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RESEARCH PROJECT ON PLUMBING NOISE IN MULTI-DWELLING BUILDINGS
EXECUTIVE SUMMARY

MJM ACOUSTICAL CONSULTANTS INC. has been retained by the CANADA MORTGAGE
'AND HOUSING CORPORATION to conduct a research project on the noise produced by
plumbing installations in multi-dwelling buildings. The main objective of this study was to
investigate the acoustical performance of different plumbing installations using materials
and techniques readily available in the construction industry. Over two hundred seventy-
three (273) tests were conducted in the acoustical laboratories of the NATIONAL
RESEARCH COUNCIL OF CANADA (NRCC) in Ottawa under the supervision of Doctor

A.C.C. Warnock and under the direction of the undersigned.
The conclusions reached during this study are outlined in the paragraphs below.

- Using the ISO noise generator as a source, a variation of water pressure from 40 to
100 psi resulted in increases of 5, 7 and 9 dBA for pipe enclosure constructions of
wood stud, metal stud, or studless partition respectively. However, when different
faucets and water flows were used to generate plumbing noise, a 40 to 100 psi variation
in water pressure resulted in an increase of plumbing noise level reaching 14 dBA. One
must therefore conclude that in real installations, the water pressure is an important
factor in the production of plumbing noise which should be taken into account during

the design of plumbing system destined to multi-dwelling buildings.

- The results of the present study did not allow one to deduce that there would be a
clear advantage to using pipes of a certain diameter in order to reduce the

transmission of plumbing noise in multi-dwelling buildings.
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The material used to fabricate the pipes has an effect on the noise produced by the
water flow. For supply pipes, using plastic instead of copper resulted in an
approximate 5 to 10 dBA noise reduction when the pipes were fastened resiliently or
rigidly to the wood studs. When considering waste pipes however, copper and cast iron

are preferred to plastic by providing a 5 to 10 dBA additional noise reduction.

The pipe attachment seems to be the most important single factor which should be
considered during the installation of pipes and plumbing enclosures. It was
demonstrated that using a resilient material between the pipes and the structure of the
enclosure containing them resulted in an attenuation of the plumbing noise which could
reach 20 dBA. The technique which appeared to provide the best performance in
decoupling the pipes from the pipe enclosure structure was to insert, between the pipes
and the studs, a 3" long sleeve of Armaflex 1/2" thick; this material is a preformed
closed cell elastomer pipe insulation manufactured by Armstrong. The resilient pipe
fasteners manufactured by Ancon Inc. called "Acousto-plumb system" were also tested:
the noise isolation performance of these fasteners was revealed to be equal or inferior

to that provided by Armaflex sleeves depending on the diameter of the pipe.

For waste pipes, the absence of contact with the pipe enclosure is also very important:
the presence of contact between a pipe and the enclosure could lead to an increase of
6, 9, or 15 dBA depending whether the pipe was made out of cast iron, plastic, or

copper.

The maximum benefit obtained by inserting sound absorption in the plumbing enclosure
was approximately 5 dBA. This maximum was reached using cellulose fibre insulation
in a wall cavity where pipes were rigidly fastened to wood studs, and by placing batt
insulation in the cavity of partitions built with wood or metal studs, with pipes

installed resiliently using Armaflex sleeves.




Doubling the mass of the drywall of a pipe enclosure resulted in an improvement of 3

to 4 dBA regardless of how the pipes were fastened to the studs of the enclosure.

The use of resilient furrings increased the plumbing noise isolation provided by a wood
stud enclosure by approximately 6 to 10 dBA. Furthermore, the resilient furrings seem
to provide an additional protection by avoiding direct contact between the pipe and the

drywall of the pipe enclosure.

The presence of domestic low density styrene pipe insulation similar to Armaflex on
the entire surface of the pipe, instead of 3" long sleeves at the attachment point,
provided a significant noise reduction in the order of 6 to 8 dBA. In the case where
the pipes were installed with rigid contacts to the studs, and then covered with
insulation, the benefit of covering the pipe was in the order of 1 to 2 dBA, which is not

significant.

At maximum flow, a difference of only 3 dBA was noted between the average noise
level generated by the 5 faucets tested; this difference increased to 9 dBA with 1/2
of the flow and to 14 dBA with 1/4 of the flow. The quietest faucets tested were that
fabricated by Moen at maximum flow, and that fabricated by Waltec at 1/4 and 1/2 of
the flow.

The faucets measured in the study reacted differently to an increase of water pressure,
at a given flow rate. The maximum increase in noise level noted for a variation of
pressure between 40 to 100 psi is 14 dBA, ranking the water pressure among the more
important parameters influencing the production of plumbing noise. Also worth noting,

some of the faucets made more noise at 1/2 flow than at maximum flow.

Based on the results of this study, it appears that the following partition composition

should achieve the best cost versus plumbing noise reduction performance:




Wood stud construction

One layer of drywall mounted on resilient furrings on each side of 2" x 4" wood

studs, with batt insulation to fill the stud cavity.

Metal stud partition

Two layers of drywall on each side of metal studs with batt insulation in the stud

cavity.

Shaft wall

One layer of 5/8" drywall laminated to 1" core board.

TABLES 1 TO 5 - HOW TO USE THEM

Tables 1 to 5 of this summary establish a comparison between the performance of different
types of pipe attachment and partition composition. When looking at these tables, moving
from left to right, one will find the test numbers, a schematic representation of the pipe
enclosure, a description of the type of attachment (eg: 3 standard clamps, Armaflex
sleeves, etc.) the pipe material, diameter and the plumbing noise level measured in dBA.
(For a more detailed description of the partition and test results the reader is asked to use
the test number appearing at the extreme left of the table and to refer to ANNEX III.) At
the right of the table, on the other side of the grid, the attachment, pipe material,
diameter and measured level are duplicated. The numbers in the grid represents the
difference between the noise level obtained with the composition shown at the left of the
table and that shown at the right. When the number is positive, the assembly described on
the left is more noisy than that on the right, and vice versa. If you want to compare two
assemblies, proceed as indicated on the example located on the next page. A quick way
to verify that the table is being used correctly is to compare the value indicated in the grid
to that obtained by subtracting the measured overall dBA level on the left of the grid from

that appearing on the right: they should be the same.
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overall dBA level on the left of the grid from that appearing on the right: they should be

the same.

NOTE: When reading through the tables 1 to 5 of the executive summary, the presence
of a black square in lieu of data indicates that it is suspected that an

experimental error occured during the tests, which renders the validity of the

results questionable.

EXAMPLE:
:
These assemblies
have the same
composition
METAL STUO WALL - \
v "0 contact COPPER Z N 4o|
'i WITH DRYWALL
14.3.1 NO CONTACT COPPER 2 IN. 40
WITH DRYWALL NO CONTACT CAST TRON 3 IN. 2
WITH DRYWALL
14.3.2 NO CONTACT CAST IRON 3 IN. 3 -7 ]
WITH DRYWALL N0 CONTACT COPPER 21, 3
WITH DRYWALL
18.3.1 NO CONTACT COPPER 2 IN, s -5 3 -0
[ WITH DRYWALL NO CONTACT CAST IRON 3 IN. s ]
. 3. ! NO CONTACT CAST JRON 3 IN. 29 -n -3 -6
15.3.2 WITH DRYWALL NO CONTACT COPPER 2 N, k'Y
'S WITH DRYWALL
]
16.3.1 :ﬂ;ﬂﬂ'ﬂ COPPER 2 IN. 34 6 3 — s 1] MO CONTACT ST 180N 3 IN. 2
WITH DRYWALL
Y
16.3.2 NO CONTACT CAST IRON 3 IN. 27 -12 -5 -8 - -7 ']
WITH DRYWALL

This wvalue 1is the difference
between the noise produced by the
assembly described to the left and
that described to the right of the
grid, i.e. 2" copper pipes are 5 dBA
noisier than 3" cast iron pipes.




DOMESTIC WATER SUPPLY PIPES

3 STD CLAMYS COPPER k2l
134 ISTOCLAPS COPPER 71 o IN WOOD STUD PARTITIONS
3 STD CLAMPS  PLASTIC 59
NOTE: WATER PRESSURE= 40 PSI.
1.12.4 3 STD CLAMPS  PLASTIC 59 -12 0 . PIPE DIAMETER= 1/2"
AUFLEX  COPPER S SOURCE OF NOISE= ISO
1.6.4 ARMAFLEX COPPER 51 -20 -8 0
ARMAFLEX PLASTIC 46 -
1.15.4 ARMAFLEX PLASTIC 46 =251 -13 -5 [+] ‘
ACOUSTOPLUM COPPER 56
1.9.4 ACOUSTOPLLM COPPER 56 -15f -3 5 10 0
FELT SLEEVE COPPER 61
1.18.2 FELT SLEEVE COPPER 61 -10 2 10 15 5 ]
CORX SLEEVE COPPER 66
1.2%.2 CORK SLEEVE COPPER 66 -5 & 14 20 10 s 0
WRAPPED INS. COPPER 45
1.42.4 WRAPPED INS.  COPPER 45 -26f -14 -6 -1 ~11 | -16 | -28 )
3 STD CLAMPS  COPPER 64
2.1.4 3 STD CLAMPS  COPPER 64 -6 5 13 18 3 3 -1 19 [+]
3 STD CLAMPS  COPPER 70
3.2.2 3 STD CLAMPS  ~COPPER 70 -1 11 19 24 14 9 S 25 6p O
’ ARMAFLEX COPPER 48"
3.4.2 ARMAFLEX COPPER 48 -23| -1 -3 2 -8 -13 | -7 3] -16) -22 0
3 STD CLAMPS  COPPER
4.2.2 3 STO CLaMPS  COPPER 61 -10 2 10 15 5 -0 -5 16 -3 -9 13 [}
ARMAFLEX COPPER 4
4.4,2 ARMAFLEX COPPER 41 -30f -18 -10 -5 -151 -20 | -25 -4 | =23 -29 -7 | -20 0
3 STO CLAMPS  COPPER 68
5.2.2 3 STD CLAMPS  COPPER 68 -3 9 17 22 12 7 2 23 4 -2 20 7 27 0
ARMAFLEX COPPER 48
5.4.2 ARMAFLEX COPPER 48 =23} -1 -3 2 -84 -13%§-17 3|16 -22 0 [-13 71 -20 h]
3 STD CLAMPS  COPPER 66
6.2.2 3 STD CLaMPS  COPPER 66 -5 7 15 20 10 5 0 1 2 -4 18 5 25 -2 18 ] \
ARMAFLEX COPPER 45
6.4.2 ARMAFLEX COPPER 45 -25| -1 -6 -1 -10§ -16 | -20 0| -9 -2 -3 | -1 4 | -22 -3 -21 0
3. STD CLAMPS  COPPER 54
7.2.2 3 STD CLAMPS  COPPER 54 -7 -5 3 8 -2 -7 ] -12 9411} 16 6 -7 13| 14 6| -12 8 o
‘ ARMAFLEX COPPER 39
7.4.2 ARMAFLEX COPPER 39 -32} -20} -12 -7 | 17| =22} -27 -6 1 -25}) -3 -9 1-22 2| -28 -9 1 -27 -6 | -18 9 | =
. | EXECUTIVE SUMMARY TABLE NO.1 90/09




WASTE PIPES IN WOOD PARTITIONS

o MO CONTACT COPPER 2 IN. 35
1.22.2 NO CONTACT COPPER 2 IN. 35 0 HITH ORYWALL
WITH DRYWALL .
NO CONTACT PLASTIC 2 IN. 42 NOTE: SOURCE OF NOISE= SINK EMPTYING
WITH DRYWALL
1.22.4 ( NO CONTACT  PLASTIC 2 IN, 42 7] o
HITH DRALL PIPE CONTACT ~ COPPER 2 IN. 49 \
WITH DRYVWALL
1.22.6 PIPE CONTACT  COPPER 2 IN. 49 wi 7] o0 \
HITH DRYWALL PIPE CONTACT  PLASTIC 2 IN. 51
WITH DRYHALL
1.22.8 PIPE CONTACT  PLASTIC 2 IN. S 6| 9| 2] o
WITH DRYWALL N0 CONTACT COPPER 2 IN. 33 N
o h WITH DRYWALL
3.5.2 NO CONTACT  COPPER 2 IN. 33 2| 9lasle] 0
WITH DRYWAL!
0 \ 1T DRYHALL NO CONTACT  PLASTIC 2 IN. &1
WITH DRYWA
3.5.4 NO CONTACT  PUASTIC 2 IN. 41 6 1| -8l a]o TTH DRALL
WITH DRYWALL PIPE CONTACT  COPPER 2 IN. @8
o WITH DRYWALL
1.5.6 PIPE CONTACT ~ COPPER 2 IN. 48 7] o t
HITH DRYALL PIPE CONTACT  PLASTIC 2 IN. 49
WITH DRYWALL
3.5.8 PIPE CONTACT  PUSTIC 2 IN. 49 w| 2] o 2w | 8| 1] o
’ HITH ORYWALL NO CONTACT COPPER 2 IN. 30
- WITH DRYWALL
1.5.2 NO CONTACT ~ COPPER 2 IN. 30 slazfae|2r |3 jasfas] o
HITH DRYALL NO CONTACT  PUASTIC 2 IN. 38
WITH DRYHAL
a5 NO CONTACT  PUSTIC 2 IN. 38 3 a3 | s}alaojn| s o ORYHALL
WITH Al
1TH ORYWALL / PIPE CONTACT  COPPER 2 IN. 38
7] WITH DRYWALL
1.5.6 PIPE CONTACT  COPPER 2 IN. 38 3] wf{-vj3] s|al-wfn| a] of o !
HITH DRYWALL NO CNTACT  COPPER 2 IN. 34 \
....... WITH DRYWALL
5.5.2 O CONTACT ~ COPPER 2 IN. 34 al s|-wlas] 1| 8]aa)as) 3] 5] 5| 0 ! . \
WITH ORYWALL NO CONTACT PLASTIC 2 IN, 42
WITH DRYWALL
5.5.4 NO CONTACT  PUASTIC 2 IN. 62 7| 0] 8f{-10] 9| of 6| 8] n| 3| & 8] o
W YWALL
1™ OR NO CONTACT  COPPER 2 IN. 3
6.5.2 NO CONTACT ~ COPPER 2 IN. 31 al nlasl-o] 20| ar]as|l 1] 2| 2] 2f-0] 0 HITH DRYHALL
W
TTH DRYWALL NO CONTACT PLASTIC 2 IN. 36
6.5.4 NO CONTACT  PLASTIC 2 IN. 36 1] 6|-a|as| 3| -s|-2]-s] 6] 2] 2] 3| 6] s| o HITH DRYWALL
WITH DRYWALL NO CONTACT  COPPER 2 IN. 29
WITH DRVWALL » ‘
7.5.2 MO CONTACT  COPPER 2 IN. 29 o) -3f-20] 23| 4]as{ae]-aa] a)lof 9] s|3] 3] 7] o0 ' :
WITH DRYWALL N ONTACT  PLASTIC 2 TN. 34
WITH DRYWALL
1.5.4 NO CONTACT  PLASTIC 2 IN. 34 al slaslaz | ] | e as| oaf a4l 4 ] 2 3] 2] s]| o
WITH DRYWALL

|
} EXECUTIVE SUMMARY

TABLE NO.2
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WASTE PIPES IN WOOD PARTITIONS

NOTE: SOURCE OF NOISE= TOILET FLUSH

womer  ostwnaw [
WITH DRYWAL
1.22.1 wommcr st w3 . i -
WITH DRYWALL
NO CONTACT PUSTIC 3 IN. &4
n22.3 NOCONTACT  PLASTIC 3 IN. 4 B - HITH ORvALL
HETH DRYIALL PIPE CONTACT  CAST IRON 3 IN. 37 \
: = WITH DRYAALL
1.22.8 PIPE CONTACT  CAST IRON 3 IN, 37 B - o
HITH DRvvALL ) PIPE CONTACT  PUASTIC 3 IN. 47
WITH ORVHALL
(=X PIPE CONTACT  PLASTIC 3 IN, 47 B s ol o
HITH DRYIALL WO CONTACT CAST tRON 3 tN. 31
HITH ORYMALL
2.2 NO CONTACT  CAST IRON 3 IN. 3 W 2| s|-6] o
WITH DRYWALL MO CONTACT ~ PLASTIC 3 IN. 39
WITH DRYWALL
2.5.3 MO CONTACT  PLASTIC 3 N, 39 B s| 2 o] e
WITH DRYWALL NO CONTACT CAST IRON 3 IN. n
WITH ORYWALL
EX ] WO CONTACT  CAST IRON 3 IN. 31 W s|-6]
WITH DRYWALL MO CONTACT PLASTIC 3 IN. 40
NITH ORYWALL
.53 N0 CONTACT PUSTIC 3 IN. 40 W o« 3| 2§ of 1] 0] o
WITH ORYWALL PIPE CONTACT  CAST IRON 3 IN. 37
WITH ORYWALL
155 PIPE CONTACT  CAST IRON 3 IN. 37 . 7 of-wf s -2] & -3f o —
WITH ORYWALL | PIPE CONTACT  PLASTIC 3 IN. . 43
WITH ORYWALL
3.5.7 PIPE CONTACT  PLASTIC 3 ™. 43 .’ ) 6f -af 12| «f 2| 2| &} o
WITH DRYWALL H NO QONTACT CAST IRON 3 IN.
WITH DRYRALL
[RX] N0 CONTACT CAST (RON 3 IN. 31 B! s 2] e of0] sf2| o
WITH DRYWALL MO CONTACT  PUASTIC 3 IN. 40
} WITH ORYWALL
053 MO CONTACT  PUASTIC 3 IN. 40 -{ b 3f a7t 9| af ef | 3f 3] ef o
WITH ORYWALL PIPE CONTACT  CAST TRON 3 IN. 32
! WITH DRYWALL
4.5.5 PIPE CONTACT  CAST IRON 3 IN. 32 -‘ 12 -5 18 1oy 2| -8} 5| -n 2] -8 0
WITH DRYMALL MO CONTACT EORLERNN |
5. WITH DRYWALL
.5.1 NO CONTACT T IRON .
coon B AR E NS0
WITH DRYWALL NO CONTACT PUSTIC 3N, @ \
{ WITH DRYMALL
5.5.3 NO CONTACT PUSTIC 3 IN. 43 W | os] -« 2| af 2] 2] 6| of 2] 3| n B
WITH DRYWALL PIPE CONTACT CAST IRON 3 IN. 35 \
WITH ORYWALL
5.5.5 PIPE CONTACT  CAST IRON 3 IN. 35 W o 2|-2| of o o 5| 2| | o] 5| 3 B =]
WITH DRYWALL NO CONTACT ~ CAST IRON 3 IN. 30
WITH DRYWALL \
6.5.1 MO CONTACT  CAST fROW 3 IN. 30 W] 7] af 9 ol ]3] a0l 2 Bl s| o
WITH DRYWALL MOCONTACT  PUSTIC 3 IN. 38 \
WITH DRYWALL
6.5.3 NO CONTACT PLASTIC 3 [N, - -6 1 -9 7 -1 7 -3 1 -5 7 -2 [ . - 3 8 0
WITH DRYWALL NO CONTACT CAST 1RON 3 IN. ]
WITH DRYWALL
7.5 NO CONTACT OAST IRN 3 IN. 29 W] o] 2[-0] 2] 2] 8[-14] 2[n] & R R R B
WITH ORYWALL WO CONTACT  PUASTIC 3 TN, 38
- WITH DRYMALL
1.5.3 N0 CONTACT PLSTIC 3 IN. 38 B os| | s| 1|} 9| 3] 1] s} 7] 2] s . -1 3] 8 0] 9| ¢
WITH DRYRALL ]

EXECUTIVE SUMMARY

TABLE NO.3
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DOMESTIC WATER SUPPLY PIPES
IN METAL STUD PARTITIONS
NOTE: WATER PRESSURE = 40 PSI.

PIPE DIAMETER= 1/2"

SOURCE OF NOISE= ISO

RUNNING HORIZ. COPPER 1/2 IN. 62 -
PLASTIC SLEEVE

(14.1.4 RUNNING HORIZ.

0 RUNNING HORIZ. COPPER 1/2 IN. 53

| COPPER 1/2 IN. 62
PLASTIC SLEEVE ARMAFLEX SLEEVE

14.2.4 ’ RUNNING HORIZ. COPPER 1/2 IN. 53 -9 0 RUNNING HORIZ. COPPER 1/2 IN. 59

| ARMAFLEX SLEEVE PLASTIC SLEEVE

15.1.4 RUNNING HORIZ. COPPER 1/2 IN. 59 -3 6 0 RUNNING HORIZ. COPPER 1/2 IN. 48
PLASTIC SLEEVE ARMAFLEX SLEEVE )

15.2.4 | RUNNING HORIZ. COPPER 1/2 IN. 48 -4 -5 | -1 0 RUNNING HORIZ. COPPER ~ 1/2 IN. 58
ARMAFLEX SLEEVE PLASTIC SLEEVE

16.1.4 | | RUNNING HORIZ. COPPER 1/2 IN. 58 -4 51 - 10 0 RUNNING HOR1Z. COPPER /2 I 46

| PLASTIC SLEEVE ARMAFLEX SLEEVE
16.2.4 | RUNNING HORIZ. COPPER 1/2 IN. 46 17y -8 }-14 | -2 |-13 0

ARMAFLEX SLEEVE

EXECUTIVE SUMMARY
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WASTE PIPES IN METAL STUD PARTITIONS

NOTE: SOURCE OF NOQISE= SINK EMPTYING

NO CONTACT COPPER 2 1IN. 40
WITH DRYWALL

| 14.3.1 NO CONTACT COPPER 2 IN, 40 0
WITH DRYWALL NO CONTACT CAST IRON 3 IN. 32
WITH DRYWALL
14.3.2 NO CONTACT CAST IRON 3 IN. 32 -7 0.
; WITH DRYWALL NO CONTACT COPPER 2 IN. 35
. / WITH DRYWALL
15.3.1 RN NO CONTACT COPPER 2 IN. 35 -5 3 -0
WITH DRYWALL NO CONTACT CAST IRON 3 IN. 29
- WITH DRYWALL
15.3.2 NO CONTACT CAST IRON 3 IN. 29 -1 -3 -6 0 -
WITH DRYWALL NO CONTACT COPPER 2 IN. k)
. WITH DRYWALL
16.3.1 NO CONTACT COPPER 2 IN. 34 -6 2 -1 5 0
WITH DRYWALL NO CONTACT CAST IRON 3 IN. 27
WITH DRYWALL
16.3.2 NO CONTACT CAST IRON 3 IN. 27 ~-12 -5 -8 -2 -7 1}
WITH DRYWALL

EXECUTIVE SUMMARY

TABLE NO.5 90/09
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1.0

RESEARCH PROJECT ON PLUMBING NOISE IN MULTI-DWELLING BUILDINGS

INTRODUCTION

MJM ACOUSTICAL CONSULTANTS INC. has been retained by the CANADA
MORTGAGE AND HOUSING CORPORATION to conduct a research project on the
noise produced by plumbing installations in multi-dwelling buildings. This report
outlines the results of over two hundred seventy-three (273) measurements which
were performed during the study with different plumbing installations and operation
parameters. All the tests were conducted in the acoustical laboratories of the
NATIONAL RESEARCH COUNCIL OF CANADA (NRCC) in Ottawa under the

supervision of Doctor A.C.C. Warnock and under the direction of the undersigned.

The results of all the measurements performed are tabulated in ANNEX III of this
report in the form of octave band sound pressure levels, and broadband "A" weighted
levels. This ANNEX also contains a graphic representation of the plumbing

installations tested, complete with the description of:

the partition or plumbing shaft containing the pipes tested,

- the pipe material (copper, cast iron, or plastic),

- the pressure at which the tests were performed (40 to 100 psi),

- the type of attachment used to fasten the pipe to the plumbing shaft (solid
or resilient, contact or no contact with the shaft),

- and the source used to generate plumbing noise (ISO source, faucet, sink

emptying, toilet flush).




2.0

The numbering appearing in ANNEX III to designate all the installations tested is
used throughout the report as a reference to give access to the complete

information concerning the plumbing assembly being discussed.

OBJECTIVES OF THE STUDY

The study was planned and conducted to simulate plumbing installations in real

situations. The two main objectives of the study were:

1) To provide builders and construction professionals with practical information
on the acoustical performance of different pipe types, pipe shaft

compositions, and pipe installation techniques.

2) To provide acousticians with reliable acoustical data which could allow them

to deduce the insertion loss which could result from:

a) adding or deleting materials as part of the composition of pipe shafts;
b) installing pipes made out of different materials;
c) modifying the pipe installation techniques by using resilient materials

to fasten pipes to the structure of the building.
d) varying the operating parameters such as pressure and flow through

pipes and plumbing appliances, etc.

The builders and construction professionals should find most of the information
which should be of interest to them in the EXECUTIVE SUMMARY at the beginning
of the report, in SECTION 3.0 below entitled "ANALYSIS OF THE RESULTS", and

in ANNEX I and II which contain the graphs and tables pertaining to this section.

Acousticians and readers interested in the complete results of the measurements
performed and in the methodology used will refer to ANNEX III and IV. As

previously mentioned ANNEX III presents the complete data pertaining to all the °

2




3.0

tests performed during the present study. ANNEX IV contains a description of the
methods used to build the partitions around the pipes, to vary the pressure in the
supply pipes without generating parasitic noise, to fasten the pipes while maintaining
consistency throughout the study and all pertinent information relative to the noise
measurement methods and techniques; the information contained in this annex has

been prepared by Doctor A.C.C. Warnock of the NRCC.
ANALYSIS OF THE RESULTS

In the past five years, MJM ACOUSTICAL CONSULTANTS INC. has been involved
in the noise isolation of several thousands of condominium units constructed in the
Montreal area. It was our experience and the experience of others that the main
factors influencing the transmission of plumbing noise from one dwelling to another

were:

- the pressure, and the flow of the water inside the pipes and faucets;

- the material used to fabricate the pipes;

- the diémeter of the pipes;

- the amount of mechanical coupling between the pipes and the pipe enclosure
(wall, ceiling or shaft)

- the sound transmission loss of the membranes composing the pipe enclosure;

- the presence of sound absorption in the cavity of the pipe enclosure.

The different plumbing assemblies tested in this study were selected in an endeavour
to determine the contribution of each of these factors in the production and
transmission of plumbing noise. Our findings and conclusions appear in the
paragraphs below. The graphs and tables pertaining to the text are referenced in

the right margin.




3.1 WATER PRESSURE IN SUPPLY PIPES

Typically, the water pressure in the water supply pipes
of most buildings located in urban areas of Canada
varies between 40 to 100 pounds per square inch (psi).
A number of tests have been performed in this study at
pressures of 40, 60, 80 and 100 psi in an attempt to
quantify the influence of this parameter combined with
other factors such as pipe diameter, composition,

attachment, etc.

Typically the average noise level increase measured ANNEX II
with varying the water pressure in pipes from 40 to 100 table 1
psi, using the ISO noise generator as a source, is as

follows:

- 5 dBA for pipes running in wood stud wall
construction with the pipes attached at 3 points

along the studs;

- 7 dBA for pipes inserted in metal stud partition
when they run horizontally through the stud

punch holes;

- 9 dBA for pipes running vertically in studless
shaft wall partitions with no contact between the

pipes and the partition.

The above 5, 7 and 9 dBA average noise level increases

with the increase of water pressure did not seem to be

4




significantly affected by the pipe diameter, the pipe
material, the type of attachment used, nor the presence
of glass fibre insulation in the partition cavities.
However, important noise variations were noted during
tests involving different faucets at specific water flow
rates (refer to article 3.7.2 for more details concerning

the effect of varying the pressure using faucets).

Finally, using the ISO source, one could note that with
one exception (1" diameter plastic pipe attached with
standard clamps) the plumbing noise levels measured
increased smoothly and gradually at all frequencies as

the pressure was increased.

PIPE DIAMETER IN SUPPLY PIPES

Several tests have been performed in order to establish
the effect of pipe diameter on the transmission of
plumbing noise. The measurements were made on pipes
of diameters varying from 1/2" to 2", installed in
different operating conditions. The comparative results
of these measurements appear in table 2 of ANNEX II
of this report. This table describes the context in which
the pipes were installed and operated, the overall "A"
weighted Sound Pressure Level (SPL) measured with a
water pressure of 40 and 100 psi and the arithmetic
average of these two SPL for each pipe diameter. Also
appearing on this table is the maximum difference in
decibels which was obtained by subtracting the SPL

obtained for the smaller pipe diameter from that

5
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obtained for the larger diameters. Negative values in
the column entitled "Max Difference in dBA indicates
that the smaller diameter produced less noise than the
larger diameter. The lack of consistency in the results
appearing in table 2 of ANNEX II and graphs 2A and 2B
of ANNEX I does not allow one to deduce that there
would be a clear advantage to use pipes of a certain
diameter to reduce the transmission of the plumbing

noise.

PIPE MATERIAL

Supply pipes

Most of the supply pipes presently installed in multi-
dwelling buildings are fabricated with copper. However,
plastic supply pipes of various diameters are also
available on the market. As can be seen by looking at
graphs 3A, 3B, 3C and 3D of ANNEX I, the use of
plastic pipes resulted in lower plumbing noise
transmission. The benefit provided by plastic pipes is in
the order of 10 dBA when the pipes are fastened to
wood studs with standard clamps and 5 dBA when an
armaflex sleeve is inserted between the pipe and the

wood stud.

Waste pipes
Depending on the codes applicable in different
municipalities, plastic, copper or cast iron waste pipes

are used in multi-dwelling buildings.

ANNEX I
graphs 2A, 2B

ANNEX I
graphs 3A,
3B, 3C, 3D




Waste pipes with diameters smaller than 2" are usually
fabricated with plastic or copper. With a sink emptying
as a noise source, a 2" plastic waste pipe produced
sound pressure levels consistently higher than those
measured with a copper waste pipe of the same
diameter. The benefit to be reaped by using copper
instead of plastic for waste pipes varies between 5 to
8 dBA when there is no contact between the pipe and
the plumbing enclosure. This benefit drops to 2 dBA
when the pipes are in direct contact with the partition
in which they are located (the influence of the contacts
between the pipes and the plumbing enclosures will be

discussed in article 3.4.4 further in this report).

Waste pipes with diameter of 3" or larger are ususally
fabricated with cast iron or plastic. When there is no
contact between the waste pipe and the enclosing
partition the results of this study indicates that the use
of cast iron pipes will provide a noise reduction
performance 8 to 10 dBA superior to plastic pipes using
a toilet flush as a source of noise. When there is a
contact with the plumbing enclosure the cast iron pipes
provide a noise reduction 6 to 10 dBA superior to that

of the plastic pipes.

PIPE INSTALLATION

It is the author's experience that, unless otherwise

specified, pipes are fastened directly to the building

ANNEX II
table 3

ANNEX II
table 4




structure using standard copper clamps or copper

strapping.

In this study, several methods of fastening the pipes to
the walls which contain them were investigated. The
mechanical decoupling provided by different resilient
materials inserted between the pipes and the studs was

quantified.

Supply pipes attachment - wood stud wall

Tests were conducted on sleeves made out of 1/2" thick
closed cell elastomer pipe insulation (Armstrong
Armaflex), 1/2" thick felt and 1/8" cork. These sleeves
were used in conjunction with oversized clamps to
resiliently fasten the pipes to one of the wood studs
composing the wall structure. A manufactured resilient
pipe fastener called "Acousto-plumb" was also tested.
The attenuations obtained with the resilient mounts
compared with standard clamp attachment for pipes of

1/2", 3/4" and 1" diameter are summarized as follows:

ARMAFLEX : 15 to 19 dBA
FELT : 9 to 16 dBA
ACOUSTO-PLUMB : 13 to 15 dBA
CORK : 5to 8 dBA

Fastening the pipes to the studs using an Armaflex
sleeve 1/2" thick, 3" long, appeared to be the most

efficient way to reduce the noise transmitted
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mechanically to the pipes enclosure through the pipe
attachment. It is worth noting that Armaflex is
inexpensive, easily available, easy to cut, resistant to

moisture; it also comes preformed to fit pipes of various

diameters.

The noise isolation performance of felt sleeves degraded
as the diameter of the pipe was smaller. It is the
author's opinion that the ability of felt to absorb and
retain moisture makes it unfit to be used as a cold

water pipe fastener.

Acousto-plumb is a well presented resilient pipe
fastener system whose noise isolation performance was
equal or inferior to that provided by Armaflex sleeves
depending on the diameter of the pipe. Although this
product might present advantages related to ease of
installation, it is not recommended to pay a premium

for its use on the basis of acoustical performance alone.

Supply pipes attachment - metal studs walls

A plastic sleeve is generally inserted in the punch holes
of metal studs to avoid copper/steel contact while
passing supply pipes in a metal stud partition.
Replacing the plastic sleeve with an Armaflex sleeve
resulted in a plumbing noise reduction of 9 to 13 dBA.
However it is important to note that one must bend the
sharp edges of the stud punch holes in order to avoid

contact that, with time, may cut through the Armaflex

EXECUTIVE
SUMMARY
table 4




allowing direct contact to develop between the stud and

the pipe.

Supply pipes attachment - shaft walls

As a general rule the pipes which are located in shaft
walls are the main risers of 1 1/2" or 2" in diameter,
which are supported exclusively from the floors of the
building. ¥ No measurements were made to study

alternate attachment methods.

Waste pipes installation - 2" and 3" diameter

Ideally the vertical sections of waste pipes should be
installed to be free standing in the pipe enclosure cavity
with no contact with the studs or drywall. In reality
however, poor workmanship and/or misalignment of
pipes results in one or more contact with the pipe
enclosure. Attempts were made to quantify the effect
of such contacts by inserting a wood wedge between the

pipe and the enclosure tested.

Waste pipes having a 2" diameter are usually connected
to appliances generating no solid waste such as sinks,
baths, etc. These pipes are fabricated with copper or
plastic. Using a sink emptying as a source of noise, the
increase of transmitted plumbing noise was in the order
of 15 dBA when a wood wedge was inserted between the
drywall composing the pipe enclosure and the 2" copper
pipe being tested. The wedging of a plastic pipe of
same diameter resulted in an increase of 8 to 9 dBA;

however the noise level transmitted was higher with the
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plastic pipe. Finally for a partition built with resilient
furrings, the presence of contact between the copper
pipe and the furrings resulted in an increase of the noise

in the order of 8 dBA compared to no contact.

Waste pipes having a 3" diameter and over are usually
used as main waste collectors. Using a toilet flush to
generate noise, the same experiments as described
earlier with the 2" pipes were conducted on cast iron
and plastic pipes. One must note that the noise levels
measured in some of the experiments involving cast iron
pipes were very close to the background noise of the
laboratory in some third-octave bands. In addition, due
to inadequate pipe installation, the data collected
during tests nos 1.22.1 and 5.5.1 could not be used.
Consequently, it is the author's opinion that the
quantitative information contained in the following
paragraph and in table 7 of ANNEX II should be

confirmed with further experiments.

With cast iron pipes, the presence of contact with the
drywall of the enclosure resulted in an increase of
approximately 6 dBA in the noise produced by a toilet
flush; when the pipe enclosure was built with resilient
furrings, a contact between the resilient furring and the
pipe resulted in an increase of only 2 dBA. For plastic
pipes the presence of contact with drywall resulted in

an increase of the noise level in the order of 3 dBA.
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In most construction sites one can find waste pipes
running horizontally inside wall cavities. These pipes
sometimes need to be secured to the studs.
Unfortunately this specific configuration was not

measured during the present study.

PARTITIONS CONTAINING PLUMBING

In most multi-dwelling buildings the interior partitions
of the dwellings are used to route the pipes. In general
these partitions are constructed with the strict
minimum: a layer of drywall on each side of wood or
metal studs. Several tests were conducted on different
wall compositions made with material and techniques

readily available in the construction industry.

NOTE:

Since many of the noise measurements made with the
waste pipes were close to the background noise of the
laboratory, it was decided not to use them to establish
the noise isolation performance of the partitions
containing plumbing. Instead, only the results of the
measurements made with the supply pipes and the ISO
noise generator for which the signal to noise ratio was

high, were used.
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.1 Wood stud construction

.1 Sound absorption in the cavity

The effect of filling the pipe enclosure cavity with

a sound absorptive material was assessed by making

measurements when the cavity was empty and when

it contained insulation. These measurements were

made for different pressures, pipe diameters, pipe

enclosure compositions, and pipe attachments.

The insertion of cellulose fibre insulation in a
wood stud wall cavity resulted in a reduction of
the plumbing noise in the order of 5 dBA when

the pipe was rigidly fastened to the studs.

The insertion of batt insulation to fill a wood
stud cavity in which the pipes are fastened
rigidly with standard clamps resulted in an
improvement of 1 to 4 dBA. With the pipes
fastened with Armaflex sleeves, filling the cavity
led to an improvement of 3 to 5 dBA compared

to an empty cavity.

Finally, in metal stud construction, filling the
cavity using batt insulation provided an
additional noise isolation of 3 to 4 dBA when the
pipes were supported by plastic sleeves, and

5 dBA when resiliently mounted.
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2

.2 Doubling the mass of the drywall

Doubling the mass of the drywall resulted in an
improvement of 3 to 4 dBA regardless of how the

pipes were fastened to the studs of the enclosure.

Resilient furrings

The installation of resilient furrings seems an
efficient way to increase the isolation provided by
a wood stud enclosure, by decoupling the drywall
from the studs to which the pipes are attached.
When the pipes are fastened rigidly, the insertion of
resilient furrings between the studs and the drywall
provided a noise reduction in the order of 6 to

10 dBA.

Inserting a resilient furring between the drywall and
the studs of a pipe enclosure proved to be 5 dBA

superior to doubling the drywall.

Metal stud partitions

1

Sound absorption in the cavity

Adding batt insulation in a metal stud wall
enclosure containing pipes provided an additional
plumbing noise reduction of 3 to 5 dBA depending

on the pipe attachment.
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.2 Doubling the mass of the drywall
Doubling the mass of the drywall of the pipe

enclosure increased the noise reduction by 1 or 2

dBA.

3 Shaft wall

Studless shaft walls having a 1 hour and 2 hour fire
resistance were also part of this study. The shaft walls
tested were selected because they were thought to be
the most inexpensive to construct. The results of the
tests showed that the difference in the noise reduction
offered by these shafts is 1 to 6 dBA in favour of the
2 hour shaft.

3.6  ADDING PIPE INSULATION AROUND SUPPLY PIPES

For many builders, covering the pipes completely with
domestic styrene insulation or Armaflex appears to be
an effective mitigation measure to reduce plumbing
noise. This method was tested in both wood stud and
metal stud construction. In the wood stud construction
the styrene insulation was first wrapped around the pipe
and then fastened to the wood studs using oversized
clamps. The presence of insulation on the entire
surface of the pipe instead of 3" long sleeves at the
attachment points provided a significant additional noise

reduction in the order of 6 to 8 dBA.
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In the other case the pipes were first installed through
the metal stud punch holes using plastic sleeves and
then wrapped with insulation. The benefit with this
installation method is in the order of 1 to 2 dBA since
most of the sound energy was transmitted mechanically
from the pipe to the partition through the rigid contact

between the pipe and stud.

3.7  NOISE PRODUCED BY FAUCETS

Five manufacturers out of the six who were invited
provided a single lever faucet of comparable price for
noise evaluation. The name of the manufacturers who
agreed to participate are, in alphabetical order:

- American Standard

Crane

Delta

Moen

Waltec

The exact nomenclature of the faucets tested appear in
ANNEX IV of this report. For those who wish to
compare prices, it was suggested by the manufacturers
that the All Priser Catalog should be used as a

reference to evaluate the cost of the faucets.

.1 Comparison between faucets
The faucets were all tested at 1/4, 1/2 and
maximum flow for pressures of 40, 60, 80 and 100

psi. At maximum flow, there was only a 3 dBA
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difference between the arithmetic average of the
noise levels generated by the faucets tested at
these pressures. This difference went up to 9 dBA

at 1/2 flow and to 14 dBA at 1/4 flow.

The quietest faucets were the Moen at maximum

flow and the Waltec at 1/4 and 1/2 flow.

Faucet noise vs water pressure

The influence of water pressure for different flows
was also assessed for each faucet. For a given flow
and faucet, varying the pressure between 40 to
100 psi resulted in an increase of noise level ranging
from 5 to 14 dBA. This increase is considerably
higher than the variations noted using the ISO noise
generator. Therefore when recommending plumbing
system noise control for real situations, the water
pressure must be ranked among the more important

parameters to consider.

Faucet noise vs water flow

The average noise produced with 1/4, 1/2 and
maximum flow varied from 3 to 13 dBA depending
on the faucet being tested. The noise produced by
Delta and Waltec faucets increased with the flow of
water. This was not observed with the other
faucets: the faucets manufactured by Moen, Crane
and American Standard produced highest noise

levels at 1/2 flow.
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3.8  SIMULATING REAL SITUATION

The author ran an evaluation of the plumbing noise ANNEX I
which could be transmitted to a room having absorption graph 7B
characteristics approaching that of a typical bedroom
with one of its walls containing the plumbing set-ups
tested in this study. For supply pipes, this evaluation
was made by combining the average of the five faucet
noise level curves appearing on graph 7B with the data
obtained for different partitions and attachment
involving copper and cast iron pipes, and the absorption
measured in the NRC reverberation chamber. In the
case of waste pipes the sources used were a sink

emptying and a toilet flushing.

.1  Wood construction

For a plumbing system made out of copper and cast ANNEX I
iron, the noise generated by supply pipes seems graphs 8A, 8B
more important than that generated by the waste ANNEX II
pipes. With pipes attached with Armaflex in a tables 11, 12

partition constructed of one layer of drywall
mounted on resilient furrings on each side of

2" x 4" wood studs and batt insulation in the cavity,
the plumbing noise levels transmitted should be
below the average Canadian home ambient noise
level measured in the absence of human activity

during a study conducted by the NRCC1 in

1. Bradley, J.S.: "Acoustical Measurements in Some Canadian

Homes", Canadian Acoustics, Vol. 14, No 4, pp. 24-26.

18




600 homes across Canada. This composition seems
to be the most appropriate for wood stud partitions

containing plumbing.

.2 Metal stud partition

With resiliently mounted pipes it appears that, to ANNEX 1
reduce plumbing noise to levels approaching or graphs 8C, D
below the average Canadian home ambient noise ANNEX II
levels, the following metal stud partition tables 13, 14

composition would be required: 2 layers of drywall
on each side of metal studs with batt insulation to

fill the stud cavity.

.3 Shaft wall

The minimum fire rated shaft wall composition ANNEX 1
seems adequate to reduce the noise produced by graph E
waste pipes to levels below the average canadian ANNEX II
home ambient noise level. table 15

4.0 CONCLUSIONS

The conclusions reached during this study are outlined in the paragraphs below:

1 Using the ISO noise generator as a source, a variation of water pressure from
40 to 100 psi resulted in increases of 5, 7 and 9 dBA depending on the pipe
enclosure construction: wood stud, metal stud, or studless partition.
However, when different faucets and water flows were used to generate
plumbing noise, a 40 to 100 psi variation in water pressure resulted in an
increase of plumbing noise level reaching 14 dBA. One must therefore

conclude that in real installations, the water pressure is an important factor -
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in the production of plumbing noise which should be taken into account during

the design of plumbing system destined to multi-dwelling buildings.

The results of the present study did not allow one to deduce that there would
be a clear advantage to using pipes of a certain diameter in order to reduce

the transmission of plumbing noise in multi-dwelling buildings.

The material used to fabricate the pipes has an effect on the noise produced
by the water flow. For supply pipes, using plastic instead of copper resulted
in a 5 to 10 dBA noise reduction depending whether the pipes were fastened
resiliently or rigidly to the wood studs. When considering waste pipes

however, copper and cast iron are preferred to plastic by providing a 5 to

10 dBA additional noise reduction.

The pipe attachment seems to be the most important single factor which
should be considered during the installation of pipes and plumbing enclosures.
It was demonstrated that using a resilient material between the pipes and the
structure of the enclosure containing them resulted in an attenuation of the
plumbing noise which could reach 20 dBA. The technique which appeared to
provide the best performance in decoupling the pipes from the pipe enclosure
structure was to insert, between the pipes and the studs, a 3" long sleeve of
Armaflex 1/2" thick; this material is a preformed closed cell elastomer pipe
insulation manufactured by Armstrong. The resilient pipe fasteners
manufactured by Ancon Inc. called "Acousto-plumb system" were also tested:
the noise isolation performance of these fasteners was revealed to be equal
or inferior to that provided by Armaflex sleeves depending on the diameter

of the pipe.

For waste pipes, the absence of contact with the pipe enclosure is also very

important: the presence of contact between a pipe and the enclosure could
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.10

lead to an increase of 6, 9, or 15 dBA depending whether the pipe was made

out of cast iron, plastic, or copper.

The maximum benefit obtained by inserting sound absorption in the plumbing
enclosure was approximately 5 dBA. This maximum was reached using
cellulose fibre insulation in a wall cavity where pipes were rigidly fastened
to wood studs, and by placing batt insulation in the cavity of partitions built
with wood or metal studs, with pipes installed resiliently using Armaflex

sleeves.

Doubling the mass of the drywall of a pipe enclosure resulted in an
improvement of 3 to 4 dBA regardless of how the pipes were fastened to the

studs of the enclosure.

The use of resilient furrings increased the plumbing noise isolation provided
by a wood stud enclosure by approximately 6 to 10 dBA. Furthermore, the
resilient furrings seem to provide an additional protection by avoiding direct

contact between the pipe and the drywall of the pipe enclosure.

The presence of domestic low density styrene pipe insulation similar to
Armaflex on the entire surface of the pipe, instead of 3" long sleeves at the
attachment point, provided a significant noise reduction in the order of 6 to
8 dBA. In the case where the pipes were installed with rigid contacts to the
studs, and then covered with insulation, the benefit of covering the pipe was

in the order of 1 to 2 dBA, which is not significant.

At maximum flow, a difference of only 3 dBA was noted between the average
noise level generated by the 5 faucets tested; this difference increased to

9 dBA with 1/2 of the flow and to 14 dBA with 1/4 of the flow. The quietest
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faucets tested were that fabricated by Moen at maximum flow, and that

fabricated by Waltec at 1/4 and 1/2 of the flow.

The faucets measured in the study reacted differently to an increase of
water pressure, at a given flow rate. The maximum increase in noise level
noted for a variation of pressure between 40 to 100 psi is 14 dBA, ranking the
water pressure among the more important parameters influencing the
production of plumbing noise. Also worth noting, some of the faucets made

more noise at 1/2 flow than at maximum flow.

Based on the results of this study, it appears that the following partition
composition should achieve the best cost versus plumbing noise reduction
performance:

Wood stud construction

One layer of drywall mounted on resilient furrings on each side of
2" x 4" wood studs, with batt insulation to fill the stud cavity.

Metal stud partition

Two layers of drywall on each side of metal studs with batt insulation in the
stud cavity.

Shaft wall

One layer of 5/8" drywall laminated to 1" core board.

Respectfully submitted
September 28, 1990
MJM ACOUSTICAL CONSULTANTS INC.

W Ulein)

Michel Morin, architect

President
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GRAPH NUMBER GRAPH TITLE REFERENCE

1A INFLUENCE OF WATER PRESSURE - ANNEX III 1.4.1
WOOD STUD WALL - ANNEX III 1.4.2

ARMAFLEX ATTACHMENT ANNEX III 1.4.3

1" COPPER PIPE ANNEX ITI 1.4.4

1B INFLUENCE OF WATER PRESSURE - ANNEX III 1.5.1
WOOD STUD WALL - ANNEX III 1.5.2

ARMAFLEX ATTACHMENT ANNEX III 1.5.3

3/4"COPPER PIPE ANNEX III 1.5.4

iC INFLUENCE OF WATER PRESSURE - ANNEX III 1.6.1
WOOD STUD WALL - ANNEX III 1.6.2

ARMAFLEX ATTACHMENT ANNEX III 1.6.3

1/2" COPPER PIPE ANNEX III 1.6.4

1D INFLUENCE OF WATER PRESSURE - ANNEX III 1.12.1
WOOD STUD WALL - ANNEX III 1.12.2
STANDARD CLAMPS & ARMAFLEX ATTACHMENT ANNEX III 1.12.3
1/2" PLASTIC PIPE ANNEX ITI 1.12.4

1E INFLUENCE OF WATER PRESSURE - ANNEX III 1.10.1
WOOD STUD WALL - ANNEX III 1.10.4

STANDARD CLAMPS & ARMAFLEX ATTACHMENT ANNEX III 1.13.1
1" PLASTIC PIPE ANNEX III 1.13.4

2A INFLUENCE OF PIPE DIAMETER - ANNEX III 1.1.4
WOOD STUD WALL - ANNEX III 1.2.4

STANDARD & ARMAFLEX ATTACHMENT ANNEX III 1.3.4

ANNEX III 1.4.4

ANNEX III 1.5.4

ANNEX III 1.6.4




GRAPH NUMBER GRAPH TITLE REFERENCE

2B INFLUENCE OF PIPE DIAMETER - ANNEX III 1.16.2
WOOD STUD WALL - ANNEX III 1.17.2
FELT SLEEVE ATTACHMENT ANNEX III 1.18.2

3A INFLUENCE OF PIPE MATERIAL - ANNEX III 1.3.1
WOOD STUD WALL - ANNEX III 1.12.1
STANDARD CLAMPS ATTACHMENT
WATER PRESSURE OF 100 PSI.

3B INFLUENCE OF PIPE MATERIAL - ANNEX III 1.3.4
WOOD STUD WALL - ANNEX III 1.12.4
STANDARD CLAMPS ATTACHMENT
WATER PRESSURE OF 40 PSI.

3C INFLUENCE OF PIPE MATERIAL - ANNEX III 1.6.1
WOOD STUD WALL - ANNEX III 1.15.1
ARMAFLEX ATTACHMENT
WATER PRESSURE OF 100 PSI.

3D INFLUENCE OF PIPE MATERIAL - ANNEX III 1.6.4
WOOD STUD WALL - ANNEX III 1.15.4
ARMAFLEX ATTACHMENT
WATER PRESSURE OF 40 PSI.

4A INFLUENCE OF PIPE ATTACHMENT - ANNEX ITI 1.3.4
WOOD STUD WALL - ANNEX ITI 1.6.4
SUPPLY PIPE ANNEX III 1.9.4

ANNEX III 1.18.2
ANNEX III 1.21.2

4B INFLUENCE OF CONTACT WITH DRYWALL - ANNEX III 1.22.2

WOOD STUD WALL - ANNEX III 1.22.6

WASTE PIPE




GRAPH NUMBER GRAPH TITLE REFERENCE
5A INFLUENCE OF SOUND ABSORPTION ANNEX III 1.1.4
AND RESILIENT FURRING - ANNEX III 2.1.4
WOOD STUD WALL - ANNEX III 3.1.2
STANDARD CLAMPS ATTACHMENT ANNEX TII 4.1.2
5B INFLUENCE OF SOUND ABSORPTION ANNEX ITI 1.6.4
AND RESILIENT FURRING - ANNEX III 3.4.2
WOOD STUD WALL - ANNEX III 4.4.2
ARMAFLEX ATTACHMENT
5C INFLUENCE OF WALL COMPOSITION - ANNEX III 14.1.4
METAL STUD WALL - ANNEX III 14.2.4
PLASTIC AND ARMAFLEX SLEEVE ATTACHMENT ANNEX III 15.2.4
ANNEX III 16.2.4
6 INFLUENCE OF INSULATION ON THE PIPE - ANNEX III 1.6.4
WOOD STUD WALL - ANNEX III 1.42.4
ARMAFLEX ATTACHMENT
7A INFLUENCE OF FLOW IN FAUCET - ANNEX III 1.23.4
WOOD STUD WALL - ANNEX III 1.29.4
STANDARD CLAMPS ATTACHMENT ANNEX III 1.36.4
7B INFLUENCE OF THE TYPE OF FAUCET USED - ANNEX III 1.23.4
WOOD STUD WALL - ANNEX III 1.24.4
STANDARD CLAMPS ATTACHMENT ANNEX III 1.25.4
ANNEX III 1.26.4
ANNEX III 1.27.4




GRAPH NUMBER

GRAPH TITLE

REFERENCE

8A

88

8C

8D

8E

INFLUENCE OF WALL COMPOSITION
WOOD STUD WALL -

SOUND ABSORPTION OF A BEDROOM
SUPPLY PIPE

INFLUENCE OF WALL COMPOSITION
WOOD STUD WALL -

SOUND ABSORPTION OF A BEDROOM
SINK EMPTYING

INFLUENCE OF WALL COMPOSITION
METAL STUD WALL -

SOUND ABSORPTION OF A BEDROOM
SUPPLY PIPE

INFLUENCE OF WALL COMPOSITION
METAL STUD WALL -

SOUND ABSORPTION OF A BEDROOM
WASTE PIPE

SHAFT WALL -
SOUND ABSORPTION OF A BEDROOM
WASTE PIPE

ANNEX II

ANNEX II

ANNEX II

ANNEX II

ANNEX II

TABLE 1

TABLE 12

TABLE 13

TABLE 14

TABLE 15




SOUND PRESSURE LEVEL (dB)
®E 2 x 10 N/m2 OR 0.0002 MICROBAR)

BAND No. . . |

70 18 17 —11 19 20 jw— 22 3 _: 25 28 —21 28 20 :3; t 32 ;—3: 34 35 :3; 37 38 :3; 40 41 L ! WOOD STUD WALL
+ + + + + + + + ? ? COPPER PIPE 1” DIAMETER
+—+ T+ -+t T T TT T T T T T T T TIZT T TIT T TIZTTT T——-——‘ SOURCE: 1SO
T T T T T T T I ARMAFLEX ATTACHMENT
60 + + + r + + + —+
NSNS~ \NEANES NN
-+ e '/ AN, T T - + o—a~a
T T - - = + PRESSURE OF 100 PSI.
T L~ T T T
50 o’ =N N\ -t + TEST # 1.4.1 (dBA= 59)
s T T \ poeet T
~T = T 0 _
++F+T+F+T++ EE T T T T X R — T™7T 17T 7T O
+ -+ -+ + + + + + PRESSURE OF 80 PSI.
40 - = T = T T T T TEST # 1.4.2 (dBA= 58)
TTETTETTETTETTETTETTETTET T | PrESSURE OF 80 PSI.
I T T T T T T T TEST # 1.4.3 (dBA= 56)
30 - -+ - - + S = =
EE EE I 1T 1L EE 11 EE 1 L EE 11 EE 11 N
TTETTETTETTF T T T + PRESSURE OF 40 PSI.
T T T T T T I T TEST # 1.4.4 (dBA= 54)
20 - + +- - - T T
TTETTETTETTETTETTET VET TET T | renomer oescrmmon
+ T T - T T T T CANADA MORTGAGE & HOUSING CORP.
10 T T + - T T T T RESEARCH PROJECT ON PLUMBING NOISE
1T T T T B EE 11 EE 1L EE 1 EE 11 GRAPH TITLE
TTEITTETTETTETTE + T + INFLUENCE OF WATER PRESSURE —
T T T T T T T T WOOD STUD WALL —
ol #o o T 0 wo T o 200 ] 36 400 | e300 | ws w0 | 20w 1 S00% | W02 ARMAFLEX ATTACHMENT

00 2000 4000 8000

o
@
"
B
o
g
3
o
3

GRAPH NUMBER 1

FREQUENCY IN HERTZ PROJECT NUMBER DATE
177.891 30 09




SOUND PRESSURE LEVEL (dB)

(RE 2 x 10 N/m2 OR 0.0002 MICROBAR)

70

60

50

40

30

20

10

BAND No.

LEGEND

— 1. WOOD STUD WALL
% $ COPPER PIPE 3/4” DIAMETER

" SOURCE: SO
ARMAFLEX ATTACHMENT

o———a
PRESSURE OF 100 SPL

TEST # 1.5.1 (dBA= 57)

IOA—A
PRESSURE OF 80 SPI.
TEST # 1.52 (dBA=55)

PRESSURE OF 60 PSI.
TEST # 1.5.3 (dBA= 53)

7
PRESSURE OF 40 PSI.
TEST # 1.5.4 (dBA= 51)

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

B 17 18 9 0 21 22 23 24 25 28 27 28 28 30 1 32 33 34 356 38 37 38 39 40 41
- I -5 - - - 3 -
T T T T T T T -+
T —— T T T T T
LTt Gl I s = N e N s N
T NN T T T T
-+ [—— \ — —+ 4 4
— —— e —4— —
T N N
T T TN N -
T T T NN\~ T
T T A T T T T T T 1T T\ 7 an N T~ T 7T 7T
T T T A AT T T T
T T + T T T RR T
T T T T T T T T
40 50 + 80 100 ~[ 180 200 | 815 400 | 630 800 | 125 180 T 250 815 [ 500 630 | 100 125
63 125 250 500 1000 2000 4000 8000

FREQUENCY IN HERTZ

GRAPH TITLE
INFLUENCE OF WATER PRESSURE
WOOD STUD WALL —

ARMAFLEX ATTACHMENT

GRAPH NUMBER g

PROJECT NUMBER DATE

177.891 90 09




SOUND PRESSURE LEVEL (dB)

(RE 2 x 10°® N/m2 OR 0.0002 MICROBAR)

70

60

50

40

30

20

10

BAND No.

37

W
©

40

41

LEGEND

| WOOD STUD WALL
{ 2 COPPER PIPE 1/2” DIAMETER
— SOURCE: ISO

ARMAFLEX ATTACHMENT

Oo———a
PRESSURE OF 100 SPI.

TEST # 16.1 (dBA= 57)

IL——A
PRESSURE OF 80 SPI.
TEST # 1.6.2 (dBA= 55)

o—9
PRESSURE OF 60 PSI.
TEST # 1.6.3 (dBA= 53)

N

PRESSURE OF 40 PSI.
TEST # 1.6.4 (dBA= 51)

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.

RESEARCH PROJECT ON PLUMBING NOISE

B8 17 18 9 20 21 22 23 24 25 286 27 28 290 30 31 32 33 34 35 36
I e e S s i O Q- T FL L FL+HFLLFEL4
T P //' + | ] N T - T

= T T Q ~~—=2 T+ | F1 1
TT A TTIT T iy g T
T T T x> et T
// T T T T ne T T
¥ . T T T T T o
T T T T - T T T

40 50 ~|° 80 100 ]~ 180 200 | 315 400 T 630 800 | 125 1680 [~ 250 315 |~ 500 830 ~| 100 125
63 125 250 500 1000 2000 4000 8000

FREQUENCY IN HERTZ

GRAFPH TITLE
INFLUENCE OF WATER PRESSURE -

WOOD STUD WALL -
ARMAFLEX ATTACHMENT

GRAPH NUMBER 1C

PROJECT NUMBER DATE
177.891 90 09




SOUND PRESSURE LEVEL (dB)

(RE 2 x 10 N/m2 OR 0.0002 MICROBAR)

70

60

50

40

30

20

10

BAND No.

18

17

oy
&

-]
S

N

22 23 24 256 26 28 29 30 31

8

£
&

38

@
<

23
®

40

41

LEGEND

T

1 I

]

O T
IR

O I O
Ty

|
I
|
!

AEERERNE
lIllIllllg

[

T TTT

T Tl

\‘I\‘

™,
N

T O I I O |

11

/

/]
\

|
[

}
1
|

|
|

|

|

}
dlllll

Tt

|
I

|
|

T

N Y

IS O T I
PP T

{

1

|

I
I

/

|
I

T
|
I
|
|
/
1
|
|

TTTTTTT

1 I I I

[
P

Tl

Y I I

I |
IREEEARERERE

$
1

IREEEREREBE
|
[
1
I
I O
|
[

|IEEEEREEE
|
1
{
T

[~
AT\

NN
RREEEERE

I I
T

N O I I I
T TTTTY

|

I

|

T
I O I A I I
ITTTTrrrTm

|

l

1

I

LI O T
1]
IREREA

T
|
!
|
T

I

T

) O I

A I
FTTTrTrTrTi

I |

T iTTrrTT

I OO
T

N
Tt
|
I
|
1
I O O A
T iTiTT
1 I O A O O

FTTTTrerTT
|
I

I
FTrrrTTrT

I T A I
T rrrr T

Lt
| REEREREE

PLASTIC PIPE 1/2" DIAMETER
SOURCE: ISO
STANDARD & ARMAFLEX
ATTACHMENT

$ % WwWOOD STUD WALL

O—=a
STANDARD CLAMPS ATTACHMENT

AT A PRESSURE OF 100 PSI.
TEST # 1.12.1  (dBA= 65)

O———A

STANDARD CLAMPS ATTACHMENT
AT A PRESSURE OF 40 PSI.
TEST # 1.12.4 (dBA= 59)

o—9

ARMALFEX WITH OVERSIZED CLAMPS
AT A PRESSURE OF 100 PSI.
TEST # 1.15.1 (dBA= 52)

SV

ARMAFLEX WITH OVERSIZED CLAMPS
AT A PRESSURE OF 40 PSI.

TEST # 1.15.4 (dBA= 46)

40

50

I O I I
T TrTTd

80 100

O O
FTITTTT iy

|

I

]

1
100 O O I I
FrTrTrrrTd

]

I

{

i
I
T T

|

1

|

[
Py

126

160 200 315 400 830 800

160

T O O O

T

|
I
|
[

250 315

I O Y I

T T

500 630

oy

T

100

25

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

[ ]
[

N
o

n
o
=
<
o
[
-
8 I I |
=3

FREQUENCY IN HERTZ

2000

4000

8000

GRAPH TITLE
INFLUENCE OF WATER PRESSURE -

WOOD STUD WALL
STANDARD & ARMAFLEX ATTACHMENT

GRAPH NUMBER 1p

PROJECT NUMBER DATE
177.891 90 09




SOUND PRESSURE LEVEL (dB)

®RE 2 x 10™* N/m2 OR 0.0002 MICROBAR)

70

60

50

40

30

20

10

BAND No.

PLASTIC PIPE 1" DIAMETER
= SOURCE: ISO
STANDARD & ARMAFLEX
ATTACHMENT

$‘ % WOOD STUD WALL

o—o
STANDARD CLAMPS ATTACHMENT
AT A PRESSURE OF 100 PSI.
TEST # 1.10.1 (dBA= 62)

ARMAFLEX WITH OVERSIZED CLAMPS
AT A PRESSURE OF 100 PSI.
TEST # 1.13.1  (dBA= 586)

O————A

STANDARD CLAMPS ATTACHMENT
AT A PRESSURE OF 40 PSI.
TEST # 1.10.4 (dBA= 57)

7
ARMAFLEX WITH OVERSIZED CLAMPS
AT A PRESSURE OF 40 PSI.

TEST # 1.13.4 (dBA= 51)

B8 w7 W 9 20 21 22 23 24 256 28 27 8 20 30 3t 32 33 34 35 36 37 38 39 40 41
X = T T T
! T T=
+ \‘\\
I - X T -+ £
T T IE T T T  TET T T T TETTETTETTETT
_T = T I T + - -
T T . + -+ + T -+
40 50 T 80 100 " 160 200 | 315 400 [~ 630 800 T 126 160 | 250 315 " 500 630 | w0 128

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.

RESEARCH PROJECT ON PLUMBING NOISE

[
@

-
n
)

n
3
o
<]
33
3
S
S

FREQUENCY IN HERTZ

3
8

4000

8000

GRAPH TITLE
INFLUENCE OF WATER PRESSURE -

WOOD STUD WALL
STANDARD & ARMAFLEX ATTACHMENT

GRAPH NUMBER 1

PROJECT NUMBER DATE

177.891 90 09




(RE 2 x 107° N/m2 OR 0.0002 MICROBAR)

SOUND PRESSURE LEVEL (dB)

70

60

50

40

30

20

10

)

»
o

23 24 26 268 27 28 20 30 31 382 33 34 35

I I 2
P T
1

|
I

=
/

S~

st —
Y

Ty

|4
T

g

(P, NN
FINT T

FrrrTrTrrTT

Pt

NN

R I
IREREREN

|

e

I
1T
|
1
|
I
O O
T T

NN
S I I Y
T

I I I

I

LIt
i

(N
IR
T

L1

I
Tt

| NERRERRN
|
I
|

|

I

|

LIIIII
I T
N
IREREEREE

|

I I I T
T
I A
T

I
FTrrrirTd
|
I
|
T
I O Y
T TrTrTrTrTT
|
|
|
I
T rreeT
|
T
I
I
I N O O I
IEEEERREREE
|
[

I

(RN
[REREREREE
0 I I I A I
|IRREEREERE

N
rTTrTrrrTrTd
T T |
INREEERRE

]

I
I |
IREERERRERRE

|

I

|

T
O O I
Tt

|

I

|

I
AREEEREE

|

I

|

f
O
T

|

i

|

1

I I I I I
Ty
I I
T T

N 0 O O I
T TTTT
I
TTTTTriraT

T O
IRBERERERA
|
I
|
|
1 O o
|
i
|
[
Tt
|
I
|
[
I O Y I I
T
|
[
|
I

IRERREERN

LEGEND

WOOD STUD WALL
% 2 WATER PRESSURE: 40 PSL

COPPER PIPE

— SOURCE: ISO

STANDARD & ARMAFLEX ATT.

o——=a

1 IN. DIAMETER PIPE — STD CLAMPS
TEST # 1.1.4 (dBA= 69)

O—0

1/2 IN. DIAMETER PIPE — STD CLAMPS
TEST # 1.3.4 (dBA= 71)

lo——A

3/4 IN. DIAMETER PIPE — STD CLAMPS
TEST # 1.2.4 (dBA= 68)

7

1 IN. DIAMETER PIPE— ARMAFLEX
TEST # 1.4.4 (dBA= 54)

*—X

3/4 IN. DIAMETER PIPE ~ ARMAFLEX
TEST # 1.5.4 (dBA= 51)

o0—©

1/2 IN. DIAMWETER PIPE — ARMAFLEX
TEST # 1.6.4 (dBA= 51)

I A O I
T
[N
T T

I T I
Ty TTT
N O O A
1T

1

|
I
|
I
R O

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

|

I
I I
T

|

I

|

I
Y Y
T

|

[

|

i
P T

200 315 400 630 800

T

|

I

|

!
T T A T
FTTTT T
(o
T

125 180 250 315

=]
w
—
n
<]

:O;IIIIIIIIIliJllllllIl[l!J!!llIllIIll[
o

500 2000

n
o
o

FREQUENCY IN HERTZ

GRAPH TITLE

INFLUENCE OF PIPE DIAMETER —
WOOD STUD WALL —

STANDARD & ARMAFLEX ATTACHMENT

GRAPH NUMBER 7

PROJECT NUMBER DATE
177.891 90 09




SOUND PRESSURE LEVEL (dB)

RE 2 x 107 N/m2 OR 0.0002 MICROBAR}

70

60

50

40

30

20

10

BAND No.

LEGEND

L———1 WOOD STUD WALL
$ WATER PRESSURE: 40 PSI.
COPPER PIPE

1 SOURCE: ISO
FELT SLEEVE

1/2 IN. DIAMETER PIPE
TEST # 1.18.2 (dBA= 61)

IO—A\
3/4 IN. DIAMETER PIPE
TEST # 1.17.2  (dBA= 57)

o—a
1 IN. DIAMETER PIPE
TEST # 1.16.2 (dBA=54)

B 7 18 1 20 21 22 23 24 25 28 27 28 20 30 31 82 33 34 36 36 37 38 39 40 41
4 -4 1 A ]
- P, N T T T T
1 __{ 1 \ &\ 4 1
1 L] 1 Y €
+ T o - ] ™ -
4 + R A R (N SR SN AN A EN N I o + 4+ T+ T
4 - T I I I 0 1
- 1l rtlrllrri 44 4T L
T T I -+ £ £ € .
40 50 T 80 100 " 180 200 |~ 815 400 | 630 800 | 126 180 "]~ 250 815 ~[” 500 630 00 125

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

[+ 3
@

n

[l

[=]

¢
o
o
-
(=]
(=4
o

FREQUENCY IN HERTZ

2000

4000

8000

GRAPH TITLE

INFLUENCE OF PIPE DIAMETER-
WOOD STUD WALL -
FELT SLEEVE

GRAPH NUMBER 7

PROJECT NUMBER DATE

177.891 90 09




SOUND PRESSURE LEVEL (dB)

{RE 2 x 10°° N/m2 OR ©.0002 MICROBAR)

80

70

60

50

40

30

20

10

BAND No.

LEGEND

WOOD STUD WALL
—

$ 2 WATER PRESSURE:

100 PSIL
1/2" DIAMETER PIPE

—— SOURCE: ISO
STANDARD CLAMPS ATT.

—=a

COPPER PIPE

TEST # 1.3.1 (dBA= 76)

o— 0
PLASTIC PIPE

TEST # 1.12.1 (dBA= 65)

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

18 17 18 9 20 2t 22 23 24 26 28 27 8 29 30 31 32 33 34 35 36 37 38 32 40 M
I T T T T T | T
T + e & = /’:E:’ T T
+ F ~ T T T
1/ T SEEREEE: T
T T T T T TN F T
TT T T TTITTETTETTET NS T
T T T T T T T T
40 50 j: 80 100 :: 180 200 [ 315 400 ~[” 630 800 | 125 180 " 250 315 | 500 €30 | WO 125
63 125 250 500 1000 2000 4000 8000

FREQUENCY IN HERTZ

GRAPH TITLE
INFLUENCE OF PIPE MATERIAL -
WOOD STUD WALL —

3 STANDARD CLAMPS ATTACHMENT

GRAPH NUMBER  zp

PROJECT NUMBER DATE
177.891 90 09




(RE 2 x 10® N/m2 OR 0.0002 MICROBAR)

SOUND PRESSURE LEVEL (dB)

LEGEND
BAN:?; N(‘); 8 19 ;o 21 22 23 24 25 268 27 28 20 30 31 32 33 34 35 36 37 38 39 40 41 ! ]] WOOD STUD WALL
80 T T T - T T T T WATER PRESSURE: 40 PSI.
+ + T + + + + T ? $ 1/2” DIAMETER PIPE
++tT+ Tt T TT T T T T T T T ET TET TETT = SOURCE: 150
T T T - T T T T STANDARD CLAMPS ATT.
70 T + + -+ + + —+ -+
LI R s ame A R
T + T T~ |+ T T KA
60 + /T T - + + -
- = | T T + T T - COPPER PIPE
T \“;& T T T T T
et F Attt PN T T ot T T TE T TETT || TEST # 1.3.4 (dBA= 71)
0T : I \P’ - TN - -
50—t / RN
TTH T TETTETTETTET TR I 2T T2 ] v
40 I i [y e I B S RS PLASTIC PIPE
Ll F Ll F L F L L Ll L L L4 || TEST # 1124 (dBA= 59)
30 + + - T + + -+ -+
T EE T EE T EE T E.:_ 7T EE T EE 7T EE I E,:_ T PROJECT DESCRIPTION
T T T T T T T T CANADA MORTGAGE & HOUSING CORP.
20 + + - - T T T T RESEARCH PROJECT ON PLUMBING NOISE
+ + - I L F 11+ 1 + 1 GRAPH TITLE
TTFTTETTETTET |+ + + + INFLUENCE OF PIPE MATERIAL —
+ T T T T T T T WOOD STUD WALL —
10l s T 0 wo - wo 200 |~ s 400 - es0 soo T res wo T 250 3 T s0es0 T w0 ws | | 3 STANDARD CLAMPS ATTACHMENT
63 125 250 500 1000 2000 4000 8000
GRAPH NUMBER 3
FREQUENCY IN HERTZ ROTEST N —
177 891 90 09




SOUND PRESSURE LEVEL (dB)

(RE 2 x 107 N/m2 OR 0.0002 MICROBAR)

70

60

50

40

30

20

10

BAND No.

@
@

40

LEGEND

| | WOOD STUD WALL

! i WATER PRESSURE: 100 PSIL
{ ? 1/2° DIAMETER PIPE
—— SOURCE: ISO

ARMAFLEX ATTACHMENT

COPPER PIPE

TEST # 1.6.1 (dBA= 57)

—

PLASTIC PIPE

TEST # 1.15.1 (dBA= 52)

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

B 17 1B 19 20 21 22 23 4 256 26 27 28 29 30 31 32 33 34 35 38 37 38 41
+ a \7§ T T T T T
AT \\%\\ =50 I e A
y. o T \g = T L~ T

LllgrlrllasllasNt+ L4+ LTt

4tirl iyl iyl rtF L+ FL A F L LT 4+

40 50 + 80 100 :_ 160 200 | 315 400 [ 630 800 [ 125 180 [ 250 315 " 500 830 | 100 125
63 125 250 500 1000 2000 4000 8000

FREQUENCY IN HERTZ

GRAPH TITLE
INFLUENCE OF PIPE MATERIAL —
WOOD STUD WALL —

ARMAFLEX ATTACHMENT

GRAPH NUMBER  z(

PROJECT NUMBER DATE

177.891 90 09




(RE 2 x 107® N/m2 OR 0.0002 MICROBAR)

SOUND PRESSURE LEVEL (dB)

LEGEND

BAND No. | WOOD STUD WALL

LA o B B s A s o e e N | WATER PRESSURE: 40 PSI,
+ + + + + + T T ? 2 1/2” DIAMETER PIPE
T T T T T T TE T T I T T ET TXET T TET T TETT [.______._.1 SOURCE: 1S0O
T T + + T T T T ARMAFLEX ATTACHMENT
60 + + + . + - + T
SN anY WEAREIREIREIRE: .
50 :: T /r _\\\ T 1 T T T
1= __/:“z_ L _5 ITNF++F T +F++ COPPER PIPE
4 T T 3 \f ic "$ + TEST # 1.6.4 (dBA= 51
;// T ELLT ¢ ( )

40

+ + - T T T T - o
30 -+ -+ - + T T 4 T
+ + Tl F L FIFLLF L1 PLASTIC PIPE
+ + + + + + T + TEST # 1.15.4 (dBA= 46)
20 -+ - + T + T i 1
TTETTETTETTET T ET TETIET TET PROJECT DESCRIPTION
+ + T T T T T I CANADA MORTGAGE & HOUSING CORP.
10 T T T T T o 0 T RESEARCH PROJECT ON PLUMBING NOISE
+ =+ + + 1 1 + 1 L + 11 + 1 1+ 1 L GRAPH TITLE
TTETTETTET T+ + T T T INFLUENCE OF PIPE MATERIAL —
- T T T T T T T WOOD STUD WALL —
0 40 50 [ 80 100 ~T- 160 200 [~ 315 400 | 630 800 [ 125 180 T~ 250 815 T | 500 630 | 100 125 AF\) MAFLEX AT]—ACHMENT
63 125 250 500 1000 2000 4000 8000

GRAPH NUMBER 3y

FREQUENCY IN HERTZ PROJECT NUMBER DATE
177.891 90 09




SOUND PRESSURE LEVEL (dB)

(RE 2 x 10 N/m2 OR 0.0002 MICROBAR)

70

60

50

40

30

20

10

BAND No.

! | WOOD STUD WALL

2 WATER PRESSURE: 40 PSI.
COPPER PIPE 1/2” DIAMETER

] SOURCE: ISO

Oo——8
STANDARD CLAMPS ATTACHMENT

TEST # 1.3.4 (dBA= 71)

X———X
CORK SLEEVE WITH ARMAFLEX ATTACHMENT
TEST # 1.21.2 (dBA= 66)

[

FELT SLEEVE WITH ARMAFLEX ATTACHMENT
TEST # 1.18.2 (dBA= 61)

O—%
ACOUSTO—PLUMB ATTACHMENT
TEST # 1.9.4 (dBA= 56)

lO—A
ARMAFLEX SLEEVE ATTACHMENT
TEST # 1.6.4 (dBA= 51)

18 7 18 19 20 21 22 23 24 25 28 27 28 29 30 3t 32 33 34 35 368 37 38 39 40 41
T T et - L~ T
T T ~ T
P —t— \
+ L N 1 N T
:_ -~ \ M — o
- N
W T= ¥
J é% + T T D — T
T T T T T T T T
T T T T T T T T
40 50 [ 80 100 ] 160 200 "] 315 400 | 630 800 [ 125 180 | 250 315 | 500 630 | 10 125

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

-3
«

-
n
4]

n

[+

(=]

[<]
[=]
o
-t
o
[«
(=]

FREQUENCY IN HERTZ

2000

4000

8000

GRAPH TITLE
INFLUENCE OF PIPE ATTACHMENT -
WOOD STUD WALL

GRAPH NUMBER 4p

PROJECT NUMBER DATE

177.891 90 09




SOUND PRESSURE LEVEL (dB)

RE 2 x 10 N/m2 OR 0.0002 MICROBAR)

70

60

50

40

30

20

10

BAND No.

LEGEND

L

WOOD STUD WALL
COPPER PIPE 2 IN. DIAMETER

SOURCE: SINK EMPTYING

VWV

PIPE CONTACT WITH DRYWALL
TEST # 1.22.6 (dBA= 49)

OLn—A

NO CONTACT WITH DRYWALL
TEST # 1.22.2 (dBA= 35)

10 7 18 19 20 21 22 23 4 2656 28 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
% + \ T T T T T
- T T - -
o =4 s — ::

I I S O s e < i s ot I e S s Y s il O
+ T + - \im--_i i T
I O s O I I e I s A s O s st A s sl O
40 50 [ 80 100 [ 160 200 "] 315 400 "] 630 800 | 125 160 [ 250 315 " 500 630 [~ 100 128

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

=3
[

-
n
4]

1000

[\
[*]
[=]
[¢])
[*]
(=]

FREQUENCY IN HERTZ

2000

4000

8000

GRAPH TITLE

INFLUENCE OF CONTACT WITH DRYWALL
FOR WASTE PIPE — WOOD STUD WALL

GRAPH NUMBER 45

PROJECT NUMBER DATE
177.891 90 09




(RE 2 x 10* N/m2 OR 0.0002 MICROBAR)

SOUND PRESSURE LEVEL (dB)

LEGEND

WOOD STUD WALL
BAND No. 5 27 28 29 30 3132 33 34 35 36 37 38 40 41 WATER PRESSURE: 40 PSI.

1 1 1 2 2 39 »
70 — TP T COPPER PIPE 1” DIAMETER
T T T SOURCE: ISO
S TURS W I SN S M S 4 - T -+ T T T T T 3 STANDARD CLAMPS ATTACHMENT
- T L/ ~ : T Oo——o
T w2 A
60 T . ~ o~ ~ :ﬁ s — 1 LAYER OF DRYWALL
T < = - T % % — 2 x 4 WOOD STUD
S =~ 1 ] I SN I S + 4+ + 4+ 4 T T T T+ — 1 LAYER OF DRYWALL
T - T N T P amE T ———— TEST # 1.1.4 (dBA= 69)
50 - - T LNE AT T T O—0
T T T oy ‘-4? - + + | - 1 LAYER OF DRYWALL
] T - N T 0 I T - 2 x 4 WOOD STUD
4 L 4 ryr L rxrL L rL L r4+ 4+ 444 M W — 3 1/2° GLASS FIBER BATT
T A T T T T T INSULATION IN_ STUD CAVITY
I 1T - £ -+ - —_ — 1 LAYER OF DRYWALL
40 - —+ -+ + T T T T TEST # 3.1.2 (dBA= 65)
T T T 1T T T T T oA
+ T T T T T - 4 e - 1 LAYER OF DRYWALL
+ 4+ ¥4 4+ F 4L+ F 44+ F S+t F 4+ T - 2 x_4 WOOD STUD
-+ T T T T T T T @ — STUD CAVITY FILLED WITH
T I I 4T - -+ —+ 4 BLOWN—IN CELLULOSE FIBRE
T I - -+ - T T T —— — 1 LAYER OF DRYWALL
30 T T T T T T T T % TEST # 2.1.4 (dBA= 64)
I e I i e i I = S T e = I = + 4 + E————1 -2« 4 woop sTup
T T T T T T T T M W - 3 1/2° GLASS FIBER BATT
T T T T T 4 4 -+ INSULATION IN STUD CAVITY
20 T T T T 1 + -+ + e
S ARERREE R E R AR ERREIRE: = ] e A 59)
TTTITTITTETTE 7T EE TTEE1T 1T 171 PROJECT DESCRIPTION
T T T T - T - € CANADA MORTGAGE & HOUSING CORP.
10 T T T T T T T T RESEARCH PROJECT ON PLUMBING NOISE
+ - -+ - + 11+ 11 + 11+ 1 GRAPH TITLE
TTETTETTFETTETT £ T T T INFLUENCE OF SOUND ABSORPTION AND
T T T T T - 4 T RESILIENT FURRING — WOOD STUD WALL
O 40 50 T 80 100 —T" 180 200 | 515 400 | 630 800 [ 125 160 [ 250 315 | 500 630 "] 100 125 3 STAN DARD CLAM PS ATTACHMENT
63 125 250 500 1000 2000 4000 8000

GRAPH NUMBER 54

FREQUENCY IN HERTZ PROJECT NUMBER DATE
177.891 90 09




SOUND PRESSURE LEVEL (dB)

®RE 2 x 10 N/m2 OR 0.0002 MICROBAR}

70

60

50

40

30

20

10

BAND No.

LEGEND

WOOD STUD WALL 40 PSI.

COPPER PIPE 1/2” DIAMETER

ARMAFLEX ATTACHMENT

— 1 LAYER OF DRYWALL
— 2 x 4 WOOD STUD
— 1 LAYER OF DRYWALL

= . TEST # 1.6.4 (dBA= 51)

(EE—— ~ 1 LAYER OF DRYWALL

- 2 x 4 WOOD STUD
- 3 1/2" GLASS FIBER BATT
INSULATION IN STUD CAVITY
-~ 1 LAYER OF DRYWALL
TEST # 3.42 (dBA= 48)

- 2 x 4 WOOD STUD

- 3 1/2" GLASS FIBER BATT
INSULATION IN STUD CAVITY
— RESILIENT FURRINGS

___---—ﬂ—— — 1 LAYER OF DRYWALL

TEST # 4.42 (dBA= 41)

CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

INFLUENCE OF SOUND ABSORPTION AND
RESILIENT FURRING — WOOD STUD WALL

18 17 18 9 20 21 22 23 4 25 26 _"1 28 29 —3:- 31 32 j3 34 35 _35 37 38 —32 40 41 WATER PRESSURE‘
R e I e i O e = A s I s N e I s O SOURCE: ISO
+ + + + + + - —+ o— @
T N Tl Tl Tl L o A
T / ~_$__“ e} x
- / e — —
f + T i N =T T
+ + + ¥ T S e o G A I O
TTIT T TIET TTIETTI __\\ T
T :E T T T T @I 0 - PROJECT DESCRIPTION
T - + 1+ | EE A EE I S N e T 1 GRAPH TITLE
40 50 :: 80 100 :: 160 200 :: 315 400 :_ 830 800 — 125 180 [ 250 315 [ 500 T 100 125

L3
«©

s
N
o

250 500 1000

FREQUENCY IN HERTZ

2000

4000

8000

ARMAFLEX ATTACHMENT

GRAPH NUMBER 53

PROJECT NUMBER DATE
177.891 90 09




SOUND PRESSURE LEVEL (dB)

(RE 2 x 10°* N/m2 OR 0.0002 MICROBAR)

70

60

50

40

30

20

10

BAND No.

LEGEND

METAL STUD WALL

WATER PRESSURE: 40 PSL
COPPER PIPE 1/2" DIAMETER
SOURCE:ISO

Oo——a

PLASTIC SLEEVE
TEST # 14.1.4 (dBA= 62)

ARMAFLEX SLEEVE
TEST # 1424 (dBA= 53)

ARMAFLEX SLEEVE
TEST # 15.2.4 (dBA=48)

ARMAFLEX SLEEVE
TEST # 16.2.4 (dBA= 46)

16 17 18 9 20 21 22 23 24 26 26 27 28 20 30 31 32 33 34 35 36 37 38 39 40 4
+ Y= + + + T
1T = _/_ . % ‘\? —T T +
T / TN T =T E +
+ + - + ,/‘E_ +
+ + + + - T + +
40 50 " 80 100 [ 160 200 "] 315 400 ~| 630 800 | 125 160 T~ 250 315 T 500 830 00 1125

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

=23
[+

500 1000

[
[+
(=]

FREQUENCY IN HERTZ

4000

8000

GRAPH TITLE

INLFUENCE OF WALL COMPOSITION —
METAL STUD WALL -

PLASTIC AND ARMAFLEX SLEEVE ATT.

GRAPH NUMBER 50

PROJECT NUMBER DATE
177.891 90 09




(RE 2 x 10 N/m2 OR 0.0002 MICROBAR)

SOUND PRESSURE LEVEL (dB)

70

60

50

40

30

20

10

[
@

34 35 36 37 38

=
o«
w
N
»n
©
[o3
Q

|-

|
|
I
|
|
(M

AR REEEN
T T
I
i
|
f
AR EEEEN!
I o o
T
Ly
IREREERR
|
T
T
NN NN
I B
1
1
RN
T T T T
|
T
NN EEEN]
T
N EEEN
T T T i
|
T

000 I I I

]
[
TTTTiTT

1
I

|

I

1
I
TTTT T

|

I
O O I
T

|

[ |
T
I I
i
T T
[ |
T
N

FrT T

o

i

(I
111
[

[

|
[N

T I
FrTTriTTd
I

L]

|

I
T

|

I
[
N RERRE
T
Lt
T T

i
i
i

N

Tl
I O
T

]

|

{

|
{
T

lii \
HHHHHH
|
{
REREEREN

I
(N

[

IR

T Tl
I T B O
Frri e
I O
T
Tt

¥

N I I
T
I A I
Tt

I
O O O
FET T

I
I |
P

i

I

[
I O A

|

I

{
RN |
IRREEREERE

|

I
I |
T
Ll il
T

LEGEND

—————] WOOD STUD WALL

g } WATER PRESSURE: 40 PSL.

COPPER PIPE 1/2” DIAMETER
1 SOURCE: ISO

ARMAFLEX ATTACHMENT

Oo——8a

NO INSULATION ON THE PIPE
TEST # 1.6.4 (dBA=51)

ARMAFLEX INSULATION ON THE PIPE
TEST # 1.42.4 (dBA= 45)

I N Y
rTTriTtTTTd
I O A I I
T T
T
P
1 T I
IR
T T T T
I O A N I
T T
I O
FrTTrrrd
T

N

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

I
IO T I
|
1
|
I

00

I O I
Tl
I A
T Tl
ey TrTTT
T |
T
FETT T 1T
Ty
[N
T
(N |
FrTrTTrTd

~N
Q
o
*

GRAPH TITLE
INFLUENCE OF INSULATION ON THE PIPE
WOOD STUD WALL —

ARMAFLEX ATTACHMENT

=
8ll]lllllllllllllllIlllllll]
o

o
@
N
o

GRAPH NUMBER ¢4

FREQUENCY IN HERTZ

PROJECT NUMBER DATE
177.891 90 09




SOUND PRESSURE LEVEL (dB)

(RE 2 x 10* N/m2 OR 0.0002 MICROBAR)

70

60

50

40

30

20

10

BAND No.

LEGEND

— | WOOD STUD WALL
$ WATER PRESSURE: 40 PSI.

COPPER PIPE 1/2° DIAMETER
F———— SOURCE: FAUCET # 1
AMERICAN STANDARD CERAMIX
STANDARD CLAMPS ATT.

Oo—a
MAXIMUM FLOW

TEST # 1.23.4 (dBA= 58)

Is—a
1/2 OF MAXIMUM FLOW
TEST # 1.290.4 (dBA= 62)

1/4 OF MAXIMUM FLOW
TEST # 1.36.4 (dBA= 61)

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

18 17 18 19 c 21 22 23 24 25 28 27 28 20 30 3 32 33 34 35 36 7 38 39 40 41
T T T - » T T
llxdl izl Lzl | T B s i R
T + = — N T
T T - A~ / T

1 1 / p,
T T y // T T - T T
y NN L N 1 1 N
T T T T T T T T
T T T T T T T T
40 50 T 80 100 T 180 200 [ 315 400 [~ 630 800 | 125 180 | 250 815 [~ 500 630 100 125
63 125 250 500 1000 2000 4000 8000

FREQUENCY IN HERTZ

GRAPH TITLE
INFLUENCE OF FLOW IN FAUCET -

WOOD STUD WALL -
5 STANDARD CLAMPS ATTACHMENT

GRAPH NUMBER 7,

PROJECT NUMBER DATE
177.891 90 09




SOUND PRESSURE LEVEL (dB)

RE 2 x 10" N/m2 OR 0.0002 MICROBAR)

70

60

50

40

30

20

10

BAND No.

40

WOOD STUD WALL

WATER PRESSURE: 40 PSI.
COPPER PIPE 1/2° DIAMETER
SOURCE: FAUCET

FAUCET OPEN AT MAX. FLOW
STANDARD CLAMPS ATT.

O————A
FAUCET #2 DELTA
TEST # 1.24.4 (dBA= 61)

*X—X
FAUCET #5
TEST # 1.27.4

CRANE
(dBA= 82)

o—o
FAUCET #1

AMERICAN STANDARD CERAMIX
TEST # 1.23.4 (dBA= 58)

FAUCET #3
TEST # 1.25.4

T
FAUCET #4
TEST # 1.26.4

WALTEC
(dBA= 59)

MOEN
(dBA= 55)

18 7_ 18 19 20 21 22 23 24 25 28 27 28 20 30 31 32 33 34 35 368 37 38 39 41
- -1 -1 -1 - -
T T T
—t— —
T T T T T T T T
TTIEI T TI T TTETTTE T T T T
T T T T T T T T
40 50 [ 80 100 [ 160 200 [ 815 400 [ 630 800 [ 126 180 | 250 315 | 500 630 " 100 125

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

-3
o

n
a

500 1000

&
©

FREQUENCY IN HERTZ

GRAPH TITLE
INFLUENCE OF THE TYPE OF FAUCET USED

WOOD STUD WALL —
5 STANDARD CLAMPS ATTACHMENT

GRAPH NUMBER 73

PROJECT NUMBER DATE

177.891 90 09




WOOD STUD WALL
LEGEND WATER PRESSURE: 40 PSI.
COPPER PIPE 1/2 IN. DIAMETER
BAND No. SOURCE: AVERAGE OF 5 FAUCETS
80 18 7 18 9 20 21 22 23 24 25 28 27 28 28 30 31 32 33 34 35 -fi 37 38 _Si 40 41 FAUCET OPEN AT MAXIMUM F’LOW
~ | T T T I T T - T SOUND ABS. OF A BEDROOM
~_ o 1 T T 1 I T Oo—@a
T~ FTr T T TET T ET T T TET TETTETT L1 (D STD CLAMPS ATTACHMENT
s \\ 1T I I 0 I T
I = N T T T T T ¢ ¢ (dBA= 57)
70 T T T T T
G T T [T T T T T A A
- - T | | F T T T
L kL L s = = N s 0 R B S S R L (QDARMAFLEX ATTACHMENT
I i I N il e p ™ | T T T { % (dBA= 40)
= N ™~ = i N i T T
N F i N e S A O T T B
60 \— N < \\ 4 | PNG-85 |
o N o N e e N B o N S e S . T ¢ ©  (ARMAFLEX ATTACHMENT
2 +3F T - EG TRt Pt Fbt £ T —
: \\gj—\ x—x x . T \ ::\\ T PNyee T W <dBA: 38)
w2 ol I I G sl N I n .
> 8 |50 .. N N e - 1
W = - + - TONT i | B
w § \gi\\\: \éi I | T 7 T T X X (@DARMAFLEX ATTACHMENT
% S TVE R T IR T PR T T ET T | =7 T M W (dBA= 35)
®» 8 NN F T N ] T
g 40 :§\ T T ~ Z T e
—_ — —|_PNG-45 —
il e S AN + NLE T + T (5)ARMAFLEX ATTACHMENT
2 y NS S I B = e N O = e (dBA= 30)
% & T T T T y ™ S<_ _\ _\ = T engao | - W
9 TN, NN (T T T ===
® a0 & RS i g = ®AVE. BACKGROUND NOISE IN
)i + ha gl N\ T | A T | | || === CANADIAN HOMES (dBA= 33)
T + + \\\ \ S et NEIN
TT=x7T _\iz 11+ ™ + A \ g e il Ml PROJECT DESCRIPTION
+ =y T \; RN T CANADA MORTGAGE & HOUSING CORP.
20 T TN T £ \ =0 ™ | RESEARCH PROJECT ON PLUMBING NOISE
ROXIMATE [ T T E 1
mmete EINT | | FINEINETT | [T | | [owmme
B I s i e X— + ) YT | INFLUENCE OF WALL COMPOSITION —
T T S T T N + T WOOD STUD WALL ~
10l s T e wo - w0 200 | s®a00 T~ e30 800 " s wONT 250 3 " s0 e T w0 @ | | SOUND ABSORPTION OF A BEDROOM
63 126 250 500 1000 2000 4000 8000
GRAPH NUMBER  gp
FREQUENCY IN HERTZ PROJECT NUMBER DATE
177.891 90 09

g



WOOD STUD WALL
COPPER PIPE 2 IN. DIAMETER
BAND No. SOURCE: SINK EMPTYING

B 7B 22 23 24 25 2 28 20 30 3132 33 34 35 36 37 38 40 41 NO CONTACT WITH DRYWALL

LEGEND

(23
L

80 19 20 21 4 25 28 27
~_ | T T T T - T T T SOUND ABS. OF A BEDROOM
\\\“\ T T T T T T T B—a
\\\“\\\‘ ] T T T T T S 0
s N e s N T T T T T % 2 (dBA= 34)
70 - < e - - + 1
= ] m S T T T T -
| D TS S e T T - +
T “—\*x— TR I F T TSI TETTETTETT —
Ny > T~ T T T { g @ (dBA= 32)

=
H

W @ (dBA= 31)

X——-—-——X
L

N @ (dBa= 30)
=

o0

60

——PNG-66

/[
i/llll/lll

1
|
T
]
I
|
I

T f
/111/111 IIIII/III 111/1111

|

1
(I
IR

111

/
e
:I/@%l/l/l‘lll

/[ /
III:/\III

I;/II
VAV AVANA

/
I
(A
T
Z
él
|
[

/

I

|
" / /.
IR AR AN e AN AR

!

WAV VAVAVIWA

|
|
|
I

50

|
1
2
¥
&
|
[

/[ 1/
l/ll[ [/I

:I I/:[H
/ l
Ill{l%lll%ll/l/l

IRER

I[1/:Illl lly‘ilyll |/1!l|/lll 1T

/
=

/

40

—-PNG-45

{
i

T

[ %
|
!
[
i

Illlllly|ll|illlllllly\lll/l
/1 / /

RE 2 x 107 N/m2 OR 0.0002 MICROBAR)
{
1

’III/\IIIII III/:IIII Ily\llllyl Iy\l

SOUND PRESSURE LEVEL (dB)

+ TR \ sié N BN W ® (dBA= 29)
T - 3 T T ==
\ (B)AVE. BACKGROUND NOISE IN

30

~}-PNC-35 —4

...... CANADIAN HOMES (dBA=33)

7

TTiATT

P11

i
|
|

||||III|:/1III
’
|
/i
/i
114
lzli
|
1
|
!
| ||
1T
|
|
l
I

PROJECT DESCRIPTION
—+ CANADA MORTGAGE & HOUSING CORP.
it W RESEARCH PROJECT ON PLUMBING NOISE

/4

|
1
|
1
0 I I A

Lrr ]l

W NN S

T TTrrTT
|
I
|
M/ l
111 10 T O O N I

20

APPROXIMATE

R
/

rrrrrrrirriat

1| RN ok 11+ 1 GRAPH TITLE
CORNUCUS NSt PNG20 | - INFLUENCE OF WALL COMPOSITION —

T T WOOD STUD WALL -
20 31 ] 500 %% 1 W0 18 SOUND ABSORPTION OF A BEDROOM

1ol_40_ s T 8o wo 180200 313400

T
|
I
{
Vﬁ/llll
|
|
i
|
I
I O A

[
|
T

500 1000 2000 4000 8000

-
n
]
n
[*4
[=}

63
GRAPH NUMBER  gg

FREQUENCY IN HERTZ PROJECT NUMBER DATE
177.891 90 09

L



BAND No.

LEGEND

METAL STUD WALL

WATER PRESSURE: 40 PSI.

COPPER PIPE 1/2" DIAMETER
SOURCE: AVERAGE OF 5 FAUCETS
SOUND ABSORPTION OF A BEDROOM

Oo——a
(1) PLASTIC SLEEVE

E (dBA= 49)

Is—A\
(@ ARMAFLEX SLEEVE

E (dBA= 41)

(3 ARMAFLEX SLEEVE
(dBA= 36)

v V(@ ARMAFLEX SLEEVE

(dBA= 34)

...... (® AVE. BACKGROUND NOISE IN
CANADIAN HOMES (dBA= 33)

PROJEGT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

FREQUENCY IN HERTZ

80 18 17 18 19 20 1 22 23 24 25 26 27 28 28 30 31 32 33 34 35 38 37 38 39 40 41
AN EANEIREIREI R EI R RE:
S~ T~ T+t T T T T T T TT T T T T TT T TETT
~J_ [Tk Tl | T T T T T
~J4 T T~ T T T T T
70 S o= T T T T T
NGRS T T T T
I~ ™~ ___\\ 1 i L 1
St T+ T+ I~ T T T TETTTETT TETTT
\\: N o~ F T T
60 N | T T~ T I T T
SN AR NS
) \\ FINNFDNF DN F I L L Ll L
e S\E\_ \\ S x_x i NG e |
w s INE NE NE T | T T T
o 2|50 .- S < o
g \E\ + T - T T SE .
0 g IRAG NI N > £ Zx:%_ =Nl FLLFL4
@ & u N TN, T >§ T
g’, g §< il § B ~L | 0T
W 2140
[V P \\\\ - _ PNG-a5 | I
e e + i{ T T
2 ¥ T T . A = X+ TT TedeT T T T
:O) / 0 \ s$ % 1
—4 —4 ~ 4
? 130 T T b -
TTETNETTEN ! L Et
20 T ] T N T
T -\ | T+ T T
mhaEsols or |- T + | NE D T T
~+ ~Hcotmubus Nose - —x— TT I T TRl Tl T TT T
+ + * + BN T -
10 40 50 :: 80 100 ~| 160 200 i 3t 400 1 630 800 T 125 180 250 315 ~| 500 630 [ 10 125
63 125 250 500 1000 2000 4000 8000

GRAPH TITLE
INFLUENCE OF WALL COMPOSITION —

METAL STUD WALL -
SOUND ABSORPTION OF A BEDROOM

GRAPH NUMBER gC

PROJECT NUMBER DATE
177891 90 09

g




SOUND PRESSURE LEVEL (dB)

(RE 2 x 10 N/m2 OR 0.0002 MICROBAR)

BAND No.

80

70

37 38

[
©

40

41

60

50

40

30

20

10

2
e

I
|

/
/

[

[ Lﬂ L
|
1
1

|
I

|
I

——~PNG-5656

T

18 7 18 ] 0 21 22 23 24 25 28 27 28 29 30 31 32 33 34 35 38
T T T T T T + T
S T T T TE T TE T TE T TET TETTETT
~_ TRy TR | T T - T T +
~L TN T T - T T T
SN E DNETL T [T - T T T
I~ ™~ RN L € £ €T
o I A SN = e A = X s T . S e S A
N Y ~3 | T T T
NN S N L T T
L -1 ——PNG-66 -
S ™~ ~3 T T
- -
s

[};ﬁ | I/L? T
| L/{G A V%/l | V4/ | V/(

£
/.

1/>1 TTTTAT }/ 1 1 }ﬂ 1 ;ﬁ 1 Vﬂ 11

lJ%lll llll/i/lll/ l/l
JAVA V.

/}/1 rTTiATl J/A : 1 )/A t J/ﬂ 1

VAR

[ bﬁ !

[
7T

' / / /|
V4/l LV L Ly V/ I A O I O A A |

v f
/lrr%ll IIIII/III 1[1/111
T

/7=

/ |

HH

1/

//1 TTTTATTH ;/1 FrrTA T )/1 11 »ﬂ [ ;ﬁ

ANWANWAWAY,

- g T T
NN T
41 gg\__ TEIRN - < g el T

T TT T T
|
]
|
/ Iv/
11 Pl 11

|

RV ERRE ;ﬁ [

i L \._ ] ] —I-PN¢-35 | _1
] _ \:: N~ \ i 4
a - T ~ _| - £
I I T I N SO AN . iy - L N I S A
l N 7 . pNg-30 | |

LEGEND

METAL STUD WALL

COPPER PIPE 2 IN. DIAMETER

NO CONTACT WITH DRYWALL
SOURCE: SINK EMPTYING

SOUND ABSORPTION OF A BEDROOM

o—Ha
@ D (dBA= 38)

D——A\
m @ (dBA= 33)
o—0
@ @  (dBA= 32)

AVE. BACKGROUND NOISE IN
CANADIAN HOMES (dBA= 33)

40

TILCONTINUQUS N

APPROXIMATE
THRESHOLD OF
EARING FOR

xI

SE |

50

80 100

M

|
T
|
] VT/T1 [ |
|
T
|
I

I |

T
|
1
|

160 200

1
@
&

4

o
=3

|
@
-1
o
8
=

|
B
@
S,

Qﬂ}m -25

|

+~PNG-20

T

11

250 315

500 830

il
1

100

125

PROJECT DESCRIPTION
CANADA MORTGAGE & HOUSING CORP.
RESEARCH PROJECT ON PLUMBING NOISE

63

—
n
[+

250 500 1000

FREQUENCY IN HERTZ

2000

4000

8000

GRAPH TITLE
INLUENCE OF WALL COMPOSITION —
METAL STUD WALL -

SOUND ABSORPTION OF A BEDROOM

GRAPH NUMBER gp

PROJECT NUMBER DATE
177.891 90 09




LEGEND

9 0 21 22 3 24 5 28 —'E: 28 29 —32 3t 32 ji 34 35 _36 37 38 —39 40 41 ‘ SHAFT WALL
- + T + + -+ + © © | CAST IRON 4 IN. DIAMETER

e O e e A o s A s i O s s il A % NEOPRENE PADS
. + -+ T T T + = NO CONTACT WITH DRYWALL
] T T~TF T T T T T ——" SOUND ABS. OF A BEDROOM
R + - - + +

SRS \__\\ + + + +
ct+ P+ T~ T T ETTTI T TET T
™ ™ = T~ T + +

“a——4A (1) SOURCE: SINK EMPTYING
(dBA= 30)

|
I
2

-85

VAV

I
|
/A / /
JA b bt te ey

l/llll/l

!
]
-
|
I
|
|
|
L
T

y:lly\lll/1

~_ __pnd-eo

/

1
I
]
1

/Il ‘/Jll

o—=8a @ SOURCE: TOILET FLUSH
(dBA= 31)

A Vai

IA /ll:/llli llll/lll% ll/ll

[ /S /]
III:/IIF IIII/\III

|
1
|
[

!
i
Z
Py
&
|

N

/

/%III
4N Ill/l[llll/:/lll/ll\%l
I'Llyllﬂlly:lllllly\llyllI/Illi/lll

%]!I/III

------ (3) AVE. BACKGROUND NOISE IN
CANADIAN HOMES  (dBA= 33)

1
|

(RE 2 x 107° N/m2 OR 0.0002 MICROBAR}

|

{

!

I

|

I/1III
/

I
1]
I
2
[
T

|

I

|

T

G T‘o_ -

ll/;lilllll/:lflfllyl:llyl ly\l

/

SOUND PRESSURE LEVEL (dB)

lll/\llll!lll/1llli!|l
|

VAN AN
4
(3 OO0 2 T 72 1 7 2 75 I O

4 4 ot ~ I — t~] ~}-PNE-36
+ -+ X TR T e +
B I i A NG = R it SN S I = I e i A
- 1 = 4 1 > e 1 PNC-30 .
T C T SN fﬁ, PROJECT DESCRIPTION
o T .y T ~ T | Y. F CANADA MORTGAGE & HOUSING CORP.
2 -+ =N | T T T T RESEARCH PROJECT ON PLUMBING NOISE
APPROXIMATE T 1T
THRESHOLD OfF [~ —: :: :: :: N 1
T eollidssel- +~ NFE T+ T T “\_x‘ "X_S_\__ Tede | T T T aRAPH TITLE
T T = T T N\p T T T SHAFT WALL —
qol_40 5o T so w0o T w0 200 [ e®~400 | 630 800 " 125 60T 250 315 [ 500 830 "] 100 125 SOUND ABSORPTION OF A BEDROOM

1000 2000 4000 8000

_
n
4]
»n
(4]
(=]
]
[=3
[e4

63
GRAPH NUMBER  gr

FREQUENCY IN HERTZ PROJECT NUMBER DATE
177.891 90 09

g



ANNEX II

M Z]/L/ /




NUMBER

TITLE

TABLE 1

TABLE 2

TABLE 3

TABLE 4

TABLE S

TABLE 6

TABLE 7

TABLE 8

TABLE 9

TABLE 10

TABLE 11

TABLE 12

TABLE 13

TABLE 14

TABLE 15

LIST OF TABLE

INFLUENCE

INFLUENCE

INFLUENCE

INFLUENCE

INFLUENCE

INFLUENCE

INFLUENCE

INFLUENCE

INFLUENCE

INFLUENCE

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM - SOURCE:

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM

OF WATER PRESSURE - SOURCE: ISO

OF PIPE DIAMETER - SOURCE: ISO

OF PIPE MATERIAL - SOURCE: SINK EMPTYING
OF PIPE MATERIAL - SOURCE: TOILET FLUSH
OF PIPE ATTACHMENT - SOURCE: ISO

OF PIPE ATTACHMENT - SOURCE: SINK EMPTYING
OF PIPE ATTACHMENT - SOURCE: TOILET FLUSH
OF THE TYPE FAUCET USED - SOURCE: FAUCET
OF WATER PRESSURE - SOURCE: FAUCET

OF FLOW IN FAUCET - SOURCE: FAUCET

WOOD STUD WALL

WOOD STUD WALL

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM -

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM

METAL STUD WALL

METAL STUD WALL

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM -

SHAFT WALL

PAGE 1

SOURCE:

SOURCE:

SOURCE:

SOURCE:

SINK EMPTYING

SINK EMPTYING

FAUCET

SINK EMPTYING

FAUCET

4%




ATTACHMENT

l |
TEST | PARTITION |  DIAM. SOURCE PRESSURE dBA DIFFERENCE
NO. | COMPOSITION | IN dBA

| |

| |
1.1.1 | - 1 LAYER OF DRYWALL |  COPPER IS0 3 STANDARD 100 PSI. 74.1 5
1.1.4 | - 2 x 4 WOOD STUDS | 1IN 180 CLAMPS 40 PSI. 69.3

| - 1 LAYER OF DRYWALL | ALONG SIDE
1.2.1 | |  COPPER IS0 OF STUD. 100 PSI. 73.3 5
1.2.4 | | 3/4 1IN 10 40 PSI. 68.1

| —————
1.3.1 | <? <? | CcoPPER 150 100 PSI.  76.0 5
1.3.4 | [ 172 1IN 1s0 40 PSI. 70.7

I — |

I I
1.4.7 | |  COPPER 180 3" ARMAFLEX 100 PSI. 59.0 5
1.4.4 | | 1IN 180 SLEEVE 40 PSI. 53.9

| | 1/2" THICK
1.5.1 | |  COPPER IS0 WITH OVER- 100 PSI. 56.9 6
1.5.4 | | 3/4 IN. IS0 SIZED CLAMPS 40 PSI. 51.2

| I
1.6.1 | |  COPPER 180 100 PSI. 56.6 5
1.6.4 | | 1/2 1IN 180 40 PSI. 51.1

| |

| |
1.7.1 | |  COPPER IS0 ACOUSTO- 100 PSI. 60.0 6
1.7.4 | | 1IN 1S0 PLUMB 40 PSI. 54.2

| | ATTACHMENT
1.8.1 | |  COPPER 180 100 PSI. 60.5 5
1.8.4 | | 3/4 1IN 1S0 40 PSI. 55.3

I |
1.9.1 | |  CcopPer IS0 100 PSI. 61.3 6
1.9.4 | | 172 1IN IS0 40 PSI. 55.7

| |

| i
21001 | |  PLASTIC IS0 3 STANDARD 100 PSI. 62.5 5
.10.4 | Io1 N 180 CLAMPS 40 PSI. 57.0

| | ALONG SIDE
A1 | PLASTIC IS0 OF STUD. 100 PSI. 65.4 6
1.4 | 3/4 N 180 40 PSI. 59.8

| I
2. | | PLASTIC 180 100 PSI. 65.1 6
2.4 | [ 1/2 IN IS0 40 PSI. 59.1

| |

INFLUENCE OF WATER PRESSURE - SOURCE: ISO
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|

TEST | PARTITION | DIAM. SOURCE  ATTACHMENT PRESSURE dBA DIFFERENCE
NO. | COMPOSITION | IN dBA

I |

I : |
3.1 | | |  PLASTIC 1S0 3" ARMAFLEX 100 PSI. 56.0 5
13.4 | | 11N 1S0 SLEEVE 40 PSI. 51.0

| | 1/2" THICK
14,0 | —— | PLASTIC IS0 WITH OVER- 100 PSI. 56.0 5
4.4 | | 3/4 1N 130 SIZED CLAMPS 40 PSI. 50.7

| l
15,1 | |  PLASTIC IS0 100 PSI. 51.7 6
.15.4 | | 172 N 180 40 PSI. 46.0

| |

I l
L1601 | |  COPPER 1S0 FELT 100 PSI. 58.0 4
.16.2 | | 1IN 1S0 SLEEVE 40 PSI. 53.9

| | WITH OVER-
7.1 | |  COPPER 1S0 SIZED CLAMPS 100 PSI. 61.4 5
7.2 |  3/4 IN. 150 40 PSI. 56.8

| |
.18.1 | | COPPER 1S0 100 PSI. 67.0 6
.18.2 | | 1/2 1IN IS0 40 PSI. 61.0

| |

| |
9.1 | |  COPPER 180 CORK 100 PSI. 66.0 5
.19.2 | | 1IN IS0 SLEEVE 40 PSI. 61.2

| | WITH OVER-
.20.1 | |  COPPER 180 SIZED CLAMPS 100 PSI. 66.0 5
.20.2 | | 3/4 IN. IS0 40 PSI. 61.0

| |
211 |  coppER 180 100 PSI. 70.8 5
21,2 | | 1/2 IN. 1S0 40 PSI. 65.6

| I

| I
42,1 | |  COPPER 1S0 3 STANDARD 100 PSI. 50.2 5
.42.4 | | 172 1N 150 ATTACHMENTS 40 PSI. 45.0

| [ WRAPPED

| | INSULATION

I l

INFLUENCE OF WATER PRESSURE - SOURCE: ISO
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| |

TEST | PARTITION |  DIAM. SOURCE ~ ATTACHMENT PRESSURE dBA DIFFERENCE
NO. | COMPOSITION | IN dBA

| |

|

1] - 1 LAYER OF DRYWALL { COPPER IS0 3 STANDARD 100 PSI. 69.2 5

4| -2 x4 WoOD STUD | 1 180 CLAMPS 40 PSI. 64.2

| - STUD CAVITY FILLED | ALONG SIDE

| WITH BLOWN-IN | OF STUD.

|  CELLULOSE. FIBRE |

| - 1 LAYER OF DRYWALL

| |

| ———

| % |

| I

| l

|- I
3.1.1 | - 1 LAYER OF DRYWALL |  COPPPER IS0 3 STANDARD 100 PSI. 70.7 6
3.1.2 | - 2 x 4 WOOD STUDS | 1IN IS0 CLAMPS 40 PSI. 65.0

| - 31/2 IN. GLASS FIBER | ALONG SIDE
3.2.1 | BATT INSULATION IN |  COPPER IS0 OF STUD. 100 PSI. 75.1 5
3.2.2 |  STUD CAVITY. | 172 1IN 180 40 PSI. 70.1

| - 1 LAYER OF DRYWALL |

l l
3.3.1 | |  COPPER IS0 3" ARMAFLEX 100 PSI. 53.6 5
3.3.2 | o1 IS0 SLEEVE 40 PSI. 49.0

| <€?X?&/ ZKYX%3> | 1/2" THICK
3.4.1 | |  COPPER 180 WITH OVER- 100 PSI. 53.2 5
3.4.2 | | 1/2 1IN IS0 SIZED CLAMPS 40 PSI. 48.1

l |

| |
4.1.1 | - 1 LAYER OF DRYWALL |  COPPER IS0 3 STANDARD 100 PSI. 64.4 6
4.1.2 | -2 x 4 WOOD STUDS | 1IN IS0 CLAMPS 40 PSI. 58.7

| - 31/2 IN. GLASS FIBER | ALONG SIDE
4.2.1 | BATT INSULATION IN |  COPPER 180 OF STUD. 100 PSI. 65.9 5
4.2.2 |  STUD CAVITY. | 1/2 IN 180 40 PSI. 60.8

| - RESILIENT FURRINGS |

| - 1 LAYER OF -DRYWALL |
4.3.1 | |  COPPER IS0 3" ARMAFLEX 100 PSI. 46.1 5
4.3.2 | — | 1IN IS0 SLEEVE 40 PSI.  41.3

| <?%Z%/ | 1/2" THICK
4.4.1 | |  COPPER 1S0 WITH OVER- 100 PSI. 46.2 5
4.4.2 | B/ | 172 1IN 1S0 SIZED CLAMPS 40 PSI. 40.9

I~ i

INFLUENCE OF WATER PRESSURE - SOURCE: ISO
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TEST

PARTITION

| |
| |  DIAm. SOURCE  ATTACHMENT PRESSURE dBA DIFFERENCE
NO. | COMPOSITION | IN dBA
| |
| |
5.1.1 | - 1 LAYER OF DRYWALL |  COPPER IS0 3 STD CLAMPS 100 PSI. 68.9 7
5.1.4 | - 2 x 4 WOOD STUDS | 1IN 1S0 ALONG SIDE 40 PSI. 62.3
| - 2 LAYERS OF DRYWALL | OF STUD
5.2.1 | |  COPPER IS0 100 PSI. 72.9 5
5.2.2 | = | /2 N IS0 40 PSI. 67.8
| >
I |
5.3.1 | |  COPPER 1S0 3" ARMAFLEX 100 PSI. 53.7 5
5.3.2 | | TIN 180 SLEEVE 40 PSI. 48.6
| | 1/2" THICK
5.4.1 | |  COPPER 1S0 WITH OVER- 100 PSI. 52.9 5
5.4.2 | | 1/2 IN. IS0 SIZED CLAMPS 40 PSI. 48.1
| |
|
6.1.1 | - 1 LAYER OF DRYWALL I COPPER 180 3 STANDARD 100 PSI. 67.8 5
6.1.2 | - 2 x 4 WOOD STUDS | 1IN 180 CLAMPS 40 PSI. 62.8
| - 31/2 IN. GLASS FIBER | ALONG SIDE
6.2.1 |  BATT INSULATION IN |  COPPER IS0 OF STUD. 100 PSI. 70.4 5
6.2.2 |  STUD CAVITY. | 172 1IN IS0 40 PSI. 65.9
| -2 LAYERS OF DRYWALL |
| !
6.3.1 | | COPPER IS0 3" ARMAFLEX 100 PSI. 49.4 5
6.3.2 | —_— | 1N IS0 SLEEVE 44.6
| | 1/2" THICK
6.4.1 | 5§Y%&/ /Ky%\ |  COPPER IS0 WITH OVER- 100 PSI. 50.5 5
6.4.2 | | 172 1IN IS0 SIZED CLAMPS 40 PSI. 45.2
I |
l |
7.1.1 | - 1 LAYER OF DRYWALL |  CoPPER 180 3 STANDARD 100 PSI. 58.9 5
7.1.2 | - 2 x 4 WOOD STUDS | 1IN 180 CLAMPS 40 PSI. 53.9
| - 31/2 IN. GLASS FIBER | ALONG SIDE
.2.1 | BATT INSULATION IN |  COPPER IS0 OF STUD. 100 PSI. 57.9 4
.2.2 | STUD CAVITY. | 172 N 180 40 PSI. 53.7
| - RESILIENT FURRINGS |
| - 2 LAYERS OF DRYWALL |
7.3.1 | : |  COPPER IS0 3" ARMAFLEX 100 PSI. 45.1 5
7.3.2 | | 1IN 1S0 SLEEVE 40 PSI. 40.3
| | 1/2" THICK
7.4.1 | |  copPER 180 WITH OVER- 100 PSI. 44.1 5
.42 20 B/ | 1/2 1N IS0 SIZED CLAMPS 40 PSI. 38.9
| |
NOTE: * INDICATES THAT VALUES FOR THIS TEST HAVE BEEN EXTRAPOLATED
INFLUENCE OF WATER PRESSURE - SOURCE: ISO
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|
TEST { PARTITION |  DIAM. SOURCE ~ ATTACHMENT PRESSURE dBA DIFFERENCE
NO. | COMPOSITION | IN dBA

| |

| |
8.1.1 | - 1 LAYER OF DRYWALL |  COPPER IS0 KNOTCH IN 100 PSI. 58.3 6
8.1.2 | - 2 x 4 WOOD STUDS | 1/2 IN. 180 3 WOOD STUDS 40 PSI. 52,1

| - 1 LAYER OF DRYWALL | ARMAFLEX BET.

| | PIPE & STUDS

l |

I I

I I

| l

| I

| l

| I

| |

| |

| l
9.1.1 | - 1 LAYER OF DRYWALL |  COPPER IS0 KNOTCH IN 100 PSI. 50.1 5
9.1.2 | - 2 x 4 WOOD STUDS | /2 1N IS0 3 WOOD STUDS 40 PSI. 44,9

| - 31/2 IN. GLASS FIBER | ARMAFLEX BET.

| BATT INSULATION IN | PIPE & STUDS

| - 1 LAYER OF DRYWALL |

| |

I |

I |
9.2.1 | |  COPPER 180 KNOTCH IN 100 PSI. 7.6 5
9.2.2 | | 12 1N 1S0 3 WOOD STUDS 40 PSI. 66.1

| | SOLID CONTACT

| | WITH STUDS

I |

| I
11.1.1 | SHAFT WALL COMPOSED |  coPPER 180 PIPE SUPPORTED 100 PSI. 38.3 9
11.1.4 | OF: | 21N 180 FROM FLOOR ON 40 PSI. 29.4

| - 1 IN. CORE BOARD | NEOPRENE PADS
11.2.1 | - 5/8 IN. TYPE "X" | COPPER 1S0 NO CONTACT W/. 100 PSI. 40.3 9
11.2.4 |  DRYWALL | 11/2 1IN, IS0 SHAFT WALL. 40 PSI. 31.6

I |

| FIRE RESISTANCE: 1 HOUR |

I I

| |

| |

I |

| l

| I

INFLUENCE OF WATER PRESSURE - SOURCE: ISO
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| |

TEST | PARTITION |  DIAM. SOURCE ~ ATTACHMENT PRESSURE dBA DIFFERENCE
NO. | COMPOSITION | IN dBA

| |

| l
12.1.1 | SHAFT WALL COMPOSED |  coPPER IS0 PIPE SUPPORTED 100 PSI. 36.8 10
12.1.2 | OF: | 21N 1S0 FROM FLOOR ON 40 PSI. 26.

| - 5/8 IN. TYPE "X" | NEOPRENE PADS
12.2.1 |  DRYWALL |  COPPER 180 NO CONTACT W/. 100 PSI. 35.0 9
12.2.2 | - 1 IN. CORE BOARD | 11/2IN. IS0 SHAFT WALL. 40 PSI. 25.6

| - 5/8 IN. TYPE "X" |

| DRYWALL |

|

| FIRE RESISTANCE: 2 HOURS {

| |

| |

| |

| |

I |

I |

| ‘
14.1.1 | - 1 LAYER OF DRYWALL |  COPPER IS0 PIPE RUNNING 100 PSI. 69.8 7
14.1.4 | - STANDARD 3 5/8 IN | 1/2 1IN 180 HORIZONTALLY 40 PSI. 62.3

| METAL STUDS (25 GA.) | 3 STUD WIDTH

| - 1 LAVER OF DRYWALL | PLASTIC SLEEVE

| |
14.2.1 | |  copPER IS0 PIPE RUNNING 100 PSI. 59.8 6
14.2.4 | | 1/2 1IN 1S0 HORIZONTALLY 40 PSI. 53.3

| | 3 STUD WIDTH

| | ARMAFLEX

| | SLEEVE

| |

| |
15.1.1 | - 1 LAYER OF DRYWALL |  COPPER 180 PIPE RUNNING 100 PSI. 66.3 7
15.1.4 | - 3 1/2 IN. GLASS FIBER | 1/2 IN. 180 HORIZONTALLY 40 PSI. 59.3

| BATT INSULATION IN | 3 STUD WIDTH

| STUD CavITY. | PLASTIC

| - STANDARD 3 5/8 IN METAL| SLEEVE

| STUDS (25 GA.) |
15.2.1 | - 1 LAYER OF DRYWALL | COPPER 1S0 PIPE RUNNING 100 PSI. 55.0 7
15.2.4 | | 1/2 1N 180 HORIZONTALLY 40 PSI. 48,

| | 3 STUD WIDTH

| | ARMAFLEX

| | SLEEVE

| |

| |

I |

INFLUENCE OF WATER PRESSURE - SOURCE: ISO
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OPERATIN

TEST | PARTITION |  DIAM. SOURCE  ATTACHMENT PRESSURE dBA DIFFERENCE
NO. | COMPOSITION | IN dBA

| |
16.1.1 | ~ 1 LAYER OF DRYWALL |  COPPER 1S0 PIPE RUNNING 100 PSI. 65.3 7
16.1.4 | -3 1/2 IN. GLASS FIBER | 1/2 IN. IS0 HORIZONTALLY 40 PSI. 58.3

| BATT INSULATION IN | 3 STUD WIDTH

|  STUD CAVITY. | PLASTIC SLEEVE

| - STANDARD 3 5/8 IN METAL|
16.2.1 | STUDS (25 GA.) |  COPPER 180 PIPE RUNNING 100 PSI. 52.2 7
16.2.4 | - 2 LAYERS OF DRYWALL | 1/2 IN. IS0 HORIZONTALLY 40 PSI. 45,7

| | 3 STUD WIDTH

| | ARMAFLEX

| | SLEEVE

I I

} 1

| |

INFLUENCE OF WATER PRESSURE - SOURCE: ISO
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TEST

PARTITION

DIAM.

SOURCE

1

I l
| | ATTACHMENT PRESSURE dBA  AVERAGE  MAX. DIFF.
NO. | COMPOSITION | IN dBA IN dBA
I |
| |
1.7.7 | - 1 LAYER OF DRYWALL |  COPPER IS0 3 STANDARD 100 PSI. 74.1 7.7
1.1.4 | - 2 x 4 WOOD STUDS [ 1IN IS0 CLAMPS 40 PSI. 69.3
| - 1 LAYER OF DRYWALL | ALONG SIDE
1.2.1 | |  CoPPER 1S0 OF STUD. 100 PSI. 73.3 70.7 3
1.2,4 | | 3/4IN.  1SO 40 PSI. 68.1
| |
1.3.1 | <> |  copPER IS0 100 PSI. 76.0 73.3
1.3.4 | /1 | 1/2IN. 10 40 PSI. 70.7
I |
l |
1.4.1 | |  COPPER 1S0 3" ARMAFLEX 100 PSI. 59.0 56.5
1.4.4 | | 1IN IS0 SLEEVE 40 PSI. 53.9
| | 1/2" THICK
1.5.1 | |  COPPER IS0 WITH OVER- 100 PSI. 56.9 54.0 -3
1.5.4 | | 3/4IN. IS0 SIZED CLAMPS 40 PSI. 51.2
| |
1.6.1 | |  coPPER 180 100 PSI. 56.6 53.9
1.6.4 | | /2 IN. IS0 40 PSI. 51.1
| |
| |
1.7.1 ] |  COPPER 180 ACOUSTO- 100 PSI. 60.0 57.1
1.7.4 | | 1IN IS0 PLUMB 40 PSI. 54.2
| | ATTACHMENT
1.8.1 | |  COPPER 180 100 PSI. 60.5 57.9 1
1.8.4 | |  3/4IN. IS0 40 PSI. 55.3
| l
1.9.1 | |  COPPER 1S0 100 PSI. 61.3 58.5
1.9.4 | | 1/2 1N IS0 40 PSI. 55.7
| |
| I
101 | |  PLASTIC  ISO 3 STANDARD 100 PSI. 62.5 59.7
.10.4 | | 1IN IS0 CLAMPS 40 PSI. 57.0
| | ALONG SIDE
101 |  pLAsSTIC  1SO OF STUD. 100 PSI. 65.4 62.6 2
1.4 | | 3/4IN. IS0 40 PSI. 59.8
| |
J2.1 | |  PLASTIC  1SO 100 PSI. 65.1 62.1
12,4 | | 1/2IN. IS0 40 PSI. 59.1
l l
INFLUENCE OF PIPE DIAMETER - SOURCE: ISO
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TEST

PARTITION

DIAM.

| | SOURCE ATTACHMENT PRESSURE dBA  AVERAGE  MAX. DIFF.
NO. | COMPOSITION | IN dBA IN dBA
1.13.1 | | |  PLASTIC  1ISO 3" ARMAFLEX 100 PSI. 56.0 53.5
1.13.4 | | 1IN IS0 SLEEVE 40 PSI. 51.0
| | 1/2" THICK
1.14.1 | — |  PLASTIC IS0 WITH OVER- 100 PSI. 56.0 53.4 -5
1.14.4 | | 3/4IN. IS0 SIZED CLAMPS 40 PSI. 50.7
1.15.1-| |  PLASTIC  1SO 100 PSI. 51.7 48.9
1.15.4 | | 1/2IN. IS0 40 PSI. 46.0
1.16.1 | |  COPPER IS0 FELT 100 PSI. 58.0 55.9
1.16.2 | | 1IN IS0 SLEEVE 40 PSI. 53.9
| | WITH OVER-
1.17.1 | |  COPPER 180 SIZED CLAMPS 100 PSI. 61.4 59.1 8
1.17.2 | | 3/4IN. IS0 40 PSI. 56.8
| |
1.18.1 | |  COPPER IS0 100 PSI. 67.0 64.0
1.18.2 | | 1/2IN. IS0 40 PSI. 61.0
: 1
1.19.1 | |  COPPER 1S0 CORK 100 PSI. 66.0 63.6
1.19.2 | | 1IN 1S0 SLEEVE 40 PSI. 61.2
| | WITH OVER-
1.20.1 | | COPPER 180 SIZED CLAMPS 100 PSI. 66.0 63.5 5
1.20.2 | |  3/4IN. IS0 40 PSI. 61.0
1.21.7 | |  COPPER IS0 100 PSI. 70.8 68.2
1.21.2 | | 1/2IN. IS0 40 PSI. 65.6
3.1.1 | -~ 1 LAYER OF DRYWALL |  COPPPER  1SO 3 STANDARD 100 PSI. 70.7 67.9
3.1.2 | - 2 x 4 WOOD STUDS | 1IN 1S0 CLAMPS 40 PSI. 65.0
| - 31/2 IN. GLASS FIBER | ALONG SIDE 5
3.2.1 |  BATT INSULATION IN |  COPPER 1S0 OF STUD. 100 PSI. 75.1 72.6
3.2.2 |  STUD CAVITY. | 1/2IN. 180 40 PSI. 70.1
| - 1 LAYER OF DRYWALL |
' |
|
3.3.1 | I | COPPER 180 3" ARMAFLEX 100 PSI. 53.6 51.3
3.3.2 | | 1IN 1S0 SLEEVE 40 PSI. 49.0
| | 1/2" THICK -1
3.4.1 | ———— |  COPPER 1S0 WITH OVER- 100 PSI. 53.2 50.6
3.4.2 | | 1/2IN. IS0 SIZED CLAMPS 40 PSI. 48.1
I |
INFLUENCE OF PIPE DIAMETER - SOURCE: 1SO
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|
TEST |

|
PARTITION |  DIAM.  SOURCE ATTACHMENT PRESSURE dBA  AVERAGE  MAX. DIFF.
NO. | COMPOSITION | IN dBA IN dBA
| I
4.1.1 } - 1 LAYER OF DRYWALL } COPPER 1S0 3 STANDARD 100 PSI. 64.4 61.6
4.1.2 | - 2 x 4 WOOD STUDS | 1IN 180 CLAMPS 40 PsI. 58.7
| - 3 1/2 IN. GLASS FIBER | ALONG SIDE 2
4.2.1 |  BATT INSULATION IN |  COPPER 1S0 OF STUD. 100 PSI. 65.9 63.4
4.2.2 |  STUD CAVITY. | 1/2IN. IS0 40 PSI. 60.8
| - RESILIENT FURRINGS |
| - 1 LAYER OF DRYWALL |
4.3.1 | .| copper IS0 3" ARMAFLEX 100 PSI. 46.1 43.7
4.3.2 | e [ 1IN 1S0 SLEEVE 40 PSI. 41.3
| <?&2§/ | 1/2" THICK -0
.40 | LAAVN A | COPPER IS0 WITH OVER- 100 PSI. 46.2 43.5
4.4.2 | ——— | 12w 10 SIZED CLAMPS 40 PSI. 40.9
I |
5.1.1 } - 1 LAYER OF DRYWALL l COPPER 1S0 3 STANDARD 100 PSI. 68.9 65.6
5.1.4 | - 2 x 4 WOOD STUDS | 1IN 10 CLAMPS 40 PSI. 62.3
| - 2 LAYERS OF DRYWALL | ALONG SIDE 5
5.2.1 | |  COPPER 180 OF STUD. 100 PSI. 72.9 70.3
5.2.2 | | Y2 1IN IS0 40 PSI. 67.8
| |
5.3.1 l < : COPPER 180 3" ARMAFLEX 100 PSI. 53.7 51.1
3.2 | — | 1 150 SLEEVE 40 PSI. 48.6
| | 1/2" THICK -1
5.4.1 | | - COPPER 1S0 WITH OVER- 100 PSI. 52.9 50.5
5.4.2 | | 1/2 1IN, IS0 SIZED CLAMPS 40 PSI. 48.1
| |
6.1.1 l - 1 LAYER OF DRYWALL } COPPER 180 3 STANDARD 100 PSI. 67.8 65.3
6.1.2 | - 2 x 4 WOOD STUDS 1IN 1S0 CLAMPS 40 PSI. 62.8
| - 3 1/2 IN. GLASS FIBER | ALONG SIDE 3
6.2.1 |  BATT INSULATION IN |  COPPER IS0 OF STUD. 100 PSI. 70.4 68.1
6.2.2 |  STUD CAVITY. | 1/2 IN. 180 40 PSI. 65.9
| - 2 LAYERS OF DRYWALL |
6.3.1 I 1 COPPER 180 3" ARMAFLEX 100 PSI. 49.4 47.0
6.3.2 | | 1IN IS0 SLEEVE 44.6
| XZXZ | 1/2" THICK 1
A ———— | COPPER 1S0 WITH OVER- 100 PSI. 50.5 47.9
4.2 | | /21N, 180 SIZED CLAMPS 40 PSI. 45.2
I l
NOTE: * INDICATES THAT VALUES FOR THIS TEST HAVE BEEN EXTRAPOLATED
INFLUENCE OF PIPE DIAMETER - SOURCE: ISO
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TEST | PARTITION |  DIAM.  SOURCE  ATTACHMENT PRESSURE dBA  AVERAGE  MAX. DIFF.
NO. | COMPOSITION | IN dBA IN dBA
1.1 | - 1 LAYER OF DRYWALL |  COPPER IS0 3 STANDARD 100 PSI. 58.9 56.4

1.2 | - 2 x 4 WOOD STUDS | 1IN IS0 CLAMPS 40 PSI. 53.9
| - 3 1/2 IN. GLASS FIBER | ALONG SIDE -1
7.2.1 |  BATT INSULATION IN |  COPPER IS0 OF STUD. 100 PSI. 57.9 55.8
7.2.2 | STUD CAVITY. | /2N, IS0 40 PSI. 53.7
| - RESILIENT FURRINGS |
| - 2 LAYERS OF DRYWALL |
7.3.1 | |  COPPER IS0 3" ARMAFLEX 100 PSI. 45.1 42.7
7.3.2 | | 1IN 1S0 SLEEVE 40 PSI. 40.3
| | 1/2" THICK -1
7.4.1 | |  COPPER 1S0 WITH OVER- 100 PSI. 44.1 41.5
7.4.2 | —— | 1/2IN. IS0 SIZED CLAMPS 40 PSI. 38.9
11.1.1 | SHAFT WALL COMPOSED |  COPPER IS0 PIPE SUPPORTED 100 PSI. 38.3 33.9
11.1.4 | OF: | 21N IS0 FROM FLOOR ON 40 PSI. 29.4
| - 1 IN. CORE BOARD | NEOPRENE PADS 2
11.2.1 | - 5/8 IN. TYPE "X" |  CoPPER 1S0 NO CONTACT W/. 100 PSI. 40.3 36.0
11.2.4 | DRYWALL |  11/21IN 1S0 SHAFT WALL. 40 PSI. 31.6
| FIRE RESISTANCE: 1 HOUR |
12.1.1 | SHAFT WALL COMPOSED |  COPPER 1S0 PIPE SUPPORTED 100 PSI. 36.8 31.7
12.1.2 | OF: | 21N 1S0 FROM FLOOR ON 40 PSI. 26.5
| - 5/8 IN. TYPE "X" | NEOPRENE PADS -1
12.2.1 | DRYWALL |  COPPER 1S0 NO CONTACT W/. 100 PSI. 35.0 30.3
12.2.2 | - 1 IN. CORE BOARD | 11/2IN IS0 SHAFT WALL. 40 PSI. 25.6
| - 5/8 IN. TYPE "X" |
|  DRYWALL |
| FIRE RESISTANCE: 2 HOURS|
' 1
INFLUENCE OF PIPE DIAMETER - SOURCE: 15O
ANNEX 1I TABLE 2 PAGE 4




PARTITION

RESILIENT FURRINGS
1 LAYER OF DRYWALL

P —
\'¢

VY

| |
TEST | | DIAMETER ATTACHMENT SPL DIFFERENCE
NO. | COMPOSITION | IN dBA IN dBA
| |
| |
1.22.2 | - 1 LAYER OF DRYWALL | COPPER NO CONTACT 35.0
| -2 x 4 wWooD STUDS | 2 IN WITH DRYWALL 7
| - 1 LAYER OF DRYWALL |
1.22.4 | | PLASTIC 42.0
| S | 2 1IN
oo W
1.22.6 | | | COPPER PIPE CONTACT 49.2
| | 2 IN. WITH DRYWALL 2
| I
1.22.8 | | PLASTIC 51.4
| | 2 IN.
I |
3.5.2 | - 1 LAYER OF DRYWALL | COPPER NO CONTACT 33.0
| - 2 x 4 WoOD STUDS | 2 IN. WITH DRYWALL .8
| - 31/2 IN. GLASS FIBER |
3.5.4 |  BATT INSULATION IN | PLASTIC 4.4
| STUD CAVITY. | 2 IN.
| - 1 LAYER OF DRYWALL [
3.5.6 | | COPPER PIPE CONTACT 48.0
| — [ 2 IN. WITH DRYWALL 1
| M lb |
3.5.8 | ﬁ?&ZX/ | PLASTIC 49.4
| | 2 IN.
| |
4.5.2 | -1 LAYER OF DRYWALL | COPPER NO CONTACT WITH 30.1
| - 2 x 4 WOOD STUDS | 2 IN. RESILIENT CHANNEL 8
| - 31/2 IN. GLASS FIBER |
4,5.4 |  BATT INSULATION IN | PLASTIC 38.4
| sTub cavIty. | 2 IN.
l I
| |
| I
| |
l |
| l
| |
I |
! |
| I
| l

INFLUENCE OF PIPE MATERIAL - SOURCE: SINK EMPTYING
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TEST

PARTITION

I I
| | DIAMETER ATTACHMENT SPL DIFFERERENCE
NO. | COMPOSITION | IN dBA IN dBA
| I
I I
5.5.2 | - 1 LAYER OF DRYWALL | COPPER NO CONTACT 33.6
| -2 x 4 WoOD STUDS | 2 IN. WITH DRYWALL 8
| - 2 LAYERS OF DRYWALL |
5.5.4 | | PLASTIC 41.6
I | 2 IN.
| o
| |
I I
6.5.2 | - 1 LAVER OF DRYWALL | COPPER NO CONTACT 31.3
| -2 x 4 WoOD STUDS | 2 IN. WITH DRYWALL 5
| -3 1/2 IN. GLASS FIBER |
6.5.4 |  BATT INSULATION IN | PLASTIC 36.1
|  STUD CAVITY. | 2 IN.
| - 2 LAYERS OF DRYWALL |
| I
I |
| W |
| |
| ] |
I |
I |
7.5.2 | -1 LAYER OF DRYWALL | COPPER NO CONTACT WITH 28.7
| -2 x 4 wWooD STUDS | 2 IN. RESILIENT CHANNEL 5
| - 31/2 IN. GLASS FIBER |
7.5.4 |  BATT INSULATION IN | PLASTIC 34.2
| - RESILIENT FURRINGS | 2 IN.
| - 2 LAYERS OF DRYWALL |
I I
I I
| W |
| LN X I
I |
I I
| |
I I
INFLUENCE OF PIPE MATERIAL - SOURCE: SINK EMPTYING
ANNEX 11 TABLE 3 PAGE 2
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| |
TEST | PARTITION | DIAMETER ATTACHMENT dBA DIFFERENCE
NO. | COMPOSITION | IN dBA
l |
| |
1.22.1 | - 1 LAYER OF DRYWALL | CAST IRON NO CONTACT EXPERIMENTAL
| -2 x 4 WoOD STUDS | 3 IN. WITH DRYWALL ERROR Kok
| - 1 LAYER OF DRYWALL |
1.22.3 | | PLASTIC 44.4
| e | 3 IN.
| 5 g |
1.22.5 | | CAST IRON PIPE CONTACT 37.0
| | | 3 IN. WITH DRYWALL 10
| I
1.22.7 | | PLASTIC 47.1
| | 3 IN.
| l
2.2.1 | -1 LAYER OF DRYWALL [ CAST IRON NO CONTACT 31.2
| -2 x 4 wooD STUDS | 3 IN. WITH DRYWALL 8
| - STUD CAVITY FILLED |
2.5.3 | WITH BLOWN-IN | PLASTIC 39.1
| CELLULOSE FIBER [ 3 IN.
| - 1 LAYER OF DRYWALL [
| I
| e |
| @ |
I l
N 1 |
| |
3.5.1 | - 1 LAYER OF DRYWALL | CAST IRON NO CONTACT 30.7
| -2 x 4 WooD STUDS | 3 IN. WITH DRYWALL 10
| - 31/2 IN. GLASS FIBER |
3.5.3 | BATT INSULATION IN | PLASTIC 40.4
| STUD CAvITY. | 31N
| - 1 LAYER OF DRYWALL |
3.5.5 | |  CAST IRON PIPE CONTACT 37.0
| e | 3N WITH DRYWALL 6
3.5.7 1 <?&Z%/ l PLASTIC 42.9
| 1 | 3N
| |
| l
l |

INFLUENCE OF PIPE MATERIAL - SOURCE: TOILET FLUSH
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| |
| PARTITION |  DIAMETER ATTACHMENT dBA DIFFERECE
| COMPOSITION | IN dBA
I |
| |
4.5.1 | -1 LAYER OF DRYWALL | CAST IRON NO CONTACT WITH 30.6
| -2 x 4 WoOD STUDS | 3 IN RESILIENT CHANNEL 9
| - 31/2 IN. GLASS FIBER |
4.5.3 |  BATT INSULATION IN |  PLASTIC 39.8
| STUD CAVITY. | 3 IN
| - RESILIENT FURRINGS |
| - 7 LAYER OF DRYWALL |
l | |
| |
| M /yQ |
I — |
| I
| |
5.5.1 | - 1 LAYER OF DRYWALL |  CAST IRON NO CONTACT EXPERIMENTAL
| -2 x 4 WoOD STUDS | 3 IN. WITH DRYWALL ERROR b
| - 2 LAYERS OF DRYWALL |
5.5.3 | |  PLASTIC 42.8
| | 31N
| |
I |
| |
6.5.1 | - 1 LAYER OF DRYWALL | CAST IRON NO CONTACT 30.1
| - 2 x 4 WooD STUDS | 31N WITH DRYWALL 8
| - 31/2 IN. GLASS FIBER |
6.5.3 |  BATT INSULATION IN |  PLASTIC 37.8
| STUD CAVITY. | 3 IN
| - 2 LAYERS OF DRYWALL |
| |
| ) I
N |
| I
| | ‘
7.5.1 | - 1 LAYER OF DRYWALL | CAST IRON NO CONTACT WITH 29.0
| -2 x 4 WooD STUDS | 31N RESILIENT CHANNEL 9
| - 3 1/2 IN. GLASS FIBER |
7.5.3 |  BATT INSULATION IN |  PLASTIC 37.8
| - RESILIENT FURRINGS | 3 IN
| - 2 LAYERS OF DRYWALL |
| |
| i
S
| e e ] |
INFLUENCE OF PIPE MATERIAL - SOURCE: TOILET FLUSH
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WALL COMPOSITION: EZ:’“‘“"‘“J

¢ W ¢

TEST |  DIAM. SOURCE  ATTACHMENT PRESSURE dBA AVERAGE DIFFERENCE BETWEEN
NO. | IN dBA STANDARD CLAMPS
| RESILIENT ATTACHMENT

1.01.4 |  COPPER  ISO CLAMPS 100 PSI. 74.1 .7

1.01.1 | 1IN 1S0 3 STANDARD 40 PSI. 69.3

1.19.2 | IS0 CORK 100 PSI. 66.0 63.6 8
1.19.1 | IS0 SLEEVE 40 PSI. 61.2

1.07.4 | IS0 ACOUSTO- 100 PSI. 60.0 57.1 15
1.07.1 | 180 PLUMB 40 PSI. 54.2

1.04.1 | 180 3" ARMAFLEX 100 PSI. 59.0 56.5 15
1.04.4 | 180 SLEEVE 40 PSI. 53.9

1.16.1 | IS0 FELT 100 PSI. 58.0 55.9 16
1.16.2 | IS0 SLEEVE 40 PSI. 53.9

1.02.1 | COPPER  ISO 3 STANDARD 100 PSI. 68.1 70.7

1.02.4 | 3/4 IN. ISO CLAMPS 40 PSI. 73.3

1.20.1 | IS0 CORK 100 PSI. 61.0 63.5 7
1.20.2 | IS0 SLEEVE 40 PSI. 66.0

1.17.2 | 1S0 FELT 100 PSI. 61.4 59.1 12
1.17.1 | IS0 SLEEVE 40 PSI. 56.8

1.08.4 | IS0 ACOUSTO- 100 PSI. 60.5 57.9 13
1.08.1 | 1S0 PLUMB 40 PSI. 55.3

1.05.4 | IS0 3" ARMAFLEX 100 PSI. 56.9 54.0 17
1.05.1 | 1S0 SLEEVE 40 PSI. 51.2

INFLUENCE OF PIPE ATTACHMENT - SOURCE: ISO

ANNEX II TABLE 5 PAGE 1
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TEST |  DIAM. SOURCE ~ ATTACHMENT PRESSURE dBA AVERAGE DIFFERENCE BETWEEN
NO. | IN dBA STANDARD CLAMPS

| RESILIENT ATTACHMENT
.03.1 |  COPPER  ISO 3 STANDARD 100 PSI. 76.0 73.3
.03.4 | 1/2 IN.  1SO CLAMPS 40 PSI. 70.7
21,1 | IS0 CORK 100 PSI. 70.8 68.2 5
212 IS0 SLEEVE 40 PSI. 65.6
8.1 | 1S0 FELT 100 PSI. 67.0 64.0 9
.18.2 | 180 SLEEVE 40 PSI. 61.0
.09.1 | 1S0 ACOUSTO- 100 PSI. 61.3 58.5 15
.09.4 | 1S0 PLUM 40 PSI. 55.7
.06.1 | 1S0 3" ARMAFLEX 100 PSI. 56.6 53.9 19
.06.4 | IS0 SLEEVE 40 PSI. 51.1

l

INFLUENCE OF PIPE ATTACHMENT - SOURCE: ISO
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STUD CAVITY.
RESILIENT FURRINGS
1 LAYER OF DRYWALL

INFLUENCE OF PIPE ATTACHMENT - SOURCE: SINK EMPTYING

RESILIENT CHANNEL

| |
TEST | PARTITION |  DIAMETER ATTACHMENT SPL DIFFERENCE
NO. | COMPOSITION | IN dB IN dBA
I |
| I
.22.2 | - 1 LAYER OF DRYWALL |  COPPER NO CONTACT 35.0
| - 2 x 4 wooD STUDS | 21N WITH DRYWALL 14
| - 1 LAYER OF DRYWALL |
.22.6 | ' | PIPE CONTACT 49.2
| | WITH DRYWALL
| e — |
.22.4 | |  PLASTIC NO CONTACT 42.0
| | WITH DRYWALL 9
| 1 I
.22.8 | | 21N PIPE CONTACT 51.4
| | WITH DRYWALL
I |
| |
.5.2 | - 1 LAYER OF DRYWALL |  COPPER NO CONTACT 33.0
| -2 x 4 WooD STUDS | 21N WITH DRYWALL 15
| - 31/2 IN. GLASS FIBER |
.5.6 |  BATT INSULATION IN | PIPE CONTACT 48.0
|  STUD CAVITY. | WITH DRYWALL
| - 1 LAVER OF DRYWALL |
.5.4 | |  PLASTIC NO CONTACT 41.4
| | 21N WITH DRYWALL 8
= |
5.8 | é?&f&/ /&Z%£> | PIPE CONTACT 49.4
| | WITH DRYWALL
| 1 I
I |
I
|
I
|
.5.2 - 1 LAYER OF DRYWALL | COPPER NO CONTACT WITH 30.1
- 2 x 4 WOOD STUDS | 21N RESILIENT CHANNEL 8
- 3 1/2 IN. GLASS FIBER |
.5.6 BATT INSULATION IN | PIPE CONTACT WITH 38.1
|
I
I
|
I
|
I
|

ANNEX 11

TABLE 6

PAGE 1




s

WITH DRYWALL

| |
TEST |  PARTITION | DIAMETER ATTACHMENT SPL DIFFERENCE
NO. |  COMPOSITION | IN dBA IN dBA
| |
| |
1.22.1 |~ 1 LAYER OF DRYWALL | CAST IRON NO CONTACT EXPERIMENTAL
| -2 x4 WooD STUDS | 3 1IN WITH DRYWALL ERROR sk
| - 1 LAYER OF DRYWALL |
1.22.5 | | PIPE CONTACT 37.0
| I [ WITH DRYWALL
| |
1.22.3 | <5) ;> | PLASTIC NO CONTACT 44.4
| — | 3 IN. WITH DRYWALL 3
I |
1.22.7 | | PIPE CONTACT 47.1
| | WITH DRYWALL
l
3.5.1 | - 1 LAYER OF DRYWALL } CAST IRON NO CONTACT 30.7
| - 2 x4 wWooD STUDS | 3 IN. WITH DRYWALL 6
| - 31/2 IN. GLASS FIBER |
3.5.5 | BATT INSULATION IN | PIPE CONTACT 37.0
| STUD CAVITY. | WITH DRYWALL
| - 1 LAYER OF DRYWALL |
3.5.3 | | | | PLASTIC NO CONTACT 40.4
| | 3 1IN WITH DRYWALL 2
" |
3.5.7 | | PIPE CONTACT 42.9
| | | WITH DRYWALL
, I
4.5.1 { - 1 LAYER OF DRYWALL | CAST IRON NO CONTACT WITH 30.6
| - 2 x 4 WOOD STUDS | 3 IN. RESILIENT CHANNEL 2
| - 31/2 IN. GLASS FIBER |
4.5.5 | BATT INSULATION IN | PIPE CONTACT WITH 32.2
| STUD CAVITY. | RESILIENT CHANNEL
| - RESILIENT FURRINGS |
| - 1 LAYER OF DRYWALL [
| | . |
| Y |
| |
| === 1 |
| |
5.5.1 | - 1 LAYER OF DRYWALL | CAST IRON NO CONTACT EXPERIMENTAL
| -2 x 4 WoOD STUDS | 3 IN. WITH DRYWALL ERROR i
| - 2 LAYERS OF DRYWALL |
| | PIPE CONTACT 34.8
| !
| !
| |
| |

INFLUENCE OF PIPE ATTACHMENT - SOURCE: TOILET FLUSH
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NOTE: 1/2 IN. COPPER PIPE

STANDARD CLAMPS ATTACHMENT

]

(W<

TEST | FAUCET TYPE FLOW PRESSURE ~ SPL IN dBA  AVERAGE SPL MAXIMUM
NO. | IN dBA DIFFERENCE IN dBA

1.24.1 | FAUCET #2 MAXIMUM 100 PSI. 70.1 65.

1.24.4 | DELTA FLOW 40 PSI, 61.0

1.27.1 | FAUCET #5 100 PSI. 68.0 65.

1.27.4 | CRANE 40 PSI. 61.9

1.25.1 | FAUCET #3 100 PSI. 67.6 63.

1.25.4 | WALTEC 40 PsI. 59.1 3
1.23.1 | FAUCET #1 100 PSI. 68.5 63.

1.23.4 | AMERICAN STD CERAMIX 40 PSI. 58.0

1.26.1 | FAUCET #4 100 PSI. 69.4 62.

1.26.4 | MOEN 40 PSI. 55.2

1.34.1 | FAUCET #5 1/2 MAXIMUM 100 PSI. 69.9 67.

1.34.4 | CRANE FLOW 40 PSI. 65.1

1.29.1 | FAUCET #1 100 PSI. 70.1 66.

1.29.4 | AMERICAN STD CERAMIX 40 PSI. 62.1

1.33.1 | FAUCET #4 100 PSI. 66.1 62. 9
1.33.4 | MOEN 40 PSI. 58.8

1.31.1 | FAUCET #2 100 PSI. 64.6 60.

1.31.4 | DELTA 40 PSI. 56.2

1.32.1 | FAUCET #3 100 PSI. 61.1 58.

1.32.4 | WALTEC 40 PSI. 55.5

INFLUENCE OF THE TYPE OF FAUCET USED - SOURCE: FAUCET

ANNEX II
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TEST | FAUCET TYPE FLOW PRESSURE ~ SPL IN dBA  AVERAGE SPL MAXIMUM
NO. | IN dBA DIFFERENCE IN dBA
.36.1 | FAUCET #1 1/4 MAXIMUM 100 PSI. 67. 64.4

.36.4 | AMERICAN STD CERAMIX FLOW 40 PSI. 61.

.37.1 | FAUCET #2 100 PSI. 61. 58.0

.37.4 | DELTA 40 PSI. 54.

.40.1 | FAUCET #5 100 PSI. 61. 55.8 14
.40.4 | CRANE 40 PSI. 50.

.39.1 | FAUCET #4 100 PSI. 60. 54.3

.39.4 | MOEN 40 PSI. 47.

.38.1 | FAUCET #3 100 PSI. 54. 50.6

.38.4 | WALTEC 40 PSI. 46.

INFLUENCE OF THE TYPE OF FAUCET USED - SOURCE: FAUCET
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NOTE: 1/2 IN. COPPER PIPE

STANDARD CLAMPS ATTACHMENT

]

¢ W<

INFLUENCE OF WATER PRESSURE - SOURCE: FAUCET

TEST | FAUCET TYPE FLOW PRESSURE SPL IN dBA DIFFERENCE
NO. | IN dBA
1.23.1 | FAUCET #1 MAXIMUM 100 PSI. 68 10
1.23.4 | AMERICAN FLOW 40 PSI. 58
| STD CERAMIX
1.24,1 | FAUCET #2 100 PSI. 70 9
1.24.4 | DELTA 40 PSI. 61
1.25.1 | FAUCET #3 100 PSI. 68 9
1.25.4 | WALTEC 40 PSI. 59
1.26.1 | FAUCET #4 100 PSI. 69 14
1.26.4 | MOEN 40 PSI. 55
1.27.1 | FAUCET #5 100 PSI. 68 6
1.27.4 | CRANE 40 PSI. 62
1.29.1 | FAUCET #1 1/2 MAXIMUM 100 PSI. 70 8
1.29.4 | AMERICAN FLOW 40 PSI. 62
| STD CERAMIX
1.31.1 | FAUCET #2 100 PSI. 65 8
1.31.4 | DELTA 40 PSI. 56
1.32.1 | FAUCET #3 100 PSI. 61 6
1.32.4 | WALTEC 40 PSI. 55
1.33.17 | FAUCET #4 100 PSI. 66 7
1.33.4 | MOEN 40 PSI. 59
1.34.17 | FAUCET #5 100 PSI. 70 5
1.34.4 | CRANE 40 PSI. 65

ANNEX 1I

TABLE 9
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INFLUENCE OF WATER PRESSURE - SOURCE: FAUCET

TEST | FAUCET TYPE FLOW PRESSURE SPL IN dBA DIFFERENCE

NO. | IN dBA
.36.1 | FAUCET #1 1/4 MAXIMUM 100 PSI. 68 7
-36.4 | AMERICAN FLOW 40 PSI. 61

| STD CERAMIX

.37.1 | FAUCET #2 100 PSI. 61 7
.37.4 | DELTA 40 PSI. 55
.38.1 | FAUCET #3 100 PSI. 54 8
.38.4 | WALTEC 40 PSI. 47
.39.7 | FAUCET #4 100 PSI. 61 13
.39.4 | MOEN 40 PSI. 48
.40.1 | FAUCET #5 100 PSI. 62 12
.40.4 | CRANE 40 PSI. 50

ANNEX 11

TABLE 9
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NOTE: 1/2 IN. COPPER PIPE
STANDARD CLAMPS ATTACHMENT

]

il

TEST | FAUCET TYPE FLOW TYPE PRESSURE ~ SPL IN dBA  AVERAGE SPL MAXIMUM
NO. | IN dBA DIFFERENCE IN dBA
1.29.1 | FAUCET #1 1/2 MAXIMUM 100 PSI. 70.1 66.1
1.29.4 | AMERICAN FLOW 40 PSI. 62.1
| STD CERAMIX
1.36.1 | 1/4 MAXIMUM 100 PSI. 67.7 64.4 3
1.36.4 | FLOW 40 PSI. 61.1
|
1.23.1 | MAXIMUM 100 PSI. 68.5 63.2
1.23.4 | FLOW 40 PSI. 58.0
|
I
1.24.1 | FAUCET #2 MAXIMUM 100 PSI. 70.1 65.6
1.24.4 | DELTA FLOW 40 PSI. 61.0
1.31.1 | 1/2 MAXIMUM 100 PSI. 64.6 60.4 8
1.31.4 | FLOW 40 PSI. 56.2
1.37.1 | 1/4 MAXIMUM 100 PSI. 61.5 58.0
1.37.4 | FLOW 40 PSI. 54.6
1.25.1 | FAUCET #3 MAXTMUM 100 PSI. 67.6 63.3
1.25.4 | WALTEC FLOW 40 PSI. 59.1
1.32.1 | 1/2 MAXIMUM 100 PSI. 61.1 58.3 13
1.32.4 | FLOW 40 PSI. 55.5
1.38.1 | 1/4 MAXIMUM 100 PSI. 54.5 50.6
1.38.4 | FLOW 40 PSI. 46.7
INFLUENCE OF FLOW IN FAUCET - SOURCE: FAUCET
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ANNEX II

TEST | FAUCET TYPE FLOW TYPE PRESSURE ~ SPL IN dBA  AVERAGE SPL MAXIMUM
NO. | IN dBA DIFFERENCE IN dBA

.33.1 | FAUCET #4 1/2 MAXIMUM 100 PSI. 66.1 62.5

.33.4 | MOEN FLOW 40 PSI. 58.8

.26.1 | MAXIMUM 100 PSI. 69.4 62.3 8
.26.4 | FLOW 40 PSI. 55.2

.39.1 | 1/4 MAXIMUM 100 PSI. 60.6 54.3

.39.4 | FLOW 40 PSI. 47.9

|

.34.1 | FAUCET #5 1/2 MAXIMUM 100 PSI. 69.9 67.5

.34.4 | CRANE FLOW 40 PSI. 65.1

271 | MAXIMUM 100 PSI. 68.0 65.0 12
.27.4 | FLOW 40 PSI. 61.9

.40.1 | 1/4 MAXIMUM 100 PSI. 61.6 55.8

.40.4 | FLOW 40 PSI. 50.0

INFLUENCE OF FLOW IN FAUCET - SOURCE: FAUCET
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EVALUATION OF THE CORRECTION FACTORS

NOTE: WATER PRESSURE: 40 PSI. ‘ I

STD CLAMPS ATTACHMENT <? <?
1/2 IN. COPPER PIPE r__________1
AVERAGE OF 5 FAUCETS

OPEN AT MAXIMUM FLOW

FREQUENCY SPL FAUCET SPL IS0 |  CORRECTION | A A | CORRECTION
IN HZ IN dB IN dB | FACTOR | LAB BEDROOM |  FACTOR
(AVERAGE) (TEST # 1.3.4) | FAUCET/ISO | | LAB/BEDROOM
| I | |
| I
63 35 42 | 7 | 13 16 } 0.8 {
125 47 56 | 9 | 9 22 | 3.8
250 56 63 | 8 | 7 14 | 2.9 |
500 57 64 | 7 | 7 10 | 1.3
1000 53 62 | 9 | 8 13 | 1.9 |
2000 48 65 1 17 | 11 13 | 0.7
4000 49 65 | 16 | 15 12 | -1 |
I | I |
'ESTIMATION OF PLUMBING NOISE IN A BEDROOM
NOTE: WATER PRESSURE: 40 PSI. ===
STD CLAMPS ATTACHMENT { ?
1/2 IN. COPPER PIPE e —
FREQUENCY SPL 1SO CORRECTION CORRECTION ESTIMATED FAUCET
IN HZ IN dB FACTOR FACTOR NOISE IN A BEDROOM
(TEST # 1.3.4) FAUCET/1S0 LAB/BEDROOM IN dB
63 42 7 0.8 34
125 56 9 3.8 43
250 63 8 2.9 53
500 64 7 1.3 55
1000 62 9 1.9 51
2000 65 17 0.7 47
4000 65 16 -1.1 50 57 dBA

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM - SOURCE: SINK EMPTYING"
WOOD STUD WALL
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ESTIMATION OF PLUMBING NOISE IN A BEDROOM

NOTE: WATER PRESSURE 40 PSI. E—‘l

ARMAFLEX ATTACHMENT <£> <>
1/2 IN. COPPER PIPE
—
FREQUENCY SPL 150 CORRECTION CORRECTION
IN HZ IN dB FACTOR FACTOR NOISE IN A BEDROOM
(TEST # 1.6.4)  FAUCET/ISO LAB/BEDROOM IN dB
63 39 7 0.8 32
125 44 9 3.8 31
250 52 8 2.9 42
500 a8 7 1.3 39
1000 43 9 1.9 2
2000 a2 17 0.7 25
4000 43 16 -1 28 40 dBA
ESTIMATION OF PLUMBING NOISE IN A BEDROOM
NOTE: WATER PRESSURE: 40 PSI. —
ARMAFLEX ATTACHMENT 4?&/\/ ZE/\<>
1/2 IN. COPPER PIPE
I—
FREQUENCY SPL 1S0 CORRECTION CORRECTION ESTIMATED FAUCET
IN HZ IN dB FACTOR FACTOR NOISE IN A BEDROOM
(TEST # 3.4.2)  FAUCET/ISO LAB/BEDROOM IN dB
63 38 7 0.8 30
125 43 9 3.8 30
250 50 8 2.9 40
500 46 7 1.3 38
1000 a2 9 1.9 3
2000 3 17 0.7 19
4000 3 16 -1 19 38 dBA

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM - SOURCE: SINK EMPTYING"
WOOD STUD WALL
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ESTIMATION OF PLUMBING NOISE IN A BEDROOM

NOTE: WATER PRESSURE: 40 PSI.
ARMAFLEX ATTACHMENT
1/2 IN. COPPER PIPE

FREQUENCY SPL IS0 CORRECTION CORRECTION ESTIMATED FAUCET
IN HZ IN dB FACTOR FACTOR NOISE IN A BEDROOM
(TEST # 4.4.2)  FAUCET/ISO LAB/BEDROOM IN dB
63 38 7 0.8 30
125 46 9 3.8 33
250 44 8 2.9 33
500 37 7 1.3 28
1000 36 9 1.9 25
2000 30 17 0.7 12
4000 29 16 -1.1 14 30 dBA
ESTIMATION OF PLUMBING NOISE IN A BEDROOM
NOTE: WATER PRESSURE: 40 PSI.
ARMAFLEX ATTACHMENT
1/2 IN. COPPER PIPE =
FREQUENCY SPL IS0 CORRECTION CORRECTION ESTIMATED FAUCET
IN HZ IN dB FACTOR FACTOR NOISE IN A BEDROOM
(TEST # 6.4.2)  FAUCET/ISO LAB/BEDROOM IN dB
63 36 7 0.8 28
125 43 9 3.8 30
250 44 8 2.9 34
500 44 7 1.3 35
1000 40 9 1.9 29
2000 35 17 0.7 17
4000 31 16 -1.1 16 35 dBA

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM - SOURCE: SINK EMPTYING.§
WOOD STUD WALL

ANNEX 1II
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EVALUATION OF THE CORRECTION FACTOR

NOTE: SINK EMPTYING
NO CONTACT WITH DRYWALL
2 IN. COPPER PIPE

1 FREQUENCY A A | CORRECTION
| IN HZ LAB BEDROOM |  FACTOR
| | LAB/BEDROOM |
| 63 13 16 | 0.8 |
| 125 9 22 [ 3.8 |
| 250 7 14 | 2.9 |
| 500 7 10 | 1.3 |
| 1000 8 13 | 1.9 |
| 2000 1 13 [ 0.7 |
| 4000 15 12 | -1.1 |
| I |
ESTIMATION OF PLUMBING NOISE IN A BEDROOM
NOTE: SINK EMPTYING E—
NO CONTACT WITH DRYWALL <? %>
2 IN. COPPER PIPE
FREQUENCY SPL WASTE CORRECTION ESTIMATED SINK EMPTYING
IN HZ IN dB FACTOR NOISE IN A BEDROOM
(TEST # 1.22.2) LAB/BEDROOM IN dB
63 41 0.8 40
125 45 3.8 4
250 .35 2.9 32
500 31 1.3 30
1000 27 1.9 25
2000 26 0.7 25
4000 26 -1.1 27 34 dBA

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM - SOURCE: SINK EMPTYING"

WOOD STUD WALL

ANNEX I TABLE 12

PAGE 1
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ESTIMATION OF PLUMBING NOISE IN A BEDROOM

NOTE: SINK EMPTYING L—_'—'I
NO CONTACT WITH DRYWALL M W
2 IN. COPPER PIPE
FREQUENCY SPL WASTE CORRECTION ESTIMATED SINK EMPTYING
IN HZ IN dB FACTOR NOISE IN A BEDROOM
(TEST # 3.5.2) LAB/BEDROOM IN dB
63 44 0.8 43
125 47 3.8 43
250 35 2.9 32
500 26 1.3 25
1000 20 1.9 18
2000 19 0.7 18
4000 21 -1.1 22 31 dBA

ESTIMATION OF PLUMBING NOISE IN A BEDROOM

NOTE: SINK EMPTYING B
NO CONTACT WITH DRYWALL /\/\gb
2 IN. COPPER PIPE LAY hy
FREQUENCY SPL WASTE CORRECTION ESTIMATED SINK EMPTYING
IN HZ IN dB FACTOR NOISE IN A BEDROOM
(TEST # 4.5.2) LAB/BEDROOM IN dB
63 38 0.8 37
125 4 3.8 37
250 33 2.9 31
500 24 1.3 23
1000 20 1.9 18
2000 19 0.7 19
4000 20 1.1 22 29 dBA

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM - SOURCE: SINK EMPTYING <=
WOOD STUD WALL '

ANNEX II TABLE 12 PAGE 2




ESTIMATION OF PLUMBING NOISE IN A BEDROOM

NOTE: SINK EMPTYING
NO CONTACT WITH DRYWALL
2 IN. COPPER PIPE <L4* ?

i:d
FREQUENCY SPL WASTE CORRECTION ESTIMATED SINK EMPTYING
IN HZ IN dB FACTOR NOISE IN A BEDROOM
(TEST # 5.5.2) LAB/BEDROOM IN dB

63 37 0.8 36

125 42 3.8 38

250 35 2.9 32

500 30 1.3 29
1000 26 1.9 24
2000 24 0.7 24
4000 24 -1.1 25 32 dBA

ESTIMATION OF PLUMBING NOISE IN A BEDROOM

NOTE: SINK EMPTYING

NO CONTACT WITH DRYWALL
2 IN. COPPER PIPE

[::1
FREQUENCY SPL WASTE CORRECTION ESTIMATED SINK EMPTYING
IN HZ IN dB FACTOR NOISE IN A BEDROOM
(TEST # 6.5.2) LAB/BEDROOM IN dB
125 42 3.8 39
250 30 2.9 27
500 28 1.3 27
1000 23 1.9 21
2000 20 0.7 19
4000 21 -1.1 22 30 dBA

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM - SOURCE: SINK EMPTYING
WOOD STUD WALL )

ANNEX II TABLE 12 PAGE 3




NOTE: WATER PRESSURE 40 PSI.
PLASTIC SLEEVE ATTACHEMENT
1/2 IN. COPPER PIPE

FREQUENCY SPL ISO CORRECTION CORRECTION ESTIMATED FAUCET

IN HZ IN dB FACTOR FACTOR NOISE IN A BEDROOM
(TEST # 14.1.4) FAUCET/ISO LAB/BEDROOM IN dB

63 49 7% 0.8 * 41
125 60 9 * 3.8 * 47
250 55 8 * 2.9 * 44
500 55 7% 1.3 * 46

1000 53 9 * 1.9 * 42

2000 55 17 * 0.7 * 37

4000 58 16 * -1.1 % 43 49 dBA

NOTE: WATER PRESSURE 40 PSI.
ARMAFLEX SLEEVE ATTACHEMENT
1/2 IN. COPPER PIPE

FREQUENCY SPL ISO CORRECTION CORRECTION ESTIMATED FAUCET
IN HZ IN dB FACTOR FACTOR NOISE IN A BEDROOM
(TEST # 14.2.4) FAUCET/1S0 LAB/BEDROOM IN dB
63 1 7 0.8 * 33
125 54 9 * 3.8 % 41
250 54 8 * 2.9 * 43
500 48 7 * 1.3 % 39
1000 45 9 * 1.9 * 34
2000 44 17 0.7 * 26
4000 48 16 * -1.1 * 33 41 dBA

* INDICATES THAT THOSE VALUES ARE TAKEN FROM TABLE 11

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM - SOURCE: FAUCET
METAL STUD WALL
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NOTE: WATER PRESSURE 40 PSI.
ARMAFLEX SLEEVE ATTACHEMENT
1/2 IN. COPPER PIPE

FREQUENCY SPL ISO CORRECTION CORRECTION ESTIMATED FAUCET
IN HZ IN dB FACTOR FACTOR NOISE IN A BEDROOM
(TEST # 15.2.4) FAUCET/ISO LAB/BEDROOM IN dB
63 : 42 7 * 0.8 * 42
125 52 9 * 3.8 * 44
250 45 8 * 2.9 * 32
500 44 7% 1.3 % 34
1000 38 9 * 1.9 * 29
2000 40 17 * 0.7 * 29
4000 43 16 * -1.1 * 25 36 dBA

NOTE: WATER PRESSURE 40 PSI.
ARMAFLEX SLEEVE ATTACHEMENT
1/2 IN. COPPER PIPE

FREQUENCY SPL ISO CORRECTION CORRECTION ESTIMATED FAUCET
IN HZ IN dB FACTOR FACTOR NOISE IN A BEDROOM
(TEST # 16.2.4) FAUCET/ISO LAB/BEDROOM IN dB
63 40 7 * 0.8 * 40
125 48 9 x 3.8 * 48
250 Ly 8 * 2.9 * 41
500 42 7 * 1.3 % 42
1000 39 9 1.9 * 31
2000 37 17 * 0.7 * 24
4000 39 16 * -1.1 % 29 34 dBA

* INDICATES THAT THOSE VALUES ARE TAKEN FROM TABLE 11

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM - SOURCE: FAUCET §

METAL STUD WALL §\‘
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NOTE: SINK EMPTYING
NO CONTACT WITH DRYWALL OR STUD
2 IN. COPPER PIPE

FREQUENCY SPL WASTE CORRECTION ESTIMATED SINK EMPTYING
IN HZ IN dB FACTOR NOISE IN A BEDROOM
(TEST # 14.3.1) LAB/BEDROOM IN dB
63 46 0.8 * 45
125 48 3.8 * 44
250 45 2.9 * 42
500 35 1.3 % 34
1000 31 1.9 * 29
2000 26 0.7 * 25
4000 26 -1.1 0% 27 38 dBA

NOTE: SINK EMPTYING
NO CONTACT WITH DRYWALL OR STUD
2 IN. COPPER PIPE

FREQUENCY SPL WASTE CORRECTION ESTIMATED SINK EMPTYING
IN HZ IN dB FACTOR NOISE IN A BEDROOM
(TEST # 15.3.1) LAB/BEDROOM IN dB
63 47 0.8 47
125 46 3.8 42
250 38 2.9 35
500 31 1.3 30
1000 26 1.9 24
2000 21 0.7 21
4000 22 -1.1 23 33 dBA

* INDICATES THAT THOSE VALUES ARE TAKEN FROM TABLE 12

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM - SOURCE: SINK EMPTYING
METAL STUD WALL
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NOTE: SINK EMPTYING
NO CONTACT WITH DRYWALL OR STUD
2 IN. COPPER PIPE

FREQUENCY SPL WASTE CORRECTION ESTIMATED SINK EMPTYING
IN HZ IN dB FACTOR NOISE IN A BEDROOM
(TEST # 16.3.1) LAB/BEDROOM IN dB
63 40 0.8 39

125 46 3.8 42

250 34 2.9 31

500 C 30 1.3 29

1000 28 1.9 26

2000 21 0.7 21

4000 18 -1.1 19 32 dBA

* INDICATES THAT THOSE VALUES ARE TAKEN FROM TABLE 12

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM - SOURCE: SINK EMPTYING
METAL STUD WALL
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NOTE: TOILET FLUSH

NEOPRENE PADS Q© ©

NO CONTACT WITH DRYWALL O
4 IN. CAST IRON PIPE

FREQUENCY SPL WASTE CORRECTION ESTIMATED TOILET FLUSH
IN HZ IN dB FACTOR NOISE IN A BEDROOM
(TEST # 11.3.1) LLAB/BEDROOM IN dB
63 37 0.8 * 36
125 36 3.8 * 33
250 28 2.9 * 25
500 23 1.3 * 22
1000 25 1.9 % 23
2000 25 0.7 * 24
4000 25 -1.1 * 26 31 dBA

NOTE: SINK EMPTYING

NEOPRENE PADS Q ©
NO CONTACT WITH DRYWALL
4 IN. CAST IRON PIPE 0
TEST NO. 11.3.2 —— =
FREQUENCY SPL WASTE CORRECTION ESTIMATED SINK EMPTYING
IN HZ IN dB FACTOR NOISE IN A BEDROOM
(TEST # 11.3.1) LAB/BEDROOM IN dB
63 37 0.8 * 36
125 41 3.8 * 37
250 30 2.9 * 27
500 22 1.3 * 21
1000 23 1.9 * 21
2000 24 0.7 * 23
4000 24 -1.1 * 25 30 dBA

* INDICATES THAT THOSE VALUES ARE TAKEN FROM TABLE 12

SIMULATION OF PLUMBING NOISE IN A TYPICAL BEDROOM - SOURCE: FAUCET §ﬁ
SHAFT WALL
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WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000 dBA
- 1 LAYER OF DRYWALL 1.1.1 SUPPLY COPPER 100 PSI. 3 STANDARD INY 52 64 69 68 67 68 68 74
- 2 x 4 WOOD STUDS 1.1.2 1 IN. 80 PSI.  CLAMPS IS0 52 63 68 67 66 66 66 73
- 1 LAYER OF DRYWALL ///// 1.1.3 60 PSI.  ALONG SIDE IS0 47 61 66 66 64 64 64 71
1.1.4 40 PSI.  OF STUD. 180 45 60 65 65 63 63 62 69
i
|
1.2.1 SUPPLY COPPER 100 PSI. 3 STANDARD IS0 46 66 67 66 64 68 68 73
1.2.2 3/4 IN. 80 PSI.  CLAMPS IS0 45 64 66 65 63 66 66 72
} 1.2.3 60 PSI.  ALONG SIDE 1S0 44 63 64 63 61 64 64 70
! ///// 1.2.4 40 PSI.  OF STUD. IS0 43 61 63 62 58 63 61 68
1.3.1 SUPPLY COPPER 100 PSI. 3 STANDARD IS0 47 65 69 68 67 69 71 76
1.3.2 1/2 IN. 80 PSI.  CLAMPS 1S0 46 64 67 67 66 68 70 75
1.3.3 60 PSI.  ALONG SIDE IS0 44 59 65 66 64 66 67 72
1.3.4 40 PSI.  OF STUD. IS0 42 56 63 64 62 65 65 Il
1.4.1 SUPPLY COPPER 100 PSI. 3" ARMAFLEX IS0 50 53 55 59 51 50 51 59
1.4.2 1IN, 80 PSI.  SLEEVE IS0 48 52 54 58 49 48 49 58
1.4.3 60 PSI.  WITH OVER- 180 47 850 53 57 47 46 46 56
1.4.4 40 PSI.  SIZED CLAMPS IS0 46 49 50 55 45 45 44 54
|
{ 1.5.1 SUPPLY COPPER 100 PSI. 3" ARMAFLEX IS0 44 56 57 53 47 50 50 57
1.5.2 3/4 IN. 80 PSI.  SLEEVE IS0 43 55 55 52 45 48 48 55
J 1.5.3 60 PSI.  WITH OVER- IS0 41 54 54 50 43 46 45 53
1.5.4 40 PSI.  SIZED CLAMPS IS0 39 53 52 48 41 45 42 51
1.6.1 SUPPLY COPPER 100 PSI. 3" ARMAFLEX IS0 45 48 58 53 48 47 50 57
1.6.2 1/2 IN. 80 PSI.  SLEEVE IS0 44 47 56 52 47 45 48 55
1.6.3 60 PSI.  WITH OVER- IS0 42 46 54 50 45 43 45 53
1.6.4 40 PSI.  SIZED CLAMPS 180 39 44 52 48 43 42 43 51
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WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE  DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000 dBA
1.7.1 SUPPLY COPPER 100 PSI. ACOUSTO- IS0 52 58 61 57 53 51 51 60
1.7.2 1IN 80 PSI.  PLUMB IS0 51 56 59 56 52 49 49 58
| 1.7.3 60 PSI.  ATTACHMENT IS0 49 55 57 54 50 46 46 56
j (//// 1.7.4 40 PSI. 1S0 48 53 55 52 48 46 43 54
/ 1.8.1 SUPPLY COPPER 100 PSI. ACOUSTO- IS0 48 59 61 60 52 50 51 61
1.8.2 3/4 IN. 80 PSI.  PLUMB 150 47 58 59 59 51 48 49 59
1.8.3 60 PSI.  ATTACHMENT IS0 44 57 57 57 49 46 46 57
L 1.8.4 40 PSI. IS0 43 55 56 55 47 45 44 55
1.9.1 SUPPLY COPPER 100 PSI. ACQUSTO- IS0 45 51 62 61 55 49 49 61
1.9.2 1/2 IN. 80 PSI.  PLUMB IS0 44 50 61 59 54 46 47 60
1.9.3 60 PSI.  ATTACHMENT IS0 42 48 58 57 52 44 44 58
1.9.4 40 PSI. 180 39 47 56 55 50 43 41 56
1.10.1  SUPPLY PLASTIC 100 PSI. 3 STANDARD 150 53 60 60 63 56 51 43 62
1.10.2 1 IN. 80 PSI.  CLAMPS IS0 53 59 60 62 55 45 42 61
A 1.10.3 60 PSI.  ALONG SIDE 1S0 51 58 58 60 51 41 40 59
1.10.4 40 PSI.  OF STUD. IS0 49 56 57 59 48 36 39 57
1.11.1  SUPPLY PLASTIC 100 PSI. 3 STANDARD 10 54 61 61 64 60 57 55 65
1.11.2 3/4 IN. 80 PSI.  CLAMPS 180 53 60 60 62 59 55 54 64
1.11.3 60 PSI.  ALONG SIDE N 52 59 58 61 5 53 50 62
l ////, 1.11.4 40 PSI.  OF STUD. IS0 50 57 5 59 54 52 49 60
1.12.1 SUPPLY PLASTIC 100 PSI. 3 STANDARD IS0 49 64 62 59 61 58 54 65
1.12.2 1/2 IN. 80 PSI.  CLAMPS 1SO 48 62 60 58 60 57 53 64
1.12.3 60 PSI.  ALONG SIDE IS0 45 60 58 56 57 55 49 61
1.12.4 40 PSI.  OF STUD. 1S0 43 58 56 53 54 54 48 59
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WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000 dBA
1.13.1 SUPPLY PLASTIC 100 PSI. 3" ARMAFLEX IS0 51 5 58 53 52 45 45 56
1.13.2 1 IN. 80 PSI.  SLEEVE IS0 50 55 57 52 51 42 44 55
1.13.3 60 PSI.  WITH OVER- 180 48 53 5 50 48 40 & 53
1.13.4 40 PSI.  SIZED CLAMPS IS0 47 52 54 49 45 38 38 51
1.14.1 SUPPLY PLASTIC 100 PSI. 3" ARMAFLEX IS0 53 62 60 51 48 44 45 56
1.14.2 3/4 IN. 80 PSI.  SLEEVE IS0 52 61 58 50 47 43 44 54
1.14.3 60 PSI.  WITH OVER- IS0 51 60 56 48 44 41 40 52
1.14.4 40 PSI.  SIZED CLAMPS IS0 50 59 55 47 42 39 39 51
1.15.1 SUPPLY PLASTIC 100 PSI. 3" ARMAFLEX IS0 48 59 57 48 41 38 39 52
1.15.2 1/2 IN. 80 PSI.  SLEEVE IS0 46 58 55 47 40 36 37 50
1.15.3 60 PSI.  WITH OVER- IS0 44 56 53 45 37 34 33 48
1.15.4 40 PSI.  SIZED CLAMPS IS0 41 54 51 43 34 33 31 46
1.16.1 SUPPLY COPPER 100 PSI. FELT IS0 48 54 53 58 50 49 50 58
1.16.2 1 IN. 40 PSI.  SLEEVE IS0 45 52 50 55 44 45 44 54
WITH OVER-
SIZED CLAMPS
1.17.1 SUPPLY COPPER 100 PSI. FELT 180 48 59 64 60 51 53 52 61
1.17.2 3/4 IN. 40 PSI.  SLEEVE IS0 43 56 59 56 46 48 45 57
WITH OVER-
SIZED CLAMPS
1.18.1 SUPPLY COPPER 100 PSI. FELT IS0 47 62 65 66 61 56 56 67
1.18.2 1/2 IN. 40 PSI.  SLEEVE 1S0 42 57 60 61 5 52 50 61
WITH OVER-
SIZED CLAMPS
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WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE  DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000 dBA
1.19.1 SUPPLY COPPER 100 PSI. CORK 13S0 56 60 63 67 58 54 55 66
1.19.2 1 IN. 40 PSI.  SLEEVE 180 50 57 58 63 52 49 48 61
WITH OVER-
SIZED CLAMPS
1.20.1 SUPPLY COPPER 100 PSI. CORK IS0 46 65 67 65 58 58 56 66
1.20.2 3/4 IN. 40 PSI.  SLEEVE IS0 41 61 62 60 53 653 49 61
WITH OVER-
SIZED CLAMPS
1.21.1 SUPPLY COPPER 100 PSI. CORK IS0 44 58 67 68 64 64 62 7
1.21.2 1/2 IN. 40 PSI.  SLEEVE IS0 39 53 61 63 58 60 55 66
WITH OVER-
SIZED CLAMPS
1.22.1 WASTE CAST IRON N/A NO CONTACT TOILET  ~—memeeee EXPERIMENTAL ERROR ~===--———-
3 IN. WITH DRYWALL FLUSH
e
1.22.2 WASTE COPPER N/A NO CONTACT SINK 41 45 35 31 27 26 26 35
‘\‘ O 2 IN. WITH DRYWALL EMPTYING
|
| .
f — 1.22.3 WASTE PLASTIC N/A NO CONTACT TOILET 40 46 40 34 38 39 38 44
‘ 3 IN. WITH DRYWALL FLUSH
1.22.4 WASTE PLASTIC N/A NO CONTACT SINK 41 46 39 34 35 36 36 42
2 IN. WITH DRYWALL EMPTYING
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WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000  dBA
1.22.5  WASTE CAST IRON N/A PIPE CONTACT TOILET 43 45 42 32 29 26 24 37
3 IN. WITH DRYWALL FLUSH
——
1.22.6  WASTE COPPER N/A PIPE CONTACT SINK 57 60 52 45 39 37 38 49
2 IN. WITH DRYWALL EMPTYING
1.22.7  WASTE PLASTIC N/A PIPE CONTACT TOILET 45 50 47 40 40 40 39 47
3 IN. WITH DRYWALL FLUSH
1.22.8  WASTE PLASTIC N/A PIPE CONTACT SINK 52 55 51 49 44 43 42 5
2 IN. WITH DRYWALL EMPTYING
1.23.1  FAUCET #1 COPPER 100 PSI. 3 STANDARD FAUCET 47 55 60 66 64 59 60 68
1.23.2  AMERICAN  1/2 IN. 80 PSI.  CLAMPS FAUCET 45 54 58 64 64 57 58 67
1.23.3  STD CERAMIX 60 PSI.  ALONG SIDE FAUCET 42 51 55 58 60 55 53 63
1.23.4  MAXIMUM 40 PSI.  OF STUD. FAUCET 40 48 53 54 53 48 50 58
( FLOW
1.24.1  FAUCET #2 COPPER 100 PSI. 3 STANDARD FAUCET 46 60 68 69 64 60 61 70
1.24.2  DELTA 1/2 IN. 80 PSI.  CLAMPS FAUCET 45 58 67 69 63 59 59 69
1.24.3  MAXIMUM 60 PSI.  ALONG SIDE FAUCET 43 56 64 65 60 52 50 65
1.24.4  FLOW 40 PSI.  OF STUD. FAUCET 41 55 63 61 54 49 48 61
J////j 1.25.1  FAUCET #3 COPPER 100 PSI. 3 STANDARD FAUCET 35 50 61 66 64 57 56 68
1.25.2  WALTEC 1/2 IN. 80 PSI.  CLAMPS FAUCET 3 48 60 65 62 56 54 66
1.25.3  MAXIMUM 60 PSI.  ALONG SIDE FAUCET 32 45 57 62 57 51 48 62
1.25.4  FLOW 40 PSI.  OF STUD. FAUCET 31 43 55 59 54 48 44 59
1.26.1  FAUCET #4 COPPER 100 PSI. 3 STANDARD FAUCET 3 50 63 64 64 62 63 69
1.26.2  MOEN 1/2 IN. 80 PSI.  CLAMPS FAUCET 33 49 61 62 61 60 62 68
1.26.3  MAXIMUM 60 PSI.  ALONG SIDE FAUCET 31 47 59 58 57 55 59 64
1.26.4  FLOW 40 PSI.  OF STUD. FAUCET 30 45 55 54 50 42 43 55
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WOOD STUD SCHEMATIC TEST OCTAVE

PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000 dBA
1.27.1 FAUCET #5  COPPER 100 PSI. 3 STANDARD FAUCET 36 50 58 61 62 62 63 68

/,/// 1.27.2 CRANE 1/2 IN. 80 PSI.  CLAMPS FAUCET 3% 50 57 60 61 62 63 68
1.27.3 MAXIMUM 60 PSI.  ALONG SIDE FAUCET 32 47 53 57 57 58 60 65

1.27.4 FLOW 40 PSI.  OF STUD. FAUCET 31 45 52 54 54 54 88 62

1.29.1 FAUCET #1  COPPER 100 PSI. 3 STANDARD FAUCET 37 48 58 60 60 61 67 70

///’/ 1.29.2 AMERICAN 1/2 IN. 80 PSI.  CLAMPS FAUCET 34 45 59 61 60 61 66 69
) 1.29.3 STD CERAMIX 60 PSI.  ALONG SIDE FAUCET 32 42 54 61 58 57 63 66
1.29.4 1/2 MAXIMUM 40 PSI.  OF STUD. FAUCET 31 40 48 56 56 52 58 62

FLOW

1.31.1 FAUCET #2  COPPER 100 PSI. 3 STANDARD FAUCET 38 54 62 60 58 58 58 65

1.31.2 DELTA 1/2 IN. 80 PSI.  CLAMPS FAUCET 3% 5 61 59 56 5 56 63

1.31.3 1/2 MAXIMUM 60 PSI.  ALONG SIDE FAUCET 34 51 5 55 52 52 52 59

1.31.4 FLOW 40 PSI.  OF STUD. FAUCET 33 50 52 52 48 49 51 56

1.32.1 FAUCET #3  COPPER 100 PSI. 3 STANDARD FAUCET 30 41 51 55 56 55 53 61

1.32.2 WALTEC 1/2 IN. 80 PSI.  CLAMPS FAUCET 30 39 50 54 5 53 652 60

1.32.3 1/2 MAXIMUM 60 PSI.  ALONG SIDE FAUCET 29 36 47 51 53 50 49 57

1.32.4 FLOW 40 PSI.  OF STUD. FAUCET 29 36 46 50 52 48 47 55

1.33.1 FAUCET #4  COPPER 100 PSI. 3 STANDARD FAUCET 30 42 54 61 60 59 60 66

1.33.2 MOEN 1/2 IN. 80 PSI.  CLAMPS FAUCET 30 42 52 59 5 59 59 65

1.33.3 1/2 MAXIMUM 60 PSI.  ALONG SIDE FAUCET 23 38 46 55 5 56 57 63

1.33.4 FLOW 40 PSI.  OF STUD. FAUCET 29 38 42 43 51 52 55 59

1.34.1 FAUCET #5 COPPER 100 PSI. 3 STANDARD FAUCET 3% S50 52 55 60 63 67 70

1.34.2 CRANE 1/2 IN. 80 PSI.  CLAMPS FAUCET 35 49 52 55 60 62 67 70

1.34.3 1/2 MAXIMUM 60 PSI.  ALONG SIDE FAUCET 29 40 50 52 55 60 62 66

1.34.4 FLOW 40 PSI.  OF STUD. FAUCET 29 39 48 50 52 60 61 65
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WOOD STUD SCHEMATIC TEST OCTAVE

PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000 dBA
1.36.1 FAUCET #1  COPPER 100 PSI. 3 STANDARD FAUCET 3T 43 54 55 53 57 66 68

1.36.2 AMERICAN 1/2 IN. 80 PSI.  CLAMPS FAUCET 30 41 53 55 53 55 65 67

(//// 1.36.3 STD CERAMIX 60 PSI.  ALONG SIDE FAUCET 29 38 47 55 53 53 62 64
1.36.4 1/4 MAXIMUM 40 PSI.  OF STUD. FAUCET 29 37 4 51 52 49 59 61

FLOW

1.37.1 FAUCET #2  COPPER 100 PSI. 3 STANDARD FAUCET 30 42 54 53 55 54 57 61

///// 1.37.2 DELTA 1/2 IN. 80 PSI.  CLAMPS FAUCET 30 40 52 52 53 53 55 60
N 1.37.3 1/4 MAXIMUM 60 PSI.  ALONG SIDE FAUCET 30 38 49 51 49 53 53 58
1.37.4 FLOW 40 PSI.  OF STUD. FAUCET 29 36 43 46 43 48 51 55

1.38.1 FAUCET #3  COPPER 100 PSI. 3 STANDARD FAUCET 30 39 45 47 48 46 50 54

1.38.2 WALTEC 1/2 IN. 80 PSI.  CLAMPS FAUCET 30 38 44 47 46 45 49 53

1.38.3 1/4 MAXIMUM 60 PSI.  ALONG SIDE FAUCET 29 36 42 44 42 39 43 48

1.38.4 FLOW 40 PSI.  OF STUD. FAUCET 29 35 40 41 40 37 43 47

1.39.1 FAUCET #4  COPPER 100 PSI. 3 STANDARD FAUCET 29 36 40 52 53 54 56 61

1.39.2 MOEN 1/2 IN. 80 PSI.  CLAMPS FAUCET 29 36 38 49 51 53 55 59

1.39.3 1/4 MAXIMUM 60 PSI.  ALONG SIDE FAUCET 28 33 35 44 47 50 582 56

1.39.4 FLOW 40 PSI. OF STUD. FAUCET 29 34 33 36 37 42 44 48

1.40.1 FAUCET #5  COPPER 100 PSI. 3 STANDARD FAUCET 29 38 41 47 53 53 59 62

1.40.2 CRANE 1/2 IN. 80 PSI.  CLAMPS FAUCET 29 37 40 47 53 52 58 61

1.40.3 1/4 MAXIMUM 60 PSI.  ALONG SIDE FAUCET 28 33 38 41 42 43 50 52

1.40.4 FLOW 40 PSI.  OF STUD. FAUCET 29 33 38 40 41 41 47 50

1.42.1 SUPPLY COPPER 100 PSI. 3 STD IS0 35 43 44 38 35 45 46 50

1.42.2 1/2 IN. 80 PSI.  ATTACHMENTS IS0 36 43 43 38 34 43 44 48

1.42.3 60 PSI.  WRAPPED IS0 35 42 41 35 32 40 41 45

1.42.4 40 PSI.  INSULATION 180 35 41 40 34 31 41 39 45




WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000  dBA
- 1 LAYER OF DRYWALL 2.1.1 SUPPLY COPPER 100 PSI. 3 STANDARD IS0 52 61 65 63 62 63 63 69
- 2 x 4 WOOD STUDS 2.1.2 1 IN. 80 PSI.  CLAMPS 10 49 60 64 62 61 61 62 68
- STUD CAVITY FILLED 2.1.3 60 PSI.  ALONG SIDE 150 45 58 62 61 53 59 61 66
WITH BLOWN-IN 2.1.4 40 PSI.  OF STUD. IS0 43 56 60 58 57 58 57 64
CELLULOSE FIBRE
- 1 LAYER OF DRYWALL
2.2.1 WASTE CAST IRON  N/A NO CONTACT TOILET 3 37 37 27 23 20 17 31
3 IN. WITH DRYWALL FLUSH
2.5.3 WASTE PLASTIC N/A NO CONTACT TOILET 39 41 37 33 3 32 32 39
3 IN. WITH DRYWALL FLUSH
- 1 LAYER OF DRYWALL 3.1.1 SUPPLY COPPER 100 PSI. 3 STANDARD 180 52 61 68 64 63 65 64 71
- 2 x 4 WOOD STUDS 3.1.2 40 PSI.  CLAMPS IS0 43 57 63 60 57 60 58 65
- 3 1/2 IN. GLASS FIBER ALONG SIDE
BATT INSULATION IN OF STUD.
STUD CAVITY.
- 1 LAYER OF DRYWALL 3.2.1 SUPPLY COPPER 100 PSI. 3 STANDARD IS0 46 59 63 66 69 69 70 75
3.2.2 1/2 IN. 40 PSI.  CLAMPS 180 39 51 58 61 64 65 64 70
ANNEX III PAGE 8
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ANNEX III

WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000  dBA
3.3.1 SUPPLY COPPER 100 PSI. 3" ARMAFLEX 1S0 47 50 51 55 46 42 42 sS4
3.3.2 1 IN. 40 PSI.  SLEEVE 150 42 47 47 51 40 37 35 49
WITH OVER-
SIZED CLAMPS
.41 SUPPLY COPPER 100 PSI. 3" ARMAFLEX 1S0 43 47 55 51 47 41 41 53
3.4.2 1/2 IN. 40 PSI.  SLEEVE 1S0 38 43 S0 46 42 37 34 48
WITH OVER-
SIZED CLAMPS
3.5.1 WASTE CAST IRON  N/A NO CONTACT TOILET 38 39 37 24 21 20 19 3
e —— 3 IN. WITH DRYWALL FLUSH
3.5.2 WASTE COPPER N/A NO CONTACT SINK 44 47 35 26 20 19 21 33
— ] 2 IN. WITH DRYWALL EMPTYING
3.5.3 WASTE PLASTIC N/A NO CONTACT TOILET 41 44 37 31 33 35 34 40
3 IN. WITH DRYWALL FLUSH
3.5.4 WASTE PLASTIC N/A NO CONTACT SINK 47 46 42 35 37 33 31 4
— 2 IN. WITH DRYWALL EMPTYING
3.5.5 WASTE CAST IRON  N/A PIPE CONTACT TOILET 41 44 43 33 26 246 22 37
3 IN. WITH DRYWALL FLUSH
3.5.6 WASTE COPPER N/A PIPE CONTACT SINK 55 60 48 42 38 37 37 48
2 IN. WITH DRYWALL EMPTYING
3.5.7 WASTE PLASTIC N/A PIPE CONTACT TOILET 42 48 43 37 35 37 34 43
3 IN. WITH DRYWALL FLUSH
3.5.8 WASTE PLASTIC N/A PIPE CONTACT SINK 54 52 48 46 43 42 41 49
2 IN. WITH DRYWALL EMPTYING
PAGE 9
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WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE  DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000 dBA

- 1 LAYER OF DRYWALL 4.1.1 SUPPLY COPPER 100 PSI. 3 STANDARD INY 51 62 53 53 54 58 60 64
- 2 x 4 WOOD STUDS 4.1.2 1 IN. 40 PSI.  CLAMPS IS0 45 58 55 49 48 53 54 59
- 3 1/2 IN. GLASS FIBER ALONG SIDE
BATT INSULATION IN OF STUD.
STUD CAVITY.
~ RESILIENT FURRINGS 4.2.1 SUPPLY COPPER 100 PSI. 3 STANDARD IS0 43 58 60 52 55 59 62 66
- 1 LAYER OF DRYWALL 4.2.2 1/2 IN. 40 PSI.  CLAMPS IS0 38 50 54 47 50 55 57 61
ALONG SIDE
OF STUD.
4.3.1 SUPPLY COPPER 100 PSI. 3" ARMAFLEX IS0 52 49 48 42 36 38 39 46
\ 4.3.2 1 IN. 40 PSI.  SLEEVE IS0 47 46 44 38 30 33 33 41
\ WITH OVER-

SIZED CLAMPS

\ 4.4.1 SUPPLY COPPER 100 PSI. 3" ARMAFLEX IS0 44, 49 49 42 41 34 37 46
| 4.4.2 1/2 IN. 40 PSI.  SLEEVE 1S0 38 46 44 37 36 30 29 41
‘ WITH OVER-

SIZED CLAMPS

4.5.1 WASTE CAST IRON  N/A NO CONTACT TOILET 38 40 36 23 22 21 20 K|
3 IN. W/ RES. CHANNEL FLUSH
4.5.2 WASTE COPPER N/A NO CONTACT SINK 38 41 33 24 20 19 20 30
__________ 2 IN. W/ RES. CHANNEL EMPTYING
4.5.3 WASTE PLASTIC N/A NO CONTACT TOILET 41 44 33 29 33 35 33 40
3 IN. W/ RES. CHANNEL FLUSH
4.5.4 WASTE PLASTIC N/A NO CONTACT SINK 43 46 42 30 31 31 28 38
2 IN. W/ RES. CHANNEL EMPTYING

" j/\/L ANNEX III PAGE 10



ANNEX III

PAGE 11

WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION  REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000  dBA
—
4.5.5  WASTE CAST IRON N/A  PIPE CONTACT  TOILET 41 42 37 25 24 23 21 3
3 1IN, W/ RES. CHANNEL FLUSH
4.5.6  WASTE COPPER  N/A  PIPE CONTACT  SINK 48 49 38 37 28 23 25 38
2 IN. W/ RES. CHANNEL EMPTYING
- 1 LAYER OF DRYWALL 5.1.1  SUPPLY  COPPER 100 PSI. 3 STANDARD IS0 50 61 65 64 63 62 61 69
-2 x 4 WOOD STUDS 5.1.2 1IN. 80 PSI.  CLAMPS IS0 48 60 68 63 61 61 50 68
- 2 LAYERS OF DRVWALL | 5.1.3 58 PSI.  ALONG SIDE IS0 45 58 62 62 59 58 57 65
' 5.1.4 40 PSI.  OF STUD. IS0 %41 *56 %60 59 *56 55 x54 %62
5.2.1  SUPPLY  COPPER 100 PSI. 3 STANDARD IS0 45 62 62 65 65 67 67 73
5.2.2 1/2 IN. 40 PSI.  CLAMPS 150 40 53 57 59 60 63 61 68
////J ALONG SIDE
{ OF STUD.
‘ 5.3.1  SUPPLY  COPPER 100 PSI. 3" ARMAFLEX 150 45 49 47 54 46 46 44 5
| 5.3.2 11IN. 40 PSI.  SLEEVE 150 41 46 43 49 40 41 37 49
WITH OVER-
| SIZED CLAMPS
r 5.4.1  SUPPLY  COPPER 100 PSI. 3" ARMAFLEX 150 43 48 51 51 48 44 42 53
5.4.2 1/2 IN. 40 PSI.  SLEEVE 150 37 44 47 45 43 41 36 48
WITH OVER-
SIZED CLAMPS
NOTE: * INDICATES THAT VALUES FOR THIS TEST
1 HAVE BEEN EXTRAPOLATED

i




WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000 dBA
—————— 5.5.1 WASTE CAST IRON  N/A NO CONTACT TOILET  ——mmmeeem EXPERIMENTAL ERROR —-m==————
O 3 IN. WITH DRYWALL FLUSH
5.5.2 WASTE COPPER N/A NO CONTACT SINK 37 42 35 30 26 24 24 34
2 IN. WITH DRYWALL EMPTYING
5.5.3 WASTE PLASTIC N/A NO CONTACT TOILET 40 44 37 37 37 37 35 43
3 IN. WITH DRYWALL FLUSH
5.5.4 WASTE PLASTIC N/A NO CONTACT SINK 47 46 41 39 36 33 31 42
2 IN. WITH DRYWALL EMPTYING
e
5.5.5 WASTE CAST IRON N/A PIPE CONTACT TOILET 38 43 37 30 28 26 22 35
Q 3 IN. WITH DRYWALL FLUSH
- 1 LAYER OF DRYWALL 6.1.1 SUPPLY COPPER 100 PSI. 3 STANDARD 1S0 51 58 63 63 62 61 61 68
- 2 x 4 WOOD STUDS 6.1.2 1 IN. 40 PSI.  CLAMPS IS0 43 55 58 58 57 5 55 63
- 3 1/2 IN. GLASS FIBER ALONG SIDE
BATT INSULATION IN OF STUD.
STUD CAVITY.
- 2 LAYERS OF DRYWALL 6.2.1 SUPPLY COPPER 100 PSI. 3 STANDARD 130 44 58 61 62 62 65 65 70
6.2.2 1/2 IN. 40 PSI.  CLAMPS 180 33 50 5 57 57 61 60 66
ALONG SIDE
OF STUD.
ANNEX III PAGE 12
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WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE  DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000 dBA
6.3.1 SUPPLY COPPER 100 PSI. 3" ARMAFLEX IS0 46 48 45 50 43 39 35 49
6.3.2 1 IN. 40 PSI.  SLEEVE IS0 42 45 41 46 36 34 30 45
WITH OVER-
SIZED CLAMPS
6.4.1 SUPPLY COPPER 100 PSI. 3" ARMAFLEX IS0 41 46 50 49 46 39 37 51
6.4.2 1/2 IN. 40 PSI.  SLEEVE IS0 36 43 44 44 40 35 3 45
WITH OVER-
SIZED CLAMPS
= i 6.5.1 WASTE CAST IRON N/A NO CONTACT TOILET 36 37 3 27 22 19 15 30
3 IN. WITH DRYWALL FLUSH
6.5.2 WASTE COPPER N/A NO CONTACT SINK 40 42 30 28 23 20 21 31
2 IN. WITH DRYWALL EMPTYING
= 6.5.3 WASTE PLASTIC N/A NO CONTACT TOILET 33 41 34 31 31 32 28 38
3 IN. WITH DRYWALL FLUSH
6.5.4 WASTE PLASTIC N/A NO CONTACT SINK 42 43 36 32 30 29 25 36
2 IN. WITH DRYWALL EMPTYING
PAGE 13




ANNEX III

WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000 dBA
- T LAYER OF DRYWALL 7.1.1 SUPPLY COPPER 100 PSI. 3 STANDARD IS0 52 58 58 51 50 53 53 59
- 2 x 4 WOOD STUDS 7.1.2 1 IN. 40 PSI.  CLAMPS IS0 48 55 54 47 44 49 46 54
- 3 1/2 IN. GLASS FIBER ALONG SIDE
BATT INSULATION IN OF STuD.
STUD CAVITY.
- RESILIENT FURRINGS 7.2.1 SUPPLY COPPER 100 PSI. 3 STANDARD IS0 46 57 60 49 51 52 49 58
- 2 LAYERS OF DRYWALL 7.2.2 1/2 IN. 40 PSI.  CLAMPS IS0 38 51 55 44 47 49 44 54
ALONG SIDE
OF STUD.
7.3.1 SUPPLY COPPER 100 PSI. 3" ARMAFLEX IS0 54 48 50 40 37 37 34 45
7.3.2 1 IN. 40 PSI.  SLEEVE IS0 49 45 46 36 30 31 27 40
WITH OVER-
SIZED CLAMPS
7.4.1 SUPPLY COPPER 100 PSI. 3" ARMAFLEX IS0 44 48 49 38 39 3R 3R 44
7.4.2 1/2 IN. 40 PSI.  SLEEVE IS0 38 44 44 33 33 27 24 39
WITH OVER-
SIZED CLAMPS
7.5.1 WASTE CAST IRON  N/A NO CONTACT TOILET 38 38 33 22 22 20 18 29
3 IN. W/ RES. CHANNEL FLUSH
l I 7.5.2 WASTE COPPER N/A NO CONTACT SINK 39 39 32 23 20 19 18 29
2 IN. W/ RES. CHANNEL EMPTYING
""""" 7.5.3 WASTE PLASTIC N/A NO CONTACT TOILET 38 40 31 28 32 34 28 38
3 IN. W/ RES. CHANNEL FLUSH
7.5.4 WASTE PLASTIC N/A NO CONTACT SINK 42 42 36 28 27 27 24 34
2 IN. W/ RES. CHANNEL EMPTYING
PAGE 14
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OCTAVE

WOOD STUD SCHEMATIC TEST
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000 dBA
| [
- 1 LAYER OF DRYWALL | 8.1.1 SUPPLY COPPER 100 PSI. KNOTCH IN IS0 42 51 53 50 48 51 55 58
- 2 x 4 WOOD STUDS | 8.1.2 1/2 IN. 40 PSI. 3 WOOD STUDS 180 36 47 47 45 41 46 47 52
~ 1 LAYER OF DRYWALL ARMAFLEX BET.
| PIPE & STUDS
- 1 LAYER OF DRYWALL 9.1.1 SUPPLY COPPER 100 PSI. KNOTCH IN IS0 41 51 49 47 43 42 42 50
- 2 x 4 WOOD STUDS 9.1.2 1/2 IN. 40 PSI. 3 WOOD STUDS IS0 37 47 44 42 37 38 36 45
~ 3 1/2 IN. GLASS FIBER ARMAFLEX BET.
BATT INSULATION IN PIPE & STUDS
STUD CAVITY.
- 1 LAYER OF DRYWALL —
9.2.1 SUPPLY COPPER 100 PSI. KNOTCH IN IS0 42 50 61 63 63 66 67 72
9.2.2 1/2 IN. 40 PSI. 3 WOOD STUDS IS0 38 44 55 59 57 61 60 66
SOLID CONTACT
WITH STUDS
PAGE 15
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WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000 dBA
SHAFT WALL COMPOSED g~ 1 11.1.1 SUPPLY COPPER 100 PSI. PIPE SUPPORTED  ISO 27 32 28 22 34 33 30 38
OF: 0 O 11.1.2 2 IN. 80 PSI.  FROM FLOOR ON IS0 27 31 26 21 31 28 28 35
- 1 IN. CORE BOARD 11.1.3 60 PSI.  NEOPRENE PADS 1S0 27 30 23 19 27 23 24 3]
- 5/8 IN. TYPE "x" 11.1.4 40 PSI.  NO CONTACT W/.  ISO 26 30 23 18 25 21 24 29
DRYWALL | 40 PSI.  SHAFT WALL.
FIRE RESISTANCE: 1 HOUR
11.2.1  SUPPLY COPPER 100 PSI. PIPE SUPPORTED  ISO 47 47 34 29 33 36 32 40
11.2.2 1 1/2 IN. 80 PSI.  FROM FLOOR ON 1S0 4 46 31 26 30 34 30 38
11.2.3 60 PSI.  NEOPRENE PADS IS0 39 41 28 23 24 27 27 33
11.2.4 40 PSI.  NO CONTACT W/.  ISO 3 39 28 21 22 25 26 3
SHAFT WALL.
11.3.1  WASTE CAST IRON  N/A PIPE SUPPORTED  TOILET 37 3 28 23 25 25 25 3]
4 IN. FROM FLOOR ON  FLUSH
NEOPRENE PADS
NO CONTACT W/.
SHAFT WALL.
11.3.2  WASTE CAST IRON  N/A PIPE SUPPORTED  SINK 37 41 30 22 23 24 24 3]
4 1IN. FROM FLOOR ON  EMPTYING
NEOPRENE PADS
NO CONTACT W/.
SHAFT WALL.
ANNEX III PAGE 16
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WOOD STUD
PARTITION COMPOSITION

SCHEMATIC
REPRESENTATION

TEST
NO.

PIPE TYPE

DIAMETER

PRESSURE

ATTACHMENT

SOURCE

63

OCTAVE

125 250 500 1000 2000 4000

dBA

SHAFT WALL COMPOSED

OF: i

- 5/8 IN. TYPE "X
DRYWALL

- 1 IN. CORE BOARD

- 5/8 IN. TYPE "X"
DRYWALL

FIRE RESISTANCE: 2 HOURS

ANNEX III

12.1.1
12.1.2

12.2.1
i2.2.2

12.3.1

12.3.2

SUPPLY

SUPPLY

WASTE

WASTE

COPPER
2 1IN.

COPPER
11/2 IN.

CAST IRON
4 IN.

CAST IRON
4 IN.

100 PSI.
40 PSI.

100 PSI.
40 PSI.

N/A

N/A

PIPE SUPPORTED
FROM FLOOR ON
NEOPRENE PADS
NO CONTACT W/.
SHAFT WALL.

PIPE SUPPORTED
FROM FLOOR ON

NEOPRENE PADS

NO CONTACT W/.
SHAFT WALL.

PIPE SUPPORTED
FROM FLOOR ON
NEOPRENE PADS
NO CONTACT W/.
SHAFT WALL.

PIPE SUPPORTED
FROM FLOOR ON

NEOPRENE PADS

NO CONTACT W/.
SHAFT WALL.

IS0

180
IS0

TOILET
FLUSH

SINK
EMPTYING

28
27

30
27

36

34

31
30

33
31

40

36

27
24

31
23

30

27
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22
17

21
18

24

20

34
23

29
19

26

21

31
16

31
18

21

22

26
20

27
20

22

23

37
27

35
26

31

29
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WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000 dBA
- 1 LAYER OF DRYWALL 14.1.1 SUPPLY COPPER 100 PSI. PIPE RUNNING IS0 52 66 61 62 59 63 66 70
- STANDARD 3 5/8 IN ’ ['17' 14.1.2 1/2 IN. 80 PSI.  HORIZONTALLY IS0 51 64 60 61 57 61 64 68
METAL STUDS (25 GA.) 14.1.3 60 PSI. 3 STUD WIDTH IS0 49 63 57 59 5 58 61 65
- 1 LAYER OF DRYWALL LA 14.1.4 40 PSI.  PLASTIC SLEEVE 130 49 60 55 55 53 55 58 62
14.2.1 SUPPLY COPPER 100 PSI. PIPE RUNNING 180 45 5 59 53 50 52 55 60
. 14.2.2 1/2 IN. 80 PSI.  HORIZONTALLY IS0 44 57 58 52 49 50 54 58
14.2.3 60 PSI. 3 STUD WIDTH IS0 43 55 56 50 48 48 51 56
% 14.2.4 40 PSI.  ARMAFLEX 1S0 41 54 54 48 45 44 48 53
SLEEVE
- 14.3.1 WASTE COPPER N/A NC CONTACT SINK 46 48 45 35 31 26 26 40
2 IN. WITH DRYWALL EMPTYING
Q OR STUDS
14.3.2 WASTE CAST IRON N/A NO CONTACT SINK 40 42 3% 29 21 21 22 32
3 IN. WITH DRYWALL EMPTYING
OR STUDS
| 14.4.1 SUPPLY COPPER 100 PSI. PIPE RUNNING HOR. ISO 53 66 62 60 57 61 65 68
| 7 14.4.2 1/2 IN. 80 PSI. 3 STUD WIDTH IS0 52 65 61 59 56 59 63 67
’ 14.4.3 60 PSI. W/ FOAM STYRENE  ISO 50 63 58 57 54 56 60 64
14.4.4 40 PSI.  DOMESTIC IS0 49 61 5 55 52 53 57 61
LOW DENSITY
INSULATION
ANNEX III PAGE 18
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STANDARD 3 5/8 IN METAL
STUDS (25 GA.)
- 2 LAYERS OF DRYWALL

ANNEX III

PAGE 19

WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000  dBA
|
- 1 LAYER OF DRYWALL | 15.1.1  SUPPLY COPPER 100 PSI. PIPE RUNNING 1S0 47 61 57 56 54 60 63 66
- 3 1/2 IN. GLASS FIBER T 48 15.1.2 1/2 IN. 80 PSI.  HORIZONTALLY 1S0 4 60 56 55 53 58 61 65
BATT INSULATION IN 15.1.3 60 PSI. 3 STUD WIDTH IS0 43 58 54 53 51 53 59 62
STUD CAVITY. | 15.1.4 40 PSI.  PLASTIC 1S0 44 57 52 51 49 52 56 59
- STANDARD 3 5/8 IN METAL SLEEVE
STUDS (25 GA.) .
- 1 LAYER OF DRYWALL 15.2.1  SUPPLY COPPER 100 PSI. PIPE RUNNING 1S0 46 57 50 50 43 48 50 55
| 15.2.2 1/2 IN. 80 PSI.  HORIZONTALLY 1S0 46 56 49 49 42 46 48 53
i 15.2.3 60 PSI. 3 STUD WIDTH 1S0 44 54 46 47 40 44 46 51
X YXXX \[ 15.2.4 40 PSI.  ARMAFLEX 1S0 42 52 45 44 38 40 43 48
SLEEVE
15.3.1  WASTE COPPER N/A NO CONTACT SINK 47 46 38 31 26 21 22 35
2 IN. WITH DRYWALL EMPTYING
OR STUDS
15.3.2  WASTE CAST IRON  N/A NO CONTACT SINK 39 39 30 21 19 20 22 29
3 IN. WITH DRYWALL EMPTYING
OR STUDS
- 1 LAYER OF DRYWALL 16.1.1  SUPPLY COPPER 100 PSI. PIPE RUNNING 150 44 60 54 55 56 60 61 65
- 31/2 IN. GLASS FIBER \ X X XIX % X X X X 16.1.2 1/2 IN. 80 PSI.  HORIZONTALLY 150 43 59 53 55 54 58 59 64
BATT INSULATION IN X }( }[ I }é :( }[ X }[ 16.1.3 60 PSI. 3 STUD WIDTH IS0 41 57 5 53 52 55 56 61
STUD CAVITY. 16.1.4 40 PSI.  PLASTIC SLEEVE  ISO 40 55 49 51 51 52 53 58

o




WOOD STUD SCHEMATIC TEST OCTAVE
PARTITION COMPOSITION REPRESENTATION NO. PIPE TYPE DIAMETER PRESSURE ATTACHMENT SOURCE 63 125 250 500 1000 2000 4000  dBA
16.2.1  SUPPLY COPPER 100 PSI. PIPE RUNNING 180 43 54 46 48 45 45 46 52
16.2.2 1/2 IN. 80 PSI. HORIZONTALLY 180 43 52 44 47 43 43 44 5]
16.2.3 60 PSI. 3 STUD WIDTH 150 41 50 42 45 42 40 42 48
16.2.4 40 PSI.  ARMAFLEX 150 40 48 41 42 39 37 39 46
SLEEVE
‘ 16.3.1  WASTE COPPER N/A NO CONTACT SINK 40 46 34 30 28 21 18 34
/ 2 IN. WITH DRYWALL EMPTYING
( OR STUDS
| 16.3.2  WASTE CAST IRON  N/A NO CONTACT SINK 3 37 30 22 19 17 16 27
3 IN. WITH DRYWALL EMPTYING
OR STUDS
ANNEX III PAGE 20
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STEADY FLOW
MEASUREMENTS
WITH ISO SOURCE

Iv.l

ANNEX IV

MEASUREMENT PROCEDURES AND
MATERIALS USED.

Arrangement of Plumbing

Steady flow measurements were made for several different pipe
systems. These systems were mounted inside test walls which
were constructed in the test frame normally used to hold sound
transmission loss specimens. The general physical layout of the
piping system and the test walls is shown in Figure 1.

AUXILIARY
CHAMBER

AUTOMATIC
AIR-RELEASE
\Q VALVE
N
TEST PIPE \
SUPPLY
N FROM
PUMP
§ SYSTEM
TEST WALL
ISO NOISE
LARGE SOURCE
CHAMBER ¥
DRAN TO
SUPPLY TANK

AN\

\\\“\\\\

Figure 1: Arrangement of test wall and plumbing systems in the
laboratory. Measurements of sound pressure level were made in
the large reverberation chamber on the left.

Water from a reservoir was pumped up to the room above the test
specimen and then passed down through the pipe systems. To
generate noise in supply pipe systems, a hydraulic noise source



Iv2

was constructed in conformance with the specifications given in
ISO 3822. A section through the source is shown in Figure 2.

R
xxxxx
SR

LR

lllll
xxxxx

nnnnn

Figure 2: Section through the ISO 3822 standard hydraulic noise
source. A front view of the first plate with its four holes is shown
on the left. Each hole has a diameter of 2.5 mm. The hole at the
right side of the source has a diameter of 5 mm.

The ISO noise source was placed in the pipe system just after the
pipe emerged from the test wall. Tapered sections of pipe were
inserted when necessary to establish a gradual change of diameter
from the test pipes to the noise source; this gradual change in
diameter prevented the creation of additional noise due to
turbulence.

Supply pipes under test were installed vertically and attached at
three points to a stud in the middle of the wall for most
measurements. In some cases, noted elsewhere, the pipes were
installed horizontally in contact with three studs.

The arrangement of pumps and valves used to set and control the
water pressure is shown in Figure 3. The combination of pumps
and control valves allowed the supply pressure to be varied from
40 to 100 psi in most circumstances. Automatic bleed valves were
included in the system to allow trapped air to escape. It is also
important that no air be trapped on the downstream side of the ISO
source, so a transparent section of hose was included to allow a
visual check for this. Table 1 shows the four standard pressures
that were used and the corresponding flow rates achieved during
the measurements with the ISO source. Flow rates were measured
using a bucket and a stopwatch. The flow rates given are mean
values for 13, 19, and 25 mm copper pipe systems. The rates did
not change with pipe diameter as expected because flow rate for a
given pressure is controlled by the size of the openings in the ISO
hydraulic noise source.
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7

UPPER

CONTROL ROOM
SUPPLY TO

TEST PIPE

DOWNSTAIRS
WORK AREA DRAIN FROM

TEST PIPE

S

RESERVOR
[

1-1HP MYERS HJIOO MAIN PUMP
2-1/2HP MYERS HJ50 BOOSTER PUMP
3457848 FLOW VALVES

6- BY-PASS VALVE

9- PRESSURE REDUCING VALVE (PRV)
10- AUTOMATIC AIR-RELEASE VALVE

11 - PRESSURE METER (PS))

12- NEOPRENE WATER SILENCER

Figure 3: System of pumps and valves used to control water
pressure during steady-flow measurements with faucets and the
ISO hydraulic noise source.

Table 1: Mean water flow rates with ISO noise source
restricting the flow.

Pressure, 1/min
psi
40 15.6
58 17.6
80 20.1

100 220




STEADY FLOW

MEASUREMENTS

WITH FAUCETS

Iv4

Arrangement of Plumbing Systems

Five conventional bathtub faucets were evaluated. These replaced
the ISO source in the water supply system. It was not always
possible to set the system to supply all pressures in the set 40, 58,
80, and 100 psi because of the greater flow through the faucets.
The area of the openings in the ISO source is 19.6 square mm,
while the faucet openings were about four times larger. Table 2
gives the pressures and flow rates that could be achieved for each
of the five faucets. Also shown are flow rates where the faucets

were adjusted to reduce the flow to 1/2 and 1/4 of the maximum
value.

Table 2: Supply pressures (psi) and flow rates (I/min) with the
five standard faucets used during the measurements. Faucets
are identified by number as follows:

#1 - Single Lever Ceramix (American Standard) #2000 - 302
#2 - Single Lever Delta Model 642CSOS

#3 - Single Lever Waltec Type 10W523

#4 - Single Lever Moen HI-FLOW

#5 - Dual Faucet Crane Basin Type. Cold side only.

#1 #2 #3 #4 #5
psi  Y/min psi  Vmin psi 1/min psi  1/min psi I/min
Maximum flow
40 222 40 16.2 40 174 40 132 40 33.6
55 264 58 18.6 54 19.8 58 15.0 52 37.2
80 30.6 80 216 80 234 80 174 80 474
95 324 95 234 95 252 95 192 84 46.8
1/2 maximum flow
95 16.2 95 126 95 12.0 95 9.0 84 24.6
1/4 maximum flow
95 84 95 6.0 95 6.0 95 4.8 84 114

Acoustical Measurements

Measurements of sound pressure level were made in the large
reverberation chamber which has a volume of 250 m3, Nine
microphones were used to sample the sound field in the room. The
integration time at each microphone was 30 seconds. The
frequency range was 63 to 5000 hertz. For most measurements, a
rotating diffuser was in operation to improve sound field
uniformity. When the radiated noise was too low, the diffuser was
stopped to give the quietest condition that can be achieved in this
room. Despite this, some measurements were too close to the
background noise in the room to be valid.



WASTE WATER
MEASUREMENTS

WALL
CONSTRUCTIONS
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Plumbing System Arrangement

A standard toilet and a standard, stainless-steel, single-basin
kitchen sink were used to generate noise for waste water
measurements. These were placed in the auxiliary room just above
the test wall and the waste water allowed to flow down through the
pipes to an external drain. Waste pipes attached to the toilet ran-
vertically through the test wall. Waste pipes attached to the sink
had a horizontal section in the middle of the test wall that extended
for about 1.2 m and occupied three stud spaces.

Acoustical Measurements

The cistern or the sink was filled with water and then the flushing
or draining process was started. Because of the transient nature of
the events, the computer was programmed to measure the
maximum sound pressure level measured in a 30 second interval
after receipt of a trigger signal. (All events lasted less than 30
seconds). This maximum level corresponds to that which would
be measured by a sound pressure level meter set on FAST. The
procedure was repeated nine times for each wall/pipe
configuration: once for each microphone.

In many cases where the waste pipe was isolated from the wall, the
noise generated in the large reverberation room was too close to
the background noise level in the room, so meaningful
measurements could not be made. In some cases, where it was
already clear that sound levels generated by the waste water flow
would have been too close the background sound level in the large
reverberation room, the scheduled tests were not run.

Standard materials and normal construction practices were used to
construct all walls and pipe systems. Walls were constructed with
studs spaced 600 mm apart. Shaft walls used steel angle runners to
support the gypsum coreboard. The following materials were
used.

Supply Pipes

Standard 13, 19, and 25 mm copper pipe

13, 19, and 25 mm Schedule 80 plastic pipe. This pipe has a wall
thickness of 5 mm.

Waste Pipes

50 mm copper, 50 mm plastic, 75 mm plastic, 75 mm cast iron,
100 mm cast iron
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Resilient Materials for Pipe Wrapping

Armstrong A.P. Armaflex Foam Pipe Insulation, nominal wall
thickness 13 mm.

Acousto-Plumb  System  Acousto-Clamp  pipe  supports,
manufactured by Ancon Inc.

Double layer of cork with total thickness of 3 mm.

13 mm hair and fabric felt

Wall Construction Materials

13 mm drywall 7.8 kg/m?2

16 mm drywall 10.2 kg/m?2

25 mm gypsum coreboard 19.5 kg/m?

38 x 89 mm wood studs at 600 mm o.c.

90 mm steel studs

Resilient metal channels, type RC-1 by Canadian Gypsum
Corporation at 600 mm o.c.

90 mm glass fibre batts. Type R-12 Home Insulation, 1.2 kg/m2.

Thermocell cellulose fibre: to install this material, 6 mil polythene
sheet was attached to the studs leaving an opening at the top of
each stud space. The cellulose fibre was then poured into the
cavity through the opening. The opening at the top was gradually
closed and the cavity filled completely. Drywall was then attached
to the studs applied over the polythene sheet



