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1 Introduction

This document presents a procedure to measure the in-situ sound insulation of road traffic noise
reducing devices in compliance with EN 1793-6, or of railway noise barriers in compliance
with EN 16272-6, and is based on the following standards, equipment and software:

EN 1793-3, normalized traffic noise spectrum [1].
EN 1793-6, in-situ sound insulation of road traffic noise reducing devices [2].
EN 16272-3-2, normalized railway noise spectrum and single number ratings [3].

EN 16272-6, in-situ sound insulation of railway noise barriers [4].

o ~ w D

Zircon hardware (by Acoustics Engineering), consisting of the LS24 (or LS14)
loudspeaker source, the MA24 microphone array with 9 microphones (measurement
grid) and the C124 control interface between a computer running Zircon software and
mentioned devices.

6. Zircon software (by Acoustics Engineering), being DIRAC 7.3+ or ZIRCON 1.0+,
acoustics measurement software that produces a stimulus to the source, captures
response signals from the measurement grid, processes these to verify the validity of
the measurements, and calculates the to be reported results according to the standards.

In this procedure, familiarity with EN 1793-6 or EN 16272-6 and Zircon software is assumed.
The explanations and screenshots are based on DIRAC, but largely similar with ZIRCON.

In this document, a road traffic noise reducing device or railway noise barrier is denoted by
NRD (Noise Reducing Device).

This procedure presumes that, as prescribed by the standards, the complete measurement
system is kept at least 2 m from any object potentially causing substantial parasitic reflections
that might affect the measurement results.

Where the loudspeaker unit is denoted as LS24, it may be substituted by its predecessor LS14,
the electric and acoustic characteristics of which are substantially the same.
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2 Measuring Equipment
The measuring equipment consists of the following components:

1. Loudspeaker unit: Zircon LS24, placed on its tripod.
2. Microphone array: Zircon MA24 with 9 IEPE microphones, placed on its tripod.

3. Control interface: Zircon CI24, comprising a multi-channel USB/Audio interface
device with IEPE microphone inputs, and a power amplifier for the LS24.

4. Speakon cable: CA12 (10 m)
5. Multi-cable: CA24

6. Windows PC running Zircon software.

L?-J
2

Zircon Software running on PC

Zircon LS24

Zircon MA24

USB cable

CA24 multi-cable g

—m Pl18 XR18

CA12 Speakon cable
Zircon Ci24

2.1 Cables
The long distances may require long cables to the LS24, the MA24 or both. Note that a long
speaker cable is preferable to a long microphone cable.

If a speaker cable length of 20 m is required (CA12-20m), but not needed in most other
measurement situations, coupling two 10 m cables (CA12) may be a good alternative option.



‘Acoustics Engineering TNO21 - Measuring SI www.acoustics-engineering.com

3 In-Office Installation and Preparation Procedure

3.1 Introduction

Hereafter, a kind of checklist is given for the in-office preparation of field measurements. Not
all the instructions apply each time preparing a field measurement session, such as the Cl124
driver installation.

1. Set up the MA24 tripod and take off the tripod head (with UNC 5/8” screw).

/

2. Screw the tripod head tightly enough in the MA24 bottom plate to avoid any play.
3. Place the MA24 on its tripod and secure the tripod head with its screw.

4. Insert 9 microphones (bayonet movement).

5. Set up the LS24 tripod and take off the tripod head (with UNC 5/8” screw).
6. Screw the tripod head tightly enough in the LS24 bottom plate to avoid any play.

7. Place the LS24 on its tripod and secure the tripod head with its screw.
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8. Position the LS24 roughly 1.25 m + the barrier thickness from the MA24 center.

r

[

’__r_
BAK.
¢

7. At the right side of the C124, insert the short mains power interconnection cable and set
the XR18 power switch to the On state.

CI24 mains power interconnection cable

8. Connect the Cl24 to the mains power through the included mains power cable.
9. Connect the Cl24 to the PC through the included USB cable.

10. Attach the multi-cable to the MA24 and the C124.

11. Attach the Speakon cable to the LS24 and the C124.

12. Turn on the CI124 by the switch above the mains power inlet. If the green LED on the
power amplifier does not light, check the power. If the orange LED on the XR18 unit
does not light, turn on the XR18 by the switch at the right side or check the
interconnection cable there.
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13. Install X18 USB Audio Driver on the PC (version 5.72.0, 2025-02-19). This driver can
be found on the Behringer website by entering “XR18 driver” in the search field of the

Download Center:

Behringer | Downloads

14. On the PC, start the Zircon software and then from the Setup menu choose Sound

Device.

15. From the Sound Device Setup window, select the line asio: X-AIR ASIO Driver for
both input and output. Click ‘OK’ to save this setup under the name C124.

W
[}
7
T
%
1
[=

Setup

[C] Use setuf
Cl24

Enter device setup name:

Input device:

asio: X-AIRASIO Driver

Sample rate [Hz]: 48000 v

Qutput device
asio: X-AIRASIO Driver

Sample rate [Hz]: 48000 o

Calibrate 5-R distance

Cancel

w Options
v Options
Cancel Help

16. The Measurement window now displays the VU meters for all XR18 input channels:

. Dirac - Measurement - Preset - CI24
Source Receiver
Signal Gain [dB]
- - Signal
e-Sweep (20Hz-20kHz) | - Start
] [~—§ oot
[ Intermittent
Length [s] Close
546 o
Loopback ch:  — .
Test 0 Pre-Average: 1 z
Preset D CE Channels Project Envionment User Info  Position  Auto Measure
Sound device setup:
Cl24 ~
Level Calibration:
Mot Calibrated ~| | Calibrate
System Calibration
Not Calibrated v

Help

=
™
=
a
=
)

Input level not calibrated
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3.2 Startup sequence
After setting up the XR18 in the Zircon software, the following startup sequence will normally
be successful:

1. Connect the USB cable and turn on the Cl124
2. Wait at least 11 seconds
3. Start the Zircon software and open the Measurement window

Note however, that connection and startup order matters. After turning on the CI124, it takes 11
seconds to complete starting up and, if the USB cable is connected, register with the Windows
Device Manager, which then gets the ASIO driver up and running. When the Zircon software
is started, it will only once check the availability of a valid ASIO driver and, upon opening the
Measurement window, initialize it. Therefore:

e If the Zircon software is started while the ASIO driver is not (yet) running, opening the
Measurement window will display the following error message, and require a restart of
the Zircon software, but now with the ASIO driver running:

u Dirac - error {184) >

"8_. \ Avalid ASIO driver is not available

!
e If the Zircon software is started while the ASIO driver is running, after which the Cl124
has been turned off or the USB cable disconnected, opening the Measurement window

will display the following error message, and require a reopening of the Measurement
window after restoring the connection:

u Dirac - error (181) >

I-Q-I Cannot initialize the ASIO driver



‘Acoustics Engineering TNO021 - Measuring Sl www.acoustics-engineering.com

3.3 Dryrun test
The dry run test simulates part of a field measurement in order to recall procedure steps and
prepare the session along a road or railway.

3.3.1 Alignment (dry run)
1. If applicable, on the Preset tab, load the Zircon setup. The preset name and associated
sound device are displayed in the title bar. On the Device tab, sound device CI24 is

selected.
. Dirac - Measurement - Zircon* - Cl24 — X
Source Receiver VU [dB]
Signal Gain [dB] 1 2 3 4 5
Signal
e-Sweep (125Hz-8kHz) et = | (= | [ = [ = | =
[ 1] [ e
(] Intermittent
- .
Length [s] Close Help
273 b
Loopback ch: 17 B
Test -30 Pre-Average: |1 =
- 832 857 901 90.2 502
Presst Device Chanmels Project Envionment  UserInfo  Position  Auto Measure  Align 6 7 8 2] 17
- - - - -
Sound device setup:
Cl24 ~
Level Calibration:
Mot Calibrated w Calibrate
System Calibration:
Not Calibrated ~

_ |"ptieveinotcallrated

2. VU meters 1 through 9 should react to sound at microphones 1 through 9 respectively,
and after clicking the Test button (mind the Gain!), a sweep should be heard from the
LS24. Click the same button again to stop the sweep.

3. Select the array from the Receiver dropdown to make the Align tab visible

4. On the Align tab, select Measurement type Transmission (for SI measurements), enter
the barrier thickness and then click the Run button.

Now, a repetitive short sweep is heard, and the distance errors in mm between the LS24 and
the MA24 center and corner microphones are shown in color-coded circles. Note that for
accurate source-receiver distance measurements, the loopback channel is used and set to 17.

5. If the numbers within the circles are not changing and remain at 0, close and re-open
the Measurement window.

6. To maximize the circles for a better view, click the Expand button and then maximize
the Aligner window.
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. Dirac - Measurement - Zircon* - C124 = X
Source Receiver VU [dB]
Signal Gain [dB] 1 2 3 2 5
Signal
e-Sweep (125Hz-8kHz) et =
] T feert

() Intermittent

- |

Length [s] Cloze Help

273 b
Loopback ch: 17 B
Test _a0 Pre-Average: |1 = = =

s
=1
.
do
@
™

da
I e | |5

Presst Device Channels Project Envionment UserInfo  Position Auto Measure Align

Measurement type
(O Reflection @ Transmission

Barrier thickness: 100 mm

O O Expand Run
Input level not calibrated

. . RED = too far away (error positive)
GREEN = OK (within £25 mm)

7. If the distance errors look evidently unrealistic, the sound level may be too low for the
distance measurements, hence must be raised.

8. Adjust the LS24 or MA24 position to get 5 green circles, and then click the Stop button.
Now the distance between loudspeaker plane and the microphones is sufficiently close
to 125 cm + the barrier thickness.

da
| — -
5

869 8695 872 9938

BLUE = too close (error negative).

3.3.2 Measurement (dry run)

1. Fill out the Project tab. Measured files will be saved in the entered folder, and the file
names will optionally include the Project and Location designations (menu Setup >
Options > Autoname). In this example, Autoname is set to include the Project name
(Barrier2), the Location name (transmission reference T_Ref) and the receiver/
microphone number (ROn) in the file names.

10
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Presst Device Channels Project  Environment Userlnfo  Postion  Auto Measure  Align 6 7 8 9 17
[ [ 1 [ [

Project: |Barrier2 | Auto save (@

Location: |T_Ref | Add to project @

Group: |Reference |

Folder: Cllzers\jhak\Documentz\Dirac\Barrier2

Input level not calibrated
EEEEEEEyyaasa——— |

1. On the Environment tab, you can enter the expected environmental conditions in the

field.
Preset Device Channels Project Environment Userinfo Postion Auto Measure  Align ] 7 8 9 17
= = ) ) =
Temperature [*C]: 20.0
Pressure [hPa]: 1013
Humidity [%]: 0.0
-850 855 858 -B58 958
Input level not calibrated
2. On the User Info tab, enter all remaining relevant measurement info.
Preset Device Channels Project Envionment Userinfo  Postion  Auto Measure  Align 6 7 8 g 17
= = ) ) =
Engineer: [John Siroad Copyright:
Comments: | Barrier 2
Milestone 1234
HW: L524, MAZ4
SW:DIRAC 7.3
904 508 905 902 996

Input level not calibrated

2. Click the Test button, set the Gain slider to a reasonable sound level with respect to the
background noise, and then click the Start button to perform the test measurement.

3. The Project window opens and finally shows 9 impulse responses, representing the
free-field results.

4. By double-clicking an impulse response, DIRAC will display it in Impulse Response
view, and you can zoom in to see more details. The window can be closed again by
clicking the top right corner.

5. Select the Graph view (menu View > Graph or is# Graph button).

6. Open the Properties dialog (Setup menu or Properties button).

11
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#% Project - Barrier2.dpj* = [m] X

Project  Group  File  Edit  VMiew Process  5Setup  Script Help

@O0 L 90 @@
0O eC ~1%) @E

= I_ B Barrierz C\Users\jhak\Documents\Dirac\Barrier2\Barrier2 T_Ref R0

—D'Mﬂﬁ
Barrier2 T_Ref R01 001
Barrier2 T_Ref R02 001

|
Barrier2 T Ref RO3 001 C\Users) jhak \Documents\Dirac\Barrier2\Barrier2 T_RefR

Barrier2 T_Ref R04 001 l
Barrier2 T_Ref R05 001

Barrier2 T_Ref R06 001 C Wsers\jhak\Documents\Dirac\Barrier2\Barrier2 T_RefR

Barrier2 T_Ref ROY 001
Barrier2 T_Ref R02 001
Barrier2 T_Ref R09 001

C:\Users) Jhak‘Documc—nts‘Dlrac‘EarrlerE‘Earnc—r2T RefRO

_ |
C\Users\jhak\Documents\Dirac\Barrier2\Barrier2 T_Ref RO
‘ _
C\Users\ihak\Documents\Dirac\Barrier2\Barrier2 T_RefR

‘ C\Users) Jhak‘Do-:uments‘Dlrac‘Earrlerz‘E-arrlerzT Ref RO

1 CUsers) Jhak‘Docum&nts‘Dlrﬁc‘EarrlerE‘E-arrl&rzT RefR

Ready 00:00:20.0401894
= = — - - - —d

u Dirac - C\Users\jhak\Documents\Dirac\Barrier2\Barrier2 T_Ref R01 001.wav = [m] *

I T LT

File  Edit View Parameters Process Setup Debug Script Window  Help |

Position: 3829/ 79.771 ms / 27.082 m 3.488 Impulse Response
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7.

10.

11.

12.

From the Parameter list on the left, select Levels > INR (Impulse response to Noise
Ratio), and wait for the INR curves to appear.

The INR reflects the quality of an impulse response measurement and should preferably
exceed 25 dB for each microphone and at all third octave frequencies from 100 Hz
through 5 kHz. If this is not the case, then this might be due to background noise,
environmental fluctuations or an incorrect setup.

So, if necessary, repeat the measurement with a corrected setup and/or under improved
conditions, such as an adjusted source signal level or a higher Receiver Pre-Average
value in the Measurement window, until the INR values are good or at least optimal.

#% Project - Barrier2.dpj* = [m] *

| Project Group File Edit View Process Setup Script  Help

@006 e @9 o
0P P9C 0000000 ~ -

=B Barrier2
=0l

. Barrier2 T_Ref RO1 001
Barrier2 T_Ref R02 001
Barrier2 T_Ref R03 001
Barrier2 T_Ref R04 001 100 -
Barrier2 T_Ref ROS 001
Barrier2 T_Ref R0S 001
Barrier2 T_Ref ROT 001
Barrier2 T_Ref R0O2 001 75
Barrier2 T_Ref R09 001

INR [dE]

T T T
125 250 500 1k 2k 4k
Frequency [Hz]

Ready 00:00:02.9958459

If the measurements were repeated under different conditions to optimize the INR,
delete all intermediate trial impulse response files in the folder, and then restart the
measurement under the current optimal condition.

To simulate measurements around an NRD, on the Project tab, set Location to
“T_Element” (denoting the insulation measurement at an NRD element), set Group to
“Position 17, and on the Position tab, enter Source: 1 and Receiver: 1.

Because indoor SI measurements are meaningless anyway, keep the setup as is, and
click the Start button to perform a test measurement.

The Project window opens and finally shows another 9 impulse responses, now
representing the sound insulation results for an NRD element at source position 1.
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#¥ Project - Barrier2.dpj*

Project  Group  File Edit  View

Process  Setup  Script  Help

@O0 e 90 @@

0090

= a == Barrier2
= a B Reference

= Barrier2 T_Ref R01 001
Barrier2 T_Ref R02 001
Barrier2 T_Ref R03 001
Barrier2 T_Ref R04 001
Barrier2 T_Ref R0O5 001
Barrier2 T_Ref R0 001
Barrier2 T_Ref ROT 001
Barrier2 T_Ref R0S 001
Barrier2 T_Ref R0S 001

Barrier2 T_Element R01 001
Barrier2 T_Element R02 001
Barrier2 T_Element R03 001
Barrier2 T_Element R04 001
Barrier2 T_Element ROS 001
Barrier2 T_Element R0S 001
Barrier2 T_Element ROT 001
Barrier2 T_Element R02 001
Barrier2 T_Element R0S 001

Ready ]

3.3.3 Processing (dry run)

QL e 9BV OO ~

Cllsers\jhak\Documents\Dirac\Barrier2\Barrier2 T_RefR
C\Jsers\jhak\Documents\Dirac\Barrier2\Barrier2 T_Ref R02 00 1.wav
C\Users\jhak\Documents\Dirac\Barrier2\Barrier2 T_Ref R0O3 00 1wav
C\Users\jhak\Documents\Dirac\Barrier2\Barrier2 T_Ref R04 001wav
C\Users\jhak\Documents\Dirac\Barrier2\Barrier2 T_Ref RO5 00 1wav
Clsers\jhak\Documents\Dirac\Barrier2\Barrier2 T_Ref ROS 00

CUsers\jhak\Documents\Dirac\Barrier2\Barrier2 T_Ref ROT 00 1wav

C\Users\jhak\Documents\Dirac\Barrier2\Barrier2 T_RefR

00:00:00.1123083

After performing all simulated measurements, each of the resulting 18 impulse responses has
its correct source and receiver number, which is required to enable subsequent processing.

1. In the Project window, from the Process menu, select Zircon.

2. Fill out the Zircon dialog box. Select between an element or post measurement. For
elements, enter the element Width. Enter the proper NRD height and Window length (if
applicable) and select a reference group and a measurement group to be processed.

H zircon *
Measuremert type: © Hement () Post
1793-6 ftransmission) Width [m]: 4.00
- i
Transmission
NRD Height [n]:  Window [ms]: Min. third-octave band:
40 79 200 Hz
Reference group: Measurement group:
Reference ~  Hement ~

Process

Help Close :
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If you enter a NRD height different from the default 4 m, Dirac will automatically adjust
the (Adrienne) Window length, but you can also enter a Window length explicitly.

Close the Zircon dialog box and in the Measurement window, set the Receiver Pre-
Average value to 16: the minimum required according to the standards.

Sound insulation measurements usually require longer stimulus lengths, so as a starting
point you can for instance set it to 10.9 s.

Quit Dirac and turn off the C124 unit.

If necessary, the dry-run folder can be deleted.

3.4 Some tips

1.

If for the MA24 a hanging construction is required, because of a very high or inclining
NRD, please refer to technical note TNO18 — Zircon — Alignment [10].

The cable roll ties can also be used to tie the cables to the tripods.
It may be convenient to have both a tape measure and a laser measure.

Bring rubber bands to secure typically loose parts of the source tripod, such as the
crank, that otherwise might rattle during loud sine sweeps. Although it will usually not
affect the measurements, it may be annoying.

Avoid any contact of connectors with the ground. After releasing a connector, do not
drop it on the ground, put it in a clean place.

The setup is now ready for field measurements.
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4 Field Measurement Procedure

Sound source reference plane of the NRD \ Microphone reference plane

/ of the NRD

0.25m
< 1m > < »‘
= :
Noise
LS24 Reducing MAZ24
Device

Notes
1. Hereafter, text printed in italics refers to the terminology as used in the standards.

2. The screenshots shown hereafter are for illustration purposes only.

3. This procedures starts with the reference measurements, but it is also possible to start
with the NRD measurements.

4. Alignment of the source and measurement grid, mutually as well as with the noise
reducing device (NRD), is usually the most elaborate part of the whole measurement
process and may be particularly challenging and time consuming on irregular terrain or
with non-flat complex devices for which the reference plane does not coincide with the
NRD. Therefore:

e The tripods included with the Zircon provide bubble levels and (direct-gear) cranks
to adjust the height, which can be used as first order alignment tools.

e The MA24 is equipped with adjustable spacers to simplify alignment with the NRD.

e The Zircon software features an alignment function that simplifies alignment of the
LS24 with the MA24.

16
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4.1 Free-field (Reference) Measurements

4.1.1 Introduction

Reference measurements must be repeated for each measurement session, or when
measurement conditions such as temperature or relative humidity have changed significantly
since the previous free-field measurements.

1. Connect the C124 to mains power, the laptop, the LS24 and the MA24 and turn it on.
2. Wait at least 11 s (see section 3.2) and then start the Zircon software.

3. Open the Measurement window and, if applicable, on the Preset tab, load the Zircon
setup.

4.1.2 Alignment (free-field)
1. Place the LS24 and MA24 on their tripods, at least 2 m away from the NRD and any
object potentially causing substantial parasitic reflections.

2. Place the LS24 visually perpendicular to the MA24 such that the loudspeaker grille
center has a distance of roughly 1.25 m + the barrier thickness to the center MA24
microphone capsule (#5).

3. Select the array from the Receiver dropdown.

4. On the Align tab, select Measurement type Transmission (for SI measurements), enter
the barrier thickness and then click the Run button.

5. Adjust the LS24 position to get 5 green circles and click the Stop button.

Loopback ch: 17 ~

. Dirac - Measurement - Zircon V2* - C124 — *
Source Receiver VU [dB] |
Signal Gain [dB] 1 3 n 5
- _ Signal
e-Sweep (125Hz-BkHz) - Statt ] =
] T R —
] Intermittent i
U - ,
Length [g] Close Help
10.9 w
|
= 078 -108.4 -1059

Test -30 Pre-Average: |1

fis
=
-]
'
0
=]
P
]
T

i
1~ |||
=

Presst Device Channels Project Envionment UserInfo  Position  Auto Measure  Align

| Measurement type
() Reflection @ Transmission
O Barrier thickness: 100 mm
O O Expand Run -1

=]
! _I -
=]
= _I -
=
=]
! _I “

5 -108.0 -1 -108.6  -103.0

Input level not calibrated

17
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4.1.3 Measurement (free-field)
1. Fill out the Project tab. Measured files will be saved in the entered folder. In this
example, Autoname is set to include the Project name (Barrier2), the Location name
(reference Ref) and the Receiver/microphone number (ROn) in the file names.

x

. Dirac - Measurement - Zircon V2* - CI24 =
Source Receiver VU [dB]
Signal Gain [dB] 1 2 3 4 5
Signal
e-Sweep (125Hz-8kHz) - " Start ——
L ] — — e
[ intermittent
Length [s] Close Help
109 o
Loopback ch: 17
Test A Pre-Average: |1 = 902 914 948 98 89,1
| Preset Device Channels Project Envionment Userinfo Postion Auto Measure Align 6 7 8 9 17
| - ™ - - -
Project: |Barrier2 | Auto save
Location: |Ref | Add to project
Group: |Reference I
Folder C:Wsers\han\Documents\Dirach
848 871 544 524 917
Input level not calibrated
2. Set the sound level well above the background noise level.
3. Click the Start button to perform the measurement.
#% Project - Barrier2.dpj” = [m] x

Project  Group  File  Edit

OO

View

@006 e @

Process  Setup  Script Help

(TR
0 9@ @ ' @ INR =

= I. Barrier2?
ClRererence)

Barrier2 Ref R0 001
BarrierZ Ref ROZ 001
BarrierZ Ref RO3 001
Barrier2 Ref R04 001
Barrier2 Ref ROS 001
Barrier2 Ref ROS 001
Barrier2 Ref ROT 001
Barrier2 Ref ROE 001
Barrier2 Ref R0OS 001

assoonan

C Users\Han\Documents\Dirac\Barrier2\Barrier2 Ref R01 W

C:\Users\Han\Documents'\Dirac\Barrier2\Barrier? Ref R02

E: \Users\Han'Documents\Dirac\Barrier2'\Barrier2 Ref R03

C:\Users\Han\Documents\Dirac\Barrier2\Barrier2 Ref R04

C:\Users\Han\Documents'\Dirac\Barrier2\Barrier2 Ref RO5 001 wav

C:\Users\Han\Documents\Dirac\Barrier2\Barrier2 Ref R0S 001 wav

C \Users\Han'\Documents\Dirac\Barrier2\Barrier2 Ref RO7 001 wav

D Users\Han\Documents'\Dirac\Barrier2\Barrier2 Ref R0

Ready

00:00:11.4625034
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41.4

Validation (free-field)
Select the st Graph view.

Select parameter INR and wait for the INR curves to appear.

If necessary, repeat the measurement with a corrected setup and/or under improved
conditions, such as an increased Source Signal Gain or Receiver Pre-Average value, set
in the Measurement window, until the INR values are good or optimal.

#% Project - Barrier2.dpj* = ] X

Project  Group FRile Edit  View Process Setup Script  Help
@O0 e 99 @@
(T LN = I T @0 00 Y@ OO ~ -
EH:I. Barrier2
BDE Reference
@ Barrier2 Ref R01 001 110
@ Barrier2 Ref R02 001
@ Barrier2 Ref R03 001 105
@8 Barrier2 Ref R04 001
@ Barrier2 Ref ROS 001 100 4
- Barrier2 Ref ROG 001
- Barrier2 Ref RO7 001 95 4
- Barrier2 Ref RO3 001
@8 Barrier2 Ref R09 001 & oo J
=t
o |
Z 85 -
80 I
|
75 |
0O
55 T T T T T T |
125 250 500 1k 2k 4k |
Frequency [Hz]
|
|
Ready 00:01:58.757417 ;|

4.2 NRD Measurements
This part of the procedure must be executed for each measurement position at the NRD. In
particular, in front of an NRD ‘element’ and an NRD ‘post’.

421
1.

Alignment (NRD)

Move the MA24 to the correct position in front of the NRD and align it with the
reference plane, ensuring a distance of 25 cm between the center microphone and this
plane. Use can be made of the spacers in the corners.
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With sound insulation measurements, the Zircon software real-time aligner, described in section
4.1.2, cannot normally be used to align the LS24 on one side of this NRD with the MA24 on
the other side. In this case, the use of mechanical tools for the correct placement of the LS24 is
assumed.

2. Place the LS24 perpendicular to the MA24 on the other side of the NRD such that the
loudspeaker grille center has a distance of 99 cm to the reference plane.

4.2.2 Measurement (NRD)

1. Fill out the Project tab. Measured files will be saved in the entered folder. In this
example, Autoname is set to include the Project name (Barrier2), the Location name
(transmission position 1 Elem or position 2 Post) and the Receiver/microphone number
(RON) in the file names.

. Dirac - Measurement - Zircon ¥2* - Cl24 — X
Source Receiver VU [dB]
Signal Gain [dB] 1 2 4
Signal Start
e-Sweep (125Hz-8kHz) - =i = || == ]
aee

] ] i
[J Intermittent
Length [] Close Help

108 e
Loopback ch: 17
Test K Pre-Average: |1 =

[1e]
=]
-

915

[1e]
=)
=]

Preset Device Channelsg Environment  User Info  Postion  Auto Measure  Align

Im

Project: |Barrier2 | Auto save [

Location: |Elem | Add to project (@

Group: |Pos'rtiun1 |

Folder: Clsers\hamDocuments\Dirach

(N -

=
I
882
17
I
915

-l
[+ v
| - ||

da
n
o
ra
[

=

Input level not calibrated

2. Set the Gain slider at the same value as with the reference measurement.

3. Click the Start button to perform the measurement, resulting in 9 impulse responses.

4.2.3 Validation (NRD)
1. In Graph view, select parameter INR and wait for the curves to appear.

2. If necessary, repeat the measurement under improved conditions for better INR values.
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#% Project - Barrier2.dpj* — ] *

Project  Group File Edit View Process Setup Script Help

@O0 [ve 90 @@
OO0 9O 0L 00 2 90 !

=

R -

=-{) B Barrier2

DE Reference

-l Position1 30
BarrierZ Elem R01 001
Barrier2 Elem R02 001
Barrier2 Elem RO3 004 70
Barrier2 Elem R04 001
Barrier2 Elem R0OS 001
Barrier2 Elem R0& 001
Barrier2 Elem RO7 001
Barrier2 Elem R0& 001
Barrier2 Elem R0% 001
Barrier2 Post R0M 001
Barrier2 Post RO2 001
Barrier2 Post RO3 001
Barrier2 Post R04 001
Barrier2 Post RO5 001
Barrier2 Post R0S 001
Barrier2 Post RO7 001
Barrier2 Post R0 001
Barrier2 Post R09 001

INR [dE]

o
sssocsscslgssoncon

T T T
125 250 500 1k 2k 4k
Frequency [Hz]

== Position1 == PositionZ

| Ready 00:00:10.0642632

With high sound insulation, it may be difficult to achieve INR values exceeding 25 dB. If this
happens to be the case, the next best goal is to get an SNR (S/N) value exceeding 10 dB (see
section 4.3.1).

4.3 Processing
In this example, the NRD is measured at 2 positions, ‘Elem’ and ‘Post’, but normally more
measurement grid positions apply.

1.
2.

In the Project window, from the Process menu, select Zircon.

Fill out the Zircon dialog box, entering the name of the Reference group and the
Element group. Set the proper NRD height and optionally the Adrienne Window width.

Click Process, resulting in a group with the name of the processed measurement group,
with the postfix “ SI E” attached, and containing 9 new 2-channel Sl files with the
name of the processed files, also with postfix “ SI E”.

Repeat 2 and 3 for the ‘post’ measurements. This will result in a new group with 9
files, all having the postfix “ SE P”.
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H zZircon * H zZircon *
Measurement type: © Hement () Post | Measurement type: () Elemernt € Post
17936 fransmission) Width ] 2.0 17936 fransmission)
Transmission Transmission
NRD Height [m]:  Window [ms]: Min. third-octave band: | NRD Height [m]:  Window [ms]: Min. third-octave band:
40 75 200 Hz | 40 75 200 Hz
Reference group: Measurement group: : Reference group: Measurement group: |
| Reference ~  Position1 | | Reference ~  Position2 e
Process Help Process Help |

5. The Sl files contain the transmitted sound in channel 1 and the reference (free-field or
incident) sound in channel 2, from which the partial Sound Insulation Index (Slp) can
be calculated.

roject - Barrier2.dpj =
/% Project - B 2.dpj* [m] bd
Project  Group File Edit View Process Setup  Script Help
@006 e 90 @@
009 9S Ve 0 e ©0 » T
BD. Barrier2
=-{_]™ Positien1_SI_E
n Barrier2 Elem R01 001_SLE 65
n Barrier2 Elem ROZ 001_SLE
u Barrier2 Elem RO3 001_SI_E
u Barrier2 Elem RO4 001_SI_E
u Barrier2 Elem ROS 001_SI_E
u Barrier2 Elem ROE 001_SI_E ::_:::_‘: § P "i
u Barrier2 Elem RO7 001_SI_E 50 e
- Barrier2 Elem ROZ 001_SI_E %\\\: \ ey <
B Barrier2 Elem ROS 001_SI_E T 45 — = e AT -
EEM] ] Fositi p i Sy \\:\\ A A
o = —] =) . - -~ - -
- Post RO1 001_S|P P ?\\ e, S N S e
i L . e ~ - —
@  Barrier2 Post RO2 001_S| P NN .- -G s\é \ S |
{8  Barrier2 Post R03 001_SP o S DSOS & L
@  Barrier? Post R04 001_S|_P o W\ b / P
ﬂ Barrier2 Post ROS 001_SI_P a0 T \\ Y/ %// /
Barri RN s, > |
a arrier2 Fost R0G 001_S1 P ~SRS > %@ _ |
ﬂ Barrier2 Post RO7T 001_SI_P 25 A i
{8 Barrier2 Post RO 001_SLP S SN NN/ \g’ |
{8 Barrier2 Post RO9 001_SLP 20 \\>< K S {
20N Reference 125 250 500 1k 2k 4K |
- Position1
-l Position2 Frequency [Hz]
|
== Position1_S|_E == Position2_SI_P | !
|
|
Ready 00:00:00.7385314 ;|

6. The figure below shows a single Sl file in Impulse Response view, showing the
Adrienne windows in red.
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u Dirac - C\Users\jhak\Documents\Dirac\Barrier2\Barrier2 T_Element RO1 001_SLwav = [m] *

File  Edit View Parameters Process Setup Debug  Script Window  Help

00O 0PP9P0 000 VO 0V e[

Position: 834 /17.375 ms /5801 m 44 443 Impulse Response

4.3.1 Validation of the calculated Sl-files

1. Inthe Properties dialog select parameter Zircon/SNRz. This is the SNR in the context
of Zircon measurements, not to be confused with the conventional SNR.

2. All SNRz values of the Sl files should exceed 10 dB. If this is not met, the measurement
should be repeated at a lower background noise level, or the signal level should be
increased, if possible.

[ #% Project - Barrier2.dpj* = [m] *

Project  Group  File Edit View Process Setup Script  Help

@006 v 9o @ |
0006 000CRee OO mummmry

= | Barrier?
=+-{_J ™ Posttion1_SL_E
Barrier2 Elem R01 001_SI_E 70
Barrier2 Elem R0Z2 001_SI_E |
Barrier2 Elem R03 001_S|_E A k
Barrier2 Elem RO4 001_SI_E
Barrier2 Elem ROS 001_SI_E
Barrier2 Elem ROS 001_SI_E
Barrier2 Elem RO7 001_SI_E
Barrier2 Elem R0OS 001_SI_E
Barrier2 Elem ROS 001_SI_E
Position2_SI_P
Barrier2 Post R01 0041_S|P
Barrier2 Post ROZ 001_SI_P
BarrierZ Post RO3 001_SI_P
BarrierZ Post R04 001_SI_P
Barrier2 Post ROS 0041_SI_P
Barrier2 Post R0G 001_SI_P
Barrier2 Post RO7 001_SIP 10 H
Barrier2 Post RO2 001_SI P
Barrier2 Post R09 001_S| P

‘
CL L L T e T T T T T T L T

SNRz [dB]

-] o T T T T T T
2L Referance 125 250 500 Tk 2 a4
f--{zl. Position1
-l Positionz Frequency [Hz]

== Ppsition1_S|_E == Position2_SI_P

| Ready 00:00:00.0801853
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Note
For each SNRz value below 10 dB, the corresponding SI value should be interpreted as a lower

limit for the actual SI value (the actual Sl is at least the result obtained).

4.3.2 Results
1. Check the Group level boxes to view the Sound Insulation Index (SI) for each group.

#% Project - Barrier2.dpj* - O b

Project  Group File Edit View Process Setup  Script  Help

Q000 e 90 @@

000 0S 0O 00 @ee 00 - -
=) Barrier2
=8 - |am} Position1_SI E

- @™ Posiion2_SL_P 7D
-] Reference

- Position1 Q\

-l Position2
15 \

Sl [dB]
®
7

N

25 -~
125 250 500 1k 2k 4k
Freguency [Hz]
== Position1_SI_E == Position2_SI_P |
| |Ready | 00:00:1.5465525 _:

2. Check processed groups witha ©_SI_E’ or ©_SE_P’ postfix to view their single
number rating of sound insulation (DLs;).

#% Project - Barrier2.dpj* - [} b

Project  Group File Edit View Process Setup  Script  Help

Q@000 e 99 @@
00090 0S Ve oo 9ue o0

E|{:]. Barrier2 DL-SI [dB]
3R - Ju] Position1_s1 E —
.. Position2_S|_P »  Position1_SI_E
{:]. Reference Position2_SI_P
-]l Postiont
-]l Position2

Avg
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3. Check a processed Element group (_SI_E postfix) and a Post group (_SI_P postfix).
Also check the project level node to view the global single number rating of sound

insulation DLg .

#% Project - BarrierZ.dpj* = O X
Project  Group  File  Edit  View Process Setup  Script Help
009099 VO 00 9u@ O [oss ]
=@ Barrier2 DL-S1,G [dB] Avg
- ™ Position1_SI_E - 201
- @™ Positon2_SI_P » Barrier2 :
D. Reference
-] Position1
@-J Il Fositionz
| |Ready 00:00:00.2467762 _.:

5 Measurement Uncertainties

For measurement uncertainties of SI(j) at each third octave frequency band j and DLs [dB], use
the standard deviations of tables C.1 and C.2 in EN 1793-6:2018 after the QUIESST project.
These values represent estimations and are based on the median standard deviations of
reproducibility and a Gaussian distribution with a coverage factor of 1.96 or 95 % confidence

level.

25



‘Acoustics Engineering TNO021 - Measuring Sl www.acoustics-engineering.com

6

References

Standards

(1]

(2]

(3]

[4]

EN 1793-3:1997: Road traffic noise reducing devices - Test method for determining the acoustic
performance - Part 3: Normalized traffic noise spectrum

EN 1793-6:2018: Road traffic noise reducing devices - Test method for determining the acoustic
performance - Part 6: Intrinsic characteristics - In situ values of airborne sound insulation under
direct sound field conditions

EN 16272-3-2:2023: Railway applications - Infrastructure - Noise barriers and related devices
acting on airborne sound propagation - Test method for determining the acoustic performance -
Part 3-2: Normalized railway noise spectrum and single number ratings for direct sound field
applications

EN 16272-6:2023: Railway applications - Infrastructure - Noise barriers and related devices acting
on airborne sound propagation - Test method for determining the acoustic performance - Part 6:
Intrinsic characteristics - Airborne sound insulation under direct sound field conditions

Papers

[5]

[6]

[7]

(8]

M. Garai, P. Guidorzi, “Sound reflection measurements on noise barriers in critical conditions”,
accepted for the publication on Building and Environment, (2015). DOI:
http://dx.doi.org/10.1016/j.buildenv.2015.06.023

M. Garai, E. Schoen, G. Behler, B. Bragado, M. Chudalla, M. Conter, J. Defrance, P. Demizieux,
C. Glorieux, P. Guidorzi, “Repeatability and reproducibility of in situ measurements of sound
reflection and airborne sound insulation index of noise barriers”, Acta Acustica united with Acustica,
100, 1186-1201, (2014). DOI: http://dx.doi.org/10.3813/AAA.918797

P. Guidorzi, M. Garai, “Advancements in sound reflection and airborne sound insulation
measurement on noise barriers”, Open Journal of Acoustics, 3(2A), 25-38, (2013). DOI:
http://dx.doi.org/10.4236/0ja.2013.32A004

QUIESST. (2012). Inter-laboratory test to assess the uncertainty of the new measurement methods
for determining the in situ values of sound reflection and airborne sound insulation of noise reducing
devices under direct sound field conditions, Universita di Bologna,
https://www.unibo.it/en/research/projects-and-initiatives/Unibo-Projects-under-7th-Framework-
Programme/cooperation-1/transport/quiesst

Technical Notes

9]

[10]
[11]
[12]

TNO13 - Zircon V2 - Usage
TNO18 - Zircon - Alignment
TNO19 - Zircon - EN1793-4 - EN16272-4 Measurement Procedure - V2.0
TNO20 - Zircon - EN1793-5 - EN16272-5 Measurement Procedure - V2.0

Product Datasheets

[13]

DIRAC 7 - HBK Type 7841 - bp1974

For technical notes and product datasheets, visit Acoustics Engineering:

https://acoustics-engineering.com/index.html

For the DIRAC product datasheet, visit Hottinger Briiel & Kjeer:

https://www.bksv.com/-/media/literature/Product-Data/bp1974.ashx



http://dx.doi.org/10.4236/oja.2013.32A004
https://acoustics-engineering.com/index.html
https://www.bksv.com/-/media/literature/Product-Data/bp1974.ashx

Acoustics Engineering develops systems for the prediction and measurement of
acoustical parameters, resulting in user-friendly tools that enable you to perform fast
and accurate acoustical measurements and calculations.

For information on our products, please contact

Acoustics Engineering Email:
Phone:

Mail:

Website:

info@acoustics-engineering.com
+31 485 520996

Acoustics Engineering
Groenling 43-45

5831 MZ Boxmeer

The Netherlands
WWW.acoustics-engineering.com

Hottinger Briel & Kjeer A/S is the sole worldwide distributor of Dirac. For information
on Dirac, please contact your local B&K representative or the HBK headquarters in

Denmark:

Hottinger Briel & Kjeer A/S Email:
Phone:

Mail:

Website:

info@hbkworld.com

+45 77 412000

Hottinger Briel & Kjeer A/S
Teknikerbyen 28 - 40
2830 Virum

Denmark

www.bksv.com


http://www.bksv.com/

