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Abstract. This paper presents the strengthening of reinforced concrete frame and brick
infill panel by using ferrocement technique reinforced with expanded metal. Analytical
models of the strengthened frame and infill panel were proposed. An experimental study
on the strengthened frames was conducted to verify the proposed models. Two control
specimens and two strengthened specimens were compared: the bare frame and the infilled
frame. Special strengthening techniques were employed to protect against two major
failures: the beam and columns of the frame were fully strengthened to prevent shear
failure, and the infill panel was protected against corner compression failure. The frames
were investigated under constant vertical load and lateral cyclic load. THegsaiéonic

of the retrofit frames was compared with the control specimens. The strengthened frames
showed the significant increase of strength up to 64% and 87%, and the ductility capacity
was also improved 77% and 66% for the bare frame and the infilledrdsgaetively.

The proposed model of strengthening for the frame and infill panel predicted the lateral
resistance of the RC infilled frame with a reasonable accuracy when compared to the
observed experimental results.
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1. Introduction Leeanansaksiet al. [10] investigated the application of
expanded metal for seismic retrofitting of masonry infill

During 2014 Mae Lao earthquake which occurredMall of the reinforced concrete frame. The brick infill
the northern part of Thailand, many existing reinforqeanel was strengthened with ferrocement by laminating
concrete buildings were damaged under earthquake Véi#li the expanded metal lath and plasterttdcement
Among these, several school buildings which are typicaditar. It was found that the strength of the
reinforced concrete frame with briciili panel were strengthened specimen was superior to the control
severely damaged owing to the brittle shear failure ofiéwae. However, the corner crushing of infill panel at the
columns [1]. It is known that the effects of infill panigiading direction caused a shear failure of the column. It
contribute significant strength to the frame [2]. Theseiareecommended that speamapiovement is required to
characterized into three failure modes: diagopetect the failure at the wall corner. This finding is also
compression,sliding shear and corner compressiogensistent with the research discussedylyc et al.
Therefore, many techniques on the seismic strengthefdiby | s ma i | et al . [ 12] i nve
of the infill frame have been conducted to retrofit theinforced cement mortar to strengthen reinforced
buildings. Among these, the use of ferrocement wigncrete rames with masonry under cyclic load. The
expanded metal mesh reinforcement is an effectivet r of it met hod empl oyed va
metiod to wrap the RC column. Kazemi and Morsh&drious shapes. Among these, the carbon strengthened
[3] investigated the efficiency of RC short colunsgmples showed the worst capacity comparing to basalt
strengthening with ferrocement jacket and expand#ad glass, and the performance of basalt wagshe b
steel mesh. The strengthened specimens with varidgs lateral strength of fiber reinforced specimens was
volume fraction of mesh reinforcement were testeetween 1.2 to 2.0 times that of the control specimen.
underlateral cyclic loading. It was found that the sh&gcently, Roudsari et al. [13] investigated the seismic
strength and ductility capacity of the strengther®havior of a concrete frame retrofitted with steel plate.
column were enhanced owing to the effect ©he strength of the strehgned specimen could be
confinement. In addition, the expanded steel mesh c@ubianced between 20% and 90% greater than the control
decrease shear cracking. This is consistent with #&@ne. In addition, the stiffness of the retrofit frame was
549.1R93 [4] which reported that expanded metal méspreased by 40% up to 230%. However, the results of
tends to minimize crack width, and it leads to desirgisgigforated shear panel containing large difference in the
impact resistance and crack control. area ad the position of the holes could influence the

One of the problems for the technique of meshsultsfurther research study is required.
wrapping of ferroceemnt jacket is the effect of sharp This study is the extended research on the use of
curves particularly for the case of rectangular colunf@rrocement with expanded metal for strengthening the
Several researchers [5, 6] have proposed the jackeiniprced concrete infilled frame reported in the
with rounded corner column technique to improve theeviais study [10]JExperimental study on reinforced
sharpness at the corners of rectangular coliater.on, concrete frameshe frame without wall and the frame
the method was employed to improve the techniquewith brick panelwere conductedo improve the
ferrocement jacketing. Kaish et al. [7] investigated tistegngthening technique of the existing frames,
jacketing techniques for square column. These inclugatticularly for the protection against corner crushing of
the technique of square jacketing with rounded coridifl panel that caused premature shear failure of column.
column, square jacketingith multi layers, squareAnalytical modelling of the strengthened column and
jacketing with shear keys. The specimens were tdsféldpanel was proposed to predict the lateral strength of
under vertical concentric and eccentric loads. It W infilled frame. The strengthened specimesrs
found that the first method which employed the roundiested under lateral reversadiog with the control
corner column showed the greatest load capacity forvétiéical loadThe experimental results were compared
eccentric lad case. For the concentric load case, W# the control specimens as well as the analytical
triple layer mesh column provided the highest lo&gults obtained from the proposed models.
capacity.

The strengthening technique of infill panel has béen Model of Strengthened Infilled Frame
investigated by many researchers. Aykac et al. [8, 9]
employed perforated steel plaiestrengthe the infill 2.1. Analytical Modelling of Strengthened Frame
wall steel frames. The perforated steel plates were fixed
to the hollow brick wall by tightened bolts. Some The model is composed of two main components:
additional reinforcement methods were applied at tiwe strengthened frame and the strengthened infill panel.
wall corner: bolt densification,-shape flat steel The strengthening technique of reinforced concrete
placement, and concrete bloEke results of cyclic loadframe is presented in Fig. 1a. To prevent the premature
test on the 12 strengthened specimens demonstratedstiesr failure of the frame, the column idiced with
the specimens were very ductile with the drift ratio ugfdorocement through the full height. For the beam, the
10%. The increase of the lateral strength was betweegth of ferrocement confinement is covered in the
1.32.3 times that of the reference specimen.
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plastic hinged region of the beam which is assumed as Ferrocement with Expanded Metal
1.5 time of the beam depth. [T
In the strengthening process of ferrocement, the %[ [ Y% "] ol
steel agels are employed as the medium to connect the A4 1Lsdy 1.5dp [
expanded metal mesh at each corner of the column. The ‘—+ D
steel angles are welded to the expanded metal mesh by
welding electrode. The stress distribution due to the
confinement is assumed to be uniformly digg
along each side of the column as shown in Fig. 1b. The
plastic moment capacity of the strengthened column
(Mp9 is considered as a combination of the plastic
moment of the existing columiy and the plastic
moment of ferrocemert/F) as follows: (a) RC Bare Frame

D)

M nc =M c M FF (1) Ferrocement y Expanded Metal Sheet

moment of ferrocemembay be calculated as the sum = = . ’
the plastic moment of the steel angle and the expar E ; =%
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wheresgsand S expare the stress at the plastic limit of t

steel angle and tegpanded metal, respectivielgndC,
are the moment of inertia and the distance from
centroid of column to the yield surface of the steel a
respectively . . .
I> is the moment of inertia of the expanded metal,z' égﬁlgltlcal Modelling of Strengthened Iniil
which can be computed as follows:

(b) Cross section of RC Column

n‘g@. 1. Strengthened bare frame.

3 R . The infill panel is strengthened to enhance the
I2=2!|eb—te ‘bte7(2 E 2 @8 3) strength for the three major failure mechanisms, i.e.,
il (7 E diagonal compression, sliding shear, and corner
compression failures. The model of strengthened infilled

gtame is shown in Fig. 2a, and the force ervedbp

the column, respectivelyis the effective thickness of!agonal strut for infill panel is shown in Fig. 2b. The
the expanded metat;is the distance from the centroic?trength of masonry panel_for each failure mechanisms
of column to the neutral axis of the expanded rietal; '€ calculated as the followings.

the distance between the centroid of the column and tha

N

whereb, d, H are the width, the depth and the height

Contact stress block at the

eXpanded metal “_abi”' beam infill interface
The lateral resistant of the strengthened bare fre o, KEAFAES= Ul strsss block Femocement with
. |«=T5D— Steel plate —— 5D_v/expauded metal
(Rer) can be calculated faflows: " i
1 ¥ 2" TN
E %:h 1@ 7 ) '\H”_ 5 RC Frame
oMot M ) 2(Mc+MT ) RE P ke
BEF — (4) Ultimate stress ™ /% N
H H block =P 2

where My; is the smallest value of moment whe
compared among column, beam and joint.

R 1 >

(a) Stress diagram of infill panel
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Lateral Force (1) of compressive stress at column and shear stress at beam
[14]:
Vm =RC(§JOSI7 :( 1 'al 5’8 2 "'tlﬁ (8)
where
A
Displacement (A) 1 2M + Zbcl\/l
E\/ 2 9)
(b) Force envelope of diagonal strut
Fig. 2 Model of strengthening of RC frame and infilled } 2My; + beM (10)
panel. I
2.2.1.Diagonal Compression Failure
= —— (11)
The lateral yield strengiy of the strengthened infill 1+ 3n77r
panel may be determined from the strength at cracking,
which can be calculated based on the equation suggested fi
by Saneinejad and Hobbs [14] as follows: Sp=F— (12)
1+ 3nf
V, =2/2n f, cog (5)
l‘bz m, (13)

wheref; :0-2'3& (MPa)f =065, t, h Z a rwall sl G, are the column moment and beam moment at
panethickness (mm) and the wall panel height (mm) gutastic, respectively;is the friction parameter between

f nids the masonry compressive strength (MPa) obtaithedwall and the frame,is the height to width ratio of
from the strengthened masonry prism test. frame . A ake the multiplying parameters of column

To improve the compressive strength of the masoand beam.

panel, the strengthening technique is proposed by Since the corner compression failure is typically
applying the ferrocement strengthened with expandedur due to the stressncentration at the upper corner
metal lath. The maximum strendth, in the lateral of the masonry panel which is governed by the
direction is considered from the compressive stress btmrkpressive strength of the masonry. In this study, the

presented in Fig. 2a. corner compression resistance of the infill panel is
improved by providing the additional rectangular steel
V=R pccosy =0.bitf (6) plate at te upper corners of the infill panel as shown in

Fig. 2a. The bearing resistance of the steelRjataf
wheref, = 0.6 f;n,f — 0.65. be calculated as follows:
In addition, the shear force that is carried by the — :
. . . s=1 pfj pflrr (14)
diagonal tensile stress resulting from the strengthened
expanded metal should improve the lattrahgth of
the wall panel. In this study, the lateral shear strengthVéigfet & are the thickness and the depth of the steel

to diagonal tension resistance is calculated as followsplate, respectivelyfi;: is the compressive strength of
finishing mortar.
Vm=Rprcosy =8sAcos (7) Therefore, the total resistance at the corner of the
strengthened wall panel is the combination of Eq. (8) and

where f =0.3, Sis the shear strength of theagonal EG. (14).

tension test of the strengthened masoAyyisthe area v (1 ) . . 15)
. = -a

of diagonal tensile streAs,=(0.5j /cosy ) €. m Jdh & +i§ Jte §

2.2.2.Corner compression failure 2.2.3.Sliding Shear Failure

For the resistance at the wall corner, the strength in

the lateral direction of the wall paviglis a combination The sliding shear resistance of the infill panel is

considered at the migkight of the infill panel, which
can be calculated by the following equation [14]:
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" Ksec=Vm/ D (23)
__ g
Rs=—F—— (16)

® 1- 0.45tag;j ako=(V o V I B -) (24)
wheregis the multiplying factor of the shear strength;

is the masonry shear strength. The parantateriis
computed by using the geometry ofitifié panel.

3. Experimental Investigation
3.1. Materials Properties

tangi=(1- g)h /i 17) The reinforced concrete frame specimens were

prepared for testing in the laboratory. The concrete mix

For the infill panel strengthened with expandefl all specimens was designed for a cylindrical
metal, the shear resistance may be calculated basednopressive strength of 21 Mpa at 28 days. The cement

the suggestion of ACI549:9R [4]: mortar for brick bedding wagprepared with the
volumetric proportion of cement to sand ratio of 1:4, and
Vo= A f, (18) Wwater to cement ratio of 0.45. For the plastered mortar of

ferrocement, the mixture of 1:2 cement/sand and 0.45
where Vs is the shear resistance of the ferroceme\ﬁv{C were employed. The 28 days compressive s_trength
the bedded mritar and the plastered mortar specimens

. . . .. (0]
reinforced with expanded metgis the global efficiency . .
factor of the mesh reinforcemeint, t hi s s isu S?M%iélgﬁ?mzf?.gs Mpa, respectively according to

employed for the expanded metal subjected to shea
according to Panyamul et al. [hb]ijs the volume
fraction of the mesh reinforcemeft,is the gross cross

sectional area of the mortdyis the strength of the diameter was the stirrup reinforcement. The steel bars
expanded metal mesh.

Therefore, the sliding shear resistance of the nifgﬁ SR24 grade conformed to TIS2243 [17] with yield

panel strengthened with ferrocement and expanded rtear|19th of 240 Mpa and the ultimate strength of 385

is the sum of the shear resistance of the infill panel

(16)) and that of the expanded metal mesh (Eq. (18)).
Finally, the maximum lateral semice of the

strengthened infilled frame is the sum of the resistan

"The longitudinal steel bars of 15 mm and 19 mm
diameters were employed as the reinforcement of the
beam and column. The transverse steel barnaoin6

'fhe expanded steel mesh employed in this study was
the standard type with an oaeped diamond shape
Enngh pattern. The typical shape (Fig. 3) and the basic

the strengthened RC framess[Rind the leasateral physical properties of expanded metal sheet (Table 1) are

resistance of the above failure mechanisms of the ﬁ\%ﬂformed to JIS G3351 [18] Standard. The steel mesh
panel which is governed the design. has the tensile strength 340 Mpa and 400 Mpa

To determine the force envelagfediagonal struas corresponding to the ydeand the ultimate, respectively

shown in Fig. 2b, yéidghe yilel d displacement |
maxi mum di s pfl saenghered infill panel

can be calculated by using the strain of the strengthened
masonry prism test as follows:

Dy =L Jcos « (19)
D, =&k Jcos . (20)

where ey, &, are the yield strain and the maximum

strain of the strengthened masonry prismis equal to Fig. 3. Detail of expanded metal.

the length of the strut across the wall:
Table 1. Physical properties of expanded metal.

_ 2 L2
Lg=y(@ afh? W (21) SW LWt W Weight

R e PP (mm) (mm) (mm) (mm) (kg/m )
Theinitial stiffness including the pgstld stiffness Typel 8.6 20 06 06 0.69

and the bilinear factor can be calculated: Type2 34 76.2 45 45 9.68

Ko=V y/ D (22) In this study, the expanded metal lath type 1 was
employed to strengthen the masonry panel which was

based on the experimental results of the previous study
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[10]. The result of the compressive strength of masonry
prisms strengthened with the expanded taditatype 1,
which was conducted according to ASTM G031j20],

was 9.07 Mpa. The result of the shear strength of the
brick panels strengthened with the expanded metal lath
type 1, which was performed according to ASTM-E519
02 [21], was 2.60 Mpa. Toesfgthen the column and
beam, the expanded metal type 2 was employed becaus
the high percentage of reinforcement was required to
enhance the shear strength of column and beam.

3.2. Test Specimens

The prototype reinforced concrete frame was chosen
from the tyjpcal ground floor bay of a standard school
building. The building was designed primarily for gravity
load according to EIT 1064 [22] for norseismic
regions. The compressive strength of concrete and
tensile strength of steel are 21 MPa and 240 MPa,
resgectively The reinforcing details of the prototype
frame are shown in Fig. 4a and Table 2. The transverse
reinforcement of column has the gross sectional area of
169 mm which was lower than the seismic requirement
(490 mm) of the intermediate moment stisig frame.

The stirrup of bearhas a spacing of 200 mvhich was

also greater than the spacing limit of 175 mm. This
indicated that the column and beam were designed with
shear deficiency which may cause premature shear
failure.

Table 2. Reinforcing details of the frame.

Longitudinal Transverse
Member Size Area Size Area
(mm) (mm?  (mm)  (mm?
Column 8RB19 2268 2RB6@20C 169
Beam 5RB15 884 RB6@200 85

To prepare seismic strengthening of the existing
reinforced concrete frames, the dmme BF and the
infilled frame with brick panel IF was employed as the
control specimens. For the retrofit specimens, the
strengthened bafeame BFSR and the strengtied
infilled frame with brick panel -BBR were reinforced
with ferrocement and expanded mdthe BF, BFSR,

IF, IF-SR specimens are presented in Figddda
respectively.

= (8) [~ Pvepipe disd inch
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4 [ = By - s 035 020
® o I .
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040 T T LT SRB19 Stinup RB 06
s m 51 045 Stimup2- RE 06 0-40 @020m.
o 51 H i 2
i e AL - @0.20m. i 3RB 1S
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i c1 ciff] cl a

i e [ | et
M Fl i _L _______ @020m
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435 | 1
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(a) Bard-rame (BF)

Expanded Metal SheettType2(2Layer)

| 5 |
‘ 3.63 I
435

| o |
(b) StrengtheneBareFrame (BFSR)

Concrete

Frame
Masonry Infill Wall with Plastering

| 365 |
i |

435

© Infilléd Frame (IF)

2Side(Front&Back)Steel Plate 600x600x1 Onmm. Thi.
Fixed to Wall with 8-M16 Bolt&Nut

Ferrocement Expanded Metal Sheet Typel

| 5 |
3.63
[ I

435

(d) Strengthened Infilled Frame-8R)

Fig. 4. Selected reinforced concrete frames.
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3.3. Strengthening Technique For the strengthening process thie infilledframe
IF-SR, the column and beam were strengthened with the
In the strengthening process &SR four same process as described fofSBEF The infill panel
25x25x3 mm steel angles were placed at each cornevasf laminated both sides through the whole panel with
columns and beams. The frame was confined by th® expanded metal type 1. The 6 mm bolts were
layers of the expanded metal type 2 which was weldesriployed to fix the expanded metal nvétiinthe brick
the steel angle. The expanded metal mesh was fixedpaitkl at the spacing of 1.00 m. The expanded metal mesh
9 mm diameter steel tie rods tip&netrated to the was connected at the interface of brick panel and column
column at an embedded depth of 50 mm and a spabinghe 6 mm bolts at 300 mm spacing. The6ix10
of 150 mm along the height of columns. The tie rousn steel plates were installed at both sides of the upper
were round bars with the yield strength of 240 MRarners of infillpanel. These steel plates were fixed to
They were grouted with the mnsirink cement asthe wall panel with-BI16 bolts that penetrated through
adhesive shear keys. The expandsdl was plasteredthe wall panel andightened with the nuts. The
with 30 mm thickness cement mortar. Details of thenetrated holes of bolts were grouted withshoink
strengthening technique of the bare frame are showneiment to prevent the lateral movement of bolts. Finally,
Fig. 5. the infill panel was plastered by the cement mortar with
the thickness equal to that of the steel plates. The use of
e Le rectangular steel plates was to improve ctiraer
= compression resistance of the infill panel. Details of
strengthening infilled frame {8R) are shown in Fig. 6.

Steel Plate 600x600x10 mm.
with 8-M16 Bolt&Nut

| Expanded Metal
4 Sl’eet Typel

A 3.00
-l 6 mun Bolt
@ 1,00 m

~N Beam

Dowel RB9 @0.150m _/
Expanded Metal Type 2 (2 Layer) /

Steel Angle L 25x25x3 —
’_’" g[ Concrete Beam
. S Concrete Column
(b) Detail of strengthened beam
| Steel Plate 600x600x10 mm. 0.10
§ | Bolt& Nut 14-M16 :Expamad Meta Sheet Typel
T‘ Column . VZZ Bolt Dia 6mm. {@0.30m.
i Dowel RB9 Expanded Metal Sheet Typel |z || Masory Infill Wal
Weld @0.150 m NI Masonry Infill wall 7]
[ ‘ : Bolt Dia.6mm.@0.30m. il = Femocement
\§< ) 2 . 0.0¢
B [ SecDetal-1 Detail - 1
¥ N Expanded Metal Type 2 (b) Cross section at the corner of infill frame and
A (2 Layer) enlarged detail of strengthened infill panel
A
2113 Steel Angle Fig. 6. Details of strengthening infilled frame QIR).
e 5 L 25x25x3
_'a_m]LT | "n'.m:ﬁ" 3.4. Test Devices and Loading System
(c) Detail of strengthened column Thetest setup of the retrofit brick panel frame with
expanded metal @{ER)is presented in Fig. 7a. The
Fig. 5. Details of strengthened bare frame-$B%. foundation was fixed on the strong floor with five pairs

ENGINEERING JOURNAL Volume24Issues, ISSN 01258281 kittps// engj.org/) 51



DOI:10.4186/ep0D.243.45

of anchored bolts. The columns were connected to tiiethe bare frame is limited by the damage of beam
vertical hydraulic jacks for applying tH& K0 load. The rather than columns.

frame was subjected to lateral cyclic load through a MTS

1500 kN hydraulic actuator. When the lateral o
applied to push the specimen in one direction, the fra
was drawn back in the opposite direction by a couple
32 mm steel rod. Thieorizontal displacement of the
specimen was recorded through the displace
transducers at the level of the applied lateral force.
curvatures at the base of both columns were measticu
through a set of displacement instruments installed at
both sidesof column. The loading protocol was
performed according to FEM461 [23] by increasing the ,

drift level with an increment of 0.1% until 0.5%. The%]',g'S' Failure of the bare frame BF
the drift increment was changed to 0.25% until the o .
strength of the specimen was decreased greater than dg/cgr the control infilled frame (IF) specimen, the

- : : gonal crack of wall panel started at drift level 0.5%
of the ultimate load. The loading protocol is shown a’r?d followed by the slightly crack along the mortar bed

‘ (b) Crack at the beam
column joint

(a) 2% drift

Fig. 7b. . ) . .

g joint at the mid height of the wall panel. The diagonal

7 crack was enlarged when the dritlléwreased due to
| VERTICAL LOAD VERTICAL LOADS the increase of compressive stress in the diagonal

30 Tons 30 Tons . . . -
TRONG WALL direction. Meanwhile, the horizontal crack propagated
HYDRAULIC ACTUATOR .

Y FREREY EY e 12581 | B9 — further parallel to the concrete lintel level due to the

excessive sliding shear. Furthermore, a slightly crack was
observed at theall corner near the actuator because the
applied lateral load exerted high compressive stress
TERRE ; through the wall. When the drift reached 1.5%, the
TIT "S“f”GH“"fR“ ﬂ i A TiTiTrtd infilled frame was failed due to tkalargement of

o150 ol 5o T diagonal crack and tekding shear crack parallel te th

L r

(@) Test setup of the experimental specimesRF ~ Mortar bed as shown in Fig. 9.

4.00
3.60

150

Displacement (mm)

<
<
<

< 2

=
-
-_—
—]
—

rmrrrrrrrrrrr Tt T
3 6 9 12 15 18 21 24 27 30 33 36 39

il Ll ,‘ |
Cycle (N) 3 CEas  any i 3 =

(b) Loading protocol

N

experimental specimen _
For the strengthened specimen®¥, when the test

4. Experimental Results reached 1.0% drift, there were a few small cracks at the
outer edge of the column base due to the increase of the
4.1. Failure of the Specimens flexural stress. When the frame continued to 2.0% drift,

the crack started at the bottom tbe bearctolumn

For the control bare frame (BF) specimen, dtiiag joint. The specimen could carry the_lateral load until it
0.51.0% drift, the crack occurred at the junction gfached 4.5% drift as shown in Fig. 10a. The crack
beam and column connection due to the flexural fa”ﬁr%pe'ared at the connection of column and beam (Fig.
Further loading stage, -ILG% drift, slightly crack due t b); however, they did not propagate any further. The
sheaffailure could be detected at both sides of the be ficks at the colum_n s*c_ﬂ_iwere enlarged (Fig. 10c), but
ends. When the frame sustained the lateral load to 2.0%¢ Was no any significant cr_ack. It was observed that
drift as shown in Fig. 8a, damage could be observe GePecimen BER coqld s_ustgln_t_he lateral load up to
the connection of column and beamerethe crack € drift level 4.5% which IS significantly Iarger than the
appeared at the bottom of the column aream con_trol_ frame BF. _I_n addltlon_, the retrofit framstdl _
connection as shown in Fig. 8b. The lateral load Capg&ﬁg]tamed its stability at a satisfactory appearance which
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indicated that the shear strength and the flexural strength
of the beantolumn components were significantly
improved.

(a) 0.50% drift

(b) 0.75% drift

base

Fig.10 Failure mechanisms of R

The crack patterns of the retrofit frameSIR
corresponding to 0.50%, 0.75%, 1.00%, 1.25% drift are
presented in Fig. 11a, 11b, 11c, 11d, respectively. During
the initial loading 0.5% drift, the specimen was able to (©) 1 % drift
sustain the lateral load without any failure on the infill
panel surface and the structural members. The first crack
could be detected whéme second test stage conducted
up to 0.75% drift. The slightly crack started at the upper
wall corner of the push loading direction due to the
compressive stress in the diagonal direction. The
diagonal crack propagated from the upper corner steel
plate @wn to the base of infill panel. The crack width
was gradually enlarged when the drift continued up to
1.25%. At the final test stage, ashdped crack pattern
occurred at the middle region of infill panel as a result of
the diagonal compression failuueiny the reverse cyclic
loading as shown in Fig.11le. In addition, the corner (d) 1.25% drift
compression failure of the mortar along the edge of the
upper corner steel plate was found because the hi¢™F
compressive stress exerted at the push loading directi
as shown inig. 11f. However, none of any crack causec’
by sliding observed on the infill panel. The beam an
column still maintain load capacity without any shea
failure.

L\

(e)diégonal failure
Fig. 1. Failure of the strengthened specimeSR-
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Fig. 12 Hysteretic behaviors of tepecimens.

4.2. Hysteretic Behavior

The hysteretic behavior of the strengthened
specimen is compared with those of the control
specimens. The bare frame BF is compared with the
strengthened bare frame-BR, as shown in Fig. 12a and
12b, respectively. Thedkinfilled frame IF is compared
with the strengthened brick infilled frameSK, as
shown in Fig. 12c and 12d, respectively. The enveloped
curves of the hysteresis behavior for these specimens are
also presented in Fig. 124,

For the bare frame specimen BF, the frame
maintained elastic during the applied load to 1.0% drift.
Thereafter, the frame gradually degraded. The specimen
retained the lateral load when the drift continued to
1.75% drift. The control bare frame BF showed t
hysteresis loop with the peak load of 72 kN. For the
strengthened specimens-8R, the behavior remained
elastic during the initial loading to 1.25% drift which was
corresponding to the yield strength of 75 kN. After that
drift level, the system exhdu inelastic behavior. The
frame continued to retain the lateral strength during the
increase of displacement until 4.19% drift, at which, the
ultimate lateral strength was about 118 kN. The test was
terminated because the system reached the target drift
and there was no further increase of strength. The
strengthening bare frame-BR exhibited much larger
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