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reinforcement and concrete using finite element method 
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In this investigation, the bond stresses between the reinforcement and concrete was 

studied through using non-material interface elements which are able to produce the 

bond stresses for the reinforced concrete beam gradually loaded from zero till failure. 

Depending on (Jawad) program which is a non-linc!ar analysis program of plain and 

reinforced concrete beam through discrete-crack approach by using finite element 

method. The stiffness matrix derivation of interface element and the way of non-linear 

treatment was explained. The distribution of bond stresses drawings along the steel 

reinforcement for different values of loading were achieved before and after cracking . 
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,.,.,,, J-''' "'' .,....., ,s-J-l J ~ ,s-; f)' ..;-:,., .:,, 
))~ I ,j\;; rU,;.,; ~ ;,,->.WI ..:,lz,.\j)'I ~ J-"'~ ' 

B•srah Journal for Engineering Science/No.1.12010 

3/')Lail 19 JA-A" j$.:,J-2 

>' ,s,v ,,;, .)- r=- .,,. r.i.-:..JJ J,-1.cl' ~ 

... , .;i .;t.Z .:,;m JS' = ~) ✓ ..;Jy .~ ,!1,­

fa.!> .J /:::"Y W ~J >'•fl oNc:..;'!l ~\J..)I .1.>-! 

·<I) 
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; = - l Concrete 

J>'I.Wl ,-,,= (i) ~I 

"',/ 
s(s) = u,(;)-u.(;) - - -- ---(1) 

;,-Jo '--<jl},1 .)r1.>,ll _,- J>'-•> ..,;\;1 '-'))' ,)1 

'--,.wll .;,\,.lj °tl ~ 4).,J fa_ :r..,.yl ;,;,. _,-.!I 

.:i.. ,;,i, c-•F"-' (nodal displacements} _,......u 
J;'fl J'-'"')" rtU .,. ;, .,....'1, " "-''-1..i':t: ,)- .,,;; 

-: ,;,\) a;\.._;:., 
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~ • ;,fa .[S) ~ ~ ,J ;.,-,. .,;; .,...: 

..:.,1,4--1 ~ .., .... .;,_,>., t,.c,. ~ .,,,i... .:A; .!,,>_,:A 

J,i> ;)_,>., <-= .,._ <JJ'•--J ,_:;.,.1, ;S'• cf--=l' >'I} 

,;,.._:JI ) r ~r ..µ .l..,t_; .:.l>lo,,,-1 o,;.L..... .I_,;­

.,,_ )-• .:n ~ ,J'J jl .i-" ..:.. .,,... ~ .;_>-<. '{ .:...,; 

.[6] ,;.> JS' Jr r:;JJ-J 
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\l .l.,,!, l."t-_,jJ J • ~ ;)'} .:.~ ....,; =>I+--' fa 
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,,,_.JL ,J'/j'll j,lu .l.,)1 -,,1,i.,.1 C!jf (3) µ 
. [7] 

.:.,L>l+,,i .la,j a,1,.,- 'JI;~ r•..u:.:..1 f .:.-,JI,_.. ,J 

l..s" r = /(s) ,_....J, ,J'/j'll r: i.-W1 J.,1_,:ll 

-:[4] ~I ~")I.JI J,i,. ,;_,,J (4) JS",.:J~ ~,-

T='rmvl 

-r=O. 

s 
11=­

s, 

s,<s::.s. 

s > s. 
--(1S) 

r,... = 115kglcm1 ¢ <8mm 

r,... =130-l.9i6 8mm:Sq,:S:32mm 

69 Sr .... S 115kg /cm 1 

i-""" = 69kg I cm1 
; > 32mm 

J.J'/j',L-:$ ,;-_ J!•~f$jJlJ'/j'11-:S, 

. .i.,, .,:1, ,i.,. i-: r 
k 

k =-•-s, 
r max 

.(4) µ, ~,.. I...S", •,j'-"I 'Jfl ..,..w, -: k • 
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.,.w, 1-;I.., )-1 J,:-:l ~- ..,..1..,), u,), ~ 

~j}l .:.,~L J}ill ,~ .)~_tL--i .!)ta.J 

Distributed cracks approach (Smeared 
,'/_,;,;,,, ru .i.,1; !lta. .:,I,.;,;.~ ,approach) 

J,-1.cll _,- rw.:..I .fa. 'JJ ~I 'lll..)-IJ ~ 

1....,1 .;.,.___,.. 'I!•.,...,, J a,,.i)ll .,,_JI af _)-1 .:,, JS' .;\J 
Discrete cracks ~1 ,µ ,;i\:JI ..., _,I.. \11 

>'1_,..>,;,,, ru _,,;, .i.,1; .,,., .;,,,;. ~ approach 

~ .;.,~ _,.J.l ✓ <$,,_,:.:,,, .;1..-__;..,, cJ-'11 

:.,'.)L..; ~J ,i r" J.,1_,all .:,~ ,.;,) 1>!J t:,... ,;,\lL-, 

,:,,, .;w, .:,Ii J>-'.cl .,-.:.,. .= e,L-.:l1 ;,;_,; .~~ ;~ 

r~• .;1....)-L .,-~ J a:,\:;;~ ,:,li.i.!.:)I 

, .... _,...; ~ ... (2) µ ._,..o:.J, u. ,- j,J 4-

j.< • • .:,1 .• J,,_,;1 -lll.....-. _)-IJ cJ ·II 

j' cJ-'11 •"/} J :l)\.. }-I .l.\; JI ~ Jl (2) vlS:..,J, 

. .i.,1.,:1, .... ~ J~ 

j•,D .;µ, .;.,")l,i.. .;_,... J! ~,.,;:.,~1 .;,;,­

:.,,,..i1 J .;,;;':i1 .a,,...;)I .:.,IS" )-1, .:.,1•1.+--\11 ,;,,, .i.,; 

:_,, J ,..1.,1 ;li .,- ,J .a,1.>4-> \11 ..,.I. .; ,-, ,.,...,; .,J,. J 

<a-)_,1': ,sl' ... ..,:,J.1 ~V,)11,:.,, ~ .!lta .:,i ~- V-­

.;,l•l+--1 ,,..... ~_,. (3) ~I .:,1 .t__,;,_,11 ,.._. 

i J,-Z, ..,W: eJ-i ..,..,....., ,_...JI ,J'/ j'/1 ,._l,U.. .b,1.,:JL 

.[7] _.JI,~, ..,;,.i; 



 



 

'll .:I~, ,.I.I.JI ~ J _,...,, ,_.. ..... ~, .,,1,,w.1 
~\ lb J,, .J.,.-ll a_:,IS:; .J.U; ~~ J!I r,:,, 

"-

;s'i Ji .1.u.i1 .!llI r'~' u.... ..f.JJ ,....,µ1 ..,:-,.J, 
,.:-">i.,.',11 _.;, ;,,f.J ;,;w,I ..,,,._,_ ✓ ..,,_, 1, ~J 

.l.u; j! I:;~ .:.1,1.iJ J.,1_,:ll _,.;,, ._,...;; .;,-;, I..,._ C1 r' 

,. .r' 't1 _,.i., 1,1 _.,.1.1.p ',11 _,,;.; C:f' .;,-.;.:l ·~· 
.,..w, ✓ ...,;, .s:,.. Ji .,1w~, ~I .,...i.,, r......__, 
_i.,1-1 i.;.;.; ,!IJ.il ,JW.1 l,!L-,. ...... JI l!;_i:;.J .,..,i,, 
_ ... •..JJ .i.,.... ~ ..:..1• ,.s;,.,_, .l;U!,-,1 ,. J J,'~• 

.,. .,:S1 ••-"" ..,. J,,. J,~ .i,1...; r,....__1 e- ,,..,1,1 

·..?")l J,,.J! r j'lll1 ,.w, 

,..__, ..w.'-"',,. ~1;.,. .,,.J < .,,.. > e,li_,, ru......• t 
lj>lall :U\.-_,>J! ,.;.,;- j,:t if "J",, ,.J ;,,,,.,)1 .;,_,J! 

.,..Ji,., .LA, .~, .,..w1 ...,.,. r1..>...:..., a..w,_, 
L.,lu-'.llJl '4 ,i-:t. ~ ,;;J.1 j,1_,.11 ct"' J\,a,'JI 

_}-1.L..; j.; J l+l,ll .,.,s' J ..:..Ull:.'IS' W-11 a;\., _,,.JI 

).-,L..ll ~J < Aggregate interlock l ,, 

~ <i.il1 .i..,.,:.1, .,.- e,la)ltJ (Dowel action 

C" ,,.,.JI ...W> .,.JI r~I f .[9] J [8] ._,.~ 

Ramakrishnam and J ; 
r;::i'.,, c5> µ ,;,, .[ l OJ Ananthanarayana 
_,- 72 r1~l f ~ -1,:.)1 .!,ll:J .,_..\J.1 ,.:,l;.,l_,11 

._J..-1..: r""r 8 ~, c,L.. •°'1,i .,.- 8, .J'-.,,,. 

~ r-J t ~..,..!•cf-,., l~!Ommw.-, 

.:.,-, ;,;,.,1; ""'~,, "",., ~ t , _.1;,i.:11 ,r = 
''-'-'·• J_,l, Js- J.,1_,all .:.,1,1.t,-i ....,,,, .µ, <r' µ, 
,i_..;,.., .,~ ~ ... ~1 .l,J,u: ._,...;; .fa, ~1 •'ll_,; 
:..._.-; l,,U ~ .:., ..,.....1 .u <.:•I,; • .,, CY'° ..:i ;,,;I <,:.)1 

i>\...-S' .:,~I J,; a;\., jl-1 t;' J,l.,ll ( .~I 1.i.. 

,;;w ~•Jo J 41 .. ,,,..., ~ ,J ~;., ,.,._.. 

J <J!l....l,; ~ '} clli l.il ,......,,, ;i;JI,_, ;_.;.,, ,....,..,... 

,,._,,,,., ...... .;. ,11 (!'J ~ (':'Ii_, <$'I .:,~ Ja1a;< 

,.:.h~ '/ ;.,.W, ~ ,:..JI >.;Ju, ,:._s;, . .!JJ; ,,_;, Js-J 
• l,_...,..l1 .:,l~l:.l.1 ~ J.,1 .,:)1 

Basrah Jounial for Engineering Science/No.1/2010 

89 

•'ll} w .,-JI .J'l';'l/1-.l,,l_,:ll •lf,-1 ll'.J.,. (4) JS,'.:JI 

.,., U.,,01 "''-;-1, ~· 

-•4---'\'1 .l,J,,;e .;\; ,(j.-al r-'"> t!,.J J_,..... llb- ,j 

u..; .= ~ ..,,W> J! '<}.r ,,1...., C:j'I .J>j'l/1 

;,--j..,.. .\,:I> r'.......,_.' fJ <4> _µ~ t::"r w-J J-,"1 
.:.,!;')/_;.'.)ll .J.,1_,:11 .,....-; (,.;'l;'l ..... 1,.) ~ ~i.; •I.,.•) 

-•Ip 'tJ «-'<1.rl1 J")o.JI .,, • .r C - s. .:., WI)' a,,...;JI 

:~ J,-1.1:11 .,.-~.,, ;,,..JI ,r ;., 

.ti T =fc TA, --------(16) 

.:.,,...:JI ,r _;., .,.1; -: A, 

.J.,1.,.JI ,Ip! -'<1j -: .6.T 

oJ W' (T.,s.) al,;,:)1 = ~ '-"w1 -:kr 

.,'.J,.I ~1 

cl5> .. ~ ~w.,.. '-,1,-J-al kr..,; 

Dn =1'r = 
di-_ k-217-(k-2)17 2 

ds - (l + (k- 2)71)2 - -(17) 

~ '- ,-; \fl •~ ._')I.; ,._,. ;,._. -i.,... • D ,- -. II 

.) .f ~ la I ..... i...,. ✓ ., ,.,_, ... .,... ., ,.. .... .,, 

;,fa ••"' .;.i1J (stirrups) ,,1.,;u -.. " J,,,_ 

~)I: ..... rt .J;.i, ,r-J)' c,L-:'' -.~.,; ~ ... .,... 

er ,;,Ji ~ J-''-WI .,...i ,_,.:,,. J..s:.i .l.u. 
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~J ~ L., ,,St ;,_;.; c:-1-"' !.':/j ..,_,1,i.,.I 
-eJJu. = .,.,....,, l+-.,l J1 J..i .i.,1_;i, ~,, i.,.1 

JJ-• = .:.,W.:.:11 J _,,,,i.,. ~ r::i" < I l l JS'-.:..11 ;,1 
.i.,,_,....:ll ''""l+w'J u_,.i..:.ll ~~ JS" "'J,i.: ~ P"'4t 
,~i ~ li,J u ,.s.,....,, ~ Jl \,,)' .:.1., JJ 

-~;,;;:. ,)S' "" u.\S' l.. r ._.s:.,, .;,,.1, .i.,1_,;ll 
..,...J' ,P=4.St ,..._,,. ,>->1 r::i" <12) w~ ,:,1 
~ Jl ....l.., J .:.,,.,.,. _,.,,,i.,.\ ,.;, JJ J .;,WI VL.W, 
~I,!; JI,\,,, ""J.,_ .,,;_,,J ,.;.:J1 -'-'<J J,i ,.,.:.i.- ,.._,,..Ji 
J'\',_; ,:,,...., .:,\ ... f 'i) ,sl c local failures)._,.. 
(>I,..) I::'" JI ,) .p J,l J _... i _,;I,- ..)L, _,ll-1 J ~I 

•.......S' ~'ii '4>-)' t.fa..., .,,.,_,.,,. r'......,_' t """..,µ;., .,..- ru.,,...' t )J c4) jS'...:J1 .J c---r 
i..,lj.1 V' J- u.;; .JJ> .r' .:....!J. ~ '/' •I+» 'i' /:_}, 
.J } ,.,....... ,~ .:...,......_)_;.,.I! ,p.1 .i.,,.,:11 ~ 
.~; -.!>.~ ...-,.J ,_,,.,,_, '-"' ;1-""--1 ( IX 'e'~ ,,JI 
~ .1.,1_,....:ll >4>-!J ~\ ~>' (lJ) ~I .:,1 
.:.-1, .i... ,..1:;c, .;,W J-,L-:A ;.rJJ ✓J P"'-St J-i-' 
<>I~-~ .;,,.\; d-'i .lo,\ .;JI ,4,,i J.J.,o. w 
~~ .,.,.... } .!..,>- ~.,.llll :.I,./ Jo'• >4>-)' .:.i.,. 
,.;' .~'II,~ .,:j .f.!J (14) ~ ,i• ~ ..i.<IJ 
J! P=St .}J-1 ,.,. ., .,,._\ ........_. = ,.,:...;JI J,...., --~ .:,i_;,1 \i.>.iiJ e.,_,...J-1 :.I,./ 

..::J\,:-~'il-5 
;.;\-.., )-1 J-.=l,) -..-1,a~i .,.,:t r...........i• <''P) ~•,. ;,, 
C.~J .:..--> U. r) ~ } I .1.,1_,:ll .,..,.i .,.,.....,_,) bJ,...i\ 
.;1..- }J .;,,..., .;,1,4,,',, >..,,,l,J ~ w\µ,) ,....,JI I.), 
}( <5J., ~1J w...J.1 l,:.)I ,i...-1 J;,. ._p ~I i 'JjJ 
~ j • ~; .;.,... .!>u..:.:ll J.,.i.. .,,,,14,,-ly, ..t.. r,J 
~ J.!j ,:.,~ J I <PJI J, ~ .;1,. - ...,Uo J .s_,....i­
JI ,,µ1 _;:,w.1 = ~ .:..U\'jl .:.,~ ..,taµ JJ."­
;'ij J .;I.. )-1 .;..,. .I.,, _,:ll .;,1,1+>,I ,_;.; ..:.,... ,> .>i J . .;.,..:.-ll 
,) ~..:..,.,,_JI .,.._..Jl .;,- J_.;l\ ~ ...;l;,aJ ~I 

... _.:;JI .;.l.u\.!-11 u.u.. .,_,~ ,'-J• ,.;, ~ IS' -li, .,,.i, 
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'-,I.:., JJ....► J,i .l.,•..,:JI ,.;.,1,i.,.I ~ _,. (6) ~~ ;,1 
r---1 .1....-)(; J p .. 1 .51 J--)-I .J.....-> .;.,U.:.: 

• u_li )J.J...11 J..,._ ~I ;, _,s' J,ij ,.;,l',4', \JI 
'-,ts .t...a .,,.u...:.:i, J} J_,.',. ~.,. (7) faJ1 i>I 
rs.,,__..;,,,. JI .,.,,1, J..=11 =;:;.:. ,P=2t JJ-1 
<S .,,_.... .W. lfa--1 Jj J ',aJI .;.,' ..,.._,I 4kl .) JJ-1 
,'-M, ;,~ >J,IJ ..:..1,i.,.<;1 ,_j .:,! Ji...')!; •c-'--"' ','J j 
•'J ,-J <.Sr---" j ,L.....::J / .:..w.:.all -,'J J J,li JJ-1 

,c,WI 
p ... 2.St j.....,1-1 ,..._,,. .:..u......J1 ~ .,. (8) ~ .:.1 
J ,_J ...-"'\'I J! ,,_,1 .I,) .;.,,.I.WI ;,,;..,JI .:,~ .lb. ')I.; J 
..:.,1,lf,,-~I ~ C')I.. d ..., laJ e,1-:11 ;')j <S,:­
i ,_j ~ ..;.:JI .= ,,:.:J; jl,,<J ;;,,1:-)l .:,,, 1..,,1,o. J ~ 
1.,_,. \Jt.., } ~ .;.:JI -"'< c,Wl l'J_,i ~ .'-',JI 
.:.-1>4>,'/I; u_,..ll cl,...IJI ,•:.,;;.:..,,. J..1_,:ll ,i.,.1 _.:~ 
J----" ,) ,) ,1 .... ,; J c,L----:)1 :, 'i,;. ..i._-, .;t., _,,a., ..I! 
.!.UW _;...... C' .:,y,i._, c,1J l'Jj i:;: ,;.,L>4>-<;1 
"' ~ J ~· ..., c,1-'l' :, 'J.,; .) ~I ; ; '-,i ,.,.,._; 
~) J---!.)• :,,- ~-· WS' ;.;L.. _;.., ,j J.:JI .:.,1, ..... ( 
_.....)I J) ~J'- .lo,l _,::ll >\,.,.! iJ _f., l,.w, ;,S'':/l } J..iJJ 
..,.... ,i, .:r .:.,,.,,i, ,i.,.1 i ,u1 J..,:; ~ _.,.., .Id"< J. 
J,...;,, J.,1_,=1 ,.;,1,t,;.,.I : c .:., fa ,_,.s;.Jt, _,i .,_J\..Jl JI 

.fa ... ,,s-, .;.:JI ;.;1,. 
..<....,> ..,_,\ll.!.;l, J J.,l ;JI wt,4>-! ~ JI (9 ) faJI .:.,1 
,,_,...J.., .;,,.,\...-.JI .:,,..!JI .;,1 J...')I.; .;..,r P- 3t JJ-1 
~ J.1...11 JJ-• .;,- J~I jJ _.,.,_ ,r- _,.lo .:Jl.iS' J 
·cJ----:l' ','Jj rs,,_,. jJ .J'""JJ >.,:.!I y .,:...JI lj\J..I 
a..,t,.J .,.._;,IJ ,,.,.... .!.,1_,:ll ..:.,b4>-I 1.J ,,,_; .1-,.')I; 
..,....- 's ~ .,u.J .,.,1,,i.,.. IJ1 .:..,,. ,J _,.u.J1 ~I,. -"" 

j,<l.>....;)1 ~ .;...1_,, ~I ~t.. .)-1 jJ e;,IJ• •~'} 
. ..;.:JI UL.. -"" ~ >I J! J..; J 
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