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ASSESSMENT AND MAINTENANCE OF OPEN DECK RAILWAY 

BRIDGES  

Ali Chaboki, Principal Structural Engineer, V/Line 

ABSTRACT 

Open deck bridge designs have the timber sleeper/transoms directly supported by the bridge girders. 

Due to the lower dead loads of these bridges, they are one of the most popular railway bridges, and 

their maintenance cost is lower than the ballasted deck bridges. However, in the absence of ballast, 

more dynamic load transfers into the substructure than for ballast decks and this is why rough riding is 

a common issue of transom bridges. To deal with this issue and to reduce rough riding, the rail is 

often at an offset to the bridge girders. The effect of having the rails offset to the support girders is 

that it creates both a bending moment and shear in the sleepers/transoms. Also, due to the additional 

stiffness of these bridges, bearings are more vulnerable compared to ballasted decks. The approach 

slab also plays a more critical role in the quality of the passenger trains on these bridges. Due to 

these factors, special requirements for maintenance and assessment of these bridges have been 

presented in this paper. 

1 INTRODUCTION  

V/Line is Australia's largest regional public transport operator and is responsible for maintenance over 

930 railway bridges on its network in regional Victoria and part of NSW. More than 10% of these 

bridge (108 bridges) are open deck transom bridges sitting on simple span steel RSJ beams and their 

age is over 100 years. The span of these bridges varies from 6 ft. to 50 ft. and about 50% of these 

bridges are short span bridge which their span in equal or less than 12 ft or 3.8 m. which are 

considered as short span bridges. In Figure 1, the span length of these open deck bridges in the 

V/Line network is shown.  

 

Figure 1: Span length of open deck bridges in the V/Line network 

There are several standard drawings for these short span bridges in the V/Line network, a typical plan 

which includes 6 RSJ beams under each rail is shown in figure 2. In this plan, six relatively short 

beams under each rail, increase the flexibility of the beams and provide wider support to the transom 

sleeper.  
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Figure 2: Typical simply supported 3.8 m transom bridge – span 12 ft.- 3.8 m 

When it comes to large span transom bridges, two types of the standard plan have been used widely 

which are shown in figure 3. In these plans, transoms are not located on the beam centerline and its 

flexibility is more than the short span due to a flexural deformation of the transom.  

 

 

Figure 3: Two common standard for long span transom bridges – (Top): 40ft 4 beams type. 
(Below):  two-beam plan for 50 ft. spans 

As it can be seen in figure 3, to reduce the stiffness of track on these bridges, the rail is often at an 

offset to the bridge girders. The effect of having the rails offset to the support girders is the bending 

moment and shear forces in the sleepers/transoms. The also reduces the effective lifetime of the 
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timber sleepers. Regarding the stiffness of these open decks, the short span, allows 3 mm maximum 

deflection under the railway 23-tonne axle load in the middle of the beams. However, the 

displacement is estimated less than 1 mm at the abutments. This stiffness is not that different in large 

span bridges at the abutment. However, up to 13 mm deformation at the middle of the beam is 

calculated under 23 tons loco.  

2 DISCUSSION AROUND THE STIFFNESS OF THE TRANSOM BRIDGES AND 

ITS EFFECTS   

Open deck bridges designs have the transoms (or ties) directly supported by the bridge girders. Due 

to much lower dead load, free draining, less costly to build and maintain compared to blasted deck 

bridges, they were one of the most popular railway bridges. However, transfer more dynamic load 

from the rail live loads to the supporting structures than ballast deck bridges. Several investigations 

have shown that (I) stiff track structures on open deck bridges and (ii) abrupt stiffness changes 

between the bridge and the ballasted approach are two factors that cause vertical variable 

acceleration imposition on the rolling stock. (Zakeri et al, 2011),  In another hand, the vertical 

movement of the rail is different in the ballasted track, transition (if exist) and open deck bridge. This 

different movement will excite the rolling stock. From track stiffness perspective, the range of stiffness 

is between 60kN/mm (hard) to 20 kN/mm (soft). However, the stiffness on the abutment is around 

estimated 150KN/mm at the pier/abutment and around 100kN/mm in the middle of the span of short 

span transom. A schematic diagram of track stiffness around an open deck bridge is shown in figure 

4.  

 

Figure 4: Schematic diagram of track stiffness around an open deck bridge 

 

3 DYNAMIC BEHAVIOUR OF THE SIMPLE SUPPORT TRANSOMS  

In recent years, several researches focused on the dynamic behavior of simply supported 

beam/bridges under moving loads of train (Svdeholm, 2017). The maximum dynamic response of a 

beam under the passage of moving trains occurs in most of the cases when resonance conditions are 

met (Svdeholm, 2017). A mathematical condition for this scenario can be obtained by making the 

period of the moving loads equal to the period of the beam.  

 

Figure 5: Model for a simply supported beam/bridge under train moving loads (Svdeholm, 
2017) 
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𝑉𝑐𝑟 =
𝑓𝑛.𝐷

𝑙
 , 𝑙 = 1,2, ∞ (Svdeholm, 2017) 

Where D is the distance between the axles and Fn in the nth natural frequency of the beam. From 

frequency perspectives, the unloaded fundamental frequency of the beams in short span bridges is 

above 100 Hz, and the resonance in these type of bridges is highly unlikely. In these bridges, the 

dynamic load on the bridge is considerable due to their high stiffness and abrupt change in track 

stiffness. In long-span transom bridges, unloaded fundamental frequency of the beams is around 40-

60 (Hz) (based on several empirical methods and FEM models). Semi high-speed trains with115 or 

160 km/h speed with about 2 m distance between the front axles, can cause resonance. However, 

since the third and fourth axle are about 13 m-15 m away from the second axle, the full resonance is 

unlikely. Also, the damping of the system is another important factor which was ignored in the simple 

formula. Therefore, we don’t expect a full resonance in the span up to 15 m. Having said that, the 

defects on the bearings of the long span transom bridges like Barwon River bridge in V/Line network, 

indicate the tough condition of the bearings in these bridges and the dynamic loads on the bearings 

cannot be ignored. The dynamic loads are either secondary noise effect or partial resonance, have 

caused severe defects on the bearing and there are some signs of uplift forces on the bearings.  

4 CASE STUDY 1: BARWON RIVER BRIDGE - DEFECTIVE BEARINGS AND 

DIP IN THE APPROACHES 

The recently identified defects on the bearings on the long span transom bridges like Barwon River 

bridge in V/Line network show the severe effect of the dynamic loads on the bearings. The dynamic 

loads are either secondary noise effect or partial resonance and have cause several defects on the 

bearings and are shown in figure 6.  

 

 

Figure 6: Typical damages on the hold down bolts on the abutments and piers- Barwon River 
Bridge 

Several tilted hold-down bolts, defetive/unfasten nuts, defective threads, and section loss on the hold 

down bolts observed. In addition, cracked welds and cracks around the plated in concrete bearing 

shelf observed.  Regarding the repair works, the critical damage on the bearing was fixed quickly by 
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the installation of keeper plates (restraint blocks) on the bearing to limit excessive vertical and lateral 

movement of the bearings, cracked welds have been repaired. The installed restraint blocks are 

shown in figure 6.  

 

Figure 7: The repair on the bearings –restraint blocks to restraint the vertical movement 

From track perspectives, the recent result of the track recording car IEV100 around this bridge is shown 

in figure 8. As per the results, a top B fault on both rails around the approaches and two up spans of 

the bridge recorded.  

 

Figure 8: the movement of the track according to track recording car co100- Barwon River 
Bridge 

This track defect was identified on site which is shown in figure 9. The approached of the bridge have 

been tamped and the mud hole and dip in track have been fixed.  

 

 

 

Figure 9: B fault track defect - Dip in the approach of Barwon River Bridge – Below: the 
repaired and tamped approach  



9h Australian Small Bridges Conference 2019 

Page 6 

As a result of the mud hole and soft approaches of this bridge, more dynamic loads were applied on 

the bearings and caused several critical defects on the bearings. In addition, several related defects 

observed on this bridge such as rail sitting on the fender wall is shown in figure 10 and cracked weld 

on the bearings based plate which is shown in figure 11.  

 

Figure 10: Other defects – rectified - Rail sitting on the fender wall  

 

Figure 11: Left: Cracked weld on the bearings- Right – rectified weld 

5 CASE STUDY II- BEARING ISSUE ON SHORT SPAN TRANSOM BRIDGES  

In addition to defects on the large span open deck bridges, we have found few defects on bearings, 

abutments and approaches of small span transom bridges. For instance, in figure 12, a defect on the 

bearing bolt is shown. Similar to large span bridges, rail on the fender wall defect was observed. This 

defect is shown in figure 12.  
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Figure 12: defects on the bearing set screw bolt- span 3.8 m  

 

Figure 13: Rail sitting on the fender wall – high priority defects due to the approaching 
settlement  

All these defects have been dealt and fixed, but they show severe dynamic loads on transom bridges 

at abutment and bearings due to lack of stiffness.  

6 DESIGN CODES AND LOAD RATING  

In the new version of the Australian bridge design standard AS 5100(2017), the Dynamic Load 

Allowance (DLA) for rail traffic has been revised for bending moment has been reduced from 160% to 

67%. For instance, as per the 2004 version, DLA for bending of transom bridges for 3.8 m spans is 

1.07. as per AS5100 (2017), is 0.67. However, where a transition approach to a bridge abutment is 

not provided, the DLA shall be increased by 50% unless otherwise approved by the relevant ARO. 

Recent load ratings of several transom bridges in the V/Line network as per AS 5100 (2017) show 

that they are not compliant, but still compliant with V/Line NIST-2616 for the current rolling stocks. It 

needs to be mentioned that these bridges are deemed safe as per AS 3822 assessments.  

7 CONCLUSION 

In open deck bridge, more dynamic load transfers into the substructure than ballasted decks bridges. 

In this paper, we focused on the consequences of these considerable forces. Track issues on bridge 
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approaches and abutments, bearing defects and sinking substructure are a few samples of the 

defects on open deck bridges in the V/Line network. Also, more frequent trains on the bridges, ageing 

issue and fatigue due to the dynamic loads can be considered as other possible causes the recently 

identified defects on these transom bridges. Based on the maintenance experiences, we have not 

found any major issue with the bending capacity of these bridges, and after 100 years they don’t show 

any sign of distress.  

These defects have been identified in both large span and short span transom bridges. In spite of the 

rectification of identified defects, these type of defect can undermine the integrity of these bridges in 

the long term and can affect the safety and performance of these bridges. A risk assessment on the 

trend of defects, more in-depth assessment of similar defects, more track assessment and inspection 

and better track maintenance in approaches can be considered as the midterm solution. In the long 

term, TMP (Technical Maintenance Plan) for these bridges can be amended to accommodate more 

frequent inspections. Also, the track inspection TMP on and around the bridges can be revised.  
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