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MOILHOCTh jBuratens ckpenepa NC, koo UIHEHT HCIONb30BaHUS MOIIHOCTU JBUraTels Ha
ATane NepeMeIleHHs] MalllMHBI K MECTY Pa3rpy3Ku rpyHTa mo©, Bec ckpenepa Gu'.

K 3naunmbiM  ¢akTopam oOTHOCATCSA: KOA(D(PUIIMEHT WMCHOIB30BaHUS MOIIHOCTH
JIBHTaTeNisl Ha dTare XO0JIOCToro xoaa ms®, Ko3GQUIHUEHT pa3pbixaeHus rpynTa Kp, 06beMHbIil
BEC IPYHTA B IUIOTHOM TeJie A, KO3 PUIIMEHT UCTIOIH30BAaHUSI BMECTUMOCTH KOBIIa Kg, TSITOBBII
KIIJI cxperepa n° , Bpems Ha MaHEBPUPOBAHUE U Pasrpy3Ky ts. OcTampuble 11 dakTopoB He
SIBIISIFOTCS] 3HAUUMBIMH.

Takum oOpa3zom, B mporecce pabOTBHl CKpErnepoB HAWOOJNbINEe BIMSHHEC HA WX
MPOU3BOJUTENILHOCTh OKa3bIBAIOT JIaIbHOCTh TPAHCIIOPTUPOBAHUSA TpPyHTAa M KAdeCTBO
TPAHCIIOPTHBIX MyTEH, OTpaxkaeMoe KOIPPUITMSHTOM CONTPOTUBIICHISI TTEPEKATHIBAHUS MAIIIUHBI
1 K03QPUIIMEHTaMH UCIIOIB30BaHUS MOITHOCTH ABUTATENsI IPU MEPEMEIICHUH MAIIHHBI.

O PeKTUBHOCT MTPUMEHEHHUS TOJIKAYEH U UX MOIIHOCTH OIMPEIEISIOTCS BMECTHMOCTBIO
KOBIIA cKkperiepa U KoddduuueHTom ee ucnonb3oBaHuss. OAHUM M3 TyTeH MOBBILICHUS
3¢ (HEeKTHBHOCTHU CKPETIEPHBIX arperaToB SBJISIETCS CHIDKEHHUE UX METATIOEMKOCTH.

B wucrounuke [4] npuBeneHa METOAMKA pacueTa OPUEHTUPOBOYHOM IIEHBI HOBOIO
uznenus 1 ¢ ucnonszoBanuem Gopmynst M.A. ['ps3HOBOM:

L = LK1 K2 K3°Ke'Ks £ Loon (17)
rae L, — nmena ananora; K1— K03()(OUIMEHT, YINTHIBAIOIINI COOTHOIIICHNE PECYPCOB;
K2— KOO (HUIMEHT, YUUTHIBAIOIINN 3aTPaThl HA TEXHUYECKOE 00CITY)KHUBAaHUE U PEMOHT;
K3 — KOO HUIMEHT, YIUTHIBAIOIINN Ha/Ie)KHOCTh KOHCTPYKIINH;
K4— KOO UIMEHT, YUUTHIBAIOIIMN BIMSHAE KOHBIOHKTYPHI PhIHKA;
K5 — KOO(Q(HUIIUEHT, yYUTHIBAIOIINHN JINIICH3NOHHO-TIPABOBBIE 3aTPATHI;
Hron— OTIONHUTENBHBIE 3aTPAThl HA U3TOTOBJIEHWE HOBOTO M3JEIHS C y4eTOM o0beMa

MIPOM3BOJICTBA.

Ty
3necy ki = T e Ty u Ta — pecypchbl HOBOTO U3AeNUs U aHajora. Takum xe 00pazoM
a

onpeznensitorcs kodpunueHntel 2 u 3. KoadduimeHnt ksompenensercs W3 COOTHOLICHUS
nmukei pupm. Kosddumment ks onpenensercs mo popmyie:

Umax—3
ks == —> (18)

rne  lmax — MakcuManbHas 1IeHa, UCXO/s U3 KOHBIOHKTYPBI PbIHKA; 3 — MPaBOBHIC
3aTpaThl.
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UNDERSTANDING A LIGHTWEIGHT STEEL-CONCRETE BRIDGE DECK
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HCOLLIHCY KYWIH ©03iHe anaovl. Komnosuyuanvlk KypulibiMObl JiCeHiloemy YWiH NAumanap
apacvlHoazvl Kejiem OyYKil KoNeMHiy yumeH OipiH KYpy Kepek.

B cmamve npeocmaenena Konyenyus 1€2K020  dHcene30-06emoHHO20 NOKPbIMUS,
coeOuHsowell npeumywecmsda 000ux munos nokpvlmus. B smoitl KoHyenyuu cucmema
NPOOONLHLIX U NONEPEUHLIX WB08 NEPEHOCUM CULY CO8U2A MeNCOY GepXHeU U HUJICHell
CManbHulMu naumamu. J{ns 00CmudiCceHus Né2KOCmu KOMNOZUYUOHHOU CMPYKmMypbl, 00bEéM
MedHCOY NAUMAMU He OO0JIHCEH NPesbiuiams 0OHOU mpemu om 6ce20 00vbEéMA.

In this paper, a lightweight steel-concrete deck concept is presented, combining the
advantages of both concrete and steel deck types and avoiding their disadvantages. In this
concept, a network of longitudinal and transverse ribs transmit shear forces between thin steel
top and bottom plates. In order to achieve a lightweight composite structure, the concrete volume
is only one third of the volume between the plates.

1. Introduction

In this paper a new type of bridge deck panel is presented. Such a deck carries the traffic
load and is borne by the mean load carrying structure of the bridge, to which the deck is usually
connected in order to obtain structural cooperation. In general, it is made of concrete, steel, wood
or composite material. Concrete bridge decks are constructed with reinforced or prestressed
concrete and have typically a thickness of 20 to 30 cm (Figure 1).

Reimnforced
concrete deck

Steel beam Longitudinal

stiffeners
Main girder

Figure I - Bridge deck types

The connection with the supporting structure is realized by steel stirrups, when the main
girders are made out of concrete, or welded shear connectors, if steel girders are used. Such a
deck has the clear advantage of having a low cost. On the other hand, it also has two major
shortcomings: the dead weight is substantial, due to the ponderous structure and the concrete
deck slab is exposed to weather influences and de-icing salts. Welded steel decks are often
employed since their introduction in the 1960°s. They consist of a thin steel deck plate, which is
stiffened in two mutually perpendicular directions by means of welded longitudinal stiffeners
and crossbeams (Figure 1). Since the stiffening is not the same for both directions, this bridge
deck is called orthogonal-anisotropic, or, briefly, orthotropic. The main advantage of the steel
orthotropic bridge deck is the light weight, due to the slender elements. By replacing existing
reinforced concrete decks with orthotropic deck systems in long-span bridges in Canada and the
United States, reductions between 18 and 25 % were achieved. As a result of this decrease, the
stresses in the cables and towers of suspension bridges could be reduced with 60-70 %. However,
also these orthotropic bridge decks show the disadvantages that a limited efficiency of the system
is observed because of fatigue phenomena in the welding joints between deck and stiffeners on
the one hand and between longitudinal stiffeners and crossbeams on the other hand. In addition,
the anisotropic nature of the orthotropic deck encourages the fatigue problems, as the applied
traffic loads are not uniformly distributed, neither in transverse direction, nor between
longitudinal and transverse direction.
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The proposed deck configuration eliminates the above mentioned disadvantages in the
largest manner. The prototype deck composition consists of a concrete sandwich core (Figure 2)
between two thin steel plates at the bottom and top position.

Congrete rib network Dimensions of longitudinal ribs [mm)]

Figure 2 - Bridge deck concept characteristics

The connection between both materials is realized with a two-component epoxy adhesive
layer. The space between the outer plates in filled with unreinforced high self-compacting
concrete, be it with a large void ratio, realized by polystyrene blocks. The concrete generates a
2D grid structure between the outer plates, creating both a shear connection as well as virtual
supports for the top plate. In this last action, the concrete ribs limit the transverse bending stresses
in the top plate when a concentrated wheel load is situated between these ribs. However,
compared to the corresponding action in an orthotropic deck, no welds are present in the top
plate. Consequently, the allowable fatigue cycle can be twice as higher, allowing a plate thickness
reduction of 30 to 40 %. The isotropic behaviour is realized by 2 or 3 transverse concrete ribs in
between the traditional crossbeams spaced 4 to 5 m apart. A reduction of the rib distortion effect,
combined with the additional transverse stiffness realizes a more isotropic effect. This reduces
longitudinal bending moments generated by the concentrated wheel loads. Given the narrow rib
dimensions and the presence of transverse ribs, the use of high strength fibre reinforced self-
compacting concrete is required.

2. Experimental research

An experimental test program was carried out to examine the dynamic structural
performance of the proposed sandwich deck. The fatigue behaviour was investigated by
performing a dynamic loading test with constant amplitude on a 3.6 m x 1.5 m sandwich deck
test panel.

2.1  Sandwich deck test panels — Geometry

An experimental test panel was fabricated with a length of 3.60 m and a width of 1.50 m.
Five longitudinal and three transverse concrete ribs were vertically cast between the steel plates,
with a rib spacing of 0.30 m and 1.20 m, respectively (Figure 2). The transverse concrete ribs
had a rectangular shape with a height of 250 mm and a width of 150 mm. At the top and the
bottom of the sandwich panels, thin steel plates (3.6 m x 1.5 m) were provided, with thicknesses
of 10 and 6 mm.

2.2 Test setup

During the fatigue loading test, the composite deck element was placed on two neoprene
supports (width 20 mm) with a span of 3.40 m. The load was applied on two square neoprene
rubber surfaces with a thickness of 15 mm to achieve a good load introduction in the bridge deck
panel and with a distance of 1.20 m between the load centres by using a steel load spreader. This
setup corresponds with the wheelload configuration of Load Model 1 (LM1) from EN 1991-2.
Theexact load position sareillustratedin Figure 3.
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Figure 3 - Load surface and load positions

The dynamic load was applied as a sinusoidal function with a 250 kN capacity load-
controlled hydraulic actuator (Figure 4). The load, applied during the dynamic loading test, is
based on FLM1, which is 70 % of the 300 kN axle load from LM1. In order to make sure the
contact between actuator and load spreader was preserved at all times, a minimum load of 5 kN
was applied, resulting in a load cycle between 5 and 215 kN, with an average load of 110 kN.

Figure 4 - Dynamic test setup

During the dynamic test, various steel and concrete strains were recorded. In addition,
also the vertical relative displacement of the bridge deck was measured with a deflection gauge
(accuracy of 10 um) on the top steel plate, 300 mm out of center in longitudinal direction. The
compression of the neoprene supports was taken into account by determining the displacement
of the upper steel plate above the supports by using two deflection gauges. The structural
behaviour properties, deflection and strains in particular, were registered after predetermined
moments (after 1, 5, 10, 20, 50, 100, 200, 500, 1000, 2000, 5000, 10000, 20000, etc.), during
which the maximum load of 215 kN was statically applied on the bridge deck panel. The dynamic
test was conducted up to a total amount of 4 million cycles.

3. Resultsanddiscussion

3.1  deflection

The deflection results show that the displacement is constant up to 100.000 cycles after
which a concrete fatigue damage starts.

3.2 stresses

As for the evolution of the vertical displacement of the bridge deck, also here a change is
observed for the majority of the stresses, starting from 100.000 cycles, with the exception of the
compressive stresses determined on the top steel plate, where the measured values are constant
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and no significant changes due to fatigue are observed after 4 million cycles. As an example
tensile stresses in the bottom steel plate as shown in Figure 5.
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Figure 5 - Stress evolution

Clearly, both increasing and decreasing stresses are noticed. The reason of this trend can
be found in the evolution of the concrete stresses, where an inverse trend is observed. This can
be attributed to fatigue damage in the concrete rib, resulting in the formation of small cracks in
the vicinity of the support, which are not necessarily located near the applied strain gauges. Due
to the presence of micro-cracks a redistribution of the forces occurs, which results in a changed
stress distribution in the bridge deck. As soon as all longitudinal ribs possess minor cracks due
to fatigue, the forces will be redistributed back to the original situation. Despite the presence of
small micro-cracks in the concrete ribs, it is unlikely they will cause failure of the bridge deck
structure.

4. Conclusions

In this paper, a new deck concept was presented and the results of a constant amplitude
fatigue loading test were presented and evaluated. The results showed that after 100.000 cycles
a redistribution of the steel and concrete stresses occurred in the bridge deck test panel, due to
the formation of small fatigue cracks in the most loaded parts. Because of this, the tensile and
compressive stresses in the less loaded parts increased. However, after 1 million cycles, the
opposite trend is noticed, as the occurring stresses return to their original values. It stands to
reason that fatigue damage in all concrete ribs has occurred at this point, resulting in the original
bridge deck stress distribution. In addition, also an increase in the relative deflection of the bridge
deck under static loading is noticed after 100.000 cycles, attributable to the beginning of concrete
fatigue damage. Nevertheless the formation of micro-cracks in the concrete due to fatigue
damage, it was found that the lightweight steel-concrete sandwich bridge deck concept possesses
the necessary dynamic resistance to bridge loads.
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YK 625.7
M.M. Apunoscanog
pexmop TAIHU, ooxmop mexw.nayx, npogeccop
Pecnybauxa Y3oexucman

ABTOMOBWJIBHBIE 1OPOI'M - HAIIMOHAJIBHOE JOCTOAHUE
PECITYBJIMKH Y3BEKUCTAH: COCTOAHUE U IIEPCIIEKTUBbBI PA3SBUTHUA

CrpemiieHne y30€KCKOM 3eMJT UIMETh ITYTH, BEAYILIME BO BCE CTPAHbI MUPA, €€ [IMBUIN3ALIUS
HayaJlochk co BpeMmeH co3aanust Bemmkoro Illenkosoro IlyTtu, sIBIsStomMMCS OIHUM U3 JIy4IIMX
JIOCTHKEHUN Pa3BUTHSI YEIOBEYECTBA, KOTOPBIM COEIMHSUI ropoja W crpanbl EBpasum, cospan
YCJIOBUS JJ11 5KOHOMUUYECKUX U KYJIBTYPHBIX CBSA3€H, IO3BOJIMII HAPOJAM YMHOXKATh MaTepUAIbHOE
1 IyXOBHOE 0OraTcTBO.

ABTOMOOWIIBHBIE JIOpOTM  Y30€KHCTaHa B CUWIy OCOOEGHHOCTEH reorpaduueckoro
pAcoNOKEHUsT CTPaHbl SBJSIIOTCS KU3HEHHO BAKHEMIIMMHU TPAHCIOPTHBIMU — apTEpUsIMU
SKOHOMHUKHU. ['eorpaduueckoe mojoxeHne Y30eKHCTaHA MO3BOJSIET OCYILECTBUTH TPAH3UTHBIC
MIEPEBO3KU TPY30B U IACCAKUPOB KPATHANIIMM IIyTE€M, HNPAKTHUECKH BO BCEX HAIPABIICHUSX,
BKJIIOYAsl K MOPCKUM ITOPTaM.

B V30ekucrane aBTOMOOWJIBHBIE JOPOTH OOIIEro IMOJIB30BAHUS IOAPA3ACISIOTCS Ha
MEK/1yHapOJIHbIE, TOCYAAPCTBEHHbIE U MECTHBIE, C OOILEH MPOTHKEHHOCTHIO OKOJIO 43 ThIC. KM,
KOTOpble O00ECIEUYMBAIOT YCTOWYMBYIO aBTOJOPOKHYIO CBSI3b MEXKIY BCEMH HACEIECHHBIMU
MYHKTaMH PECIyOJIMKH U BBIXOJ1 K CONPEAETBbHBIM IOCYIapCTBaM.

UYepes TeppUTOPHIO PECITYOIUKU TPOXOAAT 20 MEKTyHAPOJHBIX TPAHCIIOPTHBIX MapIIPYTOB
W HampaplieHU#l ¢ BbIXxoJoM B Poccuiickyro @enepamuio, Ykpauny u ctpanbl EBponbl, KaBkas,
Upan, Typuuto, Adranucran, [lakucran, Upan, Kuraiickyto Haponuyro Pecriy6muky.

V306ekucTan sBiIsgeTCsl yuacTHUKOM Oosiee 30 MexXTyHapOIHbIX KOHBEHIIUH, CoralieHnii 1
JIOTOBOPOB B OOJIACTM aBTOTPAHCIOPTa M aBTOMOPOI, a TAKKe AKTUBHBIM YYAaCTHHKOM psizia
IporpamyM, pa3padaThIBa€MbIX MEXKIYHAPOJHBIMH OpraHU3alMsIMU 110 COBEPLICHCTBOBAHHUIO U
MHTErpalliy HALMOHAIBHBIX TPAHCIIOPTHBIX KOMMYHMKALMI B MEXIYHApPOAHBIE TPAaHCIIOPTHBIE
CHCTEMBI.

B yrBepxknennoit Konuenimu pasBuTHs aBTOMOOMIIBHBIX JIOPOT OOLIETO IOJIb30BAHUS
VY306ekncTana Ha JOJITOCPOYHYIO MEPCHEKTUBY YCTAHOBIICHBI HAIPABICHUS, MEXaHU3Mbl Pa3BUTHS
U COBEPILICHCTBOBAHUS CETU aBTOJOPOT, IMOBBIIIEHHWE WX SKCIUTyaTallMOHHBIX XapaKTEPUCTUK,
CIIOCOOCTBYIOUIMX YCTOWYMBOMY M AUHAMUYHOMY Pa3BUTHIO SKOHOMHUKH, POCTA YPOBHS KHU3HU.

KoHnuenmus npegycMaTpiBaeT eIMHYI0 TOCyIapCTBEHHYIO MOJIUTHKY B cepe pa3BUTHA U
COBEPIICHCTBOBAHUS JIOPO’KHOIO CTPOUTENILCTBA, PEKOHCTPYKLMHN U Pa3BUTHE JEHCTBYIOIUX, a
TaKKe CO37aHME KpaTyalIlIMX MHOIOBAPUAHTHBIX HOBBIX TPAHCHOPTHBIX KOPHIOPOB, peann3aluu
3} dexTBHON CHUCTEMBI yrpaBieHus, (PMHAHCUPOBAHUS M PACXOJOBAHUS CPEACTB B JJOPOKHOM
XO35HCTBE, paclIMpeHue M YriiyOlleHHe COTPYAHMYECTBA B HCIIOJIb30BAaHUU MEXyHApPOAHBIX
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