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ABSTRACT
, i

" Flow resistivity and porositymeasurementshave boon performedon a variety of

' J groundsurface materials usinga ForcedaffFIow apparatusanda mlcroglass-bead-cali-

brated porosity instrument. It is foundthat the flow reslstlvity rangesfrom over 106

cgs rayls/cm for concrete down to less than 102 for sand and gravel. The Porosity ranges

"_ from 0.4 for dry soll to lessthan 0.01 Forconcrete. The data are to be usedas inputsto
, t

analyHcal model sludies of the effect of ground absorption For potential application to

future vehicular noisecertification procedures,
_J
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-' 1.0 INTRODUCTION
, i

Most vehicular noisesare monitored over a distance of 50 Feetor more, The

effect of various surface conditlons belween the source and receiver is often treated as

an unknown factor and frequently ignored in assessingthe noise level generated by the
m

source.
n !

.-, It is o fact that different surface conditions between the sourceendreceiver

'* produce different amountsof soundabsorption. In extreme caseswherea very porous

-'. surface is involved, an error of several dB con be produced|f the boundaryabsorption

"' is not accountedfor. This is especially significant whenone considerstheborderline

-' casewhere, by ignorh_gthe surface effect, veh!cular noise ]evrds wouldbe certified as

"_' acceptable which were several dBabove the threshold basedon measurementsover a non-

" obsorblngplane. This report presentsthe resultsof an extendedseriesof flow resistivity

_" and porositymeasurementsof various groundsurfacesthat include concrete, asphalt, sand,

gravel, soil, andsoil conteining grassroots. The data are to be usedin analytical models

-- of the effect of groundreflection for potential application Io future vehicular noise

-_ certification procedures.

This report containsdiscussionsof the following:

-_ • Section2- theoretical background.

• Section 3- a detailed descriptionof the experimental apparatus.

-- • Section4- a completeerror analysisof the measuringequipment

involved in the data acquisition.
!

"" • Section 5- descriptionsof the samplesalong with sampledesignations

•_1 and sieve analyses.

• Section6- resultsincluding flow resistivity, porosity, andestimated

...._ absorptioncoefficients.i

r m
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2.0 THEORY

' Thenormal absorptioncoefficient (_n) is defined as the fraction of the acoustic

energy absorbedby the secondmediumwhenan acoustic wavewith o Frequencyf is

' propagatedperpendicu)or)yacrossthe boundarybetween the first and the secondmedium.

"" ' Assumingthe first medium is air, the equation for normal absorptioncoefficient hasthe

.... folloMng form.'!

--'- 4rn

- (rn + 1)2 ÷ Xn2
r

where rn andxn are the real and imaginary partsof"the normalized acousticcharacteristic
impedanceof the secondmediumwith respectto that of air (pc), [.e., z =r + ix =

._. n n n

Zc/PCt where Zc is the characteristic impedanceof the secondmediumper unit area.
The characteristic impedanceof a porousmaterial can be written:l

where

. KR = stiffnesscoefficient

--' F = porosity

' _ = = 2_f=

-- R = flow resistivity

-' m = density coefficient

-- Po = equilibrium density of air in the porousmaterial

=

"; Since we measureonly the flow resistivity R and the porosityF, we assignto the other

-" variablesthe specific values:
.i

i

, ±

i
==
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_=_

6
KR = 1.02 x 10 (isothermalcase, dynes/am2)

= = 2_ x200(sec -1)

m = 1

I Po = 1.21 x 10.3 (g/am3)

The porosity is measuredby the following method: the sampleis sealedin a cavity and
i

the air pressurein the cavity is varied. A simple calculation yields the following
-" 2

expressionfor the porosity:

v o V'a

"_ where
_3

V = total volumeof the cavity

"_ V = volumeoccupied by the samplemass

• _ _Vla = changeof volumein cavity
__ AP = changeof pressurein cavity

_ Po = atmaspheHc pressure

The particle size distributionof thesampleis determinedusinga seriesof sieves

-: ' with openingsranging from 63 to 2000 microns(10"6m). Themoisturecontent(by Weight)p

of the sample is determined by adding a known quantity of water to a dehydrated sample,

.:._ Three computerprogramshave beendevelopedto computethe flow resistlvltyt

_,_ porosity, normalabsorptioncoefficient, andthe particle size distribution. These

programsare listed in AppendixA.

I

I ,
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3.0 EXPERIMENTALAPPARATUS

3.1 Forced Airflow Resistivity Apparatus

A forced airflow resistivity apparatuswas constructed for this programas

shownin F_gure 1. The main body of the apparatusconsistsof several sectionsof

6 inch ID steel pipe fastenedtogether by Victaulic clamps. The flow regulator is

_ capable of supplyingair at flow rates from 0 to 10 cfm. There are two flowmeters

available: Flowmeter 1(0 - 1 cfm) andFlowmeter2 (0- 10cfm). Two inclined water

_ manometerscover a pressurerange of 0 to 0.5 inchesand 0 to 4 inches of water,

respectively. A vertical water manometerwith a rangeof 0 to 60 inches isalso utilized.

_ The mercury barometerhas a ran.qeof 0 to 40 inches H_qwhich is equivalent to a range

: of 0 to 5.¢4 inches of wader. For moJeForousmaterial suchas grave_, the inclined water

manometer(0 - 0.5 in.) and Flowmeter2 ere employed.

-" A verification of the apparatuscapability was carried out usingJohns-Mansville

- (,J--M)fiberglassmaterials. Dueto the rapid change of the demand/supplypicture in

the fiberglassindustrysmostmaterialsnormallyavailable for data comparisonhave been

discontinued. Therefore, a discussionwasheld with the manufacturer to trace the

hlstorlcal evolutionof variousJ-M fiberglassseries. For example, J-M Spin-Glas 800

_ Series is a derivation of J=M Spintex400 Series,and .J.-MMicrolite (1974) is a variation

of the earlier J-M Microlite B-305. A comparisonis therefore drawnbetweenthesetwo

series. In Figure 2, we haveplotted the measuredflow resistivity in CGS rayts/cm

versusbulk density in g/cm3 and lb/ft 3 of bothJ-M Mierolite (1974) and J-M Sp_n-Glas

800 Series. The publisheddata on J-M Microllte B-305 and J-M Spintex400 Serieshave
2

also been included in Figure2 for comparison. It is noted that our value for Mrcrollte

(1974) is lower than that of M_crolite B-305 andthe value for Spln-Glas 800 Serles is

hlghor than that of the Spintex400 Series. Also, the slopesobtained from thisstudy are

not assteep as the previousones. It is observedthat the dominant fiber orientation in

the new fiberglass material is layered crosswiseto the direction of airflow. This fact

- agreeswith an experimentally-observedslopeof 1.3, which has been the empirical

result of manyother materials havingapproximately the sametexture.

J

4
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Flowmeter 1
O-I cfm Flowmetar2

0- 10 elm

Water
Manometer

Main 0- 0.5" WaterManometer Water
Flow !Valve

0 Manometer
Regulator O- 60"

Mercury
Barometer"--"

0 _'40"

Sample
Holder

Figure1. Flow Rc_slsfivltyApparatus
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(g/cm3)

_' 0•002 0. 005 0• 01 0.02 0.05 0.1

p_

-* J-M: Microfite B-305(BBN _o_

+J-M: Mlcroffta (1974)"

J _

+

0

,I-M: $p,ntex
'.._ '_. 400 series

'-_ ,J'M: Spin-Glas
800 ler|es

'.j

.-,, "P+eFerenceNo, 2

1°
'-T 0.1 0.2 0.5 1.0 2.0 5.0 10.0

J Der_ity (Ib/Ft31

i

.J

! Figure 2. Flow Resistivity Apparatus Verification
-' (rectangular boxes enclose the ,late

obtained Prompresent investigation)



3.2 Saml01OHolders

J There were two sample holdersdevelopedduring this project. Somp/eholder

+_ numberone (S.H. #1) is a section of 6 inch ]D steel pipe 6 inchesin length. Thereare

two variationsfor the bottomscreenretainer. The first is a set-screw pos_tloningtype

+-_ ' which is primarily usedfor sell andsell containinggrassrootssamples. The pipe section

of the sampleholder (with one endsharpened)is first driven all the way into the earth.

The pipe and the sampleare extracted Fromthe groundwithout beingdisturbed and the

_ bottomretainer is then fastenedon. The secondvariation is a fixed-bottom retainer

type and the sample is loadedfromthe top_ and is usedfor samplessuchas sand,

asphalt_and concrete.

i Asthe programpregressed_it was Foundthat one of the major difficulties encoun-

tered was leakage of air aroundthe sampleholderperimeter_especially For thosesamples

; whichhad to beextracted Fromthe groundin the field. This wasdue to the difficulty of

driving the sample holderstraight into the groundwithout introducingany lateral move-

_, mont. This;vo_parttcu]orly true vchenthe groundwas well settled andhardened. As

a result_ the samplewasno longer in close contact with the holder_rlmeter and a

leak wasestablished. Therefore, a moresophisticatedsampleholder was developed

and Fabricatedasshown _nFigure 3. The core of this sampleholder(S. H. E2) is a

thin steel pipe of 4.8 inches ID and a length of 4 inches. The thin wall increases_J

the easeof driving the holder into the ground. In addition, after the sample

Is removedfrom the groundsthe upper and lower-lipped Flangesare driven into the

. sampleFromthe top and bottom_sealingoff the perimeter fromthe mainbody of the
+

.._ sampleand thereforeconverting the perimeter froma low resistancepathto a high resist-

, oncepath. Poursnap-on, threadedrodsprovide a quick loadingand unloadingof the

-_ sample fromthe flow resistivity apparatus. S.H. N2waso/so designedto be compatible

. wJththe porosityapparatusso that notonly could the porosityof the samplebe measured

+.-' morereadily, but else nondestruetlvely. Th_sholderrepresentsa great improvementover

, S.H. _1 providinggreater efficiency andhigher accuracy.
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3.3 Poros_t),Apparatus

In the initial phaseof the programthe porositywasmeasuredusingthe Formula

"_ F = 1 - Pbulk/Pbase, where Pbulk was the bulk density of the sample, and Pbasewas
. 2

the basematertal density. It wasassumedthat when the above formulawas

_" employed, the samplemust have been totally dehydrated. The bulk density of' the

samplewas measuredby weighing the sampleanddividing it by its volume. The base

material density wasfoundby breaking down the sampleinto its constituent granules

• i andweighing it before immersingit in water to measurethe volumedisplacement.

"_" Thistechniquehad two drawbacks: (1) the samplehad to be dehydratedcompletely,

becausein mostcases, the sampledensity was different from that of water, and (2) the

•_7 procedurewasdestructive.

Consequently, a porosityapparatuswhich wascapableof measuringporosity

_ _ in a nondestructivemanner, andat any moistureconfent of the sample, was developed,

constructed, and utilized (seeFigure 4). S.H. _2 is usedFor the samplecavity. Two

_._ odditlena] Flanges-one on lop end the other at the bottom-seoJ off thecavity. A

"_ pressurerelief valve on the top (not shownin Figure 4) permitsthe pressureon both sides

_, of the U-tube to reach equilibrium at atmosphericpressure. The U-tube is connected to

_r the samplecavity through a quick-disconnect. The water in the U-tube is colored to
...: improveits visibility. A metrio scale is placed behind each water columnto measure

_, its height.
J

"-" A measurementsequenceconsistsof the Followingsteps:

o) Thesampleis installed in the holder and attached to the apparatus.

b) The top relief valve is openedand the water columnsare allowed to

.= equalize and thls valve is then closed.

c) Water column42 isthen raised until a difference of approximately10am

.j, is observedbetween the two columns.

, d) The columnheTghtdifference is then usedto computethe change in

cavity volumeand the change in I_'essurein the cavity and Eq (3) is

. utilized to calculate the sampleporosity.

_ 9
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_" SealingFlange

._ Upper- Lipped
Flange )leHolder//2
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Figure4. PorosityMeasurementApparatus
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The porosityapparatuswas calibrated usingUmsphereMicroglassBeads whlch

have an averagediameter of 180u. Theglassbeadswerepoured into S.H. _2 while the

outsidewall of theholder wasgently tapped. The tappingaction endedoniy when the

volumeof glassbeadsin the holder ceasedto decrease. Then we assumethat a hexagonal-

.. close-pack (HCP)arrangementhasbeen establishedby the glassb_adssince this is the

: smallestvolumecondition that can be reached. The theoretical porosity basedon this

HCPmodal is 0.192, whereasseveral measurementsof this sample yielded an average

: value of 0. 197. Theerror involved in measurementsusingthis apparatuswas therefore

,--, put at lessthan 3%.

3.4 U.S. StandardST_ve.Analwls

-_ Six U.S. StandardSieves**were purchased. The sieve numbersand their

_ correspondingoponingsare asfollow:

"; Sieve Number Opening Size in Microns

10 2000_
--r 16 1]80/_

. 40 420u
60 250_

200 74_
._, 230 63,u

•_i The sampleto be sieved wasfirst dehydratedand brokendown into its final granular
constltuents. About800 gramswere placed in sieve number10. Vertical and lateral

: f *

..., shakXngaction requiredapproximately20 minutesfor eachsample. Eachsieve was then

we|ghed to determinethe grossweight of granulestrappedin it. A computerprogram

was then utilized tocompute the particle size distributionof each sample.

.j Obtained fromFnrroCorporation, M_crobeadDepartmenh HuntingtonBeach, Callf.

Obtalned from Sargent-WelchScientific Companyi

!

'' 11
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4.0 EQUIPMENT ACCURACY

In Table 1, a complete llst of oil the measuring equipment is tabulated together

_. w|th its range, absolute accuracy, relative accuracy, and percentage errors.

Table I

! Equipment Accuracy

I AbsoJule Relative Percentage

Equipment ,,Range.... Accuracy_' I Accuracy_* Error°_,_ Remarks

; Flowmeter1 O- 1 et'm 0.02 arm 0.01 c£m 2%
Flowmeter2 0 = 10cfm 0.2 cfm O.I cfm 2%

Inclined Manometer1 O- 0.5 cfm 0.01 arm 0.005 cfm 2%

•' Inclined Manometer2 0 - 4 cfm O.1cfm 0.05 cfm 2.5%

• ", Water Manometer3 0 - 60 cfm 0.2 cfm O.1pfm 0.3%

Mercury Manometer 0 - 40cfm 0.2 cfm q. 1cfm 0.5%

Scale 1 0 - 250 Ib 0.1 tb 0.05 Ib 0,04% Moisturecontentof the
sampleby weight

Scale2 0 - 610gm 0.2 gm O.1 gm 0.03% Sieveanalysis

-_ PorosityApparatus 0 - 50 cm 0.2 cm O.I cm 0.4%
'--' Burette I 0 - 50 co 0.I cc 0.05 ca 0.2% For addingwater to the

sample

-" SampleThickness lOam 0.25cm O.|3cm 2.5%

"_ Cross-sectionalArea 30am2 3.2cm2 1.6cm2 2.5%

*' Absoluteaccuracy isdefinedas thereproduclbllilyof the readingfor the samesample.
*.--J

** Relative accuracyIs d0flned=sthe accuracyof _eadlngthescale Itself.

.... *.it Percentageerror= (absoluteaccuracy/Range)x lO_'-

ErrorsIn equipmentutilized for thesamepurposeare exclusive.
, Maximumerrorexpectedfrommemuringequipmentis approximately10%

J
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5.0 SAMPLEDESCRIPTIONS
_,

There were a total of 72 samplesincluding derivatives obtained,. _epared, and

_ measured. In Table 2, a grand list of all the samplestogether with their source, brief

description, sample designation, and sampleholder utilized are tabulated. Basic

-- ' samplesare shownseparatedby solid lines with their derivatives which were obtained

by adding moistureor, in the caseof asphalt, sealing with an emulsion, Thesieve

-. analysisof each basic sample(not its derivatives) is listed in Table 3. The estimated

bulk density for all the dry samplesis shownin Table 4. A moredetailed description

will be given in the following paragraphs.
)

-_ 5.1 Concrete Samples(5)*

' The steve analysisof the sandusedin all the concretesamplesis the sameas the

-". one listed in Table 3 under 20-CS-00,

,_ a) The Firstsamplewasformulated using (1-C-31)**

•_; • 3 volumessandl

• 1 volume PortlandCement,

,-.; • 1 volume3/4 inch crushedrock,

. • 2 volumeswater.

--' The samplewasallowed to cure for 4 days before it wastested.

._ The samplewas1.9cm (3/4 inch) thick. It is noted that this type
!

"" of concrete is typical for highway construction.

_'_ b) Thesecondsamplewasformulatedusing (2-C-31)

• 3 volumessand,

e 1 volume PortlandCement.

Thissample waspreparedin an effort to reduce the density and strength

_ of concretesample1-C-31. The thicknessof the samplewas 2.8cm

(1.1 inches). The cure time was4 days.

,i

• Total numberof samplesandderivatives in this category.
_tsr

'-.' Sample designation (seeTable 2).

, ,_ 13
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Table 2

SampleDeslgnat_on

No. Type Source Description Des_gnahon Remarks**

1 Concrete PortlandCement 3 to 1mix I-C-31 In S.H. #1

2 Concrete 3 to 1mix 2-C-31

3 Concrete 6 to 1mix 3-C-61 In S.H. N1
=,,

4 Concrete 6 to 1 mix 4-C-61
m,,

5 Concrete '( 9 to 1 mix 5-C-91

6 Asphalt Industria Asphalt of 0 blows unsealed 6-AU-00

7 J Santa Aria 0 blowssealed 7-AS-00
8 35 blowsunsealed 8-AU-35

9 35 blawssealed 9-AS-35

10 7.5blowsunsealed 10-AU-75 Damaged

11 7.5blowsunsealed 11-AU-75 In S.H. //1

12 75 blowssealed 12-AS-75 In S.H. #1

13 75 blowsunsealed 13-AU-75

14 _' 75 blowssealed 1..,-AS-,.,•"_

15 Gravel Calif. Material Co. 1/4" insize 15-G

i6 BeachSand HermosaBeach Dry !6-BS-00

17 BeachSand 5% moisture 7-BS-05

18 BeachSand I_ moisture 18.-BS-10

19 BeachSand )' 15% moisture 19-BS-15

20 Coarse Sand Calif. Material Co. Dry 20-CS-00

21 4.3% moisture 21-CS-04

22 8.6% moisture 22-C S-09

23 12.9% moisture 123-CS-13

24 Dry 24-CS-00

25 / Dry 2S-CS-00 In S.H. #1

26 _ 4.8% moisture 26-CS-05

27 9.2% moisture 27-CS-09

28 (' 9.8% moisture 28-C5-10 '_

29 CoarseSand Calif. Material Co. 12.2% moisture 29-CS-12 In S.H. #1

14
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Table2. Continued

• * ,k
No. Type Source Description Desrgnahon Remarks**

" 30 Fine Sand Calif. Material Ca. Dry 30-FS-O0 In S.H. El

31 Fine Sand 2.7% moisture 31-FS-03 I

32 Fine Sand 3.3% moisture 32-FS-03
[

33 Fine Sand 5.0 % moisture 33-FS-05

34 Fine Sand __' 6.5% moisture 34--FS-07 In S.H. #1

35 Soil SanFernandoValley Dry 35-S-SFVO0

36 5.2% moisture 36-S-SFV05

37 10.3% moisture 37-S-SFV10

, 38 15.5% moisture 38-S-SFV16

39 'U' ]8.1% moisture 39-S-SFV18

i 40 El Segundo Dry 40-S-ESO0

41 4.8% moisture 41-S-ES05

,.._ 42 9.7% rnoisiure 42-S-ES10

43 14.5% moisture 43-S*ES15

_,, 44 Dry 44.-S-ESOO In S.H. 'ql

45 6.8% moisture 45-S*ES07
r._

46 8.1% moisture 46.-S-ES08

47 8.6% moisture 47-S-ES09 ,(b.

_, 48 _( 10.4% moisture 48-S-ES10 Zn S. H, /_1

: 49 Redon.do' B.e.ach In Situ 49-S-RBIS Damaged

•_ 50 Dry 50-S-RBO0

._ 51 5.3% moisture 51-S-RB05

52 10.5% moisture 52-S-RB11

__ 53 1. 15.8% moisture 53-S-RB16

'_- 54 / Orange County Dry 54-S-0C00

: 55 l 5, 9% moisture 55-S-0C06

i

-' 56 11.7% moisture 56.-S-0C 12
i
I , 57 , ' 17.6% moisture 57-S-0C18

I _i 58 Soil Orange County 20.5% moisture 58-S-0C21

_,_ WYLI_ LA I_ 0 I't ATO r_ I _" $



Table 2. Continued

-, No. Type Source Description Des,gnatlon Remarks"'_

59 Sell with SanFernandoVolley _nSitu 59-SG-SFV]S
•- Grass Roots

60 I El Segundo in Situ 60-.SG-ESIS

.... 61 Dry 61-SG-ES00 In S.H. //1

i 62 17.6% moisture 62-SG-ES18 i
I

63 18.1% moisture 63.-SG-ES18

64 20.0% moisture 6¢-SG-ES20 '( '

"-_ 65 ')' 21.0% moisture 65-SG-ES21 In S.H. //1
i

66 RedondoBeach In Situ 66.-SG-RBIS Damaged

- 67 RedondoBeach In Situ 67-SG-RBIS

68 / Orange County Dry 68-SG-OC00

69 _ 6.9% moisture 69-SG-OC07

i
70 13.8% moisture 70-SG-OC14

_ 71 '( _' 20.7% •moisture 71-SG-0C21

72 Sell with Orange County 24.1% moisture 72'SG-OC24
"_, GrassRaots
• _.' t

Abbreviations:

_, C Concrete CS CoarseSand SFV SanFernandoValley
AU Asphalt unsealed FS Fine Sand ES El Segundo

•_, AS Asphalt sealed S Sell RB RedandoBeach
•.., G Gravel SG Sell with Grass OC Orange County

BS BeachSand Roots
"_ S.H. Sample Holder
,_.g

t_

"" In S.H. //2 if unspecified.

J

I

*,,.at
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Table 3

Sieve AnalysisBy PercentagePassing

: U.S, StandardSieve Number/Sieve Opening (microns)

-_ 10_000 16/1180 40_20 60//250 200_4 23%3

Sample Designation
, Sand

. 16-BS-00 " 100 51 11 0

30-FS-00 88 29 3 1

i 20-CS-00 89 73 30 16 2 1

•"_ Soil
i

35-S-SFV00 92 83 55 42 18 3

44-.S-ES00 99 65 26 1:) 3

40-S-ES00 97 69 34 3

i 50-S-RB00 98 96 42 16 7 3

54-S-OC00 97 94 80 60 8 6

"-_ Soll with GrossRoots

"'_' 59-SG-SFV00 82 74 47 34 11 2

60-SG-ESIS 95 92 58 22 8 5

4 61-SG-ES00 96 54 4 2
..--J

67-SG-RB00 99 98 47 20 6 4

! 68.-SG-OC00 96 90 75 58 11 8

• i

i
_J

i

1
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TABLE 3a
I

pARTICLE SIZE ANALYSIS BASED ON SIEVE DATA OF TABLE 3

i

' IN SIZE RANGE (MICRONS) SHOWN !
_P_,_LEDESIGNATION ......

_:-- IGrea_r._Thai_ • 2000-1180- i180-420 !420-250- -25U-74 74_63_ Less Than
2000 63

SAND

B--..........i'8-I_-98"'-- _-' ---0.00 49.00 - 45.39 -5.61 0.00 r0.00

*i *2
...... 3U:'FS-DO 12.00 62.48 24.75 0.76 0.01

20-CS-00 ii.00 24.03 45.48 16.37 3.06 0.06 0.00

• ,i

SOIL

35-S-SFV00 8.00 15.64 34.36 24.36 14.56 3.00 0.10

44-S-ES00 0.00 1.00 34.65 47.62 14.56 2.11 0.07

*i *2
40-S-ES00 3.00 30.07 44.17 22.07 0.68

5D-S-RBOO 2.00 3.92 54.57 33.19 5.88 0.43 (J.Ol

i 54-S-0C00 3.00 5.82 18.24 29.18 40.27 3.29 0.21

i soilw/ms

ii 59._3G_SFV00 18.00 21.32 32.16 18.82 8.63 1.05 0.21

J; 60-SG-ESIS 5.D0 7.60 36.71 39.54 10.26 0.85 0.0'4

il I .1 ,2.!!i,.61-s0-Es00. 4.00 44.16 49.772.030.04_. 07-s0-_00 1.00 1.,s 0_.4236.40 _.570.530._2
_ i_

I 68-'SG--OC00 4.00 '9.60 21.60 27.22 33.45 3.8"0 0.33!
*1 - PERCENTAGERETAINED _gR SIEVE OPENINGRANGEOF >2000-1180u

l *2 -PERCENTABE RETAINED FOR SISVE OPENINGRANGEOF 1180-250u



Table 4

Approximate SampleBulk Density*

_: Bulk Bulk
•_ Sample Density Sample Density'

(g/era3) (g/era3)

• ' , Concrete Soll

3 to 1 mix 2.3 SanFernando 1.6
: , 6 to 1 mix 1.7 - 1.B El Segundo 1.6- 1.7

9 to 1 mix 1.7 RedandoBeach 1.5
,_ Orange County 1.8

Asphalt

0 Blows 1.6 Soil Conta;ningGrassRoots
, 35 Blows 1.8

75 Blows 2.0 - 2.2 I El Segundo 1.3

I Orange County 1.2
r_ Sand

Beach 1.6
_=_ Coarse, Building 1.5
_ Finel Building 1.6

_'_ For totally dehydratedsamplesonly.

i

)
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c) This concretesamplewaspreparedusing (3-C-61)

e 6 volumessand,

• 1 volume PortlandCement..-

The thickness of the sample was 0.6era (1/4 inch) and was allowed to

,_ ' cure for 3 days before beingtested in sampleholder #1. Thissample

wasstructurally weak andv_ouldnot representa commercialgrade

_. of concrete.

• ' d) Thissamplewas preparedthe sameas item c) except it (4-C-61)

was loaded to sample holder U2. The thicknessof"the sample

was 2.Sem (1 inch).

e) Thissample waspreparedusing (5-C-91)

• 9 volumessand,

: • 1 volumePortlandCement.

The samplewasmeasuredin sampleholder n2. The thicknesswas2.8cm

_.._ (1.1 inches).

5.2 AsphaltSamples(9)

_7 . Ageneral descriptionwill be given to the unsealedand sealedsamples. The
._.._ details of samplevariation will be explained categorically.

_"_ a) Unsealedasphalt (5) (6-AU-00,8-AU-35, 10-AU-75, 11-AU-75,

_"* The asphalt samplewas type II, 1.3cm (1/2 inch) mediummix 13-AU-75)

t_ asspecified by Section 39, DOT, January 1971. The asphalt was

placed in the sampleholderat 320°F andcompactedwith a certain

r._ numberof uniform blowsacrossthe entire surfacearea froma

10-poundweight droppedFroma height of 46cm. Thesize of

-_ the weight was5cm in diameter. This is in accordancewith

ASTM 1559.3 The samplewasobtained fromindustrial Asphalt of Santa

Aria and their seive analysisof the samplewasestimatedasfollows:

: : 19
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Sieve Size

- , . iI.,- (range) 7&88 28-40 I 2-6

The asphalt b_nderwasestimatedat 4.5 to 5._b by weight.

The thicknessof sample11-AU-75 was3.2cm (1-1/4 inches)whereas

- the remainder were approximately 2.5cm (I _nch).

For the samplewith no compaction,the hot asphalt wassimply poured

Into the sampleholder andthe excessmaterial wasremovedusinga

straight edge againstthe top endof the sampleholder.

b) Sealedasphalt (4) (7oAS-00, 9=AS-35, 12-AS-75, 14-AS-75)

An asphalt-sealing emulsion, SSI-h, manufacturedby Douglas Oil Co.,

-- wasadded to the unsealedsample. Thesealer wasdiluted with 50%

"_ water by volume to yield an effective seal of 0.05cc/cm 2 (1/10 gel ./yd2).
r

-q .5.3 Gravel (.1) (15=G)

Thegravel waspurchasedfroma commercial material company andwascomprised

_"_,' of particles of with an average sizeof 0.64era (1/4 inch) and wassharp anddry.

v', 5.4 Sand(19)

The following deserlptioasapply primarily to the drysamplesonly. The procedure

, , of adding water to the samplewasthe somefor sand, soil, and s611with grassroots. A

50o¢ burette wasutilized to producea fine water spray onthe samplesurface. Each

'"_ change in moisturecontent requiredapproximately 100ca water. Per the sandsamples,

the waiting period before each water application wasabout30 minutes. However, for

soil and sell with grassrootssamples,the waiting period wasextended to aslong as2 hours_J

to allow completemoisturedispersalwithin the heavily cloyed samples.

,_ 20
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a) Beachsand (16-BS-00 to 19-BS-1,5)

The beachsandwasobtained from HermosaBeach, California. The

.-. samplewas lOcm (4 inches) thick. The average particle size was

about 400_, as can be seen in Table 3.

- b) Coarsebuilding sand (20-CS-00 to 29-CS-12)

Thebuilding sandwasobtained fromCalifornia Material Company.

-" This is a commonconstruction-gradesandwith a sieve.analyslsas

shownin Table 3. The samplewas10cm (4 inches)thick.

. c) Fine buildingsand (30-FS-00 to 3¢-FS-07)

This sandsample, 9.8cm (3-7/8 inches)thick end classified as fine,

wasactually quite similar to the coarsesampleas evidencedby theJ

sieve analysis in Table 3. It was obtained from the samesupplier as

__: wasthe coarsebuilding sand.

5.5 Sell and So;I ContaTningGrassR,'_at_.(38)

Sampleswere obtained fromfour different geographic areasin LosAngelesand

_._ Orange Counties: SanFernandaValley in the north; El SegundoandRedondoBeachin

_ the SouthBaySection along the Pacific coast; and OrangeCounty in the far south.

_. Since each pair of soil and sell with grassrootssampleswere taken from the samegeneral

_: location at thesametime Fareach geographic area, the sample in these two categories

--, will be describedaccordlng'to its source. The thicknessof all sampleswaslOcm

_'7 (4 inches)unlessotherwisespecified.
L

'_.j

a) SanFernandoValley (S) (35-S-SFV00 to 39-S-SFV18, 59-SG-SFVIS)

I Sampleswere taken fromthe backyardof a residence located at 9724
J

ColumbusAvenue, Sepulveda, California at 7:30 PM onSunday,April 13,

1975. The housewasbuilt in 1948. Bothsampleswere taken from

I groundwithin 10feet of each other. The sampleswere wrappedin

aluminumFail andstored in the garage until Monday morning. Thesamples

were taken fromgroundclose to somegrape vines, and part of the soil

possiblycontained decomposedleavesfrom thesevines.

' _ 21
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Vegeiatlon in the grasssampleappeared to be mixed; however_the

dominant componentwas identified asBermuda. The root systemwas

heavy and dense.

Prior to the sampleremoval, it had been raining for several weeks;
I

- however, the day Ihe samp!eswere taken/ there wasno rain.

b) El Segundo(9)

Twosetsof soll andsoll containinggrassrootssampleswere obtained in

; El Segundo. One samplewastaken and measurementresultswere

submitted in the preliminary report andare repeated here for complete-

; ness. This samplewasmeasuredin sampleholder "_1and a later sample

in sampleholder_92.

- (1) Preliminary sample (44-S-ES00 to 48-S-ES10_ 61-SG-ES00 to 65°SG-ES21)

-_ One soil samplewasobtainod2 daysafter a rainstorm/ and the

.... moisturecontentwas later determined to be 10.4% by weight. The top

surface of thesoil sampler which was 8.6cm (3-3/8 inches)thick,

i appeared moist at the time it wasobtained, it appearedfirm, darkt and

_2 • fertilet and alsodevoid of bugsor sizeable gravel. The samplewasob-

-' talned near the intersectionof Maryland Street and Grand Avenue in

-' El Segundoin an oil-producing area but with noevidence of all in the

" sample. Asieve analysisfollowing all measurementsproducedthe

'-! results shownin Table 3.
._

Near the samearea that producedthe soil sample/ a gentle slope

r covered by 5cm (2 inches)growth of Dallisgrass(PaspalumDilatatum) was

found. A sample11cm (4-1/2 inches)thick with a moisturecontent of

_, 21% wasobtained. Dalllsgrass, when fully grown, can reach o height

of 200cm (6 feet) but due to the climate in this area, it rarely exceeds

,I ,_ several inchesin height. The rootsare not as heavy as Bermudagrass;
i

however_ it is an extensiverootsystemthat can penetrate20cm (8 inches)

s 22
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into the earth. Therootsare almost immuneto bugsandworms. This

samplefelt light andspongycomparedto the sell alone. The sieve

analysisproducedthe valuesshownin Table 3 and the weight of the

rootsandleaves combinedamountedto lessthan 1/2 percent of the

_. total sampleweight.

: (2) Final sample (40-S-ES0Oto 43-S-J:$15, 60-SG-ESIS)

-" A secondsetof sampleswasobtainedone block away fromthe

first site. The top surfacesof the sampleswere hardand dry when

first removed. Thesiteof theextractionshod beenheavily usedasa

bicycle track by neighborhoodchildren for manyyears. The vegetation

wasprimarily Dallisgrass.

c) RedondoBeach (50-.S-RB00to 53-S-RB16, 67-SG-RBIS)_r

On the eveningof April 15, 1975, twosampleswere obtainedfroma

60 year old residencein RedondoBeach, located approximately 900 meters

; from the ocean near thetop of a low hill. The sell in thisarea is

_ relatively sandybut whendry, it cakesand hardens. Bothsampleswere

-; taken froma level areaof the yard which had beenundisturbedfor many

- years. The grass- primarily Bermuda- is not extremely healthy and

-_ containsmany bugsbuthase goodappearanceand requires little

maintenance. Thesoil samplewas extracted from the edgeof the lawn
i

a shortdistanceawayin an area which hadbeenweededandcleared but

--_ not spaded. Weatherconditionsprior to this date had beenperiodic rain

"_ for several weeksand light rain on the day thesesampleswere taken,

_. making themquite moistbut notcompletely saturated,

d) Orange County (5'_.S-OC-00 to 58-S-OC21, 68-SG-OCO0 to 72-SG-OC24)

Twosampleswere obtainedfrom the baekyardof e residencein West-

mlnster, CeJifornia onApril 18, 1975. Primarily, this location served

[
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m

as a vegetable gardenand lawn. For manyyearsprior to 1960, the
.-

entire houslngtract (of whloh this site wasa part) had been a dairy

farm, resulting in r?chtopsoil.

The spotwhere the samplewastaken raoelved regular watering, a

- ' very small amountoffertilizer (there hodbeen no planting slnce

•_ late summerof 1974), and dlreet sunlight about two-thlrds ofthe

day. The soil appearedto be heavily clayed.
r I

The soil sample with grass rools was taken from a lawn 15 years old

_; that was not planted butgrew voluntarily. Thegrasstype was
Saint Augustine wlth a very thlek and well-establlshed root system.

_' Large ea_'lhwormswere common. The lawnhad beencared _'ormostJ
of the 15 years with regular waterlng and mowing. It had nat been

fertilized.

A 6-hour ralnfall had .justended 10 minutesbefore dlgging. Rainhad

--: fallen intermittently durlngthe previous2 to 3 weeks.

.5

I
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6.0 RESULTS

J'v_asurementsoEthe flow resistivity and porosityof 24 sampleswith a total of

.- 72 variations have beenmade. In AppendixB, we haveshownan exampleof the log

sheet usedfor recording the test data. Threesetsof numberswere entered: (1) _rcentage

- flow rate; (2) pressurein inches of H20 or of Hg;and (3) data for porosity, which

{neludedequilibriumheight, h, and displacedheights,h1 and h2. All thesevaluesplus

--_ the numbersobtainedfor sieve analysiswere processedusing the three computerprograms

.- listed in Appendix A. Resultsof the calculationswere then tabulated and the values for

flow resistivity, porosity, and esHmatednormalabsorptioncoefficient at 200 Hz are

: shownin Table 5. The sieve analysis in termsof percentagepassinghasalready been

shownin Table 3.

It may be notedthat, from the data logsheet (Appendix B), e correcHon hasbeen

modefor the flow rate to reduce it to standardcandlt;ons. Each flow resistivity data

value listed in Table .5representsan average of at least 16 numberscoveringthe entire
.._,
_. flew range.

-_ Forconcretesamples, the reslst;v;ty for the two 3-to-1 mixesare sohigh that we

tentatively assumeit ;s infinite. The other threeconcrete samplespermittedonly a

--, minimumamountof air flow andthe absorptioncoefficients at 200 Hz were lessthan 0.05.

For asphaltsamples, a great change in flaw resistivity is observedbetweensealed

"_ and unsealedspecimens. The normalabsorpHancoefficient at 200 Hz is always lessthan

0.01 far a typical asphalt utilized for surface pavement.

_; It wasobservedthat for sandsamples, theflow resistivity is extremely sensiHveto

the samplelaadlng condition andthis is illustratedby the data fromsamples20-CS-00 and

J 24-CS-00t respecHvely. The formerwas poured_ntothe sampleholdernaturally, whereas

•-. the latter was accompaniedby a tappingaction onthe outer surface of the sampleholder.

TheresisHvlty af sand, sail, andsell with grassrootssamplesincreasesasthe

-_ moisturecontent in the specimenis increased. Theflow resistivity valuesobtained during
I ;

_ this project agreed very well with publisheddata.4
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," Table 5

Data Summary
-- Estimated

Normal
Moisture Flow Absorption

_' Content Resistivity Coefficient
SampleDesignation (by weight) (CGS Rayls/crn) Porosity (200 Hz) Remarks

-- Concrete

: 1-C-31 0 co <0.01 _0 S.H. #1

-- 2-C-31 O co <0.01 _-0

3-C-61 0 0.76 x 106 0.24 0.02

"-" 4-C-61 0 0.92 x 106 0.17 <0.01 S.H. #1

5-C-91 0 0.19x 106 0.26 0.05

Asphalt

6-.AU-00 0 0.97 x 103 0.31 0.07

_ 7-AS-00 0 0.14 x 105 0,02

-" 8-AU-00 0 0.11 x 104 0.21 0,06

-- 9-AS-00 0 0.92 x 105 <0.01

13-AU-75 0 0.75 x 105 0.08 <0.01

11-AU-75 O 0.33 x 105 0.14 <0.01 S.H. #1

14-AS-75 0 0.10 x 106 <0.01

12-AS-75 O 0.65 x 105 0.14 <0.01 S.H. #I
i Gravel

15-G 0 0.2x 102 0.28 0.41
• Sand

16-BS-00 0 0.11 x 103 0.29 0.19

17-BS-05 5% 0.13 x 103
18-BS-10 10% 0.14 x 108

'-' 10319-BS-15 15% 0.19 x

,.__ 20.-CS-00 0 0.20 x 103 0.22 0.13
21-CS-04 4.3% 0.21 x 103

22-C5-09 8.6% 0.22 x 103

23-CS-13 12.9% 0.35 x 103

24-CS-00 0 0.41 x 103

ill " 26
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Table 5. Continued
[slir.aled
Normal

Moisture Flow Absorption
Content Resistivity CoeFFicient

_ SampleO.e.signation (by weight) I (CGS Rayls/cm) Porosi!y (200 Hz) Remarks

Sand

25-C8-00 0 0.45 x 102 0,30 0.30 S,H. #1

26-CS-05 4.8% 0.50 x 102

-_ 27-CS-09 9.2% 0.55 x 102 I
28-CS-10 9.8% 0.70 x 102

29-CS- 12 12.2% 0.12x 103 !

30-FS-00 0 0.47 x 102 0.24 0.27

i 31-FS-03 2.7% 0.58 x 102
32-FS-03 3.3% 0.67 x 102

" 33-FS-05 5.0% 0.77 x 102

34-FS-07 6.5% 0.11 x 103 S.H. #1

Soil

r'-_ 35-S-SFV00 0 0.24 x 103 0.33 0.14

_:" 36-S-SFV05 5.2% 0.30 x 103

f_ 37-5-SFV10 10.3% 0.31 x 103
tm_

38-5-SFV16 15.5% 0.33 x 103

_ 39-5-SFV18 18.1% 0.49x 103

40-S-ES00 0 0.49 x 103 0.31 O. 10
f,I

_,, 41-5-E805 4.8% 0.51 x 103

42-5-E810 9.7% 0.57x 103

43-S-EST5 14.5% 0,81 x 103

"! 44-S-E800 0 0.22 S.H. #1

"; 45-S-E507 6.B% 0.84 x 103

A6-S-ES08 8.1% 0.84x 103

_' 47-8-ES09 8.6% 0.85x 103 !

48-S-ES10 10,4% 0.93 x 103 S.H. //1,=
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-- J'able 5. Conlinued
Estimated
Normal

Moisture Flow Absorption
Content Resistivity CoefFicient

SampleDeslgnat;on (by weight) (CGS Rayls/cm) Porosity (200 Hz) Remarks

Soil

50-S-RB00 0 0.20 x 103 0.33 0.16

51-S-RB05 5.3% 0.25 x 103

_ 52-S-RB11 10.5% 0.26 x 103

53-S-RB16 15.8% 0.51 x 103

54-S-OC00 0 0.38 x 103 0.40 0.13
. i

55-S-OC06 5.9% 0.52 x 103

56-S-OC12 11.7% 0.66 x 103
r

57-S-OC18 17.6% 0.88 x 103

58-S-OC21 20.5% 0.10 x 104
i

Soi] Containingi

Grass Roots

- 59-SG-SFVIS in situ 0.44 x 103 0.09 0.06

r_ 60-SG-ESIS in situ 0.35 x 103 0.27 0.11

61-SG-ES00 0 0.37 S.H. #1

62-SG-ES18 17.6% 0.34 x 103

._ 63-SG-ES18 18.1% 0.38 x 103 !
--I 64-SG-ES20 20.0% 0.47x 103

_, 65-SG-ES21 21.0% 0.49x 103 S.H. #I

67-SG-RBIS in situ 0.33 x 103 0.24 0.11

'7 68-SG-GC00 0 0.54 x 103 0.41 0.11

69-SG-OC07 6.9% 0.55 x 103

70,-SG-OC14 13.8% 0.66 x 103

71-5G-OC21 20.7% 0.90x 103

72-SG-OC24 24.1% 0.12 x 104..J

I

'qle
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7.0 CONCLUSIONS

Flow resistivity andporositydata have been gatheredduring th_sprogram. The

i-_ estimated200 Hz normalacousticabsorptioncoefficient revealsthat the soundabsorption

of concrete and asphaltsur[aeesis negligibly small and can usuallybe ignored. However,

f'or other typesof surfaces- notably gravel andsand-an error of approximately2 da

m|ght be produced if the surfaceabsorptionis not properly accountedfor. Theincrease

in moisturecontent in varloussurfacesusuallyreducesthe absorptioncoefficient,

r

_4

-?

...j

I

t

L_

P

J

"!

'! 29
WYLE LABOnATORI£S



REFERENCES

-_ 1. Mol]oy, C. T., "Propagationof Soundin PorousMaterials," Soeietyof Automotive
i EngineersTransactions,Vol. 73, pp441-456 (1965).

2. Beronek, L. L.I "Noise and Vibration Control," Chapter 70. McGraw-Hill,
"__ New York (1971).

. _ 3. "Resistanceto Plastic Flow oFBituminousMixtures UsingMarshall Apparatus,
.... Test for, " ASTM Standard1559 (1965).

i 4. Dickinson, P. J. and Doak, P. E., "MeasurementsoF the Normal Acoustic
ImpedanceoFGround Surfaces,." J. SoundendVib., 1_3,309 (1970).

i

..7

_J

I'

"1

•7

i

' R°I

'_ WYLI_ LADOnATOnlES



APPENDIX A

COMPUTER PROGRAMS

(Super FORTRAN)

I Ct THIS Pft_JGRAH CZNPUTES FL_W RESISTIUITY, F'_R_SITY AND
NORNAL AUZZ_qPTIZI,JC.CE|"FICILtJT i"[_[tSAND, SUIL, SOIL
CONTAINING GRASS l{08TS,.CSNCF(ETE AND UNSEALED
AND SEALED ASPIh%LT

") REAL FRATE (8), DELTAP (S), F}_{ATEC(8),.F}]ESIS (8) :THICKNESS,
SUSL_.EUZL..TUOL, H (2)_H l(2), H2 (2)..POROS ITY(2 )

•.'] CZt-]PLEX G |_.CP,,Z,ZI
4 STnING S(50)
5 10 ACCEPT "TYPE ZF SAHPLE:", S
6 C:FL(]W NESISTIUITY IN CGS RAYLS/CH
7 ACCEPT"NUMBER OF EUEHTSt",N
8 AGCEPT"FLZW RATE IN CFH=",. (FRATE (I),.I=l,N )
9 ACCEPT "PBESSURE DIFFERENCE=",. (DELTAP(1)_.I=I,t'J)

10 ACCEPT"SAMPLE THICKNESS=",.THICKNESS
I 1 SUHA=O.
12 DO 20 I=I_N
]3 FRt%TEC (I)=FNP.TE'(I)*SORT ((DELT."%P(I)+z_06.9 )/t106.9)
14 FRES IS CI)=250 •2'_DELTAP (1)/ (FRAT EC (I)_,THICKNESS )
15 SUMA=SUHA+FP.ES IS(I)
16 20 CONTZNUE
I 7 AFRES IS =SUHA/N
| 8 G _PZRZSITY
/.9 ACCEPT "]IEIGHT OF EQUIBRIUH _ATER COLUMN=",.H
20 IF (H(1) .EQ. 0) GO T_ 39
21 AOCEPT "IIEIGHT {IF WATER C_LUMN |='% HI
22 ACCEPT "HEIGHT OF '.lATER COLUHH 2=", H2
23 ACGEPT"SUOL+EU_L-'",. TVOL
2_ SUZL=3.1416_((4.75,_2.54)_,2)*THICKNESS
25 EVOL=TUZL-SUOL
26 SUHB=Oo
27 DO 30 I=I,2
28 PORZSITY(1)= I-(SUZL+EVZL+(59.0-H(1))S.495)/SVZL+(1033.5*

(IIl (I)-H(I))_.495)/(SUZL_,,(H2(I)-RI(I)))
29 SUHB=SUHB÷PZROS ITY (I)
30 30 CONTINUE
3 1 APOI_OS ITY=SUHS/2.
32 C:NZRHAL AI._S_HPTION C_EFFICIENT
33 C I=CHPLX(O, I°02E06/(-400. *3 •14 l5**4gS_<APO]_ZS ITV) )
34 C2=CHPLX(AFRES ! S/,495_ ( I ,21E-03 )_zlO0,_S, 1416/

(o495*APOROS ITY))
35 Z= {(SORT (C!*C2) )_.495)/41 °503
36 El=Z'CO, 1)
37 Cz IMAGINARY PART OF ZI IS THE REAL P.'_RT OF Z
38 ABSORGOEFF= (4.*IHAG (El))/(( IMAG (El)+ [ )*x<2+ It.]AG(Z)**2)
39 C¢ BUTPUT
40 WR|TE(I_S8) APOR_SITY, AuszRc:_}EFF
"41 38 FO nHAT ("APtSROS ITY=", F4 *2,"-'X,"ABE OR[_OEFF=", Eg. 2 )
/4'-_ 39 WFtITE (I_40) AFRES IS
43 40 FO RH._W("AFRES IS=",.E9.2 )
4/4 00 TZ 10
45 STEP
_6 E&]D

A-I
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! C;THIS pP,_GRAM GIVES 51EVE ANALYSIS
2 REAL A(8)J NW(O),P(O),PP(8)
3 STRING 5(50)
q 10 ACCEPT"TYPE oF SAMPLE:",S
5 ACCEPT"GI:fJSS WEIGHT IN GH="_A
6 NH(|)=A(!)-_35.3
7 NU (2)=A(2)'413.0
8 NW(3)=A(3)-386,5
9 NW(4)--A(4)-371 .6

10 NW(5) =A(5)-335,6
|I NW(6) =A(6)-347,6
12 NW(7) =A (7)-36", 1
13 C:NW(8) IS TIIE TOTAL WEIGHT OF TIlE SAHPLE
I_ NW {81=A (8)-36,_. !
15 DO 20 I=1_,7

16 p(I )=NW (I)/NW (0)
17 20 CONTINUE
18 C:PERCENTAGE PASSIN0
19 D0 30 1=1_6
20 PP(Z)=0
21 D0 /40 d=I+l,,"/
22 PP (I)-"PP(I )+P(J)
23 A0 CONTINUE
2/4 30 CONTINUE
25 PP(7)=0.
26 DISPLAY(P(1),I=I,7)
27 DIEPLAY(PP(I), I=l* 71
28 GO TO 10
29 STOP
30 END

I Cz THIS PROGRAM COMPUTES NORHAL ABSORPTION COEFFICIENT

WHEN THE VALUES 0F FLOW RESISTIVITY AND POROSITY ARE GIVEN

O COMPLEX CI..G2* _Zl
3 STRZHG S(50)
4 |0 ACCEPT "TYPE OF SAMPLE:"* S
5 C|FLOW RESISTIVITY IN COS RAYLS/Ctl
6 ACCEPT"AFRES IS ="_ AFRES IS
7 ACCEPT"APOROS ITY='% APORBS ITY
8 CINORHAL ABSORPTI[_N COEFFICIENT
9 G !=GHPLX(0, I.02E06/(-zI00**3. I/416*./495_,APOROSZTY) )

10 CO=CMPLX (AFRES I S/. t_95, (1.21E-03 3./400..3 • 1/4I 6/
(*/495*APOROS ITy) )

I 1 Z=((SQRT (C 1.C21 )*./4951/41.503
12 El=Z*(0,!)
13 C: IMAGINARY PA_T OF El IS THE REAL PART OF 0
I/4 ABSORCOEFF= (4.*ZHAG (El) 1/( (IMAG (El)+I )**2+IMAG (E)**2)
15 C: OUTPUT
16 WRITE(I_3_) APOROSITY_, ,:t_iS0}IC_EFF
17 38 FORMAT( A. OROSITY-- *F/4.2,_X* A_SORCOEFF= .,E9,2)
18 39 WRITE(I,Z40) AFRE5 IS
19 z_O FORNAT ("AI"RE5 I S-="* E9 * 2 }
20 GO T0 1O
21 STOP
22 END

A=2
WYL. E I.ADORATOnl I_S



Oaf.orM,o,,.._,°.t _./._//"/_ Bu=bOon,TtyPm(Ko/m3)=
Sample _".qfL.., Flow RateI Lo,,vor Ht0h?

Dal©rlptian OR_,,_at _Oi_ N /'_,_.,f Cor,ecllonFactor = ,_AP (in.wat.r)_-40_.9U q" v

Sample Harder Weight .p/,p..? _._ 406.9SCFM = Corr_:etlonFactor x CFM
Sample + Holder Weight g._ z"7. _

v

0/9 U Porosity - I .- prn/p (For Dry SarnploOnly)Sample Thickness h(ln.):
! Ap (in, of water)

Bass Mater|el Density p (l_o/m3): R - 250.2 x U (SCFM) h (in.) cgs rayls/cm

Flaw Rate U r,p Correction Flow Resistivity h(¢m) • /pt.///_¢.1
CFM SCFM In 1t20 In Hg Factor MKS rayls/m Comments .¢ (am)Ogle,po, lon) -._'_. O "

,./I _ h_<ore).e_._/_l.7

.,/_ ..o_ v,- _o_1.re,am,Co.o.)
_.:Z-_T.;a V "Vs+ZS+Volu_no_
_ contalnedIn the lampIo

_J. _ . .Fo- ,2-h,
_o.._-! _ ro-t0336
Slovo Anal/ill Opening
(N n_Number) CMIcrons) Sieve Weight {gin) GtmsWei0ht (grn) Net Weight (gm) _ _ poising

10 20(_ 435.3
16 1180 417.0

40 420 386,5
60 250 371,6

200 74 235.6
230 63 347.6
Pan 364, I


