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QUANTIFICATION OF COLLAPSE PREVENTION PERFORMANCE
OF CONCRETE BEAMS BASED ON LONGITUDINAL REBAR BUCKLING

— Proposal of collapse prevention performance index for ductile concrete buildings —

FoosH, EMHE LT RE 5 855y A=V s G ERTY
Rokhyun YOON, Yasushi SANADA, Takumi AKAHORI,
Sujan PRADHAN and Eriko KAWAMURA

This paper describes the safety limit for RC beams with buckling of longitudinal rebars. In the author’s previous study on weak beam-strong column type RC
moment-resisting frames, buckling of longitudinal rebars was visually observed at the beam ends at the ultimate state. Therefore, numerical and practical
evaluation methods were proposed to quantify a rotation angle at buckling of beam longitudinal rebars and verified through comparisons with the previous test
and present test using a full-scale beam specimen. Consequently, the safety limit for RC beams with buckling of longitudinal rebars was well evaluated by the
proposed methods.

Keywords : Longitudinal rebar buckling, Moment-resisting frame, Reinforced concrete beam, Safety limit state, Seismic performance evaluation
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(a) Framing elevation (b) Typical floor framing plan

Fig.1 Prototype building
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Fig.2 Dimensions and reinforcement details of the frame specimens
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(b) Lateral loading history
Fig.3 Test set-up and loading history
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Table1 Specifications of members

%ﬁ)ﬁ?ﬁ%%e Test specimen
BxD 450 x 700 180 x 280
Longitudinal 6-D25 4-D13
Beam rebar (pu=0.48) (ps=0.50)
Shear 2-D13@200 2-D5@80
reinforcement (pwp=0.28) (pws=0.31)
BxD 750 X 800 300 x 320
Longitudinal 14-D25 16-D10
Column rebar (pee=0.34) (pee=0.34)
Shear D13@100 D10@40
reinforcement (Pwe=0.28) (Pwe= 0 31)
Thickness 180
Vertical and
horizontal D10@200double | D4@100double
reinforcement
Wall Reiriforcirﬁlent
along the
perimet%r of the 2-D16 2-D5
opening
Opening ratio® Unfixed 0.4

pu Tensile reinforcement ratio of beam
pe Tensile reinforcement ratio of column
pwi Shear reinforcement ratio of beam
pwe Shear reinforcement ratio of column

* Opening ratio is defined by =
(1 opening ratio; Ao/l
72 height/span length)

(Aol ADV2
height/length of opening;

and A/ story

Unit: mm

Table2 Material properties of concrete

Specimen Elastic modulus Compressive strength
BF 2.57x104 33.5
WFs 2.65%104 33.4
Unit: N/mm?

Table3 Material properties of reinforcement

Type Elastic modulus Yield stress Tensile strength
D4 1.68x105 320 499
D5 1.63%x10° 313 501
D10 1.79%x10° 380 519
D13 1.84x10° 391 553
Unit: N/mm?
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A Lateral resistance at formation of a yield mechanism (testQmen), ® Maximum strength (Qmax)
X Ultimate state with buckling of beam longitudinal reinforcement
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Fig.4 Lateral force vs. drift ratio relationships
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Photo 1 Buckling of beam longitudainal reinforcement
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Emax.

(eq.3)

0>0 in tension
0<0 in compression ||/g, (eq.4)
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Fig.6 Menegotto - Pinto model
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Fig.14 Tensile strain in beam-column joint from the experiment
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Fig.16 Curvature profile along the upper beam in BF
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Fig.17 Assumption of the calculation method
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Fig.18 Ultimate tensile strain vs
compressive strain at buckling

Fig.19 Strain distribution
in beam-column joint
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Table4 Ultimate rotation angle at buckling
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Fig.21 Dimensions and reinforcement details of the beam specimen

Table5 Details of full-scale beam specimen
BxD 450mm x 700mm
Longitudinal rebar 6-D25 (pss=0.48)
Shear reinforcement 2-D13@200 (pws= 0.28)
Table6 Material properties of concrete for the beam specimen
Elastic modulus Compressive strength
2.87x104 30.5
Unit: N/mm?2
Table7 Material properties of reinforcement for the beam specimen
Type Elastic modulus Yield stress Tensile strength
D10 1.83x10° 359 506
D13 1.79x105 371 536
D25 1.86x10° 379 558
Unit: N/mm?2
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Fig.23 Shear force vs. drift ratio relationship for the beam specimen
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Fig.26 Strain distribution in stub
Table8 Ultimate rotation angle at buckling for the beam specimen

Rotation
Ultim. angle Test
strain at with Rotation angle
buck. ez hinging testOB— testOB(puliout) with pullout
eBChmging) zeszeB(gu]]aut)
0.647
(Rp=1.62%rad)
0.0204 1.26 0.92 1.30 0.732
(R 5=2.18%rad)

Unit: %rad
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Summary

1. Introduction

In the authors’ previous study® on weak beam-strong column type RC moment-resisting frames (Figs. 1 and 2), buckling of longitudinal
rebars was visually observed at the beam ends at large drift ratios (Fig. 4 and Photo 1). This result indicated that the buckling of beam
longitudinal rebars was related to the safety limit (collapse preventaion performance) of weak beam-strong column type frames. However,
to date, no method is presented to quantitatively evaluate the ultimate performance of RC frames at the buckling of beam longitudinal
rebars. Hence, numerical and practical evaluation methods for the buckling of beam longitudinal rebars are proposed and verified through
comparisons with the previous test”, as described above, and an additional one.

2. Experimental investigations

A prototype building of this study was introduced (Fig. 1), then the preceded tests of two moment-resisting frame specimens with/without
RC secondary walls partially representing the prototype building were summarized (Figs. 2 to 4 and Photo 1). From the tests, buckling of
the beam longitudinal rebars was visually observed after peeling off of the cover concrete at the ends of the beams (Photo 1). It indicated
that the buckling of the beam longitudinal rebars affected the ultimate performance of the specimens.

3. Quantification of the safety limit (collapse prevention performance) of RC beams based on longitudinal rebar buckling

A numerical method to evaluate buckling occurrence of beam longitudinal rebars was proposed by comparing the stress-strain behavior
of the beam longitudinal rebar with the buckling resistance by Eqs. 2 and 6. Thus, one of the specimens described in Chapter 2 was
replaced by an idealized numerical model (Figs. 8 and 9) and numerically analyzed (Figs. 10 and 11). The analysis gave a good agreement
for a drift at the beam longitudinal rebar buckling with that from the experiment (Fig. 13).

4. Simplification for application to practical design

Since the neutral axis on cross-sections of general RC beams is likely to be close to rebar under compression, the strain of the beam
longitudinal rebars described in Chapter 3 was assumed to be zero under the maximum compression. This assumption simplifies the
evaluation method proposed in the previous chapter and provides a practical evaluation method for the ultimate performance of RC beams
at the buckling of beam longitudinal rebars by Eqgs. 9 and 10. An estimated ultimate hinge rotation by the practical method was also
verified to show a good agreement with the experimental result (Table 4).

5. Additional verification based on a full-scale RC beam test

An experimental study was performed using a full-scale beam specimen focusing on buckling of longitudinal rebars. This specimen also
showed buckling behavior of the longitudinal rebars at the member end (Photo 2), then deteriorated (Fig. 23). The hinge rotation angle at
the buckling of longitudinal rebars was evaluated as 1.26%rad based on the practical method proposed in Chapter 4. Consequently, the
estimation was consistent to the experimental result (Table 8).

6. Conclusions

The present paper experimentally showed the safety limit (collapse prevention performance) for RC beams with buckling of longitudinal
rebars; thus, proposed numerical and parctical evaluation methods. The proposed methods well evaluated the ultimate hinge rotations of

the beam specimens at the longitudinal rebar buckling.
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