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code and site spectra Three brldges have been consrdered for thrs purpose

- These bridges are analysed usrng the transfer rnatnx method/suffness ‘matrix.

Emethod for the seismic responses (Bendrng Moment EShear Force and Horrzontal 4l

i Dlsplacement)

. veloc1t1es | of 3011 and also for fixed base condmon

Dhaleswarl and ‘Gandhak brldge have been analysed for drfferent shear ‘wave

take ‘nto account the modification on the response of the strueture due to the

soil surroundmg the foundation. Two embedment depths have been consrdered

g'_é'},;for these two brldges Ringhal bridge has been analysed for fixed based

i feur different - spectras The damping is e0n31dered as. S% of
critical for all the three br1dges. It has bee'n_ observed that —reyrsed code

spectra gives response of bridges which could be more than 50% as compared to-

~ existing seismic code for same zone and same soil conditions.
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CHAPTER - 1

INTRODUCTION

Bridges are essential- links in the transportation lifeline --System of

hrghway and railway networks. They are requrred to remam in service durmg |

“and after the occurrence of earthquake

‘ hampers the relief work operatton Therefore the safe

. w strong earthquake motlon several times during their life time

Failure of

The respbnsef'af a structure resting on soil or embedded when subj-eétf- to
" dynamic loadmg is affeeted by properties of sml beneath and around the .

-r'_af’f;-;{'ii_-ristructure ThlS response is” greatly 1nﬂuenced by the dynamtc 501] structure

. 1nteract10n Therefore ‘the effect of dynamic 1nteraction between ernbedded

962); the code has since revrsed in 1966, 1970, 1975 and 1984.






CHAPTER - 2

~ LITERATURE REVIEW

21 GENERAL

The dynamic mter-relatlonshlp between the response of the: structure. and

~the characteristics of its foundatlon med1um s referred as  the
- ‘Interaction - effect’. The . SOll-_Stl_'UCtl_lI‘e -1‘nterac-‘t*1‘(")n 3 means the - dynamic
~interaction between the response of the structure and the surrounding soil

around and b»elow the b»ridfge:' subsrruct_ure;

. Soil structure interaction analy31s is a coupled problem mvolvmg a -

reﬂect the true mechamcal behavrour

Conceptually, the sorl foundatlon structure system ‘can be v1suahsed as

foundatlon and 3011 two mteractlon mterfaces

h viz. fure foundatlon mterface and foundatron soﬂ mterfaces and a. 5011-

boundary.

.} The substructure of m,aj'or bridges ~are ‘ge_'n:erailly founded on deep well
undatlons resting on hard stratum The‘_ wel’lé are ‘embedded in soil of
varymg stiffness.  The vrbratory response ‘of substructure - of earthquake

motion depends on stiffness and mass distribution of substructure. The



the lateral and base
Whlch ére* called ‘Soil

sprmgs | ThlS is merely done to ma_é

atical model. The
vistlffness of soil sprmgs depends upon the type. of soil ,p:rii)perties» -

: 11_ke shearrmodulus, po.lsson S ratlo_ and soil modulus..

. structure :inte_r:' on "'effect on the dynamxc response The smlf__structure

@
- (@ii)

V(bi) Modulus of subgrade reacuon method i ‘

(i»i) " Soﬂ Sprmgs based‘




'_eValuatéd 'i byT erzaghi in. 1955. For cohesionless soil and normally
~ consolidated clays, the soil modulus value increases linearly with depth. For

pre-consolidated - clays, the soil stiffness - remain- ‘constant along the

h'oﬁriz;(')ntal depth and is based up;o:n a basic factor KSl Eto} which the veitical =~

‘and horizontal subgrade reaction are ‘r‘elaté;q.‘ The pbrtvidn of the well below

s;éour level has been _cc‘)nsidere_d as a rigid Ib:ody,v Subjécted to tilting about

the base. The eilastic-' resistance of the soil jsp'rihfgf is considered - at scour

level.

*

Linear spring (Kt) an(i rotational spring (Kr) replace“"t‘hq embedded |

portion of the well as shown in Fig.1. If the top of the embéddéd "'p‘ﬁrt of -

the well is subjected to moment Mo and shear Vo then we have

__._  : C Vojl

= rotation of well due to M, and V;

AO = deflection at scour level due to M o and VO; -

o, = slope of .t'he well due to V =1,

i ;_d¢ﬂec::_jc_ion. of the well at.scqﬁr level due to\/0 = 1:

. = slope of well due to M_ = I

deflection of the well at scour level due to M = 1

o, Vo F -eM M, = (8, /C + ‘eMg)%MO

B = By Vot Ay Mg = (&, + zC:Ali\/Ii) Vo



© Where D = mpH/12 + (2/3)-er2/H + gl

3 %




andeMH =AMaGM ?g[— 115'1"%1":15111{

(b) Well in clay

| Net resisting riiiomqm about base
M = D2 A o
where D, = KyH*/3 + (3) K ©/H + uHyHrf2
Similarly

In above expression

o L . : e (H/D+0.5)

Kh . Coefficient of horizontal subgrade reaction = K51 TTH?D—

Kv . Coefficient of vertical subgrade reaction = K_., when base
of the'foun'da-tion is circular;

K 2 é__;Sgil m_bdulus value,

D "I'ryans'verse dimension of the well;
Depth of émbedment;

r : Radius of well'

TR Coefﬁment of frlC'[lOI’l

&

23 BERDUGO-NOVAK SPRING

Berdugo -Novak developed an appr0x1mate analyncal solution for embedded

' fooung based on the followmg assumptions.
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.:"SIde layer prov1des the embedment to the well.
(i) The base tayer and side layer have constant elastic properucs

| (iii) __Thc burlcd portlon of the well is consxdcred to be r1g1d

o ’_:(w) F he embedded structure 1s assumed to be cylmdrlcal

bedded vfocting in soil by

;Of'grawtyv Of the rtgtd Ly

., foundatxon The frequency mdepcndent sprmg constant are glvcn 'by .
: (1) Ttansl-‘attonal} sprmg constant

G

KXe Gr z_C LB+ G o [zc 7]4.033

The frequency independent damping constant are

) -;ngusliationalv damping constant




(i) Rotational damping constant

2 0.5 )
' 20540 ¢ Zc o G 52
: =1 -Gl 5 8
- Cos (eG) rj043+ = 297 + 3 [’EU 1.8 + |5 + -
0 .
- L

(iii) Cross damping constants

~05
_ 0.5 2 o. G e zﬁL»
Cxe = [PG) ro ZC 2.97 + T)S"Gg 8 [ZC- 729,60,

[n the above expression_s_
| G : Shear modulus of base layer;
-G : Shearmodulus of side laye.r;.
I, | Radius bf —}fc})ufldation;
L : Depth '(_)_f embedment; -

5 : Embedment ratio = Lir;

oL Distance of center of gravity of foundation from the base;

¥

ensity of the base soil;

Mass density of the side soil;




CHAPTER- 3

'CODE PROVISION

3.1 INDIAN CODE, IS: 1893-1984 (Fourth Revision)
The soil effects ‘bn the "sftructure;s:e have ’o-eefr conis:idered in 'Indian,codev |
~ for designing earthquake resrstant structure In thlS chapter this aspect ha‘s

o ;been discussed as recommended by the code m practlce now a days ie. IS

1893:1984 (Fourth revision).

In clause 3 4, these are two methods given for computmg the desrgn '

-selsmrc forces on the struetures These are -

3.1.1 Seismic Coeffment Method

The de31gn value of  horizontal - seismic coefﬁcrent s by thrs method

'“ﬁ”'#'."ﬂ“o” |

B = a coefficient depending upon soil foundation system given in

= 1.5 for- rmportant .brldge_s.

= Basic horizontal.seismic coeffieient giveufin;Table 3.2.

10



| 'Heriee : 1t can be seen that the soi-l effe(,t on the‘ st

The 'valﬁes "of B‘asic horizontal seismic cccfficients o 0 m selsm1c




Table 3.2 Values of Basic Seismic coefficients and Seismic zone

factor in different zones

S.No. |Zone.No. |Basic horizontal seismic |Seismic zone factor

coefficient, « ' F
i 0 : 6]
1 \% 0.08 0.40
2 V. : 0.05
3 11 " 0.04
4 1 0.02 |
5 I 0.01 005

32 IS 1893 (FIFTH REVISION)

e In the flfth revision, the country is divided in to four seismic zones
instead of ﬁve zones in the fourth revision. Zone I has been upgraded to

zone II. The revised seismic zone map of India is given in Fig.3.

;_3 2. 1 Horlzontal SelSIlllC force

12



?Tabl,e 3.3 Zone factor, Z

A Selsmlc mtenSifj‘z '. VLo,wf Moderate|Severe _' Very Severe

10.24 | 0.36

Fhe factorZ m ﬁthe numerator is because DBb is half the MCE

;._"_I = Importance factor I ‘ 1 5 for 1mportant brldge |
R :"i = Response reductlo B ucuhty of the
: v'",vv:‘structure _ :
= 4 for brid»g'e: su‘bstructure constructed in R.C.C. .and.rll IOVif
';“constructed n brick/stone masomy The ratxo (R/I) should not

,be less then 1. 0
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CHAPTER 4
I)YT%AAAH:z&hUXLYTHS¢DF7BFH[M}E

SUBSTRUCTURES

4.1 GENERAL

. For the dynamic analysis of deep embedded.’fouéndations like pier well

'combination caisson, = hollow box, prle foundatron raft foundation, wall

?'foundatton of bridge, consrderatron of 1nfluence of erxrblhty of the support

i.e. soil-structure 1nteract10n is very essential = for practrcal desrgn of

brrdges To consrder the --ﬂexibility of the support ‘the drfferent sorl

. sprrngs and dashpots proposed by dlfferent author are considered at the C G.

of the embedded foundatron The sorl sprrng system srgnrﬁes the sorl-

structure interaction between ‘the structure and the surroundrng soil system

: The brrdge substructure should made sufflcrent strong to wrthstand 1ts
own 1nertra force durrng earthquake excitation. The grrder quch rest on the

top of substructure may fatl due to in sufflcrent capacrty of the brrdge

substructure. Falhng of grrder has occurred in the past earthquake Durmg

earthquake there may be differential movement of the substructure and

From the above aspect, it is essenttal to analyse the bridge substructure:

:dynamrcally for safe, economic and adequate desrgn

42 VMETHOD OF ANALYSIS

There are many methods for dynamic analysis of brrdge substructure. They

arc

14
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e

'(ii_i)' DlI'CCt: Integratlon Scheme for Non—Lmear System

(iv). Step by Step Integratlon

Vof 'Tr;ansfer Matrlx o

_,',Ez'one_ at a_t_lme The de31gn of the brldge has-'-' en_based

| 11ve load shall

.50 percent of d‘

15




(©) Adde__d mass of water

Hydrodynamic force shall be assumed to act in horizontal direction

enveloping cylinder for submerged part of the substructure is considered to be

 attached with the structure for the purpose of dynamic analysis.

(d). Damping in the structure

The damping is considered as 5% of critical.
(e) Foundation Springsi

The elastic resistance of a bridge substructure embedded ‘in soil is
replaced by the coﬁpléd linear and rotational “springs at C.G. - of the

substructure as suggested by Beredugo - Novak.

4.3.2 Mathematical Models

The structure of the bridge comsists of beam type element and therefofé,

. the idealization can be made with lumped mass. at discrete poiints,.- ThéSe

masses are connected with each other by mass less elastic segments. The
formulation of the mathematical model is the most important in the complete
analysis. There should be enough number of lumped masses in the mathematical

model in order to represent the dominating frequencies of the real struct@re.

shown in Flg 5 & 6.

The model of ;the bridge substructure are ;different in two direction

mainly because a fraction of live load is considered in the transverse

direction while no live load is considered in the longitudinal direction. - In

longitudinal direction, -the superstructure D.L. is lumped at the center of

16



fem' ﬁedded part of the well

i :"r433 METHOD OF DLTE: L
;- CH‘S?*RACTERISTICS ()F SUBSTRUC]EV% g

I‘he method ()f transfer functlon is most convenient for dctermmmg

dynamlc charactenstxcs of substruclme Gene1al equau()ns for an elastlc

M =My Vel ap (4'1).

A Cross sectmnal are L

S V Shear force

M Bendmg Moment

17




o Le_ngth of the segment,

 p : Mass density;
I : Moment of iriért,ia,;‘ ’

E : Modulus of~e1'asti¢;ity;; e

G ‘Modulus of rigidity;

: Shape factor for shear deﬂectlon

. A 3 4 Appli‘c“ﬁtwn of Transfer Functlons

aPPh‘“J‘U"-’n of equatlon (4 1) from one node poiht' to 't'he"ce.-r“"-

: .appropnately sausfy the boundary condmons at the two ends O

four boundary cond1t1ons at the free end shear and moment are Zero Trgrgsfe_r

coeffxclents C1 1 C, 12

be established.

18




The negative sign in op is there because of opposite sig

- used in thEt 1}%’1:(5:1:'1(:)1(1_8:E and E-St'i?fzfﬁes_s coefﬁmems Upo

nd ;er:fro_m' 'e,c:luation '(4;3) z'iﬁ"(4.4) we can obtain the

following two ‘equations.




For noni; 'lutlons for slope and deﬂectlon at free and determlnant

of the matrlx should vanish. ,

The zero of the determmant w1ll then ‘._glve‘_“

_:‘and* correspondmg mode shape are. obtamed fr: :

§cant11ever

. :”found by modal analy81s

- 4.3. 5 Modal Analy51s

v values of deflectlon bendlng motment or any other quantlty

consnderatxons

Mode partlclpatlon factor

20




f the structure f The overall structural response is




strffness matr_l_x_ j:j_ithe structure as a whole is. formed from ":t’h'

matr1ces of 1nd1v dual members Mathernatrcal treatment, ultrmateiy; ”}'eads to.

'eomputers. In theﬂpresent analysis, deformatrons are assumed to be small;

which implies linear behé\viquri_ ~Thus i-.,the;: principle

uperposmon is valid.

The stiffness matrix method is one m Wthh eompdtrblhty ‘of displacement

is assumed and the equrlrbrrum equatrons at the nodes are formulated in. terrns

of the nodal dlsplacement components To develop the strffness matrlx beam'
-;'member is assumed to be fully restrained at both the ends and subjected to

-umt drsplacement along each relevant degree of freedom one at a time, Whrle _

all other displacement components are retained as zero.  The member.,_stlffness

are the action exerted on the member when ~these  unit dlsplaeements-'

(translatrons and rotations) are imposed at each end.

442 ' BeamMember in a Plane -
The stiffneSs coefficient for six possible types of "copianar'
d1sp1acements at the two ends of fully restramed member are gwen in table

. ,.:'bel_o_w._ ‘The deformations” have been considered in the order _of,,transvlatron

along x and y axis and Totation about z axis for both the ends.

22



L st1ffness matnx from member axes to o

T .0 0
SYMMETRIC
2EL 1B 6EIL
¢ = — ~ Lo
GAL C Pave ase |
- (44 9)El
§ | z

‘ 4 4 3 Rotatlon Transformatmn Matrlces__._ :

Rotatlon transformaﬁon matnx RT is r gqulre to 5ét:§r:2insforﬁi1 ‘the member

! eani’be obtained from
. a rotauonal matnx (R) expressecl m term of dlreii on cosmes of the member.

The rotauon transformauon matr1ces for plane frame has been glven below

23




C S 0
[R:-s c 0
LO' 0 1
| X, - X Y, -Y
-2 27

| plane. |

(i) Member stlffness matrlx for structure axes (S S) is obtalned frorn

the member stlffness matrix for member axes (SM) by

Sy = RT Sm R |
(11) Jomt deformatlons at two ends of a member in member : axes (DM)
obtained from the joint deformations at the two ends of a member in
structural axes (DS) by

Dy = Ry Dy

~ which is used to calculate forces at the ends of the member in

~ local axes.

24



4.4.5 Static Analysis

For analysmg the structure, under lateral horjzontal loads and eccentric

vertlcal for‘Ces 1t represented by a r1g1d Jomted skeletal  structure.

Thrs skeletal representatlon can further be srmphfled and structure  can be

: -1deahzed as planner system for plane frame analy31s e | . :

o (a) Stlffness Method of Analysrs

ThlS approach of analysrs has been used to plane frames The important

e fsteps mvolved inthe method used in conjunctron Wlth an automatic digital

g computer are descrrbed in the followmg paragraphs

,,,,, no. of members, geometric and elastic properties of

each remember sectron node 1nc1dents at two ends of each member coordmates

coded.

(c) Generatlon of Jomt Stiffness Matrrx _

The Jomt stlffness mamx of the structure as a whole is formed by
summing up the;-contrlbutrons from individual member stiffness matrices.

(d) Gener’ation zof Load Vector

The nodal Ioads acting on  the structure are taken dlrectly, while

distributed loads or non nodal loads on the memb_er are converted to equivalent

nodal loa‘ds' '.The‘se equivalent nodal loads are then added to nodal loads and
| the load vector is assembled

| - (e) Solutlon of Nodal Dlsplacements

The joint. stlffness matrlx of the ;‘structure its nodal forces and

| deformat1ons are related by g‘the followmg -lmear' s‘y,st;ern; or simultaneous

: equat10ns presents in matrrx form

25



- where, [K] = Matrix of stiffness influence coefficient
S Fhal e R TR B : L

{3} o) Deformatron vector |

| {P} = FOrce.-:3.Veetor

n Number of degrees of freedom

. Gauss ehmm | '10n _techmque has been used to solve Eq 4 1 T hrs m hod |

From the _jo:int:,deformatron, obt:ai_ned by solving linear simultaneous

| equations, support reactions and member and sections are computed -as follows:

The _]omt deformatlons at the two end ;m; er in member axrs
are obtained from the Jomt defermatxons; at the two ends or a

member in structure axes (DS) by

26






gshapes - Since we are 1nterestecl in only the f1rst fe'

.-(ﬁi)_KI‘lil-Mn X, =X - @D

Above equatrons are the forms of standard elgen value problem whose"

_solutlon leads to evaluatron of natural freque c1es and correspondmg mode

t

:gvlgmodes of the physical

system we would require rnodel frequencres and eorrespondmg ‘mode shape

starting from minimum frequency of the system, sequentrally Hence the later- E
Vform is generally preferred for the sequentral determmanon of elgen parrs

 since the power 1terat10n yrelds the maximum root and this provrdes pmln

wh1ch is useful for determining the eigen pairs, ‘Deﬂat1on has to be adopted'

in such a manner so as to preserve the banded nature and symmetry of the

matrices mvolved because of. the 1mmense eomputatronal advantage gamed The.

od ct K 1 M of bove equation 1s able to mamtam symmetry COIldlthI} if my =

'.1_1’12' where ml,r Ix o mn are the dlagonal elements of [M] of order n. In '

general, thrs condrtlon may never be achieved and the symmetry can _be enforce

by resorting to the followmg transfo_rmatrons.

E 2 [ €9,

Substltutmg

A } (The modlfred dynamrc matrrx) = [Mll?.] [K-l] [Ml/Z}
. o B e F o1 e n

28

' [Y] = {Ml/ 2] {X} = mode shape vector of the linodiified dynamic matrix |
Llp n ' /n o '



reqmred to dete mme all the elgen value% and elgen vectors, those are not

'scalars and vector that - converges 1o some partlcular

eigen value and_ 1ts correspondmg eigen vector. Equatl_on 3.2 can.be rewritten

in the followmg modlfled form




- )

Than the above equation can be written as [K] {Yi +1} {Z } in which (K]

‘and {Z.} are known. The above represents a system of linear equations Wthh

can be solved by standard techniques. Then separatxon: of P% +1 and Xi 41 can be

: :'_::echieved easily.

| The major problem then is the sequential' dete@ﬁininjation of the eigen =
';_:values (and eige‘n‘ vectors) o'r'the natural frequenciés (and mode shapes)A of the

o :system These can be ach1eved by deflation techmque by suppressmg or

' (c) Response Spectra Analysis
From the free vxbratlon analysis, the natural 'pe'r'iods' of ~vibration and

: assoc1ated mode shapes could be determmed The relative displaeement Z of a

_fmass along any of 1ts degree of freedom in a partxcular mode of v1brat10n due
.to horlzontal component of an earthquake is given by - | |
() Scff_m

= ¢i D ) :
‘?”“d_ G5

(1)
d .

- Zi

‘i” = denotes the mass Iocatton
‘d> = denotes the degree of freedom
‘r’ = denotes the mode of vibration

‘i’ = represents the direction of ground motion

' The mode participation factors

30



'system havmg the same perlod‘. ‘s“'[éthat of mox

of modal dampmg

o By

whe_re**H = {1)0,00,0,0 1,0.......} for j=1

T Ei-:-?E'WSIVZ’BCU’Eﬂ <3113131&C‘31nent Sq is equal the max1mum relatlve |

fdlsplacement of the mass (relatlve to ground) of a smgle degree of freedom |

er1od and dampmg same as that

_ Usmg the generahsed displacement vector and  from element stiffness

matnx of e'

| partlcular ground_ motlon In this manner, the dynamm response in :each mode

obtamed The total | response is a combmatlon of various

(d) Conventlonal Approach

Usually the mema forces are calculated correspondmg 0" the penod of

v1brat10n T

obtamed by means of a statlc analy51s Th:e step involved are as follows

_ [ g o S
SO e stk

- where, S is spectral accelerauon for rth rnode

¢ is the modal dlsplacements for the 1th d o.f. in rth mode

Cr 1s the mode part1c1pat1on factor correspondmg to the direction of

3



s solved .for.dynatr:iié displacerhgnﬁ | {6}r S e

T

32



; CHAPTER 5

L gs 1 GENERAL

In order to study the comparison of soil effect on seismic response of

- bridges due to modification in code spectra fthfee @iff;eréen;t bridges have been

| ‘:ﬂ_fﬂ“selected

-Dynpamic analysis has been carried out for all the brldges usmg transfer

matrix/stiffness matnx} method as d1scussed in Chapter -4.

(a) Dhaleswarl Brldge .
(b) Gandhak Bridge
(¢) Ringhal Khad Bridge

i 2 Descrlptlon of Brldges

5.2.1 Dh-al-eswart Brldge

Type 7 : Simply Suppprted
Zone R _, ! .
CSpans ¢ 7x31.926 +2x13.10
Superét:rﬁc';tﬁre:' . Steel truss brldge restmg over rocks and rollsgo
‘ B bearings -

Pier - . Single solid circular concrete pier (M20)

Well . 8.0 m overall diameter (concrete M20)
: hollow circular R.C. well

,Helght from © 52725 m
base to top of pier

Base dlameter -1 8. O m

Depth of embedment: 23.0 m
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). The br1dge is analysed in
for Demgn Ba31s Earthquake The multiplying

::__pectra is O 097 The dampmg is conszldered- as 5% of

l’ihaving fbur different

sf§used are Beredugo—Novak springs as dlscussed in Chapter - 2.

5.2.2 Gandak Brldge L , .

~ Type :» . Simply Suppo;ted
. Zone o IV
Spams o Mxes0
Superstﬁicl:ure :  Rail-cum- Road Brldge
Pier | 3+ Circular concrete pier (M20)
Well ; O_ﬁ@ter 'diamie'té;r' = 12.00 m
L . Inner diameter =

 analysed in longxtudmal dlrectlon for

'Heigﬁt'?orf well  : 41.50 m

‘Figures 10 & 1. The s1te spectra is

factor of 5% is considered.

640m

Base dxameter e 12.0 m

Depth of embedment 19.32 m

The Cross- sectlonal detaﬂs w1th mathemaucal model are shown in

_Fig. 12 The bridge is

ig Basis Earthquake.  The

multiplying factor for DB

:_:us_edf for site spectra is 0.075. Damping
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~ Figures 13 & 14 . The s1te spectra is given 1n Flg 15

| 523 :Rillghﬁl Khad Bridge

~ Type ' : Continubgis,gﬁg ‘.

ed co éfemégbox girder

Sﬁans ~ _}::_80+2x56mf"

Wldth of superstr'uc'ture - 6.9m

'Helght _-of;;-tallﬁst..pmr» : 36.355. m

. External dlameter of 16.5m
hollow pier

Wall thickness bf'pier 005 m
Thickness of foot’ing. . 325 m

_ Plan size of

1525 mx 1525 m
foundatlon o :

The cross—sectlonal details  with mathematical “model  are shown._g_"

5% is con51dered

The bridge is analysed for leCd base condltlon and also usmg Berdugo-

f vak springs.

5.3 DISCUSSION OF RESULTS

‘The r,efsuli,t‘s are }dis’cussed as below :
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. 531 Dh

The

' dlfferent shear wave velocmes and under f1xed bas, condmon The response

--5observed that for. mcreased embedment depth of 35.55 m, the

. time: perlod has decreased to 0.4882sec from O 5606 sec. for shear wave

The horlzontal deﬂectlon at the top of the pler for dlfferent spectra is

shown in. Table 5 2

mcreases and it is
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"The deﬂectlon for ISRS is 53.1% more than the deﬂectlon for ISRR It |

is also observed that the deflect1on for SR Is 29 73% mor; :than for ISRS.
N »(c) B.M. near the base of the pler T

The B.M. near the base of the pler for embedm n ;depths 23 m 'and 35.55 m

is shown in Table 5. 3(3) and 5. 3(b) It is. obse;ed'that the B. M. is first o

:then 1t is decreasmg with increase in shear wave veloc1ty from 400 m/s to 800

| -fm/s The B. M is minimum for -f1xed base condltjon.

The effect of embedment depth éaﬁ be stu'died'for shear wave Veilocity' 600
. m/s and usmg ISRS It is observed that the B.M. for embedment depth 23 m is
. ﬁ153% more. thanrthe B.M. for embedment depth 35.55 m.

The effect of dlfferent spectra on the B.M. can be studled for V = 600
- ,m/s and for embedment depth 23 m. It is observed that the B.M. for ISRS is

The B.M. for ISRS is 50.2% more than the B.M. for ISRR. The B.M. for SR

' _is 32. 5% more than the B M for ISRS.
{ ) Shear near the base of the pier ,
, jThe shear near the base of the pier for embedment depth 23 m and 35.55 m |
SIS shown in Table 5.4(a) and 5.4(b). The :effec,t of shear wave velocity can be

| studled for embedment depth of 23 m and for ISRS spectra. It is observed that
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2 1528 sec to 0. 6684 sec. The perlod for fixed base

StU.dled fOI' VS = 600

m/s and for e'mbedment;; hearfor ISRS is 118%

more than shear for ISA.

It is also observed that the- shear for ISRS 1s 0 83% more than the shear

5.3._2_ _Gandak Bridg?e

The .t'ilﬁe-peri:ods' of bridge are determined for founding soils ﬁaving four

different shear wave velocities and under fixed base condition. The response

s compared::; or-

_ectra of IS; 1893 1984 (ISA) soil -speet;r_a; (ISRS nd rock.

o :spectra (ISRR of iﬁ'e_\v'(vised code and for site*spectra (SR) for t mbedment

depths.

(a) Tlme permds

o and 5.5(b). It is observed:

v;d;,lzuon is 0.4226sec.

The tlme penod has decreased due to mcreased stlffness




_of 600 m/s,
;f,j ﬂf l f(b) Deﬂectlon at the top of the pier | . o

The horizontal deflection at the top of the pier for dlfferent spectra is
shown in Table 5.6.

It is observed from table 5. 6(a) for embedment depth 19. 32 m: that the

mlmmum for flxed base COIldlthI’l

~ The effect ofﬁ di’fféﬁren:t .spectra on the deflection can b_e‘,"fsitndied: for
shear wave velocity 600 m/s and for spectra ISRS. It is observedthatthe
deflection for ISRS is 115% more than the deflection for ISA.

'”The deﬂee for ISRS is 77. 6% more than the deflection for EISRR_

is also observed ;that the deﬂectlon for ISRS 1s 11. 7% more than. for SR

() B.M. near the base of the pier

~The B. M near the base of the pler for embedment depths 19 32 m and 41.5m

. ﬂfls shown in Table 5 7(a) and 5.7(b). It 1s observed -t—hat the -B M 1s fn'st
1ncreasmg w1th mcrease in shear wave veloc:lty from 200 m/s to 400 m/s and

then it is decreasmg W1th increase in shear wave veloc1ty from 400 m/s to 800

m/s. The B.M. is minimum for fixed base condition.
. The effect of embedment depth-ean be studied _fo;r, shear wave velocity 600
‘m/s and using ISRS. It is observed that the B.M. for embedment depth 19.32 m

is 203% more than the B.M. for embedment depth 41.5 m.
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. ;10 5% 1ess than the B M for ISRS

55f;g_:‘;‘(d) Shear near the base of the pler |

The shear near the base of the p‘ler .

s shOWn in Table 5.8() and 5.8(b). The e

studied for embedment depth of 19 32 m and for ISRS spectra It is observed o

112. 8% more than shear for ISA

It is also observed that the shear for ISRS is 65% more than the shear

for ISRR The shear for ISRS i 9.4% more. than the shear for SR

5.3.3 Ringhal Bridge

The time perlods of bndge are determmed ‘m‘riié‘fi'xed baSe condition (Table

'5.9) and the responses are compared for spectra ef IS 1893 1984 soil spectra

and rockvspectra of IfC}_»Vl_SCd ,dra_ft; code and for 51te spectra.
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(a) Deflection at the top of the Pier P1

It is observed that the deflection for ISRS is 139% more than for ISA.

The deflection for ISRS is 174.4% more than for ISRR. It is also observed
that the deflection for ISRS is 73.5% more than for SR.

(b) Moment near the base of the pier P1

It is observed that the moment for ISRS is 64.6% more than for ISA. The

moment for ISRS is 52.4% more than for ISRR. It is also observed that moment

for SR is 65.5% more than for ISRS.
(c) Shear near the base of the pier P1
It is observed that the shear for ISRS is 60.8% more than for ISA. the

shear for ISRS is 48.9% more than for ISRR. It is also observed that the
shear for SR is 72.1% more than for ISRS.
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CHAPTER - 6
SUMMARY AND CONCLUSIONS

6.1 Summary

The study of seismic response (B.M. shear force and deflections) of
bridge substructure using spectra of 1S:1893-1984 (ISA), Rock (ISRR) and ‘soil
(ISRS) spectra of fifth revision and site spectra (SR) have been done in the
present dissertation. For this purpose three bridges have been considered.

These bridges are analysed using Transfer Matrix Method/Stiffness Matrix
Method.

Dhaleswari and Gandhak bridges have been analysed for shear wave
velocities of 200 m/s, 400 m/s, 600 m/s, 80 m/s and for fixed base
conditions. Beredugo-Novak '§pring have been considered at the C.G. of the
embedment. Two embedment. depths have been considered for analysis. Ringhal

bridge has been analysed for fixed base condition. The bridges are analysed in

longitudinal direction for Design Basis Earthquake.

These bridges are analysed and responses are compared using different

spectras.

6.2 Conclusions

On the basis of seismic response studies of three bridges for different
spectras, following conclusions are drawn : |

(1) Horizontal deflection has decreased as the share wave velocity

increases and is minimum for fixed base condition. Horizontal

deflection decreases as the embedment depth increases.
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For. D.halelstivari ibridge the deflection for soil’ spectra of revrsed

"___draft 1s 118 8% more ‘than for spectra of IS: 1893 1989 for shear wave

:r.velocrty of 600 m/s The deflection is 53 1% more for soil spectra

of rev1sed draft than for Rock Spectra of rev1sed draft The

deﬂectron for srte spectra is 29 73% more than for soﬂ spectra of

e _frevrsed draft

(3)

flS 115% more than for spectra of IS 1893 :984§‘

| shear wave Velocrty of 600 m/s The Bench

For Gandhak brrdge the deﬂectron _f'of so]l"spectra: of revised draft

%;i shear wave

velocrty of 600 m/s The deflection 1s 77 6% more for soil spectra
of revised draft than for Rock Spectra of revised = draft. The

deﬂectron for sorl spectra of mtxed draft 1s 11.7% more than for

site spect_ra.

For nghal brldge the deﬂectlon for sorl spectra of rev1sed draft

is 139. 1% more than for spectra of IS 1893 1984. The deflection is
174. 4%more for soil spectra of revised draft than for rock spectra

of revrsed draft ‘The deflectron for sorl spectra of revrsed draft'

is 73 5% rnore than 31te spectra

For Dhalelswari bridge, the Bending moment for soil spectra of

reVIsed draft is 138.4% more than for spectra of IS: 1893 1984 for

! ent for soil spectra

of revised draft is 50 2% more tha r rocn spectra of revised

- draft. The Bendrng Moment for sne spectra 1s 32 5% more than for

soil spectra of revrsed draft
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(4)

For Gandhak Bridge, the Bending moment for soil spectra of revised
draft is 112.5% more than for spectra of 1S:1893-1984. The moment

for soil spectra of revised draft is 70% more than the rock spectra

of the revised draft. The moment for soil spectra of revised draft

is 10.5% more than for site spectra.

For Ringhal bridge, the moment for soil spectra of revised draft is
64.6% more than for spectra of IS:1893-1984. The moment for soil
spectra of revised draft is 52.4% more than for rock spectra of

revised draft. The moment for site spectra is 65.5% more than for

soil spectra of revised draft.

For Dhaleswari bridge, the shear for soil spectra of revised draft
is 118% more tﬁan for spectra of 1[S:1893-1984 for shear wave
velocity of 600 m/s. The shear for soil spectra of revised draft is
0.83% more than for rock spectra of revised draft. The shear for
soil spectra for revised draft is 0.83% more than for rock spectra

of revised draft. The shear for site spectra is 73.6% more than for

soil spectra of revised draft.

For Gandhak bridge, the shear for soil spectra of revised draft is
112.8% more than for spectra of 1S:1893-1984. The shear for soil
spectra of revised draft is 65% more than for rock spectra of

revised draft. The. shear for soil spectra of revised draft is 9.4%

more than for site spectra.
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For Ringhal bridge, the shear for soil spectra of revised draft is
60.8% more than for spectra of 1S:1893-1984. The shear for soil
spectra of revised draft is 48.9% more than for rock spectra of

revised draft. The shear for site spectra is 72.1% more than for

soil spectra of revised draft.

6.3 SCOPE FOR FURTHER STUDY

There is scope for further study as follows:

The present study has been carried out for longitudinal directions.

Study can be extended for transverse direction also.

2. Present study has considered Berdugo-Novak Springs. Study can be

extended for other springs also.

3. Study can be carried out using three-dimensional modelling of the

structure,
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Table 9

Table 10 |
},}eﬂectlon (m) at the top of the pler P1




Table 1 1

- for nghal Bndge

M ments (t-m) near the base of pier P1

05261

16571

Table 12

Shear (t)hear the base of pier pl

for Ringhal Bridge

5082

- 81.74

“Es0
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