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SUMMARY

I. Title

Developing an earthquake protection equipment of building

telecommunication system

II. Objective and needs

Earthquake protection equipment of building telecommunication system
to be developed in this study promotes easier installation of air
conditioning, power supply cable, and lines of telecommunication system,
prevents collapse of the system by tremors of earthquake and reduces
the transmission of  ground shaking in order to maintain
telecommunication service for rescue operation and to prevent the
disorder of the community when earthquake occurs. Maintaining
telecommunication service 1s very critical in these days. Therefore,
building and its internal equipment are required to be constructed as
important telecommunication system can be stably operated in
emergency.

°  The objectives of this study of developing earthquake protection
equipment for telecommunication system are like follows:

@D First year : Independent product that can perform functions as
earthquake resistant or seismic 1solation that satisfies requirement of
each telecommunication device (Earthquake resistant access floor,
Seismic isolation equipment(Seismic isolation table)

@ Second year : systematized technology development product(Seismic
isolated raised floor system) that converges component technology for
an earthquake protection of whole room for a specific function or whole

floor of main situation room.



In this study, we established a design guideline, manufactured a
prototype, performed a on—site applicability study through mockup
construction, evaluated the earthquake—resistant performance of each
product and developed a evaluation guideline for earthquake resistant
performance by developing an earthquake resistant access floor that
improves and reinforces the existing free access floor to easily install a
telecommunication system considering the earthquake response of the
buildings fit to circumstances in Korea and to reduce the earthquake
damage, and a seismic isolation equipment(seismic isolation table) and
seismic 1solation raised floor system that can reduce ground shaking that

1s introduced to telecommunication devices including computer.

II. Contents and scope of research

Total period of this study is 2 years. Goals and projects of research

and development in each year are like follows:

Year Research objective Main research projects

—Survey on the earthquake resistant
requirement of telecommunication
equipment in Korea and abroad

—FEarthquake resistant plan for

telecommunication system in Korea and

) abroad
(1) Data collection and )
Ist . —Evaluating earthquake response rate of
analysis of related o )
year buildings in Korea

technical material ) )
—Evaluating design spectrum of

telecommunication system
—Evaluating natural frequency of

telecommunication system
—Survey on earthquake resistant

requirement of telecommunication system




(2) Developing and
designing of
earthquake resistant

access floor

—Survey on standardization status of access
floor in Korea and abroad

—Survey on technical status of earthquake
resistant access floor in Korea and
abroad

—Designing earthquake resistant access
floor

—Developing structural performance
standard and evaluation guideline of
earthquake resistant access floor

—Developing construction guideline (plan) of

earthquake resistant access floor

(3)Developing and
designing of Seismic
isolation equipment
(Seismic isolation
table)

—Survey on technical status of Seismic
isolation equipment(Seismic isolation
table)in Korea and abroad

—Designing seismic isolation
equipment (Seismic isolation table)

—Developing structural performance
standard and evaluation guideline (plan) of
seismic isolation equipment(Seismic
isolation table)

—Developing construction guideline (plan) of
seismic isolation equipment(Seismic

isolation table)

(4) 1st prototype
manufacturing
—Earthquake
resistant access floor

prototype

—FEarthquake proof access floor mockup and
workability evaluation

—Seismic isolation equipment(Seismic
isolation table) prototype

—Seismic isolation equipment(Seismic
isolation table) mockup and workability

evaluation

2nd

year

(1)Developing an
evaluation method of
earthquake —proof
performance of
telecommunication

equipment

—Survey on technical status of seismic
isolation raised floor system in Korea
and abroad

—Survey on technical status of
earthquake—resistant performance
evaluation of telecommunication in Korea

and abroad




—Developing guideline (plan) for
earthquake—resistant performance of
telecommunication system

—Developing simplified evaluation method
for earthquake—resistant performance of

telecommunication system

—Seismic isolation dual floor system
prototype

) —Seismic isolation dual floor system
(2)Developing and . )
o o mockup and workability evaluation
designing of seismic ) ] o
] ) —Developing construction guideline (plan) for
1solation dual floor o ] )
seismic isolation raised floor system
system o .
o . —Simplified (analytical) performance
—Designing seismic ) S ) )
. . ) evaluation Seismic 1solation raised floor
isolation raised floor
system
system . .
—Developing performance evaluation

guideline (plan) of seismic isolation raised

floor system

—FEarthquake—proof performance evaluation

) of seismic isolation raised floor system
(3)Evaluating earthquake ) )
) —Result analysis of earthquake—resistant
—resistant . o .
performance of seismic isolation dual
performance, result
) floor system
analysis and ) )
. —Improving earthquake—resistant
improvement of o )
o ) performance of seismic isolation dual
seismic isolation
. floor system
raised floor system ) )
—Making construction manual(plan) of

seismic isolation raised floor system

IV. Research result

(1)

We secured base technology for this study through material
collection and analysis of existing required earthquake proof
performance and earthquake proof countermeasure for
telecommunication system 1n Korea and abroad. We created a
demand response spectrum that can satisfy the earthquake proof

performance of domestic telecommunication system and made it



(2)

(3)

(4)

(5)

available to be used in performance evaluation test.

We figured out the destruction mechanism in earthquake damage of
existing access floor and established the required performance so

that a product of better performance can be developed.

We performed performance test of various components of dual floor
equipment for product development. Flatness, pressure resistance,
impact resistance, electricity, leakage resistance, and corrosion
resistance were evaluated and examined, and risk in product
development was minimized through limited component analysis. We
developed an earthquake resistant access floor that secured
earthquake resistance performance, i1mproved durability, and
economic efficiency, and we verified the earthquake proof

performance through real life test on vibration table.

We developed seismic isolated table that can be used on a floor
without earthquake resistant equipment and verified the seismic
1solation effect by a method specified by Radio Research

Laboratory.

A 1solated access floor 1s developed to protect the seismic sensitive
telecommunication equipments. The isolated access floor system has
the effect of lowering the acceleration response of the equipment

regardless the direction of seismic excitation in the horizontal plane.

V. Plan for application of the result

(1)

Earthquake resistant access floor system developed in this study is
planned to be commercialized by Econing Co., Ltd., the main

research organization.



(2)

(3)

(4)

Seismic isolation equipment(Seismic isolation table, Seismic isolated
access floor) system developed in this study is planned to be

commercialized by Econing Co., Ltd., the main research organization.

Products developed in this study are planned to be applied to design
project of telecommunication building through discussion with Dongil
Construction Inc. and Korea General Construction Inc., participating

corporations 1n this study and to be aggressively promoted.

We are planning to perform follow up study to secure the source
technology of design and development of earthquake resistant
access floor and seismic isolation equipment (Seismic isolation table,
Seismic isolated access floor) product and to apply this technology
to natural disaster protection technology and to mechanical industry

for safer Korea.
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2. "=

D vz = HAZH AW AE AL E3] (Ceiling and Interior Systems Construction
Association, CISCA) ol 4] ‘Recommended Test Procedures for Access
Floors"® 1t4< Astal oy, Agel tgh saolv 7ISx7F Ao AA &

Al el g ARt g ska vt

@ m= T AT Aol AlE o AMAER Y tidh AFEAlES] A}
CISCA el o3 A g shes askal Sl

@ 911E|#©]% Federal Information Processing Standards Publication (1374 X %]
o) oA ARFAER L] Ao QlolA EEA 9l 3 H Bl #d FHAT
o 94T AAlstaL ok

@ Tate Abe AAIAERC S 7ls/ida A4, #mE st HuA9de 7B & AA
ojth. BAAAL m=reo] 4313 =, Bepd, golxze vty ol
™, At FAAAFES 6,700%km ol AL, AANA 401 7h5el drfstar Sl AT A el
.

© 2001¢el F= ofdM=29] Kingspan Group & QlFste] HA|AZ R o] Foko A Al
AT A& ZFAeta Atk

® vl=U FAAGA+= Interface Architectural Resources, Inc., Maxcess Tecolgies,

Inc. 7} 1™, Access Floor Market Share += ¢F 40% & =}A| 82 Qlt}.

o
Hl

(23 24] ClolE ME<Sl WUMAEZO(TateAl)
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3. #9

7F @=

FmolA AAAEZ S #HE 74 PSA(Property Service Agency)ollA g%t
The Quality Assurance Unit for Method of Building®l|A “Platform
Floors (Raised Access Floors , MOB PF2 PS"ZA Al @dA|el AlgF oA=&
wA el tg HaA <l Al el wiske] skl Sl

O d=9 A5 s, AFHA, Avld, 295 sl AF8E+= Access Floor A
ofo = 9 =re] HEWETSON Ab7}F A5 FAjolt},

@ 29 Atarel] thst JFAEAE (Contingency Plan) @] d3to® BCM(Business
Continuity Management; dFAH5AA M UAHE) S 9= FSA(Financial Services
Authority:w87=59) oA 7hol=egll oz o] ¥ glow, AdFTaA e Lol A4
719 AAel thefix AFAEAE GRS EE ol Itk FEgh 9523 o] =l 2
APl At Fodgd A9ol= FARA FRAIAEHY HUH Y AAIIHS 440U 7}
e JHA AN ] FL st v

@ o3t 7> BS259999] ZHd9lae] EdEo] o]&skal Qlrh

@ o] 7Fol=gfely} ¢ E-o] ISO/IEC 27001:2005 Information Security Management

System—Requirements

i
SN,

® BS 7799-3:2006—Information Security Management Systems—Guidelines for
Information Security Risk Management
® ISO/IEC TR 13335-3:1998—Guidelines for the Management of IT Security —

Techniques for the Management of IT Security

Sl WSS AAT BARAS 0 A4 JFL VA4 FE= 4u] S 2y
oA 5o BheAS FHdA FAFES u Yok
it 59

=]o A= German Institute for Quality Assurance and Marking®el* “Access
Floor Quality Assurance, RAL—GZ941"°| A A& LA ofst 23w AAstL
pig=
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ojggjoh= Wi B FIAE 7HA AL Q7] wiEel £EHAlel wHE Fok= ol otollA] w5
T3 gFoiA L QlE Fopo|r), 53| o]gg o= SVPC(Seismic Vibrations Passive
Control) & o]&3t0] Ao 2HE F3AE BT8luAl sl Hofo A AAZ N AAH AFFA}
gt & glom, gakA TEA7E Sl dEEel tEiAE olr] SVPCE o] &3 Uk Ee] F4
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T7F &nE Aol ARt o] Fofel SVPC AlAEe] A8 ods] A el
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ojgtg]ote] - EIAE AXIEFoETYH Bl flete] F 7HA ide] AEH L Sl
I A Aol 7 HAe WHe JEs FEek e vEvE WXl (seismic isolation) D)
s = JNshe Zoltk v g WS

AR EsllEs AsATEANE ddshz Bl ole E3tdliEe] Ayt uxladA = A
A=A k2 oz AYE vEde| &% &S] SHEFE AdsA B

Ho Q= Aol F2 A gar

)
o
30
X
T
N
Lo
=7

e 394 HDRB A|A¥-S 283l Riacede] RE

rlr

SVPC, 53] HHIAIARS AE3lo] T3S B st Ate|24 WA Perugia =H9=3ol 9l
Germanicus Emperor?] 43} Satyr of Mazaradel Vallo2] 24 o}z} Reggio Calabria ®!

B3] 9l Riace s (18)9 HEE {8 AA¥ 3971l HDRB(High Damping Rubber

—

[O8 25] ZsMUEX M2 AlEH(The Riace bronzes in Calabria(left) and Satyr of

Mazaradel Vallo(right), Italy)

1) WX (Seismic Isolation): AFAAGA(HZFTF HoAH )& o83t A&Fo] A= AS 74l
VAR F535te] XA UAE AAAAA AE E= 34 & 233 UH
2) HDRV(High Damping Rubber Bearing:1 & A S0 F4X]): 744 Ho] & nF 2 HASaFAANAAE
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Messina ¥He3tol 9l Neptune® Scyllal] ZZPogA] o] AZE S o= o x| 2Ata}
BAHS A¥d= SMADs(Shape Memory Alloy Devices)3 9} o]9} H3lale] Axg
steel—teflon €2}o]4 =] (SDs, Sliding Devices) & 7% I thE dA1%Q]l HZIA|AHO] AL

SE UG 2.6]).

I

[1& 26] Scylla and Neptune, protected by a SD/SMAD S| system)

3) SMADs(Shape Memory Alloy Devices : &7d7]123ha5 ol-&sto] AxIAle] WES A|xlo] 5 oA Helu =g
A
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(Vesuvius volcano) 2 #=% &EAE st el 7| £3 A" wle FAA7] A&
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L. 39 71+

(1) NEBS Requirements : Physical Protection(GR63Core)

u] = 9] ZAIAGAFel  Telcodia®lAl+=  NEBS  Requirements :  Physical
Protection (GR63CORE) o 4] FAl=rAle] A== Anlo] ost 2 &gt q}xlﬁﬁ—o— Tt
deta Atk AIERRHS A, AR A, 9 nEso® et Al
Arstgom ARA e AL oty [1¥ 3.14]F 72E Q7 SPAAEHS uEslo]

of g,

I
[kl
=)
uls
1o
X
o

WA A EARE S

e AA(VERTEQI)
— XEd 24 : stroke FZ& 250mm (AFA 79 A574)

%5 M9 1.0 — 100 Hz(RAFAE719 A573)
= AR L oAmeAE A A9E 0~4790 2 Rt jlom, AKXl whet
HrtEE #@WS Zone 1,2, Zone 3, Zone 4E FE3le] AASFATHKE
3.4>).
<¥ 34> X|gtxzof g SItET 2
Values for Upper Values for Upper
Frequency (Hz) Floor Frequency (Hz) Floor
Acceleration(g) Acceleration(g)
Zone 1&2 Zone 3

0.3 0.2 0.3 0.2

0.6 2.0 0.6 2.0

5.0 2.0 2.0 5.0

15.0 0.6 5.0 5.0

50.0 0.6 15.0 1.6

Zone 3 50.0 1.6

0.3 0.2

0.6 2.0

1.0 3.0

5.0 3.0

15.0 1.0

50.0 1.0
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(a) Required Response Spectrum

z
F
o
g
1.50
1.78 =
0.00 4.00 8.00 12.00 16.00 20.00 24.00 28.00 32.00
TIME - SEC
(b) Earthquake Synthesized Waveform
[28 3.15] Telcodia®l SSEHAHER 3 AlZto|zed
Al Aab= 3A A4 Ay AEsAdor yyth xs Ao okA A Ao
WA Ay S0 okF 2 e WForw Zxo Aol FHstEo]l oF 45N/secE
A3 A&k Zone 49 A% 5] O0FE cable FAIE X33t AAFA =
o]ol & w7tx]o] MP I} st5S 7|Fott. (Zone 3914 60%, Zone 1&2141 40%)
shzo] 3] AAE w7t e HPY stxs 7S5, FRES &S dEst
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(4) NTT DoComo
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Response scale factor

Top-bottom
direction
N

Depth direction .,o" E
.o’.. ’/'
0" ,”
2 .“' 1"
idth r 4
direction ..o‘. 4
o‘. /"
:
(a) Simultaneous Excitation
- T T TTTT
h=3% Horizontal
direction
/;‘ \ = = = Top-bottom
/! N\ direction
/
3
/ L \".\' \
< \
-
- y
/ L
JF
‘f
L~
0.1 1 10 100
Natural frequency (Hz)

(b) Acceleration Response Scale Factor
[2& 3.18] NTT DoComo Z|&
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X direction

| " Hl ]u.l i ll.l. u Illlilll nl
R I T

nllu ]-'.-' I, M |
'TH"[ L RTE i ‘r

Time (seconds)
P direction

Time (saconds)
£ direction

Accelemation (mormalized) Acceleration (normalized) dAcceleration (normalized)

Time (saconds)

[2& 3.19] NTT DoComo &

_—rLQI:I-AE:II ==
o ——1—1

n A AL <% 3.5>9] YeERd mRel o], R04 oA R127HA] @AIA o7 FHu7t<%
5 TV F lon, <& 3.6>9 7lEel dE U ss s
<E 35> z|U7IE T o JE 4 (target value)
Excitation Level RO4 RO6 RO8 R10 R12
Maximum Acceleration (m/s”) 4 6 8 10 12
Maximum Velocity (m/s) 0.5 0.75 1.0 1.25 1.5
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<E 36> AldMu|o| Ms¥HI}t I|&E

Determination requirements

7154 2A F1 A T 2 olF 7ls#A
(Functional Problem) F2 AR ATE 7o) MAAT A8 T 7]ssn
Pl T Txo E4el Sle
e pp | T R 2] FaFre] BASA g (s
(Physical damage) 50mm ©]3}
P3 FoTxRlA S S2 7 BAEA e

B) F%
n A7) FES nlwste] HW off mel pon JE
[e)

T AF9EY nyd fsled=
Telcodia 7774 9 NTT 7AFHE AE A& 5 v

<E 37> MY J|Fe| JIEE el H|W
™A :
o Telcordia NTT NTT DoCoMo IEC
Zone 1/2 2.0 A =57 2.45 damp 10% 2.3
=t ] 53
(2) Zone 3 3.0 AE6 3.06 5% 3
Zone 4 5.0 AE7 3.67 2% 5
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<I# 310> X|Hte| 2/ (KBC 2009 *0306.3.2)

% 50mel wl¥ B A uSA
AETE | AUTRA Y gumas | mzagAa N | aMsdugs
(m/s) (E}Z34/300mm) | Sa(x10~° MPa)
Sa 73 oF#] ik 1500 %3}
Sg EREINARE, 76014 1500
o -2l o EARARE
Sc - glorA 36004 760 >50 >100
Sp ket EALA H 18014 360 1514 50 504141 100
Sk A okst EAFAHE 180w =t <15 <50
g AAAHEY 7MEE

G718k 1% AAAHAER MR Sps, Spi
Spg = 9X2.5X F,x2/3

Spy =S¥ F,x2/3

obel Aol ©lsto] g

gt

<FE 311> ctF7| X|dt SEAH S, £(KBC 2009 #* 0306.3.3)
A A 4
A WE
S, <025 S, < 0.50 S, <0.75
Sa 0.8 0.8 0.8
Sp 1.0 1.0 1.0
Sc 1.2 1.2 1.1
Sp 1.6 1.4 1.2
SE 2.5 1.9 1.3
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<E 312> 12ZF7| XS EH S, F

v

A Z12
AR
S<0.1 S=0.2
Sa 0.8 0.8
Sp 1.0 10
Sc 1.7 1.6
Sp 2.4 90
Sg 3.5 3.9

T0:0'2SD1/SDS
T, = SDl/SDS
® AAAHEY VM4 %= (Sa)E 193 o] st
S,
T<1T, 4 u Sa=0.67D:T+O.4SDS

T,<T<T, & 5 =5,
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ol 2+== 548 (CISCA, 2006)

A sstE
(concentrated
test)

Equipment —

Legs on Equipment
(Concentrated Load)

\n
LI

Access Floor

Flat Base
(Uniform Load)

/T

Equipment -
Access Floor

A3tz (uniform test)
1 Il
Access Floor
F 9513
(ultimate test)
Equipment —— : :
Equipment Moving : : Access Floor
on Wheels | |
i I I
i - Eﬂ e (Rolling Load) : I'
(rolhng test) ' -
© Co 0O
Il I
e
Object — M v
F
Drop Height — Ij
v Access Floor

FA4stkE
(impact test)

T & 5
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1050 % 205 A% 3054E
RC, RC, RC,
= |i-1/N |S% |SRC = |i-1/N |S% |SRC = |i—-1/N |S®% |SRC
z= z= z=
R 0.91 | 3.44 | 4.10 | 20 0.95 | 1.88 | 2.24 | 30 0.97 | 1.30 | 1.55
10 0.82 | 2.98 | 3.51 19 0.90 | 1.79 | 2.11 | 28 0.90 | 1.26 | 1.47
9 0.73 | 2.56 | 2.98 17 0.80 | 1.63 | 1.88 | 25 0.80 | 1.20 | 1.37
8 0.64 | 2.20 | 252 | 15 0.70 | 1.48 | 1.67 | 22 0.70 | 1.16 | 1.29
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T T T
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ANE F AlE A

- 23 ABAE A WS FHAY AT N FOE A% AR AEZ]Y 2]
2 S fstel AR W AAAREEY) G g $AYE A% D £s
Aol AN A%

= A

— Agr7  KS L 1593-2009 (22714 e} & 4 &A)
— FA7IZF 1Y, 3Y, 7Y, 14¢

— ZA 7 B (20+2T, 60E10RH%)

— ¥z 25 ZE2EE H 3 (70mm X 70mm X 20mm)

— A A2 40mm X 40mm X 10mm
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— &% ¢ 3mm/min
= A13H 3}
(N/cm?)
-2 19 39 79 149
BESN 155.0 160.3 164.7 170.5
AAAELAD | m2e2 sty | B2E2 3y | B2 3y | E2EE 5
EP940 169.3 178.6 182.8 192.8
ClFEANLE) | REEE 3y | EEEE 93 | Z2EE 93 2= ¥y
H155 128.1 151.4 152.2 158.8
(FE4E-F) Al 32 Al 32 Al 2] Al 2
389 116.7 123.6 133.4 136.3
(224 8- 2.3) A 52 Al stz Al stz Al 2]
33011 23.2 91.4 113.2 110.9
(FUdE85) A 52 Al stz Atz Al 5tz
= 24.9 88.2 91.3 89.6
(&) A 52 Al stz Al 3tz Al 2]
s 2 10.0 161.1 191.5 196.4
(23, W4 A 32 Al 37 7 2El2 3l T=El2 by
" A2
— 22 A PA] g3 AAAZRE FHHAA Y BT vEs A 918k
MdE 2EE2e thdt RIS AT dx, JHAY F 3Y o]F 160(N/cm?,
Aaty]) o] A EE L sglh
— ol AEoA AgHa JE HFAY 3Y FHAE oF 150(N/cm?, A3 =
F3lete e des YERSIT
— EtE BE29) kA7I7E 3ol FEF Zo g e
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o] g/ Fastty wekr, dAAZR e 7T 9 wigye] HAPTE F7EH)
A8t [29 3.371¢ 22 F&tF HAEES S APoide Hdgage o
250mmE AHESERlom, ZIEE sfide] HAAE nAste] 39 & AAS A6
o AgAY] A= AANAER AF7F AAE ZIYE vigds CY S92 A
el skl FWEF steS 7St ste W WL EAl, ARAY Ax, 2o
220 Wy mE Feg skt

297 EE 2(3.6)° 23] *Jéé‘}oﬂ_o_ui ok AeAe] 5% A& 3T A Hrha
71w Zhz dAAZ RO QP EE 8.78 kNo| Hu FHulAE 1719 Q7 E

£ 2.2kNolth. [19 3.39], <E 3.23>¢] UpEhd vhe} o] YRy aZre} AFo
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(12 3.38] X2

9
° v
7 r’r,,..f
. ﬁfﬂ""
e~
; 4 ¥ o ‘JH,/-
1]
S 3 '_"“_;r::’d’f
R - Ld!-.{:;/ —5pecimen 01|
",'_.-l‘rr- ——specimen 02
1 ——specimen 03 |__|
—specimen 04
0 :
0 2 4 6 8 10 12 14
Displacement (mm)
(38 3.39] X|F2| stE-Hel A
<E 323> UMAZEO XF N HEM dPZAHFEZEL
L | AOsE | AdEs [Aaadwsd | [ A9ew
B (kN) (mm) (N/mm?) o QTR
01 3.59 7.06 0.16 2.19 3.22
02 7.76 12.34 0.35 2.19 5.63
03 6.78 9.89 0.30 2.19 4.53
04 7.10 7.11 0.32 2.19 3.24

_96_



4. JRAJNAEZ ] YZIA

Oll‘

Al

7 el aE el Ay @ e AAERe] AA v

(1) Ag7He

12pd ol 7BEd WA AERS] A A thate] A7 Adn o] Wyl A,
Aupdra 33 A2009-35 ] weh AldS AAste] Wid s 2Helsisith

ArteiA| AZ 2 ool YAANAZROZ st A=

T30l 600mm, MEA|F= 600X600mm=EA] X, Ykl fall 712 5784 AA A
o=z AlFHY. A9 FAttietn AL AN s, 175
WRAAERY (A3 74 &3 A2009-3%), KT FAAH WIAEA 7]+ (2009.08.
25) 9 Adls =&slon, ARgE Asthe Ak obdl &b

A& A=

< 324> =l HA

AE 2714 Ao
Table Size(mXm) 4m X 4m
Full Payload (kN) 300
Normal Payload (kN) 200
Overturning Moment (kNm) 2,000
X—dir 850
Acceleration at Full Payload(g)
Y —dir 850
X—dir 1,000
Acceleration at Normal Payload
Y —dir 1,000
X—dir 1,000
Maximum Velocity (mm/sec)
Y —dir 1,000
X—dir + 300
Maximum Stroke (mm)
Y —dir £+ 200
Operation Frequency range (Hz) 0.1760
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Table Size (mXm) 4m X 4m
Full Payload (kN) 300
Normal Payload (kN) 200
Overturning Moment (kNm) 1,200
X—dir 1,200

Acceleration at Full Payload(g) Y —dir 1,200
Z—dir 800

X—dir 1,500

Acceleration at Normal Payload Y —dir 1,500
Z—dir 1,000

X—dir 1,500

Maximum Velocity (mm/sec) Y —dir 1,500
Z—dir 1,000

X—dir + 300

Maximum Stroke (mm) Y —dir + 200
Z—dir + 150

Operation Frequency range (Hz) 0.1 760
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AFH 6= 32+ A FH
Table Size (mXm) 4mx4m
Full Payload (kN) 300
Normal Payload (kN) 200
Overturning Moment (kNm) 1,200
X—dir 1,200
Acceleration at Full Payload(g) Y —dir 1,200
Z—dir 800
X—dir 1,500
Acceleration at Normal Payload Y —dir 1,500
Z—dir 1,000
X—dir 1,500
Maximum Velocity (mm/sec) Y —dir 1,500
Z—dir 1,000
X—dir + 300
Maximum Stroke (mm) Y —dir + 200
Z—dir + 150
Operation Frequency range (Hz) 0.1760
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7H %1 5 o Table C
Full Payload (kN) 300
Normal Payload (kN) 200
Overturning Moment (kNm) 1,200
X—dir 1,200
Acceleration at Full Payload (cn/sec’=gal) Y —dir 1,200
Z—dir 800
X—dir 1,500
Acceleration at Normal Payload (cm/sec®=gal) Y—dir 1,500
Z—dir 1,000
X—dir 1,500
Maximum Velocity (mm/sec) Y —dir 1,500
Z—dir 1,000
X—dir + 300
Maximum Stroke (mm) Y —dir + 200
Z—dir + 150
Operation Frequency range (Hz) 0.1760
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g8kl S+ 49 (stationary heat source)©] 2Fg-& uj
T= Q/4ak (3.16)
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7= 0.3180/ 1(akpc 1)? (3.17)
o714, k : @A EE (thermal conductivity)
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:0.318(1(; )\)( v ) 5.19)

- 144 -



e = A= & A5A9 D&4HS (thermal diffusitivity) 2
o

N Kk/pe
LA (3.20)
1=\ ky/pycy
¥ 2% (surface temperature)= €9 A W 7 E¥XYH), HAF A5=9 €7
A A (thermal properties) ¥ A HAE5He EA ug} -9k 7+ AT} vf-$
o oS3 22 dAAAEo] FRiET

Azl A5H99 ¥WE§ (surface melting)
A

o] Ats}t 4@ Abk3hulR (oxidational wear) 9] 31

|
Ml
i)
)
N
off
X Ye
e
>
1o
a
td
j
of\
}_‘ﬂ
rr
m&

3} (deterioration)

of EAFE FHEANA Astrie] o

5ol ool 249Ma0) AR A9 oI, T4 i SlBA0E ARY T
AR FEY ASEA AEEe] IR U $HYe 8 nAASIE G2 F ol
Ha For 53 stFel 4 A% 1 &k 2A et T3] B nhEAS e 2
| At

- 145 -



1

!

o whef o}

1.

°
=4

a

Bl o

| —

o] 7]E HA oA uHHL w1y £Lo Wl F

1

2 2 o [2% 3.69]13 #o] £x71 W3t

=

pzs

(08 368] AZHof

o} 27 4
fout o) A%

°©

koL

Coulombe] &J3] AAl€ w}

°©

s

o X . ®L OB o) B WM T
% Yy oL o8 Mr '
%m_l ﬂ ~J ;OL 1 ~n
R N N
X4 ~ No 75 o & ol
poed e 4T
S T A O e

T o] Mo A A

=3 ] X

o LG o W Mo 70
To o ol B ™ dr N o
OLO ‘mﬂl % —_ ﬂ \_Lmo LIL —ﬁo _
SOOI K ~ W _,,H - E
= up W 5 s . " EﬂT

= = o°l Ewﬁﬁdrﬂ
N TN ) m-w o o= W
W o4 e oo O N B
i s o

N = o BN Y
. I~ = o AT
T DT g
33 s s g EiR o]
ot 7 N i S
AT@MW %Wzm.arm.%
w1 oy o0 NN T ™~
_me 4 o7 Jmowwﬂ% EMM
oy AW g B
11 o
P e w DR
R PRy S
woRR = o TR
wﬂuﬁm Wﬂ.z_mmL;]ﬂ
5 o M%. ol S 0
> T X Hm 5 ﬂl HW K B
S X Mﬂuw_ﬁﬁ
o s DR E g B
~ O ﬂEl _ni ﬂ.ﬂ dﬂ o
Ewor 4T pw TN
Ao M B % Uk B

~ 146 -

(718 3.69] 9} 2o A

(o]

e

pzs

e a}

°©

HA

9

3]

el
=



0.6 [ FCHO}EHA Lo M

4 6 12 16 20

(6) TEw}& (rolling friction)
ZNAL A Foll= BWod, 2% AZHE Ho

%
Wk, o] W AHERo] WS AW A TE $Bo| A
]

il N
| ol
~N
u
RS o
N e}
N
X jo
oft
it =
ot
o M I
™ ¥ 19 £
o =
o ooy M
X o
k! o
X fo
Ipe —
o ri
do S}
9
= oy
o gy
Mo
.
i off
Mo

J
1)
[ o
2
o
N
AN
i

=A9 2 AERE
A o] WHF/L AWHE Bk AnE JUAE sFeuA 2
of

=1 o v) A w719 (micro slip) @7do] mpzy 2bAy
©

_1[
T
0%
N
w/
Etu
T
S
Mo
X
i

>
)
1o
|
K3
<
i

71Kt}

horp X
1z

Ry
e
ol
1)
10,
A<
-
rr
Anj
g
2
v
)
=
L)
X
b
Ry
v
_El‘
N
o
=
>
o)
2,
o3
=

=

30
£ oo
[ﬁ
03
)
(29
0%,
o
k)
)
o
d
h=
&
N
N
N
1o
l-‘.gl_lz
03
o
e
3
_L:,‘L
ot
(L
o g
1o
n
O 2
o [
>,
=

ok

91;
4
1o

o

o
st =231 QA & Ao HASY. =, FJdo] AUE tE ZHH
(misaligned roller) = o= AR ¢ FWITOZE v|j118{Ay =
A2 7F QF B Ag Ho] HAFHe|A 3 - (spin)S oAl €k ol st HA

Z8 1 3715 A 7FAEAZE 5 U

i)

=)
o
ot
1o
mn we 2
o,
o 2 2
it S
il

rlo
S

(7) &84H9 vz
HEAAEA &2A7E A4t gg2vs 4 B vhEASs b8 54 7
Z

WHslsity, =, mpEAlgE [ 3.70]18] Stribeck =7Ado] A A|sk= vigl o] ZN/P 9]

o

- 147 -



ke Wste] whet Wshgit

ZN/P7V A2} F7keE wol= vls I e SEAIRE fruto]l P4 =7 AlFrste] A
SRS AAR A= V|3t dasERE wpEATE
7F A SRzl AlFskE G AS AA L ool whel &332 HAdwpE
(viscous damping) E¥7} AAEZE wpAF= A2 AXITh wepa] v A 5] W=
frekel EA o F 9 O FATE A #EEe oo mE &899 s [1¥
3.701 < vreb A

oS

Aduolg e &3 #Zo] o] T8 T/ AdEshs 7 EWs &8 2
Al (g Dol ZN/PE & & 7T o] 495 FAEgd ot st 7]oy
ol ¥ o] & 283l= A F (nonconformal contacts) 2] A% FAEAIY
TR Bk gkt O ASARME ARA ASE 9ol SR A9 e 7HA
o5 AFAY AEFFL S-S pyEor sted o] d9s RASE
(Elastodynamic (EHO) lubrication) Oé‘lﬂ.olﬂ} stk ZN/P Zhol ol & A = &)

o
<ol W =AY IJAEE, F2AY AE7F w92 A, AAARJ]D FE2 EAA|
o webd F&A9] M %OOPX] o F HEA L HEA Abele] =w, 8
2 #Z-go od ¥dE WhiEA(monolayer) T8 &F#% (adsorbed layer)o] HFH

A& (Boundary lubrication : 2789 III 9<)) JJojg} st}
HEH FE4< FA&S(Ee 38 74 a2 dee 4
&8 E¢aE (Mixed lubrication) o] &4k},

]_
AEA 23] A= 5 &4 He sy, A5 a8 4 o vhd
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3. vl 1w}

(1) PTFE(ZHHEZSZF =)

1 SolM 7 2

A FAAN A wol Atg

dor Sefold HojH

)

Sl v

glolef,

H,

=
TT

O—Ring, 7F2=7,

-
R

Lo N A )
B3 2o

—_—

%]

A=
i3

,HO

tel PTFE

S1x<]

C-F d%o=z <l

A+

] -

=)

ol
Plo

ol
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<¥#¥ 335> PTFES| &4

Properties Unit Result
Apparent density g/cm® 2.10—-2.25
Tensile strength (min) MPa 30
Ultimate elongation (min) % 250

Square Type

Standard (mm)

Thickness (mm)

300x300 5-10
400x400 5-10
500x500 5-10
600x600 5-10
800x800 5-10
900x900 5-10

1000x1000 5-10

F F F T
C—C—C jﬁ
F F F F

[PTFE®] A4 ]
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(8 3.72] PTFE

(2) 2HA#A(SUS, Steel use stainless)
Ag A Fe Aoy Yol St EEe] FEls A el v

of Abg-o] Htt.

Kg 7ol vlaiA dAAG7E ofF v @55 F (plastic flow) o] 31

AstE 7 Y
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b w1ng] A9 1 7sS Alwsts rhEAT Fote ddl, FAEE shelA g
FRAEANP S SEHE Pt Y-S S A of

Bl | Al F3 ekl

o] wj FH3FOoTE A AW (etF 500kg) = Ao

sted 0.1lmm/sec H-E whEAGF7E 5 100mm/sec 7HA a8kl th. 284 7}
ZAGE (29 3.1 o] mpEASE 10% Wz Yehgod, Algd vpzis 595
o tAa AA vERg oy, ARkAQl PTFESE A e~ 7o) v A5=7F 10~20%
2 B wdeolA B glo] A Aow Ayl

[ 3.73] OtEAIH

<# 3.36> OtE o|NHZER | OtEA

TE w2 A 4= (%)
HonpE A4 2.39
H b A 9.89
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Friction Coefficient (%)

12

10

20 a0 60 0
Velocity (mm/sec)

(T2 3.74] obEO[NE Fx[2 opEAle Z2f
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(1) N

ol

e

T
= 2e

FAY

S

42 93
Bol whet thgst 2ol

=
y O

%25}

=
=

2~
F 9

3k
=

H =
T

, B

3ol

4

a3 3.75]

(2) A&, FEAZTH HA o]&

—_
file)

of
;OO

jant
_ZTI

gt

HE T7F 2

(3.21)

F.D

7=0.5

ﬁo
H
wm.lo

—_—

o)
o
K]
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meb BlEY EHES Axy dde] dukgy 75 DAATIER v o] ALt

7 8FD
W

p

(3.22)

T=

o] 71 A, I/I/;)=7rd3/16—t— A doe] ofdt = A4 (polar moment of resistance)©] 1L,

e 23 aae] Aol A(3.22) & mAWe] $AF B@H ~xy FAol9 o]
A7 rsh 23 tanl)= —- ek AE peis o AUd g +E 5 gk

714 t= AXH IRo|BF 2 (3.22)ZFH AGAEE S5 gdo] +3 &

8EID< (3.23)
= T, .

T=

A7IA, k= Aol

o A2 (3.24)

o714, C=D/dZ ~>% A4 (spring index) &1l 3},

<E 337> AZEIX|Z(spring index)

d(mm) 1~2.5 3~5 6~10
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(3.25)

S|
&

14 277}

171 #iskel AAs

S

?_

B
1

57

(3.26)

dS’]TTa

= SkE

| —
R

WgE o] 5 (settlement)

_Tl

Ao 7 7F FoAE AxH e

I
i
i

3| 4

3]

=
T

H (beam)®= 7+

=
L

FAdL =25 (curvature) O]

I o] A

e
=1

o

ok A ol EA e

(3.27)

whekA A 5o .

S

G=

o17]1A,

T o

3k
=

3} o]

o
=]

(3.27)25H ¢}

(3.28)

21 (3.28) ol A

L —
R

PN
ZARANE

O

oy

W

(3.29)

L, = to(z —2)+ d(za + 1)

o

1A ww g olg

3 2o,

o
=1

=t

& Ao

AN 3L

o

—_
file)
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(3.30)

L=1I,+6

(3.31)

—_
o)

ofi

% alt,

sk
=

pof 7

}s

=7

fel 5~10%%

(3.32)

L, = (1.05 ~ 1.1)77D(z+za)

H)

SE

o] Al 9%

A3rE

0%
-
)
11
xr

1o

NJo

o}

)

o)
0
K]

o
,.__AO

Y

SR IR

o] ey

L/D <257} 9t}

bl obd

7o)
<R

Nfo
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(3) 2= At

[2¥ 3781+ 919 A& wal AFAZH S dASH: oo, & Afor= |zl
ANAER Y] FdEE 98 AFAzZHE HAASHY] fl& (29 3.78]13 #o] d4
AE 9 pjFduo]Fef o3 Axy MAZE J;ME AL

o,
>4
e

B Forml L= = 2
HRE 2
BLAE 778
DUHEAE 315
EH T
SEH -
Ol R Az A ARA SEEH (5380
iy 45,5
2= 1= 5 B computing |
ErEE G 7500| 1, AT ek o
4 21 d 45 K= (Grd"4)/(&=Ne-Dm"5) YW
=z Do 56‘5| 2, 25 EAY = > .
] Dm 52 Po =(x+d 3+ T 1)ASDm) ActeTy
E@ Di ag 3, slEA - L
e Nt 80 P=K=(L-D+Fo AIET
=53+ Ne 79 Aea | seo[Aaw 320 Bl .
= 2 L 320 3565 Hojzr | ey|wEer 62,2 SE AT
o] = 1 100 HEe | sos7|Elojzf| 2578 =5=24=
25t = Po 1,333256611 14333257 Sy A
k== 1 53 SHA= .
bL = P 3,460861418 Kg—g HE  3460.261 a1 are
T EYCES) K 0,034608614 Kg/mm 2==0l I
) == 4] C 11,55556666 Da/d A TE| A A
| e RS K 1124273785 LA _
Rl 22t ob
et = g HMH=0 385
~Ee g 13069,02544 = :
e E
H4=0 [2878
i
[Z8 378] 2=& AA T2
3L O 1o 3 5] o == Sl o
Bosxg g A7) o]2o| wel JIS B 27049 A& Faste] JHWSES A4 EA
— o ~ o [e) =) L o 5 N S a o =
ow, AZH At 22O AMES fEiE vEd S V1S W RSl AL
Eais
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oz

F: L=Na* d+2(0D—2d)

o

[O8 379] A= &

3
5o BMD'P "
Gd'
pe Lo G .. [sDP
o 8N D’ 7T
o 80P _ Gd's _ ad
"oad " SD'P 8D%
G Pk
1y = _ 0K
"IN D U=57=75
@ 2N7Eo] A& AF AZHY] A9 (&, P >P)
3(p—
_ SN.D¥(P—P) T—XT,
Gd'
Lo h Gl . [8DP
0 8N, D? Vo7
DP Gd's Gd'
]B: 8 3 M: 3 = 3
d 8D*(P—P) 8D’k
2
7,-—% 1 g LHEP R
TN, D 2 2
Ao AAlef AMEEE FRAAST GO 2 <X 3.39>¢ WEi o] Frh

- 160 -



<¥ 339> EEFMATG)
A =3 GY # N/mm2(kgf/mm2) 7] 3
SUP6, 7, 9, 9A, 10, 11A,
EaRul S pASRAN 78 < 10%(8 x 10%)
12, 13
474 78 X 10° (8 X 10°) SW-B, SW-C
ol A 78 < 10% (8 x 10°) SWP
SWO, SWO-V, SWOC—-V,
2wy A 78 % 10% (8 < 10%) SWOSC—-V, SWOSM,
SWOSC—-B
SUS 302 SUS 302
SUS 304 69 < 10° (7 < 10*) SUS 304
ZHRIEIA | SUS 304N1 SUS 304N1
SUS 316 SUS 316
SUS 631 J1 74 %10 (7.5 < 10%) SUS 631 J1
7 HEAS
A Ao AlgstE fFadTE thaol WET
O gEATH AE
N, = N— (X +X,)
A7VM, X, Xy Y kR Zzke] B
(a) 2L Adetvto] 32 AFadel Halid= A ([2% 3.811¢ (a)~(c))
1 =X =1
A,
N,=N,~2
(b)ZYd ddo] o3l Fdel| Habx @ FHAFo o] 3/4dud A ([
3.81]1 (e)~ (D)
X, =X,=0.75
b,
N,=N,—15
A A~z ¢
A Axgo FadAsres v meEth & Fa5FE A9
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B
<]

(3.33)

Cc

0.615

4c—1
4e—4

e

]

1.6

1.5\

= . ™
- - -

0l0RM 4FROTT4F <
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3 456 7 8 910111213 141516 17 18 19 20 21 22

o
He
~
[m

B

b gk,
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2 wFA} A%
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o7
\mmo
=l

(3.34)

H, = (N, —1)d+(t, +1,)

o714, (t, +1,)

(f) ]

o]
=

¢7F (29 3.8119 (b), (o), (e)

)

of webM= o] grth AA
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9

(3.35)

deax
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220
200 (20)
i 130?‘;. (18)
= 160[54c4> (16)
! 140%/ >, (14)
= A /42 )
=S| 120« 777 (12) Ti
Tio 100 42/// % (10)  (kgf/mm 2)
N'mm 2 gg 7 s (®)
60 _“4/ // // ?7:"9-..& (6)
40 ‘444{‘_2 7o (4)
20 <Al 7 (0)
0 (0)
345678 91011121314151617 1819202122
AT o = o
O3 382] =712
@ AHAYA A A= A 7] 599 15% Fa=z s
® 49 Fol AL oldee AN A¢E AN T dkel daA Fohwa,
A S0 A 20~35% A, AEHAU A B 15~25% Az F)
% AL ojdd A 271899 %S (19 3.820014 BESE A e APA ] w
2t A= 4 Sl
G
1 = 1000 (3.37)
sopieal 8l Ao A (G=78x10" N/mm®)
2799 EZTC&:XO.%(O.?B—E e ojgel A o 25% Ba)
- Pl:ﬁdSTZ: Gd“2 :229554(24{‘
8D 255D D> \' D
2EAH A 2] A (G=69%10° N/mm?)
ESEE Z}:Ti:xo.s(o.%—t— e ojde Ao o 25% Ba)
- PiZFdSTZ: Gt . :216d4(%
8D 255> D?* \ D?
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7ol @

(3.39)
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6. MAAA LBl A2HE 47

AR M A Z R A AR [19] 3.83]1 % ).
— &
giRi8inls
) _. { @
T T T T T I

(12 3.83] HEUMAZSZOIA|AH

@© A8k @ 2.06tf (19 “BFAAMATHF 400kef, AAAEZFTHE 400kef, 4 A st
% 600kgf, X7t 5% 660kgf)

@ AR E : 97/ (PTFT+SUS, PTFE+E45# 74, PTFE+AL)

@ WAl E1/NG H A A st :229kef
@ 3¢9 © £100mm

© wpEASF(p) 0 0.05

® vF#E (Fd):103kgf
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(3.41)
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D 6% (1=0.05,
2F,
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=
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=
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g = T z
u] 73 Y PTFE
AN =2T4
g0 SUS304, AL Plate, 543 ¥ Plate
ulzZ A p 0.105, 0.2, 0.3
ulzk A 4=
714 % Vo(mm/s) 40
7794 217 (mm) 200
&4, A
3217 (mm) 150
SHARA S (mm) 130
SHAI A &
0] 2 Po (kN) P,=P «pu
[(v :Ec * At/ﬂs
A2 74 Kv (kN/mm) B IHBAERAAAT A I1e A
1 2] =
(?_;i;/\éo ﬂs:ulﬂ%%‘?‘ﬂ]
78 (N/mm2) 10
A sts Qd(kN) Q=2Pr, -
T 73
S7HR4 %3344 heq hey=2Q/ (m « K, * 6,)
(1) 2= A
O AAs+E - 2.06tf (19 “EFAAMAFH400kg!, JAAZZ0]F=F 400kgf, 2 A5t
: 600kgf, WX 7)== 660kgf)
@ 3% ‘Jﬂ%f71:2.55
3 =B 734 (Kh:%/x 2;) g=980cm/sec?)
@ ANIATHFRIN (AW 2MIAE, Fuksk 27) INER 2HE)
® 3LHY: 100mm
® FAAXEAYS4:13.3kg/cm (FFAFA 77k AEF AFE)
QAAFAE o] FFA] &
4
K, =—"9 =6 47kgf/cm
8 X n X
o714, ¢ : HAAS (8,000kgf/mm”)
d : A7 (4mm)
D : ZdHFa%d (26mm)
n: FadF(22.5)
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(2) HA 35 A

v A s AF 20 2He A LolstEE wgste] 72 800mm, AR
120mm, %°] 40mm (5%:300kgf) o] AAS AAMAZ 2ol Ao & vlg-A A s}
=0 2 3}

ﬂ
rH
2
O
:
[
rulu

2o]9 A

Md AAANAER ] AsHTE Fall Fherdds FaAAT. A AA A
E209] Ass sAst7] 98] AMAEFRY shieol HAdE AAdeAE ARSI 2
Mol Awake] thsir = 2F 44 (biaxial plasticity)d] 543 7FAH, vy x| 3719
Hgo] eire SHE AR Axdo 545 Zteth 28y v dAst=
npzhe & mpEbd ol Agshe= b upEATe wel g8 ARHEE AdAZge
AlZbel whel Wstshs bEE e ¥R WA fnh S Wyl il A8 (gap) o=
2dd He A B ATelA st vk wjnnddy dxldHolEe] Ag AT xR vt
ZE I RIEA flel glolxl FElE FHotar Slo] FWEE U= gk 5ol 7] W
o]t}

Ki %J Ust(t) Ui(t)
Ust (t)
—= .

Mst
Kst C Ki
Kst st AW
Csf ’_‘
F % 7 7
%, 7
Ground Motion A g(t) Ast(t)
Ground Motion A g(t)
(@) TA A2 (b) BHFUNAZ 2O ) 4% gxie =4

3 384] s 2ol AZE
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