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Summary

I. Subject

The Improvement of Assessment Criteria and
Techniques of Safety Inspection for Agricultural
Infrastructures

II. Periods of Study
2014.2 - 2014.12( Total study periods : 2 years)

M. Research Background and purpose

3.1 Research Background

O Practice guideline on Precision Safety Inspection of Facility for
Agricultural Infrastructure(KRC, 2010.6); and "Detail Knack on
Precision Safety Inspection of Facility for Agricultural
infrastructure(KRC, 2011.12), that are used current standard of
agricultural reservoir are made for large scale dam. Therefore,

they are necessary to improve for small scale fill dam.

O It is necessary to establish the seismic capacity assessment of
accessorial facility of reservoir(intake tower, connecting bridge,
spillway, etc.) because unnecessary large scale reinforcement

work may happens

O Because practice guideline and detail knack on precision safety
inspection of facility for agricultural infrastructure contain
geophysical exploration for concrete dam, it is necessary to
set up 3-D translation standard and method based on
reservoir data and inspection data in order to perform effective

mspection about small scale agricultural reservoir.
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3.2 Purpose of Research

o Improvement and supplementation about Precision Safety
Inspection standard of facility for agricultural reservoir reflected
structural and material characteristics of fill dam

o0 Provision about seismic capacity assessment improvement and
performance improvement technique based on reinforced seismic
design standard for reservoir facility(intake tower, connecting
bridge, spillway)

o Utilization of stable management work through translation
technique systematization and standardization as development and
supply of geophysical exploration working guide for safety
inspection of irrigation facility

IV. Research Content

o Improvement on article and criteria of condition assessment (Ist
project)

- Deduction of problem and provision about improvement current
criteria of condition assessment

o Correct about seismic capacity assessment working utilization
and improvement for reservoir facility through reinforced seismic
criteria(2nd project)

- Grasp about seismic design technique and making right exercise

o Data processing for geophysical exploration ways and translation
standard suggestion(3rd project)

- Provision for criteria of geophysical exploration proposal and

supply of working guide developed
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V. Research Result

5.1 Precise Safety Inspection appraisal standard
improvement of Agricultural Reservoir(1lst project)

We deducted structural characteristics about upper stream basin,
capacity, use state, periphery utilization of agricultural reservoir based
on precision safety inspection result and general status from 2004 to
2013 in order to deduct problems of criteria of precision safety
inspection assessment. Also, we deducted material property about dam
body, spillway, water intake facility. We calculated connection and
weighting of individual member and facility that consisted reservoir
system by each type. So we pushed forward improvement suggestion
to be made assessment from reservoir system credibility not
comprehensive evaluation from simple sum of individual phenomenon.
Also, we thought that deduct supplementations and ways through
acceptance of expert’s opinion about appling developable score card to
assessed reservoir and checking feature through comparison and
review of result. We will change current reservoir assessment system

to form of construction work for fill dam similar to real motion.

5.2 Provision about seismic capacity standard check and
assessment for reservoir facility(2nd project)

‘We grasped domestic seismic design for dam-reservoir facility(intake
tower, management bridge). We established application standard for
prevention of confusion to working. Also, we utilized various

techniques(static, dynamic analysis) so we reinforced activity.

- Vil -



5.3 Development of Engineering Geophysics Working
Guide for Safety Inspection of Repair Facility(3rd Project)

We weren’'t only propose specific methods of engineering by
proposing standardized methods according to scale of reservoir and sea
dike but also increase parts of geophysical exploration in safety
inspection. Also, we adopted three dimensional modeling methods in
order to overcome weakness of investigation. We proposed the need of
secondary exploration about facility of low grade. In future, after
accumulate results about proposal methods from now research results,
we think that it will be reflected at condition assessment index of
facility by using resistivity reduction ratio. Also, until now if proposed
geophysical exploration apply well, we expect that we will be possible

more effective precision safety inspection of irrigation facility.
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a2 A7 9 Z) FEo] AAAem AT PEo oa Hd et
= gutetel fAbska, AHE 7S <Yes, No, N/A,

AN dHdRELS §
Condition>2. 2 W34 H71E AAs 2 Ao, RAIREY F8 £

AEE ZAME F82 £49 AEZE 394 (No Action, Monitor, Repair)
T 49 (Nome, Monitor, Maintenance, Repair) &2 H7} %2 #|A1&kar ok
At AR o] AElea HkskA AW =AM Aol wet 7]t
Sﬂﬁﬂ BE AHAAH o7 [ow, Signification, High Hazard Potential®] 3%7|
W= Satisfactory, fair, Poor, Unsatisfactory®] 49HA|= H7} sf= 2971 thi-=o|th

Item Yes No N/A Condition
General Conditions of Dam
Alterations to the dam?
Development in downstream floodplain?
Grass cover adequate?
Settlements, misalignments, or cracks?
Recent high water marks?
Upstream Slope of Dam
Erosion, slides, or depressions?
Trees or excessive vegetation?
Animal burrows or holes?

Evidence of livestock on dam?
Cracks, settlement, or bulges?
Evidence of slides or scarps?
Adequate and sound slope protection?
Crest of Dam
Longitudinal or transverse cracking?
Trees or excessive vegetation?
Crest arching or bowing?
Erosion or ruts?
Low areas or depressions?
Evidence of livestock on crest?

Road on crest?
Downstream Slope of Dam
Erosion, slides, or depressions?
Trees or excessive vegetation?
Animal burrows or holes?
Evidence of livestock on embankment?
Cracks, settlement, or bulges?
Drains or wells flowing?
seepage or boils?
Abutment Contacts
Erosion, cracks, or slides
seepage or boils?

ssiis= i [l ievl lesliwii@livsiB= =N [alisvl el iwi i@l ivsl =l ISt ial levl el wiT@l Ivsl =l I\ el iwi k@] fus I3 o
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Inlet Structure
Spalling, cracking, or scaling?
Exposed reinforcement?
corrosion present?
coating adequate?
Leakage?

Trash rack adequate?
Obstacles to inlet?
Drawdown operative? Opened & closed
Conduit & Outlet
Spalling, cracking, or scaling
Exposed reinforcement?
Joints displaced or offset?
Joint material lost?

wli@livslio-g BN sl iopliesi ol il (@] fvs] =g o))

<AY2- 4> v = AGHE

6. 3G ES AT FTALA AHE

Mufute(2007)2] 7% Zimbabwe?] AFAE2 AGAF}E o] &3lo] i}
N AN fetel ARARE AR n AFAS Rol@ Al
7 oglem, eluete A% #9 W &4 59 57 W= U¥d e
M 53w 40 A%, 799 Zol 5wy REw 5FS ool ¥
hska Uk old A o REo] ool Qi o Yol W7t 3
= A A Fotd  dom 1 HEfel wet RSy $AEE EsHY
B RS AN S otk SAT Be ARAS 4R AYTEY
25 By fA4 #EE geide 2 vgo] 275 9o dA)
o FA Y HEE olF FHot/|d FEIAA I (AAE, 2008). HE
# we el gFEE Bust Al o dewst 23t
gt 4 F de FEE Ao
Risk Factor Description of Factor(Percentages represents degree of risk.)

Un wanted Present Not present

seepage on
the D/S 100% 0%

Mild Moderate Serious No cracking
5% 10% 85% 0%
Cracking Longitudinal Transverse crack | Longitudinal crack >
(embankment) Co’ngll{tu e < 10mm and not | 20mm.
<;Z)C extending transverse cracks
mm throughout the crossing the whole width

,29,



wall.
L of dam wall. Transverse
(Longitudinal >

crack > 10mm.
10mm < 29mm)

Tree and
shrub growth

Little

Moderate Dense Very Dense

5%

10% 30% 55%

Little vegetation.
no medium sized

and large trees.

Sparse vegetation

comprising of Very dense

small and . vegetation
X . Dense vegetation. all
medium sized . cover.
sizes of trees present .
trees. all sizes of

presence of few trees present.

large trees.

Presence of Present Not Present
Spillways 0% 100%
Presence of present Not present
toe drains 100% 0%
Bad Satisfactory Fair Good
85% 10% 5% 0%
Poorly graded
Embankment . Inorganic clays. Poorly graded Coarse Coarse grained
Organic clays. . . . . . .
soil type coarse grained grained soils with clay soils with clay

cracking clays or

sands.

soils with less content between 10 and content
than 10% clay 20% between 20
and 30%

<a¥2- 5> 7tEXAA A

= d7 uF

AEeAR01 PRSP EAFAE BAFEI 100ha ol she] 2
woggon (F84, 200 , A9 HAAS setals] AR A B,
Fuw Grpgel AYsel 94 ¥ JuE AAHR fAwe st o] 7
A3 YA R TR 2 W, AFA] W) #3 S5Hel Fe Ao
2 4439

JFT(QINE olel @ BAE AN Askel TSt Tl A W3t A
A BAE 8 Agsn Qe WS 24 2Asgon, e B
FANNEG 2SI, 2R AFAS @FoR ARG Aol A
A T4 R Wy e B4, FanaAae BAse] Bt A A
& =EF. @, AHP/IMS B3te] B5H BHa4e FUA AHF
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<E 213> Al Ydewel o2 FxA4dF7]
A eom =
o O T -
7553 3} 3] B A
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<X 214> APEAF
AdF71(A) 50 100 500 1,000
A =AS 0.4 0.57 1.0 1.4
. Bessel &%
(1) A1=F ¥ Bessel %
i 5l
7 (hl)g]o X, 7 A cos )\ih
a/h z/h| 000 0.10 0.30 0.50 0.70 0.90

0.01 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999
0.25 0.9989 0.9986 0.9951 0.9789 0.9080 0.5896
0.50 0.9579 0.9550 0.9295 0.8636 0.7182 0.3882
0.75 0.8572 0.8529 0.8163 0.7335 0.5797 0.2921
1.00 0.7403 0.7358 0.6986 0.6178 0.4770 0.2327
1.25 0.6334 0.6292 0.5951 0.5222 0.3987 0.1916
1.50 0.5440 0.5403 0.5100 0.4459 0.3386 0.1616
175 0.4717 0.4634 0.4418 0.3856 0.2921 0.1389
2.00 0.4137 0.4108 0.3873 0.3377 0.2556 0.1215
2.25 0.3669 0.3644 0.3434 0.2994 0.2265 0.1076
2.50 0.3239 0.3266 0.3078 0.2633 0.2030 0.0965
2.75 0.2975 0.2954 0.2784 0.2428 0.1837 0.0874
3.00 0.2714 0.2694 0.2540 0.2215 0.1676 0.0798
3.25 0.2493 0.2475 0.2333 0.2035 0.1541 0.0734
3.50 0.2304 0.2288 0.2157 0.1881 0.1425 0.0680
3.75 0.2141 0.2126 0.2004 0.1749 0.1325 0.0633
4.00 0.1999 0.1985 0.1872 0.1633 0.1238 0.0591
4.25 0.1875 0.1862 0.1756 0.1532 0.1162 0.0555
450 0.1765 0.1753 0.1653 0.1443 0.1094 0.0523
475 0.1667 0.1655 0.1561 0.1363 0.1034 0.0495
5.00 0.1579 0.1568 0.1479 0.1291 0.0930 0.0469




a/h i 0 1 2 3 4 5
0.01 1.999876 1.9988R89 1.996920 1.993975 1.990064 1.985200
0.25 1.026210 | 1505450 | 1.087722 | 0.805948 | 0.626343 | 0507363
0.50 1733532 | 0930976 | 0561358 | 0393458 | 0.301611 | 0.244236
0.75 1.505450 0.626343 0.365722 0.256449 0.197198 0.160122
1.00 1.280545 | 0463265 | 0.269936 | 0.189875 | 0.146351 | 0.119035
1.25 1.087722 0.365722 0.213670 0.150671 0.116320 0.094712
1.50 0930976 | 0301611 | 0.176743 | 0124863 | 0.096505 | 0.078637
1.75 0.805948 0.256449 0.150671 0.106594 0.082454 0.067225
2.00 0.706331 0.222977 0.131290 0.092984 0.071973 0.058705
2.95 0626343 | 0.197198 | 0116320 | 0.082454 | 0.063855 | 0.052101
2.50 0.561358 0.176743 0.104411 0.074066 0.057382 0.046832
275 0507868 | 0.160122 | 0.094712 | 0.067225 | 0.052101 | 0.042531
3.00 0.463265 0.146351 0.086660 0.061541 0.047709 0.038953
3.95 0425610 | 0.134757 | 0.079870 | 0.056743 | 0.044000 | 0.035931
3550 0393458 | 0.124863 | 0.074066 | 0.052639 | 0.040826 | 0.033343
3.75 0.365722 0.116320 0.069047 0.049089 0.038080 0.031104
4.00 0341572 | 0.108870 | 0.064666 | 0.045986 | 0.035679 | 0.029146
4.25 0.320368 0.102315 0.060807 0.043253 0.033563 0.027420
450 0.301611 | 0.096505 | 0.057382 | 0.040826 | 0.031684 | 0.025887
475 0.284905 0.091318 0.054323 0.038658 0.030004 0.024516
5.00 0.269936 0.086660 0.051573 0.036707 0.028494 0.023283
(2) A2% ¥ Bessel t+H%

2)- 25 k) sz

a/h z/h| 000 0.10 0.30 050 0.70 0.90
0.01 0.9998 0.9998 0.9997 0.9996 0.9988 0.9896
0.25 0.8983 0.8962 0.8779 0.8321 0.7296 0.4577
0.50 0.7367 07337 07083 0.6500 05375 0.3010
0.75 0.6081 0.6051 0.5802 0.5247 0.4229 0.2260
1.00 05129 05101 0.4873 0.4371 0.3475 0.1812
1.25 0.4416 0.4391 0.4184 0.3735 0.2944 0.1512
1.50 0.3868 0.3846 0.3659 0.3255 0.2552 0.1297
175 0.3437 0.3416 0.3247 0.2882 0.2250 0.1135
2.00 0.3090 0.3071 0.2916 0.2584 0.2011 0.1009
2.95 0.2805 0.2788 0.2646 0.2341 0.1818 0.0908
2.50 0.2567 0.2551 0.2420 0.2139 0.1658 0.0826
2.15 0.2366 0.2351 0.2230 0.1969 0.1524 0.0757
3.00 0.2194 0.2180 0.2066 0.1824 0.1410 0.0699
3.25 0.2045 0.2032 0.1925 0.1698 0.1311 0.0649
350 0.1914 0.1902 0.1802 0.1589 0.1226 0.0605
3.75 0.1800 0.1788 0.1694 0.1492 0.1150 0.0567
4.00 0.1698 0.1687 0.1597 0.1407 0.1084 0.0534
495 0.1606 0.1596 0.1511 0.1331 0.1025 0.0504
4.50 0.1525 0.1515 0.1434 0.1262 0.0971 0.0478
475 0.1451 0.1411 0.1364 0.1200 0.0923 0.0454
5.00 0.1383 0.1374 0.1301 0.1144 0.0830 0.0432




af i~ 0 1 2 3 4 5

0.01 1.997893 | 1.985947 | 1.967330 | 1.944190 | 1.917860 | 1.889279
0.25 1.668310 | 1.075528 | 0.771075 | 0.596870 | 0.485663 | 0.408926
0.50 1.322459 | 0.673280 | 0.444054 | 0.330258 | 0.262630 | 0.217903
0.75 1.075528 | 0.485663 | 0.310307 | 0.227599 | 0.179610 | 0.148302
1.00 0.899948 | 0.378889 | 0.238195 | 0.173507 | 0.136407 | 0.112364
1.25 0.771075 | 0.310307 | 0.193195 | 0.140155 | 0.109941 | 0.090436
1.50 0.673280 | 0.262630 | 0.162466 | 0.117450 | 0.092070 | 0.075666
1.75 0.596870 | 0.227599 | 0.140155 | 0.101210 | 0.079193 | 0.065041
2.00 0.535683 | 0.200786 | 0.123225 | 0.088839 | 0.069475 | 0.057032
2.25 0.485663 | 0.179610 | 0.109941 | 0.079193 | 0.061881 | 0.050779
2.50 0.444054 | 0.162465 | 0.099240 | 0.714230 | 0.055783 | 0.045761
2.75 0.408926 | 0.148302 | 0.090436 | 0.065041 | 0.050779 | 0.041646
3.00 0.378889 | 0.136407 | 0.083066 | 0.059705 | 0.046598 | 0.038209
3.25 0.352922 | 0.126276 | 0.076806 | 0.055179 | 0.043054 | 0.035297
3.50 0.330258 | 0.117545 | 0.071423 | 0.052190 | 0.040010 | 0.032797
3.75 0.310307 | 0.109941 | 0.066745 | 0.047913 | 0.037368 | 0.030627
4.00 0.292614 | 0.103261 | 0.062642 | 0.044953 | 0.035054 | 0.028727
4.25 0.276818 | 0.097345 | 0.059014 | 0.042338 | 0.033009 | 0.027049
4.50 0.262630 | 0.092070 | 0.055783 | 0.040010 | 0.031190 | 0.025556
4.75 0.249819 | 0.087337 | 0.052887 | 0.037925 | 0.029561 | 0.024219
5.00 0.238195 | 0.083066 | 0.050278 | 0.036046 | 0.028093 | 0.023015
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5 AU EE = 2,00 kN/EA
3.2 oIS
1) 28 BTEE = 500 kNAF
21 EEE UUFIE = 12,400 KN -AE=E 18,000 kN - FIEEE
13,70 N - AFE==E 10 N - AlaESR
25,30 kN - A==8
500 kN - BRS5:2 11,000 kN - TESE
3 MDD BEE UEG = 0000 kN
4 H=E ZEE = 451,000 kN (=SS
3.3 3¢t
3.3.1 EFHAM
HWL = 2700 m
& P =Y,  H _
S,‘ H = 10,0 = 9,087 = 90,B8Y kN
—
S K P =Y. H
” = A0 x 1EA33 0 = 1833 kN
= P =T _
SOH - 1000 x 27200 = 2ROW




3.3 =
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HWL =

2450 m

o Fas = ¥, H
E H = 10,00 ¥ 2,450 = 24,500 kNP
3.4 S5 (HTAZ WE Z2ANED
1) Ex- =AM
Pizg = v oroc moc faate Kizgh
= 0,154 x 10 x 3,14 % 3,400 2w 0,9
= 53006 kN
Pz : 22 Z010 EEsts flag U 2723 kim)
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= SR 2N BHESl= EEE Ml
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4.2 ol=3x®

1) CHHAE SE3d

L TETE S > 4 =5z | wa | zssz | Ho
) o= ar= 0= ===
E Eaatal A
1 1,4 0.0 1.4 0.0 0,0 0,0 0,0 T2
2 1,4 0.0 0.0 1,4 0,0 0,0 0.0 Al
3 1,2 1.6 0.0 0,0 1.3 0,0 0.0 MEAM
4 1,2 1.6 16 0.0 0,0 0,0 0,0 Ty
5 1,2 1.6 0.0 1,6 0,0 0,0 0.0 A2
6 1,2 0.0 1.6 0,0 0,0 0.0 0.0 et
7 1.2 0.0 0,0 1.6 0,0 0,0 0,0 A2
& 1.2 1.0 1.6 [IR1] 1.3 0.0 0.0 et
9 1,2 1.0 0.0 1,6 1,3 0,0 0.0 A=
10 1.2 1.0 16 0,0 1.3 0,0 0,0 ExY
1 1,2 1.0 0.0 1.6 1.3 0,0 0.0 AE=2
12 1.2 0.0 1.6 [IR1] 1.3 1.2 0.0 et
135 1,2 0,0 0,0 1,6 1,5 1,2 0,0 A2
14 0.8 0.0 16 0.0 1.3 0,0 1,0 E2
15 0.8 0.0 0.0 1,6 1.3 0.0 1.0 M2
2 AMEd dE TE
22| waz | zaz = g EEE | Yy | zsEE | HD
S faatal AR
1 1.0 1.0 0.0 0.0 1.0 0.0 0.0 MEM
z 1.0 1.0 1.0 0.0 0.0 0.0 0.0 T2
3 1.0 1.0 0,0 1.0 0,0 0,0 0,0 A=g
4 1.0 0.0 1.0 0,0 0,0 0,0 0,0 ExER
5 1,0 0.0 0.0 1,0 0,0 0,0 0.0 Al
6 1.0 1.0 1.0 0,0 1.0 0,0 0,0 =Y
7 1.0 1.0 0,0 1.0 1,0 0,0 0,0 A=2|
5 1,0 1.0 1.0 0,0 1,0 0,0 0.0 2
9 1,0 1.0 0.0 1,0 1,0 0.0 0.0 A=
10 1.0 0.0 1.0 0,0 1.0 1.0 0,0 =Y
11 1,0 0.0 0.0 1,0 1,0 1,0 0.0 A2
12 1,0 0.0 1.0 0,0 1,0 0.0 1.0 |
15 1.0 0.0 0,0 1.0 1.0 0,0 1,0 A2
3 AIEN SIETE
P iz | zaz * & s=g | wy | AEEE| H2
TE =T [Ewe [ amA | =T - i
i 1.2 1.0 0. [IR1] 0,0 0.0 1.0 MEM
z 0.8 0.0 1.6 0,0 1,0 0,0 1.0 8
3 1.0 0,0 1.0 0,0 1,0 0,0 1,0 A2
3 1.0 0.0 0,0 1.0 1,0 0,0 1,0 A2
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(kN3 (k) (kM- m)
=33 15189243 0,000 7545, F4 53 A=
PHEZ 12481 619 444 551 9789,124 =1 AEA
FITLA 18684, 713 3402 317 7247, E= KT
CHHAES
S
= =3 oy 2ms sETd H B
(kN3 (k) (kM- m)
=33 [ 1ssmoe | owo | amaes | e I
ZTHEFN 18639 ,906 459,500 12704, 255 o3 M EA
FIELA 18684, 713 3402 317 7247, E= RITA
L O A e
O A 23
_ _ MEEE
=2 SF PO E ST CHE
R STZME (kM) | STHESHE (N ) BHE (kN )
il g 43,295 106,167 43,295
- [Pl 102, 720 106,960 a7,.m3
- At 13.855 16.3m 13,565
#Hil 2 -
yIE 57,552 10,017 a7, %2
2bEt 78,367 0,228 78, 351
w3 —=
yEE 435,31 55 8% 4385, 37
M o |2ey=z| asyzz | y=nm | T2ES
1 2 | 48,296 | 159,648 | 285,51 (19 = 30 = 95,0 | 300,000 | 510,749
B v | 102,720 | 74,425 | B10074 (22 o+ 300 =1290.%| 300000 | 355,91
2 SE | 13,865 | 156,957 | S8.0 (8 = x0 = &62,0 | 300,000 | 20244
h yaret | grome | eeamme | gvm 9ok 00 = 9E5.0 | 300000 | 34473
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B2 | MrikNm) | Motk m) [ (kM) s.F eim)  HEHH M H
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FIELA 227,058 | 1276 235 | 283,558 4,50 1,200 1
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o As BAY L A A
(1) E3a9E

2.

hH AAZ

(W) A

(th =

) EATH

Ok
22E L 9=30"
A

C fa= 2T MPa

fcu: fck+Af: 274+ 4 =31 MPa
- v=0.167

v,= 24.5kN/m?

: SD400 o] d+*
L f,= 400 MPa

y

. E,=2.0x10° MPa

Dy, = 19.0kN/m?

. K,=1—sin¢= 0.50

Ht) 1 N=50

CASE 1 : 1.0D+1.0E

o471M, D © igsts, E @ AT (Tt

E.= 8,500 {/f., = 26,702 MPa
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7t 28k
(1) 3335, D (o 71 AP e2HE Fo])
b AFF ¢ W= 2,131.60kN, z,= 63.80m
(Wh) H3Heks - Wy= 37.70kN, z,= 60.50m
(th W5 @ W= 1,302.40kN, z3= 58.75m
(BH st 0 W= 1,388.33kN, z,= 59.75m
(vh) WASHE ¢ W= 45,719.60kN, z;= 26.40m
(mh) FHAsdE 1gskE - ow= Elw 50,579.63 kV
2) AREE, E A UxdA 7Evkd S
b ARF 1T
(W) gF=ASF - 1=1.4 (AHEF7] 1,0008)
(th) AHEF 0 REIAEE 5,
(Zh A=A+
» ¢,=0.11
» 0,=0.11
(mh) AZH FH7ESEAT, 4,
» A, = Ix C,= 1.4x0.11= 0.154
(vh) BAF7]
c,
Sl o 2.50213.11 = O-dsec
> T,=0.27,= 0.2x 0.4= 0.08 sec
AD TF2EY 2577, T

» AZeE S 19 5 Ee
- ( 22,1321).60
T i x 924.5

S7/HEAEE 9%

= 64.6m

91



B9

2 [
T = ”l\/ %{1+12(%

)

a 3gF
X 64.6° 2% 24.5 { ( 4.0 )2}
= 1+ 12(——=| = 0.837
4.0 \/3>< 9.8 % 2.67x 107 64.6 sec
A7IM, a @ 729 IF7H (m)
v, - #A 2 E G T (KkN/m)
E, - 8A ZagES &4 A4S (kN/m)
g 1 FH7H5E(9.8m/sec”)
Tk A
B T2 24 { (a 2}
=" \/3gE 1+ 12|
X 64.6° 2% 37.78 { ( 4.0 )2}
= 1+12(—=| t = 1.04
4.0 \/3 % 0.8% 2.67x 107 64.6 sec
o 7] A
tanh( \/§a)
’ _ + ’Y'(Ua l
q Ve 24 \/ga
I
V3 X 4.0
10% 4.0 BT 6 ,
= 92451+ R X /3% 40 = 37.78 kN/m
64.6
t (Fze =85/ : (1.0+2.0)/2=1.5m
v, (B9 ©H5%) @ 10kN/m’
(o) AAAZH
O #dHe g3t =352 x g
» U Ay v



c -1
Ve = s W=25-C I+ W
G, -1 0.11x 1.4
7 W= T <0,579.63 = 7,480.67 kN

25-C,- I- W=25x%X0.11x1.4x50,579.63= 19,473.16 kN
V= "7,489.67 kN

Feol AeAA FBAY, F

g 2
F,=0077TV (& T<07sec? 3%, F=0)
F,=0 (v T<0.7sec)

F:

;= 0.07 TV=0.07x1.04X7,489.67= 545.25 kN

. FEE gold wel BujAZL FRAQNY, F

. W, h, W, h, r,
= (kN) (m) (kN-m) (kN)
A5ets 2,131.60 63.80 135,996.08 627.63
fadscias 37.70 60.50 2,280.85 1053
ul-2) 5 == 1,302.40 58.75 76,516.00 353.12
sk 1,388.33 59.75 82,952.72 382.83
WA 55 45,719.60 26.40 1,206,997.44 5,570.32
pX 50,579.63 - 1,504,743.09 6,944.43

@ FAE AR FFY (H4$A 118, Bessel 53 0]
a
[e)




z
Pl(zl) Ah"}/w.ﬂ—.a% '[(1)
hy
9 21 ) ( 21
= 0. x XmTX2.0"X = . X
0.154 < 10 XX 2.5 [(50'0 30.238 X 1 50.0
@ AFFFd (hy=50.0m, ay= 4.0m)
Ay 4.0
hz_ 500—0.08
z
PQ(ZQ)_A]L.’YH/ ™ G,g K 2)
hy
) Z9
=0.154X 10X 71X 4.0° %X K ): 409X K
0.15 OXm 0 50.0 77.409 50.0

<GE 3.2> FAWY B4Y BE
A U (hy=50.0m) AT A (hy=50.0m)
z/h % [(i) P, (z) 2y K(ﬁ) Py(z,)
(m) h, (kN/m) (m) hy (kN/m)
0.0 0.00 0.9998 30.232 0.00 0.9702 75.102
0.1 5.00 0.9998 30.231 5.00 0.9696 75.054
0.3 15.00 0.9992 30.213 15.00 0.9642 74.636
05 25.00 0.9965 30.132 25.00 0.9507 73.596
0.7 35.00 0.9847 29.774 35.00 0.9203 71.238
0.9 45.00 0.9315 28.167 45.00 0.8345 64.59%
1.0 50.00 - 0.000 50.00 - 0.000
. 7R
(1) ARrkA}a)
b HAFE] HAe 7xddel nAAAEE AdE BE
a4
() AR A3 Tt s FHeo) st A 43
(th) = Al s = A




<1¥ 3.3>

\%%L

EELE)

<E 3.3> vdd abg
Nz [FREYE AEED | drEsRs 9 -4
CEFH| Aoy | melE | Avy | muE | dgy | zEE
=01 (z) | (kN) (kN-m) (kN) (kKN-m) (kN) (kN-m)
0 6,944 236,520 1,415 33,278 3,430 79,587
5 6,944 201,798 1,264 26,582 3,054 63,376
10 6,944 167,076 1,112 20,642 2,680 49,041
15 6,944 132,353 961 15,457 2,306 36,578
20 6,944 97,631 810 11,028 1,934 25,978
25 6,944 62,909 660 7,353 1,565 17,232
30 1,374 48,240 509 4,430 1,200 10,323
35 1,374 41,370 360 2,257 841 5,224
40 1,374 34,499 213 825 493 1,898
45 1,374 27,628 70 117 161 269
50 1,374 20,758 0 0 0 0
55 1,374 13,887 0 0 0 0
59.4 1,021 8,071 0 0 0 0
59.7 1,021 7,765 0 0 0 0
60 638 7,554 0 0 0 0




(a) e

<I1¥ 3.4> FRHAAYY ddgs

(a) Axte

(
<1¥ 3.6> FEFFY dHyE =

MIDAS/Ci

MIDAS/Civid
ST-EROCESSOR
BERM FORCE

sHERR-z

3.428264003
3.11202e4003
2.806224003
2.434424003
2.1826104003
1.8708104003
1.55301e+003
1247214003
9.35406e+002
6.2360484002
0.00000e+000

-340632-007

SCALE FACTOR=
2.am7ars002

ST ARBEY

P
1071472014
VIEw-DIRECTION
4

o e

b) RHE

L

MIDAS/Civil
POST-PROCESSO.
__ BERM RORCE
Moy
3327760+
3.02520e4
2.722720¢
2.42019e¢
2.11767e¢
1815100
1512620+
1.21010e
9.07572e+
5.0504ze+
0.00000e+
-2.72263¢-
SCALE FACTOR=
7377178

st MRy

e
: 107147200
"~ VIEW-DIRECTIO
X:-0.483

roas/Cavil
POST-EROCESSOR
BERM FORCE
Ty
7.35867e4004
7.2851524004
65116404004




T % y o
i T T
o127 = 180EA—H29 260EA—H29
e 160EA—H29 240EA—H29
FEES H22@200 H22@200

M, = ¢ A,f, (d—%), ¢=1.0 (B7FAD, a= %}{ib
A,=210EA— H29= 134,904 mm>
- o.giggj i ?,2)080 = 294.64mm
&M, = 1.0 134,904 X 400 < (7,095— 29‘;64
= 374.908 < 10° N - mm
= 374,908 kN -+ m
M, = 236,520+ 79,587 = 316,107 kN - m
pM,> M, (-.0.K)
() AdHd=
OVa=o(Vo+ V,) 6= 10, Vo= s VT bd,

1
Vo= g Vabd=

21,751,35 kN




@ AvA o] REsE AVPE, V

=
o -, s

A, = 4— H22@200mm
A, f, d X X X
oo Audyd | AXISTIXA0XT095 o) o0y 7o6
. 200
= 21,971.80 kN

Q® AEt=E, v,
o V,=o(V.+ V,)=1.0(21,751+ 21,972) = 43,723 kN
V,= 6,944+ 3,430= 10,374kN

oV,>V, (~.0.K)
g 712 AH HE

(1) Axe] dst HE
b +44
Vo ax = 50,579.63+ 17,678.82 (7] 2 )= 68,258.45 kN
(h) AFEUE
M. = 68,258.45 X 8 = 546,067kN « m
(th YA EdE
M,= 236,520+ 79,587= 316,207kN « m
(Zh A% A=

M, 546,067
F= = ’ =1. ) = 0.
S. i, 316.907 1.73 > 1.5 (-~0.K)

(2) @l s HE
b Hd +84
H,_ .. = 6,944+ 3,430= 10,374 kN
b Hd A8 H
V, .= 68,258.45 kN

(th &5 HE
0.6 Viiax 0.6 X68,258.45 .
=g = 0,571 =3.95> 1.20 (-.0.K)



(3) A Aol gt A&

b A4

B M —M,
e — — —

2 w2

16 546,067 — 316,207

68,258.45 = 4.633m
() AAY A=
D 39 ZAEAA7F A™EY U= A Ao
)
V 6e
= — + -
¢= (1+ B)
@ stz9 #EAA7F AdE e = A (A E &
2V B
- o 7] & —_ (L _
4= 7. 1714, = 3(2 e)
2V 2X 68,258.45 )
%= 7.+ = 1256610101 ~ 107554 kN/m
L:

%xm? =16 = 12.566 m
@ Aure] FEAAY
q,= 1,785.00 kN/m?

@ AAg HE

4, < q,= 1,075.54 kN/m?* < 1,785.00 kN/m*

A REEAL BaA 2

T

(~~0.K)



AN - JFEEHHHAF)
s, D (FE-91A)

AZEE 0 W= 2,131.60kN (FH<EH
W7HES 0 W,=37.70kN (HEEE B)
WSS L W= 1,302.40kN (AE-E
TEREAS - ZREIHAA AF AL
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E
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S

BAEEAL 4,
A,=Ix C,= 1.4x0.11= 0.154
SAF7

C, 0.11
L= 950 = 25x 011 Odsee
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A EH 7IEE Al A=IC,
Ts=Cy/25C,
Ts-02Ts

; 2.51C,

05
0.4
e
:']H_ 03
™
)
op 02
-
01 A
00 + + t t t t t
0.0 05 10 15 20 25 3.0 35 4.0
S NES]
(b) o HArEs A=A
<I¥ 3.7> B7HE NMEESHEIAELHGR AHH)
@ FAE A TS
- AetA Al AR U rERT BAA A

LR

(1) LA

o adAEY O A3t EREE g



(Fh TG TR BQAE o]gste] Agedes
(h) FsREs dFgogs sk 207 2= A
(2) TxE IHFF7]
% 35> FERES 1f57]

=7 ned ARgoE (%) A AT E (%)
Mode | (sec) XubaE | yursr | ozuper | xwber | ywlsk | 2wk

1 0.791386 0 56.29 0 0 56.29 0

2 | 0791386 | 56.29 0 0 5629 | 56.29 0

3 | 0.160627 0 23.38 0 5629 | 79.67 0

4 | 0160627 | 23.38 0 0 7967 | 7967 0
5 | 0070913 0 0 7655 | 7967 | 7967 | 7655
6 | 0065775 | 0.5 9.6 0 7982 | 8927 | 7655
7 | 0065775 | 96 0.15 0 8942 | 8942 | 7655
8 | 0038009 | 083 407 0 90.25 | 9349 | 7655
9 | 0038009 | 407 0.83 0 9432 | 9432 | 7655
10 | 0027622 0 0 1331 | 9432 | 9432 | 8986
11 | 0026183 | 007 2.53 0 9439 | 9685 | 89.86
12 | 0026183 | 253 0.07 0 9692 | 9692 | 89.86
13| 0020046 | 0.14 1.28 0 97.06 | 982 | 8986
14 | 0020046 | 1.28 0.14 0 9834 | 9834 | 8986
15 | 0016605 0 0 85 | 9834 | 9834 | 9471
16 | 0016467 | 05 0.29 0 9884 | 9863 | 94.71
17 | 0016467 | 0.9 05 0 99.13 | 99.13 | 9471
18 | 0014225 | 0.1 0.33 0 99.24 | 9946 | 94.71
19 | 0014225 | 033 0.11 0 9957 | 9957 | 94.71
20 | 0012769 | 0.01 0.22 0 9958 | 9979 | 9471




(a) Mode #2

(c) Mode #7
<1¥ 3.8>

/e
Pl

o.cas0es000

o
e $ET A
(e

e toiaszon

(b) Mode #4

/e
Pl

T~

o
e $ET A
a:

e toiaszon

(d) Mode #9
X9 AFEs g4

/e
Pl

o.caes0es000

e
B v

/e
Pl

2200002

o
e
e
B v



(3) *+x&Y A3

CHE 3.6> WY ALY (A E49He Aeletd sag 59
gy | TEEVHUEER | gagig B
ol e [ maE | wwd | mdE | dde | e
S &N (kN-m) (kN) (kN-m) (kN) (kN-m)
0 6,899 | 255,705 1,415 33,278 3,430 79,587
5 6,735 | 225,594 1,264 26,582 3,054 63,376
10 6,385 | 197,096 1,112 20,642 2,680 49,041
15 5,898 | 170,705 961 15,457 2,306 36,578
20 5,354 | 146,594 810 11,028 1,934 25,978
25 4,825 | 124,596 660 7,353 1,565 17,232
30 4,355 | 104,322 509 4,430 1,200 10,323
35 3,964 85,316 360 2,257 841 5,224
40 3,643 67,198 213 825 493 1,898
45 3,334 49,825 70 117 161 269
50 2,928 33,457 0 0 0 0
55 2,340 18,865 0 0 0 0
59.4 1,828 8,569 0 0 0 0
59.7 1,556 8,021 0 0 0 0
60 1,556 7,554 0 0 0 0

(a) Aete

<I¥ 3.9> HFEREAS

-
I
o
o
&



o 9EAE

(1)

(2)

(

Aghehy

we] A%

Fri

DIk

oM, = oA g, [4=2] . o= 10 (BN, o=

A,=210EA— H29= 134,904 mm>

134,904 X 400
T 0.85X 27X 7,980

M,

n

¢

= 374,908 kN - m

= 294.64mm

1.0 % 134,904 X 400 X (77095—
374.908 X 10° N - mm

M, = 255,705+ 79,587 = 335,292 kN - m

oM, > M, (.0.K)

1
fckbd_ E

= 21,751,35 kV
@ Abdo] Fdot=
A,= 4— H22@200mm

A, f,d

%y

R ESN

s

=
a

’

Vs

4% 387.1<400x 7,095

s
21,971.80 kN

200

A f,
0.85f,.b

294.64
2

X /27 X 2X 1,770 X7,095= 21,751,353 N

= 21,971,796 V



¢ V,=¢(V,+ V,)=1.0(21,751+ 21,972) = 43,723 kN
= 6,899+ 3,430 = 10,329kN

oV,> vV, (~.0.K)

2 7% ey AE

L

(1) A%e] st HE
b 44
Viax = 50,579.63+ 17,678.82 (7] )= 68,258.45 kN
) AZERAE
M, = 68,258.45 < 8 = 546,067kN « m
(th Y EYUE
M,= 255,705+ 79,587 = 335,292kN « m
() A= A=

M, 546,067 :
S F= i, = 335297 1.63 > 1.5 (.~.0.K)

(2) el dgt A%
b #Ad +%84
H,..= 6,809+ 3,430= 10,329 kN
() Hol A8
Ve = 68,258.45 kN
(th &5 A=

0.6 Viiax 0.6 <68,258.45 .
SF=— = 10,329 =396> 120 (..0.K)

max




(3) A Aol gt A&

7h A

B M —M,
e = — —

2 w2

16 546,067 — 335,292

h AAE AE

D 9 BB AWS 9l

68,258.45 = 4.912m

= A% (A
)
|4 6e
= — + _—
¢= (1+ B)
@ 3tz9 #&AX7F AL Sl A (B i
2V B
- o] 7] % — L2
¢= 7. A171M, « 3(2 e)
2V 2X 68,258.45 )
L= %X162+16= 12.566 m
@ A|WFe] &R A ¢ ANERA HaA FE
q,= 1,785.00 kN/m?
@ AAY AE
4, < q,= 1,172.71 kN/m* < 1,785.00 kN/m* (-~ 0.K)



4. BATH AHY — Azl F Ay

. SA
(1) AN
(70 AR 0 3xke Algo] H & A
() FA L4 @ SHELL Element
(2) =213 : ABAQUS/Standard

(3) 4

e S =T NS
(a) View 1 (a) View 2
<1¥ 3.10> sAnd



u Tz
(1) AwAred
hH WETFAZ2 e ABAQUSE A

(32h¢l SHELL @42 RHIE skof Ajzto]eajs] 3)
(W) FA5HY HAlle 71xddA 1oz AxEcta 7
(th Agrelgets2 F7hE SHAAEHS WS 7SR
Zrole 3% A skl A&
) F5F9S HTFAAE A8
(vh) Aol e @ AR
(h) JeRes dFFgoes 1dste] 207 2= are
(2) AXIA FA19 dF
b w1, &%, w7t T3 Zo] FAe; Fsta s TEES
AL FEFE nH e AN S FHstoloF F
() FAe TS nEs FxES] AN
@O ARA FA9 sFgs 784 dFgor Wikste St
dA AR S st A=Y
@ ARA FA2 FrEgE TxE FtE fAdFgew 1
st &4 S FAsts TP (FAFAAEH)
@ #AY FE= FeAEe dHEs] nste fA-TE2E
do A A
. Z-g3ts
(1) 243tz D (FLHA)
) AF8F 0 W= 2,131.60kN (FHE-EHH)
() P2tz @ wy=37.70kN (FF-EHB)
(th 2H-sF - W= 1,302.40kN (S H)
(&) TREAZT ¢ T2 AHE At
(2) ARZ, E
Oh Wdsw  WASESHE (HAY WHsE 48
WP FAF 0 Z2=0.11 (1 79)
(th 9FEASF  1=2.0 (AFF7] 2,400)



NN
>
<>

HAA )

, C,=0.11 (WA ZIEAT 1)
THIVEEAST, 4,

A,= Zx Ix §=0.11x2.0x1.0=0.22 (HEAA7]F)
A,=Ix C,=2.0x0.11=0.22 (WAAA7IF=AF 1)
AT

G, 0.11
L= 950 = 25x 011 dsee

=~

1

%)
[
—
=N A 17

RO

v
ar

T,= 0.2 7,= 0.2 0.4= 0.08 sec

R EH FIEE A, A-IC,
Ts=Cy/25C,

Ty-02Ts
, 251G,

o 1CW/T

T, Ts

= (=)

<a2¥ 3.11> H7E IEESHAHEH (5% 74H])

@ B7HE 7HE AR (37) SET)

0.80

——TGS
— MRS
B 0.60
H
4
~ 0.40
il
o
=
=
1 0.20
T ——
—_—
0.00
0.0 05 1.0 15 20 25 3.0 35 4.0
F7| (sec)



(a) AlFolg el SHEAFAEY (MRS)H 3718 SHAHAERH(TGS) ¢
H]

0.30
SET #01

74 E (@)

T '

0.30
SET #02

015 | ||| .1|.

7K E @

-0.15 || || | T T T

0.30

SET #03

(b) 7F&EEAZro]
<I¥ 3.12> FH7HE 7S Aoy



(ZH ARAl FA2]
@ ARA -2 ks FHEFeR A
@ Ad9d 7le F2EY -5 A&
AeF)ox FAtsto] w2 M-S A
(x}) Goyal & Chopra(1989) ol 23k 4

D A% FA PraH

X 37> AZA gF fFAef o FrrAgk

AR P Aol &gt FrEdZ ARt (93 A9 7322 15 9 w5 59
Outside Geometry Eqéi?alent Equivalent Cylinder hﬂﬁ?lljgewirong

ZO aO/bO aO/HO AO a[)/b[) a()/H(] I:;)/H(] ZO/HO mg(z)/mgo prO mgo mgo/(prO) mg(z)

m ot MN-s"/ni MN-s/t tony
00 100 00800 50266 1.00 00800 00340 000 0932 00503 00603  1.0000 0049 %81
20 100 00800 50266 100 00800 00340 004 092 00503 00603  1.0000 0049 %681
40 100 00800 50266 1.00 00800 00840 008 0982 00503 00603  1.0000 0049 %81
60 100 00800 50266 1.00 00800 00340 012 0981 00503 00603  1.0000 00493 9671
80 100 00800 50266 1.00 00800 00840 016 0981 00503 0.0603  1.0000 00493 %N
100 100 00800 50266 1.00 00300 0040 020 098 00603 00503 1.0000 00493 %61
120 100 00800 50266 100 00300 0040 024 090 00503 00203  1.0000 0042 %51
140 100 00800 50266 1.00 00800 0040 028 0977 00503 00803  1.0000 00491 9631
160 100 00800 50266 100 00300 00340 032 096 00503 00203  1.0000 0040 9612
180 1.00 00800 50266 1.00 00300 00340 036 0973 00603 00203  1.0000 0049 BR
200 100 00800 50266 1.00 00800 00340 040 0971 00503 00603  1.0000 043 B72
220 100 00800 50266 100 00800 00340 044 0968 00603 00603  1.0000 00487 B43
240 100 00800 50266 1.00 00800 00340 048 0964 00503 00603  1.0000 0045 B3
260 100 00800 50266 1.00 00800 00340 052 0% 00603 00503  1.0000 00483 AU
220 100 00800 50266 1.00 00800 00340 056 096 00503 00603  1.0000 00481 HAU2A
300 100 00800 50266 1.00 00800 008340 060 0% 0003 00503 1.0000 0478 B
320 100 00800 50266 1.00 00800 00340 064 0% 0003 00503 1.0000 0472 R66
340 100 00800 50266 1.00 00800 00340 068 0928 00503 00603  1.0000 00466 9148
360 100 00800 50266 1.00 00800 00340 0.72 091 00803 00503  1.0000 00457 71
380 100 00800 50266 1.00 00800 00340 0.76 09 00003 00803  1.0000 00452 &72
400 100 00800 20266 1.00 00800 00840 08 087 00603 00503  1.0000 00437 &6
420 100 00800 20266 1.00 00800 00840 084 085 00503 00603  1.0000 00420 &31
440 100 008300 50266 100 00800 00840 083 077 00803 00503  1.0000 00387 BI1
460 100 00300 50266 100 00800 00840 0% 068 00003 00503 1.0000 00342 6703
480 1.00 00800 50266 1.00 00800 00840 0% 05 00603 00603  1.0000 00251 4929
500 100 00800 20266 100 00800 00840 1.00 0 00203 00603 1.0000 00000 000
H 31 a,=400m, h,=400m, H,=5000m, p,,=0.001NMN-s7/m’




@ i FAe) A

<GE3.8> A A Wi Ao ok R
APIA U Aol 3 FrRE ARt (9% A9 722 1% 3 aSAE 59

Equivalent Equivalent  Infinite Long

Inside Geometry Ellipse Cylinder Tower

za/b &/l A a/b a/H r/H z/H ml/(pA) pA m; ()

m m MN-s/n  MN-s“inf tony
00 10 0B 1965 100 0% 006 0.00 1.00 001%  001% 3351
20 100 06 1965 100 0% 006 004 1.00 001%  001% 3351
40 10 06 1965 100 0% 006 0.08 1.00 001%  001% 3351
60 100 006 19665 100 0® 006 012 1.00 001%  001% 3351
80 100 006 1965 100 0® 006 016 1.00 001%  001% 3351
100 100 0B 1965 10 006 006 020 1.00 001%  001% 3351
120 100 0B 1965 10 006 006 024 1.00 001%  001% 3351
140 100 0B 1965 10 006 006 028 1.00 001%  001% 3351
160 100 0B 1965 10 006 006 032 1.00 001%  001% 3351
180 100 006 1965 100 006 006 036 1.00 001%  001% 3351
20 10 06 19665 100 0B 006 040 1.00 001%  001% 3351
20 10 0B 19656 100 0B 006 044 1.00 001%  001% 3351
240 10 0B 19665 100 0% 006 048 1.00 001%  001% 3351
260 10 0B 1965 100 0% 006 052 1.00 001%  001% 3351
20 10 06 19665 100 0B 006 056 1.00 001%  001% 3351
00 10 0B 1965 100 0B 006 060 1.00 001%  001% 3351
320 10 0B 1965 100 0% 006 064 1.00 001%  001% 3351
40 10 0B 1965 100 0% 006 068 1.00 001%  001% 3351
»0 10 0B 1965 100 0B 006 0.72 1.00 001%  001% 3351
380 10 0B 19665 100 0®B 006 0.76 1.00 001%  001% 3351
400 100 006 1965 100 0B 006 080 1.00 001%  001% 3351
£20 10 006 1965 100 0B 006 04 1.00 001%  001% 3351
40 100 006 1965 100 0B 006 088 098 001% 00192 3174
460 100 006 1965 100 0% 006 092 0% 001% 00187 3658
480 100 006 1965 100 0% 006 09% 0.70 001% 00137 2696
50 100 006 1965 100 0B 006 1.00 0.00 001%  0.0000 0.00
H] 3 a;=250m, b =250m H,=5000m, p,,=0.001NMN-s7/m’
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<19 3.13> ®oI'¥ #7HAFH A3

(3) F+xE I/FF7]



<E 3.9> FREO 1§F7)

=7 2 AFEE (%)

Mode | (sec) XY | Tyersk | TZ9sE | RXWSE | RYWSE | Rz¥ISE
SR £ E E £ &

1 0.6491 1.7725 | =0.0399 | 0.0000 | 1.6134 | 71.7090 | 0.0000
2 0.6491 0.0399 | 1.7725 | 0.0000 _71(')709 1.6134 | 0.0000
3 0.1550 | —1.2057 | —0.0858 | 0.0000 | 1.0904 _156822 0.0000
4 0.1550 0.0858 | —1.2057 | 0.0000 | 15.3220 | 1.0904 | 0.0000

5 0.1028 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | —8.7805
6 0.0804 0.0000 | 0.0000 | 1.6838 | 0.0000 | 0.0000 | 0.0000
7 0.0704 0.2637 | 0.5656 | 0.0000 | —4.0159 | 1.8723 | 0.0000
8 0.0704 0.0656 | —0.2637 | 0.0000 | 1.8722 | 4.0157 | 0.0000
9 0.0427 0.3013 | 0.7005 | 0.0000 | =2.9663 | 1.2758 | 0.0000
10 0.0427 | =0.7005 | 0.3013 | 0.0000 | —1.2759 | —2.9664 | 0.0000
11 0.0412 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 4.7767
12 0.0350 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
13 0.0350 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
14 0.0324 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
15 0.0324 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
16 0.0322 0.0000 | 0.0000 | =3.0787 | 0.0000 | 0.0000 | 0.0000
17 0.0307 2.0124 | 0.2013 | 0.0000 | —0.5566 | 5.5649 | 0.0001
18 0.0307 | =0.2013 | 2.0125 | 0.0000 | —5.5650 | —0.5566 | 0.0000
19 0.0298 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
20 0.0298 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000




U, Magnitude

U, Magnitude

+0.000e+00

ODB: Freq.odb Abaqus/Standard 6.10-1 Tue Oct 14 19:59:28 GMT+09:00 2014

Step: Frequency
Mode 1:Value = 93.709 Freq = 1.5407 (cycles/time)
Magnitude
Deformation Scale Factor: +6.000e+00

Deformed Vai

(a) Mode #01

ODB: Freq.odb Abaqus/Standard 6.10-1 Tue Oct 14 19:59:28 GMT+09:00 2014

Step: Frequency
Mode 3:Value = 1642.8 Freq = 6.4508 (cycles/time)
Primary Var: U, Magnitude

Deformed Var: U Deformation Scale Factor: +6.000e+00

(c) Mode #3
<13 3.14> X AERT i



4) stex%
~ CASE I : 1.0D+1.0E

1714, D+ agskw, E : AskT (FFS% &

, /)] oA Sher |

~ —_ =

<21¥ 3.15> 9Eg AA xR



(6) *+x8Y A3
— QFA A9} 3SET = Hdzk 2 &

<¥% 3.10> ©@g A4
=
T A Aeke (kN) o et
EQO1 649 44
waq | EQOZ 766 43
T | pQo3 584 43
gt 766 44
EQO1 4,176 8,172
wa | EQO2 4,579 8,829
1 Qo3 3,133 6,542
A7 4,579 8,829




M, sm2
(avg: 75%)

“3iassetos

5 ODB: EQ02.0db  Abaqus/Standard 6.10-1 Tue Oct 14 20:00:10 GMT+09:00 2014
Step: Selsmic
Increment  580: Step Time = 4.394
Primary Var: SF, SF3

G~ Deformation Scale Factor: +1.000¢+00

(a) ATE =

x Y Deformed Var:

M, sM1
(avg: 75%)

9735108
113er0
13356107

ODB: EQ02.0db  Abaqus/Standard 6.10-1 Tue Oct 14 2¢

0:10 GMT+09:00 2014 ODB: EQ02.0db  Abaqus/Standard 6.10-1 Tue Oct 14 20:
z

Step: Selsmic Step: Selsmic

Increment  580: Step Time = 4.394 Increment  580: Step Time = 4.394

primary Var: SH, SN2 primary Var: SH, SH1

Deformed Var: U Deformation Scale Factor: +1.000¢+00 x Y Deformed Var: U Deformation Scale Factor: +1.000¢+00

SRR S

<19 3.16> HA s SdHY T (SET #02)

10 GMT+09:00 2014



85726108
18716108
12366108

ODB: EQO2.0db  Abaqus/Standard 6.10-1 Tue Oct 14 20:00:10 GMT+09:00 2014

tep: Selsmic
Increment  2150: Step Time = 16.29

573
x Y Deformed Var: U Deformation Scale Factor: +1.000¢+00

(a) ATE =

s, su2 s, su1
(ava: 75%) (avg: 75%)

“4:3302108
5a3ieros
83728108
8515108

3707e 108

5 ODB: EQ02.0db  Abaqus/Standard 6.10-1 Tue Oct 16 20:00:10 GMT+09:00 2014 e ODB: EQO2.0db  Abaqus/Standard 6.10-1 Tue Oct 14 20:00:10 GHT+09:00 2014
Step: Selsmic Step: Selsmic
Increment  2150: Step Time = 16.29 Increment  2150: Step Time = 16.29
imary Var: SH, SM2 primary Var: SH, SH
x Y Deformed Var: U Deformation Scale Factor: +1.000¢+00 x Y Deformed Var: U Deformation Scale Factor: +1.000¢+00

SRR S

<29 3.17> HA FYF dHYZ(SET #02)



Moment (kN-m)

12,000
8,000

4,000

4,000
-8,000

12,000

6,000

4,000
z
< 2000 THT |
(1]
g 0 fafain,
K ] VWY
Efz,ooo--- i 1 |
£ f
-4,000 }
6,000
0 4 8 12 16 20 24 28 32
Time (sec)
(a) Aoty
2700
1,800
T
z 900
) d = 0 '] ll
i : At
Y Y ERY E om0 N AR | L
=
-1,800
2,700
4 8 12 18 20 24 28 32 12 18 20 24 28
Time (sec) Time (sec)
- P -
SRR ki
(b)y EHE

<9 3.18> H¥A IdF @dF A7Ho]E (SET #02)

32



Moment (kN-m)

900

600

300

-300

Shear Force (kN)
(=]

-600

-800

12 16 20 24 28 32
Time (sec)

(a) Ao+

<19 3.19> ¥A F4i dg x71o] ¥ (SET #02)

6,000
4,000
Wtk andit i d, e 000
: 0 'I l Liit | 41
c
L] A
1wy E 2000 v
5 | |' L
= |
4000 }---L3
6,000 3
4 8 12 16 20 24 28 32 0 4 8 12 16 20 24 28 32
Time (sec) Time (sec)
o 3 22T H}FS
21 2 Sy
(b) W E



o o] o g
N 91 Ak A A
15w H29@100, H13-2.5, H22@200, H16—-2.5,
I d=100 s=400 d=100 s=200

H29@100
ot v ’ - — —
2 =200

Wb BHE, oM,
¢Ms¢&@@—

D A - A4
A,= H29Q100+ H29@100= 12,848.0mm?

_12,848.0 X 400
0.85 27 % 1,000

0 (z _ Aty
)’ =10 (7}, a= 0.85f,.b

|2

= 223.93mm

oM, =1.0X 12,848.0 <X 400 X |1,850 — 22?;93

= 8.93211x 10° N - mm

= 8,932.11 kN - m
M,= 8,829 kN - m
oM, > M, (-0.K)
@ HA (Bl) — FEWeF
A,= H22@200= 1,935.50 mm”

1,935.50 X 400

= 085X 27x Looo _ 53 73mm

oM, = 1.0X1,935.50 X 400 X (1,900— %)

= 1.45792 %X 10° NV - mm

= 1,457.92 kN - m
M,= 2,093 kN - m
oM, > M, (.0.K)

- 100 —



OV, = o(V+ V), 6= 1.0, Vo= s VT bd,
Ay
s s
D A @) - DA
O ZAYE wHo] Russ AWIE, V.,
V.= % fabd= %X V27 x1,000x<1,900= 1,645,448 NV
= 1,645.448 kN

© AwATe] Rgss AWPE, v,
A,= 2.5— H13@400mm

Av . d 7o X X
- fyd _ 316.75>x400x 1,900 _ 599,925 N
5 400

= 599.925 kN
© AHEE, 7,

n

oV, =¢(V.+ V,)=1.0(1,645.448 4+ 599.925) = 2,245.373 kN
V,= 4,57T9kN
oV, <V, (~.N.G)
@ WA G - $31F
G A E "o el ARAE, v,

V.= % fa bd= %X V27 X 1,000x1,900= 1,645,448 NV
= 1,645.448 kN

© AwATo] Ry ARBE, V,
A,= 2.5— H16@Q200mm

A, fyd :
- ofyd 496 5400 1,900 _ y go 200
: s 200

1,886.700 kN
© AL E, 7,

n

éV,=o(V.+ V,)=1.0(1,645.448 4+ 1,886.700) = 3,532.148 kN
V,= 4,57T9kN
oV, <V, (-.N.G)

- 101 -
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130
‘F\Fl'}l

T _Ia_ T _-_l.u T

L X1]
=
—a

<a¥ 4.2>
il

o 3 —

(3) 1

B
V.

(kN/m)
1,438
4,793

(kN/m)
254,531
1,394,000

207.0
- 104 -

274
345.1

&

(kN)
1,350
h A

2,250
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(2) S38E 9 AL 24
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(2) A7}

<E 410> 18X

b 1A

SEEE!

SR}

MODE PERIOD INDIVIDUAL MODE (%) CUMULATIVE SUM (%) M 1
(CYC/TIME) | UX UY UZ UX UY UZ

1 1.7924 | 0.000 | 10.130 | 0.000 | 0.000 |10.130| 0.000 | WA
2 1.5315 | 11.600 | 0.000 | 0.000 |[11.600|10.130| 0.000 | W5
3 1.0531 | 0.000 | 1.020 | 0.000 |11.600|11.150| 0.000

4 0.9280 | 0.000 | 0.000 | 0.000 |11.600|11.150| 0.000

5) 0.7204 | 0.000 |44.680 | 0.000 |11.600|55.830| 0.000

6 0.7170 | 44.890| 0.000 | 0.010 |56.490|55.830| 0.010

7 0.5992 | 0.050 | 0.000 | 5.700 |56.550|55.830| 5.710

8 0.5677 | 0.000 | 0.780 | 0.000 |56.550|56.620| 5.710

9 0.3662 | 0.310 | 0.000 | 0.000 |56.860|56.620| 5.710

10 0.3450 | 0.000 | 0.270 | 0.000 |56.860|56.890| 5.710

96 0.0083 | 0.000 | 0.280 | 0.000 |97.060|97.300 |94.550

97 0.0083 | 0.240 | 0.000 | 0.030 |97.290|97.300 | 94.580

98 0.0083 | 0.000 | 0.000 | 0.000 |97.290|97.300 | 94.580

99 0.0081 | 0.000 | 0.000 | 0.000 ]97.290|97.300|94.580

100 0.0077 | 0.000 | 0.000 | 0.000 |97.290|97.300|94.580
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416> w7 s mHE
25 (kN) %A 73 (kN)
T
S$E4% 1 | #E4% 2 | AFAL 2 | HFAL
w7h | 3213.740 | 964.122 | 4168.780 | 1250.634
417> WA @A 179 HurEyy (kN)
wEE Aag Aspa | e e A
T8 Y 3FA]
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436.456 kKN
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@ dd o] Feshe AdddE V

S
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syl vy T ’ =512 kN
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= 0.10X = D50.
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(3) A ZE

- u = -1 O
@O =24 14
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A 38| T 38|
h
A
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|
\ 3
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<1d¥ 4.16> - ALY
A = 600 mm ) STUD 274 D = 50 mm
B = 600 mm (y) STUD do] L. = 150 mm
C = 500 mm = g CTC = 500 mm
T = 80 mm w2 BAH CTC = 500 mm
h = 148 mm 2E AA D = 18 mm
mxXn = 2X2 (@FX3F) = 4 EA
@ ZAE HAVEFE f, = 27 MPa
@ WA HFawEz A,y = 2545 mm® (BE XF FE)
@ <A QFE= fa = 410 MPa (&, f,,<Min(1.9
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® A7 FaEddo] h,; = 150 mm

® F734-2] Zlo] H1 = 1,000 mm(wz} 7354 Wehd F$57lo), E1h
H2 = 1,500 mm(z} 735 Webd AJd zlo))
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O FH9% « ZAYE FFE V, (A I7)

AV
) Vcbg A : wed,\/ -V,
v
CO
A7V L Ay DD 7 e 7] 2F 0] A 0 A

Ve
thdef AT Akl Eoéudzﬂ, -
AVC [C2+(n_1)52+1-5 aca1]><1.5a Ca
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sin 6 < cos (90— tan~

'(1.5))

1.5 sin (180 —

(6+ tan 1(1.5))

vy, | QA A L= FAEAC] ARk W] Ui
ol 719 Adke e A del] 949H=
Ackatad F4d4, mf
Ay =45¢,”
Yogy - AEAE G g AT FHAT
Cpp = 1.5¢, 1 AF ¢qy=10
Ca2
Cp< 1bc, % BF Y,y y=07+03 I5c.,
vy AdES e dd B9 E 2aE g E,
1 0.2
0.6 [—0} m fg c
1 0.2
— —*j VA Ta cn™ (47 10mm ol3e)
F=sHEY A9
C ¢ FAEE FAHA st 2E WFoE FAYE
EA7A S FAAE, m
Cp - WNEE SAHIA st5 28 Ao ZAE
¥A7MA Y] 2 A, m
s, 1 8k 2 AZhleko g2 widE PAEE T4 A2, m
s, 1 ot A8 WEoR widd IAEE FAHT A8, m
h, © YA} 2= = SIZE 57, m
a @ APYe] wE BHA BAAS
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» ¢,y = 1,350 mm, c¢,,=850mm, c, = 850 mm

»$7;=500mm, s,=500mm, s = 500mm

|

Ca2'+(m-1>S2+Sy+(m-1>S2+Ca2

l

w <A-p Treis)

1.5Cal

<18 417> Z3YE FAF = U3 FFHF

s

3 - 25

>

Ay = [cp +(m=1)xs,+s +(m—1)Xs,+c,]|xX15c,
= [850+ 1 5004 500+ 1 x 500+ 850 ] x 1.5 x 1,350

= 6,480,000 mm?

» Ay =45 ¢, = 4.5 13507 = 8,201,250 mm’
Cco

Ay = 6,480,000 mm’ < n - Ay = 4x 8,201,250= 32,805,000 mm”
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6,480,000
Vo= Ay, “Yeav Vo= g 901,250

% 0.889 % 1,589= 1,116 kN
1714

. R min (c,,)
Yoy = 0.839 mln(CaQ) < 1.5c¢, o] 74 -$- Yoy =07+03 Tre
: al

1 0.2
Vb: 0.7 {d_i)} \/a fck CalL5

1 0.2
=0.7% [%} > /50 X /27 % 1,350"° = 1,589 kN

I.=MIN[h,, 8d,]= MIN[150, 400] = 150 mm
(dy= 50 mm )

1=80mm, c,=850mm, s;=500mm, s,=500mm

»0=90.0 ° , «=1.000, B = 2,200 mm
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<B-B ©&=>

1.5hef+n-1>S2+1.5hef
al

<1¥ 4.18> ZAYE 3}3

P Ay = (et (n—1)xs,+15ac, | X 1L5ag,
= [850+ 1 X500+ 1.5 1.0 850 ] < 1.5 < 1.00 < 850

= 3,346,875 mm?

» Ay =45 ¢, = 4.5 850%= 3,251,250 mm*

’
\CO

LAy =3,346,875mm’ < n - Ay = 2x3,251,250= 6,502,500 mm’

Ay, Ly, 3346,875
Ay b 3,251,250

% 0.900 < 794= 736 kN
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*371A,

Yoy = 0.900

Caz <15 Ca1 C"l 75]‘% wed\/

07+03

al

—07><[5500} X /50 X /27 X 850"° = 794 kN

I,= MIN[h,;, 8d,]= MIN[150, 400] = 150 mm

dy=50mm (FALA AA)
= Figp Xn5= 54.49x2= 108.98 kN

T
AC,D — FASDXHB

J
d
O
o
=y

73.37 <1 ="73.37kN (#] &

Hkxl: )
® 37t
A 1,116
. < Z=H)EE e _ o =10.240 > 1.0
WS Fl.,  108.98 - 0K
- VCT
. %A 7Pk Tbg = B5 10031 = 1.0 - 0K
Fl., 7337

(2h ZaE)E Tejolos Th
D TRAY : 2w Tejolobk FE V. (A 18
Q Vepe= Ko * N
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A7IA, Ayt AR APES SR @ A B A L

NCO

Yean

Ay = (15h+1.5h )X (15 h+ (n—1)xs,+ 1.5h )

(cy=15h,; & cp=15h,)

L ARAR e el ARE wA e ASe] A%
o)

T RS % 9 PA9 2ALE B
A

Comin < 150 B thqn=07+03 f;

ef

LAY W B A9 V1B BAYE SAYE,

N,=10/fy h"?  (HAEXGA)
N,=39,T, h,”? (280<h,<635m<] &= E

Lol FEEE)
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»c,;=1,350mm = 1.5h = 1.5 150= 225

»¢,,=850mm = 1.5h = 1.5x150= 225

|1.5her

{m-1sg Sy {m-1sd

LShef]

<A™ 419> Zolobx FEe] et FFEF 4 - aFLTY

Ay =@5h+1.5h)x(15h+(m—1)s,+s,+ (m—1)s,+1.5h)

C

= (1.5x 150+ 1.5< 150)
X (1.5 150+ 1 500+ 500+ 1 < 500+ 1.5 < 150)

= 877,500 mm?

» Ay =9h ’=9x150"= 202,500 mm’
CcO
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" Ay = 877,500 mm?> n - Ay = 4% 202,500= 810,000 mm?

» N,= 10 /f4 h "= 10x /27 x 150"° = 95.5 kN

Ay 877,500
> N = ¢ . . = it < 1. % B ‘
A Yeax * No= Siipgp < 1000 95.5= 4138 kN
Ca.min
Yean= 1000 | Copin < L5he 1 BF o= 0T+ 031 f
: e

171 O o
»¢,;=80mm = 1.5h_ ;= 1.5X150= 225
> Cp=2850mm = 1.5h ;= 1.5X150=225

R
Hye
Y
N
oL
ok

<198 4.20> Zelolo}y ZAxo et E9dHA AR —

- 139 -



’ANC:

= A *Pean * Ny

(1L5h +1.5h,)x(1.5h,

+(n—1)s,+1.5h,)

= (1.5 150+ 1.5 150) < (1.5 150+ 1 % 500+ 1.5< 150)

= 427,500 mm?

» Ay =9h = 9x150%= 202,500 mm*
CcO

Ay = 427,500 mm® > n

- Ay, = 2 202,500 = 405,000 mm’

» Ny=10/f4 h "= 10x /27 X 150"%= 95.5 kN

427,500
R , 202,500
Co

*471A,

Bogn=1.000 |c

a,min

% 1.000 % 95.5= 201.6 kN

<1L5h AT Yn= 0.7+ 0.3—

FAP,D

Xng=54.49x2=108.98 kN (A &yt

Ap.p = Fasp Xng =73.37x1="73.37kN (4 gt
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. Vo 8216

= =1 > 1.
VT
P WEAPPF = 082 5495 > 1.0 . OK
Fl, 7337
@ IA BE 7} QoF
<E 420> AA BE Hu}
wEY wE A7
T
TR | 209 B | IEAF | L9y B4
O.K 0.K
7 A 2 417 54.5 b 417 734 bommmmmeo
7.66 5.689
0.K 0K
ZIAB EnHY 1116 109 f- 736 40T N S
10.24 10.031
O.K 0.K
Zetolofx- 3t 828 109 [ 403 4 Y/ S
7.597 5.495
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Bo
Jo
el

e

oV

—

_—AU
junt

o
B

-
B

3

—

_XU.
ol
X

gl

—

_XU
jint

207.1 kN

M fp

19
L
L_

%
f

Y

h 23 119

F(fy) X R

&

fg—

A]

207.1 X 1.0= 207.1 kN

ﬂo

_Lmo

st

ﬂo

B,C
Fg.c = 207.1 X 1.0= 207.1 kN

L

N
ﬁo

—

_XE
=

o
Br

d

)
J

B.D,comb2
B.D,comhb2
81.3 kKN

99.7 kN

L
T

F

B.D,combl ?

T

MAX [99.7, 24.4]
MAX [31.2, 81.3]

MAX [F

Fl%,D = MAX [FBL.D,comb17 F
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T
FB,D

N | we
0 o
g 2
o N Ob
Clx |3
o oA
oo | ™
~
o0
poro _1_&0
a e —F
—~ te}
N r -
R
N
E|
,.._mo
= o
m N
S| x| =
SN
w | =
ajo
~
o | i
~5 =0 b~
fini a o
_ZT! _er »
E]
Z
gl =
(0]
LR <
o
e




~ 0K
~ OK

2.547 > 1.0
144 mm

56.5

0.0

=2.077 > 1.0

207.1
99.7
207.1
81.3

c = 144X 1.0= 144 mm
Y A (30% Y A8

L
FB.,C
L
I-?]S’),D

B,

L
0 c = 144X 1.0
T

0,

0.0

69.3

gl

A9 (mm)

.‘I

XA

69.3 mm
56.5 mm

MAX [6§D,combl’ 6;5.D,comb2 ]

MAX [69.3, 0.0]
MAX [0.0, 56.5]

6II§,D = MAX [(SII;D,COmbl7 5Il§.D,comb2]
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~ 0K

2.078 > 1.0

AL
;.OO

N
=

~ OK

2.549 > 1.0

(3) IA =E

O A 14

=
w
o
=
]
o
@
S
7 RO
bl
0
. w .
0|
™)
|
[=s]
™)
9
e b
| |
| |
| |
| |
| i |
i 0 I
<
| i |
| g |
| |
| |
| |
| |
L |

50

8¢

8¢

50

<1¥ 4.21>
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A = 500 mm ) STUD &4 D =

B = 500 mm (y) STUD #o] L =

C = 400 mm = BA CTC =

T = 144 mm & PgA CTC =

h = 212 mm 2E A4 D =
mxXn = 2X2 (AFXnE) = 4 EA

@ ZAYE 2AVEEE f, = 24 MPa

40

150
400
400

16

mim

mm

mm

mm

@ PAY] FaETEA A,y = 2011 mm® (BE AF A8)
Ly

@ <BAe A f., = 410 MPa (g
f .,860MPa)
© BA9] FEEF4do] h, = 150 mm
® o =o] H = 5,000 mm

%
)
=

V5D =4x201.1x 410=329.8kN

B R <
Hy
)
o

e
Y
)
o
L
o°{'

F VI =4x201.1x410=329.8kN

CWEWE Bl = FL, —00.7KN
> WEHA FATs,D = I:‘\BT,D = 81.3kN
@ 87}
o Vi 3298
» =3k Lsa = 99.7 = 3.308 > 1.0
FAS,D ’
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: Ase,V ° luta (017]/H % ]?:;;(j‘/] Ogﬂ%E

=]
S

)

Min (1.9

0K



Ve 3208

= = 4. > 1. .
T 313 4.057 > 1.0 0.K

(th S3YE 3]
© FFIF : FAUE APE Vg, (A 2H)

(HHED

Cac+n-1Se+15aCal

7

1.5aCal

<I¥Y 4.22> 223 E FIZL Y3 FIEFH AF - aE5LF
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» Ay = [cpt(n—1)s,+15ac, | x1L5ac,
= [900+ 1< 400+ 1.5 1.0< 900 | < 1.5 1.0 < 900

= 3,577,500 mm?>

» Ay =45 ¢, "= 4.5x900%= 3,645,000 mm*

" Ay, =3,575,500mm? < n + Ay = 2X 3,645,000= 7,290,000 mm’

Ay 3,575,500
>V = ¢ . . :;X BB ¢ 2 = kN
Ay Peav " Vo™ 3 645,000 < 08277 70
714,
Yeq =090 |Cpp < 15cy VBT theqy=0T+0.3 =
al

I,=MIN[h,, 8d,]=[150, 320] = 150 mm  (d,= 40 mm )
\ —07{ } \/7 fo Cat

150 %2
:0.7x[—0} X /40 X /24 % 950"° = 827 kN

7]
» ¢, = 1,300 mm C,o =500 mm, s; =400 mm ,
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1

Ca2+(m=-1>S2+1.5C

1.5Cal

15Cal

<% 4.23> Z3YE g3 F = of

Z

FA99F AHH - w4
Ay = [Lhey T (m—1)s,+ ¢y ] X 1L5cy,
= [1.5x 1,300+ 1 400-+500 ] < 1.5< 1,300
=5,557,500 mm?
» Ay =45 ¢, °=4.5x1,300*= 7,605,000 mm”*

" Ay, =5,557,500 mm? <n - Ay, =27,605,000 = 15,210,000 mm?>

v Ay, ey DEOTE00
Ay e 7,605,000

*471A,

X 0.846 < 1,324= 818 kN
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wed,\/ = 0846 C32 < 15 Cal’ ?— 73% ¢ed,v = 07+ 03

1 0.2 ]
V=07 [d_(j Vo Vg e’

150

0.2
= (0.7% [4—0} X /40 X /24 x1300"° = 1,324 kN

I,=MIN[h,,, 8d,]=[150, 320] = 150 mm
(dy= 40 mm )

@ 87}
. Vi
» WEYSF chg _ 80 7.322 > 1.0 - 0K
FAC,D 99.7
_ Vg, 1
» WA 7}HbEE %"g: 818 10.062 = 1.0 - 0K
FAC,D 81.3

(2h) 2AE Lejoloks: o
oder : 2aP|E Tajolols Aw V(WA 1F)

»¢,;=900mm = 1.5h. ;= 1.5X150= 225 mm

> ¢,,=900mm = 1.5h ;= 1.5x 150= 225 mm
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|1.5her

|

15hef |

1.5hgf+n-1S2+1.5hef

1.5hef

h=D§2

1.5hef

i

<™ 4.24> ZEo|olx Fro] U FIHH A4 - asHFE

» Ay, = (1L5h+1.5h, )< (Loh+ (n—1)s,+15h,)

= (1.5 150+ 1.5 150) < (1.5 150+ 1 % 400+ 1.5 < 150)

= 382,500 mm?

» Ay =9h = 9x150%= 202,500 mm*
Cco

LAy =382,500mm? < n - Ay =3 202,500= 607,500 mm’
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» Ny= 10 /f4 h "= 10x /24 x 150""= 90 kN

Ay 382,500
> N = ¢ . . g ) >< . >< =
e Ay Yean * Ny 505,500 1.000 < 90= 170 kN
o714,
C min
Yoan= 1000 [c, ;v < 1.5h ;A B n=0.7+03—
' ’ ' 1.5 hef

* V e= Ky + Nygy= 2.0 170= 340 kN

cpg

=1300mm > 15h = 1.5x 150= 225 mm

» Cpp=0500mm = 1.5h_ ;= 1.5X150= 225 mm

— 151 —



|1.5hes

dn-1sp

1.5hef |

(B-B TH&=>
1.5hef 1.5hef

<I¥ 4.25> Zojolx Frd] i FIHd A4 - 25T E

» Ay = (L5h +1.5h,) X (1.5h, +(m—1) s, +1.5h,)
= (1.5 150+ 1.5 < 150) X (1.5 150+ 1% 400+ 1.5 150)
= 382,500 mm?

» Ay, = 9h*=9x150%= 202,500 mm’

LAy =382,500mm’ < n - Ay =4 202,500= 810,000 mm’

» Ny= 10 /f4 h "= 10x /24 x 150""= 90 kN
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382,500
> = . . = 7>< . >< =

N e Ay, Yean * Ny= 505750 X 1000 90= 170 kN
714,

Yogn=1.000 |c

Ca,min
amin < 15Nt LT g =07+ 03 7
. ef
» Vo= K * N = 2.0x 170= 340 kN
@ 2o9% WP FIAE Fyp g
» WEWY Fupp = Fiop Xnp=99.7x1=99.7kN
(A
» WEAZYEE F L ) =F g Xnj =81.3x1= 81.3kN
A1)
@ =7t
L Vie | 340
» WENEE = ——=13410= 1.0 ~ OK
F/{P,D 99.7
] Voe 340
- WEAYGF o= o =4182= 10 - OK
FAP,D )
@ <A =E H7F oo
<3 4.23> 371 2E 37t
WEYE WH A
T - = o -
THAF | aedd) WY | 3F% 2% WY
0K 0K
A ot 29. B 29. 1.3 oo
) =) 329.8 99.7 2308 329.8 81.3 Lo
0K 0K
=5 eEywtyy | 730 | 997 r-—-—-——-——1 818 | 813 (-
FZI ETHy 730 99.7 7399 818 81.3 10.062
0K 0K
Tgloloe w5y | QU |l 997 -2t 4940 | Q12 be—---tiito o
IZejololx 13 340 99.7 5410 340 81.3 RED
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2. wdgols] YA 7}

(7 wofe] ¥Exx-do] N = 1100.0 mm

Z
=
>
<
L
Z
Z
=
>
=
%)
o
o
S
S
o
N,
|
o
S
S
o0
£
3
8

= 69.02 = 29.41 = 39.610

» N,. = (200+ 1.67L+ 6.66 H) > (1+ 0.000125607)
= (200+ 1.67 < 90+ 6.66 < 22.6) x (1+ 0.000125 < 0.0%)

= 500.82 mm
o714 | L=90.00m (%3778
H=226m (a7} 3%°])

0=0.0" (AH

1100

= = 2.196 > 1. - 0.
N,  500.82 9% = 1.0 O.K
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ol ) 7% B}
(1) g7z A

1,30

™ s |

'F'F"'J-D rﬂp

E ¥

1

-t i

<29 4.26> 7)1z Al 2 34

(2) s7]ze] kg 3

(7h) Aol dist FY HE

<E 4.24> 7% T4AEHY
T 5 Nf (kN) HKN)  |[Mr&N-m) MIGN-m)| B 1
WEn)Ek 7,298 169.4 27,002 3,553
ARk 7,298 209.8 27,002 4,588

» Mr = >IN X x
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@ Aol digh kA B7t

E4.25> A% bEA HU}

B

H
GN-m 6N e | ST o | o | T
wESE 27,002 | 3,553 7,298 7.601 0.487 2.467 0.K
AR 27 002 | 4,588 7,298 5.885 0.629 2.467 0.K

() F8AAE HE
@ ANk SEAAE Qe

> ﬂ%——]ﬂg—ﬁk

_O
Qe =Ala-C Ne+p8-y -

= 296,716kN

= 276,025kN

@ 71z A 58A414E ( Q¢ )

- WEWS Q. =Q/a /SF
1

=
o
ol
o
O
(@]

[

Q/ a / SF

2

°
N
rE

— 156 —

B’ - Ny++, - Df - Nq]

- B’ « Ny+n~, - DI - Nq]

296,716 / 47.555 / 2

276,025 / 45.455 / 2

o AR A Ak o] kgl Q. = 900 kN




Qc 900
— = /4. > 1. ‘.
Q138 4.844 > 1.00 0K
» WA Z-SF
Qp = 201.208 MPa
Qc 900
==, > 1. .
Q" 2012 4.473 > 1.00 0.K
(th) ol dist ekgAd Hr})
<E 4.26> FF HHA H7)
T B VKN | He &kN) | Hy &N) | Ho/Hp | 3]g<erds | Hv] 1
wEEE | 7,298 4,379 169.4 25.85 1.20 0.K
wAHEE | 7298 4,379 209.8 20.87 1.20 0.K
> HC: Cb ° A,+V M tan¢B
(3) guj71xe e Fr}t
<3 4.27> Fo7lx @ HUt
AdE (kN) A E (kN-m)
TR
TR | ald® | WE | eEeR | ad" | W)
W=k | 9,132 2,403 0.K 19,584 3,805 0.K
FA3F | 9,132 2,600 0.K 9,406 4,158 0.K
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e

1.

2.

TEH

Simplified Evaluation of Added Hydrodynamic Mass for
Intake Towers Alok Goyal and Anil K. Chopra

Journal of Engineering Mechanics Jul 1989, Vol. 115,
No. 7, pp. 1393—1412

Earthquake Response Spectrum Analysis of Intake-Outlet
Towers Alok Goyal and Anil K. Chopra
Journal of Engineering Mechanics Jul 1989, Vol. 115,

No. 7, pp. 1413—1433
TEE9e, A3W, ATV A, TFHA®, 2013, pp.
488—-495
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719 1FAAQ A7u A& (electrical resistivity) p o %%

R=p— or p=R— 21(4.1)

A7) A 3] ©= ohm—meo|™, A7) A& 5= A7|AE
(electrical conductivity) 2 ©9%]+= mho/m, £+ S/m ©|t}. <
4-1>2 F AR Aol AAE SH et BALEE UERH Holth

uEI-H

Cl PL P2 c2
—e o = -
2
T3 3

<a¥ 4-1> ¥ AQ Apol9 AR 24 BAE

1714, C1, C2& &3l AFE S5 =, d¥He= F+ A
fAd= P1, P2gk F A9 AFA= CL, C27F s o, AsiAs A
(4.2) ¢+ 2,
pi pi pi pi
ATV = — = —_ —_ — Al
=hnh, (277'1“1 27r7“2) (271'7‘3 271'7‘4) H(4.2)
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ay=L-Ll 142 21 (4.3)
2m o Ty Ty Ty

of ¥, 91 A& A7IHAFol gk 2 (4.4) ¢} Fo] wprH,

p=Cr— 4 (4.4)
& 53] AYASF (geometric factor, G)&F
7F A=, ZF apEe el g8 A
S

71 A gAE widd A A e

3

o, 21 (4.3)9] #% ¥
-2tk ol Al A A

al -
ATE Zh=d. (% 4-1)2
W Zlojt},
(£ 4-1) A7HAE &84 uidy] 2 A AT 54
Wi F5 AYAT Q)
g9 w9 (Wenner array) 9ra
29 o3 7(2a® — b*
HW A ¥l (Schlumberger array) e
@G=8]9 (pole—pole array) 2ra
A= vl (dipole—dipole array) n(n+1)(n+2)ra
=i (modified pole—pole array) (s+n)in+p)(s+n+tp)
e P P Y sp(s+2n+k)
EHH A

A718 A g Al A= gy WY (Wenner array),
(Schlumberger array) %+ =%} W€ (dipole—dipole) &2 A=
(a7

24 1AW A a2

HidSo] AFEHETE Y wge EE A5 7HY HAe] Zon
= =1

Aok FARAE FAY U o

2 XA
SHAlA 7o) olw) 10 ¥ (decade)d 6AHE &1 AAUZ 3}
thAlA Uitk €92 59 10.0, 14.7, 21.5, 31.6, 46.4, 68.1, 100,

,23,



147, 215, 316, 464, 681 Solt} ol&A A=77 (a)
9

(] =

Rnorm=z z1e wjel el M7in|Ad %k
Aol AR ¥ AA dart vk FHE ASAS
A5E log—log Y ZAS] FHFHel 54
C<OF 4-2>% Ay v oy kA F
g el dsl dF 2 A4S oA A
HlAd=A Y wid Qe 9w A wido] itk e =
4 (b)eo]l ARd=9 114 (2a)°l vlsl €4 F = z
2a>bbE FAStES Attt olefgt 7|etetA] wjd el AR
Aol v o] FrhstH BAR] 9] RIZHE |
SRS
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& THRoRA HAH Fi ¥ v <2
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o a @ a @ a ®
(a HHE)

® e P2 c2

@- a > @< a ., a :.
(B HHE)

cl P1 2 .

.-’- a T:..’. a j,-._—_ a ?:.
(7 HHR)

<a¥ 4-2> 94 6dy FF
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P2
o. a [ a - @
<29 4-3> €499 A4 Wd
ArgskeE did, A, WA gy &
7_]

Fzb s SR8 G g s A

Cl, P1 Azl 2008 o)/del Al #As)

okgith TE el Wls 2 SIS AL AAY BAATE §
olahAl AATE & Qlom FAHow e gio] AW, Az
b Aw delHe Ae AstAE Fee e Stk Wil 9l
o whebd o] MG F2 10 m olste] Zele] AgaH: o] A

| 0
sttt <O¥ 4-4>% &= wdSs yEhd Zlojt

C1 P1L
..’_ a .

<1¥ 4—-4> F= H)Q

<I¥ 4-5>¢ AsAblds yekd Zlor Ajd=y dsd=
Atelo] Ae BF aR dASA nAsty, dARd=d A=
AYE d5Hcw A2 4ol (@9 Al (na)wa T7H7A7HE
A SA4stt olwl ne A= AT (electrode separation index) 2}
2o A=A dol AR 9 A= A2 SAREA Y dd=
e 1yste] AAg Ao dojxl AU ARd=
o A=) FAlA 45 = 10 Ry ol VST HE
1A kel B, A WEE el & 5 ot

9 A 9 Ay FAEARE AR Y] 54 A e AR
2 1Addoz F53 F Qe vk, A=A g AESHA 74
YW g GBAME FAE Qo] HlwA FgHow A5t 23 A<l
A7ATG RS 92 F Atk 28 addA 2 9y sidS o] &
S FAGALE oy A FelM FAToRN 22 ARl AVHAT &

,25,
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b RS

fud
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-
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A

A7 ol f 3Tt
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1

] (local anomaly) 2] ©4]
Jev A=A W 'AE
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=y

oAl
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1T}
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=
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piiy

A71 A =% (lateral conductivity variation)eol W7t
ot J3IFS
oA 3

I
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g
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e
e
A
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A2d AR AL

A9 HAbe AEAgb A SHAl Atol o] d7)skehA 283 A
o fFEAdell 7Idetes A719eA g g8 WAstE AAHAE
S5t "ARHoIt AVIRAT EAbele de] /IfjF o R A st
AFE ZHE 2971 Sl 71 ddstiaAARE edd gApHo R M,
FobgA T 22 FEAY HAbel FE AEEHAT 2y HEY
AL EAbE Ad, 4 2 FshEokel| FRlfeA &8I 3l
o =, f, A 9 AeA] upg e Feite] g4, 3, @S, AR,
= 2AHE Ak 5 Y = Zotry] 98 A&H Utk

Astell A AAAF o WA= A= ALA S} AeHFAl Atole A
718182 AAg-3 FA L VEAel 7Ijsks A7 e A Aol s
o} A7 erd d9e &3] 539 (streaming potential) o] 2kl
L0 F5A9E A 32 e BARS E3lo] dAdo] ol
s R B = i R K R =t R 2 | P B et ) Bl ] = S |
T 55 #-dEH YEdeE FoR 4 mVelA F9 mve =2
715 v meEbA e digs W dde W e He A,
& 71 ERb G 2A, A=A & AW a8a Add FellA
LhERTH

A9l el AR I WA T &o] HEskA Bre A A= ANk
A718}8t4] (electrochemical), 71984 (electrokinetic) ¥ EH
712 (thermoelectric) &3 o] Slal 7| stehd a3&5 A st

@3] A7 XA HT Q. At o R g A BSFHE A
191+ F3A 9 (mineralization potential) 2 &8+ #3o]
25 Absh Bdel ot 71884 (electrochemical) 92 A
mV ojAe 77 #ASHr| % vt tE Fo JAH9 A

TFEAAZA daf o] thayA mAES F3 =& 7]
12l o&l] WA st A7 E BTt o) AL+
rEote A =3 Ak AA 3 Azt
= THAAE o7 el

A7]1A  (thermoelectric) A A9

)

o

N N rlo
ot o
N

o
o
3

ot

=
=

Q
[€)

k3
~
©
o
o
2 Moo o

O Ho J L N 2 2ol
Briooft ) 2 o= o
N fo ofl 12

o
2
2
o

1 o U

= &
%

i)

(vorticity) ol 7]H}s}o]
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=X

—|~
O
/\
I
o
=~
ﬂ
A4
1
4 N'
oL

4 Aol AedAg) WA B

--t» current density

1) 53], sletel 9@ BRANAY FEANE 2] AT
g o], FA R T2 N B4, 59 Bl G¥ FE Fol
IFe = 5 Ak

A

=2 x3tE v wdeA dF
2] (coupling equation) ] W&k *)F%L?HH(VP)E} X*H?LHH( V) el
HH A}

o)

J=0,VV—C,0. VP 21 (4.5)

4

o171A, o, & ThEA WAL AVHAEECL, ¢ X3t AT
(coupling coefficient) o|t}. A&AIFT= 2 (4.6) % 22 FASE
dr(vpe) et a9 A9 (v V)% Aoz Ayrgos
4% 4 9t (Guichet et al., 2006).

==

A 4y

,28,



o= YV _ & 2 (4.6)

AZIA, o8 e FAY AVHAEES FHE&0]1, (= dHH 1A
Atole] FZbe Al o]FZ el Q& AlEF (zeta) Aflel™ (Davis et
al., 1978; Ishido and Mizutani, 1981; Morgan et al., 1989), n<
FAS] Aot Az WEAA o, e, ¢ Wl F AlSEO] Gl
o] veketn, AAACE AbrrE ARSHT 131‘j§ WA A fE
ALl= AU I 2ol F2 ot wE AL gwiet A-dEn. 4

Ao Aol T AFdre] wak2 0ot

VeJ=V (o, VV)=V + (Co,VP)=0 21(4.7)

Tk ljst
A Agel s Folvh, 1HuE ATl APt TS A48
3 ol A WAl AR ol 9@ AR WA wgow &
H7 AWggA e Astel fA 5B 2 ARAEe] wak] g
e}

Vel(lovy)= Z[ké(r—rsk) 21(4.8)
%

oA71A, re Asd AAE YEhdH, FEH o A7nAG At
W g 2ok geleg G de maee Hy|uAd ndan oo

fFAFeITE. A= F-3xEH  (finite difference method: FDM), -F
QA (finite elements method: FEM) 3} #o| thekst =% %<l

ok

W ARgSel AT 5 v, o Agdtel 418 e
2o APPAA (4.9 E W 5 9ok

,29,



3714, K 9l ol 1, Ko| Ak A mele] 27)u A e
$EE AR dth KE A/NAT S Boto] 9% 5 gom,
A9 NE St 20T A4 Fo AT 5 AT

1113]—] ’%]:/\SIJ:I. EI-A]-

ST BAE Aol aldld ABAow AAT (seismic
vave)§ WRAIR FWIL e F, 2 ADAN AAAE Aok

_'(?‘_
A sk ot s A A=l
‘“416} E“U]r AR RS A A8 A e gold e E
2, =439 (refraction wave) ©AF} tFAld W3 (multi—
channel analysis of surface wave) A7} % 35kt

=43 SAbE oo A (41003 22wl AAEA ' Tt
o 24 SAS Yedle A9 HAS mEth o] AL Ask R

olwf 0, YA, 0,2 =22, 1V, Ve 247 A A s F d
A Fo £2E on|sith. $HH, JARES] St wel =& 7ol STt
o] 0, =90"7F HW sind, = V;/ V0] B} ol dAoe] F v
AAH I F 3t E]btﬂ ol E AA=FA (critical refraction)©] 2}
3 sk, =Ad7to] 90 © A W] JAMZHE UAIZE (critical angle) o]k
ghoh. JARZol %174]7—}1'1‘:} o 3A fvd 24 2R g
ARARE dojuA At 243 "HARE dAZ 9 dA=de o83
Wilolth, dAlEEE AL 1,9 S8 AAW dss v

R

.

%o}

rir

,30,



A e, ojde HEe v 24 HHesD BEo V9 &=

2 AxE Ay ol &5 A7 (head wave)2bil &FH, o]
FAES BF GAACR - HER olfd AFaENE FA
B et A8t JRE dobd 4 vk <a¥ 4-8>.

mpg

V: >V, 0. Y
<a9Y 4-8> IA=FHEY AT

1% 49> AmHel o @ AHolA UAZ BANAL )
Uebe oezhd sheh 1 wHE) s A=E ek etk A X
9 % ARAN BARE W, $4 37 FL A%as 39 (Gir
wave) & 450 HARE wet Autshs AHvt A w£F o
A A gel Ao A% HY FLTE wARTh dW, AFo] Az

£ 5EE 2t ol Fow AR drkd, 7 A% A6l
wiAbshel EAsh (A%, QAZATH 7 LA
o 77 et

st

O

% o

,31,



<9 4-9> A7 A 59 A B2

A% WA S5 AR 0B A3 AN 2299 AR
HEotet wE |Sdte] Aoty £E TaE s WO,
B2 45s Age] W% S50} ANSE Ade A @
B Fe oloh g AW AL wEALL A} B @
= qhure] B R HY Fu AN A shel B OEE Rope] phe
Al ZgA ol gH I Gtk BAREAIA dolAE SEPRE
A RE AR EE 790 AR, FHUAU 5O A 43, wE
Ao HF 9 P Fo AATEE shelshid olgHET <
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<29 4-10> 229 HA 24 L

(X 4-2)& dxzgl E4 g A3 st £ HeE
48 Zlolt} (Reynolds, 1997). &3 &5+ 722 M AdX g E
1A%, F3 WA W gdo A5, 3 5 59 AAsrE x|
weld M2 O S5 SOo8 FREHV|E s, o9 widlE ME o
2 AZdAgE e £5 o7 moy= ALL gk gy &
yobd HAELS 3ty HAE Wi SR7F »da, vjad HEHES
14 HAEERY 571 =gvh B8 FkE obAe a9A g &
MArch $e7b =gk E2g ¥x3id vad HAEES 1 TR F
ol &4 £E7t nlsstthe 54 0] vk

AntH o7 oMo Pyt {5 V|Fo® Husty xitE HAE3
Exste BHAE, HYEY A, Sy wdds FEseE A2
Vst 28y ME e G4l Afelx xsE Afoe AR
e S5 #X 5 U ERE P3 55 o|§3 FEo] B3
ok webA] digdor ExAES st Afele, dxd vnd
A& 500 m/s, 38 vl AL 1,500 m/s, EAHL-2 4,000
m/s, FeEA 9 IS WAL 6,000 m/se £EE VMY

_33_



Z49 449 P £5 (m/s)
Myd 54 vd 54 7] e
300~900 o 5,000~6,000 1,400~1,600
250~ 600 o 5,400~6,400 331.5
500~ 2,000 o 3,500~7,000
1,100~2,500 JFek 2,000~4,500
oF  2,000~6,000
200~1,000
800~ 2,200
2aegl A

400~500

500~1,500

400~1,000

1,700
1,200~2,100

,34,




=43 b AFE AeS AN AT S AXogeE 7HY
= AAE gr 28y AA At xelA e EEA FFol AT
Hop 27 =9 A9, AFe AAZ @50l AY 7150 e A,
9> ol e AT, st A £ Zpolrt FHEHA] e A5t
SAsk, olfl A afAel FrF EAS 'S mjzo] ¢S]
obd Aol afAlel ool U7] wimoll theFet Al ol A A
Ha Ao AAAH  (delay time method)2 E7F&3E ZdHS
TJ#EW 7] $18) koY FH L] Zlolof Hlgte] AW |Eo]
2, =AU AAPE 107 olste] Af-eolwt A& 4 vk st
s 5 wAE sidskA Xstde dRo] EAlsit. ghdy
(wavefront method)& 8oy FAR AAE A &3] 7} 1hekst
o, EFst 24WS I8 edE f85h Boh HE3e awef o]
s 28T A5 o ZAo] BRI, W2 Aol AQEE

WAo] ot} (Thornburgh, 1930). 34 3%  (ray tracing;
Cerveny et al, 1974)3 GRM ¥ (generalized reciprocal
method; Palmer, 1980)2 ¢ WXt 3435t A spde]e] 2 &3
T e wWHolt. I FAHLS "B Xpged AT olE EES
3 o] BdE ALt FAL ASFAIE vluEl 74 st
S FouUrbeE WHolth, GRM W2 A AAZHE S dRksiAzl
o7 =A™ AAZE 20 7 7HA A& Qlon, AEEF0|
= % 3

g w2 soll dg BAE o= e dld & 5 Qe W

1939: Dooley, 1952; Adachi, 1954; Mota, 1954), 3HH
(Thornburgh, 1930), ¢AIAZYH (Heiland, 1963), &t FAIY
(Hagiwara and Omote, 1939; Hawakins, 1961), A< A]7HH
(Barry, 1967) &< =44 Zlojo] vlaf =4S 7o Aoz o
2 23 ZAHe] FAAE 107 ofujolofol &b, gk

= d AEE
| EAEA = 5 EES JHEstE R B A4
Gla 1

=

F 59 % % il

22 Fyse @A7 vk B4R Ak d@ #AE B

FAMT GRM W 52 Bétol o= = SF=gont, o dsl 3

2Rg Agetn ol AZAst Wsta AATEF BE BHel
= %

,35,



233 (refraction travel—time

tomography) % UTh FA ERIHIE 2Ee O

gato] Ao S5 EEete At dFoR, 2ETAe M &

St SERPEERY A E gotste WRolth ol ¥ A

o HRREE WAl A4S AAEH, o] dHEs BHE £ ER

2 (velocity tomogram)©|g} stt}. £ 5 ¥ += SIRT (simultaneous
O

iterative reconstruction technique) <4AHH
oo W Foln AL Fishs BE
o FEAES 47e] Ao

Folxl o3 W9l wrt Zobd wriA
AbakaL ]

24
4% (slowness) & HAs= A4S vl

,36,



sl BA= v)ah), v)#@AQ AWkzAF W o A EH A
AqEe] A5 AlESHA B37HE ¢ e WHolth Mede A4
Py, SutE FEIFHE A9 (body wave) 2t #2313 (love wave)

9 g da g (rayleigh wave) 2 725+ %W (surface wave) &
TREHM, 2 dUA wlEs B AAS7E 33%, BHIATT 67T%E E
Hul7p A sk Bl Fo] Wy FolE =7teta BT "Al A=
A s (no1se)°?r_ A:LHOJ %}E}_ I a= X]EL% w}a} At

Zta gl ol & v‘i—’\&*"‘é (d1sper31on characterlstlc) O]F/} E}U%,

= B9 Ay e @ 9 olul e A% 73 A5 AdEiel wet
A Bs on

% ) erg] S S ol &ato] Ao dAd
E5 X got 9 AR AT AEE Fetstr] fE AE wHe
2 vl Kansas AAATFAelA 1990d ] $Hke] 7idd A|dHo=
FUel A= 2000 Fube] EqiE o] A&Eo] e glom o]gl e
AdgE ol &3 HFAMS xnWI 7PHolgta %%1’3}“1, o] &] ol &=
SASW (spectral—analysis of surface waves) 7|19, f—k (F3-—
) 71R, Ab=Fak G4 71, A PlRE 7R So ] Atk

FHy AP $ MASW 71¥2 SASW 71¥ 9] 73 CMP

fole

 7IMs HEete] JidE WY o® CMP B VWS 8t A%

=49 MAdE 7lskal, SASW 7IH e JidSs Edste] A=A 2A
W ak s FAske VINeld &, v Al (B 124E o
e olET A SHCE ddey SR dEE fste] T2
Foe] ARE FEetal, B A -3 G AR wEd A
o] FE= &olsHA FOoEA S/N HE FEA7I= 7IWolzta &
T SAth MASW 7ol =409 SASW 7| e] 7&/dS it
Aas 7 e #AR7IE olgste] S48k, A7) AeE Fyad
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HEREE

hva
A

W 2A]
otk (Park et al., 1999). 1

3T
ar

sk, A

At (dispersion) ©]2F

Jo] A E 229 Sy &£rE A

S

21 (4.11)

=
=

(shear moduli)

P
T

o A

B

KN
=

A9 A (stiffness)

W

F=d 2 A9t (Stokoe et al., 1994).
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)

22
A

N
=

Fo] HE A=A (dispersion curve)

5

A7

ol

of dx® A2

Ry
ar

o9 AF drel wEt X
Z1ZE v 21(4.12) 9 o]l F FRIINA 1

]

o

o
XO]—T___‘

5)‘]-
IEEELN

9|

e =9

of 9

i

oF

FA Rl o

ﬁo

29

iy
o

21(4.12)

dx
Atf

gl

°o]-§

S
=

2 FHA2A5H (least square method)

1983;

(Nazarian,

JE

Sanchez—Salinero et al.,, 1987; Rix and Leipski, 1991).

,39,



HMoE =clgA A& HHUE

A1 A7 AL gAF AT

ANNAG B ASA, BRANN FEAOR AHE 134 9
Aoz AR Fo] Mg Feskth BAIE FRe 3 W)
2 23 A9 A5E ARk s, of B 42804 A
gk F8 AANA ARG ol wet AP F AA WA
& AW S AAeoF s, BAAoR FdAE ool
S5 Ao AT ASA MAMS olgath o, sk 9
A A gol FHOR A/NAELI ¥ A, B e}
o A%A, AEAe] o] AAY Aol YRR ARE 5T
Foolt o2 AFMI S o galof Bk AT HEEIL ¥ Akl
A ARG bse WEH WS wdvel Agsth A WA wA
& 24 ol AF AL AR Atk ZH Lol A AH
ol FAN BE EFE ¢ LR SRS AL dusop s,
A Ae gab AEel WAd wee] o] wEe] AAe] ol
mEdol doh Al g Al oy 4R 1.2~158 FEE A
Aake Zlo] wAHe AR, A5H 9 Fg BFo] i ZolE 1l
of Agalor @}, kA AA ol 10 mE ek A5 5 mE
Zabet A da 2wl BASH 2Pe AN ot
d, 2elAE A9 FGRlA AZ AASE Zo] Foh <ad
5-1>2 AFAY A5 BUE Aol A® A7MAT GAEA
ARl of7]e] EAH SAe ARAE Z4, AAE S4, 5
FAFR Z43} gol 3 HHoR PAHC You, FFAMY A4S A
How dolglt 497} uurow Aekas 497 Bt
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427 AFTE 0.125 mse AMEZHEE 250 ms ¢ V)=o)
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Element Refraction survey

Source

Weigh drop (&3l )

Vertical Stack

300 %

Receiver Type

10 Hz geophone

Receiver Spacing 5 m

Shot Spacing 10 m
Number of Channel 24 ch
Recorde Length 250 ms
Sampling Interval 125 pus
Analog Filter not applied
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Number of Spread 2

Number of Shot
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A0 BA A4S AR A AA, A GTE = WA 22
(AF3t e 5)% FHlste] AU UA, ALE HAS 47Y
S F, gxME At OAA, AeE} FgAclRe Adw,
AR, AT axs B (58 AL ADDT AFA, =
97 AN FARS BAe] Adst olgA, AA% HegA
2 A7 F, gu Zzade FEEh obEA, 4 A2EY A
Qe dh oleh ol Ful7h ghuEw, SAAY Asel we AoE
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. Geophone spacing
Source offset
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Becord Murmber

" User defined
= sefile name
= Usze griginal number if found

Mate: Record number of converted data
cat be specified by uzer [1zt option)]. or by
file: narme [2.g., 1000 for "1000.dat"] (2nd
option]. or by ariginal record number if found
[3rd option].

+" Run Format |

<18 5-61> A8H¥HI G4

A8 = e
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offset) 2 5 m, =%17]Ql A& 74L&
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Field Configuration l

Seismic spread (layed geophones)

Station # s==fe g5 (ED (1091 q082 1093

T s

Geophones

Source

Distance «mmmje [ 1 feet [T meter [V

’7 Source Location ﬂ

Source Loratinn .
1086 — 1085 1084 Station #

Froeee F
Y =5

Fixed Receiver Array [

<« | Source Moving Direction | 3=
Check if this
is correct!

Record[z] / Location 1 =

Records to Apply: From |2 j To |4? ﬂ

v 0K X Cancel ‘
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Line 19 A% A5 wld2 A=A ajdo] AHg=H%loH, 4 4ol
= 70 m, A= 1AL 35 m AFHAMFE 1002 A AE+=
A 7Vsdttt (F 6—1). Line 29 A% A= wjde Hds}

(3£ 6—1) Line 19 A4

Line 1(AAvFH)

P U £
A= s A=A v
=4 Zo] 70 m
A= 14 3.5 m

A=A 704 (n) 10
AR AR 17.5 m
(% 6-2) Line 29 gApd<se
Line 2 (GFFAFH AwHR)

PRy &
A= A =21 v
S Aol 60 m
A= 4 3 m

A=A (n) 10
ERAL A% 15 m
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AA ek AR F4Q Line 29 ©AMAI}, #3202 u|A o]
TAdeA wdstn, FHRHoRE Folo wel 1, F, A A}
Tl Uehed, A3 A 7 A A REXE Hola §lth
A2l F Bk At A 7k olF o E = 60 oh 13t
A vAGH7E - F#hdI BEE Hol:=d, ol E= ¥3d 3t
o® AT} o] Fte] AIMAFE AAwpFeA HEFESol E

s PR Aol o A Jet: S4e wt <1d
6—4>.

TEST LINE (2-D Resistivity Structure) .

DEFTH (METER)

<% 6-3> Line 19 H7|0 A% BArE S (Hn}E)
TEST LINE (2D Resistivity Siructure)

u
™| w || il B s

DEPTH [METER)

Wo
A £ " . ™

<1¥ 6-4> Line 29 A7|¥AF GAHEHGHFANE L9F)

,78,



olWl HM7n| A "AL A &A= T3 Abs dofHolA A EHIH
Abelole, WAL BA e Aol R o] wAolth, <1y 6-559 ¥
o) 77te] 2y tokuel WekEs) o2zt Brhshs 4Y F A%
& ZMow WYSUT. oflSel Ut FHo] Wrkiel HAold,
dmo] i ZHo] o F2E ARAZE 4o AP
Key Cuu]aw]]a\g\ejz;ta_\@:l/

village position of leaking water

Lo [=]

Elevation dam

spill way

F4

Morth site
survey lines

+450

s

Da-ye reservoir
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£ i_,;/r reservior office
1

[ — 1 k3
|

South site survey lines
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A e A2 wdel AHEE Itk BARE T, <19 6-6>004
Hol whel gol A FHL AMAFYZ Mol TIOT AX ¥
T FeMs) wgao

<ol o FyEs gl 4 Qlth B
2 HAAX s vluwd aH A sidEH, CT92 Ag B +9 A}
ole] AZMAES Hols= A Hef &ty wiel 7ol A gk
© 2 Yeli= Fl, F2, F39 71748 #2442 ojdd #=5%¥ @3
1] 718 =30 m ~ +30 m ¥ @SR <Qlef Tt
010114._31 o ‘: A =4 oq]A]—QOh;].
Pfim
Distance(m) —*N :
i »

<29 6-6> AT ¥ H49 A/NHAG FAER

<I¥ 6-T>IAE FaEe olde] #ZE @34 X9 537
g +270 m oA @Eol o8 FErh dojua Qe Qe F
=59},

AnF o ool A7HAE HATF AA gl
ol izt wAE A on, o)t YAt @F 9 99} A8}
oz etk &, A7HAY w@apdRe] oy A=
A% FFTEOR oA Tt
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P[tm

A——Weather interface B-——Limestone C—Diorite F-—Fault

R EE R

KI¥ 6-7> Az AF 49 AV|HAY gr1d
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A3E AZBAY FAF B AAAH FAF BHA 1

Uad AR5 AT dEH 38 QA ek 8 A5 A oA
AL "ALSE AR -G EAE FAl] F3E Abgolt) o] A
A= Agdol7F 97 molH, A= 8 m= H|WA AR A A 3
gk 2 AbEE O8E A5 v e st el
T 9 FHeF g Zl3y = vk

, | \
%, LY
N
| Y
| EFHH=1 A
]
|
5 -
- S
Y
I I I sESe== == f=h, = Line-1
o » m » " " w0 ™ 0 oo
i | o] Limeez
a o
VAP PP I EFEPEPI PRI B b S T
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<1Y 6-8> FFAFA WAt HH BYE

AAEEEell S A% Line 19 Z1eh¢-8 Ao AAHe] SAR
A Aol ARHeler, 54 dol= 94 m, A= m
o (G 6-3). AR Al 91A%E Line 29 WA
AR A "ol Ao, 4 dojg A= 44

13} Fdsttt (& 6-4). shFAbe] sfebiell $14]% Line 39 ©A
W2 A Aol AfEelon, 54 dojet A= A

59 m9 1 meltt (3 6-5).
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¥ 6-3) 2298 AF Line 19 AAAS] BAPAS

Line 1 (A A=F)

&= &
FAR Ao A9
S Aol 94 m
A= 34 1 m

(£ 6-4) 1299 A% Line 29 AAH 9] HAMAS

Line 2 (BF+ARH 1)

g U &
AL Aol A9
=4 4o 94 m
Hq= 24 1 'm

(3£ 6-5) Z22H9¢% A% Line 39 AAd9] EAMAS

Line 3 (BF+AFH 2)

P U &
AL Aol A9
=4 4ol 59 m
A= 4 1 m

A, 7eeE AFo Av|H AT Sal= A9 g
P ek oy, 289" A
e A7nAE @Ak A

.
Line 19 12h$8 o] A7)0 43 ate)
11:4

= H4HL& 2 m, 4 mE B
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8 m, 16 m7FA 7F&3stsltt (3 6-6>.
VA, A= AR A x BF Line 1
3= =4 Zol7} 59 mo|H, A= 3+4,

AFHANE, BAF A% 25 Line 1, Line 29} 43t (& 6-1).

% 6-6) 1299 A Line 12 A78 4@ gapas

Line 1 (A A|v}5)

I &
A= i =2 v
54 4ol 94 m
A= 34 2m, 4 m

A=A (n) 8
SAF A E 8 m, 16 m

(% 6-7) 188 A Line 29 A7)0 A EAHS

Line 2 (BF+AH 1)

g -8
4z e PR
=4 4ol 94 m
A= 14 2m, 4 m

A= 705 (n) 8
ERAL A= 8 m, 16 m
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¥ 6-8) 188 A Line 3¢9 #7|8] A3 €xpHSE

Line 3 (3F¢AFH 2)

&= &
A= w4 =2 v
=4 Aol 59 m
A= 34 2 m, 4 m

A=A (n) 8
AR A& 8 m, 16 m

Line 13 4«3ttt (% 6-10). Line 3
= 54 dol7F 59 molH, A= HE, A5, BAF AR B 1

2}9-8 So] =49 Line 1, Line 29 Td3sttt (% 6-11).

o
p

(% 6-9) 18$Y % Line 19 A7)0 A3 &EAbHS

Line 1 (A A|v}5)

&= &
A= g A=Ak vl
=4 7o) 94 m
A= 14 3m, 6 m

A=7M (n) 8
EAL A5 12 m, 24 m
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(% 6-10) 189" $ Line 29 A7|u] A& gapa

Line 2 (3FRAFA1)
= 0
A= s 22} v A
=4 Aol 94 m
a= 34 3 m, 6 m
A=A704 (n) 8
HAF A 12 m, 24 m

(% 6-11) 1298 % Line 39 A78|AF eErpis

Line 3 (8}At92)
= U] £
d= e A2 Wi
=4 Ao 59 m
A= 24 3m, 6 m

A=AM4(n) 8
A AR 12 m, 24 m

k" ol e AAAY ©AFE Y, <18 6-9>2F #o] Line 19
F3AY 5~10 m 7ol 15 mV AEQ A7t = 29 ol
BD7F #AERoH, FHAAY 32 mAF (Cl-1), 40m A
(C1=2)°llA] 77t &2 A9zake] 59 o4zt versth =3 3
A 70~94 mTzke] 50 mV o) & HATE = 52 o)
(AD)7F YERS:
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T T T T
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an
Distance(m)

<1d¥ 6-9> 1898 ol AdAY #4234 (Line 1)

Line 29 AyE <19 6-10>3% o] FHAE 26 m AR
(C2=1)¥ 35 m A7 (C2-2)°l 22> AAate] §2 o] dth7t et
WSk s 3 AY 67~94 m Fikel 75 mV olidel & ALAE
AE =9 o) (A2)7F YERRTH

25
S 01
=
P e
3 s ) s
=T t t :
o £ & |
£

50 t

A
=75 4
o 20 40 60 B 100
Distance(m)

<K1Y 6-10> 189" ola AAAY ExE3 (Line 2)

Line 39 Ay= <8 6-11>7 o] £3Ag 35 m A A 2
& AL e 59 o] (C3) dErsTh Ed FE A 76~94 m
7k 35 mV o]iFe] A7 Q= =2 o)l (A3) 7F YERRLTY

ARA o7 <I8 6-9>~<2¥ 6-11>4 AF A$ A7}
MAzrel A&dw ol 9A 8 AHKA o] Fost Aow E
ol drE WFoR HFTH 2Ee =9 ZEC g% ¢

d

o[
_ _|th
R

L

g

rlr
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T FHAAeR AT T BEE A$ Line 194+ T-9]
7Fsatdlow, Line 204& FEo] HA ¥ oz eyt
Line 3°lA= @4 o3 A4 ZAgjo] ojg 9 =4 ZdolE Frslx L}

of mE Hol YA, AN AN HP F5 ApAPow

AU, CPY A¢E ATFE &9 oyt Se] e FER
ZH7He) A%} ol X A%Ago] kA gort, thad)
Aurygel EAdE Ao HNHUL. o9 B AAEL Aitrel
l,—_

g 7 &l
T A AN YEld ¢ 3l ddow AdEn

9l gAbel AnelA Line 149 A¥eE
<™ 6-12>9F o] F3AY 7 m Aol A7 = =9 ol
o (B 7F vebdth =3 38712 38 m Al 10 mV F=e] A
AA7E 3= =] o (O7F vEbst 8 71E] 71~94 m3tke]
A= 30 mV o] AR 3= 59 o (AD7F YERRH

50

Potential{mV)
—

T T T
1] i 80 100

d::l &0
Distance(m)

<1 6-11> 289" ola AAAY ExE43 (Line 3)

Potential(m\)

-5 I 1 J T

50 - f

T T y T
] 20 40 ] a0 100
Distance(m)

<I¥ 6-12> 197 olF AAAY BAME A (Line 1)
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Line 20149 Ay <18 6-13>3 o] £HAg 5 m A H
Ze A9 e 59 odd (B2)7F uErwow, FEAE
70~94 m FZANAE 70 mV olFe HAATE e o o)t
(A2) 7} vhEbsktt.

FotentialimV)
-

50 t
A

l:ll TI:I -:;:- I.i:) éI:I 100
Distance(m)

<1¥ 6-13> 12359 olF AAAY EAFE# (Line 2)

Line 39149 Au= <9 6-14>9 Zo] 377 80~94 m +
7t 50 mV °o]Ae] "7t s 29 o)Al (A3) 7} LrERSTE

Potential(mV)

T T T T
o 20 40 60
Distance({m)

<I1¥ 6-14> 1858 o]F XAAY A2 (Line-3)

T
Bd 100

AFRAOZE <I¥H 6-12>~<TH 6—-14>°)4 AF S A% Line 1°]
A A9Ixke] Wtz 9l9le ™, Line 28} Line 301]7\1}; A71eF A5A
o] ¥% 3t Aoz yetyked, ol AEEI EQMdE Ao® Hol
2" o]lF Aol ook Ao A E St S Line 29 Line
T o|F XFoteE T G AoE EAlH

x T
Line 13 Line 29 #3X3}9, Line 3°l+= B3 9]
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o RS .
ok, A7 FAas Zo® Kol o] o A9t Aaw &
@E itk C¥ 2 A9+ Line %l
%3 YErA gtttk S470
ol Ak Ro 7 &4t

a2 8 olde AVMAE ©EArbAAel A Line 1elA+= <IH
6—15) 9} o] £H AT 22~36 me MFITE 150~154 m HF
FH3AY 46~60 m9 L% 150~153 m Foll Au At &
b, ol AALL ZIke] AAFAA A 5 e v 9
Foz AU st FEAY 34~42 m T EEIE
154~159 m Fo au] A&7t vepskt).

b4

<I¥ 6-15> 1218 ol A7IvAY dA-E s (Line 1)

Line 204+ <% 6-16>¥ #Zo] 378 9~72 m 77+ s
A% 152~156 m Foll FHS AujAdd7t Exshe A o= e
S, ol A gztel xSk AUAFUIE Line 19 + 7319
TR A Rl fel ot dFoR A HAT. I Fo
ofg7fe] 2> IH|AFY 7L A&HE o] FxEE ZOoE UERoH,
IE 149 m o]dtell= M| A I Fxd= A OE YERRT

<1¥ 6-16> 189 ol A7u|AE GArd 3 (Line 2)
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Line 39lMdE 3742 40~44 m 739 a1 % 150~154 m
Byl =3 AE 45~75 m 1£7F9) AL T 150~155 m Foto] &
W AAZ L E3xske Zo® YERET, o= Line 1 A7
A 87 FF7F Line 28 AA YEhve A¥AZHE A= @)
L% 151 m olstell= aH A #Esk= o= e

P& 1 1 8 & 0 41011

i &L F 0L 0L L &6 8 & 11

| —
(I T .-

<I¥™ 6-17> 128 ol A7IvAY FAHE S (Line 3)

A#RA SR Line 19 A8]AFd= Line 2614 HAA HojAH,
Line 3% #Z& %AMS Holm g dEHAo] 9l o7 s Ay}

a2k ol% AVIMIAY EAtATeA Line 19 A¥E <I1d
6—18>3 o] £H A8 31~42 m 77+ T % 150~154 m
ol A n] A & 7} %E—é} Row yetetEd, ol 28 H o]F
2 W17 FE iﬂr GE ), Alzko] Adel wet A FolE
Ao oAt &t 149~152 m o]atelli= Au| A7t &
ot Z0RE ‘«}E}‘Xkﬂr.

m r&; Fl

AEEE R

= . AT AT 1300 e

<1% 6-18> 18+¢Y o]¥9 H7|n|AE A4 (Line 1)
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Line 29 Ay <28 6-19>8F 2ol =378 10~81 m +7+9
LU= 151~157 m FZeol FES A A7l Fxsk= JoR
Ueb ok B3 S 148~151 m ol gt wu| A st B2}
= o7 YEy

R
s F 3 E G

S B9 e BT N300 je—

<I¥d 6-19> 1889 °|F 9 A7|RAT SAEH} (Line 2)

Line 39 A3+ <19 6-20>3 o] +=HAE 47~82 m T3+
% 148~155 m Fol EH4H2 An| AU} B¥xs= HoR
velgon ) s iE 144~150 m ©|&lels 1w Ay} EEE=

Ao e

ol

<19 6-20> 188 olF 9 H7MAE FAZEH (Line 3)

AA© 72 Line 2% Line 3¢ A Fgtel|l #xsk= Av| A=
45 o) F AEFE SR JFOR AYHYh

ot ol A FANA o AAAE 2= &2 oldr)
3 143 WAk Aol A Ebs AnAZRe 919 o
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