CSCE General Conference 2018

Held as Part of the Canadian Society for Civil Engineering
Annual Conference 2018

Fredericton, Canada
13-16 June 2018

Editors:

Jeff Rankin

ISBN: 978-1-5108-8976-7



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2018) by Canadian Society for Civil Engineering
All rights reserved.

Printed by Curran Associates, Inc. (2019)

For permission requests, please contact Canadian Society for Civil Engineering
at the address below.

Canadian Society for Civil Engineering
521-300 rue St-Sacrement

Montréal, QC

H2Y 1x4

Phone: (514) 933-2634
Fax: (514) 933-3504

info@csce.ca

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax: 845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

ASSESSMENT, OPTIONS, AND EXECUTION OF REMEDIAL WORK FOR LEAKING SEWAGE

LAGOON IN KUGLUKTUK, NUNAWVUT ...ttt st ssae et e anbeesbeeasteesseeanbeesraeenseesnseennes 1
Kenneth Johnson

RETROFITTING EXISTING EDUCATIONAL BUILDINGS IN EGYPT, DSM FOR OPTIMIZING

ENERGY RETROFIT STRATEGIES ...ttt st et nte et eanteesse e e steesneeantaeasaeesaeesneeanseenneees 10
Rania Eltahan, Osama Hosny, Khaled Tarabieh

A CLUSTERING-BASED MODEL FOR RATING CONCRETE BRIDGE DECKS USING K-

MEANS TECHNIQUE ...ttt h et b b bbbt a bbbt bbbt b e bt bbb et be et 18
Mohammed Alshargawi, Tarek Zayed, Saleh Abu Dabous
A WEEK TO WORK IT OUT ...ttt bbb b et b et s bt et b e nb e b et e e b b 26

Christine Jeans

AN HISTORICAL ACCOUNT OF THE "WILLIAM L. BARRETT WATER TREATMENT

PLANT" IN FREDERICTON, NB ...ttt bbbt e bbbttt b e et s bt e e et e e b sne e 30
Dale Bray, Laurie Corbett

AN OVERVIEW OF ENZYMATIC TREATMENT OF HAZARDOUS POLLUTANTS IN

INDUSTRIAL WASTEWATER USING SOYBEAN PEROXIDASE .......ccootiiiieieietie et 40
Debjani Mukherjee, Laura Cordova Villegas, Keith Taylor, Nihar Biswas

ANALYSIS OF THE EFFECT OF WARMEST CLIMATE CHANGE SCENARIO IN JAMUNA

RIVER FLOODPLAIN USING HEC-RAS 2D MODEL .....ccciiiiiiiiiie et 48
Ummay Sumaiya, Mohammad Mostafa Ali

APPLYING ETHICS IN YOUR CIVIL ENGINEERING CAREER........cccooiii s 58
Peter Wu, William Brockbank

ASSESSMENT AND RENEWAL OF THE CENTENNIAL BRIDGE .......ccccoiiiiiiieiieeeee s 65

Ashlee Hossack, Phil Hamelin, Bruce Pond, Eric Boudreau
ASSESSMENT OF CANADIAN FLOODPLAIN MAPPING AND SUPPORTING DATASETS FOR

BUILDINGS AND INFRASTRUCTURE DESIGN CODES AND STANDARDS. .......cccootiiierieein e 75
M. Naveed Khalig, Ahmed Attar, Enda Murphy, lvana Vouk, Steffanie Piche

AUTOMATIC CALIBRATION TOOL FOR 2D HYDRODYNAMICS MODELING .......ccccoviiiiiiiiicnieinecce 85
Nadia Hajjout, Mahdi Tew-Fik

BELMONT TRIO, KITCHENER, ON.....ooiiiiiiiiiiie ittt sttt be bbb b e e b st e neesbe e b sne e 91
Kurt Ruhland

BENCHMARKING BUILDING INFORMATION MODELING (BIM) IN THE GREATER

TORONTO AREA .ot h e bbb bbb et h e bt e bt e bt b et e e st e bt e bt e bt et b e et et e bt 95

Li Hao Zhang, Brenda McCabe, Arash Shahi, Claudia Cozzitorto, Paul De Berardis
BEST PRACTICES IMPACTING THE COST PERFORMANCE OF HEAVY INDUSTRIAL

L O N | L O I PSRRI 107
Mihai Robu, Farnaz Sadeghpour, George Jergeas

BURIED BRIDGES: MORE SUSTAINABLE, MORE DURABLE .........coo et 117
Raymond Wilcock, Paul Proctor

CAN’T PLUG THE SOURCE? PLUG THE FLOW ....ooi ottt ettt ae st sae et e e e nneesnaeesnaannnaenns 126

Graham Walker, Ryan Mills, Joanna Runnells
CASE STUDY: ANAEROBIC MEMBRANE BIOREACTOR (ANMBR) SYSTEMS TREATING

HIGH-STRENGTH, HIGH-SOLIDS FOOD PROCESSING WASTEWATER ..o 130
Zaiyan Mi, Daniel Scott

CASE STUDY: CHIGNECTO SHIP RAILWALY .ottt sttt sttt b et nn e s 133
Bruce Higgins

CASE STUDY: FROM FREDERICTON TO FRAY BENTOS ...ttt 137

Daniel Scott

CASE STUDY: HISTORY AND REFURBISHMENT OF 145-YEAR-OLD RAIL BRIDGE PIERS,

SOUTHWEST MIRAMICHI RIVER BRIDGE IN MIRAMICHI, NB ..ottt e 139
Benjamin McGuigan

CAUSES OF VARIATION ORDERS IN THE EGYPTIAN CONSTRUCTION INDUSTRY: TIME

AND COST IMPACTS ettt sttt sttt et eaab e sbe e e s teess e e aab e e ek ee e teesa b e e be e eseeenbeean b e e be e esteeneeeabeeereeeteenneeentes 146
Jwanda El Sarag, Samer Ezeldin

CLIMATE CHANGE CONSIDERATIONS WITHIN THE ASSET MANAGEMENT OF CORE

INFRASTRUCTURE FOR RURAL ONTARIO MUNICIPALITIES — AN INITIAL ASSESSMENT .........ccce.e.... 155
Shawn Kenny, Kathryne Dupré, Amanda McEvoy



COMPARING CYCLIST BEHAVIOR AMONG THREE URBAN TEST BEDS IN AUSTIN, TX ....ccceooiiiiiiee 165
Carolina Baumanis, Jenny Hall , Randy Machemehl

CONSTRUCTION EXPERIENCE ANALYSIS OF USING CEMATRIX LIGHTWEIGHT

CELLULAR CONCRETE AS A SUBBASE MATERIAL ...ttt sttt 179
Sergey Averyanov, Frank Mi-Way Ni, Susan Tighe, Eskedil Melese
COST OPTIMIZATION OF MULTIPLE RESOURCES ALLOCATION FOR MULTI-PROJECTS .......ccccveune. 186

Sarah Aboul Fotouh, Samer Ezeldin

DATA ENVELOPMENT ANALYSIS (DEA) FOR SAFETY-BASED EFFICIENCY EVALUATION

OF CONSTRUCTION SITES ... .ottt ettt ettt e e e et e e e e be e e e atb e e e e eab e e e aabaeeeabeaeeessbeeeaabaeeaabbseeasabeeesntaeasassaaaas 193
Mohammad Nahangi, Brenda McCabe, Yuting Chen

DECISION SUPPORT FRAMEWORK FOR URBAN STORM WATER DRAINAGE

INFRASTRUCTURE MANAGEMENT: COUPLED GIS AND SYSTEM DYNAMICS MODEL ..........cccovvevenne.n. 202
Yekenalem Abebe, Solomon Tesfamariam
DELAY ANALYSIS TECHNIQUES IN CONSTRUCTION PROJECTS......cooi it 212

Hoda Abou Orban, Osama Hosny, Khaled Nassar, Rania Eltahan

DELTA-MARRIOTT HOTEL PROJECT: A CASE STUDY OF CONSTRUCTION INNOVATIONS

IN BUILDING A HOTEL PROJECT IN ONTARIO, CANADA ... .ot 222
Sara Rankohi, Mario Bourgault

DEMONSTRATING USE OF TIRE DERIVED AGGREGATE (TDA) IN BACKFILLING HOME

BASEMENT WALLS IN MANITOBA ...ttt bbbttt be et e bt et bt et e sb e e beebe e b e nbeeseentean 226
M Shokry Rashwan, Peter Schroedter
DESIGN OF A HIGH-RISE BUILDING USING BIM: A CAPSTONE COURSE PROJECT ......cccocvviieriiininene 230

Safwan Khedr, Ezzat Fahmy, Ezzeldin Yazeed Sayed-Ahmed, Sama Taha, Ahmed Romaih, Salma Mohamed
Ibrahim, Mina Naguib, Youssef Halabi

DEVELOPING AND VALIDATING METRICS TO EVALUATE THE OCCUPATIONAL

HEALTH AND SAFETY PERFORMANCE OF SUSTAINABLE BUILDING PROJECTS........cccoovviiieninienieneen 234
Orogun Bezalel, Mohamed Issa

DYNAMIC DETERIORATION MODELING TO PREDICT THE FUTURE SEWER CONDUITS

CONDITIONS ..ttt h bbb h et b e bt ek b bt E b e st e b e E e bbbttt et e bt bbb et eb e bt et 244
Khalid Kaddoura, Tarek Zayed

EFFECT OF CHOPPED BASALT FILAMENT FIBRE ON MODULUS OF RUPTURE OF

CONCRETE .t bbbtttk h e s e ek £ e s b e e b £ 21 e oo b e e R b oA h £ e s e e ek e e R b e AR £ e st e e R e e b e ebe e bt ebeen b e ebeesn e et e enrenbeenes 253
Eric Hughes, Emad Booya, Padmanabhan lyer, Sara Kenno, Sreekanta Das
EFFECT OF FIRE ON MSE HIGHWAY RETAINING WALLS AND BRIDGE ABUTMENTS ........ccccooviiniennn. 259

Shahriar Mirmirani, Ertiana Rrokaj

EMPIRICAL STUDY OF CORRELATION BETWEEN THE COST PERFORMANCE INDEX

STABILITY AND THE PROJECT COST FORECAST ACCURACY IN CONSTRUCTION

PROJIECTS .ttt bbbt bt o1 E s b e e s e b e R b oAb £ o4 s e R e eR b oAb e e b b e R e a b oAb e e s b e R e bt bt e R e R bt neanr s 269
Amin Amini Khafri, James Dawson-Edwards, Ryan Simpson, Liu Chang, Simaan AbouRizk

ENZYMATIC TREATMENT WITH SOYBEAN PEROXIDASE OF AN AZO-DYE, DIRECT

BLACK 38, AND AN AZO-DYE PRECURSOR, 4-CHLORO-O-TOLUIDINE........cc.ccoov i 277
Laura Cordova Villegas, Debjani Mukherjee, Keith Taylor, Nihar Biswas

ESTIMATING UNDER ICE VOLUME OF ALBERTA LAKES USING MINIMAL DATA ... 283
Zahidul Islam, Michael Seneka, Ernst Kerkhoven, Lauren Makowecki

EXPERIMENTAL STUDY ON STRUCTURAL BEHAVIOR OF CONCRETE MASONRY BEAMS ..........c....... 293

Jamshid Zohrehheydariha, Eric Hughes, Sreekanta Das, Bennett Banting
EXPLORING CHALLENGES ASSOCIATED WITH LARGE-SCALE AIR TRANSPORTATION

INFRASTRUCTURE PLANNING AND EXECUTION. ..ottt s et e e e eare e snree e 301
Sharareh Kermanshachi
FEASIBILITY OF LUMP SUM CONTRACTS IN THE OIL AND GAS INDUSTRY OF ALBERTA.........cc....... 310

Danny Haines, Farnaz Sadeghpour, Jacqueline O'Toole, George Jergeas

FRAMEWORK FOR DESIGN OF FLOOD-RESILIENT BUILDINGS IN A CHANGING

(O 1AV I OO OSSPSR 320
Ahmed Attar, M. Naveed Khalig, Zoubir Lounis, Marianne Armstrong

FROM NEW YORK TO LONDON VIA ABERMAWR, THE ATLANTIC TELEGRAPH CABLE

OF 1866 AND THE LEGACY OF BRUNEL ......ccitiiiiiii it se e see e ste et ssaaesneesnaeessaesnesansaesnenessassnseenes 329
Stephen Jones

L =L AN NN | 20\ X SRR 332
Ata Khan, Alan Perks, Gordon Lovegrove, Edwin Tam, Catherine Mulligan, Colin Rennie, Rozalina Dimitrova

IMPACT OF SUBSTANCE ABUSE ON CONSTRUCTION WORKERS..........ccooi e 337

Md. Safiuddin



INCORPORATING ENVIRONMENTAL PERFORMANCE IN NETWORK-LEVEL PAVEMENT

MAINTENANCE PROGRAM: A SYSTEMATIC REVIEW ...ttt
Jessica Achebe, Susan Tighe

INFORMATION MANAGEMENT RESEARCH IN THE CONSTRUCTION INDUSTRY FROM

0 R 1 T 0 OSSPSR
Ferzon Aziz

INTEGRATING HEALED INTRABLOCK ROCKMASS STRUCTURE INTO GEOTECHNICAL

Jennifer Day

INVESTIGATING DIFFERENT IMAGE PROCESSING TECHNIQUES FOR BETTER

INTERPRETATION OF GPR IMAGES ... .ottt bbbttt
Azin Shakibabarough, Ashutosh Bagchi, Mojtaba Valinejadshoubi

INVESTIGATING THE TECHNICAL AND ECONOMIC VIABILITY OF INTEGRATING

BUILDING PERFORMANCE MONITORING AND MEASUREMENT (M&M) SYSTEMS INTO

BUILDING INFORMATION MODELING (BIM) ..ottt sttt
M Shokry Rashwan, Randal Peters

INVESTIGATION OF DISCHARGE COEFFICIENT FOR SIPHON SPILLWAY ..o
Warda Ahmed Ohaida, S. Samuel Li, Ramamurthy Amruthur

INVESTIGATION OF OPEN-CHANNEL FLOW UNDER A SLUICE GATE ..ot
Bowen Xu, S. Samuel Li

INVESTIGATION ON THE POTENTIAL OF BUILDING INFORMATION MODELING IN

STRUCTURAL HEALTH MONITORING OF BUILDINGS ........cooiiiiiiiiiieecee e
Mojtaba Valinejadshoubi, Ashutosh Bagchi, Osama Moselhi, Azin Shakibabarough

MARKET COMPETITION AND INNOVATION IN THE CONSTRUCTION INDUSTRY: AN

EMPIRICAL STUDY TO SUPPORT OPTIMAL PROCUREMENT STRATEGIES.........cccoiiiiiiieeeeeen
Sergiy Polyachenko, Jeff Rankin, Dhirendra Shukla, Yuri Yevdokimov

MARKOV CHAIN-BASED LONG-TERM PREDICTION OF EQUIPMENT USAGE FROM

HISTORICAL DAT A ettt bttt bt s b ekt e s e e e bt e s b e sb e e s e e eb e eR b e e bt e R b e b e ea b e nb e e s e e ebeenb e s bt e s beab e enbenbeebeenbeanran
Liu Chang, Mostafa Ali, Simaan AbouRizk

MEASUREMENT OF NEAR-BED TURBULENT FLOW OVER ROUGHNESS ELEMENTS IN AN

OPEN CHANNEL ..ottt b e bbb e e b b e e s e e b e e s bt e b e e e e e b e e b s b e e bt e b e e bt s b e e b e b e e b nb e s
Jing Li, S. Samuel Li

MODELING OF CONCRETE BRIDGE DECKS DETERIORATION USING A HYBRID

STOCHASTIC IMODEL ...ttt bbbtttk et h e s et ek e e m b e s b e e bt e b e et e sbe e s b e e beenb e s beebeabe e b e sneenes
Eslam Mohammed Abdelkader, Mohamed Marzouk, Tarek Zayed

MONITORING OF PHYSICAL CHANGES ASSOCIATED WITH THE RESTORATION OF THE

TIDAL PRISM IN THE ESTUARY OF THE PETITCODIAC RIVER, NB ......cooiiiiiiieee e
Daryl Demerchant, Dale Bray, Michael Pauley, Andrew DeMerchant

MONITORING OF SCOUR HOLE DEVELOPMENT AT A CONTROL STRUCTURE IN THE

ESTUARY OF THE PETITCODIAC RIVER AT MONCTON, NB......cocoiiiiiiiiiiieee s
Dale Bray, Daryl Demerchant

NOMINATION OF BOUNDARY LAYER WIND TUNNEL LABORATORY AS A CSCE/ASCE

INTERNATIONAL HISTORIC SITE ...ttt b e b et e b e b e sie et sbe e b s
Michael Bartlett, Sangie Zaitsoff, J. Peter C. King

NOVEL ASSET MANAGEMENT FRAMEWORK FOR ROAD MAINTENANCE ........ccccoooiiiiiiiee e
Alireza Mohammadi, Charles Nnaemeka Igwe , Luis E Amador-Jimenez , Fuzhan Nasiri

PERFORMANCE ASSESSMENT FOR WATER NETWORKS ........coiiiiiiiiie et
Ahmed Assad, Tarek Zayed

PHOTOGRAMMETRIC MODELLING OF THE GRAND FALLS HYDRO GENERATING

STATION TUNNEL ...ttt bt b e bt e bt b e e b e e bt e st e ek e e a b e eb £ e et e b e e b e sb e e sbesbe e b e ebe e b e ebeenrenaeenes
Cody Bradley, LIoyd Waugh, Glendon Hanscom

PLANNING THE KESWICK SUBSTATION TRANSFORMER MOVE.........cccoiiiiiiii e
Peter Lougheed

PRELIMINARY FRAMEWORK FOR THE STANDARDIZATION OF CORPORATE

SUSTAINABILITY MANAGEMENT SYSTEMS (CSMS): PART 1 - BACKGROUND AND

THEORETICAL FOUNDATIONS ...ttt b et b e b e e bt b et be e b s nbeere e
Cesar Poveda

PRELIMINARY FRAMEWORK FOR THE STANDARDIZATION OF CORPORATE

SUSTAINABILITY MANAGEMENT SYSTEMS (CSMS): PART 2 - PRINCIPLES, CLAUSES,

SECTIONS, AND SUB-SECTIONS ...ttt st skt b e bt et e be e bt sbt e be s b e e bt sbeenbesbeebesneenaesbeens
Cesar Poveda



PROCESS OPTIONS FOR SEWAGE LAGOON IN SUB ARCTIC CANADA ..ottt 537
Kenneth Johnson

RELATIONSHIP BETWEEN ACTIVATION ENERGY AND MSCR FOR WATER OXIDIZED

ASPHALT AND ITS IMPACT ON THE PAVEMENT'S PERFORMANCE .......ccooiiiiiiiiieniiee e 547
Ana Figueroa

RESILIENCE, SUSTAINABILITY AND THE INFRASTRUCTURE BOTTOM LINE - MAKING

AND DEFENDING CHOICES ...ttt bbbt bbbt e bbbt be bt s nbeane e 557
Martin Janowitz

RESISTANCE AND FAILURE MODES OF COLD-FORMED LIPPED ANGLE SUBJECTED TO

TENSILE LOAD ...ttt bttt btttk e b e b £ e et ke e R bt £ h e e e e e E £ e b e eh e e b e e R e e A b e e Rt e e e e b e e b e eheeneeebeenbesneenenrean 564
Therese Tajeuna, Sébastien Langlois

REVIEW OF BRIDGE DESIGN PRACTICE FOR RESILIENCE TO WATER LOADS, SCOUR,

AND ICE ACTION IN A CHANGING CLIMATE .....ooitiiitititite ettt ane 574
Enda Murphy, Vahid Pilechi, Paul Barrette, M. Naveed Khalig, Husham Almansour

SELECTION OF ALLOWABLE RELEASE RATES FOR STORMWATER MANAGEMENT

FACILITIES — A CASE STUDY, CITY OF RED DEER, ALBERTA, CANADA.......ccciiiii e 584
Manas Shome, Brandyn Coates, Ward Yurystowski, James Beck
SHEAR BEHAVIOUR OF CAST-IN-PLACE ANCHORS AT LOW AND HIGH STRAIN RATES .........ccccoeee. 590

Lenda T. Ahmed, Abass Braimah

STORMWATER REDUCTION BY A GREEN ROOF: A COMPARISON OF CANADIAN

CLIMATES ...ttt bbb e bbbt bt b e E et h st ek b e b E e b e st e b e R e e bt e b bttt e bt e bt e bbb et e b e bt et e 599
Ashkan Talebi, Denis O'Carroll, Brent E Sleep, Scott Bagg

STRUCTURAL HEALTH MONITORING OF LEGACY WWII INFRASTRUCTURE WITHIN

THE DEPARTMENT OF NATIONAL DEFENCE, A STAGE-WISE APPROACH.........ccociiiiiecs 609
Henry Helmer-Smith, Nicholas Vlachopoulos, Marc-Andre Dagenais, Bradley Forbes

STRUCTURAL HEALTH MONITORING SYSTEM AND EXPANSION JOINTS OF

MONTREAL'S NEW CHAMPLAIN BRIDGE..........cootiiiiiiie ettt sttt aesnean 619
Parinaz Pakniat, Gianni Moor, Borja Baillés, Alexis Lauzon

STRUCTURAL MANAGEMENT OF AN AGING CONCRETE BOX GIRDER VIADUCT ON THE

AUCKLAND MOTORWAY NETWORK ...ttt bttt b e nn e ane st ane 623
Liam Coleman, Johan Klopper, Alyson Dean

STRUCTURAL PERFORMANCE ANALYSIS AND PREDICTION FOR IN-SERVICE BRIDGE

WITH SHM DATA IMINING ...ttt bbbt b e e s bt e e eb e e s b e s bt e b e ekt eaeenbeebeenbe s b e neeereens 634
Qiwen Jin, Junchi Bin, Weixin Ren, Zheng Liu
TAKING ACCOUNT OF LANDSLIDES IN 2D HYDRODYNAMICS MODELING .......ccociiiiiiiieiineec e 646

Ismail Ouchebri, Mahdi Tew-Fik
THE CALCULATION OF THE CONSTRUCTION SITES OCCUPANCY RATE USING THE
CHRONOGRAPHICAL MODELING. ......ooititiiiieiteee ettt ettt ab ettt ab e an e e 653
Adel Francis, Stéphane Morin Pépin
THE DURABILITY AND SERVICE LIFE BENEFITS OF STAINLESS STEEL REBAR AND THE
UNDERPINNING PROPERTIES AND FEATURES — A STAINLESS INDUSTRY PRIMER FOR
OWNER'’S, PLANNERS, SPECIFIERS, AND DESIGNERS ON THE TECHNICAL AND MARKET

REALITIES ..ottt b et b st b e e s e b e e Rt e ke e R b e A b £ 2 hE e b £ e R b e A b £ e h e e b e 4R b e eb £ e R e e eRe et e nb e e s e e ke emnenbenbeebeanean 660
Richard Huza

THE EFFECT OF A TEMPORARY LANE BLOCKAGE ON AN URBAN NETWORK ......ccccociiiiiiiniinieiieneiens 670
Hao Liu, Randy Machemehl, Carolina Baumanis

THE HISTORY PROGRAM OF THE CANADIAN SOCIETY FOR CIVIL ENGINEERING ..........ccocoiiiiiiine 680

Alistair MacKenzie, Michael Bartlett
THE ROLE OF ROCK DIRECT SHEAR TESTING AND PRACTICAL ASPECTS OF

BOUNDARY CONDITIONS. ...ttt et e bt e bt s e e e b e e s b e sb e e b e e beeab e nb e e s e e ebeeaeesbease e et e enbenbeesneabeanean 683
Timothy Packulak, Jennifer Day
THEORETICAL STUDY OF HYDRAULIC JUMPS IN STEEP STORM SEWERS .......c.ociiiiiiieecneee 693

Chunli Wang, S. Samuel Li
TRANSPORTATION ASSOCIATION OF CANADA'S NEW DOCUMENT - GUIDELINE FOR

THE COORDINATION OF UTILITY RELOCATION IMPACT ON UTILITY PROJECTS ...t 702
Ophir Wainer, Lawrence Arcand, Steven Murphy
TUNNEL SEGMENT GASKET DESIGN — SOLUTIONS AND INNOVATIONS .......cooiiiiiiiieie s 709

Mehdi Bakhshi, Verya Nasri

USING SUSTAINABILITY COST CURVES TO EVALUATE URBAN INFRASTRUCTURE IN

(07 N I USSR 719
Daniel Hoornweg, Joel Thiebert, Michelle German, Mehdi Hosseini, Jayne Engle, Chris Kennedy



VALIDATING AND WEIGHING THE IMPORTANCE OF THE SAFETY MATURITY DRIVERS
OF THE SUSTAINABLE HEALTH AND SAFETY MATURITY MODEL .....cccccooviiiiite e
Orogun Bezalel, Mohamed Issa

WHAT CONTEMPORARY ENGINEERS CAN LEARN FROM OLD BUILDINGS ........cccoceviiiieiiiieeecieee e
Thomas Morrison

Author Index





