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Basalt Textile-Reinforced Concrete

* High tensile-toughness characteristics

« Superior impact, earthquake, and fatigue
characteristics.

» Prefabricated Structural elements, thin
sheets, panels, cladding members.

« Structural repair and retrofit.
« Corrosion-resistant

* High temperature resistance vs.
glass/carbon

 Lower cost than carbon fiber
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Textile Placement and number of layers was used as a Variable
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Lamina

Fiber direction

E,

>
The unidirectional ply (or lamina) has maximum stiffness anisotropy - E,>>E,
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We could remove the in-plane anisotropy by constructing a ‘cross-ply’
laminate, with UD plies oriented at 0 and 90°. Now E, = E,




Distributed Cracking Mechanisms in TRC
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- DIC tracks each crack via time stamp, strain, and image intensity.
- New cracks form randomly (not sequentially).




Symmetric Laminates

To avoid coupling effects, the cross-ply laminate must be symmetric - each ply must be
mirrored (in terms of thickness and orientation) about the center.

Stacking sequence
90 determines
different flexural
properties

[0/90/45/0] [90/0/45/90]

« Ply orientations determine the in-plane properties of the entire section.

« The two laminates [0/90/45/0] and [90/0/45/90] have the same in-plane stiffness, but! different flexural stiffnesses

« The [0/90/45/0] laminate becomes [90/0/45/90] if rotated. Therefore, this cross-ply laminate has flexural
properties that depend on how the load is applied.




Weak Interfaces Result in Strong & Tough Composites
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Composite Elastic Properties

« Rule of Mixtures [Voigt model] for longitudinal stiffness

E2

Composite ply matrix

\ ! !
E(w)=nEV,+E (0)1-V,)

E1 . Halpin-Tsai equations for transverse modulus E, , G,,, and v,,

E,(o)1+cnV,) _ E,-E, (o)

b (@)= —nV, n_Ef+§Em(a))

o 1s the damage parameter, 0<w <1




Modes of Failure
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Failure Criteria and Damage Parameter

Tsai-Wu failure criterion tension
F(0,0,,1,)= K0, +2F 0,0, + F,,0," + F0,," + Fo, + F,0, =1

PR N WSS SN N SP ST B
|01z| O, |O'2z| |O-2c |O-1t0-]c |0-2t0-20 Oeu
Tsai-Wu failure criterion is calculated
to verify whether matrix failure has
initiated.
) 0 V F(o,,0,,7,)<1
@, = —a(g-¢,)’
l—e @97  0<w <1 VF(o,0,,7,)>1
- E
Degradation of E matrix 1+—a)(1—02)
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Tsai-Wu Envelope with

Stress Path

Tsai-Wu FI=1
® Stress path
- A First crack

Lamina
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Matrix parallel cracking

10

Strain (x107%)



Progressive Damage Analysis 12
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Orientation Effects and Stress Transformation

The stiffness along an arbitrary orientation 6 is denoted as Qij

O0.=T.R Q”Rle where

iy
Reuter Matrix coordinate transformation, T
1 0 O] o _ o | Cos?0 Sin0 25in0Cos 6 _Gx _
R=l0 1 0 and oy =T 10 |= Sin0 Cos?0  —2Sin6Cos0 || o
B U Sinocose Sin0Coso Cos20-sin®0| 7
T — _
0 O 2 12 _Txy_ _ in oS mn oS oS in | _Txy_

For a composite laminate consisting of several lamina each with an
orientation of 6., where m represents the first to the n ply
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Incremental Approach to Laminate Formulation

Laminate Stiffness

Uniaxial loads | AN B A B Ago «— Changing in Uniaxial strain
Bending |AM| |B D AK |«—— Changing in Curvature NorM
_ o ¢
A= Q (h ~h ) o~
The classical lamination theory ; '/ AN, M
results in derivation of lamina R h2—n? )
: l] 2 m m—1
stiffness components as m=1
_1 3 3 -
Dy=3 X Ot~k ) ,
E0orkK

-[K

For uniaxial loads in a symmetric lamina (B=0) :

For bending only in a symmetric lamina (B=0) : [AM} =:D} [AK}




Computations Within a load step 19
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Lamina layer stress-strain
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of the lamina using the failure criteria using ultimate strength

Using Tsai-Wu update the structure
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Strain Distribution (el)
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Strain and Stress Distribution in Flexural Sample

Strain Distribution (e l)
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Comparison of load—deflection responses for BTRC




Results of Individual Series

Comparison of simulated
and experimental results




Composite Retrofit - Reinforced Concrete beam-Glass Epoxy
Bonded Lamlnate
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|« Concrete Stress Distribution in Flexural Sample
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Conclusions ?

* Theoretical models based on composite laminate Theory can be used to predict
the mechanical response of various cement based composite systems.

« Combination of damage mechanics based methods and composite laminate
theory can result in a useful method to evaluate the response of various fiber
matrix, geometry, and loading combinations.

« The formulation is applicable to a wide range of materials studied including

unidirectional, angle ply, sandwich, fabric reinforced, and also retrofit composite
systems.
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