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ABSTRACT

Air conditioning costs are currently increasing at a
faster rate than the initial costs of a building, and still,
energy conservation is often considered a low priority
objective durihg the design process. Alternatives in design
are needed to reduce the energy requirements of maintaining
a building. Using the soil as an isolater from the external
environment is an alternative.

This report concerns a graphical representation of soil
temperatures at a specific location through the use of the
computer, and their use in estimating comfort zone depths.

The soil temperatures and comfort zone depths may later be

used in determining the feasibility of building underground.
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ESTIMATING SOIL TEMPERATURES FOR

USE IN BUILDING DESIGN

My research concerns developing computer programs to
compute and graphically communicate soil temperatures. This
information may then be applied to an alternative method of
energy conservation in building design, the use of underground
structures.

By estimating soil temperatures at a specific depth
below grade for each day of the year, a range of soil temp-
eratures is obtained. This range may then be compared to
Olgyay's comfort zone (Appendix I). Temperature conditions
falling within the zone indicates a depth at which a person
will "feel comfortable". At this depth, only minimal heating
and cooling would be needed, an important factor in regards
to the energy conserving requirements of today's building
design.

The air conditioning costs are inflating at a much faster
rate than the initial costs of a building. The increase in
air conditioning costs, chiefly caused by the increases in
energy costs is a major reason for considering underground
buildings.

The poor link between energy conservation and the
finished design is in the welghing and ranking of the owners
objectives., The owner is usually concerned with initial

costs,. image, functional circulation and only recently, with
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building orientation, an important factor when considering
energy costs.
llethods of reducing heat gain and heat loss, may include;

.

the reduction of glazing, application of solar screening or
isolation of the building from the external environment.

The use of soil as an isolater from climatic condetions
is not a new concept.1 Adobe brick structures and cliff dwel-
lings are known for their thermal ability to retain a
constant temperature by having a high heat lag. The same
advantages may be attained from bermed earth on the side of
a building or to an even greater extent by locating the
structure under the earth's surface.

To determine the feasibility of underground architec-
ture: additional structural cost, psychological impactz, and
sociological acceptance. However, it is an alternate method
of energy conservation and must be explored in depth to
evaluate the possibilities of designing structures for
use underground.

I concentrated my research on obtaining data useful in
determining the effectiveness of underground architecture as an
alternative to air conditioning. Using the Fluker equation,
revised in Moreland's article (Appendix III), soil temperatures
may be approximated for any location, depth,,and day form the air
1. Labs, Ken, "The Use of Earth Covered Buildings Through

History", Alternatives in Energy Conservation, 1975,
pp. 7-20. -

N

Paulus, Paul, "On The Psychology of farith Covered
Buildings", Alternatives ig snergy Conservation, 1975,
pp. 65-70.




temperature. The equation is for flat bare soil; slope,

shade, or ground cover were not considered. The computer
takes the equation and determines at what depth a range of soil
temperatures, estimated over a years‘period, will comply

with Olgyay's comfort zone. Further development of the
program located each town on a state map with its correspond-
ing depth.

The program has made one rajor assumption, that heat
generated within underground buildings does not signifi-
cantly affect the soil temperature. Studying the interaction
of soil temperature and heat sources within the bullding may
be considered at a future time.

The purpose of the computer programs is not only to
graphically communicate soil temperatures, but also to provide
an overview of the uses of the data. By studying the computed
map (CZM: Comfort Zone Map), it is possible to identify
similar regions where the depth required to attain the
"comfort zone" are equal. Therefore, this map gives possible
clues into the feasibility of underground architecture in
discrete regions.

A graph (SOGRAPH: soil temperature graphs), indicating
soil temperatures at a given depth for a particular location,
displays the method by which a depth is computed. By using
the computer program, the user may visually determine at
what depth the desired temperature range is located. By com-

paring the average annual air temperature to the average
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annual soil temperature, it may be noted the cooler the
alr temperatures, the less difference there is between the
two temperatures. This is evident in the scattered cases
available. In College 3tation, Texas, the annual average
air temperature is 20.9OC and average annual soil tempera-
ture is 23.7°C, a difference of 2.80C3. In Normadin,
Quebec, Canada the annual average air temperature is

6.0°C and average annual soil temperature is 5.5°C a

difference of only .SOCQ.

3. Fluker, B.J., "Soil Temperatures", Soil Science,
Vol. 86, No. 1, July 1958, pp. 35 - 45.

L, Edey, S.N., and Joynt, M.J., "Mechanical and Thermal
Characteristics of the Soil at Selected Agrometeorologi-
cal Stations", Agrométeorology Research and Service,
Chemistry and Biology Research Institute, Canada
Department of Agriculture, Tech. Bull. 8L, February

1975.



SOGRAPH

The purpose of SOGRAPH is to graphically communicate
the method by which soil depths are computed and selected.
The program used the average annual soil temperature in
estimating the soll temperature at a given depth mnd date.
Temperatures are calculated and plotted on every sixth day.
This was convenient for print size, conserving CPU time, and
ample for showing the path of soil temperatures plotted
over the year.

SOGRAPH provides an excellent method for viewing the
affects of depth on soil temperatures and the temperature
lag incurred by the depth of the soil. The versatility of
the program allows the user to select any series of depths by
inputting the appropriate commands. Temperature ranges and
amplitudes may then be determined from the graphs and used in
selecting the depth that corresponds to the "comfort zone".
Errors caused in inputting a town's air temperature (card 2)
or temperature increments (card 3), result in a statement
reading, "The temperature of town X exceeds the range of the
graph".

General input data and format follows:

Card 1- given

Card 2- columns 1-4 +the number of town cards (towns

and information to be used) to
be used for computing output.
columns 5-8 starting depth of computations.

columns 9-12 last depth to be computed.
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Card 3 the approximate range and increments of ten-

)

increments are by 5 degrees. Degrees are in
Fahrenheit and integer values should be
entered into consecutive sets of four columns,
ending in the last column of each set.

Card L-(n-1) are the town cards. Each card designates a
town by an index number given in the publi-
cation "Climatological Data"? Other data
needed on this card is the average annual air
temperature and location (longitude and latitude).
The above mentioned publication also provides
this information. The format is as follows:
columns 1-4  index number (integer)
columns 5-8 annual average air temperature.

(real)
columns 9-12 longitudinal degrees (real)
columns 13-16 longitudinal minutes (real)
columns 17-20 latitude degrees (real)
columns 21-2L latitude minutes (real)

(For further clarification see figure 1)

Observations-

On each proceeding graph the user may determine if the
temperature range Complieé with the "“comfort zone’. Also,
as the depth increases, the temperature lag becomes obvious

5. "Climatological Data",U.S. Dept. of Commerce, National
Oceanic and Atmospheric Administration, Texas



and the benefits of the lag may be predicted. During late
spring and early summer the soil is still under the influence

of the cooler winter. The lingering coolness beneath the

surface during the summer months is definitely an advantage

of underground architecture. The converse to this 1s true

of the winter. The soil, heated by the summer, remains warm

at lower depths most of the winter.
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COMPLTER PRCGRAN STCGRAF

SOGRAF ESTIMATES AND FLCTYS SCIL TENMFERATURES
AT A CGCIVEN LEFTE FCKR EVEFRY SIXTt CAY.

DATA IE,TASIC/*' *y%e',¥%x%/

CINENSICN INCEX{S50),AIRTEN(SC ), XLCNC(50),
SXNINLIEC) »YLAT(ZSC0) s YMIN(EQC)AYLAT({SO0) »AXLONG{(50),
3IF(2€E0) +sKDEFTH{E0)L,TEMF{1Z) NMCNTHE(12)

INTEGER TEMFLTENM1,TEMZ

"N IS THE NUMEEF OF TEE TCWNS TO EE GRAPHED.

UKKKK®" IS THEE FIRST DEPTH TO BE ESTINATED AND "KKK®" IS

THE LAST CEPTH. KK1 IS THE INCREMENTS.

READ(S,1D){NCNTHCTI) s I=1+912) sN KKKK KKK 3KK1,
PLTENFE(IT)H»T1I=1,5123)
1 FCRMAT{1ZA4/,7414/71214)

CCT 83 J=1,N

READ{(S 42)YINDEX(J)SAIRTEN{I) s XLCNG{J) s XMIN{(JI),»
2YLAT(J)sYMINLJ)
2 FCRMAT(14,5FE.1)

TITLE FACE

WRITE(€,S0)
CC FCRMAT(Y1')

CC 18 NN=1.,2%
10 WRITE(E,S1)
S1 FCRMAT(1X)

WRITE(H6,S2) INCEX{J)-YLATIJ)aYMIN(I) s XLONG(J) s XMIN(J)

ZAIRTENV(JY)

G2 FCRMAT(1X,T14,'SCIL TENFERATURE FROFILE'S///>
2T15,*TCWN INDEX NUNEER=',TJ4,//,T17,
BYLATITUDE *3FZeCs1Xs3F3,Cs/,T1E5'LCNGITUDE 1,
4F4aC 31 XaF3e0,/7/+sT1€+*ANNUAL AVERACE AIR',/,T18,
E'TEMFERATURE IS *+/+7T14,F4.1,* CEGREES ',
6'FAFRENFEIT )

WRITE(£,S0)

CHANGES FAHRENFEIT TC CENTIGRADE

IF(ATRTEM(U) «CT o 2CIAIRTEMIUI=(AIRTEN{J)=32.) %
2% «/C e

TAVCSECL" IS THE AVERACE ANNUAL SCIL TENFERATURE
AVGSECL=AIRTEN (U2 xx2%{(m ,0D168)+1 ,2C7*AIRTEM(J)=1,
DC 70 Kz=KKKK KKK ,KK]
KCEFTHR(K)=K

HEADINGCS FCR EACH FACGE
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WRITE(E sS4 IKDEFTHI(KIL(TENFIL)L=1412)

C4 FCRMAT(IX,'TENFERATURES ARE CALCULATED AT *,12,°
2/1X+12,158,G15,16,15)
CC EE L=€,3Z4E,C

EREFARES CRAPE

CC 20 N=1,8¢
20 TFP(MI=IR
IF{LY=L

DC 22 LL=20,3230,3C
IFCIP{L)WEGCeLL) GC TC 21
22 CCNTIANUE

CC 22 LLL=18,C24E,20
IF(IF(LY-ECeLLL) GC TC 25
22 CCNTINUE
GC TC 32
RS LLLL=(LLL+12)72C
WRITE(E,SS)INCNTHILLLL)
G5 FCRMAT (149 ,€4X,44)
G ERNTIGANSI2

1 DC ZC KK=2,€2
2N IP(KK)Y=IA

CC TC €1
2 DC SC KK=2,4,€62,¢
C IF(KK)=TA

€1 TEM1=AVGSOL+41Z,.%(2.71828%*{=,134%K))*(SIN
2(eN17%x(L=m7o82EXK™1C74)))

ESTINATES SCIL TEMPERATURES AT CEPTH %K™
CN CAY ®vL "

TEMI=TEMI*G4/S«+32,
CHANGES CENTIGRACE TO FAFRENFEIT.,
NI=(TENVI=TENF(1))
IF{(N1 .LT.0)CC TC 7é
IF{N1)=IC
FRINTSE CUTPUT

WRITE(F,S3)(IF(
FOCRMAT(1X,REA1)
CCNTINUE
WEITE(E,S0)
2C CCNTINLE

GC TC E0
7¢ WRITE(E,S7)YINCEX(J)
C7 FCENAT(IX,////410Xs¢T+HE TCWN OF v,
14,'HAS TENFERATURES?®,//10X,
TLESS THAN THCUSE CESICNATEC CN THE CRAPH. ')
20 CCNTINUE

WEITE(E,S0)

M)sN=1,ES)

M 0
N

(92 I

NV

FTe,
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END
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SCIL TEMFERATURE FERCFILE

TCWN INCEX NUMBER=3G413

LATITUCE 2€. 13
LCNGTITUDE S7e« 41

ANNUAL AVERACE AIR
TEMFERATURE IS
71«7 CEGREES FAFRENEEIT

16
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CZi

The CZM (Comfort Zone llap) computer program locates
towns on a map of their respective state. A letter corre-
sponding to the minimum depth, required for retaining the
"comfort zone", (see Appendix I), is printed at the town's
location. The map may then be used to determine regions of
similar depths and possible sites for underground habitats.

The map is generated from the northern boundary of the
state. Towns are designated by the letter depth calculated
from Moreland's equation (Appendix III) and printed line by
line for the length of one page. An acetate overlay is used
to show the perimeter of the state.

The required input for the CZM program is as follows:

Card 1- given: letter values corresponding
to depths.

Card 2- "m" is the number of cards used to plot
the state's perimeter. Place the number
to the far left of columns 1-5. (integer)

Card 3- "n" is the total number of cards used to
plot perimeter points. (integer)

Card 4- consists of the vertical and horizontal
ratio, the minimum latitude and the minimum
longitude. The map is given a scale by the
user relating proportionally to the vertical
and horizontal dimension. The varibles

should have a ratio of 10 to 9 if the



output is printed at eight lines per

inch. The vertical figures are punched

in columns 1-5 and horizontal figures 1in
columns 6-10. The mirnimum longitude and
the minimum latitude used on the map should
be punched in columns 11-15 and 16-20
respectively. (real)

Cards (5-n)- describe the town; location and
annual average alr temperature available
from "Climatalogical Data". -
columns 1-4 index number (integer)

5-9 average air temperature (real)
10-14 longitude degrees (real)
15-19 longitude minutes (real)
20-2L latitude degrees (real)

25-29 latitude minutes (real)

(For further clarification see Figure 2)

Cbservations-

The CZM program prints the computed depths on a
map of the given state. Patterns are defined with respect
to soil depths and air temperatures. The overlays help
interpret the data, as distinct areas of possible use
for underground building. These areas do not dictate
definite lines or divisions, but only give a rough idea
into the most practical sites.

Lines that mark drastic changes in depth may be

due to a very obvious change in contour. On the west side

2L
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o e 1

of the example program, such a case occurs. Rezions
of a nominal depth of 8' to 10' are bordered by areas
requiring more that 20' of soil. This may be checked
by looking at a map of the state showlng contours.
In this case, the region is mountainous.

The southeastern part of the map is also effected
by a geographical condition. The depths along this border
appear to be subdued, with little change because of lati-
tude difference. The gulf coast is a definite influence.

on thesoil depth.
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CCMPUTER FEROGRAN CZM

CZM DETERMINES THE CEPTH AT WHICH SCIL TEMPERATURES

SEMAIN TN THE CCNMECRT ZONE YEAR ARCUNC

DATA I[8,IA,IC/Y t,'%k%,74+1/
REAL LTNLLATLLCNC

DIMENSION INDEX(1527),AIRTEM(1S0) +XLCNG{150),
DXMIN(1S0) s YLAT{ 1S2), YMIN{1S0), AYLAT(15S0),.AXLONG(150),

FIF(122),KDEFTHI150)

REAC{S,11)(KDEPTHR(J)$J=1+22) sMsNsAAL,BBLLON,LAT

11 FOCRMAT{22A1/1S/1S/74F542)

READ (S 41 )Y{ IADEX{I)SAIRTEM(I) SXLCNC(I)HXMIN(I),

PYLAT(I)SYMINTI) sI=1,4N)
1 FCRMAT(I4,EFS.1)
WRITE(£,520)
20 FCENVAT('1')
1=€1
LCNC=LON=8.

TITLE FAGE

WEITE(6 426)

26 FCRNATULIXA/ /1771727777277 7777777777
2T13,%S0IL DEFTHS FCR ATTAINING
24 ,//T123,'THRE CCNMFCRT 2CNE IN TEXAS?)
WRITE(E+20)
L=M+1

PRINTS ANC RANKS TCWNS IN NUMERICAL CRCER
CALL BSCOST(INCEX,AIRTEM,XLONC+XMIN 5YLAT,

2YNINSN,LL)
WRITE{E€,201)

301 FCRMAT{®*0" 3 TE,"TOWN® 3, T1SE,'LCNGITUDE?®",

2T 20,9 ATITUCE*,T4S,tAVC. ANN. AIR TENMP.')
L3O 202 J=M,N

302 WRITE(E,2003INCEX(JU) s XLCNGL{J)XMIN{I),

2YLAT{J) s YMIN(I) LAIRTEN(Y)

302 FCRMAT(TEs 1445371 C43FGa042XsFleCsT3C,F4.0,

22X sF 4 «eC s TGS 3FE€EaZ+7/)
WRITE(E,20)

GC TC €

I=I=1

IF(1.LT.1)GC TO 2C3
CC 2 K=1,10¢
Is(K)=1IB

KK=9

CC 2 J=1,N

0¢)

ny N

~
|9

m

TEIMINEZS LOCATICANS CF TCwNS FCR PLOTTING.

AYULAT(J)=YLAT{(J)+YNIN(JII/ED.
IN=(AYLAT{JU)=L AT )®AA
IF(IYeNZELIICC TC 23
AXUSONC{UI=XLONCLJI+XNMINCII/EC,
IX=(AXLONG{JU)=LOCN)*(=1.%EE)+LCNC

~3

S—

T
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1elIxX)=1IC
DLCTS Map

IF{AIRTENC( J) e FCeC e e ANC KKLEG.0)GC TC 12
IF(AIRTEM{ ) eFQel e« ANCKKeNELO)GC TC 30

CHFANCES FAFRENFLCIT TC CENTICRADE

IF(AIDTEN(J) e CT e 3CIAIRTEM(JII=(AIRTEN(J)™32.)
2% 4/G,
AVGSOL=AIRTEMI(J J%%x2%{=,CN168)+1207%AIRTEM(J)=1,

FTH AT WHICH SOIL TEMFERATURES

ukn 1S THE CE
STIMATEC AT.

ARE EEINC E

1]

DC

(sl

€ K=1,5€C
w v IS THE CAY AT wWrHICH SCIL TEMFERATURES
ARE EEING ESTINATED AT.

DC 7C L=1,3¢€€E»€
TEMEZAVGSESOL+12.%(2.,71828%%k(m 134%K))*(SIN(.017%

CRECKING IF ESTIMATE IS IN CCMFCRY ZCNE

TF{TEMFE LT e184eCRTENECT27.)GRTCZE
70 CUONTINUE

DETERMINES wWHAT LETTER
DERPTH TC CORRESFCNC YC FEET.

TF{KeGTa20ANCaKeLTL101)CC TC 34
IP(IX)=KDEFTH(K)

GC 1€ 25

IP(IX)=KDEFPTH(Z1)
IF(KK)14S,145,147

CONTINUE

IF(IX)=KBEFTH(22)
IF(KK)149,14S,147

(w N
[2) 00 I~

PRINTS CUTPUT

1 WQITE(GQIB)(IF( V) N=1, 85)
12 FCRMAT(1X, E£21)
CC 7C ¢
20 WRITE(ELZ1II(IF(N),¥=1, B85)
21 FCRNMAT{740, gEA1) '
GC 7C ¢
147 WRITSE(E,148){ IP(M),N=1, BZ)
148 FISNVAT(Y+Y, €541

GC 70 ¢
4C WRITE(A,150)(1IP( M),N=1, 85)
SC FCRMAT(1X, 8521)
S KK=KK+1
CCNTINUE
ITF(KK)T47,¢
7 O WRITE(R,21)
21 FCrRMAT(1X)
GC 10 =

r—

W



DN
\O

79 202 CCRTINUE
@
(@ KEY
C
71 WRITE(ESZ2)
72 22 FCRMAT (11X s/// 95X *KEY ' 4/35X,
2Y 1)
73 K=
74 22 L=K+1
75 J=L+1
76 WRITE{E,24 )KDEFTH{K)sKsKDEPTHI{L )L KCEPTH{J) ,J
77 24 FCRMATLIXG//EX4A1 9" = 1,12, FT4"38X,A1,' = ¢,
212,90 FTa'938XaAl,* = 1,12,' FTs"')
78 K=K+3
7S IF(KsLTe20) GC TC 23
2890 WRITE(E,25)
g1 25 FCRMAT(1X4/,5%X,*X IS EETWEEN 21 FTe AND *,

2%1C0 FTe's//3S%x,'Z NEVER REMAINS WITHIN THE *y
BYVEICCLIMATIC ZCNE?TS/5X, *ALL YEAR UNLESS AIRCONDI=",
4YTIONING IS ULSEC CR ALTERNATIVE! 5/5X,

SYCSURF LCE CCNCITICNS ARE FRESENT?®')

212 WRITE(E,20)
83 SR
g4 ENC
Cc
C
C BUEBBLE SCFT RANKS INCEX NUNMEERS IN
C NUMERICAL CRDEFR.
-
85 SUBROUTINE ESCRT{WM,AsBsCoeCHyEN,L)
g6 DINENSICN M{150),£(150).,8B{1EC),C(1EC)sC(150),
) ZE(1EC)
87 Cc 1 I=L,N
ge MNM=M(T)
89 Ap=A(1)
SO EE=E(1)
g1 CC=C{1)
c2 CC=CH{1)
<2 EE=E(T)
S4 M{TI)=NM(1=1)
€5 A(I)=p2(1=1)
Se E{I)=B(I=1)
S7 C(I1)=C(I=1)
sg D(I)=D(I=~1)
c9 E(TI)=E(I=1)
1C0 J=I=~2
101 2 IF(J.LTe1) GC TC 4
102 IF{MN LT eM{J)) GC TC 2
1C3 4 MOJ+1) =My
104 A(J+1)=AA
1G5 E{J+1)=FE
106 C(J+1)=CC
107 C(Ju+1)=DC
108 E(J+1) =€
103 GC To 1
110 TNMLSHII=N(Y)
111 A{u+1)=a1{J)
112 E(J+1)=8(J)
113 C{Jd+1Y=CY)

114 D(J+1)=D(J)



115
116
117
118
119
120

E(u+1)=F(J)
J=J=1
GC TC 2

1 CCNTIANUE
RETUFRN
EAND

/7/$DATA

30



SCIL DEPTHS FCkR ATTAINING

THE CCMFCRT ZONE IN TEXAS
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KEY
A= 1 FT. 8= ZzFT. c = 3 FT.
D= 4 FT, E= 5§ FT. F = & FT.
G = 7 FT, H = 8 FT. I = G FT.
J = 10 FT,. K = 11 FT. L = 12 FT.
M =13 FT. N = 14 FT. C = 15 7.
P = 16 FT. Q = 17 F7, R = 18 FT.
S = 19 FT. T = 2C FT. X = 21 FT,

X IS BETWEEN 21 FT. ANC 100 £Te.

Z NEVER REMAINS WITHIN TFHE EICCLIMATIC Z0NE
ALL YEAR UNLESS AIQCONDI=TICANING IS USEC OR ALTERNATIVE
SURFACE CONDITICONS ARE FRESENT




The SO0LTEM (Soll Temperature) program is the basic
computer program of the three. The computed information is
used in selecting the depth where the range of temperatures
complies with the comfort zone. The printout includes the
maximum and minimum temperatures for a given depth and loca-
tion, and the days they occurred.

The required input for the SOLTEM program is as follows:

Cards 1-(n-1) are the town cards, identical to the

previous cards describing a town's location
and annual average air temperature, avail-
able from "Climatological Data".

Card n given. (For further clarification see Fig. 3)

Observations-

The output data displays the relation between air
temperature and the estimated soil depth. By using dummy
values with increments of one-halfdegree, the optimum average
air temperature i1s computed to be between 67.50F. and 68.5OF.
corresponding to a depth of 8 feet. The temperature range
at this depth was from 65°F. to BOOF., the complete range
of the comf ort zone.

As the temperature -increased from 68°F. (or decreased),
the temperature amplitude decreased. In the case of cooler
temperatures the problem encountered was trying to remain
within the cool end of the comfort zone. Increasing the depth

solved the problem, however at the expense of a greater soil
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depth. A similar situation occurs with the warmer temperatures,

amplitude decreases as the depth increases. Here the problem

is at the warm end of the zone. The depth must continue

to drop in order to accomodate the increasing zair tempera-
ture. At less than 10°, plus or minus from the optimum air
temperature of 68°F., the amplitude has decreased to one degree
and the depth has increased to over 30 feet. For underground
habitats this is structurally unfeasible, particularly

due to cost. Another varible must be introduced to reduce

the estimated depth.



o

CARD 2
[11100{]0000000000000000000000000000C060000000000600000000006060000000G00000000000°0

123456 78 91011121314 1516 17181820 21 222324 25 26 27 2829 30 31 32 33 *4 3535 27 38 39 40 41 42 42 44 47 46 47 434S 5) 51 525358555557 58 5360 6162 6255 €S65€7 66637071 727374257677 7819 80
’ . W . - e
Ll i T e b e K gy

- L - Ti e

. o A 4 1

CARD 1
ugoooo00000000COC00OCO0C000060000000C0000000C0000009000000000000000000000G00000000%
223456 75 8101121314 1516 17191920 21 222324 25 25 27 2623 30 31 32 33 34 35 35 27 36 39 40 4147 43 44 45 ¢ 47 48 49 50 51 52 53 54 55 55 57 58 59 60 61 62 63 64 65 66 67 6263 70 11 1273 74 15,76 T 76 73 8
SRR R R R RN R R R R AR R R E R R R R R
. 2222222222222222222222222222222222222227222272222222222222222222222222222222222227
3333333,3333,33,3,33/34333343333333333333333333333333333333333333333333333333332
GGALA4 JA4044040084448684844 J444444086848048640686084444008444424848444448440808440888488a480
58554:51515151525 5155 5158151515155 515 515158515151 515151585151 58515851506 51055155 505:515 515151515851 515°51515851515:515:50515 5151535 5151515151555
16666 166666666566666C66660666666666666666666666666665666666666665666¢66666666666¢6
700 011771172917110107177717170 7 1001177791177 1701191710707 110711717171071111110717171710
8888888 (8868 (8882 18888 18868 |8888858435686868668088888868682806688868688838886888888838

99999999 (9199999 ]996999399999959999999999989699439998565959985969995999359999995399
$73 456 78 8101012131415 179132021 222324 25 26 27 2828 20 31 32 32 34 35 35 37 33 36 40 41 &2 43 44 43 &5 47 48 43 50 51 52 53 54 55 55 57 58 59 60 61 62 63 64 65,63 67 653 70 71 72 73 74 75 76 77 76 19 80
DD-5081

Figure 3 SOLTEWM Cards
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COMPUTER PROGRAM SCLTEM

APPPCXINATE SCII TEMEFREATURES ARE CALCULATED FOR
VERY STVTH DAY 10 CCNSERVE CPU TIME. THE CUTPUT
TVCLVD THE SCII TEMPERATURE MAXIMUM AND MINIMUM
ANT THE DAYQ THAT THEY CCCURRED AND AT THE DEPTH

THEY CCCUERED FCF EACH TCWN INDEX NUNMEER.

II=0

WEITF (6,95)
95 FORNAT (' 1')

WRITE(6,26)

26 FORMAT(VX,//////////////2/////7/777/«
2T 13, 'SOIL DEPTHS FOR ATTAINING
2',//T13,'"THE CCKFCRT ZCNE IN TEXAS')

WRITE (£,S5)
DC201I=1,5C0

THE TOWN ANLC ANNUAL AVERAGE TEMPERATURE ARE REAL.

6 READ(S,100) INDEX,AIRTEM
100 FCRMAT (I&,F5.1)
II=11+8
IF(II.GT.56)KEITE (6,95)
TF(II.GT.56)II=C

TRATLER CARTC
IF(AIRTEN.EQ.10C.)GOT0O2C3

IF TEE TEMPERATURE IS IN FAHRENHEIT,
IT IS CHANGED TC CENTIGEALE.

IF (AIRTEM.GT.30.) AIRTEN= (AIRTEM-32Z.)*5. /9.

AVGSOL=AIRTEM*%2% (~.C0168)+1.207*AIETEM-1.
30 X=0

EINDAY=0

MAXLAY=0

SOIL TEMPERATURES ARE APPRCXIMATED FCR THE
DEPTH "K",

DC 36 K=1,60

31 J=0
SCININ=30.
SOLMAY=(-20.)
DC 70 J=1,366,6

"TEME"™ IS THE SCII TENEERATURE AT A LEPTH OF
"K'" TEET ON DAY "J“.

TEMP=AVGSOL+1Z.% (2.718268%% (= .134%K)) *(STN(.017%
2(3-7.828%K-107.)))

RE ELS CCMFCRT ZONE,
R

h1 %3]

XCE
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RATU
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wn ! 11
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refoed
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26
27
28

25
30
31
32
33
34
35
36
37
38

39
40
41

42

43

4y
45
46

47
48
49
50
51

QO

oReNe

eNeoX®)

Lo

MP.LT. 18..CR IENP.GT-27.)GCTC36
FE.IT.SCIMIN)GCTCEOQ -
“MP.CT.SCIMAX)GCTCHO
¢

Q) b=
O o=
3 oo o~ o~
(O
~ r—' t

NE INFORMATIION

&
(23]
4
tx
J
=
i~

—

50 SCLMIN=TEMP
MINDAY=
GCTO7C

6C SCLMAX=TEME
MAXTAY=J

70 CCNTINUE

71 KLCEPTH=K
GCTC149

36 CONTINUE
GCTC200

CHANGE CENTIGRADE TC FAERENHEIT.

149 ATIRTEM=AIRTEN*C./5.+32.
SCLMIN=SOLMIN*C,/E.+32,
SCLMAX=SOLMAX*C./E.+32.

PRINT OUT

150 WRITE(6,151) INDEX,AIRTEN,SOLMIN,MINDAY,SOLMAX,
2MAXDAY,KCEETE

151 FORMAT(1X,//,3Y 'THE TC®WN OF ',I4,' WITH A MEAN ',
2*2IR',/,3X,"TEMEERATURE OF',¥6.2,' MAY BE CONSID',
3" ERE¥L FOR ',,/,3X,'UNCERGRCUND CCNSTRUCTION. THE °*,
4's0IL TEMPEEATURES ', /,3X,"MINIMUM WAS !',F6.1,

5 ON THE ' ,I3,' LAY CF THF YEAR AND ',/,3X,'THE SCIL?,

6' TEMPERATURE FAXINUM OF ',F6.2,' CCCURRED ON ',/,
73X, 'THE ',I3,' CAY AT A DEPTHK OF ',I2,' FT.?)
GCTIC201
200 WRITE(6,202) INDEX
202 ¥YCRNMAT(1X,//,3X,'THE TCWN OF',IS,' IS DETERMINED',
2' TO',/,3X,'BF UNECCNCMICAL FOR AN UXNDERGRCUNL ',
3'RFSICENCE ',/,3X,'UNLESS ALTERNATIVE MEASURES ARE !,
49 TRAKEN TC ALTEER',/,3X,'SCIL TENMPFRATURES.')
201 CONTINUFE
203 CCNTINUE
WRITE(6,95)
ST0P
ENTC

//SDAETA
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THE TCWN OF 4563 WITH A KEFAX AIR

TEMPERATURE OF 63.6C MAY BE CONSIDERED FOR
UNDERGEOUND CCNSTLRUCTION. THE SCII TEMEERKATURES
MINIMUIN WAS €4.5 ON THE 123 DAY OF THE YEAR AND
THE SOILTZMEPERATUEE MAXINUNM CF 70.30 CCCURERED ONWN
THE 319 DAY AT A TEPTH OF 1% FT.

THE TCWN OF 5271 WITH A MEAN AIR

TEMPERATURE OF 65.40 MKAY EE CONSILEFEL ¥CE
UNDERCGROUND CONSTRUCTION. THE SOI1 TEMPERATURES
MINIMUM WAS AUL.S CN THE 103 LAY OF THE YERER AND
THE SOILTEMPERATURE MAXIMUM CF 74.4717 CCCURRED ON
THE 283 DAY AT A CEETH CF 11 FT.

THE TOWN OF 53471 WITH A MEAN AIR

TEMPERATURE OF 64.2C MAY BE CONSIDERED FCR
UNDERGROUND CCXSTFUCTION. THE SCII TEMPEEATURES
MINIMUOM WAS 64.,€ ON THE 127 DAY CF THE YEAR AND
THE SOILTEMPZRATURE MAXIMUM CF 71.40 CCCUKKEL ON
THE 307 DAY AT A CEPTH OF 14 FT.

THE TCWN OF 5474 WITH A MEAN AIR

TEMPERATURE OF 66.00 MAY EE CONSITEKEL FCE
UNCERGRCUND CONSTRUCTTION. TEE SOII TEMPERATURES
MININUM WAS Af4.5 CN THE ©1 LAY OF THE YEAR ANC
THE SOILTEMPERATURE MAXIMUM OF 7t5.E1 CCCURRED ON
THE 277 DAY AT A DEETH CF 10 ¥T.

THE TOWN OF 5477 ®wITH A MEAN RAIR

TEMPERATURE OF 67.40 MAY BE CONSIDERED FOR
UNDERGROUND CCXSTEUCTION. THE SCII TEMPEFATURES
MINIMUM WAS 65.3 ON TEE €L DAY OF THE YEAR AND
THE SOILTEMPERATURE MAXINUM CF 78.22 CCCURRED ON
THE 271 DAY AT A TEPTH OF ¢ FT.

THE TOWN OF 5618 WITH A HEAN AIR

TEMPERATURE OF 63.40 KAY EE CONSILCERED FCE
UNDERGEOUNL CONSTRUCTION. THE SOIL TEMPERATURES
MININUY WAS 64.6 CN THE 139 DAY COF THE YEAERK AND
THE SOILTEMPERATURE MAXINUM OF 6S.71 OCCURRED ON
THE 325 DAY AT A DEETH OF 16 [T.

THE TOWN OF 5954 ®ITH A FEAN AIF

TEMPERATURE OF €4.2C MAY BE CONSIDERED FOR
UNDZRGROUND CCXSTRUCTION. THE SCIL TEMEEERKATURES
MINIMUM WAS F4,4 ON THE 115 DAY OF THE YEAR AND
THE SOILTEMXPERATURE MAXIMUY CF 72.00 CCCUERED ON
THE 301 DAY AT A TEPTH OF 12 FT.

Ll



THE TCWN OF 61(C8 WITH A FEAN AIE

TEMPEEATURE OF 62.50 MAY BE CONSIDERED FOR
UNDERGRCUND CCXSTHRUCTICN. THE SCII TEMEEFATURES
FINTMUM WAS f4 .5 ON THE 1¢€3: DAY OF THE YEAER AND
THE SOILTEMPERATURE MAXINUNM CF 67.84 CCCURRED ON
THE 349 DAY AT A LEPTE OF 19 FT.

THE TOWN OF 6118 WITH A MEAN AIR

TEMPERATURE OF 62.90 FAY BE CONSILCEGRELD FCF
UNDERGROUNT CONSTRUCTION. THE SOIL TEMPERATURES
MINIMUM WAS 64.7 CN THE 157 DAY OF THE YEAR AND
THE SCILTEMPERATURE MAXINUM GF 6€.S4 CCCURRED ON
THE 343 DAY AT A DEETH CF 18 FT.

THE TOWN OF 6176 WITH A MEAN AIER

TEMPERATURE OF 62.60 MAY BE CONSIDERED FCR
UNDERGROUND COKSTRUCTION. THF SCII TEMEERATURES
FINIMUM WAS 64.5 ON THBE 133 DAY OF THE YEAR AND
THE SOILTEMPERATURE MAXIMUM CF 70.30 CCCURRED ON
THE 319 DAY AT A LEPTH OF 1% FI.

THE TOWN OF 6757 WITH A MEAN AIR

TEMPERATURE OF 64,90 MAY EF CONSITERED FCE
UNDERGROUNL CONSTRUCTION. THE SOIL TEMPERATURES
MININUM WAS 64.6 CN THE 109 LAY COF TEE YEAR AND
THE SOILTEMPERATURE MAXIMUM CF 7Z.22 CCCURRED ON
THE 295 DAY AT A DEFTH CF 12 FT.

b5
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CONCLUSION

In this study of soil temperatures, the situation
involved searching for the depth at which the ideal
temperature gange occurs. Rather than using corrective
measures to alter the climatic conditions, soil was used
as an isolater from the external environment.

Numerous assumptions have been made and many
varibles disregarded in computing the soll depths. A com-
bination of corrective measures and soil is a more prac-
tical solution. Olgyay's bioclimatic chart offers possible
alternatives that should be considered in attaining
the comfort zone.for a particular location.

Further development into the feasibility of under-
ground architecture should be the next steps taken.

In this particular study the varibles; groundcover,

soil moisture, contours, and generated heat, should

be incorporated into the programs, offering the user
alternatives to greater soil depths or energy consuming
devices. Other assumptions or varibles divert a qualitative
answer to the practical applicability of building under-
ground. However, reducing air conditioning costs through
going underground, needs to be considered as a possible

solution.
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APPENDIX I

OLGYAY'S BIOCLIMATIC CHART

1

Olgyvay's "bioclimatic zone' diéplays methods for
altering uncomfortable climate conditions to a "comfort
zone". The "comfort zone" indicates thermal conditions

in which a person will feel comfortable. When plotted
values of temperatures and relative humidity fall outside
the comfort zone, corrective measures; air movement,
sunshine, or moisture, can produce comfortable conditions.
These may be achieved by landscaping, structure openings,
and orientation where as others may require mechanical
air conditioning,

Use of the comfort zone may be illustrated by an
example. The overlay indicates a temperature and humidity
relationship for a typical year in Miami Florida. this hot
humid location generally has high relative humidity condi-
tions with moderate temperature variations. The chart indi-=
cates shading and air movement are needed most of the year
to achieve a comfortable environment.

v G T b Y]
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Figure 4 Olgyay's Bioclimatic Chart
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AFPPENDIX IT

S3TIMATING AVERAGE ANNUAL EARTH ToMPZRATURE

Sufficient data in most cases 1s not readily avail-
able to determine the average annual soll temperatures.
Therefore, acurve was plotted to the function of soil
temperatures and air temperatures. These pretained primarily
to College Station, Texas and locations in Canada.6 The curve
fits the equation;

AVERAGE SOIL _ (AIR TEMPERATURE)2 x (-.00168) +

TEMPERATURES ~
(1.207 x AIR TEMPERATURE) + 1. '
The equation evolved from Tables 9.21 and 9.22 in Ketter's
7

and Prawel's, Modern Methods of Zngineering Computation.

When average annual air temperature is used, the
equation will estimate the average annual soll temperature.
Further clarification of soil temperatures is available in

the Fluker paper.

6. Edey, S.N., and Joynt, M.d.
7. Ketter, Robert L.,and Prawel, Sherwood P., lModern

~i.- Methods of Engineering Computation, New York: McGraw-

Hill, Inc., 1969, pp. 212-213.



T'ne source for the equation to.estimate soil tempera-

tures is Moreland's revision of Fluker's equation.8

Moreland gave credit to Mr. Peter Sharr of the University

of Texas Medical Research Center for much of the development.
The equation for soil temperature given in Moreland's

article is:

6(x,t) = A + 4 e ¥X 5in w(t-- Dx - Q)

1
where:
AO = average annual earth temperature
A1 = temperature amplitude @ 2" depth

kK = '—w _ 1
¥ 2c T relaxation distance

c = diffusitivity; a soil property
combining thermal conductivity,
specific heat, and density.

W

1

%%E radians per day; a factor
relating time in days from

Dec. 31 to angular measure-
ment.

g =

T 364 ; where Q = the number of
days from Dec. 31 to the
time when the bare ground

equals its annual average.

X = depth in feet

t = time in days

DI ; the delay term, 1n days
2cw per foot.

Fluker's data was collected at College Station, Texas.

The soil profile in the test area ranged from a sandy clay
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at the surface to a high dry strength clay at 10 feet.

m

For this doil, without groundcover, or shade, he deter-

mined the following:i

O

=g
i1

(s
e

Kk = 134 ft.71

c = ,b8 ft.z/day

Q = 107 days
Without knowledge of soil specifications from a locaton,
only the average annual soil temperatures, of the above
figures is manipulated. A1 is a constant 12° provided
"k", "e¢", or "Q" are noet changed, because the sine curve
retains the same function at 2" depths regardless of soil
temperatures.

Of the other varibles "k", "c¢", and "Q", "k" is
directly related to"c" and"c" may be used as an estimate
for diffusitivity across the state. "Q" is the number
of days from December 31 to the first day the soil tempera-
ture reaches the amnual average. This figure also may be
used satisfactorily, as the day seldom varies by more than

five days for any location.

8. Moreland, Frank, "Appendix IV", Alternatives in Energy
Conservation, 1975, pp. 203 - 204.
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Alternatives in Eneregyv Conservation; The Use of Earth
Covered Buildings. Proceedings and Notes of a Con-
ference Held in Fort :Jorth, Texas, July 9-12, 1975.
These proceedings describe the caenference held at the
University of Texas in Arlington on the use of earth
covered buildings to provide energy efficient buildings'
as well as a better phy31cal environment. The poten-
tial for energy conservation by underground construc-
"tion 1s great because of the need for fuel conser-
vation due to depleting resources, and an increase 1in
fuel consumption. Topics include: Historical Perspec=i-
tives; Economics; Environmental Psychology; Energy

and Materials; Examples of Earth Covered Buildings;
City Patterns; Political and Legal Considerations;
Technical Considerations. In addition, an extensive
Bibliography on earth covered buildings is.presented.

Edey, S. N. and Joynt, M. J., "Mechanical and Thermal
Characteristics of the Soil at Selected Agrometeoro-
logical Stations"

This report presents the results of an analysis of
soil samples taken at seven agrometeorological sta-
tions.Mechanical and thermal characteristics of the
soil surrounding the temperature sensor's at the
particular installations.was the major concern of
the study.

Fluker, B. J., "Soil Temperatures"
The purpose of this paper is to describe the measure-
ment of natural soil temperatures at a specific site
and to present and discuss the soll temperature data
obtained in the 5-year period 1951-1955, inclusive.
This paper was an excellent source for developing
the computer programs. Any questions as to the soil
temperature equation, may be answered in the article.
The charts and graphs also provide visual material
in patterns of soill temperature data.

Geiger,R., The Climate Near the Ground,
This book concerns the climate and the factors
influencing the climate near the ground. Subjects
include the influence of soil tillage, soil moisture,
rain, snow, tyne and condition of the soil, and tem-
perature affects in different kinds of soil. The
oook will be of particular help in continuing the
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