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What is Substructure?

Is the part of the structure that is in charge of transmitting the load to the ground.
It is composed of:

-Bearings
-Piers/Abutments
-Foundation
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Bridge Bearings:

Functions of bridge bearings:

* Transfer forces from superstructure to Substructure
* Provide rotational &/or translational Restraints

To accommodate the deformations occurring due to:

*Thermal expansion/contraction
*Elastic deformation under live load
*Seismic forces

*Creep and shrinkage of concrete
*Settlement of supports

*Longitudinal forces - tractive/ braking
*Wind loads
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Bridge Bearing Types
* Sliding Bearings
* Rocker & Roller Bearings
* Knuckle Bearings (Pinned, Cylindrical, Spherical & Leaf)
* Elastomeric Bearings (plain & laminated)
* POT PTFE Bearings

1. Sliding Bearings

BEARING
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2.a. Roller Bearings
Single Roller Bearing
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2.b. Rocker Bearings

Sole Plate Ass'y
End Plate
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Expansion Rocker Bearing (Pin Style)
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2.b. Rocker Bearings

Fixed Rocker Bearing (Pin Style)
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2.b. Rocker Bearings

Free Rocker Bearing Fixed Rocker Bearing
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3.a. Knuckle Pinned Bearing:

Combination of rocker and roller bearing

SADDLE PLATE —=__|

SADDLE
KNUCKLE
KNUCKLE SLAB — A =\
= J/;\j N
O 4
ROLLER = LINK PLATE
Om TOOTH BAR
- T
| - E\j |
EXPANSION BASE —= = =

\— SEMI CIRCULAR CUT
FOR ANCHOR PIN



3.b. Knuckle cylindrical Bearing:

QUTER
BEARING
PLATES

CYLINDRICAL
KNUCKLE

3.c. Knuckle spherical Bearing:

OUTER
BEARING
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SPHERICAL KNUCKLE
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3.d. Knuckle leaf Bearing:

OUTER
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4. Elastomeric bearings:

e Plain elastomeric bearings
» Steel reinforced elastomeric bearings
* Fibre reinforced elastomeric bearings
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Piers & Abutments
an integral part of the load path between the superstructure and the foundation

Functions of Piers:

* To transfer the superstructure vertical loads to the foundation
* To resist all horizontal forces acting on the bridge

Abutments in addition to the above functions of piers are used at the ends of
bridges to retain the embankment

0
Sy

— .-—-—'—'_'_'_—__—__- 1

v
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Abutment (typ.)
Piers (solid typ.)
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Piers

Classification based on connectivity with the superstructure
* Monolithic (integral)
* Cantilever

Classification based on sectional shape and framing configuration
* Solid, Solid-hollow & Cellular type piers
* Trestle type pier (two or multiple column bent)
* Hammer-head type pier
* Framed type pier

Tt
Yidiimiiinids

Solid , Solid-hollow & Cellular type piers
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Abutment Types
* Closed Cantilever (high) abutments
*Wall type
*Counterfort type
*Stub or perched abutments
* Pedestal or spill through abutments
* Integral abutments
*With Piles
*With open foundation
WINGIWALL BACKWALL
Cantilever ':':‘B;;:I'(fil'l L7
Stem —»| | ", : ~ =\
. ’ & COUNTERFORT
STRUT
3 BACK OF STEM
FOOTING
Wall type Conterfort Wall type

Cantilever Closed Abutments
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Design of Piers

1. Design loads
* Dead loads
* Live loads and impact from the superstructure
* Wind loads on the structure and the live loads
* Centrifugal force from the superstructure
* Longitudinal force from live loads (braking and traction)
* Drag forces due to the friction at bearings
* Ice pressure
* Earthquake forces
* Thermal and shrinkage forces
* Forces due to settlement of foundations
* Vehicle Collision Loads

<1 = Corbel

Pier-Cap Design = a/d Ratio <>1 Cantilever
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Design of Piers

2. Combined Axial and Bending Strength

Interaction Diagrams

For Pure Compression, the factored axial resistance is computed as

P= ®OPn = ® 0.85 Po = ® 0.85 [0.85 f'c(Ag - Ast)+ Ast fy] = for piers with spiral reinforcement
P= ®OPn =0 0.8 Po = ® 0.8 [0.8 f'c(Ag - Ast)+ Ast fy] = for piers with tie reinforcement

For Pure Flexure, the factored flexural resistance is computed as
M, = OMy, = O(Agfy d (1 0.6p20)

For Biaxial bending, interaction check is carried out as

M M
w oy L]
M, M,y

Where,

M, Muy = factored applied moment about the x-axis, y-axis
M,,, M,, = uniaxial factored flexural resistance of a section about the x-axis and y-axis corresponding
to the eccentricity produced by the applied factored axial load and moment, and



Axlal load, P,

Pure compression

o)

5 Balanced failure

C.u)ty
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Design of Piers

3. Shear Strength
The nominal shear strength provided by concrete subjected to flexure and axial compression

should be computed by Vo= Vet Vs+ Vo < 0.25 f ¢ ' bvdv + Vp

where f ¢ ' = concrete compressive strength

bv = effective web width

dv = effective shear depth taken as the distance, between
tensile and compressive forces due to flexure, it should not
be taken less than the greater of 0.9de or 0.72D

Here V. = shear resistance due to concrete = 0.0316 3 Vfc bvdv

B = factor indicating ability of diagonally cracked concrete to transmit
tension as specified in S5.8.3.4, taken as 2 for non-prestressed members

And Vs= shear resistance due to steel = [A/fydv(cot O + cot a)sin a]/s
where:
s = spacing of stirrups
0 = angle of inclination of diagonal compressive stresses as determined in
S5.8.3.4 (deg) = 45 deg for nonprestressed members
o, = angle of inclination of transverse reinforcement to longitudinal axis
(deg) = 90 deg for vertical stirrups
Av = area of shear reinforcement
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Design of Abutment
Design loads
* Dead loads
* Live loads and impact from the superstructure
* Wind loads on the structure and the live loads
* Centrifugal force from the superstructure
* Longitudinal force from live loads (braking and traction)
* Drag forces due to the friction at bearings
* Ice pressure
* Earthquake forces
* Thermal and shrinkage forces Resist vertical loads
* Forces due to settlement of foundations from supersiructure
* Vehicle Collision Loads
<
Retain 4‘ . —
embankment Resist horizontal loads

from superstructure

o,




Design of a Cantilever Abutment with Shallow Footing

» The Abutment comprises of 3 components,

heel, stem and toe.

» The dimensions of the footing are based on

the base pressure check :
* Forces due to lateral earth pressure.
* \Vertical and horizontal reactions from
the superstructure.

P M, M
e A &
A~ 7,7 Z;
* |n order to assure no tension at the

bottom, the dimensions of footing are
fixed based on the base pressure.
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N Beam seat

=,

\ Footing toe



VIGES

Training
Series
Stability Checks:
EFEE
Sliding Failure Overturning Failure
FOS >1.5 FOS > 2
‘ ‘ Deep-Seated
Bearing Failure Sliding Failure

Stem Design = As a flexure member with shear check similar to piers
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Design Loads Calculation for Abutment design

i

First, Preliminary dimensions of stem, toe and heel are
selected and design loads are calculated.

1 : Computation of Dead Load Effects

a) Dead Load from Superstructure per unit length:
Summation of Dead Load bearing Reactions from all bearings
Length of Abutment

b) Dead load of backwall and Stem per unit length
c) Footing dead load of per unit length

d) Backfill Earth dead load of per unit length
e) Live Load effects

f) Temperature effects
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Pier Modeling



Pier modeling
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Pier Design
Midas GSD



Pier modeling — Midas GSD

= Fiber Section for refined Dynamic Analysis

= Obtain PMM curve for Pier Design
= Check Pier Section for Cracking

= Obtain Moment Curvature Diagram

WILETS
Training
Series

Section View : Section 1 [[nteraction Curve | Moment-Curvature Curve | Stress Contour
PM | Mymz 30|
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Pier modeling — Midas GSD

Concrete Nonlinear Properties
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Pier modeling — Midas GSD
Hollow Section
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Bearing Modeling
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Boundary Conditions

G e e B[R (90 | e B G
@ =/ T Intergral Bridge

Define Point  Surface Elastic || Rigid |General || Bearn End Beam End Plate End
Supports | Spring Spring Link Link Link = Release Offsets Release

¢ Constraint for degree of freedom (Supports) e Element End Release

e Elastic boundary element (Spring supports) - Beam End Release
- Point Spring Supports - Plate End Release
- Surface Spring Supports e Rigid End Offset distance (Beam End Offset)
- General Spring Supports e Rigid Link

e Elastic link element (Elastic Link)

¢ General Link element (General Link)
- Element Type
- Force Type




Boundary Conditions
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- Elastic bearings of a bridge structure, which separate the bridge
deck from the piers.
- Compression-only Elastic link : the soil boundary conditions.
- Rigid Link : Connects two nodes with an “infinite” stiffness

Rigid General
Link -
r Elastic Link Data —Elastic Link Data —Elastic Link Data
Type IGEHEFE| j Type IRjgid j Type ITension Only ;I
Ref. 2 Ref. Z Ret.

T
Y&Mﬁz

M1

SDx IU— kips/ft
SDy I':'— kips fft
SDz IU— kips/ft
SRx IU— ft-kips/Trad]
SRy IU— ft*kips/Trad]
SRz IU— ft-kips/Trad]

v Shear Spring Location
Distance Ratio From End I _‘

SDy: [0.5 SDz: 0.5

If"l "I [deal

Beta Angle :

2 Modes : I

— Copy Elastic Link
" MNode Inc, ¥ Distance
B ¢ e Cy Co

Distances: I i3

{Example : 5,3, 4.5, 3@5.0)

o
Y&\Mﬁz

M1

S IE' kipsift
Y IE' KipsFt
sbz |D kipsiFt
SR IU Ft-kipsiTrad]
SR ID ftekipsiTrad]
SRz ID Ft+kipsiTrad]

W shear apring Location
Diskance Ratio From End I

SDx IU kips/ft
Sy Ilj lips/Ft
5Dz IU kips/Ft
SR IIJ ft: kips{Trad]
SRy |D Ftkips/Trad]
SRz IU— ftkips/Trad]

v Shear Spring Location
Distance Ratio From End I _‘

r Elastic Link Data

Type ICcmpressicn Only j

|__,7X

Y&\Mﬁz

N1

SDx IU kips/ft
SOy IE' kips/Ft
S0z ID kips/FE
SR |D ftkipsiTrad]
SR IE' ftekipsiTrad]
SRz IEl ft+kips/Trad]

W Shear Spring Location
Diskance Ratio From End T
S0y ID.E sDz: IIZI.S

IU "I [deq]

Beta Angle :

Diskances: I ft

{Example : 5,3, 4.5, 3@5.0)

sDy: [0.5 sDz: [0.5 oy [0.5 shz: [0.5
Beta Angle : IU "I [deal Beta Andle : IU "I [deal
2 MNodes : I 2 Nodes : I

— Copy Elastic Link — Copy Elastic Link
" Mode Inc, % Distance " Mode Inc. {¥ Distance
s ¢ Fx Cy Oz Bis wx Ty 2z

Distances: I fE

{Examplz : 5,3, 4.5, 3@5.0)

2 Nodes : I

—1 Copy Elastic Link
" Mode Inc, {* Distance
fiods ¢ x Oy Oz

Distances: I ft

{Example : 5, 3, 4.5, 3@5.0)

—Elastic Link Data
Tvpe IMuIti—Linear ;I
F(WL{
g —a
‘ L8]
&
P
Symmetric ;”3 ﬂ
dix) T E
(ft) (kips)
1 0 0_
z 0 o
3 0 0
Direction IDx LI

v Shear Spring Location
Dist. Ratio From End I : IU-E —‘

IU "I [deq]

Beta Angle :

2 Nodes : ||

—w Copy Elastic Link
{~ Node Inc. {* Distance
Az wx Cy Cz

Distances: I ft

(Example : 5, 3, 4.5, 3@5.0)
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Boundary Conditions

- Dampers, base isolators, compression-only element, tension-only
element, plastic hinges, soil springs

- Used as linear and nonlinear elements

- Element type: Spring, Dashpot, Spring and Dashpot

- Force type: Viscoelastic Damper, Hysteretic System, Seismic
isolators (Lead Rubber Bearing Isolator, Friction Pendulum System

Elastic  Rigid
Link '

—General Link Data

—General Link Property ———————————
Name: |FPE-A ~ J Isolato r
Type : IFriction Pendulum Syster
L
1 Inelastic Hinge Property — —Linear Properties —Monlinear Properties | |
Name: | -] ] DOF  Effective Stiffness Effective Damping DOF \ \

¥ Dx [55997397 kipsiin kips-secfin ¥ Dx Properties... | ’W\/\I kd
X

Z (Ref. v Dy |21.5 kips/in kips-secfin ¥ Dy Properties...

IU—
Iﬂ—

| _ax v Dz IT kips/in IU— kips-secfin v Dz Properties... |2 5| Y |
— ~= T
IIZI—
ID—

in-kips/Trad] in-kips sec/Trad] I Ry Fropetties..,
in-kips-sec/Trad] [T Rz Propetties. .. | i |

5
¥ FJz [ Rx IU in-kipsfTrad] in-kins sec/Trad] ™ R Properties. .. — —
“\-\
[ Ry ||:|

[ Rz IU inkips/Trad]

—Reference Coordinate System = g

{+ Element i~ Global Lplel | L
K,

—Input Methed L —\_ dz S
nput Metho joint i 0 0 joint j
(¥ Beta Angle
" Ref. Point
" Ref. Vector K

X
IU j [dedl]
2 Modes : I z 1 |
y kry
— ¥ Copy General Link —
{~ Mode Inc, {+ Distance - X
Axis 1 wx Cy (Cz local coordinate axis > -

Distances: I in

(Example : 5,3, 4.5, 3@5.0)
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Midas Design+ - Isolated Footing

RC STEEL SRC ALUMINUM
~ o W dk .4 W
Slab Beam Column Beam+Column  Base Plate Comp. Beam Beam+Column
i o £, B P ¥
Shear Wall Footing Basement Wall Bolt Connection Crane Girder Beam+Column
o/ v ¥ L
Buttress Stair Corbel+Bracket Purlin+Girth  Web Opening
=~ g %
Beam Table Slab Table Bétch Wall Stair

Copyright & Since 1988, MIDAS Information Technology Co., Ltd.




Midas Design+ - Isolated Footing

ﬂ, File Edit WView RC Steel SRC  Aluminum Load Option Mode Tool Link Window Help
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(963 : 3
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Add new member

System |RC ™~
Type Footing ~
Name [ ]
Option... Add
Keep Sect. & Bar Data
RC Steel SRC  Aluminum

1C Design Procedure

«; Design Option

O re: aciz1s-11

£5 Rebar Code : ASTM
-y Preference

Slab

Beam

Column

Column (General)

Shear wall

Shear Wall (Combined)

Footing (1)

ZH Fo1

Footing {Combined)

= Footing (Strip)

Basement Wall

Butiress

Stair

CorbelBracket

Retaining Wall

Beam Table

Slab Table

Batch wWall

Smiart Design Option

E Building Data Setting

&2 Run Smart Design { All )

"

F-!l Start Page ’ E] Member
Concrete 24 ~ |MP
Main Bar 400 ~ |MPa

Light Weight Concrete
Fackar 1
Design Load
Pe 200000 KN
Msx 0.00 kM.m

Msy [0 Joum

Load Combinations (1) ...

Pu 1000.00 kN

Mux 50.00 kh.m
Muy 0.00 kM.m
| Load Combinations (1) ...
[ indude Self-weight Mx <-3= My
Surcharge Load
Surface Load 0.00 kiym2
Weight Density [ 18.00 kN/m?
Height 0.00 m
Footing
Type Isolated (Mat )
Depth 700.00 e
Cover 80.00 i
Column Section
(®) Rectangle (O cirde

. 50000 e

1,500

L1, Member List rﬁ, Drawing rE, Quantity |

!

1,500

[
K
%))
Qo
=]
—

i
i
g ] B
™M .
D
i Y1
I ol SEEESRE =
xi |
—“— L |
[
Rebar
Y-Direction (Mux) ¥-Direction (Muy)
Moment (kM.m) 28,37 26,96

Calculation Result

Check Items Result
Soil Bearing (KPa) 249 | NG(2.493
1Way Shear-X (kM) 250 OK(0.233
1Way Shear-t (kM) 259 OK(D.232
2Way Shear (kM) 883 OK(D.262
Min. Bar Ratio {mmz) 0.180% 334
Max. Bar Space {mm) #7 @457
Footing Size

FOOTING SIZE
Lx 3.00 m
Ly 3.00 m

SOIL BEARING
Capacity(fe) | 1000 kea
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