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Although light'v:eicht agerecate concrete has 

become much more familiar in recent years, it is in no sense a 

ne'V'.' class of building material. Indeed, a form of lightweight 

concrete '!,"!as frequently 'used by the Romans, and it is known that 

the 143 ft. diameter dome of the Pantheon in Rome,built in the 

second century A.D. is composed largely of cast in situ concrete 

employinB pumice aggregate. The development of lightweiGht agrr,-

ref-ate industry after the first :,:Jorld V.!e.r in the 'United States 

and in Europe,especially in Great Britain and Germany is surp-

rising (I). 

The most obvious characteristic of lir,ht-

weight aggre£sate of course ,is its density, vlhich is alv:ays con-

siderably less than,and often only a fraction of , that of ordi-

nary aggregates. There are many advantages in lo'\'J density,for 

example reduction of dead load,faster building rates ,and lower 

haulage and handling costs. The weight of a buildinR on the 

foundations is an important factor in design,particularly now 

that the tendency is to the construction of taller buildings. 

l;'{e basically differentiate betv'1een t~.·,)O types 

of lightweight aggregates: 

I-Structural lightweight aggregates like 

foamed. slag ,expanded claY,expanded shale,sintered pulverized­

fuel ash, pumice etc. produce a lightweight concrete 1Nhose use , 
especially with reinforced concrete units,is not without certain 

problems, but the difficulties have been _lar{!,ely overcome. 
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2- Insulation-grade aggregates in 'lery rich 

mixes can,in some cases,produce strength sufficient for load­

bearing purposes,but they have inferior insulation value and are 

generally uneconomical,since concrete of comparable properties 

can be produced with less expensive aggregate using leaner mixes. 

This type of agsregates produce very low density and low thermal 

conductivity. These are exfoliated vermiculite and expanded per-

lite. 

In this small research plastering properties of 

expanded perlite aggregates are imrestigated.Lightv!ei~ht aggre-

gate production is a completely ne\v industry for Turkey.Practi-

cingengineers will undoubtfully find it very difficult to leave 

the well established old methods of construction v:ith normal 

concrete and use lightweight concrete,whose properties are still 

1.lnknO\\ln for them,in their structural elements. Hmhlever,used as a 

·plastering material,perlite has many obviousadvanta~es that will 

be mentioned later. ConsequentlY,the purpose of this in'l8stigation 

is to present a technical data and make a comparison of test re-

suIts .among different types of mixes. 

The author wishes to express his great sense of 

Gratitude to Professor Er. Ferruh Kocata9kin for his friendly 

interest,suggestions and encouragement,to Professor Necmi Tan-

. yolaQ and HDI1\ A.$. for their valuable help and to illar ve 1s1<.:5.n 

Bakanligi Yapi r\~alzemesi Genel 1,2i.idurlut=;u for permission to use 

their heat conductivity apparatus. 
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CH)..PTER I 

1-.l'1 PLi·.s T:~ ING IN G Ei'1TmAL 

Plaster provides external as well as internal 

protection for the walls of buildings. To fulfill this function, 

it must be a good insulator against heat conduction and moisture 

transmission and , at the same time , a fireproofing coat. It 

forms a regular surface by covering the irregularities of brick 

or stone walls. To do this, it must be very ,vorkable and must 

have adhesive properties. Strength is not an important property 

for pla~ter mixes. Workability, elasticity, insulating propertiRs 

are more important characteristics than strength, and they are 

obtained with mixes of lOVi strength. Comparatively high strengh 

mixes form a rigid surf'ace which, failing to acjust themsp-lves 

to the movements of the wall underneath them, may crack and loose 

their protective function. In order to prevent this cracking the 

coefficients of expansion of the wall and the plaster coat should 

be nearly the same so that the differential movement is annula-

ted. The following coefficients of expansion are taken from refe­

rence (16) • 

Brick vlall. •••••••••• 0.0050 rom/m 

Reinforced concrete •• 0.OI25 w~/m 

cement'mortar •••••• 00.0080 mm/m 

Cement •••••••••••••• 0.0140 rom/m 

Lime mortar ••••••••• O.0080 mm/m 

Plaster should possess a certain porosity in order 

to have the humidity inside,buildin6s ·diffuse.through the pores 

7SZ."" 

as water vapor. But, at the same time, plasters exposed to '~leather 
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should be imperrneable to rain water. As will be seen in chapter 

IV, perlite plasters fulfill this function satisfactorily. 

1-B rJIIAT IS PERLITE ? 

-Perlite is not a trade name but a petrographic term for a naturel-

ly occurring siliceous volcanic rock. The distinguishing feature 

\';1hic11 sets perlite apart from other volcanic glasses is that when 

heated to a suitable point in its softening range, it expands 

four to tv/enty time'S its original volume. This expansion is due 

to the presence of tv.'O to six percent combined 1Nater in the crude 

perlite rock. '.'lhen heated above 1600 degrees F, the crude rock 

pops in a manner similar to popcorn as the combined water vapo-

rizes and creates countless tiny bubbles in the heat softened 

glassy particles. It is these tiny glass-sealed bubbles 'which 

account for the emaziag light weight and other exceptional physi­

.cal properties of expanded perlite. The expansion process also 

creates one of perlite's most distinguishing characteristics: 

its white color. \'/hile the crude rock may range from transparent 

light gray to glossy black, the color of expanded perlite ranBes 

from snowy white to grayish white. 

~ypical chemical composition of perlite 

Silicon dioxide (SiOZ) •••••• ?I.O to ?5.0 % 

Aluminum oxide (A1Z03 } •••••• II.5 to 18.0 % 

Potassium oxide (KZO) •• • • .-. • 4.0 to 5.0 (Ji ,0 

Sodium oxide (N'aZO) 2.9 to 4.0 'fl • • • • • • • • /0 

Calcium oxide {CaO} •••••••• 0.5 to 2.0 d~ 
~. 

Ferric oxide (Fe2°'): ) ••••••• v 0.5 to 1.5 % 
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Magnesium oxide (MgO) ...... 0.1 to 0.5 (il 
I~ 

Titanium dioxide (TiOZ) •••• 0.03 to o.Z % 

Nanganese dioxide (!\,illOZ) ••• 0.03 to 0.1 'f~ 

Sulfur trioxide (8°3) 0 to 0.2 (r.' ...... PJ 

Ferrous oxide (FeO ) • • • • • • • • 0 to 0.1 {~'b 
f 

Chromium {Cr} . . . . . . . . . . . . . . 0 to 0.1 5b 

Barium (Ba) • • • • • • • • • • • • • • • • 0 to 0.05 ~·G 

Lead oxide (PbO) • •••••••••• 0 to 0.03 % 
Nickel oxide (NiO) ••••••••• Trace 

Copper (eu) ~ ~ . . . . . . . . . . . . . . I:rrace 

Boron (B) • • • • • • • • • 0 • • • • • • • • Trace 

Beryllium (Be) • • • 0 • • • • • • • • • Trace 

Molybdenum (Mo) • ••••••••••• Trace 

Arsenic (ASz03 ) • • • • • • • • • • • • Less than 0.1 

Free Silica ••••••• 0.* ••••••• 0 to Z 1; 

Total Chlorides • ••••••••••• Trace to 0.2 

Total sulphates • ••••••••••• None 

Typical physical properties of perlite 

Color ••••••• ; •••••••••••• White 

c..' oPt' . t .uo~ eDlng pOln •••••••••• 

Fusion point •••••• ~ •••••• 

1600-2000 0], 

2300-Z450 e>:F 

pH ••••••••••••••••••••••• 6.6 to 8.0 
1 . •• 

Speclflc heat •••••••••••• 0.20 

Specific gravity • • • • • • • • • 2.2 to 2.4 

Refractive index • ••••• e,e • 1.5 

ppm 

(/1 
i() 
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~b Free moisture, maximum •• 0.5 

Loose weight, pcf ••••••••• As desired 

Solubility : 

-Soluble in hot concentrated alkali and in 
hydro fluoric acid. 

PAGE 9 

-Slightly soluble in concentrated mineral acids. 

-Very slightly soluble in dilute mineral or 
concentrated weak acids. 

I-C p.8TM SPECn'ICATIOi\TS COVERING PERLITE AGGRE\}ATES 
j\STM Designation : C 332-54 '11 (~1) 

1- These spec~fications cover lightwei8ht aggregates· intended for 

use.in concrete not exposed to the ·weather, in which the prime 

cons~deration is the the~mal. insulating.property of the resul-

ting concrete. 

2- The grading of perlite ae;gregates shall conform to the follo-

wing requirements: 

No.4 

100 

Perpentages {by weight} passing sieves having square 
openings. 

No.8 

85 to 100 

No.I6 

40 to 85 

No.30 

20 to 60 

No.50 

5 to 25 

No.IOO 

o to 10 

To· aSsure reasonable uniformity in the gradation of successive 

shipments of lightweight aggregates, finenessmodl11us deter­

minations shall be made periodically. If the fineness modulus 

of the aggregate differs by more than 7 percent from that of 

the sample submitted for acceptance, the aggregate may be re­

jected, unless. it can be demonstrated that it will produce 

concrete of the required ch~racteristics. 

~1- The unit weight of perlite ae;gregates shall conform to the 
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following requirement: 

Dry loose weight, pcf 71; to 12 
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The unit weight of successive shipments of lightweight aggre-

gates shall not differ by more than 10 per cent from that of 

the sample submitted for acceptance tests. 

Laboratory results: 

According to tests conducted in the laboratory, dry loose unit 

weight of perlite aegregates was fouhd to be 10.8 pcf .... ,rhich is an 

average value conforming to the requirement mentioned above. 

Sieve analysis: 

As will be seen from the following graph, the material used waS 

finer than the recommendations of the PBTr\:. But, perlite age;re-

gates being very soft particles, gradation does not play an i~ 

portant role in ,plastering.Finer particles even increase workabi-

lity. 
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A 300 gr. sample of dry fine material ViaS put in a flask and I!lixed 

with enough kerosene (about 20 ml.) to wet all the surfaces of the 

aggregate. Water vras add ed and the amount required to bring the 

water level to the 500 role calibration mark was noted. The fiim 

of kerosene prevented absorption of water into the aggregate du­

ring the brief time required for this test.(3) 

A Weight in grams of oven:"'dry sample in air. 

B Volume of flask ( 500 ml. ) 

\,,1 Volume of water added to flask mI. 

Bulk specific gravity (oven-dry) : A / B-VJ 

A ::: 300 gr. 

B = IOOO ml 

Vi == 595 mI. 

Bulk specific gravity 300 / IOOO - 595 == 0 0 743 

---~.---------.--.--------
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CH.I\PTER II 

PERLITE-GYPSUM LIGHTWEIGHT BASECOAT PL.ASTER 

. 2-A DESCRIPTION 

Perlite-gypsum plaster consists of a blend of expanded 

perlite aegregate and neat gypsum cement properly mixed with v!ater 

for either hand or machine application to wall and ceiling surfac~ 

or for fireproofing structural steel. 

Plaster made vIi th perlite aggregate \veighs about 60 per 

cent iess than ordinary sand-gypsum plaster and is the only light­

weight aggregate plaster closely comparable in strength, workabi­

lity and drying time to sand plaster. In commercial construction 

perlite plaster on metal lath can save as much as 2 tons of dead 

load per 80 square meters of plaster surface, thus permitting re-

duct ion in the size and cost of structural members and foundations. 

In residential buildings,perlite plaster saves about one ton of 

. weight for every 80 square meters of plaster t in. thick on gyp­

sum lath. This minimizes building settlement and reduces mainte-

nance cost ( 8 ) • 

For fireproofing use, perlite-gypsum plaster offers the 

lightest, thinnest, most economical means available for achieving 

2, 3 and 4 -hour fire· ratings. Up to 80 per cent of the dead load 

of fireproofing Can be eliminated by substituting a thin membrane 

of perlite-gyp~um plaster f6r the heavy masonry encasement of 

columns, beams and girders. Ceilings of perlite-gypsum plaster 

provide complete fire protection for the underside of floor and 

roof assemblies and at the Same time provide a durnble and nice 

---------~~,~-·--~----------------------________________ a ________________ _ 

I 
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Packed in convenient 2 cubic foot bags, perlite is eaSY 

to handle, measure and mix. Plasterers cover more area per day 

with less fatigue, better workmanship. The light weight of perlite 

plaster makes it. ideal for machine application with plaster spray 

equipment. Large quantities of perlite can be stored inside on 

lightly supported floors. There is no waste, no shoveling off 

street, no frozen aggregate piles. 

Countless tiny dead air ce~ls in perlite aggregate are 

natural insulators. Perlite plaster thus offers up to 4 times more 

resistance to heat transmission than ordinary plaster. 

Plastering specifications of the American Stfmdarda Asso­

ciation and Perlite Institute require that gypsum basecoat plasirer 

have a setting time of less than four hours. Slow setting plaster 

may result in a weak basecoat, excessive drying shrinkage and 

needless finish coat fractures. Perlite contains no impurities 

to hasten the setting time of gypsum. '1'herefore if a heavily re­

. tard('d or slow-setting gypsum is used, enoueh accelerator should , 

be added to assure a set of less than four hours. 

2-B SPECIFICA'l'IONS OF THE AI-imRICA-~PERLTTE INSTITUTE (8) 

Plaster thickness 

Grounds shall be of such thickness and so set as to provide the 

following thicknesses of plaster measured from the face of plaster 

ba~e to finished plaster surfaces, unless othervlis:e shown on the 

drawines: 

Metal lath, wire lath •••••••• 5/8" min. 

-----.--.-~~~~--__ ----------------------------------------~------______ _J 
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All other types 01' lath •••••• ,:J.."" mJ.' n 2 • 

~asonry ~nd concrete walls ••• 5/8" min. 

l.,':aterials 

~.'lonolithic concrete ceilings • 1/811 min. 
318" mDX. 

A- Perlite aggregate: used for basecoat plastering shall weigh not 

less than ?~ nor more than 15 lhs. per cu. ft. and particle gra-

dation shall conform to i\STM specification C 35. If plaster is 

to be machine applied, the perlite manufacturer shall be con-

suIted for recommendations. 

B- Gypsum plaster: shall be of standard quality fibered or unfi-

bered gypsum conforming to kiSTM specification C 28 and prefe-

rably specially formulated for use "\flith light~.'.'eight a(;gregatoE'. 

C- Water: shall be clean t fresh, suitable for domestic consump-

tion, and free frofu such amounts of mineral and organic subs-

tances as would affect· the set of plaster. 

Base coat nroportions e >. 

A- General 

All metal and vmod lath surfaces and gypsum lath ceilings at-

teched by resilient clips shall be three-coat work, namely a 

scratch, brown and finish coat. Unit ruasonry and nailed-all 

gypsum lath maY be either three-coat or two-coat double-up 

v!Ork. 

B- Two-coat 'worle 

a) Gypsum lath:' The mix ratio shall be not more than 21t cu. ft. 

of perlite .to 100 lbs. of neat gypsum plaster. 

b) Masonry unit bases: The mix ratio for double-up work shall be 

not more than 3 cu. ft. of perlite to'Ioo Ibs. of neat gypsum 
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plaster, except that on masonry unit hases exhibiting high suction 

not more than 4- cu. ft. of perlite to 100 lbs. of neat gypsum may 

be used. 

C- Three-coat vlOrk 

a) . scratch coat: On all types of lath, the mix shall be not more 

than 2 cu. ft. of perlite to 100 lb8. of neat gy:psum plaster, 

and on all rr.asonry other than monolithic concrete shall be not 

more than 3 cu. ft. of perlite to 100 lbs. of neat gypsum plas-

tar. 

b) . Brown coat: In all three-coat work the mix .shall be not more 

than 3 cu. ft. of perlite to roo lb8. of neat gypsum plaster. 

2-C WHAT IS GYPSm"'J PLPBTlffi ? 

Chemical composition: 

Gypsum plasters are produced by the partial 

or complete dehydration of gypsum ('CaS04 • 2HZO ). At least four 

distinct forms exist: (~8) 

a) Gypsum 

b) liemihydrate or bassanite ( GaS04 • ~H20 

c) Soluble anhydrite or t- CaSOA 
. -) 

d) Anhydrite ( also called insoluble anhydrite or dead 

burned gypsum , ~- CaS0
4 

) 

The existence of a further polymorph , 

~-caS04 , stable above 1200 °C, has also been suggested. 18 

The thorough discussion of chemical beha­

viourof these forms will be rather unnecessary and beyond the 

purpose of our subject .. However, thinking that their solubility. 

-
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might be a measure of their stability, the following figure sho­

'wing watl'll' solubility of different forms of gypsum is included. 

o.s 

0.1 

r- 0.6 
-".!!. 0 

C 0.1) 
0 

.:.l= 
:::J 

-0 '0.4 If) 

c 
0.3 

-r 
0 
I{) 
co 0.'2. 
IJ 

0·1 

0 

~ 
\ 

1\ IPLA5TE"~ OF F ARIS 

"'\ 
\ 

.~ 

'" 
"-
~ f'-- G ::I f>SU M Ip. 

-* 1------ ----~ 

~ r-.... -
,,/ -

, ---- '---NA trURAL A i'11-1~DRITE I---- I---

o 2'7 -loa 1'25 150 -1'75 '200 

TEMPERATURE" 0c. 

Fig. 2 Water solubility of different forms olfl CaS04 

The curves show that above about 40 degrees C. {point A) 

natural anhydrite is the most stable calcium sulphate. However, 

gypsum in contact 'with water at temperf,l.tures somewhat above 40 

degrees C. (point B) gypsum is more stable than hemihydrate. Sa-

turated solutions of hemihydrate are, therefore, supersaturated 

with respect to gypsum, and gypsum can precipitate rapidly from 

these solutions. 

The following table d.escribes the principal varieties 

of gypsum plaster, including methods of production and setting 

I 

I 

~~~:----------------------------------------------------------------___ ~I I 
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behaviour. The temperatures of formation of the various phases 

are higher than those mentioned above, because relativelY short 

heating periods are used. In all cases, setting takes place on 

mixing into a paste with water and is due to rehydration of gypsum. 

PI-IASE S PRESENT 
SETTIN G NA ME ME,I-IOD of PRE PARATION 

eEHAV\OUR 

Plaste..- of 'Par', 5 G~ psur" heated t.o about Mainly hen,ij.,ljdrate. wi~1, Ven:i rapid 
1SD°C. in o\=,eY> vessel s 50n,e '3'jpsum and Some. 

¥- COl 504 

Retardeo hevY\i h';ld- PICls~er of Paris -I- re~arder As above \'Ito dera 1e 
ra1e '3':!pSUI" plas\er (0.-1 % keral::il'l ") 

Ann';jdr-oos ~':l1'5U "1 G~pso"., hecll:ed to about 
O-CaS04 Moderate plas1er. 1'30 - 200 0 c· 

Estrich 9 i ps GLJ?som heat.ed to about Anhydr-i l e and CaD Ver-y sloUJ 
-1100 - -1'2.00 0 c 

, 

Table (1 ) - Different types of gypS\l.ffi plasters. 

Plaster of Paris, whose setting behaviour is very rapid, 

is used throughout this first part of the experiments. Its comp-

ressive strength, according to AS~~ C28-55, was found to be -792 

psi 'J\'hich is above ,the value stated by the above specification. 

2-D . DESCRIPTION AND PROPF.BTI:r~S OF THE MIXES MADE WITH GYPSUM 

PLASTER 

According to the recommendations of the Perlite Institute 

at New York and taking into consideration the market conditions in 

Turkey e.i. commercial weights and volumes of perlite and gypsUm 

plaster, the following mixes are prepared: 

-
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Table (Z ) - Perli te-r;ypsum plaster mixes 

1"11 )( PERLITE G~I' .. PLAST. WATE~ 

N~ bag ~ '2 ft~ bag= 3Skg. til: . 

'1 1 -1 ~3.5 

Z f 2- 1 30·8 

3 2 1 39.'2 

T'NO types of gypsum plaster are used: The first 

quality, whose unit weight ( loose) is 880 kg/m3 , is white and 

the second quality is 900 kg/m3 and its color is grayish white. 

Both are the products of the Kartal plaster factory in Istanbul. 

Letter F is used to designate the first quality and 

K to designate the·second. 'According to·this nomenclatU:CB, I-F 

shows Mix No. I prepared with first quality gypsum plaster. 

The amount of water necessary to bring the mixture 

to the normal consistency is determined by means of the modified 

Vicat apparatus in accordance 'with the method described in AST1'l 

C 26-54. The modified Vicat apparatus consists of a bracket A 

bearing a movable brass rod B, 6.3 mID in diameter and of suitable 

length to fit the Vicat bracket. 

MODIFIED VICAT 

APPARA-rUS 
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On the lower end of the rod sliall be attached a plun­

ger C, I9.0 rom in diameter and 44.4 rom in length, made of alumi-
, 

num tubing'. The total weight of the rod with the plunger shall be 

50 gr. This total weight maybe increased by means of a weight D, 

screwed into the rod. The rod can be held in any desired position 

by a screw E. 

All gypsum mixtures containing aggregates shall be. 

considered of normal testing consistency when a penetration of 

20 ± 3 IBm. is obtained, weight of rod and plunger for these deter­

minations to be I50 gr. 

The following penetrations are obtained with the spe-

c ified amounts of 1"w'ater: 

Table (.,) - Penetrations by the mOdified Vicat .apparatus 

PERLITE. G~f'· PLt\S. WA"iER PENE1 Il..A.TlON 
MIX N~ 9('" 9('" \11 L. '11n1. 

1 140 1)00 340 '2'2. 
, 

Z 210 500 -440 '20 

3 280 '!jOO '5 <;0 2'2. 

About the setting time of gypsum plaster: 

In the preparation of perlite-gypsum plaster mixtures the 

quick setting of gypsum made it difficult to determine the cons is-

tencies by the modified Vicat apparatus. It was necessary to make 

two or three trials in order to determine the correct amount of 

water 'which was a time taking job. 'l'herefore the presence of a 

special retarder for gypsum waS indispensable. According to ref. 

I8 and table (1 ), O.I % of keratin is recoromendedas a retarder 

----------. -~~-.---------------------_,..J .. 
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for gypsum plasters. But, this compound being difficult to find 

and to control the quantity, a practical and easy ViaY of delaying 

the setting time is us~d. The proportions and the amount of "glue 

solution" to be used as retarder are determined experimentally in 

,the laboratory. The following recommendations are useful: 

I part of glue and 10 parts of water (by weieht) should 

be heated very gently until glue is dissolved corr:pletely in a warm 

bath. For Ikg. of gypsum'plasterinthe mix, the addition of 50 mI. 

of this solution delays the setting time about 25-30 minutes. 

Unit weights: 

Table (4 ) - Unit weights of gypsum plaster mixtures 

Ml X W E' T AIR- DR';! ('21 da!ji) CVEN-DR~ \ 100°C 
'24 hr, 

N!! k9/rn' ' ~cf kg/m 3 ~cf kg 1m3 fcf 

1-F 1397 Sf 11 b" 12.G 8GS 5"4.'2. 

. 
i- K '14'28 89 1'200 74·S 8'37 5'.0 

2.F 1294 80. b 1100 b8. b 7"2 47'b 

2-K 1"308 81. ? 1110 ~~.2 780 48.7 

"1-F 105G b?8 848 t;'Z.'3 '?t34 37.0 

'3-K 1'2b'2. 78· f. -104~ 6l.). Z 7'20 ~l). 0 
. 

Air-dry unit weights may change with the relative humidity 

of the ambient 'air. 

Compared with a normal I:3'mixture of sand and gypsum plas­

ter, the fOililowing percentages of reduction in the dead load per 

cubic meter are obtained. 

~----~--~.----------------------------------------~-----------
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Table ( 5) - Percentages of reduction in the dead load per m3 

MI)( WET OVEt-J - DR~ 

No:? Uni~ Weight ReducfioY"l ,r\ UJl\i~ wei9~~ Redudiorl \" 
k~/m~ D·l. ·/0 ~/"",,3 C·L. "/. 

Mi)(+ure 
1194 - 1'jt;o -wah sand 

1-F 1?9'"7 ,2 8<;;8 44 

2-F 1'2.94 '28 1(;,2. '71 

3-F 1011' 41 '794 f,'2. 

Volumetric composition and other information about perlite-gypsum 

plaster mixtures: 

Table (G) 

Area in 11'2. covel"ed by +he 
PRoPoRilOIJ S B~ VOLU ME AHOUt.!T specifi ed "aW'oun\-s of yY\dhr;~1 

Mix N~ of PLAStR for +hicknesses of plasler 

G~PSUJ-'\ in im1 . .shown. 
PERLITE WATER. 

Pl.ASTE:~ ( kq) 1 C\',. '2 C,', ? CI" 

1-F 1.44 1 O. "3') ZqO '1.00 '2.'10 1. b b 

1- K 1.4G 1 o .645 290 4.~0 '2 . .:::t 1) 1· 6'3 

2-F 2.-1 to 1 0.800 11. S' b .28 -S .14 2.0~ 

, 2. - K 2.19 -1 O.B10 2'2 t;" b·20 '3.10 2. Db 

3-F '2. Be 1 ~.O111 -18'2. g.oo 4. '70 ~.(j0 

3-K 2.GJ"3 1 1. o~o 1S1- /·r;o ~. '77 2.. Ii 0 

Compressive strengths: 

Compressive st~ength tests are conducted at the rf:aterials Labora­

tory of the Istanbul Technical University. The results,·which are 

the average values of 3 specimens, are tabulated on the next page. 

In these tests small size (4" height, 2" diameter) cylindrical 
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specimens are used. Oonsidering the size effect on the compressive 

strength, the results are h~gher than they are in reality. 

'l'able t 7) - Average 28-day compressive strengths 

Mhc No. 
COI11 P . She\1g4h 

k9! CI"I11 psi 

1-F "00 4'27 

2-F 4~ G'2G 

3-F 22 313 

1-K 79 11,\ 0 

'l-k: 59 840 

3-K 30 427 

To give an idea about the stress-strain characteristics of these 

mixes, two (f - t curves are drawn for I-F and 3-.B': Fig. (4 J 

1- F 
30 f.--

Ul+i..,-,are 
(1" .. ?o "-'31c.': 

,3- f - -
".'#"" ---

.. ., a .. '2'2 ~/<t ,1 
, 

'l-' ., , 
,. ,,' , , '. , 

'" , . 
","' /" • I"~ ,. 

'" ,.-

t'~ 
I • 

·10 

o 
'20 40 60 80 100 

~.---~~---~------~---------------------------------------------------------
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CHAPTER III 

PERLITE-LIME-CT!1vmNT PI,pBTER 

DESCRIPTION M'JD PROPERTIES 

This category includes four types of mixGs: 

Table (a) 

Mix N! 
PERLITE H~[). LIME' C E'HE"tJT WAi£:!t 
Pa4:3" : 'Z ft' m3 bagS: Ijo Lc, lit- • 

L - '1 8 0, '200 1 9'.3 

L-2 8 0,'200 2 <33 

L - 3 8 O,~oo 3 -111 

L - 4 ~ O,b'117 1 8"7 

* The indicated amounts of water may show slight variations 

due to water content of the hydrated lime. 

Table (9) - Unit vleights of perli te-lime-c ement mixtures 

Mix W E T AIR - DKj (Zi J41j1) CVEN-()R.'j ~ 100" c 
. '24 hOllrs 

N!!. "'-9/\">'13 pef kq/I"'I~ ~cf k9/~3 pef 

L.1 -1'2'23 rG."3 76'7 47·7 '7"30 LlS. G 
1 

L-'Z 134 C; 83·8 926 ;;7·7 840 '72.4 

L -. - ~ 1338 83.4 9G., b O. '2 844 ')2.7 

L -4 1'2.7G 79·'7 78'2 48·7 f,73 .o4Z.O 

* air-dry unit weights may change vv'ith the relative humidity 

of the ambient air. 

Compared with a nOrIn!:1l sand-lime-cement mixture,whose 

proportions are gIven below, the followine; percentaees of reduc-

I 

--~---. ~----~----~-----------------------------------------------~~ 
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tion in the dead load per m3 are obtained. 

Send Lime Cement Water 
m:5 m 3 50 l\:g lit. 

I 0.200 3 I68 

Table (~O)- Percentages of reduction in the dead load per m3 

WE T 0\1 EN - OR'i 
Mbc+uye Una wt. RedLlcno'" Uni~ vJt:. RedudioVl 

kl3/"""l % kq (tN\) °'0 
SAt-lO 1C3"3"1 - 1 G7 8 -
l-,\ -t'2. '23 "'37 73'2 t?G 

l-1 1"34t; 31 840 170 

L_3 13"38 31 B44 '70 

l- 4 1'21 G ' 34 f.73 60 

tl'able (-11) - Volumetric composition and other information about 

perlite-lime-cement mixtures. 

PI< 0 Po R"T I 0 t-l s S'I \JOLuHE ~I-\OtJIJT 
Area i", "","2 covered b~ ·H.'\t 

Mi)( of 
s~ec.if-'4Ld a,,,,,,o,,,~s of ,"",,,+eri ~I 

N~ CE:MEIJ i -f,,1"' ~ic.l4",es~t~ o~ plash . .t" .. 1,0..," 
PE"I<LlTc LIME' CE:H~\.lT wA'TE'R • ~ 1 

,~ ...... kg. '\ c:..,..., Q.. (;.,>'\ ~ c....., 

L -1 2. '2 G 1 O. -\ G, 0.7 1'2. S 4C '20 ~3. -3 . 

L'2 2. '2G 1 o .3'2 O.4"C; 2')0 .:::10 '20 {~.3 

L _ '3 1. S7 1 O· -::'-3 o _ ..... " 
, :::; i \j 273 ?'? '27 1 (3 

L -4 0.3,,4 1 O.ot;'3 0.13<:3 b4 18 3'1 '2G 

Compressive strengths: 

The rate of gaining strength for lime mixtures is slower tha.n any 

other type of mixture because carbon dioxide is the required 

~--_____ ~~~.~~== ___ 4 __ ~ ____________________ ~ ______________________________ ~_ 
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agent for the chemicnl transformation of the hydrated limA. Since 

test specimens are of cylindrical s~ape, a very long time is ne-

cessary for the inner parts to gain full strength, which is due 

to the lack of contact with air. lJ.1herefore the 28-day strengths 

for lime mixtures \\'ill be lower than they will be in reality. 

Table (-1'2)- 28-day compressive strengths of lime mixtures. 

Mi~ t psi. 
N! k'3 / ern 

L -1 '3 118 

l- 2 18 'Zt?G 

L.3 20 '284 

L - 4 1 100 

From this table VIe also see that compressive strengths a.re propor-

tional to the relative amounts of cement in the mix. 

To give an idea about stress-strain characteristicsof these mixes 

two cr - E curves are drawn for L-I and 1I-.3 • 

l' Ultim .. te 
b <r = 'Zi k3/tt':-

. -v V--
lIlH", ~h 

... ... ---;--, q .. "Iii • 8 kg (,,: 
.' 

/ 

/ 

" / , 
/ 

//0 

.1 V , 
/ L-3 ./ 

V 
, , , 

~ 

" '" 
~ 

/ 
.,,/ 

E -~ I , 
'-~- -i0 em en' 

'20 40 GO 80 100 -i'ZO 140 
. BOGAZiCl ONIVERSITESi KUTUPHANESI . 
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C}L!\PTER IV 

V Ji.POR PERMEABILITY T}i131J.'S 

4-A GENr~lu. CHP.RACTERISTICS OF T.HE MECHANISM OF MOISTUP..E 

MOVEMENT 

PAGE '2G 

The moisture in a 1Nall of hygroscopic material can 

move in t\'10 different ways, by diffusion of water vapor through 

the air-filled pores and spaces of the material and by capillarity 

in the pores filled completely or partially with water. A diffe-

rence in the partial pressures of the water vapor on either side 

of the viall is a prerequisite for the diffusion. As a rule, the 

partial pressure of the water vapor in the cold external air is 
, 

substancially lower than indoors. For this reason the diffusion 

generally takes place from the inside out. The capillarity, on the 

other hand, is closely related to a difference in the moisture 

content of the material. The moisture content of a hygroscopic 

material which is in equilibrium vlith the ambient air depends on 

the relative humidity of the atmosphere and increases 'with it. 

Therefore, in a simple wall the capillary mOl.Tement tab~s plac e 

either from the outside - in or from the inside - out depending 

on whether the relative humidity of the atmosphere is higher or 

lower at the outside of the wall than it is at the inside. 

If, at any' point in the viall, the vapor pressure 

attains the saturation value, the water vapor condenses, and 

I:loisture accumulates in the wall. This may occur at the outside 

of cavities and air spaces and the possibility is greatest at loV! 

external temperatures. If the temperature of the interior wall is 

I 

I 
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below the dew point of the air in the room, 'water precipitates on 

the vJall and is absorbed by the latter. A corresponding phenome­

non may be observed on external \",alls during rain. ( 13 ) 

4-B r.I."I-IE PROBLEM OF V.APOR PERViEP.B1IJITY 

The vapor permeability of building materials is 

one of the recent problems in civil engineering. For the massive 

constructions of the older days with their heavy walls and dense 

solid materials there was no question of Vapor flow. \'.~hereas our 

present systems with liehtweight t porolls materials and v:i th \ .... alls 

thinner than ever, brought along problems to be solved in connec-

tion with heat insulation, prevention of moisture penetration etc. 

Recent investigations in this field have mostly been clone and -pub-

lished in countries with colder climates like f.;i"ieden and North 

America. Other publications in connection vlith moisture flow but 

in the field of drying of wood or of the vapor permeability, of 

insulating materials for cooler systems are available in German. 

Our present -day knovlledge on the problem of mois-

ture transfer through porous materials is unfortunately very li-

mited •. It is probable that the flow takes place as vapor diffu-

sion through the larger pores and as !! condensation + capillary 

flow + eVaporation ". through the smaller capillaries. '}'11e most 

complete theory for this phenomena has been established by O. 

Krischer, and with his theory and with a series of compli6ated 

experiments Krischer was able to determine separately the factors 

for the two t:lpes Of partial flow in a sample of 'wood. A~ present 

because this method is not applicable to other materials except 

I 
I 
! . I i 
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wood, the generally accepted method consists of using similar aqUa. 

tions like in heat flow and of determining an over-all coefficient 

of moisture transmission from easily ascertainable steady-state 

conditions; (-15) 

vlith 

q • dx == K • dp 

q Rate of mois~ure flow per unit area , sr/cm2 .sec 

x Distance from surface , cm 

K CoeJficient of Vapor permeability em/sec 

p Vapor pressure at point x , gr/cm2 

Here, difficulty arises from the fact that K is not a 

constant like in hydrostatic flow, but varies with the Vapor pres-

sure. Therefore the above equation ca~~ot be integrated fully. 

p 

) K • dp 
fo 

For a steady-state flow, with q constant we have 
:;) 

q [dX~ ('K dp 
)f~ 

q x= (K dp 
)'" ,e 

I .To go further it is customary to work vii th mean values of 
I 
! the coefficient : 

r 
.q x.;: J K dp III Ko ( P 

('0 r 
( K dp 
}"!J Tr ____ _ 

l'>.q -
p - Po 

- P ) o 

But, the mean value Ko is still dependent of the in­

terval P - Po • Its value varies with the position and the size 

:~_:.:=al.comparison of results of independent experiments 

I 
I : 

I 
i 
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is therefore difficult. 

The usual procedure for measuring vapor permeability is 

the dry-cup test. By this test the samples are mounted on alUIni­

num dishes, which are filled with a dessicant CaC12 and the sides 

are sealed 'with \'.:aX. IJ.1hese dry-cups are stored at constant tempe-

rature and constant humidity. Due to the difference of vapor pres­

sures outside and inside ( Po= 0 ) of the cup; vapor diffuses 

through the pores of the mounted sample and will be taken up by 

the dessicant. 

As pointed above, Ko is a practical approach, but not 

satisfactory from theoretical point of view. A different approach 

appeared to be more helpful., As it was possible to obtain the 

values of q experimentally :t;or given values of p by the dry-cup 

test, the products of q and the thickness x, plotted against p, 

would give a curve. Graphical differentiation of this curve would 

reveal the K values. 
r ( J ~ do '\ L' 

\ i J '" " ':::; I 
iO 

oP 
I 

4-C HOW Pfu'11'lEP.BILITY COEFFICIENT' IS C.I\LCULATED ? 

I ) Relative humidity tf' is defined as the ratio of the prevailing 

water pressure to the saturated Vapor pressure at a certain 

temperature. 'lY _ P.:l 
I ---

Ps 
The values of saturated vapor pressures corresponding to dif­

ferent temperatures are given in the appendix. 

2) The slope of the straight line obtained v!hen vJeif,ht gains are 

I 
I ; 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK ,ISTANBUL 
PAGE 30 

plotted against time shows the rate of moisture flow per unit 

time. Dividing this value by the surface area of the sample 

through which moisture diffuses and multiplying by its thick-

nesS will give the qx values corresponding to different vapor 

pressures and thus relative humidities. 

3$ A curve is! plotted having <Ix as abscissa and v2por pressure as 

ordinat~~ The Braphical differentiation of this curve is the 

variation· of the coefficient of permeability ( K ) vvith respect 

to relative humidity. 

, I 

;j 

I 
.' ; 

I i 
i 1 

I j 

I • 
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SPECIMEN N~ 1-F 

r,-", e WEIGHTS 9r. SP£c,FIC o A T A 

dags A B c A 8 c 

0 131·8 139.5 f37.6 I SLopE: - & I 10 sr St'C 6.6 4.69 3.24 

4 134.4 141.1 139'.0 SURFACE A REA cnf 20.'2 2()·2 '20. '2. 

5 134·9 141.5 139./ TI-IICk:NESS CI?1 1.68 1·85 -/.75 

6 135'. {, 14~.0 13Q·4 i , 
-7 

2.80 qx -10 sr!nc.c,., 5.49 4·30 , 

7 136.1 142.5 -/3g.7 RELATivE Huflf· "/0 96 85 53 I 

8 136.9 142.Q 140.3 TEN PE RA7LJ Re 78°F '26°C 7o"F 

9 137·3 14'2.9 140.5 ! 
Ps ,.,,.., . J.lg 2.4.63 25.21 18.77 

11 138.5" /44.2 141.0 VAPoR. P~eSSuRE 
9r 

cm2. 3'2.0 '2.f}.O 13.~ 
-

11. 139.2 144.5 141· 2-

I 

13 141.1 144·9 141.7 i 
15 141.5 1.45".8 142.1 I 

16 142.1 146.1 14'2.3 

17 14'2.7 146.4 142.6 

18 143·"5 147.0 14"3·0 

19 14~.8 147.4 143.2 
. 

20 144-.3 147·8 143.4 

I 

--------------==~----.~~-----------------------------------------------------~ 
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I 
I SPECIMEN N! 2-F 

Time 
W£IG~TS gr. S p e C I F I C D A T A 

days A B c A 8 C 

0 139.4 133.0 134·1 SLOPE 10' gr/rec 8· 66 7.06 3.07 

4 142.7 135.& 135.4 SURFACE AREA 
z 

20.'2 '20.'2. '20.2 em 

'. 

5 143.2 136.4 135·8 TI-lICK NE,S S em 1.86 1.74 1·62 

6 144.0 137.1 136'.1 qx, 10-
7 g,. Isee.. eM 8.00 6·08 '2.46 

7 144.6 137·8 13b.5 REiLATlvE I4UH .• j. 96 85 53 

8 145.5 138.5 136.9 iT£HP£RATUR £ 78 DF 26"C 70"F 

9 146·1 139·2 137.2 Ps n1m· J.lg. 24.{'3 25.21 18·77 
I 

I 

147-7 140.4 137. 9 11 VAPOR PRESSURe gr 3'2.0 ?,t).D 13.5 em? 

12 148.4 140·9 138.2 

13 149.3 141.6 138·6 . ' 

15 151.1 14-2.7 139.1 

16 151.7 143.4 139.3 I 
17 152.5 144.0 139.6 

18 . 153.3 144.8 139.9 

19 153.g 145'.4 140·1 

20 154·6 145.9 140.4 

I 
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SPECIMEN N!! 3-F 

TiMe vJ£IGI-ITS fJr. SPECIFIC 

clalJs A B C I 
0 126·1 12&·8 129.4 SLOPE 

-6 
10 fr/sec 

4 130.1 1'2g.Q 131.5 SURf: A C£ AR£A em'" 

5 130.'1 130·7 13'2.0 TI-II CI<N£ S5 em 

6 132.1 131- 5 132.5 qx ~7 I 10 '.JI' sec. eN! 

7 133.0 132.2 133.0 RELATIvE I·WH. % 

8 134.0 133.0 1133.7 TEMPERATURE 

CJ 134.8 133.8 134.2 Ps n1,.". I-I.q 

11 13'·& 135.2 135.0 VAPoR PR£SSUi?c g" z 
CIH 

12 137. & 135.8 135.5 

13 138.5 136. {, 13(;.0 

15 140·2 138.0 {36.8 

16 141.0 138.6 137.2 

17 141· 9 139.51 137. " 

18 14'2.8 140.1 138.0 

19 143·5 140.8 138.5 

20 144·4 141.5 138. B 

PAGE ;3 

DA T A 

A 8 c 

9.73 8.05 4·69 

'20. '2 20.1 20.'2 

1.88 1·7'2. 1.70 

6.85 3.Q5' g.05 

; : 
~ I 

i 
96 8S' S3 

7BoF 2{,°c 70·F 

24.~3 '25'. '21 18.77 . 

32.0 29.0 13.5 

I 

I 
I 
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SPEC/HEN N! 1-1<· I 
I Time 

We I G J-J T S gr. .s p £" C I F I c D A T A 

d.ays A B c A B C ~ 
0 142.0 142.7 /34·5 SLOPE -6 I -to 5r sec 6·83 5.6'2 3.18 

4 144.8 144·7 135.6 SURFACE: AReA c""'2. 20.'2 20.2 20.1 

5 145.3 145.1 135.8 THICkNESS c.." 1.70 1.9~ 1.60 

6 145.Q 145.8 136.2 :J.x 
-7 

10 qr/sec. c"" 5.75 I £;. 3 4 I 2. 5 '2 

1 146.5 146·4 136.5' RELATIVE I-IUH. -/" g6 85 S3 

8 147.1 146·9 137.1 TEMPE R ATURE' 7B"F 26"C 70~F 

9 147·6 147.4 137.4 Ps 1?1 n-t • Hg 24,63 25. '21 18.77 

11 148.9 148. 3 137.9 VAPOR PReSS(}R€ 9'"1 
CIf'I 

3'2.0 2Q.O . 13.5 

12 14g.4 14-8.7 138.1 

13 150.1 114'3.3 138.5 

15 151. 4 150.4 139.1 

16 152.0 150.8 139·3 

17 1SZ.5 f51.3 /39·6 
. 

18 153.3 151.8 139.9 

19 153.8 152.3 140.2 

20 154·3 152.8 140.4 

.. _------------.;....---
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5 P £ elM EN NE '2 - k 

Tlme WE IGI-I7 S gr. .s p £" c I F I 

dal/$ A B c 

0 133.0 133.7 133.6 .sLOPE 10-& g,./sec 

4 135.Q 136.3 135.0 SuRFACe AREA CJt>17. 

t----- --
. 

5 136.6 137.1 135.3 Tf.lICKNcSS em 

6 137·4 137. 9 135.7 qx -1 I -to 9" sec. CM 

7 138.2 138.7 136.1 R.eLATIVE J.lUH· 0/0 

B 1 138 . 6 139·5 136.6 TeMPERATURE 

9 139.4 140.0 136.8 Ps "..,,.., . H9 

11 140·7 141.3 137.6 'I VAPoR PRESSuRe 9 rz 
'"' 

12 141·4 142.0 137.Q 

13 142.1 142.6 138.3 

15 143.4 143.9 138.9 

16 143.Q 144·4 139.1 

17 144·6 145". f 139.5 

18 145.3 145.8 139.7 

19 145.8 146.2 140.f 

20 146.4 147.1 140;3 
- -. ..-.: 

PAGE 3b 

C D A T A 

A B c 

7·23 7.35 3.47 

'20. '2 20.2 . 20.2 

1.84 1·74 1.74 

6.59 '.33 2.Qg 

q& 85 53 

78"F I 26°c 

I 
70°F 

24.63 25. '21 1&.77 

32.0 2tJJ.0 13.5 

I 

I. 
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SPECfH£1V AI! 3-k: 

Time WclGI-IT S 9 r . s P E C I Fie 

ddf/S A B c A 

0 1'26.3 128.5 113'.0 SLOPE -1 -6 o qr/uc 8.23 

4 129.4 131.2. 137.5 SURFACE AREA em? 20.2 

5 130.1 132.0 137.8 T1-lICktJ£S5 em 1·84 

6 130.Q 132.6 138·3 q-,( -7 
10 5r/cn1 . See 7.50 

7 131.7 133.3 138.7 RELATIVE. WUH. % 96 

8 132.5 134.0 /139. '2 T£MPERATURE: 78°F 

9 1.33.1 134.71139,4- Ps /11'" . 1-/9' 24.63 

11 134. {, 135.9 14':}.0 
, 

gr'Z 32.0 VAPoR PReSSURE em 

12 13S.4 136.5 140.6 

13 13'.1 137·2 141.0 

15 137.5 138 ·3 141.5 

16 138·3 138· '1 141·8 

17 138.9 139.6 14-2.2. 

18 13t;).B 140.3 14'2. {, 

19 140.4 140.8 142.7 

'20 141.1 141.6 14Z~ 9 

PAGE 37 

DA T A 

B C 

7.23 3·59 

20.'2. 20.2 

1.67 1·60 

5.98 2.82 

85 53 

26°c 7o"F 

25.21 18.77 

29.0 13~5 

___ ~ _____ ._, .• ____ "'-'; ________ """ ____ l 
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VAPoR PER.McABILIT~ CURVES FOR PER.lITE _ PLASTER. HI")(7URcS 
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SPECIMEN N! .; L-1 

Time W £ I G H T S 9". s p E c. I F I C C A T A 

days A B c A B C 

0 135.9 133.1 131.4 SLOP£ 10-' grlsec 6.9[; 5·80 3·47 

'2 138·1 134.2 132.0 

3 138. g 13S.0 132.2 

2 
20.'2. '20.'2. 2()·2 SURF'ACE . ARF:A ern 

TJ4ICKN£SS Cn1 1·94 1·65 1·77 I 
5 140.6 13{;·'2 133.0 qx -1 

..fo grlc"", sec 6.57 4.74 3.04 

7 14'2. B 137·7 133·8 R.ELATIVE t-IUM. % 9b 74 5'2 

8 145.1 138·1 134.0 TEMPERA rut<£" °c 23·3 24 23.3 

9 145.5 138.4 134.5 

11 147.3 139.8 135.1 

12 147·9 140·3 135·4 

Ps ""1'1'1. t.lg. '21.72 21.72 21.7'2 

VAPOR. PR£SSUR~ gr/"J 2'iJ.Z 2'·8 15.3 I 
13 148·6 141.0 135.7 

14 149.4 141.5 13'.1 

1S" 150.1 142.0 136.5 

16 150·6 14'2.5 13'.7 

17 151·1 143.0 13{;.9 

19 1S2.3 144.0 137.5 
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_ nn .... 

SP£CIHEN N! L-'2 

Time WEIGJ../TS ( gr.) s P E C I FIC D A T A 

dat/s A B c A B C 

0 139J.3 134.8 138.7 SLoPE 10-' gr/s(1c 7·17 5.38 2.84 

2 141.7 13S·7 .139. '2 SURF'A CE AR£A cml. 20.2 '20.'2 '20, '2 

3 142. ? 136.2 139.r; TI-IICk.'N£.SS em 1.60 I 1.70 1.70 

5 143.Q 137·3 140.2 9.x 
-1 

-10 gr Ie,"",. Sec I .5'. 6 l? 3.9'2 2.06 

7 146.3 138·4 14(.0 f?£LAT/I/E I-lUM. % 96 74 52 

8 148.1 138. i3 141.1. Tt:NP£RATURc °c '23.3 24 23.3 

9 f4B.g 135.2 141.3 Ps ""'1'>'1, 1-19 . 21·72 2/· 72 21.7'2 

11 150.4 140.3 14'2.0 vAPOR. PRE'SSURe 9r ,,..,z 28.'2 '2/·8 15.3 

i 

12 151.1 r-l4 ()·7 14'2., 

13 151.7 141.4- 142.7 

14 110"2.4 141·8 /43.0 I 
15 15'2. '3 14'2.'2 143.3 

1b 153.6 14'2.6 143.4 

17 154.2 143.1 143.7 

1q 155.4 144.1 144.1 
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~ 

SP£CIM~N N~ L-3 

I 
i 

Time W£JGJ-ITS gr. 
I 

cJalls A B c 
SP £ C I FI C DAT 

A I 
0 140.5 139.g 142.8 

! 
SLoPE' -{, / 8.001 4 . "fo qr sec 

'2 142.4 140.9 143.5 

3 ' 143.51 141.4 143.8 

S 144.8114'2.5 144·4 
! 

7 147.0 143.8 145.2 

B 1413.91 (44·' 114~~ 
9 149.6 144·3 145.5 

. i 

11 151.1 1145.71146 .• 

1 ~~~ 1'2 1151 . 9 146.0 146.6 

SUR FA CE' AREA 1 20 . 2 i ~o 
-. 

THICICNE ss ern 1-1.59 J1. 
qx -/0- 1 

g"jcrn.Sfc \5'.441 3 . 

RELATIVe !-IUM ·/.1 9G_L 7 
I ! 

TE M PERATURE °c 
1

23
.--= 

'2 

Ps ",,,,. 1-19' 1 21. 72 ~ 
VAPoR. PR£SSVRE ;~{ 28.2\ '2 1.8 15.3 

13 152.5 146.r; 146.6 

14 153.2\147.1 147.0 

15 1 153 . q 
I . 

147.3 147.3 I 

16 154.5 147· 8 147·6 

17 155.2 148.2 147- 9 

19 156.b 149.0 14g·4 
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SPECIMEN N! L-4 

Time WEIGH7S gr. 5 P E. C I F I C DATA 

days A 8 c A B C 

0 128.0 1'2fi.fj 128.4 SLOPE -6 / -10 fjr sec g.03 6.aQ 4·05 
--

'2. 130.1 127·0 129,4 SuRFACE AREA c,·,,:z. 20.'2 I '2D. -Z 20.1-
I 

3 131.3 127.9 129.8 THICKNESS 1·60 1-48 1·52 
I 

CI'YI I 
! 

5 133.0 1'28·9 130.5 qx 10- 1 
gr /CWI. sec . 7·15 5.05 3.05 

)------- ----_._--.. -

7 136.0 130. q 131.4 RELATIVe J./UM. 0/" 96 74 52 

8 138.4 131.'2- 131.7 TEMPERATURE 0c. 23.3 24 23.3 

:1 139.41 132 .1 132.0 
- f-------- --------- -----_.-._-

Ps mm. 1-19' 21.72 21.72 21.72 

11 141.1 133.5 133·.0 vAPoR. PR~SStJR.£ 
gr 28·2 21·8 15.3 c,;t ._- . 

12 141· 8 134·'2 133.2 

13 142.6 134·8 133.6 

14 143.5 13fi.3!133.Q 
I 

15 144.3 136.0 134·4 

16 145.0 136.5 134· 5' 

17 145.7 137·2 135"·1 

19 147· 3 138.5 135."'" 
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VAPoR. PERNEABlLIT::i CUR.vES FoR PERLITE - L!H£ _ cEH£NT HIXTUR£"S 
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4-D THE SIGNIFIG1\NGE OF PE..L{.MEABIIJITY CURVES 

The relative humidity of the atmospherE', under normal 

conditions, varies between 45'% and 75% and rarely exceeds these 

limits. Therefore, in these curves the region which interests us 

the most is the region included between the limits state rl a hove. 

A study of the permeability curves for all mixture types will 

reveal us the following facts: 

1- For perlite-gypsum plaster mixtures: The permeability curves 

fir.;. ( G ) and (7 ) are constant in the normal humidity zone end 

F-series show an increase at the end of this zone. 

In this constant region vapor diffuses through the pores without 

condensation and without capi~lary flow (15). ~hen the curve 

starts to rise up, conderisation starts to teke place in the smai­

ler pores, resulting in capillary flow and therefore the sudden 

increase in the coefficcient K. 

2- ·.As it waS expected,for mixtures made VJith gypsum plaster, the 

constant p~rt of the curves depends to the amount of perlite in 

the mix. 

'liable (-13) - '1'he dependence of It to the amount of perlite in the 

mix 

Mi)( N~ Pro~or"ons 
Kv. 

. b'j I/oh.l""e. 1o~ cm/Set 

1-F 1: 1.44 14 

2-F ·1 : '2.1 G 18 

3-F 1: 2,.8% 24 

I 
I 
I 
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-=----______________________ ~~~----~~-•. -=------------------------_.I-_____ , 

3- Yor perlite-lime-c~mentmixes: Here, the situation is slightly 

different. In the normal humidity zone the curves start to increase 

at lo'w relative humidities. L-2 and L-3 are less permeable than 

the others, a fact vlhich can be explained by the cement contents 

of the mixes. '111e following table can be a better illustration! 

Table (-14)_ 'I'he depenClence of K to the cement content of the mix 

-

Ct"'~"'\ lime.- ?er\i~e I( "c.I .... e s 10-" eM/Sere. 
Mi'lC N~ co",~e"'\ propod{o ... ~ .. -.---. 

bQ.9~ b':l yolUMt t;'Z -/0 R~ 74°/0 RH AvERAGE 

L-1 '\ -1:1.2" 1'2 '2'7 '2~. '1 

L-2 2 1:1.'2(; -1Cj 2'; 10 , 

L-'3 "3 1: 1.57- 1'7 2.'2 1'\.'1 

L -4 1 1: o.?~ 21 ~3 '27 

',I;'o be able to make a comparison, the vapor permeability of a mor,.... 

tar made 'Ni th sand and normal Portland c emen t is givp.n: (Zrom 

Prof. Kocata$kin'S research results) 

rftix pro port ions Permeability coefficient Ie 

Sand Cement Water 5(y~; 60c 8Olf, 00IS 
kg/m3 lC(s/m3 / 3 1/1OtJ cm/s-ac kg ill 

I855 250 195 5 5.5 7 15 

Consequently, plaster mortars made yJi th pel"'1i te ag8re-

gates possess a greater porosity and they are more permeable to 

v.rater vapor. This v.-ay they prevent con9-ensqtion and accumUlation 

of moisture in the wall. 

Exanmle: 

Suppose that a 2.-]' mixture having a thiclct1ess of 2.5 cm. is sub-

j ected to conditions of 53% and 859~relati ve humidities. 11'11e rate 

I 
i 

I 
~ 
~ 

I 
I 
~ 

I 
I 
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of vapor fIm\' from I m2 surface area of the plaster is '!lanted. 

Solution: 

]'roro the correspondinG curve on page (34) it is possible 

te.in menn value ICo for the range 5~'i-E355b R.~~. 

crr/sec 

P ::0 29 gr/cm2 

p = 13.5 gr/cm2 
o 

From the formula q.x -= Ko ( P-Po ) 

32 x io-9x I~.5 q 
v = 198.5 x IO-~ 

2.5 

q :: 7 i 14 gr/m2 .hr 

see page (25) 

/ ~ 8r ClT.·'. sec 

to ob-

f 
I 
! 

I 
I 
I 

I 
1 
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'l'EEm~ lcL CONDtTCIJ'IVITY TIB:1:S 

HT[-:ULATION IS n::PORTANT ? 

PAGE 47 

A difference of temperature bEtween the inside 

(;nd the outside of a building must reslllt in a transfer of heat 

from the vmrmer to the colder zone, so that there is 2 progres-

sive difference of temperature across the thiclmess of the vm11; 

the steepness of the temperature drop is termed the temperature 

gradient •. Any wall separating these zones will offer some resis-

t.anCA to, but will not completely prevent, the flow of heat. 

Thermal insulation may be regarded as the coefficient of resis-, 

tance to heat transfer. (~1) 

One of the striking features of li~ht~ei~ht 

concrete is the relatively hie;h thermal insulation values vlhich 

th~y exhibit, the insulation being more or less inversely propor':' 

tional to the density of the material. 

In the construction of roof, floor and wall 2YS-

terns for t00ay t s buildings, the importance of properly desiGned 

insulation cannot be underestimated. The grovJing uso of air COll-

ditioning and rising costs of fuel and power lliake it ever more 

ohvious that ~small investment in proper insulation at the tiEe 

of design and construction can save a lot in heating and coelins 

costs during the life ofihe building. 

All of the heat that is put into·a building in 

the vdnter and all of the pm"er used for summer cooling is e'Jen-

. tually lost.· 0,orrect use of insulation matprials rerluces the rate 
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r--'-' " 
I O~~ this loss and saves money for the building m~mer. BuildinGs ill 

I 
I 
I 

the southp,rn and VJ8stprn geogrnphical areas of Turkey should be 

cClinlY,insulated against the loss of summer cooling; in the nottl1 

end eastern areas insulation should be primarily against winter 

hRat loss; while in m.any intermediate areas, a balance of insula-

t ion is desirable to develop efficient swnmer end ~Ninter control. 

The calculation of the rate at which h6at flo~s 

through e.ny material by conduction involves a property of the ma-

terial ealled the thermal conductivity. This property is the rote 

at which heat flo"7s throu~h the material hy conduction per unit of 

cross-s ect ional 81'ea taken' normal to the direct ion of hcoat flov, 

and per unit of temperature gradient measured in the direction of 

flo'w. Consider for example a sn~all element of the material having 

~cross-sectional area A and thickness dL, as shown in the fiGure • 

. A (area) 

Direction of heat flow 

If the two end faces of the element are maintained at the uniform 

temperatures t and ( t - dt ),and if the sides of the element are 

surrounded by other material at the same temperature so that no 

hegt is lost latflrall:r, heat v:i11 floVl at some ratA q from the 
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~--------__ ----------------------------------==-=r~~ -------J 

I. 

face at the higher temperature to the fac8 at the lov'cr temI)(~ra-

ture. Since the end faces are both at uniform tcnperaturcs the di-

rect ion of heat f 1m'! v:ill a lways he norma 1 to these i'ac:es. Bt~ de-

finition, the thermal conductivity k of the material is er~ual to 

the rate of heat floW q divided by A, the cross-sectional 2r0& 8na 

d i'1io 8d h:t the temperature gran ient - dt 
ar in the direction of 

A (- dc/dl) 

Sffeet of temperature and pressure on thermal conductivlty 

The thermal conductivities of practically Rll 

materials d epsnd upon the temperature of the material. E'or some 

materials the thermal conductivity increases uf: the temperatU1'(, 

of' the material rif:ps; for others it decreases. 7his variation ~.s 

apprOXimately linear over a considerable range of' temperature for 

most materials., 

~or practical purposes the thermal conducti-

vities of all materials ?-re unaffected by changes in pressure. 

If t'he conduction of heat is steady, the rate 

of heat transfer through homogeneous flat bodies can be calcula-

ted by integrating the fundamental equation: 

q 
k::----

A (-dt. (dL ) 

C de) kA -dI . -::: q 
t· , l 

k A F dt = <J.·l dL 
t.. 



q 

k 

A 

tI 

L 
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from iNhere 

Rate of heat transfer by conduction B. '11. U • 

rl'hermal conductivity B.T.D./ ft. hr. of 

Cross-sectional area ft2 

and t2 'I'empera t ure s at the two faces of the 

Thickness of the body ft. 

5-C ABOUT rnE TRSTS 

PAGE 90 

per hr. 

body of 

Thermal conductivity tests are conducted at the 

laboratory 6f the Imar ve isk§n Bakanl'~\ Yap' Malzemesi Genel 

Y;udurlugu at lmkara. Due to the fact that one test takes about 

six hours and because of the limited time, the coefficient of heat 

conductivity could not be determined for all the mixture types. 

6nly those mixtures which are typical and of major importance 

cOuln bn tested. 

rfhe apparatus used \~'as a German made, FEUTROH 

fabrile Elektro-physikal Gerate-Greiz. The governing principles are 

the same as for the Guarded Hot Plate of the ASTI\I stancards. '1'he 

speciIJ:en which he.s the dimensions' of 240/24-0/40/ mm. is hold 

bet~een two plates, one heated by electric current at around 31 

the other cooled by a continuous stream of 'INater and kept at 21 °c . 

The temperature difference between two plates is l,:ept constant by 

m.eans of thermostats. The coeffic ient of there.al eonclucti vi ty of 

the specimen depends upon the very precise thermometer and electriC 
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I counter readings and some cQuste.nts of the' H.i&Ghine VJhich are 

already Given by the manufEcturer. ' 

Since air is a p0rfectly good insulator ~gain8t hont, 

the dependence of the coefficient of heat conductivity to'the po-

rosity and consequently to the unit weight of the mate:::-ial must t:E; 

accepted as a natural result. ~o illustrate this fact and to ~i7G 

a general idea about the coefficients of heet conductivity of some 

building materials, the following table, which is published in the 

It l\nneles de I' insti tut technique du batimr~nt et dPS travoux pub-

lies" ('22.) is given. 

TABLE (-1'5) - coEf:F=1C IEtJ T 5 OF TI4E:RM AL CONDU CT/VI T':J 

.. , 

A ve r a.. ge t e I~' fer-a. fc.J,. e o c 
Unit 

HATeR.1 AL 

~ 
Wei9i1 t 

0 20 30 40 kg /".,3 
1 

STONES 

I, 

I I 2400--1 
1----+----+------+· -----i!----.--t-----j 

Granite 2,50 I' i . I 2700 i 

I Mar b Ie -'2-, 30- ~;-, 1-2--+----'2-, o-~-·· -1--1-, ~~l'~ L 2631 
r-=-ONCRET£ I 
i-- ----f--.---- -·----,---·-·--.--------T-···· ----,-----1 

~--_+---~---i--1-,2~--L- L200 I 

1,15 I 2130, 

~---+---+--1---- ----ll 
0,10 I 600 

i----+-------f-----l-----l-----i------i 

628 I 

Gravel 

0,11 

Per/it e Concret~ 

Ordin ary Con c. 

733 

l 
~ __ ~ _______ ~i ____ ~L-----_L--O-,1-g--J-----~------~1~8-0-0--~ 
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TABLE (-17) - Conl-inued 

. Average teYYlper a-ture °C un~1 J"1 A TER.I A L weigh t 
-10 0 20 '30 40 Icc} /YYl"3 

, 

I 21;'1 VerWlicul ice COI1C • I 0.0(,6 

--r-------I 
! 

0.062 280 I 
I 

0,1'23 470 l 
concrete i 

I 

I 

i 
Sawdust 0,1'2 600 

I 

I 
I 

I O.ObG 0,5 1300 

MoRTARS 
I 

~ 
0.20 1000 I , 

, O. '21 1030 

I 0,38 1430 

I I PLA STET<. J 
I I . Ordinary plasfer 0.23 10bO i 

0, '25 1220 I I 
I . 

Hold,'" 9 plasfet" 0,3'2 1080 i 
0.2b C]50 I 

0.23 1070 

~ 

I 
I-I'JDRo CRR80'IJA -

TED PRoDUCTS 

0,22 -130D 

r-
0,27 1630 

0,34- 1800 
--

I 0,31. 1820 
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TEST DATA 

SAMPLe N!! 1-F 

Time Z 10$0 11°0 11
30 1'2°0 12

30 13°0 13
30 14"0 14

30 

Cold wafer 
14.00 14,85 14,70 14,10 14, 'to 14,60 15,00 15,20 14,65 

tempera fure 

E/ec.tric cot.,mt-pr 
2'2.486 I readings E '2.'2.035 22.104 2'2,1'3 2~, '119 2'2,~75 '2'2.3'2'Z 2'2.386 22.43'2. 

Holo plah "n/ef-
temp. tWi 31,30 31,30 31,30 31,30 31,30 31,30 31, '25 31,30 I 31,30 I 

J.lo~ /,/dte ouHel: 
31,'25 31,25 31,'25 31, '25 31,30 31. '25 31,20 31, '25 31. '20 I tertii,., . tWa 

Cold plal~ inlo~ 
20,95 '20,tJ5 '20.95 20,95 '20,95 '20, q5 20,95 temp. h, 20.9S '20. q5 

Cold p'a~Cl oofle1: 
20,95 '2[),90 20,95 fO,95 '10,95 ?0,95 20, gO '20,95 '20,95 htrtp. fkz 

IlE 0,066 0,059 0,050 0,056 0,047 0,064 0,046 0,054 

!JZ 0,5 0,5 0,5 0, fJ- O,S O,S (J,5 0,5 

SAMPLE N~ 3-F 

Time z 15
30 

Cold c.uater 15,70 15,60 15;05 14,80 14,70 4 I 1 tel71per.3ture 1 .70 14,70 14,75 14,b5\ 

£Iecn-ic' counferl . I 
readi"gs E 21.39'2. 21,458 21.5'21 21,582 21,(,4'2

1

21,703 21,764 21.825 2-1,683 

J./ot plafe i"let 
terYIp. tw, 31.40 31,45 31.45 31.45 31.5D 31.50 31,50 i 31,45 

I 
31, 45 1 

I 

~ol: plat e oullet i \ ! 
temp. t.W1. 31,'3>5 31,40 31.40 31,40 31,45 31,45

1

31,45 i 31.45 

Cold plate inlet I I I 
temp. tk, 20,g5 '21,00 '21.0D 20,95 10,95 '20.95 20,95120,95 '20,95 

Colc1 plale (luf/el 1 5 I 
temp. hz '20, g5 21.00 '20, q5 '20, q5 _~~=5 ~~_:J_~:_ ~.:5 '20,9:J 

i\E ~,06G 0,063 0.0<1 0,060,O,OM 0,061 0.O.6~~ 

I f1 Z 0.5 0,5 0,5 0,5 0,5 0,5 0,5 I tl.S 
·k ____ ~ ___ ~----~-__ ___-L ____ ~----~-----_----------L-----~ 
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Time 
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1'230 1 13" 13'01 14 " 11430 11500 
: 

~C-o-'d--W--a-te-r--4-----~-----+----~------~----+II--- I ~ I J 
14,10 14,6014,70 14,00

1 

14,80 I!, 13,90!14:20 
te'''perafure . 

E lee fyi c counter I i i II -I 
'21,731 '21,793122,853 2'2,c)1'2 'j: 2:2,970 1,23,031 ,23,°---19'2 readil'\9 s E I 

I -+ ___ +-
/-{of pla~e ;nlet. ! 1 1 1 ' 1 

te/?'1p, tw, 31,'25 131,30 31,30 131,30 \31,30 31,3S! 31,35

1

', 

j . I I 
!-lot plote oullel 31,'25\31,30 31,'25 'I 31,'251" 31:20 !: 31,25 I:, 31'30j'l temp, twz 

t-C-o-'d-'-p-'-a l-e-;-n I-e-t:-+----t-----f--~ i I· 1 --t-------
temp, h, '21,00 I '20,Q5 '21,00 120,Q5 1'20,951 10,Q5! '20,95 

r-co-'-d-P-'-d-ie-Q-u-'-k~tr------j-----+----~~-----_~_-----+l--_--~. l~-~l 
/E",p' tk, '20. q5 '20. % 20. 95

1
20'1 95 ~O. 951 20.95: '21.00 i 

~ __________ ~ __ ~~ __ ~~ __ ~~ __ ~ __ L-_~ I! I 

I I I LiE 0,073 0,062 ~,062 0,060 0,0~-9 0,0581°,061 I D,OM I 
I ! 

'--___ !J._Z ___ -'-_OI_5_--'--D_,_5-----'-~ 0,5 0,5 0, 5 0,5 I 0,5' 

SAMPLE N= L - 3 

Time L I 11°0 11
30 

1'2°0 

Cold water 
14,60 14,55 -'15,05 temperat U'-e 

ElectriC counier '2 3 
'23,'297 '23,373 reac1in')s, E I 3, '2'2 

13°0 I 1330l~ 14
30 

\ 15°0 \ 
r-----------~----_T-----+----~----_-~----+I-----~ 1 ' I 

14.25 1f,.00 116.00 115. 16j 14. 85 \;;.05 j 
'23; 4j '23,5'24 1 '23. (; 02

1 '23, bBO t '23,757 1'23· 834_i 

~--------4-----+-----f------+---- 1 ~ I I 
!-lot plate r'nlef + I I 
t ' 31.35 31.35 31,35 31.30 31.35131.40, 31,30 31,35 I 3. 1,35 I 
ern~, ~w, 1 

----+-, - --- I 
Hoi plate ooHeJ 3 I ' \ I 31.'25 31,30 31.30 31,'25 31,30 II 1,30

1, 31.'251 31,30 31,30 'I 
temp· fwz 

Cold pla~e inle~ .1 ~---' 
t 21,00 '21,05 '21,00 '21,00 '21,00 I '21,00 '21,00 21,05 I', '21,05\ 

terl1p' k. _ -J 
Cold p/afe ovflef i i tell'''' tk-z 21,00 21,00· ,'2.1,00 '21,00 '21,05 '21,05 '21, 05 1'21,00 121,05 

0,074 0,07(; 0,076 0,075 -;'0781 0,07B I 0,077\ 0,077 I -' 
I .~ 

______________ ~_O_,5 __ ~_0~~:5--~--~-'1--0-'5--~-0-,S--~0~.5 I 0.5 1 o~ 
LlE 

6Z 0,5 
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TABLE (-10 ') DE"TERMINAT/oN of THE COEFFICIENT 

OF THEI<HAL CONDUCTIVITO} FRoM 

TEST DATA 

1-F 3-F L -1 L-3 

2. \:.w, Cal 31.16 31.35 31 .'2.1 31.34 
9 

'.E tW'2. 
9 

( b) 31. '20 31,"38 31.'2.'2. 31. '2.4 

2: t.k, 
~ 

(c) 20.93 '20,94 20.94 21.00 

2. tt...z 
9 

(e) '20.93 '20.94 20.94 '21.01 

[11:= 
(a+ b) - (c+eJ 

10.'2G. -10.4'2 10.'28 10.'23 
'2. 

2. 6E 0.448 0,491 0,49(2, 0, b11 
.. -

2.. b, Z 4 4 4 4 I 
I 

* kl (Kcal /rn'l.) 30'7. '2 307. '2. '30" '2. 301.'2. 

1= Z ~E . Ki. 34,~Ob4 37.76SG 38,0928 4b,9'24S 
~ 1::.7. 

I 

d (m) 0,041((; 0.0409 0.04115" 0,03997 

*" (rY'?h °C/Kcal) W 0,002'2 0,00'2.'2 0,00'21. 0.00'2. '2. 

'>t* qd 
A'" 0.140 0,14'9 0.154 O,18t; 

b.t..- 9·uJ 

* M ClchiYle COYls+a ..... ts 

** C6efficie",+ of +he"'Vl~a( co".,dLJch"vif.<.j in ~ca{ !W!. h.oc 

The resulting coefficients of heat conductivity 

. conform to the requirements or"' the liST!'.: C ;·.~;32-54r::'. 
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Gm;r:p:qAL DISCUSSION 

Before starting this dicussion, a price on 

the basis of prevailing market prices is ~iven. The follor'!in3; 8.re 

the market prices of materials and labor. 

Perlite 125.- TL. 

Gypsum plaster I. Quality 0.45 q1T 
...!.....L,;. 

2. " 0.38 '1'L. 

Normal Portland cement I kp,. 0.20 TL. 

''later I ton 1.20 TL 

Sand I m~) o~ 

6:).- TL. 

Hydrated lime in-51 tu I m~S 59.- TL. 

In these prices approximate cost of transportation is olso incl:u-

c1 ed. 

Viorker salaries: 

Unskilled worker 2.- rl'1. per hour 

Skilled plasterer 4.50 per hour 

The preparation of I m3 ~ort8r requires 5 hours of an unskilled 

"'io1'ker. 

The application of I m2 of plaster requires: 

0.60 hou~s of an unskilled worker 

O.SO hours of a skilled plasterer~ 

1'he application of I roB plaster surface of I em thiokness: 

1- G'Y};lSUm plaster mixtures 

Norme,l 1:3 sand-gypsum l)laster mixture 

Perlite-gypsum plaster ,ldxtures 

2-JT 
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-----~~-------------------~-------------------------------------.-~ 

l-:r:_ 0 O~i m">-.. • J ... L • 

2-IC [ 1 r't::::: TI .• . I .. j 

'7 "';'r p ~}(:~ 1L. "_)-rL ........ 

2- Lime mixtures 

Normal sand-fims mixture 5.42 r:eL .. 

Perlite-lime mixtures 1.-1 0 0 ,36 tIL. 

T " ..l-J-::. 7.18 1'1,. 

L-Z, 6.80 TL. 

L--1 r.:;. Ok 
\,.: • ..... 1 .... ' TL. 

The follov.Jing table viill be a summary of test results: 

Perlite-r;ypsurn plster 
mixtures 

Perlitp,-lime 
n~ixtures 

Oven-drY",unit weicht 
k n'/",.J o !J. 

Compressive strengths 
kg/crn2 

Vapor permeability 

Heat conductivity 

Approximate costs (1m2 ) 

594 - 897 

22 - 79 7 -20 

see figures 

0.150 - 0.185 Kcal/c:..hr.oC 

8.I5-9.05 TL. 5.85-?12 TL. 

As it is seen from this table, Gypsum plaster 

mixtures are stronger than lime-cement mixtures, they can very 

well be used for decorative purposes but, they are more expensive. 

On the other hand, lime-cement mixtures are easier to \'mrk ""ith, 

provide very good bond on any type of surface and they are cheaper. 
.. . 

The heat conductivities of both mixes, depending on their unit 

V!Gights, stay approximately in the same range and is very 1m'!. 

Comparins perlite with other lightwei~htmaterial produced in 

Turkey. we will have the following table: 

I 
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I-Iaterial Unit weight Thermal eond. GOEn. strenr;t I , ,~ 

Perlite plasters 

Perliton 

Betoeel 

ytong 

Izol-cam 

Durisol 

Heraklit 

/ 

r;: ke m') 

594-84:Ll, 

300-650 

300-800 

·100-650 

I90 

580 

360-570 

Keel/m.n.oC 

0.I50-0.I135 

0.080-0.160 

0.063-0.140 

0.070 

0.038 

0.095 

0.080 

'v" ://' nIl,t-'J 
... :'~,:; v II 

f) _'70 
I ..... 

5 '71-"' , -0 ... ) 

6-20 

20-30 

.-

These velues are taken from the 'records of the Imal' ve IskF.m 
Bakanllgt at .Ankara. 

Although perlite plasters have an economic disad-

Yanta(;e over the normal sand plasters '\';hien is not very signifi-

cent, their advantages like light weight, workability, natural 

white color which provides an excellent base for: any other color, 

fireproofing properties, Bood insulation properties 'against heat 

and sound and permeability to water' vapor make them an excelle!lt 

plastering material. 
a 

I 
I 
~ ; 
~ 

I 
i 
i 
~ 

I 
I I 

I 
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APPENDIX 

Conversion tables 

Saturated water vapor pressures 
at different temperatures 

. • 

I 
I 
5 
I 

I 
! 
j 
~ 

~ c 

i 
i 

I 
I 
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CONVERSION TABLES 

LINEAR. MEASURE 

In. It em. 171. 

1 0.0833 '2.s4 0.02S 

12 1 30.48 O. "30S 

0.394 0.03'28 f 0·01 

39.37 3.281 100 1 

. ~~" .. :: " 

SQUAR.£ .. ··j·:(£:A SURE' 

il1~ IC. :id.z z em. l7Z~ 
= 

I 
1 0.00694- 0.000772 6.452 0.00064.£ 

O.09ZQ I 144 1 0.111 929.03 

1'196, 9 1 83&1.3 0·836 

().1SS" b.00107& 0.00012 1 O.ooot I 
I 

1550 10·764 1.19' -10·000 '/ I 
I 
I 

'------------~. I 

Tf...lERMI=lL CONDUCTIVITY TJ..l£RH;:)L CONDUCTANCE 

8tu. in/ft./'. or Kcoll m.h. "C Btu / ft~ h. Dr KCdt/nl h lie I 
- 1 

1 0,1240 .. 1 4·8824 I 
I 

8.0636 1 0.2048 
I ., 
I 
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WEIG~TS 

----

lb. Ton Short ton kg ffe""/c 
-tonne 

1 1J.0004-46 0.0005 0·4S36 0.000454-

2240 1 I 1· 1'2 1016·05 1·0f6 

2000 O. SQ3 1 907·18 O·g07 

'2.2046 0.0009841 0.00102 1 (J.001 

f-;;~4 . -:z 0 ;;42 1110;~ -1()bO 
I 

1 
'--c---- --

CUBIC MEA SURE 

~ft~ jd.~ il77f.er. us dnl 11l~ G<}t. 6a.t. 
r·-, 

1 0.0371 : 6.2.zQ 7.480 '28.317 0.0283 
----1-____ . __ I 

'27 1 168.18 201· tJ8 7{.4· 55 (). 76 5 

0·1('05 O.OOS95 1 1·201 1 4 . 54{, IJ.OO4S5 

0.134 0.00495 1)·833 1 3.785 0.00379 I 
0.035,j 0.00131 0.22 (J.264 1 f). DO! 

35.31S 1·308 21g· 97 264 1000 1 

PAGE C4 

STR.eSSES PRE' SS:.Jt<ES DE'NSITY 

Ibjin'2. kg /ern '2 /b/ft 2 kq/nl' Ib/ft 3 kg/m3 

1 IJ.07031 1. 4.8824 1 16.018 
, 

14·'223 1 ().2048 1 i 0.06243 1 
I ! 
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SATURATED WATER vAPoR PRE' 5.s U RES AT DIFFERE'N7 TEMP. 

Temp. I Pressure ,I 

ac I 117m. J./g 
=~ ___ J __ -~~1 

- '20 I 0·77 I 
--~;g-I-~~85l 
~1~---1--;·---~~ 
-----

- 17 I 

- 16 

1·03 

1.~ 
- 15' 1. 24 

S·'2g 

Temp. fressure I 
°c mm. fig 

_._-=--=-=-====- --~-

o 4·58 

+ 1 4·93 

+ 2. 
f-----------'f-----J 

+ 3 ~ 569 ! 

I 
+ 4 6·10 I 

+ 5 6.54 

R I Pressure. 
"c I 117m· f./(J. 

--- - - -_.-

+ ~20 17.53 
I 

~+ 2~-~ 18-;; 
~1'2 119,83 

~I 
~1.07 

+ 24 22.38 

+ '25 23.76 

-----------~ 

Temp .. I r'rtssure ! 
"C: ITwl·Ng.i 

~==~~~---t=-o~o===-~l 

+ 40 I 55'·32. i 
----1--
~1 158.:34J 

T 42 ~1. 50 I 

+ 43 64.80 r 

I 
I 

+44 68·26 I 
I 

.,. 45 I 71.881 
I 

- 14 1· 36 I + 6 7001 + /26 25·21 
r I 

"1- 4e;. I 75.65! 

- 13 

12 1·63 

i 
, 

+ 7 7.51 

+ 8 B·05' I 

I T 27 26.74 I 
I I 

1- 28 28.35' 

+ 47 I 79.60 I 
I i 
I I 

I 
T 48 83.71 I 

i 
---j 

- 11 1·78 T 9 8·b1 + 2q 30.04 + 49 .88.02 J 
10 .,. 10 9·'21 -+ 30 31· 8'2 I 

"2.1t: + /1 9·84 ... 31 33·70 

+1'2 10.52! .,. 3'2 
I 

35.Gc:. 

+ 13 11.23 I .,. 33 37· 73 I 
I 

- 6 2.7(;, + 14 11.99 
! 

't 34 39.90 I 
I 

- 5' 3·01 +- 15 , 1'2.79 + 35 42.18 I 
I 

- 4 3.28 + 1 (, 13.63 + 36 44·[;t. 

- 3 3.57 

- '2 3·gB 

+ 17 14·53 
I 

I .,. 18 15.48 

+ 37 47.07 I 

+38 4tJ.69 

- 1 4,2'2 + 19 16.48 + 39 52.44 
I 
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