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Abstract

High-strength reinforced concrete has been used and promoted in high-rise
buildings for many years, and domestic building codes are gradually being updated and
adopted to reflect the advancements in this material. High-strength concrete offers
significant benefits such as saving material consumption and reducing the size of
construction components. However, as the compressive strength of concrete increases,
its brittleness also becomes more pronounced. To maintain the seismic performance,
additional shear reinforcement is required, leading to construction difficulties.

According to previous studies, adding steel fiber to concrete can significantly
improve the stiffness and shear strength of the concrete material, and due to the bridging
effect of the steel fiber, the high tensile strength can effectively inhibit the formation of
cracks, so adding steel fiber to concrete can greatly improve reduce the configuration of
transverse stirrups and solve construction problems.

In the past fifty years, because of the increasing demand for high-rise buildings, it is
known that the composite structural system of reinforced concrete and steel structure
can bring many benefits. It is used as a moment-resisting structure in the earthquake
area in both United States and Japan. If traditional reinforced concrete is used, the size
of the high-rise building in the strong earthquake area will be too large to affect the
actual use of space. Therefore, high-strength concrete can be used to solve this problem.

It is known that the shortcomings of the composite structure of reinforced concrete
and steel structure can be improved by high strength concrete, and the shortcomings of
high strength concrete can be improved by adding steel fibers. Therefore, this study
plans to design four test bodies for future research to discuss mechanical properties of

high-strength concrete beam-column joints with steel braces. The parameters of the test
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body are the presence or absence of steel fibers and steel braces, so as to facilitate
subsequent discussions on the influence of steel fibers and steel braces on reinforced

concrete beam-column joints.

Keywords : Steel fiber, High Strength Concrete, Softened Strut-and-Tie model, New RC
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B 2-10 F 5 AR 2 FHLAH )i 40 3%REfE B S T

(Bencardino et al. 2008)

- S51.6%

0 T ] t 1 T 3 T 1 T 1 t ] T 1 t I i I t 1 8
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Bl 2-11 B RRA 24 BEY N7 Pid a7

(Bencardino et al. 2008)
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B 2-12R% FBRBER LR 7 BB AWM 2 F (Song and Hwang

2004)

Splitting tensile strength (MPa)
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5 T | T I T | T
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2004)
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(Song and Hwang 2004)

222 3R BME AR T PITr T2 4 BFE
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BTTEARS NIt > IR ATARERRY AERYRR DA RE -
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fi- TAERGP A R TERRKRESHNE AR C RN R RSA LR
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Tensile strength
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|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

Strain softening

» Strain

B
A
Y
First cracking strain Tensile ultimate strain
7 & F M—>

Bl 2-15 sw iR 2

X B IF* 2 =T (Naaman 2003)
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Multiple
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7 O (strain hardening) Softening —
@ Branch R
; ~——] ()
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@ Modulus e C g
0 €. STRAIN |—> Crack Opening W

L2
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(Matenial and Structural Ductility) (Surface Energy, Material Ductility)

B 2-16 B f3dn 50 MR G2 S0 AL 1V R it 2 7 5

(Naaman 2003)
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RS B A se B IR 0 BB e
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Opc “ B2 R EI RABAR
Oy * R GE2 RAR 2 B Ud 38 R

Vit g 2 R B 1

19

2-1

doi:10.6342/NTU202303012



P BRI oE R R Rk (- RERE0.1)

a: AEA BB as T B Gk (ID=1>2D= % 3D =0.5)
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3.1.2 B4 AR

do b EeriE o ks R B R AR R

— 7
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w Ak GEAE T A 4T 0RE Y Rck Tl 3-1 1 R 34

BRI Bk 4 B A Y

_3"“%

+0.5% ~ 1% ~ £2% 1 % +3% > Hird

7p 3 4> DR = +3%PF #L3% » DR £ 3%

kS

3-19 B 3-18 = @] 3-20

E Material Property Data X

General Data
Material Name C713
Material Type
Directional Symmetry Type

Material Display Color

Material Notes Modify/Show Notes...

Material Weight and Mass
Weight per Unit Volume 24028 tonf/m?
Mass per Unit Volume 0.245014 tonf-s¥/m*

Mechanical Property Data

Modulus of Basticty, E tonf/m?

Poisson’s Ratio, U

Coefficient of Thermal Expansion, A 0 c

Shear Modulus. G 1335855.53 tonf/m?
Design Property Data

Modify/Show Material Property Design Data
Advanced Material Property Data
Nonlinear Material Data. Material Damping Properties...

Time Dependent Properties...

Modulus of Rupture for Cracked Deflections

70

- R F

ETTNS
—_

SIEEY LS ¥

p Drift Ratio= 4+0.25% -~

TV %5 B 3-7 1 Bl 3-17 o &gk a4y

| E Material Property Data

General Data
Material Name
Material Type
Directional Symmetry Type
Material Display Color

Material Notes

Material Weight and Mass

Weight per Unit Volume

Mass per Unit Volume

Mechanical Property Data
Modulus of Blasticty, E

Coefficient of Themmal Expansion. A

Design Property Data

—

2T ART 5T

=

Modify/Show Notes
7.849 tonf/m?
0.30038 tonf-s¥/m*

Modify/Show Material Property Design Data

Advanced Material Property Data

Noniinear Material Data..

Material Damping Properties

Bl 3-2 4h 554k Sk
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E Property/Stiffness Modification Factors

Property/Stiffness Modifiers for Analysis

Cross-section (axial) Area 1
Shear Area in 2 direction 1
Shear Area in 3 direction 1
Torsional Constant 0.0001
Moment of Inertia about 2 axis 07
Moment of Inertia about 3 axis 07
Mass 1
Weight 1

E Praoperty/Stiffness Modification Factors

Property/Stiffness Modifiers for Analysis

Cross-section (axial) Area 1
Shear Area in 2 direction 1
Shear Area in 3 direction 1
Torsional Constant 0.0001
Moment of Inertia about 2 axis 1000
Moment of Inertia about 3 axis 1000
Mass 1

Weight 1

B 3-4 4

I3 Frame Section Property Data
General Data
Propery Name

‘Section Propey Source
Source. User Defined

Section Dmensions.

L

I3 Frame Section Property Data
General Data
Propety Neme

2 2

T B

\-H
=3
=1
f‘

71
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Modfy/Show Notes

casus

Concrete Rectanguia
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E Load Case Data

General
Load Case Name Push Design...
Load Case Type Linear Static v Notes
Mass Source | MsSrel
Analysis Model | Defaut
P-Delta/Nonlinear Stffness
© Use Preset P-Deta Settings | None Modify/Show.
() Use Nonlinear Case (Loads at End of Case NOT Included)
Nonlinear Case
Loads Applied
Load Type Load Name Scale Factor o
Push 1 Add
Delete
OK Cancel
2, 2z g Y .
Bl 3-7 RldE A ATR L
- - — G Load Application Control for Nonlinear Static Analysis
A Load Case Data X
Load Appiication Control
O FullLoad
Load Case Name: |-0.25] Design... o
Control
Load Case Type Norinear Static v Notes.. Osplacement
Mass Scurce Previous B O Quasi-Static (run as time history)
Anslysa Mode! Defaut Control Displacement
itial Condtions O uUse Conjugate Displacement
O Zero Intial Condiions - Start from Unstressed State © Use Honitored Displacement
O Cortiue from State at End of Nonlinear Case (Loads at End of Case ARE Included) Load to a Monitored Displacement Magnitude of
Noninear Case Auial ~
Monitored Displacement
Loads Applied
1 v 2F
Load Type Load Name Scale Factor | o 0 totiicat u
Push 1 Add Generalized Displacement
Delete
Additional Controlled Displacements
None
Cther Parameters
Modal Load Case Modal ~ Quask-static Parameters
Geometric Nonlnearty Option None ~ Time History Type
Load Apphcation Displacement Cortrol Modéy/Show Output Time Step Size
Resuts Saved Mutiple States Modfy/Show Mass Proportional Damping
Foor Cracking Analysis | No Cracked Analysis Modfy/Shaw Hilber-Hughes-Taylor Time Integration Parameter, Alpha
Morlinear Parameters | Defauk - heative Event4o-Evert Madfy/Show..
3 Cancel
oK Cancel

W 3-8

DR =+0.25% #4413k 2
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Wodify/Show...

Noninear Direct integration History

1 sec

0 1isec

0




I3 Load Application Control for Nonlinear Static Analysis

X
A Load Case Data r
Load Application Control
Genesal O Full Load
Load Case Name E Design © Displacement Control
Load Case Type MNoniinear Static ~ MNotes. N o
(O Quasi-Static (run as time history)
Mass Source: Previous ~
Analysis Model Default Control Displacement
O Use Conjugate Displacement
Initial Condtions
) Zem Intial Conditions - Stan from Unstressed State: © Use Montored Displacement
O Continue from State at End of Norinear Case (Loads at End of Case ARE Included) Load to a Wonitored Displacement Magnitude of 0.008 m
Monlinear Case 025 ~
Wonitored Displacement
Loads Apphed
o © DOFLJoint u v F v4
d Generalized Displacement
L Additional Controlled Displacements
None. Modify/Show...
Other Parameters
T Quasi-static Parameters
rre=s ~ Time History Type Nonlinear Direct Integration History
Laad Moghomten ey Qutput Time Step Size 1 sec
FRowils Soved Ve Siates Modfy/Show... Mass Proportional Damping 0 1isec
Ploor Cracking Analysis | No Cracked Analysia Modiy/Show. Hilber-Hughes-Taylor Time Integration Parameter, Alpha 0
Nerinear Parameters | Defau - Rerative Event to-Event Modfy/Show
oK Cancel
oK Cancel
=-0.25% AR 7
Bl 3-9 DR =-0.25% ©=# ¥ L
I3 Load Application Control for Nonlinear Static Analysis X
[3 Load Case Das Load Appication Control
Full Load
General o
Load Caze Name 05 Desr. © Displacement Control
Load Case Type Noninear Static v Nales.. O Quasi-Static (run as time history)
Mass Source v
Previous
Anaiysis Model Defaut
O Use Conugate Displacement
Intial Condtions. © Use Montored Displacement
(O Zero Intial Condeions - Stat from Unstressed State:
Load to a Montored Displacement Magniude of 00135 m
O Continue from State at End of Noninear Case (Loads at End of Case ARE Included) e
Noninear Case: 025 ~ Monkored D
Loads Apphed © DOFLont u1 v 2F v 4
Load Type Load Name Scale Factor | o Generalized Displacement [
Add
Delete Addtional Controlied Displacements
[ None Modify/Show...

Quasi-static Parameters

Time His pe

Output Time Step

Mass Pr

Hiber-Hughes-Taylor Time integration Parameter, Apha

Bl 3-10 DR =+0.5% ==# ¥ #]3K 2
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E Load Application Control for Nonlinear Static Analysis

I3 Load Case Data
| Load Application Control
General O Full Load
e = 00000 Design... © Displacement Control
Load Case Ty Norinear Satic: v Notes
= (O Quasi-Static: (run as time history)
Mass Source Previous. S
Analysis Model Defaut Control Displacement
| O Use Conjugate Displacement
Intial Candiions !
() Zero Intial Conditons - Start from Unstressed State © use Hontored Dispiacement
O Contrue from Sate at End of Noninear Case: (Loads at End of Case ARE Included) Load to a Monitored Displacement Magnitude of 0018 m
| Noriinear Case 05 v
! Monitored Displacement
| .
| DOFJoint v ~|2F v
| o ° .
| 2dd Generalized Displacement
|
| Additional Controlled Displacements
None Modify/Show.
Cther Parameters
Modal Load Case " . Quasi-static Parameters
Geometnc: Nonineadty Option None 7 Time History Type Nonlinear Direct Integration History
Load Applcation Modty/Shaw. Output Time Step Size 1 —
Resuts Saved Modfy/Shaw. Mass Proportional Damping 0 1isec
Floor Cracking Analysis Madfy/Show. Hilber-Hughes-Taylor Time Integration Parameter, Alpha 0
Noninear Parametess Modéy/Show.
oK Cancel
oK Cancel
— % AP HIR R
Bl 3-11 DR=-0.5% i=# 47 L
o . I3 Load Application Control for Nonlinear Static Analysis X
A Load Case Data
Lead Application Control
General O Full Load
Load Case Name - Design
_— © Displacement Control
Load Cane Type Noninear Static ~ Notes.
(O Quasi-Static (run as time history)
Mass Source Previous. ~
Analysis Model Defaut Control Displacement
Use Conjugate Displacement
sl Conditions O iugate
© Zero Intial Condtions - Start from Unstressed Sate © Use Monitored Displacement
© Continue from State at End of Noninear Case: (Loads at End of Case ARE Included) Load to a Monitored Displacement Magnitude of 0.027 m
Noninear Case 05 -
Wonitored Dispiacement
Loads Appled
i) © DOFiloint u1 v | 2F v 4
Load Type Load Name ‘Scale Factor | —
Push 1 Add Generalized Displacement
Delete
‘Additional Controled Displacements.
None Wodify/Showr..
Other Parameters
Modal Load Case Modal = Quasi-static Parameters
Geometric Nonlinearty Option MNone ~ Time History Type Nonlinear Direct Integration History
Load Appication | Displacement Control Mody/Show... Output Time Step Size 1 sec
Resuts Saved [ Muticle Siates Modhy/Show Mass Proportional Damping 0 .
FoorCracking Analyss  [No Cracked Analysis ~ Modhy/Show Hilber-Hughes-Taylor Time Integration Parameter, Alpha 0
Noninear Parameters | Defaut - herative Everto-Event Moddy/Show

oK Cancel

Bl 3-12DR=+1% =# ¥4k 2
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A Load Case Data
General
Load Case Name. ] Desgn...
Load Case Type: Noninear Suatic v Notes
Mass Source Previous. v
Anaiyss Model T
il Conditions.
Oz - Start from
O Continue from State at End of Noninear Case (Loads a End of Case ARE Included)
Norinear Case Bl v
Loads Appled
1]
Add
Delete

[A Load Application Control for Nonlinear Static Analysis

Load Application Control

O FullLoad

© Displacement Control

O Quasi-Static (run as time history)
Control Displacement

(O use Conjugate Displacement

© Use Monitored Displacement

Load to a Monitored Displacement Magnitude of

Wonitored Displacement
© DOFJoint U1 v | 2F

Generalized Displacement

Additienal Controlled Displacements

’——

None

Quasi-static Parameters.
Time History Type
Output Time Step Size
Mass Proportional Damping

Hilber-Hughes-Taylor Time Integration Parameter, Alpha

Wodify/Show...

Nonlinear Direct Integration History

i sec
0 isec

0

oK Cancel

B 3-13DR=-1% =# 441K T

@ Load Case Data
General
Load Case Name = Design...
Load Case Type Noninear Static ~ MNotes.
Mass Source Previous ~
Analysis Model Defaut
Intial Conditons
(O Zero Intial Condtions - Stat from Unstressed State
© Continue from State at End of Noninear Case (Loads at End of Case ARE Inchuded)
Nerinear Case -1 ~
Loads Applied
Load Type | °
Add
Delete

Bl 3-14 DR=+2% i=# ¥4

E Load Application Control for Nonlinear Static Analysis

Load Application Control

O FullLoad

© Displacement Control

(O Quasi-Static (run as time history)
Contrel Displacement

(O Use Conjugate Displacement

© Use Monitored Displacement

Load to a Monitored Displacement Magnitude of

Monitored Displacement
© DOF/oint Ut ~v|2F

Generalized Displacement

Additional Controlled Displacements

0054 m

v o4

’——

None:

Quasi-static Parameters
Time History Type
Output Time Step Size
Mass Proportional Damping

Hilber-Hughes-Taylor Time Integration Parameter, Alpha

Wodify/Show...

Noniinear Direct Integration History

1 sec
0 1isec
o

OK Cancel

-3‘\:%
¥

T
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I3 Load Application Control for Nonlinear Static Analysis X

[ Losd Case Lata * Load Application Control
P O FullLoad
Load Case Name B Design © Displacement Control
Load Case Type Noninear Static v Notes. O Quasi-Static (run as time history)
Mass Source Previous. -

Control Displacement
Analysis Model Defaut .

O Use Conjugate Displacement

Il CorcMiorm: © Use lonitored Displacement

(O Zem intial Condtions - Stst from Unstressed State

Load to & Wonitored Displacement Magnitude of 0.072 m
© Continue from State at End of Noninear Case: (Loads at End of Case ARE Inchuded) ==
Noninear Case -2 v
Wonitored Displacement
¥ © DOF/Joint Ut ~ | 2F v4
o ’—
Generalized Displacement
Add
Delete Additional Controlled Displacements
None Modify/Show...
L Quasstatic Parameters
Modal Load Case Modal v - ’—
Time History Type Nonlinear Direct Integration History
Geometric Nonlnearty Option None v
Output Time Step Size 1 sec
Load Aopicaton Disvlacement Cortrol Modfy/Show...
Mass Proportional Dampin (] 1sec
e [ Mol Sates Mody/Show -
Floor Cracking Ansiyess ["’ » ¥y /Show. Hilber-Hughes-Taylor Time Integration Parameter, Alpha 0
Noninear Parameters | Defauk - Rerative Eventto-Event Mody/Show.
0K Cancel
oK Cancel
_ (y co %9 Y
B 3-15DR=-2% #4413k 2
E Load Application Control for Nonlinear Static Analysis X
I3 Load Case Data x
Load Application Control
General O Full Load
Load Case Name Design. 'O Displacement Control
Load Case Type Noniinear Static v Notes O Quasi-Static (run as time history)
Mass Source: Previous v

Model ,M— Control Displacement

(O Use Conjugate Displacement

= © Use Monitored Displacement

(O Zem Inial Condtions - Start from Unstressed State

Load to a Monitored Displacement Magnitude of 009
O Continue from State at End of Nonlnear Case (Loads at End of Case ARE Included) LTI S S e L —
Norinear Case 2 -
Monitored Displacement
° 'O DOFoint u1 v 2F via
Load Tyoe 1 Generalized Displacement
Add
Delete Additional Controlled Displacements
None Modify/Show...
Other Parameters
Quasi-static Parameters
Modal Load Case Modal v
Time History Type Nonlinear Direct Integration History
Geometrc Norinearty Option None v
Output Time Step Size 1 sec
Load Application Displacement Control Modify/Show...
Fomis Saved hapesme  MedtySon.. Mass Proportional Damping 0 1sec
Floor Cracking Analysis | No Cracked Analyss Mody/Show .. Hilber-Hughes-Taylor Time Integration Parameter, Alpha 0
MNoninear Parameters | Defaul - Rerative Eventto-Event Modiy/Show...

0K Cancel
0K Cancel

Bl 3-16 DR=+3% =# ¥4k 2
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A Load Case Data
General
Load Case Name B
Load Case Type Norinear Suatic
Mass Source Previous.
Analysia Model Defauk
Intial Condtions

© Zero Infial Condtions - Stast from Unsiressed State

© Continue from State at End of Noninear Case: (Loads af End of Case ARE Included)
Noriinear Case «3

Loads Apphed

Motes.

I3 Lozd Application Control for Nonlinear Static Analysis

Load Applcation Control

O FullLoad

© Dispiacement Control

O Quask-Static (run as time history)
Control Displacement

() Use Conjugate Displacement

© Use Monitored Displacement

Load to a Monitored Displacement Magnitude of

Monitored Displacement
© DOF/oint U1 ~ |2F

Gen

ized Displacement

Additional Controlled Displacements

None

Quasi-static Par;

Time Histos

Output Tim

Mass Proportional Damping

Hilber-Hughes-Taylor Time Integration Parameter, Alpha

oK

B 3-17 DR =-3% i=# 441K T

(a) = A i 18

B 3-18DR=+3% 2 %757 % B

Il

78

Modify/Show...

Cancel
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B Element Forces - Columns = o X
File Edit Format-Filter-Sort Select  Options
Units: As Noted Hidden Columns: No Sort: None Element Forces - Columns v
Fiter: None
Output Case Case Type Step Type Station P v2 v3 T M2 M3
m tonf tonf tonf tonf-m tonf-m tonf-m
-2 NonStatic Min 08 0 -15.4929 0 0 0 -13.9436
-2 ‘ NonStatic [ Min ' 18‘ 0. -154929. 0- 0‘ 0' O‘
+3 ‘ NonStatic ' Max . 0 [ 0 ‘ 16.9106 ' 0 [ 0 ‘ 0‘ 30.4391 |
+3 [ NonStatic . Max v 0 l32‘ 0 ‘ 16.9106 ' 0 . 0 . 0 ‘ 23.1337.
+3 [ NonStatic [ Max 0.432 ‘ 0 [ 16.9106 ' 0 . 0 ‘ 0 [ 23.1337 |
+3 [ NonStatic [ Max 0468‘ 0. 169106' 0’ 0‘ 07 2252‘9.
+3 ‘ NonStatic . Max 0 168. 0 ‘ 16. 91064 0 . 0 . 0. 22.52‘9‘
+3 [ NonStatic [ Max v 09. 0- 16 9106‘ D- 0' 0. 152‘95’
+3 [ NonStatic . Max ' 13. 0‘ 1691064 0‘ 0. 0. OA
+3 [ NonStatic [ Min . 0 [ 0 . -15.4929 . 0 [ 0 . 0 [ -27.8872 [
+3 ‘ NonStatic ' Min . 0 532. 0. -15.4929 . 0- 0 ‘ 0 [ -21 1943.
+3 [ NonStatic . Min 0 532. 0. -15.4929 ' 0- 0 ‘ 0. -21 1943.
+3 ‘ NonStatic . Min 0.468 ‘ 0 ‘ -15.4929 . 0 . 0 ‘ 0 [ -20.6366 ‘
+3 [ NonStatic ' Min 0.468 [ 0 ‘ -15.4929 [ 0 [ 0 ‘ 0 [ -20.6366 |
+3 [ NonStatic ' Min . 09 ‘ 0 ‘ -15.4929 ' 0 . 0 ‘ 0 ‘ -13.9436 |
Record: << < 1 > > of322 Add Tables... Done
Bl 3-19 m AR DREH3%ME2 ¥ 4 $4523 &
I3 Element Forces - Columns - [m] X
File Edit Format-Filter-Sort Select  Options
Units: As Noted Hidden Columns: No Sort: None Element Forces - Columns v
Fitter: None
Output Case Case Type Step Type Station P vz V3 T M2 M3
m tonf tonf tonf tonf-m tonf-m tonf-m
+3 NonStatic Max 0.1407 [ 0 20.293 ] 0 [ 0 33673
+3 NonStatic Max 0.657 0 20.293 o 0 0 231948
+3 [ NonStatic Max 0.657 [ 0 [ 20.293 o 0 [ 0 [ 23.1948
+3 NonStatic Max 0683 0 20.293 o 0 0 224643
+3 [ NonStatic Max 0.693 [ 0 [ 20.293 ] 0 [ 0 [ 224842 I
+3 NonStatic Max 0.9 0 20.293 o 0 0 18.2637
+3 [ NonStatic Max 18 [ 0 [ 20.293 o 0 [ 0 [ 0
+3 NonStatic Min 0 -22427 -18.2383 o 0 0 -357232
+3 [ NonStatic Min 0.1407 [ -2.2427 [ -18.2383 o 0 [ 0 [ -33.1579
+3 NonStatic Min 0.1407 0 -19.9825 ] 0 0 -33.1579
+3 I NonStatic Min 0.657 [ 0 [ -19.9825 ] 0 [ 0 [ -22.84
+3 NonStatic Min 0.657 0 -19.9825 ] 0 0 -2284
+3 [ NonStatic Min 0.693 [ 0 [ -19.9825 o 0 [ 0 [ -22.1206
+3 NonStatic Min 0693 0 -19.9825 o 0 0 -22.1206
+3 [ NonStatic Min 0.9 [ 0 [ -19.9825 ] 0 [ 0 [ -17.9842
Record: = << < 1 > >> | of450 Add Tables. Done

B 3-20 % AL4F:E4iE DR 2

3223 BEHEE

*\%J — ,J‘ 51 )

Etabs & ;% Hikt 7 4 SR 02 i o fedg 1B 5

§ 2 Etabs H-A] 7P~ 17 2 BIR 4 B 55 Jh
B

%4 e L

@

A
(=
{\L
e
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Pt B VGEE R R R o T RL B e RFEEE o

HRC %4

B3kt DR = 3% P 4 B3k > ¥ ¥ 08 4 s BEHLS 0.45m kw0 53 Etabs
T2 Vl_l.

Wi H$EE R M, 523.13thm-~ ¥4 TRV, 5 1691tf-

% H 55 fszfy=5600kgf/cmz ¢ =09

2.5
d= 4-5—4-—1.27—1.59—7= 36.89 cm

C,=085f.-b-B,-c=085-713-0.65-27.5-c = 10833.14c
T = Ayf, = 56004

T=C, > A; = 1.93¢c

23.13 pi-c 0.65c
M, =222 _ 259¢f —m = C, (d - ) — (10833.14¢)(36.89 — ——25)
0.9 2 2
—3520.77¢c2 + 399634.53¢ — 2590000 = 0
c? —113.51c + 735.63 = 0
113.51 + V113.512 — 4 - 735.63
cC =

> = 6.9 cm

0.003 0.003
g =——(d — ) = —5~ (3894~ 6.9) = 0.014 > &, = 0.0039 = &, > 0K

£ > errcy = 0.003 + &, = 0.0069 — # # #4185 — ¢ = 0.9 - 0K

Asreq=193c=1332cm? - + Tk 1 ¥ fe g 5— D22
W= Wy = 1691/ 0= 2255 tf
Z B TR DR ST SRR

V. = 0.53/f .bd = 0.53v713 - 27.5 - 36.89 = 14356.94 kgf

2-1.27-5600 - 36.89
Vo= V,— V. =8193.06 < 5 - s < 64.04 cm
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2-1.27-5600 - 36.89
V, = V, = 22550 < - s <2327 cm

=Y 4 SRR B
2F L%  1-DI3 @20 cm

F&¥% :1-DI3@ 10 cm

HRC-PT 4
Bk > DR=3% Mg 2 gk > 7 %48 4 s BRtw 0.675m i 1546 Etabs
W BHET R M, 5 2284tPm- ¥4 TRV, L 1691tfe
wEHE fi=f=5600"9T/ . =09-d=3689cm
C.=0.85f,-b-B, c=085-713-0.65-27.5 ¢ = 10833.14c
T = Asf, = 56004,

T=C, > A; = 1.93¢c

22.84 Bi-c 0.65c
M, === =2538tf —m=C, (d — ) = (10833.14)(36.89 - —2)
—3520.77¢? + 399634.53¢ — 2590000 = 0
c2—113.51c + 720.87 = 0
113.51 + v113.512 — 4 - 720.87
c = = 6.75 cm
2
0.003 0.003
& = T(dt -0) = m(38.94 — 6.75) = 0.0143 > ¢, = 0.0039 = &, > OK

£ > errcy = 0.003 + &, = 0.0069 — 4 #4185 — ¢ = 0.9 - 0K

Asreq=193c=13.02cm? > + Tk 1 ¥ fe g 5— D22
Xy = Vu/¢ = 1998/ =26.64tf
MARLFRT IR TS P D RST S R

V. = 0.53/f .bd = 0.53V713 - 27.5 - 36.89 = 14356.94 kgf
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2-1.27-5600 - 36.89
V.=V, — V. =12280 < - - s <4273 cm

A AT B A {@;ﬂ;}i 2. 4 ?;ﬁ( o m—‘J»s :

2-1.27-5600-36.89
V.=V, =26640 < S - s<19.7cm

=Y A Sl B
2R &% P 1-DI13 @20 cm

M&% : 1-DI3 @ 10 cm

HFRC ##%
$PET R M, 25458V, FHRCHH > =ikl 5-D22-

v,
V, = u/¢ = 1691/, =2255¢f

VLA R g Y R R st e ?-};Jc
& = (1+0.075;) ( ) 1 yp
- X min a
F ! J1+ 400,
He s
en+ e, +eq (5600 X 2)/2.04/106 — (=0.001) )
- - =3.79x 1073
TTT0Is +1 0.1x7.11+1 3.79 x 10

S; = Via;Toq = 0.015 X 78.95 x 6 = 7.11
f'.=70MPa

- & = 0.655 (R & = 0.397)

34277.70

Ca = 357 X 0.655 = 56553.9 kgf

- V. = Cysinf = 56553.9sin42.8° = 38425 kgf > V, » & Fhe % 4 4 55
=Y 4 S AR B

> % : 1-DI3 @20 cm

HFRC-PT 34
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$PET R M, 214 F KV, b HRC-PT 34 » & i & ek 5-D22 -
v,
Vo= "y = 1998075 = 2664 f

AR EIT LR R > YRR g T4 ?E?/,?e

_ (58 1
& = (1+0.07S;) X min 0.9 | ———= MPa

JF7. )1+ 400e,

_ente, +eq (5600 X 2)/2.04/10° — (—0.001)

= = =3.79x 1073
oS, 1 01x7.11+1

S; = V;a;Toq = 0.015 X 78.95 x 6 = 7.11
f'.=70MPa

- & = 0.655 (R & = 0.397)

C, = 39198.42 x 0.655 = 64672.5 k
4= 70397 D99 = > kgf
-V, = Cysinf = 64672.5sin36.98° = 38902.9 kgf > V, » & Fpec s ¥ +

g 4 e g B

> % ' 1-DI3 @20 cm

3.2.3 TEH AU 2 35,

RC BHpdr 2 B84 &7 A 5 A 480 & 8] 4 Hed gl 2 T4 oL o HEd
BLe- BB S T R R F ) R gk > AT PR o T4 B
RIS Wb s o BRI PR o T - R G Y B A 2 i B S
koo o@ 24 g o

HAFLRFARAE AT > e BOR A K2R R EHL T

4 S JJ’%E’I' 3}1&%’ ‘j\ s 33—!‘87%"‘ g

o

T p & e R R AR T R A
SRR FRNE O e @SR R Jed ARG § TG R edian § A
FRA -
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Frd %V E
AL R AR Y B ARG T S A e R R
B o GRS AR A AU A (DHRC: EaAF2 % 5% A M SRR B
$r3257 5 (2) HRC-PT : 5 4 A 452 B 5 B 4% 0,82 214258 5 (3) HFRC © & 4k
E

FAF2 % R AeK SRS P IRER o (4) HFRC-PT : 7 4w 41452 3 5 A 4k

4.1 R % 2 g
4.1.1 2 2+

WIERHRFRYL P T AL FRAHS FRARRI U2 FHRARE
A az B EHRELFW A BT
> B A S
ST R AT B endk 3 3k % SDSSOW B A4k S50 H ¢ L Wk 5 D13 2 D22
BARE T2 AT LR A SR R o
> B AR
AT ZRFRRMFEIEXFBAE L TOMPar 24l e 3Kk e ~F A >
de ekl s dmoRl s ok~ 1B EER|(GR ) 0 dwIE e
(1) -k
CEFF-GkR B E L 305 B B s A 441 4
PR R A 42
2 w#:
100 5F R ER D P BB R FASPR/E S E S 290 %
it iE - TR Al RBHEGRY R LS

A A 4-3 o
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3)

(4)

()

(6)

o
P PRk E R 221 e AR E N TR M - 0 R AT
PR AR BRI RARALI 22T BV XS5 A 44
AR AR

A Rk S S R S R B R N Y E SR I
AT RSB EEFTENN L 450

AREREHET ORI PP TR E B L 264 &
268 AP EFESFEBEFTINA 465 & 4-T-

5 % A

iR ARG

1.08° »pH £ 5.9> 2 % F k&~ Mpifahppsr vy L a

3

S RE BB RkA W E

R RBET A 2 BRSSP E AT B RGE D %1 isk

BOLTRE SCRAE @ AMREEFRELGE 0 HEBRI0L 4-8-

RV E PR

AT R 2 AR5 JIpFiE ¢ 2 Dramix RC-80/30-BP =4 49 7] 4% 5 42 > &

B 3cm > B AEX) 038mm - &S ap ) s 790 24 55 & 2300MPa 0 4 BT

LHT 55 B 41

41 " FL S TARE2Z 1 EX0FL(RAR FR &)

Rk p CNS15268 | sk %
- § & Si02(%) - 20.34
LB ko § v 42 ALO;3 - 4.95
% 1 4% Fey O3 - 3.96
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§ i 4F CaO - 63.44
3 1“ 4% MgO Min. 6.0 | 7]
CA < 8% Min. 3.0 2.29
=3 £ S03(%)
CA > 8% Min. 3.5 -
4 § (Loss on ignition) (%) Min. 3.0 1.33
*EA Min. 0.75 0.21
REBREAR S BABAE
Min. 5.0 1.2
ZFRpRE
i% (Na20 + 0.685 K20) ] ]
F 1t 4 NaxO - -
3 it 47 K20 - -
5 F A Free CaO - 1.1
# i = 4T C3S - 53.7
¥ ez 4T CaoS - 17.9
B2 45 CoA : 6.4
ihdrw fadt C4AF - 12.0
42 " EUFIARAZPEET(RAR £/ %)
PP CNSI15268 | #5555 %
it & (Density) - 3.15
wRE (S F &) (mYkg) Min. 260 362
SEL RN THERART KT (%) - 26.5
B (%) Min. 50 80.0
FIRRE (%) Min. 0.8 0.03

87

doi:10.6342/NTU202303012




3 day Min. 12.0 25.4
R 5 & (MPa) 7 day Min. 19.0 32.0
28 day Min. 28.0 42.2

FE PF R -4 5 F o] A (A) Min. 45
183

(3 B Vicat -2 3 kAN () Min. 375
KEHEZF 5 BMAT A ) (%) | Min 120 | 83

# 43 pritHFLs i

e CNS 3036
1 E ok %
P (F 2¢)
% (Na2O + 0.685 K,0) - 0.56
ASTM
3 it 4 K0 - 0.37
C114(2015)
3 1t 4 NaxO - 0.32
4R

- CNS 1078(90) -
(Loss on ignition) (%)

- § @ S0 (%) - 33.50
o § 148 ALO; - ASTM 15.40
B § 148 Fe 05 - C114(2015) 0.32
§ 1 4% CaO - CNS 1078(90) 38.90
§ 1t 4% MgO - 7.77
CNS
Z § 152 SO5(%) < 40 0.64
11826(102)
wE S (%) - ASTM -
= § 1 4% TiO (%) - C114(2015) -
88

doi:10.6342/NTU202303012



§ 1t 48 MnO (%) -

PR -

o 4 F5 S(%) <25

7 % A& LR (%) - CNS 1078(90) -

# 43 (CD -

Lo4-4 B AT E AL 4

IR HFEREE (%)
= 3 *# SiO2 96
. C 2.0
3 1 48 FexOs 1.0
F 1“ 48 AlLO; 2.0
LB R% 3 it 47 CaO 1.2
3 it 4% MgO 0.5
3 it 47 K70 1.5
3 1“4 NaO 0.5
H>O (Moisture, when packed) 1.0
%% ¥ LOI(Lost on Ignition) 1.5

#325 &4k
1.0
(Amount Retained on #325 Sieve) (%)
pH-value (fresh) 5.0-7.5
% 45 ikl AR EE A S T
R PRI P Ealz s
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A¥ | B¥ | A:B
s
6 A 3 A 1:1
11/2” 100 100 100 100
1” 100 100 100 | 95-100
3/4” 74 100 88 -
& A 47 CNS
1/2” 6 67 40 25-60
(B &7 A ) 486(2001)
3/8” 4 40 24 -
#4 3 7 5 0-10
#8 3 5 4 0-5
CNS
W EH200 B & L 0.9 0.9 09 | < 1.0
491(2001)
S,S,D it & 268 | 268 | 268 | =25 CNS
2ok F (%) 0.7 0.9 0.8 - 488(2008)
CNS
TR 7 £ (%) 0 0 - < 0.5
10090(1998)
CNS
4 B2 B BT R(%) 0.1 0.1 - < 3.0
1171(1995)
R ERE L E(%) CNS
0.1 0.2 . < 12
(Frpidh iR I Vhok) 1167(1995)
it AR B B 100 # - - 6.9 -
CNS
B 5(%) 500 i - - 345 | <50
490(2009)
Brip T 3o B | 100/500 # - - 0.2 -
PR HE > HF - 1685 | 1678 - CNS
(kg/m?) 3 - 1512 | 1510 - 1163(2008)
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RERB(ETIASSID 0|0l

CNS
WmE BT B=51 1) 0 0

15171(2008)
bR RO (R B=50 ] 0.8 1.6

46 mp R RP R BT E B T

E
EE At | B# | AB B S
i:ﬁ_,%
64 | 34 |[1:1
11/2” 100 | 100 | 100 100
1” 100 | 100 | 100 | 95-100
3/4” 82 100 | 95 -
A CNS
1/2” 17 57 45 | 25-60
(&7~ ) 486(2001)
3/8” 8 30 23 -
#4 2 5 4 0-10
#8 1 3 2 0-5
CNS
i EH200 B & H L 03 | 09 | 07 | <10
491(2001)
S,S,D i & 264 | 2.63 | 263 | =25 CNS
3ok & (%) 0.9 1.3 1.2 - 488(2008)
CNS
R 5 £ (%) 0 0 - <05
10090(1998)
CNS
B HE B ESER(%) 0.1 0.2 - < 3.0
1171(1995)
R AT A £ (%) 02 | 04 - <12 CNS
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(Frpadh i3 iR I Vhok) 1167(1995)
ATy Y 100 # - - 3.7 -
B (%) 500 ##& - - 166 | < 50 CNS
100/500 490(2009)
Jedf L Yo v - - 0.22 -
i
AL H & E - - 1527 | 1546 - CNS
(kg/m?) 3 - 1350 | 1374 - 1163(2008)
TR (R B=511) 0 0.1 -
CNS
mE (L B=51 1) 0 0 - < 10
15171(2008)
oo RR(E =50 1) 0.1 0.9 -
% 47 mp P TER L GA TSR AR
PRI P
IREGIE P Bl
C #7) 4
3/8” 100 100
#4 98 95-100
#8 80 80-100
& A 45
#16 57 50-85 CNSS 486(2001)
GE& 7 A )
#30 39 25-60
#50 24 5-30
#100 10 0-10
i AEH200 B & 44 5.0 < 5.0 CNS 491(2001)
S.S.D i & 2.64 > 25
CNS 487(2013)
ook 2 (%) 1.7 -
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Fh4 B E B RS R(%) 0.1 < 3.0 CNS 1171(1995)
L7 (%) 0.0 - CNS 15706(2014)
Fed BLE b gkt 27 £ (%) 0.1 < 3.0
R AT % £ (%)
0.7 < 10 CNS 1167(1995)
(Frpadpin kI Pi%k)
EER 2 2 (%) 0.03 < 1.0 CNS 10990(1998)
Fopd e kB F BT (%) 0.001 < 0.012 | CNS 13407(2015)
P E g wHHE 1745 -
CNS 1163(2008)
(kg/m?) o 1417 -
F 4-8 W ALF A
g P H s
> A / BRI L
kB / REELZBP R
g / 1.06 + 0.02
pH % 6~8
Hz £ % 17 £ 1.5
Clyg+ z £ % < 0.05
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B 4-1 %44 4348 a7 L5
4.1.2 R gt

R e

AP GFEME S FRERIELE EY AR T L S A SRR
— //J“ ¢

Himfelt 4o T SR

SRR LS B AL A AAFAEEBAE

249 FEALMBEREI R e M)
fert LHE | kR " O Aeg Al | ekl -k AR | B
SO 411 270 50 400 1030 212 8.40 X
S150 411 270 50 410 1026 212 9.85 118
42 FHH X2 B RRE]
IS
B2 A E

AP RPERGF AP ERKRFP AR RIBFLY S SR %
LI K F AT o Rk pe R BlAcB 42~ B 43 90T o

7

-~

ok

b RRHRZFHL AR RAZERE RS AR FHELg R C
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4.2.2 Rl EEIAR
TEEHEY EHEEL N EFRREGRNS L L%

L8 RRE FR R L2 % =80 (Drift ratio) 1 F A fi KL

ETS

TRV EEIFRL S Y 0 BB K]

PREW BT Y S JERK AR

2L TR E 2 XE A RE S 025%05%1.0%~2.0%~3.0% °

B
|
+r
o
K
e
=
SN
9
IR
&
l
\

F&?éomﬁpﬂﬁg%$gla K
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Lo LAY L BRI E R RARS o S RS FNZ R B EG R LR
A3 HEFRFT ARG AR RIS g e 4

Fo XA F AT ERE AR LIRS H M B LR AR R

ﬂﬂw
+93

43%4 %; s 11 2 =

%cg\l (Fx @) =i WESFREILHFY k4c§\@7fi“ S Y-SRk ST

SRR ERE R B - BB R - XD

-~ REEHZE - T e (B RAG R BB
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WS 2 PF o
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423 &p] % 5

AEHE RIS 2R BREFEAL Y G P 2B (LVDT) ARG

(Load cell) » & #-5 % K MjmE3- o BH7 LR BRRE FV L Ages &8

|l

o HFRIFERY 52500mm; fmE R SRR RREEE RS T A b
ERREIE T AR

EHERARERA TR T A SR o AS RGN L LB EDT S
BRI SIS Y £ 4 (S enALR R TR P A 2RI 5 97 (TML) 2
A& s BRERBEY  BRLHE 3% 5% -

T A AT P EREREN S AP E T AR N ARG
2. %258 > A4 NDI Optotrak Certus® HD & 5 5 B A% 5 Jp| & SLif B

W2 RA2 R RNFAAPERRERY 22 A7 FEFCB R BFIFE

BT AR BRAE VLR 44
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