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On inceleme

*Organizasyon semasil

*Calisan sayisi/vardiya gruplari /vardiya gruplarinin; calisma, dinlenme, yemek siireleri,

*Calisanlarin gorevleri/alt gorevleri ve bu gorevlerdeki calisma siireleri,
*Bolimlerde kullanilan alet/makina/tezgah ile ilgili bilgiler,

*Bolimlerde kullanilan iklimlendirici/isitici-sogutucu bilgileri.
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Ol¢iim

*Cihaz ol¢liim yapilacak c¢alisanin normal ¢alisma alanina yerlestirilir,
*Eger bu miimkiin degilse ortamdan yaklasik olarak ayni etkilenmeye maruz
kalacagi yere yerlestirilir,
*Metabolik oran ve kiyafet katsayis1 degerleri cihaza girilir,
*Sensorlerin uyum saglamasi icin cihaz acik sekilde 20 dakika beklenir,
*Cihaz dakikada bir 6l¢iim almak tizere ayarlanmalidir,
*Olciimler;
o Ayakta calisan i¢in zeminden 1,1 m ytikseklikte yapilir,
o Oturan ¢alisan i¢in zeminden 0,6 m yiikseklikte yapilir.
*Olciim siiresi en az 1 saat olmalidir.
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Indeks sadece -2 ve +2 PMV degerleri arasinda ve alt1 ana parametre asagidaki

araliklar sagladiginda kullanilabilir.

M
Metabolik Oran 46 W/m? ile 232 W/m? (0,8 met - 4 met)
IcI
Kiyafet Katsayisi 0 m2.K/W ile 0,310 m?.K/W (0 clo - 2 clo)
Kuru Sicakhk t, 10° Cile 30° C
Radyan Sicaklk It 10° Cile 40° C
Hava Akim Hizi Var Om/silel m/s

Hava Basinci P, O Pa-2700 Pa
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PMV asagidaki formiile gore hesaplanir;

LAY =003 £-00% 1)+ 0028 ]

(1-T)-305-7 [5728-639- (M -F)-p, |-0.42 [ -T)-5815]

ATA07 0 (5067 -p,)-0.0014. 10 (M1,

-3,95-11]'8-fd-[[zd+2?3]4-[.Tr+21'3]4]-fd-hc-(rd-ti)

” =35,?-nlu:25.(y-w)-fd-=3,95.1n“9 . fd.l- (;d+2?3)4-[ir+2?3)4]+ fd-hc.(rd—ra]]

fd-:arm for 2,3-5-|td-tawih12,1-‘]v;

2%.
h -
G |121.J1; o 28yt oty

10041200, forly 0078 m” KW
105408451, forl, > 0078m? KW

M metabolik oran (W/m?)

W etkin mekanik giic (W/m?)

Iy kiyafet yalitimi (m?K/W)

Fakiyafet yiizey alan faktori

ty sicaklik (°C)

Ver greli hava hizi (m/s)

£, ortalama radyan sicaklik (°C)

pe Su buhar kismi basinci (Pa)

he konvektif st transfer katsayist [W/(m%K)]
ty giysi yiizeyi sicakigi (°C)

1 metabolik birim = 1 met = 58,2 W/m?

1 kiyafet birimi = 1 clo = 0,155 m“C/W
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Orta Dereceli Termal Ortamlar- Pmv Ve Ppd indislerinin Tayini Termal Rahatlik i¢in
Sartlarin Belirlenmesi

PMYV (Predicted Mean Vote) (Tahmin Edilen Ortalama Oy)

PMV genis bir insan grubunun insan vicudunun isi

dengesine dayali 7 noktali termal his skalasina gore Hot Sicak
oylarinin ortalamasini tahmin eden bir indekstir. PMV Warm ik
indeksi; hava sicakhgi, radyal i1si, nem, hava akim hizi,
giysi ve aktivite degiskenleri dikkate alinarak Slightly warm Hafif ilik
hesaplanan ve bireyin ortamin termal kosullarindan .
Neutral Notr
etkilenme dizeyini belirleyen bir indekstir. 3 ile +3 ) ) )
Slightly cool Hafif serin
arasinda deger alabilen PMV indeksi, termal kosullarin
’ | y Cool Serin
uygun oldugu yerlerde -0,5 ile +0,5 arasinda degerler
Cold Soguk

alir.
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PPD (Predicted Percentage Dissatisfied) (Tahmin Edilen Yiizde Memnuniyetsizlik)

 PPD degeri, PMV’de turetilen ve bir ortamda bulunan termal acidan
memnuniyetsiz kisilerin sayisal ylzdesini veren bir indekstir.

e PMV 0.5, oldugu ortamda bulunan memnuniyetsiz kisilerin oraninin % 10’u
gecmez.

g
[

PPD =100-95-exp(-0.03353- P * ~0.2179. Pur?)

ideal
" iklimlendirilmis

29100 memnuniyeti
8 I konforlu ortam

saglamak miimkiin
olmayabilir.

i 15 2 PMV
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b TS EN ISO 7243

Sicak Ortamlar-WBGT(Yas-hazne Kiire Sicakligi) indeksine Gére Isinin Calisan
Uzerindeki Baskisinin Tahmini

4

Bu standart, Wet Bulb Globe Temperature (WBGT - Islak Hazne Kiire Sicakligi)
indeksine gore 1s1nin ¢alisan iizerindeki baskisinin tahmini i¢in kullanilir ve sicak
termal sartlarin degerlendirilmesinde kullanilan deneysel bir indekstir.
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WBGT Indeksi Hesaplanirken;

*[slak Termometre Sicaklig: (T
*Radyal(kiire) Sicakligi (Tg)
*Kuru Termometre Sicakligi ('T,) Kullanilir.

w)»

*Wbgt Indeksi;
o Gunes yuku olan ortamlar:

WBGT =0,7T,,, + 0,2T,+ 0, 1T,
o Gunes yuku olmayan ortamlar:

WBGT = 0,7T,,, + 0,3T,




Cihaz
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B.1’de anlatilan 5-40 C arasinda 0,5 C dogruluk ile 6l¢cim yapabilen yas hazne probu*,

B.2’de anlatilan 20-120 C arasinda 20-50 0,5 C, 50-120 1 C dogruluk ile 6lcim yapabilen kiire probu*,

B.3’te anlatilan 10-60 C arasinda 0,5 C dogruluk ile 6lcim yapabilen sicaklik probu,

*Ek C ve D’ de anlatilan alternatif cihaz ve hesaplamalar kullanilabilir.

Ek C Alternatif kiire problari

1+1,13v2 64704

tgo =tat —(tg—t.) (C4) Ek D yas hazne sicakliginin tahmini  (D.1)
1+2,41v)"
lobe di lob i ir veloci dicted 15 di
Globe ;ameter tem(:):raiure Air temgerature Alrvsaouty Pti;aic;glote(ignlge:::ziier 4,18 'V2’444 (ta B tnw )+ 10—8 -|:(tr +273)4 —(tnw +273)4.:| B
mm tg °oC ms-1 oC
A" 0,421 _pH. _
50 2 20 05 22,5 77,1-v, [pas (taw )—RH pys (¢, )]—0
100 25 20 05 25,5

Predicted natural

Air temperature 150 mm diameter Alr. Relative humidity wet bulb Predicted
globe temperature | velocity WBGT
temperature
ta tg Va RH thw WBGT
°C °C ms-1 % °C °C
25,0 40,0 0,3 20 17,3 241
25,0 55,0 0,3 20 21,1 31,3
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Ol¢iim Metodu

Olciim Siiresi: 8 saatlik maruziyetin hesaplanabilmesi icin en az 1 saatlik 8lciim yapilmasi gereklidir.
Birden fazla gdrev olan maruziyet élcimlerinde 6lcim sureleri gorevlerin maruziyet sireleri ile
orantili olarak belirlenir. Gorevlerin gerceklestirildigi ortam sartlari degistiginde cihaz problarinin
kararli duruma gelmesi icin gereken sirenin dikkate alinarak olcimlerin yapilmasi gerekmektedir.

Ol¢iim Noktasi: Ortam homojen ise karin bdlgesinden dlcim yapilir. Ortam heterojen ise maruziyetin
yuksek oldugu noktadan ol¢iim yapilir.
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5 = (Pixty) + (P2 +p3) + -+ (Pn+ tn)
t; + t,+..+t,
ti+t+..+t, =T =1saat
Yukaridaki formul kullanilarak met,clo ve wbgt parametrelerinin zaman agirlikli ortalama degerleri
hesaplanabilir.
Istya alistinlmus kisi: 1 hafta calisan kisi olarak tanimlanmustir.

WBGT.s: Ek F'deki kiyafet etkisinin(CAV) WBGT degerine eklenmesiyle bulunan raporlanacak deger.

Referans degerler: Metabolik oranlara dikkat edilerek ek A’daki tablodan raporlanacak referans
degerler belirlenir.
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Table F.1 — WBGT CAVSs for different clothing ensembles, in *C-WBGT

CAV
Ensemble Comment [*C-WBGT]
Work clothes Work clothes made from a woven fabric is the reference 0
ensemble.
Cloth coveralls Woven fabric that includes treated cotton.
Non-woven SMS coverallsasa  |A non-proprietary process to make non-wowven fabrics from
single layer polypropylene.
Non-woven polyolefin Coveralls |A proprietary fabric made from polyethylene. 2
as a single layer
Vapour-barrier apron with long |The wrap-around apron configuration was designed to 4
sleeves and long length over protect the front and sides of the body against spills from
cloth coveralls chemical agents.
Double layer of woven clothing |Generally taken to be coveralls over work clothes. 3
Vapour-barrier coveralls as a The real effect depends on the level of humidity and in many 10
single layer, without hood cases the effect is less.
Vapour-barrier coveralls with |The real effect depends on the level of humidity and in many 11
hood as a single layer cases the effect is less.
Vapour-barrier over cloth cov- -_ 12
eralls, without hood
Hood? Wearing a hood of any fabric with any clothing ensemble. +1
The CAVs are added to the measured WBGT to obtain WBG T
NOTE  For high vapour resistance clothing there is a dependence on relative humidity. The CAVs represent the likely
high value.
2 This value is added to the CAV of the ensemble without hood or respirator.
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1
Ofiste planlama (2 Saat)

Masabasi ofis isleri
Pantolon, gdmlek, corap,
ayvakkabi
15 dk
0,50

0
125

32°C

32 °C

2
Ayakta parca kesimi (4 saat)

Elektrikli makine ile parca
kesimi

Calisma tulumu, gémlek,
eldiven, sapka, corap,
ayakkabi
30 dk

0,80
0,72
1
180
183,75
27 °C

28 °C

29,5 °C
30°C

3
Parca birlestirme (2 saat)

Cekic ve makine ile parca
birlestirme

Calisma tulumu, gdmlek,
eldiven, sapka, corap,
ayakkabi
15 dk
0,80

1
250

29 °C

30°C
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Adi Olgiim Calisanin Calisma Hava Kiire Hava Nem Yasg Metabolik Kiyafet Sonuglar Referans
Soyadi Yapilan Gorevi Siiresi Hizi Sicakhig Sicakhg Hazne Oran Katsayisi Deger
Bolim %) | sicakigi | (w/m?) (clo) [ MET, | PMV [ PPD(%) | WBGT | WBGT
(Saat) (m/s) (°C) (°C) (°c) (°C) (°C)
(W/m?)
Ofis Planlama/ | 2 125 0,5
masabasi 0'5
ofis igleri
Atolye Elektrikli 4 180 0,8 183,75 29,5 30,6
makine ile
ayakta 2’5
parga
kesimi
Atolye Gekig ve 2 250 0,8
makine ile 1,5
parca

birlestirme
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Annex A
(informative)

Reference values of the WBGT heat stress index

The time-weighted average ([TWA) effective WBGT [TWA-WBGTeft) is the time-weighted measured

Referans degerler TS EN 27243 value adjusted for clothing

Table A.1 — WBGTes reference values for acclimatised and unacclimatized people for five
classes of metabolic rate

WREBGT reference limit for

Metabolic rate (class) persons unacclimatized to

Metabolic rate WBGT reference limit for

(see Table E.1 for descrip- W persons acclimatized to heat I
tion) oC eat
°C
Class 0
Resting metabolic rate 115 = 32
Class 1 180 30 29

Low metabolic rate

WBGTFEf: 56!7 - 11’5 ]'Dglﬂ [:M:] ':‘C :‘:;;ifal:emetaholic rate 300 28 26

Class 3
High metabolic rate 415 26 23
Class 4 520 s .

Very high metabolic rate

The values for WBG T given here are provided for harmonization with existing national standards. As those standards

are revisited in the future, the values from Figure A 1 or the related equations may be considered. The newer values will
generally differ by £ 1°C.
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Table A1 — Categories of thermal environment

Table 1 — Seven-point thermal sensation scale

Thermal state of the hody as a whole Local discomfort
+3 |Hot
PPD PMV DR PD
% % 0 +2 |Wam
Cat .
pal caused by +1 | Slightly warm
verticalar | warmorcool | radiant 0 INeutd
temperature floor asymmery
iference -1 (Slightly coo
A <b -02<¢PMV<+02 | <10 <J Al ¢
-2 |Cool
B <10 -05¢PMV¢+05 <20 ¢h <10 ¢h
-3 |Cold
C <15 =0 T<PMV<+0] | <30 <l <15 <Al ——




TS EN ISO 7730

Tekrarlanabilirlik:

v Olgiim siiresi en az 1 saat

v Her personel i¢in en az 5’er PMV 6l¢iim sonucu
v' Istatistiksel test ile dogrulama

Tekrartiretilebilirlik:
v Olciim siiresi 1 saat
v' Enaz 2 farkli giin

v" Her personel i¢in i¢in 3’er 6l¢iim sonucu Personel | Personel | Personel | Personel
1 2 3 4
PMV PMV PMV PMV

PMV PMV PMV PMV
PMV PMV PMV PMV
PMV PMV PMV PMV

PMV PMV PMV PMV
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L 7

Wt xS
> WBGT.

in(yiines yiikii olmayan
ayri validasyon ¢aligmasi

,ve WBGT,

ut(gilines yiikii olan) 161N

Tekrarlanabilirlik:

v Olciim siiresi en az 1 saat

v Her personel i¢in en az 5’er WBGT 06l¢iim sonucu
v’ Istatistiksel test ile dogrulama

Tekraruretilebilirlik: Personel Personel Personel Personel
v Olciim siiresi 1 saat 1 2 3 s

v' Enaz 2 farkl giin

v Her personel i¢in 3’er 6l¢iim sonucu

WBGT,  WBGT,, WBGT,  WBGT,,
WBGT,, WBGT,, WBGT,  WBGT,
WBGT,  WBGT,, WBGT,  WBGT,,
WBGT,  WBGT,, WBGT,  WBGT,,
WBGT,  WBGT,, WBGT,  WBGT,,

WBGT,  WBGT,  WBGT,,  WBGT,,
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Tekrarlanabilirlik (yapilabiliyorsa) belirsizligi

U,
Tekrariiretilebilirlik belirsizligi u,
Kalibrasyon sertifikasindan(Hava akis hizi) gelen belirsizlik U,
Kalibrasyon sertifikasindan(Kiire) gelen belirsizlik U,
Kalibrasyon sertifikasindan(Kuru sicaklik) gelen belirsizlik U
Ekran ¢o6ziiniirligiinden gelen belirsizlik U

Toplam Belirsizlik : u = \/Ulz +U;+Us+UZ+UE+ U

Genisletilmis Belirsizlik : U=u * 2
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WBGT,

in(giines yiikii olmayan)

Tekrarlanabilirlik (yapilabiliyorsa) belirsizligi U,
Tekrariiretilebilirlik belirsizligi U, % U;=0,7 * U, ifika
Kalibrasyon sertifikasindan (yas hazne) gelen belirsizlik U, % Up=0,3" Ugifica
Kalibrasyon sertifikasindan (kiire) gelen belirsizlik U,
Ekran ¢oziiniirliigiinden gelen belirsizlik U,

Toplam Belirsizlik : u = \]U12 +U; +UZ+U; + U2

Genisletilmis Belirsizlik : U=u * 2
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WBGTout(giines yiikii olan)

Tekrarlanabilirlik (yapilabiliyorsa) belirsizligi U,
Tekrariiretilebilirlik belirsizligi U, . K

K . pe Y ** U3 =0,7 Usertifika
Kalibrasyon sertifikasindan (yas hazne) gelen belirsizlik U, & U.=02*U

¢ 4= Y sertifika

Kalibrasyon sertifikasindan(kiire) gelen belirsizlik U, % U.=0,1*U_ i,
Kalibrasyon sertifikasindan(kuru Sicaklik) gelen belirsizlik U,
Ekran ¢oziiniirliiglinden gelen belirsizlik U

Toplam Belirsizlik : u = JUf +UZ+UZ+UZ+ U2+ U?

Genisletilmis Belirsizlik : U=u * 2




Kalibrasyon

L

°C
20-35
35-50
50-60

60-80

80-120

>I<TS EN ISO7730,TS EN 7243 ve TS EN ISO 7726 Standartlari baz alinarak hazirlanmistir.

Hata(°C)
0,5
0,5

1

1

Thw

°C

10-20 °C

20-30 °C

30-40 °C

Hata(°C)
0.5
0.5

0.5

Ta

°C

10-20 °C

20-30 °C

30-40 °C

Hata(°C)
0.5
0.5

0.5

Va

m/sn
0,05-0,2
0,2-0,5
0,5-1

1-5

Hata(%)
55
30
15

10
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Cold environment

Measure

alr temperature
rmean radlant temp.
air velocity
humldliy

Measure or estimate
Local coollng actlvity level
thermal Insulatlon of clothlng

Crravght, wind chill
contact skin coaling General cooling
extramity coallng
alrway cooling

Calculate IREQ,

compare whh / rand
calculate O

l

'r-:lr = |REQ ;. IREQ 1, = j:l.r = IREQ ypral r:l.r = IREQ Loaml
Clothing Insufilclent — Clothlng sufflclent Clothlng sufflclent —
lImlt duratlon of o prevent coollng — posslble risk of over-
EXpOSUrE “slightly cool ta heating at high
neutral” sensatlon leviels of acthvity
I
Calculatlon recommended Calculatlon recommended
exposure tme, O, exposure tme, O,

Figure 1 — Procedure for evaluation of cold environments
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Table F.1 — Calculation examples

Input values Calculated values
i | o rdint | st Basiethomal | | Reauredbsic | it
temperature | temperature rate clothing neutral insulation Exﬁ.sure
i
°C °C m-s~1| W.m-2 clo clo clo h
0 0 2 90 2,5 2,6 3,1 2,3
0 0 2 145 2,5 1.5 1,8 =8
=10 -10 2 90 2.5 3.5 4.4 0,7
=10 0 2 145 2.4 1.9 2.4 >0
=20 =20 2 115 4,2 3.4 4,2 =8
=20 =20 7 115 4.2 3.5 59 1,1
=30 =30 2 115 4.2 4.0 5,0 2,2
-30 -30 5 175 4,2 2,6 4,0 =8
Rate of mechanical work, W =0
Relative humidity in all examples: 85 %
Air permeability of clothing: 81- m2.s~1




116

-10
-15

03
0.4
85
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CALCULATION OF REQUIRED INSULATION, IREQ AND
DURATION LIMITED EXPOSURE, Dlim

M (W/m2), Metabolic energy production (58 to 400 Wim2)

W (W/m2), Rate of mechanical work, (normally 0)

Ta (C), Ambient air temperature (< +10 C)

Tr (C), Mean radiant temperature (often close to ambient air temperature)
p (m2s), Air permeability (low < 5, medium 50, high > 100 I/'m2s)

w (m/s), Walking speed (or calculated work created air movements)

v (m/s), Relative air velocity (0.4 to 18 m/s)

rh (%), Relative humidity

Icl (clo), AVAILABLE basic clothing insulation (1 clo = 0.155 Wim2K)

Calculate IREQ || Interpret IREQ

IREQ & Dlim RESULTS (minimal to neutral)

Insulation Required, IREQ 2.3 to 26 (clo)
REQUIRED basic clothing insulation (ISO 9920), Icl 2 4 fo
28 (clo)

Duration limited exposure, Dlim 0.4 fo 03 (hours)

CALCULATION OF REQUIRED RECOVERY TIME, RT

90 M (W/m2), Metabolic energy production, (normally lowerl)

0 W (Wim2), Rate of mechanical work, (normally 0)

25 Ta (C), Ambient air temperature, (normally warmerl)

25 Tr (C), Mean radiant temperature, (normally warmerl)

8 p (Iim2s), Air permeability

0.2 w (m/s), Walking speed (normally lower)

0.4 v (m/s), Relative air velocity (normally lowerl)

50 rh (%), Relative humidity

1.6 lel (clo), Available basic clothing insulation, (normally lowerl)

Calculate RT || Interpret RT
RT RESULTS (neutral)

Required recovery time 0.9 (hours)

http://www.eat.lth.se/fileadmin/eat/Termisk_miljoe/IREQ2009ver4 2.html
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