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4.1

4.2

4.2.1

ANALYSIS AND MODELLING

INTRODUCTION

Following on Chapter 3 in which the laboratory and the field data were discussed in detail, this chapter
further summarises the results and points the way to specific applications of the results from this
rescarch project. The application of the aggregate interlock equation developed as the primary

objective of this thesis is described in Chapter 5.

DISCUSSION OF LABORATORY RESULTS

Deflection

An increase in crack width caused an increase in deflection. For Experiments 1 and 2, the repeated
dynamic loads caused the slab to stay in a deflected state with deflections higher than under static
loading at small crack widths. The dynamic loading line crossed the static loading line at a crack width
of between 1,0 and 1,1 mm. At this crack width the two slabs started to react independent of each other,
resulting in higher deflections under static loading than dynamic loading (see also Figures 3.5 and
3.13). The larger 37,5 mm aggregate had lower deflections than the smaller 19 mm aggregate at the
same crack widths during dynamic and static loading at crack widths larger than 1,1 mm. This

confirmed the greater resistance to deflection movement of the larger aggregate.

The deflections measured during Experiments 3 and 4 were lower than for Experiments 1 and 2.
Furthermore, contrary to the situation where the dynamic and static loading lines crossed at a crack
width of between 1,0 and 1,1 mm during Experiments 1 and 2, the dynamic loading line was constantly

higher than the static loading line during Experiments 3 and 4.

The deflection results of Experiments 1 and 2 (see Figures 3.5 and 3.13) on the C rubber subbase were
approximately 3 times higher than the comparative results of Experiments 3 and 4 (see Figures 3.17
and 3.25). This difference in deflection results was primarily due to the C rubber subbase that allowed
larger shear forces to be transferred from the leave slab to the approach slab than the DC rubber

subbase.

The results from Experiments 3 and 4 corresponded better with published results (Jensen, 2001).
Jensen (2001) compared the response of 25 mm limestone, 25 mm glacial gravel, and a 50 mm glacial
gravel blend under 40 kN static loading. The deflections obtained by Jensen (2001), especially for
25 mm limesione, corresponded well with the 40 kN results obtained for 19 mm dolomite in

Experiment 3 (see Figure 3.22).
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It is the opinion of the author that the response of the plastic joint was that measured up to a crack
width of 1,5 mm, and that specifically the results under dynamic loading thereafter were influenced by
the subbase stiffness. This would imply that the smoother the texture of the crack face, the sooner the
system would rely on the support of the subbase to transfer stresses and strains from one slab to
another. This study has already indicated three such transition zones, namely: 1,5 mm for the smooth
joint, 2.5 mm for the 19 mm aggregate interlock joint, and between 3,5 mm and 4,0 mm for the

37,5 mm aggregate interlock joint.

EverFE (Davids et al., 1998a) was used to perform theoretical analyses. Up to a crack width of 0,5 mm
EverFE predicted initial deflection values similar to what was measured in the laboratory. However, at
crack widths larger than 0,5 mm there was a smaller increase in deflection with increasing crack width,
The results seemed to reach an asymptote and were eventually far less than those measured during
execution of Experiments 1 and 2, but slightly higher than the results of Experiments 3 and 4. The
main reason for the difference in results could be attributed to the foundation model used in the EverFE

software, as described in paragraph 3.2.1 in Chapter 3.

Horizontal crack displacement

The main function of the clip gauges at the top and bottom of both sides of the crack was to control the
crack width during opening and closing of the two parts of the slab for deflection testing at different
crack widths. Analysis of the data rendered interesting information regarding the opening-closing

movements across the crack.

The magnitude of the horizontal crack displacement measurements were both influenced by the
methods applied to open and close the slab, as well as by the type of subbase beneath the slab. The C

rubber subbase allowed far greater movement than the DC rubber subbase.

At small crack widths (< 0,5 mm) the bottom crack displacement measurements tended to be higher
than the top crack displacement measurements (Figures 3.18, 3.19, 3.44 and 3.45). In other words, the
slab tended to bend through with the top of the crack closing, and the bottom of the crack opening

during loading at narrow crack widths.

At crack widths greater than 0,5 mm this was reversed with the top crack displacement becoming larger
than the bottom crack displacement, indicating that the crack was being pushed open during loading.
The movement at the top of the crack under dynamic loading was approximately twice as much as the
movement under static loading, which could be attributed to the effects of momentum. This
demonstrated why large crack widths are so detrimental to pavement performance, as the opening up of
the crack at the top during loading, makes it easier for debris and loose particles to be driven info the

cracks, which in turn cause spalling of the concrete at the crack face.
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4.2.3 Load transfer efficiency

The deflection LTE obtained for both dynamic and static loading for the first four experiments at
different crack widths was presented graphically on Figures 3.7, 3.14, 3.20, and 3.28.

Firstly, the deflection LTE was greater during dynamic than static loading in all instances. Larger
maximum sized aggregates had greater deflection load transfer efficiencies than smaller maximum
sized aggregates. For the same maximum aggregate size concrete mixes, the LTE was larger where
there was a C subbase support (rubber not cut through) than where there was a crack simulated into the
subbase (top rubber layer cut through). The LTE on the C subbase was on average 105% that of the
DC subbase, for both dynamic and static loading.

Due to the effect of greater momentum forces acting across the crack, the LTE under 40 kN static

loading was slightly higher than under 20 kN static loading.

Demonstration of the contribution of the high quality crushed stone used in manufacturing concrete
pavements in Southern Africa is of great importance. The formulae used in the software package,
EverFE, are mostly based on experimental results obtained from tests conducted on concrete pavements
constructed with the lesser quality aggregates found in the USA. To quantify this statement, the
relevant properties of the granite and dolomite used for this research study were compared with those

of the limestone and glacial gravel used by Jensen (2001) (see Table 4.1).

The physical properties of the South African aggregates were obtained from the suppliers of the
materials, and the properties of the USA aggregates not reported by Jensen (2001) were obtained from

the Nordberg Process Machinery Reference Manual (1983).

Table 4.1: Comparison between South African and USA aggregate properties

uth Africa

Granite (19 mm) 25 2,65 0,33 33 27,0
Granite (37,5 mm) 27 2,65 0,33 33 29.0
Dolomite (19 mm) 15 2,86 0,2 21 42,0
Dolomite (37,5 mm) 15 2,86 0,2 21 48,0
USA

Limestone (25 mm) 18 2,61 0,61 34 22.0
Glacial gravel (50 mm) 30 2,58 - 22 240
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The crushing value of the limestone was similar to that of the dolomite, and that of the glacial gravel
slightly higher than the granite aggregate. The relative densities of the USA aggregates were slightly
less than the South African granite, with the water absorption of the limestone twice as high as that of
the granite aggregate. The Los Angeles abrasion value of the South African granite aggregate
compared well with that of the USA limestone, and the South African dolomite and USA glacial gravel
had similar results. The important difference in physical properties lay in the lower stiffness moduli of
the USA aggregates, where both the limestone and glacial gravel had lower stiffnesses than the South
African granite, As mentioned before, the granite was chosen as representative of the weaker of the
concrete construction aggregates crushed in South Africa, and that the stiffness of the aggregate largely
contributes to the stiffness of the concrete. This would imply that the concrete constructed with low
stiffness aggregates would be less resistant to cracking and abrasion than the concrete constructed with

stronger aggregates.

When comparing the results published by Jensen (2001) during a similar study using typical aggregates
found in the USA with the results obtained in this study, it was obvious that even though the deflections
were similar, the LTE achieved using South African crushed stone were significantly higher. The
50 mm glacial gravel blend, the largest aggregate size used by Jensen (2001), rendered load transfer
efficiencies of less than 80% at a crack width of 2,5 mm. On the other hand for the comparatively small

19 mm dolomite aggregate used in this study a LTE of 84% was calculated for the same crack width.

The fact that little abrasion occurred at the crack face during testing inside the laboratory was
confirmed by Will Hansen (2003) through follow-up testing conducted on the experimental slabs used
in the study of which preliminary results were published during 2001 (Jensen, 2001). This was despite
the fact that they used softer aggregates with lower relative densities and stiffness moduli, and also had

lower concrete strengths than what was achieved in this study (see Table 4.1).

Another tool that was used to quantify that the South African crushed aggregates are more angular and
have a greater aggregate interlock potential than the USA aggregates, was through VST testing
(Vandenbossche, 1999) as described in Appendix F. The VSTR results obtained for the 19 mm and
37,5 mm coarse aggregate concrete were 37% and 44%, respectively, higher then the USA results (see
Photo G.25). VST has however not been included in the modelling effort, as no South African field
data was available to calibrate the laboratory results. Obtaining such field data from the road sections

investigated was also not considered viable, as it would have been a too costly exercise.

Relative movement

Some researchers are of the opinion that the generally accepted method of determining the efficiency of
a joint in terms of deflection LTE is not necessarily the correct method, as it gives results based on the

efficiency of the whole system. In other words, measuring efficiency in terms of L'TE not only takes
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