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1. INTRODUCTION

The concrete member as a compressive member
is economic material. But when it is used as a
tensile member. it is very weak material. As it is
reinforced by steel, fiber, etc., which have high
strength for tensile force. The rupture of the
concrete  members is  shown

composition as

various patterns according to both quantity and
position of composition material'”.

Many researchers have studied the nonlinear
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behavior of reinforced concrete members through
the analytic and the experimental methods so
as to know the results of the exact rupture
pattern of composition rmaterial. Researchers
who have been sludied by analylic method
through finite element method have studied
mainly studies of the nonlinear property of
(.ornposition material. The research by Ngo and
Scordelis” in 1967 is on starting point. which
model ig the reinforced concrete beam, and then
many researches were completed after™ ™,
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But, in spite of efforts of many researchers,
the theory for the nonlinear property of
material of composite members is not completed
today. Therefor the purpose of this study is
to present the algorithm for the nonlincar
material property of reinforced concrete beam.

2. THE ANALYSIS OF REINFORCED
CONCRETE BEAM

2.1 The theory of analysis

The layer finite element method is used in
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(al The coordinate system of force and  displacement
for an elernent

(b} Shape of cruss section

Fig. 1 The numerical analysis model
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order to consider the nonlinear behavior of
reinforced concrete beam, and the simple beam
is used as & numerical analysis model.

The analytic theory of the model is derived
from considering the Fig. 1 with scveral
layers®” . Displacements of an element of the
beam may be written as a compact matrix form
as shown in equations (1) and (2).

(84} =[S 8y (1
(8.0} =[S CI{ a5} (2)

where, {84} ={u(x",0)}.
(6at={ o{x,0) ¢(x',00}7
(8)=1{u; &} AS}={v"; ; v; ¢ }7

X 1= 1A 2 xS
($1=01 A.18=[1 7 3. %]
= 1 0
[Cl]- __1— l.]'
L L]
L4 g
= 1
2 "L 12 7L
2 1 2 1
L3 Lz LR L}, |

and L is the length of element, x” is the length
of element from starting point to arbitrary
point, 2%, v, ¢ arc horizontal, vartical, rotational
displacements, respectively, the nodes i and j
represent starting point and ending point of
element, respectively.

Axial displacement of arbitrary point (x', 3
on element may be written as equation (3) by
using beam theory.



u(x V) =ulx ,0)—y - -0 ”{g’i:f—m- {3)

Then the axial strain and stress of arbitrary
point (&", 3") are:

PRSP ¢ ) NP B ¢ 1)}
elx’,y)= PP ¥ P
=e(x’,0)+ 2e(xy) (4)
o(x’, 3 )=o(x',0) +o(x', ¥)
=E e(x, 0+ E ne(x"y) (5)

The variables &(x”,0), o(x",0) represent strain
ard slress by axdal force, and 2 e(x’y'), adlx'y')
represenl sbrain and stress caused by bending
moment on element.

Also, using equation (1) and equation (2),
the strain is rewritten in the form,

', 00 =0 1 CHap (6)
Ae(x,¥)=—y -[00 2 6 U8} (D
Now. considering Lhe principle of virtual work,
the external work and internal work have

following relationship.

(8} ") = [ elx . 0alx', 00V (8)

(83 {Fy= fVA e(x’, VYiaolx, vV (9

Substituting equations (4) to (7) into
equations (8) and (9), forces {Fy} and {Fy}

were given by

(Fi= {1710 117EL0 111G }8)av

=1c07 324400 11710 Litci s
=[K a1 (10)

{(Fy }=[C17 j:( f f Ey-y'ga‘y'dz’)
[0026x1700 2 6x"Jax'[ C){ 83

= [G]T J{)I(E_JIEI)[O 0262717
[0 0 2 6x"Jax {6

= [ K,){ 83} (1)

where, A; and E; are sectional area and secant

modulus of material on fth layer, respectively.
Equations (10) and (11) are wrilten as a
matrix form as shown in equation {12).

{F}y=[K}{3} (12)

where,
(F={X': X, Y: M, Y, M}".
{5}={u'; u',- U’i ¢’j ‘U’; QS'}}T,

=[5 2]

Also. as shown in Fig. 1, the local coordinate
' is rotated with angle @ as compared with
reference coordinate x. Therefore, local coordinate
must be transformed into veference coordinate.
Using the transformation matrix [7], we
rewrite equation (12) as

(A=[T1TIKITHS =K (13)

The secant modulus (£ involved in a stiffness
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Fig. 2 The flowchart for numerical analysis

matrix [K.] in equation {13) is delernined by

iteration computation as shown in Fig. 2.
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2.2 The stress-strain model of concrete

In this study, stress-strain modcls of concrete
which are required to apply the algorithm for
nonlinear analysis are as shown in Fig. 3.

0.00015

(bl For uniaxial tension.

Fig. 3. Cencrete stress~strain diagram for uniaxial compression and tension.
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which have been drawn with reference to
CEB-FIP MODEL CODE®.
The relationship of compressive stress-strain

for concrete ( 0. €,) is written as

Ey & _ ( £ )2
o=-tatg\Ld) s,
for led < l&, sl (14)

= 1 - 2
% [ [ €, lim/Ecl} é (E < lim/eﬂl)l )
o -1
Ex - 4 [
P, SER———_ 4 P S f
( €a ) +( (ec.lim/ecl) G) €a ] e

for lScl > |Ec,lim| (15)

where, .. &, denote the compressive stress
and strain of concrete, respectively. E4 is a
secant modulus of concrete which is calculated
by fos/€q as shown in Fig. 3(a), and

E=2.15%10"MPa. fom=10MPa,
Som= fop+ 4F. 4f=8MPa, ¢4 =—0.002.
Ecz'= Ecl) [fcm/fzrmﬂ] 1/3‘

€ e lim __l_]_Ect
=3t
{1 Ea N _171"

+[4(2Ed+1) 2] .

2
Lolim &.__ €olim B
iU ol J_( Eqy 2)+2 €q EA]
Eetim [ Fo _ :
[ €a (Ecl 2)+1]

Also, the relationship of the tensile stress~

E=

strain ( 6. €,) for concrote is

Ta— Em *Eq for Oy < Oagfclm (16)

_f _ O.Ifclm
Oct=Jewm 0'00015 ke O-Dfr:tm/Eci

x(0.00015 — &, for 0.9F < 0u=Fom (17)

O'L-,!:O for Oy > fcl_m (18)

fk 2/3
[of

whore, fcun=fd.(0,m( fﬁ() ) .
J?

S =1 A0MFPa,  fa=10MPa, fy is the

rupture strength of concrete.

2.3 The stress-strain model of steel

In this study. the stress-strain models of
steel which are required to apply the algorithm
for nonlinear analysis are as shown in Fig. 4.
which have been drawn with reference to
specification #*

The relationship of stressstrain for steel

( a,— &) is written as
o=E e for 0 < lel < ley) {19}
o=+ ffor led > l&l (20)

where, E.=200GFa. 6, is the yield strength
of steel.

Es

ey €

Fig. 4 Sies| stress-strain diagram.
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3. NUMERICAL ANALYSIS

3.1 Numerical analysis model

The numerical analysis model is used to verify
the algorithm of nonlincar analysis model for
the reinforced concrete beam subjecting the
transverse point load at two points. The
analysis model which is simple beam with ten
elements and eleven nodes as shown in Fig. 5
has the rectangular cross section divided by
several layers as shown in Fig. 6.

P/2 P/2
1 2 3 4 by 6 7 8 9 10 11
ole|e|ele|o|o]e]e|®)
oy AN
L 10@200=2,000mm N
™ 1l
1: node nurmber @:ela‘nem number

Fig. 5 Ths gimple beam for numerical analysis
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& Es=2.0x10KPa
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| gy 10 As 2,500

B=150mm

Fig. & Initial cross secticn

3.2 Results of numerical analysis

The relationship belween load and deflection
which is calculated by nonlinear analysis of
reinforced concrete rectangular section divided
hy several layers is depicted as shown in Fig. 7.

Fig. 7 has shown the deflection of midpoint
on element 5 of beam with different steel ratio.
When crack is oceurred in the tensile part of

137 si=3maAusR Mo® M2E 2001, 4

concrete beam. the deflection is increased in
spite of decreasing load.

In addition. we can see that the aspect of the
ruptwre is different according to the steel ratio.
In Fig. 7. the curves (1) and (2) have shown
that the rupture of beam is occurred by the
vield of concrete in the tensile part at once,
and curves (3) and (4) have shown that the
rupture of beam is occurred after meeting
vielding points of the concrete in twice and
three times, respectively.

40.0
1 Element NumberFY2
(112374561 [ [ [ 1
FAY | [
30.0 Deftection

{4) Steel Ratio £ =0.0084

(3) Steel Ratio ?=0.0033

Load P (KN)
S
[~}
1

(2) Steel Ratio £=0.0017

(1) Steel Ratio "=0.0007
0.0 —

0.0 1.0 20 3.0 4.0 5.0
Deflection (mm)

Fig. 7 Load-defleciion curve of reinforced concrete beam.

Also. strain and stress of each element of the
beam which are applied yielding point load
shown in curve (4) of Fig. 7 are presented in
Fig. 8 respectively. In Fig. 8 the crack is
occurred at the bottom of cross section
according Lo the Increasing load. And then at
the first yielding point. the depth of crack
approached to the position of steel. At the third
yielding point, the depth of crack reached io
the layer above the neutral axis in the cross
section.
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Fig. 8 Strain and stress at the yield point in crose section

4, CONCLUSIONS

This study has presented the algorithm for
the nonlinear analysis of beam which is composed
of concrete and steel or FRP(Fiber-Reinforced-
Plastic) bar. According lo  the proposal
algorithm in this study for the analysis of
reinforced concrete simple beam, the element of
the beam cross sections have been divided into
several layers horizontally, and the material

property of the beam have been assigned to
each layers, and the structures of beam have
been analyzed by the finite element method, and
the results have heen compared with the values
of stress-strain model which are drawn by the
tensile and the compressive experiment of
specimens.

As a result, this study has exactly shown the
behavior of beam which is subjected by the
bending moment through both the algorithm
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which we have proposed and the stress-strain
model of specimens without the expensive and
vexatious experiment of beam.

Thus we can expect that the nonlinear
layered method proposed in this study have the
better effects on the estimating nonlinear
behavior of reinforced concrete beam.
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