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Abstract

Buckling-Restrained Braces (BRBs) have been widely adopted in steel structures
due to their excellent energy dissipation capacity. However, their application in reinforced
concrete (RC) structures remains limited. Among the few existing connection strategies,
embedded steel plates have attracted academic attention due to their stable performance.
However, BRBs are typically installed at D-region of RC beam-column joints, which are
areas of dense transverse reinforcement. Embedding additional steel components into
such congested regions complicates construction procedure.

Previous studies have shown that combining steel fibers into concrete significantly
enhances its toughness ratio and shear strength. This improvement reduces the need for
dense transverse reinforcement in beam-column joints, alleviating reinforcement
congestion and simplifying BRB connection details. As a result, this approach holds great
promise for both retrofitting and new construction.

This study conducts a simplified configuration experiment to explore the
effectiveness of connecting BRBs using steel fiber reinforced concrete (SFRC) [Hsieh,
2025]. The experiment focuses on three major design modifications: First, using SFRC at
beam-column joints and beam ends; Second connecting the BRB only to the beam ends,
instead of the beam-column joint; Third, Controlling the plastic hinge formation at the
beam ends.

Finite element simulations were performed using SAP2000 and ABAQUS to
replicate the experimental setup and modifications. The study provides detailed modeling
procedures and compares simulation outcomes with physical test results to propose a
practical design and modeling framework for BRB-SFRC connections.

Analysis results show that using SFRC enables BRB-RC connections to maintain

stable during cycling load. That the plastic hinging of the BRB occurred first and followed
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by RC frame, even with reduced stirrup ratios and simplified connection details. However,
due to testing execution issues, yielding accidently occurred in the column at 2% drift,

which led to moment transfer and unexpected yielding at the connection zone of the beam.

This deviated from the anticipated behavior where yielding place of beam should occur
outside the connection region while the connection zone remained elastic.

Eventually, BRB’s tensile failure occurred under 5%, with a sudden drop in
horizontal force. At this stage, the RC structure experienced shear failure at the beam-
column joint. It’s because the BRB being connected solely at the beam end, inducing
considerable horizontal and vertical forces that were underestimated in the design,
making the joint the weakest point of failure.

The study concludes by proposing revised modeling recommendations and
experimental improvements to better align future simulations with actual structural

behavior.

Keywords: steel fiber, Buckling-Restrained Braces, cyclic behavior, RC and steel

connection, SAP2000 simulation, ABAQUS simulation
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BERER Nim (KN) Pemasx DCR(—+= CZ”“’“)
e
18mm 1562 1615 1.03
18mm+ES 1634 1615 0.99
20mm 1651 1615 0.98
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Transverse rebar

Longitudinal rebars

Concrete Gusset plate
y
! PBL Stirrups
= A
Plate — »
hoopings Gusset plate
BRB
Stiffene:
B 2-34 PBL 4 & 4554 [36]
1~ P e _
LETY § VpBL _VpBL ’Vpg_[]__',;
Iy, Beam Y7 Uy Concretelis
oy ay )! | (?mpressed
: Z Transvergerebar 2 O
AL Gusset-to-beam forces| 54 N7 7
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Force controlled

1000 kN actuator Displacement controlled

200 kN actuator X2
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3.1.1 Rz d v}#_i‘i &

d R AR R TR Y LM L R0 RUMER U2 -
Lo PTG T 5 500x450 mm > £ & 5 2000 mm ; H¥FH ¢ < 5 500x500 - -
BEARL 1680 mm > - HEE AL 1720 me P HBFIP - 12 B FE w2
f¢ =42MPa 2 g R G D o BN F Ve S 15% 0 HAeRmE # * f) =42MPa
2= BRGERA e et foiR 3 5P A BB e 202512 87 0 ¥F5 ¢ A frd
Sl At 310 B SGRE 2 mIGEE PEOT SR E - R

G Ee R Rl 3-1 S 0 d MR R B R T R Y AR AR 0 i
HET S HARALG A N RT RS AT RE S BB TR R

PR SRR R FR e 2025127 o

%031 RS e ¢ R SRS

Section
Section | f. Reinforcement
Size(mm)

Longitudinal reinforcement -

#10 SD420
Beam 42 500 x 450
Transverse reinforcement -

#4 SD420

Longitudinal reinforcement -

D-Region #10 SD420
42 500 x 450
Beam Transverse reinforcement -
#4 SD420

Longitudinal reinforcement -

#10 SD420
Column 42 500 x 500
Transverse reinforcement -

#4 SD420
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3.1.2 BRB ## ¢

ReEsh RS A4 231,328 4 @ % 2 BRB A A AT Fp
GARM A B FRY e 2P R oY PR S EE RER L 3N
G thaRE R PLU B RS 5 600MPac d *03AM % 5 ¢ 3% o Flst BRB
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% 3-2BRB %k

Yield region cross-sectional area A, 2400 mm?
Steel yielding strength E, 250 MPa
Material overstength factor R, 1.3
Strain hardening factor W 1.5
Compressive strength adjustment factors B 1.15
Axial yielding strength P, 600 kN
Estimated Maximum compression Prax 1345.5 kN
Estimated Maximum tension Prax/B 1170 kN
HvY > BRB#Z ;BT
T ETE Sy
BERIPLRFFEE R
PA;F,Ry, = Bpax/B, ® = 0.9 3¢ 3-2
BEEXRUAERT
. mPElL; ‘
@ X min[ 5 *AjF,Ry] = Ppax ;433
4(Lj + 6)

He o 0=09" L5 o~ BB B G HEY 285 f e L5 0

S AL E LR § 23 (PgeiiEdE 0 55 BRB B P R R i 4% RAE -

BRB # £ r% #%3% £

@(0.707T,,) X (4Ly, + D;) X (0.6Fsyy) = Ppay, ® = 0.75

;v 34

BY oL, s BRER D PiwHERGR FREZHEEE AT, H 08 B

SRt oy b B2 A R o

ol P SR B e 2025]2 87 o
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3.2.2 Hil® %

HAFIR T K 20 RS @ f) =42 MPaz B3 > 4552 % SDA20W 2

#10 B #4 o FFw]end >

b o 5 #-c o BRB

E Material Property Data

General Data
Material Name and Display Color
Material Type
Material Grade

Material Notes

Weight and Mass

Weight per Unit Volume

Mass per Unit Volume

Isotropic Property Data
Modulus Of Elasticity, E
Poisson, U
Coefficient Of Thermal Expansion, A

Shear Modulus, G

Other Properties For Concrete Materials

Specified Concrete Compressive Strength, fc

Expected Concrete Compressive Strength

[ Lightweight Concrete

. BRB et ficg b o 287 3 @ * SAP2000 ® p 22 2. Steel

v R R fotE U R B

be E Material Property Data

cag

Concrete

fc 8000 psi

Modify/Show Notes...

Units

KN, m, C ~

24855578,
02

9.900E-06
10356491,

42000.

42000.

B Material Property Data

General Data

Material Name and Display Color
Material Type
Material Grade

Material Notes

Weight and Mass

Weight per Unit Volume 76.9729
Mass per Unit Volume 7.849

Isotropic Property Data

Modulus Of Elasticity, E
Poisson, U
Coefficient Of Thermal Expansion, A

Shear Modulus, G

Other Properties For Steel Materials

Minimum Yield Stress, Fy
Minimum Tensile Stress, Fu
Expected Yield Stress, Fye

Expected Tensile Stress, Fue

General Data

Material Name and Display Color

Material Type
Material Grade

Material Notes

Weight and Mass
Weight per Unit Volume

Mass per Unit Volume

Uniaxial Property Data

Modulus Of Elasticity, E

Coefficient Of Thermal Expansion, A

Shear Modulus, G

Fwi e B o

sDa20w
Rebar

Grade 60

Modify/Show Notes. .

Units

KN, m, C

1.995E+08

0.3

Other Properties For Rebar Materials

Minimum Yield Stress, Fy

Minimum Tensile Stress, Fu
Expected Yield Stress, Fye

Expected Tensile Stress, Fue

BRE|

Steel

Grade 50

447200
658400
447200
659400.

Modify/Show Notes...

Units

KN, m,C

1.999E+08

0.3

w

1.170E-05

76903069.

25000.
453054
25000.
48054

Bl 3-5 o2l H R
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323 Wa K &

3;\5

8 % T kIR 341 i

H Rectangular Section

Section Name BEAM

\

Y

=
(?-ﬂ'

» 2 imik Ao T ) o

X

Display Color Rebar Material

Section Notes. Modify/Show Notes...

Dimensions
Depth (13) 048

Width (12) °s_|

Material Property Modifiers

+ C4az v Set Modifiers..

Concrete Reinforcement.

0K Cancel

I Rectangular Section

Section Name BEAN

Longitudinal Bars

Design Type

FHHH] Top

Properties Bottom
Section Propertes..

Time Dependent Properties...
Top

Bottom

(2)

E Reinforcement Data

Rebar Material

Longitudinal Bars

Confinement Bars (Ties)

Design Type

© Column (P-M2-M3 Design)
(O Beam (M3 Design Only)

Reinforcement Configuration

© Rectangular

O circular
Display Color

Section Notes. Modify/Show Notes...

Dimensions
Depth (13) 045

Width (12) 05

Material Property Modifiers

+ | caz ~ Set Modifiers.

Concrete Reinforcement

L itudinal Bars -

E Reinforcement Data

Confinement Bars (Ties)

@ SD420W

+ SD420w

— (O Column (P-M2-M3 Design)
3 © Beam (M2 Design Only)

L A Concrete Cover to Longitudinal Rebar Center

Reinforcement Overrides for Ductile Beams

Left

Right

Cancel

SD420W

+ | SD420W

Confinement Bars

© Ties

Section

Confinement Bars

Confinement Bar Size

Properties L

n Longitudinal Bar Size

Spacing of C:

Configt

Clear Cover for Confinement Bars
Number of Longit Bars Along 3-dir Face
L Ht Number of Longit Bars Along 2-dir Face

+ #0

+ #

Bars 0.1

Section Properties

Number of Confinement Bars in 3-dir

Time Dependent Properties.

Number of Confinement Bars in 2-dir

Check/Design

© Reinforcement to be Checked
() Reinforcement to be Designed

(b)

64
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OK

Cancel
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] Rectangular Section X

Section Name ERS) Display Color .
Section Notes Modify/Show Notes..
Dimensions Section
Depth (13) 0.016
P
Width (12) 0.15
3 l]: '_
Properties

Section Properties...

Material Property Modifiers Time Dependent Properties..

+ BRB v Set Modifiers. ..

0K Cancel

(©)

Bl 3-6 %7 % 2 (a)% (b)i (c)BRB
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&
s
e
TE
e
3\
E

Foo ARl
M ggfed P o BRB #EF P RIDEERKE 7 Y RESL BRES BO K
B o el Faappe i R kg b g VORI MR TR g L PR F
# 5 BRB Plats ¢ 4k ko HORE S RBIFRT 2R Y 75 o i s g

pefie B hoB] 3-7 #1 A o
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2H1{column)

4H1(beam)

1H1{coluitin)

5H1(BRB)

Bl 3-7 e i

RE R A 2P Rl e R T AR e A
3241 B R TSR

B TR 2 pUaE A GRS M3 B e R R Bl
A7 A% XTRACT %75 & 17 5088 44 28 %76 & {7 % 42-¥ & (Moment—Curvature )
Ao PR H LR T R 20 A L pd g WA F o s (Backbone Curve ) o
o F K BiT: SAP2000 ¢ iﬁi\ﬁ%\] iRy Tt R W A S 2 K E o P
BE ) FpHATT 2 St o

BARR T &R # it~ XTRACT #5-% 19 0 ki Ap B 5Bk AR

3-8 B 3-12%777 o S5 EPRKZ EF I HRES B L% EF TR

w2t 30 plig * XTRACT #5319 piE 2 42 MPa iR 384 > J:ﬁig?]% NFT T AR BE A 55

14 F'%s_-ﬂll7 —;Fl/P IE’ o
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/ Parabolic Strain Hardening Steel Model X

Name of Steel Model: 5D

Steel Standard and Grade (opt}  [Select Steel |

Yield Stress: 447.0 MPa

Fracture Stress: [(sao MPa

Strain at Strain Hardening: [z30063

Failure Strain: IT

Elastic Modulus: 199.9E 3 MPa
Help Wiew | Delete | Apply |

|\ IMN-n'rn - ‘

B 3-8 SD420W 4k 5% 3k S Bk 2

FEH Mander Confined Concrete x
Name of Concrete Model: IEonﬁnacn -
28 - Day Compressive Strength: 42.00 MPa
Tension Strength: ||3 MPa
Confined Concrete Strength: EI 5236 MPa
Yield Strain: IEHZ?E-ZI
Crushing Strain: EJ |19_43£.3
Concrete Elastic Modulus: 3067E+3 MPa

Help View | Delete | Apply ]

Bl 3-10 R RE ARz Sdk

67

[C Uncenfined Concrete

Name of Concrete Model:

28 - Day Compressive Stiength:
Tension Strength:

‘Yield Strain:

Crushing Strain:

Spalling Strain:

Past Crushing Strength:

Failure Strain:

Concrete Elastic Modulus:

IUncnnﬁnecﬂ vl

42.00 MPa
ID— MPa
[faEs
[fmEs
EmEs

4.200 MPa
["z000
3067E+3 MPa

Help view |

IMN-rnm :I|

B 3-9 8 A B & iR R G2 ik

'= Calculate Confinement
Method of C;
’7 @ Calculate from details " Calculate from corfining stress |
1 Confining Details:
Select type of transverse reinforcing:
@ Rectangular Hoop ¢ Circular Hoop  © Spirals
Transverse reinforcing bar yield stress: 1200 MPa
% tiansverse reinforcing steel ratio: ootore
Y hiansverse reinforcing steel ratio: [53eed
Average distance between tied longitudinal bars: 'F o
Number of longitudinal bars around core: 'a—
Confined core area: [760E+3  mm2
Tie spacing along member: W T
28 - Day compressive concrete strength: 42.00 MPa
r Confining St
% tiansverse reinforcing confining stress: o MPa
Y biansverse reinforcing confining stress: o MPa
Concrete confining effectiveness factor IU—
28 - Day compressive concrete strength: 4200 MPa

[ Confined Cancrete Strength ﬁ

Help IIMN-mm - ‘

Bl 3-11 %
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B 3-12 3 XTRACT %% % %

Moments about the X-Axs - MN-mm
700

600
500

400

0.0 0.1 02 0.3 04 0.5
Curvatures about the X-Aws - l'm

=4 Moment Curvature Relation
—=— Moment Curvature Bilinearization

Bl 3-13 & $4E-d 5 @
XTRACT 4] 17 |2 $*4B-o F o R4cF) 3-13 0 "% R3p B 5 S547TMPa > % R
%% 001047 1/m ; $&*5 & 5 672.2MPa > &'UR % 5 0.4032 1/m -

EIEEd FO R G LRGN Z 2 F R R 315 g H
FAIEAIND GBS F 0 M2 U RURE CE RS R RE% o Y
Mt o2 mUE RV B B L FF YR BRERES S 1 4B
3-15 ¢ B B S THRIUR Y fot R4 B 1229 R UG B~
1229 4@l CB > A4+ 2 D22 EBLA| iR it Bhet 2 R B » 2 b F 2 8
2 FF A AR o

LA cnt s SAP2000 RIp 22 = f67 o 3 ARfF L g ;q&; A

Immediate Occupancy(1O) ~ Life Safety(LS) ~ Collapse Prevention(CP) > y* = £ % ¥ 2.
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PRV RERAPF L E I R IRV R L B K
TR FESAS 2 EEDIONLS CP 2 H B B% » &4 R4 foiz R4 p
AFRFERES E-Foan 7 BHRZEAITTLIRIBA o RBAN L2 BN
Fr RS B

BB F e BT 5 HCEEINA 0 SAP2000 & B A7 e oeniBiF i Bl R LT B
EFH > # 7 Isotropic ~ Kinematic ~ Takeda ~ Pivot ~ Concrete ~ BRB Hardening £2
Degrading #-3] © & 7 #F 3t P AHA] & L RTRED F R OB FR BT L 0 AP
FAREZ - HERAE s RRle PEL RN EF e B S woF 3-14
R o

d B 7 B3| > Isotropic ~ Kinematic 2 % Degrading % #-7%] » B 4% % v [B]3)

&

- e
l& =

o F RNRGR A B JGR £ R YR B - Takeda 53] 5 59

s
-

=
¥
&
>u_

o

AR R GRS R R g de frm i BOR Al R A 7 R
SRR T R4 A Concrete B e R R AR PA > & BT v 3
Fded il > REENIEEN N SRR EY FEOTE o pHE > Pivot
A U R R 2 &5 T M F A TS BRI ¢ H A Bl R R
AT R LR oA - Flp 2 3 EH Pivot 3 HHUR 2
PR 7 5 0 e Pivot 50RI4P M Solica B iRk L 0 RIIR BR8] 2 5 2-111 2

F2-114 345 o -gipd F o MAc AT T 8 2 Pivot Lt ~t6 0 Pl AR

2 KT HAPM 2K AR 3-15 -
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ISOTROPIC

250

-0.1 -0.08 0.08 0.1
(a)
-0.1 -0.08 0.08 0.1
-250
(b)
Degarding
400
-0.15 0.15
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TAEKDA

250
200
150

0.1 0.1
(d)
CONCRETE
300
200
01 01
-300
(e)
0.1 01

®

Bl 3-14 R %2+ &% B # (a) [sotropic (b) Kinematic (c) Degarding (d) Takeda

(e) Concrete (f) Pivot
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B Frame Hinge Property Data for beam - Moment M3 X
Edit
Displacement Control Parameters
Type

Point Moment/SF Curvature/SF () Moment - Rotation
D- -0.5 -38.4564
= -1.229 -38.4564
-1 0

0 0
[ o | -

l_. © Moment - Curvature

Hinge Length 0.1
@ Relative Length

Hysteresis Type And Parameters

1.229 38.4564
05 38.4564 Hysteresis Type Pivot
- @ Symmetric
0 50 o 10
1
oy 10
Load Carrying Capacity Beyond Point E
- 03
(O Drops To Zero P
© Is Extrapolated B> 0.094
0
Scaling for Moment and Curvature
Positive Negative
(] Use Yield Moment  MomentSF  546.7
(] Use Yield Curvature  Curvature SF 0.0104
(Steel Objects Only)
Acceptance Criteria (Plastic Curvature/SF)
Posttive Negative
- Immediate Occupancy 10.36
Life Safety 19.73 oK Cancel
- Collapse Prevention 29.09

@ Show Acceptance Criteria on Plot

W] 3-15 % M3 #4z3k T
3242 ¥R T
B E AR Y RE e B4 1080 kN - # AF7 3 % SAP2000 * ¢ * R
3 P-M3 x0T L Heh 2 (7T 5 2 RS S o 2% SAP2000 ¢ P-M3 ¥ 4 A 49
i FE R 2 T AR H f AR R T
FhEZ AP RES BN A R ORERR > A B 5 B4 2160kN
1080 kN ~ 540 kN 14 2 424 300 kN ~ 600 kN T e » 447 5 ¥ $ 423K %7 $ij » 2 4

B 4o 3-16 #77 ©
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St

AR AT T0- B AREY FR Y - AURGES > A S S
PREFLS 4 hord B B LA AR # A Ft & XTRACT 57 Ho

W MR RRRL 2 F R FEL- B g R ARERRD PR
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e XTRACT ¥ ficfsm S iR B2t 7 2 F bk 20 & * User
difined > %j PR IRGR S 2 s Y R AT PSR A T #
*[13]2- & iRk Bcdy 0 FUR % R B2 * Soroushian and Lee[8]#7# 1 2 Fg iRl 34 i

FIER 0 FIEH S AR R 42MPa 2 S FIR SR 1 Apddl B B K G iR B

FA e FIRTEPEE TR Eenig e 5 I amEt 2 250 TR 7 B4 5
IR G HA@100mm 2 Ja 55 B EE ) 0 - A 85 IR 2 #H4@60mm o
350 XTRACT 3% ZnA24c @] 3-17 % B 3-20 > 4% 553 =+ 7 5 SD420W 4Bl
3-8 #757 ° SAP2000 ¥ 43k F_F o 20T hhd EKIINARAP 0 & BB 4 1080kN
B R & doB] 3-22 #7oF o

B Axial Forces for column - Interacting P-M3 X
Edit

This Number of Axial Force Values Is Specified

Number of Axial Forces 5|
B Frame Hinge Property Data for column - Interacting P-M3 X
Axial Force Data
Hinge Specification Type Scale Factor for Curvature (SF)
O Moment - Rotation O sF is Equalto Yield Curvature Axial Force KN, m, C w
(Steel Objects Only) —

© Moment - Curvature O usersF 0otz 1 -2160.

Hinge Length 0.1

© Relative Lengih Load Carrying Capacity Beyond Point £ 2 -1080.

© Drops To Zero © 1s Extrapolated 3 -540.

Symmetry Condition 4 300.
© Moment Curvature Dependence is Symmetric M3 A o 600. Order Rows

(O Moment Curvature Dependence is Not Symmetric 180 M2
) 1

for Specified Condition o
1 Specify curve at angle of 50

Axial Forces for Moment Curvature Curves Curve Angles for Moment Curvature Curves

Number of Axial Forces s Number of Angles 1
Modify/Show Axial Force Values... Modify/Show Angles. .

Modify/Show Moment Curvature Curve Data. Cancel

Modify/Show P-M3 Interaction Surface Data...

0K Cancel

B 3-16 SAP2000 fr#h 4 X 2
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B Mander Confined Concrete

M ame of Concrete Model:

28 - Day Comprezzive Strength:
Tenzion Strength:

Confined Concrete Strength:

*rield Strain:

=

Crushing Strain;

=

Concrete Elastic Modulus:

IConfinedS - l
42,00 MPa
EE MPa

|?3.45 MPa
[6642E3
[oaz

ANEFE+3 MPa

Help Wiew |

Delete | Apply I

IMN-mm LI |

= Calculate Confinement

— Method of Calcul

* Caloulate from details " Caloulate from confining stress
 Confining Details:
Select type of transverse reinforcing:
* Rectangular Hoop ¢ Circular Hoop € Spirals
Transverse reinforcing bar vield stress: W MPa
# tranzverse reinforcing steel ratio W
' tranzverse reinforcing steel ratio: IW
Average distance between tied longitudinal bars: IW o
Mumber of longitudinal bars around core: |12—
Confined core area W 2
Tie spacing along member: W fres
28 - Day compressive concrete strength 4200 MPa
_l: Fini Ch
# transverse reinforcing confining stress: IU— MPa
' transverse reinforcing confining stress: IU— MPa
Concrete confining effectivensss factor lg—
28 - Day compressive concrete strength 4200 MPa

Confined Concrete Strength j

Help "MN-mm - |

N . s EXY VS
B 3-17 R &R ES S8k B 3-18 *im
&, User Defined Material Model X
file Models
~ Properties: Define Stiess Stiain Paints:
Name of User Defined Modet SFRC =z Shrain T Stress [MPa) .
Symmetiic Stress Strain Values Cves & No -18.306-3 1.2
Compression is Positive: # ves  No :1233&_3 j‘igg
~ Limiting Strain Values: -14.00E-3 2518
Compression  Tersion -13.00E-3 -2.635
“Yield Shrair: 2081E-3  [2380E3 %ggg g g;jg
Ulimate Stiair 18.00E-3 1000 10003 207z
Default Interaction Strair: [4.000E3  [1.0000 -5.000€-3 3220
7.900E-3 3425
~Material Color States: ————————————————————— +7.000E-3 3575
£.000E3 2732
Color State to Add or Madify,  [Color State > = 03 S
For Strains greater than: -1.000 -4.000E-3 -4m7
) -3000E-3 4300
Color of Material S00E3 S
Modiy Color | Apply | Rl | -1.000E-3 4740
- B000E-3 4720
-B000E 3 4600
-5000E-3 4,500
-4000E 3 4,465
- 3000E-3 4,290
-2000E 3 4018
- 1000E - 341 =
Material Comments:
Help Deele | Bpply
I [N~ |

Bl 3-19 4k 5% a3k 210, 13]
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B Frame Hinge Property Data for column - Interacting P-M3

nge Specifcaten Type
© Woment - Rotaton
O Moment - Curvature
inge Leagth 01
@ Retve Lengn

Symmetry Condtion
© Homent Curvature Dependence & Symmetrc

) Moment Curvature Dependence is Not Symmetric

for Specified

1 Speciy curve st snge of 90

Axisl Forces for Moment Curvature Curves
Number of Axai Forces. s

Modity/Show Axial Farce Vaes

Scale Factor for Curvature (SF)
SF s Equalto Yield Curvature
(Steel Otyects Ony)

O userse

5.303-03

Load Carryng Capacty Beyond Point €
Drops To Zero © s Extrapolated

Curve Angles for Moment Curvature Curves
Number of Angles. ¥

ModyShow Angles

WodiyrShow Moment Curvetur Curve Deta____ |

Modity/Show P-I43 Interacton Surface Data

oK

Cancel

Moments about the X-Axis - MN-mm

1200

1000

800

-0.02

——
——

000 0.02

004 006 008 010 012
Curvatures about the X-Axis - I/'m

Moment Curvature Relation
Moment Curvature Bilineanization

0.14 0.16

B 3-21 4o/ 1080kN #*4Ed 5 [

[ Moment Rotation Data for column - Interacting P-M3

Select Curve

Axial Force  -1080. v Ange S0

Moment Curvature Data for Selected Curve

Curve #2

LCE I

Point  Moment/Yield Mom

A o I )
1 [)

11818 266453

08 266453
08 2

Copy Curve Data Paste Curve

Acceptance Criteria (Plastic Deformation / SF)

Il mmediate Occupancy 7.4113
Life Safety 13.8226
I colapse Prevention 20.234

(@ Show Acceptance Points on Current Curve

Moment Curvature Information

Symmetry Condition Symmetric
Number of Axial Force Values [s
Number of Angles. [1
Total Number of Curves \5

B 3-22 4r#h/B& 1080kN # 423K

3.24.3 BRB ¥ &% &

* SAP2000 ® 2 % BRB #
* o 2 Steel 1 B 3]

+ 7
Z_

o H A f o

75

Current Curve - Curve #2
Force #2; Angle #1

30 View
Plan 0
Elevaton 0

Aperture 0

30 cc

Axial Force

“r Ay

-1080

Units.

KN, m, C v

Full Interaction Curve
Axial Force = -1080

(] Hide Backbone Lines
[0 Show Acceptance Criteria

MC3  mcz (@ Highlight Current Curve

Angle Is Moment About

0 degrees
90 degrees
180 degrees
270 degrees.

= About Positive 2 Axis
= About Positive I3 Axis
= About Negative M2 Axis
= About Negative M3 Axis

Cancel

BT S T B LA P RS
i

d0i:10.6342/NTU202504010



4 3-2BRB it 7 Xk - MF PR EAFRL LS B EL app

0

A5 Fl+ S (41K L5 Ll -

WEE R L HEES H 0 AT SAP2000 2 BRB Hardening $i3) iF 5 i&

7 1 PE] A

NN

390 13 dm R BK T ACE) 3-24 47 0 B A v % #ic(Hardening factor) %% [31,
R A 15 EBRBFF BTG & X4 £ k4 B2 00 > & 15 &=
T B2 Ek B 3-24 2 B¥A Y ¥ - 2 4 maximum plastic deformation at
full hardening -~ accumulated plastic deformation at full hardening ~ proportion of

accumulated plastic deformation P'] %= [41]2-

\\\Xr

B Frame Hinge Property Data for BRB - Axial P

Edit
Displacement Control Parameters

Type

Point Force/SF Disp/SF
-02 -12.
-02 -45

-1.38 -45

fom—
4 0. 1
0 ol

(7] symmetric

© Force - Displacement

() stress - Strain

I—b

Hysteresis Type And Parameters

Hysteresis Type BRB Hardening

o |

Bl |»le|e

Modify/Show Parameters

Load Carrying Capacity Beyond Point E
O Drops To Zero
© s Exirapolated

Scaling for Force and Disp
Positive Negative
[[] Use Yield Force Force SF 660. 660.

| Use Yield Disp Disp SF 7.250E-03 7.250E-03
(Steel Objects Only)

Acceptance Criteria (Plastic Disp/SF)
Posttive Negative
Il immediate Occupancy 125 125

Life Safety 3 3 [ o Cancel

- Collapse Prevention 45 -45

() show Acceptance Criteria on Plot

n

B) 3-23 BRB # 422% 7.
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E Hysteresis Parameters for BRB Hardening

Material Property

Tension Parameters

BRB
Hardening Factor

Maximum Plastic Deformation at Full Hardening (Deformation/SF, Pos.)
Accumulated Plastic Deformation at Full Hardening (Deformation/SF. Pos.)
Proportion of Accumulated Plastic Deformation
Compression Parameters

Hardening Factor
Maximum Plastic Deformation at Full Hardening (Deformation/SF, Neg.)

Accumulated Plastic Deformation at Full Hardening (Deformation/SF, Neg.)
Proportion of Accumulated Plastic Deformation

1.25
13
13
0
Cancel ]
B 3-24 BRB #p i %8k %
325 4 £&K 2
hedh S ML AR A K bt 10B0KN » E L] ¢ A % e g e
P2 b UHCREAEE R L R 3O0F Rl 2 OB B AR R
Hajie e - Bal AP0 B2 8 2 WaiRs e fle 4 R
Pﬁ‘l%?‘:‘ fv/iﬁvag*w 7»'/‘4‘%. °
UL lF"J:fE‘_” IE" l]}_ i“']A\# }lﬁ 7R ‘% 18 4
0.49 > 4 B4t H ¥ 12 & 84 (joint load) » F§ 14 pRITE F

2= R 25 4t b

B2 X4 /,,\-A:,F-,q;o

77
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;
!

0.49 <49

B 3-25 $he 4 4o i\‘ Bl 3-26 F B4 (+) B 3-27 5 B la4 (-)
F Rl de 2 35 m A B 4o ] 3-28 #Tom o A A delh B 0 B A e LA

£ 4 §*£€ (nonlinear gravity) - * % Zfp P 3 Jg i3 M 2 b 4 2 JE3F P £ R
FRBER  FES PER I DGR T G ETRAF RS AT

LA JE TR A H] D S e AR B R B 0.25% 0 F - it B 4
ZExoINAEZeEY Lws LA FFEL o eI e R (D)0 foe R4 (o)
A WART RBEOET R LT LR EERE TR ERY LR -
P FLEARE L BHI (step) LAIBREE - RPN A B2 BB IEwA T
A SETHE PR 2 R U R -

10.25% Al Bl foe RldE (-0.25%) & Bl 3EFRE i PR TR
FwD e R (10.25%) AR EFod W o REAEFETEA A E 0.0085m > &
frofpldee AR EAY 00085m wARE BB XL fedast 0.0085m o F]p
foo PR ESE R 0017 me s U E 2 A EFIR L0 A BH4cR] 3-29 2R
3-30 #7o1 5 @ F — i B dEE b 4B 3 Pl 3-31 4T o B2 Wkt B

4@&%3%,41@; Blovdtz = B4 RE T2 e
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[=-{°d NONLINEAR GRAVITY  (NonStatic)
{71 LOAD 1: AXIAL;
{7 LOAD2: DEAD;
=-{~d 1. +0.25%C1  (NonStatic)
‘{7 LOAD1: pushover;
=-f~d 2.-0.25%C1  (NonStatic)
{7 LOAD1: pushover-;
=-4"d 3.0.25%C1  (NonStatic)
{71 LOAD 1: pushover;
S 4. +0.25%C2  (NonStatic)
{7 LOAD 1: pushover;
E-{~d 5.-0.25%C2  (NonStatic)
“{ 7] LOAD1: pushover-;
=4~ 6.0.25C2 (NonStatic)
{7 LOAD1: pushover;
E-d 7. +0.25%C3  (NonStatic)
i-[7] LOAD1: pushover;

E-{ 8.-0.25%C3  (NonStatic)

-7 LOAD 1: pushover-;

=-4~d 9.0.25% (NonStatic)

~{”] LOAD 1: pushover;
=-{~d 10. +40.375% (NonStatic)
{1 LOAD 1: pushover;

] 3-28 ip4& 4 load tree( X +0.375%)

[ Load Case Data - Nonlinear Static X

Load Case Name. Notes. Load Case Type

5.-0.25%C2 Set Def Name Modify/Show... Static ~ Design..
Initial Conditions Analysis Type
(O Zero inttial Condtions - Start from Unstressed State O Linear
© Continue from State at End of Nonlinear Case 4. +0.25%C2 v © HNonlinear

Important Note: Loads from this previous case are included in the current case
Modal Load Case Geometric Nonlinearty Parameters

All Modal Loads Applied Use Modes from Case MODAL N © nNone

O pDeta
Foacsfopied O P-Deta plus Large Displacements
a 4 cemen
Load Type Load Name Scale Factor ° «
Load Pattern | pushover- vl Mass Source

e usssret 5

Modify
Delete
Other Parameters
Lossoasn owicons &
Resuls Saved [ utple States Modify/Show.. Cancel
Nonlingar Parameters [ userefinea Modify/Show..
0/ 2 =
Rl 3-29 -0.25%3%K <
E Load Application Control for Nonlinear Static Analysis X
Load Application Control . )
O FulLosd E Results Saved for Nonlinear Static Load Cases X
© Displacement Control
Control Displacement Results Saved
O use coniugate Dispiacement O Final State Only © Mutiple States
© Use Monitored Displacement
Load to a Monitored Displacement Magnitude of 0.017 For Each Stage
Monitored Displacement Minimum Number of Saved States 10
DOF u1 ~ at Joint 22 B
° e Maximum Number of Saved States 100
eneraized Displacement
Additional Controlled Displacements @ Save positive Displacement Increments Only
None Modify/Show.

coe

B 3-30 TE A iR T §3-31 H - i Bl X T
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3.3 # & %K Abaqus #-3]

BN HRE R R AR YRR o AT R E 2
BRB # & 70 RGBS 3 4 2 AUK » 5000 Y RAR YA R RS
oA uE 18mm 2 18 mm 4r4r AR (18mm+ES) > I 44 p A N aE 2 5 L
AR AFRAEFTRA T R ATT B 2455 RA)50 o

FE 4T Abaqus BHE G TR R BOR - ML AR 334 40 o b
"% k5g B 460 MPa > &' & 57T0MPa- B R 522 5 > HA Y H A L AE
A (fixed)  HBFR 2 5o d o PEFLARH LA BTHBL
B PR RhS (T 53R AN KRR 15 4 (£7 50 BRB 2R 4K LR

FAE G o #AY Hwd £ F 2 F R iEE RS Aol 3-35 A7 o

BB R R RS AL AN 0 BB I R T
FIEE FIE AR 7 Tet Ad o v {2 hB i ARl Em A R
2 35 F 336 + B 3-37 #

W 3-32 18 mm 4 £ 4 02 1 3-33 18 mm 3% £ 4% 4c 4o B4 A
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4 Edit Material

Name: Material-1

Description

Material Behaviors

Plastic
General Mechanical Thermal Electrical/Magnetic Other
Elastic
Type: Isotropic
(0 Use temperature-dependent data
Number of field variables: 0z
Moduli time scale (for viscoelasticity): Long-term
() No compression
(O No tension

Young's Poisson’s

Modulus Rati

1 oo N
oK

% % Edit Material x
Name: Material-1
P Description: .
Material Behaviors
Elastic
Pla
v General Mechanical Thermal  Electrical/Magnetic  Qther ¥
Plastic
* Suboptions ) Use scale stress value: w Suboptions
Hardening: | lsotropic
Extrapolation: Constant
[ Use strain-rate-dependent data
T) Use temperature-dependent data
Number of field variables: 0%
Data
Yield Plastic
Stress Strain
1 460 0
2 570 0.032
Cancel oK Cancel

Bl 3-34 3% & HHREF

Bl13-35 L mBRhige

B] 3-36 18 mm Mesh

81

foi 2

Bl 3-37 18 mm+ES Mesh
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FwWE - HERATSES
4.1 SAP2000 & 2% A~ ¥+ H-) &%

AR AR R AR W3R % 24 Rt fodn SR EE Ko E A

Fﬁg—ﬁ 5@ Ej mﬂ—\?’ 1'33 :J\' '&‘:"Eb ‘E » %—ﬂ—*ﬁ‘&‘ia‘ 4 FijHTJ ° ’Eﬂm 4 %—ﬂ—*ﬁ&*ﬁ I” ﬁ_l'_'&r'rﬁ;] 4'1

b’l—i—ﬂ- o

] Create a sectionJ‘ .

NG NG
NG |
Run Model
Check Failure Check Shear Check Damage
mode strength control
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