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A Suggestion for Improving Korean Standards of
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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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1. Introduction

o] AFEIYE S0 B2 AlZtE 2HCE BRNoR RSB 1EHE2 A7t
wo|M ELfE HOZ LIEFSCHHankookilbo, 2015). 2|1 1 A|ZH & 742
I QUCH gLt oxtet MAto| 37|17 SHME0|A SEX| gfof ofof CHet 2Tt Xt

o Y& OfXI0|| CHeE ZALOME O[Rf0| CHEt SEHE sAE 012 EUCH "EHEHuncomfortable) 0|4 7|FQE & M, &g
SuZ ZetUsE 2HE0 e A= EUCHFigure 1) (Park et al, 2009). E3H Z2 AN SHEE9] 60% 040 |Xt AFE Al,
82, § 2 40| B0 E5 =2 £HS 5481 U= HOZ LIEMGCE O|ME MA S 7HE 23t 2FDME|A
UG QK| K|=2t HX| Y= Xt A2 F{2|e] &F, [l I 3t X5t & e 1Z &2 ZHE of7] Al = U1 Ol
o5 5o Brloz AZEICE d2{7|of sHMg Qxtol RS AMZZXE nefsh HESHH dAlste A2 I S3iCt
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Figure 1. Discomfort ratio of students for their chairs (Park et al., 2009)
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and tables for educational institutions-Functional size(7t-7--2H4-& &4 h_f OXto| K|g= F2)7F MHEIACHISO, 1979). L2 0| &
Ot= 0] st MAt oRte| FZ(IS S 1021)2 HAUISC 2011), R2|LtEtE 1981 BZAE JIS 742 AE HIAs] Hxfol o
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240
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metM 3t shdE9| ANSZFA E42 I A 740 o X == QAT o[2{3 X M-E0] 1SO 5970 EE2| MEOAME EF0| Cf
ot M8 b0 M0 W30 HA ABSEE H15t QUCKISO, 1979). O[0] B, 5 52 IS0 HEO| EN 742 THEO A
8311 7| = SICHBSI, 2011).
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=W, KS 7oA EHs 2+ 54 # 7|F A& 0|0 CHSSts EHMH=0|, ZHZAO|, ZHHIHH| SO| vl THA 7} o= sHEEA
A QX| ot QUot o= sHMEO MA CHH| SHMIQ) HIZO0| AX|7|& oL}, d2iE oMy 8 SMos £ 0X|1 UCt = EHH
LHH|Qt B3 e Q2 AHO|H|, XHZ0|9 3 Qs U2AHO|QFSHZUO|E o8 X7 = 19810 Hlsh 012 7H
Z 82 2t ot

A, 1SO ﬁlﬁoil orE= HHMO| KS 42 Mol ME ZH X0 150mmE H7F% 770 =01,

=S 2.... L S
D QUoE T2, o X S AMAFME 0 1, 220 TisiME 271 §lo] dikstn AR 2 ot 1
2 7Hel 2 HAZE A= 2 4719 240 A2 Ayt

W, O|=2| AFR-E o|Xt EZEQI BIFMA G2, Ergonomic guidelines (BIFMA, 2002)& 2|At x| Q0= K|+ ZHo| 2t QlZ-SsHY &
=2 6.:.”71| HMA[StD e HHH, 1SOQt O|F WHEE JIS, KSOl& X|4= 270l 23t A2|7h ME MA|Z[0] UX| gkot, X|£=7t oA &
1 ol kS ISOE A HAE o Ak ofd X, Y& JISE HYsts IPH0| 2YE AD, HH|(width)2t
O|(depth) % g ‘f'JEHE s =52 Xafstn UA7|= SHCHKSA, 2016).

ojg EMFE0| LIt U, 3 .
o 1 MAES et AFE St HHES 7| AIZHCE Jeong and Park (1986)2 12488 =&
S HAE 1171 =2 MAZ Bk, ofxte| ZHE0|, ZHHZI0|, ZHHUH|0f Cisl AXZFX|E Bt
TRIQIMZHEAL Z0E HHY St ATEL URACE 1992H0| JCIRIKZYERAL Z0E HIEFS A
Hotshe ATL7F UATHKIM et al, 1994). O|F 1997H2| FRUQIHZHZAL Z0t0] 7|85 Lee and Lee (2000)2

al. (2009)2| ST 2004H9| QIHZFX|0| 7|8 F1 == KA QL X0 WA 52 HQHSHUCE gLt FRIIKFH ’W anE
HJ%&M} Ste 3ROl Alme A PHQ Bt IH BES WEX] %7 Tl X SO B 2o o XX ZIUCE.

1M E REILIELE F7F XHE2| AHFZZAL ALHOl AL HAM
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£ 7|1EC2 ¢ T4 MALt Ko ENES X[&sta, sHYE9| oXtof Tt oK 28 X|Cish H0|H, MMM 2ot=d &
Ae = HA g ot ofof M2 BFE X|=E ARt $ot

2. Method

2.1 Current size system and chair dimensions

Al KS BEEOM QX 742 150mm 2| MEAL HFE 7|F2E BF 7/ 25 MAE 74|21 ATk JE2|1 KS BEFE0M=
2t 4 @ oxfel 117 K40 Tfo) 32 Bk UL 117) K F 7 K4 H 2700f ¥YS @i Ho2 w40 w2 1
240 Ch2A 280 ULk & AFoME M oAt 77 K== & ARt @AQ 7H 71=20| &=l= ZHHEO0|, ZHEZO|, ZBLH| S 371
K|z=0f Tt 7474 ots MAISHARE YCL S KS #A2| =4 & X|5== CHS Table 13F ZCh T 029| 2JAf= =0T FFE[O]
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 ZH A0 TS = EE X7t MAIZ/0] AR L

i

2.2 Anthropometric data

KS #329| oAt X|+E ZATSts L2 At it 24 2o 24 0|F0{& Z0|C}. 0|F 2siMe M 2INSH HolH

HZO0| QFECL 2 AT Ar%% QIHEE HIOlHE 20101 I RUQAMSZERAL ALHOM LT 2F0HM 8011HS| HELER

Ef 2O{RCHKATS, 2010). Z2F5 1 AZCHOf SHHSt= 7~18M AtO| B2 SO AT EH HE == Table 22 2L} 712 £|22 =01 ¢

HIZEZANKATS, 2016)= 2015 L01| ARLLt O|lf= 16M Of&Tts CiM2= 2H7(0] 2010 HO|EHE O|&RHCHKATS, 2010). 80113
9 g

o AMEY HOH & 2 Aol oAt BE AP0l AHLH|, ZBZO0[QF 22, XS
2% 30[H| 52| HO|HE 0| &3IRALt.

[=yeNe]
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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 Ql1Zt o 2 FE1 Q. g M '9Xt RHEO0E= QK9
UL F=0|E 7|FoZ Mot 22 Z0| CHEX Q! OOt KS FZ0& Olz{s MA| X0 HAIZ|IH UX| LoLt, O]9 A
28 oxtof| A3t BES K| BEEL Z K= E QA7Zt3sA 47 /XS HAISID QJACHBIFMA, 2002). 0|0 & AFOIMEZ BIFMA E
Zo| dA YA S F2 Fag| A X5 AU

MZ/0|(SD; Seat Depthy= H¥228=0|(PH;

£ MAlst 1, ZHH|(SW: Seat Width)

22 HO|LHH|(HB; Hip Breadth) 95% 7|& X|AXIE KAt 9;'\ & 01—7101|)\-|5 ol2{et AEE mat 2 ot = X|*" Ct
22 Ao mat X|+=E 7ot T, MK E Qs = 7t 2t40] sttt S2tH0] E = YU=E ZHSIULL 047|*1 =9l
A 3 = <]

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

BIFMA EXS H|Rd| CHEE9 QI7taety d7 Y%L ﬂ I(SH Seat Height)2t Zt
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EBLE 0= X2YFOIHB[0 6 RAIE F7|= S, ndo| HYS 12 x| 810] 95% t2YYo|HH|2S A5tRlLt =
I.

AN ALETH 2t o & QRtO| A2 Chg A (1), ), @) 20| ZFRCL

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

2.4 Verification

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

2t 2= 8 X0 Ciet ASE sl 24 27t MAlSs 718 7IER_E of T oM 2 X7t =88 £ U HIE =8 He
(accommodatlon range)2t 7HESIAUCE 0|2 S0 S8l kS EFO| oA} 45 & 7|7f 1,500mmol SHMS J|Fo 2 st Qla, oIt
320t 528 nEfe mf ME 1425~1,575mm SIS CHACE ot IOt 0] HEO| &3 SHMEQ H22F3 =08 7ot & Y
KS 0 MAISHe ZHHE0[Qt HlWe} =& 7ts3t HlES 7oL Figure 20] O[2{ot =8 L& A4St S ARCE Lk
Lho1Ct,
A dation Rati v g
ccommodation Ratio = ————— x100(%)
seat
. accommodated
4 height .
\ population
unaccommodated d
1 population unaccommodated
population
N1 : : N3
| T T ; | T T T : I 1

200 300 310 320 330 340 350 360 370 380 390 400

Popliteal Height

Figure 2. Example of accommodation ratio

A 207t 225020 RO} StHEt: XU ROX|A & 583t F& Ato| Z40| S7H5tEHX| £& 2= 20| X|Lt
XA S7totHM 2Het0| 2 - QUCH £ FHLO0|E X2YIa+BA2 L0 W X T XLXA FA =T X0
st XIX| BH0] 2050 FE0|9| HO| YUY A= ZH 7 BYetct. B = H2YGO|LHHEDt 3B Z[ZHX|2 X|
LEX|A 28, B0 YYo| Yol == 52 U= 8% 20/2 WY += AUCH £ nio| 37|01z o] A0 ZHEHHHIE H
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orglo] 37 & 4& girt.

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

—
[¢))
=
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O] 452 CHAl 0|83 M| RRIE 7IE2=2 FEI5HH, 2 QA X|5=0f| Tt =& #9(Qf SIotX|Qt HBHAIE Abre +7F UCh(Table
3). StetX|ef GotA| ALO[Of fIX[St= SHE2 MAlE =42 BEQIAY| & #8510 ATk & 4 AU

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 SWwy1.3
Seat Width (SW) Hip Breadth (HB)
Upper limit SWy1.1
3. Results and Discussions
3.1 Accommodation ratio of current KS
3 ks FZHO| HoktD Yt M 7IEO| T4 HR IR} AREO| FHYO| HBH|0) i) YN Yol $8EF JFo= %
K9] =85 AUSHEUACHTable 4, 5 6). FHHLZ ZHEO[0f CHSHA = 45.0%, ZHUH|= 57.6%2 iAol B Y=o =8
Stz H2 8L E LIEIRCL IO = 53] 148%2 Of? R2 =8 LtEtHCh
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 K|
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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 | upperime| 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
— Accommodation
see | satwe | gl SR MR lowermie | Lmt | opperime| @ | 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 | owerhmit | 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

Mot Zot AHH=0|, AHZAO0|, HH] 250 Ois 8= O H/UAD oz EXTO| EgRtCt M
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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

T Cstol?
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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 WHOZ 8-S A EUCHTable 10, 11, 12). 1 &
It ZH=0|= 45.0%0A 90.5%, EHZAO|= 14.8%0IA 91.8%, EHHLH| 57.6%0M 652%=2 +=&=7t A M= A= LIEFRIC

80112l X AMZZAOf Chol, & kS FAD MetE #74 7te] HUE 23 =42 X2 +8%

i

242t 2goz Letof

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

Standard Popliteal height Population
— Accommgdation

N I e By g i A W
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 1,600 370 361 417 | 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%

http://jesk.or.kr
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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

see | e | S e e owerbme | dmt | ppertme 9| ™
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 | ppertme 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 D82 ool M oid KS 0] H[sH = AN HMASH 24 HAL X7t M H §

g3ICH 22 ¢ 4 .
4. Conclusion
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0 =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
(@) current seat height (b) new seat height
o -35157 70 V=03 6u-:E.157
0.886 R*% 0.8!
600 600
Buttock- 5° Buttock- **
Popliteal . Popliteal
Length : Length
400 ! 400
300 300
1 2/ 3| 4|5 |6 1/2/3/4(/5/6|7 8|9
200
mus 975 1,125 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
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Figure 3. Accommodation range of each chair size
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M KS TS 2 MA<RL Aol 2HMES XIHSHL, 20108 O|F0IT 3t=0l AHFZX|E 7|FL2 MY ofRto]| 2ot M2R
TAS MASACE 71E kS FA2 U 7IF 150mm 2HA2] 771 25 7MKL QUL HE Hests =4 HAE HF 7IF 100mm
A2 9 245 AR 3 +8E =0|=F O J2L XEEO0|E Mot B0 HEULH = 24X #F4S 74 HAZ 7
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2 AT 20169 SHAC St L wH| siolmpzd AFH|2| X o) ogh A
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