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　　　　　　　　　　　　　　　　　　　　　　　ABSTRACT
TIiis　paper　presentS　a　stUdy 　on 血e　struc加m　l　behavior　of　segmental 　concrete 　beams　with 　exte 皿 烈

P爬 s鵬 ss血9，　fOcusing　on 血e　1℃sponse 　of　d雄 beams　und 喰r　sh巳ar　conside τi皿g　the　jo辻賦 posi廿on   血e

she匪 span．　Three　segmeI血al　con   鵡 b賦 P爬 曲膿 d　with 　eXt，巳mal 　tendons∈md 　wit 血血ffe「ent
posiUons　of 　the　seglnel 瑚囲皿joh斌　血　sh巳ar　spa 皿　have　been　tcSted　to　irrvestigate　the　shear 　fa皿ure

m   ha血sms ．　Tbe　eXperimerrtal £ s1」ts　w 誼h　emphasis 　on 　the　dieCts　of　epoxjed 　jo血 pOsition　ime
shown 　the　d祗fe爬 nce 血 the蜘 鉛ilu！e 　mechi 皿 is皿
Keywords：jointμ）s虻io【  P爬 s苗esscd 　Qonc 罵 te，　segmen 衄 ◎o  τcte　be叫 cXternaI 　tendo恥 shcar

のesponse

t．INTRODUCTION

　　　 EXternal　prestresslng　was 　developed　in　the　early

periOd　of　prestressed　concIete 　b面 ges．　The　apP 睦ca歴o 皿

of　extemal 　p【est爬 ss血g　wi 血　the　precast　segm 已囗直al

corstructio皿 haS　been  devebped　w 仙 山e　span切
・

span 　me 廿ゆ d，　 Because　of 　substarrtia且 coSt　aod 　time
savi   i皿 cons 励 面叫 this　 method 　 has　 been
eXtenstveb ・deve垂oped 　and 　efflciendy 　 used 　in　marry
blidge　oo 【  ons．　In　recent 　yeals，　the　apPlicaIion　of
eXternal 　Pfestressing　is　beoo血   m 爬 popu血r 圃

widdy 　used 　fbrb記 ge 血 且Ch聯 ．

　　　 Fbr　th診 deve且opm 巳口慮 of 　exten 田岨麁巳ndons 」　1nany

tests　of 　eXternally　presIressed　s【ructUms 　have　becn
carried　ou慮　to　study　the　effects　of 　flexule　and 　shear

behaviors．　A 　bealn爬 sis自5　bads　p匸ima置ibr　by　1【觚 of

internal　mome 鴫 M ，　Imd 戯 ，　 V．　When 廿鴎 fiexure
failure　occ1皿s　  the ◎onc 爬 tc　structule，　eSpeCially 　in

prestressed　concretc蜘 （血ロ蔦 ，
　there蛉 emugh 恤鵬 ω

wam 　peOPle　abou 仙 is制 鵬 be蘇o 爬 山e ω la1◎ollapse ，
Howeve 耶 hc戯 制 um巳 鳩 usuany 祕 den　aod 　bliU  ．
For　t駈s　reasony 口鳩 d鰤 gn　fbr　shear 　faiture　m 血 be
魍 C繝 yto　enSUfe 衂 de 　CO 鵬   轍 is

曲 fk｝m 　de 　sheaf 　f皿 u 置e．　Mo 【eover ，　under 蚰 g
伽 　　i皿　conclete 　ma 　　has　s恒n　cha 皿enged

卩巳sea ！℃he15，麟 山y 洫 segm   刎 COO   鵬 館 n鵬 s

presロessed 　With　extemal 　ter）dons．
　　　 Fo「 曲瞻　困 d  ade

，
　 ma 取y　pararoet巳竃s　w 鯤

apphed 　to 洫vcsIiga 紀 the 勸 f樋ilure血 seg 皿 e血

co   eIe　s電皿 c恤 嘘s　p爬 stlessed　w 血 erml 　tendons血
boU1  血 鵬 nt 齟 1皿 疝y鵬 such 欝 ：effeCtive 血 釘 皿 1
0r　exに副 　Plesロes51  　111，　Shape　of 　s  key　and
ゆ xy 　or　dly　jo血 【2】，　single　sbear 　lccy【3］，

　s洫 plified
truss　model 【4L　FEM ．analysis 　IS｝，　ete．　Howev 鉱 the
influencc　of　Ihc　jo血 posi直on 　has　no 吐been　lne：血b 】蜘

血 血 ｝se 　studies ．

　　　 In　oπ1er　tO　ob 伽 n　more   wledge 　of　the　shear
behaVior　of 　precast　segmen 直al　oonc 爬 【e　struct皿隠s

prestressed　 wiIh 　 eXtenial 　 tendo皿5，　 an 　 cxpe 血 nental

Pm9   l　was   ed 　out 　w 註h　s  Pb・ supPorted 　bearns．
The　6切  tiv¢ 　of　this　 study 　is　 to　investigate重he
infiuence　oft 量rejoint 　posi並on 　in　shear 脚 o 皿 th巳 5hear

failure　mechanism ．

2．TEST 　PROGRAM

　　　T 陵鵬 esimrply 　suppo 鵬 d　b賦 designed　to　fai1
  shea鵡 we 爬 used ．　 T切 were 　p爬 cast　sog 鵬 融 1
◎oncrete 　bcams　vvi血 thc　idcrrtical　parameter　on 　the　test

sp壬血 董br　con圃 ng 　sbear　behavier．　All　t｛蹴 specin 鳩 ns

we 爬 「lLshaped　section 　beams　with　span　lenglh　of　3．2　m

and 　tWo　deviators　Wi血 a （茸s忸nce　of　L367 　m 　between
t1蛤 m 　 loc飢ed　 Symrnenic3皿y　氤 ｝m 重he 血 d鉚pan，鶲

shown 　ir匹F  ．1．Th 巳 d磁 皿 Ge　f沁皿 【he　bad血g　po血 to
血ejoi 皿 POSitiog　ai 　 was 　 conside 面 as　 U嘘 　m 樋n

paramcter　in 竃his　sU｝dy，皿 匪s 曲 ；tanoe　was 　taken　cqual
to　O．5d，1．54　and　2．5d，　whe 爬 dis　the　e丘モeCtive　depth　of
ie 　beams．　The　segrne 血 1・concrete 　beams　with 山e　ay

d随   eof 　O．5d
，
1．5d　and 　2．5げwe 【e 皿amed 　SIO5

，
　SJl5

aα 1SJ25 ，1e5p   嘔vely ，　 whe 爬
‘‘sr’sta曲 fbr　the

segmentaljo 血

2．1Mate 「諭b

（1）R ∈蛎11飩〕1ci  InaIelja艮S

　　　The 　a口mUlgerner賦 of　Ic血fb【oeme 皿 in　the　beams
is　shown 　in　F甦〕．　t（b》．　Tbc　non−prestressed　steels　we 爬

defb皿 】ed 　bar　with 　g田 de　SD295A ．　In　all　thdx 瓢 the
lo1丐i加 di皿註l　rcinforeemeI 賦s　consisted　of　sb藍 defor　Ined
bars　of　Dl3　at　the　bo廿om 　arNt　eight 　defom　eod　bars　of
Dlo 　at　hhe　top　flange．　On 廿ze　test　spt叫 w   血e　joi皿
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 1 Characteristics of reinforcement

      Meld Ultimate Ybung's Area
TYpe  strerigth strength modulus

     (N7mrn2) (N/mm2) (kNlmm2) (nm2)
SD29SD6  355.7
SD295DIO  374.6
SD295D13  36S,7

S24.3511.2S02.62oo2oo2oo31.771.3126,7

'lable
 2 Characteristics of  concrete

     Cornp.strengthof fens.strengthof
Bearns concrete  /mm2 concrete  xrnrni

MatchA  MatchB  MatchA  MatchB
SJ25SJI5Sro565.768.964,668.964.561.84.04.44,1 4.44.14.1

(a) General view
Note:BatehA

 is forthe 6ig segment  ofbeams

BarchB is for the small  segrnerit ofbeams

 
"lable

 3 Mix proportion of  concrete  for 1 m"
PP7C slaurc s Gsu

u sy  %tk)tk)tk)dr)ck)
 43 54.5 168 395  934 792 2.17
Note:M:

 Wlater
C: Early high-strength cernent,  specific  gravity -- 3.14
S: Fine aggregate,  specMc gravity=2.60 EM.  =  2,67
G: Coarse aggregate, speeific gravity =  2.64,
 F.M  

=
 6.67, Gmsx =  20mn

SP: SupeFplasticizeg specific gravity ==1.05

    table 4 Characteristics of  tendons

     (b) Arrangement of  reinforcement

   A-A  B.B  C-C  D-D

ajIII.ill(llll,,.li[!I!ll]:'lij[liii-Ellllk
=

3
t$-g

         (oj Cross section

       Fig. t Detail of  test beams

connection  was  located, the beams were  reinfbrced  with

D6  stirrup at an  inteTval of  400 mm  The other  part ofa
beam were  reinfbrced  with  D6  sdrTup at an  interval of

200 mm.  D6  stirrups were  also used  on  the tcrp flange at
an  interval of  1oo mm.  The mechanical  Inopenies of
these reirrfbrcements are given in 

'leble
 t . Mesh  rein-

forcernent with  D6  was  utilized  at the end  of the beam
to sustain  the 1ocal stresses due to prestressing force.
(2) Concrete
   The method  of  casting  is the match  cast method,

in which  the first segrnent was  cast with  the wood  shear

key as  an  end  fomrwork, Three clays 1ateg formworks
were  remcrved and  the first segment  was  used  as a

formwork for next  casting  in order  to provide perfect
matching  between the segrnents.  After casting,  concrete

was  cuied  in tlz mfeathcr  conditioza Tbe design strength
of  concretc,IV,  was  specfied as 60 Nlmm2  at 28 days.
Tlie actual coimpressiye and  tensile strengtbs  in each

Beams:rl:ndonArea  
EffleCl:':v/eft:6rg)stress

w
-==K)-"::Tr--=-rTr

u  bo
SJ25SJ15SJOSSwuR19L  208.4 566,O

SWPR19L  208,4 616,8
SWPR19L  208.4 601.6

802.3759.7776,3

bateh ofcasting were  measured  at the day of  testing and
aie sbown  in 

'Tlable
 2. Ttrc mix  proponion of  the

concrete  is shewn  in 
'lable

 3,
(3) Prestressing tendons and  deviators
    Tbe prestressing tendon  used  for the beams was

of  type SWPR19L  O17.8 mn  Yieldmg and  ultimate
strengths  of  the ten(ion are 16gO NImm2  and  1900
Ntrnm2, respec  tively. The external tendems were  applied
in both temsile zone  (lower tendons) and  conrpressive

zone  (xpper tendons)  as sbovvn  in Fig.1(a) arKl were
stretched  4 days before testing. At the prestressirtg stage,
the pair of  the upper  or  lower tendons was  stretcbed  at

the sarne  time from one  end  by two hydranlic jacks. It
has been ix)ted  that the higher presuessing foroe is, the
narrewerjoim  opening  is. Moreoveg it was  ensured  the
whole  joint suffers compression  and  the beam failure
oocurs  in concrete  before the yielding of  the external
tendons. Thefefore, the amount  of  initial prestressing
foroe for itpper  and  lower tendons was  appreximately
31%  and  41%  of  the ultimate strength  of  the tendons,

.11.
 respectisrely. [[he actual  effeedye  piestress of  the

tendons is shown  in 
-labie

 4. Steel deviators were

attached  to the beams ftom the bottom to ensure  mot  to
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SJ25 FDCCDCi

MCCDCSJ15

N

FDC
SJ05

Note:MC:
 Tbe  fitw diagomi crack

CDC:  The critical diagonal crack

      Fig.2 Creck patterns

       
'lable

 5 test result

Fig. 3 Faiture of concrete  at the loading point of  SJ05

Beams
Load (kN)

p. RdtcrPcdLcr Pv
SJ25SJ15SJ05298.S290.6290.7340.6341.4327.7480.3406.8327.9480.3406.8423.0

 Note:
 P.; Loadofthefirstbendingcrack
 Pdi.: Load of  thc first diagonal ciack

 PalL.: Load of  the critical crack

 P.: Loadoftheultirnatestage

obstruct  tbe diagonal crack  sinoe thqy were  1ocated in
de  shear  sparL
(4) Epoxy
   Epoxy resin was  used  for the combon  of the
concrete  segments.  Prestressing was  iritroduced after

the assetubling  ef  tbe concrete  segrnents.  Tlie
compressive  and  tensile stre"gths of  qpoxy resin  were

uK)re  than 60 Ntmm2 and  ta.S N/mm2. respectively.

22  Loading Method
   The beams were  stibjected to a four peint
lcming with  a  clistance  of  400 mni  between the loading

peints, as sbown  in Fig. t. Ibe load vvas increased
monotonically  by the disp1acemetu corrtrel metbod  urrtil

de beam  Teachm  be  final failure,

2.3 Measurements

   Nbuious irmasuring  devices were  utilized duing
the tcsting process in order  to obtain  coiusrete and  steel

strains,  dieplaoernents of  the bearns, joint opening  and

foree variation  in tbe prestTessing tenck)ny etc. The
strains in the concrete,  reinfbrcement and  prestressing
steel were  measured  by electrical strain gauges at

desirable locations as  wM  be shovvn  in Fig. 12.
Mearrwhile, displaccment transdMcers were  moimted  at
the midspan, the deviator locations and  the suppc,rts of

bearns to monitor the venical  deflections as weU  as the
change  of  tendon's eoceunicity.  be  transdiicers were

placed at two locations to measure  tbe joint opening  at

extreme  tensil¢  fiber aiKl 120mm  ftom the bottorrL For

the measrmnt  crf crack  width,  seyen  z-shaped

Fig. 4 Failure of the lower key zone  of  SJ05

5oo

mo

g 
3oo

g ,.
1oo

     o
      O O.5 1 1.5 2 2.5 3
            a.ldratio
             J

      Fig. 5 Load and  ny distance

gauges were  fixed at the midspan region  where  the first
flexural cracks  were  expected  to oocur.

3. RESUL:1'S AND  DISCUSSION

3.1 Crack Pattems

   The crack patterns of  the specirnens are  shown  in
Fig. 2. It was  observed  that tttse all tested beams, me
craclc patterns were  fourKl to be difilerent. Tlre first
flexural crack  Qf  all beams ecc  urTed  in the tensile z[)ne
between the two loading points as  shown  in Fig. 2,
   For the beam  SJ05, after  ttze fiist flexural cracic

fonr)ed, a  fiTst diagonal erack, also the ftma1 diagonal
crack  occurred  in the wel)  from the losding peint to the
lower key zone  at an  applied load of 327.7 kN  as  sbown

in Fig. 2. Whm  the 1oad increased, the width  of the

dagonal craclc increased rapidly. The diagenal craclc
was  propagated along  tbe region  between the web  arKl

the flaige until crusliing  occurTed in thc flange near  tbe

loading point on  te test span as  sbovvn  in Fig. 3. As
me  finai dngonal crack was  propagated to the lower

-567-



Japan Concrete Institute 

NII-Electronic Library Service 

JapanConcreteInstitute

 

agA

 

   O 5 10  15 20 25

     Midspandeflection(mm)

Fig. 6 Load-defiection curves
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10 Joint opening  of SJ15

key tone.  the conibination  between the adhesion  of

epoxy,  interlock of shear  keys and  rotation  of  the

segrnental joint increased the shear  stress of  the shear

key in the lowerjoint of  the  wel)  part and  caused  the

failuie in this part. This was  presented more  clearly in
Fig.4.
    For the beams SJIS and  SJ25, a nuiriber  of

flexural cracks  increased arKl then the ftrst diagonal
crack  occuned  in the sbear  span  between the two

deviators in Fig, 2 when  the applied load increased,
From  fable 5, it cai; be seen  that the fifst diagonal
crack  of  these beams oocurred  at similaT  loads. This
means  that the joint pesition has no  effect on  the

occunence  of  the first diagonal crack.  The differenoe
appeared  after the first diagonal crack  was  formed. A
mmiber  of  diagonal cracks  condmiously  increased
mainly  in the interval betwoen the two deviators. The
cracks  did not open  very  wide,  therefore, the shear

stiengthbecarne  larger
    In the beam  SJ15, one  diagonal crack  forTned in
the wch  of  the srnaller segrnerrt at a  load lev¢ 1 of 396.5

kN. This diagenal crack  appeaTed before the critical
diagonal crack,  which  oocurTed  suddenly  at the peak
load of  406.8 kThl ffom the loading point to the lower
kcy zenc,  In the beam  SJ2S, the critical diagonal cracks

also appeareci sudclenly, at an  applied load of  4so.3 kN,
ffom the !oading point to the lower kcy zone.

    From  Fig. 5, it can  be observed  that the load of
the final diagonal crack  increased gradually when  ce

distance increased. Ar,cl the angle  of  the final diagonal
crack  depends on  thc epoxy joim position in the shear
spart  For the beam  Sro5, the crushing  occurred  in the
flange after the final diagoma1 crack  occurred  in tbe web,
while  the final diagenal ciack  itseif was  the critical

"slEg

g
 

     Midspandcflcction(mm)

Fig. 8 Stress increment-rnid.
    defiection relationship

g,li
g!
;/elE.o

.

Mexure-shearfailuie

Shear failure

O.6 O.81  O O,S 1 , 2 .

                        -･tdratio

               Fig. 11 Jojnt opening-ayki
                    ratio reIationship

diagonal crack  for the bcams SJ15 and  SJ25.

3

3.2 Load and  deflection curves
    Thc load-defiection curyes  of  the test bearns are

given in Fig. 6. The load-defiection cuTves  can  be
divided into thiee rnajor ponions as: 1) 1inear elastic
uncracked,  2) hm  elastic cracked  and  3) nonlinear
cracked,  In the first stago, the response  of  the bearns
under  loading is linear up  to thc occurTence  of  the ftrst
fiexuinl crack  with  de  load level as  shown  in 

'fiable
 5

and  Fig, 6. After the oocurrence  of  the fttst fie)airal
cracK  the slope  of  load-defiection curve  is lower than
that in the previous stage  because of  the reduction  in
tln flexi]ral stiffhess of  cracked  concrete section arKt

also  due to the joint opening. Howeveg  the respense  of

de beams snl1 sbows  a  linear relatjonship  in this stage.
This is becmise of the cornpression  conerete  mne  and

im external  tendons, which  gave a large corrtribution  to
the fiexural strengh  of  the test beams.
    The  difference of  the linear elastic cracked  stage

of  the beams used  in this study  consists of the load
level at which  the final diagonal crack ecgurretl.

Tlprefoie. the second  stage  in the beam  SJ05 was

prolonged from the applied  load of  290,7 kN  to 327.7
kN. Meairwhile the second stage  of  beams SJ15 and

SJ25 were  prolongod ffom the applied  load ef  290,6 kN

to 406.8 kN  and  frem  298.5 kN  to 480.3 kN,
respectively,  It was  clear  that the lir)ear crack  stage

deperds on  thc location of the joint and was  direct!y

proponional to the ng･ distance. Tt)e reason  that made  the

second  stage  longer was  due to the reduction  of  beam
stiffrress by the opening  of  the diagonal cracks  arKl the

openingofthejoim

    In the last stage, after  the occurrence  of  the final

'
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        Fig.12 Gauges  arrengement

diagonal crack, laad-deflection curves  of the beams
were  corrrpletely diifcrent. For the beam  SJOS, the
effbct of  the external  forces and  compression  zonc  was

fairly obvious,  because fiexure and  shear  iesistances

were  provided on  flange and  external  prestressing [6]
after the final diagonat crack occurred.  Ihe

load-deflection curve  was  in tbe linear response  and

dropped at the peak load of  423.0 kN  with the
defiection of  19.9 mm  as sbown  in Fig. 6. Corrversely,
the final diagonal crack  fomi  in the beams st15 arKl
SJ25, an[1 the applied  loads drepped. Tbe effeet of the
conrpression  mnc  and  the external  prestressing forces
in the rx)nlinear  craclced  stage  was  insignificant for
iitreasing the carTying  capacity  of  the beams because
the rupture  was  caused  by the slmar  foree. TbeTefore,
the deflection of  tl)e beams  SJIS and  SJ25 was  srnaller

than the beam SJ05 at the peak load.
    M  test beams had tu  straight emernal  tendon

profiles. Herpe, the inclination angle  of  the extemi
tendons at the ultirnate load was  fairty small.  The
deviation forces acting on  the test beams Sro5, SJ15
and  Sj25 were  3.0 kN, 2.I kN  ancl  5.8 kN, respec  ttvely,

For this reasony  tbe deviation force on  shear force at the
joints was  insignificant effect in these beams.

3.3 Stress increment in the prestressing tendons

    Figure 7 illustrates the response  of  stress

increment in extcrnal  tcndons at airy stage of  load in
test beams, It can  be noted  that tlve stress iiK rement  in
extemal  tenclons and  the deflection at midspaii are

directiy preponional to each  other (Fig. 8), This can  be
attrfbuted  to tbe defioction of  the beams at airy step of
!oading resulting  in a  greater elongation  of  external
tendons. T  hc straiii incrc ment  in external  tendons in this
study  was  1inear with the iircrement of  the defiection at
midspan undl  beams hla  as sbown  in Fig. 8. Tbe
stTain increment in the extenial  tendons became
sigrtif7icai!t when  the joint position was  1ocated nearer
tbe loading point. [his is becanse of  de  coir!paratively

higher berKling rrromerit  causetl  the joint operring  at this
section  resultirtg in a dec ease  of  tbe beam  stiffness, As
the joint poshion was  closer to de  support.  tbe strain
tmment  in thc external  tendors was  reducod.

Trmeirore, the joint position also afiected the increment
of  stmin in external tendons in segmental  beams failing
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3.4 Joint opening

    For  the beam  SJ25, tbe joint opening  vras  rather

smalL  tibout O.oo3 mm  at the peak laad. For the bearn
SJ15, the joint opening  increasect sirrniltmously with

applied  load. Howeveg  the joim opening  of  this beam
was  obseTved  to be O.17 mm  at tbe peak load as  sbown

in Fig. 10, On  the corrtrary, the joint epening  of  the
beam SJOS, as  slK)wn  in Fig. 9, was  much  larger than
that of  other beams. As tbe final diagonal crack

occurred,  the joim opening  was  abont O.31 mm.  At  the
peak load, the opening  was  appmxirnatcly  10.9 mm

    Figure 11 demonstrates that the joint opening

ii=reased insignificantly ftom tl)e ¢  distance of  1.5d to
2.5d  Meanwhilq  tbe joim crpening  imeased  rapidly

wim  the joint position was  located ixarer  to the
laading poirtt It was  also  observed  that the final
diagr,nal crack  divided thc epo,ry joirrt imo two  parts,
aml  the levver part was  the joint {rpening ancl the irpper

part was  still canying  compression  stresses. Ttt dqpth
of  the collrpression  mne  in the epoxy ipint decreased
aiKl the joint opening  increased when  tbe ny distanee
decreased. lhis was  doe to the bending rrM)ment  effects

on  tlre adhesion of  epoxy to increase the strength  and

stiffhess of thejoint l31.

3.5 Srain in steei and  ooncrote

    Figure 12 Mustrates me  arTangement  of  strain

ganges to measure  the suain in stirrups  and  in cornrete.
TIE strain in stirrups is illustrEted in Fig. S3. For the
tm  SJ05, the strain in stirrups drd not  iirciease (i,e.
-6o.sxlO  ̀and  32x10" in SI2  and  STI, respectively),
because ne diagonal cracic pessed through the stirrupe.
In case  of  the beam  SJ15, STI was  yielded dire to the
diagonal craik  occurrence  in the smaller  segment,
while  tttse suain in ST2 was  quite small  (i.e. 36x10'6) at
the peak load In case  of  the beam  SJ25, after the
diagonal cradks  fout  the stirrup strain increased
sigriificantly. Tl,e experirrtsental iesults sl)owed that the

stirrup ST2 behaves better than the stirrup STI before
the ftnal diagonal crack  fonrved. It can  be said  that the

joint position influences significantly on  tbe different
response  of  the strain in stirnrps 1ocated in the tcst sparL
    Tbe  concrete  strain at the loading poim in beams
SJ25 and  st15 were  found to be similar  at de  ultimate
stage, in case  of  tire beam  SroS, at the ultimate stage,
the concrete strain on  Cl and  C2 the locations were
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- 14S l x  l06  and  -1993 x  lO-fi, respectively,

3.6 Failure mechanism  of test beams

    [[he crack  patterns of  al1 segmental  corrcrete

beams prestressed with  external  tendons are  sbown  in
Fig. 2, It can  be said  that the failure of  the beams was

different dqpending on  the joint position. The qpoxy
joint posltion influenced not  only  the slope  arKi the load
of  the (xitical diagonal cmek  but also on  the failure
mechanisrn  of  the beams, In segnental  concrete  beams

presuessed with  external tendons on  the other  hand, the
critical crack  depends on  the joirrt position as discnssed
in the section  3.1, The  cracks  detemine bow  the  arch

and  bearn rnechanisms  carry  the shear  force and  are

fundamental part of  shear  failure [7].
    In beams SJ15 and  SJ25, the shear  force was
transferTed by tlre arch  action  bocause the transfer of  the
sbear  flow is disrupted by inclined cracks.  The shear

foroe is resisted  by ait incrination of  thc compressive
axial force. The  shear  flow varied  wmh  tbe occunence

of  the joint position in the sh ¢ ar span In case  of  the
beam  SJ25, the joint was  hardly opened. arKl the
transfer of  shear fiow was  expressed  by the diagonal
cracks. in this beam, the arch arose  lfom the lower key
zone  to the loading point. On  the cormary,  in the beam
SJ15, onc  arch  started developifig ffom the upper  key
zone  to the support  Other aich  arose  ffom the loading

poim to the lower kcy zonc  when  the beain fai1ed,
    For the beam  SJ05, the sha  was  transferred by
the beam action  because the changing  of  the lever arm
of  rm  foroe is not  signifTicant arxt tendon was  still in
elastic eenc  when  the ftnal diagonal crnck  appeared.

Therefbre, wheri  the final diagonal craclg occurTed.  the
lead can  be transfened between the compression  ronc

of  coirerete and external  psestressing.
    Tl}e mode  of  shm  failuie was  observed  to be
different in the test bearns. The mode  was  sbear
compressive  failure in the beams SJ15 and  SJ25,
because beams cari still resist  increasing loads after the
cmical  diagonal crack  oocurTed.  Thc stress state

becomes like a  compression  arch  formed by the
diagonal cracks.  In this case, the failure of  tive bearn
was  briule and sudden  when  these arches were  crushod

urKler  diagonal compression  Meamhile, the fairure
mode  of  the beam  SJ05 was  fiexure-shear fai1ure, in

such  a case,  the joim opened  firstly, resulting  in
increased shear  stresses at the tip of  the joiirt opening.

Then a diagnnal crack  formed arKl extended  towards the

loading point Finally, the bearn fai1ed by crushing  in
the fiange at the loading point located in the sarne  side
withthejoint.
     From  

'lable
 5, Fig. 5 and  Fig, 6, it can  be

observed  that the  shear  strength  was  directienally
proponional to the op distanoe (i.e. the beams SJI5 and
SJ25) while  tbe fiexure strength  was  domimated over
the shear  strength  in the beam  SJ05, In other  word,  the
ultimate capacity  of the segrnental  coacretc  beams was

different from the variation  in the ig distance. ln case  of

the falling in shmi;  the ultimate capacity  of  the
segmental  coixrete  beams prestressed with exteinal

terKlons inc reases  with  the increase in the ny distanoe.
     In real bridge& irpre  than one  joint is arTanged

in a shear  span.  The  experiments  to irvestigate shear

mechanisms  in [8] ime  shown  that the effect of  thc

joint near  the loading point daminates over  others  with

the largerjoint opening.

4. CONCLUSIONS

(1) Tlie load level of  the final diagonal crack  is

   incTeased as the ag distarx)e increased.

(2) The final crack occurs diagonally from the

   loading peim to the lower key zonc.  Tlrerefoie,

   the angle  of the final diagora1 crack  increases

   with  the dec rease  in the 4･ distance.
(3) The depth of  the corrrpression  zone  of  the epoxy

   joint reduces  and the jomi opening  increases when

   the ig distance decreases,
(4) The mode  of the fairure of segmental concrete

   beams tested in this study  changed  ffom

   compressien  failure in wch  to cempression  failure

    in flange, as the t!i distarM e was  redlloed.

(5) The change  of  the joirrt position in the shear  span
   also induces different rnechanisms  of  sbear

   transferL The arch  action  is ebserved  with  the

    increase in the ¢  distance while the beam action is

   observed  with  the decrease in the eq distance,
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