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Project Summary

The Model for the Automatic Costing
of Earthworks (MACE) prototype
provides an automatic costing of
earthworks (moving material from cut
to fill areas) for road and rail
infrastructure projects using minimal
inputs.

Background

Model for the Automatic

CASE STUDY

Costing of Earthworks (MACE)

Triangulation of the survey points by 12d to create a Digital Terrain Model (DTM)

The Challenge

Accurate cost estimates for earthworks on
road/rail projects are currently difficult to
produce. They require manual calculation
of cut/fill volumes from road alignment
drawings, manual assessment of where
material needs to move to/from, and
estimation of how material will be hauled.
Currently, estimating systems do not
automatically calculate the specifics of the
haul road or the time it will take to move a

The final set of “haul paths” could then
be determined.

A text file output of the required haul
roads are then produced by the macro
(see Appendix 8). This “haul profile”
document contains a precise breakdown
of the co-ordinates (x,y,z), grade,
distance and direction of each haul road.

This file is then imported into an Excel
macro which determines how long a
haul vehicle will take to travel along

Currently, earthworks estimates take a long time to vehicle along this path based on the h haul | hi .
calculate and, as such, estimators often use attributes of the haul vehicle. each haul road. It does this by:

approximate methods for the haul distances and . . ) - Selecting the appropriate haul vehicle
time required for the movement of material. This ~ nese shortcomings result in a time- (dozer, scraper or dump truck)

method may lead to inaccurate cost estimates. consuming process to produce cost - Using detailed manufacturer
MACE provides a detailed cost estimate based on estimates  for  earthworks. ~ MACE specifications for the haul vehicle, the
the optimal movements from cut to fill, the actual addresses this by quickly determining the Excel macro simulates the vehicle
haul roads that can be created over the surrounding cut/fill volumes and locations (using Excel moving along the haul road. The macro
terrain, and the velocity and acceleration that haul macros) and the required haul road takes into account the possible

profiles (using 12d macros), and by acceleration of the vehicle in each of its
simulating vehicles travelling along the gears up/down the haul road, slowing
haul road based on the unloaded/loaded down for corners  (using the
acceleration and deceleration of the manufacturer’'s retarder specifications),
vehicle (using Excel macros from the 12d and of course this speed and
output). A comprehensive cost and carbon acceleration profile is different for the
cost of the entire project’s earthworks is loaded and unloaded haul trips.
analysed in minutes. From this simulation, the time required

. to travel along the haul road fully loaded
The Solution

and return unloaded is calculated. The
Calculating the cost to move earthworks macro also determines the diesel fuel
material in the MACE prototype - steps:

vehicles can achieve over these haul roads. The
time required to move cut to fill is then calculated
and a total dollar and carbon cost for the earthworks
is determined. This is performed in a matter of
minutes, and a final dollar and carbon cost is
calculated. The MACE program, coupled with an
automatic infrastructure cost estimation program
(such as the Roadworks Estimator), will allow cost
engineers to quickly and accurately prepare
Concept, Strategic and Detailed earthworks cost
estimates for road and rail in a fraction of the time of
current estimating methods in an attempt to proceed
with a design that minimises the total project cost.

consumption of the haul vehicle and the
carbon dioxide emitted.
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e Create a digital terrain model (DTM)
within 12d Model of the road/rail site by
downloading the terrain survey points
(from Google Earth) and triangulating
these points in 12d to create a TIN.

® |nput the centreline of the road rail
project onto the DTM and add batters to
the road centreline to connect the road
deck with the surrounding terrain. 12d
then produces a cross section and the
volume of cut/ffill at each point along the
road chainage.

e An Excel macro calculates the most
efficient locations to movement of
material from cuts to fills.

® Haul vehicles, however, are restricted in
the slope that they can travel down/up
as well as the degree of turns they can
achieve. The shortest possible path
between the required cutffill areas over
existing terrain, that fulfiled the slope
and turn radius conditions, was
determined by a macro in 12d. This was
an iterative path-finding algorithm that
started at the “cut” site, and attempted to
move in 10 metre intervals, towards the
“fill” destination (while satisfying gradient
and turning radius conditions). If it
reached a point where it was “stuck”,
with no viable point points, it would move
back one step and try a different route.

Once the haul time for each of the
required movements from cut to Afill
areas on the road/rail has been
determined, the final dollar and carbon
cost for the earthworks of this project
are determined.

Result

The cost estimate for earthworks is
currently done manually and takes a long
time to calculate. The MACE program
automates this process and produces a
fully costed solution, including choice of
haul vehicle and the most efficient
movement of material from cut to Aill
locations, in a matter of minutes. The
estimate can then be finessed to account
for local peculiarities of the site if needed.

12d Model is instrumental to the MACE
program. It is required to create a Digital
Terrain Model of the site, to establish the
road alignment and required batters, to
calculate the volume of material that must
be moved from cut to fill areas. Then the
12d  path-finding  algorithm  macro
determines the “haul roads” from cut to fill
over the existing terrain.
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Roads and Highways

12d Model’s design option is the smarter solution for
the design, modification and maintenance of Road and
Highway projects.

Enjoy advanced 3D tools to design local and major roads,
intersections, roundabouts, highways, interchanges and
much more.

Land Development

12d Model is the most versatile solution for the creation
of sustainable land development projects, including
residential, commercial and industrial developments,
recreational areas, landfills, and agriculture projects.

Easily manage all aspects of your land development
project from earthwork quantities, road design utilities and
drainage design.

Rail

12d Track has been specifically designed for the survey, design
and construction of light, heavy and high speed rail projects.

Extensive railway tools in 12d Track allow the rail designer to
quickly and easily design their projects. These options are
built on the existing 3D modelling and design tools available
in 12d Model.

Drainage, Sewer and Utilities

12d Model provides comprehensive tools for the design,
analysis and optimisation of stormwater and sewer
projects using rational, dynamic (hydrograph) and

2d drainage methods.

Powerful clash detection management allows for efficient
3D modelling of service networks such as gas, electricity,
telecommunications and water prior to construction.

Oil and Gas

12d Model assists with the design, construction and mapping
of oil and gas pipelines, original site exploration and the wide
range of infrastructure required for oil and gas projects.

Accurate 3D modelling and the ability to share data
between users allow teams to quickly and easily
coordinate designs.

Rivers, Dams and Hydrology

12d Model handles very large datasets and interfaces with
a wide range of analysis packages, making it perfect for
flood studies and the management of rivers and dams.

12d has partnered with industry leading analysis software,
allowing users to apply 2D drainage analysis from within
12d Model.

Why Choose 12d?

Powerful data processing & intelligent functionality.
Modular, easy to update & completely customisable.
Seamless integration with major industry software
and hardware.

Used in over 55 countries worldwide.

Friendly support & training from industry experts.

Ports and Dredging

12d Model is the solution for port infrastructure and
dredging, easily managing the very large datasets and
complex volume calculations often required by these
projects.

A complete range of flexible and customisable volume
calculation tools allow teams to extract and present the
information quickly and easily.

Airport Infrastructure

12d Model provides a solution for the design, construction
and analysis of new airports, as well as the upgrade and
maintenance of existing runways and airport infrastructure.

Easily manage large airport infrastructure projects and
share data across multi-disciplinary teams.

Mining Infrastructure

12d Model’s powerful set of exploration, site investigation,
survey and analysis tools are crucial for the initial design,
construction and ongoing operation of mining projects.

Comprehensive tools for the survey, design and
construction of access roads, railways, earthworks and
services allow for the coordinated design and management
of mining infrastructure from within 12d Model.

Surveying

12d Model is a complete surveying package providing
the tools to manage all facets of surveyed data including
LIDAR, topographical, as-built, conformance, traversing,
geodetics, data mapping, labelling and much more.

The 12d Field option runs on a ruggedized tablet and gives
the user access to full 12d Model functionality, allowing
you to take the entire project into the field with the most
comprehensive pick-up and set-out tools.

Construction

12d Model is the ultimate software for construction with
powerful set-out options, direct interfaces to machine
control and detailed conformance reporting and auditing.

Manage 3D data and control volumes, quantities and
progress claims with 12d Model. Set-out your project and
undertake conformance and as-built surveys live on-site
using 12d Field.

Environmental

12d Model’s ability to handle very large datasets combined
with flexible and comprehensive 3D analysis and modeling
tools make it perfect for a wide variety of environmental projects.

Existing workflows can adopt 12d Model easily as it allows
users to directly interface with GIS systems and most
software packages and file formats.

Americas: Vancouver

E: americas.sales@12d.com
P: +1 206 905 1464
Australasia: Sydney

12d Solutions Pty Ltd

PO Box 351 Narrabeen
NSW 2101 Australia

© 2013 12d Solutions Pty Ltd

P: sales@12d.com
M: +61 2 9970 7117
Europe: London

E: sales@12d.co.uk
P: +44 845 051 0372

S

12ﬂ



