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ABSTRACTR

The aim of this investigation is to study the effect of cyclic heating and cooling on 
the nonlinear analysis of the reinforced concrete plate at different load conditions 
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concrete and yielding of steel.Also to calculate the stresses and strains due to the 
applied load under the effect of cyclic heating and cooling .
 The study also present the mathematical mode for  the behavior of the 
reinforced concrete plate under cyclic heating with different variables , such as 
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Ressiner`s theory has been used to represent the behavior of thick plate . The Finite 
Difference method and Dynamic Relaxation have been used in the solution of the 
differential equations .. 
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 - 1  Introduction

 .

 .

.

1.1   :Nonlinear behavior of Plates

 (Material nonlinearty)
(Geomatric nonlinearty) .

.

(Hand)[1]

(elastoplastic) .
.

Speare & Kemp )[2](
 .

.

.

1.2-:

Effect of Cyclic Heating on Concrete properites

 .
 [3].

1.3:

Concrete Members Subjected to High Temperatures
[4] Khan & Royles 

(20-800)˚C
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(Plane Bars) (Deformed
Bars).

(Load-Deflection).

Huang[5]
(Finite Element) 

(Thick Plate Theory) 

.

1.4                 :

Effect of High Temperature no the Reinforcing Bars During Heating 
and After Cooling

 .
.

 Homles [6] .

(20-700)˚C
.

 .
.

 [7] 
600˚C

(750-900)˚C(24% & 28% )
 ..

 [8]
345MPa476 MPa 

 .500˚C
600˚C89% . 70% 700˚C

Mäkeläinen [9]S420M
(stress-strain)(400-700)˚C

.
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-2Materials Constitutive Relationship-

2.1  :

Ultimate Strength of Concrete under Biaxial Compression

[10] Liu 

 .(1)

 :

(1)

 :.
 :     (             ).
 :     .

2.2:

Strain at Ultimate Biaxial Compression Stress
Liu[10 ]

 :
………………(2)    (Major Direction)

……………….(3)(Miner Direction)

:

 (Major Direction)    ……………  (4)

(Minor Direction)    ……………  (5)
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) = ((         )
 . [3].

(31.33 MPa)

:

……………………………………(6)

 :.

 2.3-:

Concrete Under Biaxial Tension and Tension Compression Cases

 .E1b
E2b:

….(7)
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uniaxial modulus of elasticity
…………………………………..(10)

2-4–:
Stress-Strain Relations for Cracked Concrete           

– :

…………………….(11)

(1)

(C=1.0) (C)
.

 : .

[1,13,14]
0.4)[1] ( :

(1)

(2)

2.5Tension Stiffening
[11 ]  (Vecchio and Collins)

      ,             )(

(12)

 :.
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  -2.6Behavior of Steel Reinforced

(Homles)[6](3) . 
(4).

-3     Method of Analysis

.

…………….(14)

:

(16)
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:

x  is constant    ……………………………….(17)

y  is constant    ………………………………..(18)

(Plan Stress) 

 .

 .

.

-4Nonlinear Analysis Methods

(D2)  (D1)

.:

-5Results and Discussion

1-5Thermal diffusing

177.8mm)  ((2375 kg/m³)

(ISO 834):-

-1.3 W/m.Cº  .

-850 J/kg.Cº  .

(5)
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2-5Structural Analysis
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.6Conclusions                  
:

-1

.

    -2

 .

 .) (

.

 -3

.
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