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SEISMIC DESIGN OF BRIDGES

Taller piers work better:
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il The height of
A :
% the pier has
been enhanced
- 700 . S to 1Q m by
A placing the
. 400 * extrados of the
ol Il o ~- k round level  foundation more
3 Si = than 2 m below
)‘\ 3 ‘ 200+250 the ground
\/ ] Y level. In such a
o .
0 ¢ ‘ way we get :

- longitudinal direction

H/L,=10/1=10.0>3.5 q,=3.5
- transverse direction:

H/L,=10.0/4.0=2.5 qy:2.5
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Pier base section

A=3.858 m? u=10.1 m
J,=5.329 m* i=12m
J,=0.305 m* i,=0.3 m
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base and top sections

Pier reinforcement
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Pos| @ Shape L | N° W Pos| @ Shape L | N° W
(mm}) fem) (Kg) (mm}) fem) (Kq)
16 1140 13 135 o 5
9 # 1160 476 12 | 26 E 776 + 3234
30 20 13 35 05 5
20 4/ 7 20 o 60
10 o o 1156 + 399.1 13 / 93 147 1 435
i Eo 27 605 7 15 57 80
20 60/ o (ho+10) 20 150 ” (24+24
10a | / M 1192 X 1175.9 14 / 45 ' 293 | x £33.7
15 o7 Taiis 2 15 L 160 2
20 568 - (2+2) _ 20 150 (g {;iﬁﬁ+33
100 | / X 1200 | x | 2368 14a | / N5 S 293 | x | 9538
15 27 _Teus 2 15 2 tod 2
26 e — 7 20 333 24
il 7 1165 + 679.8 15 4 ~ Y 447 X 793.7
15 w1 7 15 27 R 7 3
Ma | / = 1200 | «x 2000.5 15a | / T : X 1567.4
15 36 805 2 15 77 47 7 837 3
26 - |(2+2) 16 :4’5.90 124
11b | / ' 1200 X 400.1 16 | / 93 133 X 520.6
= 36 605 2 30x15 /2[:, sfelsoli 2
18 D> %0 128
. . 16a | / 86:63 | $ A0 108 4
Pier reinforcement: base 30x15 0 st | 103
. 18 0 60
and top sections 7 1Y Y s | x| 303
30x15 = 4
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Reinforcement under bearings

section Top view
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Reinforcement of seismic end of strokes

section Front view
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Reinforcement table

26 58 96 150 vig (3+3)

1 ¥ m\ 7.5

20 | /- ol s 30 | 16| 86 2| / INTER, 335 | x| 1875
26 88 (2x4) 22 #0306 317:306)] 4

20a / | 160 X 106.7 23 / 71:60 + X 147.3
30 % % ) 15 120 120 311:300] 2
26 9 ¥ 271 | 9x2 20 [ 317:306) 4

20b / 63 263.6 23a / 71:60 + bt 147.3
15 89 B3 241 | 3x2 15 120 120 311:300) 2
18 63 22 & 15 4

20c | / 35.5 24 | / , + X 71.6
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710 7 sovr.2151
B B6 o 3
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710 _
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a1 81 2
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Seismic end of stroke (on piers and abutments)

Bridge deck

M12 - Lv'ltz \
Grouting fasteners asteners

Grouting
Neoprene layer

.

Neoprene layer
60x40x6.9 cm

_ Steel plate . = Steel plate
Sealing

S275 JR | | S275.R

Policloroprene _ Sealing
(hardness Sh A60+5) Policloroprene
o (hardness Sh

‘ ‘ A60+5)

Abutment or pier
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Reinforcement cage of |

the pier

\¥
A

ot s & R —————



= European
Commission

Seminar ‘Bridge Design with Eurocodes’ — JRC Ispra, 1-2 October 2012

v T

2
4 ey

4



European
Commission

SEISMIC DESIGN OF BRIDGES

Hysteretic damping bearings application:

Highway in Algeria
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General dimensions

Carriageway in direction of Oran

45.5 : B0 : 50 : 80 455

45,5 : 40 , 40) , 40 : A : 40 , 40 , 45,5
IIIIIIIIIIIIIII||||||;|||||IIIIIIIIIIIIIIIIIIIIIIIIII ||||IIIIIIIIIIIIIIIIIIIIIII||||||;|||||IIIIIIIIIIIIIIIIIIIIIIIIII ||||IIIIIIIIIIIII=I
1 P1 P2 P3 P4 C2
= Al GER m  ORAN

Segments for each half hammer

4000 |
!

l
)
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Construction by launching girder

20900
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Tallest pier ~ 24 m Shortest pier ~ 6.5 m
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Hysteretic damping bearings scheme
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@ Longitudinal damper o A B o
—] f i {
@8+ Transverse damper | |
PHEDT : [ I
T
|
' |
| g
3
Posiion | 2 Rz fy fu=1.151fy Long. sledge Trans. sledge inclination
[k [k L) fikh] A fmm] B [mm] C fmm] Transv. [%] Long. [%]
Type 1 P1 16700 17350 1150.00 1322.50 240 255 +150 6.00% -1.98%
P2 18400 18900 1150.00 1322.50 200 180 +150 -6.00% -3.05%
P3 18400 18900 1150.00 1322.50 245 175 +150 £.00% -3.05%
P4 16700 17350 1150.00 1322.50 285 190 + 150 -6.00% -1.27%
Type 2 C1 4700 5250 500.00 575.00 185 195 + 150 4.63% -1.29%
c2 4700 5250 50000 575.00 315 190 + 150 -6.00% 0.08%
Type 3 C1 = S 4500.00 5175.00 150 150 + 150 = =
Type 4 c2 - 2500 - - 315 190 + 150 - -
C1 - 5000 - - 150 150 + 150 - -
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Front view

Transverse damper
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15t Accelerograms

X direction (horizontal)
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15t Accelerograms

Y direction (horizontal)
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15t Accelerograms

Z direction (vertical)
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15t Accelerograms spectrum

X direction (horizontal)

SLU Design spectrum

10.0 -
9.0 +
8.0
7.0 +

6.0

5.0 - —Spectrum

Sd(T) [m/s?]

4.0 1 —Artificial
accelerogram

3.0 A

2.0 1

1.0 4

0.0 T T T T T 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0

T[s]
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15t Accelerograms spectrum

Y direction (horizontal)

SLU Design spectrum

10.0 -
9.0 1
8.0
7.0 +

6.0

5.0 A —Spectrum

Sd(T) [m/s?]

4.0 1 —Artificial
accelerogram

3.0 A

2.0 1

1.0 4

0.0

0.0 1.0 2.0 3.0 4.0 5.0 6.0

T[s]
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15t Accelerograms spectrum

Z direction (vertical)

SLU Design spectrum

10.0 -
9.0 A
8.0 1
7.0 1

6.0

5.0 —Spectrum

Sd(T) [m/s?]

4.0 +
— Artificial accelerogram

3.0 +

2.0 1

1.0

0.0 T T T T T 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0

T[s]




Displacement [m]
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15t Accelerograms

Longitudinal (abutment C1) damper displacements
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15t Accelerograms

Longitudinal (abutment C1) damper reaction

1.0E+14
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15t Accelerograms

Longitudinal (abutment C1) damper reaction vs. displacement

0.05 010 0.1a

Force [KN]

Displacement [m]



Displacement [m]
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15t Accelerograms

Transverse Pier P1 damper displacements
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15t Accelerograms

Transverse Pier P1 damper reaction
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15t Accelerograms

Transverse Pier P1 damper reaction vs. displacement

Force [kN]

015 -0.10 0.05 0.10 0.5

)

Displacement [m]
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Piers dimensions and orientation of the internal actions

X (long)
3
Y (transv) 1 M3
—>-p S
M2
| 152.5 | /5 | 147.5 147.5 | /5 | 152.5 |
1 T T T T T
| 750 |
1 T
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Pier P1 design internal actions — Seismic combination

Maximum F1 (axial force)

2
(an]

Vertical coordinate along the pier [m]

1 0
T T T T T T T L=

-160000 -140000 -120000 -100000 -80000 -60000 -40000 -20000 0 20000

Internal action F1=N[kN] M2,M3 [KNm]
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Pier P1 design internal actions — Seismic combination

Maximum M2 (transverse bending moment)

L Xa
S

—F1
—M3
25\ M2

20

10

Vertical coordinate along the pier [m]

D

-60000 -40000 -20000 0 20000 40000 60000 ©0000 100000 120000 140000

Internal action F1=N[kN] M2,M3 [KNmM]
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Pier P1 design internal actions — Seismic combination

Maximum M3 (longitudinal bending moment)
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Internal action F1=N[kN] M2,M3 [KNm]
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Pier P1 design internal actions — Seismic combination

Minimum F1 (axial force)

(4]
[am]

—F1
—_—3
25\ \ — M2

20

10

Vertical coordinate along the pier [m]

-60000 -40000 -20000 0 20000 40000 60000 80000 100000 120000 140000
Internal action F1=N[kN] M2,M3 [KNmM]

D
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Pier P1 design internal actions — Seismic combination

Minimum M2 (transverse bending moment)

G2
[am)

—
£
s
o 5 -
()
= /
=% 20 -
o
©
g
© 15 -
£
©
|-
o
S 10 |
S
O
5 5
q) i
>
T T T 'I T T |1 G
-160000 -140000 -120000 -100000 -80000 -60000 -40000 -20000 0 20000

Internal action F1=N[kN] M2,M3 [KNm]
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Pier P1 design internal actions — Seismic combination

Minimum M3 (longitudinal bending moment)

[d%]
[am]

Vertical coordinate along the pier [m]

1 a
-160000 -140000 -120000 -100000 -80000 -60000 -40000  -20000 0 20000
Internal action F1=N[kN] M2,M3 [KNm]
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Pier P1 (25m tall) reinforcement (base section)
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24 35
1 / HL |m 808 | x | 4017.18
Pier P1 reinforcement table E“ ‘
24 35
9 | 7 2 3 558 | x | 2774.24
20 457 4
| 20 | Fis
3 |/ el I I 796 | x | 5889.17
20 142 a4
20 75
4 / 2?l—?_lﬂ 546 x | 4039.55
20 44 4
14 a2 b 120m2
17 1 88 + | 371007
i20%20 BESx?|
14 e 608x2|
6 | / 17 7 B6 + | 2053.53
D40 dipaids 35':'!2;
0] s 530+ | 8
T 26 55”|ac-" B50x2+ | x 50767
0 800 4
reauvr.2188 : . -
20 |?"5 715 | 20x2
8 J E’-"ﬂ'| + + | 4911.58
40 | e i 600x2 | 32x2
rECOuyr .= |
20 201 09 530+ |18x2
g / Em'?&: BO0x2+ | + | B116.05
40 | 750 | 32x2
racauvr.a] 45 |
Total weight 37019 kg
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Lead-rubber bearings application:

Highway In Sicily



European
ission

Comm

N
o
)
N
-
[}
S
o
2
3}
o
o
-
<
2
=%
2]
®)
(0
™
|
0
i}
S
<}
o
o
2
S
(T}
=
2
c
=
o
o}
(@)
]
=)
S
=
o
-
I
=
IS
o}
7]

imensions

General d

i
! M
@lw_l%wxw__wlﬁ !llHllll/V||l_+_._|
m_ i
H
i
H |
- | :
N_mﬂ_ 1 oo, T B r
o
0
|
i
i
i
|
my
@.%M : L= |M| -
:




European |
Commission

Seminar ‘Bridge Design with Eurocodes” — JRC Ispra, 1-2 October 2012

Two solutions:

Hysteretic Damping Bearings (HDB)

r3 IR +E3+Type 1 «Eg Type 2 <ff~ Type 2 +E<Type 1§
= @ «&3-Type 1 «E3- Type 2 =E3+ Type 2 «~El-Type 1@}

«f3+ Transverse HDB

%+  Longitudinal HDB

4 Two direction free bearing

Lead rubber bearings (LRB)

LAE = Tiga |

LRE -~ Tiga 1

LR = Tigo 2

LRE — Tiga 2

it
LRg —‘rb:;éi;{)

LRE - r.f'g:}:} ﬁ}

LR — Tiga 1 &}

a@» Lead rubber bearing LRB

i

Two direction free bearing
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Hysteretic damping Bearings

Typel Type2 Type3
f,[kN]| 1750 1950 7250
f [kN] 20125 22425 8337.5
—pm ﬂ%ﬁ 8, [mm] 10 10 10
I # 5, [mm]| 150 150 150
I K, [kN/m]| 175000 195000 725000
|
— # K, [kN/m]| 1875 2089.286  7767.857
Fa
R T T
|
7 g 10 K2 i
IR S =
i'. I I I
-|Ik\ : i
|
S | |
= =p : |
| |
| |
| |
| |

W

10 mm 150 mm 0
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LRB Force-displacement diagram
2500
2000
. 1500
o
=
L 1000 -
500 -
. 3 0 T T T T
= 0 100 200 300 400 500
; displacements [mm]

._-;____,.-r-":’:.—__*..
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15t Accelerograms

X direction (horizontal)
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15t Accelerograms

Y direction (horizontal)
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15t Accelerograms

Z direction (vertical)
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15t Accelerograms spectrum
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15t Accelerograms — Lead Rubber Bearings

Pier P2 longitudinal damper displacements
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15t Accelerograms — Lead Rubber Bearings

Pier P2 longitudinal damper reaction

25000

2000.0

1500.0 nnﬂﬂ ﬂ
R \

1000.0 (

o e I L 7T
T T LR
-500.0 | 15\“ hiﬂ\rju yis

Force [KN]

~1000.0 U i

-1500.0 \J

-2000.0




European
Commission

15t Accelerograms — Lead Rubber Bearings

Pier P2 longitudinal damper reaction vs. displacement
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15t Accelerograms — Lead Rubber Bearings

Pier P2 transverse damper displacements
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15t Accelerograms — Lead Rubber Bearings

Pier P2 transverse damper reaction
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15t Accelerograms — Lead Rubber Bearings

Pier P2 transverse damper reaction vs. displacement
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15t Accelerograms — Hysteretic Damper Bearings

Pier P2 transverse damper displacements
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15t Accelerograms — Hysteretic Damper Bearings

Pier P2 transverse damper reaction
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15t Accelerograms — Hysteretic Damper Bearings

Pier P2 transverse damper reaction vs. displacement
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Pier P1 design internal actions — Seismic combination
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Pier P1 design internal actions — Seismic combination
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Pier P1 design internal actions — Seismic combination
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Pier P1 design internal actions — Seismic combination
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Pier P1 design internal actions — Seismic combination
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Vertical coordinate along the pier [m]
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Pier P1 design internal actions — Seismic combination
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Pier P1 design internal actions — Seismic combination
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Pier P1 design internal actions — Seismic combination
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Pier P1 (53m tall)
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