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IlPECMETKA HA KOMil03lfTHATA KOHCTPYKQHJA HA 
IlPHCTAilHHTE AEJIOBH 0,11; MOCTOT IlPEKY PEKATA AYHAB KAJ 

liEfilKA, CPlilfJA 

PE3HME 

Bo 11gejtt110T rrpoeKT Ha MOCTOT rrpeKy peKaTa ,0:yHaB Kaj EewKa, Koj 6ewe HarpageH rrpoeKT 
BO MefyHapogeH HaTrrpeBap lIOKpaj rnaBHl10T MOCTOBCK11 gen KOj ce rrpoTera rrpeKy peKaTa, 
6ea rrpegB11geH11 11 rrp11CTalIHl1 MOCTOBCK11 genos11 Hag genoT 3a peryna~Hja Ha peqHOTO 
KOp11To BO cnyqaj Ha rrorrnas11. 

PacrrOHl1Te lIOMefy CTOn60BHTe Ha rrp11CTaI1HJ1Te MOCTOBCKl1 genOBl1, BO cornaCH0CT co 
ycnos11Te og HaTrrpesapoT 6ea rrpeTxogHO geqmH11paH11 11 113Hecysaa 45.0m. )],on)l(]1l!aTa Ha 
gecHaTa cTpaHa og rrp11crarrtt110T M0CT0BCKH gene 180m, gogeKa Ha nesarn cTpatta e 1492.55m. 
E11gej1<11 os11e gon)l(HHH ce 11ocTa roneMH, a oco6eHo Ha nesaTa crpaHa 011 M0CT0T, 
rrpoeKTaHTl1Te rrpe11no)l(]1ja rrp11cTaI1Hl1Te M0CT0BCKl111enos11 ga 61111aT 113Be11e H11 0/1 rroseKe 
KOMlI03HTHl1 KOHTHtty11paH11 rpe11n. Bo TPY/108 e rrpe3eHT11paHa rrpecMeTKaTa Ha 
KOMlI0311THaTa KOHCTPY~Hja Ha 0BHe M0CTOBCKH 11en0BH. 

Biljana DERETIC-STOJANOVIC Pl, Sasa STOSIC '2), Bozidar STOSIC (3) 

ANALYSIS OF COMPOSITE CONSTRUCTION OF THE ACCESS BRIDGE 
PARTS OVER THE DANUBE BY BESKA, SERBlA 

SUMMARY 

In the conception design of the bridge over the Danube by Beska, which presents the purchased work 
at the international competition, besides the main bridge part over the river, the access bridge parts 
over the river inundation should be designed. 

The spans between columns for the access bridge parts, according to the conditions of the competition, 
were defined in advance. These spans are 45.0m. The length of the right side of the access bridge part 
is 180.0m and the length of the left side is 1492.55m. Since these lengths are too long, especially on 
the left side, the authors suggested that the access bridge parts should be designed of more composite 
continuous girders. The analysis of this composite construction is presented in the paper. 
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1. Introduction 

In the conception design by author B. Stosic with co-authors, of the bridge over the Danube by 
Beska, which presents the purchased work at the international competition, besides the main bridge 
part over the river, the access bridge parts over the river inundation should be designed. 

The new bridge, according to the conditions of the competition, should be similar to the present 
concrete bridge and its silhouette should be fully followed. The new bridge should be " twin bridge ". 
The spans between columns for the access bridge parts, were defined in advance. These spans are 
45.0m. The length of the right side of the access bridge part is 180.0m and the length of the left side is 
1492.55m. 

The author suggested that the access constructions should be designed like composite 
constructions, which cross sections consist of two open steel boxes whit vertical walls. The top flanges 
of these steel boxes are composed with reinforced concrete plate. B. Deretic-Stojanovic and S. Stosic 
designed this composite construction. The detailed analysis was fulfilled for two statically systems: a) 
system of simple supported beams with length of 45,0m, b) system of continuous girder across three 
spans (3x45,0=135,0m). According to this analysis, and with desire to reduce the number of 
separation, it is suggested that the access construction of the right side is consisted of one continuous 
girder across four spans ( 4x45,0= 180,0m), and the left side of the across construction to be of more 
parts, started of reinforced concrete beam which length is 7,55m, then of one composite continuous 
girder across of three spans (3x45,0=135,0m) and six composite continuous girder across five spans 
(6x(5x45,0))=6x225,0m=1350,m. 

The analysis of composite continuous beam across three spans (Fig. I.) will be presented in this 
paper. The beam is twice statically indeterminate. Because of sy.mmetry X 1=X2 .and the design is done 
for the half of the beam. 
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Figure I. Statically scheme of composite continuous beam across three spans 

2. The cross section of composite construction 

il/1, 

The cross section of composite construction (Fig.2) is consisted of steel · profile and reinforced 
concrete plate as a deck of the bridge. The steel profile consists of two open boxes whit vertical walls 
with average height (considering the transverse slope of 1,25%) 2,226m with the bottom flange which 
width is 2,455m and with the top flange which width is 0,3m in the middle of the span and 1,2m in the 
inside supporting zone. The transverse beams are located longitudinally at the spacing of3,75m, and 
they continue in the cantilever footpath. Together with concrete plate they provide transverse flexural 
stiffness of the cross section. The transverse truss for the rigidity is predicted in the steel boxes, and 
located in the longitudinal direction at the spacing of 2x3,75=7,5m. The longitudinal truss for the 
wind is located in the middle of the bottom flange level of steel boxes. The steel C0561 (EC3:Fe510) 
is adopted. 
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Figure 2. The cross section of composite construction 

The reinforced concrete plate, as a deck of a bridge, has the thickness of I 6cm, with the haunches 
on the supports which thickness is 12cm. This plate is supported on the transverse beams in the 
longitudinal direction, and in the transverse direction on the top flange of steel boxes and on the 
edging beams, thus the concrete plate carries in both directions. The concrete plate is reinforced with 
ribbed reinforce. It is designed against cracking in the zone of negative bending moments. The 
concrete grade is adopted as MB45. 

Nineteen cross sections are noticed on the half of the beam, in interval of a=3,75m (spacing 
within the transverse rigidity) (Fig. I). Characteristic cross sections in which the stresses are calculated 
are the sections 3,5,7,12,13 and 19. 

In the calculation of geometrical properties of cross sections, the variation of the effective width of 
the concrete plate (JUS U.21.010.1990) and bottom steel flange (DIN 18809), along the span, is taken 
into account. 

The redistribution of stresses in the composite cross section during the time is done due to visco 
elasticity properties of concrete (creep) and shrinkage of concrete. The analysis of composite 
continuous construction is performed in the time t0 and time t,,. 

3. The design of composite construction in time t0 

Execution and design of composite construction are provided in more phases: 

Phase l(Fig.3): Between columns which are on the distance of L=45m the brackets are formed in the 
third of the spans. The steel beams with spans of I= I Sm, are being located on the columns and 
brackets in turn, so that, statically the system of 9 simple supported beams 9x/=9xl 5= 135m is formed 
on the span of 3xL=3x45=135m. The simple supported steel beam carries its own weight. The loud of 
the phase I carries only the steel part of the beam so that the stresses are calculated in the bottom (3) 
and top (2) edges of steel profile for characteristic cross sections. 
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Figure3. Phase] 
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Phase 2(Fig.4): The simple supported steel beams are connected and statically we get the continuous 
girder across ni~e spans (9xl5m). Concreting is done only in the field in the zones of positive bending 
moment. Distributed load in these zones is the weight of concrete. The load of the phase 2 carries steel 
part of the girder and the stresses in the bottom (3) and top (2) edges of steel profile for characteristic 
cross sections are calculated. 
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Figure 4. Phase 2 
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Phase 3 (Fig.5): When the brackets are removed of the girder the reactions of Phase! (R 1) and of 
Phase2 , R=R 1+R2 are entered. Statically the girder is the continuous girder across three spans 
(3xL=3x45m). 
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Figure 5. Phase3 
Phase4 (Fig.6): The concreting is finished above the interior supports of the continuous girder 
across three spans according to the Figure 6. 

DJ:[[[[Il[! X' ·-i11·ru·r1T· l_ . ---- ---- ---- - ·- --J 

f 33 1 12 t 10 f 12.5 ~ 125 i 10 t 12 f 
MCF 4) 2028 2028 

350 350 

Figure6. Phase 4 

Phase S(Fig.7): The interior supports are lowered for c=0,60m. 
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Figure7 . Phases- The interior supports are lowered 
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Phase 6 (Fig.8) : The whole girder is composed and it carries additional (permanent) louds 
(hydroisolation, asfalt, footpath ... ) 
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Movable load: The bridge is louded by movable imposed load. The bridge belongs to the first 
classe (the bridge on the motorway), and it is calculated according to the scheme of the 
louding bridges with type of cars 600+300. The torsional rigidity of the girder qualified that 
the bending moments were calculated according to the 0. 7-0.3, while for transverse forces the 
coefficient of the distribution is 1,0-0,0. 

Temperature difference ,1.t=ISC0
: The effect of the temperature difference l'it=l 5C0 

, as an indirect 
action, is calculated (unequally heating concrete plate and steel profile). 

Overall effects in t0 were calculated for the composite continuous girder across three spans 
according to the additional statically effects of Phases 3,4,5 and 6 and movable load in the fields and 
Phases 5 and 6 and movable load above. After analysis of obtained effects it can be noticed that the 
tension stresses in the steel (C0561) in the bottom flange are a bit larger than the permissive stresses 
( crpe,.=23 7Mpa for primary load) and it is recommended that the steel is of better grade or that the 
thickness of the bottom flange is increased. With increase of the thickness of the bottom flange for 
3mm (th= 13mm) the stresses are satisfied (Table I). 

Table!: Overall effects in t0 l!!!J!.al 
!Overall primary ((1 +2)+3+4)+5+6(with max mov.)+lower supp. t=to 

Section 3 Section 5 Section 7 Section 12 Section 13 Section 1 S 

ICTcJ= 137.13 207.02 234.27 65.63 11 .99 228 .06 

ICTc2= -30.19 -10 .59 -37.21 67.51 44.02 -40.06i 
-4.40 -4.58 -3.22 -2.31 -4.50 
-9.44 -9.83 -6.48 -4.95 -9.56i 

ICTb2= 
-2.67 

O'b1= -5.62 

lcral= -32 .34 

cra2= -25.02 

-54.24 

-41 .72 

-56.53 

-43.48 

-37.32 

-29.23 

-28.46 

-21.91 

-54.971 

-42.38i 

4. The design of composite structures in t., 

Concrete is treated like a linear viscoelastic material. The deformation of creep and the 
shrinkage in the concrete occur during the time. The value of the creep coefficient <p"' and 
shrinkage coefficient Esk = E5oo is deterrninated according to the Rules BAB87. 

age of concrete in the moment of the lauding is t=28 days 
the relative humidity of the environment is 80% (interpolation is used) 
the middle thickness of the section of the element dm=2Ac/O, wher is 

Ac - area of the section of the concrete element in cm2
, Ac"' l 6000cm2 

0 - volume of the section of the element in contact with air in cm, Q,e 16000cm, 

so thet is dm=2Ac/O,,,20cm 
According to BAB87 the creep coefficient <j)oo =2,05,and shrinkage coefficient Esoo=-0,23· l 0·3

_ 

The calculation of the composite construction in time t00 is done by using the algebraic relation for the 
stresses and deformations for the concrete according to Fritz: =Ec1(E-c,). This procedure is known as 
the procedure with "effective" modulus of concrete: Ec1=E,J( I +1j1cpoo)-

Where lj/ is the reparation factor and its value is 0,52 for the effect of shrinkage and I, I for effect of 
creep ( due to permanent loud). 

Calculation of the shrinkage: The "effective" modulus according to Fritz which corresponds to 
shrinkage, is Ecs=E,J( I +0,52cp00). The ratio between elastic modulus of steel and "effective" modulus 
of concrete is determined n,=EJEcs (instead n=E/E,0 in t=t0 ) and it is used for determination of 
geometrical properties of composite sections in time t., which corresponds to shrinkage. Deformation 
of shrinkage corresponds to axial force N,=E,Eb,Fb which acts in the center of concrete plate. The 
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reduction of this force to the center of composite section gives the axial force N, and the bending 
moment M,. The internal forces of the statically indeterminate girder due to shrinkage are determined, 
and the stresses for characteristic cross sections are calculated. 

Calculation of the creep: The "effective" modulus according to Fritz which corresponds to creep is E,r 
=E,J(l+l,lcp00). Geometrical properties of composite sections in time 100 which correspond to creep 
are calculated with new coefficient nFE,/Ecr. For determination of statically indeterminate values the 
average effective width of the section along the span is used. On that way the girder is treated as girder 
of constant sections, so the statically indeterminate values due to creep do not change in too_ The creep 
occurs due to permanent loud which acts on the composite girder. It is loud of Phases 3,4 and 6 for the 
sections in field, of Phases 5 for the sections above supports, while the effects caused with the 
lowered interior supports are determined separately. 

Overall effects (stresses) in t00 : The overall stresses for characteristic cross sections in loo due to 
loading of Phase I and 2 , shrinkage, creep, lowing of supports, movable load and temperature 
difference are calculated using superposition. After analysis of obtained stresses it can be noticed 
that tension stresses for the sections 7 and l 9in the steel (C056 I) in the bottom flange are a bit larger 
than permissive stresses ( crpc,_=237Mpa for primary load) and it is recommended that the steel is of 
better grade or that the thickness of the bottom flange is increased. With increase of the thickness of 
the bottom flange for 3mm (tb=l3mm) the stresses are satisfied (Table2). 

Table 2: Stresses in /00 Mpa 
1 +2+creep+shrinkage+mov-max+ low .of su 

Section 3 Section 5 Section 7 Section 12 Section 13Section 1 

cl= 138.0667 200.037 215.4283 11 .60878 -49.1227 172.791 

c2= -77.7078 -70.4378 -92.3844 21.32793 18.09063 -92.095 
b2= -0.97406 -2.40365 -2.14314 -0.53897 1.080483 -1.7870 
b1= -3.27995 -5.7592 -5.7002 -1.85738 0.308066 

1cral= -87.3019 -121 .977 -120.5 -83.8486 -50.3851 -104.74 

a2= -77.4043 -106.663 -105.377 -76.1056 -45.6345 -92.4151 
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