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SINOPSIS SYNOPSIS

Die gebruik van gestabiliseerde lae is ‘n kostefiektief in
padkonstruksie. Sekere materiale is egter meer erodeerbaar
as ander en moet derhalwe vir erodeerbaarheid enfof
duursaamheid getoets word. 'n Erosie Toets is in 1989
omwikkel om die erodeerbaarheid te kwantifiseer. Hierdie
verslag bespreek die huidige gebruik van erosie toetsing en
duursaamheidstoetsing in Suid Afika. Hierdie verslag
bespreek verder die resultate van 'n herhaalbaarheid en
herproduseerbaarheidstudie wat is gedoen om die
akkuraatheid van die toets te bepaal, Die Erosie Toets is
ook vergelyk met twee duursaamheidstoetse wat tans in
gebruik in Suid Afrika is. Nuwe erosie-swigkriteria vir beide
huigbare- en starplaveisels word voorgestel, gebaseer op
die jongste inligting, Ten laaste word die ontwikkeling van
die DW Erosie Databasis bespreek (disket aan binnekant
van buiteblad). Gevolgtrekkings in verband met erosie en
duursaamheidstoetsing word gemaak tesame met
aanbevelings en voorstelle vir verdere navaorsing,

The use of stabilised layers is cost effective in road
construction in South Africa. Some stabilised materials
have however been found to be susceptible to erosion, To
identify erodible materials the Erasion Test was developed
in 1988. This report discusses the state-of-the-art of
erosion testing in South Africa. The report presemts the
results of the repeatability and reproducibility study
undertaken to determine the precision of the Erosion Test.
The Erosion Test is then compared with the two durability
tests currently used in South Africa. Based on information
currently avaitable, new criteria for the Erosion Test are
proposed for flexible and rigid pavements, The use of the
new Department of Transport Erosion database created as
part of this report (disk on inside cover] is then discussed.
Finally conclusions conceming erosion and durability
testing are presented along with recommendations and
suggestions for further research.
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SUMMARY

Stabilised layers have been used cost effectively in road construction in South Africa. Some stabilised
materiads have. however, been found o he susceptible 10 erosion. To identily erodible materdals the
Erosion Test was developed in 1989, This report discusses the state-of-the-aut of erosion testing in South

Atncit.

The report presents the results of the repeatability and reproducibility study undertaken 1o determine the
precision of the Erosion Test. The Erosion Test is then compived with two duribility tests currently
used in South Africa. Based on information currently available. new criteria tor the Erosion Test are
proposed for flexible and rigid pavements. The use of the new DoT Erosion Dutabase created as part
of this report (disk on inside cover) is then discussed. Finally. conclusions concerning erosion and

durability testing are presented along with recommendations and suggestions for further research.

For erosion 10 occur in pavement layers traffic loading, the ingress and movement of water and
materials susceptible to erosion must all he present. Erosion testing aims to identify erodible materials
so that they may be avoided or correctly modified thereby preventing erosion fuilure. This is currently
done in South Africa using the Erosion Test device. the mechanical or manual Wet/Dry Durability Test

or the cycled or residual UCS.

In the Erosion Tests three rectangular specimens are submerged in water and covered with a rough
neoprene membriane. A 17.775 kg wheel. with a hevelled rim. is then cycled 5000 times over the
specimens 1o erode the surfaces, The depth of erosion is measured at 13 locations on the surface of each

specimen. The Erosion Index (L) is the mean of the average depth of erosion for the three specimens.

The mechanical wet/dry durability measures the percentage materiad loss after 12 wet/dry cycles. As
part of each cycle the cylindrical specimen is rotated w 60 rev/min for 50 cycles. A stationary, 2.25 kg

brush erodes the specimen surface.

The manual wet/dry durability fest is similar 1o the mechanical wet/dry durability test except the
cyhindrical specimen is smaller, it is eroded by hand brushing and Proctor us opposed to Mod ASSHTO
compaction is used. Two brush strokes approximating 13.5N each are applied over the curved surface

of the specimen between each wet/dry cycle,

Erosion testing simulates the grinding action of pavement layers in the presence of water pressure
whereas the durability tests simulate the loss of cementation due 1o continued wet/dry cycles in a

pavement.



The repeatability and reproducibility for the Erosion Test was determined to estiblish the test precision,
Repeatahility is the value below which the ahsolute difference between two single test results obtained
with the same equipment on identical test matenal. under the same conditions. may be expected 1o e
with « probability of Y5 %. Reproducibility is the value helow which the ibsolute dilference between
wo single test results obtained with the same equipment on identicad test material, under difterent
conditions. miy be expected 10 lie with a probability of 95 4. The reproducibility varance is

numerically greater than the repeatability variance over the sume Erosion Test result runge.

The precision of the Erosion Test can he considered poor at this stage, The repeatability and
reproducibility values hoth exceed the erosion test result measured aver the current erosion criteria
ranges. The repeatability / reproducibility values are relatively high as they are quoted for single Erosion
Test vidues and not for the Erosion Index (L) which is the avenige of three single test results. The high
results have heen autributed 1o the lack of experience with the test. natural material variance and the

Mod ASSHTO method of compaction which it is suspected produces non-homogeneous specimens.

A study was also undertaken to compare the Erosion Test with the mechanical and manual wet/dry
durability test. Mass loss from the durability test initially increased rapidly. against the Erosion Index
(L), and then tapered off. The manual and mechanical wet/dry relationship was linear. The regression

coefticients were all relatively poor.

Relationships between the various durability / erodibility tests and the difterent UCS tests were
exponential with a negative exponent. Over an Erosion Index (L) limit of 0-2 mm. increased erodible
potential correlated with i dramatic decrease in strength. The trend was similar for the durability vs

sirength comparnsons.

Compurison of the Erosion UCS (determined from blocks sawn ot! the Erosion Test bean). the Cycled
UCS (wet/dry cycled). the Residual UCS (CQ, saturated) and the Standard UCS for cement stabilised
materiads showed good linear correlations with one another. With further research it may be possible
10 relate the different UCS values with constamt factars based on linear regressions. These were,

however, hased on limited results.

For lime-stabilised materials there was no significant relationship between any of the different test
results. Although the comparison was based on only six results it could indicate that the current tests

give an unsatisfactory indication of erosion or strength potentiad of lime-stabilised materials.

Based on experience with the erosion test. the Erosion Test criteria have been updated for rigid and
flexible pavements. It was decided to differentiate between the ditferent pavement types as the stabilised
layers in rigid and flexible pavements are subject to different forces and modes of erosion failure.

Flexible pavements are subject more to crushing due 1o local deflections while rigid pavements are



subject more o slab movemnent etlects wthe jomts or cracks, The proposed new criterian are tabled

below.,

Summaury Table 1: New failure eriteria for C3/C4 materials in Hexible payements

Minerial Tratfic class Erosion Index. Lunm)
C3 (Buse) EO-E2 <53
C3 (Buse) E3-E4 < |
C4 (Subbase) E(-E2 <3
C4 (Subbuse) E3-E4 <3

Summary Table 2: Proposed new failure criteria for C3/C4 cemented materials in rigid pavements

Material Pavement type Erosion [ndex. Lanm)
C3 (Subhase) Un-Doweled < |
C3 (Subhuse) Continuously reinforced S
C3 (Subhise) Dowel-juinted < 1.3
C4 (Lower Subbise) All concrete pavements <3

Beciuse of the limited test results currently available. it is important 1o consider the proposed limits
as guidelines when selecting materials. As more information is collected these limits will be further

refined.

[t is important at this stage o base decisions on both the Stndard UCS criteria as laid done in

TRH4:1985 and the erosion criteria proposed here,

Erodibility potential is a rekutively new considerition in the selection of stabilised material. To build
up experience of erodible and non-durible maerizals in South Africa. @ DoT Erosion Database has
been started and is distributed with this report. The databise can be used o collect. store and

process current and future erodibility and durability dita as 1t becomes availuble,

1ii
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INTRODUCTION

This Project Report discusses the work done to date on the development of the Erosion Test
(ET) and the state-of-the art of erodibility of cemented road-building materials in South Africa,
Included with this final report is a database system containing most of the current Erosion Test

results available in South Africa,

Stabilisation of otherwise unsuitable road building material is a cost-effective method of road
construction in South Africa. Heavy Vehicle Simulator (HVS) testing identified some stabilised
materials that are, in the presence of water, susceptible to erosion. The Erosion Test (ET)
developed by De Beer in 1989' is an attempt to simulate erosion failure of stabilised bases

and subbases.

At present the Erosion Test (ET) for lightly cementitious materials has been specified in detail'.
More research, however, is required before the test can be adopted as a standard test in South
Africa. For example. to streamline the test, user-suggested modifications (o the test procedure
need to be taken into account. The repeatability and reproducibility of the test must be
determined and realistic failure criteria must be proposed. The relationship between the ET and
similar erosion tests needs to be established so that users can relate the ET results to their
experience with erodible materials. To make use of current and future erodibility/durability test
results, it will be useful to establish a national record of erodible materials in South Africa. To

facilitate this, an Erosion Database was developed. It is discussed later in this report.

This report begins by describing the mechanisms of erosion failure in flexible and rigid
pavements (Section 2). Section 3 gives a brief description and comparison of the different
erosion and durability tests available. The repeatability and reproducibility study carried out
to determine the precision of the ET device is presented in Section 4. Section 5 compares and
evaluates relevant durability tests with the ET. Based on current research, the comparison
studies and an analysis of existing erosion data, failure criteria for the ET are proposed for
flexible and rigid pavements in Section 6. Section 7 discusses the design and use of the new
Erosion Database. Finally, conclusions and recommendations concerning the ET and the

Erosion Database are formulated and discussed in Sections § and 9.
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EROSION FATLURE OF STABILISED MATERIALS

The erusion of pavements may be defined as the wearing down of material from the interface
of pavement layers due o hydraulic and/or mechanical action under waftic loading and 1s
associated with excessive pore water pressure within pavement layers or helween layer

interfaces and with erodible materials,

Erosion involves two processes: production of loose material and removal of this material.
Depending on the pavement chiaracteristics these processes oceur in differemt ways and lead to
different results. These differences need to be identified so they may be reflected in the failure

criteria developed for the Erosion Test (ET).

EROSION FAILURE IN FLEXIBLE PAVEMENTS

In flexible pavements, traffic loading is carried by the supporting layers as opposed to the
surfacing layer only. The surfacing has a relatively low permeability and acts as a seal to
prevent the ingress of water into the supporting layers. The base may be constructed from a
stabilised. granular or asphaltic material. The subbase is constructed from stabilised materials

or natural gravels.

The deflection of a flexible pavement surface under traffic loading sets up potentially high
local contact stresses between the asperities of aggregates of different layers. These high
contact stresses can disturb particle cemnentation and lead o crushing or compressive failure

of the aggregates producing "free fines" on weakly stabilised layers.

Water infiltrates the flexible pavement either through pavement shoulders. surface cracks or
a rising watertable. With traffic loading, high pore water pressures build up in the pavement
layers shifting the loose particles, potentially reducing densities and thus creating voids. The
voids opened up by the material loss are filled by the surrounding material. This redistribution
of material may lead to surface deformation if the void occurs in supporting layers or potholes
and cracking if it occurs near 1o the road surface. The cracks so formed, increase the potential

for water ingress into the pavement layers and accelerate the erusion process,

Stabilised subbase layers are also prone to thermal cracking due 1o excessive stabiliser content
and fatigue cracking under traffic loading owing to low strength or poor support. Although the

post-cracked phase is part of the pavement design,” if the cracking is severe or if fatigue cracks
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are opened on the surface. water may enter the pavement facilitating the erosion process. Water
may wash away loose material around the cracked blocks under traffic loading. The blocks then
begin to rock up wnd down under watfic loading. crushing aggeregutes and producing fines
which are removed from the pavement under pumping. This process has been defined’ as

lollows:

"Pavement pumping is the rapid release of a pressurised soil and water composition from a
relatively high w a relatively low pressure potential, whereby subsurface material may be
redistributed multi-directionally. Normally, the pressure is released vertically trough pavement

joints, cracks and edges".

Once water has entered a pavement. the erodibility of the materials used will determine the
ability of the road to withstand deterioration. Erosion tests help to identify erodible material

so that they may be avoided or correctly modified.
EROSION FAILURE IN RIGID PAVEMENTS

In concrete pavements. most of the traffic loading is carried by the concrete slab and relatively
little stress is transferred to the subgrade. A rigid pavement, unlike a flexible pavement, is not
subject to local deflections due to loading, instead slab sections deflect. Water infiltrates the
pavement through joints or edges where it accumulates under curled slabs. As waffic loading
deflects an approach slab, the accumulated water is pushed at high velocity towards the leave
slah. The leave slab is then deflected very rapidly by the wheel load and the water is pushed
back under the approach slab®?. The high water velocities induce high shear stresses on the
support surface layers redistributing material. This causes the formation of voids and a loss of

slab support leading to corner.and transverse cracking of the slabs.

TPIT_Y
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COMPARISON OF CURRENT EROSION AND DURABILITY TESTS

To evaluate te Erosion Test (ET) for use as a standard test it is usetul to comipare it with other
erosion tests such as the rotational shear, jettug and various brush tests. Each test is hriefly

described and compared in Tuble 1.

ROTATIONAL SHEAR TEST?

A specimen is held stationary inside a rotating cylinder tilled with water. The specimen is
connected through an end plate to a load cell to measure the resultant torque introduced on the
specimen by the rotating water. The erosion is measured as the mass of material lost after each

test. Figure la shows a diagram of the rotational test device.

~¥—____ Toload cellto

measure shear force

Vs Rotating cylinder

Specimen

Water

Figure la: The rotational shear device

JETTING TEST®

A pressured water jet, angled at 20 degrees to the horizontal, erodes the upper surface of the
specimen. The shear stress applied is approximated by dividing the water furce applied by the
contact area. As with the rotational shear test erosion is measured by the amount of malterial

lost after each test. Figure 1b shows the Jetting Test device.

PO PP YT, T



Water under B
pressure ~. o B2

Specimen

' Water jet

Figure 1b: The Jetting Test Device

BRUSH TESTS

A number of brush tests have heen developed in different parts of the world. Most of the brush
lests can be classified as durability tests, The brushing action remaoves particles loosened
through weydry cycles and not trough a pumping or grinding action. All use a brush to
“erode” the sample surface and all measure the erodibility hy mass loss. Brush and brush

application differs from test to test.

Rotational brush test’®

A 100 mm diameter, I kg, metal brush is mechanically rotated at 840 rev/min 10 erode the ends

of the specimen surface. The device is shown in Figure 2a.

Mechanical brush test”

The test measures mass loss during of 12 wet/dry cycles. As part of each cycle a cylindrical
-specimen is rotated at 60) rev/min for 50 cycles. A stationary, 2.25kg brush erodes the specimen

surface. The device is shown in Figure 2h.
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1 Kg load

Rotating

/ brush

Specimen
\

\

Figure 2a: The Rotational Brush Device

Manual brush test!!

The test is similar to the mechanical brush test except that the cylindrical specimen is smaller
and compacted using less effort. The specimen is eroded by hand brushing all surfaces using
a specified wire brush. Two brush strokes are applied over the specimen surface between each
wet/dry cycle. A brush stroke force of approximately 13.5N is applied by brushing the samples

on a scale as shown in Figure 2c.



Chain cover // AN ~{— Pivoting arm

Preset and adding counter
Specimen & Drive unit
Clamping mechanism
Figure 2b: The mechanical brush device
Specimen ~a. F=Fi T / Brush stroke |
13.5N Brush force y Brush .
Y ]
2
Figure 2c: Hand brushing method of the wet/dry durability test )
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EROSION TEST!

Three rectangular specimens are suhmerged in water and covered with 4 rough neoprene mem-
brane. A 17.775kg wheel, with a bevelled rim, is then cycled 5000 times over the specimens
to erode the surlaces. The depth of erosion is measured at 15 locations on tie surface of each
specimen and the Erosion Index (L) is considered the mean of the average depth of erosion for

the three specimens. The device is shown in Figure 3.
EVALUATION OF EROSION TESTS

Different erosion tests are compared in Table 1. In the table the Title identifies the test. The
Country of origin identifies the test origin so that particular influences can be identified. The
Date indicates how long the test has been in use. The Principle on which the test is based
identifies what assumptions the test is based on and thus the physical action the lest tries (0
simulate. The test Objective determines what the test measures and the units of measurement
used. The Applicability and Advantages covers areas where the particular test is suitable and

has merit. Limitations identify weaknesses in the test procedure or results.
Considering Table 1, the following salient points can be noted:

+ None of the lests evaluated is specified as a standard for evaluating erodibility in particular
indicating that resistance (o erosion is traditionally a secondary consideration. Currently,
stabilised layers are specified according 1o Unconfined Compressive Strength (UCS) with
durability tests performed only on specimens with borderline UCS results. Research has
shown that erosion resistance can be improved by specifying higher compaction densities

and UCS results thus negating the need for erodibility testing.

In South Africa however, where relatively low stabiliser contents are used, some cases have

oceurred where materials with adequate strength (UCS) failed erodibility requirements',

« The shear and brush tests focus on different aspects of erodibility namely the effect of
hydraulic shear stresses and the effect of aggregate abrasion. The Erosion Test (ET)
simulates both of these phenomenon and is thus likely, with refinement, to provide a more

realistic simulation of erodibility.
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Figure 3: The Erosion Test- device
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+ The critical shear stress (Te) of the material has heen correlated to wey/dry brush test results.
Erosion Test results have shown no good correlation o the manual Wet/Dry brush test'.

Because the test data was limited. more research would he required 1o confirm this result,

» The ET does not simulate weathering and carbonation effects at present hecause the

specimen is not wet/dry cycled. Consideration can be given to 4 combination of carbonation

and the Erosion Test to determine physical and chemical durability, and associated efiects -

ol carbonation on the erodibility of stabilised materials. This can be done hy designing the

experiment as such to incorporate aspects such as carbonation and wet/dry cycles.
The Erosion Test machine simulates traffic loading. With modifications it should be possible
1o use the machine for other road research, A number of possibilities have been identified, such
as;
+ Testing asphalt mix designs for runting and stripping'2. By heating the water in the machine,
specimens can be tested at different temperatures. Ultra-violet lamps fitted to the machine

could simulate envirommental effects for fatigue testing, ageing, etc.

+ Evaluating the effects of different Elastic Moduli ratios between pavement layers e.g. weak

on stiff or stiff on weak, ete,

+ Evaluating the effects of compacton-aid products and bitumen emulsion treated muterials.

» Evaluating fatigue cracking of treated layers.
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INVESTIGATION INTO THE PRECISION OF THE ERQSION TEST

INTRODUCTION

Tests performed on presumably "identical materials” in presumably identical circumstances do

not, in general, yield identical results. This is auributed 1o the unavoidable random errors

inherent in cvery test procedure; the factors that may influence the outcome of a test cannot
all be completely controlled. In the practical interpretation of test data, this variability has o

be taken into account,

Many different factors (apart from error due to a lack of homogeneity of samples) may
contribute to the variability of a test array. The variability will be larger when the tests to he
compared have been performed by different operators and/or with different equipment than
when they have been carried out by a single operator using the same instruments. Repeatability

and reproducibility are used as extreme measures of variability.

To determine the precision limits of the Erosion Test method it was necessary to carry out a
inter-lahoratory repeatability/reproducibility study. This was done to the recommendation of
International standard 1SO 5725-1981 (E) - "Precision of test methods - Determination of

repeatahility and reproducibility by inter-laboratory tests'*"

. However, owing to logistics and
the limited number of participating laboratories the standard method could not be followed

exactly. Deviation from the standard method is highlighted and explained where necessary.
OBJECTIVE

The principal objective of the investigation was 1o determine the repeatability (r) and repro-
ducihility (R) of results from the Erosion Test performed using the Erosion Test machine (see
Figure 3). A secondary objective was to receive constructive and objective criticism on the lest
method from the users so that the method could be improved if necessary and any problems

with the apparatus resolved.
DEFINITIONS (1SO 5725-1981 (E)'%)

The repeatability (r) is the value below which the absolute difference between two single test

results obtained with the same equipment on identical test material, under the same conditions
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{same operator. same apparatus. same laboratory, and a short interval of time). may he expecled

to lie with a probability of 95 per cent:

P(|d|<r)=0.95

where |d| = absolute difference in one laboratory

The reproducibility (R) is the value below which the absolute difference between two single
test results obtained with the same method on identical test material, under different conditions
(different operator, different apparatus, different laboratories and/or different time), may be

expected to lie with a probability of 95 per cent.

P(|d|<R)=0.95

where |d| = absolute difference between laboratories

The terms repeatability and reproducibility refer to the precision or closeness-of-agreement of

test results under different circumstances of replication.
DESIGN OF THE REPEATABILITY AND REPRODUCIBILITY STUDY

Five samples with a hand-brushed loss (test method A19 TMHI”) ranging from 3 o 100 per
cent and Erosion Indices (L) from 0 to approximately 19 mm were selected for testing and
these were sub-divided into sub-levels of 2, 4 and 6 per cent cement contents. Details of the

materials used are shown in Table 2 with the grading curves in Figure 4.

All samples were prepared to TMH1"! requirements by the CSIR (i.e. oversize crushed to pass
19mm), riffled to obtain 6 representative bulk samples and one of each was selected at random
for distribution to the six participating laboratories. Also supplied to each laboratory was an
adequate quantity of cement for the testing, obtained representatively from one pocket, thus

ensuring uniformity and eliminating a possible source of bias.
The six participating laboratories were as follows:

+ CSIR Division of Roads and Transport Technology (CSIR)
» Transvaal Provincial Administration (TPA)
« Natal Provincial Administration (Tested by Soils Design Laboratories in Pinetown for NPA)

« Department of Transport, Pretoria (DoT)
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+ Orange Free State Roads Deparunent (OFS)

« Cape Provincial Administration (CPA)

It is recommended by 1SO 5725-1981 ¥ that not less than 8 laboratories he used. However. it
was not possible in this case as the cost of manufacturing the erosion machines is moderately
high. The lahoratories used are of the few highway lahoratories in South Africa with good
experience of lesting stabilised materials which they do on a semi-routine basis for either

quality control or research purposes.

Each laboratory was asked to perform the test on three replicates at each of three cement
contents at the OMC and MDD supplied according 1o DRTT Erosion Test method'. Thus, for
five material types, each laboratory was requested to compact three specimens at cement

contents of two, four and six per cent. This gave rise to 15 different mean results.

As relatively few laboratories were used in the investigation, it would have been ideal t0 have
increased the number of replicates to five at each cement content. This would. however, have
significantly increased the material quantities being handled. the amount of testing and thus the

COSL

The Erosion Test device erodes three samples simultaneously. It would have been useful to
determine the repeatability / reproducibility for the Erosion Inaex (L) which is the ﬂ\'CI‘I_-!gE of
the three samples but this would have trebled the work. It was thus decided to limit the
laboratories used to six (6), materials to five (5) at three cement contents for the

repeatability/reproducibility evaluation.

Comparison of the performance of the erosion machines

It was thought advisable to compare the performance of the erosion machines before starting
the reproducibility study. It was supposed that should mechanical or electrical differences exist
between them this would in turn have an effect on their performance vis-a-vis each other.
Should such a discrepancy have existed it was thought advisable to quantify this at the outset
so that correction factors could be applied 1o test results (if necessary). Two samples were
tested at CSIR by all the machines that were 1o be used in the reproducibility study for the
purposes of comparing the performance of the machines. One of the samples used was highly

erodible whilst the other had a low erosion index (at the cement conterits used).

=
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ANALYSIS OF RESULTS

Comparison of machines

The results of the testing carried out for the purposes of comparing the performance of the
various machines are given in Table 3. It can be seen {rom the test results that machine E gives
values somewhat lower than the others. This trend. however. was not evident in the results of
the reproducibility study and it was thus decided not to apply any correction factors (o the tes
results produced by this machine. It was also evidem from the results that the standard
deviations were high. In some cases the standard deviation more than half the mean erosion
(sample 12664, repetitions 1 and 2 ). This suggested that the repeatability/reproducibility of the
test was relatively poor and thus the results of machine E could not staustically be considered

outliers (see Table 10 where reproducibility and repeatability results are given).
Preliminary investigation of raw data from precision study

Table 4 contains all the test results from the six laboratories participating in the study. The cell
means are given in Table 5 and the cell standard deviations in Table 6. A cell is defined as the
results obtained by one lahoratory for one sample at one cement content (i.e. sample 11390

tested at 2 % cement by laboratory 1 is considered to be a cell).

The Erosion Index could not he determined in some cases as the wheel on the erosion machine
reached the end of its vertical travel before 5 000 repetitions had been completed (sample
11390, 2 and 4 % cement for most laboratories; sample 12664 2 % etc). This meant that these
materials were highly erodible at the stabiliser contents used and would in all probability not
be used for stabilised bases or subbases. These results were not used in the repeatability /

reproducibility study. They are shown in Table 4 merely for information purposes.
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Figure 4: Grading analysis of materials used in the repeatability/reproducibility study
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Statistical analvsis of the results for the precision study

Determination of reproducibility involves three phases. namely

* a criical examination of the data in order o identify and treat outliers or other trregularities
* computation of preliminary values of r and R for each level separately

» establishment of final values r and R including the establishment of a relation between r. R

and the mean if the analysis indicates that they are dependant on the mean.

Dixon's' and Cochran's' tests were applied to identify any statistically significant results in
the raw data. Dixon’s test is used to identify whether the highest or lowest values in a range
are statistical acceptable (i.e within a 95 % confidence interval). Cochran’s test is applied 10
variances in a group to determine if their spread is statistically acceptable. For both tests,
results between a 1% and 5% significance level are called "stragglers” and those below a 1 %
significance level are called "outliers" (see addendum to Table 7 and 8). A variance outside the

95 % confidence interval could indicate abnormal test results which have to be investigated.

Dixon's test was done to all samples at all cement contents in Table 5 (cell averages) 1o
ascertain the acceptability of any seemingly low or high results from the laboratory tests. The

outcome of ts analysis and the probability levels are shown in Table 7.

From Dixon’s test two stragglers and one outlier were discoveréd. The first straggler (Material
1615, 6 % OPC, Lab 1) is way above the average for its group. For this sample, the erosion
at 6 % OPC is greater than the erosion at 4 % OPC. It was thus decided to reject this result.
The second straggler (material 12664, 4 % OPC, Lab 6) and the outlier (material 12664,
6 % OPC, Lab 6) were rejected as they were way above the other results. No explanation was

given for the high results from the laboratory involved.

Cochran’s test was also applied to all the cell (all samples and cement contents) standard
deviations (Table 6). The outcome is shown in Table 8. Material 11615, 6 % OPC, Lab 1 was
detected as an outlier. This result had already been discarded after application of Dixon's test,
Material 12664, 6 % OPC. Lab 3 was identified as an outlier. It was accepted because the

range of values in the group were all relatively low.

T IR L et e e R R Ry B e s
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Table 7: Dixon’s test as applied to Table 5

Sample no % Cement Number of Dixon’s test Prohability level. P
results statistic, Q,, (%)
2 2 Insufficient data
11390 4 3 0,936 P>3
6 5 0,248 P>5
2 5 0,496 P>5
11615 4 5 0,490 P>5
6 5 0,755 l1<P<5
2 6 0,381 P>5
11616 4 5 0,675 P>5
G 6 0418 P>35
2 5 0,461 P>5
11617 4 5 0.130 P>3
6 5 0,298 ' P>5
2 3 0,922 P>5
12664 4 5 0,772 l<P<5
6 6 0.888 P<l
Where Q,, is the greater of:
Z22) - Z1)
ZH) - Z1)
4H) - 4H-1)
ZH) - A1)
Where Z(H) = A set of data, arranged in ascending order of magnitude, h = 1, 2, 3....H. In this case,

"H is the number of average test results for a material at a particular cement content.

i 18 b e 0 Y 90 M = S A 0 AT S oY L B ST et AN LT S ST Pt U TY £ 1 L S
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Table 8: Cochran’s test for maximum variance as applied to Table 6.

Sample no % Cement Number of Cochran’s Probability level, P

results criterion, C (%)

2 2 insufficient data
11390 4 3 (0.769 P>3
6 5 (1.335 P>5
2 3 0,579 P>35
11615 4 5 0,569 P>5
6 5 0.804 P<l
2 6 0.581 P>5
11616 4 5 0.506 P>5
6 6 0.466 P>5
2 5 (.4533 P>35
11617 4 ' 5 0.581 : P>5
6 5 0.467 P>5
2 3 0,413 p>5
12664 4 5 0.543 P>3
6 f (1.925 P e ]

Where:
C- S max

> sz

s? max = the maximum standard deviation in a set

§; = the standard deviation of a cell
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Addendum to Tables 7 and §

From IS0 5725-1981 (E)'* the following limits should be applied to the pmbubilitv P in
Tables 6 and 7:-

P > 3 %, that is. the test statistic is less than its 5 % critical value: the item tested is accepted
as correct: the test is said 1o be statistically significant.

5% >P2>1%, that is, the test statistic lies belween its 5 % and 1 % critical values: the ilem
tested is called a straggler and is marked with a single asterisk; the test is said to be
slatistically significant.

P < 1 %, that is. the test stalistic is greater than its 1 % critical value: the item is called an

outlier and is marked with a double asterisk; the test is said to be highly significant.

Critical values for Dixon’s test.

Number of data in data set Significance level
(H)
5% 1 &
3 0470 0,994
4 0.829 0,926
3 0.710 0.821
6 0,628 0.740

Critical values for Cochran’s test where the number of replicates is 3 (n = 3).

Number of laboratories(p) Significance level
1 % 5%
3 0.871 (0,942
4 0,768 0,864
5 {1,684 0.788

6 (.616 0,722
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After rejection of the outliers and stragglers. the means (m}). reproducibility (R) and
repeatability (r) were computed (shown in Table 9) for the remaining results using the

following eguations.

S, is the sum of the cell averages.
S, =Yy, i=12,.no of laboratories
S, is the sum of the squared cell averages.
S, =Y. y5 i=1,2,...no of laboratories
Sj is the sum of the squared cell standard deviations (s).
2 ’ -
S, =Y s~ i=1,2,.,no of laboratories

s,” is the known as the repeatability variance. It is the standard error associated with the test

and is independent of operator or machine.

Sf:i
p

where p = no of laboratories

SLZ is known as the between-laboratory variance and includes the between-operator and

between-equipment variability.

2 PS-S S

§ == - L

pip-1) n

m is the mean result for a set of test data after rejection of stragglers and outliers.

3
H]
o |®n
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Repeatability (r) and Reproducibility (R) are calculated using the following formulas.

r = f2xs,

R = f{2x/s? + s°

The coefficient V2 is derived from the fact that r and R refer to the difference between two
single test results, and f is a factor whose value depends both on the number of test results
available and on the error distributions assumed. If normal distribution is assumed, the number
of test results is not too small, and if the probability level is 95 %, the factor f is taken as

1.96, Ref 15.
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Table 9 (continued): Computed m, r and R after rejection of outliers and stragglers

Sample no 12664

Cement content % 2 4 6

No of laboratories (p) 3 4 5

S, 438 13.1 3.6
5, 685.6 49.6 29
S, 9,7 3.5 3.0
5.2 3,2 0.9 0,6
52 220 2,0 0,0
Mean (m) in mm 14,6 i3 0.7
Repeatability (1) in mm 5.0 2.6 2.2
Reproducibility (R} in mm 13.9 4.7 2.2




4-21

4531 Dependence of repeatability (r) and reproducibility (R} on the mean

From Table 9. r and R were plotted against mean (m) (Figures 5a and 5b) (o determine
whether the variables were dependant on the mean depth of erosion (m). Both graphs show
a similar rend. There is a relatively sharp increase for low values and a flat increase for higher
values. Owing to the limited data available, it was decided to approximate the reproducibility

and repeatability results with linear functions.
Repeatability (r) vs Mean (m)

Repeatability is plotted against mean erosion result in Figure 5a. Repeatability increases with

increased depth of erosion. The repeatability value increases rapidly initially and then lapers

off.
Repeatability (r) vs Mean Erosion (m)

B g
E
E s et T T P T PO PP PP S
g
8
E A fomsasnans T
:
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°g 2 . ‘ . I T PR

Mean Eroslon (mm)

Figure 5a: Graph of repeatability vs mean for the Erosion Test
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Reproducibility (R) vs Mean (m) {

Figure 5h indicates a similar trend to the graph of repeatability vs mean (Figure 5a). Although

the shape is similar. the reproducibility results have a higher range of values. A

Reproduclbility (R) vs Mean Erosion (m)

25
'_.20 — } E
E
E |
28
;'.3 [ O
-g 10 }=- a
<)
E' i )
-]
=

T | EO—— o o

0 | 1 | ) | 1 1

0 2 4 8 8 10 12 14 16
Mean Eroslon (mm)

Figure 5b: Graph of reproducibility vs mean for the Erosion Test

From the linear approximations, the repeatability and reproducibility ranges are summarised
in Table 10. The results have been quoted as ranges over the proposed erosion criteria ranges.

Intermediate results can be found by interpolation.

TABLE 10: Estimates for R and r for different Erosion Test results

Erosion depth (mm) r (mm) R (mm) ,
From 0 to 2 0-4 0-5
From 2 10 16 4-5 5-15 5,

T = repeatability

R = reproducibility
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The difference hetween two single results found on identical test material by one analyst using
the same apparatus within a short ime-interval will exceed the repeatability, given in Table
10). on average nol more tan vnce in 20 cases with the normal and correct operation of the

method.

The difference between two single and independent results found by two operators working
in different laboratories on identical test material will exceed the reproducibility. given in

Table 10, not more than once in 20 cases with the normal and correct operation of the method.

DISCUSSION OF REPEATABILITY AND REPRODUCIBILITY RESULTS

Based on the limited results given here, the repeatability and reproducibility of the test method
may appear poor as both the reproducibility and repeatability results exceed the mean erosion

measured. It is however important to bear the following in mind when viewing the results.

The repeatability and reproducibility results gquoted here apply to a single test specimen out
of the haich of three which actually defines the Erosion Index (L} and thus appear more strict.

In reality the decision to accept or reject a material will be based on at least three results

which allows determination of variance. Financially, it was not possible lo increase the study
to determine the repeatability / reproducibility results as this would have trebled the work. The
results given here should be viewed as a starting point in determining the precision of the test

and not final.

The Erosion Test is a new testing procedure with which the laboratories are not familiar. Most
of the [aboratories were involved with the Erosion Test for the first time when taking part in
this exercise. It is plausible 10 assume that the repeatability and reproducibility figures will
improve as experience is gained with the Erosion Test by laboratory staff. These include

aspects such as sample preparation, compaction, test orientation and testing.

Owing 1o financial constraints the study was limited to six laboratories. The number of results
was then reduced after removing outliers, stragglers and other unsuitable results. The study is

thus based on few results.

Reproducibility variance is numerically greater than repeatability variance indicating that there
is a greater variance in test results between laboratories than with the same laboratory. If it is

assumed that the machines and materials are similar then this difference must be attributed to
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the execution of the test method. Al present. the test method has been specified in detail’ so
it is unlikely that further refinement will improve the results. It is perhaps necessary 10 monitor
execution of the test procedure o determine il the specified method is being executed as

intended.

Yet another reason could be that the MOD AASHTO method of layer by layer compaction
employed does not produce specimens that are homogeneous and it may be necessary 10
consider alternative methods of compaction such as the vibration table method. Indications at
this time are that this method produces specimens that are more homogeneous, although this
has as yet not been formally quantified. Research done by De Beer' indicated that increased

compaction decreased the erosion potential.
DISCUSSION OF USER-SUGGESTED MODIFICATIONS TO THE EROSION TEST

Part of the reproducibility / repeatability study was aimed at improving the test procedure and

the test device. A few improvements are suggested below.

- The Erosion Test device al present requires 5000 cycles which take approximately 85
minutes. Users suggested that the counter he linked to an automatic switch lo trn the
machine off when the required cycles are complete or a_when a sample is completely
eroded. This is technically possible but further investigation is required before this can be

implemented.

« It is suggested that carrying handles be mounted on the compaction moulds for ease and

safety when handling specimens.

- To increase the efficiency of the sample preparation / testing cycle it has been suggested

that the machine he supplied with 9 compaction moulds.

» Some laboratories sﬁggested that the erosion be done in the compaction mould to save time
on mounting. A number of problems arise with this approach. Because the sample is
contained the curing process would not be as efficient as the current method. It was found
for Wet/Dry durability tests that the compaction process forms a thin, hard cemented layer
on the specimen surface where it is in contact with the mould. This cemented layer might
affeél the test result. The top surface would not be suitable as it is usually uneven and

weaker than the rest of the specimen.

TR
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COMPARATIVE STUDY OF THE EROSION TEST AND OTHER DURABILITY
TESTS

INTRODUCTION

[nvestigitions into stabilised base course futlures have shown that many failures result from a
cementtion loss between the particles of the uppenmost part of the laver. The dumbility of a
stabilised Liyer is thus a major fuctor in the fulure mechanism of stibilised hase and subbase
materials and is considered by many to govern the functionul life of o pavement. In addition
De Beer (1935)“’. Sampson (1988)9. Nem:rb::rg.;lH and others regard durability reguirements to be
of greater consequence than strength requirements, especially for fine grained weakly cemented
materials. Several test methods are currently used to determine the durability characteristics of
stabilised materials. The only test method, however. that is presently contained in specifications is

the wet/dry hand brush test.

This section is primarily concerned with establishing whether any relationship exists between the
Erosion Test method and the other test methods currently used 1o eviduate stabilised material
durability. These tests are the mechanical wet/dry brush test, the hand wet/dry brush test. the
standard unconfined compressive strength test (UCS), the eyveled UCS test and the residual UCS

test. The interrelationships hetween these test methods are also examined here.

The research discussed in this section is outside the project brief but wis added to this study owing
to its relevancy to the overall project. More research is, however, needed especially on the aspect
of lime weated materials, The results in this section may serve to stimulate further research in this

regard.

DESIGN OF CORRELATION STUDY

Five sumples having Erosion Index values (L) ranging from 0.02 mm to 13.4 mm were selected
for testing and these were stabilised with either 2, 4 or 6 % cement or lime depending on the
material’s plasticity characteristics. Details of the materials are shown in Table 11 and the grading
curves in Figure 6. All samples were prepared 0 TMH 1*! requirements and riffled to obtain

sufticient representative material for the various tests.

For the purpose of this section a short description of all the test methods used in this study is given

below. )
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Test methods

The wet-dry durability test for stabilised maenals (hand brush)

This methad is used to detenmine the soil-cement/lime losses obtained by repeated wetting. drying

and hand brushing hardened soil-cemenylime specimens.

Specimens are prepared according to the appendix of TMH 1 method A19'1, These are then cured
for a period of 7 days at a relative humidity of 95 to 100 per cent. After curing the specimens are
removed from the curing room and submerged in water al room temperature for a period of 5
hours. They are then placed in an oven at 71 °C for 42 hours. Thereafter the specimens are
removed from the oven and given two firm strokes (a force of approx. 13,5 N is specified) on all

surfaces with a wire scratch brush. The brush used is specified in the test method.

The procedure described above constitutes one cycle (48 hours) of the wel-dry durability test. The
specimens are again submerged-in water and the procedure repeated for 12 cycles. After 12 cycles

the specimens are dried 1o constant mass at 110 "C and the mass loss after 12 cycles is determined,
The wet-dry durahility test for stabilised materials (mechanical brush)

This method is essentially similar o the hand-brush method hoth in the preparation of specimens
and the cycling of these specimens. The main difference is that the specimens are brushed by a
machine especially designed for this purpose (Sampson 1988)”. the specimens placed in the
machine are rotated at 60 revolution per minute whilst being brushed by a wire scratch brush loaded
with 2.25 kg. Another important difference is that Proctor compaction is used in the hand-brush

method whereas Mod AASHO compaction is normally used for the mechanical-brush method.

The determination of the unconfined compressive strength (UCS) of stabilised soils

gravels and sands - standard method

This method determines the unconfined compressive strength of stabilised material by subjecting

prepared specimens W an increasing load until specimen failure.

The unconfined compressive strength (UCS) of a stabilised materiad is defined as the load in
kilopascals required to crush a cylindﬁéal specimen 127,0 mim high and 1524 mm in diameter to

total failure at a rate of application of load of 140 kPa/s.



n
1
5

Mod AASHO specimens are prepared in accordance with the procedure described in the appendix
to TMH 1 Method AT4''. The specimens are then cured for seven days at a relative humidity of
Y3 10 [N per cent. Alter the cunng period they are removed from the curing chamber and
submerged in water W room temperature for four hours. After removal from the water the

specimens are crushed to total failure in o compression testing machine.
The cycled uncontined compressive suwength test (Cycled UCS)

This method is similar w the standard UCS test hoth in the preparation and crushing of specimens.
The only difference is that the specimens wre put through twelve wet-dry cycles as in the wet-dry

durability brush test and after soaking for in water for four hours are crushed to total tailure,

This method was developed for the purpose of determining whether "weathering” the material as
in the wet-dry brushing test would have an effect on the unconfined compressive strength of

stabilised material.
The residudd unconfined compressive strength test (RUCS)

Again this method is similar w the standird UCS test. the only difference being that the specimens

are saturated with carbon dioxide (CO,) (24 hour saturation) before being soaked and crushed.

The carbonation of stabilised road layers has long been thought 10 be a problem (Netterberg)!®. Tt
is assumed that the stabilised material carbonates when coming into contact with CO, and this
results in a partial or even complete loss of cementation of the treated layer with a large decrease
in strength. To have some indication of the strength loss on carbonation the Residual Unconfined

Compressive Strength Test was developed (adapted from De Wet and Taute (1985))%.
The Erosion Test

The Erosion Test was developed o determine the Erosion Index (L) of cementitious materials using
the Erosion Test device in which water-saturated bemms of stabilised materials are tested under

repeated loading and abrasion' 2.

Matterial for this test is prepared according to TMHI method A1'L. Beams of stabilised materia are
made by compaction into specially designed compaction moulds using the Mod AASHO
compaction hammer and static compaction in a press. The compaction etfort usually rnges from

92 10 100 per cent Mod AASHO compaction . For this study 100 per cent Mod AASHO



compaction was used for all samples,

The specimens are then placed in curing chambers specifically designed for this purpose and placed
inan oven at 70 - 75 "C and allowed w cure for a period ol seven days. Afier this the specimens
are removed from the curing chambers. cut and mounted so that they may fit into the erosion

testing machmne.

The specimens are then placed in the Erosion Test machine tor testing (see Figure 3). The testing
machine conststs of a loaded wheel running on a linear wheel track along the topside of the erosion
specimen which is installed in a sealed container and is encased in gypsum in a smaller steel
container. The large container is sealed at the top with a flexible neoprene membrane. Three triction
pads are secured undermneath the membrane and are in direct contact with the specimen. A loaded

wheel runs on top of the membrane directly above the specimen:

The Erosion Index (L) is the depth of material eroded from the specimen and is determined by
measuring the surface depth of the specimen both before and after erosion (5000 load repetitions)

from @ given datum point.

Other tests

Standard tests such as the Optimum Moisture Content (OMC) and Maxiimum Dry Density (MDD)
{for both Proctor and Mod AASHO efforts), gradings. Initizd consumption of lime (ICL) and
Atterberg limits were wso done on the material used in this section, All the test results are shown

in Table 12.
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DISCUSSION OF RESULTS OF THE CORRELATION STUDY
The coelticients ol determination obtained should be considered of a tentative nature as they
were ohbtained [rom a limited number of specimens. It was. however, not possible o carry out

more tests becuuse of Hnancial und time constraints.

Cement stabilised materials

Material samples 11615 ¢, 11616 ¢ and 11617 ¢ were stabilised with various cement contents.
The results of the regression analysis between the various tests are given in Tables 13a and

13b and Table 17.
Correlation of brush tests with the Erosion Test

Both the hand brush and machine brush wet/dry tests gave a goud correlation with the Erosion
Test. The correlation curves are given in the Appendices Al.l 1o AL3 and the correlation

vilues are given in Table 13a.

The coefficients of determination (R?) for the hand brusly Erosion Test was (1,93, The formula

that depicts the relationship between these two test is;

y (hand brush value) = 55 + 17In(x)

where "x" is the Erosion Index, L.

This means that a cemented material having an Erosion Index of say 4 mm would have the

approximate hand brush value of 79 % loss (78,6 = 55 + 17mn(4)).

The R? value for mechanical brusl/Erosion Test was 091 and the formula giving the

relationship between the two tests was;

y = 14,7x°%

This means that an Erosion Index of 1 mm would have an approximate mechanical brush loss

value of 15 %.

g ATY T TT AT SR
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Table 13a: Erodibility vs durability regression results for cement

ically brushed loss (x)

Graph title Reference figure Equation R-
Mechanically brushed loss (y) | Al.l y = 14.7 x"- 0.91
vs Erosion Index (x)
Hand brushed loss (y) vs Ero- | AL.2 y =35+ 17 In(x) (1.u3
sion Index (x)
Hand brushed loss (y) vs Al3 v=13x+13 (.94
mechanically brushed loss (x)

Table 13b: UCS vs erodibility / durability regression results for cement
Graph title Reference figure Equation R
Standard UCS (y) vs Erosion | A2.1 y = 1438 x*F (.45
Index (x)
Residual UCS (y) vs Erosion A22 y =981 x 4132 (.75
Index (x)
Cycled UCS (y) vs Erosion A23 y = 2508 x"03 0.76
Index (x)
Erosion UCS (y) vs Erosion A24 y = 2567 xF (.82
Index (x)
Standard UCS (y) vs hHand AlS y = 4427 - 785 (x) 0.72
brushed loss (x)
Residual UCS (y) vs hand A2 y = 11456 x6 (.83
brushed loss (x)
Cycled UCS (y) vs hand A7 y = 10653 - 2067 0.79
brushed loss (x) m(x)
Standard UCS (y) vs A2.8 y = 2637 x4 0.37
mechanically brushed loss (x)
Residual UCS (y) vs A29 y = 3481 x04¢ (.66
mechanically brushed loss (x)
Cycled UCS (y) vs mechan- | A2.10 y = 7275 x*¥® .61
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Present limits for durability are confined 0 those of Method A19" (hand brushing method)
and are given in TRH 14 (NITRR, 19851, They are hased on criteria developed in the USA.
These limits state that tie percentage loss of material should not exceed between 7 and 14 4%,
depending on the AASHTO material classification (AASHTO. 1961). after 12 wetting and

drying vycles as follows:

< 14 per cent for soil groups A-1. A-2-4. A-2-5 and A-3:
< 10 per cent for suil groups A-2-0. A-2-7. A-4 and A-5:

< 7 per cent for soil groups A-6 and A-7.

Tentative limits for the mechanical wet/dry brushing durability test hased on correlation studies
hetween the mechanical and hand brush methods are given in Sampson and Paige-Green \

(1990)* as follows:
Stabilised material under concrete pavement - < 5%
Stabilised base - < 8%

Stabilised subbase - < 13%

Table 14 helow gives the propused erodibility criteria and the equivalent predicted hand brush

and machine brush values calculated using the obtained relationships

TABLE 14: Predicted hand and machine brush values for proposed erodibility criteria

Layer Traffic class™ Proposed Erosion Predicted hand Predicted mech-
Index L (mm) brush loss (%) anical )
(y=55+17In{x}) brush loss (%)
xz0 (y=14,7x0%?)
C3 (Base) E0 - E2 <2 <67 <23 .
)
C3 (Base) E3-E4 <1 <55 <15
C4 (Subbase) E0 - E2 <5 <82 <40
C4 (Subbase) E3 - E4 <3 <74 <29 )

* Based on TRH4 (1985)3

ascmew
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It can he seen from Table 14 that materials considered satisfactory when applying the Erosion
Test criteria are likely 1o be totally unacceptable when applying the current hand brush
durability test criteria. For example. a stahilised material. used us a hase course, with an
Erosion Index value (L) of (L2 mm would presumably have a 12 cycle hand brush loss of 27

per cent. This is not acceptable in terins of the current hand brush loss criteria given ahove,

It is important w note, however. that the limits for the hand brush test are considered very
strict by several South African road authorities as they tend to reject material which is known
to have performed well*?, For this reason, the test and the limits tend not 1 be applied hy road
authorities. Nevertheless, it should be noted that no stabilised material known to have passed
these strict wet/dry brushing criteria has given durability problems or failures (Sampson and
Paige-Green, 1990)**. It should also he remembered that the hand brush durability test is
carried out at a significantly .Inwer density (i.e. Proctor compaction = approx. 95 % Mod

AASHTO) than was the Erosion Test (100 % Mod AASHTO).

A comparison of the mechanical brush test limits and the Erosion Test criteria also indicates
that stabilised materials that satisfy the Erosion Test criteria are unlikely to be acceptable
where the brush test is concemed. An Erosion Index value (L) of for instance 5 mm will have
an equivalent mechanised brush mass loss of 40 % (see Table 14) which is totally

unacceptable in terms of the mechanical brush test limits (see page 44).

Erosion Index values of (L) 0.8 mum and below are considered acceptahle in terms of the brush
test criteria at least for subbase material whereas for the hand brush test only values helow

L =01 are acceptable, A larger number of stabilised materials will thus satisty the criteria of
both the mechanical brush test and the Erosion Test than is the case with the hand brush test
and the Erosion Test. This further strengthens the argument that the hand brush test limits are

extremely severe and that this test method should be replaced by the mechanical brush test.

Both the specification limits for the Erosion Test and the mechanised brush test are of a
lentative nature as they are derived from very limited performance related testing. There is thus
much scope for improvement of the acceptance criteria of both tests. It is thus feasible to

assume that these criteria will change as more performance related testing is done.
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Correlation of uncontined compressive strength (UCS) testing with the Erosion Test
The correlation values for the various UCS tests and the Erosion Test are given in Table 13b.

The correlatiun value ohtained hetween the Erosion Test and the standard UCS test was poor
(R = 0.45). I mauy he stated that no real correlation was expected hetween the [wo lest
methods. as the two tests measure different characieristics of the stabilised material. This is
also seen with the correlation between the standard UCS and the mechanical brush test

(R% = 0,37).

The correlation value (R?) for the Residual UCS (RUCS)/Erosion Test was fairly good
(R? = 0,75).

The formula that depicts the relationship between these 1wo tests is:

WRUCS value) = 981x %%

where "x" is the Erosion Index. L

This signifies that a cemented material having an Erosion Index of say 3 mm (L = 3) would

have an approximate RUCS value of 690 kPa (690 = 98 1%,

The R? value for cycled UCS/Erosion Test was (1,76 and the formula giving the relationship

between the two test methods was:

WUCSvalue) = 2508x 028

Current practice in South Africa for UCS testing determines that the minimum design UCS
strength after 7 days of curing is satisfied. The recommended minimum and maximum limits

for the UCS of cemented materials given in TRH 14 (NITRR, 1985) are as follows (Table 15):

e m e i e ——— b ——— T A B A 18y LT ST I YL LT
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Table 15: Recommended UCK strength for stabilised materials

Material UCS (MPua)
Classification
100 % Mod AASHTO 97 % Mod AASHTO
max min max min
Cl 12 8 4
C2 6 4 2
C3 3 1.5 2 1
C4 1.5 {(L75 1 0.5

Table 16 below gives the propoused erudibility criteria from this study and the equivalent

predicted RUCS and Cycled UCS values calculated using the obtained relationships. The

standard UCS is not included as the correlation between this test and the Erosion Test was

very poor. It can be stated that for all practical purposes no comrelation exists as far as this

study is concernad.

Table 16: Predicted RUCS and cycled UCS values for proposed erodibility criteria

Layer Traffic class” | Proposed Erosion Predicted RUCS Predicted
Index. L (mm) (y=981x"2)™ Cycled UCS
(kPa) (y=2508x"2%)""

(kPa)

C3 (Base) E0 - E2 <2 < 786 < 2065
C3 (Base) E3-E4 <1 < U8l < 2508
C4 (Subbase) E() - E2 £5 < 586 < 1598
C4 (Subbase) E3-E4 <3 < 090 < 1844

" Based on TRH4 (1985)°

™y = predicted UCS values; x = Erosion Index vilues .

- e e T WE Y e
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It is evident when comparing Tables 13 and 16 that C4 and C3 materials conforming to the
Erodibility criteria will. in all likelihood. not sausty the RUCS surength requirements. For instance.
an Erosion Index vidue of L = 5 mm for a C4 subbase maerial for the watfic class EO - E2 will
in wll probubility give & RUCS value of ahout 380 kPa whereas the UCS strength requirement is

i minimum of 730 KPa (for Mod AASHTO compaction).

The Cycled UCS values may. on the other hand. exceed the maximum UCS requirements (Mod
AASHTO) given in Table 15, For example. the muximum predicted Cycled UCS value for a C4
subbase (E3 - E4 traffic) is 1844 kPa whereas the maximum recomimended UCS value tor this
materizad is 1500 kPa (see Table 15).

It must be remembered. however, that these values are based on fairly poor correlatons. These

observations can thus merely serve as guidelines at this stage.

Correlation of unconfined compressive strength (UCS) testing with the mechanical and

hand brush tests

The results of the correlations are given in Table 13b und the comelation curves are given in

Appendix A2.5 - A2.10).

The hind brush wet-dry test comelated fairly well with the various UCS tests. The best carrelation
was obtained for the Residual UCS (R* = 0.83) and the worst for the Standard UCS (R* = 0.72).
The correlation value for the Cycled UCS/hand brush was R* = (1.79. These compare well with the

correlations given by Sampson and Paige-Green (1990)** for the same test methods.

The Residual UCS (UCS method giving the lowest kPa values) versus hand brush (Figure A2.6 in
Appendix) shows that materials satisfying the minimum UCS requirement for C3 material (1 MPa
il Y7 % Mod AASHTO) could have a wet/dry loss of approximately 40 per cent, which is towlly
unacceptable in terms of the current hand brush durability limits. Materials satisfying the minimum
requirements of a C4 material are likely to give 100 per cent loss with 12 wetting and drying cycles
which is also not acceptable. This again indicates that the specification limits for the hand brush

test are far oo severe.

It may alternately be stated that if the amount of stabiliser added is only sufficient to satisfy the C3
and C4 UCS requirements and not durability requirements, problems may be experienced with
weikening and disintegration of surface layers. This may be part of the reason for many of the

stabilised road layer failures thal have recently been experienced™,
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Currently the hand brush test specitications appeir 1o he wo strict. Too much emphasis is also
placed on satistying surengih criena (Std UCS) and not enough consideration is given to material

durability aspects for Hexible pavements.

The correlation values for the various UCS test results and the mechanicid brush wet/dry results
were not s good as the correlation vidues obtiined between the UCS tests and the hand brush
wet/dry method. The reason for this is not clear. The wet/dry hand and machine brush tests are
essentially the sume, the differences being ihit in the hand brush test the specimens are brushed by
hand whereas in the mechanical brush test the specimens are mechanically brushed: and in the hand
brush test Procior moulds and compaction are used whereas Mod AASHTO moulds and compaction
effort are used in the mechanical brush test. These comelaton values are contained in Table 13b

and the correlation curves are given in the Appendix. Figures A2.8 - A2.10.

It is important to note that in many cases more stabiliser is required to satisty material durability
criteria than would be required if only strength criteria were considered. The additional initial cost
may seem excessive cost but it could in the long run result in inancial savings as future road
fuilures are averted, There shoild be. however. a balance between the wmnount of stabiliser and
shrinkage properties of the material in order to avoid excessive shrinkage and reflective cracking

and durability and strength requirements,
Correlation of wet/dry brush test with the wet/dry mechanical brush test

The correlation vidue between the wet/dry hand brush test and the mechanical wey/dry test was
relatively good as can be expected as these are essentially the same test (see Table 13a and Figure

Al.3 in the Appendix).
Comparison of UCS results

In addition to the comparison between the different durability tests it was also possible 1o compare
the Stindard UCS. Erosion UCS, Cycled UCS and Residual UCS test results for the 9 cement

specimens.

To establish if relationships exist between the different UCS tests, the results were plotted against
each other and a regression carried out. The results gave R* values ranging between 0.84 10 0.97.
This suggested a strong linear relationship berween the differemt UCS 1ests. A second regression
wiis Iht:ﬁ carried out for each set with the y intercept fixed at 0 10 interrelate-the different values.

The results from the regression analysis are shown in Tuble 17 and the graphs in Appendix A3.
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Table 17: Comparative UCS study regression results for cement

Graph Tile Ref Normal regression Regression with y intercept = (
g 3 . 5
Equation R- Equintion Sud Emr of R-
estim:ed
coetlicients
Residual UCS (y) vs A3l y = 1L.3x-676 | 0.Y6 y = ().BYx (.06 .89

Standard UCS (x)

Cycled UCS (y) vs A3ll | y=24x552 | 0] y = 2.14x 0.12 090
Standurd UCS (%)

Erosion UCS (y) vs | A33 | y=25x412 | 084 | y=233 0.17 0.83
Standard UCS (x)

Cycled UCS (y) vs A34 | y=09x+73 096 | y=1040x 0.03 (.96
Erosion UCS (x)

Residual UCS (y) vs A3S | y=05x-269 | 094 | y=041x 0.02 (.92
Erosion UCS (%)

Residual UCS (y) vs A3.6 y = (L5x-2Y5 0.97 y = (0.45x 0.02 0.95
Cycled UCS (x)

The results indicate that comparatively. the Erosion UCS vidues ure the highest followed by the

Cycled UCS. Standiard UCS and Residuad UCS.

Because the R® values and the standard error of the x coefficient are reasonable for linear
regressions, il may be possible with further research 1o relate the UCS tests with a muldplication
factor. It would only be necessary perform one UCS test. Conversion between the different UCS
tests can be done using the x-coefficients listed in Table 17 for a y-intercept set to zero. For
example. an Erosion UCS = 4000 kPa is equal w0 a Standard UCS = 4000/2.33 = 1717 kPa. The
error on the calculation is 4000/(2.330.17) i.e. between 1600 -1850 kPa. It is important to bear
in mind that these relationships are based on Y results and are the starting point for further

investigations,
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Lime stabilised materials

Material samples 12880 and 12885 were treated with lime and subjected to all the various tests. No
sattstactory correlations were, however. obtained between any of the test methods. The best
correlation ohtaned was between the wet/dry brush lest and the wet/dry machine brushed test. This
was. however, only a value of R* = (156 which may be considered very poor. or virwally no

correlation,

The reason for this lack of comelation between the vanous tests is not apparent. Because of the
importance of lime stbilisation w the roads industry this occurrence merits further investigation

and should be researched.
SUMMARY OF COMPARATIVE STUDY

The regression vatues obtained should he considered of o tentative nature as they were obtiined

from a limited number ol specimens,

+ Correlations values between the two brush tests and the Erosion Test were fairly mediocre and
suggested that brush test limits are oo strict as materials passing Erosion Test criteria will fail

the brush test. This is especiaully so for the manual wer/dry brush test

« Correlation values between the various UCS tests and the wet/dry brush methods also indicate
that the current specifications for manual brush loss are wo swringent. It is inferred by the
relationship between the UCS tests and the hand brush test that a C3 material satisfying
minimum UCS requiremnents will have a brush loss of approximately 40 per cent, and 100 per
cent for a C4 material. These tindings and those of the correlations between the brush tests and
the Erosion Test strengthen the existing premise that the manual brush test limits are extremely
severe and that this test should he replaced by the mechanical brush test. It must also be
reinembered that both the specification limits for the Erosion Test and the Mechanised brush test
are of a entative nature as they are derived from a very limited number of performance related
testing. There is thus much scope for improvement of the acceptance criteria of both tests, It is
thus feasible to assume that these criteria will chinge as more performance related testing is

done.

« UCS/Erosion Test comelation values suggest that C3 and C4-materials satisfying Erosion Test
criteria will not satisfy UCS criteria when the Residual UCS test is used 1o evaluate the

materials. However. maximum UCS 7-day criteria may be exceeded when the Cycled UCS s
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used. possibly because the cveled UCS has a curing period in excess ol 28 days (approx. 6
weeks). The Towest UCS vidues wre obtained using the RUCS method. 11 is thus recommended
that this method be used w eviduate the stbilised material sirength, This is 2 conservative
approach which will ensure that it the material is subjected to wetting and drying or possibly
detrimental carbonation in service. it will retain sufficient struciurad integrity 10 satsfy the

origingd design UCS requirements.

There were strong linear relationships between the Erosion UCS. the Cycled UCS. the Residual
UCS and the Standard UCS based on the cement reated specimens. Comparatively the Erosion
UCS values were the highest followed by the Cycled UCS. Standard UCS and Residual UCS.
It is therefore recommended that the strength criteria should be based on the Residual UCS. thus
ensuring that even if the material is subjected 1o werting and drying or carbonation in service
it will retain sufficient structural integrity to satisfy the original design requirement in terms of

UCS. These findings support those of Sampson and Paige-Green (1990)>*,

Where lime stabilisation was used no satistactory correlations were obtained hetween any of the
test methods. The reason for this is not apparent. Because of the importance of lime stabilisation

0 the roads indostry this occurrence merits further investigation.

It must be remembered. however, that the comelation values between the various test methods
are in most cases based on fairly poor correlavons. These observations cin thus merely- serve

s guidelines at this stage,
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EROSION TEST FAILURE CRITERIA

The ultimate goal af erosion testing is (o establish criteria which can he used with confidence 10
select matenals that will not tail prematurely under tield conditions. Successtul criteria will be able
to differentiate between materials which will potentially cause erosion associated fuilure and those

that will be acceplable.

Without complete field-related knowledge of erodible naterials, it is necessary (o establish criteria
hased on the theoretical causes of erosion. information available and engineering judgement. The
criteria s0 established become the sturting point. From there. as more information becomes
available, the criteria can be refined. It is thus important not 1o consider the proposed Erosion Test
failure criteria in isolation when making a decision 10 accept or reject a material. At least the UCS

criteria should be adhered to,

The requirements for pavement erosion (see Section 2) were traffic load. the ingress and movement
of water and material susceptibility to erosion. These need 1o be reflected in the Erosion Test failure

criterii.

FLEXIBLE PAVEMENTS

In flexible puvements. the base layer is normaldly used to distribute the triffic Joad and trnsmit it
t the subhase and subgrade luyers. To avoid loss of support. the base is designed to be stronger
than the subbase, and therefore reguires a higher erodihility criteria than the subbase. Any waier
infiltrating the surface will affect the base first and uny loss ol base course material through erosion
will potentially open up surface cracks faster thun subhise erosion. It is thus important to specify

muore strict failure criteria for base layers than for subbise lavers.

From the theoretical causes of erosion failure, simultaneous HVS and laboratory results' and

experience with the test, the following criteria for flexible pavements are proposed in Table 18,
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Table 18: Failure criteria for C3/C4 materials in fiexible pavements

Material Traffic class® Erosion Index. L(mm)M
C3 (Base) EO-EZ” <2
C3 (Buse) E3-E4 <1

C4 (Subhuse) EU-E2 <3

C4 (Subhase) E3-E4 <3

Bused on TRH&( l‘)HS')3
Erosion Index (L) = The average depth of erosion in mim measured from 15 measurements on
3 erosion specimens after 5000 load repetitions in the test device'.

** For the E0 - E2 traffic class the criteria is relaxed from 1 mm o 2 mm. compired with

previously published criteria’.
6.2 RIGID PAVEMENTS

Currently no comparative Erosion Test and field results exist on rigid pavements. A theoretical
model was used here to formulate the erosion criteria. A lv]m.Ll concrete skib was analysed using
Jouds at the slab edge where most erosion is prectcd“ The v:,ruca] stress for the worst case, an
un-jointed concrete slab with no shear transfer. was calculated (24 kPa) and assigned the 1 mm
limit. This stress correlates well with those measured by Robberts ona full-scale concrete pavement
test®, Using R0 % shear transter at the joints, edge stresses under dowel-jointed and continuously
reinforced concrete pavements were calculated as 18 kPa. Although dowel-jointed pavements have
higher shear transter. 80 % was used to aliow for crucking between joints. The 1 mm worst case
limit was then multiplied by the ratio of edge stresses ie. | x 24/18 = 1.5 mm, The C4 limit was
assumed similar to the E3 - E4 category for flexible pavements. The criteria for cemented materials

for rigid pavements is summarised in Table 19.
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Table 19: Failure criteria for C3/C4 cemented materials in rigid pavements

Maerial Pivement type Erosion Index. L tmm)
C3 (Subhuse) Un-Doweled Jointed < |
C3 (Suhhuse) Continuously reinforced <13
C3 (Subhase) Dowel-jointed <13
C4 (Lower Subbase) All concrete pavements <3
6.3 DISCUSSION OF CRITERIA

The erosion criteria for both flexible and rigid pavements are more differentiated than the wet/dry
durability criteda (14 % mass loss specified for all cemented materials)®. The altimate aim is to
produce limits as exact as possible given the variance in road materials so that design and
performance can be matched as closely as possible. The erosion criteria recognises ditferent traffic
groups and material classifications. Reseirch has shown that although 4 material may be classified
as & C3 or C4 material. bused on UCS results. it may fail the erosion criteria’. It is therefore
important to do more than one test for stabilised material selection. It is proposed here that at least
both the UCS and the Erosion Test he done to select a proper durable material as is discussed in
the previous section. It is foreseen that with more experience the erosion criteria will be further

refined. Al present the current criteria (Tables 11 and 12) are proposed 10 he used nationally.
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7 THE EROSION DATABASE

7.1 INTRODUCTION

To fucilitate the collection and comparison of existing and future erosion data. a user-friendly
database system was created as part of this project. This section discusses how the database was
developed. whit infonmation it contains. and how this information can be wsed now and in the
future. A tull program manual appears in Appendix B wlong with the program disk on the inside

front cover of this report.

7.2 DATABASE DEVELOPMENT

The Erosion Database is a stand-alone computer program written in a database language which can
be installed easily onto a hard disk. It allows users w locate groups of records and then print these
from the database or import them into commercial spreadsheet for processing or printing. To
ensure that the data base is user-friendly. the program is menu-driven und contains context sensitive

help screens. The main menu screen is shown in Figure 7.

Ndd/Edit/De lete

Install a DRIT data update

Prepare disk of new records for DRIT
fibout the DoT Erosion Database
Return to DOS

o’ g PR

se T d to navigate menu. ENTER to select. ——

Figure 7: Typical screen display from the Erosion Datubase System

The daabase contwins information on all aspects of erodibility. 1t is structured to provide
information record identification. materia] properties. test results as well as field data and general
comments on the material test. The following is a list of the fields (columns) in the database with

an explanation of euach.



A. RECORD IDENTIFICATION:
1. Information sender:
I1 2 user identities o record which is similir w0 the materiad under investigation. the organisation
responsible for the onginad test can be contacted for more information i necessary.
2. Client:
11 the information sender his no record of the results. a datibase user can contact the client for
further cominent on the test result and test situation.
3. Test reference number:
To allow the client or the information sender 1o identify the particular tests when requested.
4. Record date:
For further identification of the record.
5. Material Description:
Only a basic description is required. Instead of a detailed material description, material properties
such as Grading Modulus and Optimum Moisture Content ire included in the database so that
similar materials can be located through these numerical fields and then the material descriptions
compared. Previous databases which have attempted to reference materials on classification have
not heen successtul. Accurate classification is difficult and o specitic to locate groups of records.
6. Material Source:

The material source is included w identify the matenal tested further.

B. MATERIAL PROPERTIES: : .
Girading Modulus (GM), Maximum Dry Density (MDD), Optimum Moisture Content (OMC),
Liquid Limit, Plastic Limit, Plasticity index:

Given the way database search operates. it is more effective to locate records using numeric fields
rather than character fields. These numeric material properties fields allow users to locate records
which are similar and then compare the physical classifications for similarities.

Stabilisers used:

This allows for three different stabiliser combinations 1o be included in the record.

Compaction and Curing:

Additional infonmation which can he used for research purposes or as further identification.

C. TEST RESULTS:

The test result fields concentrate on durability testing but also include strength. limefcement
consumption. Heavy Vehicle Simulator (HVS) and field results.

Unconfined Compressive Strength (UCS), Carbunated UCS, Cycled UCS:

Each of these test results are recorded with their standard deviation for the test result and the

number of tesis in the group.
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Manual Brush Test, Mechanical Brush Test, Erosion Test:

These test results also make provision for the average test result, the standard deviation and the
number of test results involved.

Third point loading:

Although rarely performed on stabilised materials currently, the test was included for completeness.
Initial Consumption of Lime (ICL), Initial Consumption of Cement (1CC):

Used to determine the percentage stabiliser needed.

Carbonation:

A character tield indicaung the degree of carbonation.

Heavy Vehicle Simulator(HVS) / Field data:

Provides for field results and Liboratory results w be included in the databise when they oceur.
Comment:

The comment Aeld was included 10 allow unigue observations o be noted about a batch of tests.

Because the above field list is extensive, the ditabase can be used s d general materals test
database as more information becomes available. The usefulness of the databuase will increase as
the number of records increase. At present records have been collecied from CSIR archives. the
reproducibility/repeatability study. the durbility test comparisons and various erosion results from

local consultiunts.

Duta collection for the database works as follows: CSIR will hold the master data file on behalf of
Department of Transport. The program allows users to input their own records in tibular form. This
information can then he sent back to CSIR via a floppy disk to allow  the master data file to be
updated, An update disk of new national records can be returned to users. An option selected from

the program menu will then awomaticadly updite the master file on the users disk.

To encourige users 1o participate in data collection. it is envisaged that more functions he added
to the original prograun. Users should be able to input their raw test results. for i varety of standard
tests, and have the results processed and awtomaticadly stored to the datithase. The program could
then print out a professional report for distribution to their client. Offering 4 reduction in user work
load will encourage data collection as this is vital for database success. The program has been

designed to add additional features at a later stage.
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DEMONSTRATION OF THE DATABASE USING EXISTING RECORDS

The datiabase wis designed to achieve the following objectives:
= To provide @ record of all durability and erodibility testing done 1o date in South Africa.
« To allow a user o match the properties ol untested meateriuls for comparison or reduction of
testing.
«  To allow different durability and erosion tests 1o be compared 10 establish relationships hetween
the different tests and through this experience be able 1o retine erodibility and durability criteria, 2y |
» To determine the relatonship berween different test results such as UCS and Erosion.

« To detenmine the relationship between tield experience and laboratory results.

As an example of the output. the following query was created 1o locate all lime stabilised. Erosion

Test results in the databuse:

STABILISER CONTAINS "LIME" AND EROSION TEST > ()
A sumple output is displayed in Figures 8u and 8b, The outpui in Figure 8a was printed directly
from the progrum. Figure b was tiken into i wordprocessing package and then printed. Both were

printed on a laser printer. When printed from a word processor the output is neater than when

printed directly from the program.
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BEREA RED
WEATHERED
WEATHERED
WEATHERED
WEATHERED
WEATHERED

SAND
GRANITE
GRANITE
DOLERITE
DOLERITE

SANDSTONE

KAROO
KAROO
KAROO
KAROCO
KAROQO
KAROCO
KAROO
KAROOQ
KAROO
KAROO

SANDSTONE
SANDSTONE
SANDSTONE
SANDSTONE
SANDSTONE
SANDSTONE
SANDSTONE
SANDSTONE
SANDSTONE
SANDSTONE

WEATHERED
WEATHERED
WEATHERED
WEATHERED
WEATHERED

WEATHERED
2

WEATHERED, DOLERITE
FERRICRETE, GRANOPHIER

WEATHERED
WEATHERED
WEATHERED
WEATHERED
WEATHERED
WEATHERED

DOLERITE
DOLERITE
DOLERITE
DOLERITE
DOLERITE
DOLERITE

BASALT
BASALT
BASALT
DIABASE
DIABASE
DIABASE

DoT EROSION DATABASE SYSTEM

QUERY OUTPUT

O WOoOORNND®

OHOOHONNWSOW
e e . % e 2 s
X

o P
(S

e
=3

J .

o
i N e
oW

[\ I 8
NEEOAOUWHWROAONDDND -

OO0OHPOOHORODOOOW

Figure 8a: Printed output from the Erosion Database
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DoT EROSION DATABASE SYSTEM

QUERY OUTPUT

Material Description

Erosion Test (mm)

Q

BEREA RED
WEATHERED
WEATHERED
WEATHERED
WEATHERED
WEATHERED

SAND
GRANITE
GRANITE
DOLERITE
DOLERITE
SANDSTONE

KAROO SANDSTONE
KAROO SANDSTONE
KAROO SANDSTONE
KAROCO SANDSTONE
KAROO SANDSTONE
KAROO SANDSTONE
KAROO SANDSTONE
KAROO SANDSTONE 0.5
KAROQ SANDSTONE

KAROO SANDSTONE
WEATHERED DOLERITE
WEATHERED DOLERITE
WEATHERED DOLERITE
WEATHERED DOLERITE
WEATHERED DOLERITE
WEATHERED DOLERITE

>

WEATHERED, DOLERITE
FERRICRETE, GRANOPHIER
WEATHERED BASALT
WEATHERED BASALT
WEATHERED BASALT
WEATHERED DIABASE
WEATHERED DIABASE
WEATHERED DIABASE

PPORWOORNN®D

OHOORONMNMNWRODW
=+ = - . . L] . (] .
[\¥]

i—.l
N s
.
o

[
o8]
.

w

NN

NP WP WEREOMN®DNDDN -

OO OOHORPOOOCOW

W

=

NS

'—I
CO0Q0O0D0000000CO0O0COFOOFRFOOOOCOO0ODOOOO0O0O W

COO0OQOO0OO0ONWVOHONONWODODWNRODFROWNOOOONW

Figure 8b: Database output printed from a wordprocessor
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SUMMARY AND CONCLUSIONS

The tollowing conclusions concerning the Erosion Test and the staie of erosion testing in South

Alrnici were drawn:

* Because the Erosion Test machine and test are relatively expensive and can only he pertormed
by Larger luhoratories. it is unlikely that the test will replaice other durability tests, but rather be

used in conjunction with other tests.

* The repeatability and especially reproducibility of the Erosion Test method can be considered
poor at this stage relative to the criteria established, This is partially because the results are
quoted for a single test result and not the average of 3 test results which usually determine the
Erosion Index (L). The relatively poor results have also been attributed to inexperience with the
test procedure, naturad material variability and the MOD AASHTO method of compaction which,
it is suspected. produces non-homogenous samples. The present method of compaction is

considered to he the prime reason for the high vardability found with the Erosion Test results.

» Because the reproducibility and repeatability for single results is poor it is important to consider

all three Erosion Test results and the variance hefore uccepting or rejecting a material,

+ The regression values obtained in the comparative study between the virious durahility test
methods should be considered of a tentative nature ax they were obtained from a limited number

ol samples.

Correlation values between the two brush tests and the Erosion Test were [ow., It is sugpested
that brush test limits are too severe as materials passing Erosion Test criteria will fail the brush

test. This is especially so for the wet/dry hand brush test.

Correlation values between the various UCS tests and the wet/dry brush methods also indicate
that the specifications for hand brush loss are too stringent. It is inferred by the relationship
beween the UCS tests and the hand brush test that a C3 material satistying minimum UCS
requirements will have a brush loss of approximitely 40 per cent and this figure will be 100 per
cent for a C4 material, These findings and those of the correlations between the brush tests and
the Erosion Test strengthen the existing premise that the hand brush test limits are extremely
severe and that this test should be replaced by the mechanical brush test. It must also be
rememhbered that both the specification limits for the Erosion Test and the mechanical brush test

are of a tentative nature as they are derived from a very limited number of performance related
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tests. There is thus much scope for improvement of the acceptance criteria of both tests. It is
thus feasible 1o assume that these criteria will change as more perfonmance related testing is

done.

LICS/Erosion Test correlation vidues suggest that C3 and C4 materials satisfying Erosion Test
criteria will not satisfy UCS criteria when the Residual UCS test is utilised to evaluite the
materiads. However, maximum UCS 7 duy criteria may be exceeded when the Cycled UCS is
used. pussibly because the cveled UCS has o curing period in excess of 28 days (approx. 6

weeks).

Where lime stabilisation was used, no satisfactory correlations were obtained between any of the
test methods. The reason for this is not apparent. Because of the importance of lime stabilisation

10 the roads industry this occurence merits further investigation.

There were strong linear relationships between the Erosion UCS. the Cycled UCS. the Residual
UCS and the Standard UCS based on the cement results. Comparitively the Erosion UCS values
were the highest followed by the Cycled UCS. Standard UCS and Residual UCS. It is therefore
recommended that rather than base the swrength criterizon the 7 day UCS the Residual UCS or
Cycled UCS be used depending on the materiad location in the puvement and the risk of strength
loss due 10 carhonation. This will ensure that even if the material is subjecied to weltting and
drying or carbonation in service it will retain sufficient structural integrity o satisty the original
design requirement in terms of UCS. These findings are similar 1o thuse in Sampson and

Paige-Green (1990)*,

It must be remembered. however. that the correlation values between the various test methods
are in most cases hased on fuirly poor correlations. These ohservations can thus merely serve

as guidelines at this point,

Because there is little comparative field and Iaboratory information available at this stage, the
proposed criteria given here are based on experience and theoretical models. They must therefore
he seen as guidelines when muking decisions on the erodibility and durability potential of

stabilised materials.
Experience indicates the Erosion Test differentiates between C3 and C4 materials which is at

present not possible with wet/dry durability tests. As more infonnation becomes available, to

obttin the optimum solution. the test will be able to discriminate hetween marginal matenials.

A i T T




R-3
* A DoT Erosion Database has been developed 1o relerence. collect and analyse current and tuture
erosion and durability test infomution. Because the databise will rely on o wide range of
laboratories o collect information. it is importan that they are Giuliar with its use and are

encouraged 1o use it

« Users suggpested improving the apparatus by installing a switch w wm of the deviee
avtomatically after the maximum erosion or 3000 cycles have heen reached. Tt was also
suggested that handles be added 1w the compaction moulds 10 make them easier 10 carry and that

nine moulds be supplied 1o allow the testing cycle to proceed uninterrupted.

» Because the Erosion Test device simulates traftic loading in the Liboratory. it is possible that it
could be used to evaluate and research other aspects of pavement design and performance such
as the rutting and stripping of asphalt mixes. the cracking of treated layers or the effects of

compaction-iwid products on pavement lavers.
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RECOMMENDATIONS AND FURTHER RESEARCH

Bused on the conclusions ol this study. the Tollowing recommendations and suggestions for future

reseirch sue made:

«  Encourage more tests 1o he carried out on the Erosion machine o increase the amount of dat

and performance relited experience.

« Cumry out i follow-up reproducibility / repeatahility study based on the Erosion Index (L), (3

results) as opposed to individual test results.

* Investigate the effect that different methods of compaction have on the variability of the Erosion
Test (This is considered to he one of the main reasons for the high variability found in the

Erosion Test results).
+ Expand the comparutive study 1 include more test results for cement and lime,

+ Investigate the link hetween the ditferent UCS values indicated here. on a wider range of

materials.

+  Check that a material satisfies both the Erosion Test criteria and the UCS criteria (TRH4: 1985)°
before accepting or rejecting it. Modification of the criteria may be needed. based on further

resedrch.
+ To confinn the theoretical limits estiblished to date for erosion testing, it will be useful to
monitor field results in the future and be more aware of comparative field/laboratory studies

especially in pavements that have fuiled owing 10 material susceptibility.

+ Encourage record collection for the database by adding time-saving modules 1o the system and

training users in its operaton.
» limprove the Erosion Test by taking users suggestions inlo account.

« Investigate other uses for the Erosion Test device in pavement material evaluations 1o make it

mure economically viable,
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APPENDIX Al: GRAPHS OF EROSION TEST RESULTS VS DURABILITY TEST RESULTS
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APPENDIX A2: GRAPHS OF EROSION AND DURABILITY TEST RESULTS VS UCS TEST RESULTS
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APPENDIX A3: GRAPHS OF THE UCS COMPARISONS
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APPENDIX B: DoT EROSION DATABASE OPERATION MANUAL






THE DoT EROSION DATABASE MANUAL

INTRODUCTION

The DoT Erosion Database system is a computer program written as an addition to the
Erodibility of Cemented Materials Report undertaken for the South African Roads Board (RR
91/167) by the Division of Roads and Transport Technology at the CSIR. The aim of the system
is to collect data on erosion and durability testing undertaken in South Africa to gain further
experience of erodible materials. As more data is collected, the system can be used in research
to refine current durability testing criteria, it can track how materials in the field have performed
over time and it can be used to investigate the relationships between durability and other
material properties. For decision-makers it can be used as a check on new test results or in the
place of additional testing.

This manual explains how the system is installed, how it is designed and how it is used.
INSTALLATION

The database requires the following hardware to execute:
- An AT286 or faster
- A hard disk with 1.5 Mb free disk space
- A 1.2 Mb floppy disk

To install the system:

- Insert the EROSION DATA BASE floppy disk into drive A.
- Type a:\INSTALL at the dos prompt and press ENTER

The installation program will create a directory on the hard disk called C:\ERO into which it will
copy the program files. A batch file called EROSION.BAT will be copied into the root directory
to allow the program to run from the root directory.

When the C:> prompt appears again, type EROSION to run the program.

PROGRAM DESIGN

The Erosion Database system is userfriendly and mostly self-explanatory. It is mainly menu
driven ie the ARROW KEYS, ESCAPE and ENTER are the only keys necessary to control the
program. If at any stage you require help, context sensitive help has been included into the
program. To activate help press the F1 key.



Figure A1 shows the main features of each screen. The instruction line shows which menu is
active or what the program is busy with. The lower section is used for data and menu display
purposes. The last line indicates which keys are active on any particular screen.

4
(= -
[ o
= ]
= -

o
. G}
c '

ENTER to

HNIH HEHU

TNE DoT EROSION
DATABNSE SYSTEN

Return to DOS
——{lze 1 ) to navigate nenu.

el

Instruction Line —p | S

Menu options
Keys active on
this screen

Figure A1: Typical Erosion Database screen display
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The figure below is a diagrammatic layout of the program structure. Selecting a choice with the

ARROW KEYS and pressing ENTER will take you to options lower down in the program.

ESCAPE will bring you back up along the indicated paths in Figure A2.
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Figure A2: General program layout



NOTE : When operating the program it is impossible to destroy any of the DRTT master
data file on your hard disk. Inadvertently pressing a key can always be corrected by
pressing the ESCAPE key once. It is however possible to delete your own records which
you have added in the ADD/DELETE/EDIT screen.

The following is a description of each of the options on the main menu. Indented sections refer
to further choices made within each of these options. Refer to Figure B2 for a view of the
program layout.

Analyse the records : This forms the main program body. It allows the user to locate records
using a query condition. Once a group of records has been located they can be browsed. The
user can then select records of particular interest from this group and print or save them to a
file which can be imported into a spreadsheet package for further analysis.

Create a query 1o locate records : By following the screen instructions it is possible
to build up a query to locate records. Firstly the user is presented with a Field List (A
field list contains some of the column headings in the database). A particular field is
selected by moving the light-bar up and down using the arrow keys and pressing return
on the field you wish to select. Next a list of operations will appear on the screen. An
option is selected in the same way as before. The operations list is self-explanatory.
After choosing the search condition you require, you can either extend the condition
and follow the cycle again or choose "DONE" to end building the query. After creating
the query you require you may use one of the other options on the “Create a Query
menu®.

TIPS ON CREATING A QUERY.

By knowing how the computer searches for records you will be able to locate the
records you want easlly. Because you can refine the list later, make your initial ‘query
as broad as possible. Once a search is complete browse the records. If there are too
many records refine your query by adding to it. If you want all the records displayed
select a query which is obviously true for records eg Grading Modulus(GM) = 0 (The
minimum is obviously 0 in the database).

Add to the current query : If your query is too broad or too narrow you can extend
it by selecting "Add to the current query”. The process is very similar to *Create a query”
ie select the field, select the search operation and then select the logical operator. If you
do not have a query either restored or created you will obviously not be able to add to
it. -

Remove the cument query : To build a new query It is necessary to remove the
current query from memory. If you wish you can save a query using the save option.

Save a query to disk : Once you have created a query or added onto an old one, you
can save the query to disk so that you do not have to retype it at a later stage. This is
useful if you are monitoring similar queries over time.
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Restore a query : Once you have saved a query you can retrieve it by selecting this
option.

Delete a query : This option allows you to delete previously saved queries.

Display a query: Use this option to check that the query the computer is using will not
omit any records you want in the group.

Edit the current query : If, after displaying the query, you discover that one of the
values is incorrect or you would like to change it, you can edit the query. It is also
useful if you want to build up more complex search criteria.

Use the query : Once you have either restored a query or created a new one you can
select this option to locate the actual records. The counting process is fairly time
consuming depending on the speed of your machine. Once the database has been
searched, the records which matched your query are presented ina browse table on
the screen. You can then view these records using the arrow keys.

At this stage all the records and fields are presented. You can mark specific records on
this list to narrow it down to records in which you are particulary interested. You do this
by pressing SPACE on a particular record. To select all the records in the list, simply
leave all records unmarked and press ENTER. You are then presented with a field list
to select which specific fields you want to view. The fields and specific records are then
presented in a new browse table.

When you press ENTER from the second browse table you will be offered the chance
to save the selected records to disk or to print them. To save the records, select the
save option from the output menu and give the records a filename consisting of
LETTERS ONLY. This will then be saved in the C:\ERO directory where the EROSION
DATABASE SYSTEM was installed with a .dbf extension. This file can then be imported
into a spreadsheet package eg LOTUS 1-2-3 or Quatro Pro after running their
TRANSLATE facilities (For more information consult your spreadsheet handbock on
translating .dbf files).

To print out the records and fields you selected choose Print out the records from the
output menu. You will be offered the choice to print the records to a text file or to a
printer. A text file is an ASCII file with a .TXT extension which can be included in your
other documents. After selecting print to text file, supply a filename when prompted
and press ENTER. Selecting the Printer option sends the output directly to a local
printer. To use the text file in a wordprocessor select a non-scalable font such as
courier and set the line spacing 1 to ensure the print-out is correct.

Add/edit/delete a record : If you work with erosion or material testing and are able to
contribute records to the central erosion database select this option to input data. The data you
input here will also be queried during a search so that you can isolate particular records. If you
are going to process your results input as much of the information as possible into the database



and then locate the records using an appropriate search condition. Save these particular records
and take them into a spreadsheet for processing. By doing this you will automatically collect
records which can be sent to DRTT to update the national database. Your disk will then be
returned to you with a country wide update.

It is important to remember the following points when inputting data. The heading of each
column gives a description of what is expected in each field. There are two types of data in the
database: numeric fields and character fields. All numeric fields have 0.0 values to begin with
and will not accept characters. Where it is appropriate, the heading of a numeric field indicates
the units required. Character fields can accept any letters or values. Letters typed in are
automatically converted to upper case to simplify search procedures. When filling in a character
field make the description as meaningful as possible. If you have any doubt what should be
inputed at each field, consider how another user might want to retrieve this data using a query.

When a new record is created in the database, it is automatically dated in the first column. This
column is frozen on the screen when inputting the rest of the record. Using the date is a useful
way of keeping track of a record. The record number, given in the top, right corner of the
browse table, is also useful for this purpose.

There are a number of features which can speed up data inputting. Once a record has been
created (indicated by the number of records in the right corner of the browse) the block above
a cerain field can be copied by pressing ALT-C. This is useful when a number of records have
similar fields. For example, in a batch of tests the material descriptions and properties may be
the same and the Erosion result and percentage stabiliser differs. Instead of retyping the
descriptions the values can be copied by pressing AU-C.

If you wish to remove an entire record, press DELETE when you do not have input focus. Input
focus is indicated by a flashing cursor in one of the highlighted blocks and is activated by typing
a character. Once DELETE is pressed you will be asked to confirm that you want the entire
record deleted. Press N if you do not want the record deleted and Y if you do.

If you make a mistake while typing pressing DELETE will remove the character at the cursor.
By pressing INSERT the cursor will toggle between overwrite and insert mode. Insert mode is
indicated by a flashing block cursor (inputed characters are inserted between existing characters
at the cursor) and overwrite is indicated by a flashing line cursor (inputed characters overwrite
existing characters from the cursor position).

When you press ESCAPE input focus is de-activated. Pressing it again will automatically save
the records and take you back to the main menu.
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Prepare a disk to send for update : Once you have sufficient records in your own database,
select this option to prepare a disk to send to the DRTT, Insert a EMPTY disk into drive A and
press ENTER. Please send this disk to:

EROSION DATABASE SYSTEM
DRTT, CSIR

P.O.Box 385

Pretoria

0001

This disk will then be returned to you with the update records.

Install an update : When you receive an update disk select this option and follow the screen
instructions. Insert the update disk into drive A and press ENTER. The new records will then be
added to the main database file. The process is time-consuming, depending on the speed of
the machine. The records in the update file are first compared with the records in your own
database. Any duplicates are deleted from your collection of records. The update file is then
checked against the master data file to ensure that no duplicates are added. The new records
are then appended to the master data file on your disk.

About the Erosion database: This Is information on the program release date and version
number.

Return to Dos : To exit the program and return to the DOS prompt select this option.






REPORT OF PROGRAM ERRORS

Although every effort has been made to test the program on a variety of machines, it is still
possible that it the version supplied may crash when running on your system. If your program
does not function correctly, please make a copy of this form, fill in the details and return it to:

DRTT: The Erosion Database
P.O.Bax 395

Pretoria

0001

Hardware Description

Computer Make:

CPU speed(286,386 etc):

Free memory on your harddisk at present:

Error Description

Menu name where error occurs:

Describe the attempted operation:
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