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Analysis on “human tower” made of humans as building component.
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Abstract

Castells, human towers traditionally built during festivals or other occasions in Catalonia, Spain, are an
intangible cultural heritage. Castells comprise hundreds of humans who stack themselves atop each other
and reach heights often exceeding 10 m, equivalent to the fourth floor of a normal building, which surprises
people all over the world. The tower consists of a column called tronc, which is supported on a foundation
known as pinya. A child called encheneta climbs up the tower and throws a kiss when he or she reaches
the top. In this paper, we describe the construction mechanism of the human tower in terms of building
components. We conducted interviews and questionnaire surveys with the members and the leader of
the human tower team, "Castellers de Sants" in Barcelona, and analyzed their age, sex, height, and weight
based on their positions in the human tower. We found that their height and weight differed according
to their positions and the man at the base of the column, called “baix,” theoretically supported a load of
approximately 300 kg on his shoulders, but with 8 people around him to help share the load. Therefore, an
eight-floor human tower was built successfully on a single base, pinya.
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‘= column-5th AT
2 column-4th b O
& column-3rd Q@ P
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column-1st w
b ase AO ” (C-ﬁ(tahw%?ju'u:x:x:nxt:») O ‘
100 120 140 160 180 200

Height(cm)
K12 : KL a VoG ES

5.2.4 IRIY Y 3 VRIDEE

TopldEELEE, 126 2 B H Dtop-02i%top-
01k D bBNHIILH %, HEDOT V> v 32— 03
2BRHZE7CD, RIS W ERkD5NT
W3 ZEEHEAT S, top-3205 Z D FdColumn
TIEBD T2 12 EHREIRE S B2 HEAH 5,
ZDEHIZ, NHOETIE EOBIZ EREINE L,
TOBIZERENPRKEVI EBT =T HHICB LT
g X 7z,

top-1st} =
top-2ndr m Z ;nalel
top-3rdt M. emaie
S column-6th /0
‘s column-5thy ABA
4 column-4th I
o column-3rd | G
column-2nd } il
column-1st} ©
baset . mgiiReno ©
0 20 40 60 80 100120140
Weight(kg)

%13 : £ a VR OIRESTR

5.2.5 RI Y avilBREFAREDIFSDE LBEFK
MizthE L B REOBFZR LI bDTH S (K
14), hEL GREOMFRZ L DHEN T 27201c2
nZ oz gl (zb) Lcfihe EEz oo
TR L7, MbhoEMERYyarvygEHILD
R, BEDBWEMREM 2T, K¥va v pHl
(Top, Column, Base), PEHIZE, IcznzFin—

iSi
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EDOHPHIZINE > T BT &6, KP¥a v
T EAICHML 2 B R A3l 2o Twvw b 2
EDHS DI o T, F7z, topllEBWTIE, KE
DIFEDZBNIVRHFRDIIS DS IIRE WV, Z
EZO®E E, BRI SEEIRE L L2
FLINTVEDTHS, ColumnBHEIZHE
DIESDEVRNPNZI DI LT, KEIZIESDE
MRELZ EDBHS D572, ColumnZgM:iz &
E, REEDIIIESD2ENEw, Zhidtry
TRFEAILCBDXA U N—DEDEI ZEOE GEHR L
TED, GEIPEHAIN TS Z EPMERTE 2,
Baseld B & bIcHE, FHEL HITIFSDEIHK
v, E—=x i3, A BEEIL RO 50D Gk
W5 2 EDEKNTHSLEEZEZLND,

3(210)

2195}

1(181)

0(166) |

Height(cm)

-1(152)

top(male)
top(female)
column(male)
column(female)
base(male)

O base(female)

-3(11)-2(30)-1(49) 0(67) 1(86) 2(105)3(123)
Weight(kg)

X142 K a VHlEE EAREOBIR
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6. MEDMMTICEZIRIY Y 3> & BEEFEDBRK
6.1. Myyvayvcein BLIMKE

AN O DOHFLZFER T % Columniz 2w, K
VravEZNEFNANILPLMELE SHOEN
o ANHOEDR YL E2EET S, UTFNIRERAY
> a v 2 EDBLHOEEDTIIE & EERER 2% &
LiboThsd (F££2), 22T, baselzb—=,
columniZz F225® b a v 7 o, topld Lo
DB Z R LT 5, 2fofHm e LT EOKRIZE
HEIENZ ERb2» 5, E%4E%L (NaN) %
W ERY Y a vy L ICHI BRI TH» I N
TED, Topld (F&£H) &M, Column LEIZ%
M, TRIZBETHSZ Z DD 5,

6.2 R¥>¥avcDHE

KR avoPEE (£2) zbiictaryy
DEBDHREL ZDANDBIZ» D 5iEEZRNT 5,
SHOETIE, AHOEEBENICEZ 2720, A
YN—Z B oD EE L, THE» AT

£2 XYY a v I ORIk E

total

male female

position M SD M SD M SD
Dtop_1st 25.3 48 320 0.0 22.0 1.0
@top_2nd 20.5 1.5 NaN NaN 20.5 1.5
@top_3rd 31.7 39 NaN NaN 317 3.9
(@Dcolumn_6th  46.0 3.8 NaN NaN  46.0 3.8
®column_5th  47.3 6.8 NaN NaN 473 6.8
©column_4th ~ 60.0 10.6  75.0 0.0 525 0.5
(Dcolumn 3rd  76.0 5.0  76.0 50 NaN NaN
®column 2nd  81.7 8.0 817 8.0 NaN NaN
©@column_1st 89.3 26.0 89.3 26.0 NaN  NaN
(base 70.7 154 799 113 61.0

BHODANZPI, ‘FEEZW, Pliorr5fEHZ
N &T%, ZZTik—®/IMWEEODLEDT, —
I ESEBORR L SbhTws ey 7 4K,
8Bt (4 de 8) zHlicLThHET 2 "™, k¥, 8
Btotclid b a v 7 ikcolumn_ 012> 505 THERL X
N37:0, 607 —FZRTHNT 2, FED
W, 75 Wild,
W,=25,W,=20,W,=32, W,=47, W,=60, W,=76,
W,=82, We=89 (kg) &7 3,
6.3 R¥YarvcEDBILSIFBHE
HEARWICIE, LOANDKEZ TDOANBKZ 57
O, FROMEIZIN= W +W+Wyt++W, &2 5
23, TopD NESK Z /0N 2 Lo, AM
DEDBLRICE D THET %,
Top : top-LiXtop-212 E BB BB % IZE A
EFT, SALELtop3D S ADBICTES, D
7-oTopD 4 NiF4ARKD v v v 7Bz 5HT %7
D1ATORNEETSE, Lo
N,=0, N,=0, N,= ( W,+ W,) /2=225 (kg)
Column: Top 4 AOAGFHIAARD + 7 v 7 THrid
T2 EDS
Ne= (W, + W+ W,+ W,) /4=27.25 (kg)
N;=N,+W,, Ni=N,+ Wi+---+Wi-1 (i=6)
E 72 W N,=74.25, Ny=134.25, N,=210.25, N=292.25
(kg) £%%, ZOXHIITHRTEDOAN (Ny ) X
Ng=292.25 (kg), 2BtH®¥ 2 2 HN;=210 (kg)
& MG B200kgZ #8 2 A TH 2 XA R IT X 6 7%
W,
6.4 bO>y Ny, YOYR) THEZSE
TEAVIN—
fifokoicrury 7o TFTEON (Nyy, 3
YAR) IFIEFICRERMEZ LA B TIULR S 7%2\0»
4210 X S I AN oETIX, Fu v 7k FEsRE
DAY N=DRR I JFIECHEZ L TWwE 2 L
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Wi1: 25kg ° N1: Okg

Wa2: 20kg .I I. N2: Okg

Ws: 32kg " Ns: 22.5kg
. e

W4 : 47kg H-H N4: 27.25kg

Ws: 60kg ﬂ Ns: 74.25kg
_H_

We: 76kg l Ns: 134.25kg

@
W+: 82kg " H N7:210.25 kg
000000 6000000
Ws: 89kg F' 'll '.l II " l [‘151_2_92-25k9

16 : M T 5 A% DB fk bt & fiE
4de 8 (MhTigtayvy 2K0H%HH)

PEIE»SHE I o7z,
BBy > (Ng=292 kg) AT, SHE»
SEEBE RS (avbo 74001, EADOBD
T (Zavy¥) »6DEF 3 APV A —F LTHE
ZOHELTWS, Wb Ny > oo T I
EANANY P OWiEELZ DT ET, HHEHANDE
HZHS L Twb,

7TEH (T»5 2BH) o ar 2z (N,=210kg)
KBV TE, ER»6 77— vIck hEz, HE
ATEMSTVA—F R« 2 ABHEZ L 5N,
S HICOME Z R O» SRy b BFT - BT, T
T 7N MF-HT, GEFSADY R— Itk
THEIAHIN TS, ZHUIECE~DY K —
FThH D, HNOBEHIZS D, HE O E LR
LTV,
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ZITRINRD4ARD Fa v 204 de SOIC
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6.5.1 kO>Y (\v¥, YOV R) OIMESE
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¥, by R FEON Y SIZhd 5 iE %2 54
TEEOIC3IABNNy P EREHEYR—FL, M
iz, 2BRHDOY IV ZIF5 AT R—FEnTw
52ET, YIVADMEZFH LI, YTV R
D58y AT B EPHEICEIR I L T» 5
PHTHD,

B ofESHIc O THlE LT 5, bo
V7RIS H UG 2B X S, 6 BH
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ool AANLCwE, TEBH, SEHT
WEE—Z Y DAY N=PLZ DL THD TIEDPR
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M 272 0121%, ZOMEZSTHT 225 AF
13,

AF,=N;-N; (=Wj)
ZRODDANDBYR—FTNER, £/, LOERN
PR—F INF=NZERSINTEETSHE, 8
BEH T

AF;=Ny-NyAF; = Ng- N; (=W,)

b, Tk ruryr o 7ERH, SEHIZZ
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WWEZTEHZIZRWI L LR 5,

AF,=W,=76kg, AF,=W,=82kg

6.5. 2 DRI ER— R DEREL

D & 5 Ic—RIVICE—= v DA TIES ARD
Botrary 7 AROBEBORREZ8E LT 5, Bt
BT, HEAMICIE, E—=% (1BH) <m
AT, 7405 (2BH), v~=—Y+x 2 (3EH)
EMEEROY K= V=72 A LT Z E
DS TV 5, HIdhOFHE & FfkIC 9 RO % 1
27-DIER—2A% 28 (E—=x Lt 7417) 10
BOLGAIZIEI3R(E—=%, 74T ==V %
) ZED, ZNZFGERZGHLTWEEHEZS
s (K17), HiffifE DKL TUE, ZnFho
BONZ Y IDAUN=DLZ5DIE—D EDAD
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7. £&B
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flAa % TAANEE D S S I Ui, BRI,
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DANDBRBETH 2B 2 EBHS IR 7, EXHBL,
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7.3 #tt& L TOADBEMEFRDEE

TM & L ChRR 2 R R D AN DS SE T I B
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5.2, %k NSz EET 2 3R 2> T
rrEEZ6NS,
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192 8T, BRI T 2720 DEME LIV XA =
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T2, 29 L7 TREIEEH,) 1CE TS S
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