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Materials Characteristics

Ductility

Toughening

Improved tensile strength

Increase level of energy absorption

Fatigue life, impact/explosive loading
conditions, and seismic resistance

Steelwork, labor, construction time.
Corrosion damage
Long-term repair and maintenance.
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Modelling Approach

= Materials evaluation
— Parametric linearized materials model
— Cross sectional analysis based on stress and strain diagrams
— Closed-form solutions of moment and curvature responses
— Back calculation of tensile responses and extraction of tensile properties

m Structural response check
— Forward simulation of flexural load-deflection responses

— Check of parameters at serviceability states: curvature, deflection, post-
crack stiffness

— Design recommendations: moment capacity, minimum reinforcement
ratio, serviceability limits



Material Models
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Compressive stress-strain curve
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Tension stress-straln curve

strain-hardening

Gt
Strain-Hardening A ¢ \[
! @[
y ; @d 7 l Gp=ll“'.(:rE
Elastic-Plastic 7 e
Ger=terE Q(: : :
"/‘\\ g :

7

Strain-Softening

Stress (o)

“;-,-()
o $

strain-softening : |0<p<l |

X 4

Brittle

Straln (S) ter etrn=TE&cr ﬁzu:ﬁ[uﬁc{

Actual curve ldealize curve



Basic Flexural behavior and

assumption of ACI 318
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Assumption to calculate moment capacity

1) Strain in steel and concrete are considered linear that being proportional
to the distance from neutral axis.

2) Concrete zone are considered to reach their flexural capacity when strain
equal to 0.003.

3) Tensile in concrete below neutral axis is neglected.

4) Stress in reinforcement is linear until meet the specified yield strength.

5) Compressive stress distribution are performed by a rectangular stress
distribution



Basic Flexural behavior and

assumption of ACI 318
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Figure b) ACI318 stress distribution in concrete



Cross Sectional Analysis with ASU closed-form

solution for FRC
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Cross Sectional Analysis with ASU
closed-form solution for HRC

Clop i

Stress diagrams h
Hybrid RC
With tri-linear model




Moment-Curvature Diagram

Incrementally impose 0 < g < g,

Strain Distribution

Stress Distribution

>F = 0, determine k (Neutral axis)

M=X2Cy.+ 2Ty, and ¢=¢./kd

Normalization M'=M/M, and ¢'=¢/d,,
strain stress

Moment curvature
diagram




Moment-Curvature Diagram

24 7 I T [ T | T [ T 24 N |T ' I ' | ' | ' I !
22 ) 2.2 R
21 c °r 1
€., ol o -
1.8} t18
c ..l o i i
o161 g 1.6
514 514f _
=12F =42F i
T =
o 1 N ® @ - ®Zonet S 1k ® -9 - ®Zonef 1
E N L ® - ¢ - ¢ Zone21 _ C__U R 0*0*0?%921 _
© Zoned1 | one41
£ 0.8 ' A -A-AZones2 T = 0.81 A A AZoned2 T
B 0 6 — Zone51 ] @] 06 — Zone5T —
zZ | Envelope prd - Envelope i
04 i 04
= n=-0.584, k=20.83,y=1, — - 4 n=-0.584, k=20.83,y=1, —
0.2 w=11.63, n=6.89, tau=3, a=0.5 0.2 w=11.63, n=6.89, tau=3, 0=0.5 |
0 N 1 | 1 | 1 | 1 | 1 | 1 0 (1 L | I ] 1 l 1 | 1

o

20 40 60 80
Normalized Curvature, cv

0 5 10 15 20 25
Normalized Curvature, cv

30

m Example of moment-curvature interactions
in the range of 0-30 Normalized Curvature

Example of moment-curvature interactions in the
range of 0-100 Normalized Curvature



Verified model with ACI318

ASU Hybrid Model and ACI318 method
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RC and HRC comparison
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Moment & Curvature Distributions Due to equilibrium
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m  Use Static Equilibrium to get moment distribution

m  Curvature distributions along the beam are generated based on simplified bilinear
moment-curvature model



From Moment-Curvature to Load-Deflection

According to beam type and loading,
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What is the most challenging

m How can we get the accurate parameters

from lab testing?
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What is the challenging ?
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One of idea for curve fitting

Deflection, mm
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One of idea for curve fitting
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The next step

= Analytical deflection equations of strain hardening and
softening fiber reinforcement concrete beam double reinforce
concrete will be developed based on simplified trilinear
moment-curvature models. —

m Composite section will be study with the same model with HRC

m Accuracy of the closed-form deflection equations will be
identified by comparing the simulated data with large scale
experimental data.



Question ?




