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Current challenges in 
designing concrete floaters
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Reinforced concrete has already been used to build ships, even if sporadically (1848-WWI)
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Reinforced concrete has already been used to build ships, even if sporadically (WWII-present)
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Over a period of more tan 150 years concrete hulls have exhibited good performances

“The historical review and operational experience reveal that concrete is an ideal material for ships and vessels because it is 
economical, durable, watertight, easy to repair, and less affected by fire and explosions.”

“There is ample evidence that concrete hulls are dependable, seaworthy and structurally as sound as hulls of any other material 
used for seagoing vessels. Concrete hulls have been put to as severe tests as have been given any other vessels and it has been 
shown conclusively that, when properly designed and well equipped, they will perform on equal basis with comparable steel 
vessels”
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Astonishing durability of the concrete hulls

USS Quartz is still afloat as a part of a breakwater in 
Powell River, British Columbia
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The water tightness pillars for reinforced concrete hull according to DNV

1. General
Low permeability concrete, limitations 
to stresses and nominal crack widths, 
well distributed cracks, and focus 
through constructability on proper 
placement of concrete  

2. Compression zone
Requirement is based on the element’s 
thickness and magnitude of the 
external/internal hydrostatic pressure 
differential. Compression zone depth 
typically exceeds concrete cover depth

3. Membrane compression
Where loss of tightness may lead to 
loss of stability, elements that shall 
remain watertight shall be designed 
with a minimum membrane 
compressive stress

Pillars 2 and 3 are hot topics in the ocean-based industry. Currently, DNV-ST-0119 does not allow through cracks during normal 
operating loading because:
a. Maintaining compression zone is an established goal to achieve leak tightness (i.e. proven historically)
b. Through cracks are known in some cases to impact the long-term durability of reinforcement
c. Dynamic cracks, which are constantly opening and closing, leading to degradation of concrete material

According to DNV a relaxation of the pillars 2 and 3 may be possible if bullets are satisfactorily addressed ( a JIP is working on this)
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Water tightness pillar 2: Compression zone

DNV-ST-0119 - 7.5.1.7 All elements subjected to an external/internal 
hydrostatic pressure difference shall as a minimum tightness requirement be 
designed with a permanent compression zone not less than the larger of:
- 0.25 h
- Values as given in the following table

Pressure difference [kPa] Depth of compression [mm]

< 150 100

> 150 200

Compression zone

Proceedings of (osti.gov)

https://www.osti.gov/servlets/purl/1843393


Pillar 2: It is not straightforward extending the compression zone concept from one-way to two-way slabs
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One-way slab Two-way slab

Compression zone depth definition? 

RC shell modelled as multi-layered shell
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Evaluation of the principal 
strain directions

Evaluation of the principal 
stresses

Evaluation of the stresses 
along the x-y directions

Estimation of strains in each layer

Concrete layers

Evaluation of the stresses 
along the x-y directions

Steel layers

Concrete layers Steel layers

Integration

Pillar 2: Proposal for the extension of the compression zone concept from one-way to two-way slabs

https://doi.org/10.1590/S1983-41952021000300005
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Water tightness pillar 3: Membrane compression

Internal micro-cracks Surface cracks Flexural cracks Through cracking

Pillar 1 Pillar 3

Pillar 2

Permeability porosity dependent Permeability cracking dependent



Pillar 2 OR Pillar 3
NOT satisfied 

Pillar 2 AND Pillar 3
satisfied 
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Watertightness pillars: watertightness check example

Step 1: ULS is checked with the minimum 
amount of passive requirement prescribed 
by the code

Step 2: Active reinforcement is 
introduced to guarantee the minimum 
compressive membrane stress (Pillar 3)

Step 3: The minimum depth of the 
compressed zone of the walls is 
checked (Pillar2) 
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DNV-ST-0119 - 7.5.3.1 The environmental loading effect (E) used to check for watertightness should be determined as the environmental load 
effect which is not exceeded more than 100 times during the design life of the structure.  It shall be demonstrated that in the periods where 
this load is exceeded, any potential leakage does not lead to the loss of stability of the structure.

…but at which level do we need to consider the load effect?  …at element level?

…at section level?

Water tightness checks: Evaluation of the internal forces
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It seams reasonable performing this evaluation at section level using a multibody model (for ring pontoons is not straightforward)

Water tightness checks: Evaluation of the internal forces
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• A more operative definition of the load level to be considered for the watertightness 
verifications is advisable (similar to that contained in DNV-ST-C502)

Conclusions

• A review of pillar 3 is desirable especially of the level of membrane compressive stress to be 
guaranteed (i.e.  0 Mpa;   0.5 MPa) due to its high impact on the active steel quantity 
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