Scientific Journal of Riga Technical University
Construction Science

2010

Volume 11

Service Life of Two 100 Year Old Concrete Bridges
In Latvia

Kristaps GodeRiga Technical UniversityAinars PaeglitisRiga Technical University

Abstract. The earliest reinforced concrete bridges built in
Latvia over river Salaca and Gauja were built in 198 and 1909.
100 years later both are still in service and requé only certain
maintenance. Bridges were built with intuition of parameters
that produces good quality: concrete mix design, dice of shape
and installation within formwork. After 100 years in service, both
bridge deteriorations could have been avoided, forexample,
foundation protection for bridge over Salaca and epansion
joints for both bridges. The concrete has been vulmable to
carbonation; during the 100 years of exposition thearbonation
has reached 40 mm and the main reinforcement. Withi this
research performed carbonation calculation resultshow that the
inverse effective carbonation resistance of concreton site is
p=31.45-10"6=5.32.10"(m°/(s-kgCQy,)).For concrete directly
exposed to the wetting the weather function valuesip=3.24, ¢
=0.74. The calculation of carbonation process was melled by
using DuraCrete carbonation model and MonteCarlo snulations
at full probabilistic level.
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INTRODUCTION

The earliest reinforced concrete bridges built atvia are
now 100 years old. The bridges over river Salach @auja

were built in 1908 and 1909 and both have very lami

structure. Both are still in service and requirdyocertain
maintenance.

Bridge assessment showed that after 100 yearsruicse

bridges are in good technical condition, althoupkyt do
require some repairs for increasing service liferfmre than

100 years. Bridges were built with intuition of pareters that

produces good quality: concrete mix design, choitshape
and installation within formwork. The careful desigg and
construction has led to great performance.

Service life issues of reinforced concrete bridgese

recently becoming more concerning in Latvia andepth

countries in northern Europe. The very short senlife of

bridges build 30-40 years ago has demanded to znalyd
restudy the durability concept of concrete briddgaso codes
define a service life of 100 years for infrastruetibuildings
like bridges. Reinforcement corrosion caused byaaation
has been one of the major reasons for short setifecef

concrete bridges in Latvia [1]. In neighboring ctrigs a lot
of research has been devoted to service life pnoblef
infrastructure buildings [2], [3] and environmentaitions on
concrete exposed in road environment [4]. The giaedbility

performance of many reinforced concrete bridgeshvhivere

Fig.1. The bridge over Salaca river, built in 1908

Fig.2. The bridge over Gauja river near city ofe@ti, built in 1909

BRIEFHISTORY OF THE TWO OLDEST BRIDGESIN LATVIA

Bridge over river Salaca near city Salacgriva isently the
oldest reinforced concrete bridge in Latvia (fig.Ihe bridge
was built without a contract and was financed bigkthood
of Vidzeme in 1908.

At the time most of the concrete structures werédbhy
French and German companies which did not wanhswes
with their designing and building secrets [7]. Tdr@ge has
five spans and consist two continuous (17.90m 9Qrw) two

span beams at sides and one span beam in the middle

built in the early years of 30century has also demanded to(18.15m). The cross sections of the both bridgestiee same

restudy the current bridge durability concept [B],

— there are four monolithic beams (fig.3). The bdwight at
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piers is 2.04m, in the middle of span — 1.44m.944Lthe both
end spans were blown up. After the WWII the spamsew
repaired in timber, but in 1962 both spans and pides were
renovated in the original concrete design [7].Ha 1992 the
bridge load test showed very good results. In 20@7bridge
surface was repaired with shotcrete.  The briolger river
Gauja at city Strenci was built in the same wayhesbridge
over Salaca (fig.2.). Bridge was completed in 1908ially it
was a four span bridge the same design as bridgeSalaca,
consisted of two continuous two span beams. In Ifiirthg
the war time, the first span was blown up. It wegaired in
1921, the design project of repair can be founarahives [8].
In 1929 flooding of river Gauja and ice forging tteged the
bank at the side of Strenci city [7]. During thepodssion
years additional two spans were built in weldecklsteeam
and timber deck design. The timber deck since tienbeen
rebuilt couple times. This is the current stat¢hefbridge.
Both bridges despite some deteriorations, damages
modifications still show great performance althougiere
build in times when engineers compared to todaggireers

1000

had less information available of concrete and mid have
sophisticated codes. It shows that building a leriddth great
care and intuition of parameters that make concsetength
and durability is possible to achieve the servife éf more
than 100 years.

ASSESSMENTOF TECHNICAL CONDITION OF THE BRIDGES

Bridge footings and scouring of river course

Underwater inspection showed considerable erosictheo
earth below the water line due to insufficient paiion
against erosion. At some places the original undew
ground level has been eroded down to the same &svéhe
bottom of the base of foundation. Comparativelypdseoured
sareas in concrete footings were found on the sidesd
towards the river flow. Maximum damage reached luemif
1.3 m (fig.4).
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Fig.3. The cross section of the bridge over rivauja

Fig.4. The scouring damage of concrete foundatiothe bridge over river
Salaca

might affect carrying capacity. Erosion is caused heavy
particles suspended in water flowing across coacsatfaces
of bridge footing. Between piers Nr.1 and Nr.2 éeare
considerable alluviums which reduce the cross-cedf river
bed and thus the stream flow at piers Nr.3-5 ilecated to
form scouring of the ground and eventually the Thielge
over river Salaca did not have any kind of pier tifogp
protection. scouring of concrete footings appefigss|.

It can be assumed that the ground erosion and etencr

footing scouring was progressing 100 years. Anyd kof
deformation of the superstructure due to settlement
movement was not detected. It is necessary to repai
damage and build footing protection. The damagéofing
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Fig.6. Delimination of shotcrete layer of pier pmsied
below faulty expansion joint

Fig.7. Repaired pier in 2008

Bridge piers Shear cracks on beams up to width of 0.7 mm (fig.IBe

The piers of the bridge over river Gauja have bepaired cause of the shear cracks have been caused byadet the
in 1997. Non sealed expansion joints caused coesgiglh Structure at some point of the time (perhaps duttiegWorld
damage to the piers which are positioned belovestpansion War I).
joints. Delimination of repaired concrete layer diete The saturation of chlorides in concrete briddab was
layer) was detected to one of the piers (fig.6gufes 7 and 8 found low reaching only 0.20% of the weight of t@ncrete
show that 10 years after repair piers look aboetséime they (fig.11). The bridge is not exposed to chloridesdericing
were 20 years ago. salts. The average carbonation depth was foundtatiomm
(fig.12). Carbonation initiated corrosion was found the
underside of beams and slab with insufficient cq€r to 30
mm).

Pressure testing of drilled core was perfortwedetermine
Spalling of small portions of concrete due to ceima of the strength of the concrete (fig.13). Pressuréngeshowed
reinforcing steel and insufficient concrete cover the good compatibility to jackhammer test performediiffierent
underside of beams and slab (fig.9.). Concrete rcovpositions of the bridge. The results showed 49.9nr¥/

measurement results show that it is very variabteseveral compressive strength which applies to the C40/5@ cie.
places the main reinforcement corrosion was dededte to

carbonation and longitudinal cracks along the mrtément.

Bridge beams and slab
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Fig.9. Spalling of the concrete due to insufficieahcrete cover and corrosion
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Fig.10. Position and width of shear and flexureksaon beams
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Fig.11. The chloride profile taken from the topfaae of the bridge slab

Fig.13. Concrete core drilling

TABLE 1
Calculation of input and output parameters for cetecnot exposed to wetting
Name Parameter | Source of dats Unit D-Type Meanu) StD (o)
gradient of CQ@
concentration AC, [10] [kgCO/m?] ND 0.00082 0.0001
carbonation depth Xc inspection [m] ND 0.04 0.003
L . . . 3153600000
time in service t inspection [s] const (100 years) -
weather function W inspection [-] const 1 -
inverse effective
carbonation -1 : 1 1
resistance of Rean calculation (2)| [m(s-kgCQ)] ND 31.45.10¢ 5.32-10
concrete on site
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CALCULATION OF PARAMETERS OF CARBONATION
RESISTANCEOF CONCRETE

The concrete of bridge beams has been vulnerable tow =
during the 100 years of exposition the 2

carbonation;
carbonation has reached 40 mm and the main resrfuent.
Within this research the calculation of main cast@n
parameters for 100 years of exposition to carbonativas
performed.

The carbonation process of concrete can be modedied)
DuraCrete model (equation 1)[9]. The DuraCrete
carbonation model currently is the most practicad avidely
used for concrete carbonation prediction. The nfairtors
which influence the depth of carbonation over iheetare the

amount of CQ in surrounding environment, the carbonation

resistance of the concrete and weather as a funatio
concrete wetting periods. When concrete is exptsedktting

t w
W — weather functionW = (Toj [-;

(psplash ) TOW)bW .

t, — reference time [s];
Pspiash— Probability of splash (for horizontal surfaces
psplash = l) -

ToW - time of wetness:
amountof .dayswith.rain _h > 25mm/ days.

36E
bW— regression parameter [-].

ToW =

If concrete is not exposed to wetting at dlle ttime of

no CQ diffusion takes place and thus the rate of cariona wetness equals to zerd QW = 0) and weather function is

process is reduced significantly.

Xc = VZACS Re;rb \/IW
where

X~ carbonation depth [mm];

@)

AC, - gradient of C@concentration [kgC@m?;

equal to 1 YW =1). This applies to the inside surfaces of the

beams underneath the bridge deck. The effectivecreta
carbonation resistance was calculated using thatiequNo.2.

_2-ACg -t
I:QCarb_ Xé

The calculation was performed using tHdonteCarlo

)

R..,— effective carbonation resistance of concreteiten s simulation method. Results are summarized in thlold..

[m®/(s-kgCQ)];
t — time in service [s];

For concrete exposed directly to rain, sucla dorizontal
top surfaces of the bridge deck the carbonatior rat
influenced greatly by the time of wetting. The meesd
carbonation depths for the two different positishewed that
the carbonation rate of the concrete exposed tdingetvas
much smaller. As the concrete is the same for potitions it
was assumed that the concrete carbonation reséstanthe
same, the only different parameters are the cattwondepth.

The calculation parameters and results are showtalie
No.2.

18

and the weather function. Based on the calculaifasoncrete
carbonation resistance for concrete not exposedetting it
was possible to calculate the value of weather tiancfor
concrete exposed to wetting using equation (3).

W: VZ'ACS'RE;rb'\/E
><C

®3)
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TABLE 2
Calculation of input and output parameters for cetecexposed to wetting.

Name Parameter Source of data Unit D-Type Mean ) StD (o)
gradient of CQ 3
concentration ACS [10] [kgCO/m”] ND 0.00082 0.0001
carbonation depth XC inspection [m] ND 0.013 0.003
time in service t inspection [s] const 3153600000 -
(100 years)
inverse effective N calculation
: H - 5 1 1
carbonation resistance 9f R, (see table No.1) [m%/(s-kgCQ)] ND 31.45.1¢ 5.32.1¢
concrete on site
weather function W calculation (3) [ ND 3.24 0.74

The weather function considers the derivation oé thweather function can be used for calculation aredligtion of
carbonation process of unsheltered structures ffmrsquare carbonation for concrete exposed to wetting in heri
root of time relation. In this case the concretebomation in regions of Latvia.
horizontal surfaces is slowed more than three tinmdse
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Kristaps Gode, Ainars Paegitis. Divu 100 gadu vecu dzelzsbetona tiltu kalpoSas laika anaize Latvija

Vecakie dzelzsbetona tilti LatvijpaSlaik jau ir sasniegusi 100 gadu vecumu. Tiltiypem Salacu un Gauju tika uzbeti attieagi 1908. un 1909. gad Abiem
tiltiem ir loti lidZiga konstrukcija un tied aizvien tiek eksplu&ti. Tiltu inspekcija paidija, ka gc 100 gadu ekspluatijas tilti ir laka tehnisk s@vokli.
Ton%r, lai nodroSiatu par 100 gadiem ifdku kalpoSanas laiku, ir nepiecieSami nelieli rerdanibi. Tilti tika kuveti laika, kad &l neeksistja visparpienemtas
normas un to kvaliti noteica intuitvi: optimalu betona sadvu, formas izeli un iestéidaSanu veigos. Rc 100 gadu ekspluatijas abiem tiltiem ir bajumi no,
kuriem bija iespjams izvaitties, veicot atbilstoSus uzti&ianas darbus,ak pientram,izlabojot pamatu konstrukcijas izskalojumusati @r Salacu un
defornicijas Suvju bajjumus abiem tiltiem. Betons ir ticis plakits betona karboriicijas iedaribai, 100 gadu laikkarbonizcija ir sasniegusi 40 mm damu
betona aizsargkta un neso3ajos stiegrojumos. Siju agges virsnas, kur betona aizsargia ir nepietiekama, irakusies stiegrojuma korozija. Sgpetijuma
veiktie karbonizcijas atistibas apkina rezultti parada, ka invers efekiva betona karbonizijas pretesba ir =314518, =532-16(m°/(s-kgCQ)). Betonam, kas
ir tieSi palautsudens iedaribai, laika apsklu funkcijas ¥rtiba ir p=3.24, 6=0.74. Karbonizcijas attstibas procesa afiina tika izmantotsDuraCrete
izstradatais karbonizcijas modelis un veikti apkini, pielietojotMonteCarlosimukciju. Aprekins tika veikts pilas vartitibas Tmer.

Kpucranc I'one, Aiinapc Iasrantuc. Bpems cayx0n1 AByx 100-1eTHHX 2KkeJ1e300eTOHHBIX MOCTOB B JlaTBHEI

IepBbiM JlaTBHiiCKHM *Kene306eTOHHBIM MocTaM ucronamiocs 100mer. Moctsr Hax pekoit Salacan Gaujadsutn moctpoerst B 1908u 1909roxax u 0b6a nmeror
OYCHb CXOXKYIO CTPYKTYpY. IIpoBeneHHOe obciesoBanue 1Mokasano, 4ro nocie 100er sKkcmTyaTaiui MOCTBI HAXOAATCS B XOPOIIEM TEXHUYECKOM COCTOSIHUH H
TpeOyloT HEeOOIBIIOro peMOoHTa. MOCThI OBUIM NOCTPOCHBI BO BPEMs, KOT/a HE CYIECTBOBAJIO BCEOOIIMX MPaBUII MPOCKTUPOBAHUS M CTPOUTEIBCTBA, MHOTHE
napaMeTps! IPUHAMAIIH HHTYUTUBHO: COCTaB OETeHa M jkele300eToHa, BHIOOp (OpMEI M yCTaHOBKA BHYTpH (opMa-onanybka. [Tocne 100 et sxcmmyaTanun 06a
MOCTa HMEIOT MOBPEXACHHS, KOTOPbIE MOXHO OBUIO M30€KaTh NPH NMPOBEACHHH PEryISPHBIX PEeMOHTHBIX pabor. 3a 100 mer skcmmyararuu GETOHHBIC
KOHCTPYKIIMH TIOJBEPIINCh KapOOHu3auus. ['myOnna kapOoHmsaimu pocturna 40mm. Ha moBepxHocTsax 6anok, riae MMeercs TOHKHMiA cioif OeToHa, Hayanach
KOpO3Hsi apMaTypbl. Pe3ynbrarel pa3sBuTHst KapOOHHM3ALHMH, MOIy4CHBIC B JAaHHOM HCCIICIOBAaHHUH, MOKA3bIBAIOT, YTO 00paTHOE 3()(EKTHBHOE CONPOTHBIICHHE
xopGanmszamun |=314518, =53218 (m?/(s-kgCQ)). [lna Geroma, KOTOpHIH HapsAMYyIO TOmBeprcst BosaeicTBHIO Boabl p=3.24, 6=0.74. Pacuér pasBuTHsA
KapOOHM3ALMK MIPOBEJICH, MCIIONB3Ysl Moeib KapOoumnsanuu DuraCreten umuraruio MonteCarlo.
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