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9.2 Functional Performance Evaluation Criteria 

Since the functional performance of a haul road concerns the ability of the road to provide 

an economic, safe and vehicle friendly ride, a number of functional characteristics may be 

recognised which reduce the functionality of the road. These characteristics refer either to 

defects which occur on the road, the condition of certain elements of the road or indicators 

of road performance. The characteristics adopted for the visual evaluation of mine haul 

roads have been derived from recorded defects on unpaved public roads (Pienaar and Visser, 

1992, CSRA TRH20, 1990) and the Standard Visual Assessment Manual for Pavement 

Management Systems (CSRA TMH9, 1990b), suitably modified to accommodate the 

requirements of mine haul road operators. 

The condition of the pavement is considered from the point of view of the road user and 

incorporates appraisal in terms of those characteristics that affect the quality of travel. The 

assessment is entirely qualitative and to reduce the amount of subjectivity involved, distress 

characteristics are recorded in terms of degree and extent. The degree of a particular type 

of distress is a measure of its severity. Since the degree of distress can vary over a 

pavement test section, the recorded degree should give the best average assessment of a 

particular type of distress over the test section. Degree is indicated by a number where 

Degree 1 indicates the fIrst evidence of a particular type of distress and Degree 5 very severe 

distress. The general descriptions of degree for each type of distress evaluated are presented 

in the following sub-sections, based on the general description of degree classification 

(following TMH9) given in Table 9.1. 

The extent of distress is a measure of how widespread the distress is over the test section. 

Extent is indicated by a number where Extent 1 indicates an isolated occurrence and Extent 

5 an extensive occurrence of a particular type of distress. The descriptions of extent are not 

associated with a specific functional defect and the general description of extent (following 

TMH9) as given in Table 9.2 is applied in assessing the extent of any defect. The rating of 

extent is applied only to those defects related to the wearing course material. Defects 

relating to formation and function (drainage, erosion and skid resistance) are analysed only 

in terms of degree. 
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Table 9.1 General Description of Degree Classification (following CSRA TMH9, 1990b) 

DEGREE SEVERITY DESCRIPTION 

0 - No distress visible 

1 Slight Distress difficult to discern 
and only slight signs 
visible 

2 Between slight Easily discernible distress 
and warning but of little immediate 

consequence 

3 Warning Distress is notable with 
respect to possible 
consequences - start of 
secondary defects 

4 Between Distress is serious with 
warning and respect to possible 

severe consequences. Secondary 
defects have developed 
and! or primary defect is 
serious 

5 Severe Distress is extreme with 
respect to possible 
consequences. Secondary 
defects are notable and/or 
primary defect is extreme 

Table 9.2 General Description of Extent Classification (modified following CSRA 
TMH9, 1990b) 

EXTENT DESCRIPTION 

1 Isolated occurrence, less than 5 % of road 
affected. 

2 Intermittent occurrence, between 5-15 % of road 
affected. 

3 Regular occurrence, between 16-30% of road 
affected. 

4 Frequent occurrence, between 3 -60 % of road 
affected. 

5 Extensive occurrence, more than 60% of the road 
affected. 
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9.2.1 Defect Description and Rating 

The general characteristics of each type of haul road defect assessed in the evaluation of haul 

road functionality are presented in the following sub-sections, together with the individual 

ratings for degree of defect based on the general description of degree classification 

(following TMH9) given in Table 9.1. 

9.2.1.1 Potholes 

Potholes are dermed for the purposes of visual assessment as any depression in the road 

surface that affected the roughness of the road, other than corrugations and rutting. Origins 

of the potholes observed in mine haul roads were mostly (but not exclusively) traffic induced 

and occurred in the wheel paths, arising from; 

• Maintenance operations (blading) plucking large oversize stones from the wearing 

course, leaving small, deep depressions in the road. 

• The disintegration of highly cracked roads (a secondary defect). 

• Local structural failure, usually evidenced as a larger size depression arising from 

compaction and! or shear in the subgrade. 

• The ponding of either rain water or water used for dust allaying purposes in 

previously formed depressions. Water entering the wearing course in this manner 

weakens the material and thus propagates the hole. 

The severity of the potholes were rated according to the classification in Table 9.3 which 

combines aspects of both physical size and the impact on the road user. 

9.2.1.2 Corrugations 

Corrugations are one of the major factors which cause excessive roughness on unpaved 

roads. They may either be in the form of "loose" or "fixed" corrugations and are thought 
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to occur as a result of the forced oscillation of a vehicle suspension resulting in the kick-back 

of non-cohesive wearing course material, followed by compression and redistribution of the 

wearing course as the wheel makes contact with the road. (Heath and Robinson, 1980). Only 

fixed corrugations were regularly seen at some test site locations and it is hypothesised that 

the combination of low vehicle speed (20-40kmlh) and large axle loads, together with regular 

watering for dust allaying purposes does not favour the existence of loose corrugations. 

Low plasticity materials corrugate significantly, especially those with a high sand and gravel 

fraction. Regular blading of the haul roads contributes to the problem since material at the 

roadside is generally lacking in binder when spread over the road, but the action of the heavy 

trucks, their speed and the effects of regular watering and coal spillage ameliorates the 

problem to a certain extent. The concept of grading coefficient (OJ and shrinkage product 

(Sp) are introduced in TRH20 (CSRA TRH20, 1990) as a means of identifying wearing 

course materials liable to certain functional defects and may be applicable to haul road as 

well as unpaved public road wearing course materials. The grading coefficient and 

shrinkage product are dermed in Figure 2.1 from which it may be seen that materials liable 

to corrugate exhibit shrinkage products of less than 100. 

The classification of the degree of corrugation defect is based on the road user's experience, 

both from the point of view of a light vehicle and for degree 4 and 5, from the point of view 

of a haul truck. The primary measure is one of defect avoidance due to the decrease in 

vehicle directional stability and braking efficiency associated with severe corrugations. 

Table 9.3 gives typical defect descriptions. 

9.2.1.3 Rutting 

Rutting is the formation of continuous longitudinal depressions in the wheel tracks. Whilst 

rutting may be caused by ravelling and gravel loss, the primary origin of rutting seen on 

mine haul roads is due to deformation (compaction) of highly cohesive wearing course 

materials (after ripping and blading) or subgrade (due to inadequate structural design). The 

latter is normally associated with wide, even ruts whilst narrow sharply dermed ruts are 
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indicative of inadequate structural strength in the vicinity of the wearing course material. 

Rutting is seen on most mine haul roads, due in part to the high axle loads and inevitable 

failure of the wearing course and the width of the road which allows consistent travel in 

demarcated ruts. 

The classification of the degree of rutting defect is based on the road user's experience from 

the point of view of a haul truck. Depth is used as the primary measure of the defect as 

given in Table 9.3. Rutting only becomes a safety hazard when it affects the directional 

stability of a vehicle or causes ponding of water leading to further deformation of the 

wearing course. 

9.2.1.4 Loose Material 

Loose material or ravelling of the wearing course due to the action of traffic results in the 

formation of windrows in the centre of the road and alongside the travelled portion of the 

road. These features can significantly affect safety, skid resistance and lateral drainage. 

Ravelling is mainly attributed to a deficiency of fine material (and hence cohesion), a poor 

particle size distribution (gap grading) and inadequate cohesion and is exacerbated in the dry 

season. Materials with a grading coefficient greater than 34 and/or a shrinkage product of 

less than 100 are particularly prone to ravelling as seen from Figure 2.1. 

The classification of the degree of loose material defect is based on a quantitative analysis 

of the depth of loose material on the road, derived from a study of unpaved public road 

performance (Paige-Green, 1989). Loose material refers primarily to wearing course 

material of a size less than 75mm. Since mine haul roads are used by both large haul trucks 

and smaller utility LDVs, the depth values adopted (40mm for degree 5) refer primarily to 

smaller vehicle safety although an increase in fuel consumption may also be evidenced by 

both light and heavy vehicles operating under the same conditions (Diack, 1994). Table 9.3 

gives typical defect descriptions. 
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9.2.1.5 Dustiness 

Dust is the fine fraction of the wearing course material (generally 2-75JLm) released by the 

action of moving vehicles on the road, through a combination of wheel contact and 

turbulence. In addition to the wearing course material, the other factors influencing the 

degree of dust defect are a vehicle's aerodynamic shape, speed of travel, wind shear velocity, 

moisture condition, time elapsed since last maintenance, frequency of watering and use of 

palliatives. 

Dust affects haul road functionality in terms of reduced visibility and thus the increased 

possibility of accidents (Sultan, 1976), increased wear on engine and mechanical components 

(Snyman, 1987) and the loss of wearing course fines. For unpaved public roads this can 

amount to between 25-33t1km/year (Jones, 1984). Most materials available for haul road 

construction will generate dust under the action of traffic, however, materials with a 

shrinkage product between 100 and 240 have been associated with a reduced dust defect on 

unpaved public roads (Paige-Green, 1989). 

As a result of the large number of variables affecting the generation of dust, a visual 

classification system was developed for the degree of dust defect based on the road user's 

experience from the point of view of a haul truck travelling at 40kmlh. Table 9.3 gives 

typical defect descriptions following Pienaar and Visser (1992). 

9.2.1.6 Stoniness - Fixed in Wearing Course 

The presence of large stones in wearing course materials can usually be controlled. Both the 

maximum size and the percentage thereof are important considerations. Excessive stoniness 

may lead to a number of primary and secondary defects in addition to that of an 

unnecessarily rough road; 

• The formation of potholes (due to grader plucking stone out of road) or the formation 

of ridges (as grader blade bounces over the stone) 
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• Poor compaction of the wearing course in the vicinity of the stones, leading to 

potholes or ravelling 

The classification of the degree of stoniness (fixed) defect is based on a qualitative estimation 

of the road user's experience from the point of view of a light vehicle (degree 1-4) and a 

haul truck (degree 5). Table 9.3 gives typical defect descriptions. 

9.2.1 .. ' Stoniness - Loose on Road 

Loose stones in the context of mine haul roads refer to stones larger than 75mm diameter 

occurring on the running surface. They may be generated from the wearing course material 

as described in section 9.2.1.6 and lead to excessive roughness, a reduction in safety due to 

stones being ejected from the edge of moving tyres and possible tyre damage, especially in 

wet conditions. 

The classification of the degree of stoniness (loose) defect is based on a quantitative 

estimation of the areal extent of loose stones (derived from the wearing course) on the 

running surface. Table 9.3 gives typical defect descriptions. 

9.2.1.8 Cracks 

Cracks on unpaved roads are classified as a minor defect (CSRA TRH20, 1990), giving rise 

mostly to secondary defects such as loose material and potholes. Three specific types of 

cracking defect are assessed, namely; 

• Longitudinal 

These are line cracks running longitudinally along the pavement, usually in the central 

(untrafficked) portion of the road. Although these cracks are not normally formed 

by traffic, the action of traffic and an associated lack of maintenance can lead to 

crocodile cracking in the wheel paths. 
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• Slip 

These cracks are related to the movement of the road structure (typical of fill areas) 

and to horizontal movement of the 'base layer over the underlying layers and occur 

as crescent shaped cracks, leading to large, shallow potholes on the edges of roads. 

On mine haul roads they are also seen in the centre of the road due to deformation 

of the wearing course under the shearing action of haul trucks. 

• Crocodile 

Crocodile cracking may occur as a result of traffic induced fatigue of the wearing 

course or as a result of the plasticity of the material being too high. It is most often 

seen in the dry season and as cracks they may eventually link to form a crocodile skin 

pattern which may generate secondary pothole and loose material defects. 

The classification of the degree of cracking defect (for each type) is based on the standard 

TRH6 (NITRR TRH6, 1985) method and descriptions which adapt well to the description 

of unpaved road cracking defects. Table 9.4 gives typical defect descriptions for each type 

of cracking. 

9.2.1.9 Skid Resistance (Wet and Dry) 

The skid resistance of a road in both its wet and dry state is an important safety 

consideration. The classification scheme adopted for wet and dry skid resistance defect is 

based on a quantitative and qualitative analysis of those factors affecting skid resistance, 

namely; 

• Quality of wearing course material (plasticity index, CBR) 

• Proper geometric construction of road (including camber and drainage) 

• Amount of loose material present on road 

Wearing course materials with a shrinkage product greater than 365 tend to be slippery in 

wet conditions due to the presence of an excessive amount of fine material (CSRA, TRH20, 

 
 
 



Table 9.3 Classification of the Degree of Haul Road Defects 

CHARACTERISTIC 

Degree I Degree 2 

Puthulell Surface is pock marked , holes Potholes SO-100mm diameter. 
< SOmm diameter. 

Corrugations Slight corrugations, diUicult to Corrugations present and 
feel in light vehicle. noticeable in light vehicle. 

RUlling DIUicuit to discern unaided. Just discernable with eye, 20-
<20111111. SOmm. 

I (l1I!>e material Very litth: Imllle material on Small amount of loose material 
mad. <Smlll depth. on road 10 a depth of S-lOmm. 

Du!>tiness Dust jUllt visible hehiml vehicle. Dust visihle, no oncoming 
vehicle driver discomfort, glllllJ 
visihility. 

Stonines!> - tixed in SUllie prutruding stones, hut Protruding stones felt ami heard 
wearing cllurse harely felt or heard when in light vehicle. 

travdhng in light vehicle. 

Sliminess - louse lin Occasional luose stone (>7Smm Some loose stone, 2-4/m2 
road diameter), < 21m] 

DESCRIPTION 

Degree 3 Degree 4 

Potholes IOO-400mm diameter Pntlmles 400-S00mm diameter, 
and influence riding quality. intluence riding quality and 

obviously avoided by most 
vehicles. 

Corrugations very visible and Corrugations noticeable in haul 
reduce riding quality noticeably. truck and causing driver to 

reduce speed. 

Discernable, SO-SOmm. Obvious fmm moving vehicle. 
>SOlllm. 

Loose material present on road Significant loose material lin 
to a depth of 10-20mm. road to a depth IIf 20-40mln. 

Notable amount of dust, Significant alllount of dust, 
windows closed in (lncuming window c\uloCd in oncoming 
vehicle, visibility just vehicle, visibility puur. 
acceptable, overtaking difficult. 

Protruding stones influence Protruding stones occasionally 
riding quality in light vehicle require evasive action of light 
but still acceptable. vehicle. 

Loose stone 4-6/ml
, occasional Considerable loose stune on 

discomfort felt. surface, > 61m2, reducing riding 
quality. 

Degree S 

Pothllies > SOOlllm diameter, 
influence riding quality and 
requin: speed n:duction or tlltal 
avoidance. 

Corrugatiolls nuticeahle in haul 
truck and causing driver til 
reduce speed significantly. 

Severe, ani:cts directilln 
lItahility of vehicle. 

Cllnlliderahle Illose material, 
depth :>40mm. 

Very dusty, surrllundings 
uhscuretl IU d daugL:flJulI lL:vcl. 

Prutruding stones reljuirc 
evasivl! action IIf haul truck. 

Large amllUllls IIf loose stune 
causing signiticant reduction in 
riding quality. 

\0 
I ..... 
o 

 
 
 



Table 9.3 Classification of the Degree of Haul Road Defects (continued) 

--

CHARACTERISTIC DESCRIPTION -

Dt:gret: I Degree 2 Degree 3 

Cracks - longitudinal fain! cracks discernable: whcn Distinct, mostly c1osc:d, easily Distinct, mostly open, 

cleane:d. discernabh: when walking. discernable from vehicle. 

Cracks - slip Failll cracks discernable when Distinct, mostly closed, easily Distinct, mostly opcn, -
surface c1t:ane:d. discernable when walking. discernable from ve:hicle. 

: 

Crack!! - cmcodilc Vcry fain! cracks in whcel Faint cracks discernable whe:n Distinct cracks upto 210m wide, 
path. walking, closed. no apparent deformation. 

SJ..id - wt:t Wt:aring matt:rial IIf Wearing course strength and PI Wearing course strength low, 

good quality. road properly acceptable, road cambered, PI fairly high, unsatisfactory 

I 

cambered, lillic luose material loose material acceptable. camber and loose material. 
present. 

Skid resistancc - dry Wearing cllurse mah:rial of Wearing course strength and PI Wt:aring course strength low, 
goud 4uality, mad prnpt:rly acceptable:, road cambered, PI fairly high, unsatisfactory 
cambt:red, hllie IUOSL! material loose material acceptable. camber and loo!lt: material. 

prt:st:lll. 

Drainage on road Vt:ry Iilllt: water accumulates Shallow depressions may retain water may be retained in ruts 
on road. no surface ems inn is water for a limited time, most and potholes, some surface 

I!vide:nt. wate:r drains away rapidly. erosion evident. 

Drainage al roadside Sidt: drains vt:ry dlcclive, wdl Slightly irrt:gular. somt: loose Drains irrt:gular in shape, 
with no ubstructiuns. de:bris or occasional erosion. hlocke:d or eroded, road above 

road well above side drain sidt: drain Ie:vel. 
level. 

-

Degree 4 

Open cracks, > 3mm se:paration 
Qf wide: open cracks> IDmm 
se:paration, in trave:lling lancs. 

Open cracks, > 3mm separation 
!!! wide upe:n cracks > I Dmm 
separation, in trave:lling lane:s. 

Open cracks (> 2mm) with 
some dctiJrmatinn and/or 
spalling of cracked are:as. 

Wearing course strength low, 
PI high, water standing on 
surface when raining, loose 
material intluences skid 
resistance significantly. 

Wearing course strength low, 
PI high, loose material 
intlut:nces skid rt:sistance 
significan!ly. 

Water retained over a 
significant portion of the mad. 
surfact: emsilln < .5011111\ deep 
in channels. 

Drains irn:gular or e:rudcd and 
hlockt:d over > 2.5 % mad 
It:ngth, road and side drain at 
same elevation. 

De:grt:e .5 

Extensive open cracks, > 310m 
se:paration tugether with 
secondary cracks!!! extenllive 
wide: 

Exte:nsive opcn cracks, > 3111111 
se:paratiun together with 
sc:condary cracks!!! e:xte:n!live: 
wide open cracks > 10lllm 
separation, in trdvelling lane:s. 

Open crad:s with se:vere 
dcformation and/ur spalling ul 
t:dge:s. 

We:aring course: strength very 
low, PI very high. road very 
slippery whe:n wet, loose 
matcrial reduces skid 
re:sistance unacce:ptably. 

We:aring course: stre:ngth very 
low, PI very high, louse 
material re:duces skid 
resistance unacce:ptably. 

Water pllnding on road tn 
depths > .50n1l1l and I!fUsiulI 
channels deeper than !iOI\lIll. 

Side drains dee:ply e:rudcd !If 

nun t:xistclll along 7.5% 01" 
mad 1t:lIgth or road 
beluw sidt: drain. 

\C 
I 

""""'" 
""""'" 
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1990). Several of the factors associated with skid resistance have been previously assessed, 

thus dictating to a large extent the defect degree defmed. Table 9.4 gives typical defect 

descriptions for each type of skid resistance. 

9.2.1.10 Drainage (on Road and Roadside) 

The main factor influencing on-road drainage is that of the cross-fall of the road (geometric 

design of road and efficiency of maintenance) together with the degree and extent of the other 

primary defects such as potholes, rutting, ravelling and loose material. Rainfall intensity and 

duration are also significant factors together with the amount of erosion the road experiences. 

Since it is difficult to separate individual factors, the classification scheme adopted involves 

a qualitative estimation of properties associated with drainage, ponding and erosion on the 

road surface. Roadside drainage defect is considered from the point of view of the likely 

drain performance in wet weather, together with its geometric design in relation to the road. 

These classification descriptions are given in Table 9.4 for both types of drainage analysed. 

9.3 Performance Monitoring 

In order to assess the utility of established performance related material selection guidelines 

for adoption in haul road design, the functional performance of a particular mine haul road 

test site was analysed in terms of the wearing course, formation and function defects 

described previously. Figure 9.1 shows the assessment form used together with the 

additional dependant and independent variables outlined in Chapter 3.3. 

Performance monitoring was conducted for a period of 12 months from May 1994 at three 

test sites at each of Kriel, Kromdraai and New Vaal Collieries and two test sites at 

Kleinkopje Colliery. Whilst climate as a variable was discounted in the experimental design 

since the majority of existing strip coal mines are situated in the climatic region 2 < N < 5 it 

is nevertheless important to determine whether or not the period of assessment can be taken 
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as average in terms of long term mean rainfall for the region. Figure 9.2 presents the annual 

rainfall recorded at Clydsdale, Kriel, Landau and Witbank, representing the adjacent mines 

of New Vaal, Kriel, Kleinkopje and Kromdraai for the period May 1994-April 1995. The 

long term mean rainfall is also shown. Since rainfall over the period May 1995-April1995 

represented between 88% and 103% of the long term mean rainfall it may be concluded that 

the annual figures over the monitoring period are not significantly different from the long 

term mean. 

The performance of unpaved roads is affected more by short term weather than long term 

climate. Thus periodic heavy showers or dry spells are more important when assessing 

functionality than are longer term trends. These short term effects are discussed in more 

detail later. 

LONG TERM RAINFALL TRENDS 
Over the aaaeaament period May'94-AprI 96 

Rainfall (mm) 

103% 600 ............................................................................................................................................................................................. . 
88% 97% 89% 

500 .............. I· .... ··· .. · .... ·· ...... · .... ·· .... =1 .................................... - .................................. ... .............. .. 
.............. .................................. M ........................................................................................... .. 

.......... .................. ..... . =I........ .......... .......... ...... . . .. ..................................... . 200 ............... . 

100 r-............... .. .. ................................ .................................. oo .. <I::=l ................................. . 

Clydadale Krlel Landau Witbank 
Rainfall monitoring atation 

Rainfall 

IS888J Average 190-'94 g Annual '94-'95 

Figure 9.2 Long Term rainfall trends for Stations in the Vicinity of Mine Test Sites 
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The results of the functional performance assessment for each mine test site as envisaged in 

the experimental design, over the twelve month monitoring period (May 1994-April 1995) 

are presented below. Appendix F contains the data from the performance assessment and 

forms the basis of the following results. 

9.3.1 Results of Performance Monitoring - Kriel Colliery 

In the experimental design outlined in Chapter 3.3.2.1, three test sites were identified at 

Kriel Colliery. Their location is given in Figure 3.8 and summarised below. 

SITE 1 

SITE 2 

SITE 3 

CH413 .00-650.00 (level), CH6S0.oo-800.00 (grade). Stream diversion 

area of pit 23 road, ferricrete, decomposed dolerite and ash wearing 

course. 

CH600. 00-800.00 (level, no grade). Pan area of pit 23 road towards 

ramp 10, ferricrete, decomposed dolerite and ash wearing course. 

CH160.00-360.00 (level), CHSO.00-250.oo (grade). Alongside old 

ramp 4 on original haul road, ferricrete wearing course. 

The wearing course material is sourced on the mine and is described as a dolerite, ferricrete 

and ash mixture for sites 1 and 2 (in the ratio 7:2: 1) and a ferricrete sand for site 3. A G6 

classification (following CSRA TRH14, 1985) is given to all sites. Although essentially 

similar in terms of the TRH 14 classification, the material comprising the wearing course at 

site 2 exhibits a higher plasticity index and lower CBR values than the other sites. In 

addition, a greater proportion of fine material « 0,075mm) is present in this particular 

material mix. 

Traffic levels encountered varied from an average of approximately 15 ooot per day at site 

1 and 3 to 6 ooOt per day at site 2. All sites experienced an increase in traffic from January 

1995, sites 1 and 3 a 14 % increase and site 2 a 17 % increase. This combination of wearing 

course material variation and traffic does not enable the functional performance of the roads 

to be compared under various traffic levels. However, an insight into the comparative 
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functional performance of the various wearing course materials and the effect of maintenance 

can be determined. As a precursor to this assessment, the performance of each site is 

summarised in the sections that follow. 

Site 1 

The performance of site lover the assessment period in terms of individual and average wet 

season, dry season and annual defect (the sum of each defect degree and extent product) 

scores is presented in tabular form in Appendix F 1. Dustiness, loose material and rutting 

defects contributed the most to the total material defect scores (approx. 18 %, 15 % and 11 % 

respectively). These defect scores are shown graphically in Figure 9.3 from which it is seen 

that although individual defect scores vary slightly, there is no obvious trend. 

FUNCTIONAL PERFORMANCE ASSESSMENT 
Kriel Colliery Site 1 

Average dally ROM 
16000t 

Road d.leot 

Craoo - oroo 
[S] Craoo - .lIp 

"[Xl Craoo - 101litel 

E3 8IDn •• - 'Ixed 

o 8IDn •• - 100 •• 

Du.tln ••• 

Loo ..... a.rlal 

HEI Ruttlnll 

Corrullatlon. 

[Z] Pot hoi •• 

Functional defect score 

80 

80 

70 

80 

eo 

40 

80 

10 

10 

.. ar Jun Jul Aug 8.p Dot Nov D.o Jan F.b .. ar Apr 

Date at assessment (1994-1995) 

Figure 9.3 Functional Performance Assessment, Kriel Colliery Site 1 
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An additional6Omm wearing course material was added during June 1994, consisting mostly 

of ferricrete. This material was sourced from local mine borrow pits and in the absence of 

material testing, thought to be similar to the wearing course at site 3. The long term 

functional performance of site 1 is shown in Figure 9.4 in relation to the other sites at Kriel 

and the wet and dry season rainfall. It is seen that all three sites follow a similar pattern, 

albeit at different defect score levels and an increased sensitivity to rainfall, especially at site 

2. This is indicative of a seasonal (rainfall associated) factor in the functionality of roads, 

especially in regard to an initial increase in defect scores with the onset of regular rain. 

Although not an objective of this part of the research program, this result implies that the 

type and level of maintenance carried out in winter and summer may vary and as such, with 

a change in the seasonal rainfall patterns there may not be any anticipation of the resultant 

modification in functionality. 

FUNCTIONAL PERFORMANCE ASSESSMENT 
KRIEL COLLIERY 

Long term performance of sites 1,2 and 3 

Defect score Rainfall (mm) 

+ 

.......................................................................................... · .... 1'50 

Road wet (recent rain) Feb 1996 

Figure 9.4 Long Term Performance Assessment, Kriel Colliery Sites 1, 2 and 3. 
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If the number of days since last maintenance is included in the analysis of defect score, a 

functionality trend becomes obvious as shown in Figure 9.5. There is a decrease in road 

defect scores immediately after maintenance takes place on the road, due to a decrease in 

high dust and loose material defect scores that occur immediately after blading, for between 

two and three days. Then follows a period of steadily increasing defect scores. Figure 9.6 

illustrates this effect through consideration of the change in defect score between one and 

seven days after maintenace. For this particular site, an increase in pothole, corrugation, 

rutting and crocodile crack defects is seen. For the defects of loose material, dustiness and 

loose stones, initially high defect scores, immediately after maintenance, reduce and then 

increase as the number of days between maintenance increases. 

FUNCTIONAL PERFORMANCE ASSESSMENT 

Detect Bcore 

Relationship between detect Bcore and 
days Since last maintenance - Krlel Mine 
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Figure 9.5 Effect of Maintenance on Defect Scores, Kriel Colliery Sites 1, 2 and 3. 

No relationship between defect score and traffic levels can be determined from this data 

owing to the variation in wearing course material at each site. In addition, the structural 

performance of the various test sections is different (Thompson and Visser, 1994) and this 
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FUNCTIONAL PERFORMANCE ASSESSMENT 
Effect at maintenance on detect BcoreB 

Krlel Colliery Site 1 

Detect Bcore 
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Figure 9.6 Effect of time since last maintenance on defect scores, Kriel Colliery Site 1. 

leads to a decrease in functionality due to the effect of structurally induced defects on the 

overall functional performance rating. This is illustrated by the large slip crack defect score 

recorded in May 1994 at site 1 (prior to the addition of new wearing course material) and 

the formation of wide even ruts which is indicative of deformation in the lower pavement 

layers. 

Figure 9.7 shows a general view of site 1 with the laden side of the road on the RHS. 

Although the site offered both level and grade (3,6 %) sections, no significant difference in 

functional performance was noted except for slightly worse rutting on the laden side and 

crocodile cracking on the unladen grade section, probably due to the deceleration of the mine 

haul trucks coupled with a relatively plastic material. No excessive erosion of the wearing 

course was noted (along or across the road). Cracking of the wearing course material is 

shown in Figure 9.8 together with the presence of stones in the wearing course. During 

maintenance these stones lead to ridges being bladed into the road or, when removed, small 

 
 
 



Figure 9.7 General View of Kriel Colliery Site 1, 
showing rutting and damage to wearing course. 

Figure 9.8 Crocodile cracking and large stones in 
wearing course, Kriel Colliery site 1. 
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potholes being formed. Wet and dry skid resistance average defect scores of 19 and 17 

(using an extent score of 5) were recorded, the wet skid resistance score only being 

encountered after rain. The effect of watering the road to allay dust did not result in a 

significant wet skid resistance hazard since evaporation and absorption quickly removed 

excess water. The dry skid resistance defect was associated with small « 2mm) diameter 

ferricrete nodules on the road, recorded as loose material. Most of this loose material was 

seen to form windrows outside the wheel tracks, especially at the edge of the road. 

Site 2 

The performance of site 2 over the assessment period in terms of individual and average wet 

season, dry season and annual defect scores is presented in tabular form in Appendix Fl. 

Rutting, dustiness and loose material were the major defects recorded (approx. 11 %, 10% 

and 9% of total material defect score respectively). Although apparently smaller than those 

recorded for site 1, the average defect score for site 2 was in excess of 100 compared to a 

score of 72 for site 1. Figure 9.9 shows the relative defect scores graphically, again without 

any consideration of maintenance. The reduction in rutting defect recorded from November 

is attributable to the remedial work carried out by the mine to repair badly deformed sections 

of the road which were coincident with excessive rutting and corrugations. The other defects 

recorded remain similar (in terms of degree and extent), illustrating the effect of structural 

performance on functionality. From Figure 9.4 a similar long term performance trend to site 

1 is seen, albeit with higher defect scores and a greater sensitivity to rainfall. From 

Figure 9.5, the effect of maintenance in reducing functional defects is seen together with a 

slightly lower rate of increase in defect scores after maintenance due to the lower traffic 

levels on this road. It may be inferred from the graph that beyond a maintenance interval 

of 10 days, the functionality of the road reaches a stable terminal condition. This condition 

will almost certainly be far below the required level of functional performance for the road. 

Figure 9.10 shows that the effect of maintenance on this road reduces most defect scores 

initially, although the corrugation defect is higher. This may be due to stones in the wearing 

course forming ridges and small poholes during blading. 

A general view of Site 2 is shown in Figure 9.11. No differences in functionality were 

evident between laden or unladen sides of the road. There was more damage seen on 
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FUNCTIONAL PERFORMANCE ASSESSMENT 
Krlel Colliery Site 2 
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Figure 9.9 Functional Performance Assessment, Kriel Colliery Site 2. 

curved sections of the road on the laden side, due primarily to the shearing action induced 

by the vehicle tyres and the high PI of the wearing course. Crocodile cracking was noted 

throughout the dry season (May-September 1994). This defect was much reduced in both 

degree and extent over the wet season, this again being indicative of a material with a high 

PI value. Figure 9.12 illustrates the combined effect of rainfall, poor roadside drainage, 

poor crossfall and inadequate structural performance on the functionality of the road, in terms 

of rutting, shearing and displacement of the wearing course and much reduced wet skid 

resistance. These defects may be associated with the low California Bearing Ration (CBR) 

of the material comprising the wearing course at this site. The problem may be exacerbated 

by the presence of a vlei in the vicinity of the road. The vlei area was pumped dry in 

September and October 1994 and this may be the reason for the short term decrease in defect 

scores recorded after October 1994. 
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FUNCTIONAL PERFORMANCE ASSESSMENT 

Defect acore 

Effect of maintenance on defect 8corea 
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Figure 9.10 Effect of time since last maintenance on defect scores, Kriel Colliery site 2. 

Figure 9.11 General View of Kriel Colliery Site 2. 
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Figure 9.12 Damage to wearing course, laden side of road, Kriel Colliery 
Site 2. 

The performance of site 3 over the assessment period in terms of individual and average wet 

season, dry season and annual defect scores is presented in tabular form in Appendix Fl. 

Dustiness and loose material were again the major defects reported (approx. % and 19% 

of average total material defect score of 62 respectively). Figure 9.13 shows the relative 

defect scores graphically. From Figure 9.4 the long term performance trend shows an almost 

constant level of functionality over the dry season, but as rainfall increases during the months 

of September and October 1994, the defect score increases. From January onwards, the 

defect scores again decrease to a similar level to that experienced over the dry season, hence 

it may be concluded that with the onset of rains there is an increase in defect scores which 

is only corrected through an increase in the frequency of maintenance, although the type of 

material used at this site is less sensitive to rainfall than those at sites 1 and 2. Figure 9.5 

shows the effect of maintenance in reducing functional defects and a lower rate of increase 

in defect scores after maintenance. This can be ascribed to the superior structural 

performance of the road at this site together with the characteristics of the ferricrete wearing 

course material used. 
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FUNCTIONAL PERFORMANCE ASSESSMENT 
Krlel Colliery Site 3 
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Figure 9.13 Functional Performance Assessment, Kriel Colliery Site 3 

With regard to the effect of maintenance on individual defect scores, the defects of pothole, 

corrugation, rutting and crocodile cracking all increased with increasing interval between 

maintenance. Dust, loose material and loose stoniness defects all reduce after maintenance 

which reduces the overall rate of increase in defect score. The formation of a "blad" due 

to natural cementation of the local mine ferricrete was seen at this site which may explain 

the continued reduction in dust and loose material defect scores seen. Dry skid resistance 

defect scores are accordingly sensitive to the number of days since last maintenance, poor 

dry skid resistance is noted immediately after maintenance due to the presence of loose 

material on the road. Figure 9.14 shows a general view of site 3 illustrating a typical 

ferricrete "blad". As referred to in Chapter 4 and 5, this site exhibited superior structural 

performance due to the location of a stabilised layer immediately below the wearing course. 
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Figure 9.14 General View of Kriel Colliery site 3. 

9.3.2 Results of Performance Monitoring - Kromdraai Colliery 

In the experimental design outlined in Chapter 3.3.2.2, three test sites were identified at 

Kromdraai Colliery. Their location is given in Figure 3.9 and summarised below. 

SITE 1 

SITE 2 

SITE 3 

CH2560.00-2750.00 (Grade only). Contractor constructed section of 

haul road 1. 

CH1100.00-900.00 (level), CH700.00-900.00 (grade). 

constructed section of haul road 1. 

Mine 

CH 1160.00-1360.00 (level), CH 1410.00-1540.00 (grade on curve). 

Mine constructed section of new haul road 2. 
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The wearing course material is sourced on the mine and is as such similar for all three sites. 

A G7 classification (following CSRA TRHI4, 1985) is given to sites 1 and 2 whilst site 3 

receives a G6 classification by virtue of higher California Bearing Ratio (CBR) values. 

Traffic levels encountered varied from an average of approximately 15 OOOt per day at site 

1 to 7 500t per day at sites 2 and 3. Site 3 is a more recent construction and although in 

operation since February 1994, traffic levels of 7 soOt per day were only achieved from 

October 1994 onwards. This combination of circumstances enables the functional 

performance of the roads to be assessed under various traffic levels. As a precursor to this 

assessment, the performance of each site is summarised in the sections that follow. 

Site 1 

The performance of site lover the assessment period in terms of individual and average wet 

season, dry season and annual defect scores is presented in tabular form in Appendix F2. 

Loose material and dustiness defects contributed the most to the total material defect scores 

(approx. 20% for each). These defect scores are shown graphically in Figure 9.15 where 

it is seen that although individual defect scores vary slightly (excepting January 1995 

assessment taken during wet weather, hence the low dust defect score), there is no obvious 

trend. 

The long term functional performance of site 1 is shown in relation to the remaining sites at 

Kromdraai and the seasonal rainfall in Figure 9.16. If the variable of days since last 

maintenance is included in the analysis of defect score, a trend becomes obvious as shown 

in Figure 9.17. There is a decrease in defect scores immediately after maintenance takes 

place on the road due to a decrease in high dust and loose material defect scores as a result 

of blading, for between 2 and 3 days. Then follows a period of steadily increasing defect 

scores as dust, corrugation, rutting and cracking defect scores increase as shown in 

Figure 9.18. The relationship with traffic levels (tons/day) is also obvious when sites 2 and 

3 are assessed in relation to site 1, the latter carrying twice the traffic volume as the other 

sites and, all other factors being equal, thus experiences an increased rate of deterioration. 

Figure 9.19 shows a general view of site 1 with the loaded side of the road on the illS. 

Although the site is slightly on grade (1,7 %), no significant erosion of the wearing course 
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FUNCTIONAL PERFORMANCE ASSESSMENT 
SACE Kromdraal Colliery Site 1 
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Figure 9.15 Functional Performance Assessment - Kromdraai Mine Site 1. 

FUNCTIONAL PERFORMANCE ASSESSMENT 
KROMDRAAI COLLIERY 

Long term performance of sites 1. 2 & 3 
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Figure 9.16 Long Term Performance Assessment of Sites 1, 2 and 3. Kromdraai Colliery 
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FUNCTIONAL PERFORMANCE ASSESSMENT 

Defect score 

Relationship between defect score and 
days since last maintenance - Kromdraal. 
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Figure 9.17 Effect of Maintenance on Defect Score - Kromdraai Colliery Sites 1, 2 and 
3. 
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Figure 9.18 Effect of time since last maintenance on defect scores, Kromdraai Colliery site 
1. 

 
 
 



9-30 

was noted (along or across the road). In addition, no major differences in functional 

performance were noted between laden and unladen sides of the road. Figure 9.20 illustrates 

cracking in the centre of the road due to local failure and movement of the wearing course 

to a depth of 30-40mm. This may be explained by the braking action of the loaded haulers 

developing shear forces and tensile forces in the pavement, together with the layering that 

takes place on the road due to successively blading wearing course off and on the road in wet 

weather and formation of a "blad". This type of functional defect may be associated with 

the high plasticity index (PI) evident from the material classification (Table 3.10) and the 

gradual reduction in binder material that can be anticipated as the wearing course is 

repeatedly bladed off the road during the wet season (Paige-Green, 1989). Inadequate 

scarifying prior to the replacement of the wearing course will lead to the development of 

layers, especially if coal fmes are also present on the road surface. Figure 9.21 shows the 

typical location of this defect on the right hand track of the laden side of the road, shown in 

the photograph on the far side of the road. 

Figure 9.19 General View of SACE Kromdraai Colliery Site 1 

 
 
 



Figure 9.20 Cracking and pushing out of wearing 
course in centre of road, Kromdraai Colliery Site 1. 

Figure 9.21 View across haul road at Kromdraai 
Colliery site 1 showing location of defect in centre 
of road. 
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Wet and dry skid resistance defect scores averaged 15 and 17 respectively (using an extent 

score of 5). Wet skid resistance was variable and dependant on the wearing course condition 

at the time of assessment. Dry skid resistance was adversely affected by the presence of 

small ferricrete nodules « 2mm diameter), recorded as loose material on the road. This 

material is evident in Figure 9.19. 

Site 2 

The performance of site 2 over the assessment period in terms of individual and average wet 

season, dry season and annual defect scores is presented in tabular form in Appendix F2. 

Dustiness and loose material were again the major defects reported (approx. 25% and 16% 

of total material defect score respectively). Figure 9.22 shows the relative defect scores 

graphically together with the effect of wet weather on dust defect scores for the months of 

January and February 1995. From Figure 9.16 a similar long term performance trend to site 

1 is seen and from Figure 9.17, the effect of maintenance in reducing functional defects is 

seen together with a slightly lower rate of increase in defect scores after maintenance due to 

the lower traffic levels on this road. It should be noted that a maintenance interval of 19 

days is not normal procedure but arose due to unavailability of the grader for maintenance. 

Such an interval does provide evidence that without maintenance, the rate of decrease in 

functionality may decrease over time until some stable terminal condition is reached. This 

condition will almost certainly be far below the required level of functional performance for 

the road. In terms of the effect of time between maintenance intervals, a similar trend in 

defect scores is seen as for site 1 (Figure 9.18). 

A general view of Site 2 is shown in Figure 9.23. No differences in functionality were 

evident between grade and level sections of the road for either laden or unladen sides of the 

road. There was more damage seen on curved sections of the road on the laden side, due 

primarily to the shearing action induced by the vehicle tyres and the high PI of the wearing 

course. Crocodile cracking was noted throughout the dry season (May-September 1994), 

typical of which is shown in Figure 9.24, each block being approximately 300mm x 300mm. 

This defect was much reduced in both degree and extent over the wet season, this again 

being indicative of a material with a high PI value. Figure 9.25 illustrates the combined 

effect of a valley in the road longitudinal profile coincident with an excessive crossfall. The 
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FUNCTIONAL PERFORMANCE ASSESSMENT 
SACE Kromdraai Colliery Site 2 
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Figure 9.22 Functional Performance Assessment - SACE Kromdraai Colliery site 2 

Figure 9.23 General View of SACE Kromdraai Site 2 (laden side of road 
on LHS). 

 
 
 



Figure 9.24 Typical crocodile cracking defect at 
SACE Kromdraai Colliery site 2. 

Figure 9.25 Erosion of edge of road coincident 
with road valley and locally excessive crossfall, 
SACE Kromdraai Colliery site 2. 
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formational defect score concerning drainage and erosion at the side of the road was high in 

this localised area due to the above mentioned effects, when combined with rain, leading to 

excessive runoff stream velocities and resultant scouring of the road. Corrugation type 

defects developed in the road as a result of the scouring if maintenance was not immediately 

carried out. 

Site 3 

The performance of site 3 over the assessment period in terms of individual and average wet 

season, dry season and annual defect scores is presented in tabular form in Appendix F2. 

Dustiness and loose material were again the major defects reported (approx. 22% and 24% 

of total material defect score respectively). Figure 9.26 shows the relative defect scores 

graphically together with the effect of wet weather on dust defect scores for the months of 

January and February 1995. 
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Figure 9.26 Functional Performance Assessment, SACE Kromdraai Mine site 3. 
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From Figure 9.16 the long term performance trend shows decreasing functional defect scores 

as traffic steadily increases over the dry season, but as rainfall and traffic levels increase to 

an average of 7 500t per day, functional defect scores are seen to increase. Of the three sites 

assessed at Kromdraai Colliery, this site is the most sensitive to rainfall, due to a 

combination of recent construction and light traffic volumes. Figure 9.17 shows the effect 

of maintenance in reducing functional defects and a lower rate of increase in defect scores 

after maintenance due both to the lower traffic volume on this road and the superior CBR 

strength values for this particular ferricrete. After maintenance, defect scores reduce over 

a period of ten days whence they begin to increase. Referring to Figure 9.27 it is seen that 

the defects of loose material, dust and potholes (and their associated slip cracks) contribute 

most to this effect. The dust defect at this site was particularly high and can be associated 

with the low PI and LL of the material and an overall lack of binder material. 

FUNCTIONAL PERFORMANCE ASSESSMENT 
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Figure 9.27 Effect of time since last maintenance on defect scores, Kromdraai Colliery site 
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Since the road is relatively new and traffic has increased steadily from Feb 1994 onwards, 

some local deformation may be expected. This is seen in Figure 9.28 where slip cracks at 

the side of the road and potholes in the centre of the road are seen. The pothole defect 

appears to increase with the increasing cumulative traffic up to November 1994 from whence 

it remains constant, eventually being reduced by blading after rain in January. No further 

excessive pothole defect scores were recorded after this initial compaction of soft spots in the 

road. Both effects were noted on both laden and unladen sides of the road with only a slight 

increase in shearing damage seen on road bends. 

Figure 9.28 Potholing as a result of localised soft spot in newly 
constructed and trafficked site 3 road at SACE Kromdraai Colliery. 

Wet weather trafficability of the road was poor immediately after a period of rain, as seen 

in Figure 9.29. Churning of the wearing course occurs to a depth of 30-5Omm. Wearing 

course material below this depth remains firm when only isolated heavy showers occur. 

Should more continuous rain fall, excessive churning occurs under the action of the haul 

trucks. In these conditions, coal haulage is temporarily suspended and the damaged wearing 

course is bladed off the road until dry. With the return of this material to the road, no 

evidence of layering was seen. This may be ascribed to several factors; the lack of coal 

contamination of the wearing course material, the age of the road and the lack of a "blad". 
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Figure 9.29 Churning of wearing course after 
recent rain, Kromdraai Colliery site 3 (laden side of 
road LHS) 

It may be anticipated that as rme coal spillage and the age of the road increases, the 

differences in the on- and off-road material (loss of binder) may induce layering in the dry 

season as seen at the other sites. 

9.3.3 Results of Performance Monitoring - New Vaal Colliery 

In the experimental design outlined in Chapter 3.3.2.3, three test sites were identified at 

New Vaal Colliery. Their location is given in Figure 3.10 and summarised below. 

SITE 1 CHIOOO.OO-12000.00 (level). Main haul road between ramp 1 and 2, 

 
 
 



SITE 2 

SITE 3 
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carrying maximum traffic volume. 

CH 1140.00-1380.00 (level). Main haul road diversion, between ramps 

3 and 4, carrying intermediate traffic volume. 

CH2320.00-2520.00 (level). Main haul road diversion beyond apple 

cut, approaching ramp 7&8, carrying low traffic volume. 

The wearing course material is sourced on the mine, being a mixture of dolerite (crusher 

run scalpings), soft plinthite and ash in the ratio 40 %, 40 % and 20 % . The wearing course 

material is classified as a G7 material (following CSRA TRHI4, 1985) for all mine sites. 

The materials are accordingly similar, only differing in the range of 95%-100%Mod 

AASHTO CBR values, the weaker material being found at sites 2 and 3 which are more 

recent constructions than the original haul road (site 1). 

Traffic volumes encountered remained approximately constant for sites 1 and 2, at 50 Ooot 

and 26 OOOt per day respectively, whilst site 3 showed more varied traffic volumes of 

between 3 500t and 16 500t per day over the analysis period. Despite these variations, this 

combination of circumstances enables the functional performance of the roads to be assessed 

under various traffic volumes. The performance of each site is summarised in the sections 

that follow. 

Site 1 

The performance of site lover the assessment period in terms of individual and average wet 

season, dry season and annual defect scores is presented in tabular form in Appendix F3. 

Dustiness, loose material and crocodile cracking defects contributed the most to the total 

material defect score of 60 by approx. 20 %, 15 % and 12 % respectively. These defect scores 

are shown graphically in Figure 9.30 from which it is seen that although individual defect 

scores vary slightly, there is no obvious trend. 

The long term functional performance of site 1 is shown in relation to the remaining sites at 

New Vaal Colliery and the seasonal rainfall in Figure 9.31 from which it is seen that the 

defect scores recorded at site 1 increase with the onset of rain, eventually returning to 
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FUNCTIONAL PERFORMANCE ASSESSMENT 
New Vaal Colliery Site 1 
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Figure 9.30 Functional Performance Assessment, New Vaal Colliery Site 1. 
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Figure 9.31 Long Term Performance Assessment of Sites 1, 2 and 3, New Vaal Colliery 
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approximately similar values at the end of summer as recorded in the winter. If the variable 

of days since last maintenance is included in the analysis of defect score, a trend becomes 

obvious as shown in Figure 9.32. There is a decrease in defect scores immediately after 

maintenance takes place on the road due to a decrease in dust, loose material and loose 

stoniness defects scores as a result of blading, for between 2 and 3 days. Then follows a 

period of steadily increasing defect scores. Figure 9.33 illustrates the response of defect 

scores after maintenance over a period of one to eight days for site 1. 

The relationship with traffic levels (tons/day) is also obvious when sites 1 and 2 are assessed 

in terms of the rate of decrease of functionality with traffic volume. Site 3 does not follow 

the anticipated trend due to the low levels of maintenance applied to this section of lightly 

trafficked road. This implies that the level of functional performance expected from a 

particular wearing course material can be related to the traffic volumes it carries. 

FUNCTIONAL PERFORMANCE ASSESSMENT 
Relatlonahlp between defect acore and 

days alnce laat maintenance - New Vaal. 

Detect acore 
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Figure 9.32 Effect of Maintenance on Defect Score - New Vaal Colliery Sites 1, 2 and 3. 
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FUNCTIONAL PERFORMANCE ASSESSMENT 

Defect score 
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Figure 9.33 Effect of time since last maintenance on defect scores, New Vaal Colliery site 
1. 

Site 1 dust conditions are illustrated in Figure 9.34 during the dry season, with no water or 

dust palliative recently applied. For comparative purposes, Figure 9.35 shows the same 

section of road following recent rain. The wearing course is seen to chum to a depth of 

approximately 25mm during wet weather. This material is bladed off the road until dry and 

returned during the next maintenance cycle. As opposed to the other mine sites investigated, 

no layering was evident when this material was returned. The onset of potholing was seen 

to be associated with the small scale "pock-marks" of 30-40mm diameter, 10-20mm deep as 

illustrated in Figure 9.36 (road surface moist). Figure 9.37 shows the further development 

of potholes under the action of the haul trucks. This may be indicative of a steady reduction 

in the amount of binder material in the wearing course as seen from reference to the PI and 

LL values in Table 3.11, due possibly to successive blading of the material. 

Site 1 only offers horizontal sections of road and there is no clear distinction between laden 

 
 
 



Figure 9.34 Haul Road Dust Defect (Dry Road). 
New Vaal Colliery Site 1 

Figure 9.35 Dust Defect Conditions (wet road), 
New Vaal Colliery Site 1 
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Figure 9.36 Pock Marks in Wearing Course as a 
Precursor to Larger Potholing (Figure 9.37), New 
Vaal Colliery Site 1. 

and unladen sides of the road due to the return of discard material to the pit. Discards 

amount to approx. 40 laden truck repetitions per day (or 12 % of the unladen repetitions). 

Wet and dry average skid resistance defect scores of 14 and 13 (using an extent score of 5) 

were confrrmed by observation as being associated with heavy rains (refer to Figure 9.35, 

note lack of churning, possible related to higher CBR values at this site) and for dry 

conditions, excessive loose material (associated with blading). There were no major 

differences in functionality recorded between either side of the road. 
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Figure 9.37 Pothole Formation, New Vaal Colliery Site 1. 

Site 2 

The performance of site 2 over the assessment period in terms of individual and average wet 

season, dry season and annual defect scores is presented in tabular form in Appendix F3. 

Dustiness, loose material, fixed stoniness and loose stoniness defects contributed the most 

to the total material defect score of 57 by approx. 23 %, 14 %, 14 % and 12 % respectively. 

These defect scores are shown graphically in Figure 9.38 from which it is seen that although 

individual defect scores vary slightly, there is no obvious trend. The much reduced dust 

defect rating for January 1995 is attributed to the wet condition of the road. 

Figure 9.32 illustrates the effect of maintenance interval on defect scores for site 2, from 

which it is seen that site 1 and 2 exhibit a similar performance, site 2 showing a reduced rate 

of increase in defect scores which may be associated with the reduced traffic volume the road 

handles compared with site 1. 

The wet skid resistance of the road receives a high defect score due to polishing of the 

wearing course which becomes apparent on the laden side of the road during dry periods. 

Any subsequent rain causes short lived problems with wet skid resistance, until the road 
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FUNCTIONAL PERFORMANCE ASSESSMENT 
New Vaal Colliery Site 2 
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Figure 9.38 Functional Performance Assessment, New Vaal Colliery Site 2. 

begins to cut up. Associated with this effect may be the excessive crossfall at points along 

the test section; the resultant crabbing action of the truck contributing to the polishing 

phenomenon. Stoniness was also a significant defect on the road, both flXed and loose 

stones. This is due to oversize material in the wearing course material as shown in 

Figure 9.39. The problem is particularly critical on bends in the road where the shearing 

action of the haulers damages the road leaving large stones exposed to damage vehicle tyres 

as shown in Figure 9.40. Figure 9.41 illustrates localised slip cracking and rutting as a 

result of sub-base compaction and/or shear failure. 

Site 3 

The performance of site 3 over the assessment period in terms of individual and average wet 

season, dry season and annual defect scores is presented in tabular form in Appendix F3. 

Dustiness, loose material and flXed stoniness defects contributed the most to the total material 

defect score of 78 by approx. 23%, 19% and 15% respectively. These defect scores are 

 
 
 



Figure 9.39 Stones flXed in wearing course, New 
Vaal Colliery site 2 

Figure 9.40 Typical damage to wearing course on 
bends, showing exposed stones, New Vaal Colliery 
Site 2. 
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