
 

 

 

 



  

  

  

  

  

  

  

 

 

 

 

 

 

  

  

 

 



 

 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Q/Qy 

a 

b 

c 



 

0

100

200

300

400

500

600

700

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

V
er

ic
al

 f
o
rc

e,
 k

N

Vertical displacement, mm

EP_bc_11500 -13.53

EP_CR_8000 -13.54

EP_CJ_6500 -13.44

EP_exp_3000 -12.45

0

100

200

300

400

500

600

700

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

V
er

ic
al

 f
o
rc

e,
 k

N

Vertical displacement, mm

EP_exp_2500 -10

EP_exp_4500 -19.27

EP_exp_3000 -12.45

EP_exp_3800 -16.1

 



 

∈

∈ ̇ ∈

 



0

10

20

30

40

50

0

400

800

1200

1600

2000

0 100 200 300 400

E
q

u
iv

al
en

t 
U

D
L

, 
k

N
/m

2

V
er

ti
ca

l 
fo

rc
e,

 k
N

Vertical displacement, mm

Dynamic envelope

Static pushdown

Fst

Fdy

Dst Ddy

DIFF=Fst/Fdy

DIFD=Ddy/Dst

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





0

100

200

300

400

500

600

700

0 100 200 300 400 500 600

V
er

ti
ca

l 
fo

rc
e,

 k
N

Vertical displacement, mm

Experimental CWP

Numerical CWP

0

100

200

300

400

500

600

0 100 200 300 400 500 600

V
er

ti
ca

l 
fo

rc
e,

 k
N

Vertical displacement, mm

Experimental EPH

Numerical EPH



0

50

100

150

200

250

300

350

400

450

500

0 100 200 300 400 500 600

V
er

ti
ca

l 
fo

rc
e,

 k
N

Vertical displacement, mm

Experimental RBS

Numerical RBS

0

20

40

60

80

100

120

140

160

180

200

0 100 200 300 400 500

V
er

ti
ca

l 
fo

rc
e,

 k
N

Vertical displacement, mm

Experimental EP

Numerical EP

8

E

8

1 5

8

A

4

C

3

D

B

2

8





0

500

1000

1500

2000

2500

3000

0 250 500 750 1000 1250 1500 1750

V
er

ic
al

 f
o
rc

e,
 k

N

Vertical displacement, mm

RBS_LSZ

RBS_MSZ

RBS_HSZ

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 250 500 750 1000 1250 1500 1750

B
en

d
in

g
 m

o
m

en
t,

 k
N

m

Vertical displacement, mm

RBS_LSZ

RBS_MSZ

RBS_HSZ

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

0 250 500 750 1000 1250 1500 1750

N
/N

p
l

Vertical displacement, mm

RBS_LSZ

RBS_MSZ

RBS_HSZ

0

500

1000

1500

2000

2500

0 250 500 750 1000 1250 1500

V
er

ic
al

 f
o
rc

e,
 k

N

Vertical displacement, mm

CP_LSZ

CP_MSZ

CP_HSZ

0

0.2

0.4

0.6

0.8

1

1.2

0 250 500 750 1000 1250 1500 1750

M
/M

p
l

Vertical displacement, mm

CP_LSZ

CP_MSZ

CP_HSZ

-0.1
0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 250 500 750 1000 1250 1500 1750

N
/N

p
l

Vertical displacement, mm

CP_LSZ

CP_MSZ

CP_HSZ

0

500

1000

1500

2000

2500

0 250 500 750 1000 1250 1500 1750

V
er

ic
al

 f
o
rc

e,
 k

N

Vertical displacement, mm

EPH_CJ

EPH_CR

EPH_BC

0

0.2

0.4

0.6

0.8

1

1.2

0 250 500 750 1000 1250 1500 1750

M
/M

p
l

Vertical displacement, mm

EPH_CJ

EPH_CR

EPH_BC

-0.2

0

0.2

0.4

0.6

0.8

1

0 250 500 750 1000 1250 1500 1750
N

/N
p
l

Vertical displacement, mm

EPH_CJ

EPH_CR

EPH_BC

0

200

400

600

800

1000

1200

1400

0 250 500 750 1000

V
er

ic
al

 f
o
rc

e,
 k

N

Vertical displacement, mm

EP_LSZ

EP_MSZ

EP_HSZ

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 250 500 750 1000

M
/M

p
l

Vertical displacement, mm

EP_CJ

EP_CR

EP_BC

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

0 250 500 750 1000

N
/N

p
l

Vertical displacement, mm

EP_CJ

EP_CR

EP_BC

0

0.2

0.4

0.6

0.8

1

1.2

0 250 500 750 1000 1250 1500 1750

B
o
lt

 N
/N

p
l

Vertical displacement, mm

EPH_CJ

EPH_CR

EPH_BC



0

500

1000

1500

2000

2500

3000

0 250 500 750 1000 1250 1500 1750 2000

V
er

ic
al

 f
o
rc

e,
 k

N

Vertical displacement, mm

iCP_LSZ

iCP_MSZ

iCP_HSZ

0

500

1000

1500

2000

2500

3000

0 250 500 750 1000 1250 1500 1750 2000

V
er

ic
al

 f
o
rc

e,
 k

N

Vertical displacement, mm

iEPH_LSZ
iEPH_MSZ
iEPH_HSZ

0

500

1000

1500

2000

2500

3000

0 250 500 750 1000 1250 1500 1750 2000

V
er

ic
al

 f
o
rc

e,
 k

N

Vertical displacement, mm

iEP_LSZ
iEP_MSZ
iEP_HSZ

0

200

400

600

800

1000

1200

1400

0 200 400 600 800 1000

V
er

ic
al

 f
o
rc

e,
 k

N

Vertical displacement, mm

ELS EP_BC_8000 -9.1

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0 250 500 750 1000 1250 1500 1750 2000

V
er

ic
al

 f
o
rc

e,
 k

N

Vertical displacement, mm

iEP_LSZ

ELS

0

50

100

150

200

250

300

350

400

450

500

0 250 500 750 1000

V
er

ic
al

 f
o
rc

e,
 k

N

Vertical displacement, mm

EP_LSZ

ELS

0

500

1000

1500

2000

2500

3000

0 250 500 750 1000 1250 1500 1750 2000

V
er

ic
al

 f
o
rc

e,
 k

N

Vertical displacement, mm

ELS

iEP_HSZ



8

D

12

8

3

8

8

8

4

888

5

E

C

B

A

0

0.5

1

1.5

2

2.5

0 500 1000 1500 2000

O
v

e
r
lo

a
d

 f
a

c
to

r
-
λ

Vertical displacement, mm

Static capacity

Dynamic capacity

0

0.5

1

1.5

2

2.5

0 500 1000 1500 2000

O
v
e
r
lo

a
d

 f
a
c
to

r
-
λ

Vertical displacement, mm

Static capacity

Dynamic capacity

0
0.5

1
1.5

2
2.5

3
3.5

0.5 1 1.1 1.2 1.25 1.26

D
IF

Overload factor, λ

DIF-displacement DIF-force

0
1
2
3
4
5
6
7

D
IF

Overload factor, λ

DIF-displacement DIF-force

 





 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

http://dx.doi.org/10.1016/j.engstruct.2016.01.022


 


