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Executive summary:  

 
The project cyberBridge develops a new cyber-physical bridge assessment system that allows at low 

cost allow continuous online monitoring and system identification beyond modal analysis on the level 

of crack propagation and hence considerably improve prognosis of bridge deterioration. We deliver a 

software system both as a product and as a service. Besides selling the system, continuous support and 

training, partial and complete bridge monitoring services and life cycle prognosis will be offered. 

The goal is to radically improve bridge monitoring and forecasting. The main result is an innovative 

BIM based cyber-physical system for bridge assessment comprising continuous bridge and load 

monitoring, continuous vehicle load and bridge system identification for global and local crack 

propagation deterioration, and forecasting using mass simulation and probabilistic methods. It is 

provided as a continuous monitoring platform with online evaluation. The automated use of HPC 

(Cloud/Grid) power allows deep system identification at any time providing for much better 

understanding of the deterioration process and the impact of each deterioration event on the reliability 

of the bridge. 

This report provides and overview of the proposed pilot tests. Three pilot bridges were proposed in 

Germany , Czech Republic and Austria. The bridges were equipped with an online monitoring system, 

which enables to measure the bridge response as well as the weight and type of the traffic using the 

bridge. This information was used to calibrate numerical models for the pilot bridges. 

This information is used to make prognosis of the bridge behavior in the future. The prognosis 

development is part of WP 6 and is reported in deliverables from this WP [8]. 
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1 General  
 

The goal is to radically improve bridge monitoring and forecasting. The main result is an innovative 

BIM based cyber-physical system for bridge assessment comprising continuous bridge and load 

monitoring, continuous vehicle load and bridge system identification for global and local crack 

propagation deterioration, and forecasting using mass simulation and probabilistic methods. It is 

provided as a continuous monitoring platform with online evaluation. The automated use of HPC 

(Cloud/Grid) power allows deep system identification at any time providing for much better 

understanding of the deterioration process and the impact of each deterioration event on the reliability 

of the bridge. 

The system is capable of continuously detecting micro cracks and the deterioration state as well as its 

changes on a much more precise level and a higher confidence than todayôs monitoring systems and 

keeps monitoring costs at about the same level. This is based on several new methods: 

1) A new continuous simulation-based system identification method for global and local behaviour 

identification, using massive Grid/Cloud simulation, 

2) Load monitoring systems for identification of individual vehicles and their synchronisation with the 

bridge behaviour monitored values, 

3) Reliable, accurate prediction of the remaining lifespan and retrofit measures on the basis of the deeply 

identified system and massive Grid/Cloud sensitivity simulations and probabilistic methods 

4) BIM, Multimodel and ontology-centred flexible and efficient mass information management and 

visualization of the results via a 3D bridge navigator enabling improved information and decision-

making even for laypersons 

5) Improved sensor system layout, modification and tuning process for global and local bridge system 

identification based on multiple virtual scenario simulations and ontology-based Multimodel 

information management. 

6) Improved sensor network with max 1ms delay. 

Target clients and products are: 

1) Bridge Owners 

Product (2): The cyberBridge system itself, including the system, installing equipment, training people 

for a fixed period, helpdesk support, consultancy on demand and continuous updates on annual fee basis. 

Product (1): Consulting for bridge assessment. In this case, the cyberBridge system will be maintained 

by the partners. The clients will have full access on all data or only on some selected data depending on 

the specific 

contract. The cyberBridge system will either be explicitly rented or will be offered as part of the 

consultant contract and price. 

2) Monitoring and Assessment Companies 

Product (3): The cyberBridge system. The complete system with all hardware and software components 

will be offered at a fixed price and an annual support as well as update fee. The latter concerns in 

particular the cyberBridge software components, i.e. the core platform services, the workflow system, 

the data management and storage system, the public Cloud access, the private Grid, the BIM filter and 
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navigator tools as well as the ATENA extended system and the system identification system, i.e. 

variation and fit algorithms and strategies. 

3. Consultant Companies 

This is essentially the same as for Bridge Owners, but the related contract is sub-contracting. 

4. To all 

Product (4): Education, system identification with cyber-physical systems is a new area in civil 

engineering, where up to now no courses are offered, except of traditional temporary monitoring and 

vibration modes fitting, i.e. with a strongly limited amount of parameters. Therefore, the results of 

cyberBridge will be offered as a new university and industry course by TUD as wells as for the training 

courses mentioned above. 

Most important at the start of the development of the cyberBridge platform is the proper identification 

of all relevant requirements in accordance with the project scope and objectives, all relevant basic 

specifications to be used in the development work, with special emphasis on available standards or 

accepted industry norms, the envisaged users / clients of the system, and the respective practice-oriented 

usage scenarios. Requirements will be defined on the basis of the buildingSMART IDM methodology 

(ISO 29481-1:2010) to provide for early recognition of all data exchange and interoperability issues as 

a first substantial step towards Multimodel based information integration. Requirement gathering is 

thereby be split in three separate tasks, namely  

(1) computational engineering and system engineering,  

(2) monitoring and  

(3) ICT system,  

in order to work out the most innovative use of the newly emerging technologies in each domain by one 

partner per task in accordance with the expertise and background knowledge of the partners.  
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2 Wonka Bridge Pardubice, Czech Republic 

(CER) 
This pilot bridge is a prestressed box-girder concrete bridge of Mr. Pavel Wonka over the river Elbe in 

Pardubice, Czech Republic (see Fig. 2-1).  

The bridge was designed and erected between 1956 and 1959. The structure is depicted in Fig. 2-2. The 

bridge consists of three arches, having spans 50 + 70 + 50 m. Average depth of cross sections is up to 

3.5 m. 

This was the first pilot bridge of the cyberBridge project. It was used for first tests and evaluations of 

the developed analytical and monitoring technologies. 

The structure was analysed by program ATENA with implemented durability models [11]. The bridge 

is modelled by 4512 layered shell elements. The structure near supports and some other details are 

modelled by hexahedral and wedge solid elements. The pre-stressed tendons are realized by 3022 

external cable truss elements, while the conventional reinforcement is introduced by embedded 

reinforcement within shell elements. A special material model for concrete and tendons has been 

employed with more details in [12].  

The analysis of the bridge consists of three parts. The first analysis replicates in-situ load tests and 

measurements. The bridge was loaded by its self-weight and by tens of loaded trucks simulating a traffic 

load. It was used to calibrate the model of the bridge. 

In the second part, numerical model was used to investigate service load state (SLS) and ultimate load 

state (ULS) of the bridge. Applied steps of the analysis and the associated loads were as follows: 

1. Self-weight of the load-bearing structure and pre-stressing, (steps 1...10) 

2. Weight of the top layers of the bridge, i.e. road etc., (steps 11...15) 

3. Extra 35% of the load in the item 2, (steps 16...20) 

4. 150% of the traffic load of the bridges according to ULS ĻSN EN 1991-2, (steps 21...27) 

5. Additional extra load according to the item 4. incremented up to failure of the bridge, 

(steps 28...78)  

 

Fig. 2-1: Wonka bridge in Pardubice during the monitoring installation in August 2018 
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Fig. 2-2: Dimensions of the bridge: drawing of cross section near the pillars, (top picture), mid-span 

cross section, (middle picture), and side (longitudinal) view of the bridge, (bottom picture)  
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2.1 Monitoring procedure and results  

 

The most suitable locations to install the Spider units  and the sensors were determined based on the 
provided drawings. After installation the Spiders were adjusted and the first bridge transits were used 
to measure the required lead- and stopping times and to determine thresholds for triggering the 
measurement. 
Direct measurements started immediately afterwards and data was sent to our database. 
Trucks weighing 16.63T, 24.36T and 12.24T were used to calibrate the system for the Wonka bridge. 
Each truck passed the bridge 10 times (22nd  August 2018). We selected the most interesting results 
for this report based on gross vehicle weight and plausibility. One highlight is event 1116 which is a 60 
tow truck, we think it has passed the bridge illegally. We strongly recommend that this event is re-
analysed with the ATENA software. 
 

 

 

Fig. 2-3: Installation of BWiM system on Wonka bridge in Pardubice 
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Fig. 2-4: Monitoring installation (left) on Wonka bridge in Pardubice, calibration using trucks with 

pre-defined weight (top right), laser sensor for detection of vehicles, their location on the bridge and 

axle distance  
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Fig. 2-5: Examples of sensor measurements for selected main events on Wonka bridge 

Tab. 2-1: List of events and their measured values 
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Tab. 2-2: Table of symbols for measurements of Wonka bridge 

 Symbol Description  

TST Local time stamp 

ID Record number 

V Velocity (km/h) 

AC Axle count 

VC Vehicle class 

GW Gross vehicle weight (to) 

Axles List of axle weights (to) 

Length Distance between first and last axle (m) 

A2A Axle to axle distances (m) 

Q Quality of fit (%) 

T Temperature at bridge (ÁC) 

S Average strain (mS) 

y Lateral distance 

 

2.2 Analysis of Prelim inary Measurements  

2.2.1 Introduction  

In this the dataset acquired between 22/08/2018 and 22/10/2018, 14240 events over 60 days are 

presented 

The objective of this section are the following tasks: 

¶ First we test whether our measurements are biased, i.e. are we more likely misclassify 

certain types of vehicles. 

¶ Secondly, we will use the data to infer information about the type and characteristics of 

vehicles traversing the bridge. 

¶ Thirdly, we will identify and interpret temporal patterns in the traffic flow. 
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Fig. 2-6: Number of vehicles crossing Wonka bridge for each day of the measurement period. 

 

2.2.2 Is our data set biased?  

In previous work we have established that, once calibrated, the iBWIM system can accurately infer the 

weight, speed, and axle distribution of individual test vehicles. With the acquired data set we can now 

undertake a more statistical assessment. Ideally we would have a ground truth data set, acquired by other 

measurement methods, with which we could compare our results. Unfortunately this is not available. 

However, we do have a Quality value (Q) that indicates how well our model fits the measured data.  

The Quality metric is obviously an imperfect metricðthere may be several different models that fit the 

measurement. However, it is a useful indicator for our purposes. The question we would like to answer 

in this subsection is whether the iBWIM system performs better for some classes of vehicle than 

othersðif it does this will bias our analysis. We answer this question by seeking any correlation between 

the quality metric and vehicle characteristics, such as gross weight, Speed and Length, see Fig. 2-7. The 

scatter plots and RĮ values indicate there is no significant correlation and we will assume that there is 

no systematic error in our measurements and that our analysis is unbiased. 
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Fig. 2-7: Correlations between quality metric and various parameters of the model for the Vogelsang 

bridge 

 

2.2.3 Vehicle Description  
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Fig. 2-8: Probability of vehicle Gross Weight, Length and Speed, Wonka bridge 

 

2.2.4 Temporal patterns  

In Fig. 2-6 we noted a strong weekly periodicity in the number of vehicle crossings, plotting this by 

week day, Fig. 2-6, we can see that during the working week we can expect 250 or more vehicle 

crossings a day, which falls to around 100 crossings during the weekend. 

It is possible to evaluate diurnal patterns, Fig. 2-10 . There is no significant change in weight distribution 

of traffic over the course of the dayðbeyond the variation in vehicle frequency. There is, however, a 

more noteworthy effect in vehicle speed, Fig. 2-10 (right). The majority of traffic is moving at 90Km/h, 

however, between 06:00 and 18:00 there is a significant likelihood that vehicles will be travelling at 

around 60Km/hðpresumably due to congestion. 
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Fig. 2-9: Vehicle transits by week day, Wonka bridge 

 

  

Fig. 2-10: Diurnal patterns for vehicle weight and speed, Wonka bridge 
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2.2.5 Damage description  

 

Fig. 2-11: Damage metrics, Wonka bridge 

2.3 Development and calibration of the numerical model  

Three-dimensional model was developed in ATENA [3]. The bridge is modelled by 4512 layered shell 

elements. The structure near supports and some other details are modelled by hexahedral and wedge 

solid elements. The pre-stressed tendons are realized by 3022 external cable truss elements, while the 

conventional reinforcement is introduced by embedded reinforcement within shell elements (see Fig. 

2-12).  

 

 

 

Fig. 2-12: (a) Geometrical model of P. Wonka bridge, (b) geometry of pre-stressing cables, (c) the 

finite element model of the end segment, (d) failure mechanism at peak load near the right middle 

support during overloading up to failure 

(a) 

(b) 

(c) 

(d) 
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2.3.1 Initial calibration using bridge load test data  

The numerical study involved several analyses. First the model was calibrated using the known results 

from the bridge load test performed after the bridge rehabilitation in 2006, see Tab. 2-3 and Tab. 2-4. 

Tab. 2-3: Model calibration results based on the bridge load test from 2006 

 2006 load test analysis 

Mid span deflection 14.36 mm 14.23 mm 

Tab. 2-4: Used values of elastic modulus and calibrated prestressing values for cables in the box 

girder walls 

Elastic modulus Prestressing in box girder walls 

 Prestressing force Prestress 

50 GPa 450 kN 974 MPa (63% of yield strength) 

 

2.3.2 Calibration on bridge monitoring  

Then the model is further calibrated using the measurement of Petschacher, which was performed in the 

period August ï October 2018, and is described in more detail in Section 2.1. 

The Petschacher measurements were also compared with the existing monitoring on this bridge, which 

is performed by company Bohemian Technology Group (referred to as Botega). This is a long term 

monitoring. The location of the sensors is described in Fig. 2-16, and the data are available to the 

cyberBridge project. It is possible to identify the loading events detected by Petschacher on the long 

term measurements by Botega. It was however necessary to extract the short term data with shorter 

sampling period from Botega measurement, which normally concentrates on long term response. The 

comparison and identification of major loading events is shown in Fig. 2-17. When the short term data 

are extracted from Botega measurements, it is possible to observe the individual loading events that 

correspond to the passing of heavier vehicles as shown in Fig. 2-18 and Fig. 2-19.  

 

Fig. 2-13: Loading by truck load 
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Fig. 2-14: Location of monitoring points for the calibration using Petschacher measurements 

 

 

 

 

Fig. 2-15: Overview of sensor location in the existing monitoring program of Wonka bridge by Botega 

 

 

D1 

D2 
D3 
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Fig. 2-16: Location of monitoring points for calibration using Botega measurements 

 

 

 

 

 

 

 

H2 H3 H1 

D2 D3 D1 
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Á Min ï minimum value in 10 s of measuring 

Á Max ï maximum value in 10 s of measuring 

Á Value ï average value in 10 s of measuring 

Á Max-value ï difference between Max and Average value 

Á s08 monitor ï monitor on the lower side of the beam 

Á AC ï Axle count 

Á GW ï Gross vehicle weight [t] 

Á QE ï Quality of fit [%] 

Á Y ï lateral distance [m] 

Fig. 2-17: Comparison of measurement from Botega and Petschacher 
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¶ Sensor s08 is placed on the top of the beam and sensor s07 on the bottom. 

¶ s08_min and a07_min are minimum values on the 10 second interval 

¶ s08_max and a07_max are maximum values on the 10 second interval 

¶ s08_value and a07_value are average values on the 10 second interval 

 

Fig. 2-18: Identification of truck passing on 26.9. 2018 in Botega monitoring 

 

 



cyberBridge M8.2 Report        page 24/71 

version 3.0 of  05.06. 2020  

© cyberBridge Consortium 2018, 2019, 2020             www.cyberBridge.eu  

 

 

Fig. 2-19: Identification of major loading events (vehicle passing) in Botega measurements for a 

selected day of Oct. 16, 2018 
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Fig. 2-20: Strain measurements with respect to the vehicle load in Petschacher measurement 

 

It is possible to develop a comparison of strain measurements as a function of vehicle load. The vehicle 

load is obtained from Petschacher iBWIM system. It was then possible to identify the major loading 

events by the heaviest vehicles in the long term measurement by Botega. These relationships are shown 

for the selected monitors S07 and S08 (for location see Fig. 2-15) in Fig. 2-21 and Fig. 2-22. It can be 

seen that the relationship deviates from the expected linear relationship namely for the cases with lower 

vehicle weight. This can be explained by the effect of other traffic on the bridge, which is more 

significant for the cases with smaller and less heavy vehicles. This relationship is almost linear for the 

case of Petschacher iBWIM model. This is quite natural as this model was used to derive the vehicle 

weight. 
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Fig. 2-21: Strain measurements at sensor 08 from Botega correlated with vehicle weight from 

Petschacher measurement 

 

Fig. 2-22: Strain measurements at sensor 07 from Botega correlated with vehicle weight from 

Petschacher measurement 
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Fig. 2-23: Deformed shape (500x-scaling) and longitudinal strains in concrete after the application of 

prestressing and self-weight 

 

Fig. 2-24: Deformed shape (500x-scaling) and longitudinal strains after additional dead load 

application 
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Fig. 2-25: Deformed shape (500x-scaling) and longitudinal strains after loading by the measured 

vehicle with the weight of 28.46 t 

 

Fig. 2-26: Deformed shape and longitudinal strains at the measured location for vehicle load of 

28.46t.  
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These monitored data were used to perform the final calibration of the model as shown in Fig. 2-23 to 

Fig. 2-27 and Tab. 2-5. 

 

Fig. 2-27: Plot of strain development at the top and bottom bridge slab, vehicle 28.46t loading is 

applied from step 15-20 

 

Fig. 2-28: Mid-section rotation during the loading history  

In order to compare the strain due to vehicle loading the strain at the monitored location should be 

calculated by subtracting the values of step 15 from those of step 20. These values were used in the 

calibration process and the final comparison is shown in Tab. 2-5. 

Tab. 2-5: Final calibrated strain values using Petschacher vehicle measurement data 

Monitor ATENA analysis Petschacher measurement 

 [Õstrain] [Õstrain] 

Average D1-D3 8.88 8.35 
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2.3.3 Prognosis of bridge load carrying capacity  and durability modelling  

Fig. 2-30This section contains the main results from the evaluation of the bridge load capacity. Fig. 2-29 

shows the bridge load carrying capacity for various positions of the design traffic load for the calibrated 

model and the original model before the calibration using the monitoring data. During the monitoring 

process in 2017-2018 it was discovered that one of the deviators is broken as shown in Fig. 2-31. Fig. 

2-30 shows the comparison of the bridge strength considering the broken deviator and disabling one of 

the prestressing cables. It shows that the deactivation of one tendon does not significantly affect the load 

carrying capacity of the bridge. 

 

 

Fig. 2-29: Evaluation of load-carrying capacity of Wonka bridge 

 

 

Fig. 2-30: Evaluation of load-carrying capacity of Wonka bridge considering the damaged deviator 
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Fig. 2-31: Photo of the damaged deviator 
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The long term durability of the Wonka bridge structure was also analyzed by ATENA with the newly 

implemented durability models. The bridge is modelled by 4512 layered shell elements. The structure 

near supports and some other details are modelled by hexahedral and wedge solid elements. The pre-

stressed tendons are realized by 3022 external cable truss elements, while the conventional 

reinforcement is introduced by embedded reinforcement within shell elements (see Fig. 2-12).  

The numerical study involved several analyses. First the model was calibrated using the known results 

from the bridge load test performed after the bridge rehabilitation in 2006 as shown in Section 2.3.1. In 

the subsequent analysis the bridge is loaded by the permanent load and then it is subjected to the 

environmental actions: carbonation: Cp = 350 kg/m3, SCM = 0, W = 175 kg/m3, CO2 = 0.00036, RH = 

0.60. Progressive period a1 = 7.44e-5 m, a2 = 7.30e-6 m, a3 = -1.74e-5 m/MPa, ft,ch = 3.5 MPa, dini = 

0.001 m, pitting corrosion Rcorr =1, corrosion rate after spalling 30 mm/year, chlorides: Dref = 1.19e-7 

m2/day (mean value would be Dref = 7.72e-13Ā86400 = 6.67e-08 m2/day), tDref = 3650 days, mcoeff = 0.37, 

tmcoeff = 10950 days, Cs = 0.103, Clcrit = 0.0185. Progressive period a1 = 7.44e-5 m, a2 = 7.30e-6 m, a3 

= -1.74e-5 m/MPa, ft,ch = 3.5 MPa, wd = 0.001 m, pitting corrosion Rcorr = 3, corrosion rate after spalling 

30 mm/year. third part of the analysis is devoted for durability study.  

 

(c)

 

Fig. 2-32: (a) Concentration of chlorides and carbonation at tendon depth, (b) tendon cross-sectional 

area reduction due to corrosion, (c) deflection increase in time 

 

(a) (b) 
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Chloride ingress assumed concentration of sea water on the surface; this resembles situation when salt 

brine water had leaked through insulation and the Cl concentration rose up substantially. Also, 90% 

confidence was considered for diffusivity Dref, which is about twice higher than the mean value for this 

concrete strength class. 

The main results are summarized in Fig. 2-32, which shows that carbonation depth is about 55 mm for 

150 years on uncracked concrete. The induction period for chlorides is approximately 45 years for 

uncracked concrete with concrete cover of 60 mm. Fig. 2-32b depicts calculated reduction coefficient 

for a pre-stressing tendon with concrete cover 100 mm. For the first 40 years, the tendon do not corrode, 

but at the age of 100 years about 50% of the tendonôs cross section area has corroded away. Fig. 2-32c 

shows also the maximum vertical displacement of the bridge vs. age of the structure. Note that the 

significant increase of the deflection at later times is due to tendons corrosion only as creep is neglected 

in computation and the force load is kept constant. It shows that the bridge is currently in a very good 

shape, without significant cracking and the possible service life of about 40 years. 

 

 

 

Fig. 2-33: Reinforcement corrosion after 150 years during the prognosis simulation 
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3 Vogelsangbrücke Esslingen, Germany (LAP) 

3.1 Overview  

This pilot bridge is a concrete bridge over the Neckar River in the city of Esslingen, Germany. It is a 

major part of the cityôs infrastructure with a high impact on the regional traffic. The bridge consists of 

eight partial structures built in three different construction types. The bridge was built between the years 

of 1971 and 1973. The total length is approx. 595m and it has a total area of 9,744mĮ including ramps. 

 

Fig.  3-1: Aerial image of Vogelsangbr¿cke Esslingen, Germany [source: maps.google.com] 

During the last major check, many damages have been detected, that influence the structural safety, the 

safety to traffic and the durability. Due to the damages, refurbishment is urgently needed. 



cyberBridge M8.2 Report        page 35/71 

version 3.0 of  05.06. 2020  

© cyberBridge Consortium 2018, 2019, 2020             www.cyberBridge.eu  

 

Fig.  3-2: Plan view on the Vogelsangbr¿cke with its different structures 

Beyond that, tendons prone to stress corrosion cracking have been used for the prestressing of the 

Vogelsangbr¿cke, which may lead to spontaneous failure of the structure. In a previous feasibility study, 

a concept was developed, that allows further use for 15 to 20 years by partial strengthening combined 

with a continuous monitoring system.    

3.2 Main Bridge B 1 & B2 over Neckar River  

The main Bridges B1 and B2 are three-span continuous beams out of prestressed concrete with 

cantilevers attached that connect to the structures C1 and C2. The hollow box sections have been built 

on falsework. Spans are 24.50m ï 58.50m ï 24.50m ï 3.6m. The construction height varies from 1.60m 

in midspan to 2.90m at the piers.  

 

Fig.  3-3: Cross section of the main bridge B1 & B2 
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Fig.  3-4: Longitudinal section of main bridge 

 

 

Fig.  3-5: Plan view on main bridge 

 

 

3.3 Ramps C1 ð C4 

Northbound to the main bridge, the ramps are connected. Superstructue C1 is an eight-span continuous 

beam with spans of 14.00 ï 21.00 ï 26.50 ï 27.00 ï 27.50 ï 26.00 ï 24.00 ï 25.50m. The western 

junction C3 is attached to C1. It is a five-span continuous beam with spans of 19.00 ï 22.00 ï 22.50 ï 

22.50 ï 19.50m. 

Superstructure C2 is also an eight-span continuous beam with spans of  14.00 ï 21.00 ï 26.50 ï 27.00 

ï 27.50 ï 26.00 ï 24.00 ï 25.50m. The eastern junction is a five-span continuous beam with spans of 

27.50 ï 25.50 ï 25.50 ï 25.50 ï 19.50m. 

The cross sections are actually T-beam like shaped with hollow tubes for weight reduction between the 

piers.  
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Fig.  3-6: Cross section of ramps 

 

Fig.  3-7: Longitudinal section of ramp C1 
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Fig.  3-8: Plan view on ramps 

3.4 Two-Span-Bridge D 1 & D2 

The two-span bridges D1 and D2 are two separate superstructures with a total length of 27.00m each. 

Both are continuous beams with spans of 13.80 ï 13.20m. The superstructures have been built on 

falsework as not-prestressed renforced concrete slab construction with a height of 0.60m. 

 

 

Fig.  3-9: Cross section of two-span bridge 

 

 

Fig.  3-10: Longintudinal section 

The two-span bridge is of special interest for the cyberBridge project, as it is very favorable for the PSP 

iBWIM [5], [7] method and easily accessible from underneath. 
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Fig.  3-11: View on two-span bridge form both sides showing good accessibility from underneath 

 

 

3.5 BIM Model  

LAP created a BIM-Modell of the entire building D using the CAD software ALLPLAN, Nemetschek 

AG. The Model consist of the superstructure, piers, abutments and foundations. For the numeric 

analysis, the reinforcement of the superstructure was also modelled. The model was transferred to an 

IFC file, so it could be used to create the numeric model in the ATENA Software. 

 

Fig.  3-12: IFC-Model of Building D 
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Fig.  3-13: IFC-Model of Building D 
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Fig.  3-14: IFC-Model of Building D - Reinforcement 

3.6 Monitoring procedure and results  

One BWIM [5], [7] was used for each lane; each BWIM has a sensor ensemble consisting of one laser 

rangefinder; five strain gauges arranged in a row transverse to the road; and two strain gauges which are 

placed on either side of the row. The gauges in the row perform the actual measurement; the two adjacent 

gauges are used for triggering a measurement and estimating the speed of the vehicle; the laser 

rangefinder is used to detect and localize the vehicle axles. The spatial arrangement of sensors is shown 

below. The response of the sensors to a typical event is shown below. 




























































