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Evaluation of Structural Performance of Multi—tiered Roof Korean Traditional
Timber Building Daeungbojeon Hall of Magoksa Temple Under Vertical Load

Yeong-Min Kim' t

'Professor, College of Architecture, Myongji University, Yongin, 17058, Korea

Abstract

This paper assesses the structural performance of the Daeungbojeon Hall of Magoksa in Gongju, a representative multi-tiered roof
traditional timber structure from the Joseon Dynasty, under vertical loads. Employing midas Gen, a structural analysis software, we developed
a three-dimensional analysis model closely resembling the actual structure. Static analysis was employed to evaluate the safety and
serviceability of the main vertical and horizontal members under vertical loads. While all members met the safety and serviceability criteria,
structural weaknesses were identified in the Daelyang of the lower floor, particularly as a transitional beam, necessitating improvement. For
the evaluation of dynamic behavior characteristics, eigenvalue analysis was conducted, assuming a relative rotational stiffness of 5% at the
main joints. The natural period was determined to be 1.105 seconds, placing it within the category of a Hanok of similar size. The first mode
manifested as a translational movement in the forward and backward direction of the building.

Keywords : Magoksa Daeungbojeon, structural analysis, performance evaluation, eigenvalue analysis
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Fig. 2 Deterioration and deformation of Daeungbojeon
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(a) Structural analysis model of whole structure
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(b) Worm s eye view of upper ﬂoor roof

(e) Y-directional section

(d) X-directional section

Fig.5 Structural analysis model of Daeungbojeon
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Table 1 Vertical roof load of Daeungbojeon
Floor Roof load per unit | Trajectory area | Total roof load
area (kN/m?) (m?) (kN)
Upper fl. 8.515 167.77 1,428.56
Lower fl. 8.378 225.78 1,891.58
Table 2 Material properties of wood (MPa)
Species | Grade Fy F; F. F, E
Pine 2 6.0 3.5 45 1.1 9,000
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(c) Bending moment (kN -m)
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Fig. 8 Bending moment of main members (kN-m)

Table 4 Flexural stress of main horizontal members

<j ! s Section | Max. II]/I;( zﬁil\in Flex.
. oo Member (BxD) | moment ' " | stress
‘ B (mm) | (kNm) | 57655 | SUESS g

(MPa) | (MPa)

i [ R
Pyeongbang (up. fl.) |570x210| 7.183 | 1.715 | 5.400 | 0.318
B e Changbang (up. fl.) [240x330| 7.287 | 1.673 | 5.331 | 0.314
e Pyeongbang (low. fl.) | 570x210| 3.844 | 0.918 | 5.400 | 0.170
Changbang (low. fl.) |240x330| 5.694 | 1.307 | 5.332 | 0.245
e Daelyang (up. fl.) | 590x530 | 28.332 | 1.026 | 5.400 | 0.190
Max. axial stress : 1.081MPa “reeomEcior
Daelyang (low. fl.) | 440x360 | 15.740 | 1.656 | 5.400 | 0.307
Fig. 7 Axial stress of columns (MPa)
Table 5 Shear stress of main horizontal members
Table 3 Axial stress evaluation of columns

. Max. | Max. |Design
; : Design Section shear | shear | allow. Shear
Section | Max- axial | Max.axtal | o opie A yial stress Member BD) | ooce | stress | stress | STESS
Member (mm) force SUESS | axial stress | ratio (mm) ratio

(kN) (MPa) (Mpa) (kN) (MPa) (1\/[Pa)
Pyeongbang (up. fl.) | 570x210| 6.748 | 0.085 | 0.990 | 0.085
Type A | D520 | 13534 | 0637 | 4004 | 0.159 Changbang (up. fl) | 240x330| 6.514 | 0.123 | 0.990 | 0.125
TypeB | D520 | 170.74 0.804 4.004 0201 Pyeongbang (low. fl.) | 570x210| 5.641 | 0.071 | 0.990 | 0.071
TypeC | D520 | 186.68 0.879 3.642 0.241 Changbang (low. fl.) [240x330| 6.402 | 0.121 | 0.990 | 0.122
Type D | D520 229.49 1.081 3.642 0.297 Daelyang (up. fl.) 590x530 | 72.293 | 0.347 | 0.990 | 0.350
Type E | D440 13.97 0.092 3.984 0.023 Daelyang (low. fl.) | 440x360| 10.696 | 0.101 | 0.990 | 0.102
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(d) Y-directional center frame

Fig. 9 Overall deflected shape under long-term vertical load (mm)
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vertical load (mm)

Table 6 Structural evaluation of long-term deflections

Analyzed | Allowable .

Member L(i?ng:)h deﬂeZtion deflection Deil;ic(t)lon

(mm) (mm)

Pyeongbang (up. fl.) 2,480 0.74 10.33 0.071
Changbang (up. fl.) 2,480 0.74 10.33 0.071
Pyeongbang (low. fl.) 3,130 1.36 13.04 0.104
Changbang (low. f1.) 3,130 1.36 13.04 0.104
Daelyang (up. fl.) 5,600 2.40 23.33 0.103
Daelyang (low. fl.) 5,600 6.21 23.33 0.266
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Table 7 Mass of Daeungbojeon for eigenvalue analysis

Mass (kN sec’/m)
Floor
Roof load mass Frame mass Total mass
Upper floor 145.68 33.89 179.57
Lower floor 192.90 68.02 260.92
Summation 338.58 101.91 440.49

® Joints where relative rotational stiffness were applied

Fig. 11 Joints of rotational stiffness were applied
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(c) 3rd mode : Translation in X direction (DX)

Fig. 12 Main vibration mode shapes

Table 8 Dynamic characteristics from eigenvalue analysis

Natural Natural Modal participation factors
Mode frequency period (%)
(Hz) (sec) X Y RZ
Ist 0.905 1.105 0.00 94.62 0.00
2nd 1.108 0.902 0.00 0.00 93.92
3rd 1.227 0.815 90.40 0.00 0.00
o} 2 4= 9lo] A4lo] P asteha Apm e,
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