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ABSTRACT

The research objectives were to evaluate and reduce the ergonomics risks in
lifting tasks in in Concrete Fencing Post Production. Questionnaire of working injury
and interviews were used with 8 workers to ask for their work-related injuries. It was
found that 50 percent of them had severe injuries and pain towards their lower back.
Therefore, this problem needed to be solved urgently. Work postures of workers
were assessed by REBA assessment tool, calculation of L5/S1-intervertebral loads and
NIOSH lifting equation. Result from the assessment indicated that workers were in
high risk and their work need to be improved immediately. Consequently, work
methods were changed to reduce using employed two-person lifting method and
take a rest when feel tired, as well as equipment for pull out Concrete Fencing Post
from mold were designed to use by connect with crane. After improvement, 25
percent of workers experienced decreasing of low back pain. Further, work postures
assessment values were decreased to the acceptable score. As a result, back muscle

risk from chronic injuries and pain can were reduced as well.
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OIEHEAN GRINTHTTES)

fauds

AISAIUIN

Adila

Load weight (L)

= 7.5 Alansy

Horizontal (Hg)

25 L UFLIAT

Vertical (Vo)

147 \BURLUAS

Asymmetry Angle (Ao)

=0 23A"

Distance (D)= |V Vo|= [147-142)]

= 5 LEURLUAS

Lifting Frequency (F)

= 10 A3/

Lifting Duration

=22 Wil

Coupling

= Y7uUnans

LCo = Load constant (Origin)

= 23 Alansy

HMg = Horizontal Multiplier (Origin)

= 1.00 (1319 N2)

VM, = Vertical Multiplier (Origin)

= 0.78 (M1319 n3)

DM = Distance Multiplier (Origin)

= 1.00 (»1319 nd)

AMg = Asymmetric Multiplier (Origin)

= 1.00 (1379 N5)

FMo = Frequency Multiplier (Origin)

= 0.45 (713719 N6)

CM = Coupling Multiplier

= 1.00 (1379 N7)

RWL, =Recommended Weight
Limit (Origin)

= LCo X HMg X VMg x DM x
AMg X FMg x CMq

=8.11

LIy = Lifting Index (Origin)

= L/RWLy = 7.5/8.11

=092

A5 5.5 1Wudeg1an1sUseiuyinmemsaulaainnsnnsenyed NIOSH Tusu

gau?l 1 vaeaninauAuy 1 ABUSLAY Nan1sA1UINAziulaIAdulin1senaauSuRAe (Lio)
C% a 1 P a1 1 4 14 Ao w a w
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anudaendy lidndudasunsnisuilvusuugsnuendieiusdesndla
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ABUNAIAY (MauuFulye)

Auds

NISAIUIN

Adila

Load weight (L)

= 7.5 Alansy

Horizontal (Hp)

25 L UFLIAT

Vertical (Vp)

142 \SURLUAS

Asymmetry Angle (Ap)

=15 9391

Distance (D)= |V Vo|= [147-142)]

= 5 LEURLUAS

Lifting Frequency (F)

= 10 A3/

Lifting Duration

=22 Wil

Coupling

= Y7uUnans

LCp = Load constant (Destination)

= 23 Alansy

HMp = Horizontal Multiplier (Destination)

= 1.00 (1319 N2)

VM = Vertical Multiplier (Destination)

= 0.80 (m1319 N3)

DM = Distance Multiplier (Destination)

= 1.00 (»1319 nd)

AM; = Asymmetric Multiplier

(Destination)

= 0.95 (M1379 N5)

FMp = Frequency Multiplier (Destination)

= 0.45 (M1379 N6)

CM = Coupling Multiplier

= 1.00 (#1379 N7)

RWL, = Recommended Weight | = LCy x HMg x VMp x DM x AMp x FMg x =7.87
Limit (Destination) CMg
Ll = Lifting Index (Destination) | = L/RWL, = 7.5/7.87 =0.95
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M1519 5.7 H28819N15ANUIUNITENINAAIFNTNIATLIINANUSIIL L5/S1 Tuaudasn

4 wiineuaun 1 (faudiuuge)

. Ala
Free Body Diagram AUs .
(Muaw)
wiinnudugve Mdsenansmavuamin | 30 Alansy
82 7
# - AMNELENTIA R (L) 2.5 LUn3
( : [ yuvasdlednduwwisu (6,) 50 841
yuvosvuduainfuuwsy (4, 75 03¢
o /7 ! L L
W = yuvawUEIuWInAUMWIIU (65) 82 23fn
4 oo v o
50° yuvosddiatuwwsu () 30 89F1
Wntindy (13a) 70 Alansy
05 W=30x9.8 294 a6
- 9
27°
F=(294 x 0.5 x 2.5)/2.5 147 i
W
ia W, = 147/2 73.5 iy

374

XH

my = (70 x 0.65)/100

0.45 Alansy

W, = 0.455 x 9.8

4.459 970U

0, 50 947
SL, 0.176 Wn3
A, = (0.176 x 42.82)/100 0.08 LUn3
Fxn 0 {21

Foy = W +W,, =73.5+4.459

77.96 U6

My = (W+W,) x A, x cos@, = 77.96 x 0.08

X cos60°

3.12 Tfu-

LIRS
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4 wilnawaud 1 (Rauudulsy) (de)

Free Body Diagram

fauds

AL

(Wue)

BYUFIUAY

m, = (70 x 1.67)/100

1.17 Alansy

Fay

W, =1.17x9.8 11.47 AU
g, 75 99fN
SL, = 0.448-0.176 0.272 Wn3
A, = (0.272 x 42.22)/100 0.11 Luns
Fx. = Fxn 0 Tafu

Fo = FutW, = 77.96+11.47

89.43 HFy

M, = M+ (W, x A, x cos@) + (Fyy x SL, x
cos@,) + (FXH x SL2 x sin@2) = 3.12
+(11.47 x 0.11 x cos75°) + (77.96 x
0.272 x cos75°) + (0 x 0.272 x sin75°)

8.97 N-tun3

LUUEIUUY

m, = (70 x 3.37)/100

2.36 Alansy

W, =236 x9.8 23.13 ffu
6’3 82 93N
SLy 0.343 LA
A, = (0.343 x 45.83)/100 0.16 M3
Pru = 0 i

Fou = Fy+W, = 89.43+23.13

112.6 976U

My = M +(W x )\3 x cos @ )+(Fy, x SL; x
cos@.) + (Fy, x SLs x sin@ ;) = 897+
(23.13 x 0.16 x c0s82°) + (89.43 x
0.343 x cos82°) + (0 x 0.343 x sin82°)

13.75 T6u-

[SNI9b)

m; = 70 x (48.72 x 7.88)/100

39.6 Nlansy

W; =39.62x9.8

388.3 19U

0 4 30 939F
Sk, 0.333 1upy
A, 0.2 L3
For = -Fyu 0 s

Fyr = Fyu+ W5 = 112.56+388.28

500.8 76U
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4 wifnawaudl 1 (Fauuiulsy) (de)

Free Body Diagram iUy m‘illlllﬂ
(¥uaw)
My = My+(W; x A, x cos@ )+(Fy, x SLg x
cos@,) + (Fyr x SLy x sin@,) = 13.75 101 Td
+(388.28 x 0.16 x c0s30°) + (112.56 x
0.343 x cos30°) + (0 x 0.343 x sin30°)
F = My/d = 101/0.04 2525 {6
Fu=Wgo + W+ W, + W, + Wy 500.789 125U
Fyc=F,sin30° = 500.789 x sin30° 250.39 T
Fe=F,c0s30° = 500.789 x cos30° 433.7 S
Fc=2525+250.39 2775.39 iy
Fus v Fs=Fys 433.7 {eu
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19149 N-1

REBA Employee Assessment

Task Name: Date:
Worksheet
A. Neck, Trunk and Leg Analysis Scores B. Arm and Wrist Analysis
Step 1: Locate Neck Position Table A Neck Step 7: Locate Upper Arm Position:
#“ 0200 2 g\ 20"+ 2o L 2 = " 2 0 2 2oase *® wor "
exension = 200200 et R
a2z 2[3][«]2]3]+
Neck Score 1 123412343356 4
WY | | Trunk 2 2 3 4534564567 N
Step 1a: Adjust... Posture 3 2 4 56 4 56 756 7 8
If neck is twisted: +1 Score 4 35 6 7 567 86 7 8 9 gepya: Adjust..
If neck is side bending: +1 5 46 7 86 7 8 9 7 8 9 9 Ifshouderis raised: +1
. . If upper arm is abducted: +1
Step 2: Locate Trunk Position Tonan 1f arm is supported or person is leaning: -1
] 13 2060 48  nee o Table & Upper Arm Score
- 20" > . 1 2 Step 8: Locate Lower Arm Position:
[ \ Wrist 1 2 3 1 2 3 “ +2 o 2
i1 2 21 23 o100 oo
Upper 2 123233 \ ! m"
Step 2a: Adjust... Arm 30 3 454 5|5 Lower Arm Score
If trunk s twisted: +1 Gy 45455567
If trunk is side bending: +1 Trunk Score g 6 7 8 7 8 8 Step 9: Locate Wrist Position:
Step 3: Legs Adjust: 718/8/8[9]9 “ s *2 s +2 5%
womn 42 owvgeee 4 a5 6q vz sor " ) Il
J Y Table C %v‘“' !ﬁ“. y ‘\ Wrist Score
[ Leg Score Score A Score B ’
£ 123456 7 8 9101112 StepdaAdust.. i
Step 4: Look-up Posture Score in Table A 1 111233465¢6777 If wrist is bent from midline or twisted : Add +1
Using values from steps 1-3 above, 2 122 3 44566778 - - i
Locate score in Table A St_ep 10: Look-up Posture Score in Table B
Posture Score A 3 2 333 45 6 7 7 8 8 8| Using values from steps 7-0 above, locate score in Table B
Step 5: Add Force/Load Score 4 3444567885999 gep11: Add Coupling Score Posture Score B
Ifload < 11 Ibs. : +0 5 4 4456 7889 9 9 9 ellfitting Handle and mid range power grip, good: +@
Ifload 11to 22 |bs. @ +1 6 6 6§ 6 7 8 8 9 9 1010 10 10 Acceptable but not ideal hand hold or coupling
Ifload > 22 Ibs.: +2 7 7 7 7 8 9 ¢ 9 101011 11 11  acceptable with another body part, fairr +1
Adjust: If shock or rapid build up of force: add +1 Force / Load Score @ £ 8 2 9 101010 10 10 11 11 17  Hand hold not acceptable but possible, poor: +2 Coupling Score
Step 6: Score A, Find Row in Table C 9 9 98 1010101111 111212 12| P, s, unsafe vith any body part
Add values from steps 4 & 5 to obtain Score A. 10 10 1010 11 11 11 11 12 12 12 12 12 )
Find Row in Table C. Scare A M 111111111212 12 1212 12 12 12 AsggpIIZ:fScoretB, Tgiffltlmnbltn'“mec
_ S S values from steps 0 obtain
Scoring 12121211212 121212 121212 12112] 5oy g, Find column in Table € and match with score B
1 = Negligible Risk Score A in row from step 6 to obtain Table C Score. core
2-3 = Low Risk. Change may be needed. . .
4-7 = Medium Risk. Further Investigate. Change Soon. Step 13: Activity Score _ .
8-10 = High Risk. Investigate and Implement Change Table C Score Actiiy Score REBA Score +1 1 or more body parts are held for longer than 1 minute (static)

11+ = Very High Risk. Implement Change

+1 Repeated small range actions (more than 4x per minute)
+1 Action causes rapid large range changes in postures or unstable base

original Worksheet Developed by Dr. Alan Hedge. Based on Technical note: Rapid Entire Body Assessment (REBA), Hignett, McAtamney, Applied Ergenomics 31 (2000) 201-205
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Vertical Location

syurluBLIRIRINIDRaNY (3.

Vertical Travel Distance
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Asymmetry Angle

UUYBINTLBEIF (99611)

Lifting Frequency
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Work Duration
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M1314 N-2 AunAmaIiIANUTUTEAUAINES

sTAUANNGS | Aanuiu | seRuaduge | damuiu

(cm) FZAUAEA (cm) FZAUAUEA
<25 1 46 0.54
28 0.89 48 0.52
30 0.83 50 0.50
32 0.78 52 0.48
34 0.74 54 0.46
36 0.69 56 0.45
38 0.66 58 0.43
40 0.63 60 0.42
42 0.60 63 0.40
a4 0.57 >63 0.00

A1 N-3 AunAmEIIANUTUTERULLIRS
sThuLIne | faauy sERULLING Aapuuiu

(cm) sERULUIAS (cm) sERULUIAS
0 0.78 100 0.96

10 0.81 110 0.90
20 0.84 120 0.87
30 0.87 130 0.84
40 0.90 140 0.81

50 0.93 150 0.78
60 0.96 160 0.75
70 0.99 170 0.72
80 0.99 175 0.70
90 0.96 >175 0.00
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M99 N-4 AunAnaIAIAMUTUTEEE

seeg (9. AapnUTussEe
<25 1.00
40 0.93
55 0.90
70 0.88
85 0.87
100 0.87
115 0.86
130 0.86
145 0.85
160 0.85
175 0.85
>175 0.00
M1319 N-5 AUHANBIAIAMANLDES
ANLBEA (89F) | AQMUANBES
0 1.00
15 0.95
30 0.90
45 0.86
60 0.81
75 0.76
90 0.71
105 0.66
120 0.62
135 0.57
>135 0.00
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M1914 N-6 ANANBIAIAMANNDTUAITEN

Aad ()] S2¥219a1%197% (Work Duration, W)
(AS9/) W< 1. 193, <W < 2 %, 2 9. < W < 8 9.
V<T59U. | V27590, | V<T5%U. | V2T75U. | V<T5aU. | V=75 .

<0.2 1.00 1.00 0.95 0.95 0.85 0.85
0.5 0.97 0.97 0.92 0.92 0.81 0.81
1 0.94 0.94 0.88 0.88 0.75 0.75
2 0.91 0.91 0.84 0.84 0.65 0.65
3 0.88 0.88 0.79 0.79 0.55 0.55
a 0.84 0.84 0.72 0.72 0.45 0.45
5 0.80 0.80 0.60 0.60 0.35 0.35
6 0.75 0.75 0.50 0.50 0.27 0.27
7 0.70 0.70 0.42 0.42 0.22 0.22
8 0.60 0.60 0.35 0.35 0.18 0.18
9 0.52 0.52 0.30 0.30 0.00 0.15
10 0.45 0.45 0.26 0.26 0.00 0.13
11 0.41 0.41 0.00 0.23 0.00 0.00
12 0.37 0.37 0.00 0.21 0.00 0.00
13 0.00 0.34 0.00 0.00 0.00 0.00
14 0.00 0.31 0.00 0.00 0.00 0.00
15 0.00 0.28 0.00 0.00 0.00 0.00
>15 0.00 0.00 0.00 0.00 0.00 0.00

M1319 N-7 AuAamasiauaualalun1dIvEn

. . AapaANNadalun1sIvEn
ANWZNNSAVEN
V < 75 4. V > 75 <.
SLAUR 1.00 1.00
seAuUIUNaNg 0.95 1.00
seeulaif 0.90 0.90
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M99 U-1 T2LYRIYAAUINANIAVBIEIUVRITINY

Dempster AR DUNTIUUN
Braune and Fischer (yana) > > —
. (Ynna) WNAGHBUYY HNAGBUNEY
AUV = ; S - ” - T
. ﬁﬂLL‘VI‘LN’\]IG]@‘L!EJﬂa’NSJ’JaWIEI‘Uﬂ‘Uﬂ’?ﬂ%l&l']’?’tli]ﬁﬂ’)uuu’)ﬂ’\]’]ﬂ
31NN
g | du | du | dou | du | duw | | g | ddu | dau
dulu
Tu yan Tu | won | Tu wan yan Tu | wen
WYUYEVY | 47 53 459 | 54.1 | 436 | 564 | 4583 | 54.17 | 46.6 | 53.3
LUUTEAIUUU 45.62 | 54.38 2 8
WYLV 42.1 | 579 - - 43 57 453 | 54.6
druang 4222 | 57.78 7 3
wUUgE 4228 | 57.72
Auand
o - - - - 506 | 49.4 | 4282 | 57.18 | 39.2 | 60.8
LRt 4277 | 57.23 2 8
YIVNEIUUY 439 | 56.1 | 434 | 56.6 | 433 | 56.7 | 44.07 | 5593 | 39.7 | 60.2
YNGUAIUUY 44.12 | 55.88 9 1
Pnduas | 41.95 | 5805 | 424 | 576 | 533 | 567 | 4276 | 57.21 | 41.1 | 5858
VGIYFIUAN 4255 | 57.45 5 5
WU 434" | 56.6° | 41.7 | 583 d d 40.54° | 59.46" | 339 | 66.1
6155 | 3845
Windne 409" | 59.1°
6057° | 39.43"
a6 48.8 | 51.1
29.55 | 463 - - - - 47.83 | 52.17
5 5
Asueiarme 49.3 | 506
- - - - - - 4291 | 58.09
3 7

Ju : AR DUNTIUUN, 2548)

NUBWR : dIUUBNARIAIN Distal Point vasdutu d@ulu Ae 100 Proximal Point veduiiy

(a) Percent of length from front to rear of foot II

(b) Percent of length from ankle to rear of foot

(c) Percent of length from front to rear of foot

(d) 24.9% of foot link dimension to ankle axis (oblique); 43.8% of foot link dimension to heel (oblique); 59.4% of

foot link dimension to toe Il (oblique). Alternately, a ratio of 42.9 to 57.1 along the heel to toe distance

establishes a point above which the center of gravity lies on a line between ankle axis and ball of foot.
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1 1 < f < (3 1
M1319 V-2 WIAVDIAIUVDIT19NLUULUD LY URVDINIAVDI319N Y

duva Braune & Braune & Dempster AnR Bunsuui (2543)°
$198 Fischer Fischer (1855)° WAy \WAREDS
(1889)° (1893)°
wa | feway | wa | Jewar | Jowar | wim | Yeway | wa | Jewar
(nn.) le (nn.) \le (nn.) dlaieu | (n.) e (nn.) h)
Wiy Wiy U W38 Wiy gy
fiu fiu U84 fiu fu
qa A f?ﬂﬂ?EJ FUPI| FUI|
U VBN KRN KIN]
TNAY TNAY TNAY TNAY
wuvndmul | 2127 | 33 | 151 | 293 | 1.61 277 | 1.87 | 337 | 149 | 263
wudedauuu 155 | 263 | 18 | 324
wurndwan | 134 | 2.1 13 | 254 | 0.95 164 | 092 | 167 | 073 | 1.29
uuedaua 091 | 157 | 088 | 158
flovn 0.53 | 0.85 - - 039 | 067 | 036 | 065 | 029 | 051
fiodn 038 | 066 | 039 | 061
VWNEUY 6.79 | 10.75 | 578 | 1123 | 576 | 986 | 575 | 1023 | 7.59 | 13.41
viednu 5.81 9.95 | 5.65 | 10.06
VNN 303 | 48 | 232 | 453 | 271 469 | 283 | 506 | 237 | 4.19
viieds 2732 | 468 | 2728 | 4.88
Wi 1.067 | 1.7 | 095 | 1.88 | 0.832 | 142 | 0866 | 1.56 | 0.65 | 1.15
Wi 087 | 149 | 084 | 15
ain 29.55 | 463 - - - - 27.18 | 48.72 | 24.92 | 44.03
Aswzuazno 4.61 79 | 409 | 788 | 544 | 9.61
Wwaveswny | 6385 | 100 | 51.25 | 100 | 5836 | 100 | 55.75 | 100 | 50.85 | 100

1y : ARF BUNTIUUN, 2548)

v : () nnsAiniinandiuou 3 aw et A, 1889 $1991n Roebuck et al. (1975)

(b) YnsAnEINANEILIY 2 A e A.e. 1893 $1991n Roebuck et al. (1975)

(©) ¥msAnwanAnsIuaL 7 an el a.A. 1955 $199n Winter (1979)

(d) Ms@nwASIlAuyARATIEIN InAYIETILIY 12 AU WaslnAngIdIuIy 10 AU
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M1919 -3 Yuedadiusanend Ay vegltusnulng

. YUA wWasiudlng
a1au v de e o .
r FYNTVUINEAT IV ALY dndu " "
f , 5 95
97908
1| dhoningh Body Weight) nn. e | 537(7.0) | 4222 | 65.18
nYs | 53.1(8.2) 39.65 66.55
2| AwgeBu (Stature) wul. ¥ | 160.7 (5.7) | 15135 | 170.05
s | 151.2(4.8) | 14333 | 157.07
3 ANNEINTEANAD (Cervical Height) . td) 136.5 (5.4) 127.64 145.36
WU?Q 128.2 (5.9) 118.52 137.88
4 | Anugeialvg (Acromial Height) #l. ¥y | 132.4(5.6) | 123.22 | 141.58
neYs | 124.7(4.9) | 116.66 | 132.74
5 | Auevd@IuUY (Thigh Length) @l ¥y | 52.7(2.8) 48.11 57.29
nYs | 51.6(2.8) 47.01 56.19
6 AUNIIINABN-ABN (Elbow-Elbow Breadth) Kigld 41.3 (3.3) 35.89 46.71
Y. VAN 39.5(4.1) 32.78 46.22
7 AugsLEanei (Lower-Arm Length) ald 44.8 (2.6) 40.54 49.06
Y. VAN 41.3(2.1) 37.86 44.74
8 AUNINVBNY (Foot Breadth) . ¥ 9.9 (0.9) 8.42 11.38
VAN 8.7(0.8) 7.39 10.01
9 AUBIVOUIIN (Foot Length) @, U8 24.2 (1.6) 21.58 26.82
VAN 22.2(2.1) 18.76 25.64
10 mmgjﬁuﬂmaﬁq—l,gau (Functional Reach) #al. vy | 7L7(5.7) | 6235 | 8105
VAN 67.9 (5.4) 59.04 76.76
11 ﬂ’nuﬁﬁuﬂmaﬁq—mﬁam (Functional Reach - e | 8L4(4T7) | 7369 | 89.11
Extended) wu. VAN 75.7 (5.0) 67.5 83.9
12 | AuNI3dle (Hand Breadth) . 218 8.1(0.2) 7.77 8.43
VAN 7.4 (0.5) 6.58 8.22
13 | ue1ile (Hand Length) w. ¥ | 17.6 (1.0) 15.96 19.24
nYs | 169(3.3) | 11.49 | 2231
14 | amgarndlewden (Overhead Reach Height) wal. | ¥ | 194.5(7.6) | 182.04 | 206.96
e | 183.1(6.1) 173.1 193.1
15 | syezI0uluuas (Forearm Circumference) @l U 259 (2.1) 22.46 29.34
nYs | 24.2(24) | 2026 | 28.14
16 | 38y5aULINUU (Biceps Circumference) . ¥y 27.1(3.5) 21.36 32.84
9 | 25.4(3.5) 19.66 31.14
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M1919 -3 YuRdadiusanendAyvelldusnulng (da)

. YUA wWasiudlng
anu v de e o .
r F18NTVUNEREIUNT ALY dndu " "
f , 5 95
379N18
17 | szezsouues (Calf Circumference) . yigtd 33.7(4.5) 26.32 41.08
nYs | 33.6 (3.0) 28.68 38.52
18 | szezsouvioauuu (Upper Thigh Circumference) | %18 47.1(4.5) 39.72 54.48
Y. s | 50.7 (6.4) 40.2 61.2
19 | szezlua-Aen (Shoulder-Elbow Height) wal. U 34.3 (1.7) 31.51 37.09
nYs | 31.9 (1.6) 29.28 34.52
20 mmqaﬁqmﬂﬁu-ﬁwg (Sitting Height) aa. ¥ | 83.3(3.4) 77.72 88.88
7wy | 78.8(3.2) 73.55 84.05
21 | anugwuuul (Upper-Arm Length) e ald 34.3 (1.7) 31.51 37.09
nYs | 31.9 (1.6) 29.28 34.52
22 | AUgaeI-8U (Standing Waist Height) aul. ald 99.1 (5.4) 90.24 107.96
VAN 92.7(4.9) 84.66 100.74
23 mmqqsﬁ’aﬂ’um-ﬁf’q (Popliteal Height-Sitting) @3, | e | 40.1(2.2) 36.49 43.71
VAN 37.9(2.0) 34.62 41.18
24 | anmpMaImINIneua (Torso Length) @, | ¥ | 33.3(55) | 24.28 | 42.32
VAN 32.0 (4.9) 23.96 40.04
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