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Guideline values for vibration velocity to be used when Evaluating effects

of long-term vibration on structures (DIN 4150-3: 1999-02, Germany)



DEUTSCHE NORM February 1999
Structural vibration DIN
Part 3: Effects of vibration on structures 41 50_3
IC8 91.120.25 Supersedes

May 1986 edition.
2000000 v

2004%653 8

Erschiitterungen im Bauwesen - Teil 3: Einwirkungen auf bauliche
Anlagen

In keeping with current practice in standards published by the International Organization for Standardization
(ISO), a comma has been used throughout as the decimal marker.

Contents
‘Page Page
Foreword ........ ... ... ... .. ...l 1 5.3 Effects on buried pipework ............ 5
T SCOPE v oot e 2 54 Measurement ............. ...l 5
2 Normative references ................. 2 6 Evaluating effects of long-term vibration 5
8 Concepts ... 2 6.1 Effects on the structureas awhole ...... 5
. . 6
4 Principles of evaluating the effects of 6.2 Effectsonfloors ............... s
vibration on structures ................ 2 6.3 Eifects on buried pipework .. <o B
41 GONEIal - o v oo n 6.4 Measurement......... ...l 3
4.2 Determining stresses by measurement ... 3 Appendix A Sample test report form ....... 7
4.3 Determining stresses by analysis ....... 3 " A
4.4 Permissible SIresses . .. ... .. ... ... 3 Appendix B Meast_lres for limiting the effects of
. . i~ vibration ......... .. ... 8
4.5 Evaluating serviceability . .. 3 o :
4.6 FEffects of vibration on soil 3 Appendix C Effects of vibration on soil ..... 9

5 Evaluating effects of short-term vibration 3 Appendix D Additional information on measure-
5.1 - Effects on the structure as a whole ...... 3 ments on pipework and evaluation
5.2 Effectsonfloors ..................... 5 of frequencies ............... 9

Foreword

This standard has been prepared by Technical Committee Schwingungsfragen im Bauwesen; Einwirkungen
auf bauliche Anlagen of the Normenausschufl Bauwesen (Building and Givil Engineering Standards Commit-
tee).

Amendments
The following changes have been made to the May 1986 edition.
a) The standard now also covers the effects of vibration on buried pipework.
b) The standard has been revised in form and content to reflect the current state of the art.

P
A

E

Translation by DIN-Sprachendienst.
In case of doubt, the German-language original should be consulted as the authoritative text.

Previous editions
DIN 4150-3: 1975-09, 1986-05.

Continued on pages 2 to 11.

/::}/ LN

© No part of this translation may be reproduced without the prior permission of
DIN Deutsches Institut far Normung e. V., Berlin. Beuth Veriag GrmbH, 10772 Berlin, Germany,
has the exclusive right of sale for German Standards (DIN-Normen).

Ref. No. DIN 4150-3 »1989-02
English price group 08 Sales No. 0108
06.00

Page 2
DiIN 4150-3 : 1999-02

1 Scope

This standard specifies a method of measuring and evaluating the effects of vibration on structures designed
primarily for static loading. It applies to structures which do not need to be designed to specific standards or
codes of practice as regards dynamic loading.

This standard gives guideline values which, when complied with, will not result in damage that will have an
adverse effect on the structure's serviceability. In some cases, guideline values for a simplified evaluation are
also given.

2 Normative references

This standard incorporates, by dated or undated reference, provisions from other publications. These norma-
tive references are cited at the appropriate places in the text, and the titles of the publications are listed below.
For dated references, subsequent amendments to or revisions of any of these publications apply to this
standard only when incorporated in it by amendment or revision. For undated references, the latest edition of
the publication referred to applies.

DIN1311-1 Vibration and shock ~ Vibration systems — Concepits, classification*)

DINV 4150-1 Structural vibration ~ Principles and measurement of vibration parameters**)

DIN 4150-1 Structural vibration - Preliminary measurement of vibration parameters*)

DIN 45669-1  Mechanical vibration and shock measurement — Measuring equipment

DIN 45669-2 Mechanical vibration and shock measurement — Measurement procedure

DIN EN 1594 Gas supply systems — Pipelines — Maximum operating pressure over 16 bar — Functional re-
quirements *}

3 Concepts
For the purposes of this standard, the following definitions apply in addition to those defined in DIN 1311-1.

3.1 Vibration
Mechanical vibration of solid bodies which may cause damage or discomfort.

3.2 Damage
Any permanent effect of vibration that reduces the serviceability of a structure or one of its components.

3.3 Guideline value
A value obtained through experience; compliance with this value ensures that damage will not occur.

3.4 Short-term vibration

Vibration which does not occur often enough to cause structural fatigue and which does not produce resonance
in the structure being evaluated.

3.5 Long-term vibration
All types of vibration not covered by the definition of ‘short-term vibration' in subclause 3.4.

4 Principles of evaluating the effects of vibration on structures
4.1 General

Clauses 5 and 6 specify methods of mea‘s;l._l{ir}g and-evaluating vibration parameters. If these methods are not
used, then the dynamic stresses occurring j the structure are to be determined by measurement or analysis
(e.g. as in subclauses 4.2 and 4.3, respectively) and the results then compared with the permissible stresses,
taking their frequency of occurrence into account. Note that the methods described in subclauses 4.2 and 4.3
are not suitable for assessing minor damage as defined in subclause 4.5. .
Sometimes, vibration cannot be classified as being only short-term or only long-term as defined in
subclauses 3.4 and 3.5, respectively. In such cases, it shall be evaluated on the basis of both clause 5 and
clause 6.

*) Currently at draft stage.
**) 1975 edition.
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Where necessary, foundation displacement as an indirect consequence of vibration shall also be taken into
consideration (cf. Appendix C).

4.2 Determining stresses by measurement
By measuring the strain in a vibrating building component and applying the mass law, the stresses present can
be inferred.

The amplitude and frequency of the measured vibration displacement, velocity or acceleration can be used in
stress/strain calculations.

The stresses in beams and slabs vibrating close to resonance can be approximated on the basis of the vibration
velocity amplitude, provided the measurement is made at the point of the greatest amplitude. In this case, the
boundary conditions and stiffness of the component need not be known (cf. subclause 6.2).

4.3 Determining stresses by analysis

The analysis of stresses shall be performed using state-of-the-art methods. Values used in the analysis may
be obtained by means of the predictive method described in DIN V 4150-1 or DIN 4150-1.

4.4 Permissible stresses

Verification of stability shall be carried out using the safety factors specified in the relevant standards and
regulations for additional dynamic loading, taking into account the type and duration of the dynamic loads
imposed, the measurement method, the characteristics of the building materials and the type of construction.
If necessary, fatigue strength shall also be verified. Stress-number curves may be used to establish, as a
function of the number of expected stress reversals, the stress limits, stress amplitudes, limits of strain and
similar parameters for the building materials, building components and junctions.

A detailed analysis of fatigue strength may be dispensed with if, for the stability analysis, the dynamic load
components are multiplied by a factor of 3.

Fatigue analysis is not required if the dynamic load component is less than 10 % of the permissible static stress.

4.5 Evaluating serviceability
Examples of a reduction in the serviceability of a building or building cormponent due to the effects of vibration
include:
— the impairment of the stability of the building and its components;
~ a reduction in the bearing capacity of floors.
For structures as in lines 2 and 3 of table 1, the serviceability is considered to have been reduced if
— cracks form in plastered surfaces of walls;
— existing cracks in the building are enlarged;
- partitions become detached from loadbearing walls or floors.
These effects are deemed ‘minor damage’.

4.6 Effects of vibration on soil

Strong vibration can cause settlement of soil, primarily in the case of loose to medium-dense, non-cohesive soil
such as sand and gravel; this can also lead to foundation settlement, especially where there is frequent vibration
or uniformly graded sand or soil beneath the groundwater level. For more information, see Appendix C.

5 Evaluating effects of short-term vibration
5.1 Effects on the structure as a whole

Numerous measurements of vibration velocity in building foundations have provided empirical values which
give guidance on the evaluation of short-term structural vibration. Evaluations as in this standard are based on
the maximum absolute value of the velocity signals, |vI; ., for the three components (where i = x, y or 2) of the
unweighted velocity signals, »{z), measured on the building foundation (this parameter is referred to below as
v, for short). See subclause 5.4 for details of measurement. o

The vibration measured in the plane of the highest floor resting on external walls also provides significant
information for this evaluation, taking the maxima of the two horizontal components as a basis. Measurements
taken at this point in accordance with subclause 5.4 may be used to determine the horizontal response of the
structure to the excitation at the foundation.

Table 1 and figure 1 give guideline values for v, at the foundation and in the plane of the highest floor of various
types of building. Experience has shown that if these values are complied with, damage that reduces the
serviceability of the building will not occur. If damage nevertheless occurs, it is to be assumed that other causes
are responsible. Exceeding the values in table 1 does not necessarily lead to damage; should they be signifi-
cantly exceeded, however, further investigations are necessary.
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Table 1: Guideline values for vibration velocity to be used when evaluating the effects of short-term
vibration on structures

Guideline values for velocity, , in mm/s

Vibration at the foundation Vibration at

Line Type of structure horizontal plane
at a frequency of of highest floor
1Hzto 10 Hz | 10 Hz to 50 Hz {50 Hz to 100 Hz*)| at all frequencies
1 Buildings used for 20 20 to 40 40 to 50 40

commercial purposes,
industrial buildings, and
buildings of similar design

2 Dwellings and buildings 5 5t0 15 151020 15
of similar design and/or
occupancy

3 Structures that, because 3 3t08 8to 10 8

of their particular sensi-
tivity to vibration, cannot
be classified under

lines 1 and 2 and are of
great intrinsic value

{e.g. listed buildings
under preservation order)

*) At frequencies above 100 Hz, the values given in this column may be used as minimum values.

60
//
Line 1
/
o b0
£
e
£
=
=
©
8
> 20
I |
| et =]
/—""/ Line 2
i ——
8 //‘ Line 3
5 —
3
3 30 ) 60 80 100

Frequency, in Hz —

Figure 1: Curves for guideline values specified in table 1 for velocities measured at the foundation
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To determine which frequency ranges shown in table 1 apply, take the frequency which occurs within the
relevant velocity range, special care being necessary in the measurement of low frequencies. For analytical
purposes, the character of the signal shall also be taken into consideration, for instance by means of suitable
data windows (cf. Appendix D).

For civil engineering structures {e.g. reinforced concrete constructions used as abutments or foundation pads),
the values in line 1 of table 1 may be increased by as much as a factor of two, prowded no hazards arise as a
result of mechanical processes in the ground.

5.2 Effects on floors

Where short-term vibration causes floors to vibrate, if v, is no greater than 20 mm/s when measured at the point
of maximum velocity (which is usually at the centre of the floor), a reduction in the serviceability of the floor is
not to be expected. In the case of buildings as in line 3 of table 1, it may be necessary to lower this value to
prevent minor damage.

5.3 Effects on buried pipework

Table 2 gives guideline values for evaluating the effects of vibration on buried pipework. It is assumed that the
pipes have been manufactured and laid using current technology; if this is not the case, special considerations
will have to be made. Additional considerations need also be made where mechanical processes in the ground
could have deleterious effects on pipes, or where there are different stress conditions at junctions (e.g. junctions
with the structure).

The values given in table 1 for foundations also apply to the first two metres (nearest the building) of gas and
water service pipes. For information regarding gas supply pipelines, see DIN EN 1594.

Drain pipes shall be evaluated using the values given in line 3 of table 2.

Table 2: Guideline values for vibration velocity to be used when evaluating the effects of short-term
vibration on buried pipework

Guideline values for velocity

Line Pipe material measured on the pipe, v, in mm/s
1 Steel (including welded pipes) ) 100
5 Clay, concrete, reinforced cpncrete., pre- 80
stressed concrete, metal (with or without flange)
3 Masonry, plastic 50

5.4 Measurement

Instruments used to perform measurements as in this standard shall meet the requirements specified in
DIN 45669-1, and the procedure shail be as in DIN 45668-2. To measure vibration in foundations, the pick-ups
for the three directions of measurement shall be placed close together on the ground floor of the building to
be investigated, either at the foundation of the outer wall, on the outer wall itself, or in a recess in that wall. In
buildings without a basement, the point of measurement shall be no more than 0,5 m above the ground.
Measurement points shall preferably be on the side of the structure that faces the source of excitation. The time
history of the vertical vibration (z-axis) and horizontal vibration (x- and y-axes, at right angles to each other) shall
be recorded, with one of the directions of measurement running parallel to a side wall of the building. For
structures with a large ground floor area, simultaneous measurements shall be made at several locations.

In addition to the measurements made on the foundation and the highest floor, a measurement in the vertical
direction may also have to be made on the floors on which the strongest vibration is expected; in this case, the
point of measurement shouid be in the centre of the floor (cf. subclause 5.2).

Pick-ups for measurements in the highest floor shall be placed on or immediately next to structural masonry
so that the two horizontal directions of measurement, x and y, are at right angles to each other, with one
direction running parallel to a side wall.

When carrying out measurements on pipework, pick-ups shall be placed directly on the pipes whenever
possible. As an alternative, the pick-up may be placed on the ground surface directly above the pipe, although
in this case, it is only possible to make estimates {see Appendix D.1).

A test report as in Appendix A shall be drawn up for each measurement.

6 Evaluating effects of long-term vibration

6.1 Effects on the structure as a whole

Table 3 gives guideline values for the highest value of the two horizontal components measured in the top floor,
for different types of building. Experience has shown that if these values are complied with, damage will not

occur. Exceeding the values in table 3 slightly does not necessarily lead to damage. Should they be consider-
ably exceeded, the stresses may be determined as described in subclauses 4.2 and 4.3 and evaluated as in
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subclause 4.4. in the case of multi-storey frame structures, the dynamic stress component can also be deter-
mined from the relative displacement of the ends of the vertical members.

If a building is subjected to harmonic vibration, then the maximum values can also occur in floors other than
the top floor, or in the foundation. The values given in table 3 also apply in these cases.

When other points of reference are used, separate analysis is required.

Table 3: Guideline values for vibration velocity to be used when evaluating the effects of long-term
vibration on structures

Guideline values for velocity, v, in mm/s,

Line Type of structure of vibration in horizontal plane of highest floor,
at all frequencies
1 Buildings used for commercial purposes, indus- 10
trial buildings, and buildings of similar design
2 Dwellings and buildings of similar design and/or 5
occupancy ’
3 Structures that, because of their particular 2.5

sensitivity to vibration, cannot be ciassified
under lines 1 and 2 and are of great intrinsic
value {e.g. listed buildings under preservation
order)

6.2 Effects on floors

To evaluate vibration in components such as floors and walls, the dynamic loading may be determined as in
subclauses 4.2 and 4.3.

In the case of flexural vibration close to resonance, which often occurs when floors vibrate at high magnitudes,
the additional dynamic stress can be approximated using the method mentioned in subclause 4.2 as described
below.

For beams and one-way spanning solid slabs of rectangular cross section (i.e. y_ /i =1,73, where y__ is the
outer fibre distance and i is the radius of inertia) with a constant stiffness and weight loading, and for vibration
with a natural mode, the maximum bending stress, ¢, is defined by equation (1), regardless of the dimensions
of the vibrating system:

Oinaxe

Gras = 1,73 (B30 0G o/ Gean)®® Ko )

where

D rax is the peak velocity along the beam length;

Egpa is the dynamic modulus of elasticity of the material;

o is the material density;

G /G 18 the coefficient of loading, where the beam is to accommodate evenly distributed loads in addition
to its self-weight;

G, is the self-weight of the beam, plus other loads;

k, is the eigenmode coefficient.

The eigenmade coefficient is dependent on the boundary conditions and the degree of the mode. Both of these
have only a slight influence; however, in practice, the value for k_ lies between 1 and 1,3. For two-way spanning
slabs, the bending stress so calculated is also to be considered a maximum.

Experience has shown that vertical vibration velocities up to 10 mm/s do not cause damage in floors of
structures as in lines 1 and 2 of table 3, even if the maximum design stresses are fully utilized. Such vibration
is very clearly perceptible. For structures as in line 3 of table 3, no guideline value can be given for vertical
vibration.

Minor damage (cf. subclause 4.5) should not be automatically attributed to dynamic loading and further inves-
tigations are necessary.

6.3 Effects on buried pipework

The guideline values given in table 2 may be reduced by 50 % without further analysis when evaluating the
effects of long-term vibration on buried pipework.

The restrictions given in subclause 5.3 apply here by analogy.
6.4 Measurement

If a building is subjected to harmonic vibration, measurements shall be taken on several floors simultaneously
in order to correctly determine the vibrational mode. For vibration having the lowest natural mode, it is normaily
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sufficient to take measurements on the top floor. The lowest natural frequency of horizontal vibration in buitd-
ings with about five or more storeys, f,, in Hz, may be taken to be approximately 10/n (where 7 is the number
of storeys).

When evaluating horizontal vibration in the structure as a whole, it may be necessary in special cases to take
into account possible rotational movements in the floor plane and any rigid rotation.

The natural frequency of floors is normally greater than 10 Hz, and in most cases, only vertical movements are
significant. The vertical vibration shall thus be measured at the point of maximum velocity, which is usually at
the centre of the floor.

A test report as in Appendix A shall be drawn up for each measurement.

Appendix A
Sample test report form
The test report shall include the information listed below.
Table A.1: Test report form

Line Type of information Details

1 General:

a) Testing agency

b) Client

c) Contract identification

d) Person carrying out measurement
e) Time and date of measurement

2 Type of vibration: Blasting (charge, ignition stages, number of drill
a) Source holes, series, etc.)

b) Operating conditions Pile driving {equipment used, type of pile used)
Machinery (speed, load, etc.)

Traffic (rail traffic, trucks, etc.)

Frequency of occurrence

3 Structure:

a) Designation Address
b) Classification Type of building according to the tables in this
standard
c) Description Type of structure, size, foundation, structural
condition
4 Site and location Sketches giving heights

a) of source of vibration

b) of the measurement points and their
distance from the source, and measurement
direction

5 Environmental conditions Details of rock and soil, ground water, structural
condition of building, weather conditions (frost,
storm, etc.), extraneous sources of vibration

(e.g. traffic)

6 Subjective observations Perceptible secondary effects (e.g. rattling of

objects)

7 Measuring chain:

a) Pick-ups, natural frequency of equipment, Accelerators, velocity or displacement pick-ups
damping coefficient, frequency response,
operating frequency range

b) Signal conditioning equipment Filters, amplifiers
c) Recording devices Magnetic tape recorder, piotters, PCs
d) Tools for analysis Frequency analyzers, software

8 Results of measurement:

a) Measured quantities and frequencies
b) Derived guantities

c) Duration and occurrence of effects

be] Signatures
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Appendix B ‘
Measures for limiting the effects of vibration

Normally, vibration is transmitted through the ground and decays with increasing distance from its source. For
this reason, the effects of vibration can be reduced by increasing the distance between the vibration source and
receiver. (Airborne vibration plays a role only under special circumstances.)

The following measures may be used to limit the effects of vibration.

B.1 Measures taken at the vibration source

B.1.1 Measures against stationary vibration with harmonics, generated by machinery (e.g. oscillating
screens, motors, compressors, sawmilis)
a) Balance machines.
b) Provide or improve balancing systems.
c) Change the speed, where resonance occurs.

d) Isolate against vibration by placing the installation on an elastic element (for excitation at frequencies
over 3 Hz).

B.1.2 Measures against shocks generated by machinery (e.g. forge hammers, presses, mills)
Isolate the installation against vibration.

B.1.3 Measures against vibration generated by traffic
a) Build and maintain smooth road surfaces.
b) Regularly maintain tracks of railways.
c) Regularly maintain running gear of raif vehicles.
d) Isolate railways against vibration.
e) Reduce speed.

B.1.4 Measures against vibration generated by blasting

Modify the blasting technique (e.g. a different charge for each ignition stage, different firing orders or hole
depths).

B.1.5 Measures against vibration generated by construction work
a) Switch to low-vibration techniques.
b) Use vibration hammers having higher vibration frequencies.
c) Avoid resonance. %

B.2 Measures taken at the vibration receiver (structure)

3) Fit the structure with dynamic vibration absorbers (especially effective against resonance and where
there is minimal damping in the structure).

b) Isolate the structure against vibration (for excitation frequencies above 5 Hz).

c) Adapt the structure to avoid resonance.

B.3 Measures taken along the transmission path
a) Increase the distance between the source and the receiver (structure).
b) In special cases, dig trenches or fit elements in the ground near the vibration source or the structure.

Where the foundation may be susceptible to differential settlement, adequate measures should be taken to
strengthen the foundation accordingly {e.g. by sinking a deep foundation).
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Appendix C

Effects of vibration on solil

Non-cohesive soil tends to settle, for instance when vibrating rams are used nearby to drive sheet piling. For
this reason, the distance between the vibration source and the building foundation should be such that an angle
of at least 30° o the vertical is formed as shown in figure C.1. For piling extending below the groundwater table,
an angle of 45° is more suitable, as shown in the figure.

This tendency is considerably lower in the case of percussive driving methods (e.g. when using diesel or
pneumatic rams).

Sheet piling Sheet piling
Building

Sand, gravel Building

Sand, gravel

Clay, silt

GW - Groundwater table
Figure C.1: Distance between sheet piling and building {schematic)

Even at great distances from the vibration source, vibration-induced foundation settlement can still occur at
vibration severities which are normally not expected to cause structural damage. For this to occur, the soil has
to be very sensitive io vibration (as is non-cohesive, uniformly graded sand or silt, for instance), and the vibration
has to be continuous or frequent.

Since few investigations have been made regarding dynamically-induced settlement, it is recommended that
expert advice be sought.

Another effect vibration has on soil is liquefaction, when sand or silt at the groundwater level suddenly loses
its bearing capacity as a result of dynamic effects. During earthquakes, this process can lead to damage as
serious as the collapse of buildings. Since the vibration covered by this standard normally lies well under the
vibration magnitudes which occur during strong earthquakes, these effects should only be expected under the
most unfavourable circumstances.

Appendix D

Additional information on measurements on pipework and evaluation of frequencies

D.1 Vibration measurements on pipework

Measurements carried out to evaluate the effects of vibration on pipework should preferably be performed
directly on the pipes. Wherever possible, buried pipes should be exposed only at the point of measurement.
The pick-up should be mounted as described in subclause 5.3 of DIN 45669-2. The time history of the vibration
should be measured in the z, x and y directions, one of which should run along the pipe axis.

Any insulation at the point of measurement should be removed, although thin coatings have little effect on
results. To provide the pick-up with a flat support surface, a concrete or plaster base may be mounted on the
pipe.

Often, mounting pick-ups directly on the pipe can be quite involved. Where the vibration source is not imme-
diately next to the pipework, or is nearby but much deeper than the pipes, measurements can be made on the
ground surface. Previous investigations have shown that vibration measured on the surface is usually greater
than that measured directly on pipes.

D.2 Role of frequency in evaluations

Table 1 gives guideline values for vibration at foundations as a function of freduency. Itis assumed the following
procedures will be carried out:

Page 10
DIN 4150-3 : 1999-02

1)} Finding the maximum velocity values over the time, v ().
2} Determining the significant frequencies, f,, over u(t).
3) Comparing the maximum velocities, v, with the values given in table 1 for this significant frequency.

NOTE: Narrow-band specira are particularly suited for determining frequencies f,. To reduce distortions of the
spectra caused by the duration and form of the data window, the location and length of the latter have to
be fitted to the time history, v(t). Frequency weighting is not necessary.

EXAMPLE: When a construction machine is started up, short-term vibration occurs. The vibration components,
(), v,{t), and v,(t), measured in the foundation of a nearby building have qualitatively similar time histories,
as have the spectra. The maximum value of the vertical component, v, is considerably greater than those
for v_and v; the horizontal components are therefore disregarded. Figure D.1 shows the time history of the
vertical component ,(t) with a maximum value of 5,1 mm/s.

6 T T T

o i 5

-2

Velocity, in mm/s

-4
-5 ,
-6 L

i

1
Lb 46 - 48 50 52

Time, ins
Figure D.1: Time history of the vertical vibration component, with a maximum of 5,1 mm/s

The main section of the vibration signal is enclosed by dashed lines and is enlarged in figure D.2.

6 T T

Vm_v,ﬂ"\\rll\ M ‘\n I\nnﬂf’\vnvnA
V UWUVUV !

2 b 4

Velocity, in mm/s —=
L=

o4 - 4
-5,1

-6 L L
47,045 47,685 48 48,325
Time,ins —

Figure D.2: Enlargement of 1,28 s section of time history shown in figure D.1
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Before being transformed into a frequency range, the time history illustrated in figure D.2 is multiplied by the

shifted Hanning window shown in figure D.3, given by

B = (1 - cos(2a{t —t VT2 fort, <t =T +1¢,
0 otherwise

The peak of the Hanning window corresponds to the maximum of v,; the length of the window has been adjusted

to the length of the enlargement in figure D.2 (1,28 s).
1

0,8
0,6
04
02
4

-0,2
-0,4
-0,6F
-0.8

-1
47,065 47,685

Time, ins —

48,325

Figure D.3: Hanning window, (& (t)), fitted to (¢} (with ¢, = 47,045 s and T = 1,28 s)

The product of 7_(t) and v,(¢) is transformed into a frequency spectrum using a discrete Fourier transformation.
The spectrum is shown in figure D.4 as a normalized spectrum where the maximum of f, is 16,5 Hz.

WALVI SN

0
0 16,5 50 5
Frequency, in Hz —

Figure D.4: Normalized spectrum

Hz

100

The value givenin line 2 of table 1 for a dwelling and a frequency of 16,5 Hz is 6,6 mm/s. The measured maximum

of 5,1 mm/s lies beneath this value.
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List of Instruments Certification for Air & Noise Quality Analysis

No.| Instrument/Equipment Parameter Manufacturer Model/Serial No. Calibrator Certification Date of Due date of | Remark
No. Calibration | Calibration
Ambient
1 |Orifice Transfer Standard Total Suspended Particulate (TSP) Tisch Environmental,Inc. TE-5025A Jiranatee Associates Co., Ltd. COF-046-67 4 Nov 24 3 Nov 25 -
Calibrator Particulate Matter < 10 pm (PM, ) 3541
2 |U-Tube Manometer Total Suspended Particulate (TSP) Dwyer 1221-36-W/M Technology Promotion Association 25P1541 24 Apr 25 23 Apr 26 -
Particulate Matter < 10 pm (PM,) - (Thailand-Japan)
3 |Aneroid Barometer Total Suspended Particulate (TSP) Barigo, Germany - Technology Promotion Association 25P1380 17 Apr 25 16 Apr 26 -
Particulate Matter < 10 um (PM,) (Thailand-Japan)
4 |Dial Thermo-Hygrometer Total Suspended Particulate (TSP) Barigo, Germany - Technology Promotion Association 25H808 10 Apr 25 9 Apr 26 -
Particulate Matter < 10 um (PM, ) (Thailand-Japan)
5 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Electron 42C UAE Consultant Co.,Ltd. 04102024 4 Oct 24 3 Oct 25 -
42C-0508011076
6 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Fisher Scientific 42C UAE Consultant Co.,Ltd. 04102024 4 Oct 24 3 Oct 25 -
0517512000
7 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Electron 42C UAE Consultant Co.,Ltd. 11102024 11 Oct 24 10 Oct 25 -
0517512001
8 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 17092024 17 Sep 24 16 Sep 25 -
CM08130002
9 [Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 20092024 20 Sep 24 19 Sep 25 -
CM19050148
10 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 17092024 17 Sep 24 16 Sep 25 -
CM19050149
11 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 17092024 17 Sep 24 16 Sep 25 -
CM19050150
12 [Standard Gases (Mixture) Nitrogen Dioxide Airgas EB0162121 Airgas an Air Liquide company EO5NI91E15A0014 6 Jul 23 6 Jul 31 -
2016PSIG
13 |Carbon Monoxide Analyzer Carbon Monoxide Thermo a48i UAE Consultant Co.,Ltd. 03092024 3 Sep 24 2 Sep 25 -
CM08140003
14 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 09092024 9 Sep 24 8 Sep 25 -

1180540074




List of Instruments Certification for Air & Noise Quality Analysis

No.| Instrument/Equipment Parameter Manufacturer Model/Serial No. Calibrator Certification Date of Due date of | Remark
No. Calibration | Calibration
Ambient
15 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48C UAE Consultant Co.,Ltd. 06122024 6 Dec 24 5 Dec 25 -
48C-65506-348
16 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 03092024 3 Sep 24 2 Sep 25 -
CM08140004
17 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 06122024 6 Dec 24 5 Dec 25 -
1182920018
18 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 12122024 12 Dec 24 11 Dec 25 -
1182920020
19 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48C UAE Consultant Co.,Ltd. 12122024 12 Dec 24 11 Dec 25 -
48C-62460-355/5
20 |Standard Gases (Mixture) Carbon Monoxide Airgas EB0162121 Airgas an Air Liquide company EO5NI91E15A0014 6 Jul 23 6 Jul 31 -
2016PSIG
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ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

UNITED ANALYST AND ENGREERNG

ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

UNITED ANALYST AND ENGREERNG

consuLTant company Lureo T€l. 0 2763 2828 Fax 0 2763 2800 www. I com E-mail: 1 com

CONSULTANT COMPANY LIMITED

Tel. 0 2763 2828 Fax 0 2763 2800 www.! I com E-mail: 1 com

MULTI-POINT GAS TEST REPORT

Test Date : Oct 4,2024
Equipment : Gas Analyzer (NO2, Model : 42C

MULTI-POINT GAS TEST REPORT

Manufacturer : Thermo Electron Corporation Serial Number : 42C-0508011076

s Gas C trati Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM Manufacturer : Thermo Scientific

Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CHa) - PPM Serial Number : 1180540071

Carbon Monoxide (CO) 965.9

Cylinder No. : EB0159156

Expiration Date :

Nov 6,2026

Multi-point gas test data

Test Date : Oct 4,2024
Equipment : Gas Analyzer (NO2, Model : 42C
Manufacturer : Thermo Electron Corporation Serial Number : 0517512000

Standard Gas Concentration
Sulphur Dioxide (SO2) 42.89
Nitric Oxide (NO) 46.77
Methane (CHa) -

Dilutor Detail

PPM  Manufacturer :

PPM  Model :

PPM  Serial Number :

Carbon Monoxide (CO) 965.9

Cylinder No. :
Expiration Date :

EB0159156

Nov 6,2026

Thermo Scientific
146i
1180540071

Multi-point gas test data

Reference Value (ppb) Analy?::’bb;splay Difference Error | Percent Error [% Error ] Reference Value (ppb) Analy?::,bb;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.00 0.00 0.00 Level 1 Zero .0 .0 .00 .0 .0
Level 2 20.00% 100.0 100.9 0.90 0.89 0.89 Level 2 20.00% 1 0.7 .70 .7 .7
Level 3 40.00% 200.0 200.5 0.50 0.25 0.25 Level 3 40.00% 2 0.5 .50 2! 2!
Level 4 60.00% 300.0 300.8 0.80 0.27 0.27 Level 4 300. 0.9 .90 .31 .3
Level 5 80.00% 400.0 400.0 0.00 0.00 0.00 Level 5 8 400. 400.0 0.00 .00 0.0
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.28 Remark : Measuring Range 500.0 ppb Average Difference (%) 0.25
:Acceptable Limit + 5% :Acceptable Limit + 5%
450 t Gas Test Chart 450 int Gas Test Chart
— 400 4 —~ 400 4
= 5
g 30 g 30
7 300 g 300
g 250 g
5 200 o = 200
2w 2 s
2 g
£ 100 £ 100 i
50 50
0 2 0 2
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
Reference value (ppb) Reference value (ppb)
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ME United Analyst and Engineering Consultant Co., Ltd. ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260 3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
e Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com e Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com
MULTI-POINT GAS TEST REPORT MULTI-POINT GAS TEST REPORT
Test Date : Oct 11,2024 Test Date : May 2,2025
Equipment : Gas Analyzer (NO2) Model : 42C Equipment : Gas Analyzer (NO2) Model : 42i
Manufacturer : Thermo Electron Corporation Serial Number : 0517512001 Manufacturer : Thermo Scientific Serial Number : CM08130002
Standard Gas Concentration Dilutor Detail Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (SOz) 42.89 PPM  Manufacturer : Thermo Scientific Sulphur Dioxide (SOz) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071 Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 Carbon Monoxide (CO) 965.9
Cylinder No. : EB0159156 Cylinder No. : EB0159156
Expiration Date : Nov 6,2026 Expiration Date : Nov 6,2026
Multi-point gas test data Multi-point gas test data
Reference Value (ppb) Analy?:;:;splay Difference Error | Percent Error [% Error ] Reference Value (ppb) Analy?:;bn;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.00 0.00 0.00 Level 1 | Zero 0 3 .3 .31 .3
Level 2 20.00% 100.0 101.7 1.70 1.67 167 Level 2 20.00% 100. 100.7 .7/ 7 .7/
Level 3 40.00% 200.0 200.7 0.70 0.35 0.35 Level 3 40.00% 200. 200.5 .5 2!
Level 4 60.00% 300.0 300.8 0.80 0.27 0.27 Level 4 60.00% 300. 300.8 8| .2’ ..
Level 5 80.00% 400.0 400.0 0.00 0.00 0.00 Level 5 E}.OO% 400. 400.0 . .00 .00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.46 Remark : Measuring Range 500.0 ppb Average Difference (%) .30
:Acceptable Limit + 5% :Acceptable Limit + 5%
oint Gas Test Chart Multi-Point Gas Test Chart I
450 450
— 400 4 — 400 4
5 3
g 350 g 350
g 300 g 300
§ 250 g' 250
s 200 E 200
5 150 5 150
g 7 g
£ 100 - £ 100 i
50 50
0 2 0 =
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
Reference value (ppb) Reference value (ppb)
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ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

e > Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail: L

ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

UNITED ANALYST AND ENGREERNG

consuLTan coweany Liren 1€l 0 2763 2828 Fax 0 2763 2800 www. com E-mail: L

MULTI-POINT GAS TEST REPORT

Test Date : May 7,2025

Equipment :
Manufacturer :

Gas Analyzer (NO2)
Thermo Scientific

Model :
Serial Number :

42i
CM19050148

Standard Gas Concentration Dilutor Detail

Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer :
Nitric Oxide (NO) 46.77 PPM Model :
Methane (CHa) - PPM Serial Number :
Carbon Monoxide (CO) 965.9

Cylinder No. : EB0159156

Expiration Date : Nov 6,2026

Thermo Scientific

146i
1180540071

Multi-point gas test data

Reference Value (ppb) Analy?:;:;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.00 0.00 0.00
Level 2 20.00% 100.0 100.5 0.50 0.50 0.50
Level 3 40.00% 200.0 200.7 0.70 0.35 0.35
Level 4 60.00% 300.0 300.3 0.30 0.10 0.10
Level 5 80.00% 400.0 400.0 0.00 0.00 0.00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.19
:Acceptable Limit + 5%
t Gas Test Chart
450
— 400 =
3
g 0
g 300 o
i‘:@ 250
5 200
R
2 0
<
50
0 4=
0 50 100 150 200 250 300 350 400 450
Reference value (ppb)
Page 101 lenansiupunu
ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
e Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: eom
MULTI-POINT GAS TEST REPORT
Test Date : May 7,2025
Equipment : Gas Analyzer (NO2) Model : 42i
Manufacturer: _Thermo Scientific Serial Number : CM19050150
Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM  Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9
Cylinder No. : EB0159156

Expiration Date : Nov 06,2026

Multi-point gas test data

Reference Value (ppb) Analy?:;:;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.00 0.00 0.00
Level 2 20.00% 100.0 100.7 0.70 0.70 0.70
Level 3 40.00% 200.0 200.9 0.90 0.45 0.45
Level 4 60.00% 300.0 300.5 0.50 0.17 0.17
Level 5 80.00% 400.0 400.0 0.00 0.00 0.00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.26
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
450
— 400 4
3
g %0
F 300
i‘:@ 250
5 200
ENEREY
g
£ 100
50
0 4=
0 50 100 150 200 250 300 350 400 450

Reference value (ppb)

Page 1 of 1
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MULTI-POINT GAS TEST REPORT

Test Date : May 7,2025

Equipment :
Manufacturer :

Model :
Serial Number :

Gas Analyzer (NO2)
Thermo Scientific

42i
CM19050149

Standard Gas Concentration Dilutor Detail

Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer :
Nitric Oxide (NO) 46.77 PPM Model :
Methane (CHa) - PPM Serial Number :
Carbon Monoxide (CO) 965.9

Cylinder No. : EB0159156

Expiration Date : Nov 06,2026

Thermo Scientific
146i
1180540071

Multi-point gas test data

Reference Value (ppb) Analy?:;:;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.00 0.00 0.00
Level 2 20.00% 100.0 100.7 0.70 0.70 0.70
Level 3 40.00% 200.0 2013 130 0.65 0.65
Level 4 60.00% 300.0 300.5 0.50 0.17 0.17
Level 5 80.00% 400.0 400.0 0.00 0.00 0.00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.30
:Acceptable Limit + 5%
int Gas Test Chart
450
— 400 4
3
g 30
F 300
i‘:@ 250
5 200 =
R
g
£ 100
50
0 4=
0 50 100 150 200 250 300 350 400 450
Reference value (ppb)
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% United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
Conorranr coumy ureo Tel. 0 2763 2828 Fax 0 2763 2800 www.

CONSULTANT COMPANY LIMITED

com E-mail: com

% United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
R —— com E-mli

e e a2 Tel. 0 2763 2828 Fax 0 2763 2800 www.

MULTI-POINT GAS TEST REPORT

Test Date : Sep 3,2024

Gas Analyzer (CO) Model : 48i

Thermo Scientific Serial Number : CM08140003

Equipment :
Manufacturer :

Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM  Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM
Cylinder No. : EB01159156
Expiration Date : Nov 06,2026
Multi-point gas test data
Analyzer "
Reference Value (ppm " Difference Error |Percent Error| % Error
(ppm) Display (ppm) [% 1
Level 1 |Zero 0.0 0.0 0.0 0.0 0.0
Level 2 |20.00% 10.0 10.7 0.7 6.5 6.5
Level 3 |40.00% 20.0 20.7 0.7 3.4 3.4
Level 4 |60.00% 30.0 30.5 0.5 1.6 1.6
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.31
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
50
E
g 40.0
£
° 0.5
2
p 0.7
5N
2 07
<
0 +56
0 50
Reference value (ppm)

MULTI-POINT GAS TEST REPORT

Test Date : Sep 9,2024
Equipment : Gas Analyzer (CO) Model : 48i
Manufacturer:  Thermo Scientific Serial Number : 1180540074

s Gas C trati Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer :
Nitric Oxide (NO) 46.77 PPM  Model :
Methane (CHa) - PPM Serial Number :
Carbon Monoxide (CO) 965.9 PPM

Cylinder No. : EB01159156

Expiration Date : Nov 06,2026

Thermo Scientific
146i
1180540071

Multi-point gas test data
Analyzer "
Reference Value (ppm " Difference Error |Percent Error| % Error
(ppm) Display (ppm) [% 1
Level 1 |Zero 0.0 0.0 0.0 0.0 0.0
Level 2 |20.00% 10.0 10.4 0.4 3.8 3.8
Level 3 ]40.00% 20.0 20.8 0.8 3.8 3.8
Level 4 160.00% 30.0 30.5 0.5 1.6 1.6
Level 5 [80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 1.87
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
50

£

£ 400

z 55

2z

3

5 0.8

Y

2 0.4

<

0 +56
0 50
Reference value (ppm)
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P;C@E United Analyst and Engineering Consultant Co., Ltd. P;C@E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260 3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
UNITED ANALYST A0 ENGNEERNG ¥ UNITED ANALYST A0 ENGNEERNG ¥
consuLtant cowpany Lreo 1€l 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com consuLtant company Lwres Tl 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com
MULTI-POINT GAS TEST REPORT MULTI-POINT GAS TEST REPORT
Test Date : Dec 6,2024 Test Date : Sep 3,2024
Equipment : Gas Analyzer (CO) Model : 48C Equipment : Gas Analyzer (CO) Model : 48i
Manufacturer: _Thermo Environmental Instruments  Serial Number : 48C-65506-348 Manufacturer: _Thermo Scientific Serial Number : CM08140004
Standard Gas Concentration Dilutor Detail Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CH4) = PPM  Serial Number : 1180540071 Methane (CH4) = PPM  Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM Carbon Monoxide (CO) 965.9 PPM
Cylinder No. : EB01159156 Cylinder No. : EB01159156
Expiration Date : Nov 06,2026 Expiration Date : Nov 06,2026
Multi-point gas test data Multi-point gas test data
Analyzer Display | . Analyzer "
Reference Value (ppm Difference Error | Percent Error % Error Reference Value (ppm; Difference Error |Percent Error| [% Error
(ppm) (ppm) [% 1 (ppm) Display (ppm) [% 1
Level 1 Zero 0.0 0.0 0.0 0.0 0.0 Level 1 [zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10.0 10.9 0.9 8.3 8.3 Level 2 |20.00% 10.0 10.5 0.5 4.8 4.8
Level 3 [40.00% 20.0 20.5 0.5 2.4 2.4 Level 3 [40.00% 20.0 20.9 0.9 4.3 4.3
Level 4  [60.00% 30.0 30.7 0.7 2.3 2.3 Level 4 [60.00% 30.0 30.7 0.7 2.3 2.3
Level 5 [80.00% 40.0 40.0 0.0 0.0 0.0 Level 5 [80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.60 Remark : Measuring Range 50.0 ppm Average Difference (%) 2.27
tAcceptable Limit + 5% :Acceptable Limit + 5%
Multi-Point Gas Test Chart Multi-Point Gas Test Chart
50
E _ %
g 400 g
% é 40.0
< .7 =z 0.7
a & i
~ .5 (=]
g 5 0.9
E N H 0.5
< < ..
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Reference value (ppm)
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INAE

UNITED ANALYST AND ENGINEERING
CONSULTANT COMPANY LIMITED

United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail:

INAE

UNITED ANALYST AND ENGINEERING
CONSULTANT COMPANY LIMITED

Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail:

United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

Test Date : Dec 6,2024

MULTI-POINT GAS TEST REPORT

Equipment : Gas Analyzer (CO) Model : 48i

Manufacturer: Thermo SCIENTIFIC Serial Number : 1182920018

Standard Gas Concentration Dilutor Detail

Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CH4) = PPM  Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM

Cylinder No. : EB01159156

Expiration Date : Nov 06,2026

Multi-point gas test data

Analyzer "
Reference Value (ppm; . Difference Error |Percent Error| [% Error
(ppm) Display (ppm) % 1
Level 1 |Zero 0.0 0.0 0.0 0.0 0.0
Level 2 |20.00% 10.0 10.7 0.7 6.5 6.5
Level 3 ]40.00% 20.0 20.8 0.8 3.8 3.8
Level 4 160.00% 30.0 30.9 0.9 2.9 2.9
Level 5 [80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.66
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
50

T

5 400
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&

a
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Reference value (ppm)

Page 1 o nasluemual
P;C@E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
Consuan cowy Lures Tel. 0 2763 2828 Fax 0 2763 2800 www, com E-mail: com
MULTI-POINT GAS TEST REPORT

Test Date : Dec 12,2024

Equipment : Gas Analyzer (CO) Model : 48C

Manufacturer: _Thermo Environmental Instruments  Serial Number : 48C-62460-335/5

Standard Gas Concentration Dilutor Detail

Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific

Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CH4) = PPM  Serial Number : 1180540071

Carbon Monoxide (CO) 965.9 PPM

Cylinder No. : EB01159156

Expiration Date : Nov 06,2026

Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 . 0.0 .0
Level 2 20.00% 10.0 10.6 . 57 .7
Level 3 40.00% 20.0 20.8 . 3.8 .8
Level 4 60.00% 30.0 30.5 . 16 16
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.23
:Acceptable Limit + 5%
Mull t Gas Test Chart
50

E

g

g

&

a

)

£

<

0
50

Reference value (ppm)
—— Analyzer Di
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Test Date

Equipment :
Manufacturer :

MULTI-POINT GAS TEST REPORT

: Dec 12,2024

Gas Analyzer (CO)
Thermo SCIENTIFIC

Standard Gas Concentration

Sulphur Dioxide (S02)
Nitric Oxide (NO)
Methane (CH4)

Carbon Monoxide (CO)
Cylinder No. :

Expiration Date :

42.89
46.77

965.9

Nov 06,2026

Model : 48i

Serial Number ; 1182920020

Dilutor Detail
PPM  Manufacturer : Thermo Scientific
PPM Model : 146i
PPM  Serial Number : 1180540071
PPM

CEBO1159156

Multi-point gas test data

Analyzer "
Reference Value (ppm; . Difference Error |Percent Error| [% Error
(ppm) Display (ppm) % 1
Level 1 |Zero 0.0 0.0 0.0 0.0 0.0
Level 2 |20.00% 10.0 10.4 0.4 3.8 3.8
Level 3 ]40.00% 20.0 20.7 0.7 3.4 3.4
Level 4 160.00% 30.0 30.9 0.9 2.9 2.9
Level 5 [80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.03
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
50

T

5 400

TE 0.9

&

a

o 0.7

5N

g 0.4

0 +50
0 50
Reference value (ppm)
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List of Instruments Certification for Air & Noise Quality Analysis

No.| Instrument/Equipment Parameter Manufacturer Model/Serial No. Calibrator Certification Date of Due date of | Remark
No. Calibration | Calibration
Ambient
1 |Orifice Transfer Standard Total Suspended Particulate (TSP) Tisch Environmental,Inc. TE-5025A Jiranatee Associates Co., Ltd. COF-045-67 4 Nov 24 3 Nov 25 -
Calibrator Particulate Matter < 10 ym (PM,) 3540
2 |U-Tube Manometer Total Suspended Particulate (TSP) Dwyer 1221-36-W/M Technology Promotion Association 25P1538 25 Apr 25 24 Apr 26 -
Particulate Matter < 10 um (PM,) - (Thailand-Japan)
3 |Aneroid Barometer Total Suspended Particulate (TSP) Barigo, Germany - Technology Promotion Association 25P1376 17 Apr 25 16 Apr 26 -
Particulate Matter < 10 um (PM,) (Thailand-Japan)
4 |Dial Thermo-Hygrometer Total Suspended Particulate (TSP) Barigo, Germany - Technology Promotion Association 25H807 10 Apr 25 9 Apr 26 -
Particulate Matter < 10 um (PM,) (Thailand-Japan)
5 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 02052025 2 May 25 1 May 26 -
CM22387037
6 [Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific a2i UAE Consultant Co.,Ltd. 12052025 12 May 25 11 May 26 -
CM22387039
7 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Environmental 42C UAE Consultant Co.,Ltd. 02052025 2 May 25 1 May 26 -
Instrument 42C-67174-356
8 [Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Environmental 42C UAE Consultant Co.,Ltd. 07052025 7 May 25 6 May 26 -
Instrument 42C-78933-390
9 [Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 07052025 7 May 25 6 May 26 -
1182920005
10 [Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 12052025 12 May 25 11 May 26 -
1201778106
11 |Nitrogen Dioxide Analyzer Nitrogen Dioxide Thermo Scientific 42i UAE Consultant Co.,Ltd. 02052025 2 May 25 1 May 26 -
CM22387035
12 |Standard Gases (Mixture) Nitrogen Dioxide Airgas EB0162121 Airgas an Air Liquide company EO5NI91E15A0014 6 Jul 23 6 Jul 31 -
2016PSIG
13 [Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 06122024 6 Dec 24 5 Dec 25 -
1200636466
14 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 09072025 9 Jul 25 8 Jul 26 -

1200906880




List of Instruments Certification for Air & Noise Quality Analysis

No.| Instrument/Equipment Parameter Manufacturer Model/Serial No. Calibrator Certification Date of Due date of | Remark
No. Calibration | Calibration
Ambient
15 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 09072025 9 Jul 25 8 Jul 26 -
1201497730
16 [Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 09072025 9 Jul 25 8 Jul 26 -
1201497732
17 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 17072025 17 Jul 25 16 Jul 26 -
1201497733
18 |Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 12122024 12 Dec 24 11 Dec 25 -
1201778118
19 [Carbon Monoxide Analyzer Carbon Monoxide Thermo 48i UAE Consultant Co.,Ltd. 06122024 6 Dec 24 5 Dec 25 -
1201778119
20 |Standard Gases (Mixture) Carbon Monoxide Airgas EB0162121 Airgas an Air Liquide company EO5NI91E15A0014 6 Jul 23 6 Jul 31 -
2016PSIG
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M&E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

UNITED ANALYST AND ENGREERNG

consuLTant company Lureo T€l. 0 2763 2828 Fax 0 2763 2800 www. com E-mail:

M&E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

UNITED ANALYST AND ENG
‘CONSULTANT COMPANY

NEERNG

umreo  Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail: 1 com

MULTI-POINT GAS TEST REPORT

Test Date : May 2,2025

Equipment : Gas Analyzer (NO2, Model : 42i

Manufacturer :  Thermo Scientific Serial Number : CM22387037

s Gas C trati Dilutor Detail

Sulphur Dioxide (SO2) 42.89 PPM Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9

Cylinder No. : EB0159156

Expiration Date :

Nov 6,2026

Multi-point gas test data

Test

MULTI-POINT GAS TEST REPORT

Date : May 12,2025

Equipment :
Manufacturer :

Gas Analyzer (NO2 Model : 42i

Thermo Scientific Serial Number : CM22387039

s Gas C trati Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CHa) - PPM Serial Number : 1180540071

Carbon Monoxide (CO) 965.9

Cylinder No. :
Expiration Date :

EB0159156

Nov 6,2026

Multi-point gas test data

Reference Value (ppb) Analy?::,bb;splay Difference Error | Percent Error [% Error ] Reference Value (ppb) Analy?::,bb;splay Difference Error | Percent Error [% Error ]
Level 1 Zero .0 2 .20 .2 .20 Level 1 Zero .0 .0 .00 K .00
Level 2 20.00% 1 .4 .40 Kl .40 Level 2 20.00% 100. .6 .60 K .60
Level 3 40.00% 2 .7 .70 3! .35 Level 3 40.00% 2 .7 .70 .. .35
Level 4 300. .8 .80 .2 .27 Level 4 300. .8 .80 .. .27
Level 5 400.! 400.0 .00 .00 .00 Level 5 400. 400.0 .00 .00 .00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.24 Remark : Measuring Range 500.0 ppb Average Difference (%) 0.24
:Acceptable Limit + 5% :Acceptable Limit + 5%
450 t Gas Test Chart 450 int Gas Test Chart

— 400 4 — 400 4

5 5

g 30 g w0

g 300 g 300

g 20 g 20

s 200 S 200

R 2 s

g g

£ 100 1604 £ 100 1

50 50
0 z 0 2
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
Reference value (ppb) Reference value (ppb)
Page 1o 1 enanslununy Page 1o 1 enanslununy
ME United Analyst and Engineering Consultant Co., Ltd. ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260 3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
e o cuvea, Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com e o cuvea, Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com
MULTI-POINT GAS TEST REPORT MULTI-POINT GAS TEST REPORT
Test Date : May 2,2025 Test Date : May 7,2025
Equipment : Gas Analyzer (NO2) Model : 42C Equipment : Gas Analyzer (NO2) Model : 42C

Manufacturer:  Thermo Environmental Instruments  Serial Number :

42C- 67174-356

Standard Gas Concentration Dilutor Detail

Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer :
Nitric Oxide (NO) 46.77 PPM Model :
Methane (CHa) - PPM Serial Number :
Carbon Monoxide (CO) 965.9

Cylinder No. : EB0159156

Expiration Date : Nov 06,2026

Thermo Scientific
146i
1180540071

Multi-point gas test data

Reference Value (ppb) Analy?:;bn;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0 4 .4 .4 A
Level 2 20.00% 1 100.3 3 .31 .3
Level 3 40.00% 2 200.9 .9 4! .4
Level 4 60.00% 300. 300.7 7/ 2. 2.
Level 5 E.OO% 400. 400.0 . K .0
Remark : Measuring Range 500.0 ppb Average Difference (%) . 2¢
:Acceptable Limit + 5%
450 Multi-Point Gas Test Chart I
— 400 ”
3
3 350
g 300
& 250
S 20
E o
g
£ 100 i
50
0 4=
0 50 100 150 200 250 300 350 400 450
Reference value (ppb)
Page 101 enanslununy

Manufacturer:  Thermo Environmental Instruments  Serial Number : 42C-78933-390

Standard Gas Concentration

Dilutor Detail

Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9
Cylinder No. : EB0159156
Expiration Date : Nov 6,2026
Multi-point gas test data
Reference Value (ppb) Analy?:;bb)lsplay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.00 0.00 0.00
Level 2 120.00% 100.0 100.3 0.30 0.30 0.30
Level 3 40.00% 200.0 2011 1.10 0.55 0.55
Level 4 60.00% 300.0 3009 0.90 0.30 030
Level 5 80.00% 400.0 400.0 0.00 0.00 0.00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.23
:Acceptable Limit + 5%
Gas Test Chart
450
— 400 4
3
g 350
g 30
g 250
E 200 -+
=150
2
g 10 i
50
0 2
0 50 100 150 200 250 300 350 400 450
Reference value (ppb)
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ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

UNITED ANALYST AND ENGREERNG

CONSULTANT COMPANY LIMITED

Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail: L

ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

UNITED ANALYST AND ENGREERNG

CONSULTANT COMPANY LIMITED

Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail: L

MULTI-POINT GAS TEST REPORT

Test Date : May 7,2025

Equipment :
Manufacturer :

Gas Analyzer (NO2)

_Thermo Scientific

Model :
Serial Number :

42i
1182920005

Standard Gas Concentration

Dilutor Detail

MULTI-POINT GAS TEST REPORT

Test Date : May 12,2025

Equipment :
Manufacturer :

Gas Analyzer (NO2)

Thermo Scientific

Model :
Serial Number :

42i
1201778106

Standard Gas Concentration

Sulphur Dioxide (SO2) 42.89

Nitric Oxide (NO) 46.77
Methane (CHa) -

Carbon Monoxide (CO) 965.9
Cylinder No. : EB0159156

Expiration Date : Nov 6,2026

Dilutor Detail
PPM  Manufacturer :
PPM Model :
PPM  Serial Number :

Thermo Scientific
146i
1180540071

Multi-point gas test data

Reference Value (ppb) Analy?:;:;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.00 0.00 0.00
Level 2 20.00% 100.0 100.6 0.60 0.60 0.60
Level 3 40.00% 200.0 200.7 0.70 0.35 0.35
Level 4 60.00% 300.0 300.9 0.90 0.30 0.30
Level 5 80.00% 400.0 400.0 0.00 0.00 0.00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.25
:Acceptable Limit + 5%
int Gas Test Chart
450
— 400 4
3
g 30
F 300
i‘:@ 250
5 200
R
g
£ 100
50
0 4=
0 50 100 150 200 250 300 350 400 450
Reference value (ppb)

Expiration Date : Nov 6,2026

Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9
Cylinder No. : EB0159156
Expiration Date : Nov 6,2026
Multi-point gas test data
Reference Value (ppb) Analyi:;:)lsplay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.00 0.00 0.00
Level 2 20.00% 100.0 100.5 0.50 0.50 0.50
Level 3 40.00% 200.0 200.3 0.3 1. 0.15
Level 4 60.00% 300.0 300.9 0.9 .3 .30
Level 5 80.00% 400.0 400.0 0.0 . .00
Remark : Measuring Range 500.0 ppb Average Difference (% .19
:Acceptable Limit + 5%
450 t Gas Test Chart
— 400 4
3
g a0
T 300
g' 250
= 200
2 0
3
£ 100 i
50
0 =57
0 50 100 150 200 250 300 350 400 450
Reference value (ppb)
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ME United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
e Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: eom
MULTI-POINT GAS TEST REPORT
Test Date : May 2,2025
Equipment : Gas Analyzer (NO2) Model : 42i
Manufacturer :  Thermo Scientific Serial Number : CM22387035
Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9
Cylinder No. : EB0159156

Multi-point gas test data

Reference Value (ppb) Analy?:;:;splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.3 0.30 0.30 0.30
Level 2 20.00% 100.0 100.7 0.70 0.70 0.70
Level 3 40.00% 200.0 200.7 0.70 0.35 0.35
Level 4 60.00% 300.0 300.9 0.90 0.30 0.30
Level 5 80.00% 400.0 400.0 0.00 0.00 0.00
Remark : Measuring Range 500.0 ppb Average Difference (%) 0.33
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
450
— 400 4
3
g %0
F 300
i‘:@ 250
5 200
ENEREY
g
£ 100
50
0 45
0 50 100 150 200 250 300 350 400 450
Reference value (ppb)
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% United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
S v y—

c:nsuumrcawnwLwES Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com

% United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
W —

consuLTaT company Lwen 1€l 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com

MULTI-POINT GAS TEST REPORT

Test Date : Dec 6,2024

Equipment : Gas Analyzer (CO) Model : 48i
Manufacturer:  Thermo SCIENTIFIC Serial Number :

1200636466

s Gas C trati Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM  Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM
Cylinder No. : EB01159156
Expiration Date : Nov 06,2026
Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10. 10.6 .6 57 5.7
Level 3 40.00% 20,/ 20.4 .4 2.0 2.0
Level 4 60.00% 30. 30.3 .3 1.0 1.0
Level 5 40. 40.0 .0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 1.72

:Acceptable Limit + 5%

MULTI-POINT GAS TEST REPORT

Test Date : July 9,2025

Equipment : Gas Analyzer (CO) Model : 48i
Manufacturer:  Thermo Scientific Serial Number : 1200906880

s Gas C trati Dilutor Detail
Sulphur Dioxide (SO2) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM  Model : 146i
Methane (CHa) - PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM
Cylinder No. : EB01159156
Expiration Date : Nov 06,2026
Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10. 10.. . 4. 4.
Level 3 40.00% 20,/ 20,/ X 2. 2
Level 4 60.00% 30. 30. . 2. 2.
Level 5 Iﬁ.OO% 40. 4 .| 0. 0.
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.12

:Acceptable Limit + 5%

Mull it Gas Test Chart Multi-Point Gas Test Chart
50 50

H €

5 5

= =

5 3

2 2

K I3

(=] (=]

s s

B B

2 2

< <

0 0
0 50 [ 50
Reference value (ppm) Reference value (ppm)
A2...7...2567.
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P;C@E United Analyst and Engineering Consultant Co., Ltd. P;C@E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260 3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
consuLtant coumny ures Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com Conumanr coupa unes Tel. 0 2763 2828 Fax 0 2763 2800 www. com E-mail: com
MULTI-POINT GAS TEST REPORT MULTI-POINT GAS TEST REPORT

Test Date : July 9,2025 Test Date : July 9,2025
Equipment : Gas Analyzer (CO) Model : 48i Equipment : Gas Analyzer (CO) Model : 48i
Manufacturer: _Thermo Scientific Serial Number : 1201497730 Manufacturer: _Thermo Scientific Serial Number : 1201497732

Standard Gas Concentration Dilutor Detail

Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CHa) = PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM

Cylinder No. : EB01159156

Expiration Date : Nov 06,2026

Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10.0 10.7 0.7 6.5 6.5
Level 3 40.00% 20.0 20.9 0.9 4.3 4.3
Level 4 60.00% 30.0 30.7 0.7 2.3 2.3
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.63
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
50

H

g 400

=

§ 7

2 9

5

s 7

<

0
0 50
Reference value (ppm)
NS O« Y o1 3 oy /... 2025,
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Standard Gas Concentration Dilutor Detail

Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i

Methane (CHa) = PPM Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM

Cylinder No. : EB01159156

Expiration Date : Nov 06,2026

Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10.0 10.8 0.8 7.4 7.4
Level 3 40.00% 20.0 20.7 0.7 34 34
Level 4 60.00% 30.0 30.9 0.9 2.9 2.9
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.74

:Acceptable Limit + 5%

Multi-Point Gas Test Chart

50
E
H
H

0

0 50
Reference value (ppm)
ceene e /.. 2568. JOUNR OO JOUR ¥\ Y2009 D¢ 1
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United Analyst and Engineel

INAE

UNITED ANALYST AND ENGINEERING
CONSULTANT COMPANY LIMITED

ring Consultant Co., Ltd.

3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail: com

United Analyst and Engineel

INAE

TED ANALYST AND ENGNEERNG.
CONSULTANT COMPANY LIMITED

ring Consultant Co., Ltd.

3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
Tel. 0 2763 2828 Fax 0 2763 2800 www.

com E-mail:

MULTI-POINT GAS TEST REPORT

Test Date : July 17,2025

Equipment :
Manufacturer :

Gas Analyzer (CO)
Thermo Scientific

Standard Gas Concentration

Sulphur Dioxide (S02) 42.89

Nitric Oxide (NO) 46.77
Methane (CH4) -

Carbon Monoxide (CO) 965.9
Cylinder No. : EB0159156
Expiration Date : Nov 06,2026

Model : 48i

Serial Number ; 1201497733

Dilutor Detail
PPM  Manufacturer : Thermo Scientific
PPM Model : 146i
PPM  Serial Number : 1180540071

PPM

Multi-point gas test data

Reference Value (ppm) Analy::;:l)splay Difference Error | Percent Error [% Error ]
Level 1 Zero 0.0 0.0 0.0 0.0 0.0
Level 2 20.00% 10.0 10.7 0.7 6.5 6.5
Level 3 40.00% 20.0 20.8 0.8 3.8 3.8
Level 4 60.00% 30.0 30.9 0.9 2.9 2.9
Level 5 80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.66
:Acceptable Limit + 5%
Mull it Gas Test Chart
50

H

&

=

K

&

S

s

g

<

0
0 50

Reference value (ppm)

—+— Analyzer Display

Page 1 o nasluemual
@@E United Analyst and Engineering Consultant Co., Ltd.
3 Soi Udomsuk 41, Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
Consuan cowy Lures Tel. 0 2763 2828 Fax 0 2763 2800 www, com E-mail: com
MULTI-POINT GAS TEST REPORT
Test Date : Dec 6,2024
Equipment : Gas Analyzer (CO) Model : 48i
Manufacturer: Thermo SCIENTIFIC Serial Number : 1201778119
Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CH4) = PPM  Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM
Cylinder No. : EB01159156
Expiration Date : Nov 06,2026
Multi-point gas test data
Analyzer "
Reference Value (ppm; . Difference Error |Percent Error % Error
(opm) Display (ppm) [ Error ]
Level 1 |Zero 0.0 0.0 0.0 0.0 0.0
Level 2 |20.00% 10.0 10.7 0.7 6.5 6.5
Level 3 ]40.00% 20.0 20.4 0.4 2.0 2.0
Level 4 160.00% 30.0 30.7 0.7 2.3 2.3
Level 5 [80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.16
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
50
T
5 400
£ 0.7
&
a
5 0.4
5N
2 07
<
0 50
0 50
Reference value (ppm)

lenanslumuay
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MULTI-POINT GAS TEST REPORT
Test Date : Dec 12,2024
Equipment : Gas Analyzer (CO) Model : 48i
Manufacturer: Thermo SCIENTIFIC Serial Number : 1201778118
Standard Gas Concentration Dilutor Detail
Sulphur Dioxide (S02) 42.89 PPM  Manufacturer : Thermo Scientific
Nitric Oxide (NO) 46.77 PPM Model : 146i
Methane (CH4) = PPM  Serial Number : 1180540071
Carbon Monoxide (CO) 965.9 PPM
Cylinder No. : EB01159156
Expiration Date : Nov 06,2026
Multi-point gas test data
Analyzer "
Reference Value (ppm; . Difference Error |Percent Error % Error
(ppm) Display (ppm) [% 1
Level 1 |Zero 0.0 0.0 0.0 0.0 0.0
Level 2 |20.00% 10.0 10.6 0.6 5.7 5.7
Level 3 ]40.00% 20.0 20.7 0.7 3.4 3.4
Level 4 160.00% 30.0 30.8 0.8 2.6 2.6
Level 5 [80.00% 40.0 40.0 0.0 0.0 0.0
Remark : Measuring Range 50.0 ppm Average Difference (%) 2.33
:Acceptable Limit + 5%
Multi-Point Gas Test Chart
50
T
5 400
£ 0.8
&
a
o 0.7
5N
g 06
<
0 +50
0 50
Reference value (ppm)
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List of Instruments Certification for Air & Noise Quality Analysis

No.| Instrument/Equipment Parameter Manufacturer Model/Serial No. Calibrator Certification Date of Due date of | Remark
No. Calibration | Calibration
Ambient
1 |Sound Level Calibrator Calibrate Sound Level Meter Larson Davis CAL150 Innovative Instrument 25-ACT-135 9 Sep 25 8 Sep 26 -
(Acoustic Calibrator) 6695 Co.,Ltd.
2 |Sound Level Meter Laeq 24 hourss Lamax Lasor Ladn Larson Davis LxT2 Innovative Instrument 25-SLM-272 11 Aug 25 10 Aug 27 -
0005286 Co.,Ltd.
3 |Sound Level Meter Lpeq 24 hours Lamax Lagor Ladn Larson Davis LxT2 Innovative Instrument 25-SLM-241 29 Jul 25 28 Jul 27 -
0005287 Co.,Ltd.
4 |Sound Level Meter Laeq 24 hourss Lamax Lagor Ladn Larson Davis LxT2 Innovative Instrument 25-SLM-242 29 Jul 25 28 Jul 27 -
0005288 Co.,Ltd.
5 |Sound Level Meter Lpeq 24 hours Lamaxe Lagor Ladn Larson Davis LxT2 Electrical And Electronics Institute CP20240341EA 23 Sep 24 22 Sep 26 -
0005298 Foundation For Industrial Development
6 [Sound Level Meter Laeq 24 hourss Lamax Lasor Ladn Larson Davis LxT2 Innovative Instrument 25-SLM-273 11 Aug 25 10 Aug 27 -
0005299 Co. Ltd.
7 |Sound Level Meter Laeq 24 hours Lamaxe Lagor Ladn Larson Davis LxT2 Electrical And Electronics Institute CP20250040EA 3 Feb 25 2 Feb 27 -
0005328 Foundation For Industrial Development
8 [Sound Level Meter Laeq 24 hours Lamaxe Lagor Ladn Larson Davis LxT2 Electrical And Electronics Institute CP20250041EA 3 Feb 25 2 Feb 27 -
0005395 Foundation For Industrial Development
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