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ABSTRACT B

Basic physical features of corbired energy and moisture flow in porcus
building matzrials for dynamic and stationary processss are discussed. The
mathematical end physical structure of these dynamic processes is discussad
in terms of local thermodynemical eguilibrium, flows induced by gradients in
intensive state variables, and conservation of ensrgy, moisture and otner
corponents.

The conditions for tHorrodynarlcal equ111br1um in a capillary-porous
materiel contaeining moisture in liquid and gas phases, air, and possibly salts
in the pores are presented as a prerequisite for tha uncarstanding of the
dynamic flow processes. The peculierities of pore-water tension are discussed.
Moisture may flow in gas phases and in ligquid phases while interacting in a

camplicated wav. The specific problems arising from the complex charaecter of
the flcw are discussec. The rclaticn tetwzen the moisture flcw and gradients
in irtarsive state variables such es pore-water pressure or tension, vepor
pressurs, ges pre:sur“ and temperature is discussed.

Sare problems concerning the energy flow are discussed. The energy flow
ig commlicated by the rasc flaw in the pores and especislly by continucus
condenzation and evapcration of water in the pores. Divisions of the energy
flow inte heat flow and energy transfer due to mass flow and the effects of
condensation and evaporaticn are discusced.

Tha equilibrium wmlaticns end ths transfer c09F71c1ents for porcus ma-
terials often exhinit rather pronounced hystersgsis. The causes of hysteresis
end thz corplicetions duz to hysteresis in the dascripticn, are dealt with,

INTROCUCTICN

A bullding materiel like concrete or brick is pergtrated by a corplex
pare systom, The pore gpace is filled by air, weter end possibly selts. Suiteble
parts of the pore volure are occoupied by cepillary condensed liquid water. The
free pore wells are covercd by leyers of edsorted water molecules. The re-
maining parkts of the pore spece contein a mixture of air and water-vapour.

The phaﬁga of liquid uatnr may contaln salts,

Consider o small pert or rogicn of the porous materisl. The region is
small compered with thoe overall dirznsions of the considerad piece of Luilding
material, but it is large conpared with the minute single pores. The regisn
contains a reasoncbly representative semple of Lhe pore structure. The state
of such a region is characterized Ly a nutber of varicbles like the moisture
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content.w (kg H D/m3), the temperature T, the water-vapour pressure p, and so
on. We will consider such a region as a point.

The state will usually vary from point ta point in the material. The di-
stribution of states in the material will change with the tire t during a
dynamical process when moisture and enesrgy flow through the porous material.
The aim of the study of these processes is to be able to calculate how this
distribtution of states through the building material evolves with time. The

states at an initial time and the conditions at the boundaries during the dy-
namical process have to be known.

MATHEMATICAL STRUCTURE

The mathematical description is based on the conservation eguations for
moisture and energy. We will, for the sake of notatiunal simplicity, corsider
the cne-dimznsional case with flows and changas. only in the direction of x. -
Let F and Fe dencte the flows of moisture and energy respectively. The
moisture flow Fw(x t) in a point x at a time t refers to the tctal mass of
the waters molecules that pass the point x per unit time and unit area per-
pendicular to the flow direction x. The moisture flow Fw may have contribu-
tions from liquid flow, convective and diffusional gas flow and possibly migra-
tions along the pore walls, The energy flcw F_ refers to the total energy Tlcw
The heat flow Fq is cre contribution to Fe. ©

The moisture content, i.e. the total mess oF water molecules in the
myriads of liquid, gas and surtace phases per unit volume of the porous ma-
terial, is w. Let e denote the total energy cantent per unit volurme. (It is
preferable to use moisture and energy contents per unit mass of dry solid in
situations where vclure changes of the solid are of importance.) .

"Thz introduced quaﬂbltlss Fw' F_, wand e are Functlcns of x and t. The
equations for conservation of mOistlre and enargy are:

aw _ _3F, e _ _oF
ot Sx at 3% (1)

The left-hand mzrbers give the increase in mgisture and ensrgy content in a
point (per unit time and unit velur2). The right-hand merbers give the net in-

Fflux to a point (per unit time end unit volum e) cf moisture and erergy respect

vely. Th2 nat influx depends on  the rate of change of the flow intensity alon
the x-axis.

We must now have suitable expressicns for the flews F, and F, in orcer te
be able to perform the caiculations. These expressicns serve tc relate tha flc
to the present distribution of states through the material. The flows presant
paramcunt problem. The flows in a pairt x at a time t depend cn the present
stete at the point and on the slightly differing states in the vicinity of the
point. Oifferently phrasecd, the flocws depend on present gradients of state
variehles et the point and cn the stats at the point.

We must be able to specify the flows that arise for every distribution of
moisture end encrgy that occurs during the dynamical process. The conservatior
equations (1) erpress, once one has got used to them, a rather trivial book-
kecping for molsture and energy. The difficulties and the main physical con-
tent lie in the actual expressions for the flows, in which these flows are re-
lated tc the spacial rates of charge end to the lev=ls of various state variat

IL is often a bit difficult to discern the structure behird the great
variety of alternative, more or less clearly formulated, conservation equatior
that are used. However, the mathematical structure centained in the conserva-
tion cquations (1) is indeed simple. Suppose that the moisture and energy dis-
tributicns wix,t) end e(x,t) are known at a time t. Then the state is known
at each point. A certain inforraticn concerning the preceding moisture history
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for each point may also be necessary due to hysteresis effects. The complete
knowledge of the present state in a point also requires a nurber of formulas
that relate pertinent stats variables like the temperature T, vapour pressure p,
and so on to the conservation variables w and e. The expressions for the flows
then give F (x,t) and F (x,t) for each point x at the considered time t. There
must be additional expressions that render it possiblz to specify the flows
through the boundaries during the dynamiceal prccess. From formulas (1) we ob-
tain the rate of change of w and e for each point. From this we get w(x,t+at)
and e(x,t+*at) for each point x at a slightly later time t+At. The procedure is
repeated for thz neow time t+at,and so on. This mathematical structure of the
calculetions is illustrated in figure 1.

r—-———=-=-=-=-=-- - == ! ~
: ) r
wix, t) \ p(x,t) +
elx,t) = T(x,t) : .
N . , c wix, t+at)
5* ?"'—*—‘—‘ e(x,t+at)
Fw(x,t)
Fe(x,t] .

A: Equilibrium relations B: Expressions for the flows
C: Conservation eguations

Figure 1. Mathamctical structure of a dynamical process with moisture and
energy flow in a porous building material.

A numerical simuleticn of a dynemical process may closely follow the pro-
cedure of figure 1. The continuous moisture and ensrgy distributions are
approximated by the values in a nunber cof discrete points or cells. A set of
equilitrium releticns allcws the calculation of ather pertinent state variebles
for eazh cell., The flows cf moisture and er=rygy thrcough the becundary betwsan two
consecutive cells zare celculated from the differences in the state variables
between the two cells and frem the preveiling lsvels of the state variables
with the aid of the expressions for the flows. The bourdaries reguire addi-
ticrnal formulas Lhat give the flows through these., Cirect moisture end energy
balences then give ncw moisture and energy ccntants for each cell after a time
incroment At. This precedure is repszeled for time-step after time-step.

Differences in concentrations of other substances and changes due to flows
of thesc substances may be of importance in the dynzmical process. There is an
additional conszrvetion equation for each new subistance. Consider as an exarple
a case when the air and a salt in the pores arc of importence. Let F.(kg air/m? s)
denote thao flow of air and a (kg air/m”) the air content. Let Fy and b be the
correspsnding quantities for the salt. Then we get two additional conservation
equations for the air (a) and the salt (B): ‘

3a aF. 3b afF
. JoF . Fy
TS 56~ Tix (2)

The ditficult problem is again the expressions that make it possible to cal-

culate the four flcws, when the state variables are known through the porous
material,



THERMOSYNAMICAL EQUILIBRIUM

It is of fundamental importance to base the studies of these cynemical
processas on @ thorough thermodynanical analysis of the behaviour of roisture
and other stbstances in the pore system of a building meterial. The thermo-
dynamics of the pore system with its different constituent® provides the basis
for all deeper physical insight in these processes. This therrcdynanlcal system
is in a way very rovplicated due to the complex pore structure in which liquid
and ges phases arv intertwinad in a way that may secr completely intractable.
However, ths analysis of the conditions for thermocdyramical equilibrium produces
a amazingly large avount of valuztle end useful intermation. The thermrodyna-
mical investigaticn also provices valuable insight into ths behaviour in non-
equilibrium, since we cbtain thez direction of the local flows. The intensities
of ths overall flows ere givsn frem measured or inferred transport and transter
coefficicents. . N

Let us now consicer a piece of a porcus material in thermodynamical equili-
brium. The pore spece is cccupied by liquid water phases and gas phases. We

will elweys have a connected region in mind when the word phase is used.

A gas phase contains a mixture of air and water-vepour. All ges phases will
in equilibrium be in exactly the same state. A gas phese deep insice the ma-
terial will be in the same state as ths surrcunding humid air, even i¥ these
two pheses are seperated from each other by-a long sequence of other liquid and
pas phases. Thus all gas phasss have the same gas pressure p, and the same
water-vepeur pressure p. Considar as an 1llustrat10n a non- eﬁuilibrium situation
where e single gas tubble deep inside the material has a higher pressure p
than that of the outside surrounding eir. Air frem the bubb le will dissolvg in
neightouring liguid phases end dirfuse through the liguid out to the surrounding
air. The gas bubble will eventu=lly adjust its pressure to the equilibrium value
or, if this is not feesiktle , vaniszh completely.

Let us first censidar the case whan the liquid phases do not ccocntein any
salts., Then ell liguid water phezss must in equilibrium be in exactly the sane
state. They have the szmz pressure Fg- The pore-watﬂr pressure p, is in generel
differant from the prrs:uxe po in the gas phases in the pores. The 11quld and
gas phases excharyzs viater molicules. The chemical pontential for watsr in the
gas ph::.rc and in the liquid phzses must in equilibrium be the sam=2. This con-
dition gives the so celled Kelvin equation [1]. A very accurate expression for
the condition of egual chemical potential is [2]

RT p

Py P (T) "7 Gy (3)

Here pg (T) is the saturztion Vezaur pressure of (pure) water at the tcnpcra-
ture T, The terperztume T is in degress Kelvin, and R is the genercl gas con-
stant. The guantity vg 1srth3 ve lums cr one mole of liquid water. The factor
RT/v2 is equal to 1340-16” Pa et rcom tcuperature. Teble I shows corresponding
values of relative huwidity p/ps end pere-water prossure py for T=ZSCK.

% 0.8 0.9 0.99 0.099 1 1.001
Py -300 -140 -13 -1.3 +0.02 +1
(tar)




Table 1. Corresponding values of relative humidity p/p_. and pore-water préssure
p, at room temperature in a case without salts. (1 bar=105 Pa)

There are twao conspicucus facts concerning the pore—water pressure p,
The first is that py usually turns out to be negative. This means that there
is a state of tension in the liquid phase. The second remarkable fact is the
large numrerical values of pg. A chcnge A(p/p_1=0.01 in relative humidity corre-
:pcnds to a change Apy =13-102 Pa in pore-watér pressure or tensian.

Equ°t10n (3) gives the condition For diffusional equilibrium between a
liquid wiater phase and reighbouring water-vapour in a gas phase. Consider naw
a non-equilibrium situation with fixed relative humidity p/p Water will
evaporate frem a liquid phase, if the pore-water pressure is hlgher than the
equilibrium valus actording to equetion (3). Conversely, water-vepour will con-
dense an the liquid surfaces, if the pore-water pressure lies tezlew the equili-
brium value. Suppose as an exemple that the relative humidity is' lowered from
saturation p/pg=1 to p/pg=0.80. Then, according to table 1, the pore-water
pressure must fall to pg=-130- .10% Pa in order to prevant evapovagicn and main-
tain equilibrium. All liquid watar will eventually eveporate if the liquid
phase fails to esteblish this high tension cr negatlve pressure. We know that
there is liguid water in many porcus materials in equilibrium telow saturation.
fhis FQEFS that there must ex1st a mechanism which has the ability to create and
maintain tﬂﬂze high tensigns or negative pressures in the pore water.

TheSe states of high tension are caused by the surface tension of suitably
curved water surfaces. Consider a peint on a water surface in a pore. Let «
dencte the sc-called mean curvature of the surface in the point. The inverse af
k givaes a mean radius cf curvature. It can be shown-with the aid of differential
gecretry [2] that ths local net effect of the surface tension y of the curved
water surface is & force in the normal directicn to the surface. The magnituce
of the net force psr unit area of water surface is 2xy. This is an exact ex-
pressian irrespective cof the shape of the water surface. Thare is a pressure

in the gas phase outside the liguid and a pressure pg in e liguid phase.
Tgp pressure dirference pg,pz is bal“nrpd by the force 2xy. This equation for
force balance et a point on a curved water surface is due to Leplace:

Pg = Py = 2¢Y (4)

The ferce equilibrium is illustrated in figure 2. The mean curvature <« must in
equilibrium have the same value at all points of all water surfeces in the peres,
since pP and py have the saere values throughout. This is a streng condition on
the shogdes of the water surfaces.

Ccercive ferces tbetween the water molecules kcep the liquid phase together
anc prevent rupture. Coercive forces between the pore wall and the water in
the wvicinity of the walls kaep the liquid attached to the pore walls in spite
of the tension in the liguid.

Figure 2. Cross-section through a fore.
The pressure difference p Py
over the water sucrface is®ba=
lanced by the force 2«y from
the surtace tension x of the
curved water surface with mean
curvature «.




High pore-water tensions require heavily curved water surfaces. Take as an
example a situaticn with py=-130- 10° Pa, which corresponds to p/p O.JD The
so-called mean curvature ¢ in any point at a free surface of & liquid phase is
given by (4). The corresponding mean radius of curvature Rr1/v becomes
R=110 A (1.1-10°8 m),

The liquid phases in the pores of a building material usually contain salts.
These influence the chemical equilibrium condition between liquid water and
water-vapour considerebly. There remains a lot of research to be cdone cancerning
the influence of salts on the dynam1031 flow processes. The condition ror equi-
librium is now instead of (3):

RT p RT M,

Py P (T) =-;; &n (pS(T)) + v vém (5)

The difference from (3) is tha last term, which is of osmotic character. Here
M, is the mole weizht of water, v the nurmber cf ions per dissolved salt mole-
cule, and m the molality (i.e. the nurber of moles of salt per kilogrem of
water) of the salt in the considered liquid phase. Tha factor ¢ is the molal
osmotic coefficient for the salt dissolved in water [3]. It is a function of
the concentration m., A reasonable approximaticn is usually ¢é=1, Relaticn (&)
is shown in figure 3 for sodium chlorice. We note as a rule of thurt that a
decrease by ten per cent in relative humidity (A(p/p_)=-0.10) or in relative
weight of salt in the salt solution (Am=-2) correspond$ to a cdecrease of pore-
water pressurs p, of the orcder of 100- 105 Pa.

LOO I 1 !

Figure 3. Relaticn between pore
water prossure p, and
relative humidity p/pg
for different molali-~
ties m of sodium chlo-
ridie at rcoin tempsra-
ture. Tha concentration
m=2 means 12 weijght
per cent sall in the
\.4er(_,[ .

ps (bar)

The concentretion m ef the salt may be different in sepcrate water phases even
in themodynemical equilibrivm, The rorr-wntu1 pressure py will then have dif-
ferent values in different weler phases in the pores.

Equations (3), (4), end (5) lose tthr nLanirg in prrvhxly small liquid
phases. Concider woler in a pore with linecr dirensions of say 1% A, which
corresponds touchly to the thickneos of flve layers of water molecules. The
influence of tha solid walls will give a more conplicated state of tersion
than that of a sinple isotrepic pressure or tension. The description requires
Lthe use of a full tension tensor. The equalions for Lhermdynamical equili-
brium ere valid for a point in the liguid weler as long as a sirple isotropic



state of ten31on, characterized by a hydraulic pressure or tension pg, prevails.
The equilibrium conditiens are valid locally also during a dynemical flow

process for which the states through the material change with time. A liquid

phase and a neighbcuring gas phase lie sa close togather that the local devia-

tions from equilibrium cught to be exceedingly small, even during the most via-
lent dynamical process.

MOISTURE FLOW

Water malecules may flow or diffuse in liquid phases, ges phases and along
adsorbed water layesrs on the pore walls. We will in the following discussien
disregard the possibility of migration of water in the acdsorbed water layers
on the pore walls.

The water of a liquid phase will move when thcre is a gradient in the
leccal pore water pressure Py A gradient in the local gas pressure p, will
cause a convective flow of The gas with its water-vepour, while a gradient in
the water-vepour pressure p will cause a diffusion of vepour through the gas
phase.iloisture flows are caused by gradients in p,;, p, ard p. These are (ex-
cluding the pcssitility of surface migration) the thrée mein dirsct physical
causes fer moisture movements in the porous material.

Convective gas flows require gradients in the gas pressure p_. The main
cause, besides externally epplied pressure differences over the méteriel, fer
changes in p_. is tsmperature changes. A temperaeture chenge in a gas phase of
essentially Constart volure enteils a minor pressure charge in accordence
with the gas law. The pressure changes when the temperature is raised are
rmainly due to evepcration of weiter so that the vepour pressure increases con-
siderably. The vepcur pressure will roughly change as the saturaticn vagour
pressure pg(T), as long as the material contains enough liquid water. A rapid
solar hzating of a humid wall to say 50°C may raise th“ vapour pressure to
p=0.25" 10° Pa. This will give an increase of the gaes pressure p_ with 25 per
cent, An extrems hzating of & wall of concrete during a fire togsay 200°C may

“increase tha gas pressure pg i in the porss from 1.C- 103 Pa up to 1E- 16° Pa. The

intensity of the convective gas flows through the material depends on the degree
of frea pas passagss thrcugh the pore system.An increaaing extension of tha
ligquid pheses will olmlnlsh the gas passages and lowsr *he gas flow. Ir con-
clusion we hava that a high moisture flow intensity in the form of corvective
gas flow requires considereble and repid tempereture changes (or externally
applied pres sures).

ke will now limit the discuzsicn to the case when ges pressure gredients
and convective gas tlows ane negligible. Ther2 are weter-vepour flows dus to
gradients in p and liguid flows due to gradients in p;. The flow patterr on
the pocreo level may be extremely corplicated. There is vapour diffusicn in gas
phases ond corvective flows through liguid phesnf tater evaporates from
and condansates on myriads of water surfaces in the poras. These flows in the
phases and batwesn phases affect each aother. The heat of evapcration and con-
densaticn, the energy {lows, and in particuler the heat flows @lso affect the
moistur: flow pattzrn,

A particular water molecule may diffuss through a gas phase, condensate
on a liquid surface, fleow through the liquid phasc, evaporate into a new gas
phase, and so on. A scparation of the moisture flow in a vopour and a liquid
corponent is noul @ very precise concepnt. It is only the total moisture flow
that bas a precise meosurable meaning.

The state in 2 point of the moterial is given by twe independent variables,
when we assumg corstant gos pressure p o and ncglect effects of salts. A natural
choice, from a physicel point of vxtn,gof 1nd930n‘ cnt variables is p and Py-



-Let F _, and F.v dencte the liquid ard vapour flows respectively. The total
moisture Tlcw Fv is equal to F ,+F, ,, This splitting should be used with caution
since we cannot measure these two Fl@vs separctely. The vapour end liquid carry
their respective internal energies ey and e;(J/kg). The considerable difference
ey-ey is egqual to the latent heat of evaporation (at constant volume). This
gives a convective contribution agF, evaz to the total energy flow Fg. There
are also contributions from pres sure »ork in the displacement of the magﬁas

Finally there is a heat flow component Fq. Neglecting contributions from pressurt
work we have

Fo = FreiFuteifug Y

This equation may be regerded as a definiticn cf what we call the heat flow.
The physicel ccn*ent of the formzlism lies in the expression for F_; for exanpla

when wa postulete Fourier’s lew: a
' _ AT =
Fa = A5 (8)

Here X is the heat conductivlty It will depend on the moisture content w.

The trouble with (7) is that we do not know the separate flcws F,, and
ng. A rore rigorous approach is to postulate directly for Fg a llnoar ex-
pressicn in gradierts of state variebles in-the same way as we did for the
moisture flcw F,. The energy trensport coefficients in this lineer expressicn
should in principle be meesured directly. This however poses great experimental
difficulties. ’

Fortunately, the moisture flows in parous building materlials are in mest
applications very small. The coniribution to the energy flow frem the oisture
flow is then negligible compared to the ordirery heat flow. The erergy flow Fg
is with gocd accuragy equel to the heat flow F,. The change in the energy ccnt»nt
due to changes in the moisture content is th=2n also negllblulv. The energy can-
servaticn cguation beccmes the usual heet conduction equation:

Iz

(%]
cr
%]
ct

. T Fo=F = —xﬂ‘ cdl 2 ﬂ) TS

Here C is the fLa canacity (et comstant moisture content) per unit volurz of
porous material (3/m3 ©C). The ccefficients C and X will d d cn the moisture
centent w.

Let us now briefly censidsz: the general cass when the influence of the

moisture flow on the anergy halance cannot be reglected. Thn difriculty stems
from th= fact that we dc not knou the :eparat: vepour and liguid Flous. W= may
alternatively say that the difficuliy is due to the fact that we ¢o not know the
net ratos of evascration or conelorsaticn in each point of the matezrial. The

4 LG
It shouid Le nuterd thel is physically unse und end arbitrery  ta nake
dirzct essumptions aooub the distribution of hest generation and consurption
due to condensation and evaporation within the material. The gradients in
state varicbles, which arise during the dynamical process, induce certain mass
flows in accordance with the tronsfir coefficients. The eveporatien and conden-
sation is then guverned by the icquirement that local equilibrium shall prevail.

heat of cvaporaticn offecls the cnergy equaticn in an uncontrocllable way.
-1

For examle, an excess net inflow - of water vopour Lo a small region of the ma-

terial will be accompanied by on engrepriate rate of net cendensation so that
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local themidynamical equilibrium is maintained.

HYSTERESIS

The relation between moisture content w and the stdteoof the roisture
given for exarple by p/p; or pg, often exhibit pronounced hysteresis for
building materieals. The @mount and distributicn of the pore water in the pores
depand not only on the actual stetec of the mcisture but also on the previcus
moisture history. ‘e get a new brench for the relation each time ths direction
of thz change in stete of the mecisture is altered. The moisture content w de-
Sencs on tHc state of the moisture and on all preceding tvrnlrg pcints or
states at which the direction of chanze was altered. Moisture transpert coeffi-
cients may also exhibit this complicated type of dependence.

Spﬁ ial complicetione arises when the rmoisture flow is related to the gra-_
dient cf the moisture content w. Let O, dzncte the COFF&JD“Hd;P transpor t
coefficient.. The problams zre due to bhc fact thet moisture tlows are caused
by gredicnts of intensive state variebles like p and py, erd not by gradlenta
ot w. The dependence of D on th2 previcus moisture histery will becore very
intricate because of the moisture hysteresis. Ccnsider as an illustraticr an
equilibrium situation where the moisturs corntent w varies through the material
cue to hysteresis. There are not any flows, and tha intensive state var izbles
are corstant through the matesrial. The transport ccefficient 0y must in this
completely ordinary situation bz zero, since the gradient of w is differont
from zerc. The descripticn with D, as trens por* cocefficient should only be used
in monotonous moisture processes, where there is a single relaticn between the
rmcisture content and the state of the moisture.

These hysteresis effccts are rdstH by irreversible procasses when th=
moisture centent changes locelly in e pore. Considar a situation when a part
of a pecre is filled by pores wetcer in an irreversible process. This pert ef the
pore cannct te ergiied by retrecing the process in the cpposite diresction, bﬂ—

(.

=J
cause o+ the irreversible chearacter of the process. Tha pore has to be enpitied
in scimz other way curing cthar conditions. The pere viater can thzrefcre be

cistributed in divferent ways in the porss dapending on the previous moistura
1istaory.

b -
Trera ere many

ces of irreversible procssses. A watasr surfacs
in a pore may oncou acle. An exarple is whon tvio water surfaces mwest
and coalacce irreve single uuter surface in a new pngltlars. 0iffe-
rbnu typee oF ‘H e nstaebllities also couse irreversibilites. The
wabter cus i recch an unstable position. Then the surface
MOuRS Sl hly ssiticn

The verious he rr]a?won Latween the moisture content and

the state of the g , a3 wall ac the correspording differont branches for
roigture cronsport oo ciznts, have Lo be Kocwn whzn a dynamicsl process is
rurerically sinolated, The turning points, vhere the direction of the change in
the statr of the eoisture is allered, must be seved for each puint 1n the -
teriel 1n orver to e usnd in thie subeequant calculations, Hysteresis offscts
czuse considereble corplications to dynomical moisture and encrpy F Ow PIOGESSLS.
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