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ABSTRACT

This paper reports the findings of an experimental investigation into moisture sensitivity of
roadbase materials. Two commonly used roadbase materials from South-East Queensland have been
investigated both in the CBR and in the Repeated Load Triaxial (RLT) test. It is shown that contrary
to the conventional soaked CBR test, when the test is carried out under comparable compaction
conditions to the RLT and tested unsoaked, the stiffness characteristic of the CBR load - penetration
curve sheds useful insight into the moisture sensitivity of a roadbase material. This moisture
sensitivity characteristic is confirmed with the more fundamental RLT test. Thus, this paper has
identified the potential of the CBR test to be used in preliminary ranking of roadbase materials with
respect to moisture sensitivity.

1 INTRODUCTION

In recent years the Department of Main Roads, Queensland (QDMR) has experienced a number of
premature failures of crushed rock pavements (with sprayed seal surfacing). Most of these have
been attributed to failures of the base material due to excess construction moisture. Road
authorities have developed various guidelines to control excess moisture prior to sealing before
opening a road to traffic, for example QDMR MRS 11.05 (1999) and Technical Note 7 (1993). During
construction, in order to achieve workability, it is customary to use excess moisture. Therefore to
mitigate risks, QDMR requirements call for drying back of the road base to a minimum degree of
saturation level (DOS) prior to sealing to enhance resistance to premature failures.

Safe minimum DOS for trafficking is material dependent and largely influenced by grading and
plasticity of the fines. Whilst the adoption of a higher minimum DOS level would reduce drying back
time, it could induce premature failure. No simple method exists in the literature for such
determinations. Specialised tests such as Repeat Load Triaxial (RLT) and Wheel Tracker tests are
currently used by QDMR for such purposes (Wijeyakulasuriya et al., 2005). However, being
specialised tests, this technology is currently not widely available and demands higher technical
skills.

The material properties currently specified by Road Authorities (e.g. QDMR MRS 11.05) include
criteria that address coarse aggregates such as particle strength, and fine aggregates such as
plasticity via Atterberg Limits etc. Most of these tests are done on various size fractions. CBR is the
only test in the current QDMR specification suite which examines a material in its entirety of the
grading and which allows the variation of moisture and compaction level to be investigated.
However, none of these in their current form are a direct measure of resistance to rutting caused by
repeated vehicular loading. These simple specification tests, although they would contribute
towards material quality control, have not been able to rank material performance so as to clearly
highlight performance risks such as those due to moisture sensitivity. Such limitations in knowledge
have been partly mitigated in the past by experienced construction personnel using local knowledge
of materials and construction practices, but this avenue is becoming no longer readily available.
Therefore, a routine test that has the potential to identify high risk moisture sensitive roadbase
material would be beneficial.

2 THE PRESENT STUDY
The soaked CBR variant of the test currently used for the wet coastal areas of the state of
Queensland has not shown promising correlation with the plastic strains in the RLT test. Figure 1

shows the poor correlation of the CBR with the plastic strains from the RLT. This is understandable
as it has been recognised (e.g. Brown, 1979) that a single measurement of load at an arbitrary
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under dynamic vehicular
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the CBR has been correlated
with pavement performance
in the development of
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AUStrZOZdS pavement design Figure 1: Relationships of plastic strain and CBR
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The CBR has been shown not to correlate consistently with either the shear strength or the static
stiffness for fine-grained materials (Hight and Stevens, 1982). However, the usefulness of CBR as a
correlative index of long-term performance of road pavements has been acknowledged by
practitioners. Long-term performance is largely influenced by the stiffness of a material. This ought
to mean then that more consideration should be given to the slope of the CBR load-penetration
curve and not to a single measurement of the curve as is currently done, if the CBR test were to
reflect the stiffness. In this context, the initial tangent modulus in characterising CBR results for
fine grained materials has been used by Hight and Stevens (1982).

In the study reported, an experimental programme was undertaken using the CBR mould to
investigate the variation of the initial gradient of CBR load-penetration curves with DOS. These CBR
tests were done under the same moisture and compaction conditions as the RLT tests. Two roadbase
materials from South-East Queensland have been investigated. Corresponding tests with the RLT
were also carried out. The variation of the initial slopes of the CBR load/penetration curves was
compared with the development of plastic strains from the RLT tests to identify the potential of the
CBR to demarcate the onset of moisture sensitivity. This should indicate the potential for the CBR to
be used as a simple tool for material ranking in preliminary source assessments for road contracts.

3 TESTING PROGRAMME
3.1 RLT Testing

Most of the studies reported on crushed rock materials had been carried out under drained
conditions e.g. Brown (1974). However according to Barksdale (1972), densely-graded aggregate
bases (Queensland sourced base materials would be similar), by virtue of their lower permeability,
would be more susceptible to pore pressure build-up in the field leading to undrained conditions. In
the present study, in view of the rapid pavement failures reported and the high annual rainfall
experienced along the populated eastern coast (in excess of 2000 mm), emphasis is placed on the
undrained response.

A feedback controlled RLT testing system broadly conforming to AS1289.6.8.1 (1995) with a
rectangular waveform generally of 0.33 Hz was used to apply the deviator stress to specimens. A
constant confining stress was applied to the specimen using water. Axial deformation of the sample
was measured with three linear variable displacement transducers mounted externally. The RLT is
able to test specimens compacted at different moisture/ densities under varying axial and radial
stresses and thus can simulate different elements in the road base in terms of stress level. It
enables the measurement of pore water pressure under constant water content conditions.
However, the rotation of principal planes that occur under a moving load cannot be simulated and
plastic strain is sensitive to rotation of principal planes. Therefore, it can be expected that the RLT
gives a lower bound solution to plastic strains.
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Materials passing the 37.5 mm sieve are used for road base materials. However the fraction passing
the 19 mm sieve is used for compacted specimens. Samples received were fractionated into four
size ranges and recombined from the constituent size ranges to achieve the required specimen size
and grading to satisfy the 'C' envelope for a test (MRS11.05, 1999). Compacted specimens conformed
to the 100% Standard Proctor Maximum Dry Unit Weight using dynamic compaction unless otherwise
indicated, but at different degrees of saturation levels (DOS). RLT samples had a nominal height of
200 mm and a diameter of 100 mm.

Permanent strain testing in the RLT was carried out under a cell pressure of 125 kPa and a pulsating
deviator stress (o7 - o3) of 625 kPa under constant water content conditions, which is MRD practice.
To minimise membrane penetration effects, double membranes (each 0.3 mm thick) were used for
the RLT specimens with a bottom fine porous stone (80 kPa) to enable pore water pressure
measurement. The pore pressure results are not discussed here. The triaxial cell has a bronze
bushing without an O ring. RLT testing was carried out in accordance with AS1289.6.8.1 (1995).
Plastic strain has been corrected at 100 cycles to eliminate compliance effects.

3.2 CBR Testing

Unsoaked CBR tests (Q113C) were carried out with compaction at 100% Standard Proctor Maximum
density and moisture at approximately the same DOS levels as the RLT specimens. The DOS values
reported are largely based on the moisture under the plunger at the end of the tests. As a control,
soaked CBR tests were also conducted on the materials. With computerised data acquisition, the
plunger force and penetration data are captured. The testing programme is shown in Table 1.

4 DISCUSSION OF RESULTS
Table 1: Testing programme

The degree of saturation (DOS) has | Source Rock Type Metamorphic [ Acid igneous
been primarily used to corre!ate Rock Metagreywacke | Rhyolite
performance, as the shear behaviour [Target DOS (%) 50-75 50-80
of an unsaturated material is heavily |"Ng of Soaked CBR Tests 4 4
dependent on DOS (for example No of Unsoaked CBR Tests | 8 10
Toll, 1990). No of RLT Tests 5 5
zgggi:ct;i:c; n ::?Jﬁs f) e rg](\;_giARS(I)V\nI;(Se Table 2: MRD specification* results and other properties '
11.05, and other properties for : _ Metagreywacke | Rhyolite
these materials. The gradings of | Ftakiness (%) 29 29
these materials are shown in Figure Water Absorption (Coarse) (%) | 0.58 3.30
2. These have Fuller n' values |Fines
generally in the optimum range for | LL (%) 19.6 24.2
grading that are attributed to | Pl (%) 3.6 3.0
produce maximum compacted dry | LS (%) 2.6 3.0
density (0.35 - 0.5; Brown and Chan, | Ratio 0.075/0.425 0.47 0.35
1996). These materials generally | Pl x %< .425mm 68 45
conform to the MRS11.05 (1999) 'C' [ S x %< .425mm 49 45
gral.d]ng ar)d clas.SI.fy as GW in the ["Grading
Unified Soil Classification. Cu = Dgy/Drg 57.9 55.3
A e Fuller's 'n’ value 0.43 0.47
Compaction Characteristics: The [Tjnifieq Soil Classification GW GW
laboratory compaction characteris- C - ™y
- ompaction Conditions
tics of the crushed rocks are shown OMC (%) 76 2.9
in Figure 3. This shows the Standard L . .
Proctor Dry Density and moisture of MDD (t/m") 2.176 1.92
the samples presented in volumetric DOS @ OMC 81.5 91.9
co-ordinates (Prashanth et al., 1998) | OMC (CBR) (%) 6.8 12.6
i.e. porosity versus volumetric | MDD (CBR) (t/m’) 2.23 1.95
moisture  content  (volume of | CBR (soaked) 88 92
water/total  volume). In this | APD (t/m’) 2.727 2.628

framework the degree of saturation
lines are linear and independent of
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particle specific gravity. This enables the
comparison of widely different crushed rock
materials.
4.1 RLT Results

The behaviour of unbound granular materials
is complex because of their particulate nature.
This complexity results from a combination of
mechanisms which include elastic deformation
of particles, slip between particles, crushing
of particles producing irrecoverable (plastic)
strains and generation of pore pressure
affecting inter-particle behaviour. Under
cyclic loadings, these materials undergo
resilient strains, which are recovered after
each cycle, and permanent strains, which
accumulate with the number of cycles.

Plastic strains have been found to better
reflect moisture sensitivity than the resilient
stiffness (Thompson, 1991; Werkmeister et al.,
2001). Therefore, resilient stiffness is not
further discussed in the paper.

Plastic Strain Response: Figure 4 shows the
plastic strains up to 10° cycles, with specimens
with higher DOS failing before reaching 10°
cycles due to increased pore pressure. The bi-
linear trend indicates the onset of moisture
sensitivity with rapid increase in plastic
strains. The bi-linear trend in the RLT has
been observed for a wide range of roadbase
materials across Queensland (Wijeyakulasuriya
et al., 2005). Such information is being
increasingly used by QDMR to avert adverse
moisture levels in the field by raising the
awareness and delineating the  DOS
requirements for drying back of roadbase prior
to sealing of pavements.

4.2 CBR Results

CBR Characteristics: The soaked specimen
results - bearing ratio and the initial tangent
stiffness of the load-penetration characteris-
tics, are plotted against their "after test” DOS
values as shown in Figure 5. The test
procedure makes allowance for the initial
seating error of the plunger, which is
eliminated under interactive software control.
The DOS values reported are based on the
moisture under the plunger at the end of the
tests. It is considered that, given the dense-
graded nature of the roadbase materials, the
specimens are likely to be under constant
water content conditions during the CBR
plunger penetration as water permeability
decreases significantly due to unsaturation
(Cote and Konrad, 2003), and hence the pre-
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shear moisture is likely to
be reflected in the after
test moisture levels.

Unsoaked CBR Stiffness:
The initial tangent
stiffnesses are plotted with
DOS as shown in Figures 6
and 7. A bilinear trend is
observed similar to the
plastic strain response in

the RLT. However, as
expected, the load-
penetration stiffness

decreases with DOS and
finally almost flattens out

after the threshold DOS
level.
Material Ranking Issues:

Figures 6 and 7 show the
RLT plastic strain response
and the CBR stiffness
response for each material
plotted against DOS. The
RLT and CBR specimen have
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Figure 6: CBR initial tangent stiffness and RLT plastic strain vs. DOS
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Figure 7: CBR initial tangent stiffness and RLT plastic strain vs. DOS

been compacted

approximately to the same density and DOS using the same method of compaction. Therefore, it is
reasonable to expect corresponding specimens in both the RLT and the CBR to have the same initial
effective stress state (as compacted), although this is unknown. It is seen that the CBR threshold
generally occurs somewhat at a higher DOS level than the RLT threshold. This is not unexpected as
the stress conditions in the RLT due to its dynamic nature would be expected to be more onerous.
Therefore the presented results give preliminary indications of the potential of the unsoaked CBR
test when interpreted in terms of stiffness in revealing the inherent moisture sensitivity of roadbase
materials.

The soaked CBR (see Figure 5) version of the test has pre-penetration DOS values (after soaking) far
in excess of the RLT DOS values (as shown in Figure 4). Hence, lack of correlation seen with the RLT
is not unexpected as the pre-shear/penetration effective stress states would have little
resemblance.

Currently, further testing in a larger size mould with 75 mm plunger is scheduled to minimise scale
effects due to the likelihood of individual particles dominating the plunger response in the standard
CBR mould (with 49.6 mm plunger), which would make stiffness characteristics less susceptible to
error. Notwithstanding the scale effect issue, the potential of the CBR in preliminary material
ranking appears feasible. Since this technology is widely available, this methodology could serve as
the forerunner to screen materials for more positive confirmation by such tools as RLT and the
Wheel Tracker which are expected to be commercially available only in specialised laboratories due
to capital costs and level of technology warranted operationally. The possibility for the hierarchy of
testing methodologies to be capable of communicating with each other as demonstrated is certainly
seen as a desirable outcome.

5 SUMMARY AND CONCLUSIONS

Unsoaked CBR tests compacted to conditions similar to their undrained RLT counterparts have
shown that, the interpretation of the CBR via initial tangent stiffness of the load-penetration curves
yield bi-linear trends when the moduli are plotted against DOS. The bi-linear threshold is seen to
correlate well with the bi-linear trend observed for plastic strains in the RLT. Thus, a simpler test in
terms of availability is seen to be able to preliminary rank roadbase materials with respect to
moisture sensitivity, to be later confirmed with more sophisticated and less accessible RLT testing.
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This paper has thus identified the potential of the CBR test to be used in preliminary ranking of
roadbase materials with respect to moisture sensitivity.
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