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Asphalt Plant Process Control

Executive Summary

The aim of this guide is to provide practical advice on the use of statistically based
process control charts to assist asphalt producers to produce consistently high
quality hot mix asphalt to meet the increasing demands of the roads industry. It is
applicable for both fixed and mobile plants.

With the introduction of Quality Management Systems (QMS) throughout the
industry and the increasing demands to consistently produce high quality asphalt
there is a need to ensure adequate control of the asphalt production process to
ensure that the finished product complies with the specification.

The main elements of a QMS are:

. Adequate process control; and

. Verification of product quality by testing of the {inished product.

There needs to be a ba,lance between process control testing and end product testing
and this balance cannot be achieved unless adequate process controls are in place.

Guidance is given on tfre aspects of asphalt production requiring control and suitable
control parameters are suggested. These fall broadly into the areas of:

. Supply of materials

. Feeding of materials

. Mixing of materials

. Delivery of asphalt to work site.

Suitable control parameters are suggested and a statistical basis for monitoring
these parameters using control charts, in accordance with the relevant Australian
Standards, is explained in detail and illustrated with numerical examples.

The steps involved in establishing control charts are:

' Deciding on a sampling regime including frequency of sampling and sample size

' Taking adequate initial samples to estimate the process variability
' Deciding on t]:e appropriate values for warning and control limits
. Deciding on some decision rules when using the control charts.

In this context 'sampling' is intended to include both the taking/recording of
instrument readings and the sampling of materials from the production process.

Guidance is also provided on asphalt plant process control calibration.

The information in the guide is based on a consensus of what is considered to be
best practice at the time of printing. Obviously, the practices will improve as more
experience is gained.
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l. Introduction

1.1 Aim and Scope

The aim of this guide is to provide practical advice on the application of statistical
process control to asphalt mix production. It will assist asphalt producers to produce
consistently high quality hot mix asphalt to meet the increasing demands of the
roads industry.

The guide is applicable to both fixed and mobile asphalt plants and emphasis is
directed towards upstream control of the asphalt production process.

This emphasis is deliberate because it:

' generally allows quicker, cheaper and simpler testing to be carried out.

' provides the greatest amount of time in which to react to any problems
detected by the control procedures.

The procedures given are also applicable to the usual specification end product
testing.

It is emphasised that, while the procedures given provide a rational and systematic
means of improving the quality and reducing the variability of asphalt production,
the value of well-trained asphalt plant personnel should not be underestimated.

The procedures given €rre no substitute for well trained, competent personnel.

1.2 Background

The operating environment for asphalt producers has changed significantly in recent
times. There has been a number of factors influencing these changes including:

' a shift from prescribing how work is to be performed towards specifying the
standard of work to be achieved;

. the introduction of Quality Management Systems (eMS); and

' the need to achieve higher performance levels in response to the demands of
increasing traffic loadings.

The advantages of implementing Quality Management Systems (QMS) are tJlat they
provide confidence in product quality and promote continuous process and product
improvements leading to improved cost effectiveness and competitiveness.

The main elements of a QMS are:

. Adequate process control; and

' verification of product quality by testing of the finished product.

With the transfer of responsibility for end product testing changing from the client
to the contractor there has been a trend towards specifications that rely heavily on
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end product testing for acceptance of the product. In some instances this has
resulted of large amounts of end product testing and litfle credence given to process
control testing which is usually simpler and less costly than end product testing.

The relationship between process control testing and end product testing is
illustrated in figure 1.1.

Figure 1.7. Balance behaeen process control and end product testing.

There are a number of things which have to occur to achieve a balance between
process control and end product testing that is acceptable to both client and
contractor. These are:

. The client has to be satisfied that the contractor has adequate control over
the manufacturing process.

. The client has to be satisfied that the process control systems will consistently
lead to a product that will satisfy the end product testing.

If these criteria are met, tJ:e client should be able, over a period of time, to reduce
the amount of end product testing and rely more on process control measures.

To achieve these aims there is a need to develop a relationship between client and
contractor that is based on mutual trust and consistent performance.

The implementation of adequate process control systems should also aid the
contractor in:

. Early identification of any probiems with the manufacturing process that will
allow adequate corrective measures to be taken and minimise potentially
expensive non-compliance of the end product, and

. Being able to identify and monitor periods of high quality production so that
this can be used as a basis for continuous improvement of the manufacturing
process.

The main area that manufacturers can impact on tllis regime is in the area of
process control and hence the need for this guide.
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1.3 Statisticd Basis for Control

The basis of control proposed in this guide is the use of control charts in conjunction
with the asphalt manufacturing process.

The following definitions apply:

Control chart
A graphical method of process control which detects when assignable causes are
acting on a continuous production line process and when normal, expected variation
is occurring.

Assigncble cau.se

A relatively large source of variation, usually due to elror or process change, which
can be detected by statistical methods. (When assignable causes are identified and
removed, the production process is "under control".)

Chance colrcie

A source of variation that is inherent in any production process and cannot be
eliminated as it is due to random, unexpected causes,

Controlled process
A production process in which the mean and variability of a series of appropriate
tests on the product remain stable, with the variability due to chance only (A process
might be"under contro( but produce out-of-specification material if the specification
limits are tight. Conversely, a process may be "out of contro| in that the mean or
variability is outside the control limits, yet the specification limits might be wide
enough that the material produced is within specification.) See also appendix A.

Specification limi{s)
The limiting value(s) established, preferably by statistical analysis, for evaluating
material within the specifi cation requirements.

Tolerance limitls)
Limits that define the conformance boundaries for the manufacturing process.
(The distinction between tolerance limits and specification limits is tllat tolerance
limits apply to process control and specification limits to acceptance testing.)

Control limits (uppen louser) (also called action limits)
Boundaries established by statistical analysis for material production control using
the control chart technique. When values of material characteristics fall within
these limits, the process is "under control." When values fall outside the limits,
there is an indication that some assignable cause is present causing the process to
be " out of control."

Worning limirc (uppen louser)
Boundaries established on control charts within the upper and lower control limits,
to warn the producer of possible problems in the production process that may lead
to a process going "out ofcontrol"

Target value
The target value is the population mean value of the variable being tested.

11
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Control charts are developed from a series of small samples taken from the
manufacturing process in a random manner. As each small sample can never be
more than a spot check on the process, the value of control charts lies in their
ability to provide an impression of the health of the process based on the cumulative
effect of a number of small samples taken over a period of time. This enables relatively
insidious changes that occur with time to be discovered and corrected.

Sampling in this context is intended to include both the taking/recording of
instrument readings and the taking of material from the production process.

A typical control chart is illustrated in figure 1.2.
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Figure 1.2. Atgpical control chnrt

Values obtained outside the Warning Limits usually require action in the form of
checking the process variation and tJlen an increased frequency of sampling to
determine if the fluctuations observed are random events or not.

The recommended practice is to establish two control charts for each parameter
being monitored:

. a control chart for sample averages, and

. a control chart for sample variability.

The remainder of this guide uses sample range as a measure of sample variability
for simplicity of calculations. However, standard deviation can also be used witl
equal effectiveness.

In combination these two charts will give a comprehensive picture of the variability
of the parameter being monitored.

Details and examples of how to set up these control charts are given in appendix A.

12
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2. ^Lsphalt Plant Settings

2.1 Introduction

In order to have adequate control over the manufacture of hot mix asphalt, the
manufacturing process needs to be broken down into a number of elements and
then appropriate controls consistently applied for each of these elements.

The basic elements in the manufacture of hot mix asphalt may be considered as:

. Supply of materials

. Plant calibration

. Feeding of materials

. Mixing of materials

. Delivery of asphalt to work site.

2.2 Supply of Materials

2.2.I Aggreeate

(a) Supply of Material

With the supply of aggregate to an asphalt plant the asphalt plant manager is in
the position of a client. The asphalt plant manager should be relying heavily on the
process control systems of the aggregate supplier to ensure aggregate is of consistent
and adequate quality. In tllis regard the aggregate supplier should be encouraged
to keep control charts for each aggregate size supplied.

In addition, the asphalt plant manager will need to carr5r out audit testing to be
satisfied that tl..e quality and consistency are adequate. The amount of audit testing
required will depend on:

. The amount of aggregate being used

. The variability of the aggregate being supplied

' The confidence the asphalt plant manager has in the quality control being
exercised by the aggregate supplier.

Care should be exercised in the management of aggregate stockpiles in terms of
best practice.

(b) At tlle asphalt plant

Stockpiles should be:

' constructed and operated in such a manner as to avoid segregation

. Clearly labelled

. Well drained

13
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. Established on a hard surface to prevent contamination

. Adequately separated to prevent segregation

Sampling and testing of aggregate at the asphalt plant should be on the basis of
grading as this is a rapid and simple test to perform. Other properties such as
soundness, abrasion resistance etc should be performed from time to time but are
generally consistent from a known source.

Where there is doubt about the consistency of aggregate properties, additional
testing may be required.

Aggregate supply may be monitored by the use of control charts, by means of a
separate control chart for each aggregate size.

2.2.2 Binder

The quality and consistency of the supply of binder is also largely dependent on
the Quality Management Systems of the binder supplier. However, audit sampling
may still be required by the asphalt plant manager to check for contamination
in transit.

When binder is delivered to the plant care must be taken to ensure that:-

. Binder tanks are clearly labelled and that labels are clearly visible for both
the deliverer and the batch plant operator.

. Polymer modified binders are circulated before use and checked for consistency.

. Binder tanks have been adequately drained prior to filling with different grades
of binders.

The batch plant operator should record which tank is being used to supply binder
for each mix being produced or when the supply tank is changed.

2.3 Plant Calibration

Ensuring that all components of an asphalt plant are kept in calibration will
obviously make a significant impact on process by reducing potential sources of
assignable causes.

Calibration should therefore be addressed as part of the asphalt producer's quality
plan.

Suggestions are made throughout the guide of what is considered to be good practice
regarding calibration.

2.4 Feeding of Materials

2.4.1 General

The accurate feeding of materials into the mixing plant is one of tl.e most critical
operations carried out in an asphalt plant in terms of ensuring a consistent output
from the plant.

14
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The elements in feeding of materials into the asphalt plant are:

. Cold feeding of aggregates

. AggFegate drying and screening

. Filler system.

2.4.2 Cold feeding of aggregates

Most modern asphalt plants have variable speed belts to feed aggregate. These
need to be calibrated regularly to ensure accurate feed rates.

For drum plants, these need to be calibrated regularly or when material types are
changed or when equipment is repaired or replaced.

The moisture content of cold aggregate usually only varies within a relatively small
range (- 7o/o to I2o/o) between summer and winter and measurements made every 2
months should be sufficient to maintain adequate control. Moisture content probes
are now available but their accuracy is questionable.

AII belt systems:

. Require a no flow alarm

. Should shut down within 60 seconds of the alarm sounding.

In addition, the maintenance of bin gates, feeders and conveyors needs to be carried
out in a systematic manner. A check list for these items is given in Appendix B.

2.4.3 Aggregate Drying. Screening & Consistency

The efliciency of aggregate drying and screening are important elements in the
production of quality hot mix asphalt.

Most plants measure the temperature of the material coming out of the dryer which
feeds back to the burner control. This usually provides automatic control over the
dryrng process.

As a means of controlling the heating process of both the aggregates and binder,
the variability of the temperature of the final mix may be measured and evaluated
using a control chart.

The control of the hot bin screens is difficult to monitor as it is hard to know if they
are blocked or have developed a hole. The asphalt plant operator can observe how
quickly the bins fill or samples of the screened materials may be taken for a visual
check or grading test.

Bin sensors should be installed and operating correctly. Sonar sensors are
considered to be the most reliable but contact high and low sensors are also available.

If the flow into the bins is blocked for more than 3O seconds, the plant should be
shut down until the cause is identified and remedied.

Aggregate batch weights may be recorded and monitored using control charts.
Most modern plants are computer controlled and have systems for measuring and
recording batch weights.

15
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2.4.4 Filler System

The amount of filler added to hotmix, although only a small quantity, is very
important in terms of tl e performance of the final asphalt mix. The consistent and
accurate metering of filler quantities is, therefore important to achieve adequate
process control.

Filler comes from two sources, that collected from the baghouse and imported
{iller. There is a need to have adequate weighing and recording systems for both
these sources to ensure the requirements of the mix design are met.

Due to the line nature of filler materials, it is not uncommon for arching to occur in
the weigh-bin and devices should be fitted to ensure this does not happen.

Filler batch weights may be controlled using a control chart. This can often pick up
problems in the screening process.

2.4.5 Binder Slrstem

Drum plants display feed rates usually in t/hr and provide control to measure
progressive tonnage.

These controls are usually of sufficient accuracy and repeatability that they may
not require monitoring by control charts.

2.5 Mixing of Materials

2.5.1 Pugmill

Mixing time of the ingredients in the pugmill is determined by the requirements of
the mix design. Mixing time is determined to ensure thorough mixing of all
ingredients and coating of the aggregate particles with binder.

Mixing times should be set at the minimum time required to ensure complete
mixing and should not be unnecessarily extended.

Any mix left in the pugmill for more than 60 second.s should be discarded.

Most modern plants have automatic mix timers and any change in the mixing time
for a particular mix should require the batch plant operator to receive appropriate
authorisation.

2.5.2 Hot Storage Bins

The correct operation of hot storage bins is critical to prevent segregation of the
mix when loaded into trucks for transportation.

When operating hot storage bins the cone at the base of the bin should be kept full
at all times.

The temperature of the final mix, either in the hot bins or as it is discharged into
trucks should be measured and the variabiliW monitored bv control charts.

16
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2.6 Numbers of Control Charts

2.6.1 Introduction

Section 2.5 suggests the parts of the asphalt production process that are suitable
for monitoring using control charts.

These can be summarised as:

. Aggregate grading

' A8igregate and filler batch weights

. Temperature of mixed asphalt

. Binder weight.

The control charts for these parameters which can be generated from simple
measurements and tests, allow for upstream control of the manufacturing process
and provide the maximum amount of time in which to correct the process if it gets
out of control.

However, this is not meant to preclude the use of control charts for the usual end
product testing that is also carried out to ensure conformance with the specification.
The mechanics of developing control charts is identical in both cases.

Scherocman and Decker (1995) have developed a ranking system that ranks the
factors that contribute to the differences that occur in the properties of hot mix
asphalt for mix designed in the laboratory and the properties of the "same" mix
produced in an asphalt batch or drum mix plant. A graphical summar5r of their
findings is presented in Figure Cl of Appendix C. This may be of assistance in
helping decide which parts of the asphalt manufacturing process should be
monitored by control charts.

The number of control charts needs to be determined for each plant. Each parameter
measured needs to be controlled by a pair of control charts, one plotting averages
and one plotting rernges.

In deciding the number of control charts to be developed, cognisance has to be
given to the amount of work involved in setting up and maintaining the charts. A
rational approach would suggest that effort should be directed to controlling the
high volume mixes produced by each plant. If this is achieved, there will obviously
be a flow-on effect to all mixes produced, even if they are not direcfly involved in
the control chart process.

In selecting the mix or mixes to be controlled, care should be taken tllat the mixes
use all the ingredients commonly used in the plant, so that the likelihood of the
above flow-on effect is maximised.

2.6.2 Aggregate Gradings

As aggregates are generic to all mixes separate control charts for each mix design
are not required. It will be adequate to have a pair of control charts for each aggregate

size from each supplier tJ:at are to be monitored. For example if there are 2 suppliers
of 10 mm aggregate separate pairs of charts would be desirable for each supplier.

17
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These charts can be set up and monitored according to the amount of a particular
aggregate size used on the basis of the percent passing a particular sieve size.

2.6.3 Ageregate and Filler Batch Weights

As aggregate and filler batch weights vary according to the mix design, pairs of
control charts for each aggregate size and filler may need to be kept for each high
volume mix produced from the plant.

2.6.4 Temperature of Mixed Asphalt

As the temperature of the mixed asphalt is also dependent on mix design and
particularly binder type, a pair of control charts for each mix design needs to be
kept.

2.6.5 Binder Weight

Variations in binder batch weight can be monitored by control charts which display
the difference between target and actual binder weights for each batch. In this way
a continuous monitoring of the plant can be made, even if binder contents/weights
var5r when production mixes change.

18
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APPENDIX A

DEVELOPING CONTROL CIIARTS

A1 Introduction

Practical process control charts of measurements on samples taken from the process
are maintained to determine the capability of tJ:at process.

Their main purpose is to locate "assignable causes" of variation which can increase
the spread of measurements. An "assignable cause" is one which can be located
and which is economically feasible to remove.

If the measurements made on sannples have a constant average and constant
standard deviation, t]le limits that include the most extreme values will remain at
fixed distances from the average and the process is said to be in statistical control.
(i.e. normally distributed about the mean).

A2 Setting up Control Charts

The steps involved in successfully setting up and operating control charts are:-

. Deciding on a sampling regime including frequency of sampling and sample
size

' Taking adequate initial samples to estimate tJre process variability

' Deciding on the appropriate values for warning and control limits
. Deciding on some decision rules for using the control charts.

Each of these steps is discussed in more detail below.

Ag Relative Process Capability

It must be emphasised that control charts only show whether a process is in
statistical control or not and the warning and action limits on the chart will not
necessarily give a direct indication as to whether the end product is within the
specification limits.

The production process is assumed to be normally distributed which means that,
for practical purposes all results should lie within + 3 x Standard Deviations of the
mean value.

Whether or not this still satisfies the specification requirements is illustrated in
Iigures A1 and A2.

When initial sampling is carried out it is important to determine the relative process
capability.
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Proportion outside
specification limits

Figure A2. A process which. altlwughin statistical
control, wiII still produce a certain proportion
outside tte specificationlimitsi.e has alow relatiue
capabilitg.

Ideally, the toes of the distribution should coincide with the specification limits.
For the process illustrated in figure 42, either the process would need to be modified
to achieve less variability or the specification limits would need to be widened.

If this is the case, the process needs to carefully scrutinised to see if it can be
improved to increase the relative capability of the process otherwise there is a high
probability of having a significant amount of out of specification material.

Three process states are illustrated below in Figures A3, A4 and A5

Figure A1. A process u.thichwill produce a certain
proportion within the specifi.cation limits i.e l:r's a
hig h relatiue cap ability.

Time

Figure A3 (top lefi): Stable Process

Figure A4 (top right): Capable Process

Figure A5 (bottom ngfu): Improuing Proess
Time
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Computer operated plants generally have the facility to print out individual weights
of components in the mix. This data is a true reflection of plant performance and
can be used as a process control tool.

Where such a facility exists, it is recommended that the binder content, for example,
be determined on a batch basis for the first 20 full batches produced in a shift. The
standard deviation of the binder content results can be used to determine the
process capability index for the plant operation.

The process capability index C- is calculated as follows:-

Co=UCL-LCL

6s

where UCL = upper control limit

LCL = lower control limit

s = standard deviation of sample

If ttre process capability index is > 1 then the data demonstrates the process is
under statistical control with respect to binder content. This should allow one full
extraction test to be performed for the shift irrespective of the tonnage produced on
the day. This full extraction result is used to audit the process.

If the process capability index is < 1 then the data demonstrates the process is not
in control and full extraction tests should be conducted at a higher frequency until
the problem is identified and corrected.

.{4 Sampling Regime

Samples are taken during the process for measurement or testing to determine
values for plotting on the control charts.

The frequency of sampling required for process control is dependent on a number
of factors:

. stability of the process

. cost of inspection and testing

. cost of non-conforming production

. frequency of changes to materials etc.

As a general rule, large subgroups taken at less frequent intervals may detect a
small shift in the process average more accurately, but small groups taken at more
frequent intervals will detect a large shift in the process average more quickly.

During the initial study of the process, samples need to be taken at short intervals
to detect whether the process shifts or shows other instability. When the process
demonstrates stability or when process improvements are achieved the period
between sampling can be increased.

To gain some guidance on the sampling frequency required the concept of Average
Run Length (ARL) may be used. For a process which is operating under stable
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conditions the expected number of sample points that need to be plotted up to and
including tJle point that gives rise to an action decision is defined as the ARL. The
ARL can be calculated from the sample size and the magnitude of the change
resulting from an assignable cause.

Guidance on how to utilise the concept of ARL is given in Section 4 of AS 3940-
1990 Qualit5r control - Guide to the use of control chart methods including Cusum
techniques.

However, the methodologr described there results in a high frequency of sampling
and is more suited to a production line situation where a single measurement is
carried out and the final product quality can be accurately defined by this
measurement. For asphalt production, which relies on the quality of a number of
inputs, there is not one simple, definitive measurement to determine the quality of
the end product.

The sampling frequency is broadly determined as a balance between the cost of
testing compared against the cost of non-conforming material. The ability to react
to the test results to correct any deficiency in tJle manufacturing process is also a
factor to be considered. Testing as far upstream in the manufacturing process as
possible is therefore desirable.

The sampling interval should not exceed the maximum time that the process could
be allowed to operate if itwere out of control and producing non-conforming output.
Sampling should also be carried out when any change in the process that may lead
to a significant variation in the manufacturing process occurs, such as:

. Variations in aggregate source and quality

. Changing binder type

. Following a plant calibration

. Starting up after a plant breakdown

. Changing filler types

. Changing plant operators.

The sampling rate is determined as a compromise between the cost of sampling
and testing and the costs of producing non-conforming output. AS3940-1990
advocates a sample size of 5 for control charts for measured variables. This is
recommended for initial sampling to determine process capability and set up control
charts, but once this has been achieved single samples may be used and analysed
on the basis of using a moving average and range from the last 5 individual samples.
See the worked example at tJ e end of the guide.

AS Initid gnrnpHng

To enable control charts to be set up, knowledge of the capability of the process is
required. It is therefore necessary to take an initial series of samples to help set up
the control procedures.

To obtain information about tJre process variabilit5r in terms of the inherentvariance
and stability of the mean, a series of samples is required. For any particularvariable
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that is to be measured at least 20 samples with a sample size of 5 are required.
These samples should be taken during a period of uniform operation of the process
when it could reasonably be expected that the process was in control. The interval
between samples should be the same as intended for subsequent sampling.

Some data may be available from historic records through a stable period of
production.

The mean (X) and range (R) of the variable for each sample are then calculated and
plotted. These two charts are generally plotted on a single sheet of paper with the
X chart above the R chart. The chart should be sufficiently long (at least 25 points)
to provide a history of the process. A chart is given in section A9 of this appendix
which is suitable for manually recording data.

When data is initially plotted specification limits may be used as a first guess for
control limits in the absence of other data, although it is emphasised that there is
not necessarily any relationship between the final control limits and the
specification limits.

After about 10 samples have been taken, provisional control chart limits should be
based on the average of tlle sample averages and tlle average of the sample r€rnges.

The positions of the control lines should then be progressively recalculated as the
sampling proceeds until a stable state is reached, ignoring any results that are due
to assignable causes and are corrected. When this stable state is reached, preferably
after at least 100 individual observations, the values of the mean and within sample
r€rnge can be used as indicators of the variability of tlle process.

AG Deciding on Control and Warning Limits

The design of control charts involves balancing between two types of risks:

. Deciding that the process is out of control when it is not

. Not detecting a condition when a process is out of control.

If the control limits are located too close to the target value, the first risk will come
into play. If they are too far from the target value, the second risk will come into
play.

The control limits are set at ko/{n where:

o ft is a constant from table A1

. o is the standard deviation of the measured variable

. n is the sample size (recommended 5).

A53940-1990 recommends a k value of 3.0 for control lines and 2.0 for warning
lines on average (X) charts.

The values of k €rre a matter of choice. The lower the values the greater the chance
of deciding the process may be out of control when it is not but it may be worthwhile
to set the values of k a litfle lower initially until a tJrorough knowledge of the
process and its variability is gained.
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An indication of the effect of different k values is given in table A1.

K value

Probabilitv

Warning Limit Control Limit

3

2

2.33

1.5

lin40

2in15

1 in 1000

2 in 100

Table Al. Probability thot points lying outside warning qnd control limits are not caused by a change to the

process.

Based on the k values of 3 and 2 as recommended in AS394O-1990 for locating the
control limits and warning limits there are probabilities of 1 in 1000 and 1 in 40
respectively that a point lying outside this line represents a random occurrence i.e.
it is not due to a change in the process.

For range charts the control limits are as follows:

. Lower control line at R,o

. Lower warning line at Rro

. Upper warning line at R.o

. Upper control line at Roo

Where s is the standard deviation of the process average values and tl.e values of
R1, R2, R., and Ro are given in table 42.

Sample Size (n) R1 R2 R3 R4

2

3

4

5

6

7

8

9

10

0

0

0

0

0

o.2r

0.39

0.55

0.69

0.30

0.60

0.90

1.04

1.2L

1.35

1.48

2.83

3.47

3.82

4.05

4.18

4.37

4.49

4.49

4.57

3.69

4.36

4.70

4.92

5.08

5.20

5.31

5.39

5.47

Table A2. Values of R,, R, Rrand Rnfor setting control limits on range charts.
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A worked example of setting up control charts for a process average and range is
given later in this guide.

A7 Plotting of Routine Sampling Data

Once the initial sampling has been used to determine the warning and control
limits for a particular control chart routine sampling can commence to monitor the
process.

Routine sampling can be one of two bases:

. The s€rme as with the initial sampling; i.e. take a sample size of 5 and plot the
mean and range, or

. Take a single sample and plot the mean of the last 5 samples and the last 5
ranges (moving averages - see the attached worked example)

The first method will obviously require more effort and is likely to detect process
variations better than the second method. However, the second method saves time
in sampling and testing costs and is also valid.

Aa Decision Rules for use of Control Charts

Once control charts have been set up there needs to be some decision rules for
those who have to use ttrem.

For the levels of probability given in Table A1, the following set of pattern tests are
practical rules for action whenever the presence of assignable causes is indicated:
. If one point lies outside the control limits then action should be taken to

determine an assignable cause and correct it.
. If two points out of three lie outside the warning limits then action should be

taken to determine an assignable cause and correct it.

There are also a number of pattern tests that may indicate an assignable cause
even though there are no points outside the warning or control limits. These are:

. If nine points in a row are on one side of the central line.

. If slx points in a row are steadily increasing or decreasing.

. If two out of three points lie outside the warning line.

In general, there are three main reasons why values would fall outside these limits:
. There are periodic shifts in the process average due to such causes as changes

in materials or changes in the rate of production.
. The average value of the measurements may change as a result of bias in the

sampling and testing procedures.

. There may be variations in the results on tests on individual batches due to
inaccurate proportioning, improper sampling, or poor repeatability of the test
method.

Ag trrorked Examples
Some worked examples are provided on the following pages.
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WORKED EXAMPLE
SBTTING UP CONTROL CIIARTS

1O nm AGGREGATE SAMPLE TEST RESULTS
(o/o passing 9.5O nm sleve)

Sample Mean Ranqe SD ofMean

1

2

3

4

5

6

7

I
I
10

11

12

13

14

15

16

17

18

19

20

91.3

99.7

95.2

98.3

95.5

89.0

89.0

94.1

96.1

95.7

98.6

96.4

93.7

90.1

E9.5

98.9

98.0

96.9

90.3

91.2

9'1.2

91.8

90.9

96.7

95.8

91.8

97.7

93.0

97.7

98.6

91.7

93.7

96.3

96.1

95.5

98.3

94.6

91.3

96.9

94.6

88.4

98.0

94.7

92.7

86.6

93.5

91.8

86.4

93.5

86.6

92.6

91.8

91.3

90.1

90.6

90.9

89.0

93.8

83.3

92.9

88.2

88.1

93.0

93.2

96.6

93.0

89.3

94.0

94.1

93.5

93.7

86.4

91.8

93.0

98.0

92.9

89.0

91.0

93.8

93.8

89.6 89.8

94.1 94.3

91.7 93.1

95.8 95.4

90.3 93.0

92.0 91.9

90.3 91.6

92.3 92.0

92.0 94.7

95.5 94.0

92.7 93.8

92.4 92.1

92.9 93.2

92.4 92.4

94.6 93.6

95.8 95.4

90.9 92.3

94.1 93.4

92.6 91.4

92.0 92.9

Mean 93.0

3.1 1.47

11.6 4.67

4.3 1.88

5.6 2.36

10.0 4.36

4.5 1.74

8.6 3.55

7 .7 3.19

5.7 2.24

12.0 4.52

6.9 2.75

10.0 3.67

4.9 1.95

6.0 2.49

8.5 3.53

8.0 3.45

8.9 3.90

5.9 2.38

13.6 5.10

3.4 1.37

7.5 3.03

Setting the k values at 3 and 2 for control limits and warning limits using + ko/{n
Samplesizen=5

For mean values:
Controllines= 93.0 + 3x3.03/{5=93.0 +4.L=97.1 and88.9
Warning Lines = 93.O + 2 x3.03/{5 = 93.0 + 2.7 = 95.7 and 90.3

For range values:
Table A,2 must be used. For a sample size (n) = 5. R, = 0, R, = 0.60, R. = 4.05 and
R, = 4.92.
Lower control line = R. x 3.03 = 0
Lower warning line = R, * 3.03 = 1.82
Upper warning line = R. X 3.03 = L2.27
Upper control line = Ro X 3.03 =14.91

The control charts for the variable of aggregate passing the 9.50mm sieve are plotted
below.
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Figure A6 - Control Chart for sample mean

(Note: each sample number represents the mean of 5 readings)
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Figure A7 - Control Chart for sample range

(Note: each sample number represents the mean of 5 readings)
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EXTENDING THE IMTIAL CONTROL CIIART
USING MOVING AVERAGES OF 5 SAMPLES

Sample Mean Range SD

1

2

3

4

5

6

7

8

I
10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

93.04

91.19

89.96

88.26

89.65

99.68

91.81

97.98

88.1 1

94.12

95.20

90.88

94.74

93.04

91.65

97.21

95.67

92.73

93.20

95.82

95.51

95.82

86.56

95.97

90.27

90.42

91.75

91.87

93.47

93.44

94.34

93.44

93.26

92.61

93.60

93.10

93.51

94.46

94.06

94.09

94.93

94.59

94.62

93.38

93.94

92.83

4.78

11.42

11.42

11.42

11.57

11.57

9.88

9.88

7.10

4.32

4.32

6.33

5.55

5.55

5.55

4.47

3.09

3.09

9.26

9.41

9.41

1.799

4.555

4.544
5.084

5.124

4.666

3.719

3.841

3.034

1.720

1.879

2.538

2.178
2.295

2.279

1.894

1.492

1.521

3.968

4j26
4.239

These values are plotted on the mean and range charts that were developed from
the original samples of 5. The replotted charts are below:-
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Figure A8 - Control chart for sample mean

16
15

o14
413'6 12
tr11
E10P9
oi9
ctr t.E6E581;ei

1

0

Sample Number

Moving average of 5
individual samples

Warning line

TeetrfO>Ag.O27rer7rrr8,ror>.OrgQo€z€??d?r?tr€d?2?4€gd2d2g1rtttrrltd6d>tAtgtA

Figure A9 - Control chart for range
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APPENDTX B

CHECI(LIST FOR CALIBRATION
AND INSPECTION OF ASPIIALT PLIINTS

Equipment Calibratlon Requirements

Aggregate feed belts

Bin gates and feeders

Screens

Weigh batchers

Storage bins

Thermometers

At least every 6 months or more
frequently for high production
plants and for mobile plants at
set up stage.

Regular inspection at monthly
intervals or more frequently if
problems occur.

Regular inspection at monthly
intervals or more frequently if
problems occur.

Calibrated at least every L2
months or as determined under
local legislation. Calibration
should be checked at least every
2 months.

Bin sensors should be checked
at least monthly and calibrated
regularly, at least 6 monthly.

At least every 12 months or when
devices are suspected of
incorrect readings.
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APPENDf,K C

SAMPLE CONTROL CI{ART FOR MANUAL OPERATION

rx
U
o
E.
U

ACTION
ON SPECIAL CAUSES

. Any poinl outsida ot tho control
llmlts

. A run of I pcinta all above or
all b€lorv ths central line

. A run ol I interuab uo ot down

. Any olhsr obvioGly
non-random pallern

ACTION INSTRUCTIONS

Source: Australian Standard AS 3942-1993

CONTROL CHART

FOBM FOR LEVEL AND VABIABLES CHARTS
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APPENDIX D

Ranking of Factors causing differences in Asphalt
Properties between Laboratory and Plant Mixes

AGGREGATE

Aggregate Grading

Aggregate Shape

Specific Gravity
Absorption

Moisture Conlenl
Hardness

BINDER

Viscosity

Specific Gravity
PRODUCTION PROCESS

Aggregate Stockpiles

Cold Feed Proporlioning

Degradation of Aggregate

Dusl Carryout

Batch Plant Operation

Emission Control System

Fines Retum Location

HOT MIX STORAGE

Segregation of Mix
Mix Moisture Content

Binder Absorption

Binder Aging

Binder Drawdown

Mechanical Degradation

MIX HAULAGE

Segregation of Mix
Binder Absorption

Binder Aging

Truck Bed Release Agents

Mix Moisture Contenl

#
ffi

-G

ffi !iriii:iii:riit:l*lt:r.$."..).rjrj::-ii:::iiiii:i:

ffi,,{-}:+si1:*.t:-s:iilai:.:i*ii:nii,it\iii..i:if.#:rl:iiriiiiiiiri*i:::ir:i

*d*i{:ll\ridltl:iirrtia{ai(rIeiii..t{r}.\.ii\iii::.Pirl,trt;:i:Lriry.::I.:::*f..i:r"a .{i:ii:tr:ii:r.r:t:iiitrir:ii:iii{,rl

M
@
ffi
M

ffim

0 4 10

Ranklng

Mix Plant @Batch Plant
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Figure Dl - Adapted from Scherocman and Decker lggb








