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Objective: The aim of this study is to identify the problems of the current Korean
Standards (KS) of student chairs and to propose a new KS based on the Korean
student anthropometric data.

Background: Korean students are dissatisfied with their chairs while they are studying
for a long time. This is due to the problems with the size system and the dimensions
of the chairs following the KS standards, which have been subject to Japanese
standards and ISO standards for the long times without any verification. Therefore, it
is required to propose new chair specifications considering the recent anthropometric
data of Korean students.

Method: This study aimed at presenting improvements only for seat height, seat
depth and seat width of student chairs in KS G 2010 for student desks and chairs,.
The anthropometric data of 8,011 pupils aged 7~18 years was used in this study.
The ergonomic design principles for the chair dimensions were applied. To compare
the current KS with the newly suggested KS proposal, the concept of accommodation
ratio is proposed.

Results: The current KS standards of student chairs could not accommodate a large
number of students. To increase the accommodation ratio, the current seven size
system was changed into the nine size system in the new proposal. Also the ergonomic
principles have been applied to establish new dimensions of student chairs. As a
result, the accommodation ratios of seat height, seat depth and seat width increased
to 90.5%, 91.8% and 65.2% respectively.

Conclusion: New standards for the student chairs based on the Korean anthropometric
data were suggested. This new proposal showed great improvement in accommodation
ratio of student chairs.

Application: The result of this study can be applied to the establishment of new KS
standards of student chairs.

Keywords: Student chair, Anthropometric data, Korean standards, Accommodation
ratio
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. Introduction
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Figure 1. Discomfort ratio of students for the
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=M, KS 7oA Yo 2+ 54 & J|F A& 0|0 CHSSts EHMH=0|, ZHZAO|, ZHHIHH| SO| v THA 7} 3= sHEEA
A QX| ot QUoh o= sHMEO| MA CHH| SHMIQ HIZO0| AX|7|& oLt d2E oMy 8 dos £ 01X UCt = EHH
LHH|QF B3 e Q2 AHO|H|, XHZ0|9 3 Qs U2AHO|QF4HZUO|E o8 X7 = 19810 Hlsh 012 7H
2 82 2ot ot

A, 1SO ﬁlﬁoil ok HHMO| KS 42 Mol ME ZH KO 150mmE H7F% 770 =01,

2.... L S
D QUoE T2, o X S AMAFME 0 1, 220 TisiME 271 §lo] dikstn AR 2 ot 1
2 M 2 HAZE A= 2 4712 240 A2 Ayt

W, O|=2| AFRE-E o|Xt EZFEQI BIFMA G2, Ergonomic guidelines (BIFMA, 2002)& oAt x| Q0= K|+ ZHo| 23t Q7SS &
=2 6.:.”71| HMA[StD e HHH, 1SOQt O|F WEE JIS, KSOl& X|4= 270l 23t 2|7t ME MA|Z[0] QUK kot X|£=7+ oA &
1 5ol KSE ISOS M HAS 3t Az oftl £, A& JISE HIsle Yol 29z U1, LfH|(width)2t
Ol(depth) % g HJEHE Hos) =52 Zafstn A7IE SHTHKSA, 2016).

ol EXMTE0| LiELE U, SHHOME RE(LEtE F7 XHIQ| QUMZHEAL ALRI0| AHE|HA, HTREES SHEE Maat ofxt

o 17 MZES Yt AFE AU HOHEES Li7| AIZHCE Jeong and Park (1986)2 1,248F E£F1MO| QIKE sl KS2| 774

D HAE 1171 =2 MAR HESH, Rte| ZHH=O|, ZHHZO|, ZHHLH|0| Chel QX ZHX|E BHEet ME2E 22 M etstRict

TUIQIMZEEAL Z0E BHESt R} St _? = UACEH 19929 FUAMEFERAL AUE HIYHOE M} Xt 72 HES

Hotste= AT QUACTHKIm et al, 1994). 0|F 1997H2| ZRIQIHZHTAL o AT URULCE Park et
t

Zatof 7|85t Lee and Lee (2000)2]
al. (2009)2] ST 200449 AXZHX|0f 7IH_% F0 =4 HAQ Ko HE 52
HJ%&M} St 3Kl Az s A4 Aol Brtnt I K EES WEX| %A El= X %Oﬂ tﬂ <] t”Or'=047il7il 23Ut

olof & 7= M S8 MAar oJxtof st 4 F IRkt BTl XM E=0|, XHZO0|, XHLHH| SO CHal 29| ANFHX
£ 7|1EC2 ¢ T4 MALt X9 EMES X[Hsta, sHYE9| oXtof Tt oK 28 X|Cish H0|H, MMM 2ot=d &
Ae = HA @F ot ofof M2 BFE X|=E ARt $ot

2. Method

2.1 Current size system and chair dimensions

A kS BEOIM QfXte] FA2 150mm ZHAS| AH8AL MY S 7|E22 BF 77 =2 HAE 7HX|2 /Uth 221
=5 & oRtel 117 X|==0f T #AS gt QUCE 1170 K== & 770 K=& X 270 S

24| cr2A 28O QUCh 2 AFME M 2R 774 K| T SRt A2 7+ 7120 &= AB=0|, ZEAO|, FFLH| S 374
K==of chet 74 gets MAISHAXL HC. S kS #42| =4 & X|a£ CfZ Table 11t ZCh T 0=9] OJAt= o

NN et

Table 1. Dimensions of student chair in KS

Chair size 0 1 2 3 4 5 6
Stature of referred users 900 1,050 1,200 1,350 1,500 1,650 1,800
Seat height 220 260 300 340 380 420 460
Seat width 260 290 330 360 380 400
Seat depth 250 270 290 320 340 360
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U1, ZHELH| ot ZHHZ0|0| TS = EE X7t MAIZI0] AUX| KL
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2.2 Anthropometric data

KS #329| oAt X|+E AWSts Y2 At it 24 2o 243 0|F0{& Z0|C}. 0|F QshMe M 2INSH HolH

HZO0| QFECL 2 AT Ar%% PIHEE HIoIHE 20101 FUUAMSZHRAL ALHOM LT 2F0HM 8011HS| HELER

Ef 2O{RCHKATS, 2010). Z2F5 1 AZCHOf SHSt= 7~18M AtO| EE SO AT E HE &= Table 22 2L} 712 2|22 =4I ¢

HIZEZANKATS, 2016)= 2015 L01| ARLL} O|lf= 16M Of&Tts CHM2= 270 2010 HO|HE O|&RHCHKATS, 2010). 80118
9 g

o AMEY HOH & 2 Al oAt BE AP0l AHLH|, ZBZ0[QF 22, XS
2% 3o[HH| 52| HO|HE 0| &3IRALt.

[=yeNe]

Sreedg0l, ¥eYEeI+BLO o

Table 2. Distribution of number of samples by year and stature range

School Year 1,000~ | 1,100~ | 1,200~ | 1,300~ | 1,400~ | 1,500~ | 1,600~ | 1,700~ | 1,800~ Total
E1 7 9 194 260 17 480
E2 8 43 315 138 9 505
E3 9 4 177 359 78 618
E4 10 1 55 372 251 23 1 703
ES5 11 15 194 472 162 14 857
E6 12 1 39 311 400 98 2 851
M1 13 7 121 440 257 35 2 862
M2 14 2 30 287 362 114 2 797
M3 15 10 138 256 156 10 570
H1 16 9 158 277 154 17 615
H2 17 2 122 240 201 42 607
H3 18 5 121 201 190 29 546

Total 242 823 1,128 1,298 1,851 1,706 852 102 8,011

2.3 Ergonomic principles for chair dimensions

O|Rte| MAof st QIZt o 2 E1 Qct g =M '9Xt RHEO0lE= QK9
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22 Ao mat X|=E 7ot T, MK E s = 7t 2t40] sttt S7tH0] E = Y=E ZHIRULL 047|*1 =9l
A 3 = <]

= M =
5 AUzt g2 =0l= 10mmE 7FgstAn Tat 2510 O0HEE £017] 23 A R{Xl= 10mmE 7SRt Tt

BIFMA EXS H|Rd| CiEE9 QI7taety d7 Y%L ﬂ I(SH Seat Height)2t Zt
Popliteal Height) 5%2} %2 XEHZ+HZO| |

’U“u
)
=
o
c
=
o
(@]
o
o
o
=
=
@
@
=
3
[(e]
S
=
N
N
N
FA
s
=
2
>+

=
—
=1t
AlEF

=

EN K] CHSHOIZHR B3| K|



28 Feb, 2018; 37(1): A Suggestion for Improving Korea Standard of Student Chairs Based on Anthropometric Data 33

2
30

EBLE 0= X2YFo|HE[0 6RAIE 77 x| 810] 95% 2 Yo|HH|2S A5tRlLt =
I.

LX o
R0l ABH 7 54 ¥ olrtel RHe o

dlo |-|-|
_?_P
FJ
>
1o
re
12
o
=
v

SH=5% PH + foot wear heel height (10mm) M
SD=5% BPL - clearance allowance (10mm) )
SW=95% HB 3)

2.4 Verification

el kS HA0IL} MZ XOtz|= 40| Aottt B2 H|E2 ALBXE +8Y = Us XE BIIQ| 7|2 4t =8k
(accommodation ratio)S E7te| M2 X|QtS|RALCEH

2t 24 E X0 St 4SS st 2 2571 MAlSte 71E 7IER2E o T oM 2 X7t 8% £ A= HYE +=8 ¢
(accommodatlon range)2t 7HHSIAUCE 0|2 S0 S8 kS EFO| oA} 45 & 7|7t 1,500mmol SHMS J|Fo 2 st Qla, oIt
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4 height .
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Figure 2. Example of accommodation ratio
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o%Qtol 3A & & gltt

(PH-10)xcos30° < SH < (PH-10)xcos5°
80% BPL < SD < 95% BPL (5)
110% HB < SW < 130% HB

—
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N
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O] 4SS CHAl 0|83 M| RRIE 7IE2=2 FEI5HH, 2 QA X|5=0f| Tt =& ®Q(Qf SIotX|Qt &BHAIE Abre +7F UCh(Table
3). StetX|ef GotA| ALO[Of fIX[St= SHE2 MAIE =42 BEQAY| & #8510 ATk Z & 4 AT

Table 3. Equations for lower limit and upper limit of accommodation range

Seat dimension Human body dimension Accommodation range
. . . Lower limit SH/cos5°-10mm
Seat Height (SH) Popliteal Height (PH) — "
Upper limit SH/cos30 -10mm
_ Lower limit SD/0.95
Seat Depth (SD) Buttock-popliteal Length (BPL) —
Upper limit SD/08
. ) Lower limit SWy1.3
Seat Width (SW) Hip Breadth (HB)
Upper limit SWy1.1
3. Results and Discussions
3.1 Accommodation ratio of current KS
3 ks FZHO| Hoktn Yt M 7IFO| T4 HR IR} AREO| FHUO| HBH|O) ) YN Yol $8EF JFo= %
K9] =85 ALUSHEUACHTable 4, 5, 6). FHHLZ ZHEO[0f CHSHA = 45.0% EHUH|= 57.6%2 CHeAtel B Y=o =8
Stz H2 8L E LIEIRICL ZtHAO0= 53] 148%2 Off R2 =8 LIEtHCh
Table 4. Accommodation ratio of seat height in current KS
Standard Popliteal height Population
— Accommodation
Size | Stature that Lower Upper Under Within Over Total ratio
eight limit limit lower limit limit upper limit
0 900 220 -
1 1,050 260 251 290 1 17 2 20 85.0%
2 1,200 300 291 336 268 525 13 806 65.1%
3 1,350 340 331 383 705 1,019 4 1,728 59.0%
4 1,500 380 371 429 1,057 1,208 1 2,266 53.3%
SN el oot 2SSt X
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Table 4. Accommodation ratio of seat height in current KS (Continued)
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Standard

Popliteal height

Population

— Accommpdation
see | Stawre |l | e | e lowertmi | dmt | pperime| P9 ™
5 1,650 420 412 475 1,805 765 0 2,570 29.8%
6 1,800 460 452 521 552 69 0 621 11.1%
4388 3,603 20 8,011 45.0%
Table 5. Accommodation ratio of seat depth in current KS
Standard Buttock-popliteal length Population
— Accommpdation
see | satue | gl MY owermie | Lmt | opperimie| @ | P
0 900 -
1 1,050 250 263 313 2 16 2 20 80.0%
2 1,200 270 284 338 4 454 348 806 56.3%
3 1,350 290 305 363 1 455 1,272 1,728 26.3%
4 1,500 320 337 400 0 204 2,062 2,266 9.0%
5 1,650 340 358 425 0 44 2,526 2,570 1.7%
6 1,800 360 379 450 0 13 608 621 2.1%
7 1,186 6,818 8,011 14.8%
Table 6. Accommodation ratio of seat width in current KS
Standard Hip breadth Population
— Accommodation
see | Satue | gl | e | owertmit | mt | opperie | P9
0 900 -
1 1,050 260 200 236 0 16 4 20 80.0%
2 1,200 290 223 264 124 546 136 806 67.7%
3 1,350 330 254 300 364 1,089 275 1,728 63.0%
4 1,500 360 277 327 197 1,195 874 2,266 52.7%
5 1,650 380 292 345 39 1171 1,360 2,570 45.6%
6 1,800 400 308 364 7 600 14 621 96.6%
731 4,617 2,663 8,011 57.6%

http://jesk.or.kr
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3.2 Improvement of KS
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Table 7. Suggestion for seat height in new KS

Size Stature Sample Min 5% 95% Max Seat height
Calculated Adjusted
1 1,100 67 248 259 295 311 269 270
2 1,200 593 254 274 323 335 284 290
3 1,300 1,033 281 300 346 354 310 310
4 1,400 1,206 283 324 374 363 334 330
5 1,500 1,543 294 346 397 421 356 350
6 1,600 1,992 336 366 421 450 376 370
7 1,700 1,244 362 390 442 472 400 400
8 1,800 320 389 410 462 481 420 430
9 1,900 13 438 443 476 483 453 460
Table 8. Suggestion for seat depth in new KS
Size Stature Sample Min 5% 95% Max Seat depth
Calculated Adjusted

1 1,100 67 254 273 325 365 263 260
2 1,200 593 279 301 360 386 291 290
3 1,300 1,033 294 331 393 407 321 320
4 1,400 1,206 314 362 426 421 352 350
5 1,500 1,543 314 399 463 496 389 380
6 1,600 1,992 390 427 490 531 417 410
7 1,700 1,244 414 448 515 542 438 430
8 1,800 320 444 470 533 549 460

9 1,900 13 435 468 548 549 458

ERukel it elzts stz x|
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Table 9. Suggestion for seat width in new KS

Size Stature Sample Min 5% 95% Max seat width
Calculated Adjusted

1 1,100 67 201 203 252 270 262 260
2 1,200 593 198 213 278 305 288 290
3 1,300 1,033 204 231 305 330 315 320
4 1,400 1,206 215 250 340 327 350 350
5 1,500 1,543 212 272 370 425 380 380
6 1,600 1,992 260 296 394 468 404 410
7 1,700 1,244 284 310 398 476 408 430
8 1,800 320 302 327 410 460 420

9 1,900 13 337 339 418 440 438

ot Z0HE Table 7, 8, 901 LtEHLH UL
3.3 Accommodation ratio of newly suggested KS

MZ ®AISH 7iMH0t0 THME 31t KS F40| 8% Zint SUst Y&t YHOZ 8-S A EUCHTable 10, 11, 12). 1 &
It ZH=0[|= 450%0A 90.5%, EHZAO|= 14.8%0IA 91.8%, EHHLH| 57.6%0M 652%=2 +=&X7t A M= A= LIEFRIC

80112l X AMZZAOf Chol, & kS FAD MetE F74 7te] HUE 23 =42 X2 +8%

i

22t 1802 Lietiol

Table 10. Accommodation ratio of seat height in newly suggested KS

Standard Popliteal height Population
— Accommgdation

sze | satue |l e owerm | dmt | wpperie | O
1 1,100 270 261 302 7 58 2 67 86.6%
2 1,200 290 281 325 72 501 20 593 84.5%
3 1,300 310 301 348 54 937 42 1,033 90.7%
4 1,400 330 321 371 35 1,084 87 1,206 89.9%
5 1,500 350 341 394 0 1,426 17 1,543 92.4%
6 1,600 370 361 4117 | 1,810 141 1,992 90.9%
7 1,700 400 392 452 70 1,161 13 1,244 93.3%
8 1,800 430 422 487 54 266 0 320 83.1%
9 1,900 460 452 521 3 10 0 13 76.9%

336 7,253 422 8,011 90.5%
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Table 11. Accommodation ratio of seat depth in newly suggested KS

J Ergon Soc Korea

Standard Buttock-popliteal length Population
— Accommpdation

R o e B A . L
1 1,100 260 274 325 4 60 3 67 89.6%
2 1,200 290 305 363 47 525 21 593 88.5%
3 1,300 320 337 400 79 929 25 1,033 89.9%
4 1,400 350 368 438 94 1,098 14 1,206 91.0%
5 1,500 380 400 475 78 1,447 18 1,543 93.8%
6 1,600 410 432 513 149 1,837 6 1,992 92.2%
7 1,700 430 453 538 97 1,144 3 1,244 92.0%
8 1,800 430 453 538 4 308 8 320 96.3%
9 1,900 430 453 538 1 10 2 13 76.9%
553 7,358 100 8011 91.8%

Table 12. Accommodation ratio of seat width in newly suggested KS

Standard Hip Breadth Population
— Accommodation

sze | satre | i e | et owerbmi | dmt | uppertme 9|
1 1,100 260 200 236 0 51 16 67 76.1%
2 1,200 290 223 264 98 404 91 593 68.1%
3 1,300 320 246 291 210 707 116 1,033 68.4%
4 1,400 350 269 318 306 744 156 1,206 61.7%
5 1,500 380 292 345 296 921 326 1,543 59.7%
6 1,600 410 315 373 362 1317 313 1,992 66.1%
7 1,700 430 331 391 310 825 109 1,244 66.3%
8 1,800 430 331 391 32 242 46 320 75.6%
9 1,900 430 331 391 0 10 3 13 76.9%
1614 5,221 1176 8,011 65.2%

Figure 30f AMAISHRICE DB 2 2ol M il KS 0] HIsH = AFTM HMASH 24 HAL X7 M H §

SICHE S & 4 UL,
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550 =0.240k+9.395 550 =0.200x+ 9.395
R’=.0,884 R?E0.884
500 i 500
40 B 5 i o 400
Popliteal e > Popliteal
Height ., - _ Height 5
300 k ~-'L‘:: 300
x|
250 o et 250
1 2, 3| 4|5 6
200 200
815 975 1125 1,275 1425 1575 1,725 1875 2,025 850 950 1050 1150 1250 1350 1450 1550 1650 1750 1850 1950 2050
Stature Stature
(a) current seat height (b) new seat height
e -35157 70 V=03 6u-:E.157
olss R'E 0.8
600 600
Buttock- 5° Buttock- **
Popliteal . Popliteal
Length : Length
400 L 400
300 300
1 2/ 3| 4|5 |6 1/2/3/4(/5/6|7 8|9
200
mus 975 1125 1275 1425 1575 1,725 1875 2,025 850 950 1050 1150 1250 1350 1450 1550 1650 1750 1850 1950 2050
Stature Stature
(c) current seat depth (d) new seat depth
-32122 .230x - 3.
647 0.64;
500 500
400 400 =
Hip Hip
Breadth 300 Breadth 300
200 200
1 2 3 6 0
woxzs s 125 15 143 157 13 157 2035 850 950 1050 1150 1250 1350 1450 1550 1650 1750 1850 1950 2050
Stature Stature
(e) current seat width (f) new seat width
standards
sccommodated =1
range o

Figure 3. Accommodation range of each chair size
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ST ks 79 =4 HAt K40l ZHHES KFHD, 20104 0|20{7 SH20l ANZHAES 7IFOR MG oX0l Bt M2
FHS HICL 7I1E ks FHS AT JIF 150mm 20| ) B48 JXID Yotk B ks B4 Ml 4% 7IE 100mm
270 97 348 RS o) $8ES $0|=S Lk 2Lt FBE0|S X2 FRAOIY HBILHIE AN FAL 4 HAZ 2
Ol LY BYEAL S0l BEE HANHEE Ak ME ML FAS (s FELR AT ool Ty 2SOl
FUHOl £8EE 019 0L ZHo|Th E8H B4 71 ZHE 100mm 0|22, S0 Ao MBS JIECR oXte] 45 Fe

2 A= 2016 SHAC St L wH| sfielmtzd AFH|2| X o) ogh A
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