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ABSTRACT

Conventional nonlinear finite element analysis requires complicated modeling and analytical technique. Furthermore,
it is difficult to interpret the analytical results presented as the stress—strain relationship. In the present study, a
design-oriented analytical method using the truss model was developed. A reinforced concrete member to be analyzed
was idealized by longitudinal, transverse, and diagonal line elements. Basically, each element was modeled as a
composite element of concrete and re-bars. Simplified cyclic models for the concrete and re-bar elements were
developed. RC beams and walls with various reinforcement details were analyzed by the proposed method. The
inelastic strength, energy dissipation capacity, deformability, and failure mode predicted by the proposed method were
compared with those of existing experiments. The results showed that the proposed model accurately predicted the
strength and energy dissipation capacities, and to predict deformability of the members, the compression-softening

model used for the concrete strut element must be improved.
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Fig. 1 Nonlinear analysis using the truss model
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Fig. 2 Cyclic stress-strain relation of concrete element
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Fig. 3 Modeling of concrete and steel elements: (a) Details and analytical truss model; (b) Longitudinal(flexural)
elements; (c) Transverse(shear) elements; (d) Diagonal elements
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Table 1 Properties of Strut/Tie elements(mmz, MPa)

L1e1)? L2" T1" DL(D1) D2V

Conc. Steel Steel Steel  Conc? Steel Conc.? Steel

Researchers  Specimen Ac Jom Ar fy A A f Ac A f Ac Ak

Galano (2000) P02 11400 185 314 568 565 568 315 568 12500 - - 13500 - -

P07 11100 219 565 568 565 568 219 568 14500 - - 8300 314 568

P14 10700 186 157 568 - - 309 568 15900 157 568 - - -

Muguruma  BAS5(TM1) 17800 121 796 400 - - 277 732 22400 - - 29900 - -

(1983) BA5(TM2) 17800 121 796 400 - - 207 732 12500 - - 13500 - -

BAIO(TM1) 16200 167 796 400 - - 300 692 22400 - - 29900 - -

BAIO(TM2) 16200 167 796 400 ~ - 225 692 12500 ~ - 13300 - -

Popov (1972) BEAM43 80200 141 3870 414 - - 1940 414 102500 - - 136600 - -

Bertero BEAM35I 84000 197 3870 414 - - 919 495 104000 1170 451 132000 1170 451

(1974) :

Brown (1971)  86-35- 12200 170 1020 317 - - 266 317 20700 - - 27600 - -
RV10-60% (16400) (168) (570) (317

Sittipunt W1 65800 130 1430 473 390 450 741 444 37800 - - 26100 - -

{2000) W2 66600 132 1430 473 520 450 1130 444 37800 - - 26100 - -

OQesterle Bl 67800 154 1030 450 377 521 555 521 53400 - - 52400 - -

(1979) B2 93400 17.8 3410 410 377 532 1130 532 53400 - - 52400 - -

B7 108800 21.1 3410 458 377 490 1130 490 53400 - - 52400 - -

B3 112100 191 3410 448 377 454 2470 482 53400 - - 52400 - -

1) Locations of elements were presented in Fig. 5 through 10. 3) Asymmetric beam. Properties of 1.1’ were presented inside parathesis.

2) Effective compressive strength was defined by Eq. (2).
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(a) P02, (b) P07, and (c) P14

Fig. 5 Predictions for short coupling beams®:
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Fig. 6 Predictions for slender coupling beams®”: (a) Details and analytical truss models, (b) BA5 (TM1),
(c) BA5 (TM2), (d) BA10 (TM1), and () BA10 (TM2)
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Fig. 7 Prediction for Cantilever Beams®®?”: (a) Details and analytical truss models, (b) BEAM43 and
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Fig. 9 Predictions for short shear walls®®: (a) Details
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Table 2 Comparison of predictions and experimental results

Strength(kN) Energy Dissipation(kKN-mm) Deformability and Failure Modes
Specimen Ana. ACE’ Exp. Error(%) Ana.(a?) Exp.  Error(%) Analysis Experiment
P02 244 202 231 +5.6 812(15.9) 1510 ~-46.2  Web crushing Web crushing
at A = 15.9mm at 4 = 159mm
P07 226 224 240 -58  830(25.3) 7380 +13.1 No failure Web crushing
at A = 25.3mm
P14 189 175 196 -36  7890(25.1) 6870 +14.8 No failure Diagonal bar fracture
at A = 25.lmm
BA5S(TM1) 134 126 140 -4.3 1350(9.5) 1420 -4.9 Web crushing Web crushing
at A = 13.3mm at A = 23.5mm
BA5S(TM2) 141 126 140 0.0 1420(9.5) 1420 0.0 Web crushing Web crushing
at A = 9.5mm at A = 23.5mm
BA10(TM1) 143 129 144 -0.7  2330(14.1) 2380 -2.1 Web crushing Web crushing
at A = 18.8mm at A = 28.2mm
at A = 14.1mm at A = 28.2mm
BEAMA43 575 489 730 -21.2  34500(46.6) 34900 -1.1 Web crushing Web crushing
at A = 61.lmm at A = 96.0mm
BEAM35I 803 668 738 +88  139000(113) 121000 +14.9 No failure Flexural bar buckling
at A = 132mm
86-35- 62.6 475 56.6 +10.6 8150 8090 +0.7 No failure Abrasion of the
RV10-60*  (-357)¥ (-276)? (-37.7)° (157,-72) transverse crack
surface
at A = 157mm
w1 485 474 500 -3.0 10700(33.2) 11100 -3.6 Web crushing Web crushing
at A = 37.9mm at A = 379mm
W2 504 491 609 -172  14100(31.9) 12900 +9.3 Web crushing Web crushing
at A = 31.9mm at A = 31.9mm
Bi 235 226 275 -145 33700(103) 33600 +0.3 No failure Flexural bar buckling
at A = 103mm®”
B2 662 631 681 -2.8  77000(102) 79400 -3.0 Web crushing Web crushing
at A = 126mm at & = 126mm”
B7 900 830 984 -85 136000(127) 142000 4.2 Web crushing Web crushing
at A = 152mm at A = 152mm”
B8 336 810 945 -6.2  133000(127) 163000 -184  Web crushing Web crushing

at A =

145mm

at A = 152mm”

1) Nominal shear strength calculated by KCI and ACI 318-02.
2) Displacements(mm) used for evaluating energy dissipation.

)
lo
2

3) Asymmetric beam. Positive and negative strengths were presented.
4) Failure modes and descriptions were presented in Ref. 29.
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