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ANALYSIS OF THE INFLUENCE OF THE TIME OF THE YEAR ON THE OPERATIONAL
DEPLOYMENT OF FIRE TRUCK TANKS OF DIFFERENT CLASS

As an object of study, factors related to the season are considered that may impede the operational
deployment of fire trucks of various classes. Since in accordance with the normative documents of the
CSN of Ukraine one of the most important criteria for assessing the effectiveness of the personnel of
fire and rescue units is the time of operational deployment, the aim of the work is to analyze the
influence of the seasons on the time of operational deployment of fire tankers of various classes.
However, in Ukraine, as in other leading countries of the world, the issues of increasing the
effectiveness of operational deployments, taking into account meteorological conditions, have not been
sufficiently considered. The conducted experimental studies under the influence of meteorological
factors, in which third-year cadets of the National University of Civil Protection of Ukraine and
firefighters of the regular fire and rescue units of the CSN of Ukraine took part, showed that the
distribution of time for operational deployments on light, medium and heavy fire tankers that are in
service in the fire and rescue units of the CSN of Ukraine, with a significance level of [ = 0.05 is
normal. At the same time, the mathematical expectation of operational deployment time for the same
types of options differs significantly not only depending on the class of fire tankers, the level of
preparedness of personnel, but also on the time of year that was at the time of the chosen typical
operational deployment options. It was determined that the factors considered to a greater extent
influenced the results of the operational activities of cadets, and to a lesser extent, the activities of
professional experienced rescuers. These features should be taken into account when adjusting
recommendations for the operational deployment of light and heavy class fire tankers, as well as
appropriate training for personnel.

Keywords: tank truck, operational deployment, operational calculation, time of rock, statistical
analysis, time distribution

1. Introduction

According to [1], operational deployment of forces and means is the bringing of
forces and means of fire and rescue units to the state of readiness to perform tasks dur-
ing a fire or emergency, the process of interaction of operational numbers on fire trucks
with each other and actions with the use of fire- technical equipment. This process,
which is the key to successful and timely deployment of forces and resources, requires
clear concerted action by personnel, complicated by the level of fire or emergency, as
well as by the particularities of the season.

Therefore, the actual problem is to increase the efficiency of operational deploy-
ments, regardless of the season of fire trucks of different classes by the personnel of the
fire and rescue units during the emergency rescue operations.

2. Analysis of recent publications and formulation of the problem

The problem of operational actions of units of the operational rescue service in the
conditions of adverse meteorological factors is urgent all over the world. For example,
in the United States, the Federal Emergency Response Agency FEMA not only coordi-
nates the actions of all public services in localizing and eliminating various situations,
but is also directly responsible for the preparation of fire and rescue units [2], in accord-
ance with NFPA 1500-2002 [3, 4], both the local features (including the meteorological
condltlons of the region) and the firearms that are in their possession.
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The requirements of NFPA 1001 [5], NFPA 1710 [6] and NFPA 1720 [7] specify
that personnel involved in emergency operations must effectively arrange for the opera-
tional deployment of fire tankers, taking into account local and meteorological condi-
tions, optimal use and rational use of fire-fighting machinery and equipment [8]. How-
ever, how these factors should be taken into account is not specified.

According to NFPA Standard 1001 [9], the professional qualifications of both pro-
fessional units and fire crews consisting of volunteers must have the skills not only to
carry out the error-free operational deployment of firefighting vehicles, but also to
adapt them to the requirements of specific situation depending on the factors that may
influence the actions of personnel during the operational deployment [9, 10]. Consider-
ing this background, NFPA 1410 [11] provides a method for measuring performance
that relies on the time of operational deployment, firefighting and rescue procedures,
taking into account the specificities of personnel and equipment involved. At the same
time, in [12], where the technique of using fire-fighting equipment of a fire truck during
the operational deployment is given, in this case, taking into account the time of year,
the issues related to the characteristics of tanks of different classes are not considered.

The peculiarities of the actions of fire-fighting rescue units during the operational
deployment of the compartments on fire trucks were considered in [13, 14], where it
was determined that the most rational option would be the one when the entire composi-
tion of the operative calculation of the compartment ends at the same time, meaning
that each number prompt calculation will spend the same amount of time to perform its
operations. However, operational deployment features related to the class of fire-
fighting equipment and the time of year or weather factors are not considered.

In [15] objective factors (time of year and time of day, precipitation, height of
snow cover, wind, number and type of equipment involved, etc.) that influence the effi-
ciency of operational activity by personnel of fire-fighting rescue units are considered.
However, quantitative estimates are not given there, as has not been done in [16], where
subjective factors (rational sequence of performing operational deployment, profession-
al qualities of rescuers, human capabilities, etc.) are considered.

Such estimates were obtained in [17], but there were no statistical estimates of the
timing of operational deployment of fire trucks of different class by personnel of differ-
ent levels of preparedness at different seasons. Although in [18], where the features of
operative deployment of fire tankers under reduced ambient temperature conditions are
considered, it is noted that the actions of personnel in this case are complicated by the
stiffness of the rescuers' movements and the increased probability of equipment failure
in the case of a significant increase in the previous operational time.

Considering this, in Germany, for example, the technical equipment of emergency
rescue units, and accordingly the types of fire trucks, is determined by the specific ca-
pabilities of each community or city and the meteorological features of each region
[19]. The basic standard there, as for other EU countries, is the standard EN 1846 [20],
which, among other things, divides fire trucks into three mass classes, taking into ac-
count the various factors and local conditions that may affect the operational response
of the fire crew. However, issues related to the seasons or meteorological factors have
not been considered there.

That means, in Ukraine, as well as in other leading countries of the world, the
question of increasing the efficiency of operational deployments of fire trucks of differ-
ent class with regard to the season is not considered enough.
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All this testifies to the need for a comparative analysis of the execution time of
typical operational deployments on fire trucks of different classes, taking into account
the time of year.

3. The purpose and objectives of the study

The purpose is to analyze the impact (meteorological factors) of the seasons on the
operational deployment of fire tankers of different class.

Obijectives of the study:

— organization of experimental studies;

— statistical analysis of results of experimental research of operational deploy-
ments;

—to develop proposals for the use of the results obtained.

4. Analysis of the impact of the seasons on the operational deployment of fire
tankers of different class

In order to solve this problem, experimental studies were first conducted, involv-
ing subjects from the cadets (C) of the National University of Civil Defense of Ukraine
and fire (F) operative-rescue units of the State Emergency Service of Ukraine in
Kharkiv region. They performed the operational deployments of "Passing the barrel
GPS-600 through a working line on three sleeves with a diameter of 51 mm from the
tank truck” (OP1) and " Passing one barrel” A "and one barrel” B "with the laying of a
trunk line on five sleeves with a diameter of 77 mm and two working lines with the in-
stallation of a tank truck on a fire hydrant *(OP2) from the tankers AC -40 (131) model
137A (AC cep), MAZ ATS-4-60 (5309) -505m (AC Baxk) and APPD-2" Valdai " AC -
1,3-4 /400 (5301) (AC nerk) both in summer and winter.

To check the difference in the time of operational deployment, depending on both
the class of cars and the level of readiness of personnel, as well as the season, it is nec-
essary to obtain statistical estimates of the experimental results (mathematical expecta-
tions and standard deviations) for the selected variants of operational deployment under
different starting conditions, to check the correspondence of statistics normal distribu-
tion, and after that check how much the difference is significant by Student's criteria.

Thus, the proposed methodology of experimental research allows both to obtain
quantitative estimates of the time of operational deployment, which will simultaneously
characterize the class of fire truck, the level of preparedness of personnel and the time
of year, and to check how significantly each of the selected factors influences the time
of execution of typical variants of operational deployment fire trucks.

5. Statistical analysis of results of experimental research of operational de-
ployments

The results obtained, since samples with volume n=20<30 were used in each
case, were verified for normality of distribution by the Shapiro-Wilkie criterion [21].

For this purpose, for example, in relation to the OP1 of light-hearted AL, in the
winter, students initially calculated the average time of operative deployment

n
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where t_ (a5, — time of operational deployment of APPD-2 "Valdai" i; combat cal-

1D 1i

culation, consisting of cadets of the 3rd year, c;
standard deviation

1 < _ s .
Giﬁl(Aoeéaé) = \/H ) Z (t 1 (Aoeéaé) - tTDl(AO gaaé )>2 ! (2)
i=1
and
n —_ ~ s
n-m,= Z(tm (AO ) _tTDl(AOéééé))z , 3)

i=1

where m— the selective central moment of the second order.
Because the estimates t; are the result of independent observation processing,
they were arranged in a non-descending order and marked with symbols t;, t,,...,t,_,.
This made it possible to calculate the intermediate sum S by the formula:

K
S:Zan—i+1'(t(n—i+l) —1,)=6,69, 4)

where k — index, which ranges from 1ton/2=12;a,, _,.,— coefficient that has special val-

ues for sample volume n (its values, which are given in table 2, taken from table 10 [21]).
Tab. 1 [21] for significance level a=0,05 and n=20 gives value W,,,, =0,905.

aae

Tab. 1. Results of passing of the GPS-600 barrel by cadets through a working line on three
sleeves with a diameter of 51 mm from the tanker APPD-2 "Valdai"

n 1 2 3 4 5 6 7 8 9 [ 10
tj,c | 354|356 | 35 | 393 | 347|342 | 378 | 358 | 36 | 37,3

(t, -1, | 0,026 | 0,130 | 0,058 | 16,484 | 0,292 | 1,082 | 6,554 | 0,314 | 0,578 | 4,244
n 11 [ 12 | 13 [ 14 | 15 [ 16 | 17 | 18 | 19 [ 20
ti,c | 334 | 327 | 363 | 344 | 346 | 351 | 35 | 351 | 328 | 343

(t,—1,)° | 3386 | 6,452 | 1,124 | 0,706 | 0,410 | 0,020 | 0,058 | 0,020 | 5954 | 0,884
t,c 39,74

c,C 1,96

n-m, 48,77

Tab. 2 summarizes the ordered series of operational deployment time values ob-

tained.
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Tab. 2. An ordered series of retrieved deployment time values

t —t, . an—k+1-
K t(20—k+1) ,C tk ,C (20—k+1) K" ap_ka1 (t “t))
c (20-k+1) K

1 39,3 32,7 6,60 0,4493 2,96538
2 37,8 32,8 5,00 0,3098 1,549
3 37,3 33,4 3,90 0,2554 0,99606
4 36,3 34,2 2,10 0,2145 0,45045
5 36 34,3 1,70 0,1807 0,30719
6 35,8 34,4 1,40 0,1512 0,21168
7 35,6 34,6 1,00 0,1245 0,1245
8 35,4 34,7 0,70 0,0997 0,06979
9 35,1 35 0,10 0,0764 0,00764
10 35,1 35 0,10 0,0539 0,00539

S 6,687

S5 44,717

Whereas
2 44,717
= = ! = > NN g —
W = 4877 0,916 > W, .. = 0,905, (5)

the distribution according to [21] is considered normal.

Calculations similar to (1)—(5) were also performed to analyze the time of opera-
tional deployments based on other selected results. They showed that in terms of signif-
icance o=0,05 they can be considered normal.

The results obtained are summarized in Tab. 3 and Tab. 4, as well as in Picture 1,
which shows the distribution of the time of operational deployment "Passing the barrel
GPS-600 through a working line on three sleeves with a diameter of 51 mm from the
tanker" light (APPD- 2 Valdai) and heavy (MAZ AII-40 (5309)) classes, taking into
account the time of year.

Tab. 3. Results of operational deployment of cadets and firefighters '"Passing the barrel
GPS-600 through a working line on three sleeves with a diameter of 51 mm from the tanker" light
"and" heavy" class, taking into account the time of year (OP1)

OPIALI JIET. KJlac
Summer Winter

35,24 1,6 32,22 1,15 39,74 1,96 36,56 1,26
OPIAL[ TSK KJIaC

~ ~

to,f Go te, A (o to, M Gy te,f Gy

5256 | 1,29 48,27 1,21 57,19 1,45 49,12 1,34

The presence of estimates of mathematical expectations and standard deviations
for the obtained samples (Tab. 1, 2) of the operational deployment time allowed us to
check how significantly the mean values obtained by independent study samples using
the Student's t-test [22].

In this case, for example, for situations when comparing the time of OP1 from
light and heavy tanker trucks to cadets and firemen with regard to meteorological fac-
tors were considered, the hypothesis was considered
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Ho : f'e (') = fé (é)

and its alternative

Hpo t (1) = 8 (), (7)

which proves the difference between the averages.
In order to select a specific method for calculating the t-test [23], the hypothesis about

the equality of variances was first tested. As a criterion for testing the null hypothesis

Ho: 0.(1) =0,(8), (8)

F:G172
o )

where o7 — the larger of the variance estimates in the two samples.

the F-criterion was selected

Tab. 4. Results of operative deployments of cadets and firefighters ""Passing of one barrel"
A "and one barrel" B "with laying of a main line on five sleeves with a diameter of 77 mm and
two working lines with installation on fire hydrant "light" and ""heavy" tanker trucks based on

the time of year (OP2)
OPZALI JISDK. KJIAC
Summer Winter
C F C F
té’ﬁ Gé télﬁ Gé telﬁ Gé telﬁ Gé
53,27 1,92 49,46 2,68 66,72 2,13 53,56 2,06
OPZAU, TSDK. KJIac
fo,ﬁ GO fo,ﬁ Go fo,ﬁ Go fo,ﬁ Go
74,51 2,00 70,32 2,31 87,45 251 | 79,84 1,69
f
0.35 '
HIE JIeTKIH I\ Ba KKITI
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Fig. 1. Distribution of time of operational deployment of light and heavy tanker trucks de-
pending on the time of year (blue color - winter, red - summer) and the level of preparedness of
firefighters (solid line - cadets, dotted - firefighters of regular units)
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The critical value is F,,, which at the level of significance o. = 0,05 and the num-
ber of degrees of freedom

v, (1)=n,(")-1=19, v, (é)=n,(6)-1=19, (10)

where n, (i) =n,(é) =20 the number of operational calculations, which performed the

operational deployment of OP1 and OP2 as a result of which the statistical characteris-
tics of the obtained distributions were estimated, is equal to [22]

Fs =F

0aaé

=215. (11)

The results of comparison (4) with (6) are shown in table 5

Tab. 5. Results of statistical verification of the ratio of sample dispersions of operational
deployment from tanker trucks of light and heavy class, taking into account the season
Fxp
F C F C F C F C
OP]_J'I OPlJ'I OPlT OPlT OPQJ'I OPzTI OPzT OPZT
1,20 1,50 1,22 1,28 0.59 1,23 0,53 1,57

It can be seen that in the considered cases the null hypothesis is validly recognized
and the variance is allowed when performing the operational deployment of both cadets
and firefighters of regular fire and rescue units. Which means

oy (1D ,n)= G'uzgﬁéy (1D .8); (13)
oz (1B ,n) = Gﬁﬁéy (D ,8) (14)

Based on this, the standard error of the difference S x, given that the sample size is
small (<30), and the number of degrees of freedom v when calculating the t-test is cal-
culated [23] as follows

s(E_o)(TDLZ):J(né(n)-1).G§(n/é)+(né(é)_1),G§(.I./é)( 1

o)+ o, T ]=(15)
N, (i)+n,(€)-2 n,(n)  n, (@)
n,(n)+n,(é)-2=38 (16)

Summary results of the calculation of standard error estimates deploy time given
in Tab. 6.
As a result for

_ |fgé‘|E (1) — e (i )|
(1D 1 1)

(17)

obtained (Tab. 7) indicators of the t-test for statistical estimates of the time of opera-
tional deployment.
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Tab. 6. Results of calculation of standard error of estimation of time of operative
deployment from tankers of light and heavy class taking into account time of year
S(i1-1)
I1 K I1 K I1 K I1 K
OPlJ'I OPl.TI OPlT OPlT OPzJ'I OPZH OPZT OPzT
0,381 | 0,567 | 0,403 | 0,433 | 0,810 | 0,642 0,640 0,717

Tab. 7. Calculation results of t-test for estimation of time of operative deployment from
tanker trucks of light and heavy classes taking into account the time of year.

tHaG
F C F C F C F C
OPn OPun OP;T OP;T OP,n OP,n OP,r OP,t
11,39 7,93 2,11 10,69 5,06 14,78 14,88 18,04

Analysis of the results in table 7 shows that in all cases

fose => Ly (00 = 0,05) = 2,04 (18)

iadé
That means, the results of the statistical analysis of the experimental results showed

that at the significance level a=0,05 the results obtained during the operational deploy-

ment at different times of the year from light and heavy class tankers differ significantly.

6. Discussion of the results of an experimental test of how the time of year
(meteorological factors) influence the timing of rapid deployment of fire trucks of
different class

The analysis of the results shows that the mathematical expectation of the time of
operational deployment for the same variants is significantly with the level of signifi-
cance = 0.05 differs not only depending on the class of fire truck, but also on the level
of preparedness of the personnel and the influence of adverse meteorological factors,
which actions of rapid deployment of firefighting equipment. It was determined that
these factors influenced the results of cadets (t., ...(E) =10,69), to a lesser extent,

(1) =211).0

Strength of the obtained results is obtaining reliable indicators, which are given in
table. 3 and Table. 4, which can be the basis for determining specific proposals for the
improvement of emergency vehicles of fire trucks, the choice of specific options for op-
erational deployment, as well as the preparation of personnel using standards deter-
mined on the basis of the experimental results of the time of operational deployment of
fire trucks. This will enhance the operational capabilities of fire and rescue units in the
autumn and winter, especially at the stage of initial preparation for the implementation
of various options for the operational deployment of fire trucks of different classes.

At the same time, it should be noted that the application of the chosen approach in
practical activity is accompanied by the complexity of conducting experimental re-
search, the results of which are the basis for scientifically-based decisions to increase
the effectiveness of personnel in the autumn and winter, because to carry out this pro-
cess highly skilled, skilled have knowledge and skills both in practice of operational ac-
tivity of fire-rescue units, and in organization of experimental d investigations in such a
way that statistically significant results are obtained that will form the basis of the rele-
vant proposals.

..................................................................................................................................................... T
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7.Conclusions

1. The proposed methodology of experimental research allows both to obtain
guantitative estimates of the time of operational deployment (mathematical expectations
and standard deviations), which will simultaneously characterize the class of fire truck,
the level of readiness of staff and the time of year, and to check on the criterion of stu-
dents selected factors affect the timing of typical deployments of tanker trucks.

2. The results of the statistical analysis of the experimental results showed that at
the significance level = 0.05, the results obtained during the operational deployment of
mid-range tanker trucks at different times of the year from the light and heavy class tank-
ers, differ significantly, which confirms the need for increased attention to training vari-
ous variants of operational deployment in the autumn and winter, as well as the possibil-
ity of using the obtained statisticsa2. The results of the statistical analysis of the experi-
mental results showed that at the significance level (mathematical expectations and
standard deviations) to substantiate the relevant standards for assessing the quality of
preparedness of personnel of fire and rescue units for the operational deployment of fire
trucks in different seasons.
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AHAUJII3 BIVIUBY ITOPHU POKY HA OIIEPATHUBHI PO3I'OPTAHHS NOKE KHUX
ABTOIUCTEPH PI3HOI'O KJIACY

B sKkocti 00’€xTa JOCIHIIKEHHS PO3IIISAIOTHCS YMHHUKH, TIOB’S3aHi 3 MOPOI0 POKY, SIKI MOXKYTh
YCKJIaJHIOBAaTH ONEPATHBHE PO3rOPTAHHS MOXKEKHUX aBTOLMCTEPH pi3HOro kiacy. OCKiNbKY y BiANOBIA-
HOCTi J10 HopMaTtuBHUX A0KyMeHTIB JICHC Ykpainu ofHIM 3 HalBaXXITHBILIMX KPUTEPIiB OIIHKH €PeKTH-
BHOCTI JiSTBHOCTI 0COOOBOTO CKJIaqy HMOXKEKHO-PATYBAIBHUX IMiAPO3ALIB € 4ac ONEepPaTHBHOIO PO3Top-
TaHHS, METOI0 pOOOTH € aHaJli3 BIUIMBY IOPH POKY Ha Yac ONEPaTUBHOTO PO3TOPTAHHS MOKEKHHUX aBTO-
UCTepH pizHOTO KIiacy. [Ipote B YkpaiHi, SK 1 B IHIIMX MPOBIIHUX KpaiHax CBITYy, MATAHHS i IBUIICHHS
e(eKTUBHOCT] OINEPaTUBHUX PO3TOPTaHb 3 ypaxyBaHHSM METEOPOJIOITYHHUX YMOB PO3IJIIHYTI HEAOCTaT-
HbO. [IpoBenieHi ekcriepuMeHTalbHI JOCTIIKEHHS 32 YMOB BIUIMBY METEOPOJIOTIYHUX YMHHHKIB, B SKUX
Opanu y4acTh KypCaHTH TPEThOro Kypcy HallioHanbHOTO yHIBEpCHTETY IMBIIBHOTO 3aXHUCTY YKpaiHU Ta
MOXEXHI ITATHUX MOXKEKHO-pATYBIbHUX migpo3ainiBe JCHC Ykpainu, mokaszanu, o po3noAia dacy
MPOBEJCHHS ONEPaTHBHUX PO3TOPTaHb HA TMOXKEKHUX aBTOLUCTEPHAX JIETKOTO, CEPEAHBOIO Ta BAXKKOTO
KJIaciB, 10 CTOSATh Ha 030POEHHI B TOXKEKHO-psATYBabHUX Tinposainax JJCHC VYkpainu, 3 piBHeM 3Ha-
yrmocTi a=0,05 € HopmansaUM. [Ipy 1IbOMY MaTeMaTHYHE OUIKYBAHHS Yacy ONEPAaTHBHOTO PO3TOPTAHHS
JUISL OJTHOTHITHUX BapiaHTIB CyTTEBO BIJPI3HIETHCS HE TUIHKU B 3aICKHOCTI BiJl KJIACY TIO’KEKHUX aBTOIH-
CTEpH, PiBHS MiArOTOBICHOCTI 0COOOBOTO CKIIAAy, ajie i BiJl IOPH POKY, siKa OyiIa Ha MOMEHT IPOBEICHHS
BH3HAYCHUX BapiaHTIB OMEPATHBHOTO PO3ropTaHHs. Bru3Ha4YeHO, 1110 B OB Mipi PO3TISIHYTI YAHHUKH
BIUIMHYJIM HA Pe3yJIbTaTH ONEPATUBHOI AISUIBHOCTI KYPCaHTIB, B MEHILIN Mipl — Ha JisJIbHICTb HpO(i)ecm-
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HUX JOCBITUYCHUX PATYBATLHUKIB. CHIIBHOIO CTOPOHOIO OTPHMAHUX PE3yJIbTATIB € BU3HAYCHHS JTOCTOBIP-
HUX TOKa3HUKIB, AKi MOXYTb OyTH OCHOBOIO KOHKPETHHX MPOIO3HIIH 1100 BAOCKOHAJICHHS aBapiiHO-
TEXHIYHOTO 00JIaTHAHHS MOKEKHUX aBTOLMCTEPH, BUOOPY KOHKPETHUX BapiaHTIB OMEPaTUBHOTO PO3rOp-
TaHHA, a TaKOXK MIATOTOBKA OCOOOBOTO CKJIAy i3 3aCTOCYBaHHSIM HOPMAaTHBIB, BU3HAUEHWX HA OCHOBI
EKCIIEPUMEHTAJIBHUX PE3YNbTATIB Yacy OlEpaTHBHOTO PO3rOPTaHHS.

KirouoBi ciioBa: aBToImicTepHa, ONIEpaTHBHE PO3TOPTAHHS, ONIEPATHBHUN PO3PaxyHOK, Iopa po-
KY, CTATUCTHYHHUI aHaIi3, PO3MOILT Yacy
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