Engineering Journal e~

iy 3

s

a

Article

Test and Finite Element Analysis of Gravity Load
DesignedPrecast Concrete Wall Under Reversed
Cyclic Loads

PreedaChaimahawart®, Chayanon Haxsapinyc*®, and Punlop Phuriwarangkhakut®

1 School oEngineeringUniversity of PhayaldlackaMuang Phayao 56000 hailand

2Department of Civil Engineering, Faculty of Engineering, Chiangmai University, Huayadaew R
Muang, Chiang M&0200, Thailand

E-mait 3preeda.ch@up.ac(fBorresponding authorghayanon@eng.cmu.acphnlop.8328@gmail.com

Abstract This research studies thateral behavior of precast concrete Iwadnel
applicable for a-&ory building The specimens consist of precast @astin-situ
reinforced concrete bearing wall with 3/4 scdlled precast wall panel was designed for
gravity load onlyThe specific connection in this study was the welded connection
between dowel bar and steel plate embedded in precasichallasite famous one of

the connectiorfor precast bearingall system in Thailand’he specimens are tested
under reversed cyclic loadings thrdugiraulicactuator in laboratory. The tested results
reveal that the precast concrete wall can mesighumlateraloadand show almost the
same behavior aastin-situ RC wallThe cracks of precast wall panel are concentrated
around the connection while cassitn RC walhreflexural and shear cracks dominant
500 millimeters above the footing of Widie superimposktechnique of the element in
FEM analysigs used to model the connection of precast wall piédictionby FEM
analysigor cyclic behaviphysteretic loognd maximum loaarematcted with the test
resuls for both specimens.
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1. Introduction

With the merits of using precast element for building constructitechh&jue has been widely adopted.
Construction duration and waste can be minimized while the cost is comparable with the conventional cast
in-place buildings. Among various precast systems, the bearing wall is one of the most popular types. The
building onstruction with the prefabricated bearing wall system has been developed for a long time as
shown in Figl.In Thailand, the precast system has just begun around the year of 1992. Many housing
entrepreneur companies in Thailand brought the precastiagghioom other countries to develop its

own housing project [1]. Some companies bought tieehirimachine from aboard for casting the
prefabricated elements, such as slab, wall, column and beam. Some companies could develop their own
methodology for cdeg and installing the precast system. However, almost all precast bearing wall systems
in Thailand are gravity load designed. The first precast bearing wall building in Thailand with wind load and
seismic load consideration is the 30 stories condomionstructed by Pruksa Real Estate Public
Company Limited. This project was designed and used the knowhow from foreign country engineer while
Thai engineer can learn and share this technology [2].

Fig.1. Precasbearing wall system in other cour Fig. 2. Precastbearing wall system
(http://mww.latteycivil.co.nz/precpanelswalls pl Thailand

In the northern area of Thailand, building regulation requires seismic design for the moderate intensity.
The area had long been considered aseismi@rea. However, the current proved active faults and the
recent 6.3 Earthquake shaking Chiang Rai on May 5, 2014 have confirmed the risk in the area. As the
continued economic growth, a number of construction projects have been emerging. This isoparticular
the residential building. This happening causes the guideline for research and development for 2 or 3 stories
residential house designed to resist seismic load.

Concerning the seismic resistance and the merits of using precast construction, lieere rhawag
researched aiming to verify the seismic performance of the precast element. For the precast frame building,
beam, column elements and their connection have been tested and analyzed to validate seismic
performances {3]. Constructability, coshd resistance are balanced for an appropriate application.
Precast wall building has also been wildly adopted. The benefit of the wall system compared to the frame
system is providing room partition. A number of researches on strength evaluationaafstheglrean
be found [8L2]. The most widely adopted precast wall connection detail has been proposBdb$RCI
[13] and PCI Manuf§l4]. They suggest the connection detail of precast wall between upper floor and
lower floor as shown in Fig. 3 and.H. The precast connection can be either mechanical splice or weld
splice or lap splice with concrete grout. They suggest that the precast slab should be use¢iaite cast
concrete for making the horizontal rigid diaphragm.
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Fig.3. Connection between upper and lower fl Fig. 4 Connection between upper and lower f
from ACI-550.1H13] from PCI [14]

The survey of connection between upper and lower floor precast concrete wall shown that there are three
type of connection coisting of,

1. Welding between dowel bars embedded in precast concrete wall as shown in Fig. 5. PCI Manual
[14] suggest minimum thickness of wel@jppshould be 0.3 time diameter of dowelthat 0.3d,

2. Welding of steel plate embedded in precast concrete walleahglate as shown in Fig. 6. The
thickness of welding should not be larger than the thickness of the smaller one

3. Welding between dowel bar embedded in lower precast concrete wall and steel plate embedded in
upper wall as shown in Fig. 7. PCI Manu@k[ighest the angle of anchor dowel bar welded to embedded
steel plate should not be greater than 15 degree and thickness of welding between dowel bar embedded ir
lower precast concrete wall and steel plate embedded in upper precast concrete wadirebiadl@.Be
time diameter of dowel bgy =0.2d,

All three types of connection are easy to install but the famous type is welding between dowel bar
embedded in lower precast concrete wall and steel plate embedded in upper wall. Since it allow more
tolerance andase of installation. The method 1 can be welded in one side while the method 3 can be
welded on both side of dowel bar. Therefore, this research selects method 3 as a connection of precast wall
specimen for studying the behavior under reversed cydfig.load

[ tw=0.3dp,

Fig. 5 Connection detail of welding between dowel bars embedded in precast concrete wall
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Fig.6. Connection detail of Welding of steel plate embedded in precast concrete wall and.insert plate
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Fig.7. Connectiondetail of Welding between dowel bar embedded in lower precast concrete wall and
steel plate embedded in upper precast concrete wall

The reinforcement detail of steel plate embedded in precast wall is show8dTihd-tgickness of
steel plate should be larger than 9 millimeters. The embedded steel plate is welded to 2 deformed bars or
round bars, 9 to12 millimeters in diameter. The anchorage length should be enough to develop the yielding
strength. Designed foroéthe embedded bar can be calculated from

T =0.95A;(0.5f, Jcos bcosg (2)

where,
A is the cross section area of embedded bars

f, is the yield strength of embedded bars
b and g are the angle of the embedded bars with respect to horizontal and vertical directions,
respectively , normally betw@&80 degrees.

Embedded plate
Welded to anchor bar

g [, Anchor bar
Anﬁhor bar V /
I\H g %Q /

Front view Section view

Fig. 8 Reinforcement details of steel plate and anchorage bar embedded in the precast concrete wall
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However, theabove mentioned precast wall details have been mainly designed for gravity load
resistance. As the connection details provide low level of difficulty, unless requiring more details, the
applicability for lowise buildings in moderate seismic area ibleoddence, this research aims to study
the seismic performance of the precast concrete bearing wall system for low rise buildings and especially
focuses on the connection between precast wall in upper and lower story in Thailand. Two wall panels were
tesed under cyclic loading. It is noted that, all specimens were only designed for gravity load. In addition,
nonlinear finite element analysis was conducted and proposed equation from literature [15] for estimating
lateral shear capacity was used to detertimén capacity. This study extracts the way to modify the
connection appropriately resisting seismic ftfrtiee connections of precast concrete wall have enough
ductility for resisting low to moderate seismic force, it will be the solution of the camséruction
method for residential house. Since precast concrete technique can reduce the construction course, labor
course, construction time and waste material at construction site while give the better quality control for
construction material. lisa reduces the seismic hazard for people who live in risk area.

2. SpecimensDetail

The experimental program consists of 2 specimens of wall panel, namely, PC wall and RC wall. PC wall was
represented precast reinforcement wall and RC wall represshiesitu reinforcement concrete wall.

All specimens were 3/4 scale. Since the purpose of the research was to study seismic response of precas
wall without seismic reinforcement detail. The test specimens were chosen to be as close as possible to the
actual ones constructed without considering seismic effect. Both specimens have the same dimension and
reinforcement. The height, thickness and width of specimens are 2,300 millimeters, 75 millimeters and
1,000 millimeters, respectively. Inside the paamsprovided by #DB10@275 millimeters as shown in

Fig. 9. Reinforcement in wall panel was kept to be the same ratio as used in residential building, normally
#DB12@250 mm and wall thickness 100 mm. In order to grip with the hydraulic actuator, thetop of t

wall panel has dimension 200x200 millimeter. The bottom of wall panel was design to be a footing, in order
to fasten to reaction floor of laboratory. The specimen preparation was intension to simulate real
construction stage. PC specimen wall panefoatidg were cast independently. After that they were
connected each other by welding the dowel bar embedded in footing and embedded steel plate in precast
wall panel. For RC wall specimen, the adverse construction stage, the wall and footing wérerdast tog

the same time. The detail of dimension and reinforcement of both specimens are shown in Fig. 9. The
photo of pc wall specimen preparation is shown it@ig.

200 1,000 200, 1,000
CE:::': [1:—0912 % Ej{n&—omz
BE@150) RBEG150
padh - padih
1 ) |8 1 ) |
- f=4
L # DBIO®275 sl # DB10@275
dowel 9 mm
black outd ogl stud 12| mm.
Q)
iate & _[ N ng—I —de 1 / |l 1
plate 5 vam ! 8I|[|r_1|]| |I| |||
tud 12 Dowsl har D12 4 051;_/ 00| | 7,200 7
s mm. = 1
O\\lll ! |I| ||| RBEBI00 T
2 Tt l“ l“ dimension gre in millimeters
rac b2 3’% 500 4 | 1200 J
PC wall specimen RC wdll specimen

Fig.9. Dimensiomand reinforcement detail of specimen
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(a) specimen in casting stage (b) specimen in connecting stage

Fig.10 Photo of specimen preparation

Schematic figure of experimental setup is shown in Fig.11. The 300 kN capacity hydraulic actuator was
applied to the top of specimen and attached to steel frame with diagonal bracing which was fasten to strong
floor. The simulation gravity load from abdie®r transferred to wall panel d05f4jA, through
hydraulic jack, transfer beam and tension tie connected with footing by pinned joint. The footing of
specimen was held by steel beam and fastened to strong floor with bolts. The history load applied through
disgacement control was followed ACI FQ1{16] as shown in Fig. 13. Photo of experimental setup
before testing is shown in Fig. 12.

1NN —
Hydraulic Jock~ ] Transferred baom
t
&1' L1 | Hydraulic octuotor
1000 Load direction =
N
Diogonal brocing
Specimen
Tansion rod for transfarrad
5 L+"gravity lood
Wide flange
. steel bearn fostenad column N
pinnad it specimen to strong floor
connecti
E—LvDT
) =0 LvD
n] Q*.
| ]
g I I -1 .
I f [

Fig.11 Experimental sep.
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Fig. 12 Photo of specimen test ggt

The average tested cylindrical compressamgth of concrete is 23.5 MPa. @terage tested yield
and tensile strengths of these bars are shown in Table 1.

Table 1 Properties of reinforcing bar

Type of reinforcing bar DB12 DB10 RB9
Yield strengtiMPa) 420 425 350
Ultimate strengtfMPa) 530 562 486
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Fig. 13 Displacement histof{6].
3. Experimental Result and Analysis

3.1. Crack propagation ofspecimens

The cracking development of PC specimen is shown in Fig. 14(a). The first crack occurs at the connection
between wall panel and footing in 0.15% drift ratio. The subsequence crack is the concrete grout covered
steel plate in wall panel. The same cracilsea®und in the other side of specimen when the load acting

in reversed direction. The crack grew in size and number as the drift increased. It was found that crack was
concentrated around the concrete grout. However, the final failure mode of P@ gpacintlee failure

of wall panel. Since the precast concrete wall is very stiff and the connection of foundation and strong floor
was poorly designed, so failure mode of this specimen was the shear failure of foundation.

Behavior of crack propagationsgiecimen RC was showed in Fig. 14(b). The behavior of crack is
difference for specimen PC. The first crack occurred at the connection of wall panel and footing at 0.15%
drift ratio since the suddenly change of cross section area. However this cragkealidinsize and
number as the drift increased. The flexural crack crossing the wall panel was occurred at 500 millimeters
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from footing in 0.65% drift ratio. The flexural crack was progressed and become diagonal crack X shape at
both side of wall at 1. &0drift ratio. The final failure mode of RC specimen was the same as PC specimen
by shear failure of footing before severe failure of wall panel.

(a) PC specimen (b) RC specimen

Fig. 14 Crackdevelopment in specimen
3.2. Relationship betweenLoad and Drift Ratio

Figure 15(a) Show relationship between load and drift ratio of PC specimen. PC specimen can resist
maximum load 38.8 kN at 0.7% drift ratio. The yield point occurs at 0.21% drift ratio with in load 27.3 kN.
The hysteretic loop of this specimen nmglpisince there is no obvious crack occurred in wall panel. The
hysteretic loops remained stable without apparent drop in strength and stiffness until 0.7% drift ratio. The
ductility of specimen [17] calculated to be 3.3, according to additional deisignerstg for earthquake
effects in NZS 3101:20088] that limited ductility wall should have ductility factor at least 3. The energy
dissipated by the specimen was computed as the area within hysteresis loops of laterat shear force
displacement relatiofihe total cumulative energy dissipation was calculated as the sum of cumulative
energy in the two loading directions. The energy dissipated from the beginning till 0.7% drift ratio is 1,653
joules. The PC specimen failed by brittle shear failure withdatfion while it was still in elastic range. So
the calculated energy dissipation was the energy in elastic range. It could not be clearly conclude that the
nonlinear behavior of the specimen.

The relationship between load and drift ratio of RC spedmoenirs Fig. 15(b). RC specimen can
resist maximum load 39.4 kN at 0.9% drift ratio, close to maximum load of PC specimen. The yield point
occurs at 0.45% drift ratio with in load 30 kN. The remaining load without drop is 34.3 kN at 1.35% drift
ratio. The kisteretic loop is pinch in the beginning of loop and a little bit wider than RC specimen in the
end of loop. The ductility ratio of RC specimen calculated to Gédne3.8nergy dissipated from the
beginning till 0.7% drift ratio is 1,007 joules.
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Fig. 15 Shear force and drift ratio
3.3. SteelStrain

Measured strains for vertical bar in wall panel of RC specimen were shown in Fig. 16b. The maximum
tensile strain of vertical bar at edge of wall panel, above the footingi&® rapproximately 2400 micron.

The strain reached vyielding but did not developed large plastic strain. Measured strains for dowel bar
embedded in the footing and welded to embedded plate in the wall panel for PC specimen were shown in
Fig. 16a. The maximuensile strain was approximately 3500 micron. The strain of PC specimen trended

to be the same as that of RC specimen. The strains were surpassed yielding but did not developed large
plastic strain. The strains of PC specimen were a little bit higlieatludiRC specimen, since there were

only 2DB12 transferred force between wall panel and footing vidlé&Giwere transferred force in RC
specimen. It can be note that, the connection of dowel bar welded to embedded plate is enough to transfer
tensionforce. Bar can develop force until yielding zone.

4000 .
~ —~ 2 E<lsol |
§ 5 300015 |
S 5 L oo Y P gge
< £ oo LUk
g g 0998080,

& G 0- AR

1000 b— — 7T SC2

0 100 200 300 400 500 0 100 200 300 400 500
Step number Step number
(a) PC specimen (b) RC specimen

Fig. 16 Measured steel strain in the specimen
3.4. ComparisonbetweenTested and Calculated Equation
The lateral shear force of precast wall for residential building from the experiment is compared with an

equation proposed by Francisco J. et al. [15]. The proposed equation are formulated from the shear force at
the base of the wall corresponding to taeeldpment of the flexural overstrengthand momentv, .

The equation is
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Mo

VO =
et

@

where hy; is the height measured from the base of the wall to the resultant lateral force. For both
specimens are 2,000 millimeter.

Mo is the moment obtained by assuming the steel reinforcement beyond yield strength with in
reserve strength stage and assuming the end of wall panel is the resultant comprédssjvasdstuayn
in Fig.17. The momentN, ) can be computed from

& N § M
MO :am/OTy +_ag|w)V0 =0 (3)
¢ 2+ hefs
where w is the over strength factor, use 1.25
g is the distance between the centroid of the group of bars as a proportion of the wall length,
usually betweems¢ g ¢ 0.95
L is the length of the wall, for both specimen equal to 1,000 millimeters
N is the concent axial force
f
T, = Aaly is the yield force of reinforcing bars group
A is the total vertical of reinforcing bars connected to the basg,amdis the area of
reinforcing bars located toward one end of the wall
X is the coefficient represent the ratio betweerfdite in the bars grouped close to the

extreme fiber in compression to that of the bars grouped close to the extreme fiber in tension. A
conservative expression proposed for determining the coeffigienti2g
k is the kink angle of the reinforcement invths as shown in Fi7

u C

- -F‘IK K
C ‘tsmoTv g I, i 17
{ @oly

o

O

Fig 17. Shear resisting mechanisms at joint between a wall panel and foundation [15]

The moment capacity( ) calculated follo®q. (2) to (4) is equal to 77.58-kN The shear strength of
wall (Vo) calculated to be 38.Kl. It can be note that the calculated shear strength is close to

experimental result that the maximum story shear force is 38.8 kN and 39.4kN for PC specimen and RC
specimen, respectively. The strains measure at dowel bars of PC specimen weratinviidddipat of
RC specimen were in elastic range and reach yield point.

194 ENGINEERING JOURNAL Volume 22 Issue BISSN 0128281 [ittp://www. engj.org/)



DOI:10.4186/ep018222.185

4. Finite Element Analysis

A nonlinear finite element analysis is conducted for two purposes. The first is to serve as a numerical
platform for performance check of strengthespetimens. Secondly, the FEM is used to explore the
internal behavior of wall specimens that were not obtained from the experiment. The nonlinear FEM
progr am na meid] wasvddoptétiin’this study.

4.1. Construction of FEM Model

The FEM models were constructed based-dim&nsional 8 node reinforced concrete planar elements.

The cracking in concrete and steels are assumed to be smeared over the element. The constitutive model:
for reinforced concrete, steel reinforcement andpsaee followOkamura and Maekawa [20]. Only the
constitutive models are presented shortly here. Additional information can be found in ref@dnce [20

For crack concrete model, the constitutive laws are formulated with respect to the activee crack. Th
relevant constitutive laws are divided into two components.

(a) Combined tensiercompression model for normal stress orthogonal and parallel to a crack

The constitutive law for normal stress orthogonal and parallel to a crack is showd8inTke
compessive stress parallel to a crack, the followingmesio fracture modf0] that considers the
effect of micrefracture and plasticity is used, is calculated from

sc =wKoE(e - &) (4)

where s, is the compressive stressis transverse tensile strain fackgy,is the fracture parameter,
E IS the initial stiffness arg is the plastic compressive strain.
On the tensile side, the model is linear up to tensile strength of conyreiéier peak stress, a

constant tensile stress is maintained until corwreetkes as shown in Fit8 The cracking strain is
calculated from,

ay =2 %)

wheres,, e is the tensile stress and concrete stfaig,the concrete tensile strenggh,is the cracking
strain anct is a stress release parameter.

Elasteplastic fracture model fd PPET 7T
on compression side Wi L (6'| .Wfd)
S.=uKEgle - &,) d g —
Ko = Ko(e ) /
€ = ep(e ) /
Tension stiffening / softening mode| )
on tensile side y
Y C
e O
s.=fe2u

8
~
<
dm
8
Yo

(ep ,o) e

i =)
0.1% 0.5% !

Fig 18 Combineccompressiotension model for normal stress orthogonal and parallel to.a crack
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(b) Shear stress transfer model

For computing shear stress transmitted along a crack face, the contact density model is adopted as shown
in Fig 19 The equation of the shesvelope may be expressed as,

P ) e )
1+ b2

where # is the normalized shear strain defined as,

b= (7)

X (12¢,,1.1f,) .
L P S
fy
b 0.8% E i
by > e
f, = Yield strengttof bare bar
f, = Yield strengtrof bar embedded
£ [ in concrete
y
Fig 19 Shear stress transfer model Fig 20 Reinforcing bar model

For reinforcing bar model, theltnear model of reinforcing bar is adopted inZeigrhe dotted line
in the figure shows the model of bare steel bar for comparison. Thieegeldfsar is assumed to be
which is lower thatested yield strength of bare bar. The apparent reduction in yield strength is caused by
bond effect. The average yield strength of reinforcing bars embedded in concrete may be expressed as,

- f
fy=fy- -t (8)

where ?y is average yield strength of reinforcing trdredded in concretg, is the yield strength of

bare barf, is the tensile strength of concrete anid the reinforcement ratio.

There were 236 elements with 802 nodes for the RC specimen while the PC specimen had 244
elements and 802 nodes. In orderinaikate the nofinear behavior at the interface between wall and
footing, the connection was modeled bydmensional with zero thickness. At the interfacial contact,
local discontinuities such as reinforcemenoptllinterface shear transfer anall@ompression may
occur. In order to simulate the precast connection between wall and footing the steel plate in PC wall
specimen was superimposed on RC element. It can be noted that there was no transmitted reinforcement
and bonding between RC elementwati and footing, just only steel plate could transfer tension and
compression force through the steel plate and footing for the PC specimen. Boundary condition for
footing is model with pined at the node as shown.i@Hgy both specimens.
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4.2 Comparison between TesResultsand Finite Element Analysis

The comparison of deformed shape for specimens PC and RC in the same drift ratio are sh@&n in Fig

and 23The RC FEM modsalpecimen seems to behave like cantilever beam embedded on footing. For the
wall panel on compression side, the elements behave to shrink. The wall panel on tension side, the element:
stretch. For the PC FEM model, the elements in the wall panel are ssfilaie shape with less
deformation. There are only the elements at the base of wall panel stretch more than other elements. It can
be noted that the FEM model clearly explain precast concrete wall panel under lateral load according to the
tested resultsashown in Figl4. The cracks of the PC specimen model concentrated at the base of wall
and around steel plate connection. For the RC specimen model the cracks are more distributed over the
wall panel.

HE A
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HEiREBEERENEERRED
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Fig. 22 Deform shape and crack pattern of Fig 23 Deform shape and crack pattern of
specimen specimen
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When comparing the relationship between load and drift ratio as show@4nitRigas found that
the FEM analysis could predict the wall behavior under cyclic loading similar to the test result. The
summary results are showable2. The maximum load predicted by FEM is a little bit higher than the
test result because FEM mdued better restrain support foundation than that of the laboratory.

50 50
Zz Zz
=3 3
) 25 (&) 25 T S
= o Y g
§ Q : : 3
@ 3 et
o 0 2 0 e
7 7 o
P . 2 / = riment
S ariment] I=} oy &
n 25 %3] 25 .:_. / .‘ ....... e
-50 i 50 - |
-15 -10 -05 00 05 10 15 .15 -10 -05 00 05 10 15
Drift ratio(%) Drift ratio(%)
(a) PC specimen (b) RC specimen

Fig 24 Comparison of lateral forced and drift ratio relationship

Figure 25shows principal compressive stress of both specimens. The compression force concentrated
on the opposite side of the horizontal load direction at the bottom of wall while tension force also
exhibited at the rest wall pafiék stress field pattern of tR€ specimen is slightly different from the RC
specimen. For the PC specimen, the compressive stress is concentrated and forming rectangular shape witt
higher stress than that of the RC specimen. The rectangular shape of stress concentrationstedle to the
plate and dowel bar connection in the PC specimen. For the RC specimen, the concentrated compressive
stress has lower value and spread out through foundation. It can be seen that the stress flow behavior of
precast wall panel is similar to that fitun reinforced concrete wall panel. In application, the tensile and
compressive force in precast wall panel connection has to be checked with allowable values, for safe use of
precast wall panel under lateral load.

Load direction Load direction

L 1= 0 <=

MPa

B ]

(a) PC specimen (b) RC specimen

Fig.25 Stress field plot
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Table 2Summary results from the FEM analysis and the experimental results

Analysis result RC Specimen PC Specimen

Experimental result FEM analysis Experimental result FEM analysis
Yield loadkN) 30.0 30.99 25.1 33.48

at 0.45% at0.15% at 0.14% at0.2%
Maximum load (kN) 39.4 44.1 38.8 40.6

at0.90% at1.35% at0.70% at0.95%

5. Conclusions

From the study of precast concrete bearing wall panel applicaistofphduse under reverse cyclic load,

the conclusion can be drawn. The specimens are 3/4 scales and have the same reinforcement details as th
real wall which is gravity load desidgme donnection detail is dowel bar welded to steel plate embedded in

wall panel, which represenst@ry house load bearing wall in Thailand. The specimen was tested and
compared with thedgitu reinforced concrete wall panel specimen. Tested resulthetottie maximum

load is the same, 38.8 kN and 39.4 kN for precast and reinforced concrete wall specimen, respectively. The
crack for precast specimen is concentrated around concrete cover steel plate connection while both side of
flexural and shear crask wall panel 500 mm above the footing occur in reinforcement specimen.
Although precast connection is gravity load design, it can resist lateral lofiteaamstas reinforced

concrete specimen. FEM analysis also shows according results anithexta@etslow in the wall panel.

It can be implied that the tested connection of precast concrete bearing wall can be applied for low to
moderate seismic region. For high seismic region, the connection has to be modified and imore study
safely used
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