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1．1nt「oduction

　 Pinn  g−retrofit 　procedure　involves　the　use　of 　epoxy 　res 血 fbr
bonding　betWcen　masonry 　and　reinforc血g　bar（Takiyama　et　al．

｝）

and 　Shrestha　et　aL2 ）
）．　Epoxy　r¢ sin，　being　an 　orga 皿ic　adhesive ，

has　got　its　limitations　such 　as，置ow 　fire　resistance，　higher　cost

and 　poor　bond　to　wet 　surfaces ．　The 　usc　of 　ord 加ary 　mortar 　or

paste　as　bonding　agent 　in　place　ofepoxy 　resin且argely　a瓩bots　the

w 。rkability 　 envir 。  en 重 since 　 it　 is　 v 。ry　 di価 cult　 to 血sert

reinfbrcing 　bar．　As 　an 　altemative ，　use　of　polyme1−oement 　paste

（PCP ）as 　bonding　 agent 　has　 been　proposcd　in　this　 s加 dy　 with

investigation　on　perfbrmanc巳s　 of 　masonly 　beam 　specimens 　in

one −po加t　bending．

2・Speci皿 en 　and 重est　se重一up

　 Fig．1shows 出 e　mason πy　bじam 　specimen 　with 　dim巳nslons

lO40x320x320   ，　All　the　 specimens 　 were 　subjected 　t。 。ne −

point　bending　Two 　sets　of 　each　PCP 　bonded　speo   ens 　were

prepared．　 Three　 different　 types　 of 　 comm 巳rcially 　availabk

polymer　admix 瞳 es　were 　used 　in　this　study ・・SBR ，　ACL 　and

PAE 　Here，　
SBR 　represents 　Styrene−butadiene　rubber 　polymer，

ACL 　stands　fbr　Acry且io　res洫 and 　PAE　fbr　Polyacrylicじst¢ r−

methacrylate 　 ester　 copolym じr　 emulsion ．　 PCPs　 fbr　the　 above

listed　polymeTs　 were 　prepared　using　ordinary　Portland−cement

with 　polymer−cement 　ratio （PIC ）of20 ％ and 　watcr −cement 　ratio

（WIC 〕at　40 ％ fbr　all　the　mixes ．　Unreinforced　masonry 〔URM ）

and 　 epoxy 　 bonded （ER ）specimens 　 were 　 also 　 prepared　 fbr

compar 孟son 　 with 　PCP 　bonded　 specimens ．　For　the　 reinfbrc 巳d

specimens ，　 f廿11y　 threaded 　 SS400 　 reinf （〕rcing 　 bars　 Gf 　 5mm

diameter　were 　used．

　ApPHcatlon　 of 　PCP 　in　masonly 　requires 　 another 　important

oonsideration 　 regarding 　 oheGk 血 workability ．　 If　applied　 to

masonry 　in　its　normal 　statc，　water　fiom　PCP　gets　absorbed 　by

masonry 　making 　the　paste　poor　in　werkability．　For　this　pulpose，
there　i§ nced 　fbr　pretreatment　 of 　masonry 　to　 create 　 a　water

pcnetration　 ba叮i巳r　 fi［m 　 so　that　there　 is　 minimum 巳ffect　 on

workabillty 　of 　PCP 　after　inser缸on ．　The　pr¢ sent 　study 　involves

use 　of 　BPA （Ba皿 ier　Penetrant）耳S   pregnant　fbr　all　the　PCP

bonded　speGimens ，　The　cho 正ce 　of 　BPA 　as　impregnant　fbr　the

P岬 osc 　ofwater 　penetration　barrier　came 　frem　workability 　tests

and 　bond　 strength 　tests　perfermed　 with 　 different　tyT）es　 of

impregnants 　available ．

3．Res盟置ts　and 　diSCilssions

　 Fig，2shows 　the　results 且）r　one −point　bending　test　pe【formed

on 　each 　specimen ．　Cracks　observed 　for　the　specimens 　as　shown

in　Figs．3and 　4　varied 　with 　the　type　ofspecim じn．　ER 　and 　SBR −

2speclmen呂 showed 　m 。de　l   d　of 伽 1ure　sho   in　Fig．3．　F 。r

照 SBR −1　and 　ACL −l　specimens ，mode 　2　failure　as　shown 　in

Fig．4was 　observed ．　 The　prediction　 of 　crack   masonly 　is

highly　 unpredictable 　mainly 　 attributed 　by　the　fact　that　therc

ex 正sts　large　deviation　in　strength 　of 　mortar 　joints　f止om 　specimen

to　 specimen ．　 Resis血 g　 fbroe　 correspondhlg 　to　the　particula1

価 1ure　mode 　has　been　predjcted　assuming 　a　free・body　as　shown

in　Fig5，3〔b）and 　4（b）neglecting 　the　bed−joi皿t　tensiIe　strength ．

Equilibrium　condition 　fbr　the　given　free　bod盞es　gives　fbllow血g

exp 「eSSIon ：
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Figure　l　Specimen 　and 　test　set−up
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  Momenf  abeutA,  R x  L, =  
2iZ"

 ll.i, 4,.

  Moment  about  B, J}xL, =ivt  li.i, 4. 
(1)

  4-a+4
where  Li, L2 is the distance of  reaction  force from the point of

rotation,  Fbin is the reinforcing  bar tensile strength  assuming

.IY=400MPa  and  LS. is the distance ofith  reinfbrcing  bar from

the point of  rotation  in the free bocly. The value  of  predicted

resisting  force Fh for medc  1 failure is 20,5IDJ and  mode  2

failure is 17.3kN as  shown  in Fig. 2.

  In Fig. 2, resisting  force versus  rotation  angle  plot has been

made  for each  specimen.  For URM  specimen,  after  the initiation
of  first crack  at around  15kN  of  resisting  force and  very  small

defoTTriation angle,  the specimen  collapsed  with  ne  resistance

shown  afterwards.  For ER  specimen,  maximum  resisting  force
'of

 around  32kN  was  observed  1arger than  for any  of  ather

specimens  and  even  higher than the theoretically predicted

resisting  force for both failure modes.  This 1arge resisting  force

was  contributed  by strength  ef  epoxy  resin  itself whose  bend

strength  is higher than the reinforcing  bar's tensile strength,  For

the same  reasen  fracture of  reinforcing  bar was  observed  for ER

specimen  at O.e18 radian  rotation  angle.

  For PCP  bonded specimens,  SBR  specimens  shewed

comparative]y  better respense.  The maximum  resisting  force for

SBR  specimens  showcd  resistance  close  to the theoretically

predictedstrengthrepresentingyieldingefreinforcingbarsused.
No  fracture of  reinforcing  bar was  observed  for SBR  specimens.

ACL  and  PAE  specimens  on  the other  hand showed  relatively

lower value  of  Tesisting  force significantly  lower than the

                         P
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                  (a) DeforTned shape

                        ?

           
           

                  (a) Deformed  shape

theoretically predicted value  which  clearly  sigriified  bond slip of

the reinfbrcing bars.

4. Conclusions

  The fo11owing conclusions  can  be drawn within the scope  of

study:a)

 URM  specimen  showed  brittle collapse  post attainment of

  maximum  resisting  force.

b)The failure pattern observed  for PCP  bonded specimens  was

  predominantly bond slip failure. For  SBR  bonded  specimens,

  relatively  higher load resistance  was  seen  very  close  to

  theoretically predicted value  for reinforcement  yielding. ACL

  and  PAE  bonded specimens  shewedi  comparatively  lower

  resisting force with  cxcessive  bond slip  fai1ure observed  not

  allowing  the reinfbrcing  bars to yield.
c)Epoxy  bonded ER  specimens  showed  resisting  force higher

  than SBR  specimens  due te higher bond strength.  However

  the ER  specimen  showed  unstable  behavior with fracture of

  reinforcing  bars at rotation  angle  of  O.O18 radian.  SBR

  specimens  showed  no  fracture in reinforeing  bars, hence

  showing  more  ductile behavior.
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