
Master’s Dissertation
Structural 

Mechanics

 Report TV
SM

-5219
H

EN
RIK

 M
A

LM
    D

Y
N

A
M

IC
 SO

IL-STR
U

C
TU

R
E IN

TER
A

C
TIO

N
 O

F PO
R

TA
L FR

A
M

E B
R

ID
G

E W
A

LLS FO
R

 H
IG

H
-SPEED

 R
A

ILW
A

Y
S HENRIK MALM

DYNAMIC SOIL-STRUCTURE
INTERACTION OF PORTAL
FRAME BRIDGE WALLS
FOR HIGH-SPEED RAILWAYS

5219HO.indd   15219HO.indd   1 2016-12-01   14:17:532016-12-01   14:17:53





DEPARTMENT OF CONSTRUCTION SCIENCES

DIVISION OF STRUCTURAL MECHANICS

ISRN  LUTVDG/TVSM--16/5219--SE (1-109)  |  ISSN 0281-6679

MASTER’S DISSERTATION

Supervisors: Professor PER-ERIK AUSTRELL, Div. of Structural Mechanics, LTH, 
together with MAHIR ÜLKER-KAUSTELL, PhD and JOHAN ÖSTLUND, MSc, Tyréns AB.

Examiner: Professor KENT PERSSON, Div. of Structural Mechanics, LTH.

Copyright © 2016 Division of Structural Mechanics,
Faculty of Engineering LTH, Lund University, Sweden.

Printed by Media-Tryck LU, Lund, Sweden, October 2016 (Pl).

For information, address:
Division of Structural Mechanics,

Faculty of Engineering LTH, Lund University, Box 118, SE-221 00  Lund, Sweden.

Homepage: www.byggmek.lth.se

HENRIK MALM

DYNAMIC SOIL-STRUCTURE
INTERACTION OF PORTAL

FRAME BRIDGE WALLS
FOR HIGH-SPEED RAILWAYS





















 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 







 



 

 

 

 

 





 

 

𝐊𝐮 = 𝐟



 

𝑚𝑢̈ + 𝑐𝑢̇ + 𝑘𝑢 = 𝑓(𝑡)

𝑓(𝑡) 𝑢, 𝑢̇ 𝑢̈

𝑓(𝑡)  𝑓(𝑡) = 𝑓0 sin 𝜔𝑡 𝑓0

𝜔

𝜔𝑛 = √
𝑘

𝑚



𝜔𝑑 = 𝜔𝑛√1 − 𝜉2

𝜉

𝜉 =
𝑐

2√𝑘𝑚

𝐌𝐮̈ + 𝐂𝐮̇ + 𝐊𝐮 = 𝐟(t)

𝐮̇ 𝐮̈ 𝐟(t)

 

𝑢𝑝(𝑡) =
𝑓0

𝑘

1

1 − (𝜔
𝜔𝑛⁄ )

2 sin 𝜔𝑡  ,           𝜔 ≠ 𝜔𝑛 ,

𝑢(𝑡) =
𝑓0

𝑘
[

1

1 − (𝜔
𝜔𝑛⁄ )

2] sin 𝜔𝑡,







𝑢(𝑡) = 𝑢0 sin(𝜔𝑡 − 𝜙)

𝑓(𝑡) = 𝐹(𝜔)𝑒𝑖𝜔𝑡

𝑢(𝑡) = 𝑈(𝜔)𝑒𝑖𝜔𝑡 ,

𝑢̇(𝑡) = 𝑖𝜔𝑈(𝜔)𝑒𝑖𝜔𝑡

𝑢̈(𝑡) = −𝜔2𝑈(𝜔)𝑒𝑖𝜔𝑡

𝑒𝑖𝜔𝑡

𝑈(𝜔) =
𝐹(𝜔)

[𝑘 − 𝜔2𝑚 + 𝑖𝜔𝑐]

 



 

𝐺0

τ and γ





 

𝜏 = 𝜏𝑎𝑠𝑖𝑛𝜔𝑡,

𝛾 = 𝛾𝑎 sin(𝜔𝑡 − 𝛿),

𝜏𝑎 𝛾𝑎 𝜔 𝛿

𝜏̅ = 𝜏𝑎𝑒𝑖𝜔𝑡 ,       𝛾̅ = 𝛾𝑎𝑒𝑖(𝜔𝑡−𝛿)

𝛾̅

𝜏̅
=

𝜏𝑎

𝛾𝑎
𝑒𝑖𝛿 =

𝜏𝑎

𝛾𝑎
(cos 𝛿 + 𝑖 sin 𝛿)

𝛾̅

𝜏̅
= 𝜇 + 𝑖𝜇′ = 𝜇∗

𝜇 =
𝜏𝑎

𝛾𝑎
cos 𝛿,       𝜇′ =

𝜏𝑎

𝛾𝑎
sin 𝛿

μ 𝜇′

𝜇∗

|𝜇∗| =
𝛾

𝜏̅
= 𝐺𝑑𝑦𝑛

tan 𝛿 =
𝜇′

𝜇̅
= 𝜂

𝜂

𝜂 = 2𝜉

𝜉 𝜂

 ∆𝑊  𝑊



𝜂 =
1

2𝜋

∆𝑊

𝑊

 𝜔𝑡

𝜏1 𝜏2

 

τ

𝜏1 𝜏2.

𝜏 = 𝜏1 + 𝜏2 = 𝐺𝛾 + 𝐺′
𝑑𝛾

𝑑𝑡



τ γ, 

𝜇 = 𝐺 ,      𝜇′ = 𝜔𝐺′ ,      𝜂 = tan 𝛿 =
𝜔𝐺′

𝐺

 

𝐺′
0 𝑖𝐺′

0

μ μ

𝜇 = 𝐺 ,      𝜇′ = 𝐺′0 ,      𝜂 = tan 𝛿 =
𝐺′0

𝐺

𝜏𝑎𝑒𝑖𝛿 = (𝐺 + 𝑖𝜔𝐺′)𝛾𝑎  ,

𝜇 + 𝑖𝜇′ = 𝐺 + 𝑖𝜔𝐺′

𝜏 = (𝐺 + 𝑖𝐺′
0)𝛾

𝜏𝑎𝑒𝑖𝛿 = (𝐺 + 𝑖𝐺′0)𝛾𝑎 



ω

𝜇∗

𝐺̅ = (1 + 𝑖𝜂)𝐺

𝐸̅ = (1 + 𝑖2𝜉)𝐸

 

τ γ

𝐺 =
∆𝜏

∆𝛾

𝐺 =
𝛿𝜏

𝛿𝛾



 𝐺0

𝐺0 = 𝐶𝑓1(𝑒)𝑓2(𝑂𝐶𝑅)(𝜎′0)𝑛

𝜎′0

𝑓1 𝑓2

𝜎′0 =
1 + 2𝐾0

3
𝜎′𝑣

 𝜎′𝑣

𝜎′𝑣 = 𝜎𝑣 − 𝑢

𝐾0

𝜙′

𝐾0 = 1 − sin 𝜙′

 

 𝐹𝑧(𝑡)



𝐹𝑧(𝑡)

 𝑢𝑧(𝑡)

𝐹𝑧(𝑡) − 𝑃𝑧(𝑡) = 𝑚𝑢̈𝑧(𝑡)

𝐹̅𝑧 − 𝑃̅𝑧 = −𝜔2𝑚𝑢̅𝑧

𝑃̅𝑧 = ℜ̅𝑧𝑢̅𝑧  ,

ℜ̅𝑧

ℜ̅𝑧 =
𝑃̅𝑧

𝑢̅𝑧
 ,

𝑘̅𝑧 = 𝑘(1 + 𝑖𝜂)

𝑘 𝜂

 𝜔

 𝑓𝑠̅,𝑧 = 𝑘(1 + 𝑖𝜂)𝑢̅𝑧 = 𝑘̅𝑧𝑢̅𝑧

𝑃̅𝑧 = 𝑘̅𝑧𝑢̅𝑧 − 𝜔2𝑚𝑢̅𝑧

𝑃̅𝑧 = ℜ̅𝑧𝑢̅𝑧 = 𝑘̅𝑧𝑢̅𝑧 − 𝜔2𝑚𝑢̅𝑧  

=> ℜ̅𝑧 = 𝑘̅𝑧 − 𝜔2𝑚 = 𝑘(1 + 𝑖𝜂) − 𝜔2𝑚

ℜ̅𝑧 = 𝐾𝑧 + 𝑖𝜔𝐶𝑧

𝐾𝑧

𝜔𝐶𝑧



𝑢̅𝑧 =
𝐹̅𝑧

𝑘(1 + 𝑖𝜂) − 𝜔2𝑚

𝑢𝑧 = |𝑢̅𝑧| =
𝐹𝑧

√𝑘2(1 + 𝑖𝜂)2 + 𝜔2𝑚2

 𝐻̅𝑢(𝜔)

 𝐹(𝑡) = 1𝑒𝑖𝜔𝑡



𝑢(𝑡) = 𝐻̅𝑢(𝜔)𝑒𝑖𝜔𝑡

𝑒𝑖𝜔𝑡

𝐻̅𝑢(𝜔) =
1

−𝜔2𝑚 + 𝑘(1 + 𝑖𝜂)
,

𝐻̅𝑢(𝜔) =
1

ℜ̅(𝜔)
=

1

𝐾(𝜔) + 𝑖𝜔𝐶(𝜔)
 ,

 

𝑉𝑃 = √
𝑀𝐶

𝜌
 ,

𝑀𝑐

𝑀𝐶 =
𝐸(1 − 𝜈)

(1 + 𝜈)(1 − 2𝜈)
 ,

𝜈

0.5𝑉𝑃



𝑉𝑆 = √
𝐺

𝜌
  

𝜌

𝐺 =
𝐸

2(1 + 𝜈)

 𝑉𝑅 = 0.9𝑉𝑆

𝜆

     𝜆𝑖 =
𝑉𝑖

𝑓

𝑉𝑖 𝑓



 



°

 

 

𝑓(𝑡) = 𝑎0 + ∑ 𝑎𝑗 cos 𝑗𝜔0𝑡

∞

𝑗=1

+ ∑ 𝑏𝑗 sin 𝑗𝜔0𝑡

∞

𝑗=1

𝑎0 =
1

𝑇0

∫ 𝑓(𝑡)𝑑𝑡
𝑇0

0

 ,



𝑎𝑗 =
2

𝑇0

∫ 𝑓(𝑡) cos 𝑗𝜔0𝑡 𝑑𝑡
𝑇0

0

       𝑗 = 1, 2, 3, …

𝑏𝑗 =
2

𝑇0

∫ 𝑓(𝑡) sin 𝑗𝜔0𝑡 𝑑𝑡
𝑇0

0

       𝑗 = 1, 2, 3, …

𝜔0

𝜔0 =
2𝜋

𝑇0

𝑓(𝑡)

 𝐹(𝜔)  𝑓(𝑡)

 𝑃(𝜔)𝑒𝑖𝜔𝑡

H(𝜔)

𝑓(𝑡)

𝑈(𝜔)

𝑓(𝑡) =
1

2𝜋
∫ 𝐹(𝜔)𝑒𝑖𝜔𝑡𝑑𝜔

∞

−∞

𝐹(𝜔) = ∫ 𝑓(𝑡)𝑒−𝑖𝜔𝑡𝑑𝑡
∞

−∞

U(𝜔) = H(𝜔)P(ω)𝑒𝑖𝜔𝑡

𝑢(𝑡) =
1

2𝜋
∫ U(𝜔)𝑒𝑖𝜔𝑡𝑑𝜔

∞

−∞



𝑃𝑗(ω) =
1

𝑁
∑ 𝑝𝑛(𝑡)𝑒−𝑖(2𝜋𝑛𝑗/𝑁)

𝑁−1

𝑛=0

𝑝𝑛(t) = ∑ 𝑃𝑗𝑒𝑖(2𝜋𝑛𝑗/𝑁)

𝑁−1

𝑗=0

𝑝𝑛 𝑝(𝑡)





 



 



 





°



 

𝐺0



𝑂𝐶𝑅 𝑝𝑎

𝜎′

𝐺0 =
625

0.3 + 0.7𝑒2
𝑂𝐶𝑅𝑘√𝜎′0 ∙ 𝑝𝑎



 𝐼𝑝

𝐼𝑝 > 80 %

𝐾𝑚𝑜𝑑

𝐺0,𝑚𝑜𝑑 = 𝐾𝑚𝑜𝑑√𝜎′0



 𝜉

𝜂

 



 

 







 

 











 

 







 



𝜆𝑚𝑖𝑛
4⁄

𝑤𝑎𝑙𝑙𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠
2⁄

𝜆𝑚𝑎𝑥
4⁄

λmax λmax







𝜆/2  𝜆/3  𝜆/4















 



λmax

λmin

 

 

 

 

 

 

 





 

 

 







 







 







 𝐺0







 





 

 



 

 

 

 

 

 

 

 

 

 

 

 
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