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lNThUDUCTlON
 

Une of the new trends in home construction has been the basement-

less, slab foundation house in Which a concrete slab poured above grade

serves as the ground floor. while this method males possible many

economies in production, certain essential details must not be omitted

if satisfactory results are to be eXpected. For example, at least four

inches of gravel Should underlie the concrete slab, and its lower sur-

face should be sealed with a moisture-proof membrane. This is necessary

to avoid the possibility of ground water seeping into the slab.

in addition, studies conducted by the National Bureau of Standards*

and the Small domes Council of the University of lllinois** have defi—

nitely proved that thermal insulation of the slab is required to prevent

excessive heat losses during the heating season.

it was also discovered that the major portion of the neat loss from '

the slab occufied through the outer edges rather than the undersurface,

anu that the installation of suitable insulation around the slab perim-

eter reduced the total heat loss by as much as twenty-five percent. The

minimum recommended thickness for this insulation is two inches. in

cases where radiant heating ducts or pipes are incorporated in the slab,

the insulation Should cover the undersurface of the slab as well as the

 

*Dill, Richard 8., W. C. Robinson, and H. E. hobinson. measurement 9};

heat Losses from Slab Floors. United States National Bureau of standards,

Wasnington, Building Materials and Structures Report BAS 103, 1945.

**Bareither, H. D., and J. T. Landrum. Concrete Floors £2;_Basement-

less Houses. University of lllinois Small Homes Council, Urbana, Bulletin

F. 4.5, 1948.



perimeter. Figure l snows various pOSSlDle applications of perimeter

insulation. Note application ld Which indicates a method of applying

perimeter insulations to an existing structure.

An added benefit obtained by the use of perimeter insulation is

a reduction in temperature gradient from the center to the outer edges

of the slab surface by as much as thirty percent.

dhile no industry-wide standards have been established to date, it

is fairly obvious that there are certain properties which an insulating

material selected for this application should possess. First of all,

the material snoulu nave a sufficiently low COBffllClent of thermal con-

ductivity as installed and be capable of maintaining it. it Should not

absorb nor be appreciably affected by water or water vapor. it should

preferably be available in board or block form, and should be crush-

reSistant Whether damp or dry, Wltn a compreSSive strength of not less

than five hundred pounds per square foot. Finally, the material Should

be unaffected by seil Chemicals and Should not be a harboring place for

vermin, molds, or mildew.

Four types of insulation-Styrofoam, Foamglas, Fiberglas and cork-

board--were selected for the investigation on the assumption that they

possessed all or most of the desired prOperties. The purpose of the

investigation was to test each material under identical conditions, de-

termine to what degree each possessed the desired preperties, and com-

pare all of the materials on this basis.

Tests for resistance to soil Chemicals, vermin, and fungi were

beyond the scepe of this investigation, but determinations of compreSsive

and flexural strength, impact reelstance, moisture absorption, and heat

transmiSSion properties were undertaken.
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Although an ideal perimeter insulation should absorb no moisture,

none of the materials selected Were absolutely meisture proof. Since

exposure to m0isture is a possible hazard in application, it was con-

Sidered deSirabie to discover wnat effect (if any) the presence of mois-

ture had on the various prOperties considered. This deCiSion resulted

in added complications in the test procedure, eSpecially in the deter-

mination of neat transmission prOperties. The nature of these compli-

cations and the apparatus and test procedures deveiOped to overcome them

are discussed in the following chapter.
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APPAAATUS AND MLTHODOLOGY

MOlhTUdE AhSOhPTlON

in this phase of the investigation, two lots of samples were pre-

pared. One lot, after being oven-baked to the bone—dry state, was weighed

and immersed in a tank of water. The second lot, also baked dry and

weighed, was placed in a nigh-humidity chamber where saturated conditions

were maintained at a temperature of approximately ll5o Fahrenheit. Details

of this Chamber are as Shown in Figure 2. Both lots were removed for

weighing peri0dically, and the test was conCluded after the completion of

four hundred hours' eXposure. Amount of mOisture absorbed in any case was

indicated by the difference between the bone-dry weights and the observed

weights. it was necessary to allow excess liquid to drain from the samples

before attempting to determine mOisture absorption, particularly in the

case of the cormboard and Fiberglas samples.

DhTEhthATlDN of STiUCTURAL PhOPhhTihS

Because of the various ways in which the perimeter insulation might

be stressed, it was felt that a determination of the compressive, flexural,

and impact strength should be made for each material under investigation.

Further, it was desired that the determination should be made for both

normal and saturated conditions. Therefore, two identical lots of speCi-

mens were prepared, one lot to be tested in the normal state (less than

0.05% moisture content, by weight) and the other after immerSion in water

for two weeks. The compression and fiexurai tests were performed on a
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standard Tinius ulsen, screw-type, manually-loaded testing macaine.

Compression samples measured 55" x 53" x 2", except those of Bioer-

glas, whiCh were 5%" x 5%" x 2%". Since it was found that these materi-

als had no definite yiehd point, merely becoming more compact and firm

-as compressive load was applied, compressive strength comparisons were

based on the amount of load each material would support when compressed

to 90% of its original thickness. The tests were then carried out on

this basis, using a dial indicator to measure the amount of compacting.

Per flexural strength determination, samples measuring a" x 2" x Z"

(d" x z" x 2%" for Fiberglas) were placed on V-blocks seven inches apart,

and a wedge-type head was utilized on the Tinius Olsen screw—type testing

maChine as shown in Figure 5. Deflection was measured Wlth a dial

indicator.

.FORCE

++——3-5”;—e>

_JV

\7
3‘3 KISAMPLE

 

   

 I . 4:
F/7/7/7‘77//7V'/77

8.. A

FIGURE. 3.



For impact strength measurements, a steel ball one inch in diameter

and weighing O.ld5 pounds was dropped from a height of Six feet upon the

wet and dry samples. The Fiberglas samples were tested on the edge as

well as on the face because of their nonhomogeneous laminar structure.

Three samples of each material were tested under normal and saturated

conditions, and three drOps were made on eacn sample, a total of eighteen

per material.

DhTmhmlNATlON of flhAT-TRANSMISSION PdOPhfiTlES

bince heat transmission properties of the selected insulating mate—

rials were to be determined under both wet and dry conditions, a departure

from the conventional testing procedure was necessary. with the standard

methbds of determining thermal conductivity, accurate results from a

meisture—laden sample are problematical, because a temperature difference

is maintained between the two faces of the Sample and any mOisture con—

tained therein migrates to the colder side.*

if a method were to be used in whiCh the Opposite faces of the sample

were alternately the colder, than it would be reasonable to assume that the

absorbed moisture would not migrate to one particular face. In all proba-

bility, most of it would remain in the interior of the sample.

In addition, any apparatus devised to produce this reversal of temper-

ature gradient should be of such a nature that the temperature variations

would conform to proven principles for neat flow in the unsteady state.

Test results then could be applied in existing equations for computation of

 

*dilkes, G. B. heat insulation. New York: John Wiley and bone, i950,

p. 152.



heat transfer coeffiCients. Therefore, it was decided to assemble

an infinitely thick body subjected to a periodically varying temperature

at one surface. Two equations applying to this case are the following:

m 2/:

Where: r = time for temperature of a given point within the body

to be influenced by a change in surface temperature

n : number of complete cycles per hour

x 3 distance from the surface to the interior plane

&:= thermal diffusivity = Coefficient of Thermal Conductivity

Specific Heat x Density

 

4/112.

036 °‘

where: 10p :.maximum temperature variation at an interior plane

(2) O

'
U

H

(
J

m

i' magnitude of temperature variation at the surface

i
n
:

H distance from the surface to the interior plane

:
3 I' number of complete cycles per hour

9
' I‘ thermal diffusivity of the material*

hquation (a) was considered to be better adapted to the require-

ments of this investigation because of tho pOSSibility of measuring

differences in temperature variation with greater accuracy than differ-

ences in time lag.

The test apparatus, as finally assembled, is pictured scnematically

. .‘ . . . u . ‘ 1

in figure 4. Construction of the main section of the equipment and the

 

*Jakob, Max, and G. A. Hawkins. Elements pf Heat Transfer and

insulation. New York, John Wiley and Sons, l942. pp. 50-55.
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manner in whicri the test specimen is mounted are snown in greater detail

on Figure 5.

The electric grid, indicated on Figures 4 and 5, provided heat source

for one surface of the test specimen. A sine-wave variation in the volt-

age applied to this heater was produced by the arrangement pictured in

Figure 6. The opposite surface and sides of the SpeCimeh were imbedded

in a £4" x '44" ‘x 15" mass of Fibergles insulation enclOSed by a plywood

oox. Surrounding the plywood box was a Sheath of a"Celotex, and air at

igloo Fahrenheit was circulated in the z-inCh space between the two enclos-

ures. fleet was supplied to this enclosure by a partially dismantled elec—

tric oven with fan attacned as shown in Figures 4 and 5.

All of the aforementioned equipment was installed in an insulated

room with the temperature maintained at 40° Fahrenheit.

Thermocouples were placed at the center of both faces of the

12" 2: l2" x 2" test Specimen, at the lower edge of the Specimen, and at a

Point on the upper surface of the plywood inner box approximately five

inches from the front face. Temperatures were recorded automatically by

means of a Brown Electronik Potentiometer mounted on the outside of the

insulated room.

An additional cheek on the temperature of the air circulating in the

Space between the two sneils of the Specimen mounting was provided by a

mercury thermoineter inserted at the rear near the oven.

The temperature of the air circulating around the equipment in the

insulated room was indicated and recorded by a Brown necording Thermometer

“it“ a. temperature-sensitive bulb in the air exhaust duct. A mercury

tr - ~ - 1 '1arm-”heater suSpended in the room prov1ded a Check on these readings.
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The length of the complete temperature Variation cyCie «as twelve

hours. The equipment «as adjusted to produce a temperature variation

at the eXposed face of the test speCimen from 60° to lo'OO Fahrenheit

with a mean of 120° Fahrenheit. Test periods for each Specimen were

twenty-four hours, or two complete cycles.
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MOISTUhh ABBOhPTION

The results of the moisture absorption tests are shown in Figures 7

and 8. It should be noted that the amount of moisture present in each

sample is expressed as a percentage by volume while usually the moisture

content of insulating materials is stated as a percentage by weight. A

percentage by weight comparison can be extremely misleading When materials

of rather great differences in density are compared.*

On a percentage by weight basis, for example, final moisture content

of the Styrofoam sample after four—hundred hours immersion would be 41%

and the moisture content of the corkboard sample would be 55%. Actually,

the corkboard sample had absorbed over twice as much moisture, and by

indicating results on a percent-by-volume basis, the true relationsnip is

Shown. The moisture content by volume was 2% for Styrofoam and 5% for

cormboard.

bThUCTURAL PhDPnhTihS

The results of the compreSSion and flexural tests for the materials

under investigation are as Shown on Figures 9 and 10. The values indi-

cated are the average of the results obtained on three samples of every

material for'eacn condition. Flexural strengths were compared on the

*wilkes, G. B. heat Insulation. New York: John wiiey and sons, l950,

Pp 0 09‘90.
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basis of Modulus of Rupture expressed in pounds per square inch.

Bending_moment x Distance. Neutral Axis to Outer Fiber

lodulus Of Rupture = Moment of Inertia for Section

The results of the impact test are pictured in Figure ll. Impact

reSistance, of course, varies inversely as depth of penetration. This

test was roughly comparable to drOpping one leg of a twenty-pound-chair

on the insulation from a height of three incnes.

It Should be noted that While the compressive and flexural strength

of three of the materials tested remained the same or decreased after

saturation, the flexural and compressive strength of Foamglas increased.

Also, both btyrofoam and Foamglas snowed an apparent increase in impact

resistance after saturation. It is thought that this was due primarily

to an increase in resilience of the eXposed surfaces. According to the

manufacturer, moisture does not penetrate beyond the surface layer of

cells to any great extent.

hthLTo of HmAT TnAfileooloN TLDT

\

The results of the heat transmission tests are Shown in Figures la

and 15. Figure 12 shows the variation in thermal difquiVity for the

various samples with moisture content by weight. A comparison is made

with a thermal difquivity curve for wood fiberboard computed from the

results of an investigation by hecnler, mcLaughlin, and Queer* to deter-

mine heat and vapor transfer Characteristics of the material. we may

 

*Hedhler, E. G., E; h. homaughlin, and hm h. Queer. Simultaneous

Heat and Eager Transfer Characteristics 2£.gg Insulating Material.

American booiety of heating and Ventilating angineers Transactions, Vol. 4a,

1942, p. 512.

-ZU-



also compare results with those of an investigation of foundry Sand by

Tanasawa (l955) described in Jaxob*, where it was found that the thermal

difquiVity of the sand first increased and then decreased with increas—

ing humidity with a maximum at a humidity of 10% by volume. The reason

being that starting with dry material the 3 first rose fast and then

Slowly to about five times its original value, whereas‘gp increased at a

linear rate. Tanasawa employed a periodic heat flow With very high fre—

quency and a temperature difference of less than one-half degree Fahrenheit.

It must be noted here that although the approaCh to the problem of

determining the heat flow Characteristics of the selected insulating mate-

rials was based on the long-established principles of temperature varia-

tion in an infinitely thick homogeneous body subjected to periodically

Varying temperature on one surface, the actual eXperimental conditions

departed somewhat from the theoretical ideal. Due to the impractioility

of utilizing a large mass of each individual type of insulation at the

identical saturation conditions of the l2" x l2" x 2" samples, a single

enclosing mass of z.l6 pound per cubic foot Fiberglas was employed for all

samples. The value of thermal diffusivity computed directly from test

data then is actually a compOSite of that of the sample and the Fiberglas.

However, the test value Should fail oetween the actual thermal dif-

fusiVity of the sample and that of the Fiberglas. In fact, for the Con-

oitions of this investigation it appeared that the relationship between

the test difquivity, actual diffusivity, and the difquiVlty of the Fiber-

glas could be eXpressed with sufficient accuracy as a direct preportion—-

Fiberglas (a): Test (00 3 Test (dd: Actual (a). Test values were corrected

_ *Jakob, flax. heat Transfer. New Yorx: Jenn Wiley and sons, Vol. 1,

'- 21 -
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on this basis after a test of a sample of Fiberglas identical to that

used in the backing prOVided a value for the thermal diffuslVity. The

determined value varied less than three percent from the computed value

obtained using actual apparent density and the manufacturer's values for

SpeCific heat and thermal conductiVity.

From the curves of Figure lz, it is seen that the thermal diffusivity

of corkboard Changes little until moisture content exceeds forty percent

by weight, the rise in thermal conductivity apparently being balanced by

the Specific heat and denSity. The fiberboard, over the range covered,

SHOWS a slight increase in difquivity. The other materials snow varying

trends. The obvious conclusion is that no Set rule for a Change in ther-

mal diffusivity with change in moisture content is readily formulated,

because the quantity depends upon the thermal conductivity, denSity, and

speCific neat, all of WUlCn are undergOing simultaneous Changes at dif—

ferent rates as the moisture Changes. The point at thirteen percent by

weight for Fiberglas should be disregarded due to the fact that the sample

had eXpanded to practically l50 percent of its original thicaness during

eXposure in the high-humidity Chamber and it was necessary to remove a

portion of the material in order to fit it into the test apparatus. The

high values of thermal diffusivity whicn are exnibited by Foamglas are

rather difficult to account for. Calculation, using actual density and

values of specific heat and thermal conductivity as given by the manufac-

turer, results in a Value of approximately 0.040 and the test result Should

fall between this figure and that of the Fiberglas backing, Which was

0.0519. Possible reasons for the discrepancy could be that the samples

lware not truly representative of the average product, that some unanown,

experimental variable was present, or that the specific heat and/or the



thermal conductivity undergo great Changes in value between the manufac-

turer's figures for 750 Fahrenheit and the test mean tehperature of liloO

Fahrenheit. Wilkes* gives figures for a temperature of lino Fahrenheit

which do not differ appreCiabiy from those at 75V so the third possibil—

ity does not seem very likely. it would also seem somewhat odd that an

experimental error Should occur only for the two samples of the one mate-

rial, especially SinCe the two tests were not consecutive. Probably the

first reason given must be accepted as the most logical until further

investigation is uncertaKen to prove otherWise.

in the calculation of thermal conductivity from the test results, val-

ues of SpeCific heat and density are needed as well as thermal diquSivity.

No values of SpeCific neat for moisture-laden materials were found

in the literature, although there have been attempts to correct a values

IOF moisture content. Jaxob** suggests the following factors to correct

thermal conductivities of building materials for various percentages of

moisture content by volume:

moisture Content Correction Factor
  

l 0
l.50

a 5 l.55

5.0
i.75

0 0
z.lo

5 O
(.05

lacLean (la4l)*, from tests on various woods, developed empirical

formulas to adjust g for moisture content, but they were of no help in

 

*uilKes, G. 5. Heat insulation. New York: Jonn niley and cons,

l950, pp. l7l-l80.

**Jakob, max. Heat Transfer. New York: Jonn wiley and sons, Vol. l,

l949, p. 94.

***MacLean, J. D. Thermal Conductivity pf wood. heating Piping and

Air Conditioning, 15, 600, la4l. p. 590.
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this case. Therefore, to r.roVide values of speCific heat for the purpose

of this investigation, the Specific heats as given for the dry insulating

materials were combined Nltfl that of water on a percent-by-weiaht beSls

as indicated in the sample computations. This prOVlded a linear increase

in SpeCiiic heat values With increasing moisture content. The resulting

calculated value was used With the apparent density and thermal diffus-

ivity to determine thermal conductivities for the moisture-laden sahples.

The variation in thermal conductivities ultfl moisture content is

snown on Figure 15. As expected, apparent.§ increases With moisture con-

tent, although at different rates for the various materials. An interest-

ing correlation is Obtained, in the case of corkboard, with data graph-

ically portrayed in hilxe5*. This investigation extended only to a mois-

ture content of approximately seventeen percent by welsflt. Nevertheless,

this agreement seems to indicate that the method of correcting speCific

heat for moisture content is a valid one.

The values of conductivity indicated for Foanslas must be viewed

Wltn skeptiCism for the reasons outlined in the discussion of Fibure it.

Also, the pOint for Fiberglas at thirteen percent by weight is assumed

to be in error.

biieht decreases were noted in apparent densities of moisture-laden

samples during the test, apparently due to evaporation of a portion of

the included moisture. in order to hold this loss to a minimum, the edges

and most of the inner surface of the sample had been Covered with aluminum

foil. The outer surface abutting the copper plate «as not covered. Upon

completion of a run, the foil was removed and the sampie reweiehed. The

 

*flilxes, G. B. neat Insulation. New York: Jonn Hiley and bons, ist

P. til.
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weight used in determining perCentage moisture content and apparent

density was the numerical average of the Weights at start and finish.

Unly traces of moisture were noted on the foil and COpper plate

upon removal, indicating the apparent Soundness of the premise concern-

ing prevention of meisture migration to one surface by applying a peri-

odically alternating temperature to the sample.

The complete results of the investigation are summarized on Table ii.

For comparison Table I lists the preperties of the materials as obtained

from texts or manufacturers' bulletins.
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TABLE I

VAHIUUS PnOFEthbb OF leULATlNG MATERIALS lNVthIGATLD

l‘fiOul JIMVUFACTUMHS' DATA UNLhSS OTHLRHISL INUlCATED

 

 

 

 
 

Pr0perty ! Units Corxboard Fiberglas Foamglas Styrofoam

é 5

Density iLbs./Ft. 6.9* ll.0* 9.0 1.6

Thermal z

diffusivity Ft./hr. 0.0065* 0.009% 0.0175 0.0595

bpeleic 0

heat Btu/Lb./ F. 0.59% 0.44% 0.20 0...?

Thermal m 0.4.0

conductiVity Fté-Hr’f—OF. O.z6* 0.57% 4a..) 0.51

Compressive z : ‘

strength Lbs./ln. N. A. s N. A. ia5.0 as

noisture

absorption % of Vol. N. A. 1% i 0.2% 6%     
*Wilkes, G. B. Heat insulation. New York: Jonn alley and Sons,

1950, Appendix.
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PhoPsnTiso 0F Thu iNSULATiNG maTnnilsc lNVLleUhTLB*

TibLi ii

Ab DthfilenD EnUm ThbTS

 

  

 

 

 

 

Property Units Corkboard Fibergias Foamglas Styrofoam

benSity libs./Ft.C a. 7.dl l5.b 6.07 l.7l

b. l7.l0 s.5z <.vd

Thermal a a. 0.0075 0.0075 0.00l 0.000

diffusiVity Ft./Hr. b. 0.0l4 0.019 0.000 0.0ol

opGCific o a. 0.40 0.24 0.40 0.L7

heat btu/LO./ P. b. 0.74 0.50 0.45 0.56

Thermal Sigiiga a. 0.s7 0.fid l.¢b 0.04

conductivity Et.-hr.e F. b. <.ld 1.96 i./4 0.00

COmpressive a a. 50 l5 l0« 05

strength hbs./ln. 0. l4 5 ms 55

Modulus of z a. 04 44 fl oz

dupture Lbs.’ln. b. l7 50 9d 07

moisture(Lqu

absorption % of Vol. l5.7 15.6 4.00 4.70

moisture (Va—1p.) -

absorption % of Vol. 5.60 4.8; l.5l b.0d      
*The "a" values are for the dry state; "b" were determined after

immersion.

- (9 -



CONCLUSIOND AND nhCUmMLNDATiONS

from the results obtained from this inVestigation, it would appear

that otyrofoam best meets the qualifications set forth for an ideal per-

imeter insulation. The apparent high Values of thermal conductivity

obtained for Foamglas, although not believed representative, cast some

doubt upon its effectiveness as insulation, espeCially wnere radiant

floor heating is employed; Fibergias and coraooerd should be made mois-

ture and vapor proof if they are to be suitable for perimeter insulation.

it was evident, as a result of the researcn undertahen for this

investigation, that there is a distinct lack of published information

concerning the properties of the various insulations. Values of thermal

conductivities and specific heats over a greater range of temperatures

and for various moisture contents are particularly needed.

it is felt that the test procedures employed can be of great value

in extending the Knowledge oi the prOperties of insulating materials under

varying conditions of maisture content. further refinements in the pro—

cedures and equipment used are necessary, however.

The entire mass of insulation c0mprising the pseudo-infinite body

should be of the same material as the sample being tested, and have the

same moisture content. This will necessitate the use of a much larger

capacity heat Source if the same temperature limits of OSCillation are to

be maintained.

in addition, a metal, rather than a plywood box, would be more suit-

able for enclOSing the mass of insulation. The double-wail feature, with

air circulating between the walls, could be retained, and the apparatus

- 50 _



 

 

utilized to produce a sine-wave voltage input to the heater grid is

satisfactory.

Consideration should also be given to reduCing the period of the

cycle and magnitude of temperature OSCiiiation in future investigations,

with the possibility of then utilizing a smaller mass of insulation to

apprOXimate the tnlCK body.

Finally, a simple method of determining the SpeCific heat of the

meisture-laden material Should be developed, so that experimental values

can be combined with the thermal difquiVity test results to determine

values of thermal conductivity with greater accuracy.



L: Amr’Ln CULAIJUTAT i Ui‘éb
 

l. The Determination of Thermal DiffusiVity (09 for corkboard (6.05% mUlSt.)3

Maximum Variation in Temperature at interior Plane = ia.75 OF.

Aagnitude of Temperature Variation at the Surface 3 4o.s5 OF.

Number of Complete Cycles per hour 3 0.0064

Distance from Surface to interior Plane = 0.i615 Ft.

Thermal Diffusivity of Bacxing insulation = 0.0519 itE/Hr.

/7Tn
1' X —-—-

\ 0c

Asap =AOSE

I n

e XJEE‘ _ £35

’ 410

P

0.1615 /9.¢~Ld.§§.fl -
OK 22.75

0.1615 finger.
at

0,0854E ._ (0,571 )2 = 13.5

o: 0.l<5l5

0.571

Thermal Diffusivity ea. W

o: a 0.0309 rte/m.

‘\ ‘ . " ' . ' z '

Lorrected Value: gfigg—E—g— x 0.0;;09 : 0.00642: r't.,/nr.



ll. Determination of Thermal Conductivity (x) for soraooard (6.05% m0ist.):

Thermal DifquiVity = 0.00043 bQ- Ft./dr.

Density : Lbs./Cu. Ft.

Specific Heat : O.60¢ Btu/Lb./°P.

Coefficient of

Thermal Conductivity5x ewe

0.00848 x ll.00 x 0.652 x l;

.. -l -2 -
0.702 dtu-[n., Hr., Ft., °r.l

III. Specific heat of Moisture-Laden sample (Corxboard):

bpeCific heat of Corkboard in Dry btate = 0.40 Btu/Lb./°F.

Specific Heat of hater at lzoo F. 3 0.0397 th/Lbo/OF-

Percent of Water in bample-—by height 3 56.9%

CompOSite SpeCific deat - 0.009 cpw,-r O.bll Cpcb

(0.509 x 0.997) +—(0.sii x 0.40)

c = 0.604 dtu/Lb./OF.
pc

lV. Modulus of hupture from blexure Test Data for styrofoam (Saturated):

Bending doment = 75.z0 ln./Lbs.

Distance from Neutral AXlS to Outer Fiber 2 l.UU In.

Aoment of inertia for Section I l.50 In.4

  

Jodulus of Rupture : bendin doment x Dist., Neutral AXis to Ulter Fiber

Moment of Inertia

Z§l£Q_§_liQQ : 56.7 Lbs./In.2

1.55

S
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nut-292 _ Sheet No. I D F- I

MECHANICAL ENGINEERING LABORATORY

MICHIGAN STATE COLLEGE

memm L96 -PW

H241 Tkgusmmamu 2392531155

 

 

 

 

Observers

{ Date MY "L

1

TEMP “Tmei'Rm-oo 1TEST {Luann 7° ‘73 Amman Sch. 1

VARIATION _9__s THERMA

 

 

 
 

HenMiMotsT. Mon-r. bemwy Hear

MAT'L
OUTER INNER '9 blFFUL1DIFFvs. 3" 3" (fining ' (DRY5

SURPMJ. szFAc£1 __ [a] 1 [.1] Von. WT. —.~

1”“

 

 

  
 

 
—

I

1   
  be) ('a\-_-_ :-1(/a3)@7140Lil Lfilflflffiil

 

 

38.50 2.1 L5 1811. 1001414100075 1 ‘“ 17.81 0.40 .

144.2»;3125191$ 00560 1.0061 - 1 — 19.47 0.20 1

144.00 1925’14511ms'501oosv _ 1 ._ 1 1,711 0.7.? 1

1= 139.00 7.7 $01 )4171O.DSSQ:O.0‘0 [.04. G.‘87,1 9-57. 0.13

5p'ma1 +0.25 22 151 1.77010.0z0q10~008+ 4.95 324 [1.00 0.4.

65am... 34.2; 20.2.51 mm mm; 0-0075’ — -- 13.59 on»

71C'Knu I3?..5'0 1.3.00 . 1.673' 0.01131 0.014- 1515 51.5 /7./o 0.4m

815mm“: 35.75 24.0.31 L‘HO 0.05044 0.049 7.. 61 11.2 12.73 0.24-

915waosi 3+. 75 12.751 1.5;: mam}f 0.031 L901 35.7 2A9 0.17

101F13QKQL3113‘L 5'0 20.001 1062.5 0.0305 0.0” Q. 841 34,0 [3.12, p.14.

1 ' 1
1

1

  
 

           13 1 1 g 1

14 ‘

15 1
16 l 1 ;

17 1 1 1 1

18

19 1

20 i g

21 I 1
. 22 1

23 ;
24

z 1 1

25 1 ____1____ 1_ 1 1

Rem‘rk‘: *COMTROL (a VARIES < 37: FROM COMPUTGD VALUE)
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Running Log«Wan-— :DRY

'Pwa INSvt—A TJON IMVrEATIGA T’ION

 

 

 

 

bile Tun!- WEIGHT (5am orz Dagny

5 (1—33)

2 - 1 (Lash ans.) . (Lu/F71)

1Conke'913‘H-53 11:05 1.321. - .744—

2.5AMPLE. 4'7-53, 9:45 1.18910433) _ 7. 74.,

3 ‘I

45TYROFAV{3’23‘53 10200 0-297. " . [-71 .
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