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Abstract

Currently, most of the high-rise buildings in Mad&y are constructed using
tunnel form system. However, this type of strudtgsastem is still questionable
of its safety under ground motion. Thus, the maijective of this study is to
test and compare the structural performance of twmes of wall-slab
connection namely cross and anchorage bracingsr uadersible quasi-static
cyclic loading. Two identical sub-assemblage of lsgklb connections are
designed, constructed and tested in heavy strudalraratory. A load actuator
together with load cell was positioned horizontaltythe upper part of the wall
for applying the lateral cyclic load. The experiranresult shows that the
anchorage bracing connection has higher strengtiheh ductility, better
energy absorption and less structural damage agarach to cross-bracing
connections. Based on this experiment, the duyctdit anchorage bracing
connection igm6 which satisfies the requirement of ductility f@ismic code
of practice. Anchorage bracing connection can resisthquake loading better
than cross-bracing connections. Therefore, it i€omemended to the
construction industry to adopt this kind of desigigether with the detailing
which consists of double layer of wire fabric atetltonnections. As a
conclusion, the anchorage bracing connection htsrtseismic performance as
compared to cross-bracing connection under latgdic loading.

Keywords: Tunnel form system, Anchorage bracingheation, Cross-bracing
connection, Lateral cyclic laagli Ductility, Energy absorption.

1. Introduction

As one of the most favorable architectural systeshear walls play great role
in resisting lateral force which normally locaidift shaft or external wall. The
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Nomenclatures

BRC Steel fabric

EVD Equivalent viscous damping
F Force, kN

k Stiffness, KN/mm

LVDT Linear variable differential transformer
SG Strain gauge

uB Universal beam

Greek Symbols

Du Ultimate Displacement, mm
Dy Yielding Displacement, mm
d Lateral Displacement, mm
m Ductility Ratio, %

lateral load may come from wind loading, earthquéd@ding, hydrodynamic

pressure from tsunami and landslide. However, thenections between floor
slabs and shear walls constitute a potential wadkih structures to resist the
combination of lateral and vertical loading. WdHls connection can develop a
critical stress contour line under the worst corabon of loading in this region

during sway mode. To avoid redistribution of foréemsm wall panel to floor slab,

the connection should be designed with sufficiesticpntage of reinforcement,
and by considering stress concentration at théifgjrsystem [1].

Concrete load-bearing panel structures are cuyranplopular and economical
structural system utilized in the residential andmmercial international
construction markets [2]. These structures candmsteucted using two types of
joints, namely known as dry jointed system and ntithio system. In monolithic
system, the wall-slab connections are construcsgajLcast-in-situ concrete with
fixed-based connections which possess moment aasist stiffness, strength and
ductility. In contrast, dry jointed connection cdre assembled either using
grouting or silicon sealant. The dry jointed corti@t has significantly lower
stiffness, strength and no moment resistant as atedgo monolithic system.

Starting from the tunnel form system and its wigplecations nowadays in
the construction market, research evolves rapidiyiraproving the wall-slab
connection detailing. The focus nowadays, howevsr,on the structural
performance of the wall slab sub-assemblage tstriederal cyclic loading which
comes from earthquake loading. The structural aisivic performance of the
wall-slab connection becomes more important nowsdesythere are increasing
numbers of projects which utilize this technologyMalaysia and located closed
to the most active tectonic plate in the world kncag micro-Burma Sunda plate.
Wall-slab construction (tunnel form system) tecloggl gains its popularity as
time becomes the deciding factor [3]. Moreover,s thechnology permits
architectural flexibility, clean construction, mazkear space, less building height,
easier formwork, and shorter construction time.

The main aim of this study is to investigate andnpare the structural
performance of two types of wall-slab connectioamely cross and anchorage
under lateral cyclic loading. Structural performarnie term of strength, stiffness
and ductility are the focus of this research. Femfore, comparison in term of
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energy dissipation and crack initiation and propagabetween the two types of
connection is also evaluated.

Experimental investigations on the inelastic ldtdyahavior of four-story
tunnel form buildings under lateral cyclic loadiwgre conducted by Bahadir and
Kalkan (2007) [4]. Their research involved two featory scaled building
specimens that were tested under quasi-staticockatéiral loading in longitudinal
and transverse directions. The experimental resinticated that lightly
reinforced structural walls of tunnel form buildsgnay exhibit brittle flexural
failure under seismic action. The propagation afcks intensified clearly at the
region of the connections which constitutes theknzme.

Nakashima and Lu carried out series of experimembak on the behavior of wall-
slab connections in early 1980s [5]. The specimgmesented the typical slab system
of an idealized multi-storey prototype structuretafal of two floor assemblies were
built and tested under various combinations oflém@ and out-of-plane loads. Each
specimen consisted of three panels supported by atahe interior third-points, and
by columns at the edge. In all specimens, formatfamajor sliding crack extending
parallel to the wall, at the boundary where sonmgitadinal reinforcing bars were
limited, governed the in-plane capacity of the slab

There is very limited research regarding wall-staimnections in tunnel form
system under seismic loading. Previous researchfacased more on the overall
seismic performance of the whole tunnel form systeher than particular
attention on the jointing system especially at wgkdb connection. Therefore, the
intention of this paper is to examine the seisneidgrmance of two different types
of wall-slab connections namely, anchorage andseboacing connections under
seismic loading. After conducting the experimemtatk and analysis of these two
types of connections, this paper will propose test Ipractice of the connection to
be constructed especially in Malaysia under lorsgadit earthquake loading.

2. Experimental Work

This research concentrates on the structural padonce of the wall-slab

connection by testing two types of connection die@i namely cross and

anchorage bracings. The experiment utilized contiigplacement type of

experiment where the applied load was allowed &ngk with time. In the sub-

assemblage of wall slab system, slab end conditias set to be fixed; remain

stationary, as well as the lower part of the w@lh the other hand, upper end of
the wall was set to be free and receive out-ofglateral cyclic loading.

2.1. Specimen detailing

The specimen was constructed by considering theassbmblage of outer shear
wall, of which represents the extension of halflsd¢wo floors and sandwiched a
slab in the middle height of the wall. The connaetpart of the system, of which
the slab meets the wall, was detailed in two d#ffiertypes, namely cross and
anchorage bracings. Figure 1(a) shows the detadingross-bracing wall-slab
connection at the intersection. Figure 1(b) shote detailing of anchorage
bracing wall-slab connection at the intersectiolme Tapping length of steel fabric
from slab to the wall is 280mm on top and bottontafinection. Although, both
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specimens were provided with double layered sta@li¢ in both slab and wall,
but the connection detailing differed in them.

This study considers only the sub-assemblage ofamied concrete wall slab
connection with lateral cyclic loading applied hetupper end of the wall. The
proposed dimension of the wall panel is 2000x1060xinm and the slab
dimension is 2000x1000x150 mm. The sub-assemblégheospecimen was
attached to a foundation beam with dimension of0¥®00x375 mm. Figure 2
shows the isometric view of wall, slab and founaiativhich was prepared in
heavy structural laboratory before testing takeg@la
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(a) Cross-bracing Connection (B®nchorage-bracing Connection

Fig. 1. Connection Detailing of both Specimens.

Fig. 2. Typical Dimensions of Wall-Slab Sub-Asseméage.
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2.2. Preparation of samples

Two identical half-scaled of wall-slab connecticas shown in Fig. 2 with two
different types connections were constructed inldheratory. The first specimen
was constructed with cross-bracing connection gearent while the second
specimen was anchorage-bracing connection arramgenide initial work
started by cutting the steel fabric (BRC B-7) adang to the size as specified in
the design. It was followed by bending the wirerfalnesh into T-shape and tied
them together using tie wires as shown in Fig. 3.

Plywood was used as a formwork to obtain the intenshape of the sample
as shown in Fig. 4. The formwork was prepared @nftlundation block before
casting of concrete was executed. SubsequentlyBRE-A7 steel fabric was
installed inside the formwork with spacer block26fmm thickness to define the
nominal concrete cover.

The construction of the wall-slab specimens wastestaby preparing the
formwork, pouring the concrete and then followed28/days curing period. It
was then followed, by setting-up the specimen msitie heavy structure
laboratory and then clamping the foundation blookl #he slab far end to the
strong floor to ensure fixed conditions occurred.

Before pouring the concrete, a total number of teigh (18) strain gauges
were glued and attached to the BRC-A7 at varioaations at slab, wall and its
intersection. Strain gauge is used to measureltimgation of reinforcement bar
during out-out-plane lateral cyclic loading. Itimportant to detect, using strain
gauge, weather the reinforcement bars behave ln&ar non-linearly under
incremental drift. The collapse mechanism occumwkén the reinforcement bars
started to fracture when they reached the ultimfrien and elongation. Figure 5
shows the locations of strain gauges at presciibeations all over the specimen
in both slab and wall reinforcement bars (BRC-AR). the strain gauges were
connected with wires which eventually were conngd¢tethe data logger before
testing the specimen.

|

Fig. 4. Formwork Erected on the
Placed inside the Formwork. Foundation Block.
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Fig. 5. Location of Strain Gauges

2.3. Instrumentation and testing procedure

This research is a sole focus on the comparisatroftural performance between
the cross-bracing and anchorage type of connectibsual inspection and
observation were carried out on each specimen termae the initial cracks,
crack propagations, buckling and fracture of reioéonent bars until failure. The
crack patterns, width and length of cracks werekethrand measured as the
cyclic loading was imposed on the top part of tradl fior each successive drift.
There were eighteen successive drifts that wer@segh on each of the both types
of connections. Damage crack pattern was highlijhising black marker pen
during testing and captured using a camera.

A load actuator was positioned horizontally at temtre of top part of the
wall in order to apply the lateral cyclic load dretsample. The top part of the
wall was clamped using a couple of steel platescamhected to load actuator’s
head. The load actuator is bolted to reaction frameshown in Fig. 6. A total
number of ten (10) LVDTs were placed on the surfatevall and floor slab in
order to record the deflection when out-of-plartera cyclic load was applied on
the specimen. Basically, there were five (5) uwitsLVDT located along the
height of wall while the other five (5) units wepkaced along the span of the slab.
The end of the slab is supported by the UniversarB (UB) which is acting as
fixed-end connection.

The loading regime was applied on both sampleshwivizs programmed to run
into 18 succession drift with an incremental oP0 .drift. Two cycles of loading were
applied for each drift. Figure 7 shows the loadiegime for wall-slab connections
with displacement controlled under out-of-planesral cyclic loading. Drift is the
ratio of lateral displacement divided by effectiweight of wall multiplied by 100
percent. Table 1 shows the total numbers of 3Gsyahd the maximum applied drift
is 2.7% equals to maximum lateral displacemen8af®mm.
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Fig. 6. Experimental Set-up and Location of LVDTs a the Specimen.

Table 1. Total Number of Cycles and Drift Applied e Specimen.

2‘5{;'22 Drift  Lateral Displacement
(%) (mm)
2 0.1 1.8
4 0.2 2.96
6 0.3 4.42
8 0.4 6.08
10 0.5 7.5
12 0.6 8.98
14 0.7 10.4
16 0.8 11.84
18 0.9 13.32
20 1 14.7
22 1.3 18.78
24 15 22.16
26 1.75 25.94
28 2 29.16
30 2.2 30.08
32 25 37.08
34 2.6 38.7
36 2.7 53.49
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Fig. 7. Quasi-static Cyclic Loading Regime.

3. Experimental Results and Discussion

The experimental results for two sub-assemblagegatifsiab connection comprise

of anchorage and cross-bracing by incorporatingl dtere are discussed in this

section. The structural performance of this typaaif-slab connections are discussed
in term of strength, strength degradation, dugtili#quivalent viscous damping and
structural damage.

This section provides a structural evaluation ofl slab-connection subjected
to out-of-plane lateral cyclic loading. This evaloa presents a comparison
approach of two types of connection detailing, nigmeross-bracing and
anchorage connections. Ductility, strength degfadatnd viscous damping
results will be analyzed and compared between e types of connections.
Eighteen (18) cycles of drifts were imposed on vgédb connection under out-of-
plane lateral cyclic loading with an incrementaloof% drift with two cycles for
each drift. The maximum applied loads correspontiingpntrolled displacements
were recorded at each level of drift. The hysteré&sdps for eighteen drifts have
been plotted with respect to the loads.

3.1. Visual observation on damage of wall-slab cometion

Non-linear behaviour of reinforcement bars and ccete, such as crack
prorogation in concrete and fracture of reinforcetrigars are the focus areas in
this section.

3.1.1. Cross-bracing connection

The specimen with cross-bracing connection hasswemse cracks located at
wall-slab connection. Figure 8(a) shows the arrameyg of cross-bracing fabric
wire mesh and location of steel fibre at the whdbsintersection. Minor hairline
cracking started to appear at the intersectiorigeof the sample at 0.3% drift as
shown in Figs. 8(b) and (c). The hairline cracksengbserved more clearly in the
pushing stage (right direction denotes as posith@vement) of the loading
compared to the pulling stage (left direction desoas negative direction). At
higher drifts level between 0.6% to 0.9%, more ksastarted to appear at the
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upper part of the wall panel and intensified furtae the connection part with

major cracking started to propagate as shown is.F8¢d) and (e). Figure 8(f)

shows the spalling of concrete cover at the backarinection because of the
lacking of confinement in concrete and inexistefitsbear reinforcement or

stirrup at the connection regions. Further evidestemws that the diagonal cracks
started to develop covering both sides of the cotim

Finally, at 2.7% drift, the connection started apHing imminently of which
large displacement was undergone by the connettidime pushing stage which
made it difficult for the experiment to be contidueith the LVDTs attached to
the wall. It is worth mentioning that, the collapsappened at the connection
region, although cracks and spalling of concreteecmccurred at slightly upper
part of wall panels. Figure 8(g) shows the fractuoé fabric wire mesh and
Fig. 8(h) demonstrates that the top part of wals Wweoken into two pieces under
out-of-plane loading. In this type of connectiomaaks initiated at wall-slab
interface and then propagated diagonally at theection that could be inferred
because of the detailing of the connection atitisé fflace.

Steel Fibre
g b 150
o~
150 2000 i
a) Wall-Slab Sub-assemblage b) MinHairline Cracks Appearing
with Cross Connection. at the Side at the Connection

at 0.3% Drrift

c) Diagonal Cracks Propagate d) Cracks Intensified at the
across the Connection. Back of the Connection.
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e) Cracks Appear at the Qoncrete Spalling Starts to Appear
Upper Part of the Wall. at the Back of the Connection.

g) Breakage of the Specimen h) Top Portion of the Wall been
at the Connection Part. Held away from the Sample.

Fig. 8. Visual Observation on Damage for @ss-Bracing Connection.

3.1.2. Anchorage connection

Anchorage connection is the usual type of conneatiged in the construction of
medium and high-rise buildings in Malaysia. In thigeriment, it was observed
that the structural failure did not occur at thenmection of the wall-slab but
rather happened at upper part of wall where thatioa of the anchorage
reinforcement cut-off point.

First hairline cracks appeared at approximatelyn2®Oabove the anchorage
connection. This location is situated at the anaber steel fabric wire stop.
Figure 9(a) shows the arrangement of double lafsysc wire and location of
steel fibre. The cracks started at 0.3% drift ahldaces of the wall as shown in
Figs. 9(b) and (c). As loading increased, potentiedcks appeared at the
connection and at the top part of the wall as showkigs. 9(d) and (e). At later
drift of nearly 1.5% and 1.75%, damage intensifedthe wall, at anchorage
location, followed by spalling of concrete covet.tAis higher load intensity, the
crack opening became greater and cracks penettataejh the depth of the wall
during the consecutive drift stages.
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At this connection, it was observed that cracksew@st initiated diagonally
at the connection, leaving the wall slab interfasghout any significant
appearing of cracks.

a) Wall-Slab Sub-assemblage b) Minblairline Cracks Appearing
with Anchorage Connection at thBack at the Wall at 0.3% Dirift.
Incorporating Steel Fibre.

c) Spreading of Cracks @racks intensified at the Front Face
across the Wall. of the Wall at the Anchorage Location.

e) Major Cracks intensified at the f) Salling of Concrete at the
Anchorage Location and Hairline Anchorag Location and Hairline
Cracks at the Connection. Cracks at the Top of the Wall.

Fig. 9. Visual Damage on Anchorage Connection.
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3.2. Strength

Wall-slab connections in the structural system shdwave adequate capacity of
strength to carry the design loads safely undefobptane and in-plane lateral
displacement. It should be pointed out that thegees should avoid brittle type

of failure (low ductility), by ensuring that the gacity design is properly factored
and calculated [6]. Under out-of-plane lateral wydbading testing, the wall

undergoes successive loading and unloading brariith centrol displacement.

The force-displacement relationship is presentethénform of hysteresis loops.
For each drift, a loop which represented as onepteta cycle of drift is imposed

on the structures and the applied forces are redoirdboth directions (push and
pull directions). Figure 10 shows the hysteresgptoassociated with load and
displacement at LVDT1 for cross-bracing connectidrich located at the top of
the wall. The graph is plotted based on out-of-pltateral load with respect of
each percentage of drift. Each loop is plotted aithincremental of £ 0.1% drift
until £ 2.7% drift where the wall-slab connectidialed. The positive direction

shows the pushing force and negative direction shbe pulling force.

Fig. 10. Hysteresis Loops of LVDT1 for Cross-Bracig Connection.

Figure 11 shows the comparison of the two typesawminections in term of
load vs. displacement behaviour. Moreover, the lgiagshowing the pull and the
push phases of the loading. Clearly, the crosseaxtion has a higher strength in
both phases, the pull and push ones. The crossection exhibits a relatively
higher yielding load of approximately 20.04 kN witfield displacement of
14.07mm corresponding displacement in the pushiimgctibn, whereas the
anchorage bracing connection exhibits only 12.99 dd\ yielding load with
3.90mm corresponding to yield displacement. Siryilan behaviour, in the
pulling phase, the cross connection demonstraggsehiyielding load of 26.67 kN
with 16.27mm corresponding displacement. On thesrotrand, the anchorage
bracing connection demonstrates only 18.16 kN wigh26mm corresponding
displacement. Overall, the cross connection stayieltling at the 0.7% drift,
whereas anchorage bracing connection yieldedawerldrift of 0.2%.
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Fig. 11. Comparison of Pushing and Pulling
Loading between Both Connections.

The ultimate out-of-plane loading of the cross amtion is 24.41 kN
recorded at 1.3% drift under pushing load and 34 &NL.75% drift under
pulling load. After that, the cross connection eigreced an early strength
degradation that is marked by drastic drop of lngd¢apacity starting from
1.3% and 2.0% drifts under pushing and pulling iogd respectively. On the
other hand, the anchorage bracing connection expeszd relatively lower
ultimate loads in both pushing and pulling stages the anchorage bracing
connection sustained its strength over wider rapn§edrifts of which the
strength degrade after 2.5% drift in pushing stage.

3.3. Stress-Strain

Stress-strain relationship was done for both sasp8tress-strain for strain
gauges located at the bent-up bars of wire meshawalysed. Maximum strain
was found at strain gauge 5 (SG5) at bottom regeiment (Fig. 12(a)) and
strain gauge 11 (SG11) at top reinforcement (FR(b)) in anchorage bracing
connection. Maximum strain at SG5 is 2647 pm/mmhwsb.73 kN stress
capacity at 2.2% drift. On the other hand, maximstrain at SG11 for
anchorage bracing connection is 2718 pm/mm at 8®&i83at 2.0% drift.
Furthermore, maximum strain in cross bracing cotiaeowvas found at strain
gauge 6 (SG6) at bottom reinforcement (Fig. 134a)) strain gauge 11 (SG11)
at top reinforcement (Fig. 13(b)). Maximum stratnS&6 is 1779 um/mm with
114.23 kN stress capacity at 2.7% drift. Maximumaist at SG11 is 2391
pm/mm with 116.73 kN at 2.0% drift. Thus, it showsath connections are still
under vyield limit since yield capacity from tensilest is 3600 um/mm. The
analysis showed that anchorage bracing connectis able to develop larger
strain value compared with cross bracing connection
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Fig. 12. Stress-Strain Relationship for Anchorage Bcing Wall-Slab Sample.

—0.10%
100 —0.20%
—0.30%
—0.40%
—0.50%
— 0.60%

3 ——070%
\g-. e ——0.80%
50

1000 2000 ——0.90%
— 1.00%
— 1.20%
; S ——1.50%
Y . —1.75%
—2.00%
150 2.20%
—2.50%

Strain (un/m) — 2.60%

Stress (kN/mm?)
o
)
(=]

(a) Bottom Reinforcement

010%
0.20%
0.30%
0.40%
050%
0.60%
0.70%
080%
090%
100%
120%
150%
175%
200%
230%
250%

——260%
Strain (um/m) 2.70%

-2000 s . 0 3000

Siress(kN/mm®)

(b) Top Reinforcement

Fig. 13. Stress-Strain Relationship for Cross Bracdig Wall-Slab Sample.
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3.4. Ductility

Ductility is the ability of the structure to witfestd the repeated load-cycles at the
post-elastic range, without significant lost ofesigth [7, 8]. Ductility is an
important property of structures to withstand maximloading with prolong
displacements, strain and rotation. In earthquadsga, the acceptable ductility
of the structures to resist earthquake should beds:n 3 and 6. The ductile
structure is depending on the amount of longitudieaforcement bars and the
spacing in between stirrup/shear reinforcement all-slab connection. The
higher percentage of reinforcement bars in walb,sthe higher ductility of the
system where more lateral displacement can occtlarwall. Figure 14 shows
the hysteresis loops for both types of wall-slalnrngctions under out-of-plane
direction. This graph shows the seismic performaatevall-slab connection
where it starts with elastic behaviour as displamenincrease linearly with out-
of-plane loading until it reaches the yielding désement Dy). After yielding,
the displacement experiences non-linear behaviathr nespect with lateral load.
When ultimate load reaches ultimate displacemBa}, (the strength of the wall-
slab starts to degrade and partial collapse ofthestures achieved. At the stage
of ultimate load, the ductility factor can be measlwheren=Du/Dy.

Table 2 gives the values of the ductility factor for both types of
connection. The table shows that anchorage brawomgpection enjoys nearly
double the ductility that the cross connection géth 7+ 5.91 for anchorage
bracing connection andr 3.18 for the cross type. The reading reflects tha
anchorage bracing connection provides a more @ustiucture that possesses
ability to maintain higher force carrying capacithile being displaced into the
post elastic range. It shows that the anchoragaildet provided favorable
confinement which kept the inner structure of tlemarete member preserved
and hence delayed the failure.

(a) Cross Connection (b) Anchorage Connection

Fig. 14. Hysteresis Loops and Ductility Labelling
for both Types of Connections.
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Table 2. Ductility Ratio of both Types of Connectio.

Type of Connection Dy Du ma Du/Dy
Cross Connection 8.08 25.73 3.18
Anchorage Connection 7.84 46.32 5.91

3.5. Stiffness of the wall

Stiffness of the wall is the ability of the wall tesist the lateral load under elastic
deformation. Stiffness is given by the ratio ottal load over lateral displacement
which denote ak = F/d Properly designed structures have large inhextdiiess
which means that displacement during severe lateeslings are reduced, thus
providing a high degree of protection against deemé&y structural and non-
structural elements [8, 9]. Figure 15 shows tHénsss versus. Drift comparison of
results between both types of connection under ipgshnd pulling stages.
Although at the early stages of drift, the ancheragacing connection shows a
stiffness that is nearly double what is found i& thoss connection, but the stiffness
reading was approximately similar for both conrectiypes throughout the rest of
the drifts. Overall, it has been noted that bothnemtions demonstrated similar
stiffness during the pushing and pulling stageladling. That is because stiffness
is highly related to the properties of the shealt panel and both specimens have
almost the same shape and size of wall.

In all cases, stiffness readings show a decredsémgl result throughout the
drift series because the wall losing its stiffnessler reversible cyclic loading.
The highest stiffness was recorded at 0.1% drift tftee anchorage bracing
connection where the highest force is requiredctiexe the elastic deformation
before the wall starts to crack. The lowest stéfeccurs at the 2.7% drift for the
cross connection because the minimum force is reduo deform under inelastic
behavior of the wall system. The cross-bracing ection has slightly higher
stiffness as compared to anchorage bracing commecti

Fig. 15. Stiffness Comparison of both Connections
under Push and Pull Direction.
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3.6. Equivalent viscous damping

Equivalent viscous damping (EVD) ratio is definedaafunction of displacement
ductility under the crucial parameter in the apgdlian of the control displacement
method. For the reinforced concrete wall-slab cotioes under complete one
cyclic loading, EVD ratio was derived based on rthaysteretic response and
hysteretic energy dissipated under fully reversgdic loading. The equivalent

viscous damping ratio for anchorage and cross migiasmnnections were calculated
based on the area under hysteresis loops for edthH-@ure 16 shows EVD ratio

for both anchorage and cross-bracing connectiarthéofirst cycle for each drift. It

clearly shows that the anchorage bracing connectioorded higher EVD ratio as
compared to the cross-bracing connection up to 1ds#6 and then, the cross-

bracing connection has higher EVD ratio as compacedanchorage bracing

connection up 2.7% drift. At 2.3% drift, the crasmnection recorded the highest
EVD ratio nearly 24% equivalent viscous damping wehs at the same drift, the
anchorage bracing connection recorded only 8% E&tin.rin general, it can be

concluded that the cross connection has greatiéyabiabsorb more energy during
out-of-plane lateral cyclic loading as comparedrtass-bracing connection.

=)
£ 30
£
25
g N\
w 20 \/ Cross
3 15 / Connection
o ——Anchorage
E 10 /\\ / / Connection
E 5 \M
ucj- 01 03 05 07 08 13 175 22 286

Drift (%)

Fig. 16. Comparison of Equivalent Viscous Damping
between the Two Types of Connection.

4. Conclusions

Overall, the anchorage bracing connection performecharkably better in
resisting the lateral cyclic load compared to tress type of the connection. That
is because of the significant ductility it expeed and the minimum damage it
exhibited at the connection. Although, failure hapgd for the anchorage bracing
connection but the location of the failure was la tvall of which a further
increase at the anchorage length would help inerdses ductility of the wall and
prevent the formation of the plastic hinge. In tiase of the cross connection, an
increase in the steel ratio in the connection itMteof stirrups could be
recommended so that to help improve the energypdiisn mechanism at the
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connection. Therefore, it is recommended that wiab connection with
anchorage-bracing should be adopted in the congtnuef medium and high-rise
buildings using tunnel form system in Malaysianiestvment.
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