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Development of the Simplified Analysis Model
for RC Structures Considering Plastic Behavior
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Abstract

RC structure is the composite material system combined concrete and steel showing different plastic behavior,
Especially, concrete shows very complex plastic behavior. Therefore, for plastic analysis of RC structures, we
have to model carefully each plastic behavior of concrete and steel member. But, because of divergency as well
as difficulties and dimensions of modelling, it takes a lot of time and labor or sometimes it is impossible to
perform plastic analysis of RC structures. In this study, for simplified plastic analysis of RC structures, we
propose material transformation method by homogeneous and isotropic material which have the same plastic
property as RC. We generate homogeneous and isotropic material showing the same moment-curvature curves
(bi-linear stress-strain relation) as RC members, using bi-linear moment-curvature relation by yielding moment,
yielding curvature and ultimate moment, ultimate curvature of RC member. Finally, we prove compatibility in the
study by comparing plastic analysis results for various analysis models using transformed material models and
RC model.

Keywords ' plastic analysis, moment-curvature, material transfomation, stress-strain relation
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Fig. 1 Stress-strain relations for concrete and steel
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Table 1 Properties of RC material(kg, cm)

RC1-1, RC1-29} RC3-1, RC3-2%& #4de] #Ho Material RC1 RC2 RC3
2 g8 AR F2EY 1/20 WA 2dYeq fa | 365 614 211
t}. olgle] RC1-1, RC2-1, RC3-1 siXrde 22 Conc | ft 36.5 61.4 21.1
g E9l RC1-2, RC2-2, RC3-2 sixmde] #2454 E. | 284,900 | 371,685 | 217.888
AgE 84S 2= A3 plane stress 84F Al f 4.800 4.200 4.650
g3l9lom, RC1-1, RC2-1, RC3-1 di=de) A Steel | fu | 6227 5,460 6,700
23 RC1-3, RC2-3, RC3-39 iso-beam 4% E_ | 2100000 | 2,100,000 | 2.040.000
9o 77 387, 249 & 2% beam 24% °183
Table 2 Properties of isotropic material(kg, cm)
k.
RC1 RC2 RC3
- My 363,495 1,016,390 231,247
42 71284 2 B4 X8
1EEd = ! b 1.57x10% | 0.83x10% | 1.48x10*
WA72E RC1, RC2, RC39 ZAE, HF My 399,879 1,182,020 265,807
g XY 7AW Asd W NEEYe 7Y 0 7.93x10™" 6.93x10™ 6.45X 10
Table 1, Table 28t 2th. ol Z& MFTEERS T b 174.5 190.6 170.8
et Za|Eg AT BEAL TR MR fu 1514 175.8 188.1
Fzagem, FRRE Agel deiE 7)ed e B | 89192 | 14100 | 9250
[ g ff“:—-7
€ € ! | !y ¥ E
. L } - 2 i "
? | al e [ | al e € £,
} i 0.85f [
\l/__-__— fon 1" | e :y
£, u
STRAIN STRAIN STRAIN
(a) concrete (b) steel (c) isotropic material

Fig. 12 Stress-strain relation of each material
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Fig. 14 RC1 analysis results

VERY 24823 242 Table 3 2 Fig. 14~Fig. 16
3} 2},

ANARE vin - BENF A7 gE8tF, FsHE
=9 249AF WA RC1, RC2, RC3 5 A&
g 74 -5 BAL o83 nde Mdanrt A4
A7 2 A4 M2 (RC1-1, RC2-1, RC1-3 &
g)e] Axe} Ao dAFte AR EHT

sl g Hlaw-BA Az, RC1Y AL
RC1-1, RC1-2, RC1-3 mddxe] gEalze 4

gua3 Fasts 5o 24ATE Hu-EHEA FAzel vmdl 42 57, -4.1, -6.1%9 2AE
ok, hAT2E RC1, RC2, RC3e =&l 24zt Al 7 3, RC29 7% RC2-1, RC2-2, RC2-3 &
A M ndd] g Lgs4 Azkel FnEE4,5.8)° dolla Ztzt 0.7, 1.4, -2.7%9 2&E, RC3-1,
Table 3 Analysis results
results yielding loads and displ. ultimate loads CPU time
models loads | displ. error(1) | error(2) loads error{l) | error(2} time ratio
(ton) (cm) (%) (%) (ton) (%) (%) (sec) (%)
Test 4.90 1.30 ~ - 5.10 - - - -
o1 RC1-1 4.62 0.90 -5.7% - 5.00 -2.0% - 140.4 100%
RC1-2 4.70 1.02 -4.1% 1.7% 5.05 -1.0% 1.0% 100.0 71.3%
RC1-3 4.60 0.95 -6.1% ~0.4% 5.05 -1.0% 1.0% 62.2 44 3%
Test 11.00 2.50 ~ - 12.00 - - - -
RC2 RC2-1 11.08 0.80 0.7% - 11.90 -0.8% - 2G60.1 100%
RC2-2 11.15 0.80 1.4% 0.6% 11.86 -1.1% -0.3% 143.1 71.5%
RC2-3 10.70 0.75 -2.7% -3.4% 12.00 0.0% 0.8% 58.9 29.4%
Test. 4.80 0.50 - ~ 5.40 - - - -
RC3 RC3-1 4.88 0.52 1.7% ~ 5.34 -1.1% - 175.2 100%
RC3-2 4.78 0.60 -0.4% -2.0 % 5.34 -1.1% 0.0% 125.9 71.7%
RC3-3 4.89 0.62 1.9% 0.2 % 5.26 -2.6% -1.5% 78.8 45.%_‘
* error(1) © error to test results, error{2) : error to RC1-1, RC2-1, RC3-1
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Fig. 15 RC2 analysis results
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(a) RC1-1 (yield state, 4.62 ton)

(b) RC1-2 (yield state, 4.70 ton)

Fig. 18 Stress distribution of RC1
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