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SUMMARY

New coastal space have 3 concepts(Defense, Protection, Usage), this project is

consisted of 4 subjects as follows ;

B Sub—project 1 : Protection of Coastal Zone from Natural Hazards

During the first year of the project, research has been conducted on the
fundamental issues on the protection of coastal zone from natural hazards. Main
focuses of the researches include literature reviews, collection of relevant data,
categorization and analysis of natural hazards and hazard mitigation structures and
preliminary studies of the protective measures of coastal zone from typhoons and
storms.

One of the main research output includes the extensive database of historic
typhoons passed through Korean peninsula and nearby oceans, which compiles 1468
typhoons' tracks and characteristic parameters such as latitude and longitude of
typhoons eye, centre pressure, radius of maximum wind, etc.

For the accurate estimation of the waves conditions combined with tidal and surge
elevations, the wind—wave model named WAM Cycle4 was modified using implicit
scheme to enhance the numerical efficiency and to reduce simulation time.

Various types of breakwaters in Japan and Europe were investigated and
classified into the typical structural types and characteristics. For the protection of
coastal low—land zone from extreme typhoons and surges, various types of storm
surge barriers and gates in foreign countries were investigated. Mokpo is found to
be the optimal storm surge construction site in Korea and further feasibility studies
will be carried out in the second phase of the project.

The possible applications of FRP and functional concrete that can be used for

coastal and ocean water front were surveyed.

B Sub—project 2 @ Development of Technologies for Coastal Land Reclamation

New Cone Penetration Tester with electric resistant type probe has been
developed, which was calibrated through laboratory tests for suitable range. High
frequency range over 100 kHz was used to measure electric resistance and LCR
board was attached on top of probe to obtain high degree of precision.

Software for high resolution S—wave exploration was developed. The computer

program with user—friendly GUI has been verified through three step testing



procedures. The scope of 3—dimensional version of the computer program has been
decided and will be implemented in the second phase of the project.

Clean wastewater sludge and incineration ashes were selected as safe reclamation
materials which have no negative environmental effect. After several pre
treatment methods were tested to obtain high degree of environmental safety,
solidification/stabilization method of clean wastewater sludge and incineration ashes
was adopted as a suitable method. Reconnaissance of Singapore reclamation site
which utilizes the mixtures of urban trashes and incineration ashes as land—fill
materials was done. And information collection has been done in th Tokyo bay
reclamation site in Japan.

For the field investigation of the shore protection using mild slope revetment,
Uljin in Kyeongbuk—do has been selected as a site. Extensive data collection and

literature reviews on geomembrane and geotube has been performed.

B Sub-—project 3 : Coastal Zone Utilization Technologies for Leasure Space

As more people tend to visit and live on or near coast, strong pressure has been
created for shore development for housing and recreation. Understanding and being
able to manage the coastal zone properly is of critical importance. For the
environmentally sound and ecological development of the coastal zone without being
damaged, renovative technologies need to be developed. In this project, the
emphasis should be placed on the invention of the ecological design methodologies
and tools .

Our research focuses on the practical and economical utilization and creation of
the coastal leisure space. The main research items are as follows;

Ecological design and construction of coastal eco—village.

Development of a design tool for the design and planning of eco—village and
eco—city using GIS, Remote Sensing, 3D Graphics, and IT.

Utilization of the sand deposited land and related engineering problems such as
wind blown sand and 3D air flow numerical model.

Remodeling of small fishing harbor with functional leasure space

Water front development technology

Coastal landscape using vegetations

Damupo in Pohang city has been selected as a pilot project site for coastal
eco—village. New design tool using GIS and Remote Sensing Data has been
developed and tested successfully for planning and design of eco—village.

As a by—product of the research, new digital sand size analyzer using commercial
scanner has been developed, which is less time consuming and low cost compared

to conventional sieve analysis. Patent is pending on this product.

-2 -



B Sub—project 4 : Coastal Zone Management and Maintenance

The beach diagnostic system has been developed to measure the erosion damage
which may be caused by regional changes in the sediment transport pattern after
the construction of man—made coastal structure. The system consists of monitoring
process, analysis process, and lastly assessing process. We expect in particular that
the sediment budget analysis provides a framework for formulating, documenting,
and calculating sediment budgets, including estimation of uncertainty, hence the
reliability of the budget. SBAS allows the root—cause analysis through a sediment
budget that can be local or regional. The analysis process formulates a sediment
budget and erosion rates by allowing the user to create a series of cells and
arrows representing sources and sinks which characterize the conceptual budget. For
example, the downdrift affects caused by the coastal structure are  evaluated
through both analytical and numerical approaches. In the first year, we stresses the
need of monitoring and analysis process for the effective integrated coastal zone
management and shows through the case studies of Osan and Kusan Harbors in the
Uljin district how the numerical experiments are accomplished for the coastal zone
management.

Database on Korean coastal plants, which was operated by MS—EXCEL program
on computer, was composed of the following 12 fields; common name, scientific
name, family name, type, origin, habitat, evergreen, height, flowering period, flower
color, fruiting period and fruit color. This database would be a powerful tool for
searching plant species suitable for an aesthetic marine re—vegetation of a sand
dune. Moreover, the contents of the database can be expanded by adding the field
research data.

To understand the vegetation distribution of Korean east coast, research and
survey activities were conducted along the coastline of Kangwon and Youngnam
Provinces. According to the analysed data, major woody sand dune plants were
Pinus thunbergii, Rosa rugosa, Vitex rotundifolia and Euonymus japonica. And major
herbaceous plants were Carex kobomugi, Calystegia soldanella and Glehnia litoralis.

Case studies for an aesthetic marine re—vegetation were performed at TOKYO
ODAIBA Marine park and YOKOHAMA YAMASHITA Park in Japan. In these sites,
the subtropic plants such as Machilus thunbergii, Pittosporum tobira and Aucuba
japonica for. variegata. put down roots. But these plants are unavailable for the
Korean marine re—vegetation because of their weak cold hardness in winter.

As the sand dune soil has low fertility, the use of an artificial soil as a soil
conditioner was required to amend the poor soil condition. Soil condition 1is

essential to the healthy growth of plants. So paper review and sampling of various

_3_



artificial soil materials were conducted. In view of the results achieved so far, it
was estimated that high water absorbent inorganic soil materials like the vermiculite
and the perlite and organic humus like the peatmoss and the cocopeat would have

effects enough to improve sand dune soil condition.
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25 P/S3}7219] PISSA| €]

(2p) GUI & wjw<& A=

HFBHE Sub wAbY GALE %fs}oq oA xw}%&—g— QY8 e 71ee Agste
Ao ASH dHolHE BAse AN ZRIYGUI A2 A4S fustel x
THFE Ssh wabEel BE Az PE ui:w* Aee B9 GUIZ AL, BE3
M AA aPn IAEES B AgsE A9 sk

(3) AtzAbE 33k A8 S AlaH @ A9

e vt etAL ] o) /‘1“3‘4 2 23 AtE AgHE AZES AFS st @Ay
AN AAsT AlE2 220 AA olFofH o AdFae XA Eo] Bl

_50_



Z A dFe AHE AlFFo]l Jdv ANGL A (FAY e &54). ]
AlRE Tt st=doja2dle] B AFES st oen, Arle 547 #AIE
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(W) FE2-8825=4 X (Miniature Field Velocity Probe (MFVP))
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Porosity N-value
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k. AIRFLOW ANALYSIS AS A PLANNING TOOL

Air flow can have significant effect on the air quality as well as thermal
performance in a region, a city, a neighborhood, and to an individual building or
groups of buildings. In light of recent developing problem of the dust particles
traveling from China to Korea in a much more frequency, the need for air flow
studies are justified. The primary goal of this paper is to create a general frame
work in understanding air flow by investigating into mechanics of air flow and its
effects. The goal for this report is to have the designers use the material provided
as a guideline and a reference as they master plan the physical environment.

Air flow is a complex natural phenomenon that is altered by both the natural
topography and artificial structures. Therefore, task of predicting a precise air flow
becomes very difficult with many different variables that dictate its flow. Within
the natural topography, there are macro and micro level of air flow. Overlaying the
topographical issues, there are built environments that affects the environment in a
micro climate level. The aim of this study is to have the planners be aware on
these two issues; topography as a determinant of air flow and built environment as
a determinant of air flow.

The tools for air flow analysis are both computational and physical such as wind
tunnel. The computational tools are much more accessible and easier to use; and
pose no constraint in the problem of scaling down of the buildings when studying
natural ventilation of the building internally. For larger site with complex of the
buildings, land topographical models and studies on the pressure coefficients on the
surface of the buildings, wind tunnel is a traditionally a good tool to be used. In
the future studies we will be using computational method, simply because it is most

readily available tools and that no wind tunnel is available for academic research
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purpose in this region.

The goal of this project is to help the planners understand the issue of air flow
as they plan the communities along the coastal region. By having insight into
airflow the aim is to have them predict the consequences of having certain planning
decisions. The aim of this project therefore is to have the planners plan effectively
with the consideration of airflow and its effect on the energy consumption. Since
thefocus of this project is on the planning the built environment, the character of
this project concentrates on various airflow movements around its physical settings,
natural and artificial, rather than data based hardcore engineering frame work.

First part of this project is on the subject of air flow on the topography. This
stage of report is to set the frame work and actual computational fluid dynamics
(CFD) shall come on next stage of the report.

The second part of this project is to see the impact of air flow by the structural
masses. Series of massing examples are identified and discussed. Testing with
CFD for the structural massing shall be given on next stage of the report, as a
team work with others involved with the computation of wind analysis.

The coastal land requires a special planning guideline since the edge along the
coast requires a delicate balance between the ocean life and the land that lines the
waterfront. One of the amenities that the water front has is the openness of the
space along the coastal line. Hence, much of the air that can be transferred from
the open space along the coastal line can be used to the advantage in planning the
new developments along the coastal lands.

The intent of this report is to have the general understanding of complex
character of airflow; however there i1s always a room to develop such an
understanding to expand to more detailed data oriented studies.

For instance, on the paper published by Lam at Carnegie—Mellon university (Lam,
2005), when calculating a speed of the wind, the authors states that the macro
level data can be adjusted by using a mathematical equation v/v' = (H /10) / [’
(H/10) * , where v is the wind speed at height H, with H as the height of the
building, v’ is measured wind speed (m/s), H 1is the height of wind speed
measurement which is normally at 10m above the ground, and are terrain
parameters (unprimed values refer to the location of the building, prime values
refer to the location of weather station) (p.13, Lam, 2005).

To be able to apply this studies as a planning tool, a study should be expended
to creating or operating with an existing computational modeling program. This
paper 1s presenting various design tools that can be used in regards to airflow. It
will be useful than to develop a computer aided tools to test various environmental

setting in a real site conditions along the Eastern Coast of Peninsula.
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S
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FHAST = = = =g
o i [P YT -l Yegad o HEA v
J8 3430 979 &8
(3) FRAET AT L YREA 24
sedetel AP snets A4S WAy Pstel BARAS AASAT At
w54 A% Fuid 2A0EM setlMe A% sed, 27%EE A% we 4
% 59, MAAZS 9% A% AF 2 KUF Fo| ngHU AuE FuABe
% 4FTOoRM ¥ 1% 2ok AdE FRAZES TUBHA 5%, TN 4F, F
3, g 2% aem PE, WEs, 433, 0@, A%, 2AES, v, 235,
st bz, @l A 27 150 AFHAL. Hehnstg 4¥ FRFOR H4W
NBES BB TP A 24T 3200m2 271 AAEA A A &H A
F 346 MEE $EAZ 2= 3 54

=3 (31) 3} 3 A5 A

ANBVWE (Peucedanum japonicum Thunb.) A Sz L1 > o

ANA 49 (Lysimachia mauritiana Lam.) i o\l x IRt

AW L (Calystegia soldanella (L.) Roem. & Schultb) o 3 2} o x IR Z el o

AF (Glehnia littoralis F. Schmidt ex Miq.) Ab 1} ohdx ok me

N&nuLA (Ixeris repens (L.) A. Gray) = 5} 3} hdx vlob R

AT (Lathyrus japonicus Willd.) = ohd = ok B

Al ey o] (Dianthus japonicus Thunb. ex Murray) A =3} od x 5]8=04"

7189 % (Sedum kamtschaticum Fisch. & Mey.) sEUE ol x AR vky A

EUE (Sedum satmentosum Bunge) EUE ol x kgt &4

Fwl B3 (Allium senescens L. var. senescens) ull 3} 3} ohd % w7}

W) %3} (Sedum oryzitolium Makino) EUE3 thd = w7y npe] A

o] & a1
WA A (Lithospermum zollingeri A. DC.) RS thd = Azst Zuk g
i

W -g}o] (Lotus corniculatus var. japonica Regel) ¥ ohd %= AR 9] A

F-A% (Lythrum anceps (KOEHNE) MAKINO) A 2 oz &2 9@ Yyrt

AVE S (Artemisia capillaris Thunb.) = 3} 3} thd % yrte wew

A7 % (Sedum takesimense Nakai) U5 ohd = -

$2Y) (Zoysia macrostachya Franch. & Sav.) B 3} ol x vlck7} w2

FZHZ (Scutellaria strigillosa Hemsl.) EE3 ol x ek wE

SRS (Hylotelephium spectabile (Boreau) H.Ohba) EUE7 ohd = 2EA]

Bl el 3% (Iris lactea var. chinensis (Fisch.) Koidz.) P thd % Ak

89 (Farfugium japonicum (L.) Kitam.) = 8} 3} ohd = gty & &

TR ZE (Carex kobomugi Ohwi) N hdx ok e

= (Aster spathulifolius MAX.) =3} 3} thd = nl g7}

sl % (Linaria japonica Miq.) [ RS thd = ok R

(4) Shek=siaEe fEa A

7hH A3 AA

A A Go o] &2 FAHIJAES AdS Q) FHAEZ AAFH 24F i)
A IR ES o] &3 i HAE S AXEAY. AYrES viatE 100% &9, 66% &
A, 33% &, 0% &9 T 4FToE AAsY Agsslon, #re 249 BHFHLR 3
3] AAsle HEFAHoE 7Y Fo #AAHE o AEII ARE HAPFHoZ HUIES
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Ay 55 THHeZE aEste AVIEYE, A o], A

5 %, 239ulE, 99, sl 5 75 A A=A E F
’?ﬂ’ﬁﬂﬂ 2o Uuk %2379 EFZ(Prunella vulgaris var. lilacina Nakai) 3 &
T 2%S AAEY. AAEH F 9T AES A
Lo

Sk Qb H sl A A A

718 frEdll EC NH4  NO3 Ca Mg K Na
Zo] a0 PH (oo (opm)  (ppm) (cmol/ (cmol/ (cmol/ (cmol/
kg) kg) kg) kg)
0~ 15em 035 2.0 79 0045 000 733 0.79 0.32 0.07 0.43
15 ~ 30cm 015 2.0 68 006 1188 824 0.79 0.29 0.14 0.38
30 ~ 45em 035 2.0 90 002 1463 184 1.30 0.33 0.09 0.50

AANZIAZAL 2m X 2m A7E FZASFon, dd = st ZF 10028 AAs+S
tH(2g 2). ARG 20079 102 4Y0] AAEHoH, o|F Ar|xoz 7t 2%
AFEAE 2D ARFGES ANFGh B9, A7EE Z9E AL SigmaScan
Pro 5.0(Systat Software Inc.)S ©] &3} olu|x] ZZAA HHoZ DEAHTES BA5)
AHom, Prucell(2000)9] WS Hgsle A5 fEBEE At

j&i

F7A

E3 ¥/ 47| = =)

Zayg

uf

(a) 2% WA=
a2 3231 sAHAl

() A9 2=
a9 3.4.329F 19 3.4.328 AA 1d 9 23 AE AMAFG 2 (E0)E YE
Holth, #F, FLddTx, @ fs dFEY AV nAetd e 53, EE59
T EE AL aAbskd o 0194«1 TELS UFE dsst AEES BYow, A7d
o] A% EE JRAZE AEAT. 249 A5, AdRole Eoirt Hd 25 cm A&
T2 TS Boy iR A= ol Scm Wl Ao E vEgt
HoE 20079 10€ 4%, 109 15¢, 11€9 99, 12€¢€ 169Y, 20083 39
26, 49 39, 49 15¥9, 69 15¥9, 99 18¥Y 5 =& 93] ZAAA =AHFJY. 9F
H ooEcE AR ZAyts 29 59 2o 2007€ 10€ 49 A

4
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ol% 97/ 4T BT 20074 129 169744 AuHoR HREs} Fads 4P Y
ek 20079 129 169S 71F02 39 o HEErl Ny 2o 4B A9

|

gol, &rj 9], 47dx T oo
2008 349 26 FAoNM= ARl HrHx, sjxms A 674 =L EF
3% olste] MEZE HTH o3 vEES FF2 H=Fol = Ad

2 = A
BRI EAEA gv AEZ 5402 <lgh Aolgta AdHEnh £ 2008 2¥T A
fA= st HigtE 1 Aol AAE EFx0 Idst] FA dE st EF,
B, Fedaidze Afodes e JHAVE At AR AZHET. I olf=
20083 9¢ 18%‘77}7<1E A4FY AEETL 1% olst2 SBHAL XTI A EA

2008 9€ 18Yd ¥ FEEE Hole AEE M7dx, AdPe], s 5ol
53], o] FEL 20079 12€ 169°% =& HHEE Hola oA ALHY Ag=E
FEtrE AAHoZ & Fo BlsiA FRA & AHEsta oew Td wet w2
HEES Yehia sita gy

ool M RAANLAY Aot AEEH EEI} P w2 AR A7HE, Ao,
A= o YetEth aHER 9o AEES tE AEE v A% v
ZEAE 2 Ao gt vhd, duk 25F FEY F2Yd PR LY B
o] IAbete STt AFole HHFstA ¥ AoE Ut & Add HE59 v
MAEES AFstely] AdiM e FEAIS T FHASFE MHde FUHEYD AT

b 2ad Aot

100 35

100 2096 93 i
i 30
20
—~ 25
5
<|' =~ on
= 50 )
= o
. B
3 K 0]
20 10 8 5 4
0
0 0=
N 5 &

R 1):‘)ca\ %‘% ,éé’\ o & e 6\9} %\% R N ﬁ?\ 3%% ,).gi" @x & o\‘@ 6‘9}\ =§=~%
A PO A AR A, Eals
A4 & B & & NN & & & P

W P * .ﬁ_& o ¥
53 23
a8 3432 =5H M= JA S %l 3433 =839 =%
35 3%
30 30
A
g g ® N
3
H ® M B \ g
¥ s T % s
El E] /
0 Lg—=I0 - " g8
5 b B & il 5
o —
1] 3-7‘_*_2_— - 0
2007/10/4 10715 11/9 12/16 2008/3/26 4/3 4/15 6/15 9/18 2007/10/4 10/15 1179 12/16 2008/3/26 4/3 4/15 6/15 9/18
A I\

(a) (b)

- 124 -



35

35
30 30
~ 25 - 25
® &
=20 . = K
H 20 1\8 H 20
¥ 5 N o 416
g ]2 g
10 10t 5 =
.8 2 v i
i \\‘. il i'S*_’hﬁL’-ﬂ'@"{-7-7‘75
0 0 0 0 0 8 0
2007/1/4 10/15 11/ 12/16 2008/%2%6 4/3 415 6/15  9/18 2007/10/4 10/16  11/0  12/16 2008/%%6 4/3  4/15 6/16  9/18
A ZAY
(c) (d)
35 o 35
a8 A5 30
30 \
- 25 / \
) (24 PR S
g \ A2t &
\ H
Hd[ 15 A5 / ¥y " i
‘ e / W o
10 *- ll-,,_,,‘@,-r-" <11 =l =9 .
5 \
5 5
0 e 0 0 g—st—r 1
0

2007/10/4 10/16 11/9  12/16 2008/3/26 4/3 416 6/16 918
2007/10/4 10/16 11/8  12/16 2008/3/26 4/3 415 6/15 9718

B AAY
(e) )
35 35
30 30
-~ 25 -~ 25 w26 og
& A3 S 5 e
2 Y 18— 18
¥ o5 \ ¥, \
E \ S 1
10 % 10 N
ay aF—a \
5 N 7 5
X [ 3
. SO ] . LI 0
2009/10/4 10/15 1179 12716 2008/3%% 4/3 416 6716 9/18 200/10/8 10/15 1179 12/16 20083726 4/3 415 6/15  9/18
ZAY TAY
35
30
a2
~ 2% N
%: 20 221
¥ o \
g a3
10 g ) 8“""7{* H—i0 g &0
5
0

2007/10/4 10/15  11/9 12716 2008/%26 4/3 4715 6/15  9/18

TAY
(i)
0% 3434 AM7|Y D5E WSt (g) 27| &L=, (b) ZHai o], (c) BE, (d) L S3} () M7|El
Z, () F2Yddfiztx, (g) ZHHIE, (h) EH S, () sh=

2 wsjo] AP AR ABSnA st 24
oz FUHATY. 0% YelH EAATE Bojo] FRATZL ARt ALEA A
AEH F NGEY 2 AFAARFL A2 AAste] stxsel AP 4B
dARez A4eAr. 1 A%, TARANE Fao & Uz AdnHAE FRIo
= Agstglon e WGP 2P AAF 959 AT s



o ARAALPL ANtk AFHow WFAAAGNA HADE, A Y], %
Fol we AELT AREES vl HAnsel APF 4B AeAUt B A7E
F 598 HARRARY MAAPEIE JFFE AT B 27N A7
4TS AWF Aol 2 gt Utk FF B AN AFE 4B BN FEUE
2 ANsel 2 4= FYASE HHSE FA4H9 A7k Basn,

(6) 4o FF 2 Bwol e /1955 AAY wsl

7hH A&

Hheol o3 Bk HA2 AxA Gy 1HH A, st o] Aol BFF A4
A AN HTol i EA = AlgEdl Q' #=3 UEy rFEstE Qg
2 Vo R s Sl g mAdARe] Ao FA Aol Skt v (Wolfe
¢ Nickling, 1993). 3242 A|3&¥ vighe] S=7F BEgmwel Ao ot dAHAD
SrEG 2 o TS "o mEbr F4 JARAGEEE VIR e® ste] nighel] o3
EFUAL et e AAske ZdFo] o|FofAal it o] Rd e WEe
A BFe 540 i A A4 22 ezl 93 FFo2 ot B
Hee 2 A2k FAS Wiz o] IAAAAGEEE ZAst=t, old S 7
Ae AAe B FEF 449 A7|E2XEA AAH] olF 7wter =dg .
g, Aol FA o Azt wA= FdE&F A F A A% aRE Rd 8]
s, A8 AF mdH Ao e e ElFo] o] o]Fojzinh. Aol F4
Aol 9Fe vA= FALS 1) A4 A EFwds AESAY 4 o3 24
g HAIAbet SESt] HAleke A, 2) nige] ddE S Facte] EGRUe Ae
He d9gs AaAde 34, 3) A4 FHY EGY FEH 22 nAEAS e
AM ARADGEEE W7 = FAHCE YEZIH(Ven &, 1989). o]ek & A0
o FAAFE 2257 fsiM A ST BEdAA olFTe dA tE AT
(Siddoway &, 1965; Hagen¥} Lyles, 1988; Gillies &, 2006)7} o]Fojx=H|, Wolfe
S} Nickling(1993)= EFUAe] oledd A o) A7l= &71& 9 7%%‘71011
et A77F @A ol FolAokdrar Aljteint.

A o8l AlTH= T7IEATH AL WE AF= %‘xﬂ A w2 /4

)
A, 3T SoZ Q8 AV d9AdS wiAlstaAr, g, 95, 92y 22 AAE u
Aoz AF7E A3PE o] gkth(Marshall, 1971; Raupach, 1980). Minvielle 5(2003)3%

Musick 5(1998)2 7|E4AFE°] F=Fo] gl FAE A T2 A AREs] A
FE, o] AFAAE FFS e AA TR IR wkgstA A Al o3 A
THE 371984 AAZIZE FFA8E F Ao A HAdo 53 o] EA5H
XA A AAFAHY F=7F IS a<lo] # Aolgtar A A AT o]
w2}, Minvielle 5(2003)3 Musick 5(1998)& F=o] 2oJdt JgS LolH 7] Y3 A
FEUNE ol &5ty TS ze Edy 1A gL RdS AAse I3 BE g
F& dothuAsidnt. 1 Ay FF5E 2w Bdo] %A gL BdRT AT A
A= FPFo] Aoe dEs 42 v Utk

Ao AA| Ao tha] 23 dFEE AFHY BFEF(creosote bush)ES thAo
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2 3+ Wolfe} Nickling(1998)¢] A7 o™, Z%(wind tunnel)S ©]-&3+ Ao A

= Cionco(1972, 1983)°l ojal Al A3} vFetdfel 2o A4 Edg de=w o

79 EAS Bostr] gk A7 ol Foixl vk lom, EE AAAA L Ao A

S FES XS U E T BHEFS SAE Y ERIAY A5 EY
7}

o fAl sl H2d A (Buckley, 1987; Udo &, 2007) ol Atk z28jvt T5 Ui

SR-ESE R SEUPL stol, 449 549 ue
g2 BAstn, 49 A7 dush muse AL BHow dgn

() As 2
O F&5 ol &8 AT HY 737 FTHZENRAY 54
b #%(wind tunnel)

FTES A 2R FAE uEs A AT 3719 &6 A ¥
uhgre] 2o FeftA] kil FA3t7] A8 AEE AT (Lee et al. 2004). B AF=
T2 FHEHHTY HITEH &7Y TS o8&t MdAsAT. o] T7|=
Eiffel type® 2, &3H, S/HF, APFFE FAEH Aoem FZo7} 29molar, AP
9l A7l 2.0m X 1.7 . FAdE= 0.5% vlvtolH, 0.5%

ar

ojfell A 53 Bt
ok,

29 =48 multichannel anemometer (KANOMAX Model 1560)2 o]&3}5oH,
traversing systemol] B}gdEkel] thall Ao 2 HA st AMAME o] FAIAZIHA 738}

AT

2 gAY 98 ZeEteg RERANS A
FFS gFsiA vty sk, s
7 TF AL 7HAM canopy Bl E7|FE
AR (715 Hest H3)& 44 md=A desigit

= geEste dHAnks g2 A

A= 7R 22 49 F

oo iz
T Ko
Lo

N
RIS
i 3
flo

4z ¥ X o
N
}op

N
N

o
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rlﬁ Z
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THF 2 < 3 F 871A 79 X2 A (Figure 1)L 2 X 1 (m)9 =7
2 2 2em 2ol9) YRR mAstAk. WA AL F 9r4xoln ® 3.4.363 7
.

¥ 3436 =AM dff x| (dia. : diagonal, rect. : rectangular)

A A7 3 WX 19
= 2= -68]/\

R A 2Aem) e 34 CIELLEEED
G10-1 100 141 dia, SEREER ISR
G20 50 20.0 rect. e
G10-40 50 22.4 dia.

G30 28 30.0 rect.
G30-40 20 36.1 dia.
G30-60 14 42.4 dia.
@ 73 TEHZERAY 54
%% o Sm/sE WEONE T A HALE 273 pm o WA HYTRL
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T3 F59 FA 2SS SHIAY. SAHL ERANTHEY TS vE 9
O ZHE 100cm AR AZoA o]FojF o nulehHoZRE 5cm EololA Al
3 80cm EHo|7bA] 5ecme] FtAo 2 187 HHghs A3 AT

@ BxA4e T/ F WA mE T dEelA A
@ AT dERIx
1) 4udE=
FuA dEE Ao TEo] ojfe A RIdA e A =7]9] FHH
Aol AXste F WA el vlEolth(4 3.1). duAEE S A 7

AR on, E719 |
7o) 4o GRAL A AR BREE At

(o]
X
rlo

o,
I®
5=}
2
>

jus}
=
)
i
el
o2
i
rr
=)
2

2o 17 (315, % 7] o] S W A
BAARELAD) = e mrera 4 4 A o) (3.1

2) Roughness density (\)

Roughness density (A)-& u}go] H= ulgkol A nlgtE 7i7le] 2ol F9wH Aol &
B 2 Ao] wjdE e vtEHZ o g vlEoltH( A 3.2). o] g AA] o3 F24
o Ao AxE dotr7|eF dA7elM de AREHOR Eaolti(Wolfe and
Nickling, 1993). ©] < AFAsI7] St A SHE ARRIEGsle o|n|x] ZEA
AE T3l WES A sk ALsE T

. ] =mm A 2] o
Roughness density (A) = Slkcilhe "‘;?ng;) ki Rl (3.2)

3) covering area (%)

Covering area & 2Ao] vlgH S Q1 &= WAF sk HESZA HHO] BHS
ZAslo] olm A ZZMAS T3 WHS G5 ARSI A T

b mAystel, AA%e] FAHHTh

=
pal T
of thal 4 ol oAM= FHEEE7F e A (Logarithmic law)S et

(k: karman <5, 0.4) (3.3)

gy = d, 20, uwx9 Al BEF7F FoAR|=dH, de FAW S (zoro—plane

L

(¢}
displacement height), z0+ A& 7]Zo](roughness length), ux= v} % (friction
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velocity) 4], o] &2 AT &7 AZ7|e #dHo] ok d¥Hd= BAF
o] FEEEVF dFHA & ZAEEE 7] @ =9E =olo] AW, Thom(1971)
FHL e EETE ould] dis), A8FH 22 AFY] AV S5 e FY H
FFOZ B £ Qdbga 9t ARVdol= daH e i SAME FEHEEXE TS
o] 0°] H& Fo|7HA A4S W LA =oldA FHHAE W gholth o] Fe
AZZIEA A s BT dRAEEe| AV FHEGYD  AbE Ak(Jackson,
2006)
ntA&ETE AGEE (shear velocity) 2% B EH, o] & #4419 A g8 &%
WFo 2o FFHFo| FEEHE FAEE YH|etH, o] o] F55F Fold wE FH W
7 o AXA "ot o] @2 AR FHEAE ol&d FEIEY FAITEHY FE o
&3 4 F& JA, FTHY FHEZENYS o§iAE FHE F U
9 S FA4s5te WHS oy AT s gt Al AAEHAS =, 1

Zol tEAA WHOZE= curve—fit method, #AA<5H (Robinson, 1963; Stearns,
1970), maass conservation methods(Molion and Moore, 1983), 3+ =o]olA A=<
23 ZEAR =AHI L o]&de Fd= W, the center—of—pressure
hypothesis(Thom, 1971) o] 3, o] HHES EFIA A = ATt B AT
M= vl 7rEstAA thekst A+ (Bruin and Moore, 1985; Dong, 2001)o1A <]
g1 ¢# 2 maass conservation methodsE ©]&3}e] JHWHLFTS

de 24
Bl =2 24890,

5
o]% curve—fit methodE ©]&3}e] AHH7|Zo|e} A

A

op 9HWH Y (d, zero—plane displacement height)o] F3

Mass conservation methodse, 33 22 Eo]2] 2]AYo] o]l WHolo| Hk-3-3lo] Ht
ARl F7|f5< AFe] SiEo g olFEH = AY FHEHAYF FH] o= JiE Sl
A THEo A FAHO|G, o] BHLE WA FU|FEe] HgFAolgte RS U}

& go
Zoir, FEE 28 v us)F AR FW 99 vk (uf) Atoledl= #7719 #F
Fol ZopAl= wol(Z el e, zso} zH)7F Ath= AL 7IESE FATH(H 3.4).

mass conservation methodsollA @AM FkS us(zf) = us(zs) = Ugkar 7FA 38}
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1 2
d:AZ:Zf_Zs:T]/O us(z)—uf(z)dz (3.5)

T3, SHWGEH L o iR F el o)

2 Uehd & Aok 4 (355 4 (3.6)& =@t AR
g9, obee] 4o vehd & 9w, ol
AN 5 ek,

. . B _ B Zf_ZOS o 1 o o
d=Az=2z—2 [zf o (Zf/zos)] QU[Z (uZ ui_l)(zi Z¢—1)+U121] (3.7)
te

( 2 <1< NEEAHE), 20s & F=&|2 FHIAAY AHRA7] Zo])

@ A&7 Z]( zo, roughness length)
AHWH L7 AA W, logarithmic lawE ©]83t4 z0E AHT 4 Atk

kw/ s

2=(z—d)e (k: karman A5, 0.4) (3.8)

4 ZRudo AHWHIE HE&3 H, logarithmice] ATFS RAFE Ho|F
(transition layer)E AeE3] u=00] A 4tstd], 202 AFA AT

@ FHAS( Cd, drag coefficient )
e} ARV ol AAEM, k= 047} HA st xS AT 4 Aok wxr}
T A A, ol HAS FIl FEHAFE AT 5 vk
= K )
FHANLG W, ¢y=cy=—5= (u/u) (3.9)
ln(,z/zo)

9 Hge B B4 4 Zeddsve FIF GUEL, AL71Lel, FEALe
ge AR 540 U@ ghel Ange Aol AT Fr9eE AA7)
24 Agale A2 dolrid Agadn.
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2zAFEe] ZIEEAS  Yele 99dYE, roughness  concentration,
9 =5

coverage(%) ¢ #S # 3.4.

7] =
(FRNE_MANNE)  (cm) on area(%)
(/m) (Lc)
H1 G10-1 18.00 26.33 0.65 51.01
H1 G20 18.00 13.16 0.32 22.64
H1 G10-40 18.00 13.16 0.32 22.64
H1 G30 18.00 7.37 0.18 12.68
H1 G30-40 18.00 5.27 0.13 9.06
H1 _G30-60 18.00 3.69 0.09 6.34
H2_G10-1 28.00 12.67 0.97 52.00
H2_G20 28.00 6.33 0.49 23.35
H2 G10-40 28.00 6.33 0.49 23.35
H2_G30 28.00 3.55 0.27 13.08
H2_G30-40 28.00 2.53 0.19 9.34
H2 G30-60 28.00 1.77 0.14 6.54
H3 G10-1 33.00 26.79 1.61 100.00
H3 G20 33.00 13.40 0.81 52.41
H3 G10-40 33.00 13.40 0.91 92.57
H3 G30 33.00 7.50 0.51 38.98
H3 G30-40 33.00 5.36 0.37 27.84
H3 G30-60 33.00 3.75 0.26 19.49
H3-234 _G30-40 33.00 4.90 0.35 24.72
H3-34_G30-40 33.00 3.89 0.28 20.42
H3-12_G30-40 33.00 1.82 0.18 14.56
H3-4_G30-40 33.00 2.29 0.19 12.76
H3-B_G30-40 33.00 0.15 0.03 2.00
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H71E AY vl&
Az gy | F T
-5 1] (2 /ton) 40.0 52.5 27.0
a17gHl (34 -/ton) 515.2 1,060.6
A (A Y /ton) 555.2 1,113.1 27.0
W v]8- (4 ¥/ton) 565.1
m39 2 2 ton 1.9
5= 10.0
WA gn (HY/m?) | 10,849.6
« mfole ST FA 1Y A2 2 274 HF @UE ALE
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FAFe (A g d4) (m?

d= km? m?

19904 6 5,600,000
19914 2 2,300,000
19924 2 1,600,000
19934 2 1,600,000
19944 1 1,300,000
19954 5 5,400,000
19964 81 81,100,000
19974 28 28,200,000
19984 2 1,600,000
19994 3 3,400,000
20004 2 1,500,000
20014 1 700,000
20024 0 100,000
20034 1 1,000,000
20043 2 2,300,000
20054 1 1,000,000
2006 3 2,900,000
2007d 9 9,000,000
20084 2 1,700,000
Bt 8 8,015,789

for

TEHFT 2009 FE AY FH o] fo] BI AREIA(SH)

o) wY w4

AN
287 (2/9) 2,789
e 7hs
920,370
297 (E/d)
RS —— 19
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AHEA A (m*) @ LA YAHsAE 1
. A A | dHAAHE
T H] & 2 (m?)
20114 5.00% 2,422
20124 9.00% 4,360
20134 12.20% 5,910
20144 14.76% 7,150
20154 16.81% 8,142
20164 18.45% 8,936
20173 19.76% 9,570
2018 20.81% 10,078
2019 21.64% 10,485
2020 22.32% 10,810
AN 7HA
ak
EE L= 1.0%
T A e & 10.0%
Zd;ljii%%‘ 30.0%
U3<E A H A 7} ol _
as | oave SR | e | @AM
2011 1.00% 2,422 2,629,467 2,037,563
2012 1.36% 4,360 4,733,041 3,228,533
20134 1.80% 5,910 6,415,899 3,852,514
2014 2.32% 7,150 7,762,187 4,102,914
20154 2.94% 8,142 8,839,216 4,112,859
20164 3.63% 8,936 9,700,840 3,973,388
2017 4.39% 9,570 10,390,139 | 3,746,232
20184 5.18% 10,078 10,941,578 | 3,472,762
20194 5.98% 10,485 11,382,730 | 3,180,263
2020 6.74% 10,810 11,735,651 | 2,886,327
A 77,862 84,530,747 | 34,593,356
o] 34,593,356

of

A
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(W) olgkAl FApul Azrel (ATe A7)
D 108mE EF oA Hol Y FAtol DG ANl (7Y 71%) 2 2
Aol A (NG 71%)9] FAHE A2

@ Wl&dzs = A Aol / AR o|bAl FALH]

# 541 Aot e AtAoletH HISHE AN Hlw

AL O] oA A EHOo| | H| & Ztl
H| & (& 2/108m) 6,159,250 4,560,392 1,598,858
HI S-S 25.96%

(vh) 38 AAH(AFE AF)
O 10d97F ABAuIALGHIZF 1097 v d T 53HA TS 7H sk o|tAl #
violaj 4 - o4t vHlES wid FAsHA 7+
b AA itz oltAe}t #AHHE HES 25%
W AA oAikE Aentolaid #™ WSS 40% 71
E 542 SHE o &
Atdd|
1042 Q1o H|ALAH| (X&) 1,100,000,000
O1Zh 1ot H| AL H| (X&) 110,000,000
O|CtH| ALY HIF 25%
A E=H}O|mf A 40%

@ olkAl A g W AG 5 oA BAANE HEH] ANAE B T4
WIAGF 4y Be
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(uh) e 713

#% 5.4.3 AYETHA)

(2) AAZ A4F Worksheet

I 544 Atdd| Azl

XI|xEdE 5%
R xHES = 25%
MI|MEI2HEA 30%

= Aulgy ARH Axd wE £, w9 At & 3

20114 5.0% 356,931 4,620,995 110,000 3,942,613
20124 7.2% 513,981 6,654,232 158,400 | 4,997,678
20134 9.6% 687,301 8,898,113 211,814 | 5,882,879
20144 12.2% 868,952 | 11,249,846 267,796 | 6,547,270
20154 14.7% 1,048,495 | 13,574,287 323,128 | 6,954,283
20164 17.0% 1,215,053 | 15,730,619 374,458 7,094,190
20174 19.0% 1,359,874 | 17,605,547 419,089 6,989,212
20184 20.7% 1,478,216 | 19,137,655 455,560 6,687,889
201944 22.0% 1,569,685 | 20,321,850 483,749 | 6,251,515
20204 22.9% 1,637,157 | 21,195,370 504,543 5,739,640
EA(AH) 10,735,647 | 138,988,514 | 3,308,538 | 61,087,169
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