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Overview

What's the problem?

1 Why do haul roads deteriorate?

How does the road influence haulage?

What’s the role of rolling resistance in haulage operations?

Do we want to fix our roads?

How to justify expenditure on road improvement

What’s the value-add for road improvement?

Simple costing exercise to evaluate value-add of road improvement
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What'’s the problem?

1 Why do haul roads deteriorate?
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= Haul roads deteriorate due to;
» Traffic induced damage to wearing course
» Environmental degradation and weathering
» Routine road maintenance (grading, watering)
» Spillage and fines contamination.
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What'’s the problem?

1 Why do haul roads deteriorate?

= Haul roads deteriorate due to;
» Traffic induced damage to wearing course
» Environmental degradation and weathering

» Routine road maintenance (grading, watering)
» Spillage and fines contamination.
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= Deterioration can be minimised through;
» Fit-for-purpose design;
» Structural design and layerworks

Dual spacing {mm)
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* Haul roads deteriorate due to;

» Traffic induced damage to wearing course

» Environmental degradation and weathering

» Routine road maintenance (grading, watering)
» Spillage and fines contamination.

= Deterioration can be minimised through;

» Fit-for-purpose design;
» Structural design and layerworks
» Wearing course material selection
» Construction quality control and
» Haul road maintenance management
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How does the road influence haulage?
What’s the role of rolling resistance in haulage operations?

" RR occurs as a result of:

» the effects of surface distress
and progressive deterioration

» deformation of the road’s
layerworks materials.

In the case of unsuitable layerworks
materials or design, the lack of support
below the surfacing (even if well
selected material) will result in rapid
deterioration, leading to further
Increases in rolling resistance.
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= Deterioration on haul roads is
commonly measured as rolling
resistance (RR);

Expressed in terms of kg (or N)
resistance per ton of GVM, where
10kg/t = 1% RR or 1% equivalent
grade against the load.

= Importantly, it directly effects
truck performance and
operating cost.
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How does the road influence haulage?

What’s the role of rolling resistance in haulage operations?

Speed reduction (percent reduction from max speed) with effective

resistance (grade + rolling resistance)
Typical 400t GVM haul truck (1976kW) 60km/h top speed

Resistance (%)

26% loss of speed
{from 55 to 39km/h)

Ralling
Resistance (%)

Ruolling

2.5% loss of speed
(from 13 to 11.5km/h)
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Effective Resistance (%)
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= Deterioration on haul roads is
commonly measured as rolling
resistance (RR);

Expressed in terms of kg (or N)
resistance per ton of GVM, where
10kg/t = 1% RR or 1% equivalent
grade against the load.

= Importantly, it directly effects
truck performance and
operating cost.
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How does the road influence haulage?

What’s the role of rolling resistance in haulage operations?

Cycle time penalty associated with

increased rolling resistance

Base case 2% RR on ramp (10%) or flat haul (0%)
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= Deterioration on haul roads is
commonly measured as rolling
resistance (RR);

Expressed in terms of kg (or N)
resistance per ton of GVM, where
10kg/t = 1% RR or 1% equivalent
grade against the load.

= Importantly, it directly effects
truck performance and
operating cost.
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How does the road influence haulage?

What’s the role of rolling resistance in haulage operations?

Percentage increase in fuel consumption (%)

Fuel consumption penalty associated with
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How does the road influence haulage?

What’s the role of rolling resistance in haulage operations?

MINE HAUL ROAD FUNCTIOMAL AND ROLLING RESISTAMNCE
n . EVALUATION
complete defect degree and extent ratings. Back to Start |
Add comments on drainage and/ or erosion. —
Reporting sheets (4) are automatically created.
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Rolling Resistance Estimation
Fromvisual assessmentof road roughness defect score (RDS)
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Various ways to assess rolling
resistance;
Qualitative defect evaluation

Quantitative wearing course
testing
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How does the road influence haulage?

What’s the role of rolling resistance in haulage operations?
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From sheeting material road indicator tests, vehicle speed and tonnage hauled

Rolling Resistance Progression Estimation

Road name HR-01a 50
4.5
Vehicle speed km/h | <« > 10 40
Tonnage kt/day « » 125
Pl | < » 8
CBR | « » 100 | £ 2
o i i H
& 15 . ! ; ——HR-01a
GC | « » 30 ; | ]
1.0 T T T - -
1 3 5 7 11 13
sP J % 130 Maintenance Interval (Days)

Maintenance
Interval (days)
RR (%)

Check max and min values are comparable with original research data
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Do we want to fix our roads?

How to justify expenditure on road improvement
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Costs
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Minimum total
road-user
costs

Do we want to fix our roads?

How to justify expenditure on road improvement

Total road-user costs

/| Vehicle operating costs
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Do we want to fix our roads?
How to justify expenditure on road improvement

= Split haul into similar segments; " [
/ I 50 Rnllmgresmancei% . + . . 4 . . 4 . 4 . 4 . 4 . 4 450
haul road geometry (width, TR :
grade) 00y "B
v sheeting material type and 3 | Ut
v daily tonnages. w A L 10 &
= Cooper equations — reliable first

T T T T T T T T T T T
0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 11% 12% 13% 14%

approximation to model truck Effective Grade (sve uphill) (%)
Speeds and fuel burn_ — 4 OEM (laden) speed  —+— Modelled (laden) speed +  Modelled fuel burn
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Do we want to fix our roads?

How to justify expenditure on road improvement

= ROad width (3.5 x truck
width)

" Cost models for; . S

35 Grader blade width uper

and lower limts for typical

"
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What’s the value-add for road improvement?
Simple costing exercise to evaluate value-add of road improvement

= Example case-study;

+ Haultuck date N

* GVM, EVM, Engine power etc. Road length (m) 2160 1,800 1,200
* Age, replacement cost etc. Width (m) 35 35 35

. o0
» Road maintenance data; Grade (%, uphill +ve) 18 500 335

¢ Equipment numbers 125 125 125

* Blade width, water cart capacity 130 60 170

* Generic data: L 1ié i
. o) 6 4

* Unit costs 100 80 80

*  Productivity
* Ultilisation, availability etc.
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What’s the value-add for road improvement?
Simple costing exercise to evaluate value-add of road improvement

Rolling Resistance Comparison
Cumant, Rehabiltated or Mew Shaating Options

= Example case-study;
* ‘Unimproved —vs- Improved’ b e |

* Methodology to identify improvement P Y sy

business case

Results HR-O1a-c

AR eSTlST (HMR-O1a HR-C1b roshooted)
ot rositance mods Results HR-01a-c Results HR-01a-c
= o I e T e s o {unimproved) (HR-01a HR-01b resheated)
fg = il S RANRESTIS T (H-Gha He o1 reshooted)
— e i =EEr e ey
1:

Curtin University is a trademark of Curtin University of Technology
CRICOS Provider Code 00301J

e % Curtin University

18




Results HR-01a-c
(unimproved)

Average percent cost change per day
HR-0la-c

Average percentincrease in total costs/day

0 2 4 6 8 10 12 14 16 18 20
Days between road maintenance

—4¥—HR-0la ~&—HR-01b #—HR-01c
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What’s the value-add for road improvement?
Simple costing exercise to evaluate value-add of road improvement

Results HR-01a-c (HR-01a HR-01b

(HR-01a HR-01b resheeted)
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What’s the value-add for road improvement?
Simple costing exercise to evaluate value-add of road improvement

= Improved (125ktpd target)

> CyC|e tlme Increases B Results HR-01a-c Results HR-01a-c (HR-01a HR-01b
prOdUCtlon fa”S by OBOA)/day up {unimproved) (HR-01a HR-01b resheeted)

Production change per day Production change per day

to a routine maintenance interval .. _ WRolac

— - 125 16
004 dumg e, 7106 boped tisa
120 15

Ratwrn (urladen) kg @30% laden haul duration,

of 7-days. A T By
] ag F i
. . 'E— 115 4 _&‘E é ‘E- 115 + S0s dump time, 2108 load time I 14 _E E
> 1. 2mtpa production increase : B 5 || ookl wootrtion s i | i
E 110 /W 13 E £ g wo 1 ; E
e

> T t I d t d t. f E 108 ¥ o E ...E.. E'\-? ’_‘_’/—‘)/b_’_—(h—“_( E E

Olal road-user cost reauction o - s

" " . 160 1 100 1
1.4million cost units per annum. "¢« < o 1w s e 0w ARRRE TR R
=== HA-018-< combined production —s— Fleet requinement (trecks] te maintsin production e HA 0 2 combined production  —e— Fleet requiresent [rucks] 1o mantain production

*  QOther losses likewise reduced.
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What’s the problem?

Investment in road
maintenance, resheeting
and rehabilitation - how to
develop the business case?
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How does the road influence
haulage?

MN19%RR Ramps
V7% KPH
A7% Fuel burn

MN1%RR Flat
hauls

W/20% KPH
AN25% Fuel burn

Do we want to fix our
roads?

Safety must always be
paramountin any
improvement campaign.
Return road surfacing to
close to original condition,
to minimise rolling
resistance and further
deterioration rates.

Summary

What’s the value-add for
road improvement?

Minimise cost-penalty
associated with increased
cycle time, fuel burn, VOCs.
Minimise production losses
due to increased cycle
times and lower
productivity.

Curtin University
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Mining Haul Roads

Theory
and
Practice
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Roger J. Thompson
Rodrigo Peroni

M ni ng Haul Roads - Theory and
Practice

Conpl ete practical reference for mning
operations, contractors and m ne pl anners

“This book is the nost definitive treatise on
mni ng haul roads ever witten [.] There has
never been a text that addresses the nany
facets of mning haul roads on such a scope

[.]"

From the Foreword by Jim Humphrey, Professional Engineer,
Autonomous haulage systems developer and Distinguished
Member of the Society of Mining, Metallurgy and Exploration.

mininghaulroads.com/technical-resources.html

crcpress.com/Mining-Haul-Roads-Theory-and-Practice/Th

ompson-Peroni- Vlsser/p/book/9781 138589629



https://www.crcpress.com/Mining-Haul-Roads-Theory-and-Practice/Thompson-Peroni-Visser/p/book/9781138589629
https://www.crcpress.com/Mining-Haul-Roads-Theory-and-Practice/Thompson-Peroni-Visser/p/book/9781138589629
http://www.mininghaulroads.com/technical-resources.html
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