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Fig. 1 Flooding of Venice   

Fig. 2 Overview MOSE project   

 

 

MOSE project (Immersion of caissons within less than 10mm) 
 
 
Venice is under serious threat due to the rise in sea level and sinking of land at an alarming rate 
(fig.1). The MOSE project will protect the Venetian Lagoon from being submerged by the Adriatic 
Sea and protects the famous city of Venice and the neighbouring areas from flooding.  
 

The Great Flood of 1966 (a tide of +194 cm), 
which caused massive loss of life and property, 
and the sinking of the city by 11 inches during 
the course of the last century, provided the 
momentum and necessity to protect Venice. The 
reasons for the sinking of the city of Venice are 
principally attributed to the rise in the sea level 
and extraction of ground water and methane gas 
within the vicinity of the Venetian Lagoon. 
MOSE, the Italian word for Moses, is an acronym 
for Modulo Sperimentale Elettromeccanico, 
which means Experimental Electromechanical 
Module. The name aptly alludes to the story of 
Moses parting the Red Sea. 
 

MOSE took shape after being loomed over by a number of consultations and controversies. The 
proposal to provide a safe measure from flooding dates back to the 1970s. In 1973 a Special Law 
was enacted, under which six project proposals were accepted after invitations from Consiglio 
Nazionale delle Ricerche (CNR) and later taken up by the Ministry of Public Works in 1980. 
 

The Mose Project 
 

The Consorzio Venezia Nuova  came up with an 
abstract design of the mobile barriers at the 
lagoon inlets. This design was finally approved in 
1994 by the Higher Council of Public Works. The 
project will prevent flooding through the 
installation of 35 caissons carrying 78 mobile 
gates at three inlets, namely Lido, Malamocco 
and Chioggia, which will separate the Venetian 
Lagoon from the Adriatic Sea (fig.2). 
Construction work of MOSE finally started in 
2003. 
 

Fig. 3 Cross section gate caisson   
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For the three inlets a total of 78 mobile gates will be laid at the bottom of the seabed. They are 
28m long, 20m wide and will weigh 300t (fig.3). The mobile gates being laid at the bottom of the 
inlet channel are supported by 38m long steel and concrete piles, measuring 500mm in diameter 
and 20m in length, driven into the lagoon bed. The gates are installed on caissons which are 
installed in a underwater trench consisting of a double sheet pile wall spaced at some 50 m (fig.3). 
 
 

Working of the barrier  
The floodgates consist of a metal box 
structure. Compressed air is pumped 
into the structure when a tide of more 
than 110cm above mean sea level is 
expected. The air will raise up the 
barriers to the surface of the water to 
block the flow of the tide and prevent 
water from flowing into the lagoon (fig. 
4). 
 
They will be filled with water and 
lowered into the seabed again when 
the risk of flooding is gone. The 
floodgates at each inlet will function 
independently depending on the force 
of the tide expected. Essential for the 
working of the barrier is an accurate 
position of each of the floodgates. 
They must be able to move smoothly 

along each other but the space between two adjacent gates must be as little as possible to block 
as much water as possible. This was the reason that also the placing tolerances for the caissons 
were very tight. 
 

Chioggia Inlet 
 
The Chioggia inlet consists of eight caissons, among which two shoulder caissons and six gate 
caissons. The caissons were built by the main contractor Clodia (Condotte d’Aqua) in a dry dock at 
approximately 500m from the trench (fig.5). When the fabrication of the caissons was completed, 
the dry dock was flooded and the containment dike was removed to allow the caissons to be taken 
out. One by one, the caissons were floated and warped to the mooring location. After being 
prepared for immersion they were towed into position above the trench. Here they were placed on 
their final position. After placing the caissons the grouting works for the foundation and M&E 
works were carried out. 
 

Strukton Immersion Projects was awarded 
with the contract for the floatation, 
transport and immersion of the caissons of 
the Chioggia Inlet. For this project the 
engineering of the immersion pontoons all 
the temporary works were carried out. The 
caissons were immersed in June, July and 
August 2014. 
 
The two shoulder caissons are 20 m and 24 
m long (along trench), 61 m wide 
(perpendicular to trench) and 24,5 m high. 
The caissons were immersed by filling the 
15 ballast clusters inside the caisson in a 
controlled manner. The northern caisson 
was immersed first and was horizontally  

Fig. 5 Overview Chioggia Inlet 
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Fig. 4 Working of the barrier   
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positioned by guide frames connected to the sheet pile walls. 
 
The gate caissons are 60 m long, 46 m wide, and 11.5 m high. The caissons were placed by 
suspending them under a floating pontoon. The pontoon was 60 m long and 20 m wide. The 
placement operation was as follows: 

- The caisson was transported from the mooring location to the location to be placed. At this 
stage the caisson was floating. 

- The winches were set to maintain a constant load in the vertical lines, and the ballast tanks 
of the caisson were filled such that the caisson was immersed further. 

- The caisson was ballasted with water such that the load on the lifting cables was equal to a 
pre-defined value 

- The caisson was lowered to the sea bed on support pins.  
 

Placing tolerances 
 
To ensure correct fitting of the floodgates on the caissons and the perfect working of the barrier, 
tight tolerances were set for the installation of the caissons. The final tolerances required for good 
working were divided by the Client in tolerances for each part and phase of the construction of the 
barrier such as construction tolerances of the caisson, tolerances on the floodgates, placing 
tolerances of the caisson and settlements of the caisson after immersion.  
 
Eventually the Client specified the placing tolerances for immersion using drawings as shown in 
figure 6. All tolerances were given relative to the previous immersed caisson.  
 
 

 
In summary the placing tolerances were: 

- Primary side (connection between caisson to the previous caisson) 
o Tolerance perpendicular to the axis (∆y): +/- 10 mm 
o Tolerance in height (∆z): +/- 10 mm 
o Rotation in x-y plane (∆x portside – starboard, yaw): +/- 7,5 mm 
o Rotation in y-z plane (∆z portside – starboard, roll): +/- 20 mm 

- Secondary side 
o Rotation in x-z plane (∆z primary– secondary side, pitch): +/- 10 mm 

 
By defining the placing tolerances related to the previous immersed caissons the placing 
tolerances for the first shoulder caisson, the northern caisson, were missing. Since all caissons 
were immersed with their four pin supports on prelaid concrete tiles also the tolerances of the first 
caissons were of great importance. Misaligning the first caisson could result in a last caisson not  

Fig. 6 Example specification placing tolerances   
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supported on the tiles anymore. In cooperation with the Client the placing tolerances for the first  
 
caisson were set on values between +/- 10 mm to +/- 20 mm in accordance with the tolerances of 
the other caissons. 
 
Typical values for placing tolerances for immersed tunnels are 20-35 mm in horizontal direction 
and 10-35 mm in vertical direction. To ensure that the tight tolerances for the Chioggia Flood 
Barrier were met, the currently used survey systems had to be evaluated and improved. It was 
very important to maximize the precision and reliability of the measuring systems themselves and 
to have accurate systems for realigning after the caissons were placed on their supports. 
 
 

Modeltest 

In the tidal inlet the caisson can be subjected to currents and waves during placement. The im-
mersion process of the caissons was studied in a physical model test. During the model test the 
intention was to study the following:  

• Determination of line forces. 
• Determination of the pontoon and caisson movements. 
• Optimization of sinking operation. 
• Determination of the period of workability 
 

During all these stages the line loads and caisson movements should remain below limits un-
der predefined flow and wave conditions. Three typical stages were modelled, floated, 1,5m be-
low the waterline and 1,5m above the trench bottom. 
 
The typical (extreme) wave and current characteristics during which placement should be pos-

sible are: 
Significant wave height: Hm0 = 0.75 m,  
Peak wave period Tp = 5.5 s, 
Bulk mean flow velocity U = ±1.25 m/s. 
 
Froude scaling was used to scale the model. The caisson and pontoon models were construct-

ed from water proof plywood. The required weight was applied by adding steel weights. The 
correct mass and (roll and pitch) moments of inertia and centre of gravity were calculated from 
the weight (distributions) on the as-built drawings and reproduced in the model. 

 
It was observed that the roll motion of the pon-
toon (and caisson) is very limited and has a low 
frequency. Yaw, sway, and surge are dominant, 
i.e. the motions of the pontoon in the horizontal 
plane, that are not influenced by the caisson. As 
expected, the wave period also turned out to 
have a large influence on the behaviour of the 
pontoon and caisson.  

During high tide the same wave conditions (in terms of absolute wave period) were more det-
rimental for the motions and forces than during low tide. However, it turned out that during 
flood, the occurring wave heights are also smaller. This can be explained by the Doppler effect of 
the flow velocities on the wave height. 
Based on the test results the required strength of various parts of the set-up was determined. 

Also the percentage of time that placement can take place was determined.  
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Immersion 

During the whole operation the immersion team will use a very detailed method statement de-
scribing all the steps of the process. 
 
Before and during the transport and immersion 
process, several Go / No-Go decisions (fig 7.) 
are taken. The main purpose of these decisions 
is to check whether the conditions are within 
the limits for all phases, from commencing 
transport to a fixed tunnel element on the sea-
bed. Moreover, it is checked to see if all the 
necessary measurements have been taken and 
if everything is ready for the oncoming opera-
tion. Extensive checklists are filled out. 
 
For each Go / No-Go decision, a decision report 
is made in which the wave forecasts are 
checked with all criteria during the total opera-
tion. With the wave forecast, a safety factor is 
applied based on statistics.  

Immersion pontoon 

 
Because of the unusual shape of the gate caissons a specially designed pontoon with lifting frames 
is engineered. The pontoon is equipped with four 60 tons (pull) suspension winches, four 35 tons 
(pull) mooring winches and two 15 tons (pull).  

 
Besides the winches also the control units for all 
the hydraulic and pumping systems as well as 
storage and mess units are installed on the pon-
toon. This pontoon will be used only for the 
gate caissons, since a part of the shoulder cais-
sons always remain above the water line a pon-
toon for the immersion is not necessary.  
 
 

 
 

Survey systems 
 
Basis for all survey systems used for the project was the final position of the hinges of the 
floodgates after immersion. Because the hinge positions cannot be measured while the caissons 
are underwater their positions are translated to two new systems which could be monitored during 
and after immersion (fig.8).  
 
For the first system an offsetted axis was defined in the secondary gallery of the caissons with a 
backup axis in the primary gallery. These axes were required to determine the final position of the 
caissons after immersion. For the second system measuring points were placed on the deck of the 
caissons which were related to the top of the access shafts of the caissons. This system was used 
during transport and immersion. 

Fig. 7 Go / No Go procedure 
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Table 1 Positioning systems used during immersion 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The survey systems used during transport and immersion are summarized in table 1 and figure 9. 

 

 

 Transport 
Immersion up to 

0,4 m 

Immersion 0,4 
m up to empty 
immersion joint 

Final alignment 
check 

Leading positioning 
system 

RTK-GPS 
Automatic Total 
Stations 

Distance sensors 
Gallery 

measurement 

Back-up positioning 
system 

Automatic Total 
Stations 

RTK-GPS 
Automatic Total 
Stations 

Distance sensors 
+ laser plummet 

 

RTK-GPS 
GPS was used to follow the position of the caissons and for measuring the yaw during transport 
and immersion. Two GPS antennas were mounted on top of both access shafts on the widest base 
possible. Since GPS does not require a free line of sight to instruments on-shore it is very suitable 
during transport of the caissons. The accuracy of this system was not only dependent on the 
accuracy of the GPS sensor (approx. 10 mm XY). The accuracy of the measurement in the dry-
dock (relating the hinge axis to the points on the deck) and the measurements on the mooring 
location (relating the GPS antennas to the points on the deck, hence to the hinge axis) also 
influenced the achieved accuracy. The minimal deformations of the steel access shaft also 
contributed to the error budget. The achieved accuracy of this system was approximately 2 cm XY. 

 

Automatic total stations 
Three automatic total stations, one as a backup, were used to determine the position the caissons  
from the arrival of the caissons in the immersion trench until the placement on their final supports 
after immersion. With the total stations the 2x2 prisms, two as backup, on top of the access shafts  

Fig. 8 Survey systems 



Schreurdersprijs 2015                       

 

 
were continuously measured to determine the x-y-z position of the caissons, an inclinometer was 
used to determine the roll. Figure 9 shows the intermediate survey steps that were used for this 
system resulting in an accuracy of approximately 2 cm XY. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Distance sensors 
The alignment of the gate caissons during the last 15cm of immersion was determined by 4 
distance sensors which measure the distance between the previous immersed caisson and the 
caisson to be immersed. The distance sensors were positioned as far from each other as possible 
to determine not only the distance between two the caisson (x-direction), but also the position of 
the secondary end of the caisson in transverse direction (y-direction, yaw). This principle is shown 
in figure 10. The distance sensor stroke length is measured with sub-millimetric accuracy. Just as 
with GPS, the measurement accuracies achieved in the dry-dock influence the system accuracy 
resulting in an accuracy of approx. 5 mm XY. 

 
 
 
 
 
 
 
 

 

 

 

Fig. 9 Used measuring systems:  (a) total stations, (b) RTK-GPS, (c) GPS on access shaft, (d) laser plummet, (e) 

measuring height bolts in pin clusters, (f) distance sensors 

a) 

b) 

c) d) 

e) 

f) 

Fig. 10 Survey with distance sensors 
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Gallery measurement 
To determine the final position of the caissons a total-station measurement was performed from 
inside the previously installed caisson. These measurements were taken through a dedicated 
survey hatch inside both bulkheads of the caisson. This measurement was used to accurately 
determine the XY position of the caisson. Additionally, a manual level measurement was performed. 
For the pitch the axis plates in the secondary gallery were measured and for the roll the height 
bolts in the pin clusters on the secondary side of the caissons were measured.  

Laser plummet 
The laser plummet was used in case other survey data was not coherent. The laser plummet was 
placed on the access shaft, straight above the axis plate beneath the access shaft and positioned 
using a laser dot. By measuring the position of the laser plummet with one of the total stations on 
the quay the position of the caisson is known with an accuracy of approx. 3 mm. 
 
In preparation of the immersion operations a geodetic design calculation was done to demonstrate 
the feasible accuracy of the survey systems. During all phases of the project checklists were used 
to secure this accuracy.  
 
The measurements done by the RTK-GPS, automatic total stations and the distance sensors are all 
incorporated in the tailor made Geocon software system which enabled the immersion team to 
follow the three dimensional position of the caissons at all times.  

 

 
Realignment and guiding systems 
 
To be sure the caissons were placed within the tight tolerances it was also necessary to use 
reliable guiding and realignment systems for this project. Especially since the immersion joints of 
the caissons were designed in a way that the caissons were forced to move out of line while 
emptying the immersion joint. 
 

A Gina gasket is situated around the 
primary and secondary gallery and is 
positioned eccentric in the cross 
section (fig.11). At the other side of 
the caisson a DD-fender is situated. 
This fender is required for the final 
situation but has different 
compression properties compared to 
the Gina Gasket. During the initial 
compression of the Gina Gasket, the 
caisson tends to rotate towards the 
DD-fender side while during emptying 
of the joint the caisson tends to rotate 
towards the Gina Gasket. For the 
immersion of the first gate caisson, it 
was chosen not to force the caisson 
into position while emptying the joint. 
For the other caissons the jacks for 
initial compression were pressurized to 

influence the position during emptying. In both cases it was necessary to realign the caissons 
afterwards. 
 
Three systems were used for guiding and realigning of the caissons. First a male-female guiding 
system was used to position the primary end of the caisson horizontally in the right position 
related to the previously immersed caisson. The initial accuracy of this male-female system was 
+/- 25 mm. After survey of both the male and the female part shim plates were placed inside the 
female guide thus creating a final placing accuracy at the primary end of the caisson of +/- 5 mm. 

Fig. 11 Gina gasket and DD-fender 

Gina Gasket 

DD-fender 
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To ensure the correct horizontal position of the secondary side of the caisson a realignment system 
was used. This system was placed near the secondary support pins and consisted of a steel beam 
with a jacking system placed on both sides of the caisson, between caisson and the sheet pile 
walls of the immersion trench (fig.12). With this system, if necessary with some aid of the pulling 
jacks for the initial compression of the Gina Gasket, the caisson could be repositioned with 
millimetre accuracy. 
 

Finally the vertical position of the caisson could be adjusted by pushing out or moving in the 
hydraulic jacks of the four temporary support pins.  

 
 

Survey in dry dock 
 
While the caissons were still in the empty dry dock, measuring points and height bolts were placed 
in and on the caissons (fig.13). Based on the final position of the hinge axis, the axis in the 
secondary gallery was determined to be the leading axis for immersion. The axis in the primary 
gallery served as a backup. In the secondary pin clusters and the gallery between them, height 
bolts are placed to be able to determine the roll of the caisson very accurately. The roll of the 
caisson in the dry dock was taken as the zero value the caisson should have after immersion. 
 
Besides the measuring points and height bolt also the base and reference plates for the distance 
sensors, the male and female guides and additional prisms in the access shafts had to be    

Axis in primary and  

secondary gallery 

Deck points 

Height bolts end face 

Hinge axis 

Laser plummet points 

Fig. 13 Measuring points on gate caisson   

Fig. 12 Realignment system gate caissons   
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measured. 
 
Ideally all dry dock measurements are performed at the same time to provide a best fit of all 
survey data. It is also preferred to do the measurements in the galleries before the bulkheads are 
mounted. All to minimize the effects of temperature variations in time and other circumstantial 
effects. For planning and progress reasons it was not possible to measure before the bulkheads 
were mounted. The axis now had to be determined via the survey hatches in the bulkheads which 
is more complex and therefore less accurate.  
 
To achieve the highest accuracy all dry dock measurements were done with two instruments at the 
same time and all objects were measured relative to each other thus having a redundant system. 
Unfortunately not all male-female guides were mounted so these where measured at a later time.  
 

Immersion survey 
 
All immersion survey data (RTK-GPS, automatic total stations and distance sensors) was presented 
in an adequate data screen providing the immersion commander with all required information 
(fig.14). Simultaneously, all immersion survey data was uploaded to a computer server. This data 
was directly available for the web application www.geocon3d.com which displayed the immersion 
process in real time in a virtual environment. Management, client, engineers, relatives and all 
those interested could log in to this website and follow the immersion process through webcams 
and the virtual 3D model. 
 

 

Final alignment 
 
In preparation of the immersion sessions the final position of the caissons and their placing 
tolerances proved not to be as clear as initially thought. This was caused by several issues, 
amongst others by the following items: 

- Determination of target values for the final x, y and z-position and settlements 
- Client witness of final measurement or final measurement by both Client and contractor 
- Relative or absolute position 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 14  Screenshots Geocon software during immersion of the northern shoulder caisson and while emptying 

the immersion joint of one of the gate caissons 

Distance between 
caissons 

Shift of secondary side 
due to emtying of 

immersion joint 
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Determination of target values for x, y and z-position and settlements 
First the target values of x, y and z-position directly after immersion were point of discussion. 
Settlements were a great issue in this discussion. At which moment was the position of the caisson 
measured and accepted and if not what were the possibilities of repositioning the caisson at that 
moment? Repositioning for example is only possible with a relatively light caisson otherwise the 
required forces to slide the support pins over the top of the support pads got too big. On the other 
hand, after accepting the final position, the caissons were ballasted to keep them down safely 
which resulted in some settlements.  
 
Client witness of final measurement or final measurement by both Client and contractor 
Where first the approach was that Strukton Immersion Projects would do the final measurement 
and the Client would witness, in a later stage it was decided that both parties would do their own 
survey. But the surveys were done in different ways on different positions resulting in end values 
which were not clearly comparable. After good consultation it was decided to use the same base 
for both surveys, to both taking the situation as built in the dry dock as a zero roll and to do both 
surveys through the secondary gallery where less obstacles where present. This proved to work 
very well 
 
Relative or absolute position 
The relative placing tolerances also proved to be point of discussion. What where the exact 
definitions to use? Were the tolerances defined relative to the previous immersed caisson or 
relative to the axis of the barrier? Will the final position be presented as the real position, ‘as-is’, or 
will it be presented as ‘to-go’ with end values zero when the caisson is in the correct final position? 
And last but not least, would the final position be accepted based on their relative position or 
based on their absolute position? Eventually it was decided to accept the position of the caissons 
based on their absolute position. 
 
 
After placing the first shoulder caisson uneven settlements and probably torsion led to discussions 
about the most preferable final position of the next gate caisson to be immersed. Due to the 
settlements the caisson was somewhat rotated in the horizontal plan. Now there were 3 options to 
place the next gate caisson: should it be positioned according to the theoretical position, should it 
be positioned in line with the shoulder caisson or should it be partly corrected towards the 
theoretical position. Finally it was decided to correct the position of the gate caisson partly towards 
the theoretical position to prevent the deviations of the subsequent gate caissons to become too 
high. 
 

 
Conclusion 
 
The very tight placing tolerances of only +/- 10 mm required for a good working of the Chioggia 
Flood Barrier was a special item for this project. To be able to meet those requirements the 
common survey systems had to be evaluated and improved. The same applies for the realignment 
and guiding systems to correct the position of the caissons if necessary. 
 
By paying close attention to the preparative works in the dry dock phase it proved to be possible 
to position all of the caisson within the given tolerances. It can also be concluded that it is 
necessary to thoroughly discuss and agree with the client how to interpret the requirements,  how 
to measure and to define the moment of final acceptance and in particular if the final acceptance 
is done based on the relative or absolute position of the caissons. 
 
 


