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Rising damp 

• Transport of moisture in the form of water damp and liquid 

through masonry 

 

• Inherent to masonry  

• Porous material  

• Hydrophilic material  

 

• Moisture Source: Soil moisture  

 

• A problem when it causes damage  
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Rising damp: 

when does damage occur (1) 
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Rising damp: 

when does damage occur (2) 
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Damage through rising damp: 

plaster 
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Measures against rising damp 

afterwards (1) 

Chemical damp course 

• Continuous layer in the masonry 

• Prevents / reduces vertical moisture 

transport 

• Created by injecting chemicals 

through boreholes 
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Measures against rising damp 

afterwards (2) 

Chemical damp course 

• Used over 40 years 

• Different chemicals used as injection fluid 

• Working mechanisms 

• Plugging agents 

• Hydrophobic agents 

• Narrowing agents 
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Measures against rising damp 

afterwards (3) 
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Injection Techniques (1) 

quasi pressure-free 
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Injection techniques (2) 

under pressure 
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Injection Techniques (3) 

absorption  
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Results in practice 

and outcome studies 

• Studies over more than 20 years: 

• Most injection agent don’t work at all! 

• Applies to both laboratory investigations and for trials in practice 

 

• Practice over 40 years: 

• Better results as in studies 

• Estimated failures: 25 to 40 % 
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Outcome studies 

Key factor for poor results: 

• Poor distribution of the injection 

agent in the brickwork 

 

 

Main focus of producers of injection 

agents: 

• Improving properties of the 

injection agents 
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Improving distribution 

injection fluids 

Over 20 years of studies: 

 

• No models for the distribution of injectables in masonry 

 

 

Without a model, there is no chance that the distribution of 

injection fluids in masonry can be improved 
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Modelling the distribution (1) 

Which known models can be used: 

• Fick’s second law 

 

 

 

• theory of Maxwell-Stefan 
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Modelling the distribution (2) 
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Modelling transport of injection 

fluids 

1. Similarities with moisture transport in masonry 

• Transport mechanisms 

 

2. Discrepancies 

• Scale of dimensions (1 meter and more versus 5 to 10 cm) 

• Influence of in homogeneity  

 

3. Two liquids 

• Plugging agents => have to pressure the water of the pores 

• Hydrophobic agents => pressure the water out or mix with the 

water 
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Distribution injection fluids versus 

moisture transport (1) 

1. Most filling techniques involve external pressure, which results 

in a flow of the injection agent into the brickwork 
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Distribution injection fluids versus 

moisture transport (2) 

2. The distribution of the injection agent 

must, in principle, be limited to the 

intended area 

3. The distribution has to be homogenous 

within the intended area (5 to a max. of 

10 cm from the drilled hole) 
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Distribution injection fluids versus 

moisture transport (3) 

4. The injection takes place within a (very) limited period of time 

• 5 to 10 minutes for injections under pressure 

• About 1 day for injections quasi pressure free 

• Couple of hours for the pulse spray method 

 

Note: the amount of the agent which is needed, has to be injected 

within this time! 
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Distribution injection fluids versus 

moisture transport (4) 

5. The injection agent has to either displace the (salt) water that 

is present, or to mix with it 
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Distribution injection fluids versus 

moisture transport (5) 

6. The properties of the injection agent will change during 

distribution. 
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modelling material properties (1) 

• Can the material properties be described with a limited number of 

parameters 
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modelling material properties (2) 

masonry in practice 



26 Distribution of injection fluids in masonry 

modelling material properties (3) 

masonry in practice 
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modelling material properties (4) 

Influence of in homogeneity 
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modelling material properties (5) 

Distribution in practice 
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modelling material properties (6) 

 usability of models  

Quantitative models: 

• The scale of distribution: a row of many boreholes 

• The material properties vary at every borehole 

• A damp course only works if it is complete (without holes in the 

layer) 

=> modelling every borehole is not useful 

• Incidents like cracks determine the distribution => averaging 

doesn’t take this in account  

=> Averaging the material properties: not useful to forecast the 

distribution within 5 to 10 cm from the borehole 
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modelling material properties (7) 

 usability of models  

Qualitative models: 

• Useful for determining risk factors 

• Useful for analysis of the cases of damage 

• Impossible to forecast the distribution 

 

At this point a qualitative model as the 4-stage model is the best 

we can make 
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4-stage model for the distribution of 

injection fluids 

1. Flow  

2. Capillary transport 

3. Diffusion  

4. Polymerisation and/or attachment tot the pore surface 

 

 

Note: two different liquids involved 

• Water 

• Injection agent 



32 Distribution of injection fluids in masonry 

Assumptions for the 4-stage model 

• Classical theories of moisture transport 

• Pores are cylindrical 

• Fluid always chooses the path of least 

resistance 

• The mixing of water and injection 

fluids in pores takes time 
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First stage: flow (1) 

• How to model a borehole in porous material 

• Cracks 

• Pores with different diameters 

 

• What is the influence of water in the pores 
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First stage: flow (2) 

leaking tank consisting of straws 

• The straws all have different 

diameters 

 

• At the ends, the straws” are: 

• Open 

• Change to a straw with larger 

diameter 

• Change to a straw with a 

smaller diameter 

• Closed 
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First stage: flow (3) 

Sequence leakage out of the tank (bore hole): 
• Cracks 
• Dry pores > 100 µm 
• Water-filled pores > 100 µm 

• flow resistance increases because of the water present in the pores 

• Dry pores 0.2 – 100 µm 
• Fast increase of the flow resistance as the diameter becomes smaller 

• Water-filled pores 0.2 – 100 µm 
• Capillary contra pressure of water in the pores 

 

Note: flow always follows the path of the least resistance 
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First stage: flow (4) 

main risk: leakage 

 

 

 

 

 

Damp course  
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First stage: flow (5) 

leakage out of the damp course 

Basis for calculations of the leakage out the coarse pores: 

• Length borehole: 10 cm 

• Diameter borehole: 18 mm 

• 0,1 % of the wall of the borehole consists of the pores for which 

the calculation is made 

• Injection time: 

• 5 minutes for injection under pressure 

• 1 day for quasi pressure-free 
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First stage: flow (6) 

leakage out of the damp course 
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Second stage: capillary transport (1) 

pc = capillary pressure 

σw = surface tension  

ϑ = wetting angle 

d = diameter pore 
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Second stage: capillary transport (2) 

Two cases: 

• Dry pores 

 

• Pores filled with water 

 

Note: if masonry isn’t saturated with water: 

• The water resides mostly in the small pores 

• The larger pores are “dry” 
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Second stage: capillary transport (3) 

dry pores 
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Second stage: capillary transport (4) 

dry pores 

• The capillary pressure is the highest in the small pores 

• The injection fluid goes from coarse to fine 

• But not from fine to coarse 
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Second stage: capillary transport (5) 

pores filled with water 

Remember: 

• Capillary pressure is a function of the diameter of the pore 

• Water is in the smallest part of the pore 

 

 

 

• Capillary pressure of the injection agent is lower than of the water 

because larger size of the pore diameter 

Injection agent has always the disadvantage 
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Third stage: diffusion (1) 

Flow and capillary transport won’t fill the small pores with the 

injection agent 

   

• The small pores filled with water are the pores that contribute to 

the rising damp problem 

• The active component of the injection agent has to penetrate 

these pores filled with water 

 

The injection agent has to ‘mixed’ with the water => diffusion 
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Third stage: diffusion (2) 

• Important for hydrophobic agents 

Very slow process because of the pore structure: every narrow pore 

is a bottle-neck 

From coarse to fine 

Formation large molecules as result of the reaction is a disadvantage 

for diffusion 

 

• Not important for the fast reacting plugging agents 
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Fourth stage: polymerisation (1) 

• Plugging agents: the reaction is independent of the pore structure 

and the water present as long the plugging agent is not too 

diluted in the water which is present in the pores 

  

• Hydrophobic agents: emulsions 

• Very little known how the hydrophobic layer is formed at the surface 

of the pores which are filled with a fluid  
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Fourth stage: polymerisation (2) 

emulsions 
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Fourth stage: polymerisation (3) 

emulsions: the end result 
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4-stage model: 

conclusion 

• The 4-stage model makes it clear that there is only small chance 

that the injection agent will homogenously distribute itself around 

the injection hole 

• The properties of  the masonry (brick and mortar) are mainly 

responsible 

• The properties of the injection agent have only a limited influence 

 

• For slow reactive agents it makes hardly any difference which 

injection technique is used  
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VDI2F work method: 

improving the results (1) 

• The cracks, holes are the greatest risk for leakage of the injection 

fluid 

• The same applies to dry pores (= pores with a large diameter)  

• Dry masonry is more easy to inject as wet masonry 

• Water in fine pores is a barrier to the distribution of the injection 

agent 

 

In the first stage of the rising damp problem the fine pores 

contribute the most to the capillary transport because these are 

the first to be filled with water  
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VDI2F work method: 

improving the results (2) 

Hydrophobic agents only work when there is 3-phase system: 

• Hydrophobic material 

• Liquid  

• Air 

 

=> The masonry has to dry before the hydrophobic layer will work 

 

 

 

      This won’t work 
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VDI2F work method: 

improving the results (3) 

Interruption of the fluid transport 
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VDI2F work method: 

improving the results (4) 

• Prevent leakage 

• Improve the distribution 

• Secure the drying of the masonry 
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VDI2F work method: 

improving the results (5) 

1. Filling of the hollow spaces and cracks with a very fine mortar 

such as trass chalk  

(particularly of importance in brickwork with a thickness of 40 cm or more) 

2. Drying of the injection region in the brickwork 
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VDI2F work method: 

improving the results (6) 

3. Filling of the coarser pores with a fast-reacting plugging 

injection agent 

4. Filling of the smaller pores with a hydrophobic injection agent 

5. The drying of the injected region so that the water evaporates, 

in which the hydrophobic injection agent is dissolved. 
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Appendix: damp transport after 

injection (1)  

The PhD study of Simlinger shows very bad results from treatments 

of masonry against rising damp after a long period 

 

In the appendix to the article there is a model which gives a 

explanation for this phenomena 
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Appendix: damp transport after 

injection (2)  

“Connected tanks” model 

• Vapour pressure: 

• same under and above 

• maximum at equilibrium 
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Appendix: damp transport after 

injection (3)  

At maximum vapour pressure at large increase 

of capillary condensation takes place in the 

pores of bricks 
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Appendix: damp transport after 

injection (4)  

Leads to large increase of the moisture content 

=> Enough for capillary transport about the 

injected zone 
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Thank you 
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