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The collapse of the Carola Bridge in Dresden
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On 11 September 2024, part of the
Carola Bridge in Dresden collapsed.

The rest part of the bridge is then
closed and deconstructed.

The bridge was an arterial road in the
city (Bundesstrasse, B170)



Synergy between real-world data and MATSIm

e Calibration
« Validation

N
MATSIm
—

Multi-Agent Transport Simulation

* Individual-level behavior
 Insights on not
observable items

Real-world data Agent-based model

' TUD Title of the Presentation * Speaker « Slide 4



The bridges in Dresden
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Available real-world data

Traffic count of motorized vehicles on the bridges before and after the collapse of the
Carola bridge

Passenger flow of the buses and trams crossing the Elbe river in Dresden

Automated bicycle count data
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Motivation

1. Explore the bahavior change after the collapse of the Carola bridge in the agent-based
model

2. Filling the gap that real-world data does not cover

3. Perform agent-level analysis with the agent-based model
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Matching the traffic count data on the bridges

The Dresden model v1.1

Traffic volumes of various bridges: motorized vehicle (Kfz)

25410
24880

20170

Loschwitzer Brlcke

Waldschlosschenbricke

34390

23740

Albertbriicke
17999 ot Too much traffic
Carolabriicke _ on the Carola
source H
'% Augustusbricke W actual count 2023 bridge
o I simulated
Marienbriicke 40620
17200 Total bridge crossing trips
Miederwarthaer Bricke
10 (exclude A4)
Elbebriicke Dresden (Ad) 8300
0 10000 20000 30000 40000 50000 Simulated: 209160
volume Actual: 184040
i : +13.6°
< TUD Title of the Presentation * Speaker « Slide 8 Difference: +13.6%




Matching the traffic count data on the bridges

The Dresden model v1.1 with modified network Evaluate and update the capacity
Traffic volumes of various bridges: motorized vehicle (Kfz) of the bridges-

. " 26160 .
Loschwitzer Briicke _2433(1 Reduce capacity of:
WaldschlGsschenbricke j 24390 CarOIa brldge
Marien bridge
) 21850 .
Albertbricke lgu Albert bridge
27100 .
® . source Increase the capcity and freespeed
ﬁ’ Augustusbricke " actual count2023  f-
o W simulated ) .
Marienbricke - 31240 Waldschlosschen bridge
27750
40120 q 9 2
— Total bridge crossing trips
Miederwarthaer Brlcke -310 (EXC' ude A4)
Elbebriicke Dresden (A4) N sse40
0 10000 20000 30000 40000 SImUIated' 1 961 30
Total traffic volume Actual: 184040
ifference: +6.6%
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Automated pax count vs. simulation (before)

5510

PT passenger traffic WaldschloBchenbricke
Validation 15860
Marienbricke
Before the collapse of the
. 11100
Carola bridge. Loscwitzer Brocke
Total PAX on all bridges*
% data source
2 Fligelwegbricke [ automated count
= o
« Count data’: 65886 i smutaton
e Simulation: 103660 7200
Carolabriicke
. . 18438
« Relative difference:
+57.3% 25140
Augustusbricke
*: For bridges included in the
automated count data only. _ 23010
Albertbricke

A Based on automated count
based on various sensor data.

10000 20000
Daily Pax volume

=]
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Update PT schedule based on the reality
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The other PT lines remain untouched
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Impact of Carola bridge: total motorized vehicle (Kfz) volumes on the bridges

Motorized vehicle (Kfz)

Prediction
Elbebriicke Dresden (Ad)
The impact of the Carola Niederwarthaer Briicke
bridge from simulation
results: Fligelwegbriicke
8
Total count on all bridges £ Marienbrticke
« Before: 234770 ,
. After: 226070 Augustusoriicke
: Albertbriicke
« Difference: -8700 (-3.7%) eriore
Waldschldsschenbriicke
Loschwitzer Briicke
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Daily Pax volumes on bridges (Simulation)

PT passenger traffic ) 17290
arolabrlcke
. . 20
Prediction o
Fligelwegbriicke
6130
The impact of the Carola Harenarere 20760
bridge from simulation
Augustusbricke

results:

32030

10

Total count on all bridges ] Albertoricke 25660 i
« Before: 157010

° Afte r: 1 61 200 WaldschlGBchenbriicke

- Difference: +4190 (+2.7%) Loschwizer Briicke

52020
Trains (Marienbriicke)
57500

Trains (Niederwarthaer Briicke) I

Extra insight into the a

system provided by ABM

1320

20000 40000 60000
Daily Pax volume

=
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Impact of Carola bridge: total bike volumes on the bridges

Bike traffic —
.. Carolabriicke
Prediction
Elbebriicke Dresden (A4)
Before the collapse of the | , 2460
. Niederwarthaer Bricke
Carola bridge. 2500
7690
Total count on all bridges: ° 7090
IE Marienbricke 2040 = :ﬂﬂz
« Before: 54410 0 e
« After: 52230 ~
Augustusbriicke 17620
« Difference: -2180 (-4.0%) Albertbriicke
. 10200
Waldschidsschenbriicke {057
| . 6750
Loschwitzer Bricke 6510
0 5000 10000 15000 20000

Total Traffic volume
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River crossing trips all together

m_

234770 226070 -8700
Bike 54410 52230 -2180
PT 157010 161200 +4190
Ride* / / +4470
Walk* / / +2240

*: Only including the incoming mode shift from bike and car. The other mode shift should be trivial
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Part Il: agent-level results
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Mode shift behavior of the previous Carola bridge users

Mode shift behavior (for trips originally crossing Carola Bridge)

bike bike
30000
20000
c car
car
10000
pt
rida
0

Before After
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Re-distribution of the motorized vehicle (Kfz) traffic originally on Carola bridge

Motorized vehicle (Kfz)

Albertbriicke 11730
Prediction
Marienbricke 6710
Traffic re-distribution of WaldschioBchenbriicke 5720
the previous Carola
brid ge tl’ipS. Flugelwegbriicke

u:
.'E’ Loschwitzer Bricke
o
unknown IEOO
Miederwarthaer Briicke I 140

Elbebriicke Dresden (A4)

Evaporated Traffic

10000 15000
Count
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Re-distribution of the bike traffic originally on Carola bridge

Bike traffic
Augustusbricke 2390

Prediction

Albertbriicke 1170

Traffic re-distribution of
the previous Carola
Marienbriicke

bridge trips.

WaldschlfBchenbricke

Bridge

Flligelwegbriicke

Niederwarthaer Brilcke

1030

Evaporated Traffic
3000

2000

1000
Count

(=]
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Additional river-crossing trips by ride and walk

Prediction

From Car 2580 570
From Bike 1890 1670
Sum

4470 2240

*: Here we include also the traffic trips that re-route to other bridges outside the analysis area
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Trips travel time analysis

System overall: +0.96% (for residents in Dresden: +1.16%)
- Previous Carola Bridge trips (car + bike): +10.19%

- DD Bridges trips (car + bike): +3.48%

- Trips without crossing the Elbe river within Dresden (car + bike): +0.47%

* car: motorized vehicle (Kfz), also includes trucks
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Open discussion

« The bike behavior
« Matching the car traffic count before and after the collapse: the waterbed effect
- Impact of activity and destination changes in the reality

« Reconstruction of the Carola bridge: simulation of various setups?
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The bike behavior

Bikes is congested with car traffic on
the Marien bridge and Albert bridge.

So the bike traffic actually decreased
on those two bridges!!!

Not the case in the reality!

< TUD Title of the Presentation * Speaker « Slide 23

Bridge

Impact of Carola bridge: total bike volumes on the bridges

5050
Carolabriicke

| | oI

Elbebriicke Dresden (A4)

Niederwarthaer Briicke

7690

2480
2500
Fligelwegbriicke
5040
Marienbriicke
3600

Augustusbriicke

6500
Albertbricke
4340

Waldschlsschenbriicke

17620

10570

6750

Loschwitzer Bricke
6510

0 5000 10000 15000 20000
Total Traffic volume

[ after
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Solution

A. Enable bike seeping, and set bike PCUto 0
- Advantage: No need to change the network, solves the problem with minimum
changes

- Disadvantage: longer simulation time; the function is not commonly used, may have
hidden bugs.

B. Bike running on a separate network

- Advantage: does not require experimental module; we can set different free speed
and even travel cost for bike links (independent of the car links)

- Disadvantage: the network becomes a little more bulky; visualization with
Simwrapper/VIA may need some adpatations.
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The Dresden model with separated bike network

Redistribution of

L TUD

bike traffic

Title of the Presentation
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Impact of Carola bridge: total bike volumes on the bridges
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The Dresden model v1.1.3 with separated bike network

Elbe bridge cycling volumes: counted vs simulated

Bicycles per normal working day, both directions. Only the three bridges with a counter on the deck are shown -
Marienbricke and Loschwitzer Bricke were not yet counting in 03/2024, the Flligelwegbricke counter is on the
Elberadweg beneath the bridge, and the Augustusbricke has none. Run: dresden vi1.1.3 base case, 10 %

. counked {(03/2024) . simulated (v1.1.3)

WaldschléAchanbricks

Too much bike counts!!!

Albartbriicke

18 510

Carolabricka *
1711

5000 10 000 15 000 20 000
bicycles per day

* Carplabriche: the coumber measures only tha Altstadi-bound skde, and never measured & March - the value is tha
August 2024 count soaled to a March equivalent and then grossed up 1o a full crossing. |t is an eslimaba twice over.

¢ 9, — -
O &POS-IMJdIK=1d

nttps: adtplan.dresden.de/?bm= OR&th=STA_FAHRRADZAEH &P0S-Pox=4038338 % 05244/ %/C416048.5% o
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Simulated bicycle volumes run well above the counting stations

dresden-v1.1.3 base case, 10 %, it. 500 vs. the mean normal working day of 2024-03 - 28 cross-sections, each

direction counted separately

Albertbricke — Sud

Albertbriicke — Nord

WaldschloBchenbricke — Sud
WaldschléBchenbricke — Nord

Elberadweg Terrassenufer + Terrassenufer — Albertbriicke *
Elberadweg Terrassenufer + Terrassenufer — Zentrum *
Freiberger StraBe — Postplatz

WinterbergstraBe — West

Freiberger StraBe — AmmonstraBe

Winterbergstrae — Ost

St. Petersburger StraBe — Sud *

AmmonstraBe — Sud

FetscherstraBe — Fetscherplatz

FetscherstraBe — WaldschldBchenbricke

St. Petersburger StraBe — Nord *

Konigsbrucker StraBe — Neustadt

AmmonstraBe — Nord

FuBgangerquerung St. Petersburger StraBe — West *
FuBgéngerquerung St. Petersburger StraBe — Ost *
LennéstraBe — Sud

LennéstraBe — Nord

Budapester StraBe — Nurnberger StraBBe

Tharandter StraBe — Nord

Konigsbrucker StraBe — Klotzsche

Tharandter StraBe — Sud

Budapester StraBe — Zentrum

GrenzstraBe — West

GrenzstraBe — Ost

sample.
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300

® observed @ simulated
o
o
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[ ] ®2.4x
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[
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[ ] @ 0.6x
[
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[ ] ®3.2x
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[ @ 4.4x
®57x
®1.7x
®6.3x
®2.7x
® 36.3x
1000 3000

cyclists per day (log scale)

Number beside each pair: simulated / observed. * = the link matching is approximate - two counting stations share
one network link, or the nearest bike link is more than 20 m from the station. Counts: Landeshauptstadt Dresden,
Dauerzaehlstellen Radverkehr (Open Data). Simulation: MATSim count-comparison, mode bike, scaled up from the 10 %

®25x
@ 3.3x

® 126x

® 12.6x

10000



Speculation and potential solutions

The automated counting station tends to underestimate the actual count > We are
already requesting the manual count data from the city

The time of the year may also play a role (e.g., currently March 2024 is used)

The improved bike-contrib should hopefully also address the problem
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Matching the bridge traffic count in the base case

Traffic volumes of various bridges: motorized vehicle (Kfz)

i _ 25410

_ _ 20170
Waldschlgsschenbricke 24390
. 23740
Albertbricke 17490
_ 44070
Carolabricke 2F100

Augustusbricke

bridge

0
0

i _ 40620
Marienbricke 27750
37950
rogavesoricie [ o2

17200
12310

Elbebricke Dresden (Ad) N 38300

10000 20000 30000 40000 50000
volume

Niederwarthaer Bricke

=]

Original network
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Bridge

Traffic volumes of various bridges: motorized vehicle (Kfz)

Loschwitzer Bricke

Waldschlgsschenbricke

Albertbricke

Carolabricke

Augustusbricke

Marienbricke

Fligelwegbriicke

Niederwarthaer Bricke

Elbebricke Dresden (Ad)

26160
24880

27390

34390

21850
7490

1

31070
100

31240
50

40120
12310
38640

=]

10000 20000 30000 40000
Total traffic volume

Modified network

source

[ actual count 2023
I simulated



Matching the traffic count data on the bridges

The Dresden model v1.1 with modified network Evaluate and update the capacity

Traffic volumes of various bridges: motorized vehicle (Kfz) of the brid ges.

. . 26160 )
Loschwitzer Briicke -mu Reduce capacity of:
P—— EZN Carola bridge
Marien bridge
Albertbricke 21550 :
17490 Albert bridge
27100 .
Increase the capcity and freespeed

4] 0 source
g Augustusbricke " actual count2023  f-
= I simulated ) .
I Waldschlosschen bridge
Fligelwegbricke 40120

’ _ 17200
Miederwarthaer Bricke 12310

Elbebriicke Dresden (A4) N sse40

0 10000 20000 30000 40000
Total traffic volume
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After the collapse

Validation of motorized vehicle (Kfz) volumes: before vs. after the collapse

before (2023)

2EEE0

Loschwitzer Bricke

!
:

24880

after (2024)

:

S8560

28270

Waldschlosschenbricke 28330
34320
22730
Albertbricke -
Caroaricie |
& 0
2 Augustusbricke
m
i 1620
17140
Niederwarthaer Bricke -

Elbebriicke Dresden (A4)

=

20000
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The waterbed effect

By reducing the capacity of the Albert bridge, we can reduce the mismatch in the car traffic
count in the base case (i.e., before the collapse of the Carola bridge). However, we
underestimate the traffic after the collapse of the Carola bridge.

If we do not reduce the capacity of the Albert bridge, we would overestimate the traffic on
the Albert bridge in the base case.

And we can also gain access to city-wide counting data by collaborating with other research
group.
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Impact of activity and destination changes in the reality

Spatial distribution of bridge crossing trips: arrivals

Spﬂ‘ll8| distribution of brldge crossing trlps' departures all trips crossing a Dresden Elbe bridge (car incl. truck and bike), blue line: the Elbe

all trips crossing a Dresden Elbe bridge (car incl. truck and bike), blue line: the Elbe

# daily departures # daily arrivals

12,500 12,500
10,000 10,000
7,500 7,500
5,000 5,000
2,500 2,500

0
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Ortsteil

Impact of activity and destination changes in the reality

Zones with the most bridge crossing trips
the numbers locate the zones on bridge-crossing-trips-top-zones-map.pdf

A 13,100 Location of the zones with the most bridge crossing trips
1. AuBere Neustadt (Antonstadt) _ 13,290 iisnbery = aiik i bridge-trcsalng- g op 2anse pd bk he: the Elbe
2. Innere Neustadt 10,540

10,390
3. Mickten

8,500
9,410

4. Pieschen-Nord/Trachenberge

5. Friedrichstadt

6,040
6,130
6,020
6,000

6. Innere Altstadt

7. Wilsdruffer Vorstadt/Seevorstadt—-West
[ departures

B arrivals

8. Johannstadt-MNord

9. Radeberger Vorstadt 5,800

:

10. Pieschen-Sid

11. Blasewitz

12. Bahlau/WeiBer Hirsch
13. Kaditz

14. Striesen-Ost

15. Striesen—West

5,000 10,000 15,000
# daily trips
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Reconstruction of the Carola bridge

The reconstruction of the Carola Bridge is now on the schedule of the city.

How could we use the Dresden Model to provide decision support for the transport
planning?

- How many lanes should there be (i.e., capacity limit of the link), and what would be the
impact

« The speed limit and it's impact

« Re-route the Bundesstrasse B170 in the city?
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VAMOS Sensor Group

« Located at 61 sites

« Measure volume, speed, and
vehicle classes

- Datarecorded every 1 minute

186 Double Loop Detectors

160 TEU Detectors
Located at 93 sites

* Measure volume, speed and
LOS

« Datarecorded every 3-5
minutes

Historical Sensors

« 743 single loop detectors at the
traffic light

« 158 double loop detectors in
motorway

L TUD

Active traffic
management

Loop detectors

Infrared detectors
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Locations of Relevant Sensors
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Part |: System level results around the bridges

L TUD

Modal split: base case vs. Carola bridge closed
Dresden v1.1, 10 % sample - 500 iterations * 172 917 trips per case

27.1%

Car
26.4%

26.9%
27.2%

Walk

20.3%
20.9%

Public transport

17.2%
Bike
17.0%

8.5%
Ride

8.5% B Base case

Carola — Base
(pp)

-0.68

+0.31

+0.52

-0.23

+0.08

B cCarola bridge closed

o
w
=
o

15 20 25
Share of trips (%)
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Automated pax count vs. simulation (after)

6010
WaldschloBchenbricke

PT passenger traffic

PT Count data vs. Simulation

20760
Marienbricke

After the collapse of the
Carola bridge. Loschwitzer Bricke

11470

Total PAX on all bridges*

‘3, data source
2 Flugelwegbriicke ] automated count
5 utoma
- Count data’: 69667 i smuation
« Simulation: 102380
Carolabriicke
« Relative difference:
+47.0% 32030
Augustusbriicke
*: For bridges included in the
automated count data only. _ 25960
Albertbriicke

19592

A: Based on automated count

based on various sensor data. 10000 20000 30000

Daily Pax volume

=]
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WaldschloBchenbricke

PT passenger traffic

PT Count data vs. Simulation

Marienbricke

Comparison of the trend
(i.e. the relative change): Loschmitzer Bricke
Absolute value

Q
g Flugelwegbriicke

8
Carolabriicke
Augustusbriicke

*: For bridges included in the
automated count data only. Abertricke
ertoruc

A Based on automated count
based on various sensor data.
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automated pax count vs. simulation (relative change)

0.09

WaldschloBchenbricke

PT passenger traffic 0.02

<IN

PT Count data vs. Simulation

Marienbricke

Comparison of the trend
(i.e. the relative change): Loschmitzer Bricke
Relative value

) 0.07 data source
i Fligelwegbriicke [ automated count
a . B simulation
Carolabriicke
Augustusbriicke
1.12
*: For bridges included in the
automated count data only. Abertricke
erioruc

A: Based on automated count

based on various sensor data. -1.0 -05 0.0 0.5 1.0
relative change in daily Pax
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