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Traffic Induced Stresses in Highway
Subgrade during Construction
Zhang Zhongjie' , Tao Mingjiang’, Izzaldin M. Almohd®

Abstract: Traffic loading stress in highway subgrade is useful information pertinent to pavement
structures during construction stages. Five subgrade sites on Louisiana’ s highways-were instru-
mented with soil pressure cells to measure the additional soil stresses induced by construction
machinery and moving vehicles at different construction stages. Measured soil pressures in-
duced by compaction machinery appear to be much larger than anticipated working stress levels
caused by in — service traffic. Stress levels generated by compaction machinery may play an
important role in selecting suitable pavement materials. Such measurements also provide in-
‘sights into the stress histories of pavement materials and make themselves valuable in numeri-
cally modeling the behavior of pavement layers.
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Introduction

Stress distributions caused by construction traffic in highway subgrades are useful information in the estimation of
subgrade resilient modulus, the stability analysis of subgrade and cross — road underground facilities such as
cross - drains, and the quality control of roadway constructions. It is also useful for the design, construction, and
maintenance of low volume roads with low average daily traffic and occasionally heavy axle loads. In many cases,
characteristics of pavement base and subgrade materials affect stress distributions, which in turn lead to localizéd
differential settlements in pavements and contribute to pavement surface. rutting (-4 In weaker subgrades, stiffer
layers such as cementitiously stabilized bases and subbases can be used for g better spreading of traffic loading and
bridging of uneven subgrade supports. Besides, soil behavior is highly dependent on its stress history and the
stress levels to which it is subjected. Therefore, measuring stresses induced by construction traffic makes it possi-
ble to reconstitute stress histories for pavement materials. ‘

Almohd et al.™ investigated the induced stress distributions in different highway construction materials under
different traffic loads. These tests were generally conducted under a controlled environment at the Pavement Re-
search Facility (PRF) of the Louisiana Transportation Research Center (LTRC), and they generated some useful
information and conclusions on the distribution and dissipation of stresses caused by moving traffic. They also rec-
ommended that more field testing should be conducted at various stages of construction to extend and validate their
findings. This paper presents some further research work at LTRC on the working stresses caused by construction
traffic.
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2.Post. Researcher, Louisiana Transportation Research Center, Baton Rouge, LA 70808.
3.Research Associate, Louisiana Transportation Research Center, Baton Rouge, LA 70808.
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Testing Program

Testing Sites

Five sites, located in different areas of Louisiana and with different pavement layer configurations, were instru-
mented with soil pressure cells for monitoring stresses under-construction traffic. The testing plan was carried out
as follows: two sites at LA 964 with two pressure gauges installed at each; one site at US 61 instrumented with two
pressure gauges; one site at LA 73 with three pressure gauges; and one site at LA 10 with two pressure gauges.
The installation of pressure cells at these sites is schematically illustrated in Figure 1a) to d).
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Figure 1 Schematic Profiles Instrumented with Soil Pressure Cells
a)La 73 Station 113 + 12;b)La 964 Station 2 + 316; c)La 964 Station 8 + 976;d) Us 61 Station 132 + 96

Installation of Soil Pressure Cells -

Geokon model 3500 — 1 ~ 100 Semiconductor String Gauge Earth Pressure Cells were used. These are circular,
230 mm in diameter; filled with hydrsulic oil, and housed with stainless steel. These cells can measure soil pres-
sures from 0.0 to 0.7 MPa. Table 1 provides more information about the cells. Prior to the compaction of a pave-
ment subgrade, where pressure cells were to be embedded, soil pressure cells were placed at the desired depth
and angle at each site. Each pressure cell was confined within a fine — sand layer to protect the cell and achieve
a good contact between the cell and adjacent subgrade soil, ‘thus ensuring a uniform pressure distribution on the
cell. The pressure cell’s cable was then extended to pavement shoulders through a shallow trench and connected
to a plastic box fastened at a steel pole, as shown in Figure 2. The whole installation procedure is graphically
demonstrated in Figure 2.

Table 1 Technical Specification of Pressure Cell
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Figure 2 Installation of Soil Pressure Cells
Test Loads and Procedures

Soil stresses generated by construction machinery and traffic loads were monitored while different pavement layelﬁ
were compacted. The monitored construction machinery included the Caterpillar vibratory asphalt compactor model
~ CB-534D and vibratory soil compactor model CA 151, as shown in Figure 3. Figure 3 also shows the LTRC 20-ton
Research Vehicle for Geotechnical In-situ Testing and Support (REVEGITS) that was used as the moving vehicle

loading in this study.

c) d)

Figure 3 Photos of the Concerned Compaction Rollers and the Cone-Truck
a) Vibratory Soil Compactor Model CA 151 b) Caterpillar Vibratory Asphalt Compactor Model CB-534D; c)BOMAG Vibratory
Asphalt Compactor; d)LTRC REVEGITS

In these tests, the compaction machinery was running at a speed of 3.0 km per hour and the LTRC REVEG-
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