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infroduction

Several initiatives investigated and implemented

@ Reintroducing quality management

@ Impact of various chemical additives

@ Blading optimization

@ Optimisation of work methods & Calibration of performance models
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Reintroducing quality management o) covonment

Improvements implemented
@Investigation, material selection, design, drainage
@Construction processes and training

26 Trial sections

Equipment

Breaking down oversize

Remixing

Shape and crossfall

Proper compaction

Conftrol
@®Maintenance processes and strategies documented
®Manuals developed
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SeleCﬁOI’l Of ma'l'eriqls : :_-_ k38 Government

Transport and Publc Works

Blending
Effect of processing
Software to determine ratios of different materials

TRH 20 Classification
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Shrinkage product (Sp) = % linear shrinkage x % passing 0,425 mm sieve

Grading coefficient (Gc)
= ([% passing 26,5 mm — % passing 2,0 mm]x % passing 4,75 mm) / 100
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Construction Plant & Quality Control Figg coverrment
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Quality management impacts e Government

Transport and Publc Works
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Study Results sovernment

Comparison of Actual vs Predicted Gravel Loss (AADT<350)
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Implications “Good practice” 1t

Much slower roughness deterioration than predicted

MR270: km32 - 32.5: Roughness Deterioration (Model vs. Actual) _

. ]

A /

140 1 /\ / / // —
= 7 Vil
¢ 120 y
a
= 100
3 —
o 80 —
é 60 g —

40 <

20

0

0 2 4 6 8 12

Years Since Construction

B Actual QI —a— HDM Blading (Normal compaction) |

Improved performance directly
related to savings in VOC
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Implications of reshaping %" —

Reshaping more economic than continuous
blading at high roughness levels

MR276: km1.8 - 2.3: Roughness Deterioration (Model vs. Actual)
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Impact of quality management

Transpart and Publc Works

A Total
Area of minimum transportation costs Costs

Road
Network
Costs

15% p.a.
return on
investment

Costs

—
30% 10 % | Materials & Control

additional _ }
costs 20 % Formation & Drainage

Poor | €——— Road Network Quality | = | Good
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Chemical stabilisation 58 Government

d Pubdl

ROADAMINE
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Impact of chemical additives Government

Western Cape

@Several additives on various roads applied and monitored over the
past 10 years



Varying effects Westorn Capeo
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Vquing effeC'I'S ::iﬁ Government

May 21, 20
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Compdrdﬁve performance : :_-_ k38 Government

Transport and Publc Works

All additives performed better than unireated control section
No treated section could be maintained for more than 1 year
Excellent perfformance of sealed sections after 3 years

Roughness Deterioration with Time
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i i i 1 T overnmen
Blading optimisation e © i

Transport and Publc Works

Methods investigated
@Theoretical model (Wandering salesman)
@®Practical process | befine network .
Best ora ctice ' Define Uniform Maint;r:ance sections
In draft TRH20 ¢¢

Define Minimum & Target LOS
@ FDS developed

I Feedback <

r 3

F 3

Select maintenance strategy — treatment
blading type and sequence per section

Determine frequency, blade passes, blade km Unit | f\ppropriate Fund

: . . Funding .
per maintenance secﬁn per annum & adjust | Costs " Requirement . allocation

Determine/ Allocate grader productivity per

road/ area
¥
‘ Combine maintenance sections to obtain Grader/ equipment
. balanced distribution per Maintenance Area requirement

Distribute blading requirements through year Recalculate affordable blading
to balance cycles: Blading Schedules | frequency per maintenance section

I Verify monthly program on site & issue —Pf Monitor performance
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Optimisation of work methods &
Calibration of performance models

iy
1,_l5__ ] Government
o Transport and Publc Works

Why ?
@5% of Vehicle kms travelled on gravel roads
@35% of maintenance funding on gravel roads
@®Gravel road network still deteriorating
Average gravel thickness
General condition
@Shortage and depletion of suitable materials
®High environmental demands
@®Public opinion
Fact: We cannot maintain all unpaved roads at the same level !



Service Delivery

Western Cape
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- PERCEIVED QUALITY GAP |
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Cost
Surfaced Highway

Surfaced Standards

Level of Service —>
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ey \Western Cape
C a e n g e VIl Government
hI a
- Tra part and Publc Wiork

« Traffic volumes too low to warrant high
expenditure

* Obligation to provide and maintain roads to
acceptable standards

JAccessibility
Safety
I Mobility




Action e

Transport and Publc Works

Defining appropriate Levels of Service
@Traffic volume
@Agricultural potential

* Produce sensitivity

- Job creation

@Tourism
@Social

Safety :
HAEROE Intervention  Minimum  Target3 - rating in Flo g ilen o i
. 9 Accessibility? unpaved network
EEYIMN Roughness  Speed Average terms of (K]
[P90 IRI] [km/h]  Roughness dustiness?

High 7,5 80 4 3 G |52 CEUB ELier <3 2516,7
service pa
Medium 10 60 5 Gouo Rk iyl I, 1760,5
of service pa
13 40 6 990: >Odaysout o, 30132
of service pa
Very low 15 20 6 e | Sl <5 3 090,4

i of service pa



Addressing the Quality Gap E";?é?;?n‘éﬁ?*"

Existing unsealed roads

Cost
Surfaced Highway

Surfaced Standards
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Blading frequency to meet desired LOS ? sovernment

HDM4 model - Function of:

@®Construction quality
@Traffic, Climate, Material properties, Road geometry

®Maintenance type and frequency

Steady state IRI per Blading Frequency

BF=4

ﬂ --------------------- @—-- BF:8

-

m Lo === m == == = = BF=
{/

Calibration required
for Western cape

IRI
M

Time




Performance models improvement z“;ﬁ;f;:ngﬁfﬂ

S e — Z——

Construction effects

Previous study

« Compaction
« Equipment

/ Material effects \

Previous study
Crushing/B Pit
In-line crushing
-26 versus -37mm

\

y

{

Calibrate/Adjust
HDM4

/Steady state

* Material
* Climate
» Traffic

],

Additives
» Clay/ Bentonite
e Chemical

« Salt
Non std materials/

A

A

- Blading Frequency

/Blading type effects
* Light/Heavy/double
« Sand cushioning

« Tyre dragging
« Sandvik
( Blade & Roll




Western Cape

Factorial development

Traffic (AADT) T1 <40 vpd T2 40-100 vpd T3 >100 vpd
IS = S IS
S = = £
- Grading MMP % & % %
 Traffic g S|4
. Flat
° R f I I PI<6 |Rolling
al n a Mountainous
Flat
. Fine Pl 6-10 |Rolling
° G rad I n g Mountainous
Flat
P1>10 |Rolling
* P I Mountainous|
Flat 21 20 12 13 15 14 11 19 46
. PI<6 |Rolling 40 14 15 18 29 67 13 21 96
o Te r r al n Mountainous 2 4 2 3 2 17 1 6 20
Flat 96 114 81 16 68 73 40 58 100
Medium | PI6-10 |Rolling 126
Mountainous| 13

Flat
P1>10 |Rolling

Pl <6

Coarse Pl 6-10

PI1>10

| 324] 352] 388] 137 290] 537 128] 228 815]
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6/ Road sections selected

Traffic (AADT) T1 < 40 vpd T2 40-100 vpd T3 >100 vpd

= S = S S =

E| £ | £ | & | | 5| &5 | E | &

Grading MMP . 8 % . & @ . & @

s s 2 = = 2 s = 2
Flat 0 0 0 0 0 0 1 0 1
Pl <6 |Rolling 0 1 0 0 1 0 1 0 1
Mountainous 1 0 0 0 1 0 0 0 1
Flat 0 1 0 0 1 0 1 0 1
Fine PI16-10 |Rolling 0 0 0 0 0 1 1 1 1
Mountainous 0 1 0 0 1 0 1 0 1
Flat 0 0 0 0 0 0 0 1 0
PI>10 |Rolling 0 0 0 0 0 0 0 1 1
Mountainous 0 0 0 0 0 0 0 0 0
Flat 0 0 0 0 0 0 1 1 1
Pl <6 |Rolling 0 0 0 0 0 0 1 1 1
Mountainous 0 0 0 0 0 0 1 1 1
Flat 0 0 0 0 0 1 1 2 1
Medium | PI6-10 |Rolling 0 0 1 0 0 0 1 2 2
Mountainous 0 0 0 0 0 0 1 1 1
Flat 1 0 0 0 0 0 0 1 1
P1>10 |[Rolling 0 0 0 0 0 0 1 1 1
Mountainous 0 0 0 0 0 0 0 0 1
Flat 1 0 0 0 1 0 0 0 0
Pl <6 |Roalling 1 0 0 0 1 0 0 0 1
Mountainous 0 0 0 0 0 0 0 0 1
Flat 0 0 0 0 0 0 0 0 1
Coarse Pl 6-10 |Rolling 0 0 0 0 0 0 0 0 1
Mountainous 0 0 0 0 0 0 0 0 2
Flat 0 0 0 0 0 1 0 0 0
PI>10 |Rolling 0 0 0 0 0 0 0 0 1
Mountainous 0 0 0 0 0 0 0 0 1
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Cal i b rat i O n p rO C eS S {:-it‘}".:':Ejl‘r'lt-T'IEP.".'I.[-

[ OB9 MR00276 :km 3 - 5.5 |
Section Data Traffic Climate & Geometry |
Road No MR00276 ADT (No of vehicles) 316 C (degrees/km) 18
[ ] e a S a e From km 3.00 Light 248 RF (m/km) 26.4
To km 5.50 Taxi 5 MMP (mm/month) 40
Regravel date 15-02-2011 Bus 13 HDMA4 vers 2 Calibration Factors \
. Reshape date Heavy 50 Mechanical Compaction -COMPGR(t) 0.25
D M t I Ave Blade freq 5 Traffic Growth (%) 2 Calibration factor for rough progr Kc 1
a e rl a Blade Type Wet Heavies Ratio 0.20 Default grading method factor GRAD 0.75.
Calibration factor - effect of grading Ka 0.72
D I - 'WCPG Quality factor 0.7
C I l I late TRH20 Classification Grading Analysis
100.00
Q Traffi =
DSl
ra I C 450 Slippery 80.00
- 400 70.00
3]
. = 350 6000
4 Terrain :on
® 250 H — o o
> A Erodible E Good CRavels < 40.00
g 200 30.00
. £ 150 [ ] :
4 Blading frequenc i
50 B Ravels & Corrugates LOCY
0 0.00
0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 0.01 0.1 1 10 100 1000
Grading Coefficient Sieve size (mm)
. Steady state roughness MR00276: km 3 - 5.5
 Predicted vs Measured
19
roug hness v
13
=1 /
. A AN /
vy /
5 oK
3 + + + + + +
0 1 2 E] 4 5 6 7

Time after regravel/reshaping (years)

—4—HDM4: Blading —=—HDM4 WCPG revised model —+  TRH20 ® Measured




Roughness progression

Government

Western Cape

MR00319_CW10

MR00316_CW9

1200

Steady State IRI

10,00

.00

800

Improvement
after blading

9.00

8.00

7.00

IRI (m/km}

600

Steady State IRI

IRI (m/km)

Improvement

after blading

400

=

200
290716

061116 261116

Date

18.08-16 07-09-16. 27-09-16 17-1016.

16-12-16 050117

Blading 11 Nov 2016

o0
29-07-16 18-08-16 07-09-16 27-09-16 17-10-16 06-11-16

Date

26-11-16 16-12-16 05-01-17 25-01-17

14-02-17

Kc = Roughness progression
Calibration factor

E3.1.2 Roughness Progression in HDM-4

In version 1 of HDM-4, the HDM-IIl roughness progression relationship was used. In version
2 the relationship has been amended primarily with the addition of a calibration factor to
enable the user to adjust the rate of roughness progression (Morosiuk, 200b).

The HDM-4 roughness progression relationship is given by:

Rlrgz = Rlmax = b [Rlmax = Rlve1] .. (E3T7)
where
Rlmax = max{[21.5 - 32.4(0.5 - MGD)? + 0.017(HC) — 0.764(RF)(MMP/1000)], 11.5}
...(E3.8)
b = exp[c(TG, - TGy)] where 0 <b <1 ...(E3.9)
¢ = K.min[1, COMPGR (t) max(1, n®**)] {-0.001[0 461 + 0.0174(ADL)
+ 0.0114(ADH) - 0.0287(ADT)(MMP/1000)]} ... (E3.10)
and
COMPGR = type of compaction used during construction or regravelling
= 1.0 (no mechanical compaction during construction or regravelling)
= 0.25 (mechanical compaction during construction or regravelling)
Ke = calibration factor for roughness progression (default = 1.0)

and the other variables are as defined previously
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Light blading
Heavy

Double heavy
Blade & Roll
Sandvik blading
Towed grader
Tyre dragging

IRI (m/km)

DR02254_ CK2

10.00

9.00

8.00

7.00

6.00

Improvement
after blading

Steady State IRI

5.00

4.00

3.00

Blading 11 Nov 2016

2.00
29-07-16

18-08-16 07-09-16 27-09-16 17-10-16 06-11-16 26-11-16 16-12-16 25-01-17 14-02-17

Date
Table E3-1
Default GRAD values for various types of grading
Type of Grading GRAD
Men-motorised grading, bush or tyre dragging 1.4
Light motorised grading, little or no water, no mechanical compaction 1.0
Heavy motorised grading with water and mechanical compaction 0.75
Full re-processing of wearing course with water and heavy roller compaction 02

NB Full re-processing of the wearing course has been observed to produce GRAD values of 0.2.
However, as this type of grading is unusual, it has not been included in the default options. Users
can obtain lower values of ‘a’ than the minimum value of 0.5 through the calibration factor K;.
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Model improvement — Mtaerial rrro—

effects

; C i A (o N

onstruction effects Steady state

* Previous study  Material
« Compaction e Climate
 Equipment « Traffic

\ Blading Frequency)

\ 4

‘ ’[Calibrate/Adjust I
Material effects HDM4

a

* Previous study e \
» Crushing/B Pit Bladlng type effects
* In-line crushing Light/Heavy/double
« -26 versus -37mm « Sand cushioning
« Additives « Tyre dragging
» Clay/ Bentonite « Sandvik
« Chemical O Blade & Roll )
« Salt

\ * Non std materials




Optimisation of material

Western Cape
ﬁ‘ Government
g - Transpoart and Puble Works

Waste materials ]

Alternative strategies to
reduce material demand

Current

Ny
....
Ny
Ny
by
na,
....
demand n,

-----l""ﬂ

Material Resources

Surfacing of
gravel roads

Time

Slide 35

May 21, 2018
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Material effects

e Qversize material

m Corrugation

S .
Erosion:

Longitudinal
H Erosion:
Transverse
| oose
material
Potholes

« Effects of crushing of material

JCrushed material vs BP and Grid
rolling

dIn-line crushing




Crushed (-26mm) vs B Pit & Grid roll f¢e] s-"

 Effect of crushed material

1 IRI extra improvement after = «
blading

J Cost difference

1.0

® 5 blades VS 10 bIadeS (l)gMav—lﬁ 30-May-16 19-Jun-16 09-Jul-16 29-Jul-16 18-Aug-16 07-Sep-16 27-Sep-16 17-Oct-16

Date

IRI

—8— Crushed -26 —&— Series2

DR01233

0.0
10-May-16 30-May-16 19-Jun-16 09-Jul-16 29-Jul-16 18-Aug-16 07-Sep-16 27-Sep-16 17-Oct-16
Date

—8— Crushed - 26 —8—Series?

SAVING on DR01233 = R25000/km/y
Agency =R10000, VOC= R15000



Effect of materials

¥ Western Cape

« Additives
dPrevious studies in W Cape
dFeedback on Bentonite study (Winelands)
 Laboratory testing in progress
dNew promising additives e.g. Zydex
» Policy — Agrement certification

REAAA #
> 4

Building Experience; Delivering Value

Initial Performance Has Been QOutstanding on

Three Test Sections

-

LOW
VOLUME
ROADS

FORESH0P
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Sea water treatment e

Koekenaap DR2225 - 75 x 7axles HV/day

MR 545 - Sea water treatment

25.0

20.0

—
&l
=}

IRI {m/km)

=
e
[=}
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Ik

I
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50 1 i i
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0.0 T T T T T T
0 10 20 30 40 50 60 70
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« Sea water treatment (West Coast)
Study on environmental impacts (JG Afrika — A Dannhauser)

Rust of public vehicles using roads sprayed with salt water

« Many benefits
* Adverse effects Ry
. Conclusion (ACCEPtablE) s
« Most likely complaint — Vehicle rust
« Must monitor adverse effects




Model improvement Covsmert

—+—————————————————

onstruction effects Steady state

* Previous study  Material
« Compaction e Climate
 Equipment « Traffic

- Blading Frequency)

\ 4

’[Calibrate/Adjust]'
Material effects \ HDM4 ‘
 Previous study t T
« Crushing/B Pit Blading type effects
* In-line crushing * Light/Heavy/double
e -26 versus -37mm » Sand cushioning
« Additives « Tyre dragging

» Clay/ Bentonite « Sandvik

« Chemical Blade & Roll

« Salt

e

Non std materials/
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JFitle Gov _
kﬁ:r"l{!,: aovernment
o Transport and Publec Wiork

 Purpose
dQuantify effects
J Cost-effectiveness ?




Blade & Roll .z“;:::;::z;:’*

 Overberg (Effect of heavy PTR) — DR01227

 Rolled Section — No Roughness deterioration in 3 months

1 Unrolled section — Rapid roughness deterioration aftjr 2
months

DR0O1227

6.0

ST
4.0

3.0

9

IRI

20
10

00
10-May-16 30-May-16 19-Jun-16 09-lul-16 29-Jul-16 18-Aug-16 07-Sep-16

Date

—&— Minus 37mm (not rolled) —&— Coarse material (Rolled)
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 Winelands (DR01380)
O 3 Sections, 3 Different materials
 Each section divided into two
O Wet blading alone vs Wet blading and Light PTR roll

« Several lessons learnt
O Tyre pressure adjust for full coverage
O Importance of moisture content
O Effects of rainfall to be taken into account
O At least 500m sections required




Blade & Roll- Effect on roughness o

Government

deterioration

* Winelands (DR01380) — Effect of Light PTR
dPreliminary results (Roughness)
 Different materials (All sections positive) |
- Additional cost (rolling) must be < R500/km /=~ _—
I
VOC Savings (Rolling versus no rolling) ++
-'E'l 3m0 . DR01308 (Sections km 13.16-15.31)
*% S v=1E-05§:g?gg§;-1.5321'__. % /——_.
.g 2000 .__.-. E“E
g s - ERERRRRRE N
% 1000 i - +"“+ -
;-é < .--"".-I. I
o 500 e —]. DRO1308 (Sections km 18.52-18.87)
. 08 o0 i ﬁ £ — —r
0 2000 4000 6000 8000 10000 12000 14000 E
Vehicle passes E
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* Winelands (DR01380) — Effect of Light PTR

dPreliminary results (Gravel loss)
 Effect of material drying out rapidly

Effect of rolling after blading (Gravel loss)

16
=1 -4[ 20-30mm loose material }
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Tyre d rag g i n g ' 1 {:-an'-.:r:ernr'ner:ﬁ.t-

e Various configurations
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Different
] Materials
 Sand thickness (20-30mm), (30-60mm).
 Moisture conditions
 Mass/ configuration




Effects of tyre dragging

Tyre dragging: Improvement (DR02164)

4.0 ' Soft corrugations ‘

35
. \
0 Hard and soft
T 25 corrugations
< 20 :
E S
z 15 Z
10 ;_
05 " ' ) '
l Hard corrugations ' Hard corrugations J
00 ' * : . :
0.0 10 2.0 3.0 40 5.0 6.0 7.0 8.0

km Distance

Effect of Tyre Dragging (DR02164)

180 -

<X\a:>ﬂ  —

» | Wj‘\% | d

Y

IRI (m/km)
o = B
= (= o

-
=3
<

20

00 T T T T T T |
0.50 1.50 250 3.50 4.50 5.50 6.50 1.50 8.50

Km Position

——After Tyre Drag  ——Before Tyre Drag




Optimum maintenance strategies &) =

Y I n f I u e n C e d b y i, MR 2164 Tyre drag and Blading strategy

Blading

QTraffic R e

dSand grading
A Thickness
.
A Moisture
2016-09-27 2016-10-02 2016-10-07 2016-10-12 2016-10-17 2016-10-22 2016-10-27 2016-11-01 2016-11-06 2016-11-11 2016-11-16
Date

IRI (m/km)

e Combination of maintenance methods
required




Sandvik blading (Serrated blade) &=

PURPOSE
Cost effectiveness for different situations

« Roads identified for testing

 Measures on all roads

 500m Conventional blading

 500m Sandvik blading only

O 500m Sandvik blading, water and roll.
« Testing

 Roughness

 Gravell loss




Tractor-towed grading

« Several benefits
* Current concerns (Liability)

Light Dry Grader blading = R 635.88/km Towed Grader = < R 360/km




Optimum Maintenance Strategies &) ===

» Different for different
JMaterials
J Climatic conditions
dTraffic volumes

 Example

" Steady state ‘ lMinimum LOS\J 4/ motorised
target LOS [Fowegrargi?] gnse

Tyre dragglng : | M

_Réwork/RegraveI\. I ReShaping }

IRI (m/km)

Time
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In-line crushing g Covernmen

Transpoart and Puble Works

Change in roughness between maintenance : / ~ grid-rolled section

grid-rolled section

ROUGHNESS (Ql-counts/km)

0,5

TIME (years)

May 21, 2018




Inline crushi ng . :’*;::::;E,:r%__ |

Several in-line crushers being investigated
* First formal project for testing identified




Reclaiming lost material

o Western Cape
ua'l Government

 Where did the gravel go?

 Either
JInto the formation

JIn the side drain/ close to the
road edge

dDust blown away
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ReC I al m I N g m ater I al r { {:-a:}'-.ferr'n'ru'er.\.t- B

80 Reclaimable

material

Material thickn

01 2 3 4 5 6 7 B 95 10 11 12 13 14 15 16 17 18 18
Distance from edge of road (m)



Reclaiming materials i

e Can reclaim 60 — 80% of lost material on

roads with a strong formation
2 /t) = .
il "_’—f"t

In-line crushing and/or clay addition might be required
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Strategies and guidelines must be documented oty Covernment

sl biecives allocation - dTIMS ‘ N ﬁ I Prfsiisgtvahon iy

- @

o
Unpaved

Road Network

/7 Maintenance

Ly Borrow Pit

Environ

Approval F <+ S : - Mining of Bomow People & Plant
; . ; Piis for Materials

anormonce
ROPE. PQMS, Risk ;

Management

o 7 St e A » Project Scope
Road Network Management Branch & s )
Asset Management Plan: § i T'e‘ffmem Plan
Work Elements Regravel, Spot Regravel, Rework, * Design Plans
Reshape & Blading for Unpaved Roads

Version no. 1
December 2017

Blading
Programme

Process &
cceptance
Conitrol

IVIGUIDWUI GO
Project Review

Regravelling, Reworking. Shaping. Blading



Conclusions

Western Cape
@ Government
Transport and Publec Wiork

 Initiatives continuing

« Knowledge gained and
lessons |learnt

« TRH20 ?
« We need momentum

 Be aware of pitfalls and
obstacles




