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HEART RATE /CONCRETE JOB/ASSESSMENT/RISK/FACTOR/DIRECTION

HANDLING

The objectives of this study were: 1) to evaluate job strain among concrete
workers in construction, 2) to identify risk factors for the concrete jobs of the
construction workers, and 3) to investigate the effect of handling direction on
physiological strain of concrete workers. In this study, ergonomics tools used were :
1) Strain Index, Ovako Working Posture Analysis System and Rapid Entire Body
Assessment, 2) heart rate measurement equipment, and 3) Standardised Nodic
Questionnaire and Body Discomfort Map.

The results of 21 workers showed that all workers had lower back pain. For
concrete handling in vertical direction, heart rate of the workers exceeded 110 beats
per minute, indicating the risk of cardiovascular system failure. The direction handling
of a concrete job affected heart rate significantly. The results of ergonomic assessment
showed that the concrete job resulted in work-related injury and therefore work

improvement was required to alleviate work strain.

School of Industrial Engineering Student’s Signature

Academic Year 2012 Advisor’s Signature




=\ =)
Ananssndszma

a a \{dy o 1 9 a A Yo 1 aA [ PR
INIUNUTUAUIIAIIAIYA Luminﬂllﬂiumnm;mmmmminﬂmu@"mt’l

7 an I a A s = vq ¥ = Y
ANTRNTIVNITY AT.NIFAT INA GW%WiﬂﬂﬁﬂBT}ﬂﬂ'luwu‘ﬁ GlfﬁllﬂclﬁjﬂﬂWﬁVlNﬂ'liﬁﬂH'] Gh’i

9 a Y o ° Y ' I Y =
ANVINNIFINIG 611’??1']!;11!31!111!@111!@]']\1 ] AnvAIUNBYALA Lﬂulliﬂﬂﬁ%iﬂuiuﬂWiLﬁﬂullﬁ%

9
v

o ~ 1 a o ] a A Y o oA
NIINNIU uazummmﬂﬂﬁgﬂﬁymﬂuamm NN fNGl‘l’iﬂﬁf%ﬂ‘]&l']!LH'J“VI'NGlUﬂ'ﬁﬂHuuﬂ'li

4 IJa o

v
Ao o aw 1 <
7198 maﬁ]Vnuu,azuﬁ’”lmummmmclﬁjwmmnﬂmuﬁmﬁ%ﬁuyjm N?%ﬂ%ﬂﬂlﬂﬂﬁ?‘ﬂ

U

4
=1

1 1 o an 1
YOUNTZAM MU INAAT19158 A5.N5f3 vana ee1ege 13 o Tomail
1 1 o o A o ! o
YONTIWVOUNTZAY MUATIBFNEAITINGG A5 WaHTy Iaazais NTEmsousudidou
v
MaINmMs swdaldduuzihag 9 femesdumsanuezmsauiniia
1 Y 4 a 1 4 ~
YONTIVOUNIZA MIUAFIOAMATI9156 5.1 N5 ANewa naznue1nsd as.1/35
an o 4 1 a\ I 1 o Aa v " A o 1
A3snd A ldngundalomald ldidudsaelumsiiauideldunusnuas Tseuai q
Ao o = [] a [ 4 1 ~ 9 a a‘{
Tuvaghduhmsaneegneluumineds nazveveunszguernsennniunlddszans
Uszamimanuiang 9
£ Hq v 1 A y3 9
YDUDUNIZAB AWPNN gNBA% N 1danuFemae lumseygraliinudeyaves

9 ' 9 A o a J o w
;ﬁ%mwmiumsﬂaaimmmi VOIUTHN a1 TAAs3F (2001) 3109

v
~ =

YoVoUNTEAY WM1INaomalulaggsuis Nldnumivayumsiite

Y
S YA o

mell Aaveveniuveunszamiaaa uaznnauluaseuairnlimsginsy
2 o Yo ° Sa Y o =
lagdeg DUTUAITDU Glﬂﬂ']lﬁﬂl&l'lllugu']ﬂ15'l']\illwuclfjﬁ El,ﬂﬂ'liﬁUU/ﬁHuGluﬂ'ﬁﬁﬂE'] LUag

2 o w H < o o & ¥y 2
aoatlumaslang audluwarlflszaumadusalumsdnuingail

Jd o A
89n5Dl AATINeNN



aIvsy

|

UNAATD (ATHVLITE) oo ese s esee e ese e e e s ess e seessee e n

UNAATD (DTHITINNH) oo eeeseseseeeeee e s eeeseeeseeeseeseee s eees e eeeeeeseee s Y

DARANTTULTENI oo s ee s ee s sees e eees oo f

TIUTUT oot e e e e e e et eeneae 3

TNTUATTI oo e %

AVTUTY oo 0
uni

S 1111V o OO OO 1

1.1 mma?wﬁnumazﬁmmmﬂﬂujm ................................................................................ 1

12 AAQUSYEIAUDINITIVY cooooeceeeeeeeeeee e 4

13 AN U e 4

14 UOUBUAUBINTTIDY oo eeeeeeeeeee e ees e sesseses e ees s s ees e ses e ses e 5

1.5 AUUATIUTUAIITIY oo 5

1.6 DBAUUUNTTIVY oottt e ee e e se s ses s ee s ee s see s ees e sees e eeseae 6

17 U5 TOMTRAADI0Z IRTU oo 7

2 BT NS IUNAZITERREIVOL e 8

0 W S V12150 1 N TSSOSO 8

221 UYUIUOUABEEIN oo 9

22 MTUIRTUTUIITIIIU oeoeooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeesseseseseessesssssessesssseenesennnes 10

23 AT THENIITOU oo s eesssssssseennens 11

24 AUANHUININETTIZ coovvvveeeeeeeeereeeeeeeee oo eeeesssssssssess s 13

2.5 MITUTZUNITZITH oo ses e eeeeeed 13

2.5.1  Strain INAEX .oooveeeeeeeieeceee ettt e 14

2.5.2  Ovako Working Posture Analysis SYStem .........ccccceeveercieeneeneeneeneeneennes 14

2.5.3 Rapid Entire Body ASSeSSMEeNt ..........ccoiviiiiiiiiiiiiiiiiiiiiiiieniaiinanns 14



[ 9
T GATH S L RT3 LS R LV R
2.5.6  oATIMIAUVIINY
2.6 TNMIEIDITIINIIE oo
27 MTEINITVUEVITIUDY oo
a 4
2.8 MSODAULVUAZUATIEHAITNADDY oo
9
281 WANMITWUTIN ©oeeiietoeeee oo,
282 MINATOUTUMATIN oooooeeeeeeeeeeeeeee e
a J
283  MIIATIEHANUMUTUT I oo,
a o d'd' 9J
2.9 QUUIVINDGIUDT oo
Aad o a a v
ABAUHUNITIVY oo oo
3.0 MITODAUUUMITNADDT oeeeeerrreeeee oo
301 BQAMATOU Lo,
312 MSETONNITNADDY ooreerrrrreeee e
303 BHUMITNADDE ottt
= 9
304 MITUNAUOYA oo
) 3
32 MTATIUASDUTOUA —ooooeeooereeeeeeeeeeeeeeeeeeseeeeee e
H 3 v
320 VUADUMTIAUUBYA ..ooveoreeeieieeeeieeceeee
~ a 4
322 deyandoaldlunmsdmsizd
A A P Y o Aw
33 1A30WuazgUnIal NI IUMITIIY oo
a d Y
34 MITUATIEHUDLD coooooeoeeeeeeeeeenereseese s
a r'd [} 1 Aa o
341 M5IATIEHITITIAIE ) TUNITIDY oo
342 MINAIEHNTounNa UMY
343 UUDTOUDIMMIATTIUUDTAR oooooereeeeeeeeeeeeesee oo
344 MINAOATINTAUYDIIITY oo

M58y (710)

254 m3UszluInANNEANMIBEINMITOONUTY (o

¥
2.5.5 ‘PTETﬂﬂT5’.]!,?’1518ﬁﬂ158\11uﬂ16\1ﬂ51mﬁ0

a 4
345  MTUASTIEHANYUUTUTIU oo

15



M58y (710)

Y
¥
v A =
346 ABWUADVIUIDTUN oeovereeeoeeeeeeeeeeeee e eee e eees e s es e s s es e s sees s ses e ses s 33
347 MIUATIZHINIMIIDITIVNIY oo 40
Y
a [ 1 ] ] I~
348  MIUTUNUAIUUDITINENINUADINITIAUTD eoeeeeeeeeeee 42
[ 2
349  MINAAAU THTNR VIO oo 48
Y= d‘ 9 1
3.4.10 UVVTOUDINANINTANNOIAIUDITING oovvvoeeeoeeeeeeecereseessnnnns 50
U a d
4 HANITIVIMAZINT IATIZTBIR oo 53
41  MIANMIEANAUZMIMINUADUNIATUMITAD AT IONANT oo 53
a J o 1
411 MIAATIEHMINOUAUATATUMTAAZINOINT o 53
412 AMWIARDVUDINITIINY oo, 55
a Ja 1 gl,z o
413 mMIAzyinanssuluuaazvuaoy HazNIBUNAIMITININY ... 55
a < Y dal = % < 1 9
42 mIRsERToyaiug NI UMV IAn I 1IMeve IR 1Fus U
Ja
TUAUADUATAABUUVABUDIUIIATTIHUOTAR oo 56

43 M35UsEUNANIZNUINMITIUNTADI19NY
T30 as I IAUVOIHINY 5T
431 MIUATISHOATINTAUUBITIID oo, 57

Y
432 MSAATIEHMSNNAIUUDIOATIMTIAUVOIRANY oo 60
a 4

44 MTIATIZHA DI TUT VU oo, 62
441 MINATDUAUUATIU ooooooeeeeeeeeeeeeeeeeeeee e 63
LI -V | )

45 AABTADVIUIRTIN oo e oo 64
451 FLAUUDINITODNETT ooeooeeeeoeeeoeeeeee oo 64
452 FLOZIANTUMITOONTT oo 65
453  aNUNIUIUNITODAUTIAOUIN oo, 67

] A Yy A
454 MNMIQUOILBUAEUBID oooooeeeoeeeeeeeeeeeeeeeeeeeeeeeeee e 68
455 AVIUITVUOTINU oo 71
456 FEOZIATTUNITIINM oo 73
a g o
4.6 MIUATIEHNINNINITIIIE oo 75



M58y (710)

)
4.6.1  msUszdummamsiau lasnuulsediv
Ovako Working Posture Analysis System ............cccceeviiiiiiiininnnn.. 75
462  msUszmumnumsimau lasuuulseiv
Rapid Entire Body ASSESSMENt ........c.ovviiiiiiiiiiitiiiiiiiiieeeennananns 80
47  mInaaeUMIDEnLIIN e AT
Taom 3 Saaa TN GO e 88
4.8 uuuﬁaumummi’ﬁmﬁaﬂé’wméwmﬂ ........................................................... 90
5 AFUHAZUBITUBMUL ..o 93
5.0 AFUNAMITITY oo 93
52 M3l wa T umURUIR e 96
53 Aowauouuz UM IMOUITIAD 1Y o 96
E R TE LR C L ST [OOSR 97
AANUIN
AMANUIN N BUUAOUDIMINTATTIUHOTAR oooeeeeeeeeeeieeeeeeeeeeeeesesseeseeeeeeeesssseneeneeeees 100
AARLIN ¥, LD T FILUDIT N MERINUADINTIAEY oo 109
AN A. ToyasasIMadureiale tarmsfmuiumimsesnuseluvmesiam
MEUAVANNAINITO TUMITOBNUTIGIGA e 111
MANUIN 3. AIDTRMTATUIDIDMIATTIU oo 115
AIAFUIN 9. S1BTBUNANLININSN IRTUNISARUTIHOUNT oo 118

USETAGITIU oo 127



1IN

1.1
2.1

3.1
3.2
33
34

35

3.6

3.7

3.8

39

3.10

3.12

3.13

3.14

4.1

4.2

4.3

=).

AFUYNIN

4
Hin
fnudlseauduasielugaa I sune a3 9T WUNAWAINTUITY e 4
mafSeuioudinaszauazuuuMIsUiNIzIUveuAY
UAZMTUTUTHUUVOI BOTE oo 15
=1 9 [ Y @
M131TUNNVOYATATINTIAUVBINIID Lo 26
) ' vy &
M1319TUNNVOYAAINITODNUTIVOINAIIUD ..o, 27
! %l v
FZAUNTOONUTI TEAUAZUUU UASATIMUNAZIUUY Lottt 35
5zﬁummfﬁﬂmﬁaﬂmﬂ Modified Borg Scale .......cccccovvieviinieiiinienieeeeeeecee 36
5LAUAIS DUAZUBNTZILIIAINMTODALTS TEAVAZLUY
1 90' %
HAZATHININAZIUU oo see e s eee e 37
5ZAUANNNIN UNITOONUTIADUIN TZAVAZ LU
1 90’ %3
A ATHINUNAZIUU oo seeesees oo eeee s sse e seeeeses s sseseeeesees e s seeseseseeseeeee 38
1 [} 1 A Y A [
MIUUITZAVMIN oA IN0 SEAUAZIUY
1 ao) (-7
AZATHININAZIUU oo eee e ees e 38
] 1Y) < 1 <3 1 o
MSUUITZAUANNGI A1 8z URIANNEIVEINULARLTEAL
1 ﬁol -7
FEAUAZUUU UAZATHIHUNRAZIUU oo s eee e eeesee e 40
52821081 TUMTINNU SZTAUAZLUY
1 % v
UAZATUIHUNAZIUUE oo see s sess e seesees e eees e ees e 40
Y Y
FEAUAZLUUYDING 4 T8 LAZAZUUUTINNNT 4 TUY oo, 41
TIVUANUTOI TZTAVAZUUU UAZIINNNITIINIU oo 42
ATNAZUUUTINMTUTETUTIUAN ) VOITWNG oo, 47
[ d' a 9
FEAUAZUUUAMIMTOIIATNTUTZHIUAIY REBA ooveoeeeeeeeeeeeeeee e eeseend 48
AZUUU UALTEAUADIMELBIRY - eeeeeeee e eesesesee e eeeeeees 52
o 9 dy 9
HAMTE1TI0TOYANUTIUVDIR IBUTINU .o 57
8n1IMIAUUD 19UeIfNNATODIUMITANABUNTA oooreeeeeeen 58
8n31M3AUUeIH2 19UeafgNNATe D TUMTAIAOUNTA oo 59



1IN

4.4
4.5
4.6
47
4.8
49

4.10

4.11

4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
4.20
4.21
4.22

4.23

4.24

n.1

31NN (A0)

4 v
1 I
o Y % 9 =
9NN IAUYDIN19V0IHYINATO U TUMTINADUNTA .o 59
] Y Y
MINVUUVDI9AT 1M T UV 10 I UTUABUMITANADUNTA oo 60
' Y Y
MINVUVUVDI9AT1NM T UV 1D TUTUABDUMITAIADUATA oo, 61
' Y 9
MINVUUVDI9AT1N 31U 10 TUTUABUMITINABUNTA o) 61
a J
NANIT AT IZ AL TU T AU oo 64

a d o y @

Naﬂ'li’JLﬂ51$Wﬂ'lﬂﬁ8’0ﬂlli\ﬂﬂﬂlﬂ!$ﬂ1\ﬂﬂlﬁ@£“ﬁfJ“LIf‘I“LI
a Y= &

ﬂ’J'lﬂJ’fﬂll1591Uﬂ15®®ﬂu5\1’€;{\1q¢] Lm%NﬁﬂWiﬂigli\IUﬂ’HMgﬁﬂlﬁuﬂﬂ
1NNITDONLLII Modified Borg Scale ........cooiiiiiiiiiiiiiiieeeeeeeeeeeeeeieenn 04

a S Y [
wammmﬂzwmiafJazmmizaznaﬂumiaamm IZAUNSHUN

! g %

UAZATHINUNASHUUU (LUITSUTL) ettt ete e eae st sreneeneenea 65

a S Y [
HANIIIANTIZHAIS 0082 UDI5LE2IA I UNITORNITI TEAUAZLIUY

\ g % Q’
UAEATU I UIDAZUUL (UUIAD) oo 66
[ A Yy A o A 1 =1
AIIADIFNUOLALYDUDUDIANTI I UNIOAIADUATA IUUUITEUNY oo, 69
o A 9y A ° A ~ A
N13IA0IFNNOLAZ VB NDYBINITM I UHIDAIADUNTA IUUUIAT oo, 70
° [ <3
WANIIAIUIUATSDIAZUDIAIMITIVOTINU oo 7
HAMIUATIZHAAFUANINAT AN TTINUADUNTA TUMUATEUNY oo 73
HAMINATIZHAAFUANATIANTTIUADUNTATUUUIAL o) 74

PINEMTIIUADUNTATULUITEUIL oo 76

MINWMITIIUADUATA UG e T

AZUUUMTHIIUADUNTA THUUITEUIY oo 78
AZHUUMTNUABURSATUIUARG o 79
MNNVBIFIUAN 9 V035198 TUMIINOUADUNTA TULUITEUIY oo, 81
MIMVOIFIUA Y8319 TUMSTIUABUATATUIUIRT oo 83

¥
G]ﬁNfﬂ%}ﬂElﬁ$GUfoﬂif)@ﬂl,Li\iﬁj\i’@jﬂ%ﬂ\iﬂ1iﬁ1ﬂum@ﬁﬂéjﬂllﬁ@ 4 Y%A

v

Gluéuu@l@umﬂ 9 "umﬂuﬂ’auﬂ%\ ................................................................................... 89
Y= A v '

Waﬂ’liﬁ@‘ﬂﬂ'lllﬂ'J'lllgﬁﬂnJ’f]Uﬁ'leU’fNi'l\iﬂ'lU ................................................... 91

d' a2 da! v !
ﬁﬂlummﬂmuclummzmuwuuuazm ...................................................... 102



1IN

n.2

n.3

n.4

f.1

f.2

7.3

3.1

31NN (A0)

=h.

{ o ] [ '
LL‘]J‘]Jﬁ'fJ‘Uf]HJLﬁfJ'Jﬂ‘Uﬂ']'lﬂJLmJ‘]J'Jﬂﬁa\iﬁ'JuaN ................................

{ o 3 a
LL‘]J‘]Jﬁ'ﬂﬂﬂuﬂﬁﬂﬁﬂﬂﬂﬁ'ﬁu%‘ﬂﬂ'}ﬂﬂﬁL'Jil!ﬂf) ....................................

{ o <] a '
LLUUﬁﬂﬂﬂ']ﬂlﬁﬂ?ﬂﬂﬂ']'llll%ﬂlhﬂﬂﬁL'Jﬂ!llﬁa ..................................

WoyasnTIMIIAUY0EI Y

Lla3ﬂ"lﬂﬁ@@ﬂLLi\‘IEJﬂEj\‘IQ’ﬂﬂJENﬂﬁﬁgfﬂﬂ@uﬂ%@ .................................

9 v 9 Y
mamvaammﬁmummm%

Llagﬂl'lﬂﬁ@@ﬂl,liilﬂﬂtjx‘lfjﬂauﬂif‘lﬁ’(ﬁ\“lﬂﬁ]ﬂﬂdiﬁ ............................................

9 v 9 Y
mamvaammﬁmummm%

LL@3ﬂ"lﬂﬁ@@ﬂL!i\‘IEJﬂ’Lj\‘IQ'WUENf‘lﬁmﬂ@uﬂ%ﬁ ..................................

A19619A1INTUNNAT MTM HaZUF@AINTAIUIUNIATMIATIM oo,

@



€t
=
=h.

1.1

1.2
1.3
2.1
3.1
3.2
33
34
3.5
3.6
3.7
3.8
3.9
3.10
3.11
4.1
4.2
f.1
.2
.3
n.4

9.1

il

a13

¢
@
€an

£
i
a { 1) o < [
UszinnnamsngnineldSuduasiensenuihe
1199910MIINUGIFA 5 OUAVUIAT 25502554 ...ooovoiiiiiiiei e 2
) 9 A I 1 A o =
NUIUMTUTLAVOUATIOHI DRI D9910NITIIU] 2550-2554 oo 3
ATOULUINTTUAANTTIVY oreeeeeeeeeeeeeee oo s e e e e s s ses s s s s esees s s s s e s seeseons 6
[ { J [~} 1
T8N TNAADNITUIADUUDIAUITUIDTZ VD oo 11
HAAIAIHUINIT I IUUITEMIY e 24
LA ANV U e, 24
UIWOTIDUEIDTATADE croreeeeeeeeeeee e e eeeeee e s e s eeeeeeessesses s s s sseeseessesses s s ssesseeseesssssessees 30
ENUTATEIZTINI oo e e e e e e s e e e 30
A v o Y %
IAT09IADATINITIAUUDII LD oo 31
¥ [ 9
TR [ Y i VB L L TS TS T RO 31
Jackson Strength Evaluation SYStem .........ccceceeiieririiieniinieteese et 31

Blue Sensor P ELeCtrodes .......ooonnriiie e eeeeeeeeeeeee e eeeeeeneeeee e eeeessnnnneeeenn 3]

AT IADIEININMIIIOUDZUDIID oo, 39

MIMIGETUAT ] UDITIINTY oo e ee e e ee e ee e s e s e e eeeeeee e 46
Y= d’ 9 [

HUVADUDUANNFANNOIAIUBIT NG ..o 51

Y

VUADUNTINNIUABUNTATUUUITEUI e 54

Y '

VUADUNITINIIUADUNTATUUUIAD oo 54

o 1 1 1 d' Y =1

AMUIA ) V99519M18 TAsd 52NN 19D IMHUVEOUDIN oo 101

NAIAIUA NN TUUBUTOUDIY oo, 103

UVSUABND DI IULUUTBUDIN oo, 105

a Id‘ 9 a

U3 THaNS 1B U UUTOUDIY oo 107



L1 anuddgyuaznanvesifym

1 1 9 I A o W a
nqugaavnssuneauiunquitinnudidyluszuuasugivueslszmalne

[ a [ a [ o 1 [ 1
nnmsdsznamsnungnedanisuninduazneai il dadiulszmnmiosas 20 veq
a [ 4 a I~ 1 a [
pansusiuIaswlulszna (Gpp) Aaluyamlszmaesdiuduum Tagnansau

1 a <3 % o a { 1
Trgiunsmsvuianataazian Fadidwounansiianzifionlugaaivnisuneadn
4 X P '
Uszunamlaniiudaviiauausie (n3edlng wymuun, 2552) nunsainlulszmeald
Y 9 A = 2 A dAa 2 A oA ' 9 A
Avihaznlsnavunn  uaaaimadvwiuamunsdgiaauluauneain Ao

A . a A 1 g’; 1 a g’/ a [ Ia a
guAaFImsnagiamg lunaazaineldinannugadensiiauazninwdau lufans

q Q

' Y

3 A o v 1 dgl A Ay o [
nodd VAN az VAN dnyuzmnIzaae Uil Ao 1) maTuTagndeds 2) Tu
a o 9 v Y ' Y =
aulamsusmsanuilasasns 3) VauaaudFsINYANVasatEAIUNBAI 19 4) T To1Y
masnsilesnugiameluaiuneadralidiesns 5) neuaautunulunsusmsany
Yavant uaz 6) lufiuTevreauaiumsineusumuanuilasans iWonvsuuneIn A
Yasanslugaamnisunedd e nunwtavesnslszausuasie laun anainigs aveq
[ Y @ =\ [ J
anvau nazud Wihdea nswanate msniiu 5a nszunn du
o ' 9 ' v v 9 Yy 9 dy
n3zUIUMs lumsmauneaianuussnuaIu g deldnduiiouaznszgn
dal 2 (-] ' o 3 ] ' A 2 g o 1
lumsen wow Bedr Aazanlumnumsmaungsnedaeiie sulluilvteso
& Y A =2 3 9 Y a < o ' FY
msilralieendnilonaznszgn  duiuaumgliimanisuialeuInmsiauneaig
Y T
uonnInHdIanuaulavesdnine1voeed1993999 auaudsniaanuianuanle uag
a o =K a oa 1 9 =KX o Y 3 o =~ =2
dinlunmsdianuedegnaoazimiuizay I lumsmadudinaun suily

o v { [ U 1 1 1 v A { 1
Tymdrgndeslasunmsud lulaeiseaan auneasaivdununiinnudesaogunin

]
Gluﬁ’)ui$‘1J’Uﬂéﬁlllﬁ@uﬁ$ﬂi$Gj‘]ﬂl,l,'d$EN?NNﬁ@lﬂfﬂilﬂ@QU@LWQ%@QLLiQQTHﬂ@ﬁ‘%}N LI
9 Y A < &
iWENTLJGUfJiJ”aﬂTLJf,:("llﬂTIN"IIf]\‘1lLi\i\11uL“I/IW]ﬂi1ﬂ§]L’]J’LJﬂ1ii18\11uﬂ1’3$’q’€Uﬂ1WIﬂUi’JiJG]Nﬁ’Ju
1 a3 o { I J 1 Yo Y
1Wﬂ]ulﬂuﬂ"liﬂ"lﬂﬁ]ﬂ§]”lﬂﬂ”IiVIN"ILl Glummzﬁmmmﬂuﬂquﬁmsi]gshlmums@,uamqmu

< A < 1 Aa o Yy A Yo = Yo )
qmmmﬂuaqu LWTISL‘]J‘L!ﬂ’sjllTlllIi’)ﬂ"lﬁiuﬁﬂmJu@ﬂ mw‘l@muazummgm NI1TLVIDDN



1 d[ o Y = (% [ (% [} ]
Nuieesio1ni Iiussnuiinandszauguamluszuvlseiudennliaseunguuas
= a [ a a Y dy A 1 = 1
ussuBianunsunDaNuAsnanendwiienaz nszgniiiotms lugunssaziae 'y
lalalumsguasnumiosnuannuiuazanweorlaldlumsquagunimvesaues ms
<3 ¥ g ] a T A a da! Y =2 o Y a = [
ey luuiaiaivldaisezna uaiionadundy Jehldinaanugydeediaunn win
! ' 9 Y ' @ YA =2 Aa oA ~ 9 A
nisnunedivlnanuanladenssnu Tasdaliimsdneusumsdfiinanungndensoe
2 A g Aa X o < 1 A A a X 9y 4
FUaTeINT AR URMATUIIMITINUNIzFIsaamIgydeionnaIuld Bszney
Us1wana, 2553)
a J 9y v = o w v o
nAMsuagiuul Iumsiszauduaie U 2550-2554 (dninnuilsgnudan,
2555) WU ) 25502554 Uszannamsadisiuaugnielszausuasiegege fe dsziam
a 1 9 ~ 2 a I 9 = o o 3’,
namsnease Taamae 5 1 Aatluiesas 8.74 avtlveatiuiumslssaudunsieninua
A a a A A a Y A EY
5990901 Ao YszMAIMIMINAAIATEIAY 811115 184 tazilszinnnamsmsanases i

GIUNIHUE A0 muday aaalugili 1.1

Fuu (572

25,000 -

B T 2550
B 2551
M 2552
B T 2553
B3 2554

18,979

20,000 -

15,000

10,000

5,000

ety =N, Y =
,ﬁf‘\@@ﬁ'\ ) e e T . ;ﬂ\a’@‘@\ﬂ f\%\i\i““"
h Fot® ° 4 i o o BEONS ©
= o) S .
G 2N ¢
o o

Jszgianianis

A a A Y Yo o A J 1 A o v
gﬂcﬂ 1.1 ﬂﬁgﬁlﬂﬂﬂﬂﬂ'ﬁﬂgﬂﬂ']\‘]ul)ﬂﬁllf)uﬁ3'lﬂﬁif)lﬂﬂﬂ')ﬂlu@\‘]ﬂ']ﬂﬂ'ﬁﬂ'm'luqqqg’] 5 aUAU

usn1l 2550-2554 (F11inUlsEAUFIAY, 2555)



dninnunesnuRunauny laduiunssiusudoyadtanisdszausuasienio
I 1 A o Y =~ 9 (=
putheieaninmiauvesgniluaniulsenoumsil 2550-2554 ndeyanuinll
2554 AumMslszausunste 129,632 518 anada1ni 2553 Sesay 11.52 Hienasan
o e/ = 1 = = %
NuIUMIszavouasieves U 2550-2554 wua1 1 2550 Un15UsEAUOUATIO 198,652 518

I o (% = Y 1 1 4' d' 9 [ =1
wagtaeuduiumsdseavsuasieiuul luuanaeedenoiiles masssoas 10 aod A9

weraelugii 1.2

318
250000
198652
200000 176502
149436 146511
150000 - 129632
100000 |
=
2550 2551 2552 2553 2554 1

A ° o A & A ° ~ o w
519 1.2 wumsidszauduasiersenvihoiiesnnmsiinaull 25502554 (d@ninau

Jsenudany, 2555)

A A o A Qo A ° a
Wensamslszauouasienisdullaiisswnmsniay 1 2550-2554 1u
' 9 A o o A <3 U A o
RATHNIIUADEIN VIUIUVBINITUTEAVBUAII8Y IOV 28119 1ANITTINIUAAAY
A 1 = 1 a I Y @ A < 1 4'
508 9 Juuaagdl uamnansalunionsivesmsdssauouasienson vl ieiesnInns
o g’/ U =l a I 9 (Y [ A 3 1
MOIUNINVA T 2550-2554 Aatlusesas NU19AT1IATUTEAUOUATIOHIBIRULIY

d' o 1 = g’/ = 1 [ (] = Y = 9 4'
maainﬂmsmamimma:ﬂuuum]mmﬂmmu”lammammzmmﬂuuaﬂamaﬂ 9



1% 1 @ (% 3 1 4 o 2 [ !
ﬂﬂl%u@ﬂﬁﬂﬁﬂﬁgﬁﬂﬂuﬁﬂ‘t’J‘Vi%’é]L%‘]J“]J’JfJLﬁ’fN%Wﬂﬂﬁ‘ﬂNWHTJN“I/NTHJ@ aauaadluaisian

1.1

9 o W v o =, Yy I K = @ A
mﬂ"’llﬂyjamummﬂixﬂuﬁmw 1) 2555 u,ﬁﬂﬂ‘l/imummm!,ﬁﬂmﬂ BUATIINTONIT

< U A o ' 9 2 g A~
Lﬂ“]J“lJ’J‘EJL“LJ@QMﬂﬂﬁ‘lﬂNﬂ!Glu’qﬁﬁ’ﬂ’iﬂﬁﬁMﬂﬂﬁ’iNﬂluﬂixmﬁllﬂfJ G])'Q!,ﬂl!@@]ﬁ"lﬂﬂiiwﬂll

o A 3 ' A o 1 A Ao o= A
@L!@]ﬁﬂ‘ﬂ5@&5]‘]J1J’JEJLH’EN§]1ﬂﬂ1§‘V]N11!3J1ﬂﬂ’31’q&5]ﬁ11fiﬂiill’i]u 9 G],‘Ll‘lfc]ﬂ 9 1 AeiuvInITNOE

= a J o " A o A A o ya o A < U ' ]
MﬂTﬁ’JLﬂﬁ'lgWﬂ15‘VlN1uLLa$‘]JQ°HﬂQﬂﬁ]i]EJLETEN‘VW]'IGLWLﬂﬂ’E]1.!@]516W§@Lﬂﬂﬂjﬂiuﬂ1uﬂ@ﬁi1ﬂ

4 g (Y a o @ J
iodlumstlesnumsinasuaiionagiaungaamnssuneaitnludsamalduiasgulu

v Y
anulasasaiunUL

{ o 9 (% ' o o w
Gﬂi'l\?ﬁ 1.1 Fl]'l‘Ll'J‘LlQﬂigﬁ"IJE]‘L!G]5181uq@]ﬁ1ﬂﬂiillﬂE]ﬁ'%}%‘lfl]'llluﬂ@nﬂﬂﬂ'mqulﬁﬁ (@MU

sznudany, 2555)

nwwa | gaaeediedy . e A
WA, g rganunu3 Y [rganulibu3 iy s
M V19T Souay
2554 80 - 47 2,245 6,903 9,275 | 7.15
2553| 76 - 87 2,424 8,708 11,295 7.71
2552 86 2 109 2,758 10,441 13,396 | 8.96
25511 83 1 130 3,334 11,659 15,207 | 8.62
25501112 6 128 4,105 14,628 18,979 9.55
LY dJ av
1.2 'Jﬂﬂﬂﬁgﬁ\‘iﬂsll@\‘iﬂ'ﬁ? ]

13

1.

o

ieilsziiuanuas sanInMInuReunIAve s snune a3 190113

A v dy o A o A = Y ! Y
2. !,W’E'J‘U\?“b'ﬁ%ﬁ]Ellﬁ'fl\‘]’f]ulu’f]\‘]ﬁ]'lﬂ\‘]'luﬂ’f]uﬂi@]"llﬂﬂﬁﬁ%lli\?\ﬂuﬂ@ﬁi'lﬂ’fﬂﬂ'ﬁ

3.

d‘ = =3 a ! G Q' d'd
WOAN YIS o UNIUHA N NANIMTAIADUNIA THLUITEUIVLAZUUIAL NI

NARDANUATIANINATIING




v A v
1.3 VIANAINUDIAU
A o 1 zil A o =2 = v A 1 ] Y
1. avnunmavedluiiunimsanyuaginudenedluamimuiadenlunis
9
MAUAYIAUNINA
9
2. MynaueazinIMImMsauuesd s ez uaoums i Janyuy
milewAunnIeuMIHuaaeaszezna lunmsihau
4 ) = 7 o v &= o o !
3. iilesnngd ussnunnauiidszaumsaivhaon duindshuananyagmnig
Tunisshnunseniseonusslumstinuvesdldussnuuaazaulunday
Y 1
Tupoumsnnulanyuzninialunshinursenisesnusalunisiiaun
A [
MUY
4. jUnsvazfSmnasvesdinldlumsdnaeunia anvuzMimilouny uay

Ysualumsanaeunsalifsuanmnunnsou

o Y T A o 1 A o { 1w
5. muuali aeve uazie MMNsvas mwmmmzmumﬁmmu

1.4 UBUUAUDINIIVY
Ao té‘ Y o = ) = 9 ! 9

J1UHIYU “lﬂ‘mm’iﬁﬂ‘klWmi‘mﬁuﬂ’ﬂuﬂiml@Qﬁﬁﬂm’iﬂﬁuﬂﬂﬁiﬁmmi Iﬂﬂfnﬁ
A ' 9 AAa oy A oo ' 2 =~ ' ¥ 3
Laﬂﬂﬂ’qME@%LLNMHWM&HWWMmiwa@ﬂﬂu’ﬂ GRIGE! “]NiJmﬁLLUQE@%LLNNH@@ﬂLﬂu 3

1 A (% = U ~ = d‘ o a
ﬂ@ll A9 1) ANABUNTA 2) AIADUNIA 1AL 3) INABUNTH LW’eanﬁ‘}Jiszumﬁw”luclu
Y ] [

ﬂ{ﬂﬂﬁinq']uﬂ@ﬁ%}']\(]@']ﬂ’]i UQ%ﬂ%%ﬂlaﬂ\iﬂlﬂﬁ@quw%']ﬂcl/lﬁ/l']\iﬂ']jﬁ'N']u NITLIU !lﬁgﬁﬂ]&n

= a ' ~ A Aa o 9
llﬁﬂurﬂﬂﬂﬂﬁﬂ§$1/]u%1ﬂcﬂﬁﬂ’]\?ﬂ'ﬁﬁ\jﬂ@uﬂﬁﬂiulluqizuTULLagllu’)ﬂﬁ'ﬂu@]@@@ﬁ?ﬂ?il@u

@ a 1 o <3 1

GUE]\TH'JE],F{] 1uﬂﬂﬂ5§Nﬂ15ﬂ@ﬁ%}1\1@1ﬂ1i I@EW]']ﬂ']iLﬂUGﬁI@iJ”aﬂ']ﬂQ@a’lwﬂiiuﬂ@a%j’]\isuu']ﬂ

< @ @
ﬂa’]\ulagmu']ﬂlaﬂﬁlu%\jwaﬂuﬂii’l%%N'I

a a v
1.5 aumgm“lumnim

1. AAnumsaeneunia luiuIssIuLasIuIAiNaNTENUABEATINITIAUYDY

la
= [ 9 <3 A A 1 a <

2. \111!?]’61!ﬂiGIGhNWuﬂ@ﬁ'i1\1@1ﬂ1ilﬂuQTLWILﬁﬂﬂ@]ﬂﬂ?ilﬂﬂ@?ﬂ?i‘ﬂ?ﬂlfﬂﬂ Iﬂﬁl
W2151910 Strain Index, Ovako Working Posture Analysis System, Rapid Entire
Body Assessment, Electromyography (EMG) , Standardised Nordic Questionnaires

HAZLUUARUNINANN ANHIBEd1UBIT19NY



a @ ' I a a o @ {
ﬁ'iJiJ@lfQWuﬂ\?ﬂaTJfﬂiﬂﬁf]L!ﬁﬂQLﬂﬂﬂﬁﬂUL!H?ﬂ??MﬂﬂﬂWﬁ? 8‘19%} m’dﬂﬂugﬂ“ﬁ 1.3

adenernuanuaeunialufinssuneadeenas NaNNAYY

FEAUVDINITODNLTI
szazna lunsesnusy
aNuNeeN IunN1seanusIneuIi

NNV 0UAZ 01D R =
|:> ANUTIINDMILIATY

<
AIULIIVBINTU

JZYLINNITNINY

MNNFIUA 9 VBI519N87 13

N TUUULNINY

a 1 A [ 9 @
NANNMIAINOUNTA TUIUITEUVIAZLUIAG |:> 8ATIMTIAUYEII 1Y

1.6 ABauduUMIIDY

71U 1.3 AspuMUIAINAANITITY

U % 1

Y
lumsitet ldviinsguatediesanglduseaulunnssuaiuneddveinisves

a o a J o w a o ] A
USHN maluiiuaes (2001) 199 Tagiimsdisrsuazinudoya fail

1.

Q

9
[

U

t’hi’)i]ﬁlﬂﬂmgﬂTiﬁNWHﬂﬁuﬂd‘iﬁiuﬂWiﬁ@ﬁ%}Nﬂ1ﬂT§ HazNiINTIVLIANTOU

MIMNU Lﬁaﬁmiwﬁnaﬂumiﬁnmuaznmﬁmm

[

(% a d o { o Aa { g
mmmmmmiwwmmﬂumﬂmmsmﬁammﬁ“lumﬁmﬂﬂﬂisuﬁmG] U

a { 1 < o
MOUATIZHANMABINDMIVIAB VN TN
Y
A0nI 1N TIduU09¥ 1 Naneum I luvazihnau tazraaiau Tagl
[ 1 ) = [ o =\ 9 o =1 [}
MITANOUMINUY 15 WA taguaam iy 15 i udnih ldafSeumesuiu

Ho11z1U9 Brouha (1967)



1.7

o a 4 o { 1 1 v o
4. MMIAATIEHHANTZNUINMTTNNUNTADT 19N TAgN15ATIVIAOATING
9 9]
wuveriale
5. 14 Strain Index (SI), Ovako Working Posture Analysis System (OWAS) ttag Rapid
Entire Body Assessment (REBA) Tumsilsziiuanudeamamseemansi

'
v A

k4 1 1
6. anaulwindruiio (Electromyography, EMG) Iasldiasesianauluih
4 1
ﬂé’mgﬁaLﬁamﬂ1%’@&1a$mmmiaammqqqﬂ (maximal voluntary contraction)
) a J Yy 9 j} 1 ~
wazih 1 Ansgimslsnduiiens q luauneunia
Ia
7. 1%’Lmuaﬁmmumm§muamﬂ (Standardised Nordic Questionnaires) Tuns
< Y] Y= A v
AOUNIWBINTUIANUVDIH 1159911 LazuUUEoUDINANS dniiped1ues
1 a 4 <
$19M® (Body Discomfort Map) Tumsilsziiuanuidniiaiiesdt nseiuilie

vy A
NATUIUD

o’d‘ v Yo
Uselariimanalasy
I 4 9 a o 9 (% [ A o
1. uesdaanuilunisitenisaumslszauduaiiedwiiosninnmsianlu
RAEMNTTUNDAS 1S
o P [ 1 1 Y
2. s 115 unsnamusanisquagunmaeassunguneds1e Tag
] (% dl [ 9y Y a 4’ [
NUBNUNATY eantlaynivesnasylussezend uaz 1499198 uNIANIATNS
nvunzanvesumuanulasasslugaamnisuneadne
3. uimsanuundsznyunaly

4. fhalszTemidelsznnsdlussnulugamvnssuneaing



VN 2

%

v d a A A Y
Iﬁﬂﬂuﬁi’imﬂﬁﬁﬁllmzxﬂul YNNIV

2.1 UNPA31991A13

Tumsneadnoimsdealdussnuratsdsznn Feausosiwundsznn ldan
Y
ANHULVDINNIANY Adl 1) i Iageadie 2) i Iasanan 3) UHNIRKaIn
4) NUINAENY 5) Numszuulizih 6) Numn Wi 7) ey 8) 1w
dy Y 1 = a %’, [ 4
Yiiu 9) Nurszguiag 10) UMIIME 11) UIHNAAAIGUANN 1Az 12) N
a 4
szuugIAuIa Gsznad Uswana, 2553)
9 ' dyd Y A o 9 g’/ A
nunIaseadie usanunguilimihnlumss lnseadevesermsnavua Tasisy
g’/ [ @ 1 I~ 1 (] 4 @
awanulaseaievesgiusn suldun msauaudy  uazmsvaensts 505U
Y} A % o ' VA 2 2 o Y < 3
Taseadwvouar uazaunIzdosiiodaaailouiuiuaou  wasnwunaziuau
v 2 o & v A Vo AyYeny v o &
Tassadwvosnuuaziiulagsrzdouysuaenuiaimazaiun lari1dudr  Tasnrssiinu
T y 4 . o n e &
wdesswhnnguan lavu llmisuuuneanuazainlumsiauuazmsdudesiag

1 dy 9 ] Y 1< 1 ] A
LLiQQ1uﬂQNUi}$ﬂ§Zﬂ@Ul’lﬂﬂ'}ﬂ G]f'N]llI PNIHAN GIf'l\?“]QJ,u PNLYDY LUASAUITU

Y A

E4 v
NurN IsIraIn LL‘N\ﬂLlﬂ'QMﬁﬂﬂuWﬂiuﬂ15ﬁ1IﬂiQ'I’Tﬁﬂﬂﬁlf]\?fﬂﬂWi Gt]?\‘i%%igl}@\‘i

@ A < A o @ A I~ 9 ' Ao o 9 = '
419 ﬂigﬂﬂﬂl!agl%@ﬂlwaﬂlwa%'ljﬂ5\1%@1\1?” ‘L!‘U’NHJ‘LJI?]N?(SNﬁ’m‘l/]’tfﬂﬂmu"llmiﬂuf]ﬂﬁ’m

[ (2

& [ o Y A [ Y "o 9 = '
HUAUNTI1Z TATIHAIAI0ZTIHIEINABYTOISVIFANI A IHUAAIU I UILaE ABEEA TATIAT

Qa3

A

] Y v
ey Fawssaunguiidsznev lide masen uazauaunalil

v
1A

QuEnaInt  ussnunguilfivihnlunmsysrasmaesthunneidelunaag

)

=X 9

- Y1 I A 9 w Y1 Aa o o =
wad Fene lAntlununlinnudidniededddrentidseaumsallumsviiou Filszneu
liée srayanasnuazauaun lunselumsasiag luvazyanasn
v 1 dyd Y A U o 9
NUMINABNIY usanUAguNTHINNIUMINe AuKI taza1uInTIaiIeeIng
e liiRannuieudoonazaeay Feezlsznouldre s1enedy auyu uazauaunali
1 dy =~ 9 A o g}/
Nurnszuulsih usanunguiieziminlumsihauszuulssihnamelu uag
Lo &£ 4 a 1 2
MOUDNBIANT 1ABIZITUIAAT INNUTNTIAUNONIUIUOUIAZLIUIAL TINDITZZ 1D
' a ' a ¥a 7% a & " Ao & ' - &
a13 o) uauneilizih Aeasiimest Aeasudulussuunenduiu 1wy NevuusuNBan

g 4 H
ANMUFIHIGINNTIIFN PONUULITZUVUVIY LAZTI0azIDendY il ﬁ?ﬂﬂ?@iﬂ?ﬂ@ﬂﬂﬁm



a4 9 da1lszaeu lilde 9elszah wazanamna 'l
Y '

aunlih sssownguiliivihinlumsduszuu Tlihaeluneznioueneins
Hanua 1w quduaell fadalan W Gaaeldnli fadaaind il mmmmmu"lw i3l
&y Fatlsznov ludeta i nazauauiia ldeselums o

9 v Aa g o4 o Y o
aunfhmany ussnunguilinihnlunmsmaufuneuiinelutazaieuen
Y )

213 U M IaTuaT Quaaas Ui tazaud Sludu selseznoulddre sreviidh
tazauuna

(3

dy ' dyd Y A d 9 o o ' o = =
Q1HLW3111JWL! Llﬁﬂﬂ?uﬂquu 1’TLﬂ'ﬂTJ‘WUGlUTJ'IUWﬂEﬂﬁEJGluLl@azTTaQ HAVSUANHULS
Y
N

4 4
{ A Y

a A A < ~ Y 1 dy
AINUNLANAIINY 1FU ‘W‘L!“]Jﬂi wed Yun dudu Tastusanuilszneuais 191wy uag
auaun lfigelumshau
Y 1 dy = Y Aa 3’; Y I 1 A
NUKENIEgHINAIN 15IUNgUHIEININNAAAINNDYsEgrIae Wuaiui
A ' ' o o Y o Y v a ¥ o a
WOUADILHINNIIVRIAIIUNULIMSEquazsniaanioudnatginalinsuyga Tasll
~

Y 1 Y = 3’, == [ o 9 o
159udsEnoUAY Gﬁiﬂﬂizﬂﬂﬂﬂﬁgﬂ NUIAN "’]NUNﬂNﬂLiﬂﬂ@WNﬁﬂHmz‘U@\Uﬁﬂﬂi%’ﬂi

[ [ = < 9
U BPINOQUIHYY L‘]J‘Llﬁu
= = Y A A 4 = A °
NUHNIM T HTINUNINUUNUINMIAUBIDIATTINKUA - FIVSLTHIINNITNIAIY
Aa =y j’ a A = < = 9 = o
AEDIANIDIAIT ITUNITIDOINU ‘Vnﬁﬂﬁxﬁ33Jﬂ\3ﬂ13lﬂ‘Uﬂ’:ﬂll!ﬁﬂﬂﬁ@ﬂﬂl@ﬁﬂWl&ﬁﬂQﬂWﬂiullag
FY <] & = 9 1 = <
NYUDNDIANTIUITULLAITTY WQNLL?QQTHﬂigﬂ@Uulﬂﬂ')ﬂﬂ)’W\iTlWﬁLlagﬂu\ﬂuﬂ'Jllﬂ
]

a g 4 J g . a g [ d v
Nunaaasgusua  usenunguiiivihnlumsdaasszougususinaniely

9
QU

g’/ 1 a 1 9 Y o < Y o A 9 [ @ 4
91015 NINWA 1HU M3AANIE19A19HIN 0 Tasn iudu Fadiussau ldun segunms
Y v v Y
NUINIEIUFNADIA ussnunguiiliniihinunenuszuugnauaniviuae
: 2 Y 4 o o 2 3 v
¥9901m15 1 szuiesnlalasn Widenarszuuihiay Faussaulszaenlidle e
LERBMAL
Y 1
anvazaulunaazuianuiuianuminmivesnszuiuana1any mld
ANUATEANMINU luugaznuIanuianuuanaiany lidqe
211 auulumsnea’ig
' Y} = ] ] A S ! '
nufulumsneding vuned nundesls)udmualums ne 211 vas 11
1 1 [] o & L 1 ] 1
YuamIngegluanulaseadruduiudodddjudmudlunsvaonsto naoia wiomaiu
[ [l [ A 9 =\ Jd Aa %’ [ =\ 1 = =
lumsviaeneieo naswe Wsemauz ¥ uduua ¥ n31e 11 wauny 38071 AOUNTA &9
v ! v 9 9 A A 9 = 1 1 ~ 9
Nuaanandiaesldussnulumssnriomasudienounia Tasnianguussaunlausaly
A A 9 =) I 1 A o = 1 =
MsgnvisemmasudenounInoonili 3 Ngu A 1) AUANADUNIA 2) AUFIADUNIA LAY 3)

AUNADUATA



10

[

3/ o 1 1 I 1
PUADUMINNUVDITINUUAAZNGTIUALL
AUANADUAIA
9 vy a o o A a o Ag Y @ = ) o w
o fldussnuduuaziaddunonsudenldlunsanyu Feogdredisn
1HOZRYAUAZAIYDINTT UL VITIADUNIA
9 kY a o o A o = =
o Fldussnudunazdadidunomdnaounialunizuzussgaounia
9 kY a o o A = v A ~ ]
o Flfussnudunaziadduiomasuninalutiiozussgnounia (og
Y
Tud UM UIREINUTUADUHTVD D)

AUTINDUNIA

' '
a o w =) a v S A

9 k) 1 ~ Yy 9
L] pﬁﬁvuiwuﬂuuazu@1mmmamumﬂauﬂi@miaﬂauﬂim"laggaa
9 a o w 9 [ o ~ 9 A A [ 1 o
L] Eﬁ“m!ﬁNWH‘Uﬂm@@Wﬁ@Mﬂ‘Uﬂﬂﬂﬁﬂ@uﬂi@Lmﬂ%ﬂﬁmﬂﬂﬁmﬂﬁdﬂ@ﬂﬁ
= Y 1 = 1 A = [
apunIaliauaIudInoUnInauas 11U nToauImAoUNT @ (GNERR
o A =)
MUNBDLAYT)

AUNADUNIA

'
a o v A

9y [ ~ '
® Ejfl“]fllj\1\‘1TL!TJﬂa’]G]'JLW@ﬁUﬂQUﬂﬁﬁﬂ'lﬂﬂuﬁ\?ﬂ@uﬂ%@

A o w Y d @
o Flfussnudadidaazdunomaouniallduhmune

[ o
2.2 ﬂ‘lﬁﬂ‘lﬂ!ﬂucluﬂ]i‘n'm']u
a wa A ° = G4 A A A [ @
AugueInsnagameg aemsinennalulad ginsel InFodile 1A3099N50U
wuaeun e nuuse wazilszndanar anuiasanslunmsneadielulaidiaumsaw
A o v Y v dy ' 4 o
ma TuTagniuais udaranudasansiugulununeaiedignazias vieanuauls uaz
' Yo YA Y 1 ] a o e @ Y 9
w1l ldnngsumnuazfineadesais q 881993999 SamNIALAUGIIAnNANUET T
a o = v a oA 1 9 = 1 Y a A
nazdadriinanulasanslumslfifedegndounuizandsdinaliinagiamguas
Y
Tanuignssuau (dninanulasanons s, 2554)
9 ' o Aa =< ° ' 3 A J
m3ldussvesinmelumsiinenssunile q o1 ldgmsuanursenvilinves
' A4 9 o v y & &
sumeineItesnymimemuszundwionaznizgn (Musculoskeletal System) H99%
a @ [l < @ <
mald 2 dnvazivg 9 Ao MsvIARULVURLTR (Acute Trauma) HAZMIVIARULLUA T
(Cumulative Trauma) (“Iﬁﬁ L%%E}JI‘WS , 2543)
< Y= a o A Y a A o 1
1. mImaRuuuuiui mennmshauindawaldifasssnivueunnsziie
o ' = Y a Y o Y a < Y v A ~ o w
plgIzvesTIMaiissnsufe a1 liinanmsany Idiui Tasuseinszsiin

9 9 '
piogtiulimguiuniasinaanunumuvesedsazin aoiumssinmlding



11

9

7 < = A Y £y A D o o 9
AIMIAARVIVVAUN 19U HoNENNUABIBNVBINTUIHITNNN 9 auri 1N
NALIINTETNADD T8Iz 11I MY 1HU NUBUTBINTEYNAUHAANANIANVIA

. / PY A A A
(Intervertebral Disk Rapture) uaﬂ%1ﬂuu®1%ﬂ31ﬁlﬂ1ﬂiuﬂim%umigﬂﬂizlmﬂ‘ﬂiﬁ]
gunniaguuialvg msananiigeaailfinausinszunnaesJoaza1e 9 0619

I
usd udu

'
v =

<
NIV VUVUTSTY Gl‘LJ‘V]Nﬂaﬁ?ﬁﬁgﬂﬂﬂﬂﬁﬂﬂﬁﬁﬂ‘ﬂiﬂLLﬁ%L%EJ‘ViNJGU’EN’JﬁﬂVI

q

a @ { o 3 1 1 4 o @ Jd o 1 {
NAYINNITTULTINNTZIIE 9 ’E]EJNG]E)Lﬁ’EN FMSUANIINTAMINUV09T19N1EN

=

=Y 4 g 1 o 1 QU 1
Aanmaden Inaseldusath q winvinavesusensyihaesdeizas luauag

= o w 1

1A < o J I Y @
Vllllﬂuﬂl@iﬂﬂﬂﬂ’ﬂll‘VI”L!“I/H‘L!LLG]ﬂE]Wﬂqul‘]JQ'ﬂWTIHQH]“U]lﬂL%uﬂH

ee

9
=

< Y Y vy o A ! A A )
NITUIALIVUNN 2 BUUU ’(?Hiﬂﬁﬂ‘l]@\?ﬂullﬂﬂﬂ]ﬂﬂ15ﬁﬂﬂi]i]ﬂlﬁﬂﬂ@1\1 ] MNINUNIT

a7 dszmsasuaaalugili 2.1 (355U ymeweyy, 2548) Av 1) OUARITNIAUREY

H ' ~ ] ] 1 1 & a
2) UK I1EIN 3) VIWVIWQTIlliJLTTiﬂgﬁiJ 4) @g“lum“lwmummmu‘lﬂ 5) U33INA

6) usadudaziiou uaz 7) gunginsounuly

Y] { [ I~ 1 { A
TadeNNanoMILIARTUUDIAUNUADES 1 NaNNAvY

o NuUNMINAUMAY
Y
®  UFIBIN

o e liminzau

o oglumlammnilauu P
~ |:> 91ATLIARL
0l

® [133NA

e saduaziou

o guniindownulyl

i

=~ v A N <3 ' Y
Nn 2.1 ﬁ%ﬁ]ﬂ‘ﬂllNaGI’E]ﬂTT]ﬂ@li]’]J"llfNﬂuﬂuﬂE]’diN (FTITUL YAV ULAYS, 2548)

23 maﬁnm‘luamw%au

ANFOUINANINUIAAONTNAADTIINIBUINFUAY uradn a1 uTouTu

9 Ao o ] I Y 1 a Jd A 1 a3 1 o A
ﬁﬂ"IWLLTJﬂﬁi’JiJ‘VIﬁ"IﬂQJJLL‘]N@@ﬂL‘iJ‘Ll 2 521AM "lmm 1) aeINaeg e uvasn a1


http://www.doctor.or.th/taxonomy/term/3934
http://www.doctor.or.th/taxonomy/term/3934

12

9 A ~ ~ Yo ' Ay v v W 9 a od o A
iaumiwmmﬁﬂmiaﬂ”lmu ﬂQll'quﬂﬂa‘ﬂﬁ’ﬂﬂﬁﬂNf’fﬂﬂﬂ]'luﬁ’E]u%’lﬂﬂ]ﬂ’i]’l%@]ﬂlﬂ‘llﬂigiﬂﬂ’ﬂ

o Q

o v

nauAuNARLIIUMINNAIWs Y 1FU nTsuns ¥ $121s  way  2) Anwdeunin
a (-7 a %’
nszurumsnaalulssnugaannisy TninannmIvasy wuR1 1oy wile lot uag
S a 1 4 % %
usednilunszuiumssdanis q e l¥msudesgauA1NFULTIVPIBUATIBRINANLT DU
A =2 A A o 9 Yy R
razuuINMIud g ay 3adimsdsziinszauanudeuluanmuiadeudiaiuise
o 9 A [ a 4 9 = Y Y
il 2 made 1) mytalasmsuasizrammaaonluglariinnuduvesnnuion
2 J a A Y Y 1w A 9
(Heat Stress Index) wﬂumi’gmiwwmuma Taun deinnudou (Heat Stress Index; HSI)
arinszhzleniazgnnandl (Wet Bulb Globe Temperature; WBGT) A%HANAU1Y
3 a 4 A Aa S A Y
(Effective Temperature; ET) 1ag 2) M3ansizinnasimeveswysdnilasuuacly de

~ 1

a L v oAA (= ~ ' Y . L o
ﬂ1i’3lﬂ5'l$Wiugﬂﬂl@ﬁﬂ‘ﬁu%ﬁﬂﬂﬁ]'l AYUANUIATIALLNIAIUTOU (Heat Strain Index) G?QL‘]J‘L!

v
ada Y 2

a s 1 1 [ 4
MSAATIZANHA (output) a0 gaurglinimisazgurgilusienie oasimsgademio

Q

Y] 9 o @ 9 a o 4 3
9A31M AUV 10 95115 IFRaNTaU (%TLJH‘VI TINT, 2553)

pIMININMsFNAaNaIIUANNTon Suunamudduanuguusenios lun1d

2e
=he

1 @ 1 a3
1. 91M3NA850U (Heat Exhaustion) laun 01n13oaoa luauie tuwanszny
A a > Yy Aa Y} a3
qumminannmshaulugnmnadenninnuiougehunaruiunaiuu
Tagaziionsonoa nszdunszate ooumas uaz lidaus lumsrau
< . . 1 v o y Ay a X
2. 1lanA (Skin Disorder) Wuloe ludgnhau luammiadoniounazinnuiu
A A 3 a A Y 9 =< o q ¥Ya
g Wemvesanitlunannuazliunanaodudug sz ldinaoinsuiu
ONAUVDININI

a gy I = A =
3. A¥AIIT0U (Heat Cramp) L’]J‘L!WﬁiﬂﬂﬂWﬁﬂﬂI“]ﬂ@Em!uﬁNiﬂﬂiJfﬂiﬂf@HfUﬂﬁ

=3 =) J

= 4 4 H ' A '
guaomie Tagmsauiii lutiindeuskeay 91M3isuaInmsilianazmsnes 9
o v & A T a 9 A g a
MNAAIYDINAINILD IUNNITINTIVENFULTIUI 1-3 17 naubeni]uazaT)
1 1 I ¥ ~ A
dauIngpzdunduiiefgnldauuungs
4. Tsnaudou (Heat Syncope) 1NAINMTVENBAIVEIHABAEBALS NUAINIT ¥ 1H
A = A A A A
Puaudealuszuums lnadewaea limssnenee lvaedesauesaszuy
B 9 voes1eme s ldinamsnuaaedanunay
< a I Y, '
5. lsmauadou (Heat  Stroke) !iun1nzan@uniamsunndnaoud lvodi
1 1 d' A o 2K A a dy 4 al
139A2UIH0391N B UAT18DIFIN 1NATUIINGUINIUANEUNYNITIIME T uduD

= o

ﬁﬂJLﬁEJﬂ"Ii‘VINTHLﬁ@QﬂWﬂQﬂﬁ?ﬁ”lEJ

Y v



13

ANMUABTUAUANUT0U (Heat Acclimatization) Ao M3USudldfdduaning

9 Aa 9 A o ' v o 9 K]

wiadeuninnudou luszezusnnitamedaluaiusalsuaaldamsaaniranylai
a A dal = Yy 3 ~ 1 = @ g’/ @ Al A

guuiiunuNNIY Fwesiduisa Joimseemmnde naenntulszana 12 dlaismeisy

o o [ % < { @ 4 @ [ @ @ < {

aansadsuda lduazdsudaldiaunlu 4-6 da1si naanitameauisalsuaaladun

a

) 4 d' A - Y 9 A A Ada o A
udamsnldsuntasinuie gurgiunuanas Inesdudnas woa lidesidaviianuun
X = @ A A 2 A 9 o A a Aa A
YU HazINMInAUNIBINNIINDIZIEANNToU (g 199NN, 2547) MIAAANUABTY
v 9 o Y YA o Y A A ¥ 3 ° A a
nuaNuieu o1 ldgnmanluamnmadeunianusewiulsziramisonazinig
Ysumldhnuaamnadenninnudon’ls awalisasimaduvesiale liganenezin
Tinaouaste aansamaulundeuldluszoznarnennuunninanseauisonaulu

gauginguAunIaTgIuivua ld

2.4 ﬂﬂ!ﬁﬂﬂﬂ!%ﬂﬁﬁ%‘sz (Physiological Characteristics)

o P

~ ' I 9 s 1 Y 9
ft mslmzmﬂﬁiizeumiwmmﬂmmymnNmiEJPHEWIiﬂﬂzﬁmﬂiwqmmmaﬂmm

[ =)

Y
numsemnaasinaanuinladnyazyoisemenyud laaTU AUENYULNINETTYAINTD
] I 1
saeneen lailu 2 @u fe
1. 52UUMIMOULAZHINNUDI03872a14 9 114319018 (Functional Characteristics)
' o Y 49' = A I Y
WU MIauveInd e msmely ms adeuvesden Hudu
2. ANNAINITONAzUAIINAlUNITTUAT5ZAM (Load  Characteristics) HU18D 4
= A 9 A A Y o < ' 1A 9
msAnUNoMITaYaNNeIT0INUANNITITIV0ITIMeNTIINTosvLa Ty
= [ =) d'd g 14 ] [
MsAnEIguaNyuzN T IENNlz Teriaon1s0onUUNIMIBMAAT 15U 11570
[ Y dy a = A o 1 A 1 J 1 @
ANVLAITVRINA WL Tas) 52 UINITININTONAN VDT 1M BN Y TUNINIIAIN 9 N
msiannuamsolunisldeendnugegavessinie niesamaduuseialagegad

semenuld (Wse Sgyws, 2543)

a
2.5 msﬂszmumizam
a @ 1 o 3 A o o dyqz A
msﬂizmuaﬂymzanm111mswmunJummﬂﬂﬂumwmmmgumwsamm
a v ~ o 4 o 1 o A A
1afiN @usﬂummmmmsmummﬂumiﬂsu1J§mﬂ‘16uaﬂymzmmﬂumsmqm NAUAN
9 a 1 o ?x}/ =\ [l a 1 a3 a ~
lglunssziiunmamsnauuuilegrateyiia Taguaazisninmsdsziulugduuon
[ [ 1 any Y A X a 1 [ A Y
UANANNNU 1FU 35 OWAS 151111Jﬂ1§ﬂESLNUGBQW’IHTEIHTHTINGU’(’NWEN YU YT HASHIINAD

1¥Tunisyiiau @uds RULA  Hudsaldlumsdsafiuninie usennseimaznisld



14

2 v v '
aauilenne 1 Upper Limb Disorders (ULD) Tuvazf Strain Index 1¥lumsdlszidiug
= @ o I 9 Aaa a
MEINUMIOBNLTININ 9 Tumsviau dudu @ wigla, 2550)

2.5.1 Strain Index (SI)
I A A Aq Y a o ~ [ I 1 1
Wwasoalon s luns sz HANUFTEINOMTUIADVVDITIMETIUDY
o Y 1 Y A 1A = ' < ° v ~ o 1
ou ldun nyunazdeiieniianudessaomsuianulumshnumnnileuiisala gnwannay
o a r'd Y 1 o { 1
1130 #1.61.1995 910 J.Steven Moore a2 Artun Garh Iagyiimsinsizafaseni liiaesnons
a < g’/ (% [ . .
AAMILIARY NIvuA 6 998 Av 1. 52AUV0IN158ALTY (Intensity of Exertion) 2. 32821381
lun1soenisey (Duration of Exertion) 3. AMMWe181ulun1s00nusnouIn (Efforts per
. ' . <3
Minute) 4. M1N19v09i0Laz Y010 (Hand/Wrist Posture) 5. AIMI5IV0I9IU (Speed of
9
Exertion) 1482 6. 52821381015%11911 (Duration of Task per Day) 31nHU1AZUUUNTU 52U
uaazaiu lUilans19uas A uIarIa Strain Index Score INOUAAIDITLAUANUIAEIADNT
3 A a dgl 3/.;
V1R UNNAYU IWUTY 9
2.5.2 Ovako Working Posture Analysis System (OWAS)
M350 UNIMIINITIHU Ovako Working Posture Analysis System 1Agn

Y

Waru TasA1us N0 HI1e Ovako Oy Steel Company i@ Finish Institute of
. ~ ' a < ' A o
Occupational Health 113 .71 1973 Taguvanisdszidiuesmily 4 @24 Ao ¥ad uvu v1 uag
X . a 1 @ [~ @ 1
ATOONUITIIN FI OWAS HI9ZNITANINNVOINAT 1uuilu 4 52aU NMN1vsILUY
[ ] @ [ T~ ) [~ 19
U9y 3 52AU MN19VDIV LAY 7 5LAY LaZASLUUNITENUTINITINULNLY 3 52AU
Lé d’ 9 a 1 d’ o a a 9 ]
Fenzuuun lanndszdunndrudehunllaasnlszdivazuuusiveg ldnzuuuticuen

1 [ Y ax o [ g = LY 1 ()] Pl ax
AT U U lASMIMauaal an azuuny 1 uaadnludeaud luasms
° [ 1 =1 ax o <3 dy [ Y 1
MO AZUUUIIAY 2 HaaaNAITIMIud luasmMsnan G 9 3 azuuwmidy 3 uaaan

a 9N ax ° D A o ¥ Vo ' U ax
arslimsud lasmavhnuldiEngaminezi 1@ azuuumminy 4 taasnaisud lW35ms
o % =
MOUNUN
2.5.3 Rapid Entire Body Assessment (REBA)
I as ~ d? A a 1 o g’.} 1 g’/
REBA 11425015 N00nUUUUY UM IN0U5 LY 1IN 19MITNIaIUNGs19n1e N4
Tugdnuumshauinaouiuaz ngaiia 9 Hignett 118g McAtamney Iav1n13aa Iaaie 14
TUMTVONNINIVDIAIUAI ) V04319718 TAUA AD MEI V1 HVHAIUVY BUUFIUEN 1o
dyw o =R =K = 1 1 I~ = g’/ o ~ 1 A A
UDNIINUTIATIDIN Tl eunlaan1n1eed 1951052 MItvuaUMIIINUN liaen un
= A = A A Ao w o Qddy 1 1 1 l I v
iimstevse ludevesluilovagimaeiieu Alutsdiuais q vesinmoesemilu 2 ngu
A ' Y ) ' Y ' ' ' Y A R A
Ao ngu A 1dun Ao was uazv1 ngu B 1Aun uvuaiuuy uvudiua1s tazdoiio Fuion

Y ' 1 1 a 1 g’; < Y [ [ Y
TAavesmmslunaaznguldilansueanguiu o nazawnse Idazuuulunaazngu udn



15

v Y
i hlsawduazuuunldnnmlwoeSuvewdazngu vamniulnihnguunveuaazngu
Tddlamsnazuuusin tazvanduazuuulumaaaou lvivaz gy azuuusiun laeed
[ ] Y
A15ENI9 1-15 Fetsuendeseauanudesluninislumsmiauiu o (Hignett uas
McAtamney, 2000)
A v A
254 MsUsziivaInANNFaNIHHEINN 50BN
Yy 9 a 9 A ao A YR

Gunnar Borg (1982) ldadnuuuilsziiudredanideiiodouniunuidan
M119891ANTDBNUTIOULIVDADIANUNINUIVBINTLY TaguuuasUIIuNaINanLIUL
9811529 6-20 MUN55VFN15291U (Rating of Perceived Exertion Scale, RPE) H9atnaseall
ASUUUTEHIN 6-9 HUNYDI NUUI-VININ FIASUUUTEHIN 10-13 118D I1UADUT

Y )

WD BIALUUUTTHING 14-20 HU8D9 UKHEN-HEANIn wuplseuiuiiiye5onan Borg
Scale 719111141 1986 American College of Sport Medicine 1#vnsisuanaseauazuuums

[ 9 9 1 1 =< 19 =R Y d'
suimiszaulieglugig o-10 Tasazuuu 0 wuede lujanmin Tuvmzinzuuu 10

A3

= a

= o A A = a ~ [ 1 .
UUIWYDOI HUNUIN 9 (Lﬂ@‘Uiﬂﬂ“l/lfjﬂ) %Qllﬂﬂﬂﬁglﬂuﬂgﬂﬂﬁﬂjﬁhu 158071 Modified Borg

Scale AauaadluA15199 2.1

{ o v 9 a @ l
Gﬂi'l\?ﬁ 2.1 ﬂTiLlﬁfJ“LIL‘ﬁEJ‘]J’mﬂai%ﬂﬂﬂguuuﬂ?iiﬂgﬂ?i%ﬂ1uﬂl®QLﬂﬂJLLa$ﬂ15ﬂ§U1WNﬂlﬂﬂ

Borg (Powers and Howley, 1994)

ANATLALALLUUUYDIAY ainaszaunzuuuysu v
6 a1y 0 luganmin
7 nga 0.5 117310 )
8 1 STREVRL)
9 STREVRL) 2 111
10 3 1hunan
11 4 ABUY 1NN
12 5 NN
13 ADUY 1IN 6
14 7 NUNUIN
15 nn 8
16 9
17 NnNIN 10 NUNIN 9 (Lﬁaumﬂﬁqﬂ)
18
19 nUnUINGA
20




16

v a J % &’ % A X 4 &’
2.5.5 ‘nanms’amswﬁm‘szammmnmmuaﬂwﬂau"lwNmmmua
(Electromyography, EMG)

a 4 k) &I Aa Yy A ax ax A
MIAATIZHAMTZOIUVeIna e Ndouly I 2 35015 ATNISUSNAD NS

=

[ @ 4 @ 4 Y ¥
Wisuieudreardngnia i lasaruisadaldanmasestalulindruiioluvms
y & o . . & 1 Aygyw 9
NANIUBHANIFIFA (Maximal Voluntary Contraction, MVC) L‘]J‘L!ﬂ”l‘l/l‘lﬂmﬂﬂ”lﬁﬂﬂﬁ’f)“]m”lﬂclﬂ
Lﬂ' 9 &1 ] J é d' Y a % Y Ay 1 d'
Rouluniseenusavesndiutiieo lumlanmile ez liinanmsvadlrvesndiuiioluaiun

- [ g}/ 1 I 9 =} [ o
aulagniiga nawInuumMues MVC  nazgnlslumafFeumesunumsiauluniieg

Il
1 =)

a d s o A 19 ¥ a <] Y L
AN 9 LW@'Jlﬂ51$14‘Vi%ﬂﬂ!“ﬂ‘l’]t‘l’m'l%ﬁwsll@\‘lﬂTﬁTHQWHLWf)ulllah’iLﬂﬂ@'lﬂWﬁ“]ﬂﬂl%‘UGllﬂ\?ﬂa'liJlu@

=S

an L = y A 4 y v X Aoy
anIbmsnilene mufSeuiievvinadygranazanudvesaau Iihndwiiionialdlu
1 % é d' Y dy = 9 1 9 [ = 43! d‘
ANZAN 9 1Y Fadendmiielanudngdiwalivinavesdyaradiamnunluvusi
Anwdvosdy Mz iimantiooad (USA 193N, 2543)
4 Yo 4 Yy v g P
inseationazginsaidiviumsasienaulvihindunie  Uszneudae

o A ad v 2 o Y o A o oA s A Y A o Y A
Glﬁlﬂi@\iuagﬁlmﬂiﬂiﬂﬂ‘u%ﬂ’é’fﬂluﬂJuﬁLlHH G]’)LﬂiENilﬂiJQﬂﬂiﬂ!Wi@?ﬂi]ivlww1ﬂﬂ1ﬂu1ﬂﬂ5@\1

o QI 'd'

9 v ¥
Wnedyanal wazaunaadna sanInsaraov lihilddmiuasntanauliihndunile

g 9

g [ a A 2 9 ) o Y ) o v R o 9

vuniailuaeswsiia As v IWihdmsunsedu wazva TihdwmSutuindayoa il

ag ) o @ (% 2 1 a ad <3

sianInsadmsuiuindaaa Iiiniu wiseenilu 2 ¥ila fe SanInsauuudiy (Needle
;4 1] H ¥

Electrode) 1in1gunadnli/lundrniloriofuiindyanudnd liihilondunilo Taoas a1y

o v aa o aa ag Aa o I 1
ﬁ’lﬁiﬂ')u%ﬂﬂiiﬂﬂ’lﬁﬂauﬂ ummaﬂi‘mmmumwW’mm (Surface Electrode) !,ﬂuuwu

v A

9 1 1 9 i1
i IWhinsuuimiiisnanda dnteuldiuindayana lWihndunilemouaasiannu
9

MINNYDINITHANIVBINANITID (ALY TAUNDIAT, 2554)
2.5.6  OATIMIIAUVDITID (Heart Rate)
A 9y o E Y Y o A A~ 9
Wosnmeldnasnuuniusanmsduialaszmuge wsizielinig 1
o é’ J < = 9 9 a é’ A
NFINUVIAVUINMENLTANUARINSI IFpBnTRuNInTY s2uumImelatazszuviaen
Y 1 Y
dearanumiinvelleusendauliunilaneinavusg1uiisans Brouha (1967) la
o = = o Y o A I = = 1
MMsAnYITIgazIDgALaz TLeZ1Ia1v898a 1M T duveIrale el udeil Tunsuendaa

Mza Taglduuziing Mszaunsiaeasimaduuedriilandannnnansn (Maean

=

9 9
WgAIU 30-60 7)) luifu 110 asvaeuil uazArdnsINIsduvesnalalunsen

(MA99INHEYAIU 30-60 IUIN) 1aE 3 (MAIDIANYAIIY 150-180 1UIN)  AITHNAUBYN

Y
(Y o = S W

b4 4 ! Y
Yoy 10 ATIA0UIN miﬂiumﬁﬁmmgﬁaumizmﬁnmﬂgwu VAU (UIA IIYNST,

o

2543)



17

< X =
1. msvmeladwunazanuin
¥ Y
2. dasimamelanuyu
@ Y A 9 dy @ A A a %
3. msvengaveadudealunaiierinle luvaziarudunanisriaa
¥ Y
4. MINNAUVDAULTIAUIADA

A H A
5. mamulsuaniaaluaen

] )
2.6 MNWIMININY (Work Posture)
a ° Y A o o & 9 [l @ A =
Tagnaluvazshinuiusmevesnuinausuiiuezdesegludnyauziniuag I
E@RYTNNUASTLIAINDAUAIT IR NIZ081989 IUVAULBONUTINIINIGAIN  NIN1INT
i bimingawnag luegluduaaszdinansznuaeanudiosdr anwligzainauie
<3 U U A al ] Y A Y dy
AMNRAVYIAVRIFIUT N LazANNAAUAAAI 9 Y AnuAuindNle AB UFINA
d's} [ v 1 [ A 9 9 dy o o 1 Y <
Ndenn mithanaidiuans malesaivesnaiie Mslhanszgndunal diudune 1B
(% a d o . 1 1
NEY 989 NITAATIZHNINWATHINIU (Work Posture Analysis) Haauzielunizag
) o A [ o <3 { A 1 °
uunamsunsdszaiuanuauluI1eme 1agdasINTUIARUNNAIINTINIINTIINY
[ ~ o @ ~ a S A o g’/ 2 A A o
erend Ay igaresn1s i zinnemsnaou lnahauiunie vzl Suilge

aNINANU ﬁmWﬁmuﬁﬁnmgﬁaaﬂw’%mJ%”u“lﬁ’mwmﬁ’uuamamm‘%ﬂﬂé"mﬁﬂmmﬂvhmq

o gJ/ 1 [ d' (% Y QJ =)
mshanutiuegluszauiiveusuld (@nd diyin, 2540)

T )
2.7 NMITNNMIVUEBAIVDN (Handling Loads)
y A ' Y a ~ y a A
ﬂ?ﬁﬂlﬂﬂ?ﬂﬁ\ﬁ]i’)x‘]ﬁ?ﬂ?ﬁﬂﬂ@Gl‘ﬁLﬂﬂﬂ'J"IllLﬂiﬂﬂ‘ﬂQi“i%ﬂﬂﬂ”lﬁulﬁﬁl’lﬂuﬂlﬂﬁlﬁﬂﬂ uag
9 dy 1 Y = A = [ o J v a 9
§$1J‘1Jﬂﬁ”llllu’01ﬂ5\‘]§1\1 "]NﬁZU‘UﬂTﬁUL‘HﬁL'JEJMGIJ’l’)\i!ﬁ’f)ﬂNﬂ’J']iJﬁiJWll‘ﬁﬂUﬂﬁiﬂiLlﬂTiclﬂ)'
a @ Y Ao w o 2 I
DONHIIY uammmﬁﬁummﬂﬂﬂ ﬂiy’l’iTﬂﬁWﬂﬂJGl‘Llﬂ'li‘i/]'NTL!“UHET’IEJﬁQ“UENﬁE]ﬂWiU'IﬂH]U
Y dal 1 a A A < 9 ~ A a v 1 1 =
GUfNﬂﬁ1lll,u@Iﬂ‘i\ﬁ'l\1 Uiljmﬂlﬂﬂﬂ15U1@LﬂU1Uﬂ1‘iﬂluEJ'IEJiﬂﬂVIq@ﬂE] UIIUURAITIUAI K
d' 9 [ [ [ o o Y a <3
Lﬂﬂ?ﬂlﬂﬂﬂﬂﬂizﬂﬂﬁuﬂﬁ\? L5-S1 HAZUNBUIDINITSAN ﬂi‘g’l’i'lﬂlf]ﬂﬁaﬂﬂ'lslﬂlﬂﬂﬂ'liLﬂ’]J’]J'Jﬂ
A Y = o ' o =
l,l,ﬁ3ﬁﬂﬂ')'liJ’ﬁ'liJ'liﬂiuﬂ15lﬂﬁﬂu1ﬂ3llﬁ31ﬂ5\ﬂu G]f\‘]l!'lhlﬂi;fﬂTiGU'l@\‘]'lu lIﬂW'Uﬁl,uf]'lG]fW

NITUNT INHATNT AUIIUNITO WeILIA DU 9 (UTH 193 YNT, 2543)



18

a d
2.8 N1T9NUVVUAZINITIZHINIINAADY (Design and Analysis of Experiment)
281 HADMSWUGIY
wanmsnugiulunisesnuuunisnaaed ¥ 3152015 Ao 1. n1squ

(Randomization) 2. N5V (Replication) 3. msuﬁaﬂ (Blocking) (ﬂmm G]qfalﬂ, 2545)

'
v =

! .. = Aa ¥ Y
1 M3gu (Randomization) ®18D9 MInaaeInuniggnldlumnaaes
9y
o w 1 v 1 a a aa
HAZEIAUUBINIINAADIUAAZATUT VLUV FY (Random) ITMIFIADA
3 19 Y I @ LA a
MvuaNveya szap il udIlsuuuguNIMINTENBUDUDATE
Y Y Y
2 159191 (Replication) H11894 N15K1N15NAA0IHT TAn15¥1517)
A A o ¥ o Y 9
Aaaua 2 Udsznsae Usensusnmsmsiilvignaassauison
1 a 9 A A Y A
aszanavesnnuranaialunsnaaela Usemsneansie araunde
o 9J zﬂl t:' a 1Y é [ g’/
gt ldmelsznamaiinaantfadeniialunisnaaes AT
o ¥ o Yy 9 @ A Y A da!
Mg 9 i lidgnaassansanialszuiangndesssvulunis
2
szinumansznuil
< . | A Aq 9o v A = ..
3 mMsvuaen (Blocking) Wumatan l¥d msumiuanunesnsa (Precision)
THunmMsnaaes
2.8.2 msmaauauuﬁgm (Test of Hypothesis)
a A o A 9y o Y 9 1 = A a
auuAgIu e Masundiseaianziudarwniedslimera vieauuagIu
A 9 d' 1 dl Y 1 % % A 1 % d‘
ApUBANNNBY U3 UpINIIAIAAZIUANNINGITDITENINAT 2 69 ¥TPUINNI 2 Aie
A a A @ A o w
T¥nouilaminidesmsany avuagiunaivaninaumsindin 2 dszms fe
39 A 1= = 9 v o
D AHutennuNnanNANNNeIVo9TEHINA s
< a { aa
2) Wuauuaguiannsonaaeulalaglsisnieana
a =) =)
dquuagIu U 2 Usznm Ao
a av . <3| o A <
1. TUNATIUNIINITIVY (Research  Hypothesis) Wumaeuinung
Ao 91 Y I 9y A A 9y
AMANSIUNANITIVY 1Ia29n 11 uaziludonnuiuaasnuneIvod
seHIeAelseearien 2 @0
AUNAFTIUNNNTIVON 2 Fila Ao

a

a o a <
f. ﬁiJiJGIj@u‘ﬂNﬂﬁ’Ji]ElLL‘lJ‘]Jﬁ“V]ﬁ‘VIN (Directional Hypothesis) 13lu
a =

ANNATIU N UTZYDINTFADUDINANNVDIANUUANANTZHINNGY

A o 1 = 1 1 :, 1 Y ]
Taglif191 “Ana1” W30 “gana1” #3e “iina” wie “desnin” lu

9
AUUAFTUUU 9



19

a ao 1A Aa I
. f’f?JiJG]j@WLl‘V]Nﬂﬁ’Ji]fJ!,nJTJlljJﬁ‘V]ﬁVIN (Nondirectional Hypothesis) 11)1
duuagiun lulifmuaiannuesnnuuana1e vie lumuananig

VOIANUFUNUT

"9
A o

a aa .. . I a 2 A 9

2. AUNATIUNITDA (Statistical Hypothesis) 1Y uanuagIunavuive 14
1 a v A Ya o gl.: 49! 9 I a A [~

maammum;@mmqmﬁwmﬂamwu‘luﬂmiqma% 1w

a { 1 a 14 4 1 {

awwagwneglugduuvveslassadunndiamans o lioglugln

JyY axd aa
f’ﬂlﬂifﬁ/]ﬂﬁ@ﬂqﬂﬂﬁﬂjﬁﬂ1§ﬂ1ﬂﬁﬂﬁ

aan a

AUUATIUNNADAL 2 Bl Ao

Aa A A a Y v o w .
n. duuagiuniilunarsvSeanuagiulifedian (Null  Hypothesis)
a A

] [ Saq Y A I Y ~4 1 (= [
ﬁiUuﬁﬂHﬂ!‘I/]Glf’]f A9 Hy UJuﬁ'llll15]"ﬁTL!‘VILlﬁﬂ\TEI,WLWU'N‘JhJiJﬂ'J'INLl@ﬂQW\T

3

1 1 A 1= [ v 1 (Y
i%‘ﬁ’JNﬂi]llﬁﬁ’t’)lluilﬂ’JnJﬁ‘JJWH‘ﬁﬁgﬁ’NWIQLHJi

[ oA

Aa o I
U FUNATIUNINADN (Alternative Hypothesis) dyanuain 14 fe H, 11

=

A A o Y

a 1 < 1 1 1 J
ﬁilM@iWH“ﬁLLﬁﬂQiﬁ}mu’Nﬁﬂ’ﬂﬂJLL@ﬂ@Nﬁ%‘I’T’JNﬂQM‘HﬁfJMﬂ’NllﬁiJWll

SR,

szraaals

a d
283 MUNNHANMNY515IU (Analysis of Variance)
I an a < Y A 1 1 1 A
W35 NI 1EH I YaINONAToUANINLANAIITEHINNAURABUD
Y H
Uszanns wnnn 2 gaau 'l manualsdsvvesdeyanldlumsdam § 2 @2 Ao
' 1 1 . I oA
1. 105159158 13190qu (Between-Groups  Variance) 3211/uA1N
< 1 1 ' { ' 1
e IR UAIUIAYBININLANA1TZ I NAURAIUDINGUAN 9
1 1 . . I VoA
2. manuulssrunelungu (Within-Groups Variance) iifumiuaaald
3 1 1 o A 9 1 1A
WuNAzUUEAazaINTIUTIN Tameluuaaznguiinisnszaieun
A 9 1 Ao [ ' A
Wiotoy mnmula ldizenianuaaIanaoy
a 4 9 9 . = o
M3A3121AN051591 9219 1InadeUAIY Fratio ded1uIn lagiel
anuulsdsuszninnguiisaleanuulsdsaunelungu udihmsnSewiien F 9

o Y v A
ﬂ”ll!?]m]lﬂﬂﬂ F lumsng LW’Oﬁ?‘]JWﬁﬂ1§'VIﬂa@Q

Ay A A 4

2.9 N1HIVUNINEIVOI

' ‘ v [ 3 Lg
“l,umiﬁﬂymﬁuﬂmmﬁﬂ%mwmﬂaﬁ%}mﬁmﬂummﬂa@ﬂm VDI FINNW GNDLAY

IS a 1

1 o ] U o
(2554) WTJ’J”Iﬂ"Ii‘iJ'i%ﬁ‘iJQ‘]JG]m@] UAUNANIIN 2 ﬂszmumuﬂuﬁa MsUszunnauasved

q

vq 9 o A o A o =] ~ Aa a
chﬂmﬂﬂu ﬂﬂﬂ’lﬁlﬁﬂuﬂflﬂ’lﬂﬁgﬂﬂﬂj'lllLﬁfJUﬂﬂlliJﬂjﬂﬁllagw\lﬂ\iW@ Glu%q@‘ﬂllﬂ’]i!ﬂﬂ



20

guAAtos 1Y TudIuveIHUTeLIU IATIHAIN1 130 TUNLIAIUTZUDLAZANLAY H9T)
9 ' o 1 o [l 1A ] 9y =

Adussamlunate 9 madruuhausiuiuedius s uauuruau 38 uiudesiinig

pusuuuzihneum st e ldnsuaunguesnisinagliamalios q nagwias

Y A A

o [ o 49! A A 4 = 9
INUKTBINNANNTENATLI UM Ny Tuvaehn Szney ﬂﬁﬂ_l'ﬁf]a (2553) "INllﬂ

e

v

I~ o [ 1 1 1A o y o
Any19IMIVIARUIINMTTINURea 199115 wundu Inainaannsiiaunlmas
1 I~} a 4 [ o
PEIUAVAMNEINT0 $00a2 8.89 F09AINUNAINNITUUN ¥ 80 WsotAaUIAgMIN S0
' 3 § a v W v o I
az 841 druaunanisuianuiesNgamannmsduiavieduinguuia@an Sosay 2.76
1 1 I~ a ) 1 I < a o
psanuaulvlinsuialuusnaiie fesaz 18.38 sesasuniuuialuusnunds
dauan Jovay 17.87 uazuinunomamsaiuiiosiige fovaz 2.55
.. Y= ' 9 a =) 9 [ o [ I a
Maiti (2007) ldAnm1n15zuned’ nuesdude Tasldnguatediauiluussaiuma
a =y < o P | o Y A d ' 9
N0y 28-32 1 Uszaunmisaiviau 3-7 U saihminndlunssunsuunmuluauneadig
9 11 910 20 A1 IM31HnEmIunal Jumssunaeseuvednsniay (Cycle Time)
Y
NINUA 5 21950UM TN tazdunar luvazen I ouuNYd INMIIadasimaduyoariale
(Heart Rate) ANAUIADA (Blood Pressure) NOUMTINNY UYL IIUHALHEIDINITIY
< o ° A VA < o Y &
@39 uazimsdaammeimalumsmhanuaaaizuausuainu Tagdann 9 wilar Tug
= 2’, Yo 9 A 9 o = =\ [ 1 Y '
ase i laihdeyan laninmsdunauaziiuinuudFeuwieunuuasgiuais q laun
M3fSeufeunl Recommended Weight Limit (RWL) Y04UaaznangsNaIUneas1aiaue

Tag NIOSH Committee M1331191 Tuaameimanigangi 32.2 °C (90 °F) dwsuluaiunn

q

31.1°C (88 °F) lua1umiin 30.0 °C (86 °F) Tuamuiiniinuin ¥aauelas American Conference
of Governmental Industrial Hygienists (ACGIH, 1992) 1io1fFoufounuunggiua « uan
1 1 9 a a A [ o d‘ Z> d' o = 9
wuNuneainluduRsianulasasslumsianung Taaethmaanmsiunndoya
a ' o { 13 1 A ) @ g’.}
T ansizs wunan la lidluldawnasgiuais q 2ldduaue ludesdu daiuniszau
neaselusuAeditoNinNuEsINIzINABUATIBABALNUDENIN
Brouha (1967) lavim3fnyiieagideanasszozna1uedons nsauuedial e
I v A = =2 1 o Aq Y o .
Auadritlumsvendemszan TagwansAnyInuIINsiaun 19na991u 360 mkg/min 92
U Y Y A o 9y @ A dﬁf g’; 1 = Yy a g‘; 1 =
dawalifneNsns1msduve s lamiuau 40 ATIRUN HaZAKQN 50 ATINDUIN HATIY
Y9I0ATINTAUVDIHI 10 vz ingaauaunsznionsimsduvesialaminuyaz wolu
I Y P [ 1 Y]
AOULSN (Total recovery pulse) 1UAIIANTLNUNANT 9 N1 HIDANIT HATINVDIDATING
Y v { 2 o o v Y v Y 1 Aa @
wuveaiilaningansumausunseniszaveanmsiduyeaid ladigns Unfvais wn
1% Y 1 1 v o Y
NAIINNYANUNAT (Total work pulse) HAZFIMIANNHIZANIUNITATATINTAUVO

Y Ay A A = v Y o o A a = o o v
rlandedemedny19AT1INISIANVDIHI VLA AB 30 IUIN Tﬂﬂﬂ?ﬂ?i?ﬂﬂﬂﬁﬂﬂﬂﬂﬂ



21

d' ] ] gl.l % 1 dy gl.l d' [ a = 3’; d'
NUABNTZEZINAN ) 3 A59 a9 1T ATIN 1 na19INngAIU 30-60 AUH (P1) ATIN 2
o a ~ 3’/ ~ ] a ~ Jq Y
HAIINHUYAITU 90-120 UM (P2) ATIN 3 1ANINHEYAU 150-180 UM (P3) naz a1
] Y
PouuzihlumsmauNmMszuimzay A5z ioamMaduveaiale linu 110 aTedo
Y
N WIoaTIMaduueIralalugie P1 tag P3 A231190Ued19T08 10 ATIABUN
[y} I ] ] & I~ X 1Y
Muller (1961) Iatauondasimaduvearialalugrawnluaziilidsniisueanisia
3‘; (= vy a A 1 A 1 9Yq Y o
ANMUHNIZANVDINUUUNTANVHTNAUTAA NN INToURITMenT o 11 Tag'ld 1
A ' 4 3 o L o o PN
Howan q MinedlulseTemilunmsdsggndldsasinmaduvesialalunmsisziiv
S 1 da/ Y . A @ v v A J o
mamsermasaaae 11Ul 1aun Resting pulse Ao 8A51715aUv09H2 laRasno Uiy
Working pulse io 8n310151auve %2 lamaeslusz1a19919u ag Work pules Ao AW
UANANYDIDATINTA UV 1932 IR N AU

v
o W =1

Karrasch 1182 Muller (1951) lagnyuiie Nz maiadinagagauenisziuiogeonsy

Y o [ A A ds! ] 1 A 1 o Y v Y Y] A dgl A
"I,ﬂ mmmmmﬂmuafm@lmumu,az%z”laJﬂﬂﬁ@mwmsmummm%mnqwuLiaEJ 9 Tag

Y A A k4 o Y o Y 1w Y o
"lillell']Q'ﬂ'l'Jzﬂx‘Wl HagiuangaluLiag e@]‘mmimumEN‘Hﬂﬁ]ﬂﬁimnﬁammﬁmmmwﬂﬂ

Q

4
v A

[ I} =) o o dﬂg d‘ d‘ Y 1 1
vargdin Meluszeznanlszane 1510 Tasdadinaignmvuayumenas Ivuilanszuy
A9 9 veusuMmelinnuasafisaneNgaivayumsadanasu ldedruiioans 91n

' 9 v
MIANEINUI D95 1M Ttd UV lavazinauedeasiilind liad131Au 30 AU 1ie
MeUfUeRIINMTIaUU0 I Iz N (BaT 1M Iduaia lavae iy — 9asImMsduve
Y Y
] @ o T W ] 9 a3 o W o 1] @
W lauazWn) ¥3e Work pulse = 30 A3 Tasmasnanuwiuiadinadmsusnsing
o2 lad 115U (Marrasch ag Muller 1951, 81971 USH I YyWT 2543)
o o < o o ¥
Killough 1ta¢ Crumpton (1996) 18310158153901511A13 0910213 AIUS 197N
] ] 2 A a 3 =1 g’;
Cumulative Trauma Disorders (CTDs) U9991UND@3513 WU MIUIARUNNATUTNIHA 7
yia laun Carpal Tunnel Syndrome, Tennis Elbow, Trigger Finger, Arthritis of the Thumb,
Y
Thumb/Wrist Tendinitis, Vibration Syndrome 118 Impingement Uon91nHEs Ian15dsziy
AYANNIFYA (Risk Assessment Index) TunanssuaIuAeaia Tagldnasannanssuluau
[ 9 A 1 < é’, a o dy A =)
NPATNNAHAAMIVIATUNINNA 6 NINTINAIY Ao NUIU, MIaenazl, NIma, ms
d' (% = o [ d' 1 v d‘ a <
@08, MIAA, AT ML laglinsMruataveRadInanenFesluNTINAINTUIAIRY
S 1 %,‘ 1 $ 1 °
narua 5 17998 Ao Mavaugesd o , Mmeh limnzaw, mM3lese, szegnainsiay,
o v A A A Aoy v o ~ ¢ v
uag daveanseslena lumsdsauilegmsivazuuuannmsdana lagdinaumnis 14
~ a Y = = a 1 = 1 a
AzuuY 0 (UAaNudesiosga) 03 5 @anudsangs) Tuuaazfatendinanonuded
a < [] o a
lumsRaeIMsUIaR LAz TN NAFsUANULLUEIV0IN15 U U InemMTa oD INANY

Iﬂﬂﬁiﬁﬁﬂﬂ?ﬂllﬂ?ﬂﬂli’)\i\ﬂu (Perceived Difficulty) uaznsoontsalun1siiau (Perceived



22

. ~ s 9 Y A = A o o q ¥
Exertion) Iaglitnaannslinzuuuy 0 (eeniga) 83 10 (ANga) 1inwan1sd1si i
1A A a 1 a < A = = =
NNINTITNNTANNTON3NABINTVIATVNINNFAND 1UABUNIA (Concrete Work) 9

e a 1 = <3 a = %
nanaveamssziliunaznaveanmsaeunauuaiianun Tl ludemaeny
Chad tta2 Brown (1995) lavhmsfininansznumsasnauesvesguugiilusiane
¥
o a o a Jd v
nazanudrweand il lumshauvesaunumange Taginsing121Hons Mg uves
1] ¥
wale gungiiunu gunginaviis tazmsiaanuiesdrvesnamile lunsyiaumn fe
a I o o A 9y a Y =
NUALAA HazMIINNUKLD Ao Nuenved meldanimeimalnfuazanineinadeu &
Haa1InNMsAny1 wumsiinulunieuiinanedasinisduvesiale guugiiunu uay
aa - § a L&Y @ @ o o
QuUIHIVING 2 111 Taaila N 121 onT 1M aALYeia lavoaminauenveanuwinaIy
a da 9 % 1w 9 o o A o A 2
nunaa maldanimeimaieu nunsasimaduvesialavesminnuenveslisns iy
9
ganmiinauiuasedlfsd Ay drugungiuny nazguuglAIveInd 2 Nueziing

A 2 Ay ' o ¥ a Y
W‘lilalluﬂulilllﬂﬂﬂ'l\‘]ﬂu‘ﬂﬂtlu/ﬁﬂ']w@Wﬂqﬁﬂﬂﬁllﬁgﬂqﬂqﬁﬁﬂu



UNA 3

as o A a v
IFNIIAUUUNITIVEY

3.1 M999NUUUMSINAADY
msmauasunialunisnasnove tazvaoid) lununeaduiudinssuaiu

& ' Y] = o Ady 1 & o ' o
NUITUHUDINITNDTINDIATT Lla83Jfﬂi‘VINTL!bluﬁ'ﬂ1‘Ll'l/]%1%&6661u]ﬂﬁ6ﬂ15ﬂﬁﬂﬂﬂﬂi}i}EJ

Y
Y IS o

] < 9 I 1 A 4
AN 9 Gl‘Llﬂ’lﬁLﬂ“Ll"U@ll”ﬁ @Nuug\ﬁ\lﬂ'ﬂllinlﬂUE]Eﬂ\?ﬂ\?EL‘L!f‘ﬂii’]@ﬂllﬂﬂﬂ'lﬁﬂ@a@\ilﬁﬂﬂﬂ‘ﬂﬂﬂ

o 1 Y g 9 { P i
TJadea1s q ansanuveyaniinnugnasannig

U q

= % A 2 A dy
lumseonuuumsnaass llf‘lﬁﬂil“]Jﬂllﬂi]i]EJGIN il @’IWIE]VI,“]J‘L!

3.1.1  fdganaaey

E4
A A

<3| ' { {
annadouluaudteiiiug ldus s lumsneadwermsniindhinlums

eze ﬂz&

o ' ! < ° g
MOUAOUNSA 1T NUNEEAYD Haord tazma Hudu Suaunarua 21 au Taeliony
1 = ] A d o 1 =3 = A 9 =\
581191920 8960 1 Wlszaunsaliiau 5zM19 3 8940 1) WeanndgnnadeunnaAull
Jd o o G g Y =K A Y1 9 AAam °
Uszaumsahaulumsiauneunia awiudde laidgamaaeunnauiidsnisiauy
Wsonmumshauimiouny wazansahavununu 1@
312 MSAENNINANY
A v Y Y A g A <
menNugnaednazilesnuanuaatamasuanaNuiuzalumsny
9 = Y G A J o @ [ dal
doya 1 IaimsmsouanIui uazgnssidmiumanaaes aeae 11
M3mnuneunIa lunuITEUIY
o shnsmivuayedulddgnnaaeuuaazau (AUAD, AUES, LaZAY
o YA 1 [ I 1 1% 1%
m) Tagmvualdouranuiluszes 1wasmi 9 fu (300105288
9
M15951911939) wieunamivuagadnaounsa uazimaounsali
IndiReeszaznsiiaunie aegli 3.1
o fmualidgnnadeouimmamsihausicduvazimhmsnagou
9
o dimualidgnnaaenluduaounisdnasunia announsalu

5unanlndimeedunsshauese @szum 3 nlandu)



24

MIMAuasUNTa TUIUIA
4
o shmsmvuagadulidgnnadonuaazau aeae il 1) audn
G o YA 1 (J ~ [
ApUNTA MuuA THIUNNIINgAANADUNTA T28% 1 W 2) AUdIAY
= 2 o YA 1 o ~ 1
136 (LUIA9) MUUATHIUNIIINANANAUNTA 5282 2 1A 1aZHI
] A a £l
NINTIUNTANNGY 170 15uANAT 5202 2 Wa  3) AUMABUNTA
muualiouinIngamaeunsa szoz 1 Wa asgli 3.2
o fmualidgnnadeuiinimamsauricduvagimhmsnadou
o FI) g’/ o =l o =
o mnualidgnnadeuluduaeunisdnneunia dnneunialy

H 9 [} o a a [
5ailnameanunsiiauese @szua 3 nlansy)

Iva Tuwws Luoms 1ua

@ auannaunin
@ nuaanounin
O aumasunin
@ aadnnounsa
) ampounia

319 3.1 vaasdusianmsianulunussuny

& 1 v
,_. O,J’

. };_ 1 ﬂm
o -
AUANNBUNIA
AUTINDUNIA
AMMABUNIA

YARNNBUNIA
PANADUNIA

—

2 va —

—

00000

3% 3.2 aasdumiamsmanlunuiag



25

3.1.3 UAUNMTNAD0Y

= dy 9 = . . A o
Tumsane1ilsununsnaaswuuuaneiSoa (Factorial Design) 1agdl §i7
Y
Y] o @ a @ ) [ ~1
uilseny A onsIMTduveIriale uazdlsoass Ae 1) Fuaeun1siinu Tasuyuiu 3
Y Y Y Y
Tuaou 1dun TUADUNITANADUNTA TUADUMTAIADUNTA LAZTUADUMTINABDUNTA LAY
a 1 ~ [ I~ 9 1 1 ~ 1
2) femnamsasneunsa Tasuadlu 2 uuy 1dun msadensunsaluuuiszu tazmsaa
= A A ° Yy 3 I 1
Apunsa lutuIns imsimmualrdgnnadeunnauiuvdsn (Block) tazlunmsnaaeuua
Y
v < [
azmummﬂumimﬁ@mmuqn (Randomized)

14

3.1.4  mstunNnveya

U

F4
Av A

£
Tumsavetl lavhmsiuiindeya 3 aau aeae Tl
1) tuiindeyasasimaduvesialavesdgnnadouainnisiiau
=) 2 = v =K 9 v A
apunsalutulsziurazuuIag Taslimsiufindeyaninisan
3.1
= o a Jq 9 o ~
2) Huiinamnsiamaievesdldussaulunsiiauaeunialu
2 A Y a ' o
uusZAUIazLIA e ld lumsiszitiuniniimssiau
=] 1 Y dy Y A a 4
3) YuNinAIN1398NITIVBINA1UIHBVDIRYANATDY 1NDIATIZH
Y dy Aq ¥ J o =~ ¥
na1utienldluniseenussluszritemsiiaiuasunians 3

) [
YUADU (AN, TN, LUAZIN) AIAITNN 3.2



A v K 9 v Y o
#1379 3.1 miN‘UL!‘VIﬂsll’em"af)ﬂﬂmimwumﬁﬂ%

26

(% 9 [} E’;’/ 1 =
9ATIMIAUV 10 (ATINDUIN)

AU | Aaun | PEUMITIINY 15 WIN VUL HaINMIMOIU 15 i
UUASTUNY | BUORY | 0Ty | uuade | uuassiny | uuaa
1
3 2
msan —
7
1
. 2
mads —
7
1
2
AN




i Y
M99 3.2 MmsaiuiindeyaniniseenussveInauiie

27

A

y &
nawie

m3dn

MIFWUBLU

MR

mim

T

P
EERIGEH

aluii

.
1AANDUA

nided

Tuam

~d .
BERTEH

aluii

<
1AanouA

NG

T

=g z
EIERTELH

alii

.
1AanouA

nFue

T

=a <
EERIGEH

aluil

.
1AaNouA

ndue

mieon

UHA

Jansan 1

Jansai2

Aunay

miean
[IERLTES

1 yhaw

3ovaz
voIms
oonIITY
g
%MVC

miean

USIaTA

Fansait 1

Jansaii2

Aundo

mieon
AL TES

2 Wi

3ounz
v0ams
DO
paen)

%MVC

msioon

UIA

Jansan 1

Jansaii2

Aunay

mieon
[IERLTES

15 W

ovaz
v0Ins
88N15
R
%MVC

3.2

321 Tuseumsiiudoya

mMIdsasaziudeya

au X Y o U o ] 9 a ' Y
1uﬂ133ﬂﬂullﬂﬂTﬂ”Iii:f‘JJ@]’J’ﬂEJNfl]1ﬂl%jflslﬂlﬁ\‘NTUGlUﬂ‘ﬂﬂiiNQTUﬂﬂﬁiTQﬂWﬂTi

A o a 4 o w = ) < 9 @ dy
allﬂ\iﬂﬁllﬂlﬂﬂiuﬂ'llﬂﬂﬁ (2001) 9104 Iﬂﬂﬂﬂ?ﬁﬁ?ﬁ?mlﬁglﬂﬂmﬂy‘a ANU

9
'VT”If‘ITiZ’NLﬂ@]Lla$ﬁﬂ'ﬂ1?51ﬂ“lslﬂwﬂlu%ﬂuﬂﬁﬁNTuﬂGUﬂ%ﬁGluﬂﬁﬂ’f)ﬁ%}N

9
21713 ﬁ?ﬂﬂ?iﬂuﬁﬂﬂluﬁ@uﬂﬁﬁiﬁu HAZAVIAINTOUNITNINY

y a o o 1 3’; o 1
Lﬁmmﬁw"ﬁmsmmuimmamumu taza lumsmauveua

Y
azvunou luauneUnNIA

Ia
Gl%’xmuﬁaumnmmgmuamﬂ (Standardised Nordic Questionnaires)

4 ] 1 < 1 1 U
Lﬁ@ﬂ\?%ﬂ'ﬁﬂ'lﬂmﬂﬁ']ilﬁﬁuﬁ'm 9 ﬂJ@QﬁTQﬂTﬂﬂlﬂﬂﬁﬁ%}Lli\NTH



3.2.2

28

v W

Y
3. Jaoasimaduueariale Manoun1sniay luvaeiiau uazvaa
o v 1 o = @ o = k) o
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) A gy Ay a g y & Vo
lglumsdszuanuianiesal viseduianaimiiese 119911y
WIDNAUANIU
Y 4'91 a d
Yoyandedlilumsdnsiz
o A Ao Y < 9 A o a d o 1 dy
Tumsdutiuandvelaimanususiudeyaiverinnmsinizd aene lil
o Y o v o 9 @ o Y Y
D easimaduvedriala  msiasasimaduvesrinlanilalasns 14
d’ v @ 9 [y d‘ Y 1 = =4
IA303IAAIINMIIANYDIHI 10 810 POLAR U S625x Iagiin1stiudnn
] % 9 9 % dy
AR TIAUVDIK 1 Aatl
n. eanmaduvewiilaneulfiinau 15 ui
@ 9 @ A oA = ]
¥, 903 IMamuvarin e luvazlinnu (@5 win -1 $lug)
A, sanmaduvewidlandasnnluaau 15 wi
9 [ 9 @ 9 a 4
1NN133705WT0Ya on3IMIaneIrala ansalslunmsinsiey
d' d‘ a 9 ) a 9y A A
ANMTINIzINAM AU avesTzU Dy Uisu Tadiala 2 n3dl Ao
d‘ w 9 [} a oA = | a 2‘, ] =1
n. wesasimauveiilaluvuzliinaulaunu 110 aswdeuin
AUVDLUZIVDY Brouha (1967)
U, 1HANUUANAINTEHIATIMTduueariala Iy iauny
v Y
dasmaduvearidlaluvasWnnoun ity 15 u1f (MsNuIu
9
YBIDNTINTIAUVDIH212) WA1u1IANI1 30 ASIABUIN AN

U194 Killough 4ag Crumpton (1996)



2)

3)

4)

29

Y1 v Y @ A a o a [ dy
vazleasnsimaduveaiale ieigaiauuagiy Al

Y Y Y
1. TUABUNITNINIUNG 3 YUADU (AN, d9, LALIN) NNANTLNUAD

n31MIduveiale
2. NANWMTFIABUNITA (UUITLUIV LASLUUIAY) WNANTENUADDAT

Y o
mMsauveariale
a J . [
Tag 1413 31A512¥A1MU5U59U (Analysis of Variance) 343805113
o I o
duaeainladludunlsay
ANHAULMITNINU LAZMINNMITY TagyiinTTuNnnNITiIauYe
Y Y Y

AlH59970 19 3 Tuaeu (60, d9, tagm) Tumsiauns 2 uoy
FTUIY, LAZUUIAT) LAZTINTIANNINIIMTTINUNTANNINARD

a < o A 9 a 4 ~ ~
A51NA8 1MUY IUNITNY e 1 1un15 AT 1IZHANNRINIL
a < o 9 d‘ A a 4
NANTUIARDIINMTINGOY TaglFnTealonslssiiuniansermans

Y

aaao li
® (Ovako Working Posture Analysis System (OWAS)
® Rapid Entire Body Assessment (REBA)
o a 4 o o Y] 4
MMIAATIZENTINNY WIDUNTINNU nmMsTunnamwnaou'lv)
A A dou = Y
D AATIEHAFUANUAITEA (Strain Index)
A13000209N1500NUTIFZITA (%MVC) NMITHIAITPEAZUBINITODN

¥ !
u5agagaiin 1a laen157aA1n15800159909n3101H09INIAT0ITA

A

¥ v
aaulWihndunilo 8o MEGA ju Muscle Tester ME3000 Professional

-

a 4 4 1 o g’;
LW@?LﬂﬁWzWﬂWij%ﬂgWMLﬁ’e)cluf‘ﬂﬁﬁlﬁlﬂLLiQﬁzﬁ’JNﬂNWHﬂ@Mﬂ%@W]Q 3

(43

VUNDU (AN, &9, LAZIN)

] A A ' 1 1 < 9
éllﬂll“aﬂTﬁLiTUTJ'JﬂTTﬁﬂﬂﬂﬂlﬂﬂﬂﬁﬂu@TQ S UVBITWNIY NITLNUVBYANTT

A3

I A A 1 1 1 9 A A L4 <
RUUIarselaleedIUAg ] UBITIWNNY GlGHLW?J'JLﬂi'IgTTﬂ']ﬁH]‘UTJ'Jﬂ

A A 1 1 [ o =) Jq 9
M391U2AND8AIUAIL 9 ¥YDITINIGIINNITHINUADUNIAVD I 1F
Y
usanulumsneadieorns Taglduuuaaunin ane 'l
® Standardised Nordic Questionnaires

® Body Discomfort Map



30

o a d 4
Tagiinisiasizidoyalusdvecdosas tequuilduvesdoya

3’1 1A 9 <3 A A 1
HUUADUDIUNG 2 ¥a ’JHJLLH’JI‘H&JﬂTiL%‘Uﬂ?ﬂﬁi@ﬂ’)ﬂlh@ﬂ@ﬂuiﬂﬂw

Tudhumdafenunse i

4 ¢ A o AwY
33 nsesdenazgUnsailylumsiivy

A A zﬂ'

Tuaniaseiinseaiionazeunsalily sl
1) wfimsuna1Asaea 8o SEIKO ju S23601P1 Aag/fi 3.3
2) mliaszeenie B STANLEY 1 30-656N dag1/f 3.4
3) nsediasanmIaduresiale 5% POLAR U S625x @Tﬂgﬂﬁ 3.5
4 essanduliihnduile B1fe MEGA §u Muscle Tester ME3000 Professional
Fag1ii 3.6 Uszneudae
4.1 m’%‘m%"uﬁnulmﬂm (Encoder Box)
42 sodalumsiFeudofuvendaina
43 woinimatauazinnernaniiihnd e
5) Lﬂ%@ﬂfﬂmiﬁ]@ﬂuﬂﬂﬂ Jackson Strength Evaluation System @Tﬂgﬂﬁ 3.7
6) Blue Sensor P Electrodes ?}ﬁ’a Ambu ‘g U P-00-S ﬁﬂg ﬂﬁ 3.8

[

o ~ 9 1 v W ~ G
7) aﬁ@aﬂmmimmmum% llﬂll,ﬂ DIANADUNTA NTTUSHTUABDUNITN IDUNTU

q

= a
ADUNITA U TJ‘U NnIgy

RECALL
ot
oo
A

MEMORY @
100

SEIKO

A a 1Y) an ~ [
517 3.3 WIREAMILNAIAINDD 319 3.4 mlIaszezma

RY



31

[

1 v y 1 4 4 v {
317 3.5 195097A8R M AUV D 11 3.6 n5eeanau lnihnd e

g‘ﬂ‘ﬁ 3.7 Jackson Strength Evaluation System gﬂﬁ 3.8 Blue Sensor P Electrodes

34 mM3IRsIzTiveya
340 msamngnidedema q lumside
TaseRannsoniuanld 1un
D MSINOUEaEMNIeMTIOuvesd 1Fussnunaazngu Janyue
milouAnnIouMIINUAaoaszezar lumsiau
2) anvazmnielumsmhauniemsosnusslumsmiauuesd luseau
uaazauluugaznguiianuziimialunsiinunsoniseonuselu

o A A 4
NINTMNTUNHUBDUNU



32

a2 =} [

=3 [ d' EY (% Gl A v {
3) st azilsuasvesnanlylumsdnaeunia tanyasimiouny
vaziSmalumsanasunialdsunanmnunnsou
4) FLETHINTEHINAUTIADUNTALADEAY UTTILHININY
5) @eue uazia NNINITHas YNUIULALVLIANNINY
1 1 1 Y 1 o 9 @
6) lumsviasaeiie uazrasia dodlurmmisunu
asen luamnsoniuauld laun
o ~ 1 &l ~ 9
1) szeznalumsanneuUnsA daADUNTA INABUNTA VDI IH1TI9IU
Y
2) 2ezna luNTINOUNHN
[ o 9 ] < 49! [ ) 1
3) #2381 1un13aIu (15, 11e, 181) Iuegnurarlunisyudaves
FOVITNNABUNITA
o ¥ Y v J <
4) ammemalumsinau (ANusou, ANUFUFNING, AUEIaY)
a d o
342 M5AATITINISUNAIUMSINGOIH (Cycle Time)
9
M3 uruaeuae 9 vesnuaeunsalumsnea’aerns an1sam
NIOUNNIRYMS 1FUINITIAIAIADA 8D SEIKO jU S23601P1 1WBIUIAINITHINIU
g’/ 1 = = 9 [ o [ dy
Tuvunoua o Tasiinmsunndoya lunsaunaIseunsmaY Al
Y
1. a1 lumsmauneunsanavua 5 5eumsau
9 Y
2. nalumMsmauaounTALAaZIUABDY TUABUAL 5 TOUNTNINIY
ia
343  HUUaUMNNINTFIHUDIAA (Standardised Nordic Questionnaires)
9y < J 9 =
PoYAMIVIANVAIWTINBVOIA 1FuT s luuneunsa 595 Tagns
Y = o < ' ) L .
luuudo NI IUNeINUNTRULaNIeT2 D TAT95 1910z 1NIHe (Standardised
Nordic Questionnaires) ﬁqgﬂﬁmuﬂ@ﬂ Kuorinka LazAE (1986) FIUAAIAINIANUIN 1
2q v ° < ' ' ' = ¥ @ '
wpvaevuani g lumsdrsramsnvliaausameaiuaid q aalaun 1) ae 2) ¥ 'lva 3)
Foron 4) ¥9110/110 5) NAIAIUVY 6) NAIAIUA 7) AU 8) 191 tag 9) ¥/ Tuszrng
i gJ/ a 4
12 RO URATUNT 1IN 1FUTITUNINUA 21 AU NMTAATIZHADYAINUUVADUDINNIATTIU
sa ! v D) A ?
uosanzodlugliosazuodlfussnuignnadeunivua
344  MIIAOATIMSIAUVYBIID (Heart Rate)

[

ax v v Y o = dy
’J‘ﬁﬂTﬁ’JﬂfJﬁ’ﬂﬂTﬁmuﬂl@ﬂW’Jﬁlﬂ UPNU

v Y @

1) dadasimsduvesialevesdgnnaaeuluvmzin neuidgnnade

9 ]

YA 15 wiit Talddgnnadoveglunni



33

v @ 9 Ly} a oA
2) ’Jﬂ6@]31ﬂ1il@]uﬂl@ﬁﬁ’ﬂ%ﬂlﬂ!%ﬂgﬂ@ﬂu
[ (Y] 9 [ [ a oA Y Y [y
3) Jadnsimaauvedriazlanasanidfinau Taslvdganadensin 15
= v a oA
HUIN ‘Hﬁ\iﬂ'liﬂé;]ﬂﬁ\i']u
a Jd o @
fni?!,ﬂin‘Vi’f)ﬂﬁ"lﬂ']ﬁL@gljusllﬂx‘lﬁﬂﬁlﬁ)

v Y
1) MAMINNIUVDI0AT 1M UV e (AHR) e9@un1g 3.1

AHR = 9a31maduverinla — dasmaduvesriale (3.1
(VUZTNU) (VAUZWNNOUTIU)

I Y 9
2) AMINNIUYeIEAT IR UYD IR TaveInnTuABUMT Y (AN,
1 a 4 4
q9, (NADUAIN) V1 1AT12H A5T39I tNenaaoUNaNIENVUDA
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3.4.6 9¥HANNASEA (Strain Index, SI)
Aa Py [ < 1 = I a
15U TNUANNTEIRBNITVIARIVVD9519018 Fuun15Useiiuaiw
2 2 . . . o Y Yo A ~
AnUnAvestatouvy (Distal Upper Extremity Disorders) 71114 Iaon13 lsariinuason
. R 1w oA = dy o Y [ 2 v w1 -dy
(Strain Index) FaparHinnuaseatiausamuln 1dan Tadeaa o 19 6 Taseaane lil
1) 52AUUDINTDONLTI (Intensity of Exertion, IE)
2) s2ezna1lunN15e8nuUse (Duration of Exertion, DE)
3) anuneenlunseontsineu (Effort per Minute, EM)
4) MNavediieuazdeilo (Hand/Wrist Posture, HWP)
<3
5) ANI5IV0991U (Speed of Work, SW)
6) 5282121015719 (Duration of Task per Day, DD)

[

martaulu lanaumsn 3.2
SI=1IE x DE x EM x HWP x SW x DD (3.2)

NAINMITAIUINAAY T AIVITDUIVONDIA1NNU AN BUDIN1TVI1UAT
o ] ~ = P 9 ' Yo A A
anuasassuniioaiiesla Funasins Iazuuuausouleldaatl Ao
A, AUUUTRENNHWIBIMIND 3 (SI<3) uaadd MmIaulanulasans
Y
V. ATUUUAIA 4 D9 6 (4 < SI<6) taadn Mimanu liaeslaoans
A, ALLUUNINANKI NI 7 (SL> 7) Haaddl MIniau hidasans (919
INADUATIY)
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1) 32AUY0IN1500NNIT (Intensity of Exertion, 1E) 3¥AUUDINITODNUI
a s ¥ a A
AATIZR IR 2 75 Ao
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Strength) @313 1IN IaINaUMITH 3.3
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N13900N1339g3gA
1N <10 < 1 1
ADUT1NIN 10-29 3 2 3
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WU 50-79 6-7 4 9
ponusIIndnigaga >80 >7 5 13
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A15199 3.4 52AUANS AN 891N Modified Borg Scale
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A3eeazUeIN1seanse STAUAZUUY AnimTnAzI
<10 1 0.5
10-29 2 1
30-49 3 1.5
50-79 4 2
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3) ANuNe1e I lunITeDNLTINUIN (Effort per Minute, EM) 013
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anungeNlumseonusanei (ﬂ%ﬂ) STAUASUUY ﬁ151ﬁﬁnﬂzuuu
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4-8 2 1
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20> 5 3

{ 1 [ ' 9 o v 3 o
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1 a d
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REBA Employee Assessment Worksheet

based on Technical note: Rapid Entire Body Assessment (REBA), Hignett, McAtamney, Applied Ergonomics 31 (2000) 201-205

A. Neck, Trunk and Leg Analysis

Step 1: Locate Neck Position
3200 in xtension

+1P +22f“’\\/[\.
iR 6

Step la: Adjust. ..
If neck is twisted: +1
If neck is side bending: +1

Neck Score

Step 2: Locate Trunk Position
o° o.20°

In extersion 4

-

Step 2a: Adjust...
IF trunk is twisted: +1
If trunk is side bending: +1

Step 3: Legs
T

Score A

SCORES
Neck
Table A 1 > 3
Less o alali(2[alal1(2[2]4
1 (1 ]2|alal1[2[alalalals]6
Trunk | 2 [2|3[al5|alalsl6lals]6]7
Posture| 3 |2 |al&6(Blal56l7]6]6]7]8
Score [ 4 [al|sla|7 667|867 [a]0
5 |al6l7|ele|7 alalr[alolo
Table Lower Arm
B 1 2
M T e [s 122
11 [2]2]1]2]>
2 [1]2]3]2[3]a
U:r?:r?. 3 |a|6]a|5]5
ceorel % [4[5[5][5 |67
5 |6 7|87 [8]s
6 |7 [s|s|s]9]9
Table C

(score from

Score B, (tabis 8 value +coupling scars)

—= =

[
w ( AR «loadfforce
{1 | scors)
‘} 1l2|alalslel7vlaloliol11]a2
/I 1 1|11 |2]al[3lals|e|v|7 |7
/ . ¥ 2 1|2|2|3|alals|e|le|7|7 |8
L
1L 1L ** 3 |2|3|a|ala|s|e|l7|7|B|8]|8
- oy S
=~ = 4 s|la|lalals|e|7|s|s|s|la|s
Step 4: Look-up Posture Score in Table A 5 a4lalals|s|7|ls|8|lal|lalse 9
Using values from steps 1-3 above. locate score in 5 clelsl7lelels |sli0liol10] 10
Table A
7 7l7|v|alsls|s 10f10f11f11]11
Step 5: Add Force/Load Score Posture Scare A 8 8|8|8|9|10|10[10]10[10]11[11] 11
Ifload = 11 1bs - +0 ) 9|99 |10]|of10]11]11[11[12][12] 12
Ifload 11 to 22 Ibs - +1 0
Ifload = 22 Tbs: +2 10[10] 1011|1111 |11 12|12 [12]|12] 12
Adjust: If shock or rapid build up of force: add +1 T 11 1af11] 11 [11]12|12]12 [12]|12 [12]12] 12
12 12[12 12 (121212 ]12 12|12 [12]12] 12

Step 6: Score A, Find Row in Table C
Add values from steps 4 & 5 to obtain Score A
Find Row in Table C.

|

Score A

Scoring:
1 = negligible risk
2 or 3 = low risk, change may be needed
4 to 7 = medium risk, further investigation, change soon
8 to 10 = high risk, investigate and implement change
11+ = very high risk, implement change

Table C Score\ / Activity Score

Final

REBA Score

B. Arm and Wrist Analysis

Step 7: Locate Upper Arm Paosition:

Q X +2 Ve 3 -
it /,\? + § & < 20°+
< in extensi ] ?\ > =
age W0 S i \ 2o.age +3 § 4
Step 7a: Adjust
If shoulder is raised: +1
If upper arm is abducted: +1
If arm is supported or person is leaning: -1 Upper Arm
core

L1

Lower Arm
Score

Step 9: Locate Wrist Position:

15

Wrist Score
Step 9a: Adjust
If wrist is bent from midline or twisted - Add +1

Step 10: Look-up Posture Score in Table B
Using values from steps 7-9 above. locate score in Table B

|

Posture Score B
Step 11: Add Coupling Score
Well fitting Handle and mid rang power grip. good: +0
Acceptable but not ideal hand hold or coupling
acceptable with another body part. fair: +1
Hand hold not acceptable but possible. poor: +2
MNo handles. awkward. unsafe with any body part.

Tnacceptable: +3

Step 12: Score B, Find Column in Table C
Add values from steps 10 &11 to obtain
Score B. Find column in Table C and match with Score A in
row from step 6 to obtain Table C Score.

D+

Coupling Score

'

Score B

Step 13: Activity Score

+1 1 or more body parts are held for longer than 1 minute (static)

+1 Repeated small range actions (more than 4x per minute)

+1 Action causes rapid large range changes in postures or unstable base

Task name: Reviewer:

Date:

provided by Practical Ergonomics

This tool is provided without warranty. The author has provided this tool as 3 simple means for applying the concepts provided in REEA .

© 2004 Moese Consuting, Inc. rbarker@ergosmart.com (816) 444-1667

g‘ﬂ‘ﬁ .1 1uvU5213U Rapid Entire Body Assessment (REBA)
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AN 7.1 LAAITOYAOATIMTIAUVEINI 1D HAZAINTOBNITIBNFIFAVBINTANABUNIA

HHITY uméa
Task | Subject HR HR HR HR HR LS
(B/rest) (working) | (A/rest) | (working) (A/rest)
1 82 92 84 116 89 14.05
2 99 103 92 117 101 28.28
3 75 100 91 139 116 14.05
4 98 106 87 117 96 28.28
an 79 96 81 100 89 14.05
ABUNIA 6 90 109 94 108 93 28.28
7 71 97 84 112 96 14.05
Avg 84.56 100.43 87.57 115.57 97.14 20.15
Max 99 109 94 139 116 28.28
Min 71 92 81 100 89 14.05
MUUA
HR = sasmaduveaiale utudy neuram (B/rest) YL N191U (working) 118
NI (A/rest)
LS = ANNEINNIAIUNMTIDNIIIENGIga CRIGER)

Y 1 v a v 1 [
WININYIAaUNIA 110U 3 N lansuae 1 99

ﬁ1h15ﬂﬁ1u’3mﬁ1ﬂ1‘i@@ﬂllidiumm3ﬁ1ﬂ1ulﬁﬂﬂﬁﬂﬂ?1ﬂﬁ1hﬁﬂ11&ﬂ1‘iﬂ@ﬂl,l,ixi’(,;f\i’(,:f@

(%MS)

(%MS) =

—x100
20.15

=14.89%

nnwamsmuandllan mseenussluvazihnuleiouiuanuanialums

PONUIIGIFA AD 14.89% 08 1UHI 10-29%



113

AN 7.2 LAAITOYAOATIMTIAUVEINI 1D HAZAINTOONITIBNFIFAVDINTAIADUNTA

HHITY uméa
Task | Subject HR HR HR HR HR LS
(B/rest) (working) | (A/rest) | (working) (A/rest)
8 72 113 89 127 116 16.8
9 82 108 93 113 98 16.38
10 96 113 94 117 96 16.8
11 73 98 81 103 92 16.38
a9 12 74 100 89 113 102 16.8
ABUNIA 13 79 102 80 106 91 16.38
14 91 111 97 115 93 16.8
Avg 81 106.43 89 113.43 98.29 16.62
Max 96 113 97 127 116 16.80
Min 72 98 80 103 91 16.38
MUUA
HR = sasmaduveaiale utudy neuram (B/rest) YL N191U (working) 118
NI (A/rest)
LS = ANNEINNIAIUNMTIDNIIIENGIga CRIGER)

Y 1 v a v 1 [
WININYIAaUNIA 110U 3 N lansuae 1 99

ﬁ1h15ﬂﬁ1u’3mﬁ1ﬂ1‘i@@ﬂllidiumm3ﬁ1ﬂ1ulﬁﬂﬂﬁﬂﬂ?1ﬂﬁ1hﬁﬂ11&ﬂ1‘iﬂ@ﬂl,l,ixi’(,;f\i’(,:f@

(%MS)

(%MS) =

—x100
16.62

=18.05%

nnwamsmundazllan mseenussluvazmaudeiouiuanuansalums

PONUIIGIFA AD 18.05% 08 1UHI 10-29%
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AN 7.3 1AAITOYAOATIMTIAUVEINI 1D HAZAINTOONITIBNFIFAVBINTINABUNTA

U 1R
Task | Subject HR HR HR HR HR LS
(B/rest) (working) | (A/rest) | (working) | (A/rest)
15 74 98 81 107 94 23.75
16 83 102 87 114 103 25.13
17 73 103 81 116 102 23.75
18 82 113 89 116 96 25.13
h 19 87 115 91 117 101 23.75
ABUNIA 20 72 104 86 113 89 25.13
21 81 102 92 114 97 23.75
Avg 78.86 105.29 86.71 113.86 97.43 24.34
Max 87 115 92 117 103 25.13
Min 72 98 81 107 89 23.75
MUUA
HR = dasmaduvenizle waiadly Aeuiay (Blrest) vauyina1u (working) 1o
NAINIU (A/rest)
LS = anuawnsalumsosnisengaga (Homen)

H 1 2 a U 1 2
UMINYIADUNIA (NN 3 D lansuae 1 04

AN3aMUIBAINIT0aNL I IuYpTNUNEUAUANNEIT0 TUNITEBNIIIGIgA

(%MS)

(%MS) =

3—><100
434

=12.33%

nnwamsanaudzllan meenussluvazihaulofeunuanuansalums

PONUTIGIYA AD 12.33% 0 1UFI 10-29%
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AITNT 1 1HAAIIDENTOYAMIMUIUIAWIATFIY

MTM Methods Analysis Page of
Operation : M3@nABUATA Remarks
Study No :
Date :
Analyst :
Description Nol LH| TMU | RH |[NO Description
96 |RI2A 1voungUaIu (12")
20 | GIA Fudafu(y)
176 |MI8A wnasudrena ldailedne (18
dudatu (fw) GIA | 20
$hada Tdmedhudeaiiednaouria (12" MI2B| 134 |MI2B thada lumasudhaiiednneunia (12"
poNUsINAINaANU AP 162 | AP ponITINALNaANT U
weuthwang EF 73 EF weuithwmineg
dreda ldun (12 dhada Tduan (127
Tdaeunianiin 6.6 Youa F=1.06,C=2.2 MI2B| 164 |MI2B Tdneunianmin 6.6 Youa F=1.06,C=2.2
TMU=(13.4X1.06)+2.2=16 4 TMU=(13.4X1.06)+2.2=16.4
Y A o [ Y A o <,
N (MYUYDUD 180° HUN 6.6 SIRNTS)) ™ 14.8 ™ [— N (MYyUYpUD 180° 1UN 6.6 1ouq)
Total TMU: Conversionj% Allowance: Standard time:
Summary
993 0.036 16% 4.14




[

andeyadagud ¢ 1 awsathmsasnannsagm 1§ Wil
fnuasifenal (%Allowance) i)
1) Constant allowances
a) Personal allowance 5
b) Basic fatigue allowance 4
2) Variable allowances
a) Standing allowance 2
b) Abnormal position allowance
Awkward (bending) 2
fl"JﬂJ?]I'ILﬁE]L'Jaﬁ/%II{IWiJ@ ﬁ'ﬁ] 13%

[

Y
o Y
ﬁ1u1jﬂﬂ1u3mlja’lu’lﬁji’]u1ﬂ \Tﬁ

NAUINTIIU = (TMU*0.036)x(1+%allowance)

1 TMU = 1/100000 42 1314 = 0.00001 42124 = 0.0006 W% = 0.036 Jufi

(99.3 x 0.036)x1.13 =4.04

NAMIATIIUAMTUMIANADUNITA A0 4.04 TU1T
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Evaluation of Concrete Work Strain in Buildings
Construction

Pornsiri Jongkol, Alongkorn Chatmuangpak
School of Industrial Engineering. Institute of Engineering
Suranaree University of Technology
Nakhon Ratchasima. Thailand
pornsiri@sut.ac.th, alongkorn chatmuangpak@hotmail.com

Abstract— The activities associated with construction industry
are strenuous and cause health hazardous problem. A field study
was conducted to investigate job strain among concrete workers
in buildings construction. Twenty one concrete workers
participated in this study. Three types of concrete task were:
getting, handling, and pouring concrete mixture. Concrete
mixture handling and pouring were performed in horizontal and
vertical directions. Job Strain Index was used to estimate injury
risks, whereas OVAKO Working Posture Analysis System
(OWAS) was used to evaluate postural load during work.
Moreover, Standardized Nordic questionnaire was used to
evaluate musculoskeletal symptoms of the subjects. To compare
the physical workload of concrete handling in different
directions, heart rate was measured and analyzed. The results
showed that the job strain index were 3 and below indicating that
the concrete tasks were safe. The OWAS results rated postures of
handling and pouring tasks for horizontal handling and getting
task for vertical handling in action category 4, which indicated
extremely deleterious effect and change required immediately.
The results of Standardized Nordic questionnaire revealed that
the most commonly affected parts among the workers were lower
back, thigh, shoulders and wrists/hands. The greatest increased
heart rate was found in the pouring task. The vertical handling
showed greater increased heart rate than the horizontal heart
rate. It can be concluded that concrete work can place injury
risks to concrete workers.

Keywords-concrete work; buildings construction; work strain;
OWAS; Job Strain Index.

L INTRODUCTION

Construction is the most dangerous land-based work sector
in Thailand. Thai Social Security Office reported that work-
related injuries in the construction sector accounted for 8.71%
of all the occupational injuries from 2006 to 2010. Important
contributing factors to make construction industuy as one of the
most hazardous industries included constant use of machinery
and power tools, working on elevated work surfaces. and
manual handling of heavy construction materials [1].

Among construction tasks. the concrete application ranked
highest in the potential for Cumulative trauma disorders
(CTDs) [2]. It requires manual force to move ready mixed
concrete repetitively. Moreover. the workers assume both back
flexion and twisting postures during performing task. Although
various health hazard conditions of construction workers have

978-1-4673-1734-4/12/831.00 ©2012 IEEE

been continually reported. a minimum attention is paid so far
by management group toward improving occupational health
and safety in this industry [3]. Furthermore. research on injury
risk in the construction industry is rare in Thailand. Therefore,
it is necessary to study work strain induced in construction
workers. However. measuring work risk factors in industry can
be complicated and time consuming: especially when the
workers perform several tasks each day. Risk identification
tools can be used to prevent work-related injuries.

The objectives of this study were to assess job strain among
concrete workers in buildings construction and to investigate
the effect of concrete task and concrete handling direction on
heart rate increase.

A.  Job Strain Index (JSI)

JSI is a method for estimating the injury risks to the wrists
and hands based upon assessments of force, repetition. posture
and duration [4]. A JSI assessment gives a quick and
systematic assessment of the hand/wrist postural risks to a
worker.

The job stress index comsiders several work factors
including infensity of force exertion. duration of exertion.
efforts per minute. position of hand or wrist. speed of work,
and duration of task per day. Each work factor can be
quantitatively determined as follows.

o Intensity of force exertion (IE) during is estimated as
a percentage of maximum strength.

s  Duration of exertion (DE) is computed by measuring
the duration of all exertions during an observation
period. then dividing the measured duration of
exertion by the total observation time and multiplying
by 100.

s  Efforts per minute (EM) are measured by counting the
number of exertions during the observation period.
then dividing the number of exertions by the duration
of the observation period.

s The position of the hand or wrist relative to neutral
position (HWP) is estimated.

e Speed of work (SW) is subjectively rated.
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+  Duration of task per day (DD) is the total amount of
time the job consumes.

Then. the ratings of work factors and the multipliers
corresponding to the ratings are determined. The JSI is the
product of multipliers for all work factors.

Strain Index = IE x DE x EM x HWP x SW x DD

The purpose of the index 1s fo discriminate between jobs
associated with upper distal extremity MSD's (primarily
muscle-tendon and carpal tunnel syndrome) and those not
associated with these MSD's. A Strain Index of 5 distinguishes
between safe and hazardous jobs. SI=3 is almost surely safe.
and SI=7 is almost surely hazardous.

B. OVAKO Working Posture Analysis System (OWAS)

OWAS is a method used to evaluate postural load during
work [5]. The OWAS method is based on a simple and
systematic classification of work postures combined with
observations of work tasks. The OWAS method collects
simple observational information on worker postures (4 back.
3 arm. 7 leg) and loads (3 loads) according to a breakdown of
work tasks. Schematic view of OWAS analyzing system is
shown below.

Back
1.Straight.
2 Forward back ward bending.
3.Side rotation or bending.
4 Both rotation and bending
Legs
1. Sitting posture.
2.Straight standing
3. Standing and bodyweight pressure on one leg.
4. Standing and bending knees
5. Standing and one bending leg.
6. Sitting on both legs.
7. Movement and walking
Arms
1. Two arms lower than shoulder.
2. One arm upper than shoulder.
3. Two arms uppet/ or on the level of shoulder.
Loads
1. Weight < 10 kg
2.10< weight <20 kg
3.Weight > 20 kg

The data is then standardized and the individual activities
are rated into four action categories in order of their strain (no
harmful effect. some harmful effect. distinctly deleterious
effect and extremely deleterious effect). The four action codes
are defined as follows:

Action category 1: change not required.

Action category 2: change required in the near future.

Action category 3: change required as soon as
possible,

Action category 4: change required immediately.

C.  Standardized Nordic Questionnaire

Standardized Nordic Musculoskeletal — Questionnaire
comprises general information such as age. weight. height.
smoking habit, working experience and shift type and also
questions regarding discomfort and pain on the whole body
and specific body areas including neck. shoulders and lower
back [6]. A picture of human body is also used to make it
easier for workers to identify their problems in each body area.

D. Use of OWAS and Standardized Nordic Questionnaire

JSI. OWAS and Standardized Nordic Questionnaire have
been widely used, for example. to evaluate musculoskeletal
disorder risk factors among crews at ports and shipping
vessels. The Standardized Nordic Questionnaire and OWAS
were used [7]. In their study. evaluation of musculoskeletal
disorders was carried out using Standardized Nordic
Questionnaire. and then the risk factors were defermined using
OWAS. The results showed that 32.9% of workers reported
low back pain, 26.4% of workers experienced knee pain, and
18.8% of workers related in shoulder pain. The OWAS results
rated working postures of chief engineer. chief officers.
motorists and boatswains in action category 3 indicating that
preventive measures should have been taken as soon as
possible.

II.  MATERAILS AND METHOD

A, Subjects

The subjects were twenty-one concrete workers: seventeen
males and four females. Age ranged from 20-60 vears old and
their work experiences were 3-40 years. At the beginning of
the study. the method was explained and the subjects were
asked to sign an informed consent approved by Suranaree
University of Technology for the protection of human
subjects. Each subject was paid 200 Bahts for participating.

B.  Concrete Tasks

The subjects were divided into three groups with different
concrete tasks: getting, handling. and pouring. For concrete
mixture getting task. the subjects used empty buckets to get
concrefe mixed in a container as shown in Fig. 1a. Weight of
the filled bucket was approximately 1.5 kg. For handling task.
the subjects grasped and moved the full buckets to their
coworlkers horizontally (Fig. 1b) and vertically (Fig. 1c). For
pouring task. the subjects took the full bucket from their
coworkers and poured concrete mixture to the cube molds as
depicted in Figure 1d.

C. Equipment and Measurements

Two stopwatches were record ten work cycles and to
record work elements. Heart rate was monitored using a Polar
heart rate monitor. The lift strengths were measured by the
Jackson strength measurement system (Model 32628DL*C).
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Figure lc. Vertical handling Figure 1d. Pouring task.

Air temperature. relative humidity and air velocity were also
recorded.

Job Strain Index was used to estimate injury risks and
identify jobs associated with upper distal extremity MSD's.
OWAS was used to evaluate postural load during work. The
results obtained from OWAS were action category associated
with working postural change. Standardized Nordic
Questionnaire was used to analyze musculoskeletal symptoms
of the subjects.

D. Data Analysis

1) Symptoms of Musculoskeletal Disorders
Data collected wusing the Standardized Nordic

Questionnaire were analyzed to evaluate the symptoms of
musculoskeletal disorders placed on various body parts
including neck. shoulders. elbows. wrists/hands. upper back.
lower back. thighs. knees. and legs/feet. Number and percent
of workers who experienced pain placed on body parts were
reported.

2) Heart Rate

Heart rate data were evaluated by calculating the increased
heart rate over the course of the data collection period. The
increased heart rate was computed by subtracting the heart rate
measured while resting before work (Resting HR) from the
heart rate measured during work. Analysis of variance was
performed to test the effect of concrete task and direction of
concrete mixture handling on the increased heart rate. with
subject as a block. Normality test was also performed fo
assure that normality assumption was valid.

Normal Probability Plot
(response is AHR_1)

Percent

BEE8838 8 8

w B

0
Residual

Figure 2. Normal probability plot.

III.  RESULTS

A. Symptoms of Musculoskeletal Disorders

Table I shows the prevalence of the musculoskeletal
disorders symptoms in different body parts of the workers
during the last 12 months. All subjects experienced lower
back pain and 92.86% of the subjects had pain on their thighs.
It was noticed that 71.43% of the subjects had shoulder and
wrist/hand pain. whereas 57.14% of the subjects had upper
back pain. The risk of back injury in construction activity was
also found in several studies [8, 9]. Reliability test showed the
alpha value of 0.7311 indicating that the extent of questionnaire
was reliable.

B. Heart Rate

Table II presents the resting heart rate and the increased
heart rate of the subjects when handling concrete mixture
horizontally and vertically. The lowest resting heart rate was
71 bpm. whereas the highest was 99 bpm. The maximum
increased heart rates were 41 and 55 bpm for horizontal and
vertical handling. respectively. The greatest increased heart
rate was found in the pouring task. whereas the smallest
increased heart rate was found in the getting task.

TABLE L FREQUENCY OF REPORTED SYMPTOMS IN DIFFERENCE BODY

PART DURING THE 12 MONTHS PRIOR TO THE STUDY.

Body Region Frequency

Number of subjects Percent
Neck 11 52.40
Shoulders 15 71.43
Elbows 11 52.40
Wrists/Hands 15 71.43
Upper Back 12 57.14
Lower Back 21 100.00
Thighs 19 92.86
Knees 11 52.40
Legs/Feet 14 66.67
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Figure 3. Wrist posture found in vertical handling.

RESTING AND INCREASED HEART RATES (BPM) DURING
HANDLING CONCRETE MIXTURE.

Concrete Task Subject Resting HR

Increased HR

Horizontal handling Vertical handling

For horizontal handling. the average increased heart rates
for getting. handling. and pouring task were 15. 25. and 26
bpm. respectively. For vertical handling. the average increased
heart rates for getting. handling, and pouring task were 30, 32.
and 35 bpm. respectively. The vertical handling showed greater
increased heart rate than the horizontal heart rate. The average
working heart rates for horizontal and vertical handling were
104+6 and 11448 bpm. respectively. The study of workload
assessment in building construction also reported that the
working heart rate of concrete workers ranged 103-145 bpm
[10].

Prior to performing Analysis of Variance. the assumption
of normality was tested and found adequate (Fig 2). Analysis
of variance in Table III revealed that task. direction of
handling. and block had highly significant effect on increased
heart rate. The interaction of task and handling direction was
non-significant.

C.  Job Strain Index

Table IV and V show the job strain index of each concrete
task with two directions of concrete mixture handling. For
horizontal handling. the strain index of getting, handling. and
pouring tasks were 1.50. 0.56. and 0.56. respectively. For
vertical handling. the strain index of getting. handling. and
pouring tasks were 3.00. 1.13. and 2.25. respectively.
Obviously. the strain index for vertical handling was greater
than that for horizontal handling. This is because the vertical
handling requires wrist and hand in a bad posture as shown in
Fig 3.

TABLE III. ANALYSIS OF VARIANCE ON INCREASED HEART RATE.

1 82 10 34

2 929 4 18

3 75 25 64

Getting 4 98 8 19
5 79 17 21

6 90 19 18

7 71 26 41

1 72 41 55

2 82 26 31

3 96 17 21

Handling 4 73 25 30
5 74 26 39

6 79 23 27

7 91 20 24

1 74 24 33

2 83 19 31

3 73 30 43

Pouring 4 82 31 34
5 87 28 30

6 72 82 41

7 81 21 33

Df SeqSS AdjSS AdjMS F P
Source

Task 2 43862 43862 21931 6.13 0.01
Direction 1 1 1100.60 1100.60 30.75  0.00
Block(Task) 18 18 3018.00 3018.00 4.68 0.00
Task*Direction 2 2 130.62  130.62 1.82 0.19
Error 18 18 64429 64429

Total 41 41 5332.12
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Figure 4f. Pouring task.

D. OWAS

For each combination of task and handling direction. one
posture was selected.  Postures selected from tasks for
horizontal handling are shown in Fig 4.a-c. whereas those
selected from task for vertical handling are shown in Fig 4.d-f.
Fig 5 and 6 show the result of OWAS action category for each
task in horizontal and vertical direction. respectively. It was
noticed that pouring task in vertical direction required moving
mixed concrete with arm above shoulders. Research has also
shown that in construction trades working with hands above
shoulder level leads to reports of shoulder discomfort [11].

TABLEIV. JOB STRAIN INDEX OF CONCRETE TASK WHEN HANDLING
CONCRETE MIXTURE HORIZONTALLY.
Horizontal Handling
Task

IE DE EM HWP sw DD

Exposure Data Light 76.95% 14 Bad  Slow <1

T 3 3 E S PR | h
Eé Load
I B B R R O A B R R B B P
i 2]z2f2i2l2]2 i feitjifi[1
THODDODODODDNDRRARRRnnnonne
AODDNDonoDRRaABEnnnnne
1l20203121203b2021303]313131313]2021212(3(3
2[2]221312]2]3)21313[3]4a13]4laf303F412(3]4
3313 al2ta 33313 3 44 4 4]4a]40al4]2]3]4
100 LN nnnonnone
3[2]z24213 phibuiafafataiaialalaraizinfofe
328203l 0fa]102i313]alatatalalafalarainin]
11233131212131212 34 \i414]414/4141432/313
4[2]3137412]13]47313]4 414]414]414141213]4
3falatalzlalafalslalalatatalalalafatala]sfa
o Getting task o Handling and pouring tasks

Figure 5. Result of OWAS action category for each task in horizontal
direction.

Ratings f 4 3 4 2 1
Getting
Multipliers 1 2 By 2 1 0.25
SI Scores 1.50
Exposure Data Light 39.82% 14 Fair Fair <1
Ratings 1 3 3 3 3 1
Handlin;
Multipliers 1 15 L5 1 1 0.25
SI Scores 0.56
Exposure Data Light 42.48% 14 Good Very Slow <1
Ratings i 3 3 2 1 1
Pouring
Multipliers 1 1:5: &5 T 1 0.25
SI Scores 0.56
TABLE V. JOB STRAIN INDEX OF CONCRETE TASK WHEN HANDLING
CONCRETE MIXTURE VERTICALLY.
Vertical Handling
Task
IE DE EM HWP SW DD
Exposure Data Light 59.44% 9 Bad VerySlow 1-2
Ratings 1 4 3 4 1 2
Multipliers 1 2 1.50 2 1 0.50
SI Scores 3.00
Exposure Data Light 36.36% 9  Fair VerySlow 1-2
Ratings 1 3 3 3 1 2
Handling —
Multipliers 1 150 150 1 1 0.50
SI Scores 113
Exposure Data Light 41.26% 9 Bad Slow 1-2
Ratings 1 3 3 4 2 2
Pouring —
Multipliers 3§ 150 150 2 1 0.50
SIScores 225
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Figure 6. Result of OWAS action category for each task in vertical direction.

The OWAS results rated postures of getting task for
horizontal handling and pouring task for vertical handling in
action category 1: this meant that these postures were harmless
for musculoskeletal system. Posture of handling task in
vertical direction was rated in action category 2. suggesting
change required in near future. However, postures of handling
and pouring tasks for horizontal handling and getting task for
vertical handling were rated in action category 4: indicating
extremely deleterious effect and change required immediately.
It was noticed that the back of the subjects were rotated or
bent during performing the task. Non-neutral trunk postures
were also observed frequently in other study [12].

To solve the problem of injury risk found in this study.
there are several feasible interventions. One intervention
could be the use of cranes to move the mixed concrete and
reduce the amount of manual material handling experienced
by the workers.

IV. CONCLUSIONS

This study reported the musculoskeletal disorders
symptoms in different body parts of the workers. The most
commonly affected parts were: lower back, thigh. shoulders
and wrists/hands.  However, the job strain index was 3 and
below. indicating that the concrete tasks were safe. The
greatest increased heart rate was found in the pouring task.
The vertical handling showed greater increased heart rate than
the horizontal heart rate. Task and handling direction had
significant effect on heart rate. The inferaction of task and
handling direction was non-significant. The OWAS revealed
that postures of handling and pouring tasks for horizontal
handling and getting task for vertical handling had extremely
deleterious effect and therefore, change was required
immediately. It can be concluded that concrete work can
place injury risks to concrete workers. The results shown can
be used to identify control strategies to minimize the risks.
Use of crane to move mixed concrete can alleviate the hazard
found in this study.

Technology.
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