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The life cycle costs of structural systems is a function of raw materials, labor, manufacturing method,
serviceability requirements, environmental impact, and durability. The overarching objective is to
consider Textile reinforced concrete (TRC) composites as emerging lightweight construction materials
with strength and ductility that may compete and outperform light gage steel and wood products.
Such a goal should encompass a design that is amenable to continuous production and formability for
distinct sections, so that the end product can be optimized for long-term durability, ductility, high
strength and thus sustainable. These considerations permit us to make Textile Reinforced Concrete
(TRC) a new cost-competitive construction material by considering four key design that include: novel
manufacturing, alternative reinforcing systems, standardized sections, and design tools for various
loading conditions. It is therefore imperative that new benchmarks be developed so each one of these
areas are adequately addressed while their interaction may lead to composites with high strength,
ductility, and stiffness.

Economic incentives favor the use of polypropylene (PP) based textiles for a variety of applications in
civil infrastructure systems. Textiles with surface modified hydrophilic monofilament continuous yarns
are selected since their surface texture results in enhanced fiber matrix bond. The enhanced bond
activates formation of parallel microcracks and results in strengthening and toughening mechanisms
under tensile loading. An effective manufacturing technique was developed using automated
pultrusion process for efficient production of TRC structural sections. Using a computer controlled
system, continuous cement based-PP fiber composites ina variety of shapes that include W section,
angles, and C-sections are manufactured.

The primary modes of mechanical response are in terms of tensile, shear, bearing, and compression
buckling. Samples in tension are characterized using first cracking strength, post crack stiffness,
ultimate strength and strain capcity. A range of volume fractions of 1-4% by volume of fibers are
normally used resulting in tensile first cracking in the range of 2-7 MPa, ultimate strength of up to 25
MPa and strain capacity of up to 6%. The tensile hardening behavior is attributed to the fiber bridging
effect which stabilizes crack growth and opening at the expense of formation of multiple, parallel,
fine-cracks. This cracking network gives rise to high energy absorption both under quasi-static and
dynamic loading conditions. The post crack stiffness and the corresponding damage distribution may
form with a variety of fiber systems and is governed by the fiber’s ability to provide a sufficient degree
of bond strength. The superior mechanical properties can be utilized in structures subjected to static
and dynamic loads, reinforcement laminates, or strengthening/repair materials.

The final componet of the design space is in the development of generalized design tools using
analytical closed form solutions for serviceability based design of tensile, compression, shear,
connection, and flexure of 1-D and 2-D elements. Using a sectional analysis, parametric models for
obtaining closed-form moment-curvature relationships for a cross section under various tensile or
compression failure criteria can be developed. Next, a trilinear normalized moment-curvature
relationship is used to obtain closed form load-Deflection relationships for a variety of beam loading
cases as well as yield line collapse mechanisms. The models is used to address the flexural design,
using parameters such as maximum allowable curvature, crack width, deflection, or any other
serviceability based criteria based on tension softening or hardening response.
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The life cycle costs of structural systems is a function of raw materials, labor, manufacturing method, serviceability requirements, environmental impact, and durability. The overarching objective is to consider Textile reinforced concrete (TRC) composites as emerging lightweight construction materials with strength and ductility that may compete and outperform light gage steel and wood products. Such a goal should encompass a design that is amenable to continuous production and formability for distinct sections, so that the end product can be optimized for long-term durability, ductility, high strength and thus sustainable. These considerations permit us to make Textile Reinforced Concrete (TRC) a new cost-competitive construction material by considering four key design that include: novel manufacturing, alternative reinforcing systems, standardized sections, and design tools for various loading conditions. It is therefore imperative that new benchmarks be developed so each one of these areas are adequately addressed while their interaction may lead to composites with high strength, ductility, and stiffness.
Economic incentives favor the use of polypropylene (PP) based textiles for a variety of applications in civil infrastructure systems. Textiles with surface modified hydrophilic monofilament continuous yarns are selected since their surface texture results in enhanced fiber matrix bond.  The enhanced bond activates formation of parallel microcracks and results in strengthening and toughening mechanisms under tensile loading. An effective manufacturing technique was developed using automated pultrusion process for efficient production of TRC structural sections. Using a computer controlled system, continuous cement based-PP fiber composites ina variety of shapes that include W section, angles, and C-sections are manufactured. 
The primary modes of mechanical response are in terms of tensile, shear, bearing, and compression buckling.  Samples in tension are characterized using first cracking strength, post crack stiffness, ultimate strength and strain capcity. A range of volume fractions of 1-4% by volume of fibers are normally used resulting in tensile first cracking in the range of 2-7 MPa, ultimate strength of up to 25 MPa and strain capacity of up to 6%. The tensile hardening behavior is attributed to the fiber bridging effect which stabilizes crack growth and opening at the expense of formation of multiple, parallel, fine-cracks.  This cracking network gives rise to high energy absorption both under quasi-static and dynamic loading conditions. The post crack stiffness and the corresponding damage distribution may form with a variety of fiber systems and is governed by the fiber’s ability to provide a sufficient degree of bond strength. The superior mechanical properties can be utilized in structures subjected to static and dynamic loads, reinforcement laminates, or strengthening/repair materials.
The final componet of the design space is in the development of generalized design tools using analytical closed form solutions for serviceability based design of tensile, compression, shear, connection, and flexure of 1-D and 2-D elements.  Using a sectional analysis, parametric models for obtaining closed-form moment-curvature relationships for a cross section under various tensile or compression failure criteria can be developed.  Next, a trilinear normalized moment-curvature relationship is used to obtain closed form load-Deflection relationships for a variety of beam loading cases as well as yield line collapse mechanisms.  The models is used to address the flexural design, using parameters such as maximum allowable curvature, crack width, deflection, or any other serviceability based criteria based on tension softening or hardening response.  
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