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Abstract:  

Salt damage to materials is a challenge faced by both industry and the common man causing great economic losses. 

Two aspects of  salt  damage  are  addressed in this work- (i) salt crystallization on exposed porous wall (ii) salt 

damage induced electrical leakage in the damp porous wall. We address salt damage to porous wall where damage 

is caused by the deposition of saline droplets of water on the surface, as in salt spray, using a 3-dimensional modelling 

of the entire phenomena – construction of a porous system - deposition and drying of salt-spray - salt crystallization 

and finally electrical leakage. The two problems are studied as a function of different drying rates . Our studies indicate 

that electrical leakage due to salt damp on walls shows a damped oscillatory behaviour. The frequency of oscillation 

is higher for higher drying rates. The authors explain the oscillation in the electrical output as a competition between 

two time scales - (a) diffusive transport of salt ions (b) increase in salt concentration in exposed pores at channel 

surface that is determined by the drying rate. 
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1. INTRODUCTION  

 
      Salt-induced damage poses a grave threat to 

numerous buildings worldwide, specially historical 

buildings and archaeological sites [1, 2, 3, 4, 5, 6, 7, 

8]. Temperature fluctuations, wind and water ero-

sion, changes in relative humidity can cause salt 

induced damage to porous walls with both chemical 

and physical consequences. The different mecha-

nisms of salt damage involve: (i) Salt crystals growth 

within pores and cracks of building materials that 

exert pressure that can eventually lead to surface 

cracks; (ii) Repeated cycles of salt dissol-lution and 

re-crystallization can cause progressive weakening 

and loss of material over time; (iii) Absorbing 

moisture by salts can cause swelling and 

deterioration; (iv) Weathering of surfaces can occur 

due to chemical reaction between absorbed salts 

and building materials. Salt deposition on porous 

walls can occur from chemical reaction due to acidic 

rain [9], rising damp [10], sea spray [11] to name a 

few sources. Usually sulfates, sulfites, nitrates, and 

nitrites occur through urban pollution deposits; 

nitrates can form through bird excreta; whereas 

chlorides trace their origins to sea-spray, flooding 

and  rising  damps  [12, 13].  Upon  deposition  on 
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porous walls, salts can effectively decrease the pore 

sizes thereby increasing capillary suction of the walls 

[14], enhance the hygroscopic property of the wall  

[15]  and even affect the drying properties  of  walls 

[16, 17].  The saturated  vapour pressure of water 

being higher than salt water, the drying rate of water 

saturated bricks is reported  to be higher than bricks 

saturated with salt water. Salt crystallization, often 

referred to as salt damage manifests itself through 

efflorescence, surface flaking, granular degeneration 

or alveolarization (honeycomb weathering). Super-

saturated saline water can easily deposit salt in 

materials with large internal surface area [18, 19], 

especially during evaporation of moisture. 

Crystallization is facilitated in smaller pores as they 

can better maintain the state of supersaturation [20] 

but are affected by pore structure, solution properties 

such as viscosity and surface tension, type of salt, 

temperature and relative humidity as well [21]. 

Following the earliest work of Correns [22], various 

approaches have been proposed to calculate 

crystalline pressure [23, 24, 25, 26, 27, 28, 29] 

factoring the role of solute activity [30], crystal 

curvature [31] and the chemical potential of crystal 

facets. In evaporative crys-tallization processes, 

crystals precipitate at the drying front where the 

water evaporates and hence, the solution 

concentration increases up to super-saturation.
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Efflorescence  occurs  when  the  liquid  flow  within 

the pores is sufficient to meet reach and evaporate 

on the outer surface of the evaporative flux, allowing 

the moisture to material. In contrast, subflorescence 

happens when the liquid flow is inadequate to meet 

this demand, resulting in the drying front being 

located inside the material. This internal drying 

process along with the gradual slowing of solution 

transport within the pores, typically results in a 

drop in temperature as water evaporates and 

supersaturation increases.  

 
     In this work we concentrate on salt damage on 

porous walls caused by the deposition of salt 

water spray. We consider a situation where salt 

spray on porous walls evaporate at a rate r 

determined by ambient conditions of temperature 

and relative humidity. Upon evaporation, the 

residual salt is deposited on the pore wall. It is 

assumed that the pore walls are already damp and 

hence have a surface layer of moisture lining 

them, or that the pores already contain water that 

has penetrated to a certain depth from the surface 

layer depending on the velocity of spray, pore size 

and shape and properties of surface tension and 

viscosity. In either situation, the residue salt 

increases the salinity at the pore surface layers. If 

the increase in salt concentration causes 

supersaturation at the pore, crystallization of salt 

can occur on the pore wall. This can result is 

partial clogging of the pore. At the same time, an 

increase in salinity at the pore site can result in 

diffusion of salt through connected pore spaces 

that are filled with water. The competition between 

the drying rate and the diffusion of salt (from 

regions of high to low concentration) through 

connected pore spaces determine the final 

evolution of salt crystallization on the porous wall. 

We investigate the extent of salt crystallization due 

to evaporation of salt spray deposition on porous 

walls.  

 
    There is another consequence of salt damage 

that we investigate in this work - capillary transport 

of saline water driven by potential pressure 

gradient from the exposed surface to the receding 

wetting front by the process of diffusion. This 

diffusion is a function of the permeability of the 

material [32, 33], its porosity and initial degree of 

saturation; the boundary conditions of flow are 

determined by the pore size distribution, surface 

tension of the fluid and the contact angle with the 

matrix. As a result of the inward penetration of 

saline water into the porous matrix, the initial dry 

porous channels transform to electrical conducting 

pathways. Hence any voltage difference across 

the moisture laden conduits of saline water act can 

as paths of short circuit electric leaks - a common 

occurrence in damp walls. Thus changes in 

dielectric constant and bulk electrical conductivity 

are a measure of the extent of solute penetration 

in the capillary channels due to moisture 

imbibition.  

    In the following sections we describe in 

sequence : (i) generation of a 3-dimensional 

porous structure using a Relaxed Bidisperse 

Ballistic Deposition (RBBDM) model [34] of 

variable porosity; (ii) Model the deposition of salt 

spray on the exposed surface of the pore-matrix 

ensemble as a function of the ambient conditions 

(iii) Simulate evaporation of moisture from the 

exposed surface and consequent deposition of 

solute residue on pore wall (iv) Enable diffusive 

flow through connected channel in the porous 

matrix through pore channels that are completely 

damp and finally (v) Estimate the bulk electrical 

conductivity of the porous media as a measure of 

possible electrical leak. 

 
2. MATERIALS AND METHODS 
 
     The first step is the generation of the 3-

dimensional porous matrix using the RBBDM. 

Next, the entire porous wall is exposed to salt 

spray. Drying rate controls the crystal formation in 

the pores. TDRW is employed for transport of 

walkers mimicking the ions of the solution. A 

measure of the electrical conductivity is estimated 

from the number of walkers arriving at the bottom 

of the sample. 

 
2.1 RBBDM 
 
     The ‘RBBDM’ has the potential of generating a 

structure with a connected rock phase that is 

needed for any stable structure, and a ‘tunable 

porosity’. The details of RBBDM have been 

discussed in earlier works [35, 36, 37] in order to 

study various transport properties like permeability 

and conductivity through sedimentary rocks. A 

brief outline of the model will be given here. The 

basic algorithm is to deposit particles of two 

different sizes ballistically. In three dimensions (2 

+ 1 model), we drop square 1×1×1 and elongated 

2×1×1 grains on a square substrate. The longer 

grains deposit with their long axis parallel to the 

bedding plane and along either of the two 

transverse directions with equal probability. The 
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cubic grains are chosen with a probability p and 

elongated grains with probability 1 − p. The 

porosity ϕ, defined as the vacant fraction of the 

total volume, depends on the value of p. For p = 1, 

a dense structure with no pores is produced. As 

the fraction of longer grains is increased, unstable 

overhangs can develop. If a larger particle settles 

on a smaller particle, a one-step overhang is 

created. If a second larger particle settles midway 

on the previous large particle, a two-step overhang 

is created if there is no supporting particle 

immediately below the protrusion of the second 

overhang. A two-step overhang created in this 

way, is not stable and the second large particle 

topples over if possible, according to the rule 

scheme as shown in Figure (1a) leading to 

compaction. Here a Lx x Lx x Lz size sample was 

generated, from which a Lx x Lx x Lz’ sample was 

selected after the porosity had stabilized to within 

0.001%. The sample of size 50 × 50 × 10 selected 

for study, was chosen far below the surface to 

eliminate surface effects. The pore clusters have an 

elongated and interconnected appearance along the 

direction of grain deposition ( z-direction) while the 

distribution of pores along the 

 

 
Figure 1: (a) Schematic of toppling of grains to lower 

potential energy states. (b) Pore clusters in 3D-

sample marked in yellow. (c) Connected pore 

channels spanning the sample indicated in red. 

 
 
transverse plane is homogeneous. As the fraction of 

larger grains is decreased, the porosity of the sample 

decreases and the pore distribution becomes more 

anisotropic nature. The Hoshen-Kopelman algorithm 

[38] was then run on the porous sample to identify 

structure spanning pore channels which are 

essential to study electrical conductivity. 

 
2.2 Absorption of salt spray and salt 
crystallization 

 
    The model assumes that the entire porous wall is 

exposed to salt spray and is therefore covered 

uniformly by droplets of salt water. The evaporation 

probability of the droplets from the wall is dependent 

on ambient conditions and is implemented in our 

model by the parameter r. Simply put, a higher r 

value would imply higher evaporation probability and 

vice-versa. 

 

    To implement evaporation of water from the 

droplets, a fraction r of the total pores on the surface 

is chosen randomly that will lose water due to 

evaporation. The salinity of the salt-spray is uniform 

and taken to be C0. When a pore cell loses water due 

to evaporation, the salt concentration inside the cell, 

increases. If the concentration becomes greater than 

the critical concentration Ccr required for 

crystallization, a unit of salt crystal is deposited on 

the pore wall. Since a single unit of salt crystal is 

much smaller than a pore size, we envisage a unit 

pore as divided into M units of micro-pores. Q 

number of walkers are required to form crystals to 

clog a micro-pore. If M*(t) is the number of micro-

pores clogged at any instant t such that 0 < M*(t)  < 

M, the pore is said to be partially clogged. It may be 

remembered that every crystallization event 

decreases the concentration of salt in the solution of 

the pore cell.   

 

      In our model the salt units are mimicked by 

random walkers. The increase in the salt 

concentration of a completely unclogged pore cell 

that loses water by evaporation is mimicked by 

introducing n(t) number of random walkers at a 

timestep t where  

 

n(t)=C0(M−M*(t))                                               (1) 

 

Here C0 is the initial salinity of a spray drop;  

M − M*(t) is the number of unclogged micro-pores in 

a single pore unit. If the salinity (i.e. the number of 

random walkers) in a pore unit is greater than the 

critical salt saturation (critical number of random 

walkers), salt crystals will precipitate. This condition 

is therefore summarized as 

 
C(t)−Ccr = δC(t) ≥ 0                                          (2) 
 
C(t)  is the salt concentration in a pore cell at any 

instant of time t and Ccr is the critical concentration. 

If the condition given by Eq.(2) is satisfied,  δC(t)  

goes into the creation of micro-crystals that nucleate 

on the pore unit wall. The number of micro-pores that 

get clogged at any time step per unit pore cell is 

 
M*(t)=δC(t)/Q                                                   (3) 
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In other words once the critical salinity is achieved it 

is held constant as the excess δC(t)  is precipitated 

as micro-crystals - the phenomena mimicked in our 

model by removing  

 

nkill=δC(t)                                                        (4)  

 

number of random walkers from the pore unit. Thus 

only M −M*(t)  of the original pore unit now remains 

unclogged and act as entry points to saline spray. 

Evaporation from an exposed pore is allowed as long 

as the pore is not completely clogged. 

 
2.3 Transport mechanism in pore channels 
 
     The pore channels often have a layer of moisture 

on the walls and are fluid filled; being either 

completely filled with water vapour or partially filled 

with water and vapour. The random walkers that do 

not contribute to salt crystallization on the walls get 

transported in the pore, conduits by diffusion 

following the salt gradients in the channel. It may be 

expected that the salt concentration is higher at the 

exposed face on the wall surface than further deep 

down. We incorporate diffusion of salt ions by the 

Time Domain Random Walk (TDRW) mechanism, in 

which random walkers mimic the ions. To facilitate 

the transport mechanism the pore channel is 

discretized by overlaying a 3-D grid mesh of cubes 

having size δx = δy = δz = 5 × 10−5 m. 

 
     Though we do not introduce any explicit advective 

velocity, the pore channels remain filled with 

moisture due to evaporative pull exerted on the 

surface of the channel. In our model we consider 

diffusion as the only mechanism by which walkers 

transport within the system. The time of transition 

taken by a walker to jump from one  pore grid to 

another is dependent on the local velocity, whereas 

the distance covered in one jump is fixed. The 

approach discussed by [39,40] is extensively utilized 

where the probability of transition to the adjacent 

pixel (grid) and the associated time duration for the 

jump is derived from the Advection-Dispersion 

Equation. 

 
∂C

 ∂t
+ ∇. (𝐕C) − ∇. D ∇C = 0                                (5) 

 
where the symbols having their usual meanings. 

discretization of Eq.(5) in 3-D yields 

 
∂Ci

∂t
= −

u

h
[Ci − Cupx

] −
v

h
[Ci − Cupy

] −
w

h
[Ci −

Cupz
] +

D

h2 [Cdnx
+ Cupx

− 2Ci] +
D

h2 [Cdny
+ Cupy

−

2Ci]  +
D

h2 [Cdnz
+ Cupz

− 2Ci]                               (6) 

 

where Ci is the concentration at the ith pixel. The 

terms Cupx
 and Cdnx

 denote the concentration values 

at the pixels adjacent to i along x axis, with Cupx
  

indicating a higher concentration (up≡upstream), 

and Cdnx
  corresponding to a lower concentration (dn

≡downstream) compared to Ci. Similarly, the 

notations Cupy
 and Cdny

 , and Cupz
 and Cdnz

 convey 

analogous meanings along the y-axis and z-axis 

respectively. The distance between two adjacent 

pixels is represented by h while u, v and w are the 

resolved components of V along the x, y and z- axes 

respectively.  

 
The generalized form of Eq.(6) is 
 
∂Ci

∂t
= −Ci ∑ bj,i +j ∑ Cjj bi,j    (7) 

 
where, 

 bupx,i = bupy ,i = bupz ,i = bi,dnx
= bi,dny

= bi,dnz
=

D

h2   

bdnx,i = bi,upx
=

D

h2 +
u

h
  

 

bdny,i = bi,upy
=

D

h2 +
v

h
  

 

bdnz,i = bi,upz
=

D

h2 +
w

h
  

 

     Walkers originating from the same position may 

traverse different trajectories and distances within 

the same time of observation depending on the bij  of 

each successive pore cell they encounter. The bij 

encapsulate the effective velocities in the six 

directions accessible to a walker from the residing 

pore cell.  The transition probability between two 

adjacent pixels, from j to i, and the time duration 

involved are presented respectively as [38, 39]  

 

Wij =
bij

∑ bijj
                                                       (8) 

 

Tj =
1

∑ bijj
                                                         (9) 

 
     In the absence of advective velocities, i.e  u = v = 

w = 0, all walkers have equal Tj , say 𝜏. Taking h = 5 

× 10−5m, D = 25 × 10−10 m2/s, we calculate 𝑇𝑗 = 1/6 𝑠  

for j running from 1 to 6 in 3D. 

 

     The mobility of different ions may be different as 

per their size. Higher the mobility, lesser is the time 

of residence of an ion in a given pore pixel. In this 

system we have kept the simple assumption of all the 

ions being identical in size and therefore of equal 

mobility. This implies that the transition time of the 

ions is identical too. The walkers are allowed to 

diffuse for time  𝜏 . If the neighbouring cell is a matrix 
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cell, they reside in the same pore. Also movement 

above the topmost layer is restricted as walkers are 

not allowed to exit the system from this end. Any 

walker who has reached the bottom most layer has a 

probability of exiting the system.  

 
2.4 Electrical conductivity 
 
      Electrical conductivity in brine filled pore 

channels of sedimentary rocks using finite difference 

schemes have been discussed at length in previous 

works by the author [34]. We estimate the measure 

of electrical leakage in salt damaged porous walls as 

proportional to the cumulative sum of all random 

walkers (ions) that finally reach the bottom layer of 

the channels, Wbottom. Once a channel entry point is 

fully clogged, it stops acting as a conducting path for 

electricity. 

 
 
3. RESULTS AND DISCUSSION 
 
     The disordered porous system was generated 

using the RBBDM with p = 0.95, which means large 

particles of size 2 × 1 × 1 have probability 1-p = 0.05 

and the porosity of the sample is 0.098. All pore 

clusters were identified as indicated in Figure (1b) 

with system spanning clusters marked separately by 

red, Figure (1c). It is apparent that porosity shows 

anisotropy along the direction of grain deposition with 

pore clusters having an elongated appearance. With 

increasing time steps, there is greater probability of 

evaporation of droplets from any pore site. Thus for 

a fixed drying rate r, as we move along any row of 

Figure (2), the pores gradually turn from green to red 

as time progresses. The green colour indicates 

completely unclogged pores, yellow indicates 

partially clogged pores and red indicates pores that 

are completely clogged. If we move down the 

columns of Figure (2), the transition from green to red 

happens faster as the drying rate increases. Figure 

(3) shows that the cumulative number of clogged 

pores follow a sigmoid variation with simulation time 

steps. The cumulative maximum of pores is reached 

quicker for higher evaporation rates as expected. 

This result displays the dependence of salt damage 

on porous walls as a function of drying rate. 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: A matrix figure showing screenshots of the top surface of the sample at different time steps of 

simulation for different evaporation rates r. The timesteps of 40, 80, 120, and 150 are indicated on the column 

heads; the rows correspond to different evaporation rates r. Green colours indicate open pores, yellow pores 
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indicate partially clogged pores and red colour indicated totally clogged pores respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Variation of cumulative number of clogged pores on sample surface with simulation timesteps for 

different drying rates r. 

 
    

     The electrical leakage in salt damaged porous 

wall is estimated by counting the number of walkers 

who have traversed the length of the sample to reach 

the bottom layer of the walkers. Therefore while 

considering electrical leakage we concentrate only 

on pore channels that span the wall width. If during 

the process of drying and salt precipitation, the 

channel entry point gets completely clogged by salt, 

it ceases to act as a conducting ion path. In Figure (4 

a-d) we display the rate of cumulative micro-pore 

closure of only the wall width spanning pore channels 

for different drying rates. In Figure (4 e-h) we have 

displayed the number of walkers in the last layer with 

time for the corresponding drying rates as we 

expected a correlation between the two processes;   

  

     The first point noted is that a faster drying rate r 

results in a quicker clogging of the pores exposed on 

the wall surface, Figure (2). Consequently, the 

transport of salt ions in the wall’s pore channels stops 

earlier with decreasing value of r, causing the graphs 

to saturate as in Figure (4 a-d). This is also  

manifested in the very low number of random walkers 

(ions) that can travel through the channel (Figure 4e-

h), i.e. the electrical conductivity of the walls due to 

saline water damp ceases earliest for the highest r. 

Thus higher drying rate will cause electrical leak only 

as long as transport can occur through the channels; 

a slower drying rate is responsible for greater 

electrical leakage as the complete closure of 

exposed pores due to salt crystallization takes a 

longer time. 

 

   Figure.(4e-h) shows oscillations in the number of 

walkers that exit the pore channels with  time. There 

is an inherent competition between two time scales 

in the entire process - (i) the time of travel from entry 

to exit pore of a pore channel by the random walkers 

that is controlled by the concentration gradient (ii) 

time taken to replenish random walkers at the 

channel entry point which is determined by drying 

rate r and the unit pore size M. As long as the latter 

is greater than the former, an output of walkers is 

obtained at the channel exit, i.e. the porous wall is 

conducting. However if the replenishment of random 

walkers at the entry points is slower than the rate of 

transport through the channel, the output at the exit 

points can decrease even to zero as is seen in Figure 

(4f-h). As the number of random walkers again builds 

up at the entry points of the channels, electrical 

conductivity gradually  increases again. A close 

examination of the cumulative clogging rate of micro-

pores and their corresponding electrical leakage for 

any drying rate r, shows that when the former graphs 

reach a plateau, there is a spike in the number of 

random walkers that traverse the length of the pore 

channels contributing to electrical leakage. For 

slower drying rates, Figure (4a), pores clog 

gradually. This ensures that though there are 

fluctuations, there are sufficient number of random 

walkers that can conduct electricity for a longer time, 

Figure (4e). 
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Figure 4: First row of sub-figures display the cumulative micro-pore closure of pore channels spanning the 

wall width versus time for drying rates (a) r = 0.012 (b) r = 0.025 (c) r = 0.037 (d) r = 0.05; the second row of 

sub-figures display the cumulative number of random walkers (ions) in the bottom layer of sample as a function 

of time steps for identical and corresponding drying rates. 

 
 

 
 

 
 4. CONCLUSIONS 

 

     The phenomenon of salt damage on porous walls 

and consequent electrical leakage through them has 

been examined through a simulation model in this 

work. The authors have generated a 3-dimensional 

disordered porous wall where the matrix is a 

completely connected phase. It is however possible 

that all the pores may not be interconnected, but 

there exist some system spanning pore channels in 

the structure. In this structure salt spray deposits 

uniformly as droplets of saline water on the surface 

exposed to the environment. The effect of salt 

crystallization on the exposed wall is dependent on 

the parameter r. The extent of salt crystallization on 

the exposed wall surface has been found to be a 

sigmoidal function of time for all evaporation rates. 

The higher the evaporation rate the steeper is the 

slope of the curves but in the asymptotic limit they 

reach the value of the total number of exposed pores. 

      The other important aspect of this work is the 

study of electrical leakage through the salt ions that 

remain in the moisture laden pore channels that span 

the wall widths. Using TDRW on a discretized 

spanning pore channel, electrical conductivity was 

estimated as a function of time. The salt ions that 

move diffusively through the channels are carriers of 

electricity. It was observed that lower drying rates 

enabled electrical leakage to continue over longer 

time spans. More interestingly, the electrical 

conduction showed almost periodic fluctuation in 

their outputs, the frequency of fluctuation appeared 

to increase with increasing drying rates. For a 

constant drying rate, there is a general trend of the 

amplitude of the fluctuation to decrease with time. 

The authors explain the oscillatory nature of the 

leakage current as due to a competition between two 

rates- (i) the rate of diffusive transport of ions through 

the channels that is guided by the salt concentration 

gradient between the inlet and exit of the pore 

channel, (ii) to the rate at which salt ions seep into 
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the pores on the exposed surface. The latter process 

is not only a function of the drying 

rate itself but also a function of the extent of salt 

clogging the exposed pores.  

      This is a simple model of salt damage which has 

not factored the role of surface tension in the 

penetration of saline water in the pore space. This 

would require a consideration of pore size and shape 

and their distribution to be known. Further 

complexities like 3-dimensional salt build-up on the 

exposed wall has not been considered in this work. 

The authors hope to report these effects on salt 

damage in future communication. 
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