.5, 5.8 m. Actual measured joint
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spacing is presented in Appendix A. The pavement structure of Test Sections 7, 9, and 11 are

shown in Figure 4.3.

4.2.2 South Taneent Pavement Structure

All South Tangent test sections are plain jointed concrete slabs with 3.7-meter wide lanes
and no load transfer devices. The South Tangent sections have 150-mm thick Class 2 aggregate

base resting on compacted subgrade.

The three 70-meter South Tangent test sections all have different slab thickness — 100
mm in Test Section 1, 150 mm in Test Section 3, and 200 mm in Test Section 5 — to facilitate the
development of a fatigue relation for the FSHCC. All slab joints have been sawed at 90 degrees
to match the existing joint spacing and orientation of the adjacent slabs. The joint spacing for the
entire South Tangent approximately follows the pattern of 3.7, 4.0, 5.5, 5.8 m. The pavement

structure of Test Sections 1, 3, and 5 are shown in Figure 4.3,

423 Materjal Specifications and Type

This section briefly summarizes the material specifications required by Caltrans for the
different paving layers. All materials utilized in the Palindale construction had to meet Caltrans

Standard Specifications (3) and the project’s special provisions (4).

The aggregate base and subbase used were both Class 2. The cement treated base was
required Lo have a 7-day compressive strength of 1895 kPa £345 kPa when tested with CT 312.
The concrete used for the surface layer had to contain a minimum cement content of 375 kg/m’.

The fast-setting concrete had to develop a flexural strength of 2.8 MPa afier 8 hours and 4.1 MPa



North Tangent (overhead)

\
37m| | Section 11 Section 9 Section 7
L no tic bars, dowels, x-wide lane tic bars, dowels no tie bars, no dowels
06mfl | 70 m 70 m
70m

North Tangent (pavement structure)

Section 11 Seclion ¢ Section 7

150 mm Aggregate Sub Base 150 mm Aggregate Sub Base 150 mm Aggregate Sub Base

Subgrade Subgrade _ Subgrade ‘

South Tangent (overhead)

-
3i7Tm Section 1 Section 3 Section §
no tie bars, no dowels no tie bars, no dowels no tie bars, no dowels
70m 70m 70 m

South Tangenl (pavement structure)

150 mm Aggregaie Base 150 mm Aggregate Base 150 mm Aggregate Base

Subgrade Subgrade Subgrade

Figure 4.3. Pavement Structure Diagrams for North and South Tangents.
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after 7 days in accordance with Caltrans Test 523. The hydraulic cement was required to achieve
a 3-hour compressive strength of 17.2 MPa and a 3-day compressive strength of 34.5 MPa in
accordance with ASTM C 109. Before the test sections were constructed, the contractor had to
demonstrate through a trial stab that the 8-hour and 7-day strength specification could be met

with his proposed mix design.

4.3 FSHCC Mix Design

The fast-setting concrete mix was designed by the contractor, Coffman Specialties, Inc.
The concrete mix design was approved by Caltrans after the contractor paved a test slab and met
the FSHCC material strength specifications included in the special provisions (4). The concrete
mix design includes the following constituents: one coarse and fine aggregate, two cement types
(PCC, Ultimax), water, air entraining agent, Delvo® liquid or solid retarder. Table 4.2 shows the
proportion of each mix constituent for one cubic meter. Ultimax is a proprietary cement with its
main chemical constituent being calcium sulfoaluminate. The contractor used a blend of two
cements to achieve the required strength specifications. After trying several trial slabs with
blends of cements ranging from 100 percent Ultimax / O percent Portiand to 70 percent Ultimax /
30 percent Portland, the contractor finally chose an Ultimax to Portland cement blend of 80/20.
All the fast-setting concrete placed on the University of California, Berkeley test sections was an

80/20 blend of Ultimax to Portland cement by weight.

The mix constituents weights are stock weights not SSD (saturated surface dry) weights,
As shown in Table 4.2, the coarse and fine aggregate have a moisture content 1 and 4 percent

greater than their SSD condition, respectively. The water-to-cement ratio in Table 4.2 includes
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the mix water and excess water from the coarse and fine aggregate. The mix water-to-cement
ratio does not include any water that may have been added at the job site. The bulk specific
gravity (saturdated surface dry [SSD]) for the coarse and fine aggregates was determined by
UCB personnel to be 2.86 and 2.61, respectively. The absorption capacity of the coarse and fine

aggregates measured 0.47 percent and 3.4 percent, respectively,

Table 4.2 Target FSHCC Mix Design (stock weights)

FSHCC Mix Constituent Batch Weight (kg/m®) | Batch Weight (Ib./yd.")
Coarse Aggregate (25mm) 1080 1820

Fine Aggregate 848 1429

Ultimax® Cement 332 560

Type I Portland Cement 83.0 140

Water 117 198

Delvo® Retarder (0z) 95.5 161
Micro-Air® Air Entraining Agent (0oz) | 1.36 2.3

Coarse Agg. Moisture (1%) 10.8, free water 18.2, free water
Fine Agg. Moisture (4%) 33.9, free water 57.2, free water
Total Water-to-cement Ratio 0.39 0.39

Tablcs 4.3 and 4.4 each present a list of the actual batch weights of all concrete trucks for
the North and South Tangents, respectively. Batch weights were recorded by a UCB employee at
the contractor’s batch plant. The batch weights are for a seven cubic yard transit truck. The
column with estimated water added at the site was gathered from a UCB employee who recorded
the amount of water that was missing from each the transit truck water tank. This additional
water was added to the mix water and adsorbed water on the aggregates to calculate an estimated
total water-to-cement ratio. Errors in the estimated water could exist if the transit truck driver
forgot to fill his tank up between loads, the tank water was used to moisten the underlying base
layer, and/or the water was used to ciean off any testing and finishing equipment. The estimated

average water-to-cement ratio at the site for the North and South Tangent was 0.44.
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