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(i) 	The foundation is assumed to consist of elastic half-space base 
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Table 3.2 Values of Basic Seismic coefficients and •  Seismic zone 

factor iii different zones 

S.No. Zone.No. Basic horizontal seismic Seismic zone factor 
coefficient, a 	 F 0 l V 0.08 0.40 

2 IV 0.05 0.25 

3 II1 0.04 0.20  

4 II 0.02 0.10 

5 	I 	 0.01 	I 0.05 

3.2 IS 1893: (FIFTH REVISION) 

In the 	fifth 	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 	Horizontal seismic force 

The revised code has given the design horizontal seismic coefficient Ah  

for design basis earthquake (DBE) as 

IZ1 Sa g 
Ah = — 

here Z = zone factor, refers to zero period acceleration values for maximum 

credible earthquake (MCE) in a zone given in Table 3.3. 
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Seismic zone" II III IV V 
Seismic.  intensity 

Z 

Low 

.0.10 

Moderate 

0.16 

Severe 

0.24 

Very Severe 

0.36 





dinal or 

n based 

upon the acceleration response spectra for Design Basis Earthquake (DE). 

(b) Live Load 





bearing. In transverse direction, the D. L. and L.L.• are lumped •at the C.G. 



y : Deflection; 

• p : Natural frequency in rad/sec.; 

m 	Mass; 

h 	Length of the segment; 

p 	Mass density; 

I : Moment of inertia; 

E 	Modulus of elasticity; 

G : Modulus of rigidity;.  

Shape factor for shear deflection 

4.3.4 	Application of Transfer Functions 

The determination of the natural frequency and the mode shape consists of 

application 	of 	equation 	(4.1) 	from 	one 	node 	point 	to 	the other 	and 

appropriately satisfy the boundary conditions at the two ends. Out of the 

four boundary conditions at the free end, shear and moment are zero. 	Transfer 

function are computed for two conditions at the free end as follows. 

(i) Yo = 1, oo 	0 and 

(ii) y® = 0, oo  = 1 ...(4.2) 

By 	successive application of transfer functions in these two 	steps, 	the 

coefficients C11  C 12...... etc. can be computed and the following relation cau 

be established. 
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STIFFNESS MATRIX IN MEMBER AXIS FOR FULLY 

• RESTRAINED MEMBER IN 

EA EA 
Lx 	® 	o 	_ p  

13EI Z 	6EI Z  -12EI Z 	6EIZ 

L( 	L( 
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(4 +0)EI 6E1 	(2+)E1  

EA  
X .0 	a  
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12EIZ  12EIZ 	-6EI 

s 

(4+0)EI z 

4.4.3 	Rotation Transformation Matrices 

Rotation transformation matrix R.h  is required, to transform the member 

stiffness matrix from member axes to structural axes, R1. can be obtained from 

a rotational matrix (R) expressed in term of direction cosines, of the member. 

The rotation transformation matrices for plane frame has been given below. 
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Superstructure 	Steel truss bridge resting over rocks and roller 
bearings 

Pier 	 : Single solid circular concrete pier (M20) 

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

Height from 	: 52.725 m 
base to top of pier 



The cross-sectional details with mathematical model are shown in 

F ure '8 The sites ectra is ven in Fi 9 Th b 'd 	l d g • P 	g 	g. 	e i ge is ana Y se to 

longitudinal direction for Design Basis Earthquake. 	The multiplying 

factor for DBE site spectra is 0.097. The damping is considered as 5% of 

critical. 

The bridge 	is analysed 	for 	founding 	soils 	having 	four different 

shear wave velocities of 200m/s, 400m/s, 600m/s, 800m/s, and under fixed 

base conditions with two embedment depths of 23m and 35.55m. The soil 

springs used are Beredugo-Novak springs as discussed in Chapter -` 2. 

5.2.2 	Gandak Bridge 

Type Simply Supported 

Zone 	 : IV  

Spans 14 x 64.0 

Superstructure 	: Rail-cum-Road Bridge 

Pier 	 ; Circular concrete pier (M20) 

Well Outer diameter 	= 	12.00 m 
. inner diameter 	= 	6.40 m 

Height of well 41.50 in 

Base diameter 12.0 m 

Depth of embedment : 19.32 m 

The cross-sectional details with mathematical model are shown in 

Figures 10 & 11. The site spectra is given in Fig.12. 	The bridge is 

analysed 	in 	longitudinal 	direction 	for 	Design 	Basis 	Earthquake. 	The 

multiplying factor for DBE used 	 for site spectra is 0.075. Damping 

factor of 5 % is considered. 
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a) and 

increases from 200 'm/s to 800 m/s the fundamental time period decreased from 

0.9841sec. 	to, 0.5367 sec. The period for fixed base condition is 0.5086sec'.' 





1 

with increase in s: m/s to 



It is also observed that for increased embedment depth of 41.5 rn, the 

time period has decreased to 0.2314 from 0.8136 sec. for shear wave velocity 

of 600 m/s, 

(b) Deflection at the top of the pier 

The horizontal deflection at the top of the pier for different spectra is 

shown in Table 5.6. 

It is observed from table 5.6(a) for embedment depth 19.32 m that the 

deflection 	is 	decreasing 	as 	the 	shear 	wave 	velocity 	increases 	and 	it is 

minimum for fixed base condition. 

The 	effect 	of different 	spectra 	on 	the deflection can be 	studied for 

shear wave velocity 600 rn/s and for spectra. ISRS. 	It is 'observed that the 

deflection for ISRS is 115% more than the deflection for ISA. 

The deflection for ISRS is 77.6 % more than the deflection for ISRR. It 

is also observed that the deflection for ISRS is 11.7% more than for SR. 

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

The B.M. near the base of the pier for embedment depths 19.32 rn and 41.5m 

is shown in Table 5.7(a) and 5.7(b).. 	It is observed that the B.M. 	is first 

increasing with increase in shear wave velocity from. 200 m/s to 400 m/s and 

then it is decreasing with increase in shear wave velocity from 400 m/s to 800 

zn/s. The B.M. is minimum for fixed base condition. 

The effect of embedment depth can be studied for 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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(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 IS: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, 800 m/s and for fixed base 

conditions. Beredugo-Novak 'spring 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 Gandhak Bridge, the Bending moment for soil spectra of revised 

draft is 112.5% more than for spectra of IS: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. 

(4) 	For Dhaleswari bridge, 	the 	shear for soil 	spectra of revised draft 

is 118% more than 	for 	spectra of IS :1893-1984 for shear wave 

velocity of 600 mis. 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 IS: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. 



For Ringhal bridge, the shear for soil spectra of revised draft is 

60.8% more than for spectra of IS: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: 

1. 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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0.3194 
0.2554 

ISA 	 1.35 
	

T 
ISRS 	 3.23E 
ISRR 	 1.1 Zc 
SR 	 1.86: 



Table 11 
Moments (t-m).near the base of pier P1 

for Ringhal Bridge 

ISA 1535.7 
ISRS 2526.1 
ISRR 1657.1 
SR 41.80.5 

Table 12 
Shear (t)near the base of .pier p1 

for Ringhal Bridge 

ISA 50.'82 
ISRS 81 74 
ISRR 54.90 
SR 140.68 
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