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Abstract

Many bridge structures were designed across the Vah river. The method of reconstruction one of such
highway bridge from prestressed concrete is presented in this paper. This bridge is located in the Northern
part of the Slovak Republic near by Bytca town . New condition of channel operation, diagnostic inspec-
tion of bridge, long term measurement of deflections and control load carrying capacity (LCC) calculation
constitute the major background for design of bridge rehabilitation. Some type of repairs have been per-
formed in order to improve the bridge condition and to increase service life. Strengthening of superstruc-
rre by external prestressing was finally selected as a way to increase loading capacity.

1. INTRODUCTION

A lot of new channels were built-up on the Vah river in Slovakia during 50. — 60. years. It had been re-
quired to build-up new highway diversions with new bridges across the channels of Vah. There was real-
ised more types of bridge structures as steel plate girders, truss girders, reinforced concrete continuous

beams, precast prestressed bridges and frame monolithic structures.

These bridges have common attributes in spite of some differences :

Many of them were realised before channel building on the "green field", that was more simple and
convenient from building technology point of view. But from present view of maintenance and eventual
reconstruction works it hasn't seem to be so lucrative. First of all considerable permanent deformations
were detected on more concrete monolithic bridges due to formwork declining within concreting process.
The deterioration of these bridges has very similar character and the knowledge level of that time being
issued in. The next observed failure is caused of bad quality of bridge accessories - bituminous overlay and
nsion joints, drainage system, etc, Degradation process in concrete, corro-
sing cables have been resulted such failures. These processes together with
ave caused crack formation

waterproofing membrane, expa
sion in reinforcement or prestres
next ones as the concrete creep and shrinkage, overloading by live load, etc. h

in superstructure and extraordinary permanent deformations.
It is necessary to take in to account the particular requirements due to channel operation, except ordi-

nary ones for complex design of bridge rehabilitation. The service on channel cannot be disturbed with
building activity. The abutments of new bridge structures have to be located in certain distance from base
of the carthworks. It have been issued to large span bridges (channel dimensions). There is allowable no
invasion or minimum invasion to cross section of channel within reconstruction works. In addition new
waterway will be suggested in that channel. Regarding to this the demand of free shipping high between
water level and bottom edge of superstructure must be complied. Therefore also the design of reconstruc-

tion have to fulfil this conditions. ‘ . _ _
The design method of prestressed bridge rehabilitation with any above mentioned typical failures 1s pre-
tigated too, In order to present require-

sented in this paper. Insufficient load carrying capacity was inves too _
ments in our standard (Slovak standard STN 73 6203). Department of Building Structures and Bridges of
University of Zilina was requested to collaborate with that problem.

2. DESCRIPTION OF BRIDGE STRUCTURE - ORIGINAL DESIGN

wns on both sides of channel. It was designed 1n

The bridge is bui ' ecting two little to ;
ridge 1s built on highway connecting It : one span direct structure i hpsimeis

1959 for load classification "A" according to available standard.
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dicular vertical alignment. Disposition on the bridge is both-sides pavements - 1.0 m width and roadway -
6.0 m width, see the Fig.1.
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Figure 1. Hvozdnica Bridge. Longitudinal and Cross Section,

Structural system is composed of prestressed two-hinge frame with ties in ending parts of bridge. The
span 1s 63,40 m and frame girder is parabolic profile from 3,42 m over the abutment to 1.26 m in the centre
of the span, see the Fig. 1. That means the span/depth ratio is 50,3. Cross section of superstructure is box
girder shape. Monolithic deck slab and webs are constant depth. Superstructure is built from concrete with
a cube strength of design value 37,0 MPa, C30/37. Prestressing was realised by tendons consisted from 17
wires ¢ P4.5 mm with strength characteristic f, / f,, = 1650 / 1200. Abutments are composed as triangular
system. Vertical webs support the girder by concrete notch hinges. Cantilever part of girder is joined with
basement by skew prestressed concrete tie. 48 tendons 17 ¢ P4,5 mm is built-up in that tie. The subsoil is
good quality from graded aggregate.
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3. ACTUAL CONDITION OF THE BRIDGE

The actual condition of the bridge was determined by diagnostic inspection which includes
— detailed visual inspection,
~ In-situ testing of cube strength of concrete,
= concrete carbonation level,

— chloride penetration to concrete,
- the quality of existing prestressing tendons (corrosion).

Typical deterioration and damage were observed on the bridge structure. Some of them are caused by
insufficient drainage system on the bridge. Waterproofing membrane was damaged so that water passes
trough the crack in the slab. The main failure on the superstructure is visible large deflection of 187 mm
due to supposed decided influence of concrete creep and steel relaxation. This deformation negative effects
to dynamic structural behaviour. The cracks approximately 0,7 mm width were observed just in bottom
slab in middle cross section on the 10 m length. Concrete strength corresponds with proposed value. Car-
bonation achieved the level 18 - 54 mm. The chloride content in concrete 4-time exceeded the value com-
pare to allowable standard value for prestressed bridges. Local corrosion appearance was found out due to
msufficient concrete cover.

Following goals were formulated : to eliminate all defects and their causes on bridge structure, to retain
present clearance of length, to fulfil the conditions of channel regime, and to increase present load carrying
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capacity that arc. normal load carrying capacity = 12,0 tonnes at least to -
carrying capacity = 17,0 tonnes at least to 50,0 tonnes, 260 tospcs;god exclaatye lead

4. REHABILITATION AND STRENGTHENING OF THE BRIDGE

Conception of Reconstruction Works
The rehabl_htatron of the bridge can be proposed if only traffic will be interrupted in order to type and

extent of repair work. The reconstruction works will be performed as followed

- demolition works - removing all damaged parts of the bridge and consecutively creating of new ele-
ments for strength_emng as they are deviators, struts, anchorage blocks and strengthening of existing
cross beams, see Fig 2,

= strengthemng of box girder by external unbonded cables - to achieve requested value of load carrying
capacity,

- to realise all repair works as removing concrete cover, new waterproofing application and removing
next damaged elements of bridge accessories,

= durmg rehabilitation works on the bridge will be necessary to perform deformation measurement in
decisive phasc_s at first before all works starting, than in prestressing process, the next after all perma-
nent load application, and finally proof-load test executing to check the structure resistance to live load
effects.
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Figure 2. The Conception of Bridge Rehabilitation

Strengthening of the Superstructure

The main goal of superstructure strengthening has been increase load carrying capacity to requested
values. Two alternatives were designed : 1) to change bridge performance to stay cable bridge with new
pylons creating, 2) applying external unbonded prestressing placed out of box girder, and lifting effect of
cables 1s used. Considering both of alternatives the second one was chosen as final. It has appeared to be
more advantageous compare to first method from simple and verified technology, less building cost and
speed of installation point of view. Cables consisting from 6 tendons 7 ¢ Lpl5,5 — 1800 MPa were de-
signed to strengthening of structure. The steel strut frames were designed as deviators with 1,80 m depth,
see Fig 2. Problem of interference to the space under bridge (supposed shipping space) was consulted with
Regional Channel Administrators.

Results of diagnostic inspection, long-term measurement of deflections and onginal project documenta-
tion of all intermal tendon distribution were used as a background to structural analysis of strengthened
structure. Computer program FEAT (program of SCIA scientific application group), based on finite ele-
ment method was used for solving that problem. The elastic matenial behaviour is considered. because of
relative sufficient internal prestressing being active. That keeps the sections in quasi-elastic status. Beam
model was used to global load effects simulation, regarding to variable construction depth of superstruc-
ture, complicated stresses behaviour (internal and external prestressing) and many load cases and their
combinations. Concrete structure (superstructure, abutments) were modelled using beam elements with
bt;nding and shear stiffness and simple strut and tie elements with axial stiffness for external tendons mod-
elling,
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The load cases were divided to 3 major groups. 1) dead load - self weight of construction lnpluding cof-
fects of internal and external prestressing and the other long term loading_ {.e. br}dge accessorics, . ), 2)
live load according to the Slovak standard [1], where 4 load schemes being applied. see Fig. 3. The first
and second load schemes represent vehicles with weight limit 32 tonnes (normal LCC). the third load
scheme represents one vehicle with weight limit 80 tonnes (exclusive LCC). and the last one represents
special vehicle with weight limit 196 tonnes (exceptional LCC), 3) accessory load case 1s composed by
linear non-uniform temperature gradient that is considered for bridges with span more than 50 m according

to our standard.
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Figure 3. Live Load Schemes According Slovak Standards
Special load case of first group of loads is external prestressing as an artificial load effecting. Unbonded
cable effects are substitute by equivalent singular forces P, according to Fig. 4., which are acting to girder
in deviator places. These singular forces depend on prestressing losses which was applied as followed
— tendon friction inside the ducts — cca 5.8 %
- shp in anchorage device - cca 7.6 %,
- tendons relaxation — cca 5,8 %,
- creep of concrete (1, is considered around 40 vears, that means minimum influence),
~ eclastic strair; of concrete - 1,1 %, that resulted to prestressing losses in internal prestressing too.
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Figure 4. External Prestressing Effecting

As the major feature of unbonded tendons of nrestressed systems is less rigidity of concrete element and
mutual deformation independence of both elements — concrete and tendon. However, it should be pointed
out that the deflection of the system will be rather large, which will result in large elongation in the exter-
nal prestressing tendons and axial force changing AP in the tendons. This force increment AP is determined
from tendon length changing between anchorage, according to followed conditions,

AP AL, +AL,=0

where AL, is t.he elongation due to external load including prestressing, AL, is the relative elongation of
the tendons against concrete element deformation.
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That relation between prestressing force P and deformation w of concrete structure will be converted to
non-linear relation, in order to elasto-plastic behaviour of concrete section and second order theory effect
(large deformations) should be considered too. That effect can be expressive in slight structures. This can
be solved by iteration mechanism, where the axial forces N(x) and bending moments M(x) have to be ad-
justed regarding structural deformation w. The significant influence of that effect can be seen in the system
that is near by ultimate limut state, where the ductility of the concrete section should be considered. In or-
der of above mentioned sense and the large starting imperfection, the deflection w of the system was ana-
Iysed using Arc-Length iteration method with constant load increment. :

More of prestressed cross sections were analysed. All structural system is consisted from internal and
external cables and due to statically indetermined system the secondary internal moments (M) are becom-
ing. Reliability of the system is estimated on allowable stresses level, according our standard Slovak stan-
dard [2] and safety factor s, = 2,0 in ultimate limit state was checked too. Ultimate compression stress in
edge fibre in concrete is determined with 13,5 or 15,5 MPa values. depends on load combination. Ultimate
tension stress in edge fibre is determined with 0 or 0.90 MPa value when the full prestressing is applied.
The load carrying capacity computing is based on normal stresses & evaluation and followed relations de-
pend to load combination were used,

[ Olim ~ P déad + O riar W
: 5.0y, :

Tlim — Tdead x D-Temp + Coxter W
J -
Tlive

where i is normal (n), exclusive (r), exceptional (¢) LCC, W is the vehicle weight and 8 1s a dynamic factor
with value 1.13 for normal and exclusive LCC and 1,05 for exceptional LCC.

5. CONCLUSION

The following results and experiences of the bridge rehabilitation can be declared :

|, Accurate diagnostic inspection, the analysis of the failure reasons and load carrying capacity calcula-

tion compose general background for determining the real technical condition of the bnidge. In this

case a complex approach was applied for investigation of the bridge condition and followed bridge re-
habilitation.

Method of strengthening and some primary material property for repair work are described in this pa-

per. Using external unbonded prestressing seems to be a simple and effective method of structure

strengthening. In this way older prestressed bridge structures can take over live load corresponding to
the modern traffic requirements. External prestressing imagines fast way to rehabilitation such types of
box girder bridges with relatively lower cost.

3. For structural analysis was used linear finite element method with non-linear deformation alternative.
Using external prestressing with 6 tendons 7 ¢ Lp13,5 was achieved (by Slovak Highway Administra-
tor) required values of load carrying capacity to the level V, = 31 tonnes (Normal LCC). V, = 96 ton-
nes (Exclusive LCC) and V. = 143 tonnes (Exceptional LCC). Sections over the support. in mid-span
and around L/4 span are exposed as a critical sections from the load carrying capacity point of view.
The course of stresses in upper and bottom fibres for all section from 0 m to mid-span illustrates the
Fig. 6. As the decisive load combination was analysed complex load combination - with changing
temperature effect (getting warm or cool) with load combination factor 0,7.

~
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Resulted stresses in upper fibre - complexload combination (incl warming influence) {
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Figure 5. Stresses Course Along the Span of Girder

4. The deflection measurement and its comparing to computed values are recommended within each
charactenistic step of rehabilitation works : unloading structure with long-term load effects, in

prestressing process and static and dynamic proof-load test finally. The efficiency of the used load and
live load should achieve 1,0 according to our standard.
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VIIPYTASl TPEXCJIOHHAS KOJIBLIEBAS IIJIACTUHA

C. A. OPJIOB
benopycerui 2ocyoapemeennviii yrugepcumem mpancnopma

OOvexT MCcCIEI0BAaHHH — HECHMMETPHYHAA M0 TOMUIMHE VIPYras KONbLEBas TPEXCIOHHAN MIacTHHA,
HApy?’KHbIE€ HECYLIHME CIOH KOTOPOH BBHITIONHEHEl M3 METANNa, HECHKMMACMBIH MO TONMNHHC BHYTPEHHHH
¢a0# (3amoMHUTENB) — moauMep. [ TOHKHX BHEIIHUX HECYIHX COEB TOMUMHOA A # h; NPHEEMAKOTCH
runotessl Kupxroda, ana Toncroro xectkoro 3anonHutens (h; = 2¢), BOCHPHHHMAIOMIETO HArpy3ky B
TAHTCHUHATBHOM HATMPABACHHH, CIIPABCATHBA THMOTE3a O NPAMOTHHEHHOCTH H HECKHMAaeMOCTH Jedop-
mupoBaHHOH Hopmanu. Jlehopmanun mMansie. INpoexnyun BHEMHEH OCECHMMETPHYHOH HATPY3KH HA BEPTH-
KaTbHYIO M paAHanbHYI0 OCH KOOpAHHAT — g = ¢(r) u p = p(r) coorBercTBeHHO. Ha BHEHEM M BHYTpEH-
HEM KOHTYpax M/aCTHHB! MPEANOATACTCS HATHYHE JKECTKOM AHa(parMsl, MPEMATCTBYIOWEH OTHOCHTE B
HOMY CABHTY C/oeB. B culy CHMMETPHH HarpysKkd Oporu0 MIaCTHHBI W, OTHOCHTENbHBIH CABMI B 3anon-
HUTENE Y U PajMalbHOE MEPEMELIEHHE KOOPAMHATHOH MOBEPXHOCTH U HE 3aBHCAT OT KOOPAHHATEI O, T. €.
w=w(r), y = y(#), & = u(r). 3Tn PyHKUHH CUUTAROTCA HCKOMBIMH.

Touroe pelenye 3a1a4H1 JHHCHAOH TCOPHHM YNMPYTOCTH NOMYSCHO Ha OCHOBE BAPHALMOHHOTO MPHHIIH-
na Jlarparska 1 BeimucaHo B QyHKImAX beccems:

w=C,1,(Br) +CsK, (Br) - K, Br)[1,(Br) f(r)rdr + 1, Br)[ K, (Br) f (r)rdr:

b a l Legr, b Gt _
=2 [dr -——| L (p)dr + — (g)dr ———(Inr-1)+ +Ce Inr +C, ;
: by le bsalj i b JLE : 4b, :
u:ﬁlw”_a_zg’y--l_L;(p).pE.}.&_
a a, a, 2

3aeck P, g, by — k03 UUHMCHTH, 3aBUCALIHE OT FEOMETPHYECKAX M YNMPYTHX MapameTpoB MAaTEpPHAIOB
CIIOEB; L.il ; L_;] ~ MHTErPaTbHBEIE OMEPATOPEI, 3AMATas B HIDKHCM HHACKCE 06o3HauaeT onepamuio mpbe-
PEHIMPOBAHMS 110 CEAYIOMIEH 3a HEH KOOpAMHATE.

Koncrantsl uuterpupoanus C, ..., Cs CIEAYIOT U3 IPAHUMHBIX YCIOBHH HA BHEIIHEM H BHYTPCHHEM
KOHTYpAX niacTuHbl. Hanpumep, B cay4ae KECTKOTO 3aKPETIACHHA 00OMX KOHTYPOR OHH SBJIAIOTCS peLie-
HHEM CHCTEMbI BOCBMH THHEHHBIX VPaBHEHHH u=w =w=w, =0 0OpH r=r H r= 1, NpH LWAPHUPHOM
ONMpAHMH OHH CIEAYIOT M3 CHCTEMBL U =/ =W = M,=0 npu r=rpur=1

C nomoubio nakera Maple monyueHs! KOHCTAHTE! MBTCTPHPOBAHHA A7 CEMH THIIOB 3AKPEIICHHA KOH-
TYpOB mnacTHEBL. YMCTeHHAA peanM3aups PEMEHHS MPOBEAEHA A MIACTHHEL, HECYIIHC CTI0M KOTOPOH
BBITMONHEHB! M3 JXOPATIOMHHMS, 3an0HUTCIb — droponnact. Jlns ceMH THMOB 3aKPENACHUS KOHTYPOB

NAACTHHEL YHCHCHHO HCCICA0BARO BIMAHHE PAAMyca BHYTPEHHErO KOHTYPA, TOMMMHEL CIIOCE H XaPaKTCPa
HATPY3Ku Ha mepeMeLieHuA (BCEro OKOMO 100 sasacumocren). Pabota BBITIONTHEHA NPH (huHaHCOBOH MOA-
Aepsike MunucrepcTsa obpasopanus Pecrybanin benapyce (TosepxHOCTb — 52).
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