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     THE  CAPACItMr  OF  LAPPRD  SPLICE  CONNIscTION  BETWEEN

DEPORMSD  BARS  AND  STEEL  PLtLTE (SrDE SPLITTI)IG  FAII,URE  MODB)

Viraeh  RUNGROJSARATIS',  Tamon  UEDA"  and  KazumaBa  OZAWAX

1.1NTIK)DUCTION

     Since  demand  fer structures  recently  requires  very  complieated

performances  only  one  type  of  structures,  for instance, steel  structure

or  reinforced  concrete  structure,  may  not  able  to meet  the  requirement

ot  gtructures.  The  structural  gystem,  theretore,  trends  to  be formed  as

a  system  of  mixed  structures,  This  system  leads  to the  unavoidable

connection  joints of  different types  of  structures,  which  is one  of  the

problems  arising  in structural  design  method.  One  of  thege  typical
connection  joints is the  joint between the  member  in which  structural

steel  plate  is employed  and  the  member  in which  reinforcing  bars is
utilized  such  as  the  conneetion  joint between  open-sandwich  member  and
reinforced  concrete  member,  Due  to simplicity  and  flexibility  in
construction  method,  lapped  splice  connection  iB conBidered  as  a  possible
approach  to  treat  this  kind  of  connection  joint The  way  of  splicing  is
to overlap  between  reinforeing  bar  and  steel  plate  with welded  rib  and

to malce  concrete  responsible  for fiow of  force in lapped  splice.  With  the

aim  to  develop  the  design  method  for this type  of  connection  joint,
performance  ot  lapped  splice  between  deformed  bar  and  steel  plate
deBignated  as  

"
 composite  lapped  spliee"  wag  investigated  in this study.

2. TEST  PRO(IRAM

     The  experiments  ef  the lapped splice  between  deformed  barB  and

steel  plate  in concrete  medium  were  conducted  by  using  beam  gpecimen

as  shown  in Fig.1. Testing  beams  were  the  simply  supported  beams
loaded by  two  symmetrical  loading points.  At a  constant  moment  region,

two  13 mm  diameter  ot  deformed  bars  were  lapped  to  steel  plate.  The

specimens  were  cast  with  mortar  having  maximum  size  aggregate  of  5
mm.  The  casting  direction is algo  shown  in Fig.1.  Four  test  series  with

different parameter  investigatfon  given  in Table  1. were  included  in the
test program.  The  study  parameters  cover  the effects  of  rib  shape  (plate
shape,  T-shape,  L-shape),  rib  spacing  <s), bottom  covering  (cb), side

covering  (cs), plate thickness  (t), and  lapped  length  {li).
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TABt.Et,  DETAILS  OF  SPECtMENS

          Fig.1 Detatl of  specinen.

                                        P  : plnte  shepe  T:  T-shepe  L:  L-shape

3.CRACK  PATIrllRN  AND  EArl,UREI MODE

     Fig.2a  showB  the  observed  crack  pattern  occurred  in composite

lapped splice.  Two  types  crf cracks  which  are  flexural craeks  and  side
splitting  crackB  existed  in the  Bplice.  The  fiexural cracks  were  firstly
developed and  likely initiated trom  rib  position. The  side  splitting  cracks
were  following eraeks  which  also  propagated  from  rib  positions  and
directed  to the  bar  end.  Bond  stress  deterioration  of  bar  due  to side
splitting  cracks  was  extended  from  the  endg  of  splice  to  the  center

portion  of  Bplice,  which  is similar  to lapped  splice  of  reinforcing  bar. Nb
bottom crack  was  observed  in spite  ot  less bottom  covering  than  side    .covermg,

     According  to the
geometrical  arrangement  ot

deformed bars  in composite

lapped  splice,  two  tailure
modes,  side  splitting

tailure  mode  and  rib

failure mode,  were  digtin-
guished. With sufficient  rib
shear  eonnectors  arranged

in the  splice,  tailure of  al1
tested  gpecimens  was  due
to the  side  splitting  failure
mode,  The  failure was  sud-

den  and  conerete  was

split  at  the  plane  where

Fig,2b. Thig  mode  ot  failure
The  rib tailure mode  was

rib,  The  torces  transferred
causing  the  large
concrebe,  then  the
failure was  tound only  in
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       the  steel  bars were  located  as  shown  in
        is similar  to  splitting  mode  of  bond  failure.
      found  in the  specimen  with  large spacing  of
         to the  rib  exceeds  the  capaeity  of  rib,

 deformation and  delamination  of  steel  plate  from
tranBferring  mechanigm  is destroyed.  ThiB  type  of

       specinen  SC35-2  as  shown  in Fig.2d.
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4. CAPACrTY  OFLAPPEDSPLICEUNDERSll)ESPL!mxGFAILUREMODE

4.1 ParantetersArtectingCapacityof  lappedSplice

     The  results  of  ultimate

capacity  of  lapped  splice
in  term  of  bar  bond
strength  are  given  in Table
2. Various parameters  atfecb-
ing  capacity  of  splice  are

ag  follows.
      Under  the  side  split-

ting  fai]ure mode,  no  eftect

of  plate  thickneBs,  rib

shape  and  rib  spacing  on

capacity  ot  lapped  splice
was  observed.

      Ettect  ot  clear  dis-
tance  between  rib  and  bar
(sb) : This  ertect  represents

the  degree  ot  disturbance
from  rib,  The  tarther  this
distance  (sb) implies  the

less degree  ot  diBturbance,
At  approaching  zero  degree
of  disturbance, bond
bar anchorage.  The  results

SC6-2  may  renect  this

is not  much,  compared  with

distance  is practieally  not

distance  can  be  considered
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strength  of  steel  bar becomes  equal  to strength  of

       ot  splice  capacity  in specimens  SC6-5  and

  errect  The  ditterence  in the  capacitieg,  however,
       this difference  in the  clear  distance. ThiB
     mueh  varied,  so  that  the  effect  of  this clear

     as  a  constant  effecti

      Effect  ot  side  covering

mode  for  lapped  splice  and

provide  the  resisting  capabiltty  of

capacity  of  lapped splice  and  an-

chorage  to be  increased. The  same

characteristics  were  observed  in
SB  series  of  composite  lapped
splice.  As  shown  in Fig,3,  the
similar  1inear effect  of  side  cover-

ing  on  eapaeity  of  lapped  splice

was  disclesed tor eompoBite  lapped
splice  and  bar  anchorage  ef

Chamberlin,i}  However,  ort nearly

same  ls/db, the  capacity  of  com-

posite  lapped  splice  is less than
capacity  of  bar  anchorage.  This  is
because  of  the  disturbance effect

from  steel  plate  as  diseussed
above.

     Elfect of
shown  in Fig.4,tlaPped it was

 (cs) : According  to
anchorage  ot  bars

length  (li) :
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to decreage  capacity  of  lapped
splice.  It is revealed  that  at

failure,  percentage  of  bond
deterieration zone  in lapped  splice

is the greater,  the  longer  lapped
length  is. TheBe  test  results  are

eompared  with  those  of  bar
anchoragei)  and  bar  lapped  splice

2)
 aB  shown  in Fig,5, The  similar

effect  of  lapped  length  iB ob-

served.

TbcuTt)lfc2'S
LO

O.5

             from  trvailable  equa-

tions.3,-)  The  reason  is explained

by  comparing  mechanism  between
reinfercing  bar  lapped  splice  and

composite  lapped  Bplice  as  shown

in Fig,5.  According  to Beeby's
suggeBtion,S)  the  possible  bond
stress  and  bursting  stress  dis-
tribution  around  the  bar  lapped
splice  are  prescribed  in Fig.5.
Force  transterring  meehanism  tor
bar is three  dimensional,  but, for
gteel  plate with  rib on  it, the
Theretore,  for  bar, bursting
circumference  will  produce  the
directiDn {X,Y-direction ) while  tor
coneentrated  only  Y-directicn. As  the
in reinforcement  lapped  spliee  appear

for eomposite  lapped splice.  The
eomposite  lapped  splice  in fact  is
direction of  reinforcement  lapped
eonverts  three  dimensional  behavior
be seen  that  the  capaeity  of

     Ettect  ot  bottom  covering
                                         10 20  30 40  50
(cb} : In  spite  of  less  bottom
     . tofUb
covering  than  side  covering.  aB

ehown  in specimens  SC6-2  and  Fig･4 Effect of  lapped length
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stM  governed  by  side  splitting  failure mode  which  was  different from
lapped  splice  ot  bar. The  reason  is that  existing  rib ean  provide  the
role  of  transverse  reinforcement  preventing  bottom  eraek  by  friction
behavior  along  the  rib  face and  steel  plate.  Therefore,  failure ot  this
lapped splice  is mainly  due  to Bide  splitting  failure  mode.  Practically,
this bottom  covering  eftect  is believed  to be negligible
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                                                        detrbertca
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capacity  of  composite  lapped  .rib
splice  is 30-50X  less than  that  of
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Ftg.5 Bond  stress  and  bursting
    stress  in lapped  splrce.

mechanism  is more  like two  dimenBionaJ.
  stress  which  develops  around  itg
  resultant  torceg  in the  orthogonal

   sbeel  plate,  total bursting  forces are

    results,  lsrger  splitting  forces than
      along  side  splitting  failure plane

 increased bursting  force  (v ap  db) in
    the  bursting  torce  (op db) in X-
  spliee  multiplied  by  faetor  v  which

   into two  dimensional  behavior. It can

composite  lapped  splice  is less than

-  736 -



Japan Concrete Institute 

NII-Electronic Library Service 

JapanConcreteInstitute

capacity  of  reinfOrcement  lapped  splice  by  a  constant  reduetion  factor
relating  with  factor v,

4.2 Proposed  EguatiDn  f(m composite  lapped  splice

     Since  the effect  of  plabe  disturbance on  capacity  of  lapped  splice

is a  constant  etfect,  it is convenient  to consider  the  capacity  of

composite  lapped  splice  in terms  of  bar  bond  strength.  Semi-empirical
approach  was  introduced.  By  estimating  the  capability  of  concrete  to
resist  splitting  force in ari  assumed  failure plane  and  cooperating  with

bond  mechanism,6)  Eq.1  is derived

                  rb=K(Ls,Bs)  Bs  lt+C{Ls)  (1)

where   rb  :
        =

K(Ls,Bs)  :

  C(Ls) :
  Ls  :

  Bs  :

  ft :

        =

  n :

  ds  :

  b :
  db :

      K  and  C  are

       by  assuming  the
of  Ls  on  the  parameter
  leads to equation  for
 of  composite  lapped

average  bond  strength,

a  of4Ls
parameter  talcing into account  of  tracture
area  and  unifornity  of  tension  stresses  along
plane  of  failure,
bond  stresg  at zero  side  covening,

normalized  lapped  length  =  ls/db,
normalized  effective  width  of  concrete  area,

 (b-n.db}/n.db
tenBile strength  ot  concrete,

 O.269 fc2tS
number  of  bar  arrange  withiri  width  b,
bar stress  at  the  end  ef  plate,
beam  width,
bar  diameter.

     Parameters
empirically  evaluated

similar  effect

K  and  C. This
the capacity
splice  as  foBows

Tbult  =  (O,45 Bs  ft +  3,O }l Lslt3 (2)

     Fig.6  shows  the  comparison

between  the  test  results  and

calculated  values  from  Eq.2. The
equation  for the  capacity  of  composite

lapped  splice  was  alse compared  with

equations  tor  the  capacity  of

ordinary  lapped  splice  and  anchorage

3,4,T,S)  as  shown  in Fig,7,  Similar
parameter  effects  on  their  capacities

were  observed.

5.coNCLUSIONS

     1) Connection  joint between
concrete  medium  ean  be treated  as
for capacity  ot  composite  lapped  splice
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 deformed  barg  and  steel

lapped splice  connection.  The
   was  proposed,
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plate  in
 formula
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            Ftg.7 Corparison  of  equetton  for capacity  of  1apped
                spltce  and  bar  anchorage.

     2) The  capacity  of  composite  lapped  splice  is less  than  the
capacity  of  ordinary  lapped  splice  splice  and  anehorage  because  of

difference  in dimensionai  meehanism,  Its effect  can  be  practical!y
considered  by  introducing  constant  reduction  tactor.

     3) Eftect ot  bottom  cover"ing  on  the  capacity  of  composite  lapped
splice  is less significant  than  in the  cage  of  ordinary  lapped  splice
becauge  gteel  plate and  rib  can  behave  ag  transverse  reinforcement
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