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Abstract— An experiment was conducted on two 1/3 scale slender rectangular RC walls to study effect of 20% and 40%
axial load ratio on their seismic performance. A fiber cross-section based model was uses to simulate lateral load-drift
response and assess characteristic points: flexural crack, yield of vertical reinforcement, peak load and ultimate
deformation. Through the experimental results, axial load ratio of 40% has a detrimental effect on dramatically
decreasing ultimate deformation and immediately collapse due to concrete crushing. The model could capture lateral
load-drift response and all characteristic points accurately. Ultimate deformation was well estimated by hoop rebar
strain of 0.2% which was obtained from experiment near collapse point.

I. INTRODUCTION

After the 2010 Maule Chile Earthquake, damages that
mainly observed in slender reinforced concrete wall were
concrete crushing and reinforcement rebar buckling at wall
boundary [1]. A study from Massone el at. [2] revealed that
post-1985 Chilean buildings, and particularly buildings
constructed after 2000, taller buildings, tended to have axial
force ratios, typically in the range of 10% to 30% of cross-
section capacity, and sometimes larger for individual walls.

This study presents the results of an experimental and
numerical study of two slender rectangular reinforced
concrete walls under axial load ratio of 20% and 40%.

Il. EXPERIMENTAL SET UP

An experiment was conducted on two 1/3 scale slender
rectangular RC walls with confinement at boundary regions
to study effect of high axial load ratio on their seismic
performance. These two identical specimens were subjected
to constant 20% and 40% axial load ratio. Summary of
specimen properties is shown in Table 1. Specimen
geometry, reinforcement detailing and strain gauge location
in vertical rebar and hoop bar is shown in Fig 1.

1. EXPERIMENTAL RESULTS

Fig. 2 shows experimental lateral load-drift relation of RC
walls under 20% and 40% axial load ratio. This figure also
shows characteristic points: flexural crack, yield of vertical
reinforcement, maximum load and ultimate point. Flexural
crack initiated at 0.14% drift for RW20, while 0.26% for
RW40. First flexural crack of RW40 was delayed due to high

axial compressive stress. Vertical reinforcement at end
region yield in compression at 0.4% drift for RW20, while
0.09% drift for RW40. RW20 and RW40 reached maximum
lateral load of 161.0 kN and 214.4 kN, respectively. After
maximum load, lateral load of RW40 decreased dramatically
until concrete exploded and out-of-plane instability occurred.
Lateral load of RW20 decreased gradually until core
concrete crushing and out-of-plane instability.
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Fig.2 Lateral load-drift relation and characteristics points

Table 1 Specimen properties

Confined Area Wall Panel Axial Shear
Specimen |  Parameter w | hu | tw Vert. rebar Confinement rebar | .« Hor load Span
(mm) | (mm) | (mm) 0 0 , ' ratio Ratio
Arrange | Py ( A)) Arrange | P ( /0) rebar rebar
RW20 Bench Mark 900 1800 150 8D10 1.84 D4@50 1.29 2 2 02 3.33
RWA0 | Axial load ' ' D6@72 | D6@100 | 0.4 :

Note: lw: wall length, hu: wall height, tw: wall thickness, py :vertical rebar area ratio, pg : volumetric confined rebar ratio



IV.ANALYTICAL MODEL

A. Simulation of lateral load-drift relation

Lateral load-drift relations were evaluated based on fiber
cross-section as shown in Fig 3. Effects of confinement are
taken into account by modelling the concrete inside the hoop
rebar with confined concrete model [3]. The remaining
concrete is modelled as plain concrete. The cyclic response
of concrete was defined using Kent and Park model [4] and
Karsan-Jirsa [5]. Tensile strength of concrete was neglected.
The cyclic response of reinforcing steel was defined using
Giuffre-Menegotto-Pinto model [6]

In order to determine flexural deformation, curvature was
assumed as shown in Fig. 4. Plastic curvature distributed
constant over plastic hinge length. In this study, plastic hinge
length equaled to 0.3 of wall length. Shear deformation was
approximated by Beyer et al. [7].
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Fig.3 Fiber cross-section

Fig.4 Assumed curvature
distrubution

B. Ultimate deformation

Ultimate deformation was determined when extreme
confined concrete fiber reached ultimate confined concrete
compressive strain. The ultimate confined concrete
compressive strain, &, , was estimated by Mander et al. [7]

as shown in Eq. 1. Concept of ultimate point was when hoop
rebar fracture, thus originally defined as fracture strain of
hoop rebar. However, fracture of hoop rebar was not
observed in this experiment. In this study, hoop rebar strain
were obtained experimentally 0.2% and 0.4% for RC walls
under 20% and 40% axial load ratio, respectively. Hoop
rebar strain of 0.2% was used for conservative estimation.

oy =0.004+1.4p5 fyin esm/ féc (1)
where p, : volumetric confinement rebar ratio, fyh :
confined rebar yield strength, &, : measured peak hoop
rebar strain, fg : confined concrete strength

V. ANALYSISRESULTS

The results show that the model is able to capture lateral
load-drift relation of RC walls under 20% and 40% axial
load ratio. All characteristic points starting from flexural
crack point, vertical reinforcement yield point, maximum

load point and ultimate point could be assessed by this model.

Lateral load of RW40 slightly overestimated. Ultimate
deformations of both walls were well predicted by 0.2%
hoop rebar strain assumption. Load capacity at ultimate
point overestimate for both walls. For this issue, degradation
of stress in concrete may be adjusted in future study.
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Fig.5 Lateral load-drift relation
Table 1 Compare experimental and analytical characteristic points

. Flexural Crack Yield Max. load Ultimate
Speci

men | APPOEh e [Q R TQ [RTQ TR TQ
D LkN) | @) | kN) | %) | (kN) | (%) | (kN)
Exp. 014 | 701 | 040 | 1439 | 0.76 | 161.0 | 2.03 | 131.2
RW20 | Ana. 007 | 600 | 0.25 | 1259 | 0.84 | 155.8 | 1.95 | 148.4
Ana./Exp. 054 | 086 | 063 | 088 | 1.11 | 097 | 0.96 | 1.13
Exp. 026 | 169.4 | 0.09 | 80.9 | 0.47 | 214.4 | 0.98 | 167.9
RW40 | Ana. 0.14 120.0 | 0.24 | 179.1 | 0.59 | 2245 | 0.94 | 2135
Ana./Exp. 053 | 071 | 278 | 221 | 1.25 | 1.05 | 0.96 | 1.27

VI.CONCLUSIONS
® Axial load ratio of 40% caused low ultimate

deformation and sudden concrete crushing as failure mode.
Axial load ratio of 20% caused ductile ultimate deformation
and spalling of cover concrete followed by core concrete
crushing as failure mode. Out-of-plane buckling due to
concrete crushing was observed in both specimens when
they were loaded beyond their ultimate points.

® Lateral load-drift relation and 4 characteristic
points could be simulated by a simple model by cross-section
analysis with a good accuracy. The model had assumptions
that plastic hinge length equal 0.3 of wall length.

®  The model could predict ultimate deformation well
with assumption of hoop reinforcement strain of 0.2%.
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