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SUMMARY

As the result of R&D in the field of structure and for the systematic
verification and evaluation of new construction technology and new technique,
the standardized test procedure and the example manual are developed for the
members of bridges and buildings which are widely used.

This project was carried out for a total of three years. During the entire project
period, a total of 11 test procedures and example manuals were proposed with 3 in
each of 1st and 2nd year and 5 including data model in third year.

Test procedure and example manual for the bending test of beam or girder

Test procedure and example manual for the quasi-static test of piers

Test procedure and example manual for the one-way slab bending test

Test procedure and example manual for the push-out test on composite concrete deck
Test procedure and example manual for the work-performance test on expansion joint
of bridge

Test procedure and example manual for the test on T-type cooper joints of building
structure

Test procedure and example manual for the fatigue performance test on steel structure
Test procedure and example manual for the dynamic characteristic evaluation on
bridges

Test procedure and example manual for the performance test on the shoe of bridges
Test procedure and example manual for the compression performance test of the
building columns

Data model for structural test

The results above have been distributed to related research center, colleges and
companies so that they can be widely used in R&D in the architecture and for

the verification test of products.
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- CEN9] Eurocode4. Annex B(Standard tests) <=<¢] testing process

Standard Guide for

Designation: E529 — 04 (Reapproved 2011)

Conducting Flexural Tests on Beams and Girders for

Building Construction’

Thiz standant ks 1ssucd under e Nxed designation ES29, e number Immedistety feowing e designation indicales the vosr of
original adoplion or, 0 e cnse of revision, e year of sl revision. A oumber in pareoiieses indscales e yeor of s eapproval, A
supenscript epsllon (x) Indicates an edilorkal change since he last revision or reapproval.

TRIS Stndind NGt DeeR AppROVE for wie Y apencies of e Depariment of Deferse,

1. Scope

L1 This guide covers the flexural testing of beams and
girders under simulated service conditions o determine their
structural performance charncteéristics. Methods following this
guide are intended primarily for constructions that may meod
conform with the relatively simple assumplions upon which
weell-known flexural theories are based, In some cases, they ane
also suitable for determining the structural adequacy of the
design, materinls, connections, and fabrication technigues, The
methods are not intended for use in routine quality conlrol
LS,

1.2 This standard does not purpor! W addeess all of the
safety concerns, if any, assoclated with ity wse, N iy the
responxibility of the user of this standard to establish appro-
priate safety and health practicey and determing the applica-
billey of regulatory limbtations priov to wse. For specific
precautionary statement, see 7.1,

2. Heferenced Document

2.1 ASTM Siandards:?

EST7S Practice for Reporting Data from Structural Tests of
Bullding Constructions, Elements, Conpectlons, and As-
semblies

Ead] Terminology of Building Constructions

3, Terminalogy
1.1 For definitions of terms used in this standard, refer o
Terminology Ea1.

4. Significance
4.1 This guide provides o general procedure for conducling
Nexural lond tests on beams and girders of all Lypes. Strength,

' This gaide |5 under e jarisdiction of ASTM Commiliee Eié on Performance
of Eikings and In the direct responsiilty of Subcommitice FO6 1| on Horlzonial
and Werlicsl SHuCteYSncurl Perlommance of Compleded Sinaciures

Current editicn spproved April 1, 2011, Pablished May 2001 Oflgiaally
approved in 1975 Last previoms edilion approved in 2004 s FS29 - 04 DOE
10,15 2V 20 4R |

? For roterenced ASTM SLMEWds, vEIL (e ASTM websile, Www.asim.org, of
coalact ASTM Customer Service sl senvice@astm ofg. For Aanul Book of ASTM
Siondardy volume Information, refer 1o the standand's Documenl Summary page on
Ihe ASTM websiie.

stiffness, creep, or other useful properties may be obtained.
When round-robin Lests ane (o be conducted, o stundardized set
of procedures conforming to this guide should be agreed upon
by the participants prior (o testing to ensure a uniform basis for
COMPArisOn.

5. Types of Tests

5.1 The fexural test is categorized as elther o prool est or
an ultimite load test. A prool est IS intended w give assurmnce
that the member will support o certain minimum shor-term
Toad, or to determine (he deflection and recovery resulling from
the application and removal of such a load, In carrying on o lest
o Fablure (ultimate load ), more detadled Information can be
ablained, such as the proportional Hmil, yield point, ultimate
capacity, mode of fuilure, load-deflection characteristics, and
the adequacy ol conncclors and connections,

5.2 Both laboratory and feld tests ure acceptable,

5.3 The types of tests described above apply o beams
subjected o shon-lerm static loads. IF cyclic, dynamic, or
long-term sustained load tests are undertaken, cane should be
taken W ensure that procedures are consistent, that the Lest
setup i reliable, and that load points cannol shift between
eycles or impacts,

. Apparatus

6.1 Loading method, type of test equipment, type of instru-
mentation, and so forth, are not specified, but are discussed in
generul terms, with the final cholees being left to the discretion
of the testing agency or controlling regulatory body.

7. Safety Precautions

7.1 Tesis of this type can be dangerous. Equipment and
fucilities musi be designed with ample safety factors o assure
thot it is the specimen that fails and not the test apparatus or
acilities, Observers and sensitive instrumentation most be kept
awny from beams when loading (o fuilure or in a range where
performance is waknown, Gravity loading with concrete
blocks, metal bars, sand, or similar materials can be very
hazardous at failure a8 collapse may be sudden and complete.

Copynght & ASTM ksomational, 100 Barr Harbor Derve, PO B ©700, Wosl Conshiohockan, P 10428-200, Uniled Staics.

(23 1-11] ofl: ASTM E529-04(R.2011)
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(23 1-18] M EZERAA w2 HHd2oF EF F
=T ICS X = |H-.Zv:—':’é' =5
= 0. ||SO |EC BS AR KS
A 01.010 744 (Construction Industry) - - 17 163 |-
= 020 =X A2, T A|AE (Physical planning, Town planning) |- - 7 -
a2 40 4= (Building) i - 54 39 10
060 - HZ=9 A (Elerments of Building) 47 1 158 266 |59
A pso e HA=17F (Structures of Building) 5 1 - 93 184 13
= | slelo] e QI SL7E (External Structures) 1 1 5 S =
AL 100 - A= XA (Censtruction materials) 116 |- P49 697 266
A 120 A= Ol HAELC| ¥ (Protection of and In building) 46 12 =6 177 23]
140 - A=A H| (Installation in bullding) B4 112 |B26 511 [72
160 == (Lighting) 1 24 19 53 14
180 L& (Interior finishing) - - 15 12 &
190 - 1= =5 (Building accessories) B - 1.5 50 B
oo -4 47| (Construction technology) 6 = 30 10 P
oo 7 A ZEHH| (Construction equipment) 3 - P4 68 <]
14 20t 387|128 [.064 F.255 504
= 53.010 | EX2 Y8t (Civil engineering in general) 1 = s} i= -
- 020 - . 2%} (Earthworks, Excavations) - 1 15 94 P4
ik 030 - Q|2 Sl A| A" (External sewage, system) 5 - P2 54 -
040 - 1 ZFZ A} (Bridge construction) 1 — 8 16 &
jos0 - E{ 2 -Z A} (Tunnel construction) 1 - 4 =
080 - o= 2 I3} (Road engineering) 3 I5 B4 274 1 8
100 P A= A (Construction of rallways) - c8 I3 3 2
110 P A H A (Construction of ropeway) = = 1 B
120 P 22t H A (Construction of airports) - = 1 14 =
140 P =2 Ol SHOEAH A (Construction of waterways&ports) - — B 13 -
160 P S QF RS (Hydraulic construction) - P &7 -
11 20f 12 5 128 FH 16
H= gl AMZXIA|, EZ2E0F = 25820} ‘ 399| 134'1‘192 2.766 ‘ 550'
(a8 1-19] = & AMXHY Zote| EF
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ok= TC 98

- A2 BAS mow ¢)= BIMBuilding Information ModeDoll thdt 719193 = TC
59
- A%d wEAA BoHITS)e #Add Hof:= TC 204
& OF |72213S(TC) g 3 BIRE Ol ZHAL 7id|H
& |TC T Conerete, reinforced concrete and pre—stressed concrete | 41528-(¢18F) SCT 7HAL
QAL(A S| SCT WG #u]y
TC 98 Bases for design of structures
TC 108 Mechanical vibration, shock and condition oAbt ¥ -t SCH WGI6 v

monitoring

7] 31} 4
?JOIH

(KAIST) WG29 #uy

TC 135

Non-destructive testing

o4 (G F sl el-91) SC8 )%
Huhg-(E ool ) SC8 74}

Aelef(Eal) SC8 WG vy

TC 138

Plastics pipes, fittings and valves for the
transport of tluids

A5 @he)) SC5 WGLT 7104

TC 165

Timber structures

TC 167 Steel and aluminium structures — STANDBY
20 |7|29#8(TC) H 3 ot=E oF, ZHAL #d|Y
A4 |TC 17 Steel
A& 74 Cement and lime

TCT7 Products in fibre reinforced cement

TC 156

Corrosion of metals and alloys

7R (FEEIEHA L) WG4 Ay

TC 164

Mechanical testing of metals

o 8aHaEE 1)) SCH WG13 71v] 4]

B4 |TC 146 Air quality
Eey | FLo) | ey ; :
A TC 147 Water quality
TC 190 Soil quality o] wHel(A-&tf) SC3 WG11 #u]y)
AAE(A A ) SCT WG9 4y
TC 207 Environmental management QofuHeu A SO7 WG2 A4y
TC 224 Service activities relating to drinking water
supply systems and wastewater systems — Quality
criteria of the service and performance indicators
I'C 253 Project committee: Treated wastewater re—use
for irrigation
AH | TC 182 Geotechnics
Al | TC 59 Buildings and civil engineering works
B2 rema 7 :
e I'C 176 Quality management and quality assurance
251 Project committee: Asset management
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7|&9{#3|(TC) 2 291#2|(SC) 28I1EWG)
TC-59 2 Terminology and harmonization of
Buildings and languages

civil engineering r-

works

3 Functional/user requirements and|8 Permanent railing systems and rails for
performance in building construction building
14 General principles
15 Definition and calculation of area and
space indicators

16 Levels of requirements and serviceability
8 Sealants 6, 10, 12, 13, 14, 16, 17(%=H
13 Organization of information about|2 Classification of the information on the

construetion works

construction industry

6 Framework for object-oriented information
exchange

T Process ma nagement

§  Building information models - information
delivery manual

9  BIM guidance

Object libraries

14 Design life

1 Service life prediction procedures

2 Performance audits and reviews

3 Data requirements

4 Maintenance and life cycle costing

5 Terminology

6 Life cycle assessment

{  Condition assessment and feed-back of
relevant durability data from constructed

assets
8 General principles
9 Inclusion of requirements of service

and service life

declaration in product standards

life assessment

10 Functionality requirements/ serviceability

15 Performance criteria for single family|4, 5(42)
attached and detached dwellings

16 Accessibility in building construction |1, 2, 3(*%H)

17 Sustainability in building construction |1  General principles and terminology
2 Sustainability indicators
3 Environmental declaration of products
4 Environmental performance of buildings
5 Civil engineering works
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71&9HE(TC) 21H2(#ESC) 23IEWG)
TC 98 1 Terminology and symbols I Terminology and symbols
Bases for design |9 Reliability of structures 1 Geeneral principles (Revision of 150 2394)
of structures —— ; -
ik SapdcuiLE 3 Statistical methods for quality control
of building materials and components
6 Assessment of existing structures
8  Geeneral framework for structural design
9 Serviceability of buildings against vibrations
10 Geeneral principles on the design of structures
for durability
11 Geeneral principles on risk management
for structures
3 Loads, forces and other actions 1 Snow loads
2 Wind actions on structures
4 Accidental actions
6 Atmospheric icing of structures
8  Actions from waves and currents
10 Seismic actions on geotechnical works
11 Nonstructural components for building
applications
[T 1-22] 7|=<1¢ 3 TCo9e Enfles & 08 74 W3
7|&HERITC) E A ESC) 2SISWE)
TC 204 1 Architecture
Intelligent 3 TICS database technology
transportation - . ‘
porte 4 Automatic vehicle and equipment
systems e
: identification
5 Fee and toll collection
T General fleet management and
commercial/freight
8 Public transport/emergency
9 integrated transport information,
management and control
10 Traveller information systems
11 Route quidance and navigation systems
14 Vehicle/roadway warning and control
system
15 Dedicated short range communications
for TICS applications
16 Wide area communications/protocols
and interfaces
17 Nomadic Devices in I'TS Systems
18 Cooperative systems
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(D ASTM(m|=AH A S 3]) |8
O Testing for Strength
Designation Title
C31/ ) ) ) . . .
C31M - 10 Standard Practice for Making and Curing Concrete Test Specimens in the Field
C39 / . - .
C39M - 10 Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens
C42 / Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of
C42M - 10a | Concrete
C78 / Standard Test Method for Flexural Strength of Concrete (Using Simple Beam
C78M - 10 with Third-Point Loading)
C192 / ) ) ) . .
Standard Practice for Making and Curing Concrete Test Specimens in the Laboratory
C192M - 07
C293 / Standard Test Method for Flexural Strength of Concrete (Using Simple Beam
C293M - 10 | With Center-Point Loading)
C469 / Standard Test Method for Static Modulus of Elasticity and Poisson’s Ratio of
C469M - 10 | Concrete in Compression
C470 / Standard Specification for Molds for Forming Concrete Test Cylinders Verticall
C470M - 09 P 9 y y
C496 / " ) - .
CA96M - 11 Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete Specimens
c512 / Standard Test Method for Creep of Concrete in Compression
C512M - 10
c617 - 10 Standard Practice for Capping Cylindrical Concrete Specimens
C684 - 99(200 | Standard Test Method for Making, Accelerated Curing, and Testing Concrete
3) Compression Test Specimens
C873 / Standard Test Method for Compressive Strength of Concrete Cylinders Cast in Place
C873M-10a in Cylindrical Molds
co18 / Standard Test Method for Measuring Early-Age Compressive Strength and Projecting
C918M - 07 | Later-Age Strength
C1231 / Standard Practice for Use of Unbonded Caps in Determination of Compressive
C1231M-10a | Strength of Hardened Concrete Cylinders
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(O Agencies Performing Construction Inspection, Testing and Special Inspection

Designation Title
E329 - 11a Standard Specification for Agencies Engaged in Construction Inspection, Testing,
or Special Inspection
Standard Specification for Agencies Engaged in System Analysis and Compliance
E541 - 10 o
Assurance for Manufactured Building
E651 / Standard Practice for Evaluating Capabilities of Agencies Involved in System

E651M - 01(2008)

Analysis and Compliance Assurance for Manufactured Building

E699 - 09

Standard Practice for Evaluation of Agencies Involved in Testing, Quality

Assurance, and Evaluating of Building Components

E2159 - 01(2008)

Standard Guide for Selection, Assignment, and Monitoring of Persons To Be
Utilized as Assessors/Auditors or Technical Experts

O Fiber-Reinforced Concrete
Designation Title
C1116 / Standard Specification for Fiber—Reinforced Concrete
C1116M-10a P
C1399 / Standard Test Method for Obtaining Average Residual-Strength  of
C1399M-10 Fiber—Reinforced Concrete
C1550-10a Standard Test Method for Flexural Toughness of Fiber Reinforced Concrete
(Using Centrally Loaded Round Panel)
C1579 - 06 Standard Test Method for Evaluating Plastic Shrinkage Cracking of Restrained
Fiber Reinforced Concrete (Using a Steel Form Insert)
C1609 / Standard Test Method for Flexural Performance of Fiber—Reinforced
C1609M-10 Concrete (Using Beam With Third-Point Loading)
O 71&
Designation Title
ASTM Standard Test Methods for Testing Multi-Wire Steel Strand
A1061/A1061M:09 9

ASTM A931:08

Standard Test Method for Tension Testing of Wire Ropes and Strand

ASTM A944:10

Standard Test Method for Comparing Bond Strength of Steel Reinforcing Bars to
Concrete Using Beam-End Specimens

Standard Test Method for Evaluating Bond Strength for 152 mm (0.6 in.)

A_STM Diameter Prestressing Steel Strand, Grade 270, Uncoated, Used in Prestressed
A981:97(2007)
Ground Anchors
ASTM

A709/A709M:11

Standard Specification for Structural Steel for Bridges

ASTM D5265:09

Standard Test Method for Bridge Impact Testing

ASTM E2103:06

Standard Classification for Bridge Elements and Related Approach Work
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O Guide “E529-04(2011) Standard Guide for Conducting Flexural Tests on Beams and
Girders for Building Construction®

Standard Guide for

Designation: E529 — 04 (Reapproved 2011)

Conducting Flexural Tests on Beams and Girders for

Building Construction’

Thiz stancand ks Issued under B fved designation ES2 e aumber Immedisiely Tellowing the destgnation indicales i ves of
origimal adoplion or, in Be cose of revision, the yesr of last mvislon. A oumber in paenibeses (edicales iBe year of last eapproval, &
superscript epslion () Indicaies an editonial changs SiRce e (sl revision o reapproval.

This standard At been approved for wie Iy agescies of the Depariment of Defense,

1. Scope

L1 This guide covers the flexural testing of beams and
girders under simulated service conditions o determine their
structural performunce charscteristics. Methods following this
guide are intended primarily for constructions that may ool
conform with the relatively simple assumptions upen which
well-known flexural theories are based, In some cases, they ane
also suitable for determining the structural adequacy of the
design, materials, connections, and fabrication technigues. The
methods are not intended for use in routine quality conltrol
[(S1EN

1.2 This standand does pot purport ko addeess all of the
safety concerns, if any, associated with ity wse, 111y the
respengibility of the user of Mix standard o establish appro-
priate safety and health practicey and determine the applica.
Billey of regulatory limbatons prior fo axe. For specilic
precautionary statement, see 7.1,

2, Heferenced Document

2.1 ASTM Standards:?

ESTS Practice for Reporting Data from Structural Tests of
Bullding Constructions, Elements, Conpections, and As-
semblies

Eadl Terminology of Bullding Constructions

3 Terminology
3.1 For definitions of terms used in this standaed, refer w
Terminology E611.

4. Significance
4.1 This guide provides o geperal procedure for conducting
fexural fond tests on beams and girders of all types. Strength,

! This puide Is under ihe jurisdiction of ASTM Commilice Fdé on Perfommance
of BN gs and 15 e Hrect FeSponsimINy of Subcommiies Fo6 1| on Horzontal
and Verllcal Structures/Sin sl Perfoemance of Compleisd Sinciures

Currend ediion spproved APl 1. 2011 Peblished May 2011 Origimally
approved In 1973 Last previoas edilion approved in 2004 ox ES29 - 04 DOL
1, 1 S2VES 264 R 11

? For peferenced ASTM standerds, visil the ASTAM websile, www asim.org, of
comlact ASTM Customer Service s serviced ustm org. For Aasus Book of ASTM
Standardy volume lnformation, refer o the standand's Document SWhmary page on
ine ASTM websile.

stilTness, creep, or other useful properties may be obtained.
‘When round-robin tests are o be conducted, u standardized set
of procedures conforming to this guide should be agreed upon
hy the participants prior 1o lesting to ensure a uniform basis for
COMPRRSOn.

5. Types of Tests

5.0 The Nexural test is categorized as either o proof test or
an ultimate load test. A prool Lest is intended w give assurance
that the member will support a certain minimum short-term
Toad, or o determine the deflection and recovery resulting from
the application and removal of such a load. In carmying on 4 lest
o fablure (ultdmate load), mone detalled information can be
ablained, such as the proportional lmit, yield point, ultimate
capacity, mode of failure, load-deflection charcteristics, and
the adequacy ol conpectors and connections,

5.2 Both laboratory and field tests are noceplable,

5.3 The types of tests described above apply W beéams
subjected (o shon-lerm static loads, 17 cyclic, dynamic, or
lomg-term sustuined load tests are undertaken, cane should be
taken tx ensure that procedures are consistent, that the est
setup I8 relioble, and that load points cannol shift between
cycles or impacts.

6. Apparatus

6.1 Looding method, type of lest equipment, type of instru-
mentation, und so forth, are nol specified, but are discussed in
generil werms, with the final cholces being el w the discretion
of the testing agency or controlling regulatory body.

7. Safety Precautions

7.1 Tests of this lype can be dangerous. Equipment and
facilities must be designed with ample safety factors (o assure
that it is the specimen that fails and not the test appamtus or
facilities, Observers and sensilive instrumentation must be Kept
away from beams when loading o failure or in a range where
performance is unknown, Gravity loading with concrete
blocks, metal bars, sand, or similar materials can be very
harardous at fatlure as collapse may be sudden and complefe.

Copyright © ASTM kwornaticnal, 100 Barr Harbor Denie, PO/ Bow C700, West Conshwhockan, P 19428-2009, United Stcs.
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(2) CEN(+3 #3319 93], European Committee for Standardization)
O &8 187029 w23 7|77} F7bete] 196190 A, ol A7bA] oF 400749 ST
AEN)E AA. 19823 F-E = CEN/CENELECS] &5 A A

O Eurocode-4. Design of composite steel and concrete structures (CEN)

e Annex B (informative) Standard tests

| 180 | 180 , 180

1 lP—

[13 1-24] B.2 Tests on shear connectors

<100mm L <100mm

[22l 1-25] B.3 Testing of composite floor slabs
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(3) JIS(Y 344, Japanese Industrial Standards)

Designation

Title

JIS A 1106:2006

Method of test for flexural strength of concrete

JIS A 1108:2006

Method of test for compressive strength of concrete

JIS A 1107:2002

Method of sampling and testing for compressive strength of drilled cores of
concrete

JIS A 1101:2005

Method of test for slump of concrete

JIS A 1129-1:201

Methods of measurement for length change of mortar and concrete —— Part 1:
Method with comparator

JIS A 1120-2:2010

Methods of measurement for length change of mortar and concrete —— Part 2:
Method with contact-type strain gauge

JIS A 1129-3:2010

Methods of measurement for length change of mortar and concrete —— Part 3
Method with dial gauge

JIS A 1132:2006 Method of making and curing concrete specimens

JIS A 1138:2005 Method of making test sample of concrete in laboratory

JIS A 1149:2010 | Method of test for static modulus of elasticity of concrete

JIS A 1150:2007 Method of test for slump flow of concrete

JIS A 1151:2002 Method of test for drying shrinkage cracking of restricted concrete
JIS A 1157:2010 Method of test for compressive creep of concrete

JIS A 1161:1994

Testing methods for bulk specific gravity, water content, absorption and
compressive strength of cellular concrete

JIS A 1191:2004

Test method for tensile properties of fiber reinforced polymer (FRP) sheets for
reinforcement of concrete

JIS A 1192:2005

Test method for tensile properties of fiber reinforced polymer (FRP) bars and
grids for reinforcement of concrete

JIS A
1301:1994/AMEND
MENT 1:2011

Method of fire test for wooden structural parts of buildings (Amendment 1)

JIS A 1302:1994

Method of fire test for noncombustible structural parts of buildings

JIS A 1304:1994

Method of fire resistance test for structural parts of buildings

JIS A 1414-1:2010

Performance test methods of panel components for building construction —— Part
1: General rules

JIS A 1414-2:2010

Performance test methods of panel components for building construction —— Part
2. Tests for mechanical properties

JIS A 1414-3:2010

Performance test methods of panel components for building construction —— Part
3: Tests for temperature, humidity and water—proof

JIS A 1414-4:2010

Performance test methods of panel components for building construction —— Part
4: Tests for long-term properties

JIS A 5362:2010

Precast concrete products —— Required performance and methods of verification

JIS A 5363:2010

Precast concrete products —— General rules for methods of performance test

JIS A 5364:2010

Precast concrete products —— General rules of materials and product methods

JIS A 5365:2010

Precast concrete products —— General rules for method of inspection

JIS K 7391:2008

Test methods for vibration—-damping property in damped composite beam of
unconstrained type

_58_




B

(4) KS

P AR 2 23YE A

3
pul

)l oh

hax
=3

A4 A A (A

=i}
=

O A=

F guide Z &

3
pul

s AP o

ol T §olw, T4

= KS A4 A

i

A2

b

I8 g

%3

KS D 3868] 1!

=

KS D 4118] &= W& =

=
e

4s HE& - M3

A
(=]

P

2

KS F 1611-3] A=2x2M W

Jlo

3

KS F 2257-7] A=2X2M2 W

SHAl

— —/ o/ o/ o/ o/ o/

fill

-

10
@

H
n0

Ol
H

ok

20
Ec/0lAHZ &

=35

el ENlA

2o 20 <

=
[

1l
10
a|_u

H
n0

i

-

o
=

EQ

23cel

PN|
—

st

A

P2 A ALK

4 K

=
=

KS A ISO 6258]

ok

0
E

Ar

0

KS B ISO 14963] JIHIZls

00

T T T T T T T M

15(KOLAS) &%

7184l

5]
=

REOF A FAA

AN

40| 7 (Korea Laboratory Accreditation Scheme)

BHROIF

==
1o

oI

Kir

ulo
of

ok

[0
ok

<

=

)

ol
dl

700

0
el

Ko

oJ

Ar

ol
@

3
o0

g B 571 712ASTMS A3

- =4 71&0S0)

()=, At 9

Fof ASTM E-529.R2011 &5

A4

—:F'.;JZ_

B

p—

0
B
7
N

A A A4 E)

_59_



1-2] AModpol=al ASAIM2l KOLAS 2% 2ot

J|&y =0t HZHS 39
ol0IE2IE|1.001 =25 ¥ 2ASEHS KS B 0802:2003 =5 ME o9& A8 Y
PEAH
=]
(H X0 [1.003 AIME 2 2ARS (KS F 2405:2010 ZOCE 52T AlgYy
KS B 0802:2003 =235 Mg & AlEYy
1.0101 =25 ¥ 2 HE |KS B ISO 1099:2002 |25 ME&-= ot LIZAIE
KS D 3504:2011 HZ2 23CcEE =224
KS F 2405:2010 ZOC2IEQ ¢FLT AlEEHY
oA
M= KS F 2408:2000 |Z32IEQ EAT AlEH
AEHH 10103 AIHE L 2AME
() KS F 4020:2006 HOBOP|E XA gHE=
KS F 4403:2004 Al 22 2ICER
1.0104 =M & 2 HS |KS E 3033:2001 YAO AFAUAST AT
) CHEE OIAZE ZTEEZE S&=
1.0116 4 & AHXM KS F 2367:2006 ANZo| S =XorH
Department of Defense test
method standard, mechanical
MIL=STD-167-1A:2005 | vibrations of shipboard equipment
| &I G (T){pe I—enwron.mental and Type
oI M | 6,000 MESA ll-internally excited)
(S AHTH)
KS R 9144:1992 HE I 2329 AsAged™
HdARA =10 _
IS AAHIQ WEAEEHY
H2009-35 | = |

2710 F A (www.Kictep.re.kr)

b

4
ol
ol
£
o2l

H Ao Z AUgoZH NP A)Q
Ad71es Ed 9 27138 E S Al asr]

Z3hHe| A

2




O KOLAS Z=&= FHEAAAZ7IZ] AQAAAE ARt Es o F3stal &

olal #A 7t = KOLAS I571# e FEHAALE7H®

= KS, ASTM 5 KOLASol| A QA= AlddHE9] 7)
AZA3 4 \‘416& 71Ee Qe A4

e FE=FA g 45

AN

TE dadsls nEN7|E =S4T
oA | ddvisdeY Hisx -F7tEEnSHAS SN H102= | MetisMdFT|2Y H32=
gy a8 ety SEMTIE SMAY, SMEET YR
HEXFE | ZISHER ZIE7HExte O sA ARH S HAAMEH) ER%
B3571ZH. XY 3/eE 3 ~ 78 K3 orSiA/AE 1A ~ 7 | XW - 218/9F : 2
p— 3T HA -26H HA -2CHA AA
x
(AR YA HBHA2AHA)  (FEZHM-2I=HAD (BZE7I-MFE7D
XA A, HEY, CHEMAL: MY, Ty, ebdd,
AZd =3.884 CHBHIE: HET|E =E ALY AA
HAZIE |28 AL : HEXEY, 7= ZlEdA: M, Tey, otdd S #el. =4

HHd, 254, BHE =3.884 MREZE: 7lEd ANEYE 54
CHTHA: BEIS, 284N 5. ¢TUA: EHHUS. #84Y S

J|EABE BT SMISNE NEAY
Ssbiain i NEAE, 94 X8 U 70§ A3 SMEC, SM0|3, SAH
- £ - =SH_HE— 3 1]
40|71, AIBAW, AHE
QIME| = AAY 4 H8 . REXY 57| 0] ChSt R&D S X9
A o2 PQES % i "
Tad e i e L e A EE RS IR SATTEE MBI O
i .24 BENJ|E MY U BN ¥H1('10.12)-1% A A} PIR|(HI8Z2)3)

(23 1-20] AHM7|s/nSLT| =/l

OE
I
El

+ 2013 128 JI=22 & 1,5512101 AFE0O 6922101 XNI&ES

« 2 MEA+E= HE 50-60022%F ¢&H

o 2 XN&EHs= 20128 J|E 38H22 IHE 24 =AM

« 20182 HIS0l dHl XNEII=2 60% 0l XXl

« 20128 &)= EEAAE2 20109 UHl H&E A= 17.35%, SAHI 15.23% 24
« A2t 3,3000H S &0 4,500 ==22 HE SIt Al

« & AZ3AHHl 12023 UiHl AD1=3AJF XHXIctE BIS2 & 0.4% ==

« JIE JlE Ul 3IIH2H=E, AISd 52 SN & 10% 0le 2=

_|_
.I.

(28 1-27] Addd7|=

et
o

oh. B} A Eoke] e ) wEs A

O AA7|ABF FAIS0) &3 AHY

_61_



— zr
ARORN X
oo B p
PR 5 X s T o
I B el q % b L
8 o o = w P N
T M FE S o =
i) = o] W A N T
o X M RC) o g = w2
=T % I W o 3T R a
Uo ot 1 o XEY o 5w
A 30 W K h o4 i
2 285 < o o Term =y i
= =W = = B %P g T 5
R0 = 4 0 o o N RO gl 1 T ] i T
e < ki o0y oF o G 2 |
= Kd = 5 ﬂu ;10%.1 = — BB or 0| (= —
il L K R0 r 5 = " s B < R 8
5 "R e 3 g N £ W T nog  E
KH X0 Bl B . - ,q_OI &o @r/_u < JE U,._ o UT.E ﬁu
S e o < B 8 _ g = — BT 1% o
ﬂ W o L) - e A= a = o oy
~ o ® w & = S Iy p 1 S R N R o
ol 80 o o o — I O %o X & 2 KX 4 ¥
= Al - & " r ¥ o - il 3B
s 8 Kio o _ o w ° ) T o
8 =M :u?mo @ E o ) A W & o WA
3l ~wag e B B om % w o T 3T
<3 DwWa G N N T xe%o_u ﬁurm% Wﬂaﬁﬂ
S ﬁ__.._m.IAq| 0 ol _|.|_|:MJ._ :IO«,I =T e o ,m.ﬂ/! o o
= Cafawg Duow & T il pET
o c_oﬂaﬂﬂﬂ a___mﬂ% E@H @Mmoﬁr N E o R e
I % Iol._xoma%wﬁﬂﬂ__umloz O i of of X o ].aomaﬂ_é.
WQGaQHWﬂ%mdMoEO A T * o T T @ Jo om Y
mOEMmEEMEmE&a%_%ng SR T T o Bl o W%WE_E
ok 0 80 .. gz 5 = = fr K oy & < & m._l o T X m_M v Ao i N = ]
m___%ozﬁU@@%@E%ﬂ@% SR T oo ME%UM%?HE%_]MU@
HEHES HIZERgw 5 X# .y, Tlwmx_ R
m___@@g..aﬂl_aﬂmmol,&mm S o g =T N
< = A= o " o o o N X o i wr Re - %
/;f:%?m;f_awnwsﬁa Dok s ﬂﬁag%ﬁﬂﬂﬁ
o X = X M =
WEH%EE&%W&Q_B___ Amﬂ}m ® o) oo &ew MR
S-SR Rl g.wn71 Hooto @ = | !
. Jl_lo O
=

]

dlolg T4

3

EZ

]

A

&
Az 71 A

_62_

=] =9 &
1=+ Fermilab, ¥ KEK ¥ 292~ CERN %9
m U .

s 9] AFRAS] 2443



n 7 2ATF AFYolyE F2Y dH nyEHY e
- =24 A3doly AlE et HA3uoly ¥/ & sA¥EEE 5 =29 2 F
= 7le g2 9 AHlx

O HEHAZ 79 T3 BEFHS} Al=H 7=
- Genomic L] =olA 54 Fo AA G714 <E BEE Slstal gz 7hE A
g7l A% FEAT 2 AHE vlolH e F¥e DB
- U EHIE o] &% A, @A doleulolx T3 AAMAI2E A

O w\]=2] Data model &3 33}

- \]=2] NSF(National Science Foundation)oll A F#3dt= =713 AR EetdsH 23
ZH] A el NEES T2 a#oAs 254 3k A4

=
25 AFshr] el "HAE Holy HALE &I
A A2 FAE AL e

O #39 Data model EF3} &3}

- EU FP7(Seventh Framework Programme for Research and Technological

Development)> &9, &9, 1Y, 9%, FHALAY F5AE A A7 7=
o] MEE o]FsH e EUY A7 dAFAdoR AF9E 743t 2 A9 Fds
23t e-infra ++=

O "=, 39, 9 59 71& AdFe A8sE Ao AL 98 A& A
s G2 Y ARES UEALS B AoluAzeE P gom, 1
DI AR BEshsh AARE FASHD AL

_63_



-
No

7k AT H

ZEML B

+ A8

O,
=

7(2/

T2 Al JtolEctel MAI(EEC)

+Ads8It &8

JF
=

L 4
L 4

PNIS|
=S

A =<
Data Model EZ(2F) HlAl

X0l cHet

AEE

AlE

O & A9 A

Ao A

Data Model E&F(¢HS A A 3=

B A3

=
o

23]

=]

Bl

(23 1-28] Z

_64_



,m_w_wo

Jjo

ww RTORTX0 B
—.A _ _ -
- ol o K Mw 30 30 3
ol 1 a1 ol BCORT ™
o Ul Ul % ol —]
u s s U RN W o o35
SRR Z2 5 Ul oo X0
™ ~ - o - — X
< pil a2 s 3 < b
al == N u " ~ &= ~
= = S < m =
0 | ul oAl W el |28 i
T+ I w0 w0 H < W R _.HA_._ < 4 =l
FTlmaamo| = bl W T & =
=< 1l - N < _H__ _H__ o X o
< AR w0 Ol T X0 0 o
Jo Jio M @ w0 w0 JIo 0 Wu e o Al
K X0 Jk w0 Jo Ki = i R
NwEm=| AVE wpg P 8E |8 o
I3 T wE » T m W oS | b= v -
== — 0 R _ — - = ~ o m
FEERZ Mk qake 0= S|P hs
Dnm X = TaR | §FeY Ry || Tl
223K = =% 5| BT alads
NN a| MM A T IR T
" = oEoEm Al M= M A _|_.|_m o o | B0 w0 W
L n o ol ol el el
— wl — . n © < W
& W = oK W — W L
H LR _a = of % < 0
s _ Ki o = = I = 2 — 30
oir | — = = = e
o B & T < N = * = o < iy H T
k{0 e R ol F N — . T = H X0
o 2 Jo ™ IF go HO =3 K m o =~ 3% injo =
Bl Top Ul 5o Jo R0 o m == <] °
K2 o O X5 70 Ul " o 2| = A
~ K 2 WSS W 2 H ol
r+ E Tk s M iy 7
Tt " Ao A Ki = 3] =l OH
[} s ﬁﬂ &l
s = <
e =
0ir W o 20
= ol 00
3 il
B) 5

- 65 -



1_|

.

O
el
K
T

o

o)
i

No
oy

g o
= 01X & o ol
= ~ 22 = ke L5 =
= ol |= = T~ N 0 = 00 = =
5! R R L K o 5 o o
) = = ~ S o0
Ul -z o = Kk o = o
> = X wi H ~ RO = 2 0 il
=z 2 = o |20 0 = =l ol o
M A= o Doygr < K < Iy K = = 30 J
L T aE o RU L R
o} 5 W oo K i IF = %0 ol I8 5 S
Kt o a d < = =3z A w0 ol & = oo S R K
& :_ram = _AIMOTO A _ U B S =
mU:_H SN NP = 55! S o K ﬂ/EM
4 2WNEE ﬂ_u__gar 6 K L5 Q=N RES
n 4_mjo(_ o wﬂmol,ﬂ oF I = W Y _AWDOT
i w0 X0 W — o 8 = i KU 0 Ko Ko g 10
Hl KB Gl = o oW IS "o s T 7
%_,_.M__I 0 o M Ko o i 2 =K Mﬂﬂ
o0 Do 3 el un & S il ST 5 T W D ol <~y M-
< no = M 2 D ~ Jo 5 = KH 0] T K- M 7 = 3)
i) e = ooy oot M o " 5 ¥ — o3 ooy W
o gy dr 0 5 B KD - ° I S | 2] Ky PR
A I m < = o Y m P 0l
W g * oy M o Wew g W oo d oy 2
o qo g ot m N T2 o R KH = s WS
monT o W oo o35 2 A S
gy 0 deH_TJ ol_?EEI =z 2 =0 omX TN
Moy M3 T oT S 55 o &y m X < 2
_A._m _A._ :.:. Mo o I+ n__|_m E._o @_‘ a _._._._ _.__o ) M_”_ __.__._m = E.._ x._o H__v _xs_ S .&._ w.o S W
L M wmww | b F80om Moy 4 wu Uy E
= L T 2 ul R o =X X S o
O Lo it w=kIs u|:I or X M aS s
r D own o= J ot 3 - o} = TS )
O _ ERCIA M 0 ke X t Kb = U mm Kl I M
" © 0 N3 5 B o™X m_yﬂé
=] s wo ol
oir Jjo O o i <l o % i 2 2y
Iy 0 Kb O o ! P %
Bl B <
oir ~
MJ
%0
aq]

- 66 -



wol e
L S 5 R e | R
= & ) o < 18 »
N Lo S re) X | R N
— [a\] Y] _wO WO R R o
I\ < o R S N
_ - N Lo 8 S R x| R
W_J = o ol J S S ° o
T - o
m_._ﬁ W/_._ OI._ =~ T - N o |© o W
V] n J Y| — IS)
eV - hY| T - 1
o~ @I i T =
O O -
o N L S R Y
A [V} N i~ FYEES
<+ AP OR
Gy <k 3k <+ - N
e | ¥R { &+
7 o™ 3
2ol w |2 o | ™ SR < 4
R CER 3 % w a = + &+
HH_ ol =] — ._._._ Rr _”__u_ Mo T n - - AT A_v
10 a7 <F .ru_ ol e 5 H Rr 0p) <F X0 n 0 ~J A 3 3 %+ <
e B e e nd I R K ' o & ) ) R R s <+
(2T = |8F md REIMIERE I o | W w | o A ~J
Swnl w |2 ~ [UR = Sl | 5|® W |3 AL w2 <
RO R RY W Sl & O | % | & |0 oW o b al A Wolw | W R
R I B C D Syl | ™ grgEo U ! a9 o 2l AN D ]
= o = N 2 il = ~ [l 2 = N
=% 8 =% & ol o vN@) R o BT R UlRs | | B Ul R e RS
=._._ = T \:H 3 o] _ Ai ol = Kr = ~ - K0 O 7 L = puid . ul = H JE
R W_ﬁ Sk |® = wﬁ I e T B I C - mw = lalsn| & |3 N2 o=
w=| = , | b wlRl= S I ol A I R I o
H@_ﬂ =| 3 |[m=| 3 Hl = ol _:I = ﬂ_ﬁ o _urA_._ k| K = F U T R - <l - ol M gl | D Mw K0 Mu W=
A= T = = | wmE| = o7 A o o = M |y El w | o | — <l 0l R — | =
A= w la=| & = T =| = = Ja| @ |2 o |S| M
. r s | ME| 3| 3 S| (g W wE WG e | Ja | wm D
wo|wos as| i | W= 3 |HR g S| o EITESER =% R T3
= o 0y - TR o = = <4 _ o | [ S| wr W= <H y T © =
H S - - ; o= 0 Bzl 3 || vs e & 232
B o = 0 @ |y Fo| . f A= =|lm=| = _ Wl ==
= Mo|e - = x| o s il las| m=E| s || =
R < | s |a B o IR SR L I 5 5§
= |k 34| s | 04 | 3 i a1 | NS 5 <+ as | o | 38
R oA | ER | R o <k | o <+ of (M | W for w o (S|P wo | - afal
X |S ol ER) | g™ RN 30 <F |30 ol W = 1 &) | ol W3 2
5 |m |2 | Mg ™ H o= o | a w3 s
0 5 |5 |B |3 el =g I N A a7 v = T I TR Y Bl
Ko R S |m A O L = Bk | ) =
O i S e = |k o<k | I ) I
woe e | = lm | =3 EE ~J WML | L W o A
o1 o 2 F jel= P o = |27 R | i) | R R W= o
H| KB w0 o oo | N = N 0 -2 |=m |B o™= X
g T o R T X o ior A S |m =
K o o 0o A | WX L 7 w4 [ R WoofR Rl =
- | 2" o ul N E o) i [ Al 2% er 0 X0 ol ol = Py < [l
B M ey W& e o & g | W ® 0 - o e <
o w0 Ly ol 10 35 o 2 - = Saak o O 7 _
m_;aj mx;m_ wr 0 Ul E+M_oa s o PR D) %M___xﬁ ol.@mm w_ w2 —
= T WS T 7 Ul Wroxm ™ o 0= = o a W B B =
~ ) % ki Ul AU X0 H TG w sl ~Ed oS
i 2 NS W %) K ul LM S 0= PE gy [T S
g ~ = LY S 0 34 Ul W 0 oy o oF 0 = oo
K H A o = 0 Ll Ul A S B =3
reY ) N w2 K= i UL U W=
3 = o n sl k2D (K S
ﬂAI Cn_ = &) = - <N .W
— m ~ =
< LH
2 |
<
™

- 67 -




wK
b

=2 g7UE

2
H 89 & 5% S

LHQl 2
-

s =2
=

ul
RO

ok

KA

Al
=2

nl
RO

ok

b0

il
RO

ok

M
Ay

=
[

GliolE

mm
ok
n0

0K
il

al
=

ZANIA Jiol=eted

1L

Al

-

x
It

oK

=

al

iy

O

ax |
~

=

ZMA JH0IECH

E=

1L

(=3
(=]

Al
=

Kd
@
80
0K
@
oJ

M0

10

» Cased &g =%

i
[

o0
2

il

100
<A
Rr
)

Bl

At A E AL

US

=

)]

o0
<A

Jo
o0

il

10

<+

=

al

_

ZHIA JH0IEet?

1T

(=]
=]

=

Al
_68_




A s I
0 R | & X0 X0
_ oK Rr _ Rr Rr
oK oK
D I R S Ry L X .
R0OORO U0 = - o o2
Il ) = g xr [={ A0 —=
= ok oK 0 = = I = =
| K ) = = I s | 0=
S| oW o= a g WSk o o = ol —
_L_l ~ < _.A._ _u.* O_u D_x N O_H D_x _.An_ N O_u D_x
& w UA_M w Iz 2 %,_Mm_rx_ﬂ 5k O vmﬂr 5k O
ol g " .2 R i B Ui
KE| e R 3 Klo oH ul oo K o Ko Ul Sg W0 K4 Ko Ul
o g R A 5 S o om — 2o N E RS
sk _ Rl 22 _ = | wwwmes A
sk = = O oK g W< ol = a X _ o
=2l S m oo, <l <l 80 & <l <
Lo ok ¥E W WK = = BTN ET X
OB - = WA | R g B M| R OF o B Y
o = m oz Al = A o 51 5 Al A ﬂﬂ__MNE_u_ A
= @0 @m0 KM W0 OOK W | 5 T M OB MR | T I o) =< w0
=N | W | A A ok o
0 0 =t ol
| O~ @)
3w <N = m
o Jlo X0 Ik Ul
3l R0 KT o
[m ET _ T~
> n Ki 5 -
oir or ) - o 0 X0
Iy 5 3 J o B r
5 ) o ul = <
~ — |
o " i 2 M 0
™ w0 SN X0
L K L
E <J o
N Sl = —~ —
i 5y e £
~ Al 3 oH Ho T g o =J
60 Kk W=y [0 ' 3J [0 OF

_69_



0 R X | X0 X0 .
_ o R R R X0
ok ok Rr
= = I - 3l 3 o
K ow a K - I oL S
o RO RO Lo 0 _ W m D _ m w._ KH
wo_ = | W = _ = R0 M
oo | = o ok @ v 5 | RW¥Wy ns|_ ms | AT
S W = o | Woaow o, | S < @ * 3
s ~ < K iy 0 ok ok N ok ok K N Wmm ok . = m B
3| - K R _ TR T Rl - TR BV RL TR B
Wy U D CUR - I T = R c R zq | Mz g
ol m " - S oK R I (R n L= = n DT ok
0} BO_RM NS ™ om - = 8 oS B, K H =~ © = =
_A_.._ x._o — oK = Ir = = x_.._ | o —_ x_.._ KO = 60 H = 00 60 =
o = X ~ — = = ~ oA o = N M= S =
Mok oz o IO MR =30 ~a R e ~ 3493
_ JM._ = A|_ A|_ _.|A.m _._|% ok A|_ A|_ . g0 = 0 X % A A|_ NN =
TooF ok *m o WX moR < T X W =< 0b W |=_ [ wm = il mom S
L L L TR I O 1 SR R m____o___oo
22 il =] R = T (R o = S B gy <U | & 30 T =
of = RO RO Of0 ~ ol of RO of of < 00 T AU 010 of X %
=m0 W0 K KO ®0 B0 OH B | 3 I RI M M M | I 3 o) K0 g om0 RCKOW | I ORI K S
T o < e O T £ = e e 1 T N s [ N e O A T 0 S
0 wﬂ B
-— A -— -
__ 0 < 8=
ol wo Jo wo Jo H_Lmo =
K4 KM 70 KM X0 KM o0
=8 t Jo Ky = T Py
or I X0 o/ o/ 2 ol >
3l =z Ul a7 Ul ol Ul m H
W < S =) W s 0 3
ERLES w0~ ~ A 0 T
= o Ki =
E oy
N ol 3 ~ o = 3l
~ 7l o < - o ) Bl
3J op nJ 3J o
w0 Kk W A Ho fr 8] M0 Ok KF W o3
<+ &l o) S &l

_70_



= 9

8

O A77HEA <

_uw_
o
. [To) o)
<J —_ N
m (@)}
pl
pgl
ol
m
R0 N
"
B | 1 a4
= |- KE)
=] ~
ﬁ Rl
o
8| o
a8
w T o
& OAr %0
S8 a
(m] o = [ang——
IR AT
< B3| E ol
m_ & w_ &
I I+
&0 o0 00
3 S G
Jij S A H
fr mr

TS
x53

HA=A, AE7<

1
T

09744 =3 =

N
B

1l

wK

)

~ 7 1L 57HA w3 E HARA,

‘06. 9.

A,

|

ol
3t AA AlE ARRHI L5 AAZIE AA-ERD o] F W&

, 24, A=7IAIRA7] ¥l 5

155
=

=]

ia—l_

N

T/

3

-
o

7}

=k

2. BF 2k B =9 A

olp
5%

~~
;OO

e

1o

_71_



=
'11"7]_ 7—1‘}0:]

4

Kl

B ol

1

=
=

o] 2z '

e

ofF &AL B
=

M2

—_ —_
=%
K M m_m =
T o o =
= Wo ‘.I MV_M.E
0 Ty o o -
'~ W ~
i ;7| £3 < B
W B w,_ W = M = B
B o M Mo ) =
R 5 7 g ;
ny T2 % i 8
5 5z L . |
T 5 T o e
B % T i £ MH_H ™ d._“__m_:n._.._m___
o — o ‘% o _|1_ .... _un Wm:
%Wﬁ I ) 7"
oy % N mvw o} " _H__A = I
P 3 T o
T TR §
= ol % o Nz °
wﬂ _U_.E M/_M B of WO o o
~ R o R . S
o & Eoul M o o K & o 7T =
o BT e Tx - T f— £ e ¢ 5o
v EEF e g i s
PE g : A
o) X T 5 o el B - ADMQ_.__
o T - 0 X 5 = N
LrO h o) ” ]E ME 1:1_ X I M___._ _._._DJI il
<0 9 3 ] X —% . il r ™~
55 RewEl 5 ]
ﬂD%%éoﬂﬂ@_ e o =
Y o X t o ar
ﬂﬁ%}@%@%i i o
™ X ) H Mook X B a0
ZI ;OU ﬂ__lﬂ .X.._ \ﬂ o E.O ,_Ixr ,Mwl _ el
EU = o o mK 3
O T m_..L > w _ _ 4 _
O O % o Iﬂ El = Y ™ e Mll
O SO T o h o
O O <! < w.m]_ \n m__._._
v v %m. ul
. ~ =]
Y Z O g op T
il
<

(22 2-1]
oD
T S
s M A TA T

- 72 -



]
S =

.Eu,..
H..
&
d
0
nH
=
= I
b
k|
¥

st

@zo| 37

Z =M= ZF0| EcFol | A

=47

SaFNe| 75

AlSIxtE Data Model ==(28 AH|A]

[e]
=Rs

al
=

H A

off

(23 2-2] AT =

A S o ol A=
n = T Ul Jo =
“ — 0= WS X0 0 S
L g A K R 5k
e I © oA a2
rt+ ok m__ ol o m0 T - ol
m.._\m/ 2 N < = _ws | .
HW k| D22 o Ul %
& sw M= NS R
~ — .AO —_ —_
Do Moy !
S I~ A e =T VRIS
A S w0 JE IS
— _ A S A =
= < <
s S I = =
3|._W_ K4 oK .._Mv_ = ._Mu_ =
=
:.ﬁ H al t+ ok i ok
Swl R e a ol ol
Ho Ul %o = o
Ao Aow WA g Xy
1 T RO gr
iioJ a0 [ ) KM o
~ EFwk I ERE
= t = Rlol 2ok
W o= D W g
B0 0 =K oD El _._|_ . Mo
A OH ° o S XUm K
— ol SJ [Rallien) =5 N K X0
RE K& LUl A TR
Blal| Up TR mEERG
s o rEE
) i = =
1 I DN L =2 nE w2
) do w0 JE. wo S d o K8 =
Yl Raszs qFpE HWsKnr L=
H W & W 2 H =
LI LIRS o,
i K = r & R 2
- Sl D2

o
Br

o
2
B
K

ﬂ.ﬂ

T7]

B!

e

2

i

XS

ARHE

]

ofell glof T Hi ] AP

B
o

pE
)

Ik

il

file)

H

R

oo

E),

A

il

@ 4

sk7lel 7+ A

78 53
o we}

g

%

’

=
=

=

=
(KOLAS)

ENER

Holr| e
el

O

E2E ANP=

= =4

o

=

)

o=
s

A&7

Z

=

]

<=7

_73_



2ok ISO

P FEAAE The 24

3
pul

ddEokel o

ojn
™
i+

K

o

AR ARA AT

o
qo

e
M

R A
my o ny

q71HEL FU KS+4, =4 1SO, ASTM

XH

s

gt KOLAS

e L CERLC

il

on
%

™

T

& APE2A

o] FxEA A o

ol
oF

mj
—_

ﬁ.wo

Jo

el

N

oF 7

i
ol

el

S

O mehA

N

NE TRk o

Fax

ol 7)ol 2}

=

O 34

e Data Model A2

Al &
=

ol the

al
=

RS EN

ek

=

3
gl

E’_]_—

BH
L

Naesy*

OF &'& Al &/ A H],
""'KI:CT SEAMIIG BT

"t 2
L
i3

ds
2
=

K 10

n?_
A
—

wocep '/ Vi
HURFATAZ YN

C
O

)

i 2 e
(Hol4, Ag3)
ofoj e EPTHEME Fo

[

gy

"l

aF
=

A
[= ="

2,600kN Actuator

=
[=

4,000kN Actuator 5

o] FH|

=y
=3

5,000kN Dyn. UTM & = 18

SH|

2150| FH|

195 0] FH|

"I & 71H

A
[=

AH YT YA

8587l 5 5 49

‘IEZ1

T
[=]

‘60m PSC 24 A&’ & 4

[t |

|« 7]=EF2 KOLAS oI o3 (1112)

A=

- Gl
A

Gl Klo

Ho o

=]
T

A2/ &2

ug

of
=
)
=
%

_74_



oW

ful

<

T

O A@A=2] Data Model FF(¢H
- APy B Q9s

[A¥
o

—_
o

oju

tHom A7

S

74

7%, 44k 5%, Shak 28)

—

Fo

wAO

7}7} 109 o]

sl

%l

)

==

!

o
o
ﬁo
Hh
!

wK

O FZ&EokollA 10d ol A7

yof 4121

=

=z

go=2

H

No
o

o

- AE7} 25 o

A, BE SO T4

- ARERA

B/
)

ox

F71 S8 &

(<

TRofol A&

_75_

7



0 Al pll ©
w " K K = R
Wm___ T i 60 S < mE
W= < ¥ o = o
uE | ou | o ; Te| W | x|
- : - a Hu | = oa | X =<
o 0 0 ar = e m o =
a, | n | @ | @ | Ra| @] fEluw @ | v w | W i
o | @3 A Al A <t A KAD - "0 [t A 3
Uo E E 1o -z RU = = 3 G
3 = - 0 w0 N __m Hw| X I 53 = 10 0 . & 0K
0 70 0 S Az X | K il I ok %0 HH 0y =
| Uy Uy NI ETE T T <
mZ Mgy Ve | |V R n® maa| 9 @ o 70 il oK ol = z
Wy |Woe|Wyx| & [wiB| @b < R < - ° Al oK Al
I LS U T gz T Wow| o | w | w | X T _ "
=4Il — o ok ~ ok o N o = N oD 21 =3 o 100 60 w0 1
A ER X I B -k S S 2 P - I - B | T o
RGORIE ca| Kem| & | "R2 R w 3 o 0 2 i 0 o0 8
B0 U | RU B0 R R0 RUB | ”IT | R o 2 ~ T = 5 : 2 3
mapKma x| max | @ 2 " WS < ~ 0 @ W =
10 0 o0 <V | W< 20 i ) w0 ~ © <
R R I K I A - T - T - - S (R
L. L. .. . e b A.a __% ] E S T El B =) = = M
jil <+ <+ <+ <+ <+ s
f 4 ¢ |+ |« s w
RM E E = <k <k <k <k 3 g & =
g £ £ £ T T T R A D 1
&) 8| ©°
E E E o m@ m@
I: El =
ar or or o il auv M m ._M o pi! = = 3 Y 3
“ |3 = = 5 = = = L o 0o " L U =
© % (T rr OH 30 = KF =d _Lm m M =] WE N )
o. z = - = = 7 0 =
X a X Kio B Ao i Y 80 80 B0 . N m
A i i
ioJ Hm._
o 101 R0
B0 | [ el . _ 2 —
0 <+ = o 7l = mw MM_ o < ) + 0 all fal i &
=q =} A0 RO Ki e &) A 2 4 u o e i o IS
< K n0 n0 n0 < T A0 o %0 =
T _
W [oN] ™ < Te} © ~ © (o)) = - N @ = Co] ©

_76_



A sa w3

ﬁ_u
<

]

_q]

)

-

3) A7

ojn
°

o) ARNAL P AWE ng BEEL

N
A

- AA A

o0
%l

H| &

_|h_
=
ol
30 | OF | OF | OF | Ok | OF | OF [ OF | OF | OF | OF | OF | OF | oF | OF | OF | OF | OF | oF | OF | 0F | OF | OF | OF | OF | OF | OF | OF | 05 | OF | OF | OF | OF | OF | OF | OF | OF | OF
% S T VIV Y T Y I T Y T T O R O R T R R O T O TR O
0"
% % % % % % % % % % % % % % % % % % o |w|ow|w|w|w|w|w|w|m|®|®|w|w|w|m|®|e
e I N I Y Y Y I I 0 O o I A 1 A A 1 (A A A 1
O I I B e A I e A e A A e T A T e A e e e e R R S i I S I e v I I I I I D R T
o =TI T T R T =T AT A T A T =T AT I AT =T BT T R AT i ' e o O . B O . I O B ) L
Ok ol |al|acl|al|al|al|al|a)|al|al|al|al|a)|al|al|al|a)]|a) m__ m_ m_ y_ mm_ mm_ mm_ ma M: Mc mc m: mm_ mm_ ma ma Mc Mc m:
H ﬁm._u MM Mu ﬁ@_u W.J mﬂ M.u ﬁm._u MM Mu ﬁ@_u Mu mﬂ M.u ﬁm._u MM Mu mﬂ A IS A B A s A s s o o oY O o e e A SN s B N A BN B N B BN
R AR A AR A AR AR A A A A A AR R R R R T L L 0 L T L 0 L L O L )
ol =l lalalolalol ol o= | o | = | o | = | o |70 ]| 70| i || i) | i |io)| i) | i |io]| i) | i) |io)| o) | i) |io) | i) | o
DL D\_ DL D\_ DL D;_ _)\_ DL D\_ DL J\_ DL D;_ _)\_ DL D\_ DL J\_
|
w | %
W |m | % % | % |7 |7 |m|®|m|®| @)/ |3 ug | ® (@0 | w0 | w0 | @0 | w0 | w0 | B0 (0 | @0 | w0 | HC )80 AT R || K| R | R | B |
I T T T T T T T T T T T T T e T T T T R TR I e A R T Rl R I e e R B A R T
00 [ KR REDRE L RE | RE | RE[RE | RE | RERE || 5y [ KO LR RE[RE | RE RO RE R R R R = | = | = | o o [oF | oF [oF | OF [KI|KE| K
e e e e e e S e e S S S S S S S =S R R R R A A A A
o leF
ok | Ok
5w | Y
Mm_m2222121421151211111322411514252‘@.@4@2%%
=
Yo}
2 1= N
= | = o A = = © 5 3| = EIE|lc| el e
Ar SIS |S|c|lcleclgls|S|S|s|slis|R|Ie|d|IQ| 222~ ~|21212|1%]6 E|E| E|E B
glg8l|slg8||gle|gls|glg8|2lsls|e|xs|&|lg|g|g|gs|glglg|lgs|=l¥=|8|8|ls|lgslgla g8
= SN I I Slslslslel Tzl |z|E |||V |=|lg|lsg|m|2|2|8|R|e|® B | ®
S < | © B3 o -
o [oe] —
S
=)
sizlslz|mleln 5 =l 4w slslslsls 4 ol
aH =|E|e| & Zlsl=13 |05 wmlu|=|Z|E|lE|E|s|0|els | A~
B | S| S| S| s|Wuul ARG AR R Tl |lz|s|s|e|ls|le|e|e|w|d|x S [
= — = = = o D = | = =|l=l=|=|=|=|K ol ol
EW sz a|MIPMla|le|lEslw Rl T2 nlaals|als|EECERIRIRIRIRIEIR |Glg|s
iz IR|IA|I~lalslElal= ul = Al | zp | T A5 S |I|IS|&I&12] 2 a|F|F 00RO ||| y|e
N |lo|Ss|o|S|a|a|ar el |lmly oo | < | <l S|e|o|lo|lo|l8|8|<|<|Z|B |58 |B|B|B|B -
Ta |5 s5|s|c|% |2 |S|RISIZEIE|R|q|M w2/ =zt S8 s s|sElElZl=|= z (U D
3 S| 2/njn D 2|5 |5 |w|z | <|=s|ls|2|2|3|/3|53|5|E|3|5|o S|z
S| G| | o |od|ol| ol L2 =) mr mw..ﬁ RS 21535 2 -
< = < < Oﬁ O_u Oﬁ o ) ) << << < M w
7l RUETRE ! o
= 3l B o = o
s & o W T
[a)] KF 81 A Ho ™ 8l

_77_



B
E=)
ol
10 Ok | OF | Ok | Ok | OF | Ok | Ok | Ok | Ok [ Ok | Ok | Ok | Ok | Ok | Ok | Ok | OF | Ok | Ok | Ok | Ok | Ok | Ok | OF | Ok
w._ H|H | H|H|H|H|H|H|H|H|H|H|H|H|H|H|H || H|H|H|H| H|H|HN
o
) W W | W | W | W W W | %W WX W| W] W W] TfW| T WX T
~ Y Y Y Y ~ ~ Y Y ) Y ~ ~ Y ~ ~ ~J AJ AJ i) ) ) i) ) AJ i
OF OF [ OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF | OF
H ||| |c|T|oc||Tc|c|lT|c|T|c|T|loc|T|Tc|c|T|c|Tc|o|o|T
T I O T O T g o O O R
00 I A e e e e S O O R O =l = A Aol o 1 e e e e e e eV eV
00 KUK K RE KK = | S| | OF [ oF [ OF [OF | OF | KE[REPKEK K KRE[RE] KKK
o TS| S| S| S| R B|B BB |||
Mm_m ~—|ln]o |||~ —|——|lo|lo|Q|¥ | N | |||l | wH 4|AI_‘
) 2 N
14| = = | = Slz|z|c|B|= = | =
Al Tl Tl =T SRS | E|E|E|E|E|ID|IR|R|S|F|R Pl 2| &
o o o o o o < | =T |« o o o S | ot
= 8§|/8|8|8|8|=2|8|g|s|s|8|8|s|e|=2|8|8|8|8|s|lg| [8|g]|D
S S [&] N - S s) — @ N re) rel «
2|1 o | L -
sl = T Wiw w223 =
N N N N (&) [S) A: . o o W W KO [33
ok ° ° ° ° = = o« o« o« r = = | = - | _ mm ol ol oJ oJ ol &0 — NI 30
BN ||| e8| |H|H|U| | =238 |zx|35l35l5151=] = - =
e T N N S 0 =G = B 0 S = I I o =S A - I < < - B e U
Rz |||z |slele|lgs|s|a|e BB | w5 | B 5 o ol | o | ol | oD | @1 T | @ | Al
~n|5|5|5|58|5]|% =|=|=|2|glelelel. m Ok | Ok | Ok | Ok | of | Ko mﬁ, ol Mﬁ
p® 2| 2|s5|2|/5/ 8|5|5|3|5|8|8|=|q|°|2|B|B|E|B|B|5 5o
O o o o s - - S —
< | <= | < | < | 2|2 = W m m m m 3 ol
0 [
<+ A T
=~ o OF
8l Ao 3

_78_



T F
meF wog
o P = B o 1
oy o) 3 oo
Py \b < i ) o = o mn
N ~ o’ of mR
= N 22 N oy ok
A Ry wy N
~ i BH B A = Moo W
iy o i 1] T W
o) Eow 7 T % of Jo
~— o ﬂﬁ —_
PI o= 5 N R % RN
) M —_— ToH
=z Eor T 2% ¢ TZIg
O wmo W ™ w o o ~ 32w
Sy = ° 2 o) 7w NN
= = % - KNP
sm 2 ™ N % ~ ROTE T o
S = B % ol ~ ~ B oy
o LI p B w 7 & ¥ = Vo o
iz Gy fa~ Fo el —
W ° % - < o] & W.J MHE o 5 ﬂw_ n B S
N = K o o= op & e TN yoE D
R R FT o ®a X o G
2P ozt T g 2 Hw mpL®
~NE o N o= g "x T o F Y P = R oy
Ao nm R T o_a w _m — B ﬂ_W Jl 11; oT = < o_.L B o 1 .ﬂ ﬂu 1__._ T
T: Tphizi Tt o3 1INt N
o X = = — ra _ T T = =
N %ﬂmﬂ%% T " @oﬂauz(fma [ aﬁ_gmmm
mﬂ_nmoﬁLlSLu — i 3!41(1_.,;0&00 oLoLW — X
_:T ‘_n.yv‘._ ﬁl I o < ~X L © .| o E.T ot T AE AE _— 71_ T JLE Jl oR ﬂe i .AE Wm =
A o o R o Fa X W LN B aPE ETw 2
IHO_E%XLE@WE v_ﬁaﬂ_%ﬁﬁﬂob_mﬁmzlwﬁ@%mmw &viurm%_.
D RYT T S = o oy B o ] =
Y R ¥ Ml WM nm = Ld% = wﬁ i M T oo J.(\ op %o = X = 1_(/_w_ MM =K e + Mn_v - il
oW X E % m A]m_xxo)é;%ﬂ%dafudLuz_o 3~
el -l Hr Np ) T iy 1l i3 TR ol o) T ~a
Q ® AU N R P A T
fr@%iﬂr_/%_.ﬂ l@ﬁ%i#ﬂﬁ»ﬁ&;%i_/ Ao%_ﬂﬁ.
W B K .wAﬁ_Al m T 22 T un_l mul A+ MoT il " Wo K ﬂ Jo o = Ho 7 = W = s oF
) ) . = . L TO AR f — s —
L R Bl T W 2 EEOT <R 2
o= N PR AR L T XX _4mﬂJ|4x T o~ o N
pr oMb X No = ! N < ™ R o1 o oH o PR R pk =
Nelyulﬁa o oF NP o T el ol T - B o
mow TR TRy o m Mo TN W AU o) = o
_ < 2 T W o N o N N N B o
O ! ! I A N HHE YN M o M T ] -
o : TR Nw g P T
I C oy 2 o
* ~ W 1 o
O

, AN

A

- 79 -

O £ oA AAHE ZE 7}o)

O E3], QA=A 7}o]



oo
m e N A
oo R0 < oy
iofl 23 =
i w0 | <l o . ~ ™ el
& o B I aw < g
i s L I + KT ,_N,_ By 0l
L. i < X _H 160 o
- | =g all Ky mr 00 _Ao_u ma Wme an - % .y Mo Q.
1H I o & RD e T g & JF X u- — N
ak I ﬂIN. qm_‘n_m o ujo ol oIS m._w_ = T N X Mo
ik B T RI Ml s =K| = = o 63
i) A =k e R R B = Pox G
Kl = RN o= <t H= | ®ookxr | o) _ X o o)) -
Lk B 2 |y R o el
o ! By - < o = = ~
ﬁwﬂ bRk .___._..._ el K % I < o | XK =) S mm o ™ W o) 1
b L ~ W S hA|ss0|2w i o XX
e L 30 < W | ~ | Ul M ap s
= | 5= | z sz % B0 | w0 S P T
e Rl KT 50 [MEBAIR al| = ~ o aK 5 D
ot | a0 | 5 B im=5|5. 0l Ir T
i KokKo 0 —~ o) als
= K _. o- 60 01w | il ~ -
..... I am ! o <F | b W | oF oF g | D¢ = b | %O
i °° ) I ul Iy W B | "N ALY
e ¢ == 0 0 — Bl 160 I o | ol g Ik =
ar— i R 2 aly wiwm| o] D U
0 50 s N o 0 ™2 | 20 0 N B M
.A..ﬂ Mﬂ ol 2 N 5 IH | A < <Ly = ~ o A it
= oF e Smn @ | Om| BE o om @
. % oK S &l X AR | URDAM | AT A | AT T o B
._M._ < Klo ~ JE E_ o [ [ |_ = ) el %o
1 p] R0 T H I = = 9 & )
o = == Pl 3 oK = ®oW F
=3 " | = [ 0 o - < P
“__H B Hi < L ol %0 a | -
1 < K | ke — — —_ Ng
ik HI 0 ) - < = oJ R oF ~
.ﬁ___ il £ N o =y o N = ) e L
. 20 = = or X oK ™ il mwoN
_ < ul T ol | e AR ¥ Ul Rr N 2 5o
_l_ E._ m — = :._._ m - kY] ﬂ«l s JIL
Conistnsed — 50 ok ) T == N B N X
{ J /l w0 | M oo =3 > M0 ™ ko 1_ B )
ERTALI Fo18 | =< = = I« NP I° i ™
Noo i K il — e { & !
_|_IH._ | o D_-._ < il
._o_.im_un_ == | .mU_un_ == o |_.A|x_ _.:'_ = ﬂ_w ;OL 0
N L ) of =X H_T
qur< & i Ko il oo
= A0 i
1 H N 0 @)
W%W 2] A O O
s haal
==

_80_



1. A ®) F8 A7 &

b BAY AW A4

_,d
o,

SN, A UWE o=t 2
O =32l 28 E=st &8 TA O =l 28 ZEst 88 24 21t
DK BE(E=H &8) DK BE(E=H &8)
« HEAE HE(E Z5) « KS F 2408 232IES| & 2T Alg &Y
- KSF 2408 232I1E9 & 2 Alg &Y - ZAHL, AIEDI, AS2E, B JAl
« Z2PHAE NSOl CHet B= - 150 4013 =&

~KS F 4200 DRIAEYAE 2IZIE 2YL(HE TE)

- KSF 22576 2= 2THO L3 AR B1e - 20| M5 =

— KS F 22577 21& 2T Li3H AIE e - JIS9] As XA :

- KSF 1611-3 2= 2X 2Tl Y3t A5 EZ - H3s: ,-,,-—*Ws/ ’
X2 LN B L OIS

- KS F 4406 DRIAEYAE 2I2IE ARG :

- KSF 2150 27X ATITC SIS

- KS F 4034 &8I T2|AEYAE ZILIE YL R Iﬂ& sy Mgggﬂ_ e f’éﬁ 2512

- KSF 2273 TR mo| Hs AIEYY

- KS F 4207 2| AEHAE 232|E B2

- KS F 4405 DOIA DRAEYAE 232/E 2

(J|S A 5363 ;éLI) e ;ﬁ”ﬂff,fnf'ﬂ'é“”_gf j \ﬁ .ml

<3§§§ Mok <=2E Mok

#e P
F FECUE Bmm, G| B0mm o4

A4 100mm, £ 19min, Po] 0tmm

; — ! = ’t LRI S0mm,
‘,E_ -L’d - qe T80me ]
@ 0I=(ASTM) @ OI=(ASTM)
o B/ 2R EAE J10IS2l0l HIAI(EZE ABAISH JIE) * ASTM E529-04
- ASTM E529-04 Standard Guide for Conducting Flexural - Mg He|, BX HZ(ASTM standards)
Tests on Beams and Girders for Building Construction - U ER Y ES
s MEAE JIE Proof test & Ultimate load test
- ASTM C78/C78M-10 Standard Test Method for Flexural proportional limit, yield point, ultimate capacity,
Strength of Concrete (Using Simple Beam with Third-Point mode of failure, load-deflection characteristics,
Loading) adequacy of connectors and connections
1XE & - ASTM C293/C293M-10 Standard Test Method for Flexural - A8 i, ME L AN, MEQRL, oOHF S
Strength of Concrete (Using Simple Beam with Center—Point - A8 FH| A
Loading) - A AR, XE, ofE, ASIDI, dM S
- o= Mot Ext
- 20 81

« ASTM C78/C78M, ASTM C293/C293M 24
- KSF 2408 23CIEQ & 2T NS Y o sY
- Flexural strength of Concrete specimen: simple beam

® L2(IS) ® cé‘E(JIS)
« £ MBS 2EM ol 352 AEIIE HMAl « JISA 5363 24
o ANEDIZE0 ZE8E £ s T2PHAE NIEZS €52 A - Qdﬂl SXIER, ofF J1E S, ot &5 S0l Uish AAl
- JIS A 5371 Precast unreinforced concrete products I 0I5, I Z2PHAE MIZ0| Chet AE":.E’JE,* HIAI
- JIS A 5372 Precast reinforced concrete products - components : beam, plate, box &, -8%, &#H S
- JIS A 5373 Prestressed concrete products - Tests @ bending, shear, compression, |nterna| pressure
o ZEPHAE 232IE RIS st SsEorRI0 CHet LB E test S

- JIS A 5363 Precast concrete products -General rules for i
methods of performance test ;

<Beam component: bending test>
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« ZYAZE A Fo dI EF
- KS F 4202 Zg]2EY2E FIYE $HPEMHE TY)
- KS F 2257-6 1= FA9 s A3 3H - B A5 =1
- KS F 2257-7 A= FAY st Alg UH - 7159 A5 =4
- KS F 1611-3 A& +x A9 W3 Hs TF - A3 728 J4A » 92 75
- KS F 4406 Zg»~EH2E ZIAYE AAGH

- KS F 2150 HE7=8 Ao FAIYH

- KS F 4034 &4l Zg|~Eg~E ZIYE g
- KS F 2273 =9 & & A% AALH

- KS F 4207 28] ~Ef2E ZIHYE &

— |1

- KS F 4405 Foj2] =g ~EHXE FTAYE

# (JIS A 5363 #=x)

T =
e KS F 2408 Z32/ES & 2% A& &E
- SAIA, AED, AEYY, ZoteE HMAl
- IS0 4013 2&
=]
li /ﬁ’ﬁ ! Heh &
‘ L EREEE D
=232/ | AT B
= i 2 [
g2c — P — e
= s x T T Cayy
/\l o] 3 \I’ - = 1‘ -5 ol %
=7 i i R 557 e <
)7 gel SRR
| d s ] w2 /2 “I“" [CRIENCT
. i=3d J L - te3d __/V
FRETRET o L=3d+@0) ="
<3 =& Mstk> <523 st
e KS F 4202 ZE|AEFIAE FILIE SHE(HE TE)
-ME 2 HE 2y / AEYEL & 55, 2825 AE
85 P
HatF g 4% (A& 75mm, Fol 800mm | 4})
o Zg (s 100mm, 54 19mm, Z o] 800mm) /
Te|HAE : q J . -
T 1 1§ s e = \ el
NS AR(] 100mm, $A 19mm, | | L i E | E ‘ ‘_w' \l[_j
dol 750mm of4}) i f |
1 a a [ ] \
| ] 5 ' |
ZE(A# 50mm,
d L-2d 4. do] 750mm o|A)
L L
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@ W =(ASTM)

« BAY REA gAY Jlel=d AAEZH IWAE 7€)
- ASTM E529-04 Standard Guide for Conducting Flexural Tests on Beams and
Girders for Building Construction

. ;(HE =F0

N&7E

- ASTM C78/C78M-10 Standard Test Method for Flexural Strength of Concrete
(Using Simple Beam with Third-Point Loading)

- ASTM (C293/C293M-10 Standard Test Method for Flexural Strength of Concrete
(Using Simple Beam with Center-Point Loading)

O ASTM E529-04 #4

ANES= e
HNZE "
& X HEZ=(ASTM standards)
e 25 2 &=
- Proof test & Ultimate load test
- proportional limit, vyield point, ultimate capacity, mode of
Flexural failure, load-deflection characteristics, adequacy of connectors
test and connections

AE N4, THE ¥ ASH, HERX, oFE S
ME FH A

- B MX, NE, B1E, WS, HM S
ot3 Mot 2

20 21

O ASTM C78/C78M, ASTM C293/C293M +4

=

0%
0%

=2
=

‘KS F 2408 2a2]E9 ¥ 4% A% 4 7 59
=

LH

Bending
test

« Flexural strength of Concrete specimen: simple beam

Steel Ball (Not required
when spherically seated
bearing block is used)

Head of Testing
Steel Machine

Loading
Block

225 mm
[1in] —=f

Testing Machine : ! Structure
L

Span Length, L
Elevation End View

erted. I| the Le
ok pivots on

<Schematlc of a Swtable Apparatus for Flexure Test of Concrete by
Third—Point Loading Method>

e through a spherically seated head, the center pivol may be omitted.
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4 E2(JIS)

EA AFstd FAESC sl 352 AdrE AN

1870 238 & dv ZYUN2E AEFTS HEE 74

- JIS A 5371 Precast unreinforced concrete products

- JIS A 5372 Precast reinforced concrete products

- JIS A 5373 Prestressed concrete products

P 2E FAYE A F g AsH7PERel tig dukiA

- JIS A 5363 Precast concrete products -General rules for methods of performance
test

>~

o JIS A 5363 &4
- ARA AR, 3F 1Y S%, B 4% ol U@ A o)

St ZEN2E A Foll g AU AA

E]oll
v
>

St
S

Al

oa
o
=

0

Unit’ mm

Bending test ‘ o

Heght of
Supportng

5 i
—- = — point

Lond

L Note® The fixing dovices shown in the figure (fixing base, pillow materials, and

jncks) nre examples

<Simple beam form loading> <Cantilever beam form loading>

« Plate component. simple beam

Bending test <Simple beam form loading> <Linear load of a cube-type rigid frame>

« Plate component: cantilever beam

<Cantilever beam form loading>
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LHE

Bending test

e Cylindrical component: one-support one-point [oading

e

<Uniform loading>

e Beam component: simple beam & cantilever beam

Load F Load
b b f |
Shear test 9 e | 3 | | |
fritne— Ll wle.l
i ‘ b T = | b |
L
I height of heam
@ shearing span D' height of beam
b bending span #* shearing span
<Simple beam form loading> <Overhanging beam form loading>
* Axial component
Load &
| " Packing material
Compression
test
) Packing material
L 1]
<Compression test>
* Cylindrical component or a cube-type rigid frame
II‘\‘dmu!Ic J
Cauge @
Iwr*i%l
S —oumy]
T — "‘.f(mlinumnu-n:\\
Internal <Hollow cross section>
pressure test e Water—tightness including a joint part
| T 7 7 fl
i “ — ]tﬁpq: —= Air vent
Tension A= \ I~ To pour
material A ! == <—— water
- N\ -+ - Gauge
BIL*’/ \ F——— Hydraulic
e N -+ pressure pump
Water bar, \.—
(to be reinforced T 7 7 _1B];
with d rib U
e — .| I 2. . e
maintain rigidity) “\‘ Supporting base

<Including a joint>

\ (shape steel or square bar)
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= EI2E B o0 UE HE
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= 2H2|E B9 x| AL
PS(NOR=AEA 3.0mm/mine £E2 BN A
A = strain gage
o 1 pr ra=
bRRIELR ”
" ot
W fﬂﬂ
; recracking e | Pteackong seve- i: detpc Immlli
i B c w L2 Beam | |
gzt LI DPC I(HiPSFRC 3 429] 200mm) |
! o OPCHI(HPSFRC 3 449 300mm)
WL 0H ™ DPC I (HPSFRC 3 820 400um) |
KT m |
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AT 20014
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E CFRP 2IRTHE 0|83 9% B2 2232 2o 28 HUE
» SAMA(MFUEW ESSHAISY 2u=)
o1 2 Xt s YEHY(MFUSD ESHLSSD AA
- TE(NTHSD SSHSTY HADE)
lp (Un ;e
—— — e R
l_. A = {r’_’_ 7 _~ 7 Strain gages on External
- e 3 = pr o =
— =2 = —————p
= ————1J e | CE— e >
' CFRP Tendon ﬁr—_!" LT for Deviator
deflection ‘ ‘
- _ 700 El
/él_l:)&%‘ —fhisol 1050 i 1050 .onr,
2400
- 300 e
i - - i 3.
__so_| EETE 1
g
=

AgH M AE ch= XA
JIEt HHAEA YO0 TE
otEsx A 48 Mot

- OtE-HE
Yotet=2 |« 2D CFAPS| HIEE
. 239 HEs

Mot A MO (2A20kN GH= THGH AIOICH 2?2 S HAI)

HA = strain gage
B0 ey [ T | | Table 6, Summary of test results
L : ,:'gfsmd [ | 1 Ultimate | Ultimate Ultimate strain{ Ultimate stress
»-- Propsded Eq.(6) o “‘"i‘]‘" load | deflection | ©! ;;‘;J:“” of L‘I‘I‘“}Jﬁ“‘[
600 || —=— Propsded Eq(7) I | ] (kN) (mm)* g "
(*107) (MPa)
E 30— [ /_ EIT | 1920 41,64 385 275
5 400f ! /,.- P | ] 1 ET2 | 236 3728 3.69 5055
Al AH ) o A E13 | 3057 | 3005 331 4535
§ W ] g El4 | 2095 | 37 264 3617
200 i &% L 1 9 ETs | 2578 37,28 353 4836
B Ele | 3267 31.98 in 426.1
100 E E17 | 2753 | 3368 3,19 $570
ploc .| | | | Lol ET8 | 3241 394 377 516.5
0o 05 1 15 2 25 3 35 4
(dy/c)-1
AEAHE 20074
_ - = == o .
EPN stE=s3 =28 : Vol.27 No.bA

_89_




A%e AWA AR Y AnEA
B AYE 53 APE AFEAAY vn ASES HE o5 2o] RCEE A|#s}
o A& Y3
O A38A A L AF =9
<AlEd HA 2 A >
= = LH = Hl )
= 4 HZ2ZIJLEERE
s dHE 5.8m
Xl 2t 5.4m
S i 0.45m
ct ™ ZAR2E ©3H0.35(B)x0.45(H)
JEpTEEs - 3& EAE: 177.6kN &) &=ot=
o= - - = =
« AF EAH: 266.4kN (0l& st=ols)
A=A Ct==X| Xl
bt & &= 8=
_ 5800
50 19@150=2850 L 19@150=2850 50
!
50 i
R~ i
350 | 23¢ Lot 0 s O
¥ - o
a0 [a]
2013 1029 =
() HHE
5800
50 19@150=2850 X 19@150=2850 50
2013 :
60 | !
as0 | a3 =
60 1’028 i
(b)) HHE
102G, N=4, L=6200 @03, WN=39, L[=1.406
4n0 0] | | Jeso = 1'%
so| 250 |50 i 5,700 ; 374
2013 1 L
60 i poo74
2013, N=4, L=6,200
450 330
2507 | | Jeso
i Loz L 5,700 3
1 1
(c) BHHm 2 X ZAMA|
<AEA dAZH>
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A 2 A9 Zﬂ
st d 3" 8 AE, 43§ APGEHSE el 1)
3= AdE= ;0. lkN/S ~ (0.5kN/s
<Al a>
Load Cases(dt=2t2)
- = LCT Lc2 LC3 Lc4 LC5
(1=0.0m) (1=0.45m) | (1=0.90m) | (/=1.35m) | (/=1.80m*)
V1=0. 1kN/s ] ] ]
(0.025mm/s) PV APAHVT
THoF V2=0.2kN/s
~c (0.05mm/s) 3PV2 4P1HV2 4P2HV2 4P3HV2 4P4HV2
V3=0.5kN/s ] ] ]
(0. 1nm/s) 3PV3 4P4HV3
* el d 1=10/3%0 A%, ()= HAAAA] VHEERE
<AHH TH>
Load Cases(ot=2+2)
2 =2 LCT LC? LC3 LC4 LCS
(1=0.0m) (1=0.45m) | (/=0.90m) | (/=1.35m) | (/=1.80m*)
V1=0.1kN/s 1 ] ] ] 1
(0.025mm/s)
INikel; V2=0.2kN/s
=c (0.05mm/s) 3 1 1 1 3
V3=0.5kN/s 1 . ] ] 1
(0.1mm/s)
@ sts=xH
s AR T IA-2HE FAHAEEAA =3
A s  FEY IAAUHE FAE), HICH HEF)
« ASEE 3 AAAWL/2), 41 FAH0.45m ~ 1.8m WHEF)
o A& A 91(0.1kN/s~0.5kN/s) — ¥ ¢ A ©1(0.025mm/sec~0.1mm/s)

P/2 (LC2~LC5)

P/2 Variable
L 450 ~ 1,800mm l
Q ip {LC1) *
I 450mm
O i
¢ = 200mm »] 350mm
le ! 5]
I« >
5,800mm
<StE=7>
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A

o7
DT DT2 DT3 T8
* * * * *
1,350 1,350 1,350 1,350
<H2{H MX| 2[X|>
& =74
5800
50), 19 150=2850 L 19(@150=2850 1150
‘ ‘
50 i l
80
(a) st &HEZ
5800
501, 191 50=2850 |_ 19@1 50=2850 Il
} i
50 i
&0 i
(b) &FHZ
5800
2900 2 2500
i
|
!
a P B s e et et A A e
] P
' =32 Ho T
(c) 232 E 5tH
5800
2900 i 2900
i
|
I
350 e B e s e
Ifbl s
' 2321 HolK
(d) 232 E AH
2500 . 2800
1
50 ]
il
a5 e e e e e 8 A TR e e s s )
% 1?5f :
50
232E Hold
(e) 232IE ¥H
<HEHEH £t 9x>
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T 25% olule mad AolE Yk SEAS 2AL DW 3W T PP 44
B 4P Aol 44 B UF ANE V12O, 39 Y Pl A AFA F
Balgol HUNH O 68.5% WF A A0 Uehkrh e ol A FRHF
o] 66.7%%F Hl=d AANE FAI AFS BAT AvH R AP o7 FEIF
o] MAYEAFRT 108%3H ¥ AWM 140%4H B 4DAA = A%E w
Atk ARHOE B 4PAE 44 S BEI

< Zop>
A 21
S & &= =
agH & e = RAG=E
(kN) (kN) ots SYF ots SYR
(kN) HE (mm) (kN) & (mm)
4p4hv2-1 266.4 60 289.6 27.4 296.3 55.9
4pdhv2-2 266.4 50 302.6 25.7 312.3 65.3
4p4hv2-3 266.4 55 293.2 23.7 306.2 69.7
3pve-1 177.6 25 200.0 20.6 217.6 69.9
3pve-2 177.6 30 202.7 22.1 212.2 65.4
3pve-3 177.6 25 204 .1 20.2 219.5 64.1

)47 2 39 W APl O3l 3F AstEE V2o
FuaF WYL

E L

=

i)

SHE(kN)
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stE-Hel FUEH FddE v2)

-KdE 27

—KOCED_1

| —Kocep2

~—~KOCED_3
—KICT 1
—KICT.2
—DW_1
oW 2

120

<HlmAF Z1>
25 g =8 =4 o

= | S E giﬁ? N T = e e
WD () (kN) (nm)

soral | 2664 | 60 | 2912 | 277 | 297.1 55 1

Sormy | 2664 | 50 | 303.9 | 26.0 | 312.3 | 653

1= Soms | 2664 | 55 | 2949 | 24.4 | 3062 | 69.7
2as 210141 266.4 - 310.8 27 .4 321.8 59.4
== 240|142 266.4 - 306.6 26.0 313.5 50.25
St | 266.4 - 047 | 264 | 8124 | 101.3

OS2 | 266.4 - 3096 | 213 | 337 | 75.9

soar | 76 | 25 | 2023 | 2009 | 217.7 | 70.0

Soien | 1776 | 30 | 2041 | 223 | 2122 | 65.4

35 A3 177.6 25 205.1 20.5 219.5 64.1
2as 210141 177.6 - 204.2 21.0 215.3 80.6
== 240]2 177.6 - 208.9 21.9 217.9 69.7
st | 176 — 229 | 202 | 289 | 103.3

s 2 | 1776 — 2058 | 196 | 29.1 | 102.3
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A= e
- WO MHUHAZAT HHe FE LEELUe | - SELE
W0l <o XIth Q, =054/Ef < A.f,
« 19661 Slutter Fisher2 ™30 Z2XHot I - olEAET
SEA MAl -
. moozye 2EzaNas mey ysa | v OSAav el = Aal
01 =2 (AASHTO _ - I22=
ol CH3ld 0.85 Al=
LRFD) (2007) . ) 38.2
- AASHTO LRFD Bridge Desion | 7 = (238 —29.5l0gN)d* > TdQ
Specifications(2007)
- stud reduction factor
0.85 [w, | H,
LY L
o stud MHAZTHS MES A {8t & | - HE
AXNE M =0.54,/Ef <4484
HUTHOSAY | oon(o001) Canfosa=s 16-01 limit state < VS ’
design of steel structures
o stud MHAZTHS MES HASGH| f8 & | - ANEH S@EsE(s,)2 Ot O
HAZ M3 gt 20| characteristic ots =&
o MOOIATHOI CHES AIE, &4 BlY &diE2 | 0N SEE 2l s822M FUHA
AEON et Ltigs 3 OF & . characteristic 28 S (6§
- Eurocode(2004) CEN4 Design of we 10% 24 L= ZE AMEZUSE
composite steel and concrete Z2H SAHA dOtol 2o Z2EHE
structures 8.2 EAANENLZE FHHOE &
— Eurocode(2004) EN 1994-1-1 Design P
of composite structures of steel and
concrete
=g o MUHAZATHOI CHEH AES AIEE2 ZFHI, Al
(Eurocode 4 EN | =z}, Al® OLO| C4E JI0IE2 HZ &
1994-1-1 < 012, =W EAHIIED U2 PEHSE
(2004.12)) TSI BE 2BACE NG B B}
« AHE=0I/HZE HIES =2U2 0122 4.0 > s
oladez AFoID YL RFIAES AH=R
Ol BIZOI 31 401 Z3l= ALE HBsi= pyy = Lo Lo P
el O 2E2 2AAZ Y R L
- IS
2 rd?
Vi = 0.29d° \/ f 0 B, < O.SfU(T)
- I22E
log/V=21.935— 8logs
« BS 5400 Part 5 - Steel, concrete and | - MEHAHAZAM2 ZACIHAETE
composite bridges. Code of practice for 495MPaZ HIst
2= design of composite bridges, BS 5400-9.1. |- D22 = (Part 10)
(British . Bs 5050 : Part 3 - Section 8.1 - |logN=22.318— mlogSys
Standards Structural use of steelwork in building.
Institution) Code of practice for design of simple and
continuous composite beams, BS 5950-3.1.
* Ministry of Construction of China - St ENE
== GB50017-2003 Code for design of steel | y¢=(.434 \/—_;?Z‘< 0.74 7,

(Chinese Design
Code for Steel
Structures)

structures

PRd = O'8fu (ﬂ-d2/4)71

PRd = O29ad2 (*m /’yw

- 114 -




iA1= =S
- 232E 20 e dHAZME & 2= HlW
- MOATYOl QIRA I 495MPal B2 (XA 25mm, =0l 100mm Of &)
o MHUHHZTNS HIZ S-N=& Hlu
— AASHTO LRFD(2007)0IIA MAISH HII2 SAHA0 CE HHAMNESENL ¥S SEBESES
HIAl

Hlw

Normalized Static Strength of Stud

3

<0-AASHTOLRFD (2007)
=L EREANE (2009

=O-Eurocode-4 (2005)

=X=BS-5400 (2005

40

Compressive Streagth of Concrete [MPa]

Fod Z X 2|

25 2 ol @m>

= o

Stress Rangs [MPa]

100

=32 (2009

=== AASHTO LRFD (2007)
* Buroeode 4 (2000)

— Buwrocode 3 (2005)

= BS 5400 (1980): 425 MPa

=++]58C (1695)

== Slutter qnd Fisher AH®7F |

10
1E+4 1E+5 1E+8 1E+7 1E+8
Number of Cycles
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British Standard &4

= s
o MEHAATHO LIZAIEHS AT AlE H &
LOAD LOAD
120  254x146x43 || Tis0
: !
] ] | 1
230 [ 210 i 460
£ i 1ol e
i i !
AE = : FTT
501 !
i ! |
]
i 200
: 300 ',
|
]
|
|
]_;__[ Note: all dimensions in (mm).
]
]
- HNE S8 =2 HMAHGHI <ol ZHey 223AcE =52 HiolA AHOI
ol & URU 1P BEE &EXot&EE &
- olE : SIEHMOZ 0§ 3= SJI0ICH ot A2 A= 53
ANE EXt + OtE2 £dEQ ZZ0l LML HZISl mtuOt LS WKl =
o =SB steel beam2 =& SZEES A 0.0mmZ2 SFE = Us
dial-gageE "HZolM HZM /AXUNMN 3
« HZMY EBASHSS =0 201 MIULEE HD|
« AZTHC olE-28 SHI 3eEHsES Ul
- OIE-28 ZH g2 F= AXNE
- Number of connectors in the test specimen
- Mean longitudinal stress in the concrete slab surrounding the
connectors
o - Size, arrangement, and strength of slab reinforcement around of the
AlE EDt
connectors
(=2 °oX) . .
- Thickness of concrete surrounding the connectors
- Freedom of the base of each slab to move latterly, and so impose
uplift forces on the connectors
- Bond at the steel — concrete interface
- Strength of the concrete slab
- Degree of concrete compaction surrounding the base of each connector
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Ri= e
H2 ZNSs ZHRIE HtEE Wo MHHAZRN e AR AR
AT fs0, #&3|, A4H, 94
emﬂf!—Tm-sm‘Tug 51 1 .
i
AEEE
AE
<" dE> <HE"H M AH>
=g 19, 22, 25mm (=0l 150mm)
& dAJIES=SHE | 180MPa
2T H300x300x10x15
AN SEH headed stud,
gy e Push-out test
= 2t GtE A”OAM GHES 30
Botat=g = 2t OIE AEHNAM AUSE
= 2} OIS AHNAM ABHES BHEE
KO A SHE MO (150kNDERI 2kN/secll =& 2 SHEMO), HAMAH(0.01mm/sec)
HA = straingage
Table 2 Test resulty oo
‘ Ulimate Load Sip Fubee " ==
500 L d254
S| Coven) @m) Mode
A 13 791 Stud -
SHd!9 - il Z
B 1508 104 fuhe :
B2 L s
C B 138 o Fhe
A 15947 §48 Shud
SH2S ; X
B %7146 064 Faahure
<dd A1
AT 20114
E=PS St=2=gMz 83Xl
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== LH=
o HAdgdZ AU 23ACE HtEE A0l & perfobond 212 MSHAHAZ T2 AlE
A= N A3
AR Xt HdEE, 0|5, RE2, 22S
AENE Y
ASH
=IDNE= 40, 50, 60mm
& A2 =0| 130, 150, 170mm
232 E A= 270, 350, 400MPa
A S AHE, Plate 212, Perfobond 2l2, & perfobond 2lE
Ay ¢ Push-out test
gotets 25U AUHAN(EEY)
O] Al oS MO
AlA = straingage
800
700
AsZ
05 10 15 20 25 W % 4 45 50
RELATIVE DISPLACEMENT (mm)
[[+C-§T-1-0  +C-PL-I-0__ #C-PB-I-0_ +C-P1-I-0 |
<Motd A Helol| w2 stE-£8 IM>
AEAT 20054
=H steE=ss=cd




L=

Experimental Study on Stud Shear Connectors with Large Diameter and High

Strength
A2 XL Qian WANG
o &EHM & : Eurocode 4
agdd ¢
A
<Measurement System> <Details of the specimens>
Shank Diameter 22, 25, 30mm
& Length 200mm
Tensile Strength | 465, 675, 485, 430MPa
A SE welded head stud
Alggty Push-out test
= 25t AEHNA SHE2 30
st = 2 OIS AHINA AUEE
« 2ol AEHNA AHES HAE
IO Al oS MO
AlA = straingage
300 . e
2200
AEEh =
100 gl
’ R
Slip (mm)
<Details of the Concrete Surface> <Load-Slip Curve>
AEAHT 20114
. Electric Technology and Civil Engineering (ICETCE), 2011 International
X Conference on / 2011 Apr , / 2011 , pp.340-343
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= Performance Evaluation of Shear Stud Connectors in Composite Beams with
- Steel Plate and RCC slab
AKX Mohammad Makki Abbass
LOlAD LOI«\D
BT Tle2s4xua6xas 7] Tiso
! L.
230:Ii \! B-@%O :.“.: 460
1 I I
! ey
sEmz Y bop L] 1
A ! &,,
; 300
ﬁ] L _1 Note: all dimensions in (mm).
<Prepared of the specimen> <Details of the specimens>
Shank Diameter 13, 19mm
& Length 230mm
Tensile Strength | 275,290MPa
A SE welded head stud
AgYY Push-out test(500kN hydraulic jack AFZ)
= 2 ot ABONA St=2 30|
ot s = 2t Ot AHONA MUEE
= 2t Gt= AEOUA ABHES HEE
IO Al oS MO
AlA = straingage
R B
I
/élgja:‘ﬂl' 04 "!'} Diameter = 13 mm
# + MS1 (fcu = 33.33 MPa)
( ' M82 (feu = 30.5 MPa)
. + MS6 (fcu = 23.4 MPa)
j = MS7 {fou = 23.25 MPa)
00 | I
e (Slipf &Zame!er) o o
<Details of the Concrete slab> <Load-Slip Curve>
ASAHT 20114
=3 International Journal of Earth Sciences and Engineering, Vol.(4), No.(6), pp.
=X

586-591.
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2= LH=
H= Strength of Shear Studs in Steel Deck on Composite Beams and Joints
AKX W. Samuel Easterling
3/4" x 5" Headed Shear Stud
i o I SOERgPE SR, | W
P Vi T e Vi B e W v e W . 4 S A WD ‘L
<Shear stud locations for composite beam specimens>
Hydraulic Ram
-+ [T ! I [T S — I
Ay ¢ ' i
A
(b) Loading Frame
<Loading frame for composite beam specimens>
Shank Diameter | 13,19mm
& Length 32ft(XI2t 30ft)
Tensile Strength | 275,290MPa
A S headed shear stud
AlS g Push-out test(4& & 35t
= AHE HEE, He
Hotas = ZBLO A2
« NS (EEE)
MO & A otS MO
AlA = straingage
25
Table 1.
Material Properties for Composite Beam Specimens 20 Strong Position
Flange | Flange | Web | Web | Slab
FJ]" Fuf F]n Fw Jr(" @ 15
Test | (ki) | (ksi) | (ksi) | (hsi) | (hksi) & Woak Position
_ 420 68.8 470 | 719 481 o 10
EE=EN 2 | 419 | 704 | 454 | B38| 320
3 2.5 70.1 470 75.7 228 5
4 436 63.4 49.1 62.9 499
Shear Studs: F, = 64.8 ksi ol . - . : - .
SIGEIDECk:F‘:-iO.S kbl["—‘:ﬁékbl 0.000 0.025 0.050 0.075 0.100 0.125 0.150
Slip (in)
<Push-out test Results> <Load-Slip Curve>
AEAHT 20034
=X Engineering Journal/ American Institute of Steel Construction, pp. 44-55.
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B 2358 AgA Az 28 A3y
O 43
o Ad-nigme] APvel MBS A4 Jtetel AVAAAY Y BIHE P
o2 FAPARAYH vl Ao wE AdFgxHdo] tHsH AFA AFo] Ha A
H|g-o] AHale] Aol Hag HpdTF T 7 dubd o =g ALS= & HHY
c FAHABRAYNA AGAZAY ATEL S Hsty A5HIIE SH7] oJEe d¥ S
nelaly] ge) 1okE AoE AP AT YARAE ARud X Zo A%
2 Hol: Aoz I ASlutter, 1965)
O AgA
;ff 'y
2
T s em EY
d o d o
0= =8 | ¥ ® ©
fs o fs o
L
H LC lS"I i L:
q o q o
q o q o
v
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§ e Iy . Ml | B |
W
t [ hog
l«—>|
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- -
B *d_fa
==
iy
y | d
7 |
| W |
H: MEHA e & Z2O|(HLsdo or HELstd) hs : BHEHEL =0
L, BZ2E232|E digtgte| Zo| Ly s ZdAC S ZX =
Ls: ZHEHS| Zo| Ly dAHAHS 558 &7
a; ZAHH stHI 22 3EE stHel 24H B: AMHEA £ HEZE32E dHietme =
o BAHN A3 HZEFEE MHel 7HA by = BHOS ZUMX =
w: Ao & Hd|(Ast+26+28, hee + 2E{E2| Z0|
L B2 32 E dietmEe] S O * 2EHES| T
t X B EE ZE[IfAE dHigEe| HE S FA S &4tk AEEZF 721
S gutek A EZE 7HA
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I8 Agdde) A, A3A 24 Al #4779 8k e AdA AAde 22

GE el Aol QAAAC . EH 35 AN APAS BEA BES L
Y BITS Mgl ZAYE wiehwat wentete] AAD test framed] o] 2B S
B AANAZE vhRol] ofd Je HAs AAck 3
2 AW A9, FANFEBNF) FE ZANE wigwe] AdAAA
w55t AEH7] A8l Fa7EE ek AAT e FAFe] A dAHESF 2A
Reaction Block Load Cell Steel plate
/ . Clamping Angle
_ . —
LY
Test Frame L arAstion ﬁziraulic é}:g;i:m Concreteslab ivd i:;:on
<otUrAE PMT(1H HEHIE)>
Hydraulic
Acmamr\
Loading Frame
Load Cell 2l Steel

L Loading Plate

‘ Push-out T,
] ,/ Specimen

BaseBlock Bearing : Later
Pad : / Reactigll Angle
Reaction Floor
Ja gt i { ik e i el

AAZA D AW B

APAY FHEAL AP A 2 GFS FEE AU A7 A 425
t 21e meistel A%, & 4A TREY AFS Wkl A4 20L 2
=% g

AurHel 28 AVAGA B F3Fo] 0@ WX 2A0E M



A7) 2Y=E

o]

A Pel A7|HE A2HoZ FTAE Ao Yy
o] 33 HFI AFA AAH Yo AHA

= L =
£ Qo =31, 35 AHA ZIAYE vlgHI FAYL] FWMA Alo]7f Ho{x| x| oF
=% gyPgon 74
<MEH TM Y MA >
7(7(—757._4 = = = = = = = S
By Al 1% ot g st x|x| 1% ot% g st H|x|x
P P
Ll | |d
i S I
=3 o 3 of
G q
b H of i o
T4 T T
=1 ]
A x| 2 ¢
EI o '
i
: ..(Z ....... Q:’
ol
o
e X|XK|uio] WI2 2E o = | o HTo BUEXX 9l
HaE KR = e A
@ AZSHn L AA X
CAA WA E AT 2adE vk sy 29S A WA N
Aot ZaeE wig R FWo RAsE WIEAL B4R ANE, B Fg
2~ o]lo
Y =1

LVDT
{optional)

I

L
i~ LVDT
b & Strain
ﬁ‘{ @: I|'=- /,> Gage
! [Nl ‘ﬂ) (optional)
=

Shear connector

x|
I )

Strain

i gage

f

!

<A Hf x| =>
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]
A T2 58 AdFsts(Ee A8k WA daddAe =2 s
S Flsy] % APoR AP B ot dxIlE T WMBsF WA
7 e H8T 5 S

Static strength test with monotonic loading Static strength test with cyclic preloading
Load, P, Load,! Py

P i 2

Slip, & Slip, &
0 3, 0 5,(N)
(@) Et=B7tstE (b) dEF7t BtE5tS

Static strength test with multi-step cyclic preloading
Load,

Pn,o

P U S
P g N P g

maxyd |-
Prax

Slip, &
0
<Y A A TM>

P, FReE
Pmax, Pmin D HEEELS ASHA HOl, FHASS
5, FRAEA 40T
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Fatigue strength test

Load,
r -
/’l
1"
Pn'm\' ” | . 1T
Prniu | i I ,
| | i N
Slip, §
L 1 i P
0 5—‘} ‘5\'r

Pu,(] : EI—]—-%—E]'%‘O] %1\-]"5 %]Xq/‘é*‘g‘)é@/\] -3—3:‘1——5‘].%.
shAl Al B Hass

Sy« Nwlsl 9] 28k3 AskAl Fh<= (W, = 1,000~5,000 cycles IH4)

E“U
N
=)
f
o
ol
2

s A P olA P ol HHESESel Rk AT

iy
filo

e
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A mFe) G ASE BB Asl A Aol AA AR A =719 ¢
AL ol gt AuAAA F=, NZHS & FEE AL BHoT P A
A% ok HEE wAE ol AAW HPA A 5 AP o] 1rloln
FHRAPVORZE AVABA FEE HPHOE Hrkdks] oPs] B F=
AP F AA 2719 AGAC B FHATS BASE AAN B

c AR FEEAES fsiA AFA A, BAxA, AFAA, B 5 A A,

APAR 5 "o AFe A2 BAY Ao AN & Fu
© 29A
PR L Do Jo T
Py

<gdEAHA>

| f/% I
[ = Erﬂ&‘es/ i
\\ Concrefe
i = [ Blocks
SRS S—— P — B N

END VIEW
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Overlay

Shear Poucket

h T Grouted Joint
N 1" minimum Haunch
Studs as Reguired

Post-Tensioning Dust
Steel Beam
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Qc/Qu
0.82
0.72
0.85
0.68
0.75
0.70
0.80

crack, Qc (kN)
40
33
87
55
65
28
32

Load for first

Ultimate
load, Qu
(kN)
48.8
45.8
102.4
80.9
86.7
40.0
40.0

Average
3.40
3.70
4.41
4.72
4.62
4.28
4.37

(Siip / Diameter)
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3.42
3.73
4.40
4.73
4.70
4.37

Slip2
4/33

Ultimate Slip, du (mm)

Slipl
3.38
3.67
4.42
4.71
4.54
4.19
4.41

MS1
MS2
MS3
MS4
MS5
MSE
MS7

Spec. No




Aeds 9 HARE - 4Y AReny dvddA i FdekE, e A,
AE3d, e S HUME AFFAL offset methodE A &3l 3hF-Aul&
H FAANA AA HFUHEFEY 2%E 83 secant slop= AF8-3te] A4E
<Metds o malRe Ao sty of>
Dia. Concrete strength (MPa) Total Ultimate
. Shear
Spec. of = failure |oad per . Mode of
Split stiffness, .
D stud ) load, Vu connector, s (kN/mm) failure
iy || e | Gesh e (kN) Qu (KN)
fcot
MS1 13 33.33 3.33 194 48.50 112.0 Welding
Ms2 13 30.50 3.15 185 46.25 106.3 Con. crushed
MS3 19 32.60 3.04 408 102.00 237.0 Con. crushed
MS4 19 21.50 2.18 322 80.50 186.8 Con. crushed
MS5 19 24.70 1.69 348 87.00 202.5 Con. crushed
MS6 13 23.40 2.04 160 40.00 132.8 Con. crushed
MS7 13 23.25 1.89 159 39.80 132.5 Con. crushed
Failure mode 1: Shank shear failure of studs
2: Concrete splitting and crushing failure
3: Combined concrete crushing and stud shear failure
4: Longitudinal splitting of concrete slabs
5: Concrete shear plan failure
ShearLoad
Plastic plateau
max _..._Failure
095P, i
U50F, ...
"
,. I& Set;ant stiffness
KS[ Lmt‘lal Tanszenr stiffness Slip
= . ‘
0 ‘—-'G-'Shpmbearmgpad S.u 04 djh(diameter of shank)
<~E{E9| Myl stE-Ajcd S4>
S-NAE : F24% B4 A% 713 AirEe PrhEHoE Sk SHHIR yZ,
N& BhEStE FEA xS 3. FEHAL e g=s5tF 35 #AE LOG-LOG A
Toll 79 ¥lal 24 3
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<mzAdy 2o 2y of>
Freq. L 3, SIregs No. of cycles .
Spec. 1D (Hz) stre‘ss stre.ss range, Sr at failure, N Failure mode
(ksi) (ksi) (ksi)
ST-F-A1 2,120,000 Shank failure
ST-F-A2 2 5 19.5 14.5 2,535,000 Shank failure
ST-F-A3 2,830,000 Shank failure
ST-F-B1 655,000 Shank failure
ST-F-B2 2 5 23.3 18.3 735,000 Shank failure
ST-F-B3 1,300,000 Shank failure
ST-F-C1 230,000 Shank failure
ST-F-C2 2 5 26.8 21.8 274,000 Shank failure
ST-F-C3 161,000 Shank failure
1000.0
m=8§, Atc=05MPu
/ m=12.263, At=106.76MPa
%:__
g:‘“ 100.0 =
Lé, a=238-29.5logN

Stress Range (ksi)

(ATR)"Ng=(Atc)"Nc

#— Experiment
— EC4

==« AASHTO

— = = Lincarized

10,0

1.LE+03

1LE+04

1.LE+D5

Number of cycles (N)

1.E+06 1.E+07

<Comparison of test data and design codes>

100

10

A 7/8" Specimens
@ 11/4" Specimens

Mean (7/8")

Mean (1 1/4")
Design (7/8")

= - «Design (11/4")

= = AASHTO LRFD (2007)

1

1,000

10,000 100,000

1,000,000

Number of Cycles

10,000,000 100,000,000

<S-N curve for comparison of stud diameters>
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: Main girder

: Cross beam
’ . . . * . . . ) : Slab plat
M STTTTTTTY T T i R— T 6T i | P

=3 Holg AMEFHL 512Hz0 2 &}, 150Hz oy wS oS & Low-pass filterE
AbEste] ST @Y AgtolE(13] FurEAAl a3k HolH) JEoE 32
2 FASH kol IFS Hastelr] S8l & A shxlel tis) of 15314 4
s TRt AEHdS Tl EAEATH
<ItE7] @ MMM R 2 R[>
T+ = AXIAX =g B2
JHEID| 2SS (L/201M 3.5m BT R) 1 HHE 20 & X
H2AA L/4, 2L/4, 3L/4 3 HO sH=R0ll &X
IS S2AL=Z HiX 5 HO S0l ZX
¢
74717 it
gxwm@iﬁ
- . ~ o 7HaEA ii
1 1
w7
<THRIZ] 2 MM MxfIx(2 AE)>
Auge] g, 1FFsETy AARE Frkstaa o SHol F A TR
Ao ARolyg 7tEEE ASshY REYLS EAstaA obd "3 o] thA
Ae ZEE AAE AXNT a7t I+
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o y
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F = PR PN =& Bl
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B2 Al L/2 4 HO o=l &X
JrEE S2tA2= X 12 HO St £

<IHEEA MR (of: WEke| siEtE A 5ol Mx|)>
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AdUdd g @AY wet d
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e R 24 A

AUl mEgdde] Afole F2 2¥d 45 7H"A(mpact HammenE AR 2
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g9 *

O F355FFERPA 95 Ui
© TFEEEH AlZrolge gk FuRA(FFT; fast fourier transform)<

S H 3 (FRF; frequency response function)< 3+, FRFe] HFH(peak)ol &l g3}

 XEsTFERYH 15T E A

u(t) N v(t)
> SYSTEM
m(t) x(t) n®) v
<T T AlAH>

@ FXFHE o] &3 U
+ Sine sweep testZHE FAFIFE ZAFHOZE

7
AFyrs =254 HIAAZIEA A3dH el HAdF (=

ot 7HRFae) Tof e A 1E e FVE EAgete] FF 24l (resonance
A==,
O

curve)S ZA3gith o] o, Z} 7pXFuk Abo] ] gk curve fittingS

filted

resonancoe

curve

natural
requency fo Hz

damping ratioc
h={(l—1:)/21

nomalized single amplitude D

f: f: f: requency Hz

@O ths7+4H(Logarithmic decrement method)
c O¥H} o] WY EE JIEESHE Aol"EY AHAFIFANEE

f(t)sh %50 oz =9

i:’l
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@ Wk ¥ (Half-power bandwidth method)

c W9 Ee VMEESHEY FHFIAAM AL =g (power spectral density
function ZH-¥ {55 sigdsts AFae 1/V20l dFsts F Mol Fi<-
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FARHG ol g By
+ "I o] 23IMSF(Fisin(wt)d] 7HAFaRF wE HASHA 2t Fuian
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- AZtolEle] AR e (Y z 23k JhEE gl We)

- ASdolH e £4 AIAFAEF, 24, REFD)

- oA ol2F HE A, T Aot v

HdE 3de HE AFEH JAd2 AFCGHE A 5 3D
- 71eF 23 AHg
AZo) AHEE An] 2 AAe] ik A9 3 S He 23
- 7FX171 9] ARk
- Azgule) A 8 24 39
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- Fx A8 T A
- 78 Ade AHZ} a9 =, & 55 285t A9
- 54 H7HAF s, FARE 3 44N
- AR E A= AHSH HAet 54 3FS 27 23, AW
-40
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50 --—- G2(averaged)
~ Mean value
1 No. of Mode
a B0 g S e
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D T0H ol P
o
E 804 [\
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1st mode = 8.188hz  2nd mode = 9.219hz  3rd mode = 29.313hz  4th mode = 30.219hz

58.688hz  8th mode = 65.656hz

5th mode = 36.031hz  6th mode = 45.156hz  7th mode

<REY DRAES Y REHAS
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T BF A TS mRIAE BA] w9l m 243 g A0l
slom, A M2 AP 2 AR AlHe 4 9 AP H&ol AR 3
c Fug N2 Ae B #d VE
- (AASHTO LRFD)
- (Eurodode 3(2007))

o g
b
f

7= L=
c L2 2 FXEES FMH IIE

- gHgd, 2H5Eg 2, SHMY XS AEE Hst 2= HNETD
glgter T, 22, 258 2= 0.3215 in0l&

- ZHEEHY AR 222 WHE = &¢ Ho A2 SMH= 0.25in 014

- EN= 0.625in2 0l&f, cl2 zltH2t=2| 4%

- MEYH HOS <, 2 ds0l o) Mo EH SUY B=3ls+ n2
5.022 #&

Span Length

Longitudinal Members 5400 ft <400 fi
Simple Span Girders 1.0 2.0
Continuous Girders
1) near interior support 1.5 2.0
2) elsewhere 1.0 2.0
Cantilever Girders 5.0

Orthotropic Deck Plate Connections Subjected to

Wheel Load Cycling 2.0
Trusses 10
Spacing
- Transverse Members >20.0 ft <20.0 ft
2 HEEQ|
1.0 2.0
SN a8 ¢
¢ 2IHICtOto crc bS]
A4 M| EOEES OSSN 7S
_ 2tHlCHOo Ql

—

open section stiffeners holslgi\%e%eecrtslon
thickness of deck plate tp tp = 14mm tp = 14mm
spacing ers between e
stiffeners es ~ 400mm 600mm < e;s < 900mm
edge distance eg of first
sti%fenelr B : ex=ers e =ers
spacing of cross beam erossh Eerossh < 2700mm 2500r131r5noér?r%055b§
ratio of depth of stiffener to
depth Of CrOSSbeam hstiff/hcrossb g 075 hstiff/hcrossb S 0,4
hstiff hcrossb
plate thickness tsits tesir = 10mm 6mm < tgr < 10mm
late thickness of web of
gl’OSS beam tyy.crossh tw,crossb = 10mm 10mm < tw,crossb < 20MIM
late thickness of flange of
gl"OSS béam tf,crossb & tf,cmssb 2 10mm tf,cmssb Z 10mm
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