
1 SIGNIFICANCE OF FEM IN REINFORCED 
CONCRETE ENGINEERING 

If t2e 4erfor7ance of a reinforced or 4restressed 
concrete structure needs to ?e si7ulated nu7erically 
7any nonlinear 42eno7enon Bill ?e encountered 
over t2e ti7e and load 2istoryD even at loB service 
load levelsE s2rinFaGe & cree4D cracFinG and crus2I
inG at t2e concrete endJ T2e reinforce7ent B2ic2 is 
e7?edded into t2e concrete ?e2aves nonlinear due to 
?ond sli4 and 7ay start to yield at 2iG2 load levelsJ 

So7e tools are a?le to account for suc2 nonlinear 
effects Bit2in a sectional analysisJ T2ouG2D disconI
tinuous reGions cannot ?e analyKed Bit2 suc2 tools 
and strut and tie 7odels are e74loyed in 7any situaI
tions of 4ractical desiGnJ Suc2 7odels s2oB a 4ossiI
?le fluL of forces ?ut cannot 4rovide fir7 infor7aI
tion a?out t2e servicea?ilityJ T2is is often an issue 
B2en an eListinG structure s2ould ?e ada4ted and 
su?Mected to 2iG2er loadsJ 

A tool for a 3DIanalysis of reinforced concrete 
Bas develo4ed OHartl 2002aSJ It alloBs studyinG t2e 
interaction of several nonlinear effects of reinforced 
and 4restressed concrete structures fro7 t2e enGiI
neerinG 4oint of vieBJ No solid FnoBledGe of t2e 
t2eoretical fra7eBorF ?e2ind is necessaryJ 

A successful introduction of nonlinear 7et2ods 
into 4ractice can ?e ac2ieved onlyD if t2ese 7et2ods 
do reTuire only reasona?le ti7e in order to 4re4are 
t2e in4ut dataJ T2is reTuires t2at only easily accessiI
?le 7aterial 4ara7etersD B2ic2 can ?e understood ?y 
an enGineerD need to ?e 4rovided on t2e one 2andJ 

And on t2e ot2er 2and t2e la?orious BorF of 4rovidI
inG t2e Geo7etric in4ut s2ould ?e 7ini7iKed as 
7uc2 as 4ossi?leJ 

T2e advantaGe of a continuu7I7ec2anics ?ased 
a44roac2 is t2at nearly no si74lification and idealiI
Kation of t2e do7ain is necessaryJ Suc2 a co74uter 
4roGra7 can account ?y default for every sinGle reI
?ar at its eLact s4atial 4ositionJ HenceD t2e loadI
?earinG 7ec2anis7 is co74uted ?y t2e 4roGra7 
once t2e Geo7etry of t2e do7ain is 4rovidedJ T2e 
co74utinG eL4enses are 2iG2 ?ut acce4ta?le for toI
dayUs standard co74utersJ ConsiderinG t2e fast deI
velo47ent in co74uter 2ardBareD it is acce4ta?le to 
increase t2e co74utinG de7andD if t2e ti7e for 4reI
4arinG t2e in4ut data can ?e decreasedJ 

It Bas a 7aMor Goal to develo4 a toolD B2ic2 Gains 
t2e ca4a?ility to investiGate soil structure interaction 
4ro?le7s as BellJ In order to ?e a?le to co7?ine 
so7e of t2ese ideasD it a44eared to ?e necessary t2at 
full access to t2e 4roGra7 code is availa?le and t2e 
4roGra7 s2ould 2ave i74le7ented so7e features 
toBard t2ese GoalsJ OBEFE 2001S served as a 
develo47ent 4latfor7J T2e Geotec2nical 4art is 
already covered ?y t2e 4roGra7J 

2 MATERIAL MODEL FOR CONCRETE 

Concrete ?e2avior is co74leL and s2oBs a siGnifiI
cant scatterJ Several 7odels are availa?le for deI
scri?inG t2e constitutive ?e2avior of concrete ?ut 
none of t2e7 can ?e reGarded as t2e Bell acce4ted 
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ABSTRACTE A 3D Ot2reeIdi7ensionalS finite ele7ent 4roGra7 2as ?een develo4ed for reinforced and 
4restressed concrete structures in order to 7aFe advanced nu7erical 7et2ods availa?le to enGineersJ All 4aI
ra7eters needed can ?e taFen fro7 t2e literature OcodesD fi?I?ulletinsSJ Concrete is 7odeled in ter7s of 4lasI
ticityD e74loyinG t2e Ottosen failure criterionJ As floB rule serves t2e DrucFerIPraGer surfaceJ A ro?ust return 
is Guaranteed ?y t2e elastoIviscoI4lastic a44roac2J A rotatinG cracF 7odel ?ased on t2e co2esive cracF conI
ce4t is 4resented for tensile failureJ Cree4 is accounted for ?y inteGratinG t2e entire stress 2istoryJ T2e 4roI
Gra7 2as t2e ca4a?ility to account for every sinGle re?ar at its eLact s4atial 4ositionJ T2e re?ars are auto7atiI
cally discretiKed to t2e ele7ent 7es2J A case study 4resents t2e interface stresses ?etBeen tBo concrete layers 
due to s2rinFaGe and cree4J 



concrete 7odelJ So42isticated 7odels 7ay ?e eLcelI
lent for s4ecial 4ur4oses ?ut no ?etter results 7ay ?e 
eL4ected in General cases B2ere only li7ited inforI
7ation a?out t2e concrete and t2e loadinG 2istory is 
availa?leJ 

T2e e74loyed 7odel is si74le in conce4tJ All 4aI
ra7eters 2ave a 42ysical 7eaninG and are fa7iliar to 
an enGineerJ 

2J1 0oncrete 0rushing 
For t2e saFe of si74licity t2e co74ressive ?e2avior 
is assu7ed linear elastic u4 to t2e failure surface 
OOttosen 19ZZS and 4erfectly 4lastic t2ereafterJ T2is 
si74le a44roac2 is a?le to descri?e Bell 7any enGiI
neerinG situations ?ecause t2e load defor7ation ?eI
2avior is indeed nearly linear u4 to a44roLi7ately 
40\ of fcm and even 7ore at 2iG2 strenGt2 concreteJ 
Stresses at service load level Bill eLceed suc2 stress 
levels rarelyJ Beyond suc2 stress levels 7icroIcracFs 
in t2e concrete 7atriL induce an anisotro4ic ?e2avI
ior and t2e constitutive ?e2avior ?eco7es rat2er 
co74leLJ HoBeverD t2e ulti7ate stress can ?e deI
scri?ed Bell ?y a failure surfaceJ 

T2e OOttosen 19ZZS surface is descri?ed ?y four 
4ara7etersJ ODa2l 1992S 4ro4osed for t2e four 4aI
ra7eters an a44roLi7ation ?ased on eL4eri7ental 
data FnoBinG only t2e co74ressive strenGt2 fcmJ T2e 
4ara7eters co74uted accordinG to Da2l can ?e e7I
4loyed for nor7al strenGt2 concrete and for 2iG2 
strenGt2 concreteJ T2e 4ara7eters are 
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OModelCode90 1993S Gives reco77endations for t2e 
Ottosen 4ara7eters ?ased on t2e uniaLial co74resI
sive and tensile strenGt2 of nor7al strenGt2 concrete 
Ofck c a0MPaSJ 

If t2is advice is neGlectedD contradictory results 
Bill ?e o?tained as s2oBn in FiGure 1J Alt2ouG2 t2e 
uniaLial co74ressive strenGt2 Ofcm d 9aMPaS is an 
in4ut 4ara7eter for t2e failure envelo4eD it re4reI
sents a stress state outside t2e failure envelo4e OdotI
ted line in FiGure 1SJ T2is is a clear contradictionJ 
T2ereforeD t2e OModelCode90 1993S reco77endaI
tions s2ould not ?e eLtra4olated for 2iG2IstrenGt2 
concreteJ But fcm is on t2e failure envelo4e if t2e 4aI
ra7eters are co74uted accordinG to Da2l as s2oBn 
?y t2e solid line in FiGure 1J 
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FiGure 1 Ottosen envelo4e for C90/105 Ofcm d 9aM4aS Bit2 4aI
ra7eters accordinG to Da2l vsJ Model Code 90 

 
A stress state outside t2e failure surface is not adI
7issi?leJ Plastic strains Bill develo4 instead and t2e 
stress state Bill re7ain on t2e failure surfaceJ T2ereI
fore t2e co74uted strain incre7ent 7ust ?e s4lit into 
an elastic 4art B2ic2 7ay yield to anot2er stress 
state on t2e failure surface and a 4lastic 4art B2ic2 
does not 4roduce stressesJ Based on eL4eri7ental 
o?servations at ductile 7aterialsD it is assu7ed t2at 
t2e direction of t2e 4lastic strain incre7ent is indeI
4endent on t2e loadinG 4at2 leadinG to t2e failure 
envelo4e and on t2e current loadinG directionJ T2usD 
a 4otential function 7ay ?e e74loyed as floB rule 
for deter7ination of t2e 4lastic strain incre7ent 
OMelan 193aSJ Alt2ouG2 real concrete ?e2avior is 
7uc2 7ore co74leLD t2e DrucFerIPraGer surface is 
e74loyed as 4lastic 4otential functionJ 

2J1J1 Return algorithm 
T2e elastoIviscoI4lastic a44roac2 is e74loyed as reI
turn 7et2od OPerKyna 1963D 1966S for its ro?ustnessJ 
A stress state outside t2e yield surface is alloBed for 
t ! " in t2is 7et2odJ T2e stress at ti7e t e !t is 

t t t
t AF %
& %$'
'

! " #! ! D
!

 O6S 

B2ere (tC't is t2e stress at ti7e tC'tJ D is t2e elasticI
ity 7atriLJ A is t2e 4lastic 4otential functionD B2ic2 
is in t2is case t2e DrucFerIPraGer cone and F is t2e 
Ottosen failure criterionJ ) F * indicates a ste4 funcI
tion B2ere 

) F * d 0 if F # 0 OZS 

) F * d fDFE if F f 0 OaS 
No 7aterial r2eoloGy is considered 2ereJ T2usD t2e 
viscosity 4ara7eter & is set to unity and ti7e 2as no 
42ysical 7eaninGJ T2e ti7e reduces to a 7ere conI
verGence 4ara7eterJ T2e 4lastic strain rate %AF%( is 



7ulti4lied ?y D in order to o?tain t2e stress rateJ 
't·) F * can ?e inter4reted as a rate 7ulti4lier '+,in 
order to o?tain a stress state on t2e failure surfaceJ 
T2is 7ulti4lier '+D B2ic2 results in a li7itinG stress 
state on t2e yield surfaceD is of interest for a fast 
co74utationJ 

0AF
+ %- ." #'/ 0%1 2

!
! D

!

 O9S 

An analytical a44roac2 toBards t2is issue is s2oBn 
in OManG & Hofstetter 2000SJ A nu7erical a44roac2 
is s2oBn 2ereJ T2e condition Given OETuation 9S can 
?e fulfilled nu7erically ?y e74loyinG an iterative 
sc2e7e e74loyinG t2e NeBton 7et2odJ T2e derivaI
tive of Fn is a44roLi7ated ?y 7eans of t2e secant 
connection of tBo trial 4oints as s2oBn in FiGure 2J 

0

1

1
1 !

!!

D!!
%
%

#

"
"

#"!

"

"
$

A
FF

F

nn

nn

n
nn

 O10S 
  F 
 

                                 n0 

 
                        n1 
          n2 
                        !  

FiGure 2 Iterative sc2e7e for o?taininG a stress state on t2e 
yield surface 

 
T2e initial trial stress is (H d (elJ T2enD a s7all value 
is assiGned to '+ O d ',t·) F *S and (I is co74uted ?y 
evaluation of ETuation 6J For all su?seTuent ste4sD 
ETuation 10 a44lies and a fast converGence is o?I
tainedJ T2e final stress is alBays on t2e yield surI
faceJ 

A 7erit of t2is elastoIviscoI4lastic a44roac2 is 
t2at t2e derivative of t2e yield function F is not 
needed in order to co74ute (J T2is 4rocedure is a4I
4ealinG B2en t2e derivative of t2e yield function is 
very involved and costly to co74uteJ Only a s7oot2 
4lastic 4otential function is reTuired in order to enI
sure a ro?ust returnJ 

2J2 0oncrete 0racking 
Tensile cracFinG is a do7inant source for nonlinear 
7aterial ?e2avior in reinforced concrete structuresJ 
A revieB of availa?le cracF 7odels can ?e found in 
OHofstetter & ManG 1995SJ 

CracFinG is a discrete 42eno7enon at discrete 
4lanesJ T2e first cracF 4lane is initiated 4er4endicuI
lar to t2e 4rinci4al aLis of any tensile stress 2iG2er 
t2an fctJ Tensile stresses can ?e transferred still at 
any 4lane 4er4endicular to t2e cracF 4laneJ U4on 

su?seTuent rotation of t2e 4rinci4al stress aLisD t2e 
load transfer 7ec2anis7 ?eco7es co74leLE A cerI
tain s2ear stresses can ?e transferred still over cracFs 
and additional cracF 4lanes 7ay develo4 as BellJ 

At reinforced concrete structures t2e load transfer 
7ec2anis7 Bill ?e controlled do7inantly ?y t2e reI
inforce7ent after cracFs 2ave initiatedJ HenceD a soI
42isticated 7odel for t2e s2ear stress transfer over 
o4en cracFs see7s not to ?e a 4ri7ary issueJ It is 
7ore i74ortant t2at t2e cracF 7odel accounts Bell 
for t2e softeninG ?e2avior of cracFinG concreteJ 

T2e i74le7ented cracF 7odel is for7ulated 
Bit2in 4lasticity t2eory and is ?ased on t2e s7eared 
cracF conce4tJ A cracF is assu7ed to ?e s7eared 
over t2e volu7e re4resented ?y t2e reGardinG inteI
Gration 4ointJ T2e 7odel accounts for t2e introduced 
anisotro4yD unless t2e user enforces t2e 4roGra7 to 
assu7e an isotro4ic strenGt2 reductionJ 

In order to account for t2e anisotro4y t2e 4lastic 
strain co74onents Oillustrated ?y t2e solid Mo2r cirI
cle in FiGure 3S are co74uted alonG t2e 4rinci4al 
stress aLis and t2e ad7issi?le stress for eac2 4rinciI
4al aLis is co74uted fro7 t2e reGardinG 4lastic 
strain co74onentJ T2enD an iterative 4rocedure taFes 
4lace for t2e stress u4date and additional 4lastic 
strains 7ay arise alonG t2e 4rinci4al aLisJ After conI
stitutive relations are satisfied t2e u4dated 4lastic 
strain co74onents are rotated ?acF to t2e Glo?al coI
ordinate syste7 and stored as s2oBn ?y t2e das2ed 
Mo2r circle in FiGure 3 Ohelsc2er 1993D Hartl 
2002aSJ 
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FiGure 3 U4date of 4lastic strain 
 

FiGure 4 illustrates t2e ?e2avior at tensile loadinGJ 
Concrete is assu7ed to ?e2ave linearly elastic u4 to 
t2e tensile li7itJ T2e user can 4rovide a tension cutI
off factor O1J0 $ TCO f 0J0S in order to scale t2e 
7aLi7u7 alloBa?le tensile stressJ After a certain 
a7ount of tensile floB 3yt 2as occurredD strainI
softeninG is accounted for in a ?ilinear fas2ion in t2e 
conteLt of t2e co2esive cracF conce4t OHiller?orG et 
alJ 19Z6SJ T2ere t2e develo4inG cracF 4lane is 
treated as discrete 42eno7enonJ It is assu7ed t2at a 
certain a7ount of fracture enerGy GF is a?sor?ed ?y 
t2e for7ation of a unit area of cracF surfaceJ T2e 
tension softeninG ?e2avior is noB descri?ed ?y a 



stress elonGation diaGra7D B2ic2 is controlled ?y t2e 
s4ecific cracF enerGyJ T2is ensures results B2ic2 are 
inde4endent of t2e ele7ent siKeJ T2e 4ara7eters for 
t2e e74loyed 7odel are Given in Model Code 90J In 
t2e i74le7entation t2e stress o?tained fro7 t2e 
7odel is li7ited suc2 t2at TCOifctm $ fct $ rTCOifctmJ 

 
FiGure 4 Constitutive ?e2avior of a cracF 4lane at loadinG and 
at unloadinG 

 
At unloadinGD cracF closinG is taFen into account ?y 
reducinG t2e 4lastic strain incre7ent and a 4at2 as ilI
lustrated ?y t2e das2ed line in FiGure 4 is folloBedJ 
T2e a7ount of cracF closinG is controlled ?y 75,An 
irreversi?le cracF corres4onds to 7 d 1J0 and a co7I
4letely recovera?le cracF corres4onds to 7 d 0J0J 
AccordinG to ODa2l?lo7 & Ottosen 1990S 7d 0J20 
7ay Give realistic resultsJ 

2J3 Shrinkage M 0reep of 0oncrete 
T2e 7odel i74le7ented into t2is BorF is t2at one of 
Ofi? ?ulletin No 1D 1999SJ T2is 7odel is a?le to acI
count for nor7al strenGt2 and for 2iG2I4erfor7ance 
concreteJ Alt2ouG2 a 7odel B2ic2 is ?ased on diffuI
sion t2eory Bould ?e dou?tless 7ore a44ro4riate for 
suc2 a continuu7 ?ased a44roac2 fro7 t2e 42ysical 
4oint of vieBD t2e 7odel of Ofi? ?ulletin No 1S is acI
ce4ted Bell in t2e enGineerinG society and t2e e7I
4loyed 4ara7eters are si74le to o?tainJ On t2e 4roI
Gra77inG endD t2e differential eTuation for diffusion 
t2eory need not to ?e i74le7entedJ Since s2rinFaGe 
is a volu7etric 4rocessD t2e 3D s2rinFaGe strain is 
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T2e uniaLial s2rinFaGe strain 3sh is de4endent on t2e 
ce7ent 7iLture and on t2e environ7ental conditions 
liFe 7oisture content of t2e air and te74eratureJ 
Cree4 is additionally de4endent on t2e stress 2istory 
of t2e concreteJ Procedures B2ic2 do not reTuire 
storaGe of t2e entire stress 2istory are discussed in 
OHofstetter & ManG 1995SJ HoBeverD t2e res4ective 
alGorit27s are not a?le to account for t2e General 
case and are t2erefore disreGardedJ T2e additional 
co74utinG eL4enses Oes4ecially storaGe and CPUS 
for accountinG for t2e entire stress 2istory are no 
lonGer Genuine co74utational c2allenGesJ 

T2e stress 2istory is a44roLi7ated on t2e ?asis of an 
i74licit 7id4oint rule as s2oBn in FiGure 5 and in 
ETuation 12D Ohalter 19aaD Hofstetter&ManG 1995SJ 

 
FiGure 5 A44roLi7ation of t2e stress 2istory ?y an i74licit inI
teGrationJ 
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No reco77endation could ?e found in literature for 
t2e Poissonjs ratio of t2e cree4 co74liance 7atriLJ 
AccordinG to OBakant/hitt7ann 19a2SD ?cr 7ay dro4 
al7ost to KeroJ If no ?etter value for ?cr is availa?leD 
?cr d 0J20 7iG2t serve as an acce4ta?le ?ut crude 
first a44roLi7ationJ 

FiGure 6 s2oBs t2e develo47ent of cree4 coeffiI
cients for one concrete loaded at different aGesJ 
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FiGure 6 Develo47ent of cree4 coefficients for a Generic conI
crete 

At stress levels a?ove a certain li7it t2e relation ?eI
tBeen stresses and cree4 strains is no lonGer linearJ 
For stresses ?etBeen 0J40·fcm and 0J60·fcmD t2e reI
GardinG cree4 coefficients are 7odified de4endinG 
on t2e current stress level accordinG to Model Code 
90J 

3 MODELLING THE REINFORCEMENT 

T2e reinforce7ent re4resents a discontinuity of t2e 
stiffness distri?ution Bit2in a reinforced concrete 
7e7?erJ Only in very feB cases t2e do7ain is su?I
divided into 4lain concrete ele7ents and steel eleI
7entsJ T2is Bill ?e done onlyD if details are investiI
GatedJ 

In GeneralD a for7ulation needs to ?e e74loyed 
B2ic2 is a?le to account for ?ot2D t2e concrete and 
t2e reinforce7ent in an i74licit 7annerJ 
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T2e e7?edded for7ulation of t2e reinforce7ent 
accounts for t2e eLact Geo7etric 4osition of t2e reinI
force7ent Bit2out GivinG any restriction to t2e eleI
7ent 7es2 of t2e concrete as s2oBn in FiGure ZJ 

 
 
 
 
 
 
 
 
 
 
 
 
LeGendE 
Node of 4arent ele7entl ODOFD a44ears in t2e vector of 
nodal ele7ent dis4lace7entsS 
Re?ar 4ointl Odoes not a44ear in t2e vector of nodal ele7ent 
dis4lace7entsS 
InteGration 4oint for t2e 4arent ele7entl Olocal coordinates 
of t2e Gauss 4oints are FnoBnS 
InteGration 4oint for t2e re?arl Olocal coordinates and re?ar 
orientation 2ave to ?e deter7inedS 

FiGure Z E7?edded reinforce7ent ?ar 
 

T2e 7es2 of t2e 4arent do7ain can ?e 4re4ared inI
de4endently of t2e reinforce7ent layoutJ T2e reinI
force7ent needs to ?e 4rovided in Glo?al coordinates 
onlyJ A 4re4rocessinG routine detects auto7atically 
t2e intersection of t2e re?ars Bit2 t2e 4arent ele7ent 
facesD OHartl 2002aSJ And t2e re?ar stiffness is added 
to t2e concrete stiffness in t2e ele7ent stiffness 7aI
triLJ 
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T2e cruL in t2is 7et2od is t2at t2e inteGration 4oints 
of t2e reinforce7ent need to ?e found in local coorI
dinates of t2e 4arent ele7entsJ T2is inverse 7a44inG 
is not straiG2tforBardD a NeBton root findinG alGoI
rit27 in t2ree di7ensions needs to ?e a44lied in orI
der to find t2ese inteGration 4oints for t2e re?ar 
Bit2in t2e 4arent ele7entJ 

 
FiGure a Concrete 7es2 and e7?edded reinforce7ent 

FiGure a s2oBs a concrete 7es2 Bit2 e7?edded reI
?arsJ T2e effort for 4re4arinG t2e in4ut in t2is Bay is 
s7allJ Modifications can ?e 7ade in a si74le BayJ 

4 CASE STUDYD STRESS AT THE INTERFACE 
OF ThO CONCRETES 

BridGe decFs are eL4osed to traffic and environI
7ental aGGressionJ T2e concrete cover is re7oved 
often durinG General re4air BorF ?y 2iG2 4ressure 
Bater MettinGJ In order to en2ance t2e decF for inI
creased traffic loads a neB concrete layer Bit2 a cerI
tain t2icFness is often cast on to4 of t2e eListinG 
decFJ T2e load transfer 7ec2anis7 and t2e ?earinG 
?e2avior Bas investiGated eL4eri7entally ?y OKernI
?ic2ler 2002aD ?S and nu7erically ?y OHartl 2002?SJ 

 
FiGure 9 Setu4 of t2e eL4eri7entD de4t2 of 4late 2J507 

 
T2e setu4 of t2e test is s2oBn in FiGure 9J Let us 
concentrate 2ere on t2e develo47ent of stresses due 
to s2rinFaGe and cree4 of t2ese tBo concretes Bit2 
different aGesJ A considera?ly tensile stress eLists at 
t2e ?otto7 after t2e old concrete 2as eL4erienced 
cree4 and s2rinFaGe over 25 years since t2e reinI
force7ent o?structs t2e s2ortinG caused ?y s2rinFI
aGe as s2oBn in FiGure 10a for t2e riG2t end of t2e 
4lateJ T2e nor7al stresses are al7ost Kero at t2e to4 
of t2e old concrete since t2e reinforce7ent ratio is 
7uc2 loBer at t2e to4J T2e nor7al stresses in t2e 
neBly installed concrete are o?viously Kero at 25 
yearsJ 

 
FiGure 10 Distri?ution of nor7al stresses due to s2rinFaGe and 
cree4J 

 
FiGure 10? s2oBs t2e stress distri?ution B2en t2e 
neB concrete is 25 years old Ot2en t2e old concrete is 
50 years oldSJ T2e neB concrete 2as 2iG2 tensile 
stresses and t2e old concrete 2as co74ressive 
stresses close to t2e interfaceJ 

S2ear stresses u4 to 2MN/7o arise after 50years 
in t2e interface ?etBeen t2ese tBo concretes Bit2out 



any eLternal load actinG as s2oBn in FiGure 11 for 
t2e riG2t end of t2e 4lateJ ConsiderinG t2is situation 
on a Mo2r circleD t2e accordinG 4rinci4al stress 2as 
t2e sa7e 7aGnitude and is o?tained ?y rotatinG t2e 
aLis ?y 45p since t2e stress 4er4endicular to t2e inI
terface is KeroJ ODasc2ner 19Z6S o?served t2at conI
crete develo4s at a Bell 4re4ared interface al7ost 
t2e sa7e strenGt2 as 7onolit2ic concreteJ Assu7inG 
fctm % 3MN/7o for t2e Given situationD t2e s2ear 
stress in t2e interface is utiliKed at a?out 2/3 of its ulI
ti7ate ca4acity close to t2e outer end of t2e 4lateJ 
And u4on loadinGD t2e s2ear stress does not increase 
in t2is reGion as s2oBn in FiGure 11? for 
P d 1000FNJ 

 
FiGure 11 S2ear stress after 50 years due to s2rinFaGe and 
cree4 

5 CONCLUSION & OUTLOOK 

T2e develo4ed 4roGra7 is a44lied Bit2 success in 
several areasJ 
" La?oratory tests are reanalyKed Bit2 t2e 4roGra7 

for tBo 4ur4osesJ On t2e one 2and to Get 7ore inI
siG2t into t2e structural ?e2avior es4ecially at 4aI
ra7eter variationsJ AndD on t2e ot2er 2and to 
validate t2e co74uter 4roGra7 itselfJ 

" It is in use as Bell in teac2inG for Graduate stuI
dentsJ T2e students Get fast fa7iliar Bit2 t2e 4roI
Gra7 and t2ey are a?le to study t2e load ?earinG 
?e2avior of a detail as 4art of t2eir advanced conI
crete classJ 

" For consultinG in s4ecial casesJ 
 

Additional non nonlinear 42eno7ena of reinforced 
concrete are i74le7ented into t2e code as t2ese 
42eno7ena a44ear to ?e an issue in a case studyJ 
HoBeverD an additional 4lan is to 7aFe 7any of t2e 
descri?ed and Bell tested features availa?le to stanI
dard FEIcodesD liFe A?aTus or si7ilar ones ?y 
7eans of user routinesJ 
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