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Structural Design Considerations and Challenges for Busan’s

Haeundae Resort Complex
2B BERXEMTTHES SHk

Kwang Ryang Chung
President | 1<

Dong Yang Structural Engineers

FAMERERA

Seoul, South Korea

BR, BE
Kwang Ryang Chung has experience in the structural design
and analysis of many major commercial and residential
projects, Based in Seoul, Dr. Chung has been the President of
DONGYANG Structural Engineers Co, Ltd. since 1995. Prior to
coming to DONGYANG, Chul ho Park has experience in the
structural design and analysis for tall building and oversea
project in DONGYANG.
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Abstract | B E

In the early twentieth century, many countries were obsessed with high-rise buildings taller
than 100 stories, and Korea was swept up in the challenge to build high-rise buildings. However,
the effects of the economic recession in the USA caused many countries to experience an
economic crisis. It seemed for a time that no more high-rise buildings would be constructed,
but the recession didn't cause Korea to lose passion (see, for example, Jam-sil Lotte Tower and
Haeundae Resort Project). Unlike some mega-projects in other countries, Haeundae Resort is
being constructed with concrete belt-walls and a concrete outrigger system rather than steel
belt-trusses and outriggers. Considerations of the technical aspects of construction, structural
analysis and nonlinear analysis are presented in this paper.

Keywords: Concrete Belt Wall, Fire Resistant of High- Strength Concrete, Ground
Reinforcement, Performance Based Design, Supertall and Tall Building Construction
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ERFRIEEF. B2, EERZFRIBENSFETEZWTES 42780, — xHTEU
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I. Introduction

Busan Haeundae Resort Project, which was
designed by Samoo Architects & Engineers
along with Skidmore, Owings & Merrill LLP,

is comprised of the 101-story, 411-meter
Landmark Tower and two 85-story residential
towers, each rising to 326 meters. Landmark
Tower’s structural system, designed by
Chunglim, is composed of three belt walls
and outriggers to resist the lateral load. The
85-story residential towers, with structural
systems designed by Dongyang Structural
Engineers Co,, Ltd, also have three belt walls
and two outriggers with fin and buttress walls.
These structural systems enhance the buildings'
robustness to resist the high wind load in
Busan, Korea (Figure 1).

Because of the buildings'waterfront location,
various expected problems had to be taken
into consideration. These challenges to
building design and construction required the
following strategies:

- Strategy for high-strength concrete

placement Figure 1. Bird's-eye view of Haeundae Resort (Source:
. SAMOO)
- Strategy for the fire resistance of B EEABEESHE (E SAMOO)

high-strength concrete
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Figure 2. Residential tower structural system (Source: DongYang)

B2 [FE#EMRS (KF: DongYang)

Figure 3. Base shear comparison (Source: DongYang)
E3. REFAXLE (SRR DongYang)

- Strategy for the ground reinforcement
of the foundation

- Strategy for the seismic
performance evaluation through
nonlinear analysis

The four points mentioned above were

the most important challenges of this

project, as regards structural analysis and
construction, each of which needed to be duly
considered to carry out the project successfully
(Figure 2 and 3).

Il. Challenges

1. Construction Technology for
High-Strength Concrete

"PosMent”was used on this project, a
concrete material developed by POSCO Inc.
PosMent, which uses slag generated by the
steel manufacturing company, is an effective
concrete for durability and strength because
the slag can reduce concrete cracking due to
the low heat of hydration. As the foundation

Y ﬂéﬁ

BB ERXHSamooERN TEN
5] 5Skidmore, Owings & Merrill LLP
PNEHEERIT, B—EI01E. S411K
HIHATRENIFEE 85/ S326KAMETE
AR, HChunglimABN&TTHIIARE
LA R A = A LIRS ) AT 2 Y
RIEEAEE R, mDongyang 4514
TA2BRASNRITHISS R EE R IELEIIA
A EE = TR EMRL B SIS
BIRERVERE .. XLEMMARRIERER
PINRENY, MREHEZUNSXAEEH
(B1)

BRTRAGKME, BNFTERES I
LHIEIRRMNE FESEE. FRAUTRES
Rz R AIRE L APk

SRR A TR IARES
SRR TN RERER

HEENNEZRES
B AR TIEIERELT
BRI

FERTAEEAE, LA QAR
BEAHPEL, RO E—IEHTHENR
=, UBEARENARINTRE (B2, 3) .

—. B

1. SRERRLNERNTS

AIN B FARBINHEIS A S £
PosMentE . PosMent{EFEENELS)E
WABFERNNE, B—FifAMEEE
HHAHFHRSEL, RERETMNSEAILL
B DBRRAE SR AR R T34, BT
AT ECRE R 5.0 K, MEEERN
45 K, O REFE R B+
mE, RHtk, B ERPosMent SR,
BYINSRIL T I KARFUREE KA AR A
(B84) .

BB ERXAITEA SR ETHEE
—EEESTINEEAER. BN TWNERS
WIEE, BRI HRENNEES. A
., BTHRIEERERRE R
WERAIMIIOR. /], ERYERRSRE FIAE
WSt FIHEENEZERBANESE
MBI ERERERE, DUSERATZH
MR ARERR (E5) .

2. ERBE LTI AN MRETTA,
Bfs®ERtSEsa FHE, RIE
EEERM ME(KBC2009) ERK, BER
i SOMPafIMIHEFRHITRIERT « L
H Uy E81d 60MPalt, MAIsA
KEAXHITRR, MBEENTFS50MPa
ZE 60MPa z[BIRIMHENIZIEEERE
k. It RESSEBESLAE AR
BE TR H, ERNSPSRERA
60MPa JEftt, RItFHEE @ISR
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Figure 4. Mock-up test of hydration heat (Source: Posco)
E4. ARt (R Posco)

depth of Landmark Tower is 5.0 meters and 4.5
meters for the residential towers, a reduction
of hydration heat of the mass concrete was
necessary. Therefore, hydration heat control

of mass concrete was successfully achieved
through the use of the PosMent material
(Figure 4).

Landmark Tower and the residential towers of
Haeundae Resort each have three belt-wall
stories. Relative to steel belt-walls, concrete
belt-walls have greater stiffness. However, it

is possible to overestimate the yield strength
of belt-walls because they receive additional
stress while concrete is being placed and

from column shortening. Therefore, delay
joints will be installed in order to minimize the
additional stress of the building, to be installed
between fin walls and columns that have large
differential stiffness (Figure 5).

2. Fire Resistance Performance Evaluation
for High-Strength Concrete

Because of the tendency of high-strength
concrete to experience spalling at high
temperatures, Korean Building Code (KBC2009)
requires that spalling be checked for members
exceeding 50MPa strength. Especially, the
strength of members which exceed 60MPa
must be verified experimentally, and members
that are between 50MPa and 60MPa must be
checked by another method. Additionally,
despite the fact that high-strength concrete
column members are mixed with poly-fiber,
inner core beams which use 60MPa concrete
need to be checked for spalling caused by high

temperature through experiment and analysis.
The maximum strength used for core walls
and columns is 80MPa concrete. KBC2009 does
not have a specific article about temperature
analysis. Therefore, in the case of some inner
core beams with high-strength concrete,
spalling was evaluated by applying ACl 216.1-
07 and Eurocode for high-strength concrete
exposed to a 3-hour fire.

SAFIR, a program for analyzing heat transfer,
was used for temperature analysis of the
structure. Mesh size was varied from 6mm to
20mm to increase the accuracy of FEM analysis,
and the results indicated that there was an
error of less than 1%. Therefore, the structure
was analyzed with a 20mm mesh. Temperature

MR SRR, RIS A AN
AR+ =58 H80MPa, KBC2009

HEBEXBENTHERSER. AL, £
SRR T AR RRRSER, KA
T ACI 216.1 07 FARGMNALE, BESR
SBRTENDRE 3 .

SAFIRE— 1M TEWRE P HTRE S
PIEF. NIESFEM (BIRTEE) »
MEE, MERST6mm to 20mmAgE,
ERFTRERNT 1%, FEIHER20mm
W B W EMEH TN EEEIEN-1992—
1-2MENHIE. KREFMFRAMER
500 °C M.

Figure 5. Delay joint of the tower belt-wall (Source: DongYang)

E5. KR ERET (KR DongYang)
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Figure 8. Comparison of temperature distributions of (Source: DongYang)
B8 2 (500x800 mm) EEREEAFNELL (R DongYang)

hours of exposure (R180) for a 500X800 mm
beam, which is similar to the beam in this
evaluation. Figure 8 represents the temperature
distribution of a beam section derived from

the heat transfer analysis of SAFIR for the same
section size and heat condition as Figure

8 (units are °C and mm). According to the
results of the comparison of the two cases,
temperature distributions of beam sections are
similar throughout, and isothermal line position
and spacing are close in each case. Therefore,
the heat transfer finite element analysis
method used in this evaluation can predict the
inner beam temperature distribution with great
accuracy in case of a fire.

Temperature analysis for 500°C fire resistance
at LMT ground floor showed the reduction
ratio of the concrete section to be between
48% and 83%. Therefore, it can be inferred that
beam size has a correlation with fire resistance
capacity. At PBB13A (300x450 mm), which has
a relatively small section size, the reduction
ratio of each concrete section and rebar is 53%
and 59%. This means there is a large degree of
reduction in material strength. By contrast, at
the belt beam, which has a large section size,
each reduction ratio of concrete and rebar is
85% and 92%, and this means the reduction
degree of material strength is small.

The structural safety of an inner beam of the
LMT ground floor core was evaluated for fire.
In the case of moment, the load-strength
ratio was a maximum of 0.82 at CB1 (400X650
mm), and, for shear, the maximum was 0.87
at CB22 (400X700 mm). Therefore, structural
fire resistance capacity for the entire beam
member showed no major problem.

lll. Foundation Strategy

Despite the fact that this project is constructed
above bedrock, some areas needed to

be reinforced according to the results of
excavation because parts of the ground did not
have adequate strength to support a high-

rise building. While the soil of both Landmark
Tower and the two residential towers was
replaced by mass concrete, some sections

for Tower B had to be further reinforced by
installing a disconnected pile on account of the
depth of the replaced section. To evaluate the
replacement and reinforcement of soil, analysis
modeling progressed down to 100 meters
below the foundation. The analysis reflected
the bedrock level of drilling positions and
drilling results. Also, RCD pile and replacement
mass concrete was applied in the structural
analysis. According to the results of analysis,

TEAAR, T_f ARRERE, MiEAR
AENREPREHZ. n_w ARKEEE
Z2H, n_x (n_y) AFBREDIHRE
AEE XA AR

-0.88

n.=1- 0.0616t,

nx-=0.18 In(t, / x2)- 0.81

FEARSP, th ATHERE (8

fi: /e, M SRENEES
(Bf: m) o ERBHARINATIN
NEEZRAEMAFEER (2027 mm. 50
mm. 82 mm) ATRENEN EREMNE
fto BIGEERATT 7 XL,

SR, Wickstrom B9ATEXHIZE

160 mmEIRIRITHE, WRT T
160mm, —MRTEINER. FBRI2ET
TN B BREERNFE. TUNE
MR BN M SN ME. A
KNEX—g, FATESAFIRFIWIckstrom
NEFUNAY400 X 600 mmBHE SR
REREMERT ~EET., ERER
BERER354°C (SAFIR) #1 316°C
(Wickstrom) , 7F1E12%HPEER, 7=
FIhESIHENREA Wickstrom AT
TREEEMETUN200mmEE B MIE RS,
Moo LEAN, LA REZ R = HED
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conditions were assumed as 500°C thermal
load heated at member’s surface, considering
the values stipulated by EN-1992-1-2.

To examine the results of analysis, the

results from SAFIR were compared with the
temperature formula of Wickstrém (1986) and
the temperature profile of Eurocode (EN 1992-
1-2:2004). Wickstrom's temperature formula is
derived from the Eurocode section related to
heat transfer of a normal reinforced concrete
member. This is a relatively simple method for
estimating the temperature of a member, and
it is used in various areas. Additional formulas
are defined in two cases: Uniaxial Heat Flow,
measuring one-dimensional heat transfer
from one heat source, and Biaxial Flow, which
measures two-dimensional plane heat transfer
from two heat sources.

Uniaxial Heat Flow,
Tx = T]XT]W f
Biaxial Heat Flow,

Ty = [Nty - 2n1) 0] T

In these formulas, T_f is the temperature of the
heat source, and a standard time-temperature
curve was used in this examination. n_w is the
coefficient of heat surface temperature and
n_x (n_y) is the coefficient of inner distribution
temperature. Definitions of these coefficients
are shown below,

n.=1-0.0616t, "
Nx=0.18 In(t, / x2)- 0.81

In these formulas, t_h is the heating time (unit:
hours) and x is distance (unit: m) from the
heating surface. Temperature change with time
at various distances from the heating surface
(ie, 27 mm, 50 mm, 82 mm) is predicted by
using the formula for Uniaxial Heat Flow. The
results have been compared in Figure 6.

However, Wickstrom'’s formula is based on

data fora 160 mm width beam, and it is
generally not recommended in cases where
beam width is far from 160 mm. Especially,

as the distance from the heating surface
increases, accuracy of predictions decrease
due to heat transfer speed differences at the
position of prediction. To verify this, the results
of predicted temperatures from SAFIR and
Wickstrém at the bottom center of 400X600
mm beams are shown in Figure 6. The results
show that maximum temperatures were 354°C
(SAFIR) and 316°C (Wickstrém), yielding a 12%
temperature difference. The assumed reason
for this is that Wickstréom's formula does not
properly predict the effect of a side heat source

Figure 6. Comparison of analysis results by mesh size (Source: DongYang)

B6. MR ANTERMEL (KR DongYang)

Figure 7. Comparison of close-range heat predictions (Source: DongYang)

E7. mEEAATUUNEL (FR: DongYang)

at 200 mm distance. Also, the formula is limited
in that it cannot consider changes in heat
characteristics which are derived from three

heating surface boundary conditions and

the arrangement of main reinforcements.
Therefore, to predict the inner temperature
of a beam, it is considered appropriate to
perform a heat transfer finite element analysis.
The temperature profile is a diagram which
displays the heat distribution of a heat-exposed
beam section during a standard fire. It is
included in Eurocode (EN 1992-1-2:2004) as
part of fire resistant design and can be used
as direct reference data when designing.
Figure 7 is one temperature profile, and it
represents the temperature distribution for 3

RATRENTER, FRESAFIRERS
Wickstrom (1986 ) SEEATUNEL
MFBE (EN 1992-1-2:2004) AR HA%L
HITWEL. Wickstrom SBEATUEBRM
B ST BEWER S L RYEBER
B, 2—MENEENMERERE
Tk, METFEZ9uE. ZEMNMERT
FOINIAT: SRR, FALUNEMN S
— R B EIEE, MIHERORE, N
SEREM N RN A IS,

BTN
T =l
AT

Ty = [Nw(t My - 20nmy) T
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Figure 9. Analysis modeling of foundation and displacement of foundation (Source: Jinyoung )

E9. EMEENTSEMUB (KR Jinyoung)

Figure 10. Comparative analysis of ground analytical models (Source: Jinyoung)

E10. MENMTRENLEDHT (R Jinyoung)

in the case of the residential towers, 29 mm
was the maximum displacement to occur,

and allowable soil bearing capacities of the
residential towers and Landmark Tower were
evaluated as 3,000 kN/m2 and 3,500 kN/m?2.
Especially in the case of Tower B, comparisons
were made between before and after

ground reinforcing, and Figure 9 compares
displacements for whether a pile was installed
or not. The results of ground settlement
analysis showed the maximum settlement after
ground improvement to be about 25 mm, and
the maximum differential settlement is 1/1800,
which is below the 1/500 limit and indicates
safe behavior. Now that the ground bearing
capacity tests for soil reinforcement have been
completed, the towers are under construction
in the foundation placement and above
ground construction phases (Figure 10).

IV. Seismic Performance Review

As buildings and structures become higher
and have more complicated shapes, traditional

design methods based on a conservative
lateral redundancy reduction coefficient design
are limited for analyzing complicated structural
systems. Therefore, a test was conducted to
properly evaluate the seismic performance of
the buildings. For the nonlinear time history
analysis, the response spectrum was estimated
by drawing a 5% damping response spectrum
for each ground motion and applying the

SRSS spectrum (square root of the sum of
squares spectrum) for each building period. To
evaluate building performance, a total of seven
seismic wave cases were selected, and building
performance objectives were evaluated at
"special”seismic grade, which is actually one
seismic grade higher than the designed
seismic performance. Also, each structure

was evaluated for lifesaving and immediate
occupancy level.

The seven seismic wave cases below were
applied for seismic performance evaluation of
the building.

Each member’s properties were similarly
modeled by considering nonlinearity of

FSAEWFI TALRERIEENL, Kt
BEFR%E.

B, RIS RAE A ESRE AT T
EBEBRITTONT. JREMZEE TR
HENRIE NARBHREEE A
B, BOMtmE (EN 1992—1-2:2004)
WA A AT —ER 7, 1RTEP
ERFEEHIEER. 87 (a) IARE
500 x 800 mmZFEES VA HREREEE
& (R180) HURENHE. X—RI5%F
RIHMERHRAEEE L. B8TRE
SAFIRIMEBNITHIRITEE RE N1,
ZEERT RS EES (a) HE,
(8428 C Mmm) o RIETFIRIE
HTHLEMER, BERENHERER
—H, MMMERREF R EN 6
PEEL. B, ARIHEPTRREEAIR
TEOMTITE P T MBI R Fh A
mEHI T

LMTHEEERRS00°CIAEE AT 2R
SRR EEARRL 7E48% E83% 2 |8,
AR TR R T ST Az 8 28

BRI, EEERTENE/EIPBBISA
(300 x 450mm) , SERTEEANED
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Performance Objectives
Seismic Grade HmtEREE AR
Performance Standards Degree of Seismic Damage
iR RIS
Functional performance 1.0 times of design spectrum acceleration
(or immediate occupancy) 1) MERHEILEE
STTHEE (obEIA
Special RIFEE (SRERTAE) 1)
R
Life Safety 1.5 times of design spectrum acceleration
EHRE 1.5 {F@hERE
| Life Safety 1.2 times of design spectrum acceleration
—% EHLE 1.2 ERIHEIEE
Il Life Safety 1.0 times of design spectrum acceleration
- ke MERITHEINRE
1. Decided by target performance standard of user and designer
1. AP EMRN B ERTE
2. According to 0306.3 Degrees of seismic damage in revised KBC2015
2. KRHEKBC201521ThREE0306 SRR IRINE
Figure 11. Seismic performance objectives (Source: DongYang)
E11. BB (FR: DongYang)
No. Earthquake Year Station Name | Magnitude | FaultType | Rrup(km) | Vs30 (m/sec)
;s e 6 2] »E WiERE | BFRES(km) | Vs30 BE
(m/sec)
1 Coalinga-01 1983 Slack Canyon 6.36 Reverse 27.46 648.09
pedl:si =
2 Coalinga-01 1983 Parkfield - 6.36 Reverse 27.67 384.26
Fault Zone 16 HHIE
3 Parkfield-02_CA 2004 Hog Canyon 6 Strike Slip 528 376
EBHIE
4 Chi-Chi_Taiwan-03 1999 TCU116 6.2 Reverse 22 493
WHE
5 Chi-Chi_Taiwan-06 1999 CHY028 6.3 Reverse 34 543
pesliiil=
6 San Fernando 1971 Lake Hughes #1 6.61 Reverse 27.4 42534
pecliiiy=
7 Mammoth 1983 Convict Creek 534 Strike Slip 6.5 382.12
Lakes-10 EBHE

Figure 12. Time history data for seismic performance evaluation (Source: DongYang)

B2 MEMAEITMERSLERE (KR DongYang)

Figure 13. Time history data (Source: DongYang)
E13. [A2#UE (KJR: DongYang)

material, which is different from elastic analysis.
Especially, fiber element and inelastic shear
material are applied to the properties of core
wall and belt wall.

The resort complex is located on the waterfront
in the Haeundae District (in the city of Busan
on Korea's southern coast) and is affected by

a high wind load. The wind load in KBC2009,
which is a factored load, has a return period of
more than 6,000 years, and Busan is in an area
which has the highest wind load in the country.
Also, because of the characteristics of high-rise
buildings, Landmark Tower and the residential
towers have long-period properties of 9.13s
and 7.46s. Therefore, the wind load effect
which influences the building is about 2 to 2.5
times the effect of seismic load. The complex,
however, was evaluated using nonlinear
analysis software Perform 3D for the accurate
performance evaluation of earthquakes. The
model of the building includes nonlinear
properties of materials, nonlinear force-
deformation behavior of elements that are
part of the seismic force resisting system, and
acceptance criteria for deformations (plastic
rotations, drifts, strains, etc.) based on ASCE 41-
13. Seven pairs of time history data, recorded
during reference earthquakes and adjusted for
this project, were used (Figures 11, 12 and 13).

Although inelastic behavior in several elements
was observed, acceptance criteria defined
in ASCE 41-13 are satisfied. Therefore, lateral

1304 Structural Engineering - Case Studies | #4518 T 12— BIIf155



Figure 14. Nonlinear analysis model results for the belt-wall (Source: DongYang)

B4, INFRERIFEMEDTIRE (KR DongYang)

elements have been studied for their own
seismic capacity (Figure 14), as shown below:

1. Shear Walls
a. Plastic rotation of walls

« Plastic hinge rotation in all wall
piers satisfies acceptance criteria
for life safety specified in ASCE
41-13, Table 10-19. At the belt wall
level, as well as two levels above
and below it, some of the walls
experience plastic hinge rotation
between 0.3 and 0.5 of acceptable
values. On other levels, plastic hinge
rotation is below the limit value
of 0.3.

- Two wall elements of the crown
level (floor 85F PIT) experience
plastic rotation higher than
acceptable limits. However, those
walls are not part of the seismic force
resisting system and are supported
on the transfer beam.

b. Total drift ratio

« Acceptance criteria for total drift
of the wall are specified in ASCE 41-
13, Table 10-20. The maximum usage
ratio for wall drift in shear walls is
below 0.5.

2. Coupling Beams
a. Plastic hinge rotation

« Plastic hinges were defined in both
ends of coupling beams. Measured
values of plastic hinge rotations

did not exceed 0.3 of the limit value

defined in Table 10-19 of ASCE 41-13.

b. Chord rotation

- Chord rotation of the coupling beam

is connected with drift in shear walls.

The limit values are defined in Table
10-20 of ASCE 41-13. Several beams
in the model experienced chord
drifts between 0.3 and 0.4 of the limit
value.

3. Belt Walls
Belt walls work like deep beams, so
the source of nonlinearity is likely to
be the horizontal axial-bending and/or
in-plane shear. General wall element
with fibers in two perpendiculars was
used together with inelastic
shear material.

Based on a preliminary analysis, the building

is capable of resisting a strong earthquake
across optimal life safety performance levels.
Nonlinear behavior is observed in several
elements, but acceptance criteria are not
exceeded. The exception is two wall piers at
the crown level, where damage due to plastic
hinge rotation may happen. However, as
those walls are not part of the seismic force
resisting system and their role is purely to
withstand gravity loads, the overall behavior of
the building is not influenced by their failure.
Design of those elements should be revised to
provide higher values for flexural stiffness.

BORDEEL 9 53%F159%. X FAFE M KSR
EARAIEERES. SR, EHR
EEXE, BTEERY X, BRELEE
FNERHTRRLL H85%F0] 92%, 1XF=AH
MREISEERRFRE N AT LMT o
HEEINZORNRHIT T N REMZ 21T
. BEIBRAT, &enfERELLE CBI
(400 X 650mm) , #YEHN0.82, Mz
B 1%, {25087, PIEECB22 (400
X 700 mm) o Ak, RHEFEERTTA
MHEBEFF K [EIRE.

=. HESRE

REAMBETEEZ L, BTIHHE
FERENEUSIESEER, HA MR
EPRE RN — X #H=1TE. R
RAFRUREE E WHAMEF R E B ER
I TEIRN, ENAREE R XIER
ERNE, FEBERIER XM ITAR
BRI THE S E. HIFE
TIRARHE T 100K HTEE, BT
(ETIEERAINIERR . AT AT 5
BREEKFRIRER. N &
EEFL AR A A R R - B N A
LT, RIEONT, WTHEER,
EAEMBRAMIEA29MM, TEEEFM
AR L EAERE DHIEE A 3,000
KN/m2F0 3,500 kN/m2, HATEFIB
R ENNERIEIERE T T XL, 9
VR T REMESTRUBIER. HET
FEONTEER B EINE R R ATIRES
R 25 mm, EAAIELTRE N 1/1800
, KT 1/500 HIBRIE, BLE2NRE. B
BN HENNE R EAE R N E 5T
R, B3k T IE T HES SN E e T
MER.

h. FiRERETE

PBEERFVNENEEES. HNELE
R, BETRSTUEEO TR R
BGIRIT AN B R AR RA T T
APRURAR. FEth, RATTURLBAERT
EEFATEMEE. EIREENENHT
1, B AT MIEIEEERE] 5%8IEE
MRz, ASNE—N2IRENA SRSS
B REESTHAL) . WIENAEHT
HE. THERFARER, HEEE it
B, FFREFRMEEERmZA HF
R RMESFR, XRitEES—
NER, LIS DEIET T HAEFNRD
B NP HITFS.

B U T MR A E AR

Eltae,

S8R, RIS AR
BEER T MBI . TEEDER

CTBUH 2016 Shenzhen - Guangzhou - Hong Kong Conference | 20164CTBUHRYI - [T - FEERFSIN 1305



V. Conclusion

Korean high-rise buildings have been designed
with a variety of structural systems. In contrast
to most high-rise buildings in Korea, which are
made of steel, the Haeundae Resort Complex
in Busan uses reinforced concrete. To solve
the problems that can arise from the use of
reinforced concrete, studies were carried out
to improve workability and efficiency of the
structure, using both conventional methods
plus new methods. The complex is under
construction and is expected to be completed
in 2019.

AR AR R T 4T RN
TSR RIS o

ERXAEEAEXKA (TEERED
BENZELT) SaXOEHEN. SE
I HE KBC2009RKIN TSR &
Bnd, FIFEBY 6000 &£, mELl
s EEERS. N, BT
BEFNNSS, HirEEERN5E8E
9.13sH7 46K EERRFIE. Hitk, XA
BN LY A BT 2
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