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мощность двигателя скрепера NC, коэффициент использования мощности двигателя на 

этапе перемещения машины к месту разгрузки грунта m2
с, вес скрепера Gм

с.  

К значимым факторам относятся: коэффициент использования мощности 

двигателя на этапе холостого хода m3
С, коэффициент разрыхления грунта КР, объемный 

вес грунта в плотном теле ∆, коэффициент использования вместимости ковша Кq, тяговый 

КПД скрепера ηС , время на маневрирование и разгрузку t4. Остальные 11 факторов не 

являются значимыми. 

Таким образом, в процессе работы скреперов наибольшее влияние на их 

производительность оказывают дальность транспортирования грунта и качество 

транспортных путей, отражаемое коэффициентом сопротивления перекатывания машины 

и коэффициентами использования мощности двигателя при перемещении машины.  

Эффективность применения толкачей и их мощность определяются вместимостью 

ковша скрепера и коэффициентом ее использования. Одним из путей повышения 

эффективности скреперных агрегатов является снижение их металлоемкости. 

В источнике [4] приведена методика расчета ориентировочной цены нового 

изделия Ц с использованием формулы М.А. Грязновой: 

 

Ц = Ца··к1··к2··к3·к4·к5 ± Цдоп    (17) 

где  Ца – цена аналога; к1– коэффициент, учитывающий соотношение ресурсов; 

к2– коэффициент, учитывающий затраты на  техническое обслуживание и ремонт;  

к3 – коэффициент, учитывающий надежность конструкции; 

к4– коэффициент, учитывающий влияние конъюнктуры рынка; 

к5 – коэффициент, учитывающий лицензионно-правовые затраты; 

Цдоп– дополнительные затраты на изготовление нового изделия с учетом объема 

производства. 

Здесь   = , где ТН и Та – ресурсы нового изделия и аналога. Таким же образом 

определяются коэффициенты 2 и 3. Коэффициент к4определяется из соотношения 

имиджей фирм. Коэффициент к5 определяется по формуле: 

 =  ,        (18) 

где  Цmax – максимальная цена, исходя из конъюнктуры рынка; З – правовые 

затраты. 
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жылжу күшін өзіне алады. Композициалық құрылымды жеңілдету үшін плиталар 

арасындағы көлем бүкіл көлемнің үштен бірін құру керек. 

В статье представлена концепция лёгкого железо-бетонного покрытия, 

соединяющей преимущества обоих типов покрытия. В этой концепции система 

продольных и поперечных швов переносит силу сдвига между верхней и нижней 

стальными плитами. Для достижения лёгкости композиционной структуры, объём 

между плитами не должен превышать одной трети от всего объёма. 

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). 

 
Figure 1 - 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. 

 
 

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 μm) 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. 

 
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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Стремление узбекской земли иметь пути, ведущие во все страны мира, ее цивилизация 

началось со времен создания Великого Шелкового Пути, являющимся одним из лучших 

достижений развития человечества, который соединял города и страны Евразии, создал 

условия для экономических и культурных связей, позволил народам умножать материальное 

и духовное богатство. 

Автомобильные дороги Узбекистана в силу особенностей географического 

расположения страны являются жизненно важнейшими транспортными артериями 

экономики. Географическое положение Узбекистана позволяет осуществить транзитные 

перевозки грузов и пассажиров кратчайшим путем, практически во всех направлениях, 

включая к морским портам.  

В Узбекистане автомобильные дороги общего пользования подразделяются на 

международные, государственные и местные, с общей протяженностью около 43 тыс. км, 

которые обеспечивают устойчивую автодорожную связь между всеми населенными 

пунктами республики и выход к сопредельным государствам. 

Через территорию республики проходят 20 международных транспортных маршрутов 

и направлений с выходом в Российскую Федерацию, Украину и страны Европы, Кавказ, 

Иран, Турцию, Афганистан, Пакистан, Иран, Китайскую Народную Республику. 

Узбекистан является участником более 30 международных конвенций, соглашений и 

договоров в области автотранспорта и автодорог, а также активным участником ряда 

программ, разрабатываемых международными организациями по совершенствованию и 

интеграции национальных транспортных коммуникаций в международные транспортные 

системы. 

В утвержденной Концепции развития автомобильных дорог общего пользования 

Узбекистана на долгосрочную перспективу установлены направления, механизмы развития 

и совершенствования сети автодорог, повышение их эксплуатационных характеристик, 

способствующих устойчивому и динамичному развитию экономики, роста уровня жизни. 

Концепция предусматривает единую государственную политику в сфере развития и 

совершенствования дорожного строительства, реконструкции и развитие действующих, а 

также создание кратчайших многовариантных новых транспортных коридоров, реализации 

эффективной системы управления, финансирования и расходования средств в дорожном 

хозяйстве, расширение и углубление сотрудничества в использовании международных 
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