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1 Introduction. Objectives and Procedure of the Measurements

This document presents the results of measurenfestomstic parameters, conducted at
the central military training field of the DefenE®rces on September 13th. Its objective
was to evaluate the conditions in a trenched deferstructure (a bunker) under condi-
tions, where it is hit by mortar fire. For this sea, the bunker was buried under 2 metres
of sandy earth, in accordance with the procedures®. An entrance pipe was located on
the surface, which opening was covered with a "dapavoid the direct pressure wave
from entering the room.

The bunker was fired upon from 81 mm mortars. uations and order of the hits have
been indicated on Figure 1.

The measurements were carried out by Andres Laueasuring technician of the Labora-

tory of Work Environment of the University of Tartlihe measurement results, together
with references to the utilised regulatory docureeartd a short analysis of the measure-
ment results have been provided in the following chapters.
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Figure 1: distribution of 81 mm mortar shell strikes around the bunker area

1.1 Presentation of measurement results

In this measurement certificate, all of the meamer® results have been provided with an
estimation of measurement uncertainty. None ofntleasurement results presented herein
can and must not be regarded without taking intiawct the estimated measurement un-
certainty.

Generally, the measurement results are depicted&86 probability range, or as expand-
ed measurement uncertainty. Based on measureneonlyttthe actual value & of the

! The analysis of the measurement results has et ineluded in the laboratory’s scope of accreiditatthe
existing limit values and the accompanying expliemat have been provided as information for the reatt
ing entity that has ordered this document.
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measured element X remains within the X-U...X+Uganwhereas none of the values in
this range can be considered “more true” than dhgroE.g. when then the measurement
result has been presented in the following way:

Table 1: an example of presentation of measuremengsults
X | UX)
50.2 | 8.3

it means, that with a probability of 95%, the rgalue of X remains between 50.9 and
67.5, whereas no values within this range are pexfe¢o another. Meaning that, if the tol-
erances prescribed for X remain within the desdrilaage of values, it cannot be conclu-
sively claimed that the result exceeds or remagalevio the limit (as it cannot be verified
that the limithas not been violated). In that case, the result is cotioeally evaluated us-
ing the worst case method — the value with the rhasinful effects to the health in the
range of results shall be considered the mostyligatcome and the criterion for deviation
from the standard.
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2 Noise Level

2.1 Definitions

The terms and abbreviations used in this chagter téxt, the tables and the figures have
been explained below:

LpAeq,n The equivalent noise level that has been correwiddthe A or C filter;

Loc,eq,T the energetic equivalent of a sound (sound expogithat is present for a
certain time period, expressed in dB(A)

LpA max, The maximum noise level measured as the root-mgaars of the 125 ps

Lpc, max measuring window registered, and corrected withr £ dilter, during the

whole measurement period

Lpc,peak The absolute maximum value of the sound pressoreected with the C
filter, during the measurement period.

2.2 Normative documents

2.2.1 Work health and work safety requirements for an environment affected by noise,
the noise limitsin a work environment, and the noise measurement procedure.
Regulation No. 108 of April 12, 2007, from the Government of the Republic of
Estonian.

Excerpt from 2.2.1.
8 3. Noise limits and the action values of measurasa work environment

(1) The daily noise exposure level affecting a veorlin case of an 8 hour work day) may
not exceed 85 dB(A), and the peak sound pressuremigk (also in case of impulsive
sound) may not exceed 137 dB(C).

(2) If the noise exposure level of a worker exce@dsiB(A) or the peak sound pressure
135 dB(C) (hereinafter the action value of meagumegasures for reducing the effect of
noise must be implemented.

-

(6) In determining the daily noise exposure le&aing a worker, the attenuation pro-
vided by the individual hearing protectors worntbg worker shall be taken into account.

End of excerpt
2.3 Measurement method

The measurement method used for measuring noiséslevin accordance with the inter-

national standard 1ISO 1996-1:2006. Integrating enaisalysers that satisfy the Class 2 re-
quirements provided in standard EVS-EN IEC 6080d12&lectroacoustics — Integrating-

averaging sound level meters, were used to evalhatanoise levels inside the bunker

caused by the 81 mm shell bombs hitting the sudimgs of the bunker. The noise analys-
ers registered the peak sound pressure and theagenti sound pressure in 10 second in-
tervals in the 70-145 dB range, some selected ds\atso in the 50-125 dB range. The lay-
out of the noise analysers in the structure has described in Table 2.
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The measurement and calculation results have besidpd in Table 3 (results summary)
and 4 (results by single hits), and on Figures £2.to

The measurement and calculation results have b@wapared, in accordance with the rec-
ommendations provided in international standardsthe limit values provided in the
standard documents above, based on the worst caetb®dan(see section 1.1). The meas-
urement results that exceed the limit values, wiaéing into account the measurement
uncertainty, have been marked with a shaded (grely)oase in the measurement results
tables.

Table 2: layout of noise level measuring locatioris the defensive structure (microphones near the
headboards of the bunks)

Measuring Measurement
No. device Location range
1| CEL460-6 Front right stack 50-125 dB
2 | CEL460-3 Front left stack 70-145 dB
3| CEL460-1 Middle left stack 70-145 dB
4 | CEL460-2 Rear right stack 70-145 dB
5| CEL460-4 Rear left stack 50-125 dB

N.B.! In cases where the sound pressure exceedadahsuring capacity of the measuring
device, the corresponding cell has been markedaw#d background. The corresponding
results have not been marked on the figures.

2.4 Measurement results

When comparing the measurement results providéichile 4 with the peak sound pres-
sure (Loc,pead limit in section 2.2.1, it was discovered thae theak sound pressure re-
mained below the limit value for most of the stekén certain cases, though, the peak
sound pressure did exceed the set limit. For #asaon, it is advisable to protect one’s in
the bunker, when it is under fire.



UNIVERSITY OF TARTU MEASUREMENT CERTIFICATE DATE: 13/02/2015
TESTING CENTRE Ne: 3-064-14 COMPILER : S.KINNAS

WORK ENVIRONMENT
L ABORATORY Page no. 7(13)

Table 1: measurement results of peak sound pressyreummary of results

Time Measurement results Legal limits (re. EE law)
Peak sound Equivalent Peak sound
Equivalent noise level pressure noise level pressure
M . [dB(A)] [dB(C)] [dB(A)] [dB(C)]
. easurement Start Finish
§ Measurement site device no. [hh:mm:ss] | [hh:mm:ss] Lpaeq.t U(Lpacq.) Locippt | UlLpciipp.) Lpaeq,t Lpcpeak,t

1| Front right stack CEL460-6 7:09:00 9:41:50 67,7 1,6 >125° -
2 | Front left stack CEL460-3 7:08:00 9:41:50 67,3 1,3 142,4 1,3
3| Middle left stack CEL460-1 7:10:00 9:41:50 67,5 1,3 139,9 1,3 85 137
4 | Back end right stack CEL460-2 7:08:00 9:40:50 69,1 1,4 140,3 1,3
5 | Back end left stack CEL460-4 7:07:00 9:40:50 66,0 1,6 >125 -

2 Reduced measurement range device
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Table 2: measurement results for peak sound pressey by each 81 mm mortar shell hit

Time Measurement device / Peak sound pressure [dB(C)], U=1,3 dB(C) pezsrg?'g;i?lre
No [hh:mm:ss] CEL460-1 CEL460-2 CEL460-3 CEL460-4 CEL460-6 [dB(C)]
1 8:56:00 132,2 132,0 135,6 >125° >125
2 8:58:20 119,8 119,8 123,4 119,6 118,9
3 9:01:00 125,3 128,2 129,4 126,4 >125
4 9:03:40 131,3 131,1 132,8 >125 >125
5 9:04:50 130,7 130,6 132,5 >125 >125
6 9:07:10 115,8 116,3 133,2 >125 >125
7 9:08:00 138,5 139,5 141,6 >125 >125
8 9:12:10 133,0 133,9 135,4 >125 >125
9 9:13:20 130,9 130,3 133,7 >125 >125
10 9:15:20 131,8 131,6 133,7 >125 >125 137
11 9:16:10 116,8 117,6 130,5 >125 >125
12 9:18:20 137,1 139,8 139,8 >125 >125
13 9:19:20 139,9 140,3 142,4 >125 >125
14 9:21:50 123,4 123,2 127,5 122,7 122,1
15 9:22:50 134,6 135,0 138,2 >125 >125
16 9:26:00 128,0 126,9 130,1 >125 >125
17 9:26:50 131,8 131,4 133,8 >125 >125
18 9:28:00 124,6 124,2 126,9 123,6 123,0
Average Lycpeacs: 129,2 129,5 133,4 125,9 124,7

% Reduced measurement range device
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Figure 2: peak sound pressure, front left stack, CE460-3
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Figure 3: peak sound pressure, mid-left stack, CEL&0-1
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Figure 4: peak sound pressure, rear right stack, CE460-2
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1 Shocks and blows

An evaluation of the effects of shocks and blowsed by the explosions was performed to obtain
qualitative information on the possible healthaffdor persons located inside the bunker.

Please note: The described method is not within thiaboratory’s scope of accredita-
tion.

1.1 Method

A pressure wave resulting from the explosion oéxgplosive charge propagates through the envi-
ronment as single pulses that may cause a medmmitavhen transferring from the ground into
the bunker, which can be felt as single shockdourdh If the shock or blow is strong enough, it
may cause damage to the health. To carry out vhaisiaion, the “ShockWatch Label” shock-
sensitive stickers from the ShockWatch Corporaitiere used. The sensitivity of these devices to
acceleration and its duration is similar to thahefhuman body.

Figure 5: ShockWatch Label with a burst ampoule

The stickers contain calibrated ampoules that worgdk under a shock or blow with a predeter-
mined strength and duration, painting the ampadesee Figure 5). To qualitatively evaluate the
strength of shocks and blows felt by the usereebtinker, several stickers with a different sensi-
tivity setting were used:

Table 5: The colour and calibrated sensitivity of he ShockWatch Label stickers

Proportional health effect”

Colour of the  Calibrated

sticker sensitivity

Grey 15G 5% probability of damage

Yellow 25G Danger of serious health damage
Red 50G High probability of health damage
Orange 75 G

Green 100 G Car crash

Stickers were placed on the walls of the bunkertla@dunks of the middle stack, presuming that
the amplitude of any pressure wave is the highdéiseaniddle of any cylindrical body. The layout

* Kazarian LE, et al, iThe Dynamic BiomechanicalMatof Spinal Fractures and Articular Facet Derange
menti, Aerospace Medical Research Division, AMRL-TR17, August 1971

® G — shock or blow (vibration) acceleration. 1 @dmial to gravity acceleration. Please also see
http://www.hse.gov.uk/research/hsl_pdf/2003/hs|@3sdffor more information
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of the stickers has been provided on Figure 6ase @ny of the stickers are activated during the
course of the test, but a sticker with a higherinahvalue remains intact, it can be concluded that

the effective shock remains between these twosalue

Figure 6: The layout of the ShockWatch stickers otthe walls and bunks of the bunker.

1.2 Results

After the end of the exercise, the condition ofgtiekers was inspected, and it was determined that
none of them were broken. Thus, it can be concltlttdhe shocks and blows inside the bunker
in case of long-range fire from 81 mm mortars rexhwithin limits that are safe for the health.



