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An Analysis on the Relationship of Architectural Features and
Composition Elements for Structure Planning in School Gymnasium
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Abstract

School gymnasium is a multi-purpose large space building for various events and physical education activities, and is a facility

that requires an approach to the desirable structural design, besides mechanical problems of structure against loads. For the

integrated structure design concerning the architectural features, the major considerations of gymnasium planning that are the

internal and external shape of the gymnasium, the space scale with structure members, the structural efficiency by members

weight reduction and openness of the gymnasium space will have to take into account in the structural planning. From this point

of view, the several cases of the school gymnasium were investigated and the parametric analyses were performed to the models

using the various structural system. The parameters were the composition elements of structure system that are profile of

structure, rigidity of member, connection and anchorage and stability. At the result, It was presented that the profile of structure

member was the most influential factor to structural efficiency and the effect of the form and space of gymnasium. Also the

design informations of structure design having the various feature of form and space were presented for the initial gymnasium

planning.
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Table 1. Standard Size of Sports Court
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Figure 1. Required Gymnasium Plan Scale(Free zone 2m, each)
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Table 2. Minimum Gymnasium Plan Scale and Available Courts
width | length | height
(m) (m) (m)
15~17 | 25~27 | 7~12
HIEEIN Small
1 Badminton court
1 Volleyball court
width | length | height
: (m) (m) (m)
\ 1 19~21 | 32~34 | 7~12
D K21 (D Middle
i [ 3 Badminton court
i 1 Volleyball court
1 Basketball court
width | length | height
(m) (m) (m)
25~27 | 32~34 | 7~12
] M F Large
P> N N 3 Badminton court
2 Volleyball court
1 Basketball court
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Figure 2. Composition in Horizontal Structure System of Gymnasium

EEEMERES

7] A28 A5% TA AR 201993 99 27



3) wAle) Al FUGe AEs a7 ol 3o 94, wuye 3
BeuE TEAAYN FEYAS A3 425 8 474, 9o Faael) AuE 34 Fol B5des 3
=oAL, 7EAA Qo) g QAL aTAgeIE  HE Hol kol TxAAYe PG BAAA 5
stk Se AGNI 2ol GFABS wEolek & 4 prA AW L AREAE $A Lelsclol & ol
T, AT 7HEA st FAlY] T3S Fole Ao
A4 o nPA PRI A5 o TR 3, StHAKBC FZA|AH JMOAr BM
o} s AY] FRAAE FYHor T Qa, FE AlErE
AR SHTRAA 7 AAERE 7|hE & gtk
o] AHo] ot FAl= ey g MEAdE & 2 oAM= uAEd AHES WFeE F2A gl
442 95 WA & A 090 e AnuaA g s et 4
44 e e BE|L TEAY FHRASY %
4) 3 2 AEEH Fale BAste] aE Qe A 874, 5 I
FEPAY AR wFHE TRIMIA B2 AL L A DG WAE F2 Auad g
4 EE AREHE FEs It AsH 2| tF WA FA 8t FRAY 8L E 7S AT
o] o]gate & wE I AFAY Wi dAe] A 3k wpe} o] FAI~EO IHH(profile), T-&
AHFE Ak Agel FaE L, 31k gEol A FAle] A (rigidity), FASl A A (anchorage), <
Table 3. Examples of School Gymnasium
. Height
Struct Diagram Structure | Span R?)tflo (member Profile Material/ | Anchorage/ Plan
ructure Dia; S ) -
No. Name (Boldtype : Korean Example) System (m) | Rise de;)él;/gf)tal Shape Rigidity | Connection Stability ?artriiniferziednet)
(/1) ()
Hangdong = Flexure - . . Self . 2way
1 | Elementary (H-shaeped | 17 | 0 s&’% H‘”;;(;“tal ‘;Ee?g Anchorage/ Conf:;’c(ﬁm (Ix/ly=3.4/17
School Beam) € Fix =0.2)
Steel
Hayakawa ' ‘ Flexure 6,000 Mountain (Strut) Column 1lway
2 | Elementary + 18 | 014 | (350/ Sh‘; Z /Timber | Anchorage/ |  Strut (Ixy=3/18
School I Compression 5,000) e (beam) Hinge =0.17)
Rigid
Machinikiku 11,500 . . Self .
3 | Elementary Truss 22 0 (1,400~ Hm;;(;ntal Tll%r?bi(cjr/ Anchorage/ ]il/lacif;? 2way
School 6,500/0) e Hinge
Kyungdong 1 Keel 8,000 Motmntain Steel/ Self Fix 1lway
4 High Truss 20 | 0.06 450/ <haned i%i d Anchorage/ Connection (Ix/1y=4/20
School 1,500) pe & Fix =02)
Osioe 7,000 . Self . lway
5| Midde Truss oozl 02 | @50/ arc Tgbizr/ Anchorage/ ?ﬁiﬁ‘)ﬁ (Ix/ly=5.45/22.
School 1,300) e Hinge 7=0.24)
Jayang N, . 8000 Self . lway
6 | High SU;}DC“S”“ 2% | 006 | 200/ arc ;ticcig Anchorage/ %iﬁfgcarl (x/ly=4/25
School russ 0~2600) & Fix =0.16)
9,000
Tajimisi b . . Self . 1lway
7| Midde Truss | og | ggg | (3007 | Mountain |- Steel )\ ges | Diaonal | g neoamg
. 1,700~ shaped Rigid . Member B
School 900) Hinge =0.11)
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Table 3. Examples of School Gymnasium (continued)

. Height
Ratio (member Plan
No. Name StrucFure Diagram St‘ructure Span c‘>f depth/total Firoflle Mgt«:sr?al/ Anchorage/ Stability | Arrangement
(Boldtype : Korean Example) System (m) | Rise Shape Rigidity | Connection . .
depth) (ratio of side)
(/1)
(mm)
Sukagawasi 7,000 . Self . 1lway
8 | Midde Truss | o9 | 018 | @50/ arc Tllg‘tzzr/ Anchorage/ iﬁﬁi (Ix/ly=5.15/29
School 2,200~0) € Hinge -0.18)
Uizura . . Self . Radial
9 | Elementary Flexure 30 | 015 (085)82()) ]Vi(;:;nt:zn ’I‘;{rinbizr/ Anchorage/ Iﬂ:ﬁ;ﬁ (Ix/1ly=4.8/30
School e & 3 Hinge =0.16)
Osihara Flexure 7,600 Timber/ Balance Diagonal lway
10 | Elementary ¥ 30 | o1 | oo/ arc Riwd | Anchorage/ | S| (1x/y=3/30
School Compression 2,500) € Hinge =0.1)
Timber
Ogata 7,800 . . Self . 1lway
11| Midde Truss | 30 | 0.16 | (450/ Ni‘}’]‘;“ti;“ Stﬁfﬁfm Anchorage/ ?ﬁﬁf (1x/ly=45/30
School 2,000) ped e Hinge =0.15)
rigid
Seoul Self 2way
Physical 6,500 Horizontal | Steel/ p Diagonal -
21" High Truss 13010 (2,000) line Rigid | Anehorage/ |y her | (VV=8/30
Hinge =0.2)
School
Seiryo 7,700 .
. ) Horizontal Self . lway
13| Gakuin Trss | 2| o | S line Steel/ | A nchorage/ | 2220Mal | (115730
High 8,200~ (arc) Rigid Hin Member 20.14)
School 1,200 are ee :
Hirosima >§@V ﬁ@% 7,500 . <
. Horizontal . Self . lway
14 | Motomachi Truss 2| o0 1,000/ line Steel/ |\ horage/ | D2gomal |y o 6/an
High 6,500~ (arc) Rigid Hinge Member 201D)
School 1500) e '
Iwadeyama Beam 8,000 . . Self . 1lway
15|  Midde String | 36 | 0 (600/ Ho?ifloe“tal ;tje?g Anchorage/ i)&ii’tfrl (Ix/ly=3.6/36
School Structure 2,500) & Hinge =0.1)
Toryo Beam 9,000 Mountain Timber/ Self Diagonal 1way
16 High String 35 | 027 (300/ <haned Rigid+Non | Anchorage/ Mergnber (Ix/1ly=3.0/35
School Structure 3,000) e Rigid Hinge =0.085)
3/ gh k2 (stability) 2 21 FA18F9] AL ApolE AAE 5= A s
A T P QRN TAY ERAEA e S Fe) SaAsw ARE ol wEsel oA 2A,
AS5H A F A ddd 8E HodE F v A B2 A9 17~20m BES] 23S Ho|H Table 39 1
5 Adste] AEstrt. a8 AR FRAIZES W] dAE gifE A4¥e HIAoE AR U9
tolojafiow st i, 47 23 20mel Eol  th 1 Hup & 23] e FERUA] AEES 4

mel A R ASH FNAVE 9w #lste]l o SuAlsd At v 2E 5 SISl=E, Table 2

A A132& 201949 9€ 29

FmuFAE T =y A2 A5

M(
of



P
o 1L|7
§ =
g 2T s
= — ) mw o=
— o om,Aw\ﬂ/ =
. - Z].l.»?._ x 0
® a@am IE%%
T —
LIS M?%Mm z.mﬂzlﬂ. S
:.LM .mﬂﬁoﬁp E._JMELM _Mﬁonbuﬂ
o] © oo - of A T o A T —
o mec;n — 4_1@,_6 5%@@ < =
E?EHEHOMFJW R Mﬂl_l:i n_rm7‘tmo mZ:‘UF.
Vm#_m;lﬁoXN ﬂmodl;oo Buﬁ‘_oﬂH ]dﬂ]mﬂ]
ﬂﬂﬂAﬁ Eﬁh ﬂﬂ}rL = R ﬂﬂ@ﬁumje
P e L E T o s 7 5 = > mo= N o T E
H_ﬂWWﬁ\kmm A },W_é mmﬁou,w. o Axﬁﬁfmﬂgau,? .
©E o T pET = Troz ﬂuw_zva.q.@uy ¥ o
T = muauabl.o J % T 5 z = L) 5 Ew ol I i
7E QL O.._ 7E113:_WH Jlmw;o ﬁa L.T :i — 8° 1:\_ " ‘Eg 0.._0 1Zrﬂ1_|1_ﬁ|,A <L
1_IJ|O_1_ .A,.u_,,Al EL]_Xﬂ m‘._o_ Eel\ul%qm\_%ﬂmliwﬁo_/ bll
dﬂAAo‘zd,ﬂ Ni Eﬂwﬂo ZN_.mﬂn_cmﬂ/uq ~ U ) Eem_/u}é &
ﬂl‘.ﬂ‘m‘\_,.w;ﬂﬂirull _J.MH\UIO‘.._MM_I BPOQH‘@OMM@HI ,% 105 WL‘H_OI o
o .Jlla_.ﬂugﬁ ﬂu]meuom%dr.buéaT ﬁUrizaT ﬂauoriwwi ,Eoﬂ
wmvﬂ_ N ox 1wﬂ;;_wa:ﬂzz%;alﬂmwxﬂ T B
R T or + BT « 2 L S ) N 5 T = o o SISy A e X i 5 X
J.ﬂﬂ]] o (g = " 4 N _ELL:R < 7 g XS
7.A]_l.1_._A|O J ._L.LOLIrL ]XOJIM L UH.UO ﬂAﬁﬁ#o 60? wWI]
< %wﬂ% %Aﬂmusm@wLioEwLHz@ou.?meaﬂgﬂo 7
o w0 ma I ﬂw = I _w = ma o] B T i 3 @ = mw o %o =
. wo o gq%%mﬂ%%ﬁﬂﬁﬁ%%%wg w b g
T )] ﬁugﬁ,aa ﬂxa obmo@:ﬁ]c ooﬂmﬂdu o]LT
o - T a =5 I & T N SN T w - 7 o) = o
=) = o ~+ ,ﬂXﬁﬂﬁ; nr_o#E_ou .AT7 X n =N
To .ooﬁ_lz Lrgaﬂﬂroﬂdawrﬂao# = ﬂmﬂauﬂu:nw éwv
- Judkoﬂ,% NﬂmﬂiwﬂCOM%wmmmnﬂﬁumﬂQﬂjﬂuoqhz w2
" o I B TN e i = 3 ) A F B T
- ﬂm%mw aﬂ@s ﬂw%m%wmxﬁwwmmﬂmx Tz
]J.]O ]H,'; ‘.JIQ_ _—
o ﬁw_.mgﬁ% mww? T % 7Twﬁgwonwﬂmﬂ§§% 1%
) et A .
ﬂn_L ;;ﬂﬁrw o ﬂm_m Vﬁme] corfﬁﬁarqorumaﬁ% O E
< o E £l o o %,ml& X Do w3 = RS
- %m,ﬂrﬁ(ov w%wmﬂjvﬂ@ﬂﬂda ﬂﬁ_g%%ngm
] ' 1o y =
ml_ ﬂ@ﬁﬂ%ﬂL%ﬂlo‘moE@lnoﬂodﬂﬂldutﬂ%ﬁﬂoi EEMMMOEEMUHQ
JH ﬂL]ﬂLﬂﬁEoﬂalllmﬂMHlMQbaTﬂnwoW JI :.L leﬁ‘_ﬂﬂﬂmuamh
= u‘;ol._ .]Aznﬂﬂmi oo o_i)o% E_.LmEnv
< ooeg1ruo@302aﬂhvmha = m:.ﬂﬂwo_a ao¥,L N o
o zk7éaurom*mﬁo6fA( Amqff By L o :
s @hﬂ%s agiﬁilia%m# ﬂgwﬁ%ﬂ Y3 s -
1r,Ur. oaooAlﬂE],_,UF‘muATEﬁﬁauyjl J#OMﬂﬂLmﬁMMUFuEE NF&OOHMW
55 = ]]o&% 1AT ychmnﬂﬂa«é = - "
- o= = X — aw _ X oy 5 O Thala
Aﬁo HTOﬂﬂHTﬁndﬂo,WﬂMEo%‘lﬂwLﬂlhﬂlZQH.LGIXLATﬂoﬂM%M w_ﬂﬂorl
™ M o =0 T T P £ pw MR ew g =
= o V,moﬂmtAEﬁOOEEOLbibzlﬁ utmnmu]oaaﬁhhu;%alﬂf
T oy - M xE 5 R oF & H 8 e o B Bo 2 ™ B % s o L 0% X .
3¢o#&row.ur.zﬂarﬁToimm5Ar;ﬂm%m%w
\mﬂﬂﬂLLAj\MﬂO‘LLFZI_,ml]rOUAIiAOOOHOOU:W‘W;L L.ETOOME‘L
m%mlgﬁo¥q{§wﬁgaq%%iwgm.ﬂ@@4
oTR I} =
7BWV%mm;g%%57M%%gmm%u%o%@
ALOZOOOLUtWﬂLMﬂEOEO e u&OU]ﬂMAAzLHT
Jl‘;o ,mE_OME_SLHhNH ﬁlﬁodﬂ <o O#UWUT.E
O = = 5 = H.E,ﬂ,ﬂ e_a.w,ﬁ
aﬁ%ggaﬁﬁafm Liebfmwﬂvcraqwjmoﬁlr]
L& o H B A P 7w M = = do BT o 3
TR ﬂw];o]} ]a ol 1£.L
o] oaﬂlﬂ7_,TJ|,J7|a Llﬂw
zamjg% = N @hﬂ =)
5 = Ry M o Sl 0N w
Hexwwloﬁosi ﬁ],Lw/r_Le
551@1@43044@%%%
Ho JM Lcﬂol
zo_zéi o B
: wm%aﬁm
%@@Mﬂia
:A__Q.Moﬁeb,._
N 3o
:‘__,,m_o,m
=
-

SERE

=

=

2
. 25(6), pp.1
11~

24

B8 )

o Wl 3

2
)=

3.4
Qb Al

2018.

o
W wHE o
o]o) 1

S

J

A
[¢)

<o) &
1
ZHAR]
o] 9 =
et
A 131‘4_ o
G5 <

3] e

LT'D:;S ;
11267
=)

ApE =

A 21323

<
2019%
il

4
?

3
2 A 5o 74

30 3
R



S AP A YoM AFa I FFS
A= 74 ofoltelrt aqE T
Table 39| 2, 5, 10, 11, 13, 14, 159 F¢] Al &A=
71 FARAE AARFsL AT AAEAE A
gHatal, gAld R § ZHE
Ao AZEA A 7
AR 2~3m)ell A FaEolE U

Ae 7H 287t gloh T2A
zHoRY AFHoRY T2

Aol A 2 o] F01]

ki
%
rl

4. Q20| Mt mME StwHFA T
A& Iksd

19 2k

fu e « rlo
oo & N 2 St Ho

>

LR ET

= 4
=
0mE shaAlGae] 7|29 PR
d z

W
[S=="
R
to

o P
¢
>
1o,
[a=t
i
T
oX

fo i oE R

o b v
moE 2
tot,
o,
N
o3l
N
r
_Ei r
rO
=l

__>|“(_'4,
X

Table 4. Variation Type of Composition Elements and Structure System

Cogll:;zlrtllton Variation Type
Flexure, Tension+Compression,
Structure Flexure+Compression, Flexure+Tension,
System Flexure+Compression+Tension
Structure System
Profile Arc, line(Horizontal, Mountain shaped)
Material Rigidity Rigid, Non Rigid
Anchorage/ Self Anchorage, Additional member /
Connection Fix, Hinge
Stability Self Stability, Additional member, Connection
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Table 5. Structure Planning Informations for Gymnasium (Results of Analysis and Member Design)
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Figure 4. The Distribution of member depth,
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Figure 5. Examples of using Non Rigid Tension Member

(a) Web Rod of Truss in San
Francisco Airport
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