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essence for analysis including 
such as separation that it can also be .... .._,LJ.l_Jl..,,'UL 

analysis of concrete structures 
.... ...,_._ .. _._,,_._,_, and slippage concrete. 

_.__._ .... _ .. '"'""''""'""' .......... a strain softening curve con-
_._.._" ........... _...., energy, we, Kitoh et al. (1997), have applied RBSM to a 

concrete beams without reinforcement, then 
successful 

paper, we 
ing RBSM, where the ....................... ._ 

the following two numerical examples by us
of concrete such as tensile cracking and shear 

slippage can '"v-'""""''"'" role in nonlinear behaviors of concrete 
test of T-shaped steel plate <.U.AV-'-"~_._ 

is analogous to 
Second, we also carried out the analysis of a direct 

I-shaped steel plate anchors, those are commonly called shear 
connectors steel-concrete composite construction. second ~,._.4,._ .. _._,__,_._~, 
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.... ,u .... -_._ ... ""'_._ was subjected to a horizontal with respect to its longitudinal 

U={ 

= vi' 

axis 

I.An 
a triangular 

'""-'""'"'_._ ............ loads reac-

each PIPlrnP1riT 

centroid as in Fig. 1. 
'UL.l.L>IJJ..'4 ......... ..__.__._..," ..... U, Vat the arbitrary point 

1 0 -(y-yl) 0 0 0 

0 1 (x-x1) 0 0 0 

r Q = o o o 1 o -(y-y2) 

0 0 0 0 1 (x-x) 

.. ,._._._,.., ..... _._Jlll-J .. I, II or 1, 2 _.__.__._'-" ... '"'"' .. ..., c1_cm_eut .... ..,. .. _.__._...,,..,.._ 

are the coordinate values 
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(a) Degree of freedom (b) Deformed state 

Fig.1 Two dimensional 

relation 
the local one 
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where 1
34 

is the length the side 34, x .. =x.-x., the overbar .............................. ...,._, 
I) I j 

coordinate system and is a coordinate transformation ........ <-' ......... "'. 

Using these displacements ( U, V) 
displacement vector 8 the 

(
-] 0 1 

8={8n,8sr:M= o -101 

• .. :n .... ,.H.}\...l.'-V. ............ ;;;.. Eq. (1) and (2) 

·R · ·u=B ·u 

displacement 
assumed as 

·8 

er= {an, 1:s}T: D= 
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projected length a vector connecting cen-
...,H.._ .... ...,._ ............. to 34, as shown Fig. l(c) 

..... ...,."...., ... '"·· .......... ..., ..... by using 

£= 

on the above the strain energy expression of 
..,_... ... ,_,_.lu ..... u.1.. V can obtained as the matrix equation: 

av 
a ·u=P 

j Tf T -u 
2 134 

·B) ·u 

load vector corre-
...,.....,J.U.J. ... , ...... as 
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Ft= Tensile strength 

Fe: Compressive strength 

Ee: Modulus of elasticity 

Ecr: Tensile cracking strain 

Eeu: ultimate strain 

2£cu Ecu 

Fig.2 Stress - strain 
concrete 

C: Cohension 
¢: Friction angle 

[53] 

[8] [4] [3] 

[53] 

Fig.3 Yield and collapse .., ......... ""''"' 
for concrete 

The shearing slippage surface is .._..., .... UH··'""' 

after yielding, the associate rule is employed, and moves 
surface. Based on the supposition·above, Fig. 3 yield 

concrete using state shows elasticity, 
is cracking, the state [2] is where residual stresses 

come zero, Fig. 3, that is a state side 
state shows first yield, 

is the normal strain having reached at strain 
3. The surface [5] shows shear slippage. After this state, 
yield compression of state occurred, state 

stage in the surface [53] 
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iiL•~~..,,""~ IS .ll.l.H.4U\.,._,,._.u 

because the cracking 
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a) #1 Specimen 
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in Fig. 4. Shaded regions 
JCI (1993). We 3 

907 

7 



2 Material Properties 
Concrete Steel Plate for beam elements* 

Gp c ¢ v Eb Gb Ab lb Nby Mby 
(Nim) (MPa) (°) (GPa) (GP a) (cm2

) (cm4
) (kN) (kNm) 

100 6.23 37.0 0.20 
210 81.0 22.0 1.45 869 19.3 

ditto. ditto. 14.3 0.39 561 8.12 

Notes: Eb,Gb,Ab,lb,Nby aridMby are Elastic modulus, Shear rigidity, Cross sec-

tional area, Moment of Yielding axial force and Yielding moment, respectively. 
numerals for the base while bottom ones for the anchor. 
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the previous 
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Fig.10 Crack 
(Numerical; Case 
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concept of fracture energy, has successfully 
to concrete cracking through the two AA_A,, ............ 

....,,,,,,_.,.._.._,_t-,-''-'U riA1"'nAinci°1•<:Jlf"t:•rl ·'--'·'""'.L'""'..1..U .• Thus, we verified the 'lr'>1',l~/"'•'lt'\ 1 

373-382 

of concrete structures. 

analysis of anchor bolts, RILEM TC-90 
.l. .... ..,, 11-1.u,..._ ........... ..,,u. Preliminary 

...., ... '""'·•·u""·· ...... models in structural analysis, 
Naval Architectures of Japan, 141, 187-193 

analysis to reinforced 
Second World CoJm!r·ess 

862-865 

Higuchi, Kambayashi, A. and 
effect analysis of concrete by using 

the Second International Conference on 
Y. Ohnishi), Kyoto, 

..,~ ... ,~~ .. ~· ...... (1993) Report on carrying ""°' 1,,.°'"'" .. 'U 

"' ....................... steel plate shear connectors no 
UIUl.· .. - ....... L.11. ...... deformation 1-32 (in Japanese) 

ami•Y•T<> of finite elements 
IM .... s ......... ,,,,,..."" Mechanics 

- softening analysis of 
(ed. 

Applied Science, 330-338 

910 


