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s with high traffic volumes are synonymous with high road related noise
In Johannesburg road related noise pollution is recognised as a negative
ental impact. The Noise Pollution Unit of Johannesburg City Council
measures noise levels in various settings. Innovative noise attenuation
es such as traffic calming measures and noise barrer trials and
tions have been tried with mixed success. Lately noise absorbant road
ings have proved to be a promising road noise attenuation measure.

s asphalt is & new generation noise absorbent road surfacing. Research
| development were done on this specific noise absorbent asphalt surfacing

by the Division for Roads and Transport Technology of the CSIR. The use
new modified binders enabled minimum specified voids content of 20 per
 for porous asphalt. Previcusly the noise absorbent road surfacings were
as oper graded asphalt or "popcorn”, In general they had lower voids
ts and did not use modified binders. The improved technology and its
ar were enhanced with new engineering and performance related
tory tests. Rehabilitation preojects on major roads in Johannesburg offered
pportunity to transfer this new technology to the road construction
ry at large. Moise level measurements before and after the successful
mentation proved that significant road noise level reductions are possible
5 anticipated.

INTRODUCTION
.::':; traffic is a major cause of noise pollution. Road neise is a sound which is

grceived by the human ear as a series of pressure fluctustions and is
ieasured and expressed on' a logarithmic decibel scale [dE]. The level of noise
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generated by traffic depends on factors such as traffic flow rate,
traffic flow, percentage of heavy vehicles in the traffic, average
of road and type of surfacing [Reeves, 1]. The road surfaceftyre
not necessarily the primary source of road related noise. Recent |
vehicle design [wind noise] and engine design [engine/exhaust no
to a remarkable reduction in motor related noise [IRF, 2.
developmeant of tyre designs [tyre/road interaction noise] also co
significant reduction in overall vehicle related noise on roads. ]
Road related noise has increasingly been identified as a major

pollution impact. This needs new and innovative measures to
control. In the United Kingdom [UK] a number of new environm
been passed with the specific purpose of "putting people firs
Melson, 3]. These laws, since their introduction in 1875, have le
af an estimated £60 million being spent on wvarious forms of
insulation in the UK.

In South Africa road related noise is addressed by various re
standards of measurement. The SABS Code of Practice 0210 of 1
standard which is currently under revision. The recently |
Environmental Conservation Act of 1989 further enhancas the
noise pollution in South Africa. [Rossouw, 4], Regulations
authaorities at present to control noise levels adjacent to roads
"controlled areas", Various municipalities have adopted these
regulations. Johannesburg has not yet adopted these regula
awaiting the outcome of a proposed revision of the regulations. [R

Johannesburg has some of the busiest urban traffic routes in Al
measuremants are taken on a regular basis near roads and industr
the Noise Pollution Unit of the Directorate Health, Housing and L
Johannesburg City Council has gained experience in various meth
noise attenuation. This includes traffic calming measures and
invastigations [Horak et al, §]. This paper however focuses on the.
tachnology noise absorbing road surfaces as a succassful nois
measure,

2. NOISE ABSORBENT ROAD SURFACINGS

The ideal road surfacing from a noise attenuation point of view,
which significantly absorbs tyre and surface contact noise and
anging related noise, [Reeves, 1] FRoad surfacings are, ho
designed with other structural and functional properties such
resistance [to prevent fatigue related cracking], deformation
pravent rutting] and safety related properties like good skid resis
6], Ower the last 20 to 40 years the latter issue promoted the
graded asphalt [0GA] surfacings to improve skid resistance, [Viss
QGA surfacings normally use 8 maximum stone size of Smm or 130
average void content of 15 par cent. The relativaly high veid cont
gives it a typical "Swiss cheese" appearance. Due to its appearar
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red to as "Popcorn”" asphalt in South Africa, [Visser et al, 7). The
enafit of acting as a drainage layer in wet weather became more
gr time and with experience in their use, 0GA layers have better
nee in wat waathar with resultant safer wet weather visibility and
pronounced noise attenuation abllities. The latter abilities of these
were however limited by the following factors;

low resistance to permanent deformation [lowering of voids

porosity and ability to drain guickly [voids content related] over time
ng up with detritus]
cycling potential [a maintenance aspect specifically related to the use
men rubber]
loss due to binder ageing and brittleness [ravelling]
nance related problems [pothole patching, etcl.
gration of highly porous OGA surfacings have increasingly been used
last 15 years in the United Kingdom, Europe and Australia [Glazier and
8]. These new generation OGA surfacings are collectively referred to
s a@sphalt. In general these porous asphalts also typically use a
stone size of 9mm or 13mm, but with a minimum wvoid content
ad of 20 per cent [Verhaeghe, 9]. Overseas practice has found that 20
alr voids is a threshold value, Porous asphalts with air void values
20 per cent are more prone to clog up over time and loose its positive
ttenuation and drainage abilities, OGA layers were in the past generally
relatively thin layers of about 20 mm in South Africa [Thompsan, 10],
orous asphalt is now generally applied with layer thicknesses of 40 mm
The development and use of modified asphalt binders with polymers
nber modifications over the recent 5 to 10 years further enabled porous
to overcome wvirtually all the aforementioned shortcomings of the first
i QG A surfacings.

ect of road surfacing type on noise attenuation is commaonly measured
s of a "coast by" meathod with a disengaged motor vehicle at various
[IRE, 2]. The United Kingdom codes also recognise texture depth in the
ian formula which they use to adjust noise levels for various surface
IDOT, 11]. Recent studies done in South Africa on various surfacing
confirmed the relative impact on noise levels by the various surface
. A figld study by Meij [12] showed for example that OGA surfacings have
g levels of up to 9dBA |lower than single seals. This study also found that
se level on national route N1-20 through Sandton could be reduced by
h as 11.7 dBA from the existing grooved concrete surfacing by using a
rubber OGA surfacing. Even after § years the improvement was found
bout 6dBA. In general porous asphalt reduces road noise levels with
4 dBA wversus standard dense graded asphalt surfacings and achiewve
wns of about VdBA if applied over transversely grooved concrete
ngs [Van Heystraeten and Moraux, 13; Issenring et al, 14; Nelson and
. 16; Perez-Jimanez and Gordillo, 16]. This ability to attenuate road noise
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levels have led to the new generation porous asphalt being re 1
"whisper™ course asphalt.

Racent research on porous asphalt in South Africa by the Divi
and Transport Technology [DRTT] of the CSIR for the South Afi
and Tar Association [SABITA] enabled the South African road
industry to become more familiar with porous asphalt. [Verh
recently completed rehabilitation investigations of the M2 and M1
Johannesburg required a new surfacing as part of the
rehabilitation measures. The Roads Directorate of Johannesburg sa
ideal opportunity to implement the research information and new
the field of practical application.

3. TECHNOLOGY TRANSFER MANAGEMENT

The Roads Directorate of Johannesburg City Council is actively
and appropriate technology as one if their strategic thrusts.
sees itself as a client body in the ideal position to act as technol
partner for the research community. Technology transfer is a co-op
and needs proper planning and management.

This technology transfer operation was project managed to er
associated risk management and achieve maximum exposure of v

to the new technology. A project team was made up of Rpads
personnel in the fields of motorway maintenance, managemes
production, asphalt surfacing laying and laboratory, researchers frof

consultants, asphalt suppliers and the Moise Pollution unit of the
and Urbanisation Directorate.

The aim was to lay porous asphalt on the first 3km of the west b
motorway as part of the planned rehabilitation [CED,17]. In ord
associated risk of the use of a then yet unproved technology in
the construction of such sections on the M2 in the public eye
with well designed and planned experimental sections on Rifle Range
was followed by a demonstration project on Oxford Road in Roseb
the actuwal construction was done on the M2 motorway [Van
Various modified asphalt binder types were used in the mix d
porous asphalt/whisper course. This included the
styrene-butadyene-styrene [SBS], rubber crumbs [dry mix],

blend [wet mix], cellulose fibre and two penetration asphalt binders
and 40/50 Pen.].

4. MIX DESIGN
The essence of the design philosophy with porous asphalt
recognition that it is the volumetric properties which reduce noi

improve the drainage capacity [Verhaeghe, 3]. Void content shoul
form the basis of the mix design strategy. Binder type and ci
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nt factors in any asphalt mix design,[CSRA, €], but in porous asphalt
ave perhaps a more significant effect on the structural integrity and
ship with the grading of the mix. Durability and abrasion resistance
artant aspects and are dependent on the above factors and in turn
tly dependant on the viscosity properties of the binder/filler matrix.

ate type and binder types used in the initial experimeantal sections on
Road are as shown in Table 1

Table 1: Aggregate and binder types for Rifle Range Road

Binder Supplier
40/50 Pen + 6% SBS Johannesburg : Roads
60/70 Pen + 2% SBS + fibres | Johannesburg : Roads
Dry method biturmen rubber Protea Asphalt
e Wet method bitumen rubber Frotea Asphalt

ant of 20 per cent minimum was specified with the proposed three
achieving it as shown in Table 2,

Table 2: Design Gradings

: Percentage Passing
| Mix & Mix B Mix C
100 100 100
| a7 94 90
a4 32 35
| 15 | 13 6
' 12 | 11 4
9 10 4
8 9 3
6 6 3
5 5 3
‘ 3 | 3 3

and B differs from Mix C essentially in terms of the 4.75mm sieve
percentage passing. The significance of this will be highlighted in
ions to follow.

selection of the binder content was further determined by optimising the
ting demands of abrasion resistance, durability and hot storage drainage
g. [Verhaeghe, 8]. Typical results for the selected 5 per cent binder
gnt is summarised in Table 3 for the SBS modified mixes. Detailed
mmation on the wet process bitumen-rubber porous mix is reported
where [Verhaeghe and Rust, 19]. This wet process bitumen-rubber porous
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mix was subsequently selected for the porous asphalt mix that was laid on the
Ben Schoeman/ M1 road widening/rehabllitation of the Transvaal Provincial
Administration after the M2-West sections were successfully constructed with
the & per cent SBS mix and a short section of the wet process bitumen-rubber
parous asphalt.

Table 3: Summary of mix design properties

Binder Type Bulk Dansity Woids Abrasion Binder
[%] loss [%:] | Drainage [%]
40/50 Pen + 6% SES 2.063 235 16.4 3
60/70 Pen + 2% SES |
+ 0.3% Fibre 2.060 | 23.0 | 37.8 1

The Contabro abrasion test limit was initially set at 20 per cent.The mix with
cellulose fibres did not meet this criterla. The Schellenberger binder drainage or
segregation tests were done at 140° C and 160° C [Verhaeghe 9; Van Heerden,
18]. Mo limits were given, but for this project any drainage more than & per
cent was seen as significant.

5. MIX PROPERTIES FROM CONSTRUCTED SECTIONS

Detailed control  tests were done on the four experimental sections on Rifle
Range Rnad, the two demaonstration project sections on Oxford Road and the
M2-West motorway. The latter section was 3 km long and varied betwean 3
and 4 traffic lanes. Typical average test rasults of the various sections on Rifle
Range Road and M2-West are shown in Table 4, [Van Hearden, 18], Based on
these results and the initial mix design results specification limits are also
suggested.

Short experimental sections [Rifle Range Road] have led to typical construction
related problems in some cases. Problems with correct grading and mixing
temperature were adjusted [Van Heerden, 18], but caused the two bitumen
rubber mixes in particular to not reach the specified 20 per cent void limit,
Subsequently results of the wet-mix method used on the M2-West did achieve
this woid limit, It is significant that in all cases the bitumen-rubber had high
resistance to abrasion loss being well below the Cantabro mass loss limit, The
SBS binder mix with cellulose fibres marginally failed this test but it was better
than the laboratory prepared mix [See Table 3]. It was general consensus that
this mix was by far the most user friendly to work with.
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" Table 4: Typical test results and proposed specifications

RIFLE RANGE ROAD M2-WEST PRO-
POSED
40/80 60/70 Bitu- Bitu- 40/50 Bitu-
Pen Pen men- |men- Pan men- SPECIFI-
CATION
+ 6% + 2% rubber [rubber |+6% rubber LInIT
5BS SBS SBS
+ Fibre |Dry Wet Wet
Process|Process Frocess®

24.2 26.2 186 | 185 25.8 21.5 > 20

15.8 24.2 17.3 | 22.3 18.3 27.0 =18

16.4 | 27.5 8.5 | 63 | 139 4.34 < 25
| 1

|
M. A M. A MNA | NA 7.4 12.8 < 20

N _i.__]' I

v a short experimeantal section laid, M. A, Not available,

ignificance of the percentage passing the 4.75 mm sieve opening is
trated in Figure 1 and 2 in a further detailed analysis of the control tests
on the M2-West. In Figure 1 it is shown that the minimum air void
was reached with percentage passing the 4.75 mm sieve opening of
15.5 per cent. The grading of Mix B and C as shown in Table 3
therefare, be prefarred in future. The modified binder mixes used on the
g5t met the Cantabro abrasion test criteria in general. In Figure 2 it is
that higher percentages passing the 4.75 mm sieve opening tended to
gbrasion resistance even maore. This clearly demonstrates that air void
and durability are conflicting demands on a porous asphalt mix.
lity or abrasion resistance as measured by the Cantabro test may be
wed as excessively harsh and possibly unrepresentative of the actual
ism of ravelling of porous asphalt on a road surface, but recent results
Ben Schoeman validates this test and the criteria set. Thicker film
ses can be seen in general terms as an  insurance against ageing,
ess, ravelling and other durability aspects. Film thickness can be viewed
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as an indirect reflection of a combination of factors such as binder content,
type and grading.

6. NOISE LEVEL MEASUREMENTS

Moise level measurements were taken on Rifle Range Road and the M2-West by
the Moise Pollution Unit of the Health, Housing and Urbanisation Directorate
before and after the construction of the porous asphalt layers. The SABS Code
of Practice 1013 of 1983 for "The Measurement and Rating of Environmental
Moise with respect to Annoyance and Speech Communication” was used and
the "Franco-German®™ method was used in the analysis of the noise levels [Van
Heerden, 18]. U

In Figure: 3 typical average noise level results are shown for both Rifle Range
Aoad and the M2-West over 3 24 hour period, This is expressed as constant
noise levels for a given period of time which is egquivalent to the effect
produced by the actual evolutive noise [L,,, l.[Reeves, 1]. The average layer
thickness, traffic volume and noise level reduction are summarised in Table 5.

Table 5: Average noise level reduction, traffic volume and layer thicknesses

Road Traffic Volume Layer Thickness Noise Level
[Vehicles per day [mm] Reduction L,,,
[dBA]
M2-West 50 000 50 5.9
Rifle Range 13 000 30 3.6 |

The noise reductions in both cases can be viewed as significant to highly
significant [Rossouw, 4]. The M2 only had porous asphalt in the Westwards
direction with the background noise of the Eastwards direction still at the
normal high noise level with a normal asphalt surfacing. Thicker porous asphalt
layers have greater noise level attenuation potential in general. [Hiersche and
Freund, 20]. This is confirmed in Table 5 with the thicker layer on the M2-West
having the higher noise attenuation. This is also because of the higher traffic
volumes and resultantly higher initial average noise levels on the M2-Wast than
on Rifle Range Road. The logarithmic relation between traffic volume and noise
level [Reeves, 1] means that this reduction of 5.9 dBA in noise level is more
significant than the 3.8dBA reduction of Rifle Range Road where the average
pre-treatment noise level was lower. In laymen perception terms this reduction
of noise level on the M2-West is equivalent to more than halving the offending
traffic volume [Reeves, 1],

Riding quality measurements were taken with a Linear Differential Integrator
[LDI] instrumented wvehicle, skid resistance with the Sideway-Force Coefficient
Resistance Investigation Machine [SCRIM] and rut measurements by the
mechanised equipment of DRTT, C3IR. In Table & the average wvalues plus
indications of variability are given for the various lanes and directions of Rifle
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Range Road and M2-West. In general riding quality on the M2-West is
gcceptable. The riding quality of Rifle Range Road is also acceptable for such a
class of urban road. Mo measurements of the pre-overlay situation is available,
but the perception is that the porous asphalt overlay significantly improved
riding quality.

Table 6: Riding quality, skid resistance and rut measurements
[Rifle Range Road and M2-West]

I Riding Quality. Skid Resistance Rut

Road | PSl-value Sideways Force 2m straight
Coefficient [SFC.) edge
[mml

Av. |Std.Dev. ._Av:_riﬂax.. M?L Av. -—|_Max.

M2-\Wast
Fast lane 3.46 | 0.27 0.45 | 0.87 | 0.18 | 2.31 15.0
Middle lane | 3.68 | 0.27 0.45 0.60 | 0.23 1.B8 7.8
Slow lane 3.59 | 0.41 0.47 0.66 0.16 2.92 9.4
Rifle Range I | |
Eastwards 2.73 0.65 | 0.42 | 0.62 | 0.10 | 2.680 13.9
Westwards | 2.75 0.52 | 0.34 | 0.45 | 0.17 | 2.36 13,56

The skid resistance measured at 50 kph [SFC., wvalue] for the M2-West
Maotorway is about 0.45 on average. If the proposed target levels for freeways
and highways [Gordon, 21] are used, the skid resistance marginally make the
0.45 level. If this same level of 0.45 SFC,, is used for Rifle Range Road, both
directions have SFC., walues which fail, The latter case can be because the
SCRIM operated at an average speed of 40 kph and not 50 kph as prescribed.

Measurements with the TRRL portable pendulum tester taken on Rifle Range
Road show average wvalues as summarised in Table 7. This confirms the
relatively low skid resistance initially for all the mixes as compared to the
normal 30 per cent gap graded mix.

Table 7: Portabie Pendulum Skid Resistance Results [Rifle Range Road]

| Mixtype | Gap |40/50 Pen| 2% SBS | Bitumen-Rubber |Bitumen-Rubber|
Graded | + 6% SBS| + fibres | [dry process] [wet process) |

| Skid number| 58 59 63 62 56

S5FCs measurements on the slow lane of the M2-West & months after
construction show an increase to 0.55. The results on the M2-West and Rifle
Range Road seem to confirm statements that porous asphalt are initially
recording low skid resistance due to lack of aggregate exposure. This micro
texture effect would need further investigation though.
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Mo wet weather accidents before and after treatment are available to confirm
downward trends [Visser et al, 7 and Smith, 22]. Wet weather accidents
axpressed as a percentage as calculated with a relationship with SFCg,
developed for Johannesburg [Gordon, 21] indicate that 17.3 per cent wet
weather accidents can be expected. This will also be monitored over time to
establish trends.

Rut measurements are acceptable for the relevant road classes. This will be
monitored over time to check on densification and consolidation behaviour of
the porous asphalt. On the M2-West it is, however, a vast improvemeant on the
rut measurements racorded before rehabilitation started which were on average
in excess of 10 mm [CED, 17]. This densification behaviour will obviously
influence porosity or air wvoid content and therefore drainage ability
[permeability] and noise attenuation ability.

Rolling straight edge measuremeants were taken over a 1 km constructed length
and a limit of 4 mm used showed only 2 points exceeding it over the length
measured. Both points were transverse construction joints. The measured
length did however make the specified & mm level with no points exceeding.
[851, 23].

7. MAINTENANCE ISSUES

Clogging up of the voids of the porous asphalt with detritus occurs over time.
Hiersche and Freund [20] proved that thicker porous asphalt layers [and
multi-layers] have a better resistance to clogging-up than thinner layers.
Experience in South Africa has shown that thin layers [20 mm] of porous
asphalt clogged up over a period of 1 to 3 years [Thompson, 10].

The M2-Motorway runs past large mine dumps. This would be a wvery
aggressive test for porous asphalt porosity over time due to possible clogging
up by wind blown sand. Permeability reduces with time with any filter or
drainage medium [Van der Merwe and Horak, 24] as porosity reduces. The
relationship between porosity [or air wvoids if expressed as percentage|
calculated with the empirical Moulton formula [Van der Merwe, 25] and
permeability is shown in Figure 4. This was calculated as shown for a typical
high quality crushed stone base material [CSRA, 6] without consideration of
binder content to illustrate the principle of porosity/permeability relation. This
figure confirms that in general a void content increasing above about 20 per
cent shows a dramatic increase in permeability while void contents of about 20
per cent and below shows an insensitivity to permeability. This clearly shows
the advantage in significant improvements to permeability [drainage ability] if
porosity values are increased above 0.2 or air voids above 20 per cent.

The in-situ drainage test [Verhaeghe, 3] is a strong indicator of porosity or void
content and permeability. Average drainage times of this test on the M2-West
after 3 months showed to be constant at about 8.5 seconds. This is within the
specified limit [Table 4] and will be monitored on a regular basis to see if thera
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is any upward trend [drainage fime]. It is believed that this drainage test has
the potential to determine maintenance intervention. The relation between
drainage time and porosity or void content as measured after construction is
shown in Figure 5. The curve fitted to these initial values clearly confirm the
drastic increase in drainage time [loss of permeability] for wvoid contents
dropping below 20 per cent. A suggested average level of 15 to 20 seconds for
maintenance interventions is suggested at this stage.

Warious maintenance procedures to unclog porous asphalt are awvailable
[Hiersche and Freund, 20]. Sophisticated mechanised equipment which
prassure jets water inte the porous asphalt and vacuums it immediately
thareafter [while the detritus is stll in suspension] and then filters the
vacuurmed water, is available overseas. Fire hosing the porous asphalt also
proved to be effective albeit time consuming, costly and water wasteful
[Hiersche and Freund, 20]. It is anticipated that the former technology will be
available in South Africa in the near future. MNoisa level measurements will also
be monitored over time for possible trends.

8. PROPOSED IMPROVEMENTS

Hiersche and Freund [20] found that multi-layer porous asphalt layers had
significant benefits in terms of noise attentuationfabsorbing and maintenance.
In Figure & the noise absorption coefficient clearly shows that attenuation of
two  distinet frequencies as done on a twinlayer porous asphalt system,
[Jongens, 26] with two different methods. This confirms that "multi-layer
porous pavements, constructed with high air void mixes, are able to reduce
naise emissions besides high frequency rolling traffic noises, low frequency
engine noise of idling traffic and low speed driving noise or accelerating traffic
naise". [Hiersche and Freund, 20].
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The international Organisation for Standardisation [ISO] currently has a working
group producing an international standard titled "Procedure for measuring
- sound absorption properties of road surfaces: In-situ method" [Jongens, 26].
Thiz will enable the use of a portable, rapid, in-situ measurement of the noise
ahsorption coefficient of any road surface or sample, Design [in the laboratory]
and field monitoring can then possibly use direct measurements to evaluate and
specify noise attenuation abilities or noise absorption levels.

~ Experimentation has already started to mix and construct multi-layers of porous

asphalt with increasing maximum stone size in depth of the pavement at the
Johannesburg Roads Directorate. Structural stability also need to be achieved in
these designs. Apart from the obwvious advantage to noise attenuation the
increased drainage capabilities offers the possible use of such multi-layer
porous asphalt on parking areas. This can, if properly designed, act as a
valuable retention facility in urban areas enhancing stormwater management.
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