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STUDY ON HUMIDITY ENVIRONMET IN CRAWL SPACE OF DWELLING HOUSE 

A. IWAMAE, Ph.D., M. MATSUMOTO, Ph.D. 

ABSTRACT 

Many houses in Japan have crawl space between the lowest floor and the earth ground 

which is about 50 cm in height. This is considered as protection against corrosion of wood 

materials in the floor. Japanese building codes recommend ventilation with outdoor air in this 

space. In our field research, we found condensation in the crawl space in summer. This is due 

to low temperature of the ground and high humidity of the outdoor air which is typical of the 

Asian climate. To prevent this condensation and ensure long-term durability, we estimated the 

effect of a humidity-controlling soil cover which absorbs moisture into itself and desorbs during 

the dry season. The estimation is performed by field experiments and numerical analysis 

based on simultaneous heat and moisture transport process, which is validated by experimental 

results. The numerical analysis also clarifies the effect of ventilation. 
1. INTRODUCTION 

Modern houses in Japan have crawl space under the first floor which is about half meter in 
height. Traditionally, to prevent flood disaster which is caused by concentrated precipitation 
once in several years, the floor level is higher than surrounding ground. As shown in Figure 1 
the modernization of the house and it's building system changes the shape of the foundation 
from a series of columns to wall of concrete. Temperature and humidity in the space are 
greatly affected by this enclosure. To ensure durability of wood materials that compose the first 
floor, the humidity must be kept under control in some range. Generally, it is said that the 
suitable range for preventing wood from rotting is below 85% Rh. 

Figure 2 shows the standard construction of the crawl space in Japanese houses which is 
dictated by Japanese architectural codes. The vapor barrier is set on the earth ground in order 
to prevent evaporation from ground soil and to decrease humidity in the space. This is done in 
the underground space in many other countries as well. We have studied the effect of this 
vapor barrier which had not been adequately estimated quantitatively. ( Matsumoto et al. 1993 ) 
The estimation is composed of field measurement and numerical analysis. In this paper, we 
take up the crawl space with vapor barrier. 

Ventilation by holes set in foundation wall once every several meters is also recommended 
by the codes. It may be decided to simply follow old traditional stile, and ventilation effect on 
the space humidity is another problem which is not estimated adequately. 

In modem houses, antiseptic is poured into the wood material in the crawl space. This 
treatment ensures wood durability even if surrounding air is extremely humid. But from the 
point of human health and environment pollution, the use of antiseptic should be reduced. To 
keep crawl space humidity low, we estimated the effect of ventilation and soil cover. 
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2. PRE-EXAMINATION FOR CONDENSATION IN CRAWL SPACE 

In summer of 1994," we measured the hygrci~thennafenvironmenfin:the:crawl space in which 

1 
-, , l , ;. ' .. t • i ~ I " '. ~ ; , . J ' t ; . \ \! .- r, ; :: ~ ·~ l 

film of water has been detected as shown in Figure 3. _, . . . .. . ·:·i , 

The water spread over the plastic sheet which \iVorks as vapor barrier' tcf reduce evaporation from 
underground. Moreover, there were water droplet on the surface ofthe floor facing the crawl space 
shown in Figure 4. In the w~t pact,, wood, material$ adsor.b water and become so soft that one can d 
lines with a nail. · ' · ·· · · ' · · · · ' · · 

· - ·1we--monitored the'Variatioris of temperature and hurnidif{iri'the craWl;space and temperature on 
surface of surroundings. Figure 5 shows the . measuring point. -i:emperature was monitored 
thermocouples and humidity WC!S mor:iitored_,by an el,ec_tropic sensor which was based on electr 
resistance of the vapor adS'orptioh film. · · · · · 

,_ . Figure 6. and 7 show measured variation in -temperature ·and 'humidity. Figure 8 shows the variatio 
vapor pressure obtained by calculation with .the, following ~quations.. , ·· .. 

PV = Pvfl) Rh I 1 00 ' 
I, .. ,,. 

' ' ·. . I dog/o(PVAT)) = 12.78614 + .10.79574 ( 1 - 273.16 ·' 
-1 : ·' • 1 .. 504Z5EA( t_ 10-s.296,9(T.!273,16-'L 1 ; ',) i i.; /<" :'; ( I j -, j I ', · •'' .• • • 

• 0.42873E-3( 1 (4.76915( 1 -273.161 T)_ 
· 1 

Figure 6 also shows the dew point temperature of the crawl spape air.'·', 

.. ·: · 1 , , 
1;;.r 

( 1) 
5.028 log,o( TI 273.16 

(2) 

It is't;bvio~us t~at teriipe~~ture a{ the u~der gro~nd su.rtac~· is lower than crawl space dew point, w 
leads naturally to condensation during the measuring period. Condensation also occurred on the surf 
of the concrete foundation intern-fittently . . Generally, in this measurement, the temperature in the c 
space was so low that it was easy to bring out condensation with just a little difference in temperat 
Though it is common for vapor to condense on the surface of walls and/or floors in underground room 
summe~, whichdsidue to outdoor air as a humidity source ·and underground·'temperature as a heat sin 
is unusual that the sai-:ne phenomena occurred in the crawl sp,a,ce, at least in Japan. 

L·: '. · ·• •1 .. • ·l, j ':' ;1 ".J ' :; 1 .. ·- . 1 : : :,1 '.l. · · , . . r,. 1 ... 1 •,._ • ~ , ·. l : 

,, .. In- fall and winter of 1994, we found that there was no water in the space and the daily average hum 
'. yye,nt dqwr.i tq:6oro,, which isJhe annual minimum as a result. · ... · · . , , ' 

• '. , , . , , , , . 1 \ ,. ' ; , , • •. :· • ?. I : • ., l J ~ , ' ;· < ~ 

·111
" · '" ·-3_i FIEtrYTEST FOR EFFECT OF SOIL COVER ON HUrvflDITYCONTROL IN CRAWL SPACE 

t ) .l I ·' ; :, . ~ I : ~ i l" ,\ .l ! I : ; ,· • • t • ' i \ • ' Ir' t • • Ji • ' • • • • : • I I l 

. ' ' J , tr · 

... r·· (, -

.:r~~ t~i.Etid ,~yri,idity control. by usi11g soil coyer, which _adsorbs ;arid· desorps :moisture of attached sp 
Soil cover in this trial was a c. 5 mm high layer of granular sil.ica gel, which was specially manufacture 

•1• have·a larger pore ttian normal desiccant.,, · · · · 
1 

' · 

'I , 

We set the .soil. cover qn .. May 1995,. the next year of pre-examination, and monitored variation 
'~iem'perature ahd:;hu~idity'in"th~ crawl space as.mentioned above. . 

Figures 9'- H' show the monitored results on ·temperature, relative'"humidity and vapor pres 
respectively. Vapor pressure is calculated by eq. (1 ). The gray line shows the variation in outdoor 

. anq th.~}?l~~~ .. bold lir:i,e,shows that pf the crawl spac~:., ,i i .. :- . 
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In summer of 1994, we measured the hygro-thermal environment in the crawl space i1 
• \"'I ·~ : ' r ,...

0 1 
• • . ,,:;: :, ·~~ I ,:, r:. •· ( ! ) 

1 
. ~11 iK:.;iuqhv:: :,~;u · :~~~l:~ ·P[~~ter;has~nq~te~tedassho'Yi11inFigure3. 1 !: ! . 

. d1ffhe water spread·overthe plastic sheet which works as vapor barrier to reduce evaf 

Vi " ,ir'L • : c:. i; :L.: r,·: frofu the' undergrourtd. Moreover, there. w~r~ :Water droplet on the surfa~e of the floor fac 
• , ... , ! 

, J~ ...:~r~~l spas~.· as s~o~.n in·FigMre 4: .. 1 ~~ the :wetpru,t, wood.materials adsorb water and become 

c. 1(.that1·one'can draw lines with :a naiL : ·:. ·· ' ; ; · .,)\.· · 

~: .. , "; . ' 
1 We · motlitd~bd the variation§ 6f t~~P~f~ture atid :Ji~mfdityi ,in t

1
he ·crawl ~pace and temf 

; . "• ....... .1 :: - . 1. ~ • ' / • 1 l f '•• ' · 

.. i 1, , 1on t~~ .su(face o(.s4rroundings . . Figure 5 shows Jthe measuring point. Temperature was mo 

by thermocouples: and humidity was monitored by an· ·electronic. sensor which was based () 

.. ·l tronic resistance of the vapor adsorptio~ fi,m. ·~ ... ; , 

a 1: 1 \ \ • ,, ·.: • ~<~; ') Figure 6 and '7 ,show measured variation in temperature and humidity. Figure 8 she 
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variation of vapor ·pre~sure ~bt~}~ed by 1c~lculation with the following equations. 
- , r " n , ~ -· _ . 

+ 0.42873E-3( 104·769SS( I -. 213.16f.T) - I)) , ( 
,., ::·.. ~· '! • • 1 • 1 I 

); • · "' I \) ~· : ! : •. ,} 41 
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. : ~ ,•. ,. '. 1Figure.~ also shows the dew .point temperature of.the crawl Space air>· : : 11.:::. 

: 1. t .- ~ J It ls obvfo'u~ that tempe.raiu'ie at the tinder krdtind-silifi~eiis.:I~w1er--°than crawl spa< 

point.,,w~c~ lea~i; nat1:1rally to cgndensation .4uring the. measuriqg peppj:J.; ~ondensation al 

curred on the surface of the concrete foundation intermittently~ Generally, in this measureme 

i\te.!IlP.Cft~tu~e .. ~n ,~re. Cf~~l. ~pa~r_ ~~i so lo~ that it. was '.e~y1 t<;>.;bring .o.u.~ condensation with 

little difference in temperature. Though it is common for vapor to condense on the surface ol 
' , .. ••• > ' : 'an'd/ot'flo?rs fa .underground rooms in summer, which is du~'to' \~ut~oor)1;'~. f.\S a humidity : 

and undhgroun'd'tefuperature-.as 'a heat sirikjt, is'~nus·~;u th~t tlie5 s~~ ~h~~~~ena occurred 

.. . 
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crawl space, at least in Japan. 
, r. ·1· ;,, ! '..:.. c · ' · 

· lri 'fall and winter of 1994, we found that tnere was ho water iii 'the· space and the daily a1 
- ~~-· ~-- ·. ·. , · . o... • . ; .. · ·L .. . : .: .. , ... : : ~ : ~; ·, _ · ;·. : - ~ i."';.:_ ... _ 1\i. .. '3 1.! :j-

hu~,i?.Ity _.wept ;dOW!1 to (j0%, which is .the ~umµal IJ)i,nirr,i,µ~ as, a result. 11• · · . 

., . !ii '·' .. : '.' <. -·', 1.l: . , I 

3. FIELD TiisT.FoR ~er oP soIL co VER oN fiuM1orNi:~6NT.R.8L IN cRAWL s 

We tried humidity control by using soil cover which adsorbs and desorbs moisture 

tached space. Soil cover in this trial was a c. 5 mm high layer of granular silica gel, whic 

specially manufactured to have a larger pore than normal desiccant. 

We set the soil cover on May 1995, the next year of pre-examination, and monitored 

tions in temperature and humidity in the crawl space as mentioned above. 

Figures 9 - 11 show the monitored results on temperature, relative humidity and vapor 

sure respectively. Vapor pressure is calculated by eq. (1). The gray line shows the variati 



It is considered theoretically that the effect ot'soll cover on thermal variation is not so L Treal. 
This result oo temp~rat!Jre al.~o indic~tes ttie sam~ tr~n,~ a~ obtaineO, t;>Y.Pr~~~xamir:ia~i.°in:i. 
Frein to summer, the crawl space temperature increased with time lag to outdoors. Peak val 
tie in this ye,9r w~15 a few dew~e~,C,elsius le>w.~rJh~f1.th~t Of,Qutd~9r ~iry tp m~: th~rm.al. " 
capacity ofthe -round, Outdoor air temperature started to gradually decrease in September 
c;ind the relation between ~he ~rawl. space c;111d ,o~tdpors ups~t. Mqnthly average temperature 
of the space in September was 1 de,-rec hl,),her than that of outdoors. ,, ! ~, .. 

The variation in relative humidity of the crawl space air showed the effect ot'soll cover. The 
frequency of an extremely high level, above 95%, became lower than the un9overed. GOndition 
ill the previous year. ' ·· · · · . ' · · · ·· • · · 

From May to June, the daily average space humidity coincided to outdoor air the same as 
temperature variation did. In July, the two apart from each other and the under floor space 
became humid, corresponding to the decrease in space temperature. Space humidity 
~r;::irh1::illv inr.rP.::i~P.rl ;::inrl in l;::i~t WP.P.k nf .l11lv. it W::I!=; ::ihnvP. 9S% whir.h rlP.!=;inn::itP.!=; ------------J ------------ ------, --- ----- ------ - ---,,, - - - - - - - --· - - - .._, - - -

condensation where temperature 'IS just a little lower than the space. In this period, it is 
confirmed that there was no water film on the soil cover or on the ground. 

Vapor pressure of the crawl space in May and June was slightly lower than that of 
outdoors. This seems lo be due lo lime lag in annual varialion, or to the effect ot'soll cover. 
We estimated this 1 

by numerical analysis which is described in next section. 

Daily average vapor pressure of the space was lower than outdoors frolil May to July, wh,ile 

c. 2 mmHg higher than outdoor air in August. The space should need some kind of beat 
source and vapor source such as adequately wet materials to maintain vapor pressure 
level which is higher than surroundings. Since there is no heat source in the crawl space, 
and because the Rh sensor we used became unreliable once it had experienced 
condensation oli itself, we regard the high vapor pressure in ·August as a sensing error 
due to the Rh sensor. 

Figure 12 shows the variation from fall to winter. Humidity level in the crawl space goes 
down with the decrease in that of the outdoor air, and this means .the soil cover -radually 
deserved the humidity. Since the daily average vapor pressure ·in this period nearly equals 
that of outdoor air. it can be said that the soil cover's effect will continue next year. 

4. NUMERICAL ANALYSIS 

, .' .In this .section. we describe the validation of a numerical model we propose for the crawl 
space .humidj_ty .. Then, usi.ng this model, . we estimate the contribution .of co,mpon~.nt factors, 
which are.the effect of soil cover and ventilation rate on. exchanging space. air with o,utdoor,air. 

We propose a numerical model which consists of two parts. One is for hygro-thermal 
variations in soil cover, while the other is for the conservation of enthalpy and mass of vapor in 
the crawl space. We consider the vapor barrier on the ground and floor are perfectly 
impermeable, thus. vapor flux is equal to 0 on the boundary under, the soil cover and on the 
surface ofthe concrete wall and floor facin. the space. 

In the soil cover, the simultaneous heat and moisture equations are applied as follows. 
When 
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phas~; ;r,~p~· Mr~~ 8.t>nservatio_q., 1t~\~ n~~t .. two· b~.!~nce; equ~t.!pns a.~e ~eri~ed ra·r each phase. 
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·Frain Eq.(5) and the sum of Eq.(3) and Eq.(4),we obtain the follows],- .. : 
d . . 1 (0, - 0) P, +.OP, "I 

Yt " .- ;.. ' · · 

..... .... 
• ' 

': J (6) 

One can oet ' the' heat balance equation of a small diyided area in porous· material, _.hy taking 11110 

· .. .1 

account th~ . _phase change heat, . 
I 1 ' ,. :. Ii ' ._,. 

dc .T -. , .. 
. . . ' ' ! 

/WI+ rW 
,·'; ,, ;:, '" (?,), I " 

... ·' ,···· ·, 

at, ... .. , .. .- . ., . 

It is well known empirically that vapor inoves related to the vapor pressure:gradient in poroll,' materia 
This fact means vapor movement·can be expressed by gradients of temperature and abst:>lute humility i 
one· regards vapor as a function of these two physical parameters. Thus, fluxes' are ·> 

" 
as follows. 

J1'1 
(1 

' . • : •f 

, , , 

-XX .. ·'· 1 .. V:X. ! ' ~ (8) 
-A 7 (91y ·. 

_W _./I P. 
at (10) 
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ThenexttwoequationscanbederivedfrornEqs.( 16)and(7)kk,ltlitheapl)i-oxiiiiatioiiot'(P, ,-0 =(P. 
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4P dp, +Odo= A, \@V7,x 

at at .. ·; ',: ; I: l 

dT do ti I ! ~ _, ; ~ ~ : j 

c at AWT +'rP11· at 

By the way, it is well known that water content of porous.materi.a.I correspond to the relative humidity of 

surrounding air and it's value is constant under invariable pressure. Thus, o F(Rh) 
Fv(L Y) From this relation, 

,)o doaX 

dX (@q, 

. at.- ax at 

Here, we use the following, notations 

dF 
K P, _v (14) 

,. ax 

,)F@ 

V 2, a T(1 5) 

Tr.hen, we oan derive as follows.. . I · 

ao dX 

t@@w at 

' . ' 

Ar 
)odT )F 

. a Tat ax Tt ,aTTt 
• •1 •• 

.. 
aT 

at V at (16) 
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there are two phases of moisture in porous maceriaL vapor as a gas phase and water as 

phase, from mass conservation. the next two balance equations are derived for each phase 

We neglect liquid water movement •in the soil cover, since it is 1101 so great Lmder hygr 

condition ( Rh is below 95% ). 

o( <P" - </J J P,. = -VJ - W 
di i ll' 

J =1 + J_.,,. IV lw • 

From Eq.(5) and the sum of Eq.(3) and Eq.(4), we obtain the following. 

a at [ ( <P0 - </> J P,. + </J P ... ] = - .J;.. 
One can get'the heat balance equation of a small divided': urea in porous material. hy taki 

account the phase change heat, 

ac T 
dl = - flt+ rW 

It is well known empirically that vapor moves ·related ·10 the vapor pressure gradient in 

material. This fact means vapor movement can be expressed by gradients of temperature a111 

lute humidity if one regards vapor as a function of these two physical parameters. Thus. flu 

as follows. 

1 = -A.' VX 
II' x ,, =-A. v 

w = f?.. 
d</J 
at 

The next two equations can be derived from Eqs.(6) and (7) wltll'ilhc•tt'pproximation of <P,, - </J 

<P ~. + n d</J = ').' . V2 X (; 
0 'dt w or ,, 

C,, aT = J..V2T + rp <J</J " at II' df ( I 

By the way, it is well known that water content of porous material coJTespond to the relative t 

ity of the surrounding air and it's value is constant under invariable pressure . Thus. (/) = F1 

Fx( T..}() From this relation, 

J</J J<fJ Jx J</J aT ~ Jx ~ rrr 
dr = ax di + aT Yr = ax Yr + aT ar c 1 

Here, we use the following notations 
/( - ~ 

- f?.. ax (1 

~ v = - f?.. iJT ( I 

Then. we can derive as follows. 

d</J _ ,,.. JX __ ., oT 



1 dX 

at P Tt 
(17) 

Finally we get the following two equations. 
c_ 

il@,p'+K 

ax 
Tt 

aT ax 

aT 
v Tt 

'X 
A ',vV-

Ct-'+ i-V) Tt - 1-K Tt = AVT 

(1 8) 

19) 

From enthalpy and vapor mass conservation, one can derive the next two equations for crawl 
space all'. 

c CV(T 

I, at h p ', 0, 

ax curse 
UP Ft- 11 +UP V1, (XO. - X (2 1) 

Wherein, 

qs/,. = K11(,(,P, - T) 
q,@1) = o@I, ( TS1, 1, 1 T) 

1 
p( P, 'Ull 

1 1 +R 111+ 1/(x) 

(22) 
(23) 

P, (24) 

(25) 

To add to these equations, we use heat transmittance with the upper room lhi-ou-Lh the floor, as follows. 

aT 

C,, Tt =A V-T (26) 

For the thermal boundary condition, we use measurement results on _ground temperature at 1 0 cut depth, upper room 
temperature, and the variation in outdoor all.. which is linearly interpo- lated with a series of recorded data taken at one ho 
intervals. 

Figure 13 shows the calculation result compared to measurement. Table 1 shows the illonthly average of both results. 

Table 1 Monthly average measurement and calculation results 
Temperature ['C] Relative humility 'Vapor pressure [Pa] 



Meas. Cale. Meas. Cale. Meas. Cale. 

May 16.50 16.36 71.90 66.66 1352 1244 

June 17.79 17.88 78.55 81.05 1608 1668 

July 21.99 21.69 91.49 95.52 2428 2482 

August 24.24 23.96 88.75 83.70 -2688 2489 

The difference in vapor pressure in August is conspicuous. The measurement result, how-

c, 
ever. was affected by the sensor error as mentioned earlier. It is evident that this numerical model 

can express hygro-thermal variation in the crawl space practically. In this case, the ventilation rate c, 

... , 1 

is 7.2 times per hour, which we regard as the standard condition in following estimations. 
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Finally we get the follo'wing two equ~tions. 

<P . ax ar , . 17.'x ( p +K) """\"" - VT =llX v· 
11 .of of . . 

( I : 

. c ar - ,....... d!axt -- , r7'r ( + rv ) T ,,. /l lr 
P at 

From enthalpy and vapor mass conservation, one can derive the next lw().eq~1.dtions for crawl : 

air. 

' I 

' : 

c . ar-
1' at 

c p 

Wherein, 
(. = K ( T . 
lsu j1om room 

~sn.. +C' V( X -X ,) h p u mH 

- T) 

lfsn = a, ( T""/ - T ) 

J =a' ( P - P ) 
l\'S/) p \" Jiii} I 

K = l I ( l/a + R. + I/a) }1001· ,. j7oo1 

(2C 

(21 

(22 

(23 

(24 

(25 

To add to these equations, we use heat transmittance with the upper room through the f 
. f 

as follows, 

c ar = A.P-r 
P. ,;()( 

(26 

For the theqnal bound~ry 'condition:· we us~ in~asuremcnt rcs~lts on ground temperatu 

.· . IO cm depth, upper room temperature, and the variation in outdoor air, \Vhich is linearly inte 
" ' 

lated with a series of recorded data taken at one hour intervals . 

Figure 13 shows the calculation result compared to measurement.. Table I .shows the mon 

average of both results. 

Table 1 Monthly average measurement and calculation results 

Temperature [0 C] Relative humidity [ck ] Vapor pressure ! Pa] 

. . Meas. Cale, Meas. Cale. · Meas . Cale. 

May 16.50 16.36 71.90 66.66 1352 ' 1244 

June 17.79 17.88 78.55 81.05 1;608 ·1 1668 

July 21.99 21.69 91.49 . 95.52 2428 \ 2482 

August 24.24 23.9
1

6 88.75 83.70 2688 2489 

The difference in vapor pressure in August is conspicuous . The measurement result. h1 

ever. was affected by the sensor error as mentioned earlier. It is evident that this numerical me 
can express hvgro-thermal variation in the crnwl •mn<'P nr!lf'lll'!llh1 In thic· ...... c-.. tho .. ~n•:lM;,__. 
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' . .. 

1 1 Figure 14 shows the variation in the case ot'\,ariou,,,, ventilation rate. The gray, bold and th in Ii 
desi-nate results from the standard, 1/3 tinies rate and 3 tinies rate, respectively. Table 2 shows 
monthly average for two months. 

Table 2 Ventilation effect on monthly avera~e 

ventilation rate [times/h] 
Temperature ['CJ . , , 

Relative humidity [%] 
Vapor pressure [Pa]" 

· July 
2.2 21 .6 

21 .1 :.2 8 22.48 

. -94.87~ 

' 18.04 
91.83 
18.75 

2.2 
23.59 

88.59 
19.32 

August 
22 1 .6 
24.70 

79.01 
1 8.39 

It is shown that the increase in ventilation rate improves .humidity in August because of 
temperature difference between the crawl space and the outdoor air. But, it's effect on vapor pressur 
not so large. It increased in the first week of July, which lead to. higher relative humidity,. The decre 

I'. in ventilation rate improves humidity in July, especially in' the first week of July. Thus, it is found in 
crawl space that actual ventilation rate, the standard rate ill the estlillation, is the most undesirable. 
also note that the increase in ventilation rate up to 3 tin-les has not enough effect to ensure the dura 
of wood. · · 

F12ure 15 shows the variation in relative humidity in the case of various thickness of soil cover. 
array, bold and thin lines designate results for 5 mm ( standard ), 7 mm and O trim thickn 
respectively. The difference between the 5 nim and 7 ruin cases :is very little, only remarkable in the 
week of July. But, the difference between covered 'and uncovered is .bib., ill July. This means the 
cover effect on humidity control of the crawl space all- is validated to the 
end of July. In August. the daily average ofthe covered cases is higher than that of the uncovered 
cases. This is due to evaporation from soil cover. . · 

It is shown that soil covet- decreases the frequency of extremely high humidity by leveling the 
dally variation, but it does riot decrease the amplitude of the daily average in annual variation. Thus, 
cover is confirmed to improve condensation occurring only at night. 

5. CONCLUSIONS 

i '•, ! i :.. . . ·' ' 1' '.' .!1 .l ·,,, ' 

It is found that there is condensation in crawl space in summer due tc;> ventilation .exchame 
outdoor air. What we presented in this paper is an example and a numerical model for this phenom 
and the effect of soil cover and ventilation for the improvement. . -. 

The effect of the soil cover is not enou-h to keep dry in all summer-. It is shown that it decreases 
daily variation and it does not let be humid in winter. . ., 

· J·i"i' . : • • 
1

• : ·It is shown that chanae'in ventilation rate more·or less makes humidity decrease, but in these 

' l!li .· 

i . . i l 

estimations, we cannot find qut the optimal solution that means low enough to ensure the durability of 
wood material without pouring antiseptic. pptimal ventilation. rate depends oil local weather condition. 
So, we should desich humidity environment ill the crawl space of every house by uslilL, a numerical mo 
which can express locality, such as the model we validated:· ·· ' · 
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SYMBOLS 

CP heat capacity [J/m3K] 

C' moisture capacity of air fkg/m\kg/kg' )l 
.n 

h height of crawl space [m] 

J moisture flux 

pressure of standard air f Pa] 

vapor pressure [Pa] 

P"·'· saturated vapor pressure related to temperature ! Paj 

q heat flux 

R thermal resistance of floor lm2K/W] 
jloor 

Rh relative humidity [%] 

r latent heat from liquid to vapor [J/kg] 

T temperature [0 C] 

t time [s] 

V ventilation rate [times/s] 
n 

W moisture weight of phase changed 

X specific humidity [kg/kg'] ( = 0.622 P/(Pu - P) ) 

a total heat transfer \;Oefficient [W/m2K] 

a ·convective heat transfer coefficient [W/m2K] 
(' 

a 
Ill 

vapor transfer coefficient [kg/m~s(kg/kg' )] 
. ' . maximum pore size 

water content related to volume 

humidity derivative for equivalent water content 

heat conductivity [J/m"K] 

<.. 

v 

moisture conductivity related to specific humidity gradient [kg/ms( kg/kg')] 

temperature derivative for equivalent water content 

pl\' 

P,. 
p' 

SCRIPT 

density of water 

density of vapor 

density of dry air 

room : upper room 

out outdoor air 

surf surface of soil cover facing crawl space 

lw gas phase 



(a) Traditional house in Nara prefecture 

(b) under floor structure 

(c) modern house ·.. " 
holes on concrete· foundation are Jor ventilation 

• ,l ••. • 

Figure 1 Typical traditional house and ~odern house in Japan 
I ' • t 

It is well known that our ancestor have made :house 'With wood and soil. Japanese 
houses have greatly changed with deriving insulation and wood board in last three 
decades. These make void space between inside. and outside, .which has original 
environment of various physical factors. ,, 

1 '/•'! 

'· 
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(a) Traditional house in Nara prefecture 

(b) under floor structure 

(c) modern house 
holes on concrete foundation are for v·entllatidri 

Figure 1 Typical traditional house and modern house in Japan 
It is well known that our ancestor have made house with wood and soil . 
Japanese houses have greatly changed with deriving insulation and wooc 
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' · Figure 2 Standard construction of crawl space 
Japanese archi tectural codes dictate vapor barrier on the ground and ventilation with outdoor in order to 
ensure durability of wood material '. ·' , .__ . 
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T he.se "scene is continued to whole over the house. Wood material in the crawl space are poured 
preser~ative against corruption, but it is difficult to enssure a long-term effect under the wet condition 
shown in this figure. 
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Figure 4 Water drops on surface of floor 
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Figure 2 Standard construction of crawl space 
Japanese architectural codes dictate vapor barrier on the ground and ventilation with outdoor 
in order to ensure durability of wood material 
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Figure 3 Water on vapor barrier 

These scene is continued to whole over the house. 
Wood material in the crawl space are poured 
preservative against corruption, but it is difficult to 
enssure a long-term effect under the wet condition 
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space, by using relation between saturated vapor pressure and temperature. 
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Ordinate shows relative humidity. In contrast to variation of outdoor air whose daily average 
varies in c. 60 - 70 % range, crawl space humidity goes above 90 % and achieves to 100 % in first 
week of August. Values of over 1 00 % are due to sensing error. 
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: Figure 8. Pre-measurement result variations of vapor 
' Ordinate shows vapor pressure, which is calculated by recorded temperature and humidity 
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Figure 6 Pre-measurement result : temperature variations 
Abscissa shows time elapse. One scale means one day. Ordinate shows temperature in degree 
scale. Dew point temperature is calculated bye recorded temperature and humidity of the space, t 
relation between saturated vapor pressure and temperature . 
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Figure 7 Pre-measurement result : variations of relative humidity 
Ordinate shows relative humidity. In contrast to variation of outdoor air whose daily average varie 
c. 60 - 70 % range, crawl space humidity goes above 90 % and achieves to 100 % in first wee 
August. Values of over 100 % are due to sensing error. 
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Figure 11 Monitored result with soil cover Variation of vapor pressure 
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(b) Variation in relative humidity 

Figure 12 Monitored result with Soil cover: January 95 
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Figure 15 Effect of thickness of soil cover 

Ordinate shows relative humidity. In this numerical model, vapor 
mass conservation of crawl space is only affected by outdoor air 
through ventilation, if there is no soil cover. Thus, the variation in 
vapor pressure is almost equal to that of outdoors. 
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Figure 15 Effect of thickness of soil cover 

Ordinate shows relative humidity. In this numerical model, vapor mass conservation of 
crawl space is only affected by outdoor air through ventilation, if there is no soil cover. 
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