ISSN 1598—4095 (Print)
ISSN 2287—7401 (Online)
http://dx doi.org/10.9712/KASS. 2014142041

Journal of the Korean Association for Spatial Structures
Vol, 14, No, 2 (5 563), pp.41~50, June, 2014

DIEAR| AEO| EXFA0| U= IX45 B
Structural Performance Evaluation of Stone Pagoda of

Mireuk Temple Site in accordance with Construction Type
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Abstract

The stone pagoda of Mireuk temple site is currently restoring through the repairing process. This stone pagoda has the
various construction types in the inner and outer space. Therefore, the stress concentration and structural behavior need to
be considered through the analysis of various construction patterns. To this end, this study presents the structural modelling
and analysis considering the discrete element analysis technique to solve the discontinuum behavior between the stone
elements. Also, this study performs the structural performance evaluation through the various design variables for the safety
of stone pagoda. Through the analysis results, we can find out the small stress concentration in the several members. But,
because the stresses and displacements are relatively small, we can secure the safety of the whole structure.

Keyuords : Stone Pagoda of Mireuk Temple Site, Construction Type, Sructural Modelling, Structural Performance Evaluation
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a) Infilled stone pattern b) Total structure

(Fig. 1) Construction type

(Table 1) Infilled stone modelling

Support
furrow

Second story infilled stone

—— Out side
Natyral stone
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M2AA Age A SAM, SRR 2 1244 Ay FxA4e Fashed o
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(Table 2) Material properties
Roof stone Sample No. %‘&
' _ Density (g/ ci) 2.65
[ o | Compressive strength (MPa) 198
Tensile strength (MPa) 120
v Elastic modulus (GPa) 334
a) Role of back b) Back support and Poisson’s ratio 0.20
support stone infilled stone Bulk modulus (GPa) 1856
Modulus of rigidity (GPa) 13.92
(Fig. 3) Support stone modelling Viscosity (MPa) 270
Frictional angle ( °) 574
Triaxial compression | Confine stress 7.00
test (MPa) Strength 278




(Table 3) Contact characteristics

Sample No. Bt

Area (ci) 23

Length (cm) 6.70
Roughness (JRC) 48
Compressive strength (JCS) (MPa) 56.0
Viscosity (MPa) 0.03
Frictional angle ( °) 283
Vertical stiffness (&) (GPa) 496
Shear stiffness (%) (GPa) 591
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b) Stress results
(Fig. b) Stress results of foundation stones

(Table 4) Maximum and minimum stresses

Division Foundation | Partly store All store
stone size change size change

Maximum|  (No.3) (No.3) (No.6)

stress | 0261 MPa | 0274 MPa 0236 MPa
Minimum|  (No.10) (No.8) (No.1)

stress | 0160 MPa | 0147 MPa 0154 MPa

Stress

. 0101 MPa | 0127 MPa | 0.082 MPa
difference
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Asole ¥Fes FA ¥& AS=E AddT, (Table 7) Stress and displacement of center column stones
webA, TR AsEAAS 95 SEFTAL
2 71Eoge] vEhgtoy Ay 9 Weghol
433 #e A712 YEhg AA Ay kdd=
A7 gle Aoz dAddEn
Member X-axis Y-axis Z-axis
position stress stress stress
|
8
Member X-axis Y-axis Z-axis
number | displacement | displacement | displacement
No. Stress (MPa) Displacement (mm)
X Y Z X Y z
| 1 | 0008 | 0.007 | 0.007 | 0.003 | 0.007 | 4128
L.. L.. a 2| 0001 | 0.006 | 0.017 | 0.023 | 0.026 | 4127
Masimum Masimum Mosimum 3 10007 | 0.043 | 0029 | 0.021 | 0.017 | 4123
displacement | displacement | displacement 4 | 0012 | 0010 | 0062 | 0019 | 0011 | 4116
0.077 mm 0.063 mm 0536 mm 5 0006 | 0019 | 0.074 | 0.017 | 0.006 | 4108
d) X-axis €) Y-axis f) Z-axis 6 | 0008 | 0012 | 0085 | 0015 | 0006 | 40%
displacement displacement displacement 7 0025 | 0020 | 0022 | 0013 | 0011 | 4083
8 | 0029 | 0016 | 0.050 | 0.014 | 0.005 | 1.080
4.4 pFM Agt
9 | 0053 | 0073 | 0169 | 0.011 | 0.009 | 1.047
Nz e Heto] ZAL 7] o5 TFEAY =M 10 | 0.023 | 0020 | 0263 | 0.017 | 0.012 | 0990
WEAA Ae AREZ FAld ox5E, A 11 | 0010 | 0.031 | 0130 | 0.015 | 0.013 | 0.938
ASUEY 52717 oz dAid TzE pE 12 | 0034 | 0020 | 0223 | 0.014 | 0.015 | 0.909
2 s o o s g 7 {000 oo e o
. B ) . . ) . .
i;} of:ﬂ _Ojj j‘j;;fe 7>% 2ol A 15 | 0019 | 002 | 0226 | 0015 | 0.008 | 0.760
ﬁﬁE o o e o 16 | 0018 | 0017 | 0220 | 0.013 | 0.009 | 0.726
A A shrE Aes FA48H] A4 17 | 0018 | 0020 | 0232 | 0012 | 0009 | 0.684
sotdom, Wele dashe AFe Ut 18 | 0.028 | 0022 | 0246 | 0010 | 0.010 | 0.645
stk Ao Af & FART HAo] 21 F, 19 | 0.047 | 0.075 | 0367 | 0.009 | 0.009 | 0.592
™A A Aol AAE oA F2AgHo] 20 | 0.066 | 0.070 | 0480 | 0.009 | 0.009 | 0541
B oRagng 7443 Ao g A =3 WY 21 | 0036 | 0010 | 0.354 | 0.005 | 0.005 | 0.449
A% WAoo e FEEAI} AR FHE AR AR 2 | 007 | 0075 | 0360 | 0.002 | 0.003 | 0334
Aol mAE Bao|A AuA oz A w0 23 | 0034 | 0025 | 0369 | 0.002 | 0.002 | 0248
U, 28 o ozt E; 77} naste Fz2A 24 | 0023 | 0026 | 0389 | 0.001 | 0.001 | 0170
bR A= EA7} 9= Aoz YEliTh 25 | 0061 | 0.047 | 0193 | 0.001 | 0.001 | 0.009
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HHAHE RO e FHAEAT 39~
85MPa % # 23k 39MPadl th3te] 01%0 275
(DAE A gake] HlwskAth

o< o0,= 0.3f,= 11.7TMPa (1)

BE“:-—]:r (2)}‘4‘7’]' %1—0] 0]';('] o—%— 5% ‘8}.04 0]—/&1/\]5‘5]
HAZE 39MPaS A& Fr1d o2 ¢89S AES
AT

7.8 MPa (A& n=5) @

| E A 02 <Table 83 20| 1% 7]549 $8

5o B 7@,5@3} E’_P‘_— TzBANA S

(Teble 8 Stress and digdlacement of first story cdumn stones

YL B
%A Ay 72

0143 | 0248 | 1.012
6 OK | OK | oK 0.072 | 0029 | 0333

0105 | 0.093 | 0.875
7 OK | OK | oK 0.054 | 0023 | 0.262

0.249 | 1.037 | 1.032
8 OK OK OK 0.048 | 0.036 | 0.294

0.106 | 0.084 | 0.661
9 OK OK OK 0.027 | 0.050 | 0.275

0.039 | 0146 | 0.703
10 OK | OK | oK 0.013 | 0.030 | 0213

0.055 | 0109 | 0.659
11 OK | oK | oK 0.053 | 0.009 | 0.264

0246 | 0332 | 0810
12 OK | oK | oK 0.025 | 0.032 | 0.336
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HEAA] Mgl 74 2 33 F9 &AL
7} %ol el RAES FoF2EAZ A3}
o] Griffith 71%& 243 A9 &5 HESAT.
B4 e HET o B FIAAGRENA AR
g9 A7t B, o, > 0,8 AT W WA
9 Aw F2eq AZe FEo At BAY
z12e @), G)AH 2,

2UF

ol> /22 ©3)
CTT

0’1+30'2>OOE]]IH, (4)

(01—02)2—80t(01+02)20

o, +30,<0Y

10}, o0y+0,=0

i ' ' '
M 8 e
Member X-axis Y-axis Z-axis
position stress stress stress
Al e e
Member X—a:ls Y—aiis ZraZs
number | displacement | displacement | displacerrent
No. Stress (MPa) \ Displacement (mm)
X Y V4 X Y z
1 05;8 08128 Oglzs 0017 | 0.034 | 0252
2 Oglis Oé);iz 0§13<0 0.002 | 0.014 | 0302
3 0'01;? Oéllf 1£IZ<4 0022 | 0.04 | 039%
4 03137 Oél(il 031?26 0.039 | 0037 | 0311
5 0'02131 0.0019;0 OéSIiS 0.054 | 0.021 | 0.282

E= 29 9 & (Young's modulus)
5 = 9] QAR




(Table 9) First story roof support and roof stones GAEE AR JHez ZAgste YEeRd
: A5 AWAE Ade 9L 4+ A mEA
i i yg%c, é Mohr-Coulomb 73l w2} Hhdd F=(7 )%
F2 S0, BAE 4o R (64T 2
Member Member Member Member o
position number position number
Hirst story roof support store | First story roof stone 7, = cto,tang, 6)
mﬁmwm Firsﬂltﬂe:;ory roof stone = Belzuwe AR
. . . . d):z—lg]gig]u]_:zlﬂ—
No ile | Tersile | Safety Nol ile | Tesile | Safety p = = =
stre | stress | check stre | stress | check
ngth ngth AZADRET} SAHE AL HAAT 2 00
1 0012 | OK | 1 0078 | OK Teee e
2 0.040 OK 2 0.052 OK = Z_]'T?;:}.' T 9}2__13_§_ Tpg’} Uan 3'{_]’74]1“ (7)/}1]34'
3 0057 | OK | 3 0059 | OK o Aoz gdRGY
4 0069 | OK | 4 0062 | OK
5 0015 | OK | 5 046 | OK — o tand %
6 0059 | OK | 6 0073 | OK Tr = Ontall®y
7 0023 | OK 7 0.037 | OK
8 0069 | OK | 8 0051 | OK 6 = 25 A7}
9| 0047 | OK 9 0.085 | OK
10 0014 | OK 10 0062 | OK _
11 0418 | OK | 11 0025 | OK <Table 10> Mohr-Coulomb Z724]S &3}
12| 536 | 0035 | OK | 12 0040 | OK o HEAA] e 45 S04 9 53 FAH A
%Z 8-8552 8? ﬁ 5.36 g;g‘ 85 & o4 @.Eg S 7Ur %ME} H] 112]
—= ' : ) Pz = 23 PARRY
16 0041 | OK | 16 0067 | OK g npEzEe] A 2] ol A ‘é% 7101 R R
17 0029 | OK | 17 0077 | OK A Jehg vnmg e ¢kAs Aoz Aot
18 0011 | OK 18 0038 | OK
19 0061 | OK | 19 0062 | OK
20 0.053 OK 20 0.024 OK {Take 10 Fouth sy rodf Sore and fifth Sory body supcart sore
21 0024 | OK | 21 0049 | OK , Lo . .
2 0058 | OK | 22 0016 | OK 1 & £ ;
23 0073 | OK 23 0.015 | OK ’ '
24 0026 | OK Member Member Member Member
25 0030 | OK position number position number
Fourth story roof stone | Hith stary body suppart stare
5.3 D|ud HE Fourth story roof stone | Fifth story body suppart store
o ) N Sliding check N Sliding check
ARHA7E 5718l e Ag3dS A 4= O Totmbre | O | 75 | 0 anfptc
o =28 A AL Zvlsd AMADLH 1 | 0012003 [0OK 1 |0050] 0169 OK
(Peak shear stress)oll =23atA €t} o] Hod 2 10040 0089 | O 2 | 03200327 | OK
o £ =15 AgoHe FEAULT 3 0064 | 004 | OK 3 0.399 | 0406 | OK
7F A% STksEA deeEs ARdddE 4 00% | 015 | OK 4 | 0232|048 | OK
(Residual shear strength)2 Hojx|m 2 AT 9] 5 0068|0070 | OK 5 | 0029|0136 | OK
7} A WA E UAd S A 3o) chorst 6 0074 | 0103 | OK 6 0.080 | 0.222 | OK
sx g A Ao AUATAE FEQ 7 100280071 | OK 7 | 0160|0179 | OK
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