12 ZEDMEX|_2olof 1 11/13/14 3:06 PM H0|X| 1 @

R&D-0001

1ds A=7|== 2
o3| AE O

Da|AEHAE 23a[E0

——L

dsdle 2lE X BEe)

Z|SHEIA

N2 m|>E|H rotoQrE mjomy N Hu> ojrox kJ

OIENE 08 pEE my NoXooorox 1o |mf|urky |m|>2|m|>|H

Infrastructure
2014, 08. R&D Report

- h—=ON

| (Ae=Z32|Esls|
| =17+

bm A

EJ

F o A &

Ofm

1.0/ EDME ZERERIHEAUSI N IE NS |22 R0| 2l ARtE = EusTE
HIHLALR] ZSE DA YL,

2.2 MO UES YRS Ijof= BIEA| ENSFIH X5 S EnENe S8/
QUEF AR ZEWRST S AHLAIGS| AT ERUS S0P FLICE

3 =7l |s 7|2 RAO| Bt E2 il o2 &R T= S7HSI0A = OfL| FLC.

=L

[0 0fdhr X nf> N Jok Bl ofm 1 Hm K4

"



e

g AEdAE A E

=y

ol
=

Y ~E

A

A7) %Ee w3

%1—

=
=

=3 HA Y] Rz A

-
Ead

=1
=

e drle M

2014. 08. 29

EEEE

bR

7718
o]
:rL

o KR AR K
RN® TS

—

X

W o N B RO of A E N X B

"

H
s
B
oH
7

T <0 ol B W) RT o} BY Al XM R BO QY T o B BAT T IR B o
RO TR RO o o A R RO

7 B0 of T B R T o]

G

-
B/

i

—_—

N
T
TR TR I
i B0 Mo o BH

M ®ONf o N o N R R RE A TR

T % oF of
el e
~ ® B BB
M= T R oF
BB R T
migkniy

oF oF



84 19
(1270

2013

WA 2 okA

o o

T Ab T

_ S8
u_xn7n F =
| il
i SN
=N\
%o —
AL jans
H|7° -
o iy
6% o
TO__HT _
m@%
il o
< .. T :
4 1
‘\U”Eﬁ _&O
i &
JoTw N
ol ~
=Ry -
™ B e
_n: _&o
mo
T | = !
el = )
_ T |
e 3
o ~
3 "
) "
M- M-
B4 B

HE
stel )

°©

K

PN
T

=

PC 7]

bl ot

SR

[}

°©

7|

A A%, FAPCC,

o
g

AP S|
2}
27
E
Z
3

al
o]
g~
ey

0.
H

3
l
P2
hYA

Fed 714
2o
E,

R
High-strength strand

=]

v}
=
=
——

Fd5A, PC A

A E
H

0.

E

2] 74
=R

L

Precast concrete, Prestressed concrete, Concrete
composite member, PC Beam-Column Connection,
Hollowed PC column, Prestress loss, Steam curing,

A

ghlat HA 7S A

=

o]

1

5|
pul

3

)

T X3} 7hol
"

(Z+ 578 ©]




.Q_Q]:E_

K
" ST
HE JHOLCJ:OLI
I w NS KB
~ P70W_,_ﬂ ETV?_@@J
< zw <L Xy oA T RN
hllg S = o oo © O T oy & = I Jo M ok
» N o= Emﬁ]gluuu%d_/ot "N TR o) Ho 7T
<o NER e R Jox i T o E KT B
o o o ;él ﬂL 0 ﬂ »AO ,.Muﬂ _.I s o- JI .y ,ZI ~ Oﬁ ‘AluM J}I HT
o ﬁl b 3 do o No o S NN o o il oA | WA T3 :
Jlo e ~ TR g ~o by o o B 5 = o N il
o = 3 < =& %o = B ﬂﬂﬁﬂpl vLOMaﬂCQE oy
0 Njo O o Y H H " = m Ho g o 2
o }%7%%%%7%%%% z%aﬂﬁzﬂ.ﬁ%ﬂa
) yﬁm%@ﬁﬂ%%z]ﬂ% ﬁooTZ(EZLWQ@ermrﬂ%
i) MOZWﬂo%E?%iEoﬂo ﬂ_ﬂoﬂzlulw_m%o»_ﬁiu%c:
m Vo%(%%wﬁeg?vﬂﬂwﬂ Mﬂeqﬂﬂﬁﬁﬂ;mﬂoﬁﬂw_
s o = W Sm_x%%;ﬂ;%ﬂ o%éﬂzvog._ol@ﬂmw
| e A o NO dlo o " X N5 Gl do ol g5 RO
— X ?%anaéo R .uhaPurmlxg
X HSNPJ@] XO X N K my o < 3
~ % 5 X0 o i w MW oo T TN
oy T Ev ! B = o ofo N o R o SRAST T H o
o T 0 L. —_ . ene
: T?Liﬁ Eofomi@;t o
N — o) i~ C‘._ r ‘;b ,.m.,._ — =0 file) . ,mmu o o =
™ \)7n_AI,._ .ﬁ ﬂoﬁ _ 0 ﬂo O%Waw_ ,ﬂnﬂmq Jlﬂod_ﬂ,:‘._ w:ox 7OE
B S s N2 N O g
N B ™ T N e B o T X o e
K e lﬂﬁPEoLmﬁ_mi dl.;ori ol 750 ajo
@ma%O%LM%g%o_ N o_if@#ﬂ4%%
| aZALzﬁa%mi o E N K oR o g e
TR S Mooy L o T =
{] G & s N R W T Nr B N - op W 2R
= et 7OVZOML. )Aﬂ_ujl ﬂ.ol_ﬂwﬂlr;oi,.)mewﬂaﬂﬂﬂ o
™~ fom ¥ = = 5 o o) [ B rto o o i N N
oy aicqa_/%i w T M%@%o_eaﬂ@rlmﬂ o
PEuPA — N B o o1k WO %]Pomuiiﬁ
| = Gl Nd o} & ~ . w Ko R m_m _ i~ KO Zm -
o mﬂﬂ?%ﬂ@ﬂwo_ew% ﬂiﬁogyvg%%%;;
g g7 uooﬂn@m@s% %wm@@%mﬂwmﬁw&g
= o %ﬁﬂaﬁwl.ﬁy%@,g Liiowvm_ﬂqﬂlﬂoﬁﬂ
el ~ ~ B! iy m a © o oM N " Al Ww 3 @H o Mwl 1
o o R W T TG - 2 L D b =
s T it . XA ) X B~ W Jo T = < T o= T n Mo = NO
N o o - 5 oo o X° < = - ol T SRR
b ) %quAmbﬂw R Ae_aa@aaaiﬁﬁ
—_ =l ~ N MM@L%E]EQU% ]on_om_ﬂ Jﬁwoﬂﬂml
= o B = J 5 o) ~— OFEOZH
Hjr = T T u%1gﬂ.lu dz.xlzoJf A 2 ol
Jo > ﬂ%ﬂorﬂ.im” um%%wzﬁ ﬁkwwﬁru:ﬁﬂ oA 7 B
ow %o dyl ,mu_u _,Ti Dnm Bo _ZT M# jjp_ '~ ~ ,Inml ~ uw,ﬂl ll wlAr_._ ]Wﬂ O ZT ﬂ.._ GellL _ZT| ﬂ_Ol ﬂﬂ.uﬂ o 4.0!
! ~ y — Y _m_.o_w_]] < F o— !
B EMHL%MM.mwm%Mc%ﬂ%@%yxﬂ7uﬁwx%m
2 = S o Q 48&@%5 XN _— H BN — % T
= e A, oo < M = Mo e o
I B w 5o o B o R A o Ho mL oMY o W
8% o< 3 w ¥ egﬂ_éovCCﬂﬁﬂ.l
X9 ll =K ,I OE N O J_/iL A~ A _ ,ul ~
oK do o X oo T n_mo7dﬂ]‘_]||
B = N o T o oy 5
O_E 10° H;. —_ zT_ %0
,_ANSE1§H
AR I



ATALE P NS R 2

Ay

|
<]

M

&)
)

JJo

ol
)

el

g2 Eofoll A= 7]

sheie.

3

= 2=
= T

AAA Bokz AT

& 99 o

=13
=

A A 70

B
N

gl
|

M

4
<

—_—

|
<]

B

4) S71 %Al &

7ol

° 2Ao] glrt.

s

fPes s

]
T
el
o)
®

X
ﬁo

J
=2
7F BAAE S 7EA]

E
IRl

3|

a
YgEg 27 7}

3

3
g olue)

moom
Mol

i

A

—_
o

woh AAAes AR seEs

el

Ho

o
oF
ofy
o
ol

%0

Aom Am ANE Axsgle] A

bfo

Ao A= PC H-7]

N
=

AA A

o] w3

%L

A3} o]

s ®-7]

o
e

ol
=

o] At

A}aF

=
QL

|

7

!
oF
]

it

o
-

ol

=2 AyEA.

At

K

3471 LVDT7}

&

3

B 9l

7ol

)

o

%
ok

A
o
i
il

it

;.OuH
e

—

<
03

—

O

-
ToR
e
zel

5
)

—_—

0

olo

0
B
o}

7ol
o

Ton

N

B

A 3)

el

—~

PC7ls< ol &

==z 31
TS

24

)

el

)

IYNAEFZIAYE

ol A

Ao AR PP %

g

-
T

war ek

wmo

_|V_



o

Jo

Mo
Nfo

1l

N

hin

B

—
file)

1m0

el

9 7

o] A
o) ‘F71 ¢l wpe xe

e

o
oo
T
ofp
Bfo

@

A 4)

N
N
)|

—~
fite)

4

™

—
fite)

min

B

M

K
oo
<
o

e 9

ol &

Fejof QA dnh. weEkA o] Aol A=

o
REA

o2 st

ps|
S|

Hr

7194

Nlo

—~
fite)

N

K
oo

—_

SAAHAA ] 7

=
T

of w2 o}

ARG Be Lol A

R=2%
[}

nheho 2

ot

!

mK

AR2HE o2

49

At o]

—
fite)

vze)
_& I
ofp
T

olo

ijy!

e

A Al Ho2Eol Aol Bl#s

%

s

A €]

|

il

7

K

)

—
fite)

4]

mt

)
—_

A

—~
fite)

A Ay, FAel w

ﬂ_

FIRECEE e

44

s o1 At

A

o

Eao)

of wel oF 2.7%°l A 6.8%2

A% A 9l

Fakaiot.

PN
T

N
2!
Jo

0

—_
10

—

NI

<
]

T

W
<]

=

2]
=n

o
T3

i+

AQ1 a1 A 7ol

)

B

o)
ot

JJo

g ZAZEMPSC) FA7F 7HE A5 AHEH

H]

Jo

st

JJo

€

[e)
3

A PSC 54 ¢

o}zl

_rO.._
;OU
23]
el
bl

il

2]

&ttt

Al A

di



=

-

22!

ofp
Jo

0

JJo

—~
file)

o}
0

A

R

o

-

3l AW ol FREA Lol A

57F old Aes wd

2
el

waw
SRR

]

a

=

1

StHAM = AAHoZ

s

TEE= AAVIE N

o] IAT MBRE

=

A BAolA AL F2 AA =

-

b AT gstolnh A%

A= gl

o

el A

kel

T8

H71 4]

S

] %

=

l

|

—_
fite)

0
g
o

o

AbEE o AA7]E w9

AA7)Fel
4 Aol

._IIH
i

BK
70

4

Hr
B

Gn

=l
2

X

B9

m92 Geele. ols

a4

PN
T

A
el

o

¢

ofy
H

Wr
o

R

ol

S}

A 7ol A

e

ol
B
ﬂo
H
70

™

L=

e

AHaNA Bk A
7kel AA 7]

=
T

H

=]

om o]x dulk PSC Atl7} F&A7F 1L

W AEE M2

A A 2]

0SS

ol

Jo

7}

.o

Mo

Ak Al

] o]
b R

g wldste] PC WOl Al

s

g 7

el

alo

!
Ho

|

v
iod

L

]

14

A

ToR

Jlo

B
,._mvo
=

B

~
fite)

il

_XO
i
I-

;Onﬂ
N

=

)

1a & 9

o

o

1

2l 7F 7}

2]
_V|_



AT4 &&AY

VI.

bo
Z]T_

T

!

il

2=
=

N

-

JJo

i
Jlo

571

7kt ApAd 3

L
;OO

]
S|

H A g 7kl

T
Y

o

&+

B/

7
N
o

il
]

= Utk

el
=

7Vt b

g

Dy

%)

s

ZECR

B

)

A7zl 2

ol
=

Al

- Vil =



SUMMARY

I. Title
Development and Standardization of Improved Structural Performance of Precast and

Prestressed Concrete Made of High-Performance Materials

II. Research Background

Recently, high-strength seven-wire strands that have improved vyield and tensile
strengths over 1,860MPa strands have been developed in South Korea. The recent revision
to KS D 7002 permitted the specifications for the high-strength strands with the tensile
strength of 2,160 and 2,400MPa and designate the strands as SWPC7CL and SWPC7DL
respectively. Since KCI (Korean Concrete Institute) code specifies that prestressing strands
complying with KS D 7002 can be used for design of prestressed concrete structures, no
revision to KCI code is actually required for the use of the high-strength strands.
However, the structural performances of the members with the high strength strands have
not yet been fully verified because few experiments have been performed. Moreover, the
current code provisions have been established based on the test results of 1,860MPa
strands. It is essential to verify the structural performances and to identify the suitability
for the current code provisions prior to the practical use of the high-strength strands. This
study conducted experimental and analytical investigations on the members with
high-strength strands as well as the strands themselves. It served the objective of the
study, which is to standardize the structural performances of the high-strength strands and
to provide a revision to the current code provisions if required.

Recent development requirements for construction industry is economical development and
environmental friendly development doing away with consumption-oriented industry. Using
PC system at construction industry, economical use of construction material and
optimization of construction process can be available. According to the current code
provisions for concrete structure, PC structure should be designed with the same
performance of monolithic construction of reinforced concrete structures and shown the
same or better behavior under severe earthquake. However, these conventional requirements
cannot reflect the characteristics of PC-structure. Because of this requirement, PC-structure
or systems used in Korea or other countries are limited to half PC system which need the
field casting at jointed area although half PC system has lower constructability comparing
other PC systems. In order to solve this problem, many types of PC system was developed
and tested. However, because of no existence of independent design method for PC system,
newly developed PC system cannot be used widely in construction industry. For the next
generation PC design code requirements, in this study, classification methods for PC
systems and classification guideline were suggested. Also, design methods for the
composite members, precast concrete and cast-in—place concrete, considering the

high-strength material and the composite construction were developed.

- VI =



M. Research Program and Findings

In precast concrete construction, it is required that current design codes about precast
systems, such as standardization of precast joint system and shear strength of composite
members, should be reasonably investigated in accordance with the use of high-strength
material. In additions, in prestressed concrete, relevant design codes should be examined
and revised for the application of high-strength strands in structural members. Thus, the

present research program focused on the following items.

1) PC and cast-in—place concrete composite members

2) Evaluation method for PC beam-column connection

3) PC frame system using hollowed PC columns

4) Prestressing loss of strands due to steam curing

5) Performance standardization and design code development of PSC structure using

high-strength strand

1) PC and cast-in-place concrete composite members

The objective 1s that shear strength of composite members, PC and cast-in—place
concrete, is defined to apply the composite construction site, and modified dapped end PC
ribbed slab is newly developed. In the former, the scope contains high-strength reinforced
concrete, prestressed concrete, and steel fiber reinforced concrete in the PC members. In
the latter, new PC slab system is economically designed compared to wet construction
method, and also the structural performances of the system are verified to conduct simply

supported or fixed end beam tests reflecting the every construction stages.

2) Evaluation method for PC beam-column connection

Evaluation method for PC beam-column connection was suggested according to the
connection details and failure pattern. According to verify quantified performance of PC
beam-column connection, displacement contribution of structural elements was used. The
main classification categories are “monolithic connection” and “jointed connection”.

In order to suggest classification method and verification of structural behavior of
various PC beam-column connection, structural testing for PC beam-column connection
was carried out. Test was carried out with the same method which usually be used to
verify the RC beam-column connections. Lateral force was loaded at the higher position of
column and other elements was constrained with pin connection. For the verification of
displacement contribution of each elements(2-beams, 2-columns and jointed area)
34-LVDTs were mounted at test specimens. As a result of test, each PC connection details
have different displacement contribution ratio. According to the test results, monolithic
connection can be classified to two categories, strong connection and ductile connection.

The main difference of these connection detail is deformation of jointed area.

_|X_



3) PC frame system using hollowed PC columns

The objective of this research is to develop the PC frame system using hollowed PC
columns as an innovated system to improve the workability and structural capacity of PC
system. The necessity of this research is based on the need of use of PC system in the
manner of construction to overcome the problem caused by the lack of labor and low
quality of engineers as well as especially on need of the improvement of workability and
structural capacity. Also, to develop the improved system has been increasing due to the
strengthened earthquake design code caused by the increase of seismic risk.

Analytical research about the behavior of PC columns and frame system with those was
performed to analyze the response of building with hollowed PC columns as vertical
elements. And an experiment was conducted to find tensile capacity of mechanical
connection to connect PC elements each other. The compressive capacity of hollowed PC
columns with various hollow size and reinforcement details was studied through
experimental and analytical approach. From the research works, the behavior of hollowed
PC column was verified corresponding to the construction procedure. Eventually, the
design process was established to construct and design the building using hollowed PC

column.

4) Prestressing loss of strands due to steam curing

When a tendon is subjected to high temperature during the steam curing process for the
precast prestressed member, the loss of prestressing force occurs. The magnitude of its
loss amounts to 5 to 19% of the initial prestressing force and thus can not be ignored in
design. Although its loss was specified in some European codes, their predictions show
inconsistent results. No provision is provided in domestic structural codes. In this study,
experimental and theoretical investigations were conducted in order to identify the amount
of prestress loss and the parameters affecting the prestress loss. A theoretical model was
also developed to predict prestress loss during the steam curing. Its accuracy was validated
by the comparison with the experimental results. Using the developed model and
experimental resutls, a practical formula predicting the prestress loss was developded for
engineers in practice and proposed for new code provision of the domestic codes.

In this study, both experiments and theoretical development of a model were performed.
Experiments were: 1) pull-out test on prestressing strand at different equivalent ages in
the condition of steam curing; and 2) re-tensioning tests on prismatic concrete member
pretensioned with the strand. Based on the pull-out test results, empirical bond-slip model
was developed. The remained prestress force was measured from the re-tensioning tests.
The test results were used to validate the developed model and to identify the effects of
different parameters on the prestress loss during the steam curing such as approximate
increase in loss with respect to the maximum temperature during steam curing but the
indifference of concrete compressive strength and initial prestressing.

The theoretical model was developed by reflecting the empirical bond-slip relationships

between the strand and the concrete at elevated temperature during the steam curing. The



model predicted that about 2.7 to 6.8% of prestress loss can occur. Based on the
experimental results and parametric studies, a practical formula for the engineers in

practice was developed and proposed as a new code provision.

5) Performance standardization and design code development of PSC structure
using high-strength strands

First, this study performed uni-axial tensile tests to obtain data on the mechanical
performances of the high-strength strands. Test results performed by the manufacturer of
the strands were also collected. Collected data were used to standardize the mechanical
performances and to establish the mathematical modelling of the stress-strain curves. The
next step was the experiments on the performances of the prestressed members with the
high-strength strands. Both of post-tensioned member and pre-tensioned member were
considered in this study. The objective of the experiment on post-tensioned members was
to verify the flexural performances, which include flexural strength, maximum displacement,
crack pattern, crack spacing, crack width, failure mode, and yield of strand. On the other
hand, the experiment on pre-tensioned members pursued the verification of the bond
performances, which include transfer length and development length. The code provisions
relevant to the behavior of the test specimens were carefully reviewed in terms of the
suitability for the high-strengths strands. Together with the experiments, the necessity of

the revision to the current code provisions was explored with analytical investigations.

IV. Final Products of Research and Their Application

Three key achievements were reached in this study. First one is standardizing structural
performances of the newly developed high-performance material. It means the
standardization of not only the mechanical properties but the behavior of the material
embedded in concrete. Strands in concrete most frequently experienced tensile behavior.
The tensile behaviors of the strands were formulated in the mathematical form. Second one
1s developing design codes for the structures with the high—performance materials, which is
the most crucial achievement. A rational design code is required for designers to apply the
high-performance materials to the structures in a safe and economical way. The design
code provides a procedure to estimate the resistant capacity of the structure under a given
design situation and to determinate shape of design section, arrangement of structural
elements, and amount of materials. Designers can evaluate the risk and derive the optimal
shape and dimension of the design section by following the procedure of the design code
when using a new material. Last one is a design example on the developed design codes,

which was planned to promote the understanding of designers on the design codes.

V. Research Achievements and Theirs Impacts

The standardization of the mechanical properties and the mathematical modeling was
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finalized on the high-strength strands. They are valuable results for designs and analyses
of PSC structures. The standardization will promote the use of the high-strength strands
and it will help the manufacturers in Korea playing a leading role in the oversea market.
Using the high-strength strands reduces the required amount of tendons and it enables
economical design for PSC structures. The wuse of the high-strength strands in
collaboration with high-strength concrete can maximize the saving on the amount of the
materials. It means that the combination of the high-strength materials can achieve a long
and thin structure. The test results of this study can be a database for further research on
the high-strength strands. Designers are inclined to rely on personal experiences or apply
an excessive safety factor to the design section in case of no standards for the new
material. The developed design code will lead to a safe and economical use of the
high-strength strands.

In additions, using research achievements of this research, independent code requirements
can be suggested. Current code provisions strictly limit the performance of PC-connection
details, the same and higher performance of monolithic system. However, various
PC-connection can be resist severe earthquake using different way. Therefore, new design
code provisions should be needed and classification method was suggested as the first step
of independent PC design provision. Using revised code requirements PC can be used in
construction industry more conveniently without loss of materials which was shown in

conventional construction system.

VI. Utilization of Research Results

All the achievements including the developed design codes can be used for designs,
fabrications, and constructions of structures with the high-performance materials in no
time. The note on the developed design codes helps the better understanding of designers
on the new materials.

Achievement of this research is classification method for PC-connection details using
displacement contribution ratio. Using the achievement of this study, currently used and
newly developed PC-connection details can be more clearly evaluated. This classification
category and method can be used as the basis for revision of code provisions for PC.
Because the test which was carried out in this study include the high performance
materials such as high performance concrete and additional energy dissipation mechanism,
newly developed PC-connection details using high performance material can be evaluated
with the same way. Applying the suggested evaluation method, research about objective
performance level for PC system with quantified basis.

Also, the result which was achieved from this research will be able to be used as a
basic data to do further research of the frame system using hollowed PC columns and

modified dapped end PC slabs, and to make the specification for design and construction.
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(@) Front view of simple supported specimens
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¥ 1-2-2 23 E 8jg XA

Nominal | W/C

Unit weight(kg/m’)

strength | (%) W C S G SP
24 48 165 | 344 | 860 968 1.72
40 346 | 166 | 480 | 720 993 3.84

AAH 4

Type /,(MPa) &,(1) E,(GPa)

SD400 ®6 477 0.0024 197
SD400 D10 528 0.0029 180
SD400 D13 460 0.0024 186
SD400 D16 528 0.0028 190
SD400 D19 483 0.0027 177
SD400 D25 487 0.0026 188
Strand ®©12.7

(1860MPa) 1,773 0.0083 214

Ju(MPa) Predicted strength (kN-m) Test strength (kN-m) Test / Y
Specimen Toppin PC M M Failure M M Failure psqurgteﬁ (kNS.emW)ic (k,(lf.f;g)"
g cr u mode cr u mode
DMS-S-1 - 382 42 91 |Rib flexure | 12 58 End shear | 0.63 20 41
DMS-S-2 - 38.2 48 111 | Rib flexure | 15 73 End shear | 0.66 28 57
DMS-C-1| 25.2 | 445 10 86 |End flexure| 17 85 |End flexure| 1.00 33 67
DMS-C-2| 252 | 445 10 111 |End flexure| 15 104 |End flexure| 0.93 33 67
DMS-F | 29.2 | 450 24 116 |End flexure| 16 117 | End shear | 1.01 31 64
DHS-S-1 - 382 42 91 |Rib flexure | 19 90 | Rib flexure | 0.99 20 41
DHS-S-2 - 38.2 48 111 | Rib flexure | 30 113 | Rib flexure | 1.02 28 57
DHS-C-1| 252 | 445 10 79 |End flexure| 11 85 | End flexure| 1.08 33 67
DHS-C-2| 252 | 445 10 100 |End flexure| 16 98 | End flexure| 0.98 33 67
DHS-F | 29.2 | 450 24 105 |End flexure| 14 116 | End shear | 1.11 31 64
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o Adddg 2 4

(1) AgA S-1, S-2
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(2) A&A C-1, C-2
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(3) AdA F
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(7}) J. C. Saemann and George W. Washa (1964)
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(1}) Robert E. Loov and Anil K. Patnaik (1994)
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(c) Beam section with Thin web



(t}) Lowrence F. Kahn and Adam Slapkus (2004)

Kahn#} Slapkus[1-7]3%= 2% 1-3-4 ¢} o] n7 % ZAZES AL-E3 T4
B Acte] tha] A3 TE Loov(1994)9F 7o) =2 M e 3} 7
6719 deAA B ARS sl AA, oo dF E=Eus

Bridge Deck® AA =1 =t FFdd=Hd st ds) AA 7]Fo] old nHE ZAE
el obddx] HESIA T ek Ak v Push-off test 2 ¥H(Kahn, 2004)¢} B uLsho] 2 &)
Hol wE(Beam test & Push-off test) Al Aekg-3 wWslo] ojs] Ao R ko)

&H-oll 50.2MPao] B E A A = E-':r TR g3 7F BAYEA AL ol 77.8MPac] ERE
d A= s g ofdel 5 fuk vt @Aysgd el 77.8MPacl B A A A
= A ZAYETF hAsEA J’]""]F"]M—L— =3 et AHY AW £H2 0.08mm= & ol
7o) WA sk A] eFgkrl. 1ol wRaf Aol 50.2MPac] BREE AAAE £ 9ol 0.25mm (FE A

st ARez ool A7AA FRAvTI el § sFo] FasA
APz AA 7] =245 Hlus R A, AASHTO Standard, AASHTO LRFD, ACI[2] =+F <t
2 o2& $93 Push-off test A7bE Ao AR FA et o] d AT A5} o]
DAes 2Hawn, AReAAs SRR AnATY Wb opig mans AP
J9e AL Aow ek

o

B
o o w
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o
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150

(@) Typical T-beam cross section

79 450 1 - 400 _

2850 79

(b) Reinforcement arrangement for test specimen

a9 1-3-4 AgA 4 (Loov et al.)
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(2}) Anna Halicka (2011)
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F1-3-1 A9 ¥ ¥ ZHES ddde Rlal(FF 7t AdA)
S | | Sqgien | g L | 4 B S | | o |
-ment n nh
1 A 203 | 239 | 72 | 3.31 - - -
2 B 235 | 277 | 114 | 2.42 - - -
3 2.5 C 1.31 a 203 | 239 | 100 | 2.38 | 124 | 300 | 2.43
4 D 203 | 239 | 90 | 265 | 124 | 270 | 2.18
5 E 235 | 277 | 90 | 3.07 | 124 | 270 | 2.18
6 A 304 | 224 | 72 | 3.10 - - -
7 B 458 | 337 | 114 | 2.95 - - -
8 4.0 C 2.87 b 304 | 224 | 100 | 2.23 | 198 | 480 | 2.43
9 D 304 | 224 | 90 | 248 | 198 | 431 | 2.18
10 E 458 | 337 | 90 | 3.73 | 198 | 431 | 2.18
11 A 221 | 163 | 72 | 225 - - -
12 B 262 | 193 | 114 | 1.69 - - -
13 C 221 | 163 | 100 | 1.62 | 198 | 480 | 2.43
4.0 1.75 ¢
14 D 247 | 181 | 90 | 2.01 | 198 | 431 | 2.18
15 E 304 | 224 | 90 | 248 | 198 | 431 | 2.18
16 F 221 | 163 | 110 | 1.48 | 198 | 245 | 1.24
17 A 203 | 149 | 72 | 2.07 - - -
18 B 235 | 173 | 114 | 1.52 - - -
19 C 203 | 149 | 100 | 1.49 | 198 | 480 | 2.43
4.0 1.31 d
20 D 203 | 149 | 90 | 1.65 | 198 | 431 | 2.18
21 E 235 | 173 | 90 | 1.92 | 198 | 431 | 2.18
22 F 203 | 149 | 110 | 1.36 | 198 | 245 | 1.24
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() AgA A 2 A=t
ARe T F A AAA FAHAT 124 AP AFA 7~120] dfste] A EL oM,
) | YeEtUA (BEdn Zx) ol X
o} Was] AFstr] fstel APA 1~6, APA 13~22¢] wiste] 22k 43S FF3sA ).
A A o] G A7]= 260mm x 400mm olw, X H7F &= dole A7 7hb| 7 259
AgA el A9 2,100mmol i AR 7F 4090 2FAe A4S 3,120mme] T 4|
o] }HE Y& AAH FH=E 3B0mm F+E 450mmE AFA ALY, ELe 3 EBF7] 50mmE 1L
of 29 1-3-7oA 9} o] Hn|7F 1.31%<] agt dol X 3D225, E¥)7F 1.75%20 bel
AD22E 1oz wixlatg . Hn7F 2.87%9] colA = 5D25E 2¢ko 2 ui X3kl Tk

N

—

-
229 AF 1

BE AYAE 3 2% Aol A9 W wAsEs At X 1-3-1e AdA e
FFEG AVZEE dehla dok AEA BASA)A mE AvA(V,)d 9 £5 2
SV WY,/ V)7 15010 HEs Al 8 38 Ao Austasl wytEs
sk 714 4 ARAR(V)e AUFE Qs 3D Agstel Adagn Bgw
W maee FEE wAdud SAY FEYES A8Ee

BYUAHE C~F)e] 29 AAAAZL 97 WFe] FAATRAE BAFHI] Aol
5w P Azt $AY sl elvh ZaE HA71EKC 2007) 1732 [1-3]e]
A et g 4% 58 AuPgEE G 2ol 49 @t

E 1312 FAFFAVLE(V,)h FARBYEA 2Ase] Add FRAR(T,)S
st vk oA, V=S4 AugEd s syddeen ¥ 2ades 37

AAA= 3Ll 2A A HAgAv APA BE A €S 60MPa ZAEES ERASHAL
SN E st e, 4 42 dAE 60MPa ZAZE $]9] 24MPa ZAEE LSS
AR ol = & E] Aol X 60MPa ZAYEE ERASHATE 18al AT o A
F= =ol7] Hal skl BAdE ZaETVE Aol o F =FEIHE ol&ste] iWe
°f 6mm Zol= AMA s AFAE AHE sAAE APA S} B2 0l B, FA
St
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() A= A=

ZagEe] wge F 1-3-20] bt mpel ga AE
7} AFEE AT -GS 24MPast 60MPa F 7HA FF<9 ZAYEES A}
FAAE KS F 2403 7152 w2k 100mm x 200mm=z | 2+&
KS F 2405 71+& wet 45 2= A9e sk 3A A 29 7
LERL T

wel F AT ¥ 1-3-33 o] SD500 D22, SD600 D22, SD600 D255 A}-&&kqich.

of 7IAIA AAE Hrtsty] 918 KS B 08019 &A% AFAIA 4ol wel A/gHES A%
393 KS B 0802¢ wel Al@-s Atk ARESE Ao 7 AA 54 E 1-3-30] UE
W ovkel 231 SDE00 H e 19 1-3-107F 72| offset methodE ©]&3Fo] &3 !
c}.

¥ 1-3-2 238 E g AA

) Nominal WwW/C Unit weight(kg/m’)
Specimen No.
strength (%) W C S G SP
Specimen 24 43 150 349 925 974 0.0
7~12 60 316 168 531 720 897 5.3
Specimen 24 48 165 344 860 968 1.72
1~6, 13~22 60 29 180 620 625 935 8.06

¥ 1-3-3 #9 7148 AA

Type /,(MPa) e, (1) E,(GPa)
SD500 D22 555 2,968 187
SD600 D22 730 3,842 190
SD600 D25 735 3,675 200
SD 600 D22
900
800
Y
600

[ )
/7

400
0,
300 / O.Zéoffset
200
w
0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016
Strain

19 1-3-10 SD 6008 9] 357 (Offset method)

Stress




(2) 23 A7
(7h) st WS A
@ A 1~5

ARA 1~55 F ZA07F 1.31%0] 2 A v = 259 AdA= 1 dx= 19 1-3-11,
129} 3 1-3-4°] YERTh BE A@Ae] dasty] dAS AuEd, AR Tdo] B A
Al sl o] Bl S o] AGstisl Aol 7ol XA AT srEHo g AALL HEH o
2 g9 FEdet. FyA F Ao A M ELS 2050peo 2 & ekl (2,050pe <3,842
ne)

KCI-20129} ACI318-11 7]Foll A= ARl el A7) 7 3438 2718 & gy7)%
aEsta gtk mepA Ad AEe a9 1-3-113% 2ol AFom ARG wdo] A AW
o2 Aot T Moz FASAT HAFAAE dukdo] 60MPadl AHA 2 (269kN)

g5 3/80] 24MPac] il s 5/87F 60MPagl A& A 3 (251kN)> et o] 24MPadl A3 A
1 (217kN) > AE 5/87F 24MPaol il & 3/80] 60MPasl A& A 4 (214kN) > A4 3/89]
60MPao] 3L a4 5/87F 24MPa%l A A 5 (199kN) =0 2 EpyE

Az @Rz Fes AL FEZE(f ) AGdE7 Bl Fe Bila A2
of BHdE ZAYE FETt AR wd Aol JFS mA (A@AH wa/EA A AT
150mmE &=d, s 150mmE A, T4 100mmE dE=ZE HsAT) g2 60MPar}

I e E
E

’

=

EldE A 233 3Hoe] dlHe 24MPa” AEA 1A, 44, SHET A Ve
TS AN wE o]Fo AT EY 24 FFS Wtk 5ol 60MParl EREEH
AEA 2H Y 3HS ARG T o] T 6} AL S7He sEAA, k=il 24MPart E}

450
® Daagonal Cracking 2

400

350

300
E 250
E 200
3

150

FrE PR
100 a/a=2.5 I | [ SDe00-3D22
50 I I
L) )
L+]
1] 15 Z0

10
Center deflection{mmi)

28pa | |24Mpa | |E0Mpa

Z4Mpa | |6OMpa| |60Mpa| [60Mpa| |29Mpa

1 2 3 4 5

1 1-3-11 sk WHe #A (B2EA 1~5)
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® 1-3-4 AdAHRE} o5 g vl (AFA 1~5)
f a(MPa) f v KCI predicted(kN) Vieu Viou
Specimen cff c Vv v
24MPa | 60MPa | (MPa) | (kN,) cl @ Va Ve
(General) (Detailed)
1 26.6 - 26.6 109 76 93 1.43 1.16
2 - 55.4 55.4 135 110 126 1.23 1.07
3 26.6 554 44.6 126 98 115 1.28 1.09
4 26.6 554 374 107 90 107 1.19 1
5 26.6 57.5 382 100 91 108 1.09 0.92
Specimen 1 (section &) | |
=
[
= P I R
R = .
Specdmen 2 (zction B) ! |
L . i m
= .I\H
P L L
- ] |
== =
Specimen 3 (Sscton 0 EE\L:\
T+
R R
E LY
Specimen 4 (Ssction T) % l
I
=
Jo L 3] ™
~=F 1t [ It | —
==
Specimen 5 (Sedion E) ! !
"] R [ IE
AT
Er"
a9 1-3-12 HE 9y 7 o (AFEA 1~H)
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@ AgA 6~10

AHA 6~10 ADAFH 400 F AIHE 287% A A¥A2 Axe a7 1-3-13,
149} 3 1-3-50 YeERHlth 2E AFAE Ao wWeolA] A1 a3 A4 AL vt
At g Al B "o A B 1,788ue o & ek okt (1,788ue < 3,675u¢)

AdAAE old A vzEA duAuE FAYE FeE AN FEZZ=( )9 A
GF=7E v S BT Adgdys Cdddoe] 60MPadl AEA 7 (313kN) > AR
3/80] 24MPa°]al &5 5/87F 60MPasl ¥ A 8 (300kN)> o] 24MPasl AdA 1
(259kN) > Zg% 3/89] 60MPaclal sk 5/87F 24MPa?l A3 10 (254kN) > 5 5/87F
24MPac] i1 &} 3/80] 60MPa%l A& A 9 (245kN)’ =22 UERSET

Ak o] 24MPagl A3 A 63 ¢=hel 9B 7F 24MPacl i &7 60MPagl A3 A 99
e 747 250kNT 245kN o2 1) Za8E #E Aol % BIsti AFAREE 03]
Aol 24MPa?l AdAAZ © AA JEgn AL AR vEstrr. =3 vt
60MPacl i 2o} AF7F 24MPadl A EA 109 FEE 254kNo g2 ¢EFde 4=rt Z7F
stHA AAE Tt AIRE AP EE APA 63 v =stdth Fetd, sh-eF el g
Ay ZAYE v BRI S FAAT dagel= F JFS 74 EIdrt
glBo] 60MPal EFEE AdA 73 8o thE AYAE Hr} oF 20% T AdHS VEd A
S BH, Auge AR GR FZAgE FrRtE B Z2AYE Zrd 2 9IS we A
< o F 9l

8
z -6
="
-
0 g
[=]
—

P2 P2

[} ~ SD600-5025

5 10 15 20
Center deflection{mm)

24Mpa| |24Mpa 60M pa

24Mpa| [60Mpa| |60Mpa| |60Mpa| |24Mpa

& ¥ il 9 10

% 1-3-13 sks Wl ¥A (HEA 6~10)
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# 1-3-5 dgdzet o= g mla (A 6~10)

' f a(MPa) f . v KCI predicted(kN) Vieu Viou
Specimen € ¢ % %
24MPa | 60MPa | (MPa) | (kN,) 1 2 Va Ve
(General) (Detailed)
6 249 - 249 130 73 102 1.77 1.27
7 - 532 532 157 107 135 1.46 1.16
8 249 532 42.6 150 96 124 1.56 1.21
9 24.9 532 355 123 88 116 14 1.06
10 249 55.3 36.2 127 89 117 1.43 1.09
Specimen 6 {Section A) | E‘la
—
—
; : i
Cle 10 07 031 118011 —
=z B
- - Lo
Specimen 7 (Section B) = ER _
)

=
Y

Specimen 8 {Section C) | |
== ﬁx
d A f o . o e r_f
J 0 {11 T PIE T 31T I A== [
== B
Specimen 9 (Section D) | |
e M
i FE T T L
. ==
Specimen 10 (Section E) % %
L [
o
) r y 1 \C’"‘-- __‘\-_\
T RUIC [F X84 T T
== ==y

a9 1-3-14 FF 9y 7€ FF (ZEA 6~10)
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@ AdA 11~16

AP 11~16= A7) 4000 F 230 E 1.75% A3 AdAz2 das a9 1-3-15,
163} 3£ 1-3-6 Yeblith. ZE AP A= APA6~103F 2ol Ao AfolA ARt 3
A A7 By S A] o H2e] Hd HYELS 1879uel® FqHEA ghokrh
(1,8791 < 2,968u¢)

A A= o)d APE A 2 A4S v Ad A= A 3/80] 24MPaclal
B 5/87F 60MPag! A& A 13 (270kN) > A5 1/8°] 24MPac]al 34 7/8°] 60MPag! 4 ¢ A
16 (245kN) > 243 3/89] 60MPa°]al s} 5/87F 24MPagl A &A] 15 (214kN) > &% 5/87}
24MPao] L a5 3/80] 60MPa¢l 23 A 14 (203kN) > dvkwo] 60MPasl A3 A 12 (202kN)
> Hekdo] 24MPasl A3 A 11 (185kN) >’ <o & vbepwtoh

AgtH o] 24MPagl A& A 113 ko] 60MPasl A3 A 129 %= z+2zF 185kN, 202kN
o8 FAYE ko] wE Fx zpo|rt Ao WA gkokth ®e A= M F o=
AqAE A 125 G=ti7t 24MPacl L ¢l B9k <147 60MPagl 2 & A 1337 AE 1/89]
24MPac] 3 a4 7/80] 60MPagl AHA 16Kt A =7E 247 25%, 18% 2okl Ao
F=th7 60MPacl il B9} <1tk 24MPagl A& A 158t 24 et

A A 129] ode)e] Ans AElsty] s A AR owirr B AFA 127 gs) F
7} AFstgitr. 1 A3 225kNoZ ) v o]l =77t 12% (260mm — 290mm) Z7FshH A A

FEE 119% (202 — 225kN) S7betadch AgA 12'9 Axs B AdA 127F w4 sick

3
= AL s,

jud)

450

400
350

300
£ 50 E:‘_,a"
Ezm} lfj ~2 12

150 == . 14

100 g aa=4.0 PfE Ff ~ SD500-4022

50 II___

1]

L

O 5 10 15 20
Center Deflection{mm)

24Mpa | [24Mpa 60Mpa

24Mpa &0Mpa 60Mpa a0Mpa 24Mpa &0 pa
11 12 iz 14 15 16

1% 1-3-15 sk Wl ¥A (HEA 11~16)
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3% 1-3-6 Ad4AHe} o= gk v (AgA 11~16)
' f a(MPa) feff v KCI predicted(kN) Vieu Viou
Specimen v %
24MPa | 60MPa | (MPa) | (kN,) 1 2 Va Ve
(General) (Detailed)
11 20.8 - 20.8 93 67 84 1.38 1.1
12 - 63.2 63.2 101 117 132 0.86 0.77
13 21.9 59 45.1 135 99 114 1.37 1.18
14 22.6 53.3 34.1 102 86 102 1.18 0.99
15 22.6 51.5 33.4 107 85 101 1.26 1.06
16 21.9 59 54.4 123 109 124 1.13 0.99
Specimen 11 (Section A) ) |
I=az] EE\*‘
. -
i\
7 o \ ‘?I'W'I'\h
= ==
Specimen 12 (Section B) |
AT n
- | =]
1 Hr =TT p
==} ==
Specimen 13 (Section C) |
I'r Ir § {
i all Tl 1
1=
Specimen 14 (Section D) | |
A
[ A
A i [ F 10 i [r—
} l
Speamen 15 (Section E) =5
{ I _‘-‘r\
[ ImEN [




@ HAPA 17~22
AAA 17~222 AR 400 HIHE 131%= AHES AdA=z A= 29

h 84

1-317, 185} % 1-3-70] etk e AdAs Adageld Aed #ds g4 345
7F @At g Al EH de] Ho HEEL 1,90pel 2 FqESA Ul (1,990pe <
3,842u¢)

23L& 183~215kN Apolo A s on, ZAYE Frztoldm Esta APA H=Z
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Lot (s
|| 24Mpa |2| | 24Mpa ||| 60Mpa
o
24Mpa 60Mpa 60Mpa 60Mpa 24Mpa
A B C D E
a9 1-3-30 @ 34 A~E
¥ 1-3-8 A3 W 2 wHES AuPE nu(F R AFA)

. Longitudinal Shear V v,
Specimen S%Ctlgn anglet;?rrlent reinforcement reinforcement a/d M" Vm V;l - I/;Th V;w :
» & (ratio) (ratio) (kN-m) | (kN) (kN) V, (kN) | (kN) Vin

SRI A 235 276 286 1.48 - - -
SR2 B 283 333 228 1.46 . - -
SR3 C a (‘1“%20/%) 1)(})03@;;0147)0 25 235 276 215 1.29 569 641 113
SR4 D 235 276 204 1.35 569 611 1.07
SRS E 283 333 204 1.63 569 611 1.07
SR6 A 299 220 158 1.39 - - -
SR7 B 430 316 200 1.58 - - -
SRS C b (3‘?7%/50) 1)((1)03@29%0 40 299 220 186 1.18 842 890 1.06
SR9 D 299 220 176 1.25 842 841 1.00
SR10 E 430 316 176 1.80 842 841 1.00
SR11 A 207 152 7 211 - - -
SRI2 B 241 177 114 1.55 . - -
SR13 C ¢ (‘1“%%/%) 1)((1)01%)5)0 40 207 152 100 1.51 740 430 0.65
SR14 D 207 152 90 1.68 740 41 0.58
SRI15 E 241 177 90 1.96 740 431 0.58
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() AFA AA

A= F Aol vy AFsta Adstded APA 1~102 13 A3 A o
15+ 22 AdAlolnt. e ARdAS ¢ Ar]= 260mm x 400mm ©]™, A3
GAZE 7 2580 AFA Y A 2100mme] 2 AEAZE 7 408 AEA Y A 3,120mmeo]
o "] A Aol grRE 98 AAFH FHE 3B/0mm F= 450mmES A AT AT T
E 5 50mmE L ste] 19 1-3-290 4 ¢ o] AW 7 1.75%2 ag} coll A= 4D22E 1
o2 wjA|ER L HH]|7F 2.87%%) bl A= 5D25E 2T o2 v XA
RE AFAE 3 g5 do A gHrr dASEE AASATE 1 1-3-82 A A 9
Tof AdAEs et v AFA @4 (M) mE AdH(V o e +4 A

4%
FYS)A A/ VE 150080l AR AAHA 3 U ) dshah eSS
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gt g SAR FEBEE Agagn
“?ﬂﬂ] 1~ 104 ﬂﬂ%ﬁi% HA L 170mm=E AddE o] FAdGHo| A3 = 7] "
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ZF A = Qs AAIEE T vhE, AEA 11~159] dgE T HA L2 450mm=E A A
2S5 A & Je HUE d2070mm)E Zdetr] wEd deE o] o ddHe =
A&stA R 2 Aol A3t g

¥ 1382 FAFFAGHE(V,)9 FAAGE R A AME 3 Ad(V,)S
ulasta oleh o714, Vi, i 19 1-3-313 o] ezl 0] AgelA mulEsl Ao
gobe Aol WAHE F3 Audon muest AU Fgets Gwdd muEd)
ols] WAstE dFE(CHoz +& F o dFue Zol= AZEA A (F=Fde] Zelrt
2o Bbdd W AAss A9, e P9, 4 AP s 5 At AuAs FHA
AL VS O/ 2vn & F QAT AuAe A9E Vb Gutk 2] g 45
o Zolst #¥ eHE W FHolsheld Astolol ©rh E 1-3-89 tehd st ol
Vi Vo 36 058~1.130. 24 o] AgAelr FhAGH7 BAetA] S Aolgtxn
of| & =] Al ot
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B
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Ca=i Cased Cased
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Qo A A% FAAHIY 1-3-32. A e AolA Agle] By A

Yol £ 5 0MPa ZALUES BAsL 2GS dglom, B4 de

zadee] ANe LEREHA FFALES @ 9 24MPa ZAYES S A @

= W Bl Aol X% 60MPa Zae = BAstglth Telan FHAvee] A kol
H 2adEst Gl olfd ¥ FeIE o gste] ¥

2 AL A GEFE ABE FAAE ABAE 2 =AM B, St

1) ASd < 12) 172 (8 0MPa) ﬁEJ-‘H“’i’“"-ﬂi‘l

(4) 27beld (24MPa)  (B) TAA AF 18) =714

a9 1-3-32 IR AR AFA AZ A
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() A=EFE

Zazes wge % 1-3-99 vebd npe} a2
7} AFEEY. FAAE 24MPast 60MPa F 7FA] FR79 ZAYEESE A}
FAA= KS F 2403 71+S wgl 100mm x 200mmz A 2std . FAAS F=gz 3704
KS F 2405 71#& Wt b5 4% AFS sk TAA AdS A3 dol sty 3718 53
alo] W gs A}B—o}aiﬂ 134E FANAGES] F HF S 60MPas 61.7MPac] il 24MPa
209MPaz e 221499 749 60MPai= 54.5MPacl 1 24MPat 24.8MPa#Z U ERG:
Aeve Ad Y FAA AE#S AFESER A ‘4218

E
A GA A Adgasel g e
2

Hol F ATe a7 1-3-299F o] SD300 D10, SD400 D10, SD500 D22, SD600 D25% A}
gatdeh Ao NAH 4AS Frhelr] g8l KS B 08019 F4 A5 AFAE Al el
NEAE AASAT KS B 080201 met AR e ATk ALEE de) M)A 54 B

o

F31 SD600 e W Eslk s o] ¢l7] wFo offset methodE 9]

F 1-3-9 2a9E wig ZA (FEA 2AA)

. Nominal W/C Unit weight(kg/m’)
Specimen No.
strength (%) W C S G sp
Specimen 24 43 150 349 925 974 0.0
SR1~5R10 60 316 168 531 720 897 53
Specimen 24 48 165 344 860 968 172
SR11~SR15 60 29 180 620 625 935 8.06

E1-3-10 Y 7AA A (R AA)
Type /., (MPa) e, (1) E,(GPa)
SD300 D10 340 1,847 184
SD400 D10 467 2,382 196
SD500 D22 555 2,968 187
SD600 D25 735 3,675 200
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(2) st=-We wA
(7F) SR1~SR5

SR1~SR6+= ATHL 7H4o] 170mmelal A4z 7F 2520 AdA= 1 Axes 19
1-3-33, 349t & 1-3-11°] ebich AVRE o] 24 FRTAYE FEE AHEaGT Ak
(V2 3-D3 ADA(Vy,4 3-202 =gtk 4dA F=E dwwo] 60MPagl SR2

(685kN) > AFF-o] 3/80] 60MPac]ir 3F5-¢] 5/87F 24MPa¢l SR5 (653kN) > AFi-e] 3/80]
24MPao] i 3F5-9] 5/87F 60MPa?l SR3 (600kN) > AF%-o] 5/87} 24MPac]il sk 3/89]
60MPa¢l SR4 (543kN) > A e o] 24MPa¢l SR1 (474kN)’'s=o &2 eyt

AFA ] AdAE= SRHE A9t giAZ dHAHE FEE Fdt FEZIAYELE
(fae) Sk HIEISEASL 58], SR2, SR59F #Zo] 45l 60MPas AHE3 4% & Add =5 o
Bt A3 A3 vla/EAA ol o S ZlolE ALtste] U AVIE SR e
st Y A= gt E Aelstlrt. gEiel 60MPas A& SRS hEdiol 24MPa, <17
ol 60MPags AF&3F SR3¥} SR4AETE Zh7f 9%<F 20% & AHd=E BAth FAFA F
A 7P A FEEAYE ZFEE /M SRoVF MY 2 ARAEE Jed 2es Jr7d
A A hsd FAYE A=rt AddA e AA 7ot AS dehdn Y 24
JE Axol wet 7] & vd AR ZolE BRYa, F ddolF A g5y 2AYE
of g&g Wwol tEuo] AT AMSH A 2 Y A EE YR

e AdAe AR oiygt AAdolME AolE BAn A A9 AR FEYSA
S(fg) e HESIE L kS del 60MPas AH&-gk A5 AA S7tstdh ddd e ole g 3
ZAgel vgstel Srtsldh oA HE FRAE A A AEE FEEARE Ax, 45U
FAYEAR, i FAe f Aol Srhskel wel Srkskd o

700

SR5 SR2 : Diagonal failure
600 SR3
500
SR4

—~400 SR1
£
2300

200 P/2 P/2

100

0
0 10 20 30 40

Deflection (mm)

24MPa 24MPa  60MPa

24MPa 60MPa 60MPa 60MPa  24MPa

SR1 SR2 SR3 SR4 SRS
19 1-3-33 ste-¥9 @A (SR1~SR5)
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#* 1-3-11 A2 e 4= g vlal (SR1 ~ SRb5)

f+(MPa) . KCI predicted(kN) - v
S . test test test
PEMEN® | 2ampa | 6oMPa | 7., (kN) v, v, Va Ve
SR1 20.6 - 20.6 237 200 252 1.18 0.94
SR2 63.8 63.8 343 251 301 1.36 1.14
SR3 20.6 59.1 44.7 300 232 282 1.29 1.06
SR4 21.3 63.8 372 272 223 274 1.22 0.99
SR5 22.6 51.5 33.4 327 218 270 1.49 1.21
SR1
24
SR2
60
SR3
24
o a1 A
SR4 l l
24 /
60 — <A 0 f Eﬁg
=
SR5 l l
°0 7 \
24 ///T ( ? >\\
So=

% 1-3-4 HAF 99 *d Y (SR1~SR5)
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(\}) SR6~SR10

SR6~SR102 Aebd: 7ol 170mmelx MYz 7E 409 ddAR o1 Ax=ad
1-3-35, 367+ % 1-3-120] debdith A== 'debwle] 60MPa?l SR7 (555kN) > <]
3/80] 60MPac] il 349 5/87F 24MPagl SR10 (504kN) > 49| 3/8¢] 24MPao]il &9
5/87F 60MPaql SR8 (437kN) > ZF%-¢ 587} 24MPaolil 3}4-°] 3/8¢] 60MPa<ql SR9
(386kN) ~ #ekie] 24MPa?l SR6 (380kN)'<=o.& vetgtt A@dAde Hagd 7t 259
];q Nzﬂzﬂg} H]—ﬁ—tz o]:/\]-g Eoﬂq_

dPA ] A9 Es HAE FEIIAUAEZE(f)ol WHsHL S57E 60MPa)l -5
AGAE7t 2A S7hskdth gE el 60MPas AH&eF SR10S 4 5A FolA FEZA
E Zr7 7 AkARE bl 24MPa, 17g ool 60MPag AF-&3F SR83} SR9W.T ZH7f
15%9F 31% &+ A9d=E vebdoh
dRAe AL hEd ZAE B vEsdn. dd
60MPa, 177} 24MPagl SR10& %7 7
90%°l M Zdol FA8 FastuA WA s dewo] 24MPasl SR63F ¢5thek 4l
Hﬂ 24MPa, 21747} 60MPagl SR9 Al 5":711'?451 2 AAE et HAiskeol M SR6
& A=7r aaetu A HAA R S Ha SRO= AR A sk vk s i
XJ_L i7E A JRAE FAel A= Tr;‘o:i'—ﬂaé dEd ZaE A=, aga BA
# Aol Frbetel wet ded=rt S7hsk sl

o] 60MPa%l SR7¥ St=ti7t
A8tek7E SR100] = th a5 2]

Jo &

Lo

700
: Diagonal failure
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SR7
500 SR10
= 400
2
= SR8
2 300
200 SR9
P/2 P/2 SR6
100
0
0 10 20 30 40

Deflection (mm)

24MPa 24MPa  60MPa

24MPa 60MPa 60MPa 60MPa  24MPa

SR6 SR7 SR8 SR9 SR10
19 1-3-35 ste-®¥9] ¥4 (SR6~SR10)
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=

1-3-12

EEEEDRE

7}

vl (SR6 ~ SRI10)

BA
Specimens f+(MPa) v KCI predicted(kN) v V.
24MPa | 60MPa | f,. (kN) v, v, Va Ve
SR6 22.6 22.6 190 167 196 1.14 0.97
SR7 533 533 278 205 232 1.36 1.20
SR8 22.6 533 41.8 219 192 220 1.14 0.99
SR9 22.6 53.3 34.1 193 183 211 1.05 0.91
SR10 22.6 51.5 334 252 182 211 1.38 1.20
SR6
SR7
SR8
»
) L ST 5 AN
SR9 | |
i
e Ly \
ottty 5\\ Ay
SR10 |

e

(102 )

% 1-3-36 HF 9 7 Y (SR6~SR10)
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(t}h) SR11~SR15
SR11~SR15% Aw#d+ 71Ao] 450mme] 3l A

iy

Y
Mooy
o A L
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2 RAEA T
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Aerd T 74 0] 450mmel A& A= AGH T 14 0] 170mmel o] A A A s A3
2 S B Edl7t 24MPa, 147 60MPa?l SR13¥ SR149] w7 =7F Z kol
60MPa%l SR12E T} ZA yElor SRI4E A93 BE AdAE Aeld F49 o
o2 A i ®MFo] 60%~296% S7Het & T =AUk 53], ¢F7F 60MPagl SR15
AR 7E F A5t 33% F7HE & 9ala] H Qo

ol
b
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U o]

JEREEE A ern A 2 Aedseh vsd e w4
7t A4E ZaE AFAY/F 14 E FIAYES] FAr dgde] ngdE F3EQ
FARD & A4 EE et o ¢g5do AXdE FAYER Q3] ¢Fd7t Zod
QGG 1= ZALER A3 7] F ddo] JAHAY] wEolth E U oJfFERE
gl Bl E WoAel EdHHoR Qo] AR o] @At del o) A Fa o
of BAE/Y FAZ RSl WaHA @A} ksl AudEst sk

700
P/2 P/2 : Ultimate load
600
500
= 400 Horizontal shear cracking
2 300 SR15
SR14
200
SR11
100
0
0 10 20 30 40

Deflection (mm)

24MPa 24MPa 60MPa

24MPa 60MPa 60MPa 60MPa 24MPa
SR11 SR12 SR13 SR14 SR15

19 1-3-37 ske-99] ¥4 (SR11~SR15)
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% 1-3-13 Ad 439 o= gk vlal (SRI1 ~ SRI5H)
Specimens f+(MPa) v KCI predicted(kN) v V.,
24MPa | 60MPa | f,, (kN) v, v, Va Ve
SR11 20.3 20.3 95 66 83 1.42 1.14
SR12 63.2 63.2 140 117 132 1.19 1.06
SR13 20.8 63.2 473 160 101 117 1.58 1.37
SR14 20.8 63.2 36.7 150 89 105 1.68 1.43
SR15 21.8 58 354 153 88 104 1.75 1.48
SR11
SR12
SR13
J ( \h
SR14 |
/—’ \%
SR15

|
) 7
L Zoi |

|
L)

RRRN

79 1-3-38 A% 99 w9
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24
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24

1) Initial flexural gracking (200kN) 1) Initial flexural cracking
HOEEEE
o Fo =
2) Flexural crack grogregss (300kN) 2) Flexural crack progress
/
GRS _
3) Initial diagonal cracking (400kN) 3) Initial diagonal cracking
4) Final stage (653kN) 4) Final stage

(a) SR5

(b) SR10
9 1-3-39 stw @A 4

24
60

(100kN) 1) Initial flexural cracking
(300kN) 2) Flexural crack progress
(504kN) 3) Initial diagonal cracking
(504kN) 4) Final stage

(c) SR13
2 ¢ (SR5, SR10, SR13)
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Vc (kN)
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(b) Shear span to depth ratio (a/d)
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170 450

(c) Spacing of shear reinforcement (mm)

2 1-3-40 A Weee]
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<Section A> <Section B>
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w/ stirrup 685 w/ stirrup
. 600 555 .
474 — w/o stirrup a s wy/o stirrup
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rd 380 = b
& b e ®, € 400 s
o .. b1 S/ 3130 .
- .. 8 3 e 279
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e, 200 ] 202
24MPa 100 60MPa
/ ; - ; ; ; ; ; 0
10 20 .30 40 50 0 10 20 30 40 50
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<Section C> <Section D>
700 m——m———————
R w/ stirrup w/ stirrup
- ) 600 )
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s 500 o
az PEY S _ .y .
; e Z 400 s
a— " 2 4 b 300
-y, 270,00 e 3 300 ._I' ' c
214 ¢ 2458%" 543
24MPa 200 24MPa
' 60MPa 100 / 60MPa
4 ' ' ' ' ' ' ' 0 4 4 '
10 20 30 40 50 0 10 20 30 40 50
Center deflection(mm) Center deflection(mm)
<Section E>
a. a/d=2.5, spacing=170
653 w/ stirrup
504 w/o stirrup
a b
3 P/2 P/2
c 306 b. a/d=4.0, spacing=170
199 254 214
60MPa
X P/2 P/2
24MPa c. a/d=4.0, spacing=450
10 20 30 40 50

Center deflection(mm)
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center hole jack, SAMJIN)¢} % 3 = (Hydraulic pumps)oll -2} tho]d Alo] A (Dial gauge) %
ox AN, AAMd FE 4L TT 2=AKCG-200kNA, TML)S AR&ate] A €hlake]
. ZaEd s @rjEAS SAS] A& Al dd A5l deo] wMEKSlip)E At
£.8 55%9F 10%E 1174 AFA = 22 Ft 13.1%9 9.7% ©7] &Ao] dAstdrt A Al
2530 ool AEs IS Ze|AEw S EHLE o] Y Fa dAAE okYY] wiE

of 4714 gk arelshA ekttt

- Transverse |1 4 V
ion| Longitudinal |, . m h
Specimens| S?_Ctlzn reinforcement %m Prestress| a/d M n Vm Vn _— I/nh th —

YPE | (@tio) | grear (ratio) kNm) | &N | kN) [P W | |V

n n

1-A A 217 223 70 3.18 - - -

1-B B 288 295 263 1.14 - - -

0.55f,,
1-C C 229 234 173 1.35 142 594 4.19
1-D D 226 232 114 2.04 142 390 275
3.0

2-A A 217 223 70 3.18 - - -

2-B B 288 295 263 1.14 - - -
2-C C 229 234 173 1.35 142 594 4.19
2-D D 226 232 114 2.04 142 390 2.75

6-012.7
S57%
3a | A | 078 217 167 70 2.39 - - -
3-B B 288 221 205 1.08 - - -
0.70f,,
3-C C 229 176 142 1.23 189 651 3.44
3-D D 226 174 101 1.73 189 460 243
4.0
4-A A 202 155 69 225 - - -
4-B B 1 241 2 1.1 - - -
2-D10 313 05 7
0,

4-C C (0.12%) 244 188 142 1.32 697 651 0.93
4-D D 244 188 100 1.87 697 459 0.66
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(th And=

A Aol = FALE 24MPa®t 60MPa F 7HA] €79 ZAYEES AL&3o % 1-4-2= &
A E] wEs vepdth 238 E FAAE KS F 2403 7158w 100mm x 200mm=z A 2}
3t FAAE AEE=z 3708 KS F 2405 715S we) o= 7s 23S sy ZAA4 AF

B g A TR AFAY B9 23MPast 57MPas WERRAL
27MPa$t 52MPaZS ebTh

FAML 1,860MPaw 12.7mm 74734 (SWPC 7BL)<S, 2 SD300 D103 SD400 D13=
ALESEATE A ZAIA AEES HrEsr] Y8 KS B 08019 E5A5 A" Al wek
AlFAs AAetRil KS B 08020 wet AldS AAlstArh ARSg Hto] VA 54
1-4-2°] bt vlel 2 a FAAdE 0.2% offset methodE ©]&3te] 5883} My ES Ao
AT (199 1-4-3).

5

_LL4

mlo 4
ol
ol

Nominal Unit weight(kg/nr’)
W/C (%)
strength wW C S G SP
24 494 162 328 869 979 35
60 29 180 620 625 935 8.06

E 1-4-3 A3} AN AAH 4

Type f,(MPa) e, (ue) E,(GPa)
12.7mm SWPC 7BL 1,854 8,829 210
SD300 D10 340 1,847 184
SD400 D13 480 2,400 200
2500
12.7mm SWPC 7BL
2000
& 1500
g
2
£ 1000
wv
500 SD400 D13
0
0 0.01 0.02 0.03 0.04 0.05

Strain(g)

Y 1-4-3 AN A Y WHE

4
o
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(2) 29 23

h 4384 1-A ~ 1-D

AEA 1-A~1-De= A 7H7F 300l 11 &) 0.55£,% AFA= HAddy= 14
1-4-4, 59 3% 1-4-4°] Yepdh @i B~De A+ PSCHAS AdAL © ( 2]
(4-D)& A& der7hi s 4D (y,, A(d-2)e=, i As d 247
ofFibA 3t A A(KCI 2012 7.3.1) 0.2 o 53kith

b

’

AEFAEE '1-B (54kN) > 1-C (392kN) > 1-D (358kN) > 1-A (200kN)'sso.= ZFe+ 1
Feol Zhelizl g A7le wldste] Srkekar 118 =9 ool wet f wd Aol dd
Fro & AbolE BATE 1ol Zheixl 1-B~1-D(250kN, 225kN, 225kN)e] & T E74 =+ 1
FES 7HeA 2 1-AM2kN)oll Hl8) SHl o] =LA yrEbt

EE AdAs AR dEd $A Adad v 2 1-A~1-C2 f T o] AR e
2 AStHA ARG wE Y7y BAE S, 1-DeE ] EMdE AWelA H dd &4 AL
AtE w7 ST she-we FAolA 1-De= F Hel AW &5 3 (Two peak points)
S Wol=d AT ER FHTEdo] A BASHEA shFo] 1ak® HAAEelar, FHdo] Tt
HHow depuA shgo] 23k g 5/ HE gy FH A

AAAQ B G2 1-4-52 ol d 779 RC AR AP A e Aol& HSth RC AFA

AR D3 A 9 Ere] FAubd v BASEIA R, PSC AFAE AR ddw st

=]

Borr
oy
e ro

oMol F-Aupy= WAsHH] gkl R, AR T RIS f1A)2 RC A
Ak AR ThEE A Al s IA T, PSC A @A A

juii)
_)&
o
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700
600 1-B
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~ 1-C
Z 400
= 1-D
o 300
1-A
200 24 24
100 24 60 60 60
A B C D
0
0 10 20 30 40 50

Center Displacement(mm)

a9 1-4-4 skl 3A (ZEA 1-A ~ 1-D)
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E 1-4-4 Adde A5 gk el (294 1-A ~ 1-D)
MPa KCI predicted(kN
Specimens e Vieat P . Vies View
24MPa | 60MPa | /. (kN) V. Vs Vo Ve
1-A 23 23 100 68 70 1.47 1.43
1-B - 57 57 272 262 257 1.04 1.06
1-C 23 57 44 196 172 269 1.14 0.73
1-D 23 57 36 179 113 219 1.58 0.82
a9 1-4-5 HF 9] 78 FF (2P8A 1-A ~ 1-D)
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(1) Flexural crack (42kN)

(1) Flexural crack (250kN)

24 r 1160
| ( ﬂ' !E‘ | ()
(2) Diagonal crack (150kN) (2) Flexural crack2 (350kN)
! | l |
2 BRI (LD
(3) Diagonal crack2 (190kN) (3) Diagonal crack (500kN)
1 1 I 1

(4) Final state (200kN)

1-A

(4) Final state (544kN)

1-B

a2 1-4-6 @ G dd AW Fd (ZAEA 1-A ~ 1-D)

(1) Flexural crack (225kN)

24
60

(2) Flexural crack2 (320kN)

(3) Diagonal crack (390kN)

(4) Final state (392kN)

1-C

paus =
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(1) Flexural crack (225kN)

24
60

(2) Diagonal crack (358kN, 8.14mm)

(3) Diagonal crack2 (358kN, 16.5mm)

(4) Final state (27mm)

1-D



(th AdA 2-A ~ 2-D

AFA 2-A~2-De AdA7m7E 30013 71 &¥o] 07, AdAR AFAANE 19
1-4-7, 83} 3% 1-4-50] Yepich Ad8745E  2-B (632kN) > 2-C (456kN) > 2-D (358kN) >
2-A (154kN)' =2 7185 o] 7hallxl @A A7) vl#ste] F7letaa 17348 &Y o fof u
g 3 wd A AT ZolE BATE 2-Ar 45kNel A, 2-C¥ 2-D& 266kNellA], 2-B
334kNell A 3 | WAL, 2-B~2-Do] 71148 1-B~1-DRU} 27% & 3oz 7173a}o]
Fid Are Add s =
g 1-4-8)2 1-A~1-D$} nv|5=38}

o
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=
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=
x
4
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2L 1l
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4
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o
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o
R
o

WAste] dowel action] 91 ABAF o] wop B 27e] 1-AnT 23% ke FEo|A A
il gz a7} A

9tk flmol 60MPazt BMIE Z$-(2 Bk ) F o] ARG #dR WA HAE v
7F WAl 3, 24MPaZl BEFEE A-(HE At D) 3 wE3 B glo] dlBoA HAAHow wt
AgE AR o) o) FHF vyt dAE T ©E DE B of Bl 7 edE AW
o] FAxo] BN AT AR dHo| wpE Aol ofst AW-S wel P AT WAy
At HAAGAZAAZ FHAGRAS & g, AlHAA Y wpEA o] FUFE I AlH A 2]
THIEo] JAF A AAHE7t F7FeE Aotk
700
2-B
600
500 2-C
= 400
=3
a 300 2-D
200 2-A 24 24
100 24 60 60 60
A B C D
0
0 10 20 30 40 50

Center Displacement(mm)

a9 1-4-7 st #A (AFA 2-A ~ 2-D)
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3E1-4-5 AdARe} o F g v (A@A 2-A ~ 2-D)
Specimens f+(MPa) v KCI predicted(kN) V., Vi,
24MPa | 60MPa | f,. (kN) v, v, Va Va
2-A 23 23 77 68 71 113 1.08
2B - 57 57 316 262 315 1.21 1.00
2C 23 57 44 228 172 339 133 0.67
2D 23 57 36 179 113 277 1.58 0.65

2-A

2-B

2-C

2-D

a9 1-4-8 HF 3] < FF (APA 2-A ~ 2-D)
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(th A¥A) 3-A ~ 3-D

A8 3-A~3-De AdA77E 40013 101 o] 07, AdAR A¥AdE 1
1-4-9, 103 ¥ 1-4-60°] ettt A== '3-B (428kN) > 3-C (284kN) > 3-D (278kN) >
3-A (144kN)’i°i 7o) bzl @A A Ar]el w#ste] Frbekdvh AdAE 7L Fots)
Atk 3-Ax 42kN, A& A 3-C3} 3-DE= 156kN, 3-B2
223kNell A 3 wtdo] WAsI L dA Bl 3-BE 2-Bol|l HI8) 32% FE7t Hasksd

HE o FH(LH 1-4-10)914 3-A¢t 3-Bo A HAYUSES Hlasi iy, 117l o5 4=
o] Actutz) AES WA Z L Ahde] 71742 e] 7hsi 3-Bi X2 A}OJ%} o] wAyst
Hets FAol 28she 5ol 3 E AAAHAR 3-AE gHA AR ddo] WA=
A AFA R G EAh 3-Co 3-D= 7HE A Fte] AR E A EQ4MPa)ol A T A s
A1 dtde]l dAvkA o] §lan mpge] REe FHAWS wel A Hoz HHsHA HAH
o= HHATh A 1, 29 A} vuEEH, AGAN s FrstaA 8 Fge] AA H
Aste] AT BT ARG ddy 73 A de] A4 dAsk

700
600
500
3-B
S 400
2
& 300 3-C
200 3-D T
100 3-A 24 60 60 60
A B C D
0
0 10 20 30 40 50

Center Displacement(mm)

a9 1-4-9 e dA (AEA 3-A ~ 3-D)

F 1-4-6 AAA8} o5 F vl (AFA 3-A ~ 3-D)

f(MPa) KCI predicted(kN)
. V;(, st I/test V;est
Specimens kN) v v

24M Pa GOM Pa fds‘,(% V:'l I/(JZ o @

3-A 23 - 23 72 68 69 1.06 1.04

3-B - 57 57 214 204 248 1.05 0.86

3-C 23 57 44 142 141 254 1.01 0.56
3-D 23 57 36 139 99 219 1.40 0.63
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3-A

3-B

3-C NN

vy ¥
3-D ——
[ A R A N B 4 ﬁ&

a9 1-4-10 A% 93 #9 P (AEA 3-A ~ 3-D)

(H) A¥A 4-A ~ 4D
AGA 4-A~4-DE HAa AFAA AT (s=450mm, 2] 4-8)S A-E3 S
A&, AAz = 4001 713 8L 0707 AFA 3-A~3-D (o]st AFA 3)
AAIE= a9 1-4-11, 129 & 1-4-7°] yebin AdA %
(382kN) > 4-D (366kN) > 4-A (199kN)'s=o.2 7132 o] 7hazl &
AL AFA 3o B3] 20~39% FE=7F STtk 27] A B wEe APA 39 553
AR, ARG o] A § o dvkETe] £ 9 A AgstuA HAd) etsat Hd W
7} S7bekdth
A% 9y FHTE 1-4-12)004 FAe Ao 935 Yehle ez, gAdde A4
AAEAAA (A 4-8)el 93] 3Dl A=A 2
TS AT Apolol A AR T HEH o2 WA
gto] ATdmrr AgA) 30 s S7kskiuh

2
-
o
&Y
g

[o

rE
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24 24
600
24 60 60 60 4-B

—_ 4-C
S 400
=
o 300 4-D

200

4-A
100
0 L L 1
0 10 20 30 40 50

Center Displacement(mm)
a9 1-4-11 sk e] 34 (284 4-A ~ 4-D)

¥ 1-4-7 A@A ek A= gk vl (A 4-A ~ 4-D)

f(MPa) KCI predicted(kN)
Specimens Viea Vs Via
24MPa | 60MPa | f,. (kN) v, v, Va Ve
4-A 27 - 23 100 73 75 1.37 1.33
4-B 52 52 257 203 232 1.27 1.11
4-C 27 52 43 191 143 245 1.34 0.78
4-D 27 52 36 183 103 194 1.78 0.94

a9 1-4-12 HF 9] 7D FE (BFA 4-A ~ 4-D)
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P(kN)

400

300

200

Vtest (kN)

100

400

300

200

Vtest (kN)

100

400

300

Viest (kN)
N
o
o

100

700
600
500
400
300
200

100

2/d=3.0
B
ﬁcg
D
| |
0.55 0.70

(a) Prestress at the jacking stage (f.)

0.70

(b) Shear span to depth ratio, a/d

a/d=4.0,  0.70f,,

_—-——=
‘sc/o
D

I
0 0.12
(c) Shear reinforcement ratio (%)

a9 1-4-13 A W] 9%

PSC (a/d=4.0, 0.70 ) PSC
RC (a/d=4.0, p=1.31%)
RC
B
C 24 60
D A B
24 24
60 60
C D

5 10 15 20 25 30 35

Center Displacement(mm)

1% 1-4-14 PSC9} RC A& Al9] Avzs na
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TP ~EY s ZAYE FA KB 77 ADAEE Frrsty] 98 Agdne dd vEAS
watth @l 71E2A(KCI 2012, ACI 318-11) o= PSCHA Y] A7t e ofib2 (2] 4-1)3 A4
(4 4-2)& AH&stitt
PSCH-Al= A 45 (Pre-compression)dl] 938l AT} E=7F S7FstA v, PSCH-A] o Bl
= CIPEAYEdE gF2o| A8stA] 7] wiid da7de Z7h7F dAshA etk mEA
FAFA] AGFE AGA FAE S gA A7t AR EE A HJ o Fakete rrt
S ARSI AadE Ak ARER A, ¥ 1-4-153 Zo] PSCHAE ZHiEdXA
ZAYE  FA  AdA=AH  4-Dem CIPFAl= HIZAHE FAY At
(V,=1/6/fb,d) 22 Atste] @ Fatstalth oS Zd3b= T4 1-4-159 4% &
°l E}E‘r ddom wAskdt. 42

>

A E**Oﬂ w}% T TP o]l Ak e Fe BE *‘fﬂxﬂd] & kd=ow F d=59%X
g PSCel g AnZE diHom vhe vl DIRRA 4, 8, 12, 1609 tsiAE= Adg o <5
o M7} 140~1.78% A HFHo|T} ol Awwo] thak PSCH-A H&o] wreE ol
Fgots ZYrEHs GEHHo] AWAE Trbel AA FodtE AL BojFrh W] g
o) oF Av: GAZAM A Holwrh wAWWY] A3 3BE AduE BF GAZOR
=3 A T FATH A BE HAZoR oZale] dHA EA SEH FU AFE
28 GAwdel ta guae A o2 wel @iy

60 60

<Shear strength of composite sections using simplified equation>

? a/a=3.0 a/ad=3.0 a/a=4.0 a/a=4.0
0.55 0.70 0.70 0.70
18 S=450mm
16
14
%12
QU
1
X
N 0.8
0.6
04 Eq. (1)
0.2 Eg. (2)
0

AAB C D A B C D A B C D A B C D
Section type
719 1-4-15 PSC R 9] AWHE o=
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o ARG BAE ZY2EH2 PCY CIP 4R AdAE

(1) 2&A 27

= AT A9 Fa NMeR e FAE} A4 FAES] WA, Adide 14, A
o A7 e an e Aee] A 134'8}913}(& 1-4-8)

D ZaEe] duAH= 27 1-4-169 2ol & 4l @dlel diste] anesisitt. W Aek B
= @4 9 CoF DO dEToRA il Ax 24MPa A% E ZAYES AMSE3la, ©i B
60MPa®] 17w FAES ARESHTh 94 Wl CoF D shitol ZH7F 58, 3/89] e &
AYE(BOMPa)E A& i aE PCFAS] zol7h Ad Frol mA= JFs &
ofELokT. 71A], PCHA el 60MPas AHES 21 Al5e] wAEstE vkt Zlo]al Rz} 4

<

T
% apel® =7 she] W ARE wEHF] el
2) Aol Aget g A/t AwAEe] mAE dRe Uolus] $is PCEA

T [e} =2
EOMPa)l 7134 A= (F, )] 5509 70% D432 (f)S Aaaksich. zekwlo] 24MPagl o
HAE dddS ARgetE dFEHd A B witel 1NAAHS 7hekA st
3) Adt Aitl(a/d)= 3090 AF-9F 409 A5 ndste] dd ARl mE s AYFI}

1A

4) Agk A 2b4L 200mm, 300mm, 450mmE AFg-ate] thksh At i zkzo] A1 i
7 ) HE AdA T nxE S dolr gt ACI 318 wEW, ZiE

}l_l‘

rd

1o

Y

= 0
LY

7+A-8 0.75h(=300mm) ©] 3L
T A ¢ Q. FEAG Ag vhse A

5 2

< 2 495 wEW 450mme]t}. &FJZ:EEHZ:E ZAYE FANA 2 4-87 24
2
&

(\)
(e}
%’
o~
i

N
¥

o

l afjoF o}brﬂ D109 Av A

(b A A L A=

1% 1-4-167 o] AgA vl =71 260mmx400mme] i A 7+ Zel= A
1 79 2350mm, 4.0%1 7% 3000mmeoltt. o 7|4, M Az oA Aol f& gEe] A
dol& nyste] FA| dolE 4ol PO 2R 27 650mm 7kt

AAde 2go® wiZstda, HiE FAE aEste] S Hqud Add AL A"E
S50mm= 3te] wjx|akdvh Hgh EvﬂéEﬂﬂ*i lste] A= A <l
=l 3709 SD300 D13 A& 19ro 2 witsle] 27]) AR 3 Fd 2y
AL SD300 D10S AF&-3kith.

3E 1-4-82 227 AEA diste] oS @ A= B
(M) =2atr] gl a7 Aad=E(v,)% 574 Ad A5(v,)e HE 105t 3A 3ol 3
e Edalr] ded de dy7b dojuEE stk o71A, 8 (M) = AA 7
T(KCI 2012)¢] 2 (59D AH&star Atd f Ads(a)el 733 A4 1F A= vro
8 AAE(v,)S ALt 9d CeF DO 74 Ad Ae(v,)S RCE 4 (3-1), ZE 2~
Efa® PCE 2 @-DE 47 Atste] akshes v F7PH S AFgakalth

A T A ] FEEtdE ZAYE 3 7 AT 3 E o 5eh] et 3 78 AgAd

(v, 78 ddE(y,,)S Artsidd 4 S
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A SE(pol H51H0,0)e Fote] Aatskdth. FRAdH (v, ) I T 3 A=
(V)8 "= #H 4 052004 o) 094= 3 A 93] o]l 4 At A& sttt

ARAE DA 2A AU WA, A J1FEe 7HeE ] 60MPa ZAYEES 1
A BRAskaL 7T~9A3F 27 S AASHT B 5 2443 A3 Fell e ddskslal
10do] ZA¥ste] PCHAS ZAYEHAE7}F 42MPadd W ZA3stel PC ¥4l Wl 24MPas] &%
B ZAYES 2% BHdslth o714, @ B ZAYES BAdstr] A 7ol AlA sk
6mme] AW FAS fate] PCH-Al xHel AAAE =E3HATH

a/d=3.0 %, a Pi’z Pf SD3}0-PI0 _-sp3co-p13

L1 L2 |L3 |L4 rs_quzvg R4| R3] R2 R1

650 975 400 975 650

300 D300-D10
a/d=30 -+  a } | SD309-D0  sp3co-p1s

L1 L2 FG-CD:I.ZAB R2 R1

—3 |_a, — |
650 975 400 975 650 |
3650 |
450 .
a/d=3.0 - sl . 1! 50302 P10 <p300-D13
I
L1 rs-mz.a R1
— I_al 1  —
650 | 575 400 | 975 650 |
3650 ]
. 450 $D300-D10
a/d=4.0 %0 . —a 3 1 X ~—SD300-D13
A
L1 L2 |‘--6_¢12_8 R2 R1
7 an —7T
650 | 1300 400 | 1300 T 650
: 4300
260 A B C D
o e =] o
3 a1 24| 2| 24
O
= 24 60 | o
.. ol 60 | 3 .
teel Y 60 (unit : mm)
a-a
9 1-4-16 E A9l 9 3 (3R PSC A4 H)
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3E 1-4-8 A3 ¥ 9 EuES duadE v (FR7 PSC A4 H)
.| Longitudinal M,
Speci- o.ngltudma Section | Prestress S Vm Vn Vm Vn h Vh v Vh v
reinforceme T " a’d ( ) (kN* % %
mens nt (ratio) ype orce mm m) (kN) (kN) n (kN) (kN) nh
1-A A 202 207 139 1.49 - - -
1-B B 055 283 290 240 1.21 - - -
3.0 200
1-C C f”“ 213 219 159 1.38 545 581 0.94
1-D D 206 211 148 1.43 507 581 0.87
2-A A 202 207 69 3.00 - - -
2-B B 055 283 290 171 1.70 - - -
3.0 450
2-C C fp“ 213 219 89 2.45 307 512 0.60
2-D D 206 211 78 2.70 268 512 0.52
3-B B 283 290 240 1.21 - - -
0.70
3-C C f 3.0 200 213 219 159 1.38 545 581 0.94
pu
3-D 6-@12.7 D 206 211 148 1.43 507 581 0.87
4-a | 0740 A 202 | 207 | 115 | 179 | - - -
4-B B 0.70 283 290 217 1.33 - - -
f 3.0 300
4-C C pu 213 219 136 1.61 466 540 0.86
4-D D 206 211 125 1.70 427 540 0.79
5-B B 283 290 171 1.70 - - -
0.70
5-C C f 3.0 450 213 219 89 2.45 307 512 0.60
pu
5-D D 206 211 78 2.70 268 512 0.52
6-A A 202 155 69 2.25 - - -
6-B B 0.70 283 217 136 1.60 - - -
f 4.0 450
6-C C pu 213 164 79 2.06 363 683 0.53
6-D D 206 158 78 2.02 358 683 0.52
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1-A 26 - 186 139 139 1.34 1.34
1-B - 55 343 240 305 1.43 1.12
1-C 26 55 245 159 279 1.54 0.89
1-D 26 55 212 148 219 1.43 0.97
2-A 26 - 132 69 69 1.91 1.91
2-B - 55 291 171 235 1.70 1.23
2-C 26 55 204 89 209 2.28 0.97
2-D 26 55 195 78 149 1.42 0.98
3-B - 52 341 240 348 1.21 0.83
3-C 26 52 243 159 296 1.38 0.74
3-D 26 52 178 148 226 1.43 0.93
4-A 26 - 138 115 115 1.20 1.20
4-B - 52 341 217 325 1.57 1.05
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4-D 26 52 211 125 203 1.69 1.04
5B - 55 325 171 279 1.90 1.20
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6-C 26 52 191 79 201 2.40 0.95
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- 109 -



1A

S

4 1-C, 2-C, D, 4-C, D °llA T4

2.36MPa, 2.250MPa, 2.59MPa,

22

ke
T

“ =
= 3

HE 1.03~1.3681 =LA LEFRth o

tol @& 7]Eo] HaL

J|

TS

2.36MPa, 2.84MPa® &3 = 7]5E2(2] 4-7)3} H

Aot o

=

Aol of

FATHE 1-4-9).

o5

Halika et al.[1-8]¢] A -ol|lAl=, AlHol

AR AASHTO

1.65MPa= 7}4

il

3 A%

&faL mf

Hol= Aol F

=
=

7]

6mm<] A

-
T

LRFDI[1-19]¢ A4

w249

4 e

o] =g

g

3

Qste] 2

Ay e ZE7} PSC A9

CIP &

s

IAcs

9|

- 110 -



lo] 239 E

°

ofr7] ¢

=

oF

*ro
=

[€)

drel Ad A
5o

1

%

4 Be] det AEel o

1
H

g ~E# 2 PC-CIP
0,

Ay

L RAS]

[¢]

Hpgro 2 pPSC

=

4) 2
Aol M=

e

ﬁ oo = r B W T ﬁ uru _Zﬂ X w|
x%ﬂﬂur mrE 55 ﬂ@o# B
— o X — 1z
Al T N = < W m o )
DM{WW _zi%%ﬁ oT_mMuo ,
N of — & X o w <
mnarﬁwm TR oo B T w0 =
‘muﬂ.*ﬂmx_ﬁuuro ﬂEo;ﬂjloqﬁr ]JIoE E#
B L SN T -
) . 41 ! ol
o B & ol wlu_.m ° oy <F 5 To n| ,_MM
X o o N < .MIJ. XY =
R 0 B oo o B D
R S ; r e
= b dy e e T wa 2
Mﬂ o)) r o ! He = m N i iy uﬂ
horm_wmﬁﬂwdw_ d|uﬂ.oo_i dﬂiiﬁ
n o X 5 2 T = O
—_— = ~ & Sy N od mr B ot
,O|VH7 7‘_H1/I1_ILH‘rI;l C,_ ey
O ﬂﬂAW% %Ms T
% B o= 20 op ) e T o =
ﬂbﬂ_/l]zﬁw i G R ww o 5o
— N 5 M o X T ow T =
= o M S o W E T o
=T og oo e e T Wy o R
S I T X% W oIk N 2T
N, BT — B ok T o}/ M
O XN g ~ T T ) 2o O ol
PMZ_WL . mwﬁmﬂ_@lEme MEEHL 7o
d%Moﬂumomﬂdl ﬂuej_/lﬂu7 oy B wjr
B7mﬁ%EuM oo T o= =
PEFoRE peghx m% o
o W z_u. ﬁﬁ%wamﬂ %40
—_ = —~
FTREg g wHPUgwy »U2F 2
"R TeEs DX Tmagw Xono =
TMETT e Foelmms TpI 2
T ™ e i AR
Tt s RET_TEE 4 o
X — T oE N o — LI
WANEBERg SOt FRF O
= 75 JJ > B — RN X T B
S o SO 0 o B X H 7 M )
DEXER LM T oT® T CX
BESwEY RO LN DT %
- ! = o O
Vel YIzs g =TI _%
Do o 8T oo m o s7T T &
T BN T W OR R OB R WA

A

3|

o
=

IRy

]

A
=

1

T

el

P e g el A

]

tad 28 & ®

O

=

tol A8 Ay (225MPa~2.84MPa)et &

°

|as) 2 Al 103~1.368 ZA vpebg) o

3wl o

- 111 -

1

o
H

Ha e R o o

=
o

]

(2] 4-7)ell A AA

=
RL

g 7



Gotrr] 9

9o
=

o

dre] AEA

1
H

0.

g ~Ed 2 PC-CIP

kA

A7

o] AellA =

2,

iz
i

ojn

e

g A7

g

Fe=
il

EE 3

=

=

A

(0.56MPa) 2.t} 3.4~4.34]

J

o
=

&

Faue] A E 5F ek

’

AAIRE

A

g 7s

-
T

A3 (1.88~2.42MPa)

A vEbst d3 7ol ddAdA7E 8l

5
=

Al
=

il
w
T
B

ﬁ
b

—_—

H] 0l & B

)

ok

rJ
0
T
ﬁo

&+

ox

17] Aol w

=

sttt 1gfal & B
pzs

=

tol A3 A3} (225MPa~2.84MPa)¢}t &

i Ay 1.03~1.364 =ZA vtk o

°

ste)z o7 o
2o R Hol At A 9o Ao A

Hd el o

kel

1
o

st

SRR
s

o

(2] 4-T)ell A AA

=z

(2] 4-T) R} Ha 20%017d A YERS T

@ 7]

W
e

B

)

—
file)

el
ol

- 112 -



J

3

=

=

I PC)
3}

oAM= olv] B

=

°©

3} CIP)

5

E 9]

&l <]

9

| o] e}

A

b

o

—
=

7}

L

=

[}

YN 2E Z38 E(Precast Concrete, ©|
A4
= F

&0 PC2} Cast-In-Place concrete (H3eld 3¢

A

2t
Ahgo]
A, ol A

oA A

%
0]
A

gAEE Z3YES HFEHA 229

wrh

Iz

o 2= 57
o] HFAFH

=
T

5 ZAAFEZ
7]

-

1

],

S

™M womg g AN dT WD N R T
m ™R AR Mo S o X .. B W a0 o
) 2 LA I iy ul ~ BN X
o meMe g _ % 7 E_ETm
T % Wmﬂufi% BN o W R
— X ol XA SN o X =
TE o meee PENEN- e TEEIT
ST w59 my.oE®E Zolgs
B ok X oF o ) X < NS o =
F onee® ariw¥wEdm NG
MM s o Ml\ o m__m ~ W_W N oy T o &e ML m| ol mﬂf
e Rt Tl mEapdE T WX
T Bop o W o ' R o N
TP Er ol B OLfERTD g ow P
N =T ¥ o)/ _ @) Ty N < ] "y
— T A To e 4 -
TN ey s sHRNR O A R
) )
TLERRoF B TgqlEd wd_ ae
sEIvzzr Tr_dubBl 2Ee73
e TN T2OET L LEk g
_ ~ by = =X 3s B = i) TN =
BoAR T <X 9 o o BT O4Lp T B T N
T T gy N 2R B < Mo
o)) v o X J N o = T
o g N oz < E[EOQEVQQ B W F ™ o
g N o = O e N R N o e |
. = IF —~ N T 0 N L H odo M s - o X
iy = Ha T s B - E ol &FT. moXO o = do -, gl
G N Ho ﬁ T do zm N M = B o = ﬁﬁ =
. FE o o N urmzlfegmuw AT o o
Dom w o > N Ju 7o nm‘_ A i) I S > 0 Mﬁ
o = = o T LT 2 S 3 m N =T
~ BT R R T ¢ T do T oz =) E o ® ~ %o of
No & o I et T % < 7o
il B > O — X SRy Q o T
— 0 — RO A= Jo 5} W e ¥ w 8 m PRI o
SR SERT L E Hred®ETL S 7 EWp
P Bz lTS EeWg. "5 g Sgpm
TEETETLy 2ETIEad TEETG
7o, @ R Ho N 8 S = (NS RPN (
T P X E SRR Y E 0 F D B O
Mo 2° 8 = T o =S Mo
X o b= oMo B Mo & RO L
f -~ R Q = T g AC i X :
RN B R e ERRETEL B2,
T g Rk 8 bR EL S Frr R
T wf T LN L8 T ~ T B OB

[}

-

SFRC detdel ARE-7F

- 113 -

21 Al
[¢]

s

ool we} 6mm 7]



o AdA AA

0.56/F,, &% LER % le

I8 T g 3%
SR g S o
v i)
L ® T
2o %
T g &
oI < ~ ° 9
RO O <
N B o -
~ A,_,u on of m
55" b
) o = o
: o T <r o
B w Mo
N w KX H 3
‘I,VI i 1% ﬂo S —
=
o ~ : B/ T 17_.0
< ) X
o]/ dlx)[u = L o ~ o M_M
ZT_ s = ™ E_ < _io
AP s~ 5 o I W wl
B o2 8 2moon T Tg
- = Ny + P e ol W = 0 oE
= o ~lo m T F Y Wz
jo” R Vil ﬂ_vl N L o
B K :1 < s X HL __f o N
B ~ 2 S x 7 N Y
o i =R o B =
T oo -~ ~o T =
o~ < No w N = I
ol A o KA
E-w ‘Aﬂl p— Nluﬂ ‘Mﬂ ;.OU 70
) ° E — <N o
~n B hS :L <FK
Nk < ™ T %o o
e = >
N N
o S ke g S
=) Viimo & 8 W
o 2 o T ol
L Wi 5 o5
w A T %50 T 7
TR N oy 5 ~ B
T Fo ) g A2 T
T B oo i

o o -y

}

)
pad

(5-4)
(5-5)
(5-6)

Fod

S

of i

&Fofof

S

2
ot

k<]
g

> 0.35b,5/f,,

2 (5600 weh 417
polojol

b,s

fy

- 114 -

°©

1

A

V;z,h,l = 056b1d
600mm ©]

et

(1.84+0.6p,f,)b,d < 3.5b,d

T

o] °F 6mm Zo|= A

Ay in =0.0625\/f

V;th
1

)
pud

AA g0 Ha Ao 4v),

oo,



N

=
1o

oF
il
.
e

Jo

7o
)
X

o)

o

0

ol

w

i

N

o)

1

0
yul

A1

=

=

14, 17= FA¢ER 60MPa

a8 1-5-19F 7o)

-

T

A
60MPa

ToR

7

il

)l

D] - 5/80 A=

]

AT E(24MPa)

3

o

A]

450mm FA o2 v X

o

=

< DI0 Stirrup

el

At

°

Epa
Folch v

°©

=

=

W2 a1y

o] g% 5/890 A4 EA E(60MPa)
o Ha AGAZAA (A 5-6)7F He g

il

5o

I

X

o HA(d/2=170mm) Btk 28] o] wA =

=)
=

o A

Y

ol

5] 9

e
Lol

450

450
60
24

SD500-3D25
SD400-D10

60
24

1360
1360

24

60
: Steel Fiber Reinforced Concrete

P2
P2
24
60

400
4020
400

- 115 -

P2
P2

60

450mm

1360
1360
24

1.72%
1.72% s

260

a/d=4.0, p
450
a/d=4.0, p
450



() AA AA 2L Az

AA el dHAT]= 260mm x 400mm o]™, A" & Aol 3120mme|th. ¥ He]
918 A% ol ¥ 450mm AAAZAL B Fe SD500 D5E 19o 2 37bet A sgth
%) AHET 1AL AL AGAAA 7IE(A 5-6)0 wEsta AXGA 9 E Hole 17
EZ Vo Atetdnh deE AFS $la Aol SDA00 DI13E wiA|skdvt. 2
F/E](Kosteel)oﬂf\i A &L= ‘?iE 22~ (Bundrex) A% 9= Aspect ratio(,/d,=30/0.5)+= 60
EE 1,336MPaclth. - AAv= d8) ACI318-11014 #AAIsteE FHA AAH]Q]

N

* 1-5- 1° 127H HAAES] dF 3 Aret oS +24 2 79 ddAdEE vepdth 2E A
A= F Ao =287 93 3 a7dd=E(y)S 74 Addds(v)re aA A s
3] oPgs A 1 A7t st e 5 AFsiginh. A7A, AR ZAYES AddE AL A3
7)ol A E o] AA] 7] witel] ARFEAE FA AGAEA (2] 5-1D)S AR A
de] FRAGAY TS 7t 24 E AL &g sty debE s HE (450mm) E A
ol A&etr] fg HAdl 1H4 d2070mm)E 17] wEel deE el ogh Wtk FAIEH

AFA Az oAl AA JFEAT AR AAde B2E WMIEE Aol A(Strain
A

guage)= F-2A1Z F 60MPa SFRCE 12 Bbdstar 7] FAskith. SFRC7F -l #1A]8l=
o B¢ F= 3 A2 A2 dH= ebdsilvh 2] B d Al v g S =ol7] fs @
&g 7]eol wet glold A(laitance) & A8kl EWE 6mmeold AAA A s A T el Eof
A = Aol oa ZAle] AW Aol - o]FHA| skth. SFRC7F Aol o]F 3 o] %
24MPa A= ZAZEE 242 BMSIAT 4= R A= AIEE sAAlE AdAer 22

22004 B, FAeheln
stsAskE flsl B Sl 24 stes heklal AR HEAdds EHdes AHSksith

Aesy] oyl g dto] & Fu5 7ol Aol B

ZAatglar B T4 AP FE SA4E 98 1o 4 skl 571 LVDTE A A 83t
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E1-5-1 A3 ¥ 9 EuES AadE va(FAd S B FAR)

: Longitudinal V. v,

Specimens S,(;‘Ctlon reinforcement | Shear re—bar a’d M n Vm Vn E— Vn i I/hv z
ype (ratio) (kN-m) (kN) (kN) v (kN) (kN) v,

SU-A A 209 154 72 2.22 - - -

SU-B B 256 188 114 1.66 - - -
SU-C C 209 154 96 1.68 198 458 2.31

Non
SU-D D 209 154 83 1.92 198 399 2.01
SU-E E 256 188 91 2.09 198 434 2.19
SU-F F SD500 256 188 103 1.84 198 494 2.49
-3D25 4.0

SR-A A (1.72%) 212 156 72 2.22 - - -

SR-B B 258 188 114 1.65 - - -
SR-C C 212 156 96 1.67 739 449 0.61

SD400-D10
0,

SR-D D (0.1256) 212 156 83 1.92 739 389 053
SR-E E 258 188 91 2.08 739 422 057
SR-F F 258 188 103 1.83 739 478 0.65
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A= 24MPast 60MPa F 7FA £H¢ ZAYE
A E9 weS etk ZA8E FAAE KS F 2403 7175 web 100mm x 200mm=E A =
= A2 370 KS F 2405 715 Wt o5 A% Aldd KS F 2423 7+
el 27 o Fx AldS sk Aabe B AdA Ayt 4 veRidh
S SD400 D10, SD400 D13, 283 SD500 D255 AF&-stsith. A2 71418 A4S 3

= -

7¥ekz] Slell KS B 08019 w&Als 1A iAol meh Alddas Alzksklar KS B 080291 wt

=

o APe AASAT AEE Aol AAH 4 1-5-20 tebch

2 AbgEen ¥ 1-5-2% 2
A

# 1-5-2 ZAYE vj§H]|

Nominal Unit weight(kg/m’)
W/C (%)
strength W C S G sp
24 494 162 328 869 979 35
60 29 180 620 625 935 8.06

T 1-5-3 Awe] /A 44

Type f,(MPa) €,(HE) E,(GPa)
SD400 D10 467 2,382 196
SD400 D13 480 2,400 200
SD500 D25 555 2,968 187
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(1) 2¥A SU-A ~ SU-F

AGA SU-A~SU-Fr= Avaddazt A8 e 494 2 23 19 152, 3% %
1-5-40] vebich 28 Z=E © SU-B (408kN) > SU-C (272kN) > SU-D (228kN) > SU-A
(155kN) > SU-E = SU-F (150kN) '=o.& ujelyktt. SFRC7F 1gulel Alg¢® whdl B~De
SFRC7F @& ulel AHg8 W Esh Poll uls] 2 A93=g nelm, 47l 24MPagl w A,
E, P 02§ sgiiels 27] Aelg #de] wasisn,

29 1529 8% W9 BAES AWMuw, SFRC/ St A8 99 B, E, FE A9e
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a9 1-5-3v A9 wd
e C~Fo A dda) 3+
i B 279 AR At |
C~F= we s Ade
tiel SFRC7F AH8- ©h
S7rerlal wtd X

1

o
i
o
=

Row ddekd Al BE ARGIA ol 9§,

Jetaict. detdol] SFRC7F ARE-H
7Vt =HrE ¥ wkdE, T
A ARG dd g7 B Th gk Q1%
A EZ} AMEE @Sl vE # v s A

w o 1@
o,

!

oo A

o2
ool o
[o
N -
32
2o
A

1o,
&3
ri

|

X
X
2
t
2 g

o,
r
(2
o

<
=)
)
=
Ol

e

=
A
o
2
jlie4
rDZ

FATE(24MPa) hdol A wAlst 3 2 A}
7F durEa e ECl ¢ Cof DE ey Rte

=
weh 2w e AN, gt o

2 T
il
>

S
K
o 2

r]I,
by b 38 T oo o

oo
lm 2
© <
L e
g o O
“
D)
- o

rr

ok

Ho

o
=Y

—

2
>
i
o
ot
S
>
o
o FU
12
e
o

o
oy o

9 >
wo
s
rlr
o
=
X
o
fr
ro
o
oy
N
N,
(0]
1L —=
o >
)
B

o
)—l
oo
L

Lo
R
(e
ol
k1
1>
rO
1>
q
=
a
&
o
w0
S|
=
a
—r
2
Lo
2
(e
ol
o H
>,
rO
P2
a
@
ftlo
>
>
ofo
ol
R e
2
Ay
ol
ok
&
M

Aol @A Aske 5 g FrEoR oSy g S
24MPa)= 21(5-1)2, SFRC HAl= 21(5-1)~(5-3)& 27} AF&3le] o &3kt o=

2 B5 ekdZ=o7 o =391, SFRC HAS 2(5-3) o2 AXke 7
o Z3toitt oiuk, @ E9F Fe AlddA LS FHATE wdol 93] rEule]
Ao AA 718k Kahe] H] QbHFO R o2

w~ d

=
Yy

(me
=)
rlo
N
ko
P>
o

lu

H
& oo
a0
(2 e
o
o
»—q
[t
N
o
ol

=

N
N
o

Y

2
&
N
L
2L
.
AN
i)
2
i

- 119 -



P (kN)
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(2) A49A SR-A ~ SR-F

1-5-4

% 1-54, 59 %

=i s R

=
=

A

3
=

A SR-A~SR-F&= dadZ2A7F A& A

“ SR-B (490kN) > SR-F (402kN) > SR-E (322kN) > SR-C (292kN)

> SR-A(280kN) > SR-D (248kN) 's=o.& 1}ebytt},
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P(kN)
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500 B
400 F
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100 i
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0
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Center Displacement(mm)
a9 1-5-4 stz H¢ #A4 (SR-A ~ SR-F)

24 SR-A
60 SR-B
24 gRr-C
60
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6Q
60  SR-E
24
60 SR-F
24

a9 1-5-5 HF 9 74 Fd (SR-A ~ SR-F)
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F1-5-4 29 2dys oS @ v (FAF B 44R)
Specimens o P I o Vtm (K{val Code prediction () test test Vtest th Faﬂﬁre
24MPa | 60MPa | f.,, | &N e | V| Ve, | Yy | Vi | P V. Ve | Vi moce
SU-A 21 - 21 - 78 68 76 - - 1.15 1.02 - - DT
SU-B - 56 56 393 204 - 110 117 164 - 1.85 1.74 1.25 - DT
SU-C 21 56 43 393 136 650 92 9 121 198 1.49 1.38 112 3.28 DT+HS
SU-D 21 56 34 393 114 545 79 87 93 198 1.44 1.31 1.22 2.75 DT+HS
SU-E 21 56 34 393 75 359 87 94 110 198 0.87 0.80 0.68 181 DT+HS
SU-F 21 56 43 393 75 359 9 106 138 198 0.76 0.71 0.54 181 DT+HS
SR-A 22 - 22 - 140 - 69 7 - - 2.02 1.81 - - DT
SR-B - 99 99 4.87 245 - 113 120 203 - 2.16 2.05 121 - Flelxure
SR-C 22 59 45 4.87 146 698 94 101 144 757 155 1.44 1.01 0.92 DT
SR-D 22 59 36 4.87 124 593 81 89 105 757 153 1.40 1.19 0.78 DT
SR-E 22 59 36 4.87 161 770 89 9% 128 757 181 1.68 1.26 1.02 DT+HS
SR-F 22 59 45 4.87 201 %1 102 109 168 757 1.98 1.85 1.20 1.27 DT+HS
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Viest (kN)

Viest (kN)

Viest (kN)
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Shear reinforcement ratio (%)

(a) Shear reinforcement ratio
(s=0, 450mm)

w/ stirrup
w/o stirrup B
C
D
A
A D C B
20 40 60 80

Effective concrete strength (MPa)

(b-1) Effective concrete strength
(Positive moment section)

w/ stirrup

w/o stirrup

20 40 60 80
Effective concrete strength (MPa)

(b-2) Effective concrete strength
(Negative moment section)

% 1-5-6 AT 9
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b (kW)

b (kW)

b (kW)
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500
400
300
200
100

600
500
400
300
200
100

600
500
400
300
200
100

P2 P2

Ly L2y u u 1R2(RL
| I— | I—
< The location of strain gauges >
, 600 ,
| - | -
: SR-A 500 [ R2 .. RL |1 I SR-B
| oo |
I 400 T L2
L1 Rl. .R2 i 300 i
e P 200 |
| |
| ,=2.382ue 100 | £=2,382ue
1 1 1 1 0 1 1 1
0 1000 2000 3000 4000 0 1000 2000 3000 4000
, 600 ,
| - | -
I SR-C s00 | | SR-D
i 400 | i
| et R2
RO I 200 R -+ I
: 8y=2,382l1£ 100 Ll L2 : £y=2,382|1£
| |
1 1 1 1 0 1 L 1
0 1000 2000 3000 4000 0 1000 2000 3000 4000
600 —
- | -
SR-E 500 I SR-F
L1 R2
400
L1 L2
300 L2
R2 200
=2,382pe 100 =2,382pe
0
0 10000 20000 30000 40000 0 10000 20000 30000 40000
Strain (pe) Strain (pe)
a9 1-5-7 ste-HdEET HygE A
s s
c C
d d
(a) SR-A (b) SR-B
s s
c C
d d'
(c) SR-C, D (d) SR-E, F
I 1-5-8 Add23} e 7=
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(3) FAANZE 712 7o) nla

A By FAE 4 He| 52 ARAEE Hrtelr] 98 d@dwet dd v|EA S v
Wtk @8 7] (KCI 2012, ACI 318-11)2 Zd+ SazEQ AddE A& AAstal A
257] wited dRtEAYE Ao AAAE A2 5-1, 4 5-2)& AFEste] o Setaint 344 @i
o] AL AEAQ EXo] MR tE PCY CIPF-Alo] el k2t Axlate] v ghatelsdict,

a8 1-5-9(a)¢] ACI 318 o= AxE Avrd, $HFdo] B3 SU-E9 F AFAE A
QJatal BF PHFo R o FetA v ARG AT ES] IS RkdskA ol AR A
AGA 25 2 ARBASAH Y,/ V,.,~1.31~216). FAF 2AYES] F&FS wgEy] 93]

ACI Committee 544914 AF3dl= AGAE 2] (4 5-3)& AFg3le] dZ=ate= 45 21
o} Zo] SU-E¢ F AFAE At giiiE & o5t 53], ZAF7F AHgd AdA S
A= ggs] dSFstAeky,,/v,.,~ 1.01~1.26).

A= dlell SFRC7F AHE-¥ 23] SU-E9} Fi= E2leldd Ao
o] ol kel nla] ZA B A9AEE HAvh o] 7l d
GAAAN7E AHEE ARAA SR-E®F SR-F= o5 it 2 A EE Bt wepA, 4=
ol SFRC7} AM&-5+= ©@d Aol w3 =
ofd 4= 7] WiEel HA AGAAA nAor FHAXPEE F7A| 7ok g},

2.0
1.5
1.0 24
ACI 318 (Eq.(1))
0.5 60
A B C D E F
Section Type
20 w/ stirrup
20 ’ w/o stirrup
1.5 15
1.0 1.0
ACI 318 (Eq.(2)) ACI 544 (Eq.(3))
0.5 0.5
A B C D E F A B C D E F

Section Type Section Type

(a) ACI 318 (b) ACI 544

T 1-5-9 A A e dd V) oS gk vl
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SGAEE HUEehr] S8l FEAGE ()Y 48 FEHATGEEA

Ak () #‘”M Al AW 1*194 zﬂ%%é
(r)3 73 mpEE A B
Add AdAe Aot (v, )dA FHAGTE] %}%6‘}911 SR-C<} DOM T 1%&%
o] WA3HA] eFokrh.

3E1-5-49] ARAES} 3= ¥y, /v,)E AEEY, FRAGE digh d8 7]+
| #8277} AgAe] dsixe 2A FAHI/H1.81~328)3193, AR} AdA] dsirs 14
] & oAZ1.02~12D389 ) ol F3 E7c]' R ] 70501] gk ACI318-11(2] 5-4)°]
AR ANE A ByHoR Frshs

3E 1-5-5% IR FAFA FRAGA = g 71%S YERALh ACI3182 ¥
o] 6mm ©]% Zol2 AAA wEAZ A5 0.56MPaz A 3skal Stk
1o whsll, AASHTO[1-19]9F CTA[1-15]+= BAadH Ass Fi
E} AASHTO# FHol 6mm o] AW A 1.66MPa, FHS g ow AN dx Fe
$ 052MPaz A|Al8tal, CTAE EHoe]l 6mm ©)%d AXHJA 49 21MPa, 1.6mm ©] AXIH
¢l -5 1.12MPa, WA o] wjize}y 49 0.56MPaz 1178 3}aL
o]:= ACI3180] v} 7|Fel Hlsl| s ddde ois] A HyHom AAS e 3o
AASHTOS} CTA®} Hlwa|ww, ACI3180] 3 =s 747k 3uje} 37500 vt 3
3L, B3 ACIBI8S] 6mm A A#E g el AASHTO® CTAS AWAZE 34 &
Efol] sl vszgk FEHdEE o R AASkaL Q)

AP A= e E AHe] AXH S A8 AAAANES] G HEE AAAA
T geerR)et 9S85t AW FAE AT =yu=E Ak 1A A A
A2 2% 1-5-109F 2ol Aot A7 $ A woe g =eu ok A WM =
e | wfZel =Ae] Av)eh A wmel Hel AT zbolE HATE ES, AR =A
Atelell f1xatA AZ W Yol & olHHA Fdrh

a8 1-5-118 7]1E F3AR7 AR Agdyiel B Ay Ans ¥ 1559 d3 A
3 Aoz AN & SFRC, 34 9L PSC, I & RC A¥ZA7E e
FRHAGEde] A AdA= 4y HHoeR ATk Ad4AdE Aury, ACBI8Y|E
(056MPa)¥} FHAHES k4 2 AASHTO9 CTA7+(052, 0.56MPa) o2 aﬂzﬂ 35 e
AGA o 3l A FoZ oA ST, @i CeF Doll diaiA = AA BFEAoR 4S8t &

F(SFRO)7F AR AY ZE]~EYA(PSC)7F AHEE @ Cok D AgA:=
AC13187]—rED} 2 23v o] F AT S YERTH

o
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ol

]

QY
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% 1-5-10 22 gAaE A e
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#* 1-5-5 7|+ FEAGdE v (dddTo] gle 45)
Code Interface condition I-Lcta:ézszn(tfllpgl)\ear
Clean, free of laitance, and intentionally
ACI318 roughened to an amplitude of 6mm 0.56
Clean, freehof Igitance, with l;ur&‘acefintentionally 166
AASHTO roughened to an amplitude of 6mm
Clean, free of laitance, but not intentionally 052
roughened :
Rough contact surface
(Raked, scarified, or retarded and brushed leaving 21
irregularities of not less than 6mm)
CTA Intermediate contact surface
(finished by a wood float or vibrating screed or 112
retarded and brushed, leaving irregularities of not :
less than 1.6mm)
Smooth contact surface 0.56

<Section C> 24 24 24

60 60 60
SFRC PSC RC

: This test (SFRC) : PSC :RC

3.0
: Horizontal shear crack

2.5
CTA(6mm)

2.0
AASHTO(6mm)
CTA(1.6mm)

ACI318, CTA(smooth)
AASHTO(not roughened)

HOLISOULY| P69k 2£L622(INbY)
=
[0, ]

@ D E F
Section type

a9 1-5-11 Agde @8 rjeae] Blal (EdeE)
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l I Seismic Systems |
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3 2-1 ARA ALY

Column
Column | Beam - -
. . Hoop bar of] Reinforcing bar Hoop
D Connection method size size . ) -
(o] (o] Joint region n foy 0 n Sy o Sh
mm mm c []L]Pa] c h []I/IPG,] h [mm]
MON Cast-in-place 350 <350 |350 %400 ) 12-D22 | 508 | 0.038 | D13 | 475 | 0.011 | 50
Wet Connection
HFPC . 350 < 350 |350 %400 ) 12-D22 | 508 | 0.038 | D13 | 475 | 0.011 | 50
(using through bar)
Wet Connection
STR (using steel tube 350350 (350 400 x 12-D22 | 508 | 0.038 | - - - -
& plate)
Dry Connection
HBRD | (using Unbonded PT | 350350 [350>400 @) 12-D22 | 508 | 0.038 | D13 | 475 | 0.011 | 50
strands, Mild steel)
Beam [ [MPd]
Reinforcing bar Stirrup Axial v, oV, v,
D PC . .
Sy Tsy Sy, Joint |load ratio| [kN] | [kN] | [kMN]
, Pyt Py n Py member
[MPa) [MPa) [mm)]
MON 8—D16 437 0.012 | D13 475 0.014 | 100 40.5 0.1 970 | 824 | 720
HFPC | 8-D16 437 0.012 | D13 475 0.014 | 100 40.5 40 0.1 854 | 726 | 711
STR 8—-D16 437 0.012 | D13 475 0.014 | 100 40.5 95.7 0.1 1492 | 1268 | 720
HBRD | 12—-D16 | 437 0.018 | D13 475 0.014 | 100 40.5 - 0.1 970 | 824 | 720

fcy.,fhy.,fby,fsy :

upper beam bar and lower beam bar, stirrup respectively.

, . . .
f . © compressive strength of concrete or steel fiber reinforced concrete.

: design shear force in joint

yield strength column bar, hoop, beam bar, beam stirrup respectively.

Pe,Ph, Pou, Pl Ps *

ratio of column bar, hoop,

n, My, My Nt size of column bar, hoop, beam bar, stirrup respectively.
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Lateral Displacement [mm]

Lateral Displacement [mm]

A0 oh B0 60 40 20 © D20 40 60 B0 400 120 240 200 -160 -120 -80 -40 O 40 80 120 160 200 240
1404 b b n e be e b b e b b b b a b b s | 345 200 Ao e s e e b e b b L 45
1209 P;‘:;:j;z)wj:: (V77 v R 2ro 160 4 P (115606 kN .., F 36
100 3 e EEosest T Foos ] B =140 kN Y A s ol

80 e (/% 18.0 120 4 075P_L(117.05 kN 33 F27
603 E135 80 ] yrvE, /ﬁﬁ% F g
(JA=4.25% ~ ] T r
> 40 e F o0 Z a=425% | | !
S )A=3.5% (JA=L7Y 45 = 404 (14=8.0% Fe.
3 5 ¥ 7/ 3 E L i L
3 0 — A 0.0 3 0 o,
5 S TyA—LSl  ()A=3.5% 45 3 ] Dbt '
JE PrE (a=125% | gq 5 40 ] $)4,72.2% S E-o
=~ 0] / E.135 S 80 . 421,25 A
-80 180 - G .
I 11 0.75P | =(-093.7 kN -120 ! 075, (11184 kN F o
-100 3 . 94 st SRS E-225 P =139 kN b
1203 c ’{j’ : (/( ZIZ;\O e E 270 -160 =SS AL P 137,86 kN F -3¢
<140 ) ! ! ! ! =1 'ZOO:H R B B L |"|"'|"|"'|":'4!
000 <50 <30 S0 =200 S0 000 0 201 S0k 40 1601 6.0 120 -100 -80 60 -40 -20 00 20 40 60 80 100 120
Lateral Drift [%] Lateral Drift [%]
. = s =1 B . =1 B
a) MON @ d4etAd dAY AFH b) HFPC : 14 F 3+
Lateral Displacement [mm] Lareral Displacement fom]
160 120 -80 40 0 40 80 120 160 240 200 160 120 80 40 O 40 80 120 160 200 240
o : SR P 5 140 R DL S 15
200 § P =192 14 - 45.0 1204 Faro
P (0168 kN ; V] 100 225
1503 0.75P,, “(HI44 kN i F337 80 3 Eigo
100 ()4,=5.0% F225 603 E1as
> ] (4,73.5% 40 3 F oo
=, 50 A=1.75% E11.2 703 Eds
= ;
g 07 £ 0.0 & 0o
= q - -20 4 ]
-§ 503 (H)A=1.75% 11 403 Eoso
S ] (HDA=3.5% &0 g E .13t
3100 ] )4,=5.0 22! :
] \E\ 803 E 184
-150 Vi }07/:(1)17;;‘5 LY -33. -100 4 F-22:
" A4l P =(199.96 kN 45 1204 i
200 w199 : 140 - LA ARAS RRAS AaRS -3t
; i i i ; : 120 100 80 60 40 20 00 20 40 60 80 100 120
80 60 -40 20 00 20 40 60 80 Lasteral Drif %
Lateral Drift [%]
. S 1 A=) . =1 Y
c) STR : gk 3+ d) HBRD @ 9224 A5
R = = = =1 == o] I
a9 2-11. A s g A4 A3 sk S
X 2-2. 234w
Specimen Loading Py Pmax Pf Ay Af
1 . .
P direction K
[kN] [kN] [kN] (%] [%]
Pos.(+) 110 120 114 1.5 4.25 2.83
MON
Neg(-) 110 127 120 1.7 4.25 2.5
Pos.(+) 140 156 135 1.25 7.0 5.6
HFPC
Neg.(—) 139 158 130 1.25 8.0 6.4
Pos.(+) 168 192 170 1.75 5.0 2.86
STR
Neg.(—) 176 200 178 1.75 5.0 2.86
Pos.(+) 95.3 110 91.5 3.0 6.0 2.0
HBRD
Neg.(—) 100 117 86.6 3.25 6.0 1.85

Pyi vield load, P, peak load, Pfl failure load Ayi vield displacement Afl failure displacement, fu: ductility(Af/Ay)
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(a) Re-Bar

(b) A Type

(c) B-1 Type

(d) B-2 Type

a9 315 A% QAAH v G

Load (KN}

—Re-Bar 1
---Re-Bar 2
——Re-Bar 3

Load (KN)

20 40 60 80
Displacement (mm)

(a) Re-Bar

g 3

Load (kN)

[

g

—B-1Typel
-=--B-1Tvpe2
—B-1Tvpe3

o o o e o o S

Load (KN)

0 40 60 80

Displacement (mm})

(c) B-1 Type

a9 3-16 AZe] I FAH

1o
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(b) A Type

—B-2Twpel
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e i o 1 el
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Displacement {(mm)

(d) B-2 Type
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F 33 7& AL d A

Yield state Ultimate state )
Type | Noop F, 5, | P F, o I ol e
60 | W) | o) | ) | W) | o) | )
1 546.99 | 1079.52 | 11.02 | 73252 | 144566 | 93.78 | 851 -
2 55299 | 1091.36 | 12.66 | 729.75 | 144021 | 93.83| 7.41 15
febar 3 549.64 | 1084.74| 12.10 | 732.20 | 1445.04 | 9459 | 7.82 11
Avg. | 549.87 | 108521 | 11.93 | 731.49 | 144364 | 94.07| 7.89 13
1 541.19 | 1068.06 | 10.89 | 73493 | 145042 | 74.14| 6.81 5
A 2 569.88 | 1124.69 | 11.71 | 754.27 | 148859 | 7583 | 6.48 5
Type 3 531.45| 1048.84 | 13.83| 716.94 | 141491 | 69.65| 5.04 7
Avg. | 54751 | 1080.53 | 12.14 | 735.38 | 1451.31 | 73.21| 6.03 5
1 569.74 | 112441 | 11.71 | 75653 | 1493.05| 7819 | 6.67 6
B-1 2 573.06 | 113096 | 13.63 | 756.65 | 149328 | 86.66| 6.36 8
Type 3 573.06 | 113096 | 14.78 | 757.08 | 149414 | 96.71 | 6.54 7
Avg. | 571.95 | 112877 | 1338 | 756.75 | 149349 | 8719 | 6.52 7
1 550.17 | 1085.79 | 10.56 | 733.56 | 1447.73 | 75.04| 7.11 8
B-2 2 543.08 | 1071.79| 12.46 | 732.36 | 144534 | 7245| 581 6
Type 3 54946 | 1084.39 | 14.06 | 73258 | 144578 | 82.64| 5.88 7
Avg. | 54757 | 1080.66 | 12.36 | 732.83 | 1446.28 | 76.71 | 6.21 7
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. 300 . ; aoo_J
S H-260
(a) H-Series (T&274)

pPs=1.8 —ps@a0o ps = 3.8 —pe@aco

;8-010 '[—-44319 —12-D19
<7 - o F 3 d

P24 P32 G-30 G-36

(c) P-Series (¥ PC Z%H]) (d) G-Series (A=A E 7 =H])
pn = 0.08 pn=011 pn = 0.16 pn =022
=1 Pl P B
e e ) #

| 4
|7
E

100l 200 |

g

T-0.08 S T-0.16 T-0.22
(c) S-Series (R 7L A4 H])
I 3-18 A A AA
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=5

3-4 T& PC7ls o= 23A d¥x%

zz fo(MPa) F YR 347
PONS | | FARA | aEAg | e | ad | A |53 | $
G ARA | e g E (mm) (%) (mm) (%) (mm) (%)
S
(7223 A) 240 50
H-200+ 200 35
H-260 4D, 260 59
8-DI13
U-200 200 35
200 0.11
U-240 240 50
U-260 30 260 59
18 4-D19
L-1. L
v 8-D10 )
L-38 12-D19 | 38
S-0.08 265 0.08
S-0.16 133 0.16
S-0.22 200 0.22
P-24 24 ” -
P-32 32 4-D19
2.4
G-30 30 8-D13
G-38 38 200 0.11
HE-200 30
HE-240 18
HE-260

* H-200 (S: Standard, 200: Hollow diameter, 1.9: Steel ratio, 24: Concrete strength, E:
Eccentricity ratio 0.1h(=30mm))
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Liﬂg Loading
Pin Pin
4000 -
4000 - et S —a
= wedes 1240
— 260 .
3000 4 /__‘ . 3000 - | U260
Pin -
_— o -t" e, X —~
< ¥ J’/ LU £ 200 - T -
é 2000 - , \ e ; -..,.n" =y
3 = g 4 1
g Fzsiz | anzs 3 "“*“\ n Fanz | Anzs
. | 1000 A P (kN) | Py (kM) 1000 - -f.-," ‘\! » P (kN) | Py (kN
5 916 2,691 &V H u-200 766 2,252
v H-200 952 2958 U-240 305 L1665
H-260 826 2,652 U-260 228 1,278
0 £ : . : 0 4’& ; : ,
0 2 4 6 8 0 2 4 6
Disp. (mm) Disp. (mm)
(8) H-Series (b) U-Series
Loading Loading
: 'h;'in
4000 - 3 4000 -
— - — -5
- [-19 — « 5.0.08
3000 - ’.""n‘_. -- 13 3000 - = S
B ke P AR sl
—_— - h —_— z g ." -
< T VA2 NN Z T g TRE;
;, 2000 A 3 \, . ; 2000 A '\."--
g g
- Por Ur-'ig} Py (RN} et s 916 2,691
100[’ T S 916 2,691 1000 T 5-0.08 728 2,640
L-1.9 926 2,568 5-0.16 a3 2797
L-3.5 941 3.165 5-0.22 981 2,847
0 T T T | 0 T T T
0 2 4 6 8 0 2 4 6
Disp. (mm) Disp. (mm)
(c) L-Series (d) S-Series
Li‘mg Loading
4000 - < 4000 - “
— - -— =5
-t P24 i - G-30
3000 - - P2 3000 - J'ff')"\ - G36
ot "o" Ry - L -’ et~
z T NS z TN
= 2000 ;;y’ \, “ = 2000 A _5,}, %,
= 4 =
] . =] A
_3 é’ FEos | Anzs 3 .#f 2ans | =gEs
1000 A Po () | Pu (i) 1000 - P (k8) | PutiN)
{? S 916 2,691 s 916 2,691
P-24 757 2,456 G-30 115 3,148
P-32 954 2716 G-38 1,161 3,456
0 T T T . 0 : 1 .
0 2 4 6 8 0 2 4 6
Disp. (mm) Disp. (mm)
(e) P-Series (f) G-Series
a% 3-23 T PC7lT TAUYS A9 ss-weuA =4
Fo B, T, AU Fom Mgwe] Azlow, A A NP wth
DA Med FAmss Ando] Aurelq o]l YFHel FA AL wolw
Sogel we AudAe] 3§ wd welsl %A Ued Aew Aran
(th AA7IEA A&
A AINE Hrtstax FAYEFAA7]E KCI(2013) 2 ACI-318(2011) 7]+ o= ¥
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o i
H__% D B
= 1.00 0.96 -
|1
< |
oy
DH an
= 0.60
Wy
[+ =]
= y=1.18-0.11(D/t)
R*=10.9998
D/t=1.8
0.20 r r r .
0 2 4 6 8
D/t
a9 3-25 AotE nEFH FF PC 7152 FASA
A=A
a=1.18—0.054 < D (3-2)

t

21 (3-2)ell FAle] FAE 7Y FB)Y TFAADLeZE xdstod(t=-p) A st of
g e} 2o
a=1182=110D (3-3)

B—D

£, p-11p5 FEFA 2 e, A G-3)2 4 (3-4)¢ o] AT & U
(3-4)

SRAE GRAR()E 715 FRE A Ao ZAAE J)oREe] A g, o]F Ao
= e ool 2t

Py = 0.85af,.(4,— Ay, — Ay )+ f,A, (3-5)

43D % A G5 ol AgH V5o YRS A9

Bigith FAEAREs} BaE AgATe AR ARE

% o oF 099914 1119 @& vedle] vl 43 1

ARAA U200, U240, U600 = =53z JFFATE A& 24 G-HE
6& 23 AgATe Age H7h 102-104% FESZ FF PC 7159

Prhsta Qe & 5 9
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MN
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=
=

T ?S\% Eq(.k(NB) 1) EXp.élE;.)(S D Ec(liiIB\If) Exp/Eq.(3-5)
S 2,691 2,950 1.06 - -
H-200 2,958 2,670 1.11 - -
H-260 2,652 2,995 1.04 - -
U-200 2,252 2,303 0.98 2239 1.02
U-240 1,665 1,951 0.85 1686 1.05
U-260 1,278 1,750 0.73 1277 1.05
L-19 2,588 2,300 1.06 - -
L-38 3,165 3,121 1.01 - -
S-0.08 2,640 2,929 1.01 - -
S-0.16 2,197 2,929 1.12 - -
S5-0.22 2,847 2,529 1.11 - -
P-24 0456 3,642 1.02 - -
P-32 2,716 2,715 1.00 - -
G-30 3,148 3,052 1.03 - -
G-38 3,456 3,462 0.99 - -

() FTEHa0 A8

J. B. Mandere E<ZA2ES] TF5E3HE H7bgte] do] ¥ 3-26% 22 #AE A s
At} 2 3-6)~(B-9= FrAT FAA, Ax W st gdyg FEFEE 1HE FH5EaNE
ERA T
Fo=Fwthlf (3-6)
, 1
fl - Epsfyh (3‘7)
i

Eoe = (1 by ) (3-8)
°f e

k, =4.1, k, =5k, =20.5 (3-9)

A7, foo= FEE ZAHES] AUWAFSH, o, = f. o HSse
= YTEAY, £ E 0TS 2AYE FE, kE
2 5% e,

& PC 71 - ﬁm‘ol Uﬂﬂo}‘?}. o] *JEHE %%Proﬂ TAYEE
o=z 7}3% = g EWr 5;] PCe} &4
O

rEl —i
=
O
i
of
;
r1“
oo
-4
Ip
kol
_&;_1‘
Ll
T i
)
N
&2

oJRHoR FWF sFe W TAYEE ZoFave o8 /tEWHPS Holy] wio

- 176 -



H o o T SIS 5 %o ~ W
m xR - JR = &

ﬂzﬂm Mﬁ_d = T S
—~ o~ = = S <.
o ™ o R ) vl
gon - oMoy AT % i

. i

W OB O oo TN 2 <
o o Q S ny g oor
‘LFJILO}»A dg@M] ﬂwﬂﬂﬂﬂﬁ EC
N X Eo o 0 N ~ A,

uj o A7 S ®x H : 7
- TVOR -t S 2 o

™ N i s o
U T il .o o o

moN <l oo &g =T
LT BRI T R e
mm TR g " W o W Wﬂ% o=
. s 2 Mo Mo mr oo e N0 T = = o
3 e _ N DS = | ) 3
: ﬁﬁ o P Lo 2”7 o
S S 3 _ =Ty we g o o ® oy
3 . o._ﬁ._,_ck .:l;llﬂm o = W W =
¢ IO xEm  BPooc P 5@ T
& %5 £ N R W m ﬂ%@%w«ﬂ@% dm%m% ﬁ%

5 H A = o

i |3 ;s 0§ 2 EmouTN St s
dm,m O m Z E 2 § = T ﬂtﬂ - L om W A
R mm::; S mn._. Cm m m M | %0 E_ = R o \y :M m = ! Ao M.o
N, 59 18 5 5 & 8 ﬁuﬂlﬂpu]ﬁ.@ﬂg = ™ o G X
f./ \\ =1 m me N nJ_Q i ﬂq‘lﬁﬁa E P,m_./l\_
Nl I - - BOmomow o R W o
- W g 2 & W o| R ERSS) Mo =
Sl o222 o Rx®gTELY @& o ™
N P B o e gy 4 EA I o T

G o = = = 5 —~ N
) s Py T L Toe g Tl
i - “ S C,gl]ﬂv.vi_l& 7W‘DV‘UI\L| N CA a
= — ToAr R e M Boo W) < m

3 [ OT ﬂﬁ Oﬂ_EH Q Lt
o e B LT o b s L

24 ssang aarssardino io ﬁ ‘mm._ : ‘HOI AT T ﬂ Sl A
) ssang anssaido)y o T it T oo TR = ﬂ blo o M < el
e L G < T S
At F P T e o6 e e T e

N o0 Nd NS o
O Eﬁdﬂ‘mu O_ t OW © 2 QO
I U Y TN R
R PHE< &8s o <A 3 0
oo o Mo W oRy e e

B R JCRCIGNRN
™ o T W =Tl Ko ~ & M7 N
H o 5 ™ W o ® B TR R N

Hollow PC

CIP
concrete

ap [

o,

- 177 -

ap

- o,
=

~— CIP conctete

b

S Hollow PC




0, 1o mlo

2

- 178 -

A, A
eE(: -« E(t.,pcj_FEc, C[P% (3_11>
g
T3 PCe 4 Zag e @AAFE 5,000/, & AXE A ()& o]&3te] drEALt
AAste] At ATE Frtetdh Aldte fFEed AT ghol 2@ At HA g d oo
atts T8 A¥, ® 3-7 % 19 3-28¢] vEbd mkel o] 0.7~0.85% HERWT o] 9k 3
F% W4 PC/IE FEBAATIE WA des ol PCS 1 2 E Aole] £
s Alwel A HRA waol wAsy] WEow Apmu
3 3-7 Mander A& A&3 iAol AP Ay} vl
Pu (kN)
Specimen k, a
Exp. Cal. Exp./Cal.
S 2691 2550 1.06 2.2 0.75
P-24 2456 3642 1.02 2.0 0.70
P-32 2716 2715 1.00 2.2 0.75
G-30 3148 3052 1.03 2.4 0.80
G-38 3456 3462 0.99 2.5 0.85
4000 - e 4000 ¢ R,
E e e s Ec-100% §" é:,f’_ & — R
-? ;5 & — Ece85% ‘U':-;" o ’," ‘Q:\ — & =Ec=75%
3000 A far — s ~Ec75% 3000 - I;' ",.,. ______________
_____ ¥ TKeT: 2,5196N / e, EOLLOWN
2 2 iy Wl
= 2000 - 13 it \“ % 2000 - :-’ ;’i‘ ;:' \‘I:;: ml:gr Stirrup 1'\_ .
-‘3 / vielding  vielding 2 § : ,‘f / fi vielding
~ oo | 1 0. w0 | &)
f{j{f u f:d-‘ o
# e ¥ -
0 E T T T N 0 L T T T N
0 2 4 6 8 0 2 4 6 8
Disp. (mm) Disp. (mm)
(a) S (b) H-200
4000 - ;;s — - H.260 4000 - - si.u.na }
& - .ot s Ec=100% 3 s ve e r Ec=100%
S g: :93\, —t Ec=80% §; § a5 | ==-= Ec=85% “
a0 a2 o] b Sl P, L so |
3000 A Q aEcAY 3000 - : h{,’ &
PR e o T e et ¥
g i A RS @ o KCI : 2,670kN z “:'..’/' ’%'-‘!?"4?3,'-‘:--..__.
= W00 g g" ;\ g, < 2000 { # ¢ 5/ \ .
~ = & HY
g A : F S,
7 Al s T 1 i~
1000 - '4” r\ a0 ] 1000 - ’f- r\
:’:”’ Exp. \' '/; j” Exp.
¥ —— 7
0 o : ) ! : 0 T T T ]
0 2 4 6 8 0 2 4 6 8
Disp. (mm) Disp. (mm)
(c) H-260 (d) S-0.08



Load (kN)

Load (kN)

Load (kN)

4000 - - 5.016 4000 - = 5e1 I
z: S /@, E — Fe=85%
; —— Ece85% A (,\;,‘@ :
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kg,mﬂ,n = kgzﬂ,n +4kfn.,n - kgzﬂ,n
kz,mmﬂ = kfn,n-i—l +4kfn,n - k’ﬁmﬂ

ymn—1 kﬁmﬂ +4k¢n,n =k

H

u(l__\': n(M.N}

*(LJ)

= N A )

n(Ls 1
n(L3)

n(L2)

a

(L1} n(21) n(z.1) nfel) n(M.1)




() 34

BAE Qe F3HEol FHshL e A 2

1 1
E( 273+ 7, 273+17, )) (43

H= &34 Fapdeod A3 &g A4 #3539 (J/g);
H, = AdES Ax 9] $34(J/g)

= 500p ¢+ 260p 5+ 866p 4 +420p 4+ 624p5, +1186p .. cuotH 850D 40
C.= A3 &de] & (g/m”);
P = AA 28] B0l @ AME A );
Psag = AA A3 Bl WF Hel FAm);
ppa = AA A3 B B Feto] o4 FAM;
hiy = Ekol g4e) S8 (Jg);
t(t) = 57+

t

i Eo]exp(%(2731+ﬂ— 2731+TC)) Ak

alt,) = S7HAE tolMe] 88

031 « w/c

= - . ° . ° < . . .
0104 Twfe TO50 * Prat003 « pye = 1.0 (Mill, 1966);

oAl SR (h);
b A (h);
= A7 A AtEete] 2agE PJE L% (C)

~+
I

7] E

DN
~
I
it
2
>,
FN
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g4 3t ol IA(J/mol) =22,100 « fj » p%iﬂ . p%i‘zF e Blaine";

E
R = o)A 44, (8.3144.0/mol/ K);
fp= 23549 43 =475

Praco
=1—1.05 « ppy * (1— 0.40 )+O.40 * Dsrac

Praco = =ko] iAol 3t CaO2 FAn;
Poa = AA AME of gk CGA9] FAM;

Pear = A AMES B CLAFe] FA;

Blaine = %% (m2/kg).

FA7I T FEd dS5S Thed Al dFstr] skl G A FAEY]
kA o

[e=]
& 3} 91 tH(Jonasson at el

< W3k (A (4-4) B =4 S FAYES] 8% (4-5H)=
1995; Schindler, 2002):
Q
isz == CZH( ! ) (4-4)
t pec, t\pec
1
Cp:;. (W, e aecy+W. o 1—a)e c.+ W, *¢,) (4-5)

A7NA, Qy = ALAE (J/h/m’);
H = 2azEeq £39 (J/m’)
=H, + C.+»
c, = @A Z2HE g vld (J/kg/C);
p = ZALE e o

W, W, W, = W w9 &

o a’

i
< g

~

Sw

O ztzt AME, 24, 8o % (kg/m’);

Q

3 TH(Schindler,

>

of Aol AmESt 2A, 2gw o] A& ke <HE 4-1>9 e e

2002).
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4-1.

Reference
Mindess and Young,
1981
Scanlon et al.,, 1994

Trinhztfy el al., 1982

Specific heat(J/kg/C)
1,140
4187
910
770
780
770
900

Material
Cement
Water
Limestone / Dolomite
Sandstone
Granite / Gneiss
Basalt

Siliceous River Gravel

A

A A,

[e)

=

/\01—

L

!

W

R

25
]

(4-6)

Ak wepa ol

=)

(1.72—1.74W/m/C);

(W/m/C);

=X o ZaglEe dAEEL 1.712—1.74W/m/Colx, #
k(a) =k, « (1-0.33a)

o

T

Khan et al.(1995)
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2 (Unit : mm)
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(| 2000 1500 J20d 1500 Joo0| 1500  |200] 1,500 | 200
® o o o ¢ = (| T T i " N
D10@100 §
(a) Top View
#A
10-D22
& 6/0 ° o
o o o o o
60|70 |70 | 70|70 | 60
( ¢) Section A-A (b) Front View I ¥
(a) 9HE (b) ¥l %=
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a0
70
60
50
= 40

W i —a
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10 15 20
YEMIN )
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Q
h

- 197 -



<O 4-4>S WT S8 ZY2EYAER BA9 g 3 vids, 18a A4 7%
A A iR 2 a2z E Yehl L ok <OE 4-5>2 o] B B A FZoAe A
Al W2 SAG o229 oFX 9o HusE e Jidd 2de S8 =210 2
Fehgo] We B wE Yo LEWsE % d3an JAee %+ A

[ T ) 1
LR
frra =t LY LT EY & ETY ]
HAMDER B2
(=0T '\mi_
(a) @ (b) W=
O 4-4 WTEHE g 2 AR E o
TEES
Ty
L
20
& 4 2 10 13 FEMT
i

() 7% 25kold

O 4-4 WIS B @i 3 A2 o H (A )
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30

48 |

o
S s —arny
[} —l T
ol 30
p -
o 5 " " ¥
4] 3 16 13 F il

HEMIN &)

g, BRRE 4% 29

(1) FAAZF 8 H=2-82 -2 (bond stress vs. slip) =54 24 w3z

A e ZATEY FASY-EHe dr|Hog g Ae] o] ZAYEY HEHE
o] Zo|(transfer length)ol @&& F1 =3 Al9] A= o](development length)oﬂ qIges F
A A} 71 £33 (CEB-FIP Model Code, 1990; Soroushian, 1991)¢l] w2 F-2H-3-3-& ¢ 9]
W= <a¥ 4-6>¢ 2 JHE Ze Aor nFHAH <O 4f7>oﬂ o3l HAE
2 £9e ZAYE Fr9 I YEES & 5 Ak o] Ao FAZRA wE 5t
A G -7)el SASE A E A E HEE F45a o] & ofd pull-out

dd3el ddste] s Jhds it

t
E[ 1 1
e - — ° At _
;eXD(R(WH T, 213+ T)) @D
<Y 4-7>el e RASE-sY waAS b 2o

max(s/sl)a for 0 < s <s (4-8)

2
for s, <s < s,
S37 52

T=T; for s3<s
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Slip ()

44

(2) FAAIZF ¥ pull-out

44

7h) G E F2-88-E"(bond stress vs. slip)

3

ek

pull-out

bol oFAyAIZE 8

5§

A FAAN (<Y 4-8>)S FF8ATh

S|
=

H, S712A7], ey =A

R

<AH 4-8> S A ~FE
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SAE AGe A4e ARAse] He TANE BT oEA(A (4-1)L o]§ate] A7
E =

7, =1 T0))="7,(f.(t,)) (4-10)

@ Pull-out 2 & A

Pull-out 238-& RILEMAA AAE Pull-Out test (RILEM 7-11-128)c] we} 23 ¥ S
AEst i ZAYE E59 2/ WAE f8 74 IS APA NEo wIsd 29
A =ZA7E 200200 % 210mm= <2 4-9>3 o] AR AFsArr. 1AZAAE=
fpu = 1,890MPal ¢12.7mm7dAd & A&ty 2adE AFA el FAda F2H
= BEO 7ol 5p=635mmeo|tl 11FA} ZATE Aol £HL F Y WYAR =
Aottt 718 FdAS T8 AIAZTE Ao AFIH S f‘zv}. 3 4-2>0 A A

o] T7FE HERAH.
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(a) A2gA E=

(b) 7F& Set-up

19 4-9. Pull-out 2 ¥

F 4-2. FA ARt mE Pull-out 29 A
compressive strength of concrete
No. | Neme Cur(i}zlg time| Diameter of strands (MPa)
o) i) At test 28 day
1 P4A 4 12.7 1.8 37
2 P4B 4 12.7 2.9 37
3 PE6A 6 12.7 7.6 37
4 P6B 6 12.7 8.7 37
5) P6C 6 12.7 9.3 37
6 P6ED 6 12.7 8.5 37
7 P8A 8 12.7 14.2 37
8 P&8B 8 12.7 159 37
9 | P10A 10 12.7 22.3 37
10 | P10B 10 12.7 23.8 37
11 | P10C 10 12.7 24.4 37
12 | P10D 10 12.7 25.0 37
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mJ

I R F3d EAd 7

.

&

Fol A 2174 (Re-tensioning)
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o I ATHLH4-13).

O APA 2T Set-up (19 4-12) Zel2Ed e % DFEI 3-6-347 /P4 A
Alsk7] f17 A AW o] H
@ 2aYE B 1S Hol AFHS AAstn 2AYES Bl o] W, B F ko]
FHH =% 10mmF72 23S FoAvh =3k S7]SA8 ¢ B e 1A dojistgs
SAs] skl AFd 2delMe] A AFS LVDTE AHEste] SA At
@ T71 A HAA(3-6-3): T7IFAE 3N T2, 6413 A2(H2% 55%, 705%), 3A1F 7
< oA E A
@ AFH HA: Gl Bd F AFHES HASA
® 29 THEE By FE ol AlolA N2 AN Al AFYH L FH48H7] #l5ko]
AAA ] Aol T3+ Fioll AloAE FAS AT
® AlelA gk 2718k AN A, AA#®E 2713k At
@ 7= olgh T @ o] HAH VHAANE o] &sto] FA4F S0l A A
NNAA BEE NFHe M8 AANG T
AN A 114 o|gho] o] FolRl o F ANFS AAFAL o W ZAE Al
A el A7k R W AdoAe] 14HoRRE BASZA ofF 4TS AFony
71 B ekl e Y E4Fs ddHew AhEsiidth
_’ m— I 1.500mm i 1,500 mm i
Heomre]
150 mm q\ S
/

¥ 4-3. 150mm x 150mm x 3,000mm A& A A

Curing Conditions Strands
) Concrete
Max. . Jacking
No. | Names ) Strength Diameter i strength
Temp. History ratio
C) (Mpa) (mm) (MPa)
1 THS3L 55 stm. 3-6-3 hrs 1,820 12.7 0.3 27
2 THS5L 55 3-6-3 1,820 12.7 05 27
3 | ThS3M 55 3-6-3 1,820 12.7 0.3 37
4 |’ T5S5M 55 3-6-3 1,820 12.7 05 37
5 | THhS3H 55 3-6-3 1,820 12.7 0.3 47
6 | ThS5H 55 3-6-3 1,820 12.7 05 47
7 | T7S3M 70 3-6-3 1,820 12.7 0.3 40
8 | T7S5M 70 3-6-3 1,820 12.7 05 40
9 A3M 25 amb. 28-days 1,820 12.7 0.3 37
10 AS5M 25 28—-days 1,820 12.7 05 37
11 A3H 25 28-days 1,820 12.7 0.3 47
12 ABH 25 28-days 1,820 12.7 05 47
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& 4-4. FAYE HigHA]

gé)rr;rge;tﬁ W/B S/A Unit weight (kg/m?)

(zpay | 08 | (%) W C F/A S G AD
27 494 489 160 258 66 887 930 2.26
37 39.0 46.0 172 441 - 816 938 4.85
47 34.0 44.1 185 480 65 726 920 7.10

*W=water;, C=cement; F/A=fly ash, S=fine aggregate; G=coarse aggregate;
AD=admixture
1.000 | 3.000 | 1,000
| i
LvpT [R50, 500 250250 2,500 25259 500 psd oo
String gage M SRR gfgtfg String gage
74 / steam Curng» ®
Concrete gage :
/ /é 150
load cell
| o
” L — /@ — 3 hydraulic jack
e = - .

a

a9 4-12. AFA2~# Set-up
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(a) 11FE AA (b) ¥ M A"

(f) Steel separation plate

a9 4-12. A8 Az
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(i) A% &= (G) 7144

(1) ¥ mid-span ZZZE Ao]x F=2

a9 4-12. A9 BRI

- 209 -



e

29 4-130 S71FA A

=7}l

==
=

=}

A 7

=}

7

et 29 4-140] A

o

o

4
!

<

4

o

3Th % 4-59

4-139l 23}

Al
&l

KeX
=]

—
fite)

0
)A
oj

4

e

(4-13)

44

18 4-159

ol

anjeA IAnE[Y

Temperamee - TSS3L
= = Temperature - TSSS5L

Temperatuge - chamber [~

Rextension - T353L
R exleriaon - LIS5L

— R prestress -
—R prestress.

TSSAL
. TSsSL

Curing time (ftonr)

80

70

60

(D,)eameaadwayg,

(a) THS3L¥} THS5L
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80—
= = Temperature - T5S3M
= = Temperature - T5SSM
T0 —— Temperature - chamber
aaaaaa R extension - TSSIM o ————
ssvese R extension - TSSSM o — e
| e o o
— £ W R L e N e S -
50 L _‘_.,rr”f "-" s \“"_‘n‘
/—'f/‘ /""‘" |\“; L i
a 40 - r.,.' - "'_ o -_'ﬂ g
< 30 b fJ\/ '.’.’ o .I I
o | — LN e b
p e -
Z 20} .{'
E L
=10 b P
5 J
b= 0 e
0
-10 F
=20 F
=30 F
-40 - p
Curing time (/tonr)
(b) T5S3M ¥ T5S5M
80
= = Temperatur - TIS3H
= == Temperanare « TISIH
70 H —— Temperatur - chamber
...... KMW'T’ e ——
Rexiension - TISSH - T
60 H ——Rpremes T " v

Temperature (°C)

o

Curing time (hour)

(c) T5S3H®} T5S5H

4-13. 2=k 5 0GA Ae], 1Y RS
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Temperature (°C)
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(d) T7S3M<e} T7S5M
40 2
= = Temperature - A3M
= = Temperature - A5M
Temperatire - chamber
"..--:.:.‘.\ ------ R extension - A5M
30 e Rediension -asM | 1.5
"/ ""7!-"'__., - ——F paestress - AN
L 4 "‘_"-"u-‘__“ =R peestress - ASM
20 + ey 41
1 1 0s
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FIC T
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Stress (MPa)

-3

40
= = Temperatore - ATH
- = = Temperature - ASH ‘
& Ny Tempetature - chamber |
L O b H exfension - AH
’ B R extension - &SH
30 F # S — R paestress - AZH 4 1.5
# ""-—.______‘- '—ﬁpu\estrui-AEH
20 F 4 1
%) K
e z i H
o 5 : E
= i s
00 g : {105 &
"r_f, .3,,5 ; E
E E ::“ -
Pr.n j.?- it =
0 i i i i
oy 5 10 15 20 25
1
-10 T = -0.5
-20 — 41
Curing time (rour)
(f) ASH<} ASH
% 4-13 =Wt 9 A o], 11 sk (A%)
1200
- owm TES3IL 3 ssssss 8255
1000 T353L T5S5L
5
‘-\I‘:‘
800 "".-f'
600 ¥
e
3t r
A ek
400 _',P-\.'n.*‘ g -
R
_'_.1'.'_' -t
200 P
:v
e
5 = .
0 20 40 60 80 100 120 140 160

Concrete strain (p-strain)

(a) T5S3L¥# T5S5L

9 4140 g 0 AdA
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Stress (MPa)

Stress (MPa)
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2 8 &
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200

100

1200

1000

g

g

200

Concrete strain (pu-strain)

(c) T5S3H®} T5S5H
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Stress (MPa)

1000

Stress (MPa)

— T7S3M —==T7S5M e,

1] 20 40 60 80 100 120 140
Concrete strain (p-strain)
(d) T7S3M¢} T7S5M
800
+ A3M e ASH
T00 F
:“%
600 o
w
530.3 —===nfeen 5285

500 Iy

i

3
400 ¥

v‘l'r
EIVLR ".E"'j
"h"l;.
.l
200 -
"‘.‘.
100 -"'J
-~ "‘
ot
0 et . . . . ) : .
0 10 20 30 40 50 60 70 80

Concrete strain (p-strain)

(e) ASM¥ S5M

H
S
_\[!.Z

a9 4-14 3 Y A4
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1.200

e ASM ses ASH
1.000 F
' :
i o
BOO —=he 7270 = TOR 4
== f A
3 i -
& ;’l o
- - -
e 600 i
Z -
= .
o .-' "
400 '-' o
‘;' ...'. ']
- o
“.:. -r
200 g
-t
r"": St 4
P
'] N 1 1 'l 1 'l 1
0 20 40 60 80 100 120

Concrete strain {p-strain)

(f) ASH®} ASH

140

Y 4-14. 2T 1589 3G AIHAS)
¥ 4-5. AN AE A3}
Cote Prestess loss (MPa)
Initial Remained )

Specimen strength prestress prestress Total ElaStl_C Thermal

?ltv[t::;t (MPa) (MPa) mee;?)lred shor(t;)nmg (1))
THS3L 17.6 486.3 430.6 55.7 185 37.2
THS5L 17.6 9139 849.8 64.1 29.1 35.0
TSS3M 21.3 480.2 430.0 50.2 15.0 35.2
T5S5M 21.3 905.8 847.1 98.7 23.6 35.1
T5S3H 29.3 556.2 501.6 4.6 14.4 40.2
T5S5H 29.3 901.7 840.1 61.6 22.7 38.9
T7S3M 28.3 558.5 471 875 15.0 2.5
T7S5M 28.3 932.2 829 103.2 23.0 80.2
A3M 37.3 551.2 530.3 20.9 13.6 7.3
AS5M 37.3 827.8 798.4 29.4 21.0 8.4
A3H 46.9 549.1 528.5 20.6 12.7 79
A5SH 46.9 815.6 787.9 21.7 19.6 8.1
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—A

- 47MPa-Air

A—
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¥ 46 H1 2%

A A o} oS Ml

Specimen T5S3L | T5S5L | T5S3M | T5S5M | T5S3H | THS5H | A3SM | ASM | A3 A5H
Mef‘oscu)red 62.6 66.1 63.6 65.8 65.5 65.4 32.9 31.7 36.3 36.0
Test A
verage 64.4 64.7 65.5 32.3 36.1
Model P r‘?‘?éc)ted 62.5 66.7 69.0 39.2 341
Model/Test 0.97 1.03 1.05 1.00 0.94
Ratio Average 100
S. Deviation 0.05
X 4-7. Fo AAA gAdo] Aol o =X Hlul
Specimen T5S3L | T5S5L | T5S3M | T5S5M | T5S3H | T5S5H | A3SM | ASM | A3d A5H
Mfisnjr)ed 0.35 0.13 0.27 0.26 0.35 0.28 0.07 0.05 0.08 0.40
Test
Average 0.240 0.265 0.315 0.060 e,
Model Predicted 0.283 0.272 0.288 0.067 0.066
(mm)
0.28
| Model/Test 118 1.03 091 112 0,
Ratio Average 0.90 (1.02)%
S. Deviation 0.37 (0.15)*

* Values exclusive of that of AbH
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3 4-8 ZY2EH A A& APA 9 o 54 v
Specimen THS3L | T5S5L | THS3M | THS5M | THS3H | THS5H A3M ABM A3H ABH
Test Measured 37.2 35.0 35.2 35.1 40.2 38.9 7.3 8.4 79 8.1
es
(MPa)
Averagex* 36.1 35.2 39.6 7.9 3.0
Stage 1 36.9 39.6 36.1 36.1 38.2 38.2 8.4 8.4 85 85
Stage 2*x | -2.1 -2.1 -1.3 -1.3 -1.2 -1.2 -0.1 -0.1 -0.1 -0.1
Predicted | g 3| 185 | 291 15.0 23.6 14.4 2.7 136 21.0 12.7 196
Stage 4 0 0 0 0. 0 0 0 0 0 0
Total#*x* 34.8 34.8 37.0 8.3 8.4
Model/Test 0.96 0.99 0.93 1.05 1.05
Ratio
Average 1.00
S.Deviation 0.06
* Value of measured thermal loss exclusive for calculated elastic shortening loss

#%  Negative sign means recovered prestress

sksksk

Value of thermal loss exclusive for elastic shortening loss (Stage 3)
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O ZAYE FAe] dAHFAd
@ SAYE 4=
@ F71%A el #
@ 714 A Hd 2=
© FA iAo 2RE 71 7h7ko]l YA 1A FA7EA 9] A
E 49 WG Fe DAY el AgE Zade Ju L oo AFet WFHES Ao
ST AP 19 4-259F #o] 371A] FEHE 7Hg st
¥ 4-10% 4-1194H el s Attt dud g dHuddATE ol 2ol A
ste 1 Ps mETh
AUthernval anp : ‘E;) : (Tmax B ]:1> <4725)
o714, u= 0.5(Eurocode2 (2004)) %=+ 0.9(CEB_FIP (1993));
o, = AAAe] AMWFAL(C);
B,= %129 g4 715 (MPa);
T o= 7194 &<t AAde Hd =2%(C);
T,= 1% A BAde LE(C).
3 4-9. Mix proportion of concrete used in parametric studies
. . 3
(Sitc;)rr;(;rge;cﬁ W/B S/A Unit weight (kg/m’)
(MPa) (%) (%) AW C F/A S G AD
35 45.0 46.2 1914 | 425.3 - 765.0 | 8R89.1 6.4
45 376 46.3 190.3 | 4046 | 101.1 | 735.7 | 880.3 7.6
55 31.7 45.1 1786 | 450.7 | 11277 | 709.1 | 890.0 85

*W=water; C=cement; F/A=fly

AD=admixture

ash; S=fine aggregate; G=coarse aggregate;
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4-10. S dFo MauEs 9 W

N Shape Bl | HI | B2 | H2 | B3 | mg |>ectonal Conerete Luring M o the
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) 9 (1/m) | strength temp. bottom
(mm ) (MPa) (hOl.lI') (oc) h (1’1’11’1’1)
1 Rectangular 250 450 - - - - 112500 | 0.012 35 3-6-3 55 60
2 Single tee 1,200 50 150 360 - - 114,000 | 0.028 35 3-6-3 55 60
3 Double tee 1,400 40 120 260 120 260 118,400 | 0.033 35 3-6-3 55 60
4 Rectangular 400 700 = = = = 280,000 | 0.008 35 3-6-3 55 60
5 Single tee 2,100 7 180 700 = = 283,500 | 0.020 35 3-6-3 55 60
6 Double tee 3,000 50 130 500 130 500 280,000 | 0.029 35 3-6-3 55 60
7 Rectangular 500 900 - - - - 450,000 | 0.006 35 3-6-3 55 60
8 Single tee 3,000 90 210 850 - - 448500 | 0.018 35 3-6-3 55 60
9 Double tee 3,500 65 160 690 160 690 448 300 | 0.022 35 3-6-3 55 60
i 4-11 SR gd Gk W Ay
Curing
No Concre‘ﬁvI Pasjtrength S((:Eg S;l)le Max.(oc;cemp. (m};n) (l;im) Ther(nﬁ/?%)a) loss
1 35 3-6- 55 60 0.012 39.7
2 35 3-6-3 55 60 0.028 44.8
3 35 3-6-3 55 60 0.033 48.2
4 35 3-6-3 55 60 0.008 34.8
5 35 3-6-3 55 60 0.020 41.3
6 35 3-6-3 55 60 0.029 46.2
7 35 3-6-3 55 60 0.006 33.3
8 35 3-6-3 55 60 0.018 39.2
9 35 3-6-3 55 60 0.022 43.1
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B1 Hl - 1o B - Sectional p Concrete Curing Max. I?istangf
No Shape (mm) | (mm) | (mm) | (mm) | (mm) | (mm) areaQ (1/m) | strength schedule temp. lgggclom ©
(mm?) (MPa) (hour) (°C) h (mm)
1 Rectangular | 400 700 = = = = 280,000 0.008 35 3-6-3 55 60
2 Single tee | 2,100 75 180 700 = = 283,500 0.020 35 3-6-3 55 60
3 Double tee | 3,000 50 130 500 130 500 280,000 0.029 35 3-6-3 55 60
4 | Rectangular | 400 700 - - - - 280,000 0.008 45 3-6-3 55 60
5 Single tee | 2,100 75 180 700 - - 283,500 0.020 45 3-6-3 55 60
6 Double tee | 3,000 50 130 500 130 500 280,000 0.029 45 3-6-3 55 60
7 | Rectangular | 400 700 - - - - 280,000 0.008 55 3-6-3 55 60
3 Single tee | 2,100 75 180 700 - - 283,500 0.020 55 3-6-3 55 60
9 Double tee | 3,000 50 130 500 130 500 280,000 0.029 55 3-6-3 55 60
i 4-13. FAZE ASAE FF Wy 4y
No K S(c;}lllgjigl o Max. temp. h ggg%?gg Thermal loss
(1/m) (hour) °C) (mm) (MPa) (MPa)
1 0.012 3-6-3 55 60 35 34.8
2 0.028 3-6-3 55 60 35 41.3
3 0.033 3-6-3 55 60 35 46.2
4 0.012 3-6-3 55 60 45 34.7
5 0.028 3-6-3 55 60 45 41.5
6 0.033 3-6-3 55 60 45 46.8
7 0.012 3-6-3 55 60 55 33.9
3 0.028 3-6-3 55 60 55 41.3
9 0.033 3-6-3 55 60 55 46.4
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3E4-14. SV o]y e WsuEs g W

No | sme | (B[ | B2 | | m | s | S| | Conete) Cutne | Mok | o e
mm) | (mm) | (mm) | (mm) | (mm) | (mm) (mm) (1/m) (MPa) (hour) ©C) }1130(trtri)rrrr11>

1 Rectangular 400 700 - - - - 280,000 | 0.008 35 2-6-2 55 60

2 Single tee 2,100 75 180 700 - - 283,500 | 0.020 35 2-6-2 55 60

3 Double tee | 3,000 50 130 500 130 500 280,000 | 0.029 35 2-6-2 55 60

4 Rectangular 400 700 - - - - 280,000 | 0.008 35 2-10-2 55 60

5 Single tee 2,100 5 180 700 - - 283,500 | 0.020 35 2-10-2 55 60

6 Double tee | 3,000 50 130 500 130 500 280,000 | 0.029 35 2-10-2 55 60

7 Rectangular | 400 700 - - - - 280,000 | 0.008 35 3-6-3 55 60

8 Single tee 2,100 75 180 700 - - 283,500 | 0.020 35 3-6-3 55 60

9 Double tee | 3,000 50 130 500 130 500 280,000 | 0.029 35 3-6-3 55 60

10 | Rectangular 400 700 - - - - 280,000 | 0.008 35 3-8-3 55 60

11 Single tee 2,100 75 180 700 - - 283,500 | 0.020 35 3-8-3 55 60

12 Double tee | 3,000 50 130 500 130 500 280,000 | 0.029 35 3-8-3 55 60

13 | Rectangular 400 700 - - - - 280,000 | 0.008 35 3-10-3 55 60

14 Single tee 2,100 75 180 700 - - 283,500 | 0.020 35 3-10-3 55 60

15 Double tee | 3,000 50 130 500 130 500 280,000 | 0.029 35 3-10-3 55 60
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4-15. 714 o8

Sk

o Wsn A%

No (1/m) ggi%%rg:t)tﬁ M §me () S%fié?je Hherbay %
1 0.012 35 55 60 2-6-2 359
2 0.028 35 55 60 2-6-2 437
3 0.033 35 55 60 2-6-2 50.0
4 0.012 35 55 60 2-10-2 36.6
5 0.028 35 55 60 2-10-2 437
6 0.033 35 55 60 2-10-2 50.0
7 0.012 35 55 60 563 348
8 0.028 35 55 60 3-6-3 413
9 0.033 35 55 60 3-6-3 46.2
10 0.012 35 55 60 3-8-3 35.1
11 0.028 35 55 60 3-8-3 413
12 0.033 35 55 60 3-8-3 46.2
13 0.012 35 55 60 3-10-3 35.3
14 0.028 35 55 60 3-10-3 413
15 0.033 35 55 60 3-10-3 46.2
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X 4-16. 719 Al AUk g HaEaEs 93 |\
a1 - - - B3 3 Sectional p Concrete Curing Max. If)istantc}?
No Shape (mm) | (mm) | (mm) | (mm) | (mm) | (mm) area (1/m) | strength schedule temp. lgggclome
(mm”) MPa) | (o) | eE) | n (mm)
1 | Rectangular | 400 700 - - - - 280,000 0.008 35 3-6-3 40 60
2 Single tee | 2,100 75 180 700 - - 283,500 0.020 35 3-6-3 40 60
3 Double tee | 3,000 50 130 500 130 500 280,000 0.029 35 3-6-3 40 60
4 | Rectangular | 400 700 - - - - 280,000 0.008 35 3-6-3 55 60
5 Single tee | 2,100 75 180 700 - - 283,500 0.020 35 3-6-3 55 60
6 Double tee | 3,000 50 130 500 130 500 280,000 0.029 35 3-6-3 55 60
7 | Rectangular | 400 700 - - - - 280,000 0.008 35 3-6-3 70 60
3 Single tee | 2,100 75 180 700 - - 283,500 0.020 35 3-6-3 70 60
9 Double tee | 3,000 50 130 500 130 500 280,000 0.029 35 3-6-3 70 60
T 417 FAGA A AYeE e Mg 43
No a Zn) S%%érﬁ o Concre‘ﬁ:\/[ Pasjtrength (n?m) Max.(oc)temp. Thergil/?%)a) loss
1 0.012 3-6- 35 60 40 25.7
2 0.028 3-6-3 35 60 40 29.1
3 0.033 3-6-3 35 60 40 31.6
4 0.012 3-6-3 35 60 55 34.8
5 0.028 3-6-3 35 60 55 41.3
6 0.033 3-6-3 35 60 55 46.2
7 0.012 3-6-3 35 60 70 43.0
8 0.028 3-6-3 35 60 70 51.7
9 0.033 3-6-3 35 60 70 58.1
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4-18. BT G| WEnAE AP W5
Sectional Concrete Curing Max. | Distance
Shave | (o) | Gmm) | (o) | oy | Gom | oy | Z | (/i | strengen | schedule || o the
2 m g P
(mm®) apPa) | hour) | ecy | b (mm)
1 Rectangular 400 700 - - - - 280,000 | 0.008 37 3-6-3 55 60
2 Single tee | 2,100 5 180 700 - - 283,500 | 0.020 37 3-6-3 55 60
3 | Double tee | 3,000 50 130 500 130 500 280,000 | 0.029 37 3-6-3 55 60
4 Rectangular 400 700 - - - - 280,000 | 0.008 37 3-6-3 55 80
5 Single tee | 2,100 5 180 700 - - 283,500 | 0.020 37 3-6-3 55 80
6 | Double tee | 3,000 50 130 500 130 500 280,000 | 0.029 37 3-6-3 55 80
7 Rectangular 400 700 - - - - 280,000 | 0.008 37 3-6-3 55 100
8 Single tee | 2,100 75 180 700 - - 283,500 | 0.020 37 3-6-3 55 100
9 | Double tee | 3,000 50 130 500 130 500 280,000 | 0.029 37 3-6-3 55 100
® 4-19. 955 e HFEnF A3
No q 7m) S%ggé%?e Concre‘EtleV[ Pas)trength Max.(oc;cemp. (mhm) Therg%/?%)w loss
1 0.012 3-6-3 35 55 60 34.8
2 0.028 3-6-3 35 55 60 41.3
3 0.033 3-6-3 35 55 60 46.2
4 0.012 3-6-3 35 55 30 33.8
5 0.028 3-6-3 35 %) 30 41.3
6 0.033 3-6-3 35 55 30 46.2
7 0.012 3-6-3 35 %) 100 33.0
3 0.028 3-6-3 35 55 100 41.2
9 0.033 3-6-3 35 55 100 46.1
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Predicied thermal loss by Eq. (4.73) (MPa)
=

&
w0 b <
20
10
-.I'J ':-I_i.
(1] L i i i de . i
0 ] 20 30 40} A0 &0 T &0

Simulated and tested thermal loss (MPa)

(b) AEA v B A8 Aol 7 o o 2 (4-26)0] 93 o SX] H|

29 4-31 f(k) gk AFE BT

R R A SRS R Bt EE S

I 4-3L(b)ell A 4-2600 o AFH|o] tiste] o] R del ofgt o FA e} AYPAE W}
Ach T F 4-2009] 2 4-26% Eurocode 2(2004) % CEB-FIP(1994)¢] o|ZXxZ Ats H] s}
A A9

vl 19 4-329F o] ApE 2 4-278 Eurocode 2(2004) ¥ CEB-FIP(1994) ®.t} ¢
7

1789 45 95 HEhidth

3.0 -
—=Fq (4.73)
‘,ln.__ : e -& Furocodsl
ae | o . G --c'tuagr |
# - R
z = L e -
£
B 3
oK =
g0
-
% E
2z
= =15 | g L S
ES - -
T < n -
gt
TR0 | 0———"'—’—""\,’_____,
B B
T 2
" =
2 S

=
A
T

0.0

530 55L 53M SEM 53H S5H
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19 4-32. AdAeE o] & A vl
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T 4-20. AEAL AT doly gA

Curing Thermal loss :

No R For schedul Tomax| h T nax AGiperma (MPa) Hatio
| (1/mm) | (MPa) CC) | (mm) | °C) | a,B(T,max— 1)) | Ed. Eq. | Burocod || CEB-

© PP\ smax o) | Simylated 4 4d

(hour) (4-26) (4-26) e2 FIP
1 0.012 35 3-6-3 55 60 69.1 0.420 39.7 37.6 0.95 1.67 3.00
2 0.028 35 3-6-3 55 60 69.6 0.475 448 46.4 1.03 1.49 2.69
3 0.033 35 3-6-3 55 60 68.5 0.510 48.2 49.1 1.02 1.36 2.44
4 0.008 35 3-6-3 55 60 64.2 0.368 34.8 35.1 1.01 1.71 3.08
5 0.020 35 3-6-3 55 60 70.0 0.437 41.3 42.0 1.02 1.63 2.94
6 0.029 35 3-6-3 55 60 68.7 0.489 46.2 46.8 1.01 1.42 2.56
7 0.006 35 3-6-3 55 60 62.6 0.352 33.3 34.1 1.03 1.73 3.11
8 0.018 35 3-6-3 55 60 69.8 0.414 39.2 40.5 1.03 1.72 3.09
9 0.022 35 3-6-3 55 60 69.7 0.456 43.1 43.0 1.00 1.56 2.80
10 0.008 45 3-6-3 55 60 64.9 0.367 34.7 35.1 1.01 1.75 3.15
11 0.020 45 3-6-3 55 60 705 0.439 415 42.0 1.01 1.65 2.96
12 0.029 45 3-6-3 55 60 69.3 0.495 46.8 46.8 1.00 1.42 2.56
13 0.008 55 3-6-3 55 60 66.5 0.359 339 35.1 1.03 1.85 3.33
14 0.020 55 3-6-3 55 60 72.4 0.437 41.3 42.0 1.02 1.71 3.09
15 0.029 55 3-6-3 55 60 70.7 0.491 46.4 46.8 1.01 1.47 2.65
16 0.008 35 2-6-2 55 60 63.6 0.380 35.9 35.1 0.98 1.64 2.95
17 0.020 35 2-6-2 55 60 70.4 0.462 437 42.0 0.96 1.56 2.80
18 0.029 35 2-6-2 55 60 69.5 0.529 50.0 46.8 0.94 1.34 2.40
19 0.008 35 2-10-2 55 60 69.1 0.388 36.6 35.1 0.96 1.81 3.26
20 0.020 35 2-10-2 55 60 70.8 0.463 43.7 42.0 0.96 1.57 2.82
21 0.029 35 2-10-2 55 60 69.5 0.529 50.0 46.8 0.94 1.34 2.40
22 0.008 35 3-8-3 55 60 67.8 0.372 35.1 35.1 1.00 1.84 3.31
23 0.020 35 3-8-3 55 60 70.1 0.437 41.3 42.0 1.02 1.64 2.94
24 0.029 35 3-8-3 55 60 68.7 0.489 46.2 46.8 1.01 1.42 2.56
25 0.008 35 3-10-3 55 60 68.8 0.373 35.3 35.1 0.99 1.87 3.36

— 243 -



26 0.020 35 3-10-3 55 60 70.1 0.437 41.3 42.0 1.02 1.64 2.94
27 0.029 35 3-10-3 55 60 68.7 0.489 46.2 46.8 1.01 1.42 2.56
28 0.008 35 3-6-3 40 60 65.0 0.475 25.7 20.0 0.78 2.37 4.26
29 0.020 35 3-6-3 40 60 65.0 0.538 29.1 24.0 0.82 2.09 3.76
30 0.029 35 3-6-3 40 60 59.3 0.586 31.6 26.7 0.85 1.68 3.02
31 0.008 35 3-6-3 70 60 75.8 0.319 43.0 50.1 1.16 1.75 3.15
32 0.020 35 3-6-3 70 60 82.9 0.383 51.7 59.9 1.16 1.64 2.96
33 0.029 35 3-6-3 70 60 82.8 0.430 58.1 66.8 1.15 1.46 2.63
34 0.008 35 3-6-3 55 30 66.6 0.358 33.8 35.1 1.04 1.86 3.35
35 0.020 35 3-6-3 55 80 70.5 0.437 41.3 42.0 1.02 1.65 2.97
36 0.029 35 3-6-3 55 30 68.6 0.489 46.2 46.8 1.01 1.42 2.56
37 0.008 35 3-6-3 55 100 | 68.0 0.349 33.0 35.1 1.06 1.96 3.53
38 0.020 35 3-6-3 55 100 | 705 0.436 41.2 42.0 1.02 1.65 2.98
39 0.029 35 3-6-3 55 100 | 67.9 0.487 46.1 46.8 1.02 1.40 2.53
Average 1.00 1.65 2.96

Standard  deviation 0.08 0.22 0.39
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2. 475 AAH L W&

7t AT AAA 99T AY L ASVFE EF

(1) =7hd ZAxd 74

Zde] g =wusle] WEH F4 % 5-13% 2uh Eol vhehdl npe} o] KSE
Aeletie obAAA nAE AAMd hak Wre] A vlEEe 94X gk FBH o] Tl
A ke ZAdd e FEeE AWl lolMdE 1% A ANES JFoR dt
ASTM= Alefstils BF 02% ZAW o) d5stss A4st=s stal o

3 5-1. Summary of national and international standards about 7-strand

ASTM A
. KS D 7002 [5-1] JIS G 3536 [5-3] ISO 6934-4 [5-4]
Specification 416/416M-10 [5-2]
(2011) (2008) (1991)
(2010)
Minimum
Breaking 1720/1860/2160/2400 1725/1860 1720/1860 1720/1860
Strength (MPa)
6.4, 7.9, 9.5, 11.1,
6.2, 7.9, 9.3, 10.8,
12.7, 15.2/ 9.53, 9.3, 9.5, 10.8, 11.1,
. 124, 152/ 9.5, 11.1,
Diameter (mm) 11.11, 12.7, 13.2, 12.7, 15.2 12.4, 127, 15.2/
12.7, 15.2/ 127,
14.29, 15.24, 15.75, 12.7, 15.2, 18.0
15.2/12.7, 15.2
17.78
Elongation (%) 35 35 35 35
0.1 % proof force
Criteria of Yield . 0.2 % proof
0.2% proof stress 1% extension 0.2% proof stress
Strength force(In the
relevant parts)

KS D 7002914 3% 5-29F 2o 1= Al 2160 MPa, 2400 MPaw ZFddel tigk
TAZ AAE oy nFE Fdd SY-UYgE S I AEe BA @2 dAon

3 5-2. KS D 7002 standards

2| 21 2
o3 gaags| 020 BT oy AT g | s
N 2\ R AAE | (%)
e 7= A : 383 | S AR E g a8 3% | dAAlE g | A
“EEAF & 8%
[MPa] 2 [kN] N L [mr] | [keg/km]
' [KN] e
+0.4 _ .
BZ |SWPC7BL| 1860 | 15.2mm oo 0.080] 4 | 222014 |2610]4F|3.50]14F(8.00]8}|2.50]8}| 138.7 | 1101
+0.4 .
C% |SWPC7CL | 2160 | 15.2mm oo 0.08°]4 | 255°]4F |300°]4F|3.5°14| - |2.5°]38F 1387 | 1101
+0.4
D% |SWPC7DL | 2400 | 15.2mm 02 0.080]4F | 2830]4; |3330]4F|35014| - [250]8}F 1387 | 1101

il EUe A AL A AZFE 1860, 2160, 2400 MPa ZAds tido= AA|
Atk AAde] gk JAGAF L 7]EAH o= KS D 7002(2011) ¥ KS B 0802(2003)[5-5]&
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JAGA S, 29014 AAFAE AGANY 1Yo AL
At 2 AFd A= KS D 70020 Wk 0.2% 2
Agatdon, ARATe KS 74 @ 4A4 AxAle] Ag

7h #7149 Ex AHEA Al A

A A= E95F Aol A S 600 mm ool H = qfAshs KSol wek = AldATE F
detAl =d5 AtelzbA ol 700 mmzb H =5 Slvh Al@ A= 29 5-13 2ol 1ZA F
FH-ol 5 mm HMFEANAES MZ thYo] H=F vFies S F 2718 A8t ¥
FEA A= dAde FHEe] ofd 2o SHFdoer Ao, s S4E WY E
= Fdde AA MY = dERW Al

19 5-1. Installation of steel gages

RE XA EHRE FUolA JEE 2400 MPaw A2 (barrel) 3 & 71 & A}8319)
g 9 e AYe 19 5-2(KTA, 2012 [5-6)eF Zow 71879 47

o REsl BE 5A% A9 ARFAE e

VYNNG WSt AHA719 BE WA 4TS nBHs] A 27 A Az 44
stglov], 7 Z=w gAd QgAPA val 100 kNI 150 kKNS 27] g8 wee 44
st

Tendon A B
Uit | @ | ()

(¢
06| 8| & e D
ws) | & 5 il (o {
— 15.2(08') 152 ) %
6230%) | A ¥ 127005) 7 » @

Wedgs 152mn(0.6°) 6.23(0.25") 623 7 2

(a) Dimension of barrel (b) Dimension of wedge

19 5-2. Barrel and Wedge Dimensions

(Lh) 290l A2 Ag A2

AlFA 1 m Zel9] 1860, 2160, 2400 MPa <1 & el =9jolAds Fqsdet. =d2F
ARO1EA S 600 mm ©]de] HEE g8k KSell wet BE ARAVE $UshA B ALl
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19 5-3. Installation of sweging 219 5-4. Dimension of specimen

BE AlgA KTAoA 7l 1860, 2160 MPaw <] 4 Al E£8BE A&ttt AL&H 4
A sdBe) AdE 2y 5-5¢9 Zow, A JdFAAdE= wE 1860 MPa < Aol=
1860 MPaw A <2|BE ARG8T oF4 2400 MPaw 44 < I E - e
wj<-oll 2160, 2400 MPa Zd4dol= 2160 MPaw Al £8|EE AR&-3t

19 5-5. Sweging sleeve Dimensions

(3) AFAE

AGAIFE 980 kN &ZFo] RtsAIF7IE AMEatl o, 17 563 o] RbsA|@7] 9 71
@3 kel A5 AAstal AR 7 AAE AFAE AAste] AAd el wE 3
Aol +&HHA gRE 3.

A @A gk st WeAe] MHoR JhEsiglon, rtEEEE duHEES B3 KS
B 0802 [65-5] elA 1t ste A &9 F7hes Tt E = 0.35 mm/secE sFATH

718 B AFGA] JAGAIES AAE 27 A% 14 A7)0 100 kN T+ 150 kN7
A MeAAE Tl 27 FstTS FEste] #7]9 dEo] bBH H s A B AvE
oS Fastat
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19 5-6. Layout of tensile test setup

[}
5-3¢1

¥ 5-3. Tensile test certificate(from manufacturer)

SAAEAAA AAE Aom AEAA AEd 7}

delsted YERTh

Strand Maximum Yield load . Modulus of
. Tou . Elongation o
Specimen Grade [MPal diameter load (0.2%o0ffset) (%) elasticity
i [mm] [kN] [kN] ’ [GPal
P1860 SWPC7BL 1860 15.23 271.8 241.0 6.2 204.9
P2160 SWPC7CL 2160 15.28 3195 293.1 8.6 206.8
P2400 SWPC7DL 2400 15.28 336.8 316.0 75 202.5
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400 400
P1860-1 P1860-6
P1860-2
350 P1860-3 350 P1860-7
-p1860-4 P1860-8
300 -P1860-5 ™ 300 ———— ==P1860-9
Lamman e —P1860-10
250 - __250 R
Z 3
= =
5 200 5 200
® ©
s s
150 150
100 100
50 50
0 0
0 30 60 90 120 150 180 0 30 60 % 120 150 180
Displacement (mm) Displacement (mm)

(a) P1860-1~5 (100 kN initial tensile force) (b) P1860-6~10 (150 kN initial tensile force)

400 400
::ggg:; P2160-6
350 P2160-3 350 P2160-7
P2160-4 P2160-8
300 P2160-5 300 P2160-9
P2160-10
— 250 — 250
z =
= =
3 200 3 200
© ©
s // 3
150 / / 150 _
100 i 100 _
50 50
0 0
0 30 60 90 120 150 180 [ 30 60 20 120 150 180
Displacement (mm) Displacement (mm)

(c) P2160-1~5 (100 kN initial tensile force) (d) P2160-6~10 (150 kN initial tensile force)

400 400
—P2400-1
—P2400-2 ‘ P2400-6
350 —P2400-3 T 350 P2400-7
—P2400-4 L P2400-8
300 | P22 300 P2400-9
P2400-10
=250 =250
3 Z
=, =
= 200 S 200
@ ©
o 3
= 150 150
100 100
50 50
0 0 _‘_
0 30 60 % 120 150 180 0 30 60 90 120 150 180
Displacement (mm) Displacement (mm)

(e) P2400-1~5 (100 kN initial tensile force) (f) P2400-6~10 (150 kN initial tensile force)

19 5-7. Load-displacement curve
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3 5-4. Tensile test results

Maximum | Maximum Yield load Yield stress Modulus of
Specimen load stross (0.2%offset) (0.2%offset) elasticity
[1eN] [MPal - [kN] . - [MPal] ) - [GPal -
P1860-1 276.6 1976.8 251.3 253.6 1796.0 18125 192.8 212.4
P1860-2 276.3 1974.7 249.4 2479 17825 1771.7 221.3 210.4
P1860-3 277.2 1981.1 247.9 250.3 1771.7 1788.9 2114 210.7
P1860-4 278.1 1987.6 252.9 250.6 1807.5 1791.0 226.4 214.1
P1860-5 276.6 1976.8 246.7 247.4 1763.2 1768.2 2135 210.8
Average 277.0 1979.4 249.8 1785.3 212.4
P1860-6 2739 19575 248.5 2485 1776.0 1776.0 223.8 220.0
P1860-7 276.2 1974.0 248.5 248.1 1776.0 1773.2 222.5 219.1
P1860-8 278.7 1991.9 254.7 254.7 1820.3 1820.3 225.3 225.7
P1860-9 2739 1957.5 249.6 250.5 1783.9 1790.3 219.8 219.7
P1860-10 2765 1976.1 251.6 249.5 1798.2 1783.2 218.2 213.1
Average 275.8 1971.4 250.4 1789.7 220.7
P2160-1 321.3 2267.8 295.7 295.7 2087.1 2087.1 2186 2164
P2160-2 320.6 2262.9 295.0 295.6 2082.2 2086.4 210.1 2189
P2160-3 320.6 2262.9 295.1 294.9 2082.9 2081.5 213.3 223.1
P2160-4 314.1 2217.0 294.0 295.8 2075.1 2087.8 214.1 2175
P2160-5 309.3 21839 293.2 296.8 2069.5 2094.9 201.1 225.6
Average 317.2 22389 295.2 2083.5 215.9
P2160-6 317.0 22374 296.2 296.2 2090.6 2090.6 208.0 218.3
P2160-7 320.9 2265.0 295.2 296.3 2083.6 2091.3 206.5 213.8
P2160-8 322.2 2274.1 296.9 296.9 2095.6 2095.6 2114 220.1
P2160-9 319.6 2255.8 295.3 295.3 2084.3 2084.3 202.0 1975
P2160-10 3155 2226.8 295.3 295.3 2084.3 2084.3 211.2 220.7
Average 319.0 2251.8 295.9 2088.5 211.0
P2400-1 338.2 2392.0 313.9 313.9 2220.1 2220.1 217.3 2195
P2400-2 3375 2387.0 312.4 311.0 2209.5 2199.6 216.1 215.7
P2400-3 329.0 2326.9 310.7 310.7 21975 21975 212.8 2204
P2400-4 336.5 2379.9 311.6 311.6 2203.8 2203.8 212.1 222.9
P2400-5 312.8 2212.3 - - - - 2114 222.0
Average 330.8 2339.6 312.0 2206.5 217.0
P2400-6 301.3 2131.0 - - - - 217.3 218.1
P2400-7 3325 2351.7 3135 3135 22173 2217.3 219.2 214.3
P2400-8 323.8 2290.1 312.6 - 2210.9 - 217.1 -
P2400-9 331.7 2346.0 310.9 310.9 2198.9 21989 211.2 2177
P2400-10 329.0 23269 312.7 312.3 22116 2208.8 209.1 205.2
Average 323.7 2289.1 312.3 2209.1 214.4
gy 570l 7 A FAAde] sts-we] Sds 271 AFY A7) wek vErileH
540l gAY A3E okstel e ¥ 58 ~ 51000 7 FEE g
oMy s AL e
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19 5-8. Stress-strain curve(1860 MPa strand)
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13 5-9. Stress—strain curve(2160 MPa strand)
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19 5-10. Stress—strain curve(2400 MPa strand)
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3t 5-5. Tensile test results

Yield load Yield stress Modulus of
Maximum | Maximum (0.2%offset) (0.2%offset) elasticity
Specimen load stress [kN] [MPal] [GPal
[kN] [MPal
a b a b a b
P1860-1 2579 1843.1 2374 237.0 1696.4 1693.9 220.5 2084
P1860-2 263.1 17504 238.2 - 1702.1 - 202.8 -
P1860-3 201.0 1436.5 - - - - - -
P1860-4 260.4 1861.3 238.2 241.7 1702.2 17274 2179 209.8
P1860-5 258.4 1847.0 237.0 - 1693.7 - 217.3 -
Average 248.2 17477 238.5 1704.6 211.9
P2160-1 302.6 2135.7 292.0 293.3 2060.7 2070.4 2172 2159
P2160-2 304.3 2147.8 292.1 293.0 2061.5 2068.2 2116 216.9
P2160-3 281.3 1985.1
P2160-4 303.4 21415 291.0 294.4 2054.0 2078.2 2154 213.8
P2160-5 303.2 2140.2 292.7 292.2 2066.2 2062.0 2179 2249
Average 299.0 2110.1 292.6 2065.2 216.7
P2400-1 301.1 2129.3 - - - - - -
P2400-2 302.8 21415 - - - - - -
P2400-3 297.8 21064 - - - - - -
P2400-4 288.6 2041.2 - - - - - -
P2400-5 306.2 2165.7 - - - - - -
Average 299.3 2116.8
E5-59% QgAE 2nE ackstel etk 19 511 ~ 5-13% 4 w7
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19 5-11. Stress-strain curve(1860 MPa strand)
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19 5-12. Stress-strain curve(2160 MPa strand)
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19 5-13. Stress—strain curve(2400 MPa strand)
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3£ 5-6. 2400 MPa tensile test results(from manufacturer)

Strand Maximum | Maximum Yield load . Modulus

No. diameter Steel area load stross (0.2%offse | Elongation o.f '
[mm] [mm2] [kN] [MPal t) (%) elasticity

[kN] [GPa]

1 339.01 2354.3 315.53 8.07 197.8

2 336.95 2339.9 311.32 8.12 201.0

3 338.20 2415.7 314.26 6.27 202.1

4 338.39 2417.1 315.90 6.23 2034

5 338.52 2418.0 315.35 6.24 204.0

6 338.14 2415.3 315.17 6.65 197.9

7 338.13 24152 315.46 6.61 197.6

8 338.10 2415.0 315.28 6.59 204.0

9 338.16 24154 315.08 6.63 203.4

10 337.97 2414.1 315.52 6.67 2015

15.28 143.99

11 338.01 2414.4 315.08 6.64 197.7

12 338.10 2415.0 315.77 6.63 200.3

13 33813 2415.2 313.99 6.75 201.3

14 338.01 2414.3 314.65 6.76 196.5

15 338.31 2416.5 314.84 6.65 202.8

16 338.01 24144 315.32 6.70 201.2

17 337.98 2414.2 314.25 6.81 196.3

18 338.17 24155 314.81 6.80 203.0

19 338.27 2416.2 314.73 6.79 196.1

20 338.06 2414.7 314.81 6.82 199.6

Average 338.13 2408.5 314.86 6.77 200.4
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(a) P1860-1~5
(100 kN initial tensile force)

(h) P1860-6~10
(150 kN initial tensile force)

= -

(c) P2160-1~5
(100 kN initial tensile force) i

(d) P2160-6~10
(150 kN initial tensile force)

(e) P2400-1~5
(100 kN initial tensile force)

19 5-14. Failure mode

(f) P2400-6~10

(150 initial tensile force)
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13 5-15. Failure mode

19 5-16. Slip failure mode
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(th Az = &4 A3
1860, 2160, 2400 MPaw 7419 5o wiatol 19 517 ~ 5199 Hdhsts& 42|t
Uet At ol 5 Fall 95% A sl WE AFE=E A AT 2 A AlZzAbA Ay
& FAde A5, 4718 4RAANE A FAAe] A5 S KS #4S TFsE Mol
A 05% AHEE BT wESATh 2eu 2904 IR AT 95% A T
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19 5-18. Maximum load result (2160 MPa strand)
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719 5-19. Maximum load result (2400 MPa strand)
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Distance from the top fiber, mm Distance from the top fiber, mm

Distance from the top fiber, mm
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Distance from the top fiber, mm
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Distance from the top fiber, mm Distance from the top fiber, mm

Distance from the top fiber, mm

452 kN
@ s CL1
300 o SFL1
\ - SBL1
600 K
200 \
1200 uxr
1500 2
-4000 0 4000 8000
Strain, microstrain
(b)
O B
559 kN
_0 = CL1
300 o SFL1 |
\ s SBL1
600 b
900 \
1200 \u "
1500 =
-4000 0 4000 8000
Strain, microstrain
(c)
O (o7
743 kN
oa = CL1
300 N o SFL1
s SBL1
600 a
900
1200 =
1500 —
-4000 0 4000 8000

Strain, microstrain

(d)

19 5-35. 494 HD #5 15 m @ HIE

- 288 -



Distance from the bottom, mm
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Distance from the top fiber, mm

Distance from the top fiber, mm

300

743 kN

n
(@]
B

e]

SFR1 7
SBR1

>3

600

900

N

1200

1500

-4000

1% 5-36. 4A HD

0

4000

Strain, microstrain

(d)

A

15 m

8000

0 e
53 kN
g s CR3
300 o  SFR3 ]
s SBR3
600 4
900
1200
1500 "
-4000 0 4000 8000
Strain, microstrain
(a)
0
452 kN
= CR3
300 o SFR3
\ s SBR3
600 \
Q200 \
1200 =
1500
-4000 0 4000 8000

Strain, microstrain

(b)

- 290 -
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N.A. depth from the top fiber, mm
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N.A. depth from the top fiber, mm
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N.A. depth from the top fiber, mm

300

600

900

1200

1500

300

600

900

1200

1500

300

600

900

1200

1500

rd
Cd
r'd
’
- |
’
’
¥}

- 292 -

ND
—e— Test
’/ ----SA
L) i m  Crack tip
T I[ | T
0 200 400 600 800 1000
Applied load, kN
(b) A3A ND #= 1.5 m &4
Y
| il
i
i
A .
i —o— Test
] ----SA
1@ ) = Crack tip
' T T
0 200 400 600 800 1000
Applied load, kN
(c) 434 ND +5 16 m ¢4
o
i II’ i
/' m
/
’l
'
f ND
—o— Test
ra -===-SA
1@ /! = Crack tip
T ’I I
0 200 400 600 800 1000
Applied load, kN
(d) 284 ND %= 7154
1% 5-38. A@A ND TH= Zlo



N.A. depth from the top fiber, mm N.A. depth from the top fiber, mm

N.A. depth from the top fiber, mm

300

600

900

1200

1500

300

600

900

1200

1500

300

600

900

1200

1500

HD
il —o— Test
’/ ?ﬁ@J -—-- SA
® i = Crack tip
T ’I a\’ge—q T l T
0 200 400 600 800 1000
Applied load, kN
(a) 494 HD 2= 7194
7
,I
,f’/ P
L4
I, L ff‘
}M
1
J \ HD
Lt —o— Test
,/ ----SA
® = Crack tip
T ! T
0 200 400 600 800 1000
Applied load, kN
(b) A3 A HD #= 15 m ©H
-
[d
M’
‘ I’, -
/| om
[4
[
[}
1\ =
| v e
an - —e— Test
,/ ----SA
o i = Crack tip
. f —
0 200 400 600 800 1000

Applied load, kN
(c) A¢4 HD %= 15 m ©H

- 293 -



0
£
£ P
£ 300 o
= -~
o :@56%
2 600 o
(0] AR |
= /
/
5 900 LS
- 1}
<] \ HD
S 1200 —e— Test
< ;. ----SA
= @ b @gﬁ/@d = Crack tip
1500 . e .

0 200 400

600 800 1000

Applied load, kN

(d) 28 HD %

= ey

=

1% 5-39. 4dA HD TH5 %o

stol 7} wle] BAE-RE FHL Feho] 1Y 54000 vhehl gk

6000

Moment, kN.m
N
o
o
o

N
o
o
o

0

Pt
7

ND
measured at 1.5 m left

measured at 1.5 mright
sectional analysis
T T T

-4 0 4

8 12

Curvature, 10 rad/mm
(a) 48A ND #4595 15 m &4

- 294 -



6000

—_ il W)
gigry peETE RLE
TOEB N RS A %mﬂwegm o R R
i) i \I‘m‘._ O.;Jtu' X ,.mﬂ Z*.O JIL [ lﬁl [} a
— o ok M_ < 5 B R el <~ I O o XD
_xwﬁiaazﬂ B e wOB W = % UK
A = = nll or R = o] 5 s I NCI = m = R
[op) ~ 3 = ! - 03
caww [y m”aniwu@ %%ﬁgm oAb A
T W .F o ot X mmﬂeﬂz.zf I mo Hr S
— o iy H i Nr o B T (ay v El o
~ o EI U.._ o 70 . :i O#E g EE B3 o OE ﬂi o
T T S o ﬂw =0 ﬂﬂM A H ~E &.m T A e S N @
— < O _ [t | —~
g L TR TN o A oy X oop ~E
Tl Fw PR sEleT R T
N RGP T W o N
< -~ 7 ] X O {F T ,AH__ do T 44 3 _ﬁ o oy fm T N2 m
€735 < = o 82 F o M. T .2 J
2 o o LI NEES % o e e ﬂ%%%
25 T GO G g b g2 o B < B !
cg=f  TiETlal asif Toiex 1079
S = 4 E w0 f A= o iy =2 %o = % o o No 2 e = o] ™
528 £% ) TUELEIR EaTed el e 2o
D_mmw. k= " o= o = o o ‘_]t = ) n B AF K] 7R o ~ n| Neo 2 E3e) 7o 8
\ “33 8 S o %%%ﬂ:ﬂﬂw SRS B % o 2 T
\ dgorve ¥ 7 T STy WEET S EE g
T ©E . — o i g o K] W B | Lo
N EEB ¢ w2 %ﬂwﬁwoﬁ].% ﬂuxﬂaw %ﬁiwﬁm G
R = = ! =N 0 s ! ! .l + lam
' T AR o B ,ul X il ‘_lnﬂ._ oy W: T .m_n O_ W X ri 1
H g Z o o T ol < = O A\ ol o
i 0 W B2 " . ) QO o N
i S Onw = W o ] = He ;.IDM o Wﬁ :ﬂ ~ Y MOW il Hylo mmo M_v Z. B B o)
B o oA B N do T T B e O T T
S DO 2 xw_]sr% E ey 7 M5
2 FEially wDBEE fxte 20°
. 0 A —
Toewm TN AT g g Aoy,wﬂo_e%ﬂﬂ%yg_ﬁ T AT g
o o = I R e®g 28 %%%%wﬂ%@%aﬂﬁ NI
S S C %@ax%a%ﬁoﬂgﬁ.m_ﬂ.é
< < K u ~ T — TS ;oL ‘R =
W'NY JUSWION ¢ i g L il ,% WM o Mm % g Mm v ww oF W N
o T IoTo A : o <] X o
T Mgy T itﬂwwmftﬂgﬁzﬁo4awﬂ
o X BE ogroor oo . ~ow9 = 1T oA 2 Te)
o X < o X — s i o oy W
== X Lﬂrmﬂo%aagﬂlﬂmﬂ = W W
— T S o) — W BE ™ H g ° w S
X B oY w R R - GG - = no e
#mﬂf%xLlaﬂﬂaﬁ_& Ao T oy | = =
—_ A o T W T o)) O Ao N
- = WIS e < do T T 0O e R T 0
50 oW o g oo oo R
= B ooy o T S o = <
T W oo s T

1714 o] o}

Qs

s

ol & w}

- 295 -



(4) AA7IEIe] v

of PSC #A¢ 3

£Hoz Frker] M

o] A

o}

ke
L

ot} & AA7F=[5-11]

(5-3)

(w—w')}

d
dp

'{ fm
pp f ck

T
by

fs::ﬁm[l_

Jebd

=
=

o] ZAAH], w'E FA ] AAN]

% L
=

A E=ATA L A, we

\

XO

oA

)
g
N

il

3)

fo7b f,00 Ank Bk Acd A

A (5-3)e

o,

o)

e B

1 Mattock(1984)[5-12]0] A A&+ A o]t}

9]

23

FEZE 34 MPa?l Ab

(5-3)2 1,860 MPa <
FJEHZ AAHAT a8z 1

Al
2]

At

= 1
= 1

14 29

9]

[}

5

A

T& ®o

Al ND¢F HD®] Tg+HolA 15 m "ojxl

44

ke
T

Iy 5-41

21 (5-3)&

22 et

o
o

el

2

of Aol =

= et 4 (6-3)2

A

al

!

ol

i

!
~
-
nt}

l
|
|
|
-—-T- -~~~ a1
“ NY 024 = °d
I
I
LY
|
I
I
l
|
| -
1 < = o0
[&)) 2
“ = 2 9
_ FEE
o - - T
s O © &
! Zl- - o
| © o003
I 33837
'y
___
"W o e
[
o o o o
o o o o
Te] o Te] o
N N ~ ~

BdIN ‘puedis ul ssaig

900

600

Average Load, kN
A ND &%= 15 m

300

gl

49

(a)

- 296 -



|
|
II“ IIIIIIIIIIIIIIIIIIIIIIIII
u
I N3 908 = d|
|
|
I
I j/
|
! vG
| \ %
I
| \ ¥
|
] O
' =
I %)
| .Wﬁ.&
1 P_—
! 56 €
— 4 A .
g o TTw
= e D_aan
| %o o Tk 9o
e ° [ala kR
Rss) ° > > ot
G S O3 o0
N b
P M o e
g H
_:Io.
o o o o
o o o o
Te] o Yo o
AN AN ~ ~

BdIN ‘puedis ul ssaig

900

600

Average Load, kN

300
(b) AAA HD #%5 15 m

o

gl A A4 As

PSC A2l AA Ao,

)

xAO

ki3

hin

~

il S C
ol 7»ﬂ
eﬁ B m
)
s
o) °
LO
¥ 8
ol
Moy
WA
® e
Bow
L
ﬂu.u O_H AT_
T
dﬂﬂmm
eg_ egﬁm.
_O_O\HL
L —_—
o
> I
%Mﬂr
N o
%ﬁﬂm
T X0 W
4 o0
i
~o ol Mﬁ
)A
SR
Lo
WE s
SR
H H T
ok Ro 4
oga@uot
Mo =
T = A

wr = A A

AugH oz G751 0.60~0.659 7F
}=o] wel A8 ND F4HN4 15 m

S

0

e
o)
)

1
T

Sukr=t} 78 5-42

B

AT,

¢+

o
=

W

Xe]

)
-

)
—_

io-

why
o
)
b

ﬁo

|
—_

&

X

R

El
N

el
ol
o
]
o

fvze)

AJr

o W

A

0.0128= <l

o] A7=

=
=

(€]

)=]
w o

0.0068, =

-
.

o] A7)
A | gt wgbd 1=

ef ol A

1 0.005%

(e}
p

PN
~
=
Q
2 -
o= =
EET E H!
0 v 9 Re)
Q< < 2 o _| H
Zl= = © AR
T © O UO [
656 S = :
©
> > 5 Q@ *
30 c —
Xe]
(72}
o e anu
T
T ?
o o o o
o o o
o o o
N [ce] <
=

ule}soIolW ‘puelis ul ulensg

400 600 800
Average load, kN

200

- 297 -



-
B
=

(th)
Eil

KA
N
it

—~
file)

ol

ol

[5-11]

AA7IE

%3 Frosch(1999)[5-13]

| =

A

s

A E o

!

—L
s

i

!

ol

Aelt.

gk

AT-A el 7)nk

A9 044 mm= A

_o/]

w0

ol

Fal itk PSC 741 ¢

)

7Pk 1

=
=

-

Eis

g FEdFo] 029 mm= A

Ny

" T
T
<
o) ®!
I
B Ew
-
o £
R
o
H o3
N o
=
™ &
g R
Hr ©°
o
T
]1_ .&ﬁ
Z
N ok
o0
7A
= Nfo
T g
=l
g
=2
4
<P amn
M =
Z R
Ne)
T
7A
-

5-43
O

=]

=
=
=

tso® 714

S

3t

1A

9]

o] 2/39

ol

tdet. Al 2/3

5

t}

=
=

22 0317 mm= Hd #IF 029 mm

e

E

0.345 mm, ¥

3 O
R

R

fite)

&

BR
fils)
7
4

4

[
&
¥l

513 kN

600

ND
—e— at 2,390 mm left

T—e— at950 mm left

—=— at 630 mm right
max. crack width
(=0.293 mm)

0

0.6

0.4 —=— at 2,098 mm right

W yipim ¥oei)

800

400
Average load, kN

200

Hr

3|
pul

1o},

}of of

)

2 wslgo] 250 MPa ©f

o
[e)

F 74

o

oR

bl =

S

Al ND¢} HDeol| tf

49

-
T

a9 5-44

=

—~
fils)

b o,

)

25}

4

o}

o
e

;.OL

A71Ee] Al

T
N

ly

o waleke 154 ~ 304 MPa o]

o
(e}
AA 7=

A9l

al

A
RERA !

-
T

- 298 -



800

A T N WM M_
39} i’}
ol T W
) of N oAr iy 8o
(g BT g M E
ol DN oo voL
o~ 11__%_ < | ~ =
. ok w| oF W
2 = W E
B T
o S ojp . | = N <
2 % c© (Y my M o~ = M) o
L T 3 qmm T = = °
<Z olo o o PR Hr W o+ ol
. =< x| o o Nr < "
\ \ a x| 9 o3l 8 = = ~ w o W
/F \ o2 3 gl o = o T oy moa n W
\N 0 I N - R
/ '-rt Q\__ N N \.l_rﬂ ﬂA_.E 1FL _,_A — ‘mﬂ
e o E iy =l = £ £ A 3 T . o L I T
202 “ oJ ©c 29 2 /._ o3 = o To T
~EE £ i oL 2= EEEE \ S, - 2 Ho ob L
$200o ; ve T2wwoo o 2o Ne o) J_/um.ﬁM < 5w
£33 S |EgC 00 5§ ™ X woN R 7R
oo B BB o wn T TT > olo - B R o o= N
- « £ £ & < - - £ £ £ £ OA s dﬂﬂola < 3
oo 8T @ = B®ES S & S < O = < T
T © = = 3 e~ o L L 065 c .7 x . ) X Ho = o=~
EE T3 o St @ o Q0T DD D ©+’n = A g o)) W T
S22 883 co S S>229098 |[sTs < g S 9
20 % v o 2535 4 4 0o 0o 0o o» %3 _:T ol AE%WH No HW»AM
i S 29 i 2.AQ = o T s
[ e (4} =t I R 2
. =— o L — o N ﬁ BT % oz T
T O )
o o o o o o o o o o o wA_l 2 g ) B
8 § < N 8 8 § & N B =z P kA % =
! (o]
1 d — A ;IVH
ediN 10 *}v Bd %410 %3y Mm X o w R o
" o Lo "
— I < m T
° RS o 2
T — o o o) Z .
N : <0 B
B! = o o ny sy b T o
L-O S vAO @:A fe) \\_l_,,AII 1—.7A fite)
W N W o F T = B
eyl fo i o )l i
THL modge w oo
<) . .
© MBS — oo TX N o~ o T
—_

)

- 299 -



sh4l

23}

EDS

el
=

Fol ATk

& AA7

R
-

Hr
il
!
s

jruge]

N

N

- 300 -



(7} A& o] (Transfer length)

o 1ZE ZAd A8 ZgdA FA 45 43

(1) &°

B

M
A

i

B
iz

3|
R

.

o (transfer region)2.= A 9]

e

5-1¢] teb
of =ge wrpA A

A A

°©

]

=
)=
2
3

kel

ot

)

8

Distance from

free end

fps

Flexural Bond Length, It

Development Length , ld

0
e

fre

Length

9 54 ZrRl FAjellA 11

Transfer |t

! o] (Development length)

+d

pzs
=

(h 4

p—

B
n
o

o

o)

o

.

Q,_

o]

A

Folsl 2AY 7ol gelt),

- 301 -

AT E FoA o]

=
| N

= Aol



HAYF

2‘(_]'_
Oh FAe FYLL

-
i

3

(2)

pEA

3 EUEA V]

H71 4l

5]

El
ol

S

e= ©l

’

+(adhesion)

Z_|

of mh A

=
=]

2 nae Zg Ay

o

_|

9+ 5 3 (mechanical interlocking) &2

S
1

Zolo] &3 (Hoyer effect), 7] A

we o 74 W

o] #A PTG o] AXT}

kel Z1AA stEdel 7]

SAE

solof %

718kA] ARk

Ay A
st

(\}) = Adhesion)

o mme A (slip) A A I3 Hr},

] FEstEH g 355 A

S

i il

1)

=

s
o

w9 gFom ]

boh g A A

5|
pud

gl

=
T

ool

T o
T

iyl
olo i
ﬂo
yr B

olo
ol

1210
3 -
ol .
ST
TN
. NE
T o
o
0]
= M
E o
iz
=R
2 o
D]
X oF
T B
N
° %
7E 17_.0
Ty

=
| =
= W
T W
s M
§ w
|
0
™R
o=
o) ol
o
oo |

N

)
o

w

H7AUEo2 Al En.

e

Kt

;:q—

=]
£

z:;l_

|

o B 9

).

__Aﬂ

o
ﬁo

.ﬁ Critical Bond Stess

i Zero Bond Stess after Initial Slip

Bond

Stress

Strand Slip

a9 52 A& A8 AE

A 2]l A

3|

[e)
= A2

1L ZagEef b

R4

3§ e e

Ea

t} ZE|~EF

}

T AEY

o] 2} choll 4 3]

Apolol] w112 & 0ol T},

I~

o] 7

At 7). Wl ®aig wp lth

&

;Zﬂ

=13
=

- O =
Bdee BT

#

B=

E[l_

l

O A

3

~ 0127 mm)< ¢

te e <

xg 5

o
=

o)

TC
~r

il
‘_IVL.|
B

e

il

‘ﬂ'
=

yrul
o)

- 302 -



-

o
=

ol A

ALE-dT) 19394 Hoyer

o] WAY

=

j=
= 19 o

=
=]

T

1

=

g E. Hoyerd] ©]

o] 3f

=

=
ﬂ]:}. 1
3)

=

34

Ea

7 A
obi gho]o]
|

1
ul
=

g

2 ~EF

B

[¢)

of o
HAYSS

E
L
pu

‘|_

S

oJ 1} A Poisson Hlol whz}

=7

A
—
=

pu—

O~

o] 7}

AE

F}H(Hoyer effect)

YA
= TAYER A

o

Q

]

o
=]

oo}
i

3

e

(th
o]

mwmﬂﬂ_g ﬂﬂﬂ@ﬁfﬂg T o o M%ﬂ o
N e T Mo 1 e Ne T
e I _xIzET o wm” K Wz O
X Ao O T N~ o — = % mﬂmﬁ o
Eaw N B, S we N o= o
5 ST R g = 2 ar.
R R E T od MY Ry W oo
AR E T S RS W odn T T on 5
o Wog F mﬂzw@wg i dr.MAdrﬂ
;%ﬂﬂﬂ_& . o ol B o
ﬂg%sumqﬂﬁ@ﬁ%% o W TS
g H®drds o | ® T o By
oo MR g Mo 9 . ©om T
~ ~ Ldﬂdl ﬂﬁdﬂﬂlllﬁ:; o B o= N oo
I A = B~ = E e N ) oo
o T %o T ﬁ_%ﬂﬂﬁw%% il = %wrmaﬂﬂo
T ~ L ' s [ ] N ‘mwﬂ_
Eamhﬂ}o%7%wl]%wﬂ o T " %aﬂu%
i_/owviielﬁ_/oﬂoﬂﬂ%iﬂo%mﬂ N E%@Lxﬁ
T oo omo o m A g ol R o0 5 F o T
ﬂ%E_@Mﬂfdﬁmﬂﬂmﬂﬂ.wgeﬁ oy B | o’ $Mmo RO
i SN R I S C) 2H TR T
ﬂa%%%zﬁ%ﬁﬂﬁyiﬁma%ﬁ — - = T o g o o
J,i,_ R oo NI o — = e o_ed_ﬂ
o i T 5 mo aoﬁ P O T 5 ™ 701,_@_51
srediere el ox oW R PN G
) @F&@%M%%%ﬂﬁaﬁ 2 P T PR W
To 0 X 3 o o e oy " X i N o @ ° g )
o T TN T X0 E <V I radl: ° SRCI  R y
PR S wmo o gy WA W s e M2 g Do
WEREDS ST o TEERSRD 4T 2y i E = 8WwE T °
ogmﬁo@;ﬂmﬂmﬂ_ﬁﬁﬂdﬂ Ry X ﬁ/ﬂq\vh, T .mgm_u_ﬂﬂduﬁ
L = T = o o — Te) — w o=
@“%M.MHWMTWdu%zvgeogw%Uﬂo e n wﬁ.%Ego T
SR I = R - T J 0 - -
B ER TS TOET g e
T I e B N N SR TR g, 72
R R i B S M= P
I S T T LV N ST e <o
B N KT H e Py T Xy 2 BT o
o Afﬁﬂmew@omﬁﬂ%ﬂﬂs%ﬂ 5 mﬁﬁ%kﬁﬂmﬂ
— . Te) ,\w JIL\IL. —_ —_— BN A o]
N T - B R
P o LR o g T o Mo )l
dugzmlee sdnsm®ol “TNeERXE
i =0 r RO BTN o DN =
Ewuemﬂrdux%mﬁm.mhvmoy%d.ooﬁ )ﬂaaoltﬂm
R T S T N L I e R o~ F WX
B K o KR R X = z
T pFE R T PR N T DB Mo
o ERE REABRED T RN ol wk

- 303 -



B/

Zo}, 127 mm 7

A ZA e 2 ARE 21 Afo] =
190.5 mm

1
.

o]o}e] 3] %] (pitch)

ok
QF

e o, <=

9|

Aol 7}

el

B

)

—_
fite)

B

-

Apaht.

[e)
IT

o wj]s}

—L
.

=)
=

s

]

[e)

H=

o] 7S 1% 5-489] JEMNAT

.

N

i

st

A As

7K

71 A A

2

19 5-490 YEr Aot

-

alg

o

o)
o

)
e

o}

o Ahgkol

W

oo

(5-4)

fps

fse

Twist Restrained at

Transfer zone

Twist Restrained at

Transfer zone

(steel stress)

oL
b7 da

7] Al A

Z}-
=

ELER

- 304 -



el

i

°
=

=

0|
il

B

[e)
R

|

Stocker?} Sozen(1971)[5-15]

il

I
il

—

O

™
B
o

4r

el
TH
ujy
F

)
il

—

0
o}

st

<M

&+

el

Atel 7]

a9

ol7F flA . ]

N

AAl B owBu =SA Aoby

-

s

o] A7]

Aol ApehAT,

.

1

AR wege &3

)

)

o

ol

(5-5)

.

ko)
pad

21

TAAE A el ofel A o] AR F-ZH 5 oo}
fS€

(7F) ACIT 318-11[5-11]

Bl

4]

il

A4glo] #7491 3t AASHTO

& A 7+

= e

-

(5-6)

ach

R4

1

-

QyQy d)apmo
f bpt

Ly

o 1,9 7|Egre obdle] How AL

(1}) Eurocode2[5-16]

o

- 305 -



(5-7)

Up1771f ctd (¢)

f bpt

i

A 27, 3943 7Aoo tiste] 3.2

9]

9}o] o] (indented wire)ol| T

ARETE [, ()

W 1.0, 2284 goed 0.7=

(i3
=

o] ¥=

2}

Agz

(5-8)

1.21,,

0.8L,, or I,

lpt 1

o
o

(5-9)

Upm o0

o azjel. f, =

=
=]

o
o

EY

o
<

Aoz A

(5-10)

= 77p2771f ctd

f bpd

9} o] o] (indented

—_
fils)

ofp

\e]
<0
e

il

o

o

ojo

te 125 A

S

of o

;e

I 74

;e

A

B/

A 14, 3

wire)oll of

(t}) Zia and Mostafa(1977)[5-17]

O] (lfb)

2}

TH

71E

.
R

Z1a and Mostafa

(5-11)

(5-12)

<]

= I ~EY

o714, ast 8

ATt

af

AN Ak ek A<k

ACI 23%& 25% © <

h=Nye]
=

o A%}

- 306 -



(2}) Cousins, Johnston, and Zia(1990)[5-18]

w

B

m_e

[e)
-9 2d

=k

Guyon®| -

= O
=

Z A}

= vl

o] w9l

A th Guyond]

A] 8]

N

R

ek (2) wEl el %

o Hlé

o] Wl

X

T AT

I

ol

]_

el v

\\ Elastic Zone, L

Plastic Zone, Ly

Transfer Length , L:

Strand Stress

v

| Bond Stress

Slope

«—B=

L]
/|

SS3YLS

DISTANCE FROMEND, |

19 5-50. Cousins et al. d&Z4do] mdleo] 714

(o)
T
LO
~—
-
=
Ae/
s
=
IT
-
<9
R (]
=

A7NA, fE

1
o

U B

w4 e N1z R Agelt

iy

o
Jo X
o) %
Y
o of
ar X
olo Wa

70
N ¥
- LA -
W
Py

gt

t:;l_

(5-14)

(fpa B fse)Ap
Trdb Ud’ fc,

Ly,

- 307 -



(5-15)
(5-16)

’

30

20
fi

0.145(fp8 —fo)dy

I, = 0.0048f d,

Ly,

(m}) Mitchell, Cook, Khan, and Tham(1993)[5-19]

)

J)J

3

X = A

2ERE Lol

A PSC 718 A 2HA

3t th 1,860 MPaw 7+

2/07F A

1
o

L
BANE TG

bt

FAtt 40 MPa
[

s &
H

i<

1,860 MPa(SWPC7BL)

7 A4(SWPCTDL) &

40 MPa¢} 70 MPa= 47

1

—_L

H

-
T

AR

2,400 MPa
| Qurdom AbgH

o

T

Tt =

}-

Aoz odEnzZ 70 MPa
[e)

7.

A

T
cy

.

A

3R

2} 5]

4 %

ot}

oo

)
alo
N
el
)

0

5+ 7]

°©

ol A

=

=1

S

=L
T

shelet.

1+ 40 mm(

S

al

5

°©

| 31 2}

A2

A}
=

A]

, 60 mm ¥ &5FAE

A =

3 50 mm

o

]
7}3

S

=1

=

o

%

71
2 o]lrr}

Z]
=
3L

7]l

oL

o
[©)

==
fLS

7]

A, <o)

1

o] 30, 40, 50 mm®] I EFAE A

T
=

=]
=

ki3
)

7% 40 MPa 38 Eef o

g 599

—_L
s

M

)
el

I

ol A

o] AdA(TR)

UERa

A 40 MPa$t 70

=

=

°©

(e}
=

et e 40 MPa =4

[e)

v =

=]

._TL

=

pu

=75 u

- 308 -

SWPC7D= e T

-

AR

AYA
st

SWPC7B, D
ofm, nhA e e AN A ] A

-

R

ol B

shaie.

A 1d 5-510

S

3

o
=

]

=

A
EE= N, 70 MPa 238 EX HZ %7

MPaz A#A



el 52 A g
HE H =g LRy
1 ZAYE ¢4 % (MPa) 40, 70
2 ZAad A= (MPa) 1,860, 2,400
s | FEEA £x = 40 MPa | 40, 50, 60
(mm) £x = 70 MPa | 30, 40, 50
A 7bei A zvA | Lk = 40 MPa | 40, 50, 60
(mm) £ = 70 MPa | 50, 60, 70
e 1 FIYE 4=7% (MPa) 40, 70
o 2 | max agzE (pa) 2,400
TR-HD-C50
— Arrangement of strand
Cover depth
Strand Spacing
Type of strand
SWPC7B
SWPC7D

Y

Compressive strength of concrete
Normal strength, f,, =40 MPa
High strength, f, =70 Mpa

A\

Type of specimen
Specimen for TRansfer length
Specimen for DeVelopment length

(a) dedo] 54 A4

DV-N-1-2300
~ T—» Developmentlength
Specimen number
» Compressive strength of concrete

Normal strength, f,, = 40 MPa
High strength, f,, = 70 Mpa

» Type of specimen
Specimen for DeVelopment length

(b) d&de] F-A dEA

o1g 551 ZE el A A A

- 309 -




- 310 -

R S e SN
dﬁ oH ‘_lnﬁ_A/ul NE MM ﬂ.m TZE __.“--Wrmm_ 12747
ll AE ‘Ol‘MM\W “n"u“.ml.. ......
OL ‘Ibt = 0 of e . sllefl *"°°""
o= W4
~ UEHLE
N N B ol
o —
ﬂ_rﬂ‘wa oy "R p
) HT_ ﬂ@l 8 MM
WK J| ﬂﬂ% q 23
= o ® = < 1+ g 8A
‘U|~_|fmu H = Ju_l =.. —
Ny B o —_—
=% TS m iz
oo W Mo £
o O g
ﬂmweau%ﬂ 3
o a 3 )
rloEed
K —_ X|
F oy T W
op W ogg 0 ﬂde
T g W o o
o XKoo X o
~ 3 KO No P
N ﬁo X my u =
S S 2 1 |3 :
= T g § ] E g
Top M T X® g 1 : 3
<= OMﬂﬁ_ ol i g :
Nw o CF
oo T e
oo~ =y oo
ooy o DS
oo B R
F Mo A J) X m
I e
ﬂA_._l ﬂE g = ri IHW_\MU_M
—_ = T o
&3 ﬂﬂMHuwrd._]
g TR p o ol % i o
W_AH‘U"_lrmU}E\.m'aHEE il . v ¥ Ty ¥ = =
o T oo Mo 2 4| |
o e HLE
IO - o b
ﬂﬂmmu WK R oA qﬂﬂ?;&&gﬁg&m?i&j%ﬁ el e o
=< %o IS TOES
o P = -
Moo MW R oF



7300

Wy SN F g W
__duﬂwmudoa T !
,»IA:._,erl _&LAT_/__OU ,NE
C=ZE BN
T NI oo TR o
W oms B o X N
W:.miolmﬂol ,D_l,m_w_ 1_.
N o oLy sl X
ﬂo%q&oﬁl%%ﬁ% o
‘I_.\JIIJ-EO,QI
- J X -
T R g
— 4 o o = =
P I TR
1__/I7OATZ e o
% o 3R N X S
= W o ﬁuﬂo%ﬂ%d;.
r — - —
=5 SR =
X — 3
g - g3t TERT 5 E
‘HAJHT m‘.ro.ZOZLﬂ_/ﬂLIUF
7,U|1_-Enﬂﬁ .2;0 —_
P R e v« o B
<L T LW T o= N
w = = o BR < 0
T T = n
— T K =m0 - OB = 7o ~
° NS R oDk I
o H NN & W oom WL R
N m OBy BT e X
N oy il RO = o o
Xo L%% T
XY \._n.__;o,._.rﬂo ATIEBMA
o) ﬂnLleX]eE P ox
3 N Nr & ] ook
€ m o M 2 o o
T E gy SRR =
T BRI RS yTETR
X ~
ﬂmﬁuMMﬂo‘MﬂMEMﬂMIJ_:T
OBQ_ZT.E 4 L o
S o= T o W T o e
G S g
AOﬂ _z_ﬁﬁ ‘_lq_ylH;l
K Sn o Py TeExrE
MmO =T Ty T
TR oMW W LR O o
R T ol S S
3 <n o = ﬂ_o% 3 .r| H.:. %E T o
uUE UUE  O0E U2 U2 Ui oo < g =P o o o
TOET DUET w5 8 X LI o
<2 T oopE o T e 2
TUSF —~ W oy R ﬁoﬂﬂolﬂr_ﬂm
TESTW = T e
S g T o W
S W E M T B R

10 mm 12w 300

=

=

47

10
T

&

o

- 311 -

719

A el

7¥

=
=

o] L
St ATt
54

°

]

o] PVC
A& 27be Hix
Xk 19l 5

s

200 mm



i 5-12. AR ZAYE 45T =

x=40MPa (1) | Bt 1.1 4.1 5.1 6.1 20.1 28.1
Al AL 0.0 20.2 21.7 21.7 32.4 38.2 39.8
A A2 0.0 20.2 25.9 30.2 31.0 36.5 38.8
A A3 0.0 19.7 25.7 28.0 30.3 37.6 40.1

£=70MPa (1) | EF419) | 20 | 70 | 204 | 284
A FAL 00| 289| 726 883| 821
A A2 00| 297| 705| 845| 923
AEEE 00| 283 708 937| 844

8¢ | 00[ 290[ 713] 888[ 8&5[ [ | |
£=40MPa (2) | E1419) | 23 | 63 | 63 | 83 | 113 | 173 | 493
A AN 00| 191| 233 265| 278| 283| 322 322
A A2 00| 194| 244] 20| 271| 282| 334 361
A A3 00| 196| 238 269| 266| 00| 309| 347

£x=T70MPa (2) | BHE 14 3.4 5.4 5.4 6.4 304

A AL 0.0 32.5 42.1 45.8 43.3 45.6 64.2
A A2 0.0 32.9 39.9 45.8 45.9 48.1 63.5
A A A3 0.0 33.0 41.3 46.2 48.9 47.8 64.8
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4000
250 T 400 T 300 i 1050 T 750 i 2@300=600 400 1 250
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o5 SAE HdEdolel A9 d HAAVIEY FAHI Ho A2 S Bl v dAddi =
Agzolo] A= FARS sttt EE Eurocode2d] FAzko]l AAl ZAzkel o2
LA A
F 5-13. Aol =4 Ay @k
2 F - fo fou d&dol(mm) | ACI318 | Eurocode2(mm)
Al
HE (MPa) | (MPa) | lua ly.c (mm) | i by e
TR40B-C40 40 1,860 1,102 640 965 735 919
TR40D-C40 635 909
TR40D-C50 616 | 1,218
1 TR40D-C60 772 735
TRIOD-S20 40 2,400 od | 1579 1,244 947 | 1,184
TR40D-S60 771 1,837
TR40D-S70 642 | 1,375
TR70B-C40 70 1,860 447" - 973 564 705
TR70D-C30 445° -
538" -
2 TR70D-C50 70 2,400 585 891 1,255 727 909
TR70D-S50 463" -
TR70D-S60 463" -
TR40B-C40 40 1,860 403 776 965 735 919
TR40D-C40 555 841
TR40D-C50 545 672
TR40D-C60 589 799
TR40D-S50 694 904
3 TR40D-S60 943 | 1,040
TRIOD-S70 40 2,400 080 | 1117 1,244 947 | 1,184
DV-N-1-2300 907 554
DV-N-2-2400 509 | 1,211
DV-N-3-2000 656 | 1,169
DV-N-4-2200 1076 972
TR70B-C40 70 1,860 411 576 973 564 705
TR70D-C30 477 631
TR70D-C40 458 709
TR70D-C50 461 858
TR70D-S40 526 669
TR70D-S50 523 614
4 TR70D-S60 393 997
DV-H-1-2000 70 2,400 =00 09| 1,255 727 909
DV-H-2-2200 505 598
DV-H-3-1600 419 675
DV-H-4-1300 391 736
DV-H-5-1400 504 800
DV-H-6-1300 532 1092
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Y. AsEFs 29

() 7144 544

No N3 AN B E, (MPa) [ (MPa) € (%0)
1 0.0074 195,772 2,240 6.65
2 0.0073 200,862 2,235 8.16
3 0.0076 202,576 2,235 6.76
4 0.0091 198,356 2,250 7.70
5 0.0090 196,450 2,249 6.32
6 0.0079 194,043 2,253 6.75
7 0.0085 201,216 2,220 8.04
8 0.0071 196,922 2,218 6.49
9 0.0080 201,671 2,202 7.14
10 0.0090 204,180 2,283 8.20
11 0.0082 207,875 2,283 8.35
12 0.0087 201,067 2,281 8.35
13 0.0092 200,167 2,169 9.48
14 0.0081 200,007 2,169 9.19
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@ FEALE, FRLY, Fu)
1% EUL 0.1% offset 0.2% offset

No. Foprnsor | Foprnror . Foy.01%0s7 | Fpp01%0p . Foy0.2%051 | Fpp0.2%o0ff
wPa) | S T e | L | opa) | f
1 1,895 0.85 0.0113 2,019 0.90 0.0125 2,064 0.92
2 1,923 0.86 0.0111 2,028 | 091 0.0123 2,073 0.93
3 1,921 0.86 0.0109 2,002 0.90 0.0122 2,057 0.92
4 1,939 0.86 0.0114 2,066 0.92 0.0126 2,104 0.94
5 1,937 0.86 0.0115 2,064 | 0.92 0.0127 2,098 0.93
6 1,896 0.84 0.0115 2,037 0.90 0.0127 2,081 0.92
7 1,949 0.88 0.0111 2,040 0.92 0.0123 2,074 0.93
8 1,905 0.86 0.0112 2,011 0.91 0.0125 2,060 0.93
9 1,868 0.85 0.0105 1,923 0.87 0.0119 2,002 0.91
10 1,984 0.87 0.0112 2,082 0.91 0.0124 2,117 0.93
11 1,995 0.87 0.0110 2,071 0.91 0.0122 2,114 0.93
12 1,944 0.85 0.0113 2,066 0.91 0.0125 2,108 0.92
13 1,947 0.90 0.0112 2,035 094 0.0124 2,072 0.96
14 1,937 0.89 0.0111 2,021 0.93 0.0123 2,062 0.95
5t 1,931 0.86 0.0112 2,033 0.91 0.0124 2,078 0.93
E=AA} 341 0.02 0.0003 40 | 0.02 0.0002 30 0.01
95% s} &k 1,865 | 0.83 0.0107 1,955 | 0.88 0.0120 2,019 0.91
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(1h) 2,400 MPa A
O AF@A, A, QGG E, SFHFE
No. AP ANE & E, (MPa) fou (MPa) € (%)
1 0.0091 198,533 2,394 8.10
2 0.0082 212,407 2,340 8.12
3 0.0087 198,353 2,416 6.37
4 0.0097 209,276 2,417 6.16
5) 0.0094 209,840 2,418 6.28
6 0.0101 199,643 2,415 6.66
7 0.0100 202,109 2,415 6.66
8 0.0090 207,492 2,415 6.68
9 0.0086 209,429 2,415 6.68
10 0.0084 214,576 2,414 6.72
11 0.0084 211,038 2,414 6.71
12 0.0097 208,298 2,415 6.71
13 0.0088 207,400 2,415 6.82
14 0.0093 203,548 2,414 6.84
15 0.0089 215,203 2,417 6.74
16 0.0089 214,728 2,414 6.64
17 0.0089 203,903 2,414 6.85
18 0.0098 207,389 2,416 6.87
19 0.0091 200,384 2,416 6.85
20 0.0095 204,707 2,415 6.86
21 0.0094 207,759 2,433 6.00
22 0.0101 202,816 2,436 7.70
= 0.0092 206,765 2,411 6.82
E=HA 0.0006 5,179 22 0.53
95% 3} gt 0.0081 196,614 2,369 5.78
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@ FEUPE, F55Y, F5H|
1% EUL 0.1% offset 0.2% offset
No. Foprvzor | Foyrvmor Fou01%o11 | Foy0.1%01 Fon0.2%085 | Toy02%017
MPD) | | P | f | P | T

1 1,971 0.84 0.0123 2,250 0.96 0.0135 2,288 0.97

2 2,053 0.88 0.0113 2,191 0.94 0.0125 2,241 0.96

3 1,940 0.80 0.0123 2,233 0.92 0.0135 2,280 0.94

4 2,064 0.85 0.0117 2,239 0.93 0.0129 2,282 0.94

5 2,060 0.85 0.0116 2,225 0.92 0.0128 2,275 0.94

6 2,000 0.83 0.0122 2,227 0.92 0.0134 2,279 0.94

7 2,010 0.83 0.0120 2,229 0.92 0.0133 2,277 0.94

8 2,052 0.85 0.0117 2,226 0.92 0.0130 2,277 0.94

9 2,095 0.85 0.0116 2,221 0.92 0.0129 2,275 0.94
10 2,076 0.86 0.0113 2,217 0.92 0.0126 2,268 0.94
11 2,066 0.86 0.0115 2,224 0.92 0.0127 2,265 0.94
12 2,059 0.85 0.0117 2,231 0.92 0.0129 2,278 0.94
13 2,037 0.84 0.0116 2,208 0.91 0.0129 2,269 0.94
14 2,003 0.83 0.0119 2,218 0.92 0.0132 2,273 0.94
15 2,096 0.87 0.0113 2,220 0.92 0.0126 2,272 0.94
16 2,094 0.87 0.0114 2,225 0.92 0.0126 2,273 0.94
17 2,003 0.83 0.0118 2,210 0.92 0.0131 2,265 0.94
18 2,051 0.85 0.0118 2,229 0.92 0.0130 2,278 0.94
19 1,975 0.82 0.0121 2,221 0.92 0.0134 2,274 0.94
20 2,021 0.84 0.0119 2,224 0.92 0.0131 2,271 0.94
21 2,053 0.84 0.0117 2,230 0.92 0.0130 2,285 0.94
22 2,024 0.83 0.0120 2,226 0.91 0.0132 2,281 0.94
o+t 2,035 0.84 0.0118 2,224 0.92 0.0130 2,274 0.94
A 40 0.02 0.0003 12 0.01 0.0003 9 0.01
95% 3}gt 1,956 0.81 0.0112 2,201 0.91 0.0124 2,295 0.93
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(th) +34 =dy A4 44

AA AFE HAE AR S T 24 ¥ Ramberg-Osgood Z@o] A4E v Hxo A
gl sl Aolx 1L SAAS =3 W2 HFeke HHEsE oy, s Aolx 2
B A A Aol AEHE k9l 200000 MPaz wAA7| 1 A% A, B, CWe A5
El

I Zolth. SWPCTBL Z<14L 1860 MPa Aol ZAME ojvjain we] #5gte
o T

FAX F5 | @A Aelx~ | E, (MPa) A B C
SWPCTBL - 200,000 0.025 118 10
1 192,480 0.018 94 1
SWPCTCL 2 200,000 0.017 7 8
1 197530 0.020 87 15
SWPCTDL 5 200,000 0.020 83 13

obe] 2 ZoA 99 AFE o] &3+ Ramberg-Osgood E &3} 95% 3&}gHzkS B u &}l o).

2500

2.160 MPa strand

2000 o
1500 - f
1000 - f
500 - }f

0 0.02 0.04 0.06
Strain

Ramberg—Osgood 23} 5% sF3HzE Bl (2160 MPa)

Stress, MPa

o 95% Lower Bound
—— R-O Model (E, fixed)
T . T

2500

2000 f—'

1500 f
o 95% Lower Bound

1000 f
500
—— R-O Model (E, fixed)

0 T T {
0 0.02 0.04 0.06
Strain

Ramberg—Osgood =23} 5% 3}akgk Bl (2400 MPa)

Stress, MPa

2.400 MPa strand
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18174 k-9 o]l ZAH
<& olstel] w=EH= FAE
agk"ste 4 YEE 2
A2 E o] a1l Zol vhste]
tdetes vhedfo] opgitt
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7 NE A ACI318-11 AE 94 R RS
231 A= 18.18.1 — Grout shall consist | (3)¢] ®¥7 @ I8¢ E A5 | (3) ZIYLEYLE FALE
(1) Z2EHY2E ZAFYET | of portland cement and water; | AEALE ] digt FAAQ] W | 28t $Eq A&t =3 A
9 Eo Alg3E= AWIEE | or portland cement, sand, and | A Z& 59 AME 7R, FE H OARE
KS Ao A&s Ao=Z 3| water. WS thae el wet w|
o} 18182 — Materials for grout | 232 "% % el e 3f | g gegeiep sy
(2) TP AEFAE ZAET shall conform to 181821 5 UH ¥& (a) 2ehE A0 A5
$Eo] Al&3= & 27 | through 18.18.24. Ao =ad5E 9 Astd 1
2EY2E  ZIYEIHSE 181821 — Portland cement gh-Eo gk A3 4w
2 PS Al Y Jg& v | shall conform to 3.2. (b) &3 @F=7stolA
A= BHS FelE o ¥# (181822 —  Water  shall AbgE Als B AHE AR S
3% ¢rojol 3t} conform to 3.4. AR digt EAstE A=
(3) TYAEYLE F3IYET|181823 — Sand, if used,
S Eo Alg3EE £3F A | shall conform to ASTM Cl144 2.3.2 Wista} v
o] Abg bR =4 2 ARR | except that gradation shall be (1) A= FAs FxE bl
He vy FHESe]oF st} permitted to be modified as e §3 35 2 HEJ &
(4) ZTY2EYAE FAYEL | necessary to obtain Hal $3E 5 AEE AE5EF
fF$Eo] Alg3slE= &3 A= | satisfactory workability. o2 A% v} wEo] o
Eed 2ol gle By AF| 181824 — Admixtures Fol d F dv FHE AE
£S5 gFo 7 Fr) conforming to 3.6 and known shofof st}
to have no injurious effects (2) 2eFE Aol HAje] &%
on grout, steel, or concrete = 2 °C o]olojof 3t &k
shall be permitted. Calcium FAE FrRIE= AT
chloride shall not be used. 55 MPadl =¥ uwj7tx] 2
°C old& FAs ok gt}
(3) I2$E %7} 32 °C o]
dolds AwES wEAd S
A EA| Holop gt
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ACI318-11
18183 — Selection of grout
proportions
18.18.3.1 — Proportions of

materials for grout shall be based
on either (a) or (b):

(a) Results of tests on fresh and
hardened grout prior to beginning
grouting operations; or

(b) Prior documented experience
with  similar  materials  and
equipment and under comparable
field conditions.

18.18.3.2 — Cement used in the
Work shall correspond to that on
which selection of grout
proportions was based.

18.18.3.3 — Water content shall
be minimum necessary for proper
pumping of grout; however,
water-cement ratio shall not
exceed 0.45 by weight.

18.18.3.4 — Water shall not be
added to increase grout
flowability that has been
decreased by delayed use of the

grout.
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B NE WA ACI318-11

@ EYHES KS F 24339 | 18184 — Mixing and

Toko] ek Al gtel 9lsl | pumping grout

AR 0HAMEES HFo7 | 18184.1 — Grout shall be

cla= s mixed in equipment capable

@ HFELS KS F 24339 = |of continuous  mechanical

sto] Gk Alg kel 98] A | mixing and agitation that will

Aste, WA HFA  I229E+= | produce uniform  distribution

-05705HAE, HFA 1219 | of materials, passed through

EEx T1I0HAEE HEFO 2 |screens, and pumped in a

slofof skt manner that will completely

(3) T 2~EY2E ZAYED | fill the ducts. (3) AHANA AETaeds 9| (B ZYZEHY2E FAYED

FE9 E-A3Av= 459 | 181842 — Temperature of | 3] SA44 o2 o|Fojx]a 9l | ZF-E9 E-AFAH = 453

AE olstz st} members at time of grouting | & 7Mool gk Agk 4 9 | AME o]z st} IFE AL
shall be above 2 °C and shall | A] |A AN aFE EFEAHS
be maintained above 2 °C Madgd HASE  ThgsiA =
until field-cured 50 mm cubes QrE

of grout reach a minimum
compressive strength of 55
MPa.

18.18.4.3 — Grout
temperatures shall not be
above 32 °C during mixing
and pumping.
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ACI318-11

ZAE 97

R

(2) PS AAS B4 A

o
ARt o wd ujo] I
EP2E ZIAYEIIGSLE F
o = AstEol= F
Fow Ak wd o =
d2Ed2E Zad el
E Jo 2IHE d3tEol
o] THFE AL HE= @9 Ad
EZ 0.08HAE olstE o
2o 7 gt

Qslmole FFe 740l

ACIE= 343t 9A gon}

U E 0.08%7FA &8st 9
o olo] th3l =9 Hg.

(2) PS 701'}(]]9/] l'?—/_\_} x‘]f%]_ o
Adnbdg o wy wo] Zgs
EYiE ZAgEIRSE =

3

_YE,O_L,

B Al
Ao gtk o fItEo|R 9
AT o] &2 FxE] 4
o= AR HaigAs
FHstofof gk
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7NE T3 ACI318-11 E 97A

321 0449 7Fa 2 %9 18.19 Protection for | 7F8 2 ZHyAHoA e 7k

C all
prestressing steel B3 St W gol, a7
Burning or welding operations | EZFAHA 321 7134 ¢
in the vicinity of prestressing | 7}& 2 %¥ H&o| F7}sh
steel shall be performed so | US Aoz Fuhd,

that prestressing steel is not
subject to excessive
temperatures, welding sparks,

or ground currents.
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ACI318-11

18.21 Post-tensioning
anchorages and couplers
18.21.1 Anchorages and couplers
for bonded and unbonded tendons
shall develop at least 95 percent
of the f,, when tested in an
unbonded  condition, without
exceeding anticipated set. For
bonded tendons, anchorages and
couplers shall be located so that
100 percent of f, shall be
developed at critical sectons after
the prestressing steel is bonded
in member.

18.21.2 Coupers shall be placed in
areas approved by the licensed
design professional and enclosed
in housing long enough to permit
necessary movement.

18.21.3 In unbonded construction
subject to  repetitive  loads,
attention shall be given to the
possibility of fatigue in
anchorages and couplers.

18.21.4 Anchorages, couplers and
end fittings shall be permanently
protected against corrosion.

T ohe A

oz TIAYE

7N A <t
910 ¥2~E"A A4 2 7
=g
9.10.1 F= % wjRE= 7144
£ AR AZYs 5
AR APsds w AT

fu®l 95%E ZIstofof abm,
AZA] w1ie] Ao o &3ke
dol M o gk B3 1144
& AR AEde 1A
7oRAe REE oF A
oA f,,0 100%E E3F 3
w2 9| X A A} B}
9102 AZFHE AAo] U=
AA A7 %—Jﬁi 3ol 9

A 8o of 5} HE oF
Aes +8& ‘/F J= TE9

2V GNE SR of g
9.10.3 ®WHE otFS W M
2 AlFAL AR AFE G
2 gEg gt FoF 7
Zoof s

9104 A=+, HAZY, end
fitting= G 7-3] FAH A=
¢+ Hrh
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3. T AMEHE TE2EY HAAVIE #E dAF A4

. Mot S W HPC 7)s A7
A 3d T ZEANREV]TH olF ol&F ZAE FAE X X ATE F
Mde AAZIE B o Aolnt

2) dA 65 ZAYE FA T &
A1 3=

e AAVE A Aot

3) oAl 9.12 PSC FAHE o AAT

A 14 4 ZzYP2EHA ZYHNAE ZAYES FZEA ZAYE F
75 F8 A AAVIE #E dA o]t

4) oA 913 T
Al 4 STl mE 3 ol e AAVIE BE oA ot
5 oA 163 ZHNZE H-7]F

H
A 24 ‘ZEALE FAYE HFT9
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o A 5.6 >

o>,
Ay
O

sl = W= HPC 7|5 A4

CIe 2l e Z A=z "= =2 ZZ|7J|AE E232|E(Hollow Precast
Concrete, HPC) ZEAtZd GCHHO| ChF7|SE HAS2t. ©, BHHE oF #o| ZO|

(b=h)7} 450mmoO|H. =& XAL 350mmoO|C}. ZZ|I|AE 23

n

E(POYHFZE

fer.po = 40MPa, HEEFEE32|E(Cast—In—Place, CIP)YSZZE [ crp = 24MPa,
IO 2A7|E ¢=8k f, =400MPa, HZH| p, = 1.5%, LZ5FH= 30mmO|Ct.

i 450mm [

450mm

o] 12 56-1 &3 =Z2|7|AE 7|5 THH

oid ®. 7|82l A=Y

etz =3 (kN
7485 (D) 2,325
FaFL)D 290

O P, =12XD.L+1.6XL.L=1.2xX2325+1.6x290 = 3,254kN
@ P,=14XD.L =1.4%X2325 = 3,255k N

" Py (max) = 3:255kEN

2. FOIT EHHO| ChE W WIY WY L HIHK (D22)

A, = p,A, =0.015x202,500 = 3,037.5mm’
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4871% A 8 s

D22 A+ ©HAA A, = 387.1mm”
Ay 30375 N
= = =17. 7H BH X
"T T4, T 3871 784> 87) WA

450mm

450mm

O x| 13! 5.6-2 =tk 8-D22 H 9| HYX]|

3. 7|8 ©He| ZE HE

o] Idx F¥ TYUNAE EIYE 71%9 AL HPC, =AZIYE 1y

7189 WA, 4, = 450 x 450 = 202,500mm”

7 3507

VR 96,21 1mm?

CIPe] @A, A, _

Po = 0'85fpc (Ag - All,(’fA.st ) + 0'85flchlz(:+fyAst
=[0.85 % 40(202,500 — 96,211 — 3,037.5) +0.85 X 24 X 96,211 + 400 X< 3,037.5 | < 10~°

= 6,688kV

wWHE 7% L =065
OP, (max) = 0-80¢ P,
= 0.80 % 0.65 X 6,688
= 3,478kN > P, (= 3,255kN) <43} 0.k>

=4 55233 4 d4¢E ED E4

W AT & A AR g, =g e g

4
o
i)
3
I
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7152 5.5.2(3)®

_ 450—2[30+9.53+22.2] —22.2

=152mm > 150mm

48d,, ;. = 48(9.53) = 457Tmm
FH AT I 7] = 450mm
o] T 7P ZF& 358mm=. T}t Zpolol stHE® 350mm {HA O wiA|Fh

A sk ol Aerg WA

450mm

oMl 12 5.6-3 = bjX| THHE
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d A 6.5 FAYE A Ao 47 2 FHAEA A

off 11 22 WIELRIAR|E B st ZeHAE Bof Cfol Hot ss
of SEHEIAT HERON SHHESO| HLZ Of2fo] Ml FHK| Z20| CHto] A
Asieh B mE 9lm Azte] TamE JpEsD, WK 23sle 2=

g

1
a, ZEJAE ZEI2E ZE [, pc=35MPa, QUFEEZ Z&

—

f(',k,CYP = 21M
f, =500 MPa, MEt

nz
rh
0y
H
~
=
Il
=~
(an)
(an)
=
g
ay
o
o

A
o

+4> oo oo Ho
ok oF o

Of

—_
\

®EX7| 232 E
900mm

Of

AEO| DA™ BEE=4.60 kN/m
AME|O| 281Z=3.40 kN/m 100

10.96 kN /m 480mm

= =
0|1|>| off of

_-

A
ox

4> oo op Ho
of o
V

OF

I= AEJO| 1SS =4.60 kN/m 250mm
1= AEfO| 2= = 14.60 kN/m of® 2™ 6.5-1 MAHCHH
5

= 28.88 kN/m

= =

A
o

4> op oo Ho
ot

AEfC| TASFE=4.60 kN/m

5
= AEfQ| 8= =49.20 kN/m
s

= =

.
O

L AR dxtF Eojzl FEAAM Y AFHdd

V, = (10.96 < 4,550) — (10.96 < 480) = 44.6 kN

7174 17.3.1 D fFadadE 4= (f,,)
Q
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Fore = (100/480) x 21MPa+ (380/480) x 35MPa = 32MPa

2) ZXEUAE TlekA] @2 94 3 FAle dadde

1
Vc = E fcke bud

oV, —075( )\/ 2 X 250 X 480 = 113.0kN
V, = 44.6kN < ¢V, = 113.0kN

webq dgnze] W gk

71%4) 17.3.1 ¢V, = $0.56b,d
(&, AFHe] HAsta & glor o] ARA whEAx 749)
¢V, = $0.56b,d = 0.75(0.56 X 250 X 480) = 50.4 kN
V, =446kN < ¢V, = 51.5kN
715 17.3.2 ugbA 71 17.3.29] 2 F-gsitt
el Aol SdB ZA2E B A ZePiAE Bo| AHH (S Eetke
AEFH)S Akl FrEol] gith
TYAMNAE HO| o] ojrdor AFA vhEe] IS Ae AadAAE &
THA B
715 17.3.2 Tre] TEF|AE e ARuo]l A wHEo|X|x] ¢S A= 7)E 17.3.2004
[k Hage AddZxr dasitt

2. F& AdAZAe @4

»

7124 7.4.1 b, s b,s
Av,min =0.0625 V f(tk / ?}—_’ Av min — = 0.35——
fyt fyf
AnAAse] A es HaAde] 4] E 600 mm olakofof Fry.
715 17.3.3(1) WM s=4x100 mm = 400 mm < 600 mm
250 < 400 0.35 <250 <400
Ay min = 00625 /35 x =25 = 00

= 92.4mm?/400 mm > 87.5 mm?>/400 mm
=256.7mm?*/m (&9 mG H A2 7H)
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o, SAALE B B988 AL BEA &2 39 DIO-UY Aed

=

<75 2>
AHgEE AdEle)] 3148k =4.60 kN/m
AHESEE el E8lE =14.60 kN/m
Arals =28.88 kN /m
FHADFE
1. ARHAA aoF DojR] FEAX Y AFddy

V, = (28.88<4,550) — (28.88 x 480) = 117.5kN

2. Z3YE o3 FAAXIE 2A

Z/ﬂ
7174 17.3.1 Vﬁ% b

¢V—075( )\/ X250 x480=113.0kN

V, = 117.5kN > ¢V, = 113.0kN
wpebr, denZto] d sy,

7152 17.3.1(6) 3. GAGHAAN vV, — oV, AXF
— ¢V, =117.5—113.0=4.5kN < V, . = X%w/fck“mmbwd=275.0kN

webA] g 2718 71E 28 glvk
2,590mm
637mm
480mm
131.4kN

56.5kN C.L.

ofdl o3 6.5-2 Mt 2= (49 2)
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4 Rz ARV, —oV,)0] Bad Ade) HAE YolEE A 2, & BF

Viwanag) — Ve/2 _ 131.4—113
¢ w, 28.88

=0.637m (A1 6.5—2 =)
FAYES] A etoz AFATE S XA = = Ag(x, ) 2H

~ Vewaaan) — (@V,/2) _ 131.4—(113/2)
¢ w, 28.88

=2.59m (A28 6.5-2 %)

5. FAAG A 1+4 AA
1) AAGHANA V, — ¢V, = 4.5kN , D10-UB HAeE 7H4 (4, =142mm°)

¢Avfytd

Smax = W: 4,544mm

Ao A] 480mm ~ 637mm Holxl $1X]e] s=150mm {FAS® D10 A
Aol (U9 W HA @ o] e wie)

2) & ASHAT (637mm < z < 2,590mm ), D10-US Ak 714

(A, =142mm")
Aoty _ 142 % 400 _

Spmax = = =793mm

0.0625 \/fopmin by 0.0625 < /21 < 250

Aufy 142400

= 0350, 0.35x250 oxdmm

. d

Smax — Min (E,GOOmm)
b, s, . = d/2=240mm A
Aebde] 214 AdAlE oAl 19 7.5-33 Ak
2,590mm
480mm sEve Ngs As meEa -
d D10 @ 240 mm D10 @ 400 mm

D10 @ 150 mm

oMl 18 6.5-3 Ao wix| 2+ ( A 2)
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715 17.3.2(2)®

712 17.3.1

st} g 2twlofof whl.

V,=117.5kN > ¢V , = 51.5kN
(H&Ho] HAsla F-55o] glon gHol AZA wrsolz A9
715 17.3.2(2) Q%5 WEelhs HaddAAA 7 vixE 7%,

(D10 @ 400mm, A, i, = 355 mm?*/m)

J

¢V = ¢(1.840.6p,f,)Ab,d < ¢(3.5b,d)

355 mm?

= v . 1;;]—_0 T} ii;—( _E‘—J/]: ola
/= s T 350 mm < 1000 m = 0.00142 (249 mY HAHEk o]8)
A=1(REFTF ZIAYE)
¢V = 0.75(1.84 0.6 < 0.00142 X< 400) X 250 < 480

< 0.75(3.5 % 250 < 480)
¢V =192.TkN < 315kN ¢}
V,=117.5kN < ¢V, , = 192.7kN
TJHBER o= 2] (17.3.1)0) wH53it)
&5 WEA] OF 6mm Zo]|E vHEojAelslal 7| 17.3.38 wHllof sttt
At dAA= wEA] Z251E](hook) Y U= E (embedment) 23l &l A

>
AHEsk Y] 1938ks =4.60 kN/m
AH8eke 39l Dele =49.20 kN/m
A3tz =84.24 kN/m

1. ARAHANA kg "ol FRoAA 9 AFAdd
V, = (84.24<4,550) — (84.24 < 480) = 342.6 kN
2. Z3YEY 3 TR E 2F

1
I/r: = E f(:k:f: bwd

¢V—075( )\/ X250 x480=113.0kN
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3,400mm
2,726mm
480mm
383.3kN
113kN X AFEIH
: AR cL
56.5kN|
4,550mm

oM 18 6.5-4 Muty BEx ( 9 3)
V, = 342.6kN > ¢V, = 113.0kN
3. gAGHAN vV, —oV, AL
V, = ¢V, =342.6—113.0=229.6kN < V, . =¢X % V ek min bwd = 275.0kN

upebs @ A71E 71E e gtk

4. i AGVRA(V, — oV, )0l BoF AH| HAS HolARE ALY 2. & 23

Vu vkx 2] A ) T VC/Q .0 — -
z, = —EEAH) = 32028y o6 (AA1Y 6.5-4 FF)
w 84.24

u

FAYES] ddErte 2 ALddE S AAS = A= A(x,) A

N

Viwang) —(0V/2)  342.6—(113/2)
w 84.24

u

k!

=3.4m (AATH 6.5-4 =)

5. TR AT

m}‘]_l‘

= 4 274

1) AN v, — ¢V, =229.6kN , D13-U% AL 714 (4, =254mm’)

_ Afud  0.75 X 254 X 400 X< 480
TV, eV, 220.6

=159.3mm

W2 Aol A 480mm ~ 1,230mm "ol ¢X|ol] s=150mm FEAo=E D13 #
w2 el

2) £=1,230mmolA V, —¢V, =280—113=167kN, D13-U8 Hctd* 714

A dAf pd _ 0.75254 X400 < 480
max oy — gV, 167

=219.0mm
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480mm 750mm 1,000mm 2,320mm CL.

d D13 @ 150 mm D13 @ 200 mm D10 @ 240 mm

ofldl 28 6.5-5 MekdZo| vix| zH ( Z< 3)

WX Ao A 1,230mm ~ 2,230mm EoJZ YAl s=200mm 7FEo® D13

AerE W,

3) £=2,230 mmolAl V, —¢V, =195—113 =82kN, D10-US Hed 714
(A,=142mm")

_ 9ASpd _ 0.75< 142400 x 480
Smax Ty =gV, 82

Smax — min (%760077’””) = %: 240mm

= 249.4mm

4) 2 AFEZ (2,726mm < x < 3,400mm ), D10-U3 A=A 714
(A,=142mm")

. = A, fy _ 142 % 400 — 203mm
T 0.0625 4/ fupmin b 0-0625 < /21 X 250

Aufyr 142400
0.355. 0.35 < 250

w

= 649mm

Smax = min(%,GOOmm)

webA, s, L =d/2=240mm A E

AA o] 7+4 A= oA 13 6.5-59 7t}

1. AAHAA d 7 Eolxl FRoA Y Ag ddy
V, = (84.24<9100/2)— (84.24 < 480) = 342.6 kN
V, = 342.6 kN > ¢(3.5b,d) = 315.0 kN
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87 ARt B

715 17.3.2(2) V, 7} ¢(3.5b,d) Bt} Z7] wjiEol] 715 17.3.2(2)0] webs FHAGH gk A
A= 715 7.7.29] AdnpE qpAel] FetE =5 Stofof apH, Bl SeiB Alole] A
Fre] deke HEue A8 dg—vhE A o9& Agulojof gl

7% 7.3.2 715 7.3.20014 wEbA AA A ] B3] Y|Exste] AdddA AS A
B3lloF SH(HAel H2e 1A 485 S %), thee] WS el elal 3

HE 27 £ wgolt,

Vi 342.6x10°
uh = pd 250 % 480

=2.9MPa(N/mm?)

: span &<
«— !
!
=2.9MPa I l 2.9MPa_ 480mn 250mm
51— ?
— <&
span®] oA duk 156 mn|1 2

"ol Bol 32 gl

oMl 12 6.56 MEHESH =X

©170] 1m WelolAe] drkgo] 2m Agad AL Im(B9)2o))e]
A+ (Shear Transfer Force)<

V., = 2.9 250 % 1000 = 725.0 kN
719 A 7.2.13 4] 7.7.190A]

Vi <@V = 0A i f y1t

o) mm, et e nel A5
Pty
o] ¢F 6mm Zo|E AZA wkEolXl A9 p=1.0 o|tk

725 % 10°
0.75 < 400 X 1.0

U -D169] AL 4, =198.6 X2 =397 mm”’

3971000
s = T o167 =164.3 mm

UE-D16@150mm FAo® ~ae] EolA d+ 1m7FA wj3ch
qtof TP FAE WO HEWHo] AAA WX X e AL =060tk

webd] FPAY BIFE 4, =

A’Uf =

=2416.7mm?/(1m: &g do])

714 7.7.1 725 % 10° 2
. = = :%O 4o
Avf = 5720006~ 2027 mm /(QIm:9Ho])
7154 7.2.1 _397x1000
= 1027 =98.6 mm
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ARt B

UE-D16@100 7140 2qle] &

A d+ 1m7FA] Hj3ic)

o] e ALH Im ol e ARAAA 1AL ARk TS

S12o]7k 3w Z7Ke weke) el 1,

ATdAAA] 7HFEE H7FE(s =4x90 mm = 360 mm < 600 mm )2] H$ <t
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oA 9.12

PSC 3B et

189l Inverted—T# PSC SHE0| Tfs) +XHEIET} BEwel SBHCE D2/}
of Fch AAStoEr T E&= 11.5m Zte| theHZ It =
%DI-E fr:k‘PC =40 MPa7 glﬂj_ fﬂE|E %)'-E f(:k.C[P =24 MPa, |XjE|_I- xE-IE'

fu =400 MPa o[C.

O ZIRK (Za|ElM, =M i)
®12.7mm 1,860MPa
fpe (BE &4 2)=1,034MPa

300mm
50mm
100mm
=375mm

300mm

Z=U (A-83tS SElD

400mm

oA 29 9.12-1 AATH

=14. GOkN/m

H$=38t5=28.88 kN/m

)
22
ek
:?L_‘;
i1

7% 17.3.1(5)

712 7.3.7

SAANIE
L AAAHANA ¢, 55 "ol FRAA e AsAGH
V, = (28.88x5,750) — (28.88 X 375) = 155.2kN
2. SAYE] o FHADI=(V,) 2A

1) 7154 17.3.1 (5 wg} V& ZgRE X Wi (2] 7.3.7)3 ZAEY

28X 2 9H(A 7.3.1)& 77t Axtete] kel frEZEsER s f,
fou & 40% 1“01 s A4gett (f, =1,034MPa > 0.4 X 1,860 = 744MPa)

AAHozNE 15m "ol AA(AEDHA RE FaeEe] AR} A%

sttar 7Pgsh, 1 ALke v 2k
V, = (%571 5) % 28.88 = 122.7kN

= (5.75x28.88 X 1.5) — (28.88 X 1.5 < 0.75) = 216.6kN + m

2) Ze|AEd s we] A (4 7.3.7)

V., = (0.05\ +49V“d”)bd
cl — . fck . M/ w
X
V. =0.75x (0.05 X /40 + 4.9 ¥ %) % 300 < 225 = 1000 = 68.7kN
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3) TP AEAER] gk vhde] Adde (4] 7.3.1)

1
]Z}\] 7.3.1 I/(:Q = _)‘ V f(rk b’wd

oV, 2—075>< ><\/ 4 X300 < 150 + 1000 = 27.5kN

, =68.74+27.5=96.2kN (Al 19 9.12-2 k1)

V., =oV,+oV,
200 =172kN
155
150
Add 122.7
(N) 108.3
100 9.2 =27.9kN
804
50 =69kN
=35kN
H| A HErI Y
0
0 1 2 3 4 5 6

ZAYES] AT (¢, ¥lusta, v, > ¢ V.9l

7% 7.4.3 <
gk AE S AAEOF gtk =3 v, > 1/2¢ 1V,

Z dH2melM el dd HE

ﬁ—z 0)x 28.88 = 108.3kN

2
M, = (5.75x28.88 X2.0) — (28.88 2.0 X 1.0) = 273.4kN « m

o~
Il

108.3 %
GV, = 0.75 % (0.05 % /40 +4.9 x H)X300x225+ 1000 = 52.9kN

oV 2—075>< ><\/ 4 <300 <150 + 1000 = 27.5kN

oV,=52.9+27.5=80.4kN

> oV, AFPEQ A BakollA 0.88mbE Aekd da.
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4 (Vu—céVc)s: (108.3— 80.4) X 10° < 1,000
v of ,d 0.75 < 400 < 375

=248mm?*/m

AT A= 40% ool R AE Fo] HEshs LeiEds
E ZIYE FA oigt i AkdTHe Ve A 7413 71 A 7.4.2¢] 93
T T A2 #h olde® SRl

b,,s <1,
7%= 7.4.1 Ay(min) = 00625 /f, f—'z 0.0625 /40 (SOOTOOW): 296mm’/m
yt
bws =
o Sl 71 A 7.4.12 0.35 7 (=263mm?/m) ooz AA|Eojo} s},
yt
A 740 P Aps fous [d_1,184.4 5 1860 1,000 [3T5 _ o0 o
R vimin) 80 £, d \ b, 80 400 375 300
7IE A 7413 742 T HALghs HL AGEIHoR AATH,

. A ~H
- AETS DI0SE HU AHEH S WSS s=330mmE AAsHH whel
ol Ak 4, =433mm?*/m7F Ao} (A4 AdAIE =)
- wbA, 880mm ~ 4530mm AFeloll D10 @ 330mm Hekd vjx|stedof s},
(A 13 9.12—3 Fa1)

i)

A = %h = %X 450 = 338mm

L F&FHe] Adsta Fze] glen wwo] AXA waolxl 45

715 17.3.2(2)® V, = 155.2kN > ¢V , = 0.75x0.56 X 300 X 375 = 47.3 kN
upebA], el A@sbr] 93 HaddAddA da.

2. 715 17.3.2(2) Q% vl HHddAdA7E vixE 7 -5-
(D10 @ 330mm, A, ,;, =433 mm®/m)
oV = ¢(1.840.6p,f, )Ab,d < ¢(3.5b,d)

’

A4, _ 433 mm”
b,s 300mm x 1000 mm

A=1(ERESHFEZIAYE)

Pv = = 0.00144 (9] m3 HAHITHF o))
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4871% A% 2 e

o

¢V = 0.75(1.8+0.6 X 0.00144 x 400) > 300 % 375

< 0.75(3.5 300 < 375)
¢V =18L7kN = 2953kN =%

V,=155.2kN < ¢V, , = 181.7kN

aYeg ole A (17.3.1)°] W5gt) webA, FRAE ARkS 918 4 D10
@ 330mmE Aol AA wix|stoiof gl ALY 14 Al dA 1E
9.12—-33 k. o, HEFAL Wh=A] oF gmm zlo]® vhEo|Aoketal 7% 17.3.3
S YEElof ﬂ‘:}. At AAA = w=A] Z2a1E] (hook)Hr S| =HE (embedment )
oalf el FstA AgHtEooF gtk

880mm 3,650mm C.L.

d D10 @ 330 mm

ol ® 18 9.12-3 Mt Zo| uix| 7H4
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oA 9.13

== 57 A~
714 g T aE s &4
Z2[HM 2ol ZE|AEYA &=MZ A ASEL
=S51E = 1.915kN/m* — 5.8kN/m
XEStE = 0.957TkN/m* — 2.9kN/m
IHSEE = 2.250kN/m> — 6.8kN/m
a7t = 14m

;= 24MPa (0.7f.,: 712 A| 232|E 2= HAY=ZES 70%94E 7HE)
ci ck

rir

fo. = 35MPa
8— ¢12.7mm Xo|g ZIZKH
A,, = 8 (98.71mm?*) = 789.68 mm”
e = 248mm (BE A™TE HMO2 HiX|E)
o = 1,860MPa
fpy = O'gfpu
%88 = 0.74f,, = 1,376MPa
foo = fut4=39MPa
E.. = 10,000 {/f., = 10,000 /39 = 33,912 MPa
E, = 8,500 {/f,, = 8,500+/39 = 28,825 MPa 71E= A (34.2)
E, =2 x10°MPa
" 3,040 mm J
7| ¥l =4 ] pogm |
[ ! ! | 150 mm
Thax = 60°C
T,=20TC s 610 mm
En_l'ﬁ)g% 200 mm
A, = 2.9 X 10°mm” L520mm kA

I =9.35 % 10°mm*

c

ozl 23 9.13—-1 GAITHH

y, = 451 mm

y, = 158mm

V/S (H&/EHH H|) = 34.29mm

S8 2AMS MESHE CHYSH HHEO|LL oLt O] CIMUAME AHF0| HE0| HlnH
20[5+ o=z Al ofgfQ} 2 diHHe Mesict Y

©

-1),,. . . . . . .
)Zla, Paul, et al., "Estimating Prestress Losses", Concrete International : Design and Construction,

Vol. 1, No. 6, June 1979, pp.32—38.

- 420 -



5.933k +0.325

TL = f(k)a,B, (T — T,)

A 9 e
4714 f(x)

71¥ 9.4.1

4905

o

il
T

(o)

(i

]

2]

A

’ E[:i

fcpa
' (fcir - fcds)

E
EC

EIEE
ES‘

K—CT

fcir = Kci7'fcpi - fg

E

ES =K,
Z3ag
CR=

23]

3t

kel

K,;0] 20%7 2% o] oF
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CR=k,




E(1— 0.06%)(100 — RH)

A7IM K, = Ze WA A2 A $-1.0

K, =3¥2EdAdFq 4 591-104 Farstet

SH=28.2x10"°K

sh

AA ¥9.13-1 T2EWAM FAd g A, %

A A} 1 3 5) 7 10 20 32 60
K, 0.92 0.85 0.80 0.77 0.73 0.64 0.58 0.45

ok

& G40 BY FRE 1382 59

b uj 7R o A A THED)
%A el o] ¢HRE)
RE = |K,, — J(SH+ CR+ ES+ TL)|C

A7 K, ° FA= ¢dA % 91-28 Fastet

A ®E 9.13-2 K, JO %

2139 +3 K,.(MPa) J
1860 MPa &= AA 21734
] 137.89 0.150
(270 Grade stress-relieved strand)
1750 MPa &= AA 11747
] 12755 0.140
(250 Grade stress-relieved strand)
1650 MPa 5= AA 1174 A
. . 121.34 0.130
(240 or 235 Grade stress-relieved wire)
1860 MPa &= AA 21744
) 34.47 0.040
(270 Grade low-relaxation strand)
1860 MPa # o] ¢+ 14|
) ) 31.92 0.037
(250 Grade low-relaxation wire)
1750 MPa Al o] ¢k 71744
. . 30.33 0.035
(240 or 235 Grade stress-relaxation wire)
1650 MPa Al o] ¢k 717A)
) 41.36 0.050
(145 or 160 Grade stress-relieved bar)

Aol 7hd Wl ofste] thaat o] SHELS Add 5 9l

1. 37 ¥ =2

TL = f(/i)apEp(Tm 7)

ax 2o

0.5 % (1.35 X 10~ °) x (2x10%) x (60 —20) = 54MPa

l
k=4 = L%rzo.029/mm
A, 2.9x10°

f(k) =5.933 X k+0.325 = 5.933 X 0.029 + 0.325 = 0.50
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" 10(2x107)—>2

T3.013 = 296 MPa

K, == 'l Aol el 1.0
fcir = Kcirf&pi_fg

9

. P, Pe’\ Me

- cir I [p [p

:09(1,044,494+ 1,044,494 X 248% | (166.6 < 10°) x 248
1 2.90x10° 9.35 % 10’ 9.35x 10

= 5.0 MPa

K

cir

e A 54 o 8l 0.9

P, = ().74fpuApS — TL‘Aps
=0.74(1,860)(789.68) — 53.7(789.68)
= 1,045 kN (37|240] ofst &4 1))

3. a3

_ 6.8x147

=16TkN'm

ol FFYX : f, Tio WE YAl 7

a

Es 2><105
OR—KcrE(fcir fogs) =2.0% 28,825 (5.0—1.89) = 43.2MPa
e 6 248
s = My, —=(71.1x10")—————=1.9MPa
fea I, 9.35 % 10°
wel’ 2.9 %142 A,
My, = —5—= =T71.1kN/m (X529 stFqh)
K, =22/l B4 gisf 2.0

4, LAYEY AxFTFH &4 0 TV A »E &
6 1%
SH=8.2>10""K E,|1-0.06— (100 — RH)
~ 4.2
=8.2x10 6x1.0><(2x105)(1—0.06>< 325 49 (100—175)
= 37.7MPa
RH= U5 %

/‘__\3]_

k)]

=
T

s
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RE=|K, — J(SH+ CR+ ES+ TL)|C
=[34.5—0.04(37.7+43.24+29.6 + 53.7)]0.95
= 26.5MPa

fou = 1,860MPa 2] A A Ao Al 3

K,, = 34.5MPa

J=0.040

A

o

fx
fpu

C= 0.95( =0.74Y HH)

D
=

PrEds & 24 A2NO BE 37

ES+ CR+SH+ RE+ TL=37.7+43.2+31.8+53.7+26.5=192.9MPa

7. 4% A% [P,

48 1wl Al Yol &alo] dojtriar 714

1
4
1
f,=0.74f,, — (ES+ TL+ ZRE)
=0.74(1,860) — [31.1 +53.7+0.25(26.5)]

= 1,285 MPa
P,=f,A4,, =1,285x789.68

piips

=1,015kN

8. &

it
b

A % ., P 0 TLY B2 ZAa

=1,183MPa

P.=f,.A, =1,183(789.68) x = 934.2kN

1,000
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A 16.3 ZYMNEE B-7]F A AT GAe &
a9 163-12 AFEERE} Qe ZAAE RAE wso)zl HIdAe] Wy
AR Z4e 9@ ARsN7] AA Aol WA elre BT A% Ade ¥
16.3-1° F7F= Wetdeh. & 16.3-20] vebd v} 22 524 ® 9o Ao A
Astg g6 S A} olw AR Aol SaheA wF

E AR LVDT @ 27FA
= COXEEN)
BTK6 §TK5 BGTOI; JD3 I JD4. Zj‘jﬁ E{]; BTKS S
$ 'an i} ﬁ;k*‘
% 163-1 M7 SAS g AP AXA
¥ 163-1 F484A ] A2 AR
7E =340l EE
B 3A Alole A 3,900 mm
715 1A Atole] A 2,000 mm
BTK1, BTK2 200 mm
BTK3 400 mm
BBK1, BBK?2 200 mm
Heol 3 Wy BBK3 400 mm BBK<} BTK Atole] 7 g
e BTK4, BTKS5 200 mm : 240 mm
BTK6 400 mm
BBK4, BBK5 200 mm
BBK6 400 mm
1% 8 ¥y | CKl, CK2, CK Atole] A#
: N 240 mm
=37 CK3, CK4 : 230 mm
=gt B Alolo] A
A A% GO1, GO2 °
) ) 200 mm =
Z=A 7 GO3, GO4
: 120 mm
JD1 424 mm
JD2 424 mm
A3 A9wd [ D3 240 mm
=A%) JD4 350 mm
JD5 350 mm
JD6 240 mm
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)
2
we
ol
il

O O O BA

T& FA 3 ZA# T3 FA 9 SA#%
BTKI 4150 | sz 7 CK1 0.240
BTK2 ~9.540 s CK2 ~0.200
BTK3 0860 T ° CK3 -0.200
BBK1 0804| =87%A CK4 0.240
wol BBK2 2.950 GO1 -0.802
5 BBK3 0610 | MHAAE GO2 0.120
e BTK4 4150 | =A%z GO3 0.120
=874 BTK5 9.540 GO4 ~0.802
BTK6 0.860 JD1 -0.005
BBK4 0804 |  garm JD2 0.005
BBK5 2950 | s JD3 0.025
BBK6 -0640 | T T ° JD4 0.001
« 4% A49 89 1D 7 fommd A% 2 44 | = 8 A JD5 0.001
o WyHe vl JD6 0.025

ARt 2o

D 71559 & Hgrjold

300

LC.e’vd
60 230 60 1
dCK

560

(601(1 B 601(2 )/LCK

dCK
(0.240 — (—0.200))/240
230
=7.97x10 ¢

7000

240
-
2

2]
o
)

a9 16.3-2 71%Fel AXH

Z g

B\
o
o
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o
o
0 200 400 600 800 1000
Column Length [mm]
a9 163-3 7]F°l +xd IE
@ Aol ALk
SEREEE AGS] WA Aol Oid 4B Ao 2B A4S e 7

o
o
o
]
o L1

Ak

6co,hz'nge = ¢1 X LCK X (LCA,end + LCK/2)+ ((rbl X Lc,end/2) X Lc.end X 2/3
=7.97x10 % %240 x (5604 240/2)+ (7.97 < 10™ ® x 560/2) X 560 % 2/3

=2.134mm

@ Wy 7]oEe] ALl
A AP B A oA g oz TSR J]Fo] WAATIE WY AV|=
tewt 2o,
A, 25@7,””&,6 =2.134 X2 =4.268mm
2) Bl FHol ofgt HMy7|oli

D F89 A%

719 FE ALY FEd WHS AESH Rl RydE FEY X

EE 29 16.3-49 2ol v

60 120 180 240

Curvautre[x10]

0

0 500 1000 1500 2000
Beam Length [mm]

% 163-4 Bl £x¥ FE
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R
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belA Hlm2 w7t

A e A7l 277}

]

51)7!),Jl,1‘,n,ye =125.67mm

<

o))
T

27} A wel 370l

8

1
.

ahd 19 163-3¢9] GOI, GO3

ks
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S do7

A
o= 7}

&< 3

63.63mm

st 7]

1000
<]

1975
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2o o

—=125.67 X
kex

L(‘U

me

wel @ W
640

[e)
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d

Heol 3d

Abm, = 6l)ea,m
Ao ninge = Opm Loy = 0.00144 X 1000 = 1.44mm
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ek
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i1

D

LS -1
AR
— — JD1)* — d* — /(424 —(—0. ? —240°
3 = tan = h— V(D dJD) & _ 350— /(42 ;400005)) 240° _ oo

A, =~H=0.00191 < 400 = 0.762mm

oA7IN g He] Zlo]o|t,

5) M7l el olg HFHe Bi
7 wg)elre] AA waDe o o

g5 UEhfo] WMEvele] AE

i
4
Og(;."

¥ 163-3 ¥g 7o &

T 7% B B Py

71 & 6 % 91 %

Werlol el AEAT} HHT A

ol 90% olo® vehr e B oA Hat

I 3
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gist gt dF5 S Foto]l T A VIE T 3HY =, 8 Tl SEA] =, 5
Hel sl stauis] 3 29¥ e S stedls] Wi AFAT g A AF
&S 4 AAEE RS FY st 7 = A 5 3l

1. SCIF =% 43

7 2

wey AR g9 | A5 | 72

Tensile Capacity of Mechanical Bar Applied 29

Connection Corresponding to Detail 4=l Mechanics 236-23 SCOU

of Screw on Bar Surface for & zY and 7 PS

Construction Materials

D22}, P A 2, Vg5 A 2

U 3xd =

2 AR 549 | A5 | 7o

Simplified Strength Design Method o) = a KSCE

for Allowable Compressive Stresses . ;sz) Journal of =2 | =

) ) T .. o

in Pretensioned Concrete Members ;;M 3) Civil =3 SCI-E

at Transfer °e Engineering

Development and testing of precast o . )

B Engineering = 2]

concrete beam-to-column 20 23 o6

, HEH Structures SCI
connections

VEA A, DA R, e AR

“doi: 10.1007/s12205-014-0696-7, 19(1) Al A} <78
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