BRNO FACULTY OF CIVIL

UNIVERSITY ENGINEERING
OF TECHNOLOGY

CAPACITY DESIGN USING
CBFEM

:ag,}é&

Ing Martln \ild, Ph D. - 18t Aprili2019



0000000
2222222

e w -+ o o ol

2 ®©
a7 R

- 8

s

L7 \::\\\\

[ ]]7

N :: :.\

NN

::
[ ] ]]
[J777]]

ISR NN
NN NN ENNNNN
IS EENNN

Contents

Introduction

Seismic design

Structural types
Seismic loads

Capacity design

Overstrength

7 ol

]
F A S S A S A S S

T
EREREERRRRRE, Tl )

e

LN,
NN NN SN

Loads

CBFEM

g ————

-—
.

Verification & Validation
Life demonstration

Summary

(@)
c
=
(0]
()
=
(@)
c
L
=
@)
Y
o
P
=
>
(&)
@©
LL
[ J
>
(@)
=
o
c
=
o
T
Y
(@]
>
=
(72]
S
()
2
c
)
o
c
e
m




Seismic design

* Seismic loads may be A

very high 1 Ve
L A /
* Using dissipative SEE
structural behavior, % e
loads may be ~ ®£
decreased vy ) /" Plastic
* Ductility must be
ensured
/
.-'f h_
A
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Structural types

 Moment resisting frames (MRF) T 1
 Frames with concentric bracings (CBF) < %
« Frames with eccentric bracings (EBF) I ),

* Inverted pendulum structures

N\

 Steel structures associated to concrete
cores or concrete walls

A\

T i e R ATy

« Dual frames made of moment resisting
frames combined with braced frames

KRR

FAEREAEAA T

« Moment resisting frames combined with
reinforced concrete infills
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Seismic loads

1. Seismic load combination V
= decreased by behavior
factor g / .
2. Capacity design SESa -
» Selected element(s) S
yield while other JiSS
elements are strong % -
= Required for ductility '}E;E ' T
class medium and high s b i
Ay Dheo
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Capacity design

« Aim is to prove that the structure has sufficient
ductility
* Proven:
« structural type
e joint type
« (detailing

Brno University of Technology e Faculty of Civil Engineering



Capacity design - loads

* Plastic hinge at the end of each beam
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Joint types

Haunched Extended unstiffened
end-plate
Extended stiffened Reduced beam section
end-plate
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Overstrength

Select the location of plastic hinge
Traditionally, in the beam

fy,max = Yov " Vsh fy - -

T iV 4

SEr 4 /B T
g’ 7 I
Iy

9
o

»fy%)v ysh ————————————————

overstrength factor
You = 1.25 Ko

strain-hardening factor
Vsh = 1.1 ... EN 1998-1
¥sh = 1.2 ... EN 1993-1-8

Ey = f; %oy (qn—1) / 0.05

EEEENENES)
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Load in plastic hinge:

. oad In connection:

Capacity design - Loads

Mgq = Wpl *Yov * Vsh ° fy
2Mgq4

Ly

VEq = + Vgrav

M.gq = Mgq + VEq * Sh
Veed = VEq

Sh

Y
A
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Joint strength classification

1. Full strength
= plastic demand is concentrated in the beam
" & =Yov ' Vsh
2. Equal strength

= |nthe beam and connection
and/or column web panel

= a=x1
3. Partial strength

= |n the connection or

column web panel
g <1 Three macro-components
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CBFEM

Component Based Finite Element Method
//s]=[=] StatiCa®

Calculate yesterday's estimates

______Oe®
[ N EVE (V) AN

NV o 2 vV
 e— NI\ oy g

CBFEM model

Bolted joint
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Plates
4\

J;%v%h
Regular plates o Koot
o\ PR
/- o -
gy =0% &,=5% g
e P P
fal " tan™ (£/1000)
: Overstrength

————— True stress-strain diagram
s = = Engineering stress-strain diagram
Bilinear stress-strain diagram

tan™\(E) |
\\ ff »
Limit plastic &
strain
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Nominal Weld Size (mm)

6.4

Ng, Driver, Grondin
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11 I

ji
Stress A
A 1 {Fo=WF, = Fg, = Fr}
ULT o
Zone 11
(F, =0; F, = FLT} :
—];-(-'%TF'I:-: {F, =r.FLS;F, = FLT}
Lone 111
i — M1 o {Fo = Frei F, =0}
Strain r="5 [F, = FLS;F, =0} \ .
. . . w
_ : b o :
Ey &y rLLE  ELs  rULS ULS
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CBFEM - new feature in v.10

¥ General
EPS ST CD DR Name 5355
i} _ _ ¥  Physical properties
:ﬁf’ N Eﬁ F m [kg/m3] 7850
Member Load Operation Dis;.-':cigra:ive E [MPa] 210000.0
New v
G [MPa] 80769.2
4 Dissipative components o [le-6/K] 12
v DISS1 A W/(m.K0]

b/ (kegy. 0.49
DISS1 [Dissipative item)] ¢ [kJ/(kg.K]]

¥ Properties specific to European standard

¥ Properties fu [MPa] A90.0
Strain hardening ysh 1.2 fy [MPa] 355.0
ltems IPE45D fu,40 [MPa] 470.0
fy, 40 [MPa] 335.0

yov,fu [-]
youfy [-]
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CBFEM - Loads

-1000.0

¥ Model
Model type M-Vz-My A4
Forces in Position -
¥ [mm] 455
Member N Vy |Vz Max My Mz

[kN] | [kN] | [kN] |[kNm] | [kNm] | [kNm] @
HEB340 / End| -1000.0/ 0.0 | 0.0 g oo oo i

> |IPE450/End | 0.0 a0 |-205.0) 0.0 906.0 |00 | @

N Vy |V=z Mz My Mz
[kM] | [kN] [kN] |[kMNm] [kNm] | [kNm]

HEB340 / End | -1000.0| 0.0 | 0.0 a.0 a0 a0

Member

> |IPE450/End |0.0 a0 (2950 |00 -006.0 | 0.0
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CBFEM - Model type

-1000.0

-1000.0
Analysis 00 66.0% k
Plates & 33 <3% 1
Balts o/ 99.6 < 100%
~N
\ I —
N
N\
\
IPE450
/
/ } !
p B
/
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Verification

EN 1998-1: “Use EN 1993-1-8 if not specified otherwise”

Equaljoints: Detailed design guides for:
 Haunched joints
« Stiffened extended end-plate joints
« Unstiffened extended end-plate joints
 Dog bone joints

under sagging moment

hhaunch

0.5hy,.unch Under hogging moment
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t

Usually full strength connection

and column web panel

join

[%]

>
6.300

Haunched

100.0%

Analysis
Plates

B1:384.7

@
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Stiffened extended end-plate

Ay ’ i
Bolts ¢ ?.ﬁ::igﬂ?hﬁ /{j

. Fullor equal strength

AN ”{ connection and column web panel
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Unstiffened extended end-plate

connection and column web panel

Equal or partial strength

Bl; 396.9
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t

join

Dog bone

connection and column

Usually full strength
web panel

e
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Validation

Moment resistance of joint, kNm

2300
.
2100 R )
ES3-TS-F-M
1900 - esistance
1700 | * Experiment
1500 ® Component based
1300
1100
900 s
EH2-TS35-M | o
700 4
| ES1-TS-F-M |‘ | E2-TB-E-M |
500
E1-TB-E-M |l
300 E2-TB-E-M
0 1 2 3

Height of beam / height of column E1-TB-E-M

ES3-TS-F-M = CBFEM
mTEST
ES1-TS-F-M
EH2-TS45-M
. . EH2-TS35-M
Rotational capacity

0,00 0,02 0,04 0,06 0,08 0,10 0,12 0,14
Rotational capacity [rad]
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Rotational capacity

Stiffness diagram My - ¢y, LE1

Stiffness analysis
Rotational capacity /== e

at 15 % plastic strain :

of plates -
bolts and welds must =™

be stronger

${mrad]

B My LE1 40,0 £6,1 360 36,5 1.1 3610 600 24,3 03 Rigid

1
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Weld detailing

3=0,55*tw,
/JL< P 45

.

B i

a:D,SS'tst>%—/ \—%<a:0,55*tst q
45

%\ 5 a=0,55*tst

# K

0 O

\Mazo,ss*tst

N a=0,55*tw>%\
/9<a:0,55*tst

s
o ho

J

45

; B +
\ a:0,55tw>%—\
/1

&<a:0,55'twp

(strong CWP) a=0,55*tst>9\ ]\

I = i |

s [ P \
(weak or balanced CWP}>K/ o

NOTE:
1. All full-penetration welds shall be quality level B acc. EN ISO 5817 and EN 1090-2:2008.
2. All welds shall be quality level C unless otherwise specified on drawings.
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Individual macro-components

— 1600
5
£ _ - A
= 1400 ———=A=
5
g 1200
o)
=
1000
____________ I |
800
T |
600 |- @A | =t T T -
- & = Connection
400 ==0=- Column and web doublers _
—0o— Column without web doublers
200 - @ — Beam -
—— All
0 | | |
25 30 35 40

Rotation, ¢ [mrad]
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Life demonstration
[[#]=[=] StatiCa’

Calculate yesterday's estimates
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Capacity design - Summary

* Necessary for ductility class medium and high
 Rules in EN 1993-1-8 still apply

« Detailing of welds is prescribed — no need to
check

«  Workflow:

Apply overstrength to member with plastic hinge
Set loads to create plastic hinge

Observe plastic hinge in the member — ¢} = 5 %

Standard check all other components
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Thank you
for your attention

Ing(. Martin Vild, Ph.D.
vild.m@fce.vutbr.cz
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