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3D NONLINEARANALYSISOF SHEAR FAILURE OF LIGHTWEIGHT CONCRETE BEAMS

Kyushu University Student Member o HaNgoc TUAN Kyushu University Member Hisanori OTSUKA
Taiheiyou Cement Corp. Member  Aiyanori SUGIYAMA Taiheiyou Material Corp. Member Eizo TAKESHITA

1. Introduction

This paper presents experiment results and 3D nonlinear finite element analysis (FEA) of artificial lightweight aggregate
RC beams under shear loading. The results showed that nominal shear strength of sand lightweight (density of 2150 kg/
m®) and coarse aggregate lightweight (density of 2000 kg/m?®) concrete beams, reduced by 10% and 30% respectively
compared to that of normal weight concrete beams. Using the same set of material modelsin FEA, it was possible to
capture the brittle failure behavior and predict ultimate shear capacity of beams with reasonable accuracy.
2. Test programs

A total of 9 shear-critical reinforced concrete beams without web reinforcement were tested. Table 1 shows details of
tested beams. All beams are slender beams having a/d ratio of three. For each type of concrete there are three beams with
target concrete strengths 25N/mm2, 40 N/mm?2 and 55 N/mm?2. Figure 1 shows details reinforcement and loading
configuration of atested beam. The beam has 200x200mm cross section and 1600mm total length. Except the case of
beam CLWA40-3P, all other beams are longitudinally reinforced with 16 SD345-D 10 bars around the perimeter of cross
section. Loading was force-control monotonic.
3. Test results and discussion
Niwa's equation® was used in this study to calculate diagonal crack load of tested specimens. Summary of this calculation

aswell as related experimental results are given in Table 3. Theratio Table 1 Details of tested beams
of experimental crack load to calculated one using Niwa's formula  NO- [Beams Name Cfa”rzge (5(';1‘; Steel
(Vc-exp/Vc—cal) is lower for lighter weight concrete. This indicates strength ad | Ratio
2,
dependence of shear capacity to unit weight of concrete as reported (N/mrrr) )
elsewhere. Figure 2 shows these normalized shear strengths versus L {N2>3 250 | 20x20x160f 3 | 15
. . i . 2 |N40-3 40.0 | 20x20x160| 3 15
unit weight of tested beams. From this figure it has been found that —3 [Ns53 550 | 20020x160| 3 15
shear strength of sand lightweight (SLW) concrete is less than that of _4 |SLW25-3 250 |20x20x160f 3 15
. 5 [SLW40-3 40.0 | 20x20x160| 3 15
normal concrete by 10%, whereas reduction of shear strength of coarse —5swes.3 =0 1202060 3 15
lightweight (CLW) concreteis approximately 30%. In addition, nominal __7 [CLW40-3 400 | 20x20x160| 3 15
8 [cLwa40-3P 40.0 | 20x20x160| 3 10
shear strength of the CLW40-3 was about 20% larger than that of the —5Tervess =0 2o0oeol 3 5
of side reinforcement is that shear strength of Bears | WIC | 9a Weight per Uit valume (kgim)
beam increased. Nare | 09 | 00 e Tis SIS [ &G $C AF
.. . N25-3 83 199 | 190 2189 0.398
4. Finite element analysis NA03 o | 4 | 165 207 18| - | 0| - 276 | 040
In this study, concrete behavior and cracks _N%3 47 39| 62 6282 | 0698
_ , _ SW53 | 7 228 | 165 2508 | 0456
development are described using rotating crack  "gwa3 | 51 | 48 | 165 | 324 | &3 | - | 653 | %60 | - 2860 | 0648
model. Modified Ahmad stress-strainrelationship o3 5 400 7560 | 0840
CLWA03 | 5 293 | 109 3223 | 058
was used in this study for concrete constitutive _cw43p| 56 | 48 | 165 | 203 | 109 | 879 584 | 323 | 058
CLWss3 | 39 21 o 5473 | 0842

model in compression. The model was originally

Loading

2 P
proposed by Ahmad " but later modified by plate B . e
3) . . D6@50 STGL _SD345-D10 5 : M-
Naganuma” to improve descending branch of ! = e e
stress-strain curve. Tension stiffening L — ) = Loousols Loousols
effectiveness is characterized by slop of the E T - Jrissi i i g
150 |_150 plate CLW40-3P Other beams
descending branch of tensile stress-strain 225 16 | 516 L 26 8 Secton 1-1
[ 1600 ! ﬁ Linear voltage differential tranducer (LVDT)
curve. A model proposed by 1zumo et.al .4 was Longiudinal Secion — Stain gauge
used for concrete stress-strain relationship in Figure 1 Test beam and loading configuration
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Table 3 Test results

Unit te.
Beams f fc' ft Ec Vc—exp e 2 Vc—cal Vc-exP Vu—exp Vu—FEA Vu-exp Vu-exp .

Nol Name (VIZZ'/fl’qhst) )| ourmmd)| vvmaney |y [N | Voo | 0N |G | S | Varen [ 7100
1 |N25-3 2330 24.4 2.2 25.0 57.0 1.66 42.7 1.34 57.7 57.4 1.01 1.00 |Diagonal tension
2 |N40-3 2367 41.7 3.2 30.9 75.5 2.19 51.0 1.48 77.8 78.9 1.03 0.99 |Diagonal tension
3 |N55-3 2373 52.8 3.6 30.6 77.8 2.26 55.2 1.41 77.8 88.5 1.00 0.88 | Diagonal tension
4 |SLW25-3 2137 25.6 2.2 21.9 55.6 1.62 43.4 1.28 59.7 56.5 1.07 1.06 | Diagonal tension
5 |SLW40-3 2157 46.4 3.2 24.8 67.9 1.97 52.9 1.28 72.5 77.4 1.07 0.94 | Diagonal tension
6 |SLW55-3 2157 51.0 3.4 24.9 71.2 2.07 54.6 1.30 94.6 81.0 1.33 1.17 |Diagonal tension
7 |CLW40-3 1960 37.8 2.6 19.1 48.8 1.42 49.4 0.99 66.2 65.9 1.36 1.01 | Diagonal tension
8 |CLW40-3P 2007 43.0 2.4 18.8 43.0 1.25 45.5 0.94 57.5 58.0 1.34 0.99 |Diagonal tension
9 |CLW55-3 2020 53.8 3.2 22.1 54.7 1.59 55.5 0.98 80.6 80.0 1.47 1.01 | Diagonal tension
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5. Load-mid span deflection o CLWM', S g Eeperiment
Figure 3 shows experimental and computed load-mid ?EE / W \ :
span deflection of low, medium and high strength concrete = « /" cwew = -
beams respectively. Except SLW concrete beam SLW55- o 0" P 6 _— —
3, all other beams|oad-deflection behavior were very closely peesten (o priseenom
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the side reinforcement. CLW40-3P, the beam with no side peflion mm Deflecton (mm)
reinforcement shows lower ascending stiffness and decrease 9 SLWS5-3 h) CLWS5-3

of maximum load compared to beam CLW40-3. Figure 3. Load-mid span deflection

4. Conclusion

Nominal shear strength of ALWA concrete beams depends on the unit weight of concretes. The sand lightweight
concrete (density 2150kg/m3) and coarse aggregate concrete (density 2000kg/m3) beams have their shear strength reduced
by 10% and 30% compared to that of normal weight concrete. Using 3D nonlinear finite element analysis with the same
set of material models, it is possible to capture | oad-defl ection behaviors up to the maximum load, brittle failure characteristic
and very closely predict ultimate load of al beam.
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