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ABSTRACT

KEYWORD

Purpose: The Hongseong Children's Forest Experience Center, built as part of the project to build a new AISH2E At =2|A|4

hanok-style empirical social welfare facility, was designed as a public building that combines the modern

HIZEO| LIS MoiSd 2128
NS 2220l P2

interpretation of traditional wood structures and new construction methods based on Shinhanok R&D application SlYEHA

technology. In particular, new interpretations of traditional architecture are being made by applying new

experiments such as spiral plan and Xia-ang structure, which are the only public buildings in Shinhanok. This study =~ New Han-Ok Style Social Welfare Facility
aims to analyze the mechanics delivery method, design, and construction rationality of the helical roof through —An Atypical Spiral-shaped New-Hanok

structural analysis, paying attention to the Xia-ang truss method applied to the Hongseong Children's Forest

Structural Analysis of a New-Hanok
Xia-ang Truss

Experience Center, an empirical construction three-step project of new- Hanok style technology development.
Method: Research on the constituent principles and design background of Xia-ang Truss was preceded, and based A CCEPTANCE INFO

on this, the development principles of Xia-ang Truss designed in the form of truss were reviewed. Structural analysis

Received Sep. 13, 2021

of the entire building and Xia-ang truss were conducted, and epidemiological correlation and safety and usage  Final revision received Oct. 8, 2021
performance evaluation of the stability and moment of the new hanok-type Xia-ang style girder were analyzed. — Accepted Oct. 13, 2021

Result: It is also meaningful in that it can be used as an alternative to the future direction for structural analysis and

various span designs of new hanok-type buildings as a form of Xiaang Truss that can verify structural stability

through the application of Structural glued laminated and developed connectors.
(© 2021. KIEAE all rights reserved.
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St58 715ol Aeote FAolhel. & s RS FHor  YEHLEIEASIZoR Y-S5 BFE oA vleR ¢
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Fe F2HQ V)% AT FEREAR ALHTL Frel FE o} -9 F7belA 7,310m 26 o) 71 A7 T A
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(B yEiE)o] HFEE 7] o] 43 AR o] FA w2} 1o} AL 7ML 50| L~O 3kl g4 43t 274o] FEZIth(Table 1)
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o & wotg}, B3 Hlrh(Table 2.). 3 Z3to] Aol 9 shot 4+
shohe] QAR 715 ket Anke A FAshe g Qe 2] Bl EOlE SRk, ATRE B0 wol7E 410m A W, 17
S — ] Table 1. Span and increase/decrease rate by section
[l " Secton [ A | B | C | D | E | F | G | H
/ f Distance(m)| 3,410 | 3,710 | 4,310 | 4,710 | 5,510 | 6,260 | 6,810 | 7,160
f ) ' Increase/de*c | 300m | 600m | 400m | 800m | 750m | 550m | 350m
L rease rate. 8% 1 (14% 1| 8% 1 [15% 1[12% 1| 8% 1| 5% 1
Section | I J| K| L|M|N|O]|TP
Distance(m)| 7,310 [ 7,160 | 6,960 | 6,560 | 5,810 | 5,210 | 4,310 | 3,410
Increase/de*c 150m| 150m | 200m | 400m | 750m | 600m | 90m | 900m
| NI S — reaserate. [2% 1] 5% | [3% | | 6% | [11% | |10% ||17% || 21% |

Fig. 1. Xia-Ang Structure based on Yingzaofashi”

102 KIEAE Journal, Vol. 21, No. 5, Oct. 2021

*rate of increase or decrease from the end (A,P) of the building
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Table 2. Details of Xia-ang Truss sections
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Fig. 2. 3D model of the developed connectors
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Table 3. Details of the column joint
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o gt

A4 AE @ AAE B9 10S-34B 559 F28 A4
A 41 o1& AFAA 7Hgste] & SAAS(10° MPa) B3t
10,000MPa} 514 ¢-8 11MPa o|AH-S SR E A2 =gt

3/ ojdo] £ AT E L2128 IS T3l ZA 2459

H o=

104 KIEAE Journal, Vol. 21, No. 5, Oct. 2021

Table 4. Specifications and quality standards of wood products —
Structural Glued Laminated Timber

number Permissible stress on the grade 10S—34B (MPa)

of |Bending A of X-X axis|Bending B of X-Y axis| Axial Loads
Layer Fbxxc Exxd Fbyye Eyyf Ftg |Fch| Ei
Fouror) = 9,000 75 8000 | 8 |9.5(8,000
more.
AR =S ol Bep FEet x4 0] 7HssHA Hler, Bl
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Table 5. Structural Analysis of Children's Forest Experience Center in Hongseong — Case of Standard B

3-D MODELING

BENDING MOMENT DIAGRAM

SHEAR FORCE DIAGRAM

AXIAL FORCE DIAGRAM

Stress [Permissibl Stress |Permissib) Stress  |Permissib)
. result of result of result of
component size (mm) generated| e stress | legend the review generated | le stress | legend the review generated | le stress | legend the review
(ke/er) | (kg/er) (kg/cr) | (kg/er) (kg/er) | (kg/om)
column 210 90.04 | 110.00 10.82|0K| 1.87 10.00 0.19|0.K| 893 61.17 0.15|0.K
Xia-ang(Upper component) 120x180 | 115.96 | 110.00 1.05|N.G| 7.28 10.00 0.73|0.K| 19.03 47.01 0.40|O.K
Xia-ang(Lower component) 120x210 | 211.54 | 110.00 | 1.92|N.G| 8.70 10.00 0.87|0.K| 14.90 56.61 0.26|O.K
Purlin 150x210 54.75 110.00 21050 O.K| 224 10.00 022{0K| 4.6l 64.28 0.07|0.K

Wind load displacement review

Earthquake load displacement review

X direction

Y direction

X direction

Y direction

==

T

il

=
MBI~
ATV, i 17 A Gy o

The largest displacement occurs in the
M-P section. (x direction = 1.74mm)

Displacement concentrated in the central
G-J section. (y direction = 2.32mm)

Displacement concentrated in the central
G-J section. (x direction = 3.15mm)

The largest displacement occurs in the
M-P section. (y direction = 2.81mm)

Table 6. Structural Analysis of Children's Forest Experience Center in Hongseong - Case of Standard A.

3-D MODELING

AXIAL FORCE DIAGRAM

BENDING MOMENT DIAGRAM

SHEAR FORCE DIAGRAM

Stress  |Permissib Stress (Permissib Stress | Permissib|
. result of result of result of
component size (mm) generated | le stress | legend the review generated | le stress | legend the review generated | le stress | legend the review
(kg/em) | (kgfcm) (kg/em) | (kg/cr) (kg/em) | (kg/cr)
column 210 54.21 110.00 OK| 111 10.00 0.11|0.K| 991 61.17 -10.16|0.K
Xia-ang(Upper component) 150x210 | 57.15 110.00 OK| 3.55 10.00 036(0.K| 13.43 56.61 0.24(0.K
Xia-ang(Lower component) 200x300 | 93.66 | 110.00 OK| 438 10.00 044|0.K| 771 71.96 0.11{0.K
Purlin 150x210 54.75 | 110.00 OK| 2.24 10.00 1022|0K| 6.66 64.28 0.10|O.K

Wind load displacement review

Earthquake load displacement review

X direction

Y direction

X direction

B 2

TTHITTT T

N

jj‘

[THT ] T

Y direction

The largest displacement occurs in the
M-P section. (x direction = 1.20mm)

Displacement concentrated in the central
G-J section. (y direction =1.69mm)

Displacement concentrated in the central
G-J section. (x direction = 2.47mm)

The largest displacement occurs in the
M-P section. (y direction = 2.25mm)
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Table 7. Review of synthetic stress by case

synthetic stress O
result of the .mp result of the
. size (mm) .
review review

component
size (mm)

synthetic stress

column 2210 0.65 0K column 210 0.96 O.K

X-Upper 150x210| 0.76 O.K | X-Upper 120x180| 1.46 N.G

X-Lower 200x300 0.96 OK |X-Lower 120x210| 2.19 N.G

Purlin 150x210 | 0.60 OK | Purlin 150x210 | 0.57 oK
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Table 8. Reinforcement design plan

i synthetic
¢ 3D Model
componen e size (mm) stress
| column 2210 037 | OK
/1A high column
N 2180 029 | OK
: Xia-ang-Upper
high oxigo | 08 | OK
column Xia-ang-Lower
& 095 | OK

120x210
‘ Purlin 150x210 0.58 | OK

< column @210 | 043 | OK

Xia-ang-Upper
. 120x180 040 | OK
. Xia-ang-Lower
Ho;lzontal 120210 098 | OK
eam
Horizontal
beam 120x210 089 | OK
Purlin 150%x210| 0.51 OK
3 column @210 | 089 | OK
| Xia-ang-Upper
c 120x180 073 | OK
Xia-ang-Lower
Bra?ed 120x210 099 | OK
Design
‘ N Purlin 150x210| 0.53 | OK
Brace
.71 K
‘ 100x100 07 o

(%) 120mn X 180mn £} 5+ (GHE) 120mn X 210mm 24 0.2 4133
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Table 9. Structural analysis of the standard A and application plan

Table 10. Compare the amount of wood

Standard A Standard B
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Table 11. Compare the amount of wood by application Design

application of
Standard B Horizontal
beam

application of
Braced Design

application of
high column

component size 120%210

100x100

2180

column @210 3.15

3.15

3.15

Xia-ang(Upper) | 120x180 0.79

0.79

0.79

Xia-ang(Lower) | 120x210 5.15

5.15

5.15

Purlin 150%210 2.95

2.95

2.95

Reinforcement
component

1.56

0.47

1.95

total 13.60

12.51

13.99
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