









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













An Overview of Sustainable Construction ProductsMicromechanics to Full Scale Structures



Barzin Mobasher Professor School of Sustainable Engineering and the Built Environment Ira A. Fulton Schools of Engineering Arizona State University Tempe, AZ 85287-5306



May 11th, 2010 You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



Construction Products: Temporal, Spatial, and Scientific Span Disciplines



nanometers to kilometers (1x10-8 to 1x103 meters)



Length Scale



• Materials Science • Engineering • Chemistry • Mechanics • Computational Techniques • Manufacturing products and systems • Sustainable development • Technical & non-technical labor pool



hydration



Early age



Service life



Seconds to Centuries (1 to 3x1010 Seconds)



You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



Time Scale Long term Performance



Construction Products 



Societal Challenges – What are the challenges that we face in the next decade?







Sustainability – – – –







Reuse and recycle, Blended Cements Design for durability Quality control Structural mechanics, new materials and design systems



New Construction systems – Composites, short or continuous fiber and fabric systems – Development of design guides – Innovative products self consolidating, Aerated Autoclave Concrete







Repair and Retrofit – Earthquake Mitigation, FRP applications – Ductility Based Design
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Societal Challenges  



Safe, secure, and comfortable shelter Mitigation of Natural Disasters – Earthquakes, Hurricanes & Tsunamis, Fire, and Flood.







Functioning Infrastructure for Economic Development
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Our Generation’s Challenge: Social justice 



The need for a safe and secure shelter is an inherent global problem.







Approximately 924 million people worldwide, (31.6 percent of the global urban population) lived in slums in 2001 [UN-Habitat].







This figure will double to almost 2 billion In the next thirty years, unless substantial policy changes are put in place.







Our generational challenge is to meet the demand through sustainability, intelligent construction practices, novel product manufacturing, in addition to promotion and use of alternate sources for concrete materials.
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Sustainability of Construction Materials •



•



At one ton per person per year Concrete is the 2nd consumed material per capita in the world. $1.6 trillion is needed over 5-years to upgrade the US's infrastructure to a good condition. (ASCE,09)
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Primary Incentives for Industry 















Sustainability – Increasing demand and shrinking resources – Globalization, Social justice & Technology transfer Quality of life – Provide modern, energy efficient, and economical infrastructure – Societies with a growing middle class population Economical Development – Trained Labor pool, Conservation of Energy, time, resources, & cost – Value Added Products for Infrastructure Construction Waste – Of all solid waste deposited in landfills worldwide, 13–30% comprises construction and demolition (C&D) waste [Bossink and Brouwers 1996] – 123 million tons of building related C&D debris was generated in 1996. [USEPA 1998]
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Materials use in the Interstate Highway System 



If a generic US interstate highways were to be built in a single year, it would utilize more than: – – – –



48 Mt of cement, and (40% in 2005) 35 million metric tons (Mt) of asphalt, (100% of 2005) 1.5 billion metric tons (Gt) of aggregates, (>50% in 2005) 6 Mt of steel



million metric tons
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Cement and Concrete- An enormous Science and Engineering Challenge 



 







Production of portland clinker-based cement in a century rose by a factor of 200, from 10 million tons to present 2,000 million tons per year, representing a dollar value of about $200 (U.S.) billion. Cost of cement is about $100/ton Assuming that in an average structure the cement represents about 2% of the overall cost, this represents an inconceivable value of about $10,000 billion. The total world production of concrete is about 10 billion cubic meters per year, about $600 billion.
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Environmental Effects of CO2 Emissions •7% of total green house gas produced can be related to CO2 generation due to cement production. •Every ton of cement produced generates a ton of CO2 CO2 Emissions



lbs CO2 per ton of cement



lbs CO2 per Yd3 of concrete



Percent of total CO2



Energy use



1,410



381



60



Calcining of limestone



997



250



40



2,410



631



100



Total



•CO2 emissions from different fuels from ACEEE Consumer Guide to Home Energy Savings, 1991. •Estimates of emissions from calcining limestone from CO2 Release from Cement Production 1950-1985, by Richard Griffin, Institute for Energy Analysis, Oak Ridge Assoc. Universities, 8/87.
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Long Beach, Mississippi- Reinforced Concrete House
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Hurricane Katrina, August, 2005



Long Beach, Mississippi, October 30, 2005 -- A lone, mitigated home stands alone in Hurricane Katrina Photo Credit: FEMA/Mark Wolfe
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Population Growth & Wildfires



You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



How do you define durability?
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Bam Earthquake, Iran, Dec. 2003



  



Approximately 60% of the deaths in the earthquakes in the past 60 years stem from the collapse of unreinforced masonry structures. 74,000 persons died, 70,000 injured, more than 3 million people became homeless during the Kashmir earthquake on October 8, 2005. New Orleans, California, Bam, Kashmir, and many areas devastated by natural disasters use Construction systems based on empirical approaches
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Structural Retrofit Applications
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Hurricane Katrina, August 2005
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Natural disasters are a "growth" industry



Since the 1960s, economic losses from natural disasters on a global scale have tripled, while insured losses have quintupled. (after Berz, 1992, Natural Hazards, 5, 95-102)
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Empirical Approaches Still Dominate the Field Estimation of Initial Rate of Evaporation 



ACI 305 nomograph estimates rate of evaporation of concrete by Menzel’s Formula



E = 0.313(es0 - ea ) (0.253+0.06V)



Based on water evaporation on lake Hefner near Oklahoma city (1950-2)
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Early Age Crack Control improves long term performance Fiber content = 3 kg/m3



Plain Concrete



Fiber content = 6 kg/m3



0.08 Control ARG2.5 ARG5.0 ARG7.5



Crack Width, in.



0.06



0.04



0.02



(image analysis on 2D cracks)



0 0



5



10



15



20



25



30



Time, Days
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Multi-Scale, -Level, and -Discipline Approach Performance



Code Implementation Long term Performance Durability Field implementation Full scale tests Optimization



Structure Durability, early age and long terms, Mechanical properties, modeling, Code development Repair and retrofit



Processing & Manufacturing Property Matrix modifications, Blended cement systems, Insulated Concrete Forms, Autoclaved aerated Concrete, Composites processing,



Materials characterization, Test procedures, QC/QA Methods
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Innovations - as the cost of raw materials changes, many cost effective alternatives are developed 



High performance Composites– performance enhancing admixtures, manufacturing processes – Supplementary waste by-products and materials. – New testing and specifications.







Durability– increasing service life through more durable construction. – Need a better correlation between the current test methods and predictive models for durability.







Quality– Quality control (QC) parameters. – better understand the quality control measures
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Motivations for improving Testing, Analysis and understanding the performance 



 



Use scientific, physics, chemistry, and mechanics based approaches in lieu of traditional empirical approaches. Better ways to characterize, model, analyze, and design. Better train, communicate, and follow through – respect the construction component of the manufacturing process.



 



Address specifications, quality, performance, and pay factors. ASTM based tests (Compressive strength) can not and should not be used as the sole indicator: – Ex: If cracking is the source of many durability problems, then what can be done with the available knowledge base in the area of fracture mechanics?
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Multi scale, multi discipline approach 



Materials Science – Characterization of Microstructure – Activation of systems – Mechanical properties, fracture, fatigue, constitutive properties







Address Durability Concerns – Physical and chemical degradation – Freeze-thaw, shrinkage, creep, cracking – Characterization of degradation mechanisms







Innovative Systems – Sustainable Materials – Specifications and Codes – Identification of limits of acceptable use of different classes of additives
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Nanostructure to Microstructure- CSSR 



Interaction between topology, particle geometry, structure, and chemistry at various length scales, nm (10-9)-mm (10-3)







Chemistry drives the structure evolution







A random composite on the mm scale, stemming from additives and particles are sub- to multi-millimeter scale, adds to the complexity







short and long term performance are related to porosity and transport phenomena







The interface (nanostructure and nanochemistry) between the phases and the interface transition zone controls mechanical and transport properties, and durability
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Characterization Techniques-CSSR          



Combination of Chemistry and Microstructure/Nanostructure Analysis Theoretical Chemical/Mineralogical Composition/Mineralogy Calculation Bulk Chemical Analysis Quantitative X-ray Diffraction for Phase Analysis Rietveld Analysis Solid State NMR SEM Microstructural, chemical analysis; TEM Thermal Analysis characteristics, TGA/DTA Particle characterization, Particle Size Distribution, Specific Surface Area Optical Microscopy/Reflection/Petrographic Phase Analysis
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Core areas of ConcentrationMicro to macro 



Materials Science – Characterization of Microstructure and Chemistry – Mechanical properties, mechanics, constitutive models, structures







Innovative Construction Materials and Systems – Sustainability: stronger, less volume, more durable – Specifications and Codes – High performance composites







Durability of infrastructure systems – Repair and retrofit techniques – Characterization of degradation mechanisms







Environmental aspects – Production, utilization, and waste management
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Mechanical & Computational Mechanics Approaches      



Sample Preparation Laboratory Composites Laboratory Structures Laboratory CSSR microanalysis facilities Computational Mechanics Laboratory Interaction
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Structural testing- Full scale
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Durability Testing- Performance Based Design       



Early age shrinkage cracking Freeze thaw Chloride permeability Creep Thermal properties Corrosion Chemical Attack
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Case Studies      



Aerated concrete blocks for Navajo housing projects Thermal characteristics of Wall systems Thin section Composites Natural Fiber Composite systems Structural Design Guidelines for Composites From Component Testing to Full scale Structural Testing
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Housing is a human rights issue • Navajo Nation is 27,000 square miles in the states of AZ, NM, and UT, geographically is the largest Native American reservation in the U.S. •The Navajo Nation has the highest poverty rate in the U.S. More than 56% of Navajos live below the poverty level •Unemployment rate is 44 percent, median family income is $11,885, Per capita income is $6,217. •The population has increased 3.5 times from the 50,000 people in 1940. •Most homes do not have electricity, running water, or telephones.
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Aerated Fiber-Reinforced Concrete (AFRC) Manufacturing, ICC certification & Construction Methods



Demonstration Home in Town of Guadalupe, AZ Designed by ASU Stardust Center



Thermal Mass  Airtight, Whole wall coverage reduce HVAC Equipment Reduces energy consumption Fire Resistant, 8” Bearing wall, 4 hour UL fire rating
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From Microstructure to full scale wall testing



Actuator



LVDT-1



LVDT-2



-Durable, Energy efficient, Effective R-value, 3.4/in, - Fire, Pest resistant, no autocalve -Acoustical insulation, impact resistant -Easy to use
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Thermal Insulation of Cast in place Single family Concrete Homes



Thermal properties (200x200x20 mm plates)



Temperature, 0C



50



Experimental and thermal simulation of insulation of concrete walls



Experiment, Tout Experiment, Tin Simulation, Tin 40



30



20



0
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10



20



Time, h



30



40



High Performance Fiber and Fabric Reinforced ConcreteLow cost equipment set up Uniform production high performance fabric-cement composites Tension, Compression, beam members High pressure pipes



Sandwich layers
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Bonded Fabrics- Alkali Resistant Glass and Polypropylene fabrics



500 mm



Mobasher, B., Peled, A., and Pahilajani, J., Materials and Structures, (2006) 39:317–331 You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



Mechanical Characterization Homogenization of Crack spacing 25



1



Stress, MPa



20



Cumulative Distribution Function



Zone 3 Zone 2



15 Zone 1



10 AR-Glass Fabric



5 0



0



0.02



0.04



0.06



Zone 3  = 0.0387 Zone 2 .0273



0.8



Zone 1 = 0.015



0.6



0.4



AR-Glass Fabric



0.2



0



0



10



Strain, mm/mm
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20 30 Crack Spacing, mm



40



Uniaxial Tensile Response



20



60



40 12



Stress-Strain Crack Spacing



8 20



Crack Spacing, mm



Stress, MPa



16



4



Pultrusion 0



0



0.02



0.04



0.06



0



Strain, mm/mm
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Videos of PE Fabric and PE Composite



PE Fabric



PE Composite with Silica Fume
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Cyclic Tests - Brittle Micro Fibers



8% Carbon



1400



Mortar



1200



Load, N



1000 800 600 400 200 0 0.0



0.1



0.2



Deflection, mm



0.3  



Closed-loop controlled tests Crack mouth opening and deflection measurements
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Natural Reinforcing SystemsThe Sisal Plant and its Fibers
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Sisal fiber microstructure     



Average annual production:153,000 t (1996-2000,Prosea 2003) Good engineering properties Environmental impact and costs are low Mainly used today to make twines, ropes, strings, fishing nets. Energy-saving material Middle Lamellae



Fiber cell
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Lumen



Applications



Exterior walls (Office building, Dortmund , Germany)



Bridges (Technical University, Dresden)



Shells and roofing applications (COPPE/UFRJ)



Pipes and other tubular structures (RWTH Aachen)



You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



Finite Element Simulation of load deformation response and Crack Pattern formation Vf = 80 kg/m3 Sample 8-02



Vf = 100 kg/m3 Sample 1-07 Soranakom, C., Mobasher, B., and Destree, X., ACI, 2007 You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



Service Load, 4kNm² udl, (83 psf)
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Repair of Unreinforced Masonry Walls Large scale tests



In-plane shear tests to simulate seismic action. B. Mobasher, N. Jain, C. Aldea, C. Soranakom, ACI, Textile Reinforced Concrete (TRC) - German/International Experience symposium, 2007. You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



2 plies



Large scale tests Test results, cont’d Backbone curves for strengthened wall vs. control



60 40



HF



20 0 -20 (+) Backbone (+) Control Backbone (-) Backbone (-) Control Backbone



-40 -60 -0.4



0



0.4



0.8



D4-D7
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0/90



Installation of pre-cast water tank 











Panels are assembled on site The wall joints are connected using bolts and epoxy The base slab is connected to the periphery walls by friction through slots
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Finite Element Analysis



 



Finite element model – Shell elements



Lateral loading – Water – Earth pressure – Surcharge
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Analysis Results







Load Case1: – 1.4 Self weight + 1.4 Water pressure – Moment in short span direction SM1







Load Case2: – 1.4 Self weight + 1.7 Earth pressure + 1.7 Uniform pressure due to surcharge – Moment in short span direction SM1
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Septic Tanks
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Structural components
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3-D Shapes , airfoils for power generation
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Honeycomb Structural bricks
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Shelter, Perm. or Temp. Structures
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Conclusion  







New technologies and directions are clearly available in our future progression in Construction industry. Use scientific, physics, chemistry, and mechanics based approaches to obtain better ways to characterize, model, analyze, and design. Better train, communicate, and follow through – respect the construction component of the manufacturing process.







Address specifications, quality, and long term performance.
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