Course content

MANAGEMENT OF UNPAVED ROADS
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Gravel Road Management

* Is it difficult to budget?
* Do you have flexibility ?

Gravel Road Management

UBorrow Pits/MIS
U Experiment/calibration modules




UNPAVED ROAD MANAGEMENT SYSTEM

a
Q

* Budget requirements

ACTIVITY FLOW IN ROAD MANAGEMENT

Inventory

and design

DATA

MANAGEMENT ok

Deterioration

Location .
Measure selection

referencing




Location Referencing and Inventory

Bitumen
Earth Graded
Earth Sand
Earth Track
Gravel

Salt
Proclaimed

Eeatares
Etc

UNSEALED ROAD NETWORK

UNSEALED ROAD MANAGEMENT SYSTEM
UNSEALED ROAD ASSESSMENT (PHASE 1)
NAMIBIA ROADS AUTHORITY

Trunk Main District |Proclaimed | Total
Roads Roads Roads only

Bitumen 41357 19458 305.8 6387.3
Gravel 435.9 8670.8 15637.0 247437
Salt 0.0 110.5 1614 2719
Earth Earth Graded 0.0 363.5 10693.0 11 056.5
Earth tracks 0.0 77.2 1359.6 1436.8
Sand Tracks 0.0 0.0 240.8 240.8
otal 45716 11167.8 28 397.6 44 137.0

otal including Proclaimed only 1249.5| 45386



ACTIVITY FLOW IN ROAD MANAGEMENT

Inventory

Condition
survey

and design DATA

MANAGEMENT

Location
referencing

Presentationto
Nianagemen

Condition Assessment

NAMIBIA ROADS AUTHORITY

* In situ strength (DCP)

Unsealed Road Management System:

VISUAL ASSESSMENT MANUAL

Topography




Condition assessment

O7%

* Material properties
- DCP
* Unit costs
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Project Control System

m3_graph_total_cest

WBerronpit stockailing [ Canp/Depot Maintenance etc [ Compastion
WKnapoing W Material/Equipment transpar:
Dstanding Time weather Msurvey

Windirest time [ Inspection and Supervision
other ClRestaing M shaping
I Transport and tipping D Travelling time




Project Control System

OVERBERG REGRAVELLING PROJECTS 200012001 —=> 2007/2008 Double

R 120,00000

R 110,00000

—

R 100,00000

R 9000000

R 8000000

R7000000

R 6000000

R5000000

Costper km

R 4000000

R 3000000

R2000000

R 1000000

R-

DR1206 | DR1214 | DR1311 | DR1303 | MR268 | DR1204 | MR276 | DR1223 | DR1284 | DR1218 | DR1318 | DR1326 | DR1277 | BREDASD | CALEDON |OVERBERG
o Diverse costs R57289 | R11322¢ [R1031828| R4767.93 [ R122990 | R682522 | R4088.06 | R297041 [R12783.04 |R2076757 | R7447.15 | R459632 | R7158.95 | R261260 |R10485.17 | R625500
B Traveling time R5146.30 | R820573 | R401498 | R230337 | R431576 | R159712 | R2606.72 [ R549380 | R1127.74 | R995084 | R421777 [ R4326.11 [ R406891 | R4 90301 | R4431.92 | R4 68505
m Wearing course R9419.57 [R17,116.76 |R 1539039 | R 10,801.86 | R 15.39741 [R 1445055 R 32076.08 [ R24788.10 | R 26.788.49 | R 37.463.64 | R22,155.37 | R 23.866.79 [ R 2251353 | R 1864471 |R23,103.12| R20,70748
o Hauiing &tipping R11584.54 [R26,892.80 | R 1309238 R 12666.34 |R 1382526 [ R656342 R 1976168 [R1331531 R 1210024 R 22.080.98 [ R26918.02 [R 2464372 [ R22,8919 | R 1636179 [R 1557167 | R15,89622
m Borrow pit stockpiing | R5:58320 | R3,203.70 | R304008 | R395269 | R433854 | R370329 | R5061.06 | R538967 | R5738.60 | R7.49183 | RBT057 | R754072 | R 1146296 | R556001 | R494275 | R527442
o Roadbed preparation | R 126235 | R- R- R477.15 | R189959 | R93266 | R1314.00 [ R542549 | R2312.69 | R8,80667 |R2483478 |R24407.31[R2680937 | R6.95431 | R2776.39 | R5.02131

+ Condition description (Network)

Namibia Road Categories (2006/12/31) Visual Condition Distribution

Namibia
235250880 m? 35670.2 km

LEGEND:
VERY GOOD B
GOOD

FAR

POOR

~ 18% . 1%
Trunk Roads Main Roads District Roads
1077380 m* 197 km 78190480 m° 95185 km 155982810 m* 26032.0 km

% T % % &) 17% 1% 1%
Namibia Unsealed Road Management System Version 1.1 2007110124




Condition description

Gravel Condition

'VERY GOOD
GOOD

FAIR

POOR
VERY POOR

PROCESSES

NAMIBIA UNSEALED ROAD MANAGEMENT SYSTEM
UNSEALED ROAD VISUAL ASSESSMENT 2006/12/31
Road : M0036 Date: 2007110/24
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PAWC: TRANSPORT

Road Number : TRO5801
Road Length : 111.73 km

Reporting

GRAVEL ROAD MANAGEMENT SYSTEM

Start Datum © Beaufort West
End Datumn : Ladaon

ROAD CONDITION CHART

Agsessment Year : 2001
PrintDate : 04/02/2002
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PROCESSES

Visual Condition Comparative Histograms

Namibia
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9 RIS Graph Viewer : Gravel Thickness Trends

oo | [ elnja] o o) |8

PROCESSES

WCPA Gravel Road Management System (1997 - 2006)

Namibia Road Categories (2002 - 2006)

‘Gravel Thickness Trends

Namibia
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Namibia Unsealed Road Management System Version 1.1

General Trend: Gravel Thickness vs Time

PROCESSES

2203-2007
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PROCESSES

Set IRI for
EVOC Cut-off

Excess VOC

Routine Select either
A Set VCI
Maintenance [# ¢ measured ave IRT
Cut-off
Module

alc. annual ave IRI

Set distress
Visual categories Visual
Condition
Assessment Set
- Index (VCT
combinations

Set VCI

Potential
Project
priorities

Potential 3Y
Program &

| —— < L Gravelloss |
=—— Road detail 77

Budget

Performance Modelling

Economic modelling
(Using HDM4)

Economic project:

* Rehabilitation

= Reseal

* Regravel

= Upgrade to surfaced

Appropriate standards
modelling
(Using the RA RMS)

Appropriate projects for
preservation

Non-

=) Economic .
Economic

Total funding requirement

11



Road network modelling

Funding Distribution per Scenario
]

HDM4 Economic Optimum

Maintain current status

Do Minimum (Routine)

60% Preservation Optimum W Structures

‘ ‘ H Rehabilitation

H Reseal
80% Preservation Optimum

‘ ‘ ® Regravel

B Upgrade
Preservation Optimum

0 200 400 600 800 1000 1200 1400 1600 1800 2000

N$ per annum (Million)

PROCESSES

030 Sogment Information
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PROCESSES

UNSEALED ROAD ASSESSMENT (PHASE 1)
NAMIBIA ROADS AUTHORITY

Date : 2006/12/31

A
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Gravel Replace
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PROCESSES

40 16
1354 59
2154 38
2051
374
4554
4719

6360

BEBELEBRBEBEEA

U Selects conservative measure on project identified
UPrioritisation on IRR

UNSEALED ROAD MANAGEMENT SYSTEM
'UNSEALED ROAD ASSESSMENT (PHASE 2)
NAMIBIA ROADS AUTHORITY

Assessment Date : 2006/12/31

Section
End ()

£
2

Maintenance
Year Rec Action

Cost Geavel Replace
QS000) Cim_ (100007) Gam
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3026
1
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11114
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35
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Spot Gavel
Gavel
Gavel
Gavel
Reshape
Spot Gavel
Gavel
Gavel
Gavel

16
75
189
467

2

BEBgaddko
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PROCESSES

O Surfacing costs set at N$ 1.0 mil per km
URank according to IRR

UNSEALED ROAD MANAGEMENT SYSTEM
'UNSEALED ROAD ASSESSMENT (PHASE 1)
NAMIBIA ROADS AUTHORITY

Assessment Date : 2006/12/3

Road Length Width Tiaffic | UpgradingNeed ~EVOC Drifis Upgrading

Gt () L/H OSk) | Snall Lage  Cost (N9
D 50 A 900/ 200 L 6163047 0 317592
M 100 1 1250/ 125] . 6225563 0
D 4 800/ 80 364318 0
M 913/ 94 .. 4334318 1
D 1
D 1

120/ 170 X 2885508
600/ 100 X 320223

PROCESSES

Texireporis




REPORTING

UNSEALED ROAD MANAGEMENT SYSTEM
TUNSEALED ROAD ASSESSMENT (PHASE 1)
NAMIBLA ROADS AUTHORITY

Road Section  Section Sufice | Road Length Width Trafic | UpgradingNeed ~ EVOC

Nomber  Begin(e) End(ax)  Maintenance Region Type Gt (e @  L/H | W RRE) NSk

D002 o 5 Otjiwarongo Salt D 50 70 900/200 | 55 5411 6163 047 o

Moo 5 15 Otjiwarongo Prochined| M 100 50 1250/ 125 38 5030 6225563 o o

Dis 0 196 Otjiwarongo Salt D 20 90 80/80| 30 2061 34318 0 0

Mo 15 7121 Otjiwarongo Salt M @2 70 913/94| 37 235 43438 1 0 39514577
DisoL o 5 Otjiwarongo Salt D 50 70 10/170| 32 1630 28558 1 0 3175502
B0 70 w1 Oshalati ETack D 91 50 60/100| 68 1530 32023 1 0 5780142
DisoL 5 1065 Otjiwarongo Salt D 57 70 10/170| 48 1244 27BMs| 2 0 3588770
B407 0 5 Oshalati Gravel D 50 50 40/50| 2 %64 16799 2 0 3175502
D3407 5 10 Oshalati Gavel D 50 50 400/50 | 69 787 1636531 o o 3175902
D3407 10 3026 Oshalati Gavel D 203 50 400/50 | 58 765 1623656 o 1 12868 756
D3405 o 5 Oshalati Gavel D 50 70 330/40 | 50 661 1249536 o o 3175902
D3405 35 40 Oshalati Gavel D 50 70 330/40 | 53 661 1249536 o o 3175902
D3405 25 35 Oshalati Gavel D 100 70 330/40 | 38 661 1249536 o o 6351805
D3405 20 b Oshalati Gavel D 50 70 330/40 | 46 661 1249536 o o 3175902
D3405 15 20 Oshalati Gavel D 50 70 330/40 | 35 661 1249536 o o 3175902
D405 5 15 Oshakati Gavel D 100 70 30/40| % @7 1203 0 0 6351805
D609 15 25 Oshalati Guavel D 100 70 4w/30| 7 65 1278262 0 0 6351805
po:t) 5 15 Oshalati Gravel D 100 70 40/30| 7% 65 127822 0 0 6351805
BA0S 40 45 Oshalati Gravel D 50 70 330/40| 3} 613 121650 0 0 3175502
MO0 636 15 Oshalati Gravel M 86 70 45/15| & 92 110985 0 0 5487959
MD120 15 25 Oshalati Gavel M 100 70 25/15 | 76 574 1170118 o o 6351805
MD110 395 400 Oshalati Gavel M 50 70 250/25 | 32 430 752 o o 3175902
D3402 15 20 Oshalati Gavel D 50 110 150/50 | 67 29 764 718 o o 3175902
MD110 385 395 Oshalati Gavel M 100 70 200/25 | 30 354 569 570 o o 6351805
MD110 255 260 Oshalati Gavel M 50 70 140/40 | 52 346 587 730 o o 3175902
D361 551 2826 Oshalati Gavel D 28 90 215/25 | T 346 555303 o o 14450356
Potential Surfacing Priorities Page 1 Printed on 2007/10124 TRV Version L1 NModel 1

REPORTING

260,000,000
240,000,000
220,000,000
200,000,000
g 100.000,000
< 160,000,000
£ 140,000,000
% 120,000,000
2 100,000,000

80,000,000

50,000,000

40,000,000

20,000,000

0
0 SEID,UEIIU,DDU 1,UUU,EIIUD‘UDD
Blading Maintenance Cost (NS)

Target 0l [Blading Length jkm) _ [Blading Cast iN$] [Evoess VOC IN3) |
30 13419123 1341912330 &1 667 481
3 9073 243 907 324 296 82072124
0 3789399 378939 907 85 221 405
45 2243823 224 392 323 103321 259
50 1629095 162 909 484 123747 432
55 1320420 132 041 965 145 534 562
50 1126077 112607 743 168 503 206

15



REPORTING

Gravel Condition

VERY GOOD
GOOD

FAIR

POOR

VERY POOR

TACTICAL PLANNING PROCESS

OTHER INCENTIVES/
RMS DATA LOCAL KNOWLEDGE AWARENESS

RMS & HDM REGIONAL HO
NEEDS NEEDS NEEDS

Compare Projects Needs

Provisional Project Lists

Reseal & Rejuvenate
Gravel Periodic
Seal gravel roads

Bridge repai

Rehabilitation
New roads
Geometric Needs
Upgrading

ERIODIC MAINTENANCE CAPITAL PROJECTS
VERIFICATION FEASIBILITY

1— Preliminary (3-5 year) Work Programmes
B /f\/liTB\IEI?E —> Finalise 1%t Year Work Programmes




URMS SUMMARY

5 -YEAR ANNUAL BUDGET REQUIREMENT

MEASURE Average Annual |Annual Budget =
km Requirement |Requirement =
Periodic/ 4959 km N$ 420 mil
scheduled
Upgrading (Seal) |74 km N$ 74 mil (10y)
Routine (Blading) N$ 197 mil £
Routine (Ancillary) N$ 70 mil =
TOTAL N$ 761 mil =

Breakdown — 3-year program

Year 1 0

14 1346 1101

335 484 3280

Year 2 41

141 2427 1017

201 701 4528

Year 3 113

236 3663 759

356 1934 7061




Experiment Modules

Purpocse

Gravel Loss

DR1303(30-30.5)

— Traffic
Time after construction (years)

— Construction (i — v — o]

18



System: Material information availability

TRH 20 Classification

D
Slippery

Good (Dusty)
A
Erodible

*

-
o
=]

=
o
P
Q.
(]
(=]
]

£
(=
=

K=

(2}

Ravel & Cor?ugate

8 12 16 20 24 28 32 36 40 44 4

Grading Coefficient

Roughness deterioration

g
£ |
g

160,000,000 |
140,000,000

EFFECT OF BLADING FREQUENCY

120,000,000
100,000,000

Excess VOC (NI

50,000,000

!

60,000,000
40,000,000

) Pl

20,000,000

0 500,000,000 1,000,000,000

Blading Maintenance Cost (NS}

RIding Quallty (IR1)

15 2

Years since construction

year

[E3

Target O Blading Length (km)__|Blading Cost [N3) Excess VOC [N3) |
30 13413123 1341 912330 51667 481
E 9073243 07 324 296 82072124 &
40 3789399 378 939 907 85221 405 =
[ 2243823 224382323 103321 259
50 1629095 162 909 434 123747 433
5 1320420 132041 965 145534 562
80 1126077 112607 743 168503 206

10



OBSERVATIONS AND IMPLICATIONS

Riding Quality (IRI)

TR58/1:km46.9 -47.4: Roughness Deterioration (Modelvs. Actual)

Years since construction

[ B Actual Q| ====TRH20: Blading ]

Effect of regular light blading

ROUGHNESS PROGRESSION
MR 584 km 2.7

Years

——Normal Maintenance ® Actual Roughness

20



CONCLUSIONS ON RESHAPING

MR276: km1.8 - 2.3: Roughness Deterioration (Model vs. Actual)

’ M Actual QI ——HDM Adjusted Constrf=0.8 ~ ——HDM Blading (normal compaction)

250
200 ]/ 1/

g 150 M y I /

/ »

5

-4

3 4 5

Years Since Construction

Gravel loss DR 1318 ROUGHNESS PROGRESSION
DR 1318

250

200

/- 150
30

Gravel loss

ol
N,

0 T T T T
0 05 1 15 2 25 3
0 1 2 3 4 5
Years
Years
[+ Normal Maintenance e Actual Roughness \
Gradi
TRH20 Classification DR1318 aane
550 l+ DR 1318 === Fuller curve —— Series3 l
500
450
w0

20 2
© >
320 s
2 R e e e el e [
a0 =
s
150 .
50
0 A 1
02 4 68101214 15182022242 28 3032 3 36 38 40 42 4 46 48 ——
Sieve Size
Grading Coefficient
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—— Cars (HDM4)
|—— HVeh. (HDMH)|
Bus (HDM4)

VEHICLE

OPERATING

COSTS

IRI (mmvm)

ROAD USER COSTS

Economic Benefits

Area of minimum transportation costs

15% p.a.
return on
investment

10 % | Materials & Control

20 % Formation & Drainage}

Qualit —P Good

29



Frequent reshaping

ROUGHNESS PROGRESSION
Alternative Strategies

Years

—— New Approach Normal Maintenance
® Actual Roughness — Alt Strategy

Borrow pit/ Materials Information
Systems

22



Main Modules of GMS

(2 Provincial Government Western Cape - Windows Internet Explorer

G- Bn = : 3 ] [ced

Fle Edt yiew Favortes Tools Help

W R [gprwmcwa\Govemmentwastemcape - - [ Rage ~ { Tooks -

Provincial Government Western Cape
Gravel Management System - GFOURIE

Gravel Management System

ndiDesign (Design Standard Certificates)

+Borrow Pit Information Module
+ Acceptance Control and As-built
Information Module
+ Communications Module
+ Project Control Module
+ Query Module
+ Project Investigation & Design Module
+ Blading Optimization Module
(3 @ mtemer

24

GMS_D =24

Borrow_Pit = DRO1258M2.1/L/SWA
Deg__Dec__ =-34.2663
Deg__Dec_1 = 200795
Prop__Name = 520

Owner = ODMiState

Status = Operational Dormant
Est_Wol =0
Ave_CBR=15
Ave_Pl=15

TRH_20 =

Directions: To here - From hers

24



Maintenance Recording

ROADS AUTHORITY

SECTION : ROAD MANAGEMENT SYSTEM

District Type of Gonstruction Date of Capture:

Racorded By

Endkm | averca LaverThickness [Laver Pri Cade |Layer Sec CodelLaver Ter Code |Main Act Taken|surf T

[Field Name | i [size Layer Categories
RoadNo. Road Number e.g. D0212, T0106, M0052 etc 5 characters 1- Surfacing
carriageway Should be S, F or B (which stands for Single, Forward and Backward) 1 character 2 - Base Layer
Beginkv Start km position of layer Float 3 - Sub Base Layer
Endkm End km position of layer Float 4 - Selected Layer
Layercategory Layer Category (1 - 4) as explained next to this table Integer

vearconstructea Year Layer was constructed Integer Surfacing Type

Thickness of Layer in mm 1 - Bitumen
Primary Layer Code - See tables 4 characters 2 - Earth Gradea
Secondary Layer Code - See tables 8 characters 5 - Earth Sand
Tertiary Layer Code - See tables 4 characters |4 - Earth Track
Main Action Taken as explained below 5 - Gravel
Surfacing Type After Action as explained on the right 6 - sait

Any remark(s) regarding this layer 80 characters 7 - Prociaimed only

NGTES WAIN ACTIONS TAKEN
|USE LATEST ROAD LOGS FROM THE ROAD REFERENG1 - Construct Reseal
- Rehabilitation 9 - Resurfacing
~Form 10 - Foasiility Study
[FILL THE FORM AND SEND IT WHENEVER A PROJECT  [4 - Rework 11 - Preliminary Design
[ON AN UNSEALED ROAD IS COMPLETED OR AT AN
INTERVAL NOT EXEEDING THREE MONTHS -Reshape 12 - Detailed Design
- Spot gravel
[SEND THE FORM OR FAX TO THE RMS SECTION, FOR |7 - Gravel/ Regravel
[ATTENTION RMS MANAGER, ON FAX: 061 - 2847149
\ND SENIOR ENGINEER MAINTENANGE ON FAX

Note: I layers are imported, indicate layer category
and thickness.

Short codes — Layer Maint History

Primary Description (Alpha Secondary description (Alpha Tertiary description: (Alpha
Numeric and Numeric) Numeric and Numeric - for numeric and Numeric - Defines

Provision is made to record the material quality using the

‘G - Granular (According | rgy50 assification

to current G classification i.e. G1 | (wa wB,WC,WD,WE1 and WE2)
- G10) - in case of wearing courses

Defines the maximum aggregate “A” — Defines treatment of granular
size e.g. >53, 53, 37, 26, 19, 16, layers other than bituminous
13,9,6,4,2 products or conventional stabilising
agents e.g. polymers, enzymes etc.
=G ;

“BC” — Hot mix bitumen treated BTB continuously Recording “N” in the Y i hot bitumen (Penetration
graded would indicate “no information on maximum | grades, Medium cutback)
size available”
“BS” — Hot mix bitumen treated BTB Semi gap “P1 to P2" — Hot polymer modified (Refer TG1 for
graded numeric character)
“ET1 to ET4” — Emulsion treated material based on “R” - Bitumen rubber
UCS and ITS (Refer TG2)
“FB1 to FB4” — Foam Treated material based on “E” - Conventional bitumen emulsion

UCS and ITS (Refer TG2)
Note: Maximum size and binder type are defined

separately if data is available
“PCJ” - Jointed Concrete

“L1 to L2" — Polymer modified emulsion (latex)
(Refer TG1 for numeric character)

“dr” — Dry Compaction

“mm” — Mechanically modified
(includes crushing, rock busting,
adding of fines etc.

A gravel wearing, mechanically modified and “dry compacted” could be described as G6-WB/37-mm/dr



Maintenance Management Systems

Blading optimisation

——

26



Factors influencing blading program

hours)
* Road condition, material and maintainability

Define network
Define Uniform Maintenance sections

Define Minimum & Appropriate LOS
Feedback

Determine minimum & appropriate
blading frequenc j

etermine Min & Appr. Blading type, Blade
passes, Blade km/ maint sect per annum
‘ Appropriate
. Funding
Determlr)e_l Allocate Grader Requirement
Productivity per road/ area
L4
Combine maint sections to obtain balance
Distribution per Ward/ Maint Area

Distribute blading requirements - Recalculate affordable blading
to balance cycles: Blading Schedules |~ | frequency per maintenance section =

- Verify monthly program on site & issue

.| Grader requirements
d .
Strategies




Riding Quality (IRI)

Levels of Serviceability

Required standards

Level of Max Dustiness®
Serviceability Roughness?

Impassability

15
1
9
8
6

Frequently
< 5 days/yr
Never
Never
Never

a International Roughness Index (IRI) in m/km
b See Jones and Paige-Green (2000)

EFFECT OF BLADING FREQUENCY

Maximum
Roughness

/]

Pl

15 2
Years since construction

—Blading 4 times per year —Blading & times per year

28



Levels of Serviceability
(Implications)

Required standards

Provincial Level of Max Roughness Average
Road Category |Serviceability (IRI) target
Roughness

13
10
8
7

5.5

Levels of Serviceability
(Strategic level adjustment)

Required standards Minimum
Standards

RIFSA Classification Traffic Level of Max
(AADT) Serviceability | Roughness
(IRI)

(6) Non motorised Access 0 1 Blade/year
(5) Access roads <50 2 Blades/year
(4) District collector 50 - 100
(3) District distributor <150
>150

| |(2) Regional distributor
(1) Primary distributor

Refer TRH20 (Appendix B)
| |Refer RIFSA Guidelines 2008




TRH20

T”I'Rﬁet Traffic ADT <50 ADT =100 ADT = 200
]

Define network
Define Uniform Maintenance sections

Define Minimum & Appropriate LOS
Feedback

Determine minimum & appropriate
=
| Required | |
Determine Min & Appr. Blading type, Blade
passes, Blade km/ maint sect per annum Fund
fI 2 Appropriate allocation
Funding
g

Grader requirements
Strategies

Combine maint sections to obtain balanced
Distribution per Ward/ Maint Area

= Distribute blading requirements - Recalculate affordable blading =
to balance cycles: Blading Schedules |~ | frequency per maintenance section =

Verify monthly program on site & issue




Table 8 Productivity (Blade km per day)

Maintenance measure Easy Conditions Moderate Difficult conditions
Light blading 65 45 25

Hard rain blading 30 25 20

Hard blading with water bowser 20 15 10

MNote:
Difficult conditions could include

+ Steep grades

traffic
+ Hard material
+« Poor condition
+ Long haulage forwater bowser

Easy conditions include
+ Moist fine material
+ Flat areas

Low traffic volumes

Table 11 Equipment costs

+ Close to base (long potential working hours)

+« Only 4 working hours due to travel policy/ distance to depot

« Hightraffic volumes resulting in shorter blading sections and additional time to accommodate

Equipmeant Cost parhour Cost perday
{Including operator)

P rodue thon (lomid 2y |

{15 biads km
15

Cost par blads km

rdi

Cost perblads bm

20

Cost per blads km
0 blade km per da’ {25 blads km perday)

25

Malntenance grader R 353 80 R283040

R18869

R 14152

R113.22

Vister bowzar R 32663 R2B13 44

R17423

R 13067

R104 54

R3E292

R27249

R247.75

Vibratory roller (12 ton) RE.968.00

RAB4L 53

R 34840

R27872




Define network
Define Uniform Maintenance sections

Define Minimum & Appropriate LOS

Determine minimum & appropriate

Determine Min & Appr. Blading type, Blade
passes, Blade km/ maint sect per annum

¥

Determine/ Allocate Grader
Productivity per road/ area

Combine maint sections to obtain balanced

Distribution per Ward/ Maint Area

Distribute blading requirements
to balance cycles: Blading Schedules

Verify monthly program on site & issue

Feedback

Min Fund
Required

- Fund
Appropriate | [™ g|jocation
Funding

Requirement

Grader requirements
Strategies

Recalculate affordable blading
frequency per maintenance section

Monthly program issued to operator

DR01656

Ligte droé skraap

DR01677

Ligte droé skraap

DR01693 _ |st

Ligte droé skraap

DRO1655 _[Mount Hope:

Ligte droé skraap

DR01655 _|Mount Hope

Ligte droé skraap
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Results after implementation
(Eden DM)

* Ability to adjust blading programs with
reduced/ increased funding

+ Ability to manage emergency work

Surfaced Highway

212



MMS: Blading Areas for 2010

[

i Maintenance District;

X Cancel |

Complaints

Tenders

7§

Projects
\

Setup
Create Blading Areas

Aliocate Sections to Blading Areas
Blading Program

Biade Program Summary

| Blading areas for Windhoek

Description

|_|Bethanie
|| Gobabis
el
burg

| Katima Muilo
K setmanshoop
Maltahishe
Marigntal
Ell_xahand|a
Ondangwa

Otjiwarongo

Usakos

description

4 Area3 + RCC 2
Area 8
Aipa 20
fusa 18
Area 3l
Area 32
Area B0
Area b1




MMS: Allocate sections to blading areas for 2009 - 2010
=

Districts and Sections not allocated in ‘Wi Sections allocated to Area b1
Blading Areas [Begin k] [Lergth o) [Besi | iption. = Foad Nuber | | {Length kel [Beoin Deseription |Ered Descrigtion | ~
Bethanie: D1228 o0 2871 26,710 M0033 01249 M D1261 1061 4158 30,970 END OF GRAVEL SECTION D1274
gmﬁ:l :D‘ZED 6305 B34 7.290 Haedap - Kromas Aegons | MOMS jD'\ZS‘ 4158 4891 7320 D1274 Hardap - Khomas F
ey [ o122z 000 A9 a0 oS Khomas - Hardn [ o121 5421 7045 16,220 Hudap-Khomas Fogions D275
Kafina Muils [orzea 000 4585 45850 MOO33 01228 HEED 7045 9325 22800 DIETS 01265
i D) Kestmanshoop _Dﬂ?ﬂ B84 2323 14.380 Hardap - Khomas Regons  D1261 _DWZS\ 9325 3878 5530 D1265 Hardap - Khomas F .
Maliahihe [oi2e2 1059 1978 9260 D126 Haidep - Khama
Marentd 01305 000 239 2390 0049 END OF E4RTF
Okzhandis o130 3853 4188 3,350 EMD OF FROCLAMATION [ 01382 = E
Orsdangna [forezr Q00 B R0 TONS END OF ROAD
Ei:z:,ungn |_fo14sa 000 1856 10550 M0033 kit
|_fo1ass 1855 2000 1.450 D119 END OF GRAVE
|_|o15m aoo 168 1680 10501 END OF ROAD
[osoe 276 442 160 END OF BITUMEN SECTIOIEND OF GRAVE
|_{o1380 1380 3989 26.290 Erongo - Khomas Regiers  D1982 § <
MOn31 40317 41304 3870 Hardap - Khoma: Aegions  MO0D3S |
Aues 31 +ACC2 11.340 Erongo - Khomas Regions  MOMS
diea B ! ;
Ares 20
1eald
Ares 30
Huea 32
frza 60
ues B1

MMS: Maintenance Setup

Initial Gravel Section Setup

Maintenance ‘Years | Levels of Service  Piices per blading area |

Maintenance District |+ [ [Blading &ea Mantenance Type Cost per Unit_[Units per day|
|| Gobabis Heavy Blading I | tanoo| 15
|_|Grootfontein | |Aea2d Light Blading km 120.00 45
|| Karasburg | |Area 20 FRoad Reserve Blading ki 200.00 10
|| Katima Mulla | |Ar=add Blading Day wrk. hour 150.00 &
| |Kestmanshoop | |Aread0 Heavy Blading km 180.00 15
|| _Mallah_ghe | Area 3U Light Blading - km | 120 UU_ 45
|| Man_enta_\__ | | Area 3U_ - _B_oag Reserve Blading  km | 200, _UEI_ 1E_l
[ |Okahandia — [ J#weasr+pcc2 |Blading Day Work how | 15000 8 a3
| |Ondangwa | lawad +RCC2 |Heayy Blading km | tanoof 15
[ |opuwa | |awadt +RCC2 Licht Blading  km | 100 %
|| Dtiwarcinge | |Area 31 +RCE 2 Road Reserve Blading  km 200.00 10
||oute £ [ Jamean2 Blading Day work heur 150,00 a

Aundu Area 32 Heavy Blading 180.00 15
|| Tsumeb | Area _32 Light Blading - | 120 UU_ 45

_U§akos i Area 32 _B_oag Reserve Blading | 200, _UEI_ 1E_l
[ windhoek | lawatn Blading Day Work, | 1s000] ]




Planning per blading segment

™ BladingProgramCapture,jpg - Picasa Photo Viewer

[ MMs: Bl gram 0-2

Maintenance Areas and

Blading program for Area 8

Do ELﬂdinn Areas Blade days required  Available days peryear Graders reqL
6‘;‘2:‘ 3 Becalculate totals PRoad Length 317.140 Light 235.2 220 107
© Ara? Blade km peryear 10 582.560 Heawvy 0.0 220 0.00
O Aea s Reserve 00 220 000
@ Ares 4 By Expart Daywork 00 220 000
g pEn Total 235.2 220 1.07
O Aea 7 | %
. 2 . ight . Heavy 1]
0 Aea s | Road | Begin |y o |Lenoth|Leng] Lot |Addtional | Liht | Lght | S | gyl Heavy |Additonal,, | Heaw |Keavy | G | ongn
Q Area 9 N | Km Gam) |(km) | Bodmg | UGRE oy dles Days ||(km) |Bodmg| HeaW |Cyces Days _||(km)
@ Passes | Passes b flm/day| DeYe Passes | Passes lam  [km/day| o D2¥S |
rea
Q Areall P01 RN 000| 4082 4052| 4052 0 194456 45 432 4052 [i] [i] 00 4052
@ Areal2 DiAna| 000 388 4 0 9312 a5 21 388 il 0 000 15 oo 388
Q Areals DIz | 000 8619 8619] 56.19 4 0 269712 45 538 6619 0 0 000 15 00 5619
Q Aratd nikat | 000[ 40, 40, 077 4 0 1956.96 45 435 4077 1] 0 0.00 15 00 40777
Q) Grootiontein mizn7 | 000{ 7414[ 7414] 7414 4 i} 1779.36 a5 395 7414 0 i} 0.00 15 00 7414
O Karasburg D173 | oo0| 4398[ 4398] 4398 4 0 2111.04 15 469 4398 i} 0 0.00 15 00 4398
@ Katima Mulilo mn11a| 000] 5766] 5766| 8766 5 518940 45 1153 5766 0 0 0.00 15 000 5768
Keetmanshoop
Q Maltahihe
Q Merigntal '
Q) Oshakati
@ Ofjiwarongo
Outjo
Q Ruacana
@ Rundu
Q Usakos
@ windhoek
‘ '
Comments
Copy to new year

E» A e
Maintenance Blading program for Area 61
oo Olede doperacuited Al daye perye Graders iequiee Armual Cost (6]
i jsealeulate otels Foad Length 82080 h 1031 20 aar 55675200
i) Bladekmperyest 5041170 Heawy 102 2 05 2754360
Raterve 23 20 it arom
Dy vk 0 20 04 450000
Tatal 168.2 07 638 505,
- Uight | addmianal tght | ught | MO | peay cavy| Heavy sy || Reserve.
|04 0m |\ pesrmton|Descrption] Lign |eawy | (s [1mosssabury] e | iadna [ viohe *| SO | eading | bade | TGOS || slading | Heawy [N oladeg | oiade | C50 || Blaing -
vear || Passes | Passes K m/day| Passes | Pamses ke [kmfday| (D35 || Passes
Requirsd Required
iz 5 7N s 3 1T mm T 3 3 s [0 Gl 3
Hadsg - o 5 D i 3 1 aue B 1 ) i 5 3
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Blading Areas

™ BladingMap jpg - Picasa Photo Viewer

[ Map Viewer o
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Map Theme Feature View Tools Help
w2 z8/oea o 0

[kxex 7|noaallnonx

Mop Locstor | Feature Type Legend | Fiosd Netwark | Fosd Category | Suace Type  Blading Aress |
Map Theme Legend | Feature Types TS

Blading Areas -

‘Gobabis: Area 1
Gobabs: Area 2

‘Gobabis: Area 10
Gobabis: Area 11
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Detailed Properties

Feature Information |

92.50 krm (D1226)
11258 kim (D1223)
20.03km
Windhoek
‘Windhoek
Windhoek: Area

(13

Gravel

2009 Total 55 L'50 H5

Road: [M0033 Selected Feature : [00000002237 1002185 Feature Type :[Main Raad Links Scale: [1:5897 434

Blading per grader

™ BladingMapInZoom,pg - Picasa Photo Viewer -

Mop Theme Feature View Tools Help

B e | 6 [xxzxwz|nNeaalneox me 3

Map Locator | Feature Type Legend | Road Network | Road Category | Surface Type E\admgAveas|

Map Theme Legend | Feature Types |

Windhoek: Area &
Windhoek: Area 19
Windhoek: Area 20
Windhoek: Area 30
Windhoek: Area 31 +RCC2
Windhoek: Area 32
Windhoek: Area 53
Windhoek: Area 54
Windhoek: Area 60
Windhoek: Area 61
Windhoek: Area 65
Windhoek: Area 69

EEEE EECEEEREN

Detailed Properties

Feature Infarmation |

0.00 km (D1958)
22,50 km (END OF ROAD)
2250km

Windhoek

Windhoek

FWindhoek: Area 32

Gravel
2009 Total 11 L10 H:1

Q (R
Road: [D1420 Selected Feature : (00000000381 : 1000579 Feature Type : [District Road Links Scale: [1:1 406 904




ANNUAL COST UPDATE

Annual Update of Costs

GOVERNMENT OF THE REPUBLIC OF NAMIBIA

ROADS AUTHORITY

Report on Roadworks Costs
For the

Road Maintenance Activities as defined in the Road Management System
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Standardised way to calculate costs

74 Rehab (M)
5 3
Gravel layers to 95% incl 1km freehaul m 0.15 23.62 3.54
N 3
Reworking insitu m 0.15 14.04 2.1
3 5 3
Stabilisation m 0.15 7.48 112
Stab Agent t 0.01 1270.79 9.53
3
Crushed stone base 88% m 0.15 163.35 24.50
3
Overhaul ? m°km 12.50 1.65 20.63
3
Gravel shoulders m 0.15 26.08 3.91
Borrow materials 1.46
Finishing RR 0.89
Side drainage 8.03
Add D Seal 25.50
Total 101.22
75 Rehab (H)
3 3
Gravel layers to 93% incl 1km freehaul m 0.15 20.25 3.04
3 3
Gravel layers to 95% incl 1km freehaul ~m 0.15 23.62 3.54
Reworking insitu m® 0.15 14.04 21
. . 3
Extra over for adding material m 0.05 17.00 0.85
Stabilisation m’ 0.15 7.48 1.12
Stab Agent t 0.01 1270.79 9.53
3
Crushed stone base 88% m 0.15 163.35 24.50
3,
Overhaul ? m’km 25.00 1.65 41.25
3
Gravel shoulders m 0.30 26.08 7.82
Borrow materials 1.46
Finishing RR 0.89
Side drainage 8.03
Add D Seal 25.50
Total 129.65
[Remedial Action Additional Costs as afraction of the Basic Unit Cost
i Contract Related Consultant Related _|RA Related| Project Unit
Baste Unit Cost | o etroat| 100 100 1 1500 (5600 Road[5700 Road| ro0® | Esca. Super | Head Office | VAT Cost
0. [Action Type  |Remedial Action Description Unit 3| Establish | Engineer's _ Testing " | Mat. Test|Prof fees| SuP°'
n Traffic Si larkings = ati vision | Overheads
ment ite Establ. Materials
urfaced Roads
rack sealing m* 353 000 0010 0.000 0.005 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0025 0.150 421
atching ' 301 000 0010 0.000 0.005 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0025 0.150 358.4¢
Edge breaks . 268. 000 0.010 0.000 0.005 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0025 0.150 319.1
ingle seal with shape correction m? 40.7¢ 100 0010 0.000 0.005 0010 0.001 0.000 0010 0.000 0.000 0025 0.150 53.4
Jouble seal with shape correction i 525 100 0010 0000 0.005 0010 0.001 0.000 0010 0.000 0.000 0025 0.150 68 8
1]Asphalt (AC) |Asphalt Concrete m? 3285 0.100 0.010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0025 0.150 4307
2|REJ +AC Rejuvenator + Asphalt Concrete m? 37.03 0.100 0010 0.000 0.005 0.000 0010 0.001 0.000 0010 0.000 0.000 0025 0.150 48.55
3[13.246.7 13.2 +6.7mm Double Seal m* 2550 0.100 0010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0025 0.150 3343
4|Cape Seal Cape Seal m? 2550 0.100 0010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0025 0.150 3343
5[13.2mm 13.2mm Single Seal m? 12,36 0.100 0010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0025 0.150 16.20
6[9.5mm 19.5mm Single Seal m 9.89 0.100 0010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0.025 0.150 12,97
7|REJ + Cape Rejuvenator + Cape Seal m? 29.68 0100 | 0010 0.000 0.005 0.000 0.010 0.001 0000 | 0010 | 0000 [ 0000 0.025 0.150 3891
8|CS + Mod13 Coarse Slurry + Modified 13.2mm m? 2525 0.100 0010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0.025 0.150 33.10
(CS) Coarse Slurry m 10.08 0.100 0010 0.000 0.005 0.000 0,010 0.001 0.000 0.010 0.000 0.000 0.025 0.150 1321
Rejuvenator m? 418 0.100 0010 0.000 0.005 0.000 0.000 0.001 0.000 0.010 0.000 0.000 0025 0.150 544
iz Sand Seal / Grit Seal m? 6.02 0.100 0010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0025 0.150 789
EJ +132 Rejuvenator +13.2mm Single Seal | m” 16.54 0.100 0010 0.000 0.005 0.000 0010 0.001 0.000 0010 0.000 0.000 0025 0.150 21.68
REJ +95 Rejuvenator + 9.5mm Single Seal | m’ 14.07 0.100 0010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0025 0.150 18.45
REJ +FS Rejuvenator + Fine Slurry m? 12,87 0.100 0010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0025 0.150 16.87
19|REJ +CS Rejuvenator + Coarse Slumy m 14.26 0.100 0010 0.000 0.005 0.000 0010 0.001 0.000 0010 0.000 0.000 0025 0.150 18.69
25|Mod 13.2 Mod Binder 13.2mm Single Seal m? 1517 0.100 0010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0.025 0.150 19.89
28|REJ +Mod13 REJ + Mod Binder 13.2mm Seal m? 19.35 0.100 0010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0025 0.150 2537
33[FS +132 Fine Slurry +13.2mm Seal m? 17.94 0.100 0010 0.000 0.005 0.000 0010 0.001 0.000 0010 0.000 0.000 0025 0.150 2352
43|FS + Mod13 Fine Slurry + Mod Binder 13.2mm m? 2386 0.100 0010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0025 0.150 31.28
53|REJ+FS+13.2 |REJ + Fine Slurry +13.2mm Seal . 2523 0.100 0010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0025 0.150 3308
54|REJ+FS+9.5 REJ + Fine Slurry +9.5mm Seal m? 2276 0.100 0.010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0025 0.150 2984
B3|REJ+FS+Mod13 |REJ + Fine Slurry + Mod 13.2mm. m* 2804 0.100 0010 0.000 0.005 0.000 0.010 0.001 0.000 0.010 0.000 0.000 0.025 0.150 3676
70[Mill+Replace _|Mill and Replace with Asphalt m? 4626 0300 | 0100 0.050 0.070 0.010 0.010 0.025 0150 | 0050 | 0075 | 0400 0.075 0.150 100.16
71|Rehab (HS) Rehabilitate (Hold Action: Seal) m? 2287 0.300 0.100 0.050 0.070 0.010 0.010 0.025 0.150 0.050 0.075 0.100 0.075 0.150 49.52
72|Rehab (HA) Rehabilitate (Hold Action: Asph) m 3812 0.300 0.100 0050 0.070 0010 0.010 0.025 0.150 0.050 0.075 0.100 0.075 0.150 8253
73|Rehab (L) Rehabilitate (Light) m? 6371 0.100 0.100 0050 0070 0010 0.010 0.025 0.150 0.050 0.075 0.100 0075 0.150 12519
74|Rehab (M) Rehabilitate (Mediurn) m? 101.22 0.100 0.100 0.050 0.070 0.010 0.010 0.025 0.150 0.050 0.075 0.100 0075 0.150 198.90
75|Rehab (H) Rehabilitate (Heavy) m 129.64 0.100 0.100 0.050 0.070 0010 0.010 0.025 0.150 0.050 0075 0.100 0075 0.150 254.74
nsurfaced Roads
Blading bl.km) 74.00 0.000 0010 0.000 0.005 0.000 0.000 88.06
Forming km 52 427.00 0.000 0.010 0.000 0.005 0.000 0.000 62388.13
Reshaping km 6177200 0.000 0.010 0.000 0.005 0.000 0.000 73 508.68
Spot gravelling m 105.00 0.000 0.010 0.000 0.005 0.000 0.000 124.95
Regravelling km 105 396.00 0.000 0.050 0.000 0.005 0.000 0.000 129 637.08
Upgrading (Low) m? 10268 0000 | 0050 0.050 0.030 0.000 0.000 135.00
Upgrading (Medium) m? 219.90 0.050 0.100 0050 0.070 0.010 0.000 41891
Upgrading (High) m 284.82 0.100 0.100 0.050 0.070 0010 0.000 0.025 0.150 0.050 565682
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