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Dr. Richard Brachman, P.Eng.
Professor

The phrase ‘buried but not forgotten’ captures Dr. Brachman’s
unique expertise on measuring the physical response of
geosynthetic liners (both thin plastic liners called geomembranes,
and thin layers of clay soil contained by industrial fabrics called
geosynthetic clay liners) and buried structures (like pipes and
culverts) using innovative large-scale experiments, field studies and
numerical analysis.
His unique scholarly contributions are related to determining the
effects of stress, temperature, chemicals and time on soil-structure
interactions that directly impacts how well, and how long, these
important components of our buried infrastructure perform their
function. Dr. Brachman has made significant contributions on the
assessment of long-term strains in geomembranes, as well as
geosynthetic clay liner hydration and dimensional stability and the
field performance of exposed composite liners. He is a co-author of
the prominent book Barrier Systems for Waste Disposal Facilities.
He has received six Best Paper Awards for works published in the
Canadian Geotechnical Journal, Geotextiles and Geomembranes,
and Geosynthetics International. The excellence of his
contributions have also been recognized with the igs Award from
the International Geosynthetics Society and the Geosynthetics
Award and the Canadian Geotechnical Colloquium from the
Canadian Geotechnical Society as well as the Premier’s Research
Excellence Award from the Government of Ontario, the
Chancellor’s Research Award from Queen’s.
He is also passionate about enabling student learning. He has led
the Department’s curriculum revisions over the past decade and is
a two-time recipient of the Department’s Teaching Award.
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Dr. Yves Filion, P.Eng.
Associate Professor of Civil Engineering

As a leading researcher in sustainable water systems, Dr. Filion is
developing innovative solutions to the high energy costs and water
quality problems associated with aging municipal water systems. As
water systems age, they require more energy to operate. Dr. Filion is
exploring ways to reduce the energy and environmental footprint of
water systems. His research is intended to help municipalities
deliver safe drinking water to Canadians more cost effectively and
with less energy; to achieve this, he has been developing whole-oflife design approaches to optimize the rehabilitation of water main
assets that will reduce energy use and the greenhouse gas
emissions linked to water provision. Dr. Filion is also developing a
novel energy analysis to help municipalities better understand how
reducing leakage, conserving water, and rehabilitating old pipes can
save energy in water systems. Dr. Filion has recently been
recognized by his peers for his leading contributions to the field of
sustainable water systems with a keynote lecture at the 2014
International Water Distribution System Analysis Conference.
Additionally, Dr. Filion’s pioneering work in life-cycle energy
analysis of water systems has also been recognized with “best
paper” awards from the Journal of American Water Works Association.
Dr. Filion is also working to improve drinking water quality in water
distribution systems. His research in this area focuses on studying
biofilm growth and mobilization–two mechanisms that can lead to
drinking water quality problems in municipal systems. Dr. Filion
was recently awarded funding from the federal and provincial
governments to establish a large-scale pipe research facility. This
facility will be unique in North America and will include two
components: a large-scale pipe test rig and an environmental
chamber. Dr. Filion will be using the pipe test rig to examine the
influence of fluid flow and water quality conditions on biofilm
growth and mobilization in pipes. The environmental chamber will
allow Dr. Filion to determine what microbiological communities are
present in biofilms under different environmental conditions.
Ultimately, Dr. Filion’s research goal is to help evaluate the
effectiveness of new pipe liner technologies and other strategies in
improving water quality in municipal water distribution systems.

civil.queensu.ca/Research/Environmental
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Dr. Neil Hoult, P.Eng.
Dr. Hoult’s research interests include testing and modeling of
reinforced concrete, deteriorated infrastructure performance, buried
infrastructure, and structural monitoring. One of the challenges faced
by society is how to use resources more efficiently and effectively.
Reducing CO2 production is an important aspect of this challenge and
structural engineers should seek to optimize the use of resources to
minimize CO2 generation. Dr. Hoult’s research investigates complex
structural behaviour so that new structures can be designed more
efficiently and existing structures can be assessed more accurately.
Dr. Hoult’s research in the area of Testing and Modeling of Reinforced
Concrete includes the behaviour of shear critical structures, buried
reinforced concrete pipes and the use of recycled concrete aggregate
(rca) for structural applications. By combining new sensor
technologies such as distributed fibre optic strain sensors and digital
image correlation with full-scale experiments, research team members
are helping to develop a better understanding of how new and existing
reinforced concrete infrastructure behaves.
His research into Deteriorated Infrastructure Performance includes the
behaviour of corroded reinforced concrete structures, corroded steel
pipes, corroded steel members, and cast iron pipes. One of the most
significant questions facing engineers today is “how much
deterioration is too much deterioration?” Research students working
in this area develop techniques for creating controlled yet realistic
deterioration and testing these deteriorated structures to failure to
determine how much is too much deterioration.
Dr. Hoult works closely with colleague Dr. Ian Moore investigating the
performance of Buried Infrastructure including both new and deteriorated
assets such as steel culverts and reinforced concrete pipes. Large-scale
experiments are conducted using the unique testing facilities at
Queen’s, which enable the testing of pipes under shallow burial
conditions while being subjected to additional surface loading.
Dr. Hoult’s research group takes advantage of cutting edge Structural
Monitoring technologies in almost every research project. However,
some projects focus on monitoring to help assist in the assessment of
new and existing infrastructure assets. Recent advances in monitoring
technologies offer the opportunity to give engineers the data required
to keep existing structures in service longer and to optimize the design
of new structures.

civil.queensu.ca/Research/Structural
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Dr. Ian Moore, P.Eng.
Professor and Canada Research Chair in Infrastructure Engineering
Executive Director Geotechnical Centre at Queen’s – RMC

Ian Moore is a Geotechnical Engineer with expertise in shell
structures like pipes. He has been Professor and Canada Research
Chair in Infrastructure Engineering at Queen’s University since 2001.
His work on soil-structure interaction issues associated with buried
pipes includes studies of both the loads that reach these structures
from the weight of the overlying soil and vehicles, and the strength
limits controlling these structures. His more than 240 publications
examine both conventional ‘cut and cover’ construction, and
trenchless construction procedures for buried water, sewer, and
energy pipelines. His work with graduate students and other
collaborators is included in various North American and
international codes of practice.
Dr. Moore’s recent projects include experimental and computational
studies to assess the strength of new, deteriorated and repaired
pipes, to assess how much deterioration is too much deterioration,
the design of various rehabilitation methods for buried pipes, and
work to explain the behaviour of pipes pulled into place using slip
lining, pipe bursting and horizontal directional drilling. He began
his career as a geotechnical analyst, and continues to develop
computational procedures for three dimensional soil-pipe
interaction. Over the past fifteen years he has developed worldleading full- scale test facilities at Queen’s to study highway culverts,
buried water pipes, and energy pipelines.
Dr. Moore (Civil Engineering) received the 2014 Queen’s Prize for
Excellence in Research for his achievements in fundamental and
applied engineering research and for his unequalled advances in the
understanding and design of buried pipes. Dr. Moore is a Fellow of
the Canadian Academy of Engineering and in 2002 he became the
second civil engineer to be awarded a Killam Research Fellowship.
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Dr. Kevin Mumford, P.Eng.
Assistant Professor of Civil Engineering

Dr. Mumford is an emerging leader in environmental engineering,
conducting research on the investigation and remediation of
contaminated soil and groundwater. By conducting experiments
focused on examining the flow of multiple fluids in porous media
and the mass transfer between those fluids, he hopes to better
understand the processes that control how contaminants, such as
petroleum fuels and chlorinated solvents, are transported in the
subsurface.
Dr. Mumford’s current research includes experiments to investigate
thermal remediation technologies, where groundwater and volatile
contaminants are boiled in the subsurface and removed under
vacuum. By establishing relationships between gas production,
temperature measurements, and contaminant removal, these
technologies can be optimized to remove more contamination
while consuming less energy. Research is also being conducted on
the contamination of groundwater and air from shallow oil and
gasoline spills, including the improvement of mathematical models
for contaminant transfer to residential basements. Other work
looks to understand the fate of new-generation oil products, such as
diluted bitumen, that can be spilled to rivers and become trapped in
the underlying gravel.
Dr. Mumford’s research uses laboratory experiments, conducted in
the newly-renovated Ellis Hall Environmental Laboratory, that are
specially designed for the collection of high-resolution data. Digital
images of water, oil and air flowing through sand in twodimensional flow cells are used in combination with the analysis of
contaminant concentrations to measure the dynamics of
multiphase flow behaviour, at a scale that allows key subsurface
features to be reproduced under laboratory conditions.
The goal of Dr. Mumford’s research is an improved understanding
of contaminant behaviour, with fundamental insight leading the
way to the development and optimization of clean-up technologies
that protect water resources and allow for sustainable urban
development through the clean-up and reuse of contaminated land.

civil.queensu.ca/Research/Environmental
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‘Deterioration and long term performance
of buried infrastructure’
Buried pipes are essential for modern life, delivering clean water and removing
waste and storm water. Ageing of these systems is a major challenge facing our
urban centres. Over the past 6 years a unique facility developed at Queen’s by
Drs Moore and Brachman has made leading contributions to buried pipe
research and design in Canada and beyond. The facility permits full-scale
testing of buried pipes responding under service loads, and at the much higher
loads needed to generate strength limits. During this time it has been used to
conduct hundreds of experiments by dozens of graduate students.
However, the post-war boom accommodating many new immigrants and the
‘baby boom’ is also reaching retirement age, and most infrastructure
investments now involve repair or replacement of deteriorated facilities, not
construction of new systems. Engineers understand new pipe performance, and
just like practicing medicine for seniors based on the health of young adults, it
leads to unnecessary risks and costs. Funding of $3.2m from the Canada
Foundation for Innovation, the Ontario Research Fund, and other sources is
being used to support facility upgrades to investigate long term pipe
performance, deteriorated pipe performance, and water quality issues in
deteriorated pipes. The funds to Drs Moore, Brachman, Filion and Hoult are
being used to develop new experimental capabilities to be used for research
that improves decisions by public authorities regarding pipe inspection, repair
or replacement, and which leads to better pipe products. The new facilities
should have profound economic and social benefits: a 5% saving in relation to
water pipe and sewer investments made by cities each year in Ontario
represents $50m per annum. Furthermore, the scores of new experts trained
will support Canada’s outstanding consulting industry, contribute substantially
to gdp, and help transform practice from ‘as-new’ design to consider long term
performance and pipe deterioration.
Five specific new capabilities are being developed:
i. a new test pit that simulates very deep burial and which permits testing of
pipes in saturated soil
ii. a pressurized pipe loop to study the effect of deterioration and other aging
effects on water quality;
iii. facilities to accelerate aging and produce deteriorated pipes (reinforced
concrete and corrugated steel pipes in particular) for studies on damaged
pipes;
iv. facilities to heat buried polymer pipes and stormwater detention chambers
while they are buried in the existing or new test pits, and therefore
accelerate long term deformations in polymer structures;
v. equipment to study erosion of the soil surrounding leaking pipes.

civil.queensu.ca/Research/Geotechnical
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Golder Visitors and Golder Fellows
Golder Associates (Canada) has committed $500,000 over ﬁve years to
initiate two exciting new collaborative research programs in the
GeoEngineering Centre at Queen’s-rmc.
The ﬁrst is the Golder Associates Visitors program. Each year, this
program will fund four extended visits to Kingston by international
scholars and experts from different technical communities within
Golder Associates. Visits will last from one to three months, and permit
collaborative research, delivery of seminars and short courses, and
productive interactions linking the visitors to geoengineering faculty
members and students, as well as other technical experts from Golder
Associates.
The second is the Golder Fellowship Program and provides ﬁnancial
support to two Fellows in the Department of Civil Engineering to
strengthen collaborative research and graduate training with technical
experts from Golder Associates.
Richard Brachman, Professor and 2014 Golder Fellow, is working with

masc student Ryan Waud (upper left) and Dr. Frank Barone, Principal
of Golder Associates on the project “Field-scale monitoring of
geosynthetic liners during construction”. This project involves work to
measure displacements on a landﬁll side slope along gravel/geotextile/
geomembrane interfaces during construction and waste placement, to
evaluate local downslope shear induced indentations, and to quantify
the effects of sand cover placement method on the fate of wrinkles in
hdpe geomembranes for landﬁll base liners. The work is providing new
insight into how short-term construction issues may impact long-term
performance of geosynthetics used in landﬁlls.
Andy Take, Associate Professor and 2014 Golder Fellow, is working
with masc student Lisa Wheeler (lower left) and Senior Geotechnical
Engineer Dr. Graeme Skinner of Golder Associates on the project
“Optimization of mass stabilization of peat rail subgrades” using novel
techniques employing multiple high-speed digital cameras to isolate
ground vibration from optical measurements of rail and sleeper
movements under railways. The project has developed new methods of
measuring longitudinal and vertical rail displacements at full track
speed and is providing new insights into track support mechanisms.

civil.queensu.ca/Research/Geotechnical

14-0716 Queen’s University Marketing

Civil

ENGINEERING

A “living building” that’s the ultimate
teaching tool for civil engineers
While working as an engineer with Halsall Associates, Neil Hoult helped to
design the Integrated Learning Centre. Little did he know then that he was
creating his own instructional tool. “I have a long association with the ilc,”
confirms Dr. Hoult, who has been an assistant professor in the Queen’s
Department of Civil Engineering since 2009. “The building was created to
enable hands-on learning and teamwork, and to provide an environment where
students can meet and work with top-notch resources at their disposal.”
Computer labs, prototyping labs and many features of the ilc itself support
student learning. “You can approach parts of the building to see how the
structure works,” Hoult says, mentioning a gap that reveals reinforcing bars.
Hoult also uses the eye-catching Learning Column, located in the ilc’s “The Tea
Room”, for student labs in his second-year Solid Mechanics course. The column,
which has a hydraulic jack underneath so that it can be lifted up by students
using a foot pedal, with sensors to provide data, is a tremendous tool for
problem-solving. “It’s a nice way for students to apply what they’re learning in
solid mechanics to an actual building,” Hoult says. This hands-on learning
creates ‘aha moments’ for students. “It’s often the first time they realize that the
simplified analysis they learn in second year is just modeling and may not match
what happens in the real world. As faculty adviser to various groups, Hoult says
he sees first-hand how the ilc provides much-needed space for students to
gather and work. First-year students in engineering design and practice, for
example, use the ilc for meetings. And fourth-year students from the concrete
toboggan and concrete canoe teams, as well as the bridge building team, take
advantage of the ilc, says Hoult.
Dr. Colin MacDougall, an associate professor in the Department of Civil
Engineering, has also been involved with the ilc since its earliest days. He
joined Queen’s in 2001 and participated in the first meetings to discuss what
should go into the building. “The goal was to bring different types of engineers
together in the same space and to provide hands-on learning. We were creating
a teaching tool,” says MacDougall. The Steel Tree, located at the back of
Beamish-Munro Hall, is a tool MacDougall uses regularly. It helps students to
visualize structures, understand how various components are connected, and
appreciate the challenges involved in taking a concept on paper and turning it
into a living building. The building gives students team and leadership skills, as
well as solid project experience, enabling them to contribute immediately in
the workplace, MacDougall says. “Our students don’t take a year to see how
theory applies to a real building – they see it early on at the ilc.” Even a decade
after it was built, he adds, the ilc remains a leadingedge tool for teaching
engineers. “It’s great – the building gives me a chance to do assignments and
lessons I can’t do in a regular classroom. And it lets my students see how things
connect and where things go in a real structure.”

civil.queensu.ca/Research/Structural
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New Structures Laboratory
Simulating real world testing conditions
The structures lab at Queen’s University has been a mainstay of Ellis Hall
since the late 1950’s. When renovations are complete, the lab will feature a
cutting-edge bridge engineering testing facility unmatched in Canada and
throughout the world. This transformation was made possible thanks to a
$3.5 million grant from the Canadian Foundation for Innovation and the
Government of Ontario.
The lab is outfitted with various hydraulic actuators and test frames that can
apply static or cyclic loads up to 2000 kN to test structural components
ranging from single reinforcement bars to full-scale bridge elements. The lab
also has the facilities to test components under freeze-thaw or sub-zero
temperatures to simulate the effects of the Canadian winter.
Recent work by the Structures Research Group has included the use of fibrereinforced polymers for new and rehabilitated structures; using cutting edge
instrumentation such as fibre-optics and digital image correlation to monitor
structures for signs of deterioration; evaluating more sustainable materials
including straw bales, recycled concrete aggregates, and bio-resins and
fibres; and testing elements deteriorated by freeze-thaw, fire, and corrosion
to better understand these processes. Over the past several years, and using
some of these technologies, the group has been steadily building its capacity
and stature among scientific communities as one of the top research groups
in the area of bridge engineering in cold climates. The new facility and
associated renovations enabled by the new grant will certainly establish and
solidify the group’s leadership in this field, both nationally and
internationally.

Wet Conditioning Room

These upgrades are just a sign of things to come. This preliminary work was
done to accommodate the ‘Moving Load Simulator’, a 15 m long, 5 m wide
test frame that can be used to perform experiments on full-scale bridge
components under a moving load equivalent to that of a transport truck at
speeds up to 36 km/h. In addition to all of this, new facilities will enable
elements to be tested at temperatures ranging from -30 to +40°C along with
being deteriorated using de-icing salts. This facility will be unique in the
world and will create the most realistic means of evaluating the life of bridge
structures to date with the goal of developing new techniques to construct
and repair bridges that will last for generations.

Moving Load Simulator

civil.queensu.ca/Research/Structural
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Within the past year, funds have been used to replace the lab’s loading ramp
and door, purchase a 2-ton capacity forklift, obtain a new 455 litres per
minute hydraulic pump, and the lab has been expanded to include a new
300 m2 low-bay space for the fabrication, deterioration, and storage of
structural elements. The current 3-ton overhead crane will be replaced with a
modern 15-ton crane to meet the needs of 21st century structural engineering
research.
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NSERC Collaborative Research and
Training Experience (CREATE) Programs
Two innovative create training programs build transformative opportunities for
graduate students in the Department: Sustainable Engineering in Remote Areas
(sera) and Systems Training and Education in Water Assets Research and
Development (steward). The sera program is hosted in the Department under the
leadership of Dr. Mark Green and provides training in sustainable building, energy
projects, cultural sensitivity, and professional skills. sera aims to create opportunities
through sustainable engineering projects and enriched education for Aboriginal
students to support Aboriginal engineers and communities as active partners in
sustainable northern development. Dr. Ian Moore and Dr. Yves Filion lead Queen’s
portion of the steward program, a collaboration with Dalhousie University that
provides a unique training environment for research on buried water infrastructure
by creating exceptional training experiences in a unique learning environment that
integrates traditional engineering silos.

create sera is responding to the significant challenges and opportunities for
Canada’s future of providing engineering services in northern and remote areas. To
address this need, create sera provides specialized training in Indigenous cultural,
legal and policy issues, business skills, and sustainability standards. Internships in
industry are also a key component of the training. Cutting-edge research is
conducted in two main themes: 1) renewable energy systems (solar, wind, hydro and
biomass) including advanced monitoring techniques, and 2) sustainable and energy
efficient buildings, including locally available construction materials, lightweight
building systems, and structural health monitoring systems.
Who is create sera for? Graduate students and undergraduate Aboriginal students
are the main participants. Industry partners are encouraged to join the program to
sponsor and guide the research, offer internship opportunities, and help transfer the
research results into practice. Indigenous partners who want to expand the
opportunities for their communities can join sera to guide the research, to enhance
cross-cultural understanding and build capacity in Aboriginal communities.
As part of create steward, trainees gain the capacity to understand, analyze and
solve multifaceted problems associated with buried infrastructure. The program has
four main themes: A) Water Quality in Distribution Systems, B) Buried Pipe
Infrastructure Design, Assessment and Repair, C) Water Protection Issues Associated
with Buried Infrastructure, and D) Sustainable Distribution and Collection System
Design and Optimization.

create steward is a multi-institutional, trans-disciplinary training program that is
unique in North America with a research team of unequalled breadth and quality to
study buried infrastructure for water and wastewater management. steward also
aims to develop highly qualified personnel (hqp) that are able to understand and
communicate the technical and social complexities of water and wastewater systems,
and to provide students with new professional skills in management and strategies
for sustainability, that will enable them to take a leadership role in coordinated
efforts to improve substantially the ability of Canadian municipalities to construct,
manage and repair buried water and wastewater infrastructure.

Funded by NSERC

queensu.ca/sera
civil.queensu.ca/Research/Geotechnical
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