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ABSTRACT

Some absorbing m ate ria ls  used to  im prove the perform ance 
o f highway noise barrie rs  are r ig id  and th e ir  f lo w  resistance 
is high. They absorb sound energy in a com plex porous and 
resonant way and th e ir  absorption c o e ff ic ie n t  is s trong ly  
dependent upon th e ir  m ounting. In our study, three r ig id  
m a teria ls  measured w ith  the standing wave tube exh ib ited  
resonant peaks a t frequencies depending on th e ir  thickness.
One o f the m ateria ls , measured in a reve rberan t chamber 
ly ing on the  f lo o r , showed the same resonant peak.
However, when measured in the same cham ber in a free  
standing position , the absorption curve  was typ ica l o f  a 
porous m a te r ia l.  The resu lts o f the study c o n firm  th a t 
"ha rd ," r ig id , acoustica l m a te ria ls  should not be measured 
w ith  the standing wave tube bu t ra the r in a free  standing 
position  in a reve rberan t room.

I . In troduc tio n

The use o f sound absorbing m ate ria ls  fo r  increasing the a ttenua tion  provided 
by h ighway noise barrie rs  is re la t iv e ly  new. They are supposed to  reduce m u lt ip le  
re f le c tio n s  between p a ra lle l barrie rs  e rected on both sides o f a highway or between 
a single b a rr ie r  and the  bodies o f  passing vehicles, thereby increasing b a rr ie r  
e f f ic ie n c y .

Because o f th e ir  outdoor app lica tion , these m a te ria ls  have to endure severe 
adverse a tm ospheric  agents as w e ll as corros ive  exhaust fumes fro m  passing 
vehic les. They have also to  w iths tand  the m echanical and chem ical actions o f 
w a te r, snow, ice and sa lt m ix tu res  splashed fro m  veh ic le  wheels. These e ffe c ts  are 
especia lly  s trong on the lower p a rt o f the  barrie rs .

To ensure adequate d u ra b ility , some co m m e rc ia l products are made o f  so ft 
m a te r ia ls  bonded by hard resins or p o rt land cem ent in to  a kind o f so lid  mass. 
U sually  the y  have a re la t iv e ly  high density, are se lf-supported , and have a high 
f lo w  resistance. This type  o f m a te r ia l is ca lled  a "ha rd " m a te r ia l in this paper.

Work pe rfo rm ed  w h ile  the  author was a t the  O n ta rio  M in is try  o f T ransporta tion  and 
C om m unications.
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Since, during the measurement o f  sound absorption c o e ff ic ie n t,  m a te r ia l 
samples are mounted in a spec if ic  way, the resu lting  absorption c o e f f ic ie n t  vs 
frequency curves are va lid  on ly  fo r  a p a r t ic u la r  m ounting, thus l im it in g  the v a l id i ty  
o f the  measurement resu lt. This is obviously not a new concept, but should be 
rem em bered when handling data regard ing these m ateria ls .

In our s tudy ,*  the sound absorption c o e ff ic ie n ts  o f  th ree  "ha rd " m a te r ia ls  used 
fo r  h ighway noise ba rrie rs  were measured w ith  the standing wave tube ( I ) .  A ll 
resu lts  showed resonant peaks vary ing  w ith  the thickness o f the  samples. A 
conven tiona l, porous sound absorbing m a te r ia l used as a c o n tro l did e x h ib it  the 
w e ll-know n , in c reas ing -w ith -frequency  sound absorption curve  when measured in 
the  same way.

One o f the h ighway m a teria ls  was also measured a t the D iv is ion  o f  Bu ild ing  
Research, N a tiona l Research Council, w ith  the tube and also in the  reve rbe ra tio n  
room  (2). When measured ly ing on the f lo o r  o f  the  room, its absorption c o e f f ic ie n t  
showed the same resonant peak as when measured w ith  the tube. But, when 
m ounted in a free  standing position, the absorption curve was typ ica l o f  a porous 
m a te r ia l 's , c o n firm in g  the  e f fe c t  of the m ounting.

The results o f th is study show th a t i f  a m a te r ia l is to  be used as a noise b a rr ie r 
"by i ts e lf "  (i.e ., w ith o u t a backing), then its sound absorption should no t be 
measured in the standing wave tube, and if  measured in a reve rberan t room, it  
should be held in a fre e  standing position.

2. D escrip tion  o f the  Tests

For a summary, see Table  I.

2 .1 M a te r ia ls

Fo llow ing  is the  m anufac tu re r's  descrip tion  o f the m a te r ia ls  measured fo r 
sound absorption.

Duriso l, f ro m  Duriso l M a te ria ls  L im ite d : Lig!4weight bu ild ing  m a te r ia l 
made o f  ch em ica lly  m ine ra lized  and neu tra lize d  organ ic so ftw ood 
shavings, bonded toge the r under pressure w ith  po rtland  cem ent. D uriso l is 
supplied as panels made o f the  above described absorption layer, 75 mm 
(3") th ick , and a hard, re in fo rce d  concre te  backing, 19 mm (3 /4") th ick . 
(O ther con fig u ra tions  were also tested -  see la te r.)

F iberg las AF530 fro m  F iberg las Canada L im ite d :  G lass-fiber boards 
compressed to a con tro lled  density , bonded by a the rm ose tt ing  resin.

Herco Type 713 fro m  K e m lite  C o rpora tion : Porous, random tex tu red  
m a te r ia l made o f  po lyeste r resin, glass fibers , aggregate and f i l le rs .

Results o f the study perfo rm ed on one m a te r ia l have been published in 
R e ference  3.
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P e tr ica l fro m  C ornell C orpora tion : C hem ica lly  trea ted , long, tough, 
northern  aspen wood fibers , bound w ith  portland  cem ent, moulded under 
pressure.

The thickness o f the  samples ranged fro m  25 to 81 mm.

2.2 Sound Absorption Measurements

The measurements were perfo rm ed  a t tw o  d if fe re n t  places, using tw o  d i f ­
fe re n t measuring techniques.

A t  the Research L abo ra to ry , M in is try  o f T ransporta tion  and Com m unications, 
O nta rio , the measurements were done according to  the ASTM C384-77 ( I )  method, 
using standard ins trum en ta tion  m anufactured by Bruel and K jaer.

A t  the d iv is ion o f B u ild ing  Research, N ationa l Research Council, m a te ria ls  
were measured accord ing  to both ASTM C384-77 (I ) and ASTM C423-77 (2) 
methods. For the measurements in the reve rberan t chamber, the m ateria ls  were 
placed in tw o  d if fe re n t  ways: f i r s t ,  lying on the f lo o r , and then free  standing in an 
u p r igh t position.

3. Measurement Results

The results o f the measurements are shown in Table 2. They are also given in 
F igures I through 7.

The measurements perfo rm ed w ith  the impedance tube are reported in 
percen t. The others, done in the reve rbe ra tion  cham ber, are in Sabines. When a 
m a te r ia l was measured in the free  standing position, both surfaces were used fo r 
the  ca lcu la tio n  o f the absorption c o e ff ic ie n t.  The sample areas fo r  those 
measiyem ents were 8.1 m (89.8 fe e t ) fo r  measurements no. 12 and 14, and 
4.4 m (48.8 fe e t ) fo r  no. I I and 13.

4. Discussion

A ccord ing  to th e ir  surface density and general m echanical ch a rac te ris t ics , the 
m a te r ia ls  we tested can be d iv ided in to :

o Hard: D uriso l, H erco and P e tr ic a l,  and
o S o ft: F iberglas

The absorption curves o f the f i r s t  group as shown in F igures I, 2 and 3 have 
peaks suggesting a m ixed, porous and resonant way o f  sound absorption. This is 
obviously not the case fo r  the F iberg las measured as a co n tro l (see Figure 4).

The same resonant behaviour is observed in F igure 5 where results o f the 
measurements o f a "ha rd " m a te r ia l using both methods (reverberan t room and 
standing wave tube) are shown. The resonant frequencies in both cases are the 
same, thus suggesting a s im ila r m em brane-like  behaviour.
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On the other hand, as results in Figure 6 show, as soon as the hard backing is 
"removed" by erecting the sample, the resonant phenomenon disappears and the 
material behaves in a porous-like way, similar to that shown in Figure k.

5. Conclusions

The standing wave tube technique should not be used for the measurement of 
"hard" acoustically absorbent materials unless they are intended to be mounted 
against a wall. For the same reason, if the measurement is done in the reverberant 
room, the sample should be installed in a free standing way, avoiding interaction 
with the reverberant room floor.

The non-observance of these recommendations can lead to gross overestimates 
of the sound absorbing qualities of a given material.
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Table I. Summary o f Materials and Measurements.

Measure­
ment Mntorj n) Thi rknenn Donfl J ty

Surface 
Area 

Dçns1ty

Measure­
ment 
Mr't hod

Measure­
ment 
P 3 n cp Mounti ng

Results 
on 

F i tjurr Obr.rrv.it j on

No. mm Inches kg/m’ kg/m ’ . - - -

1 Durisol 25 1 560 14 Tube^ ' NRC3) 1A Absorption
layer
only

2 Durisol 50 2 560 28 Tube m t c 4) . . . . IB Absorpti on 
layer 
only

3 Durisol 75 3 560 42 Tube NRC . . . . 1C * 5 F Absorption
layer
only

4 Durisol 75 3 560 42 Tube MTC • — ID Absorption
layer
only

5 Fiberglas 25 1 48 1.2 Tube MTC ------ 4 ------

6 Fiberglas 50 2 48 2.4 Tube MTC ------ 4 ------

7 Herco 34.2 i *é 658 22.5 Tube MTC ------ 2 ------

e Her co 50 2 658 33 Tube MTC ------ 2 ------

9 Petrical 37. 5 1 1/2 

3

567

576

22

43

Tube

Tube

■}

10 Petrical 75

niv,

MTC ------

o

3 ------

11 Durisol 75 3 560 42 Rev. Cham ,2 NRC Laying5 5A & 6A Absorption
layer
only

12 Durisol 75 3 560 42 Rev. Cham. NRC Standing 6B Absorption
layer f 
only

13 Durisol 81.3 3 1/4 98 Rev. Cham. NRC Laying 7A Complete
panel

14 Durisol 81.3 3 1/4 98 Rev. Cham. NRC Standing 7B Complete
panel

Notes : 1) see Reference 1
2) see Reference 2
3) Division of Building Research, National Research Council, Ottawa
4) Research Laboratory, Ministry of Transportation and Communications, Ontario
5) see Reference 2, Figure 1, Number 4

Table 2. Sound Absorption Coeffic ients.

"eoSSJ r i ­
m e n t

F r e q u e n c y Hz

N u m b e r 125 K 0 200 250 315 400 500 630 BOO 1000 1250 1 00 2000 2500 3100 4000 5000

1 ----- . . . 4 5 11 9 14 18 29 31 B3 9 67 57 39 — - -

2 ----- ----- 6 7 S i f 24 52 90 73 47 7 37 ----- ----- — —

3 ----- 25 22 32 56 79 92 77 55 46 50 7 70 73 76 — —

4 ----- ----- 25 36 55 78 94 70 52 44 58 2 57 ----- . . . - "

5 ----- ----- 7 9 20 14 14 24 29 42 53 8 80 ----- ----- - —

6 ----- ----- 10 16 21 30 33 46 59 70 79 9 92 ----- ----- —

7 ----- ----- 15 14 12 15 17 23 37 60 £9 5 70 - - — —

8 - - 9 13 IS 30 43 67 78 67 53 1 45 - - — —

9 - - - — — — 20 37 69 96 93 B 43 - - - -

10 - - 34 53 75 96 85 SO 40 33 41 1 64 - - —

11 0 . 1 6 0 . 1 7 0 . 4 7 0 . 5 6 0 . 1 5 1 . 0 6 1 . 0 7 0 . 9 7 0 . 8 6 0 . 8 6 0 . 9 0 0 96 0 . 9 0 0 . 8 6 0 . 9 1 0 . 9 6 1 .0 1

12 0 . 2 5 0 . 1 6 0 . 3 3 o u *-
> 0 . 3 4 0 . 3 7 0 . 3 9 0 . 4 7 0 . 5 9 0 . 6 9 0 . 7 8 0 .75 0 . 7 7 0 . 8 0 0 .80 0 .9 0 0 . 9 4

13 0 . 0 8 0 . 1 3 0 . 2 1 0 . 2 6 0 . 4 2 0 . 5 5 0 . 7 8 1 . 0 5 1 . 1 1 0 . 9 9 0 . 8 6 0 78 0 . 7 9 0 . 9 1 0 . 9 5 0 . 9 2 0 . 9 4

14 0 . 1 6 0 . 1 2 0 . 2 3 0 . 1 8 0 . 3 9 0 . 5 1 0 . 7 0 0 . 9 1 1.00 0 . 9 1 0 . 7 9 0 .70 0 . 7 3 0 . 8 6 0 . 9 2 0 .92 0 .40

The absorption coefficient is expressed in percent for measurements 1 through 10 and in sabines for the
r.easurements 11 through 14.
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Fig. | .  Absorption coeff ic ien t  of Durisol (absorbing layer, only) measured with 
standing wave tube.

Frequency, Hz

Fig. 2. Absorption coeff ic ien t of Herco Type 7I3 measured with standing wave 
tube.
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F ig . 3. A bsorp tion  c o e ff ic ie n t o f P e tr ic a l measured w ith  standing wave tube.
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F ig . 4. A bsorp tion  c o e ff ic ie n t o f F iberg las Type AF530, measured w ith  standing 
w ave tube.
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Fig„ 5. Absorption co e ffic ie n t o f Durisoî (absorbing layer, only): A - laid on floor 
in  the  re v e rb e ra n t room; B -  in  the s tand ing  wave tube.
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Fig. 6. Absorption co e ffic ie n t of Dur iso I (absorbing layer, only) measured in the 
reverberant room; A -  laid on floor; B -  free standing position.
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Fig. 7. Absorp tion  c o e f f ic ie n t  o f  Durisol ( com p le te  panel) m easu red  in th e  
r e v e r b e ra n t  room: A - laid on floor; B -  f r e e  s tand ing  position.
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