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An o * antal and anslyticd investigation  

has been carried! out to d.teresina the dynamic behaviour  

of a large span amble canttZavax reinforced cones 
bridge. A pusp+x adel Of the badge was pr.psrd for 
the pulse of . e a 	and *nalytica3 investigation.  
The test pror*m on the model Include# static test$ With 
horizontal loads applied near the top of well to determine 
its s xff ss free and st*ay *t t# vibration tests on 

a s, e table in longitndx nat *ad transverse direcions 
for both base fixd and bottom sibadded to SOW 
scour level conditions, 

The dynanic analysis of the bridge has bean 
carrIed out by Raylei ' $ method. The sasses were ~tkd 
along the, rill, pier 	 cantilever ass for dye 
analysis to the longitudinal direction but In the 
i s **e d a action anti . a*srstxuctur. was 

at its centre of gravity. 

,irst fwO~tax frequency in the final 
direction was fob to be to c than that in the transverse 
dIrection. The tabs of horisootat acceleration along the 
height at substructure In this fib bass case was higher 
► sue to the *air Con the *odl was sabedded In sue. 

out in cantilever ars the ratio of vertical accoloratton  
to the horizontal base acceLeration WaS lower the fixed 



bars! ti*i co arsd to ' e sand sisbedOd case* 

Dynould *aiøant In % 	U * aria of tha 
prototyps bridge r' 	or 0 reduced  t # c 
spectra of ElCntro azrthqQsks of WOO   14*5 coapoflent  
to nssx1y 1i.3 of the d*d load mkt, D + 
diff*sinc• IS seen In the dpan,ic spores. of the 
bridge in 1anol udi: r . and transv.rsg dtreCtiSft.t► 
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A 	EM B 

1.1 General 

Indian Standard Cod* 5* 1893.1914 
r.comaads the untforrn seismic effic . t aethod 
of design for ordinary bridges, For special bridges 
dynamic analysis Is rended but it is being 
seldom "sorted to by the designers. The double 
cantflever bridges have certain advantages over  
the usual simply  supported I barn or baked canti. 
lever bridgei. They are usually constructed with  
tall supporting structures and long cantilever arms. 
For such brIdges dynamic analysis Is expected to 
provide more rational basis for design. 

In the present studr a double cantIlever  
highway bridge supsoed on a thick layer of un .Uo .i 
send has been taken up for Investigation, The length  
of Cant levir age .is nearly equal to the height of  
• stry ut*. P 94 Li shows the sectional elevation  
of the bridge along the longitudinal centre Lin* and 
th. cross section of the well 	 ati 	fig. 1.2 
rows the cross section of the bridge at the centre 
line of the pier. For  Por the purpose of present investi- 
gation 	 ire bridge has boon consIdered to be built 



of reinforced concrete In concrete grade 14 150, 

it is likely that a very large and 
Important bridge of this type to be built In thickly 
populated area, may need a minimum of four standard 
lanes, But paucity of fund* may limit building only 
two Ian" initiaUya As, such in the present invasti. 
gation both the stages of constructIon hay, been 
studied from dynamic point of view. 

12 Brief RvLew of Lit.raturø 
During the 81haroNepal Earthquake of 

1934, not a brte in the alluvial plain of north 
Bihar rnained undamaged, from minor cracks in arches, 
wing walls and abutments, displaced piers and girders, 
to colet* deet tion 3  W*rous examples of 
damages to permanent bridges during earthquakes all 
over the world are ,aj1abls 1 .. These damages 
Usually occur at intensity of V2U and above on 
libdif tid Mercalli Sc11 Seismic damages are most 
coironly caused by forJation failures resulting 
from sxc.s*iv. ground deformation and/or loss of 
stability and bearing capacity of the foundation  
soils. As a direct result, the substructures often 
tilt, settle, slide, or even over turn; thus causing 
severe cracking or complete failure, These large 



support djsplac*nents also cause relative shifting 
of and damage to superstricturs*, induce failures 
within bearing supports, and even cause spans to 
fell off their supports. Howevr exaiges Of damages 
to superstructures of girder bridges directly as a 
result of structural vibration are few* 

Most girder bridges in the past had 

vibration periods less than about 0.3 seconds and 
there was relatively little risk of rasnance with 
earthquake aotion. with the advance of technology, 

bridge ptsrs of girder bridges are becoming more and 
more flexible and the girder spans are increasing. 
Al a result the n*tural p.4*6 of vibration is becom-
ing correspondingly longer end that Is ample possi-
bility of resonance with earthquake motion* 

Structural vibrations are important for 
long span bridges with tall ssbsstwe.* substructures. 

During San Fernando earthquake of February 9, 1971, 
numerous reinforced concrete highway bridges consisting 
of either straight or curved box girders of large 
span suffered sovero damage at result of vbration(2), 

During Pulcui earthquake of JWO 28, 190 
(magnitude,  1.3 on the Richter *ø1.) superstructure 
of the Koroba bridge in Japan suffexd large crackiflg 
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near midspan of main girders in the first and second 

spans. The superstructure had a total length 

of 36m and a. width of 3.65m and consisted of three 

reinforced conctete T beams. Damage was obviously 

caused by vibrational effects of earthquake. Other 

instances of such damages have also come to light 

and have attracted the attention of investigators 

to this aspect of bridge design. 

Elaborate dynamic analysis and model 

testing of a tied cantilever bridge was done by 

Krishna, Arya and Thakkar(5)  . The well foundation 

of the bridge was 30.55 m high and the piers were 

20.85 m tall. The cantilever arms on both sides of 

the pier were 72.10 in long. It was observed that 

tip of the cantilever suffered a large longitudinal 

displacement and acceleration at the top of pier 

during steady state test of the bridge model in 

longitudinal direction was 5.98 times the horizontal 

base acceleration. The dyanmic response obtained on 

the basis of dynamic analysis differed a great deal. 

from that obtained by uniform seismic coefficient 

method. Thus it was considered that for a special 

structure like the tied cantilever bridge, dynamic 

analysis should be carried out to arrive at a 

rational design. 
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Dynamic characteristics of a large 

multispan reinforced concrete box girder bridge 

supported on and rigidly connected to the reinforced 

concrete columns and diaphragm abutments were 

studied •by Tseng and penzien(2). Bridge was idealised 

by a discrete parameter system consisting of 71 nodal 

points located on the columns and girders. Foundation 

flexibili.ties were approximated by assuming the 

columns and abutments to be fully fixed at a depth 

of 10 ft below the ground surface. Under the 'earth- 

quake of ElCentro -1940 NS Component, the maximum 

horizontal acceleration at the top of columns was 

1.01 g and the maximum horizontal displacement at thst 

point was found to be 145 ft. Charleson(6)  measured 

the natural frequency and damping of a number of 

girder bridges built in New Zealand but his investio 

gation was limited to the study of dynamic character» 

istics of substructures only. 

However the dynamic' characteristics of 

reinforced or prestrssed concrete bridge with long 

cantilever arms on both sides of the eubsett*x 

substructure has not been studied. 

1.3 Objectives of Investigation 

(i) To study the dynamic behaviour of 

the double cantilever bridge experimentally and 
analytically. 



(ii) To compare the dynamic properties 

and amplification of acceleration of bridge model 

when it is fixed at the base to those when it is 

embedded in dry sand of predetermined density upto 

the assumed scour level. 

(iii) To obtain the dynamic response of 

the prototype bridge for a typical earthquake motion. 

1.4 scope of the Thesis 
A perspex model scaled down by a factor 

of 83.33 was prepared to study the dynamic behaviour 

of the bridge experimentally and analytically. The 

natural frequency, damping and dynamic amplification 

of the model in fixed base condition has been compared 

with those when the bottom, of the well is embedded in 

dry sand below scour level. . 

Live loads on the deck of the bridge have 

not been taken into account and the section of the 

bridge has been assumed to be simple. The suspended 

span between well pier-girder assemblage has been 

replaced by half of its dead 'weight at the end of the 

cantilever arm. 

A certain quantity of water will vibrate 

along with the bridge, during earthquake motion but 

this has not been considered here because the effect 



of water can be found separately and the presence 

of water makes experimentation difficult. Since 

the shake table could be vibrated only in one 

direction, the model was turned in its shoe for 

vibration along the longitudinal and transverse 

axes. Vertical vibration of the bridge has not 

been considered. 

Analytical investigation into the 

. 	dynamic behaviour of the bridge model was carried 

out by Rayleigh's method lumping the masses along 

the body of the bridge at discrete points. With'  

the help of analytical results of the model, dynamic 

response of the prototype under the spectral displace-

ment of ElCentro May 18, 1940 H earthquake N-S 

component reduced to 0.349 times has been studied. 

1.5 Notations 

The letter symbols are defined wherever 

they appear first in the text. Important symbols 

are however given here in alphabetical order. 

A 	- area of cross section of the well model 

Ec 	- modulus of elasticity of concrete 

Em 	0 modulus of elasticity of model material 

Ep 	 4- modulus of elasticity of prototype 



g 	 0 acceleration due to gravity 

I 	moment of inertia of the section 

K 	stiffness of the element 

L 	length of the element 

m 	mass of the element 

n 	scale ratio, the ratio of linear dimension 
of the prototype to the corresponding. 
linear dimension of the model* 

p 	00 natural circular frequency of the dynamic 
system 

T 	- time period of the vibrating system in 
seconds 

- damping f actor 

mass density of the material. 
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CHAPTER       2 

MODEL FOR IWVESTIGATIDI 

2.1 Scale Relation 

Stiffness of the protoype = 	= 	/ Im 
St if fiièss of the model  k  1L  (Lm)s 

and 

Mm 	Q,, AMLM 
 

in 

where, 

K = bending stiffness 

9 = modulus of elasticity 

I = moment of inertia 

L a length of element 

P = mass density of material 

in = mass of the material 

p = natural circular frequency 

(Subscript p refers to the prototype and in 

to the model ) 

From above it can be deduced that 

Pm n 	m Q~ 

n being the scale ratio. 
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2.2 Choice of the Model Material 

For reinforced concrete girder bridges 

the Japanese Code 'Specification for Earthquake 
Resistant Design of Highway Bridges-, Japan Road 

Association, January 1911 gives the following approxi-
mate formula for fundamental time period 

I  h3.h 

where. 

~1p • = weight of the pier, tonnes 

~1  weight of the superstructure supported u 
by the substructure, t 

flexural rigidity, tm* 

g = acceleration due to gravity, Wsece 

h = height of pier , m 

In the present case of prototype bridge 

3~u u 3528 t 

W
P 

*2 11000 t 

h = 75.5 m from the base to the underside 

of the girder 

Assuming that the concrete in girder, pier and 

well is of grade M 150, for which 9 o 1125,000 t/m2, 



0 

and I a 1000 ms 

T a 1.86 secs 

Pp 	* O.54 cps 

Now come to limitations of testing:- 

1. Dimension of the shake table was such that 

the length of model could not exceed 1.4 m. 

2. The forcing frequency with the available 

equipments could not exceed 40 cps 

,, 	per Since n =j 	 c 
r Pp 	'n 

keeping p a 40 cps. 

Q  ~ 

_____ 
= 74j 

m Qp  m p 

Keeping fabrication in view, steel cement-sand» 

mortar and perspex alone were considered and values 

of n were found to be 31,74 and 96 respectively. 

As such it was found that a length larger than permi.- 

ssible was required for steel whereas casting uniform 

sections as thin as 3 mm with cement sand mortar was 

impracticable; therefore the choice narrowed down to 

perspex. Besides, perspex has several advantages 



over other model materials. * it exhibits linear stress 

strain relationship in the usual range of strains 
used in the models and the modulus of elasticity is 

quite low so that measurable strains and deflections 

can be obtained without requiring large loads or 

significant changes in geometry. It can be machined 

using the ordinary equipments of a machine shop with 

occasional slight modification. 

2.3 Choice of Scale 

Since the smallest thickness in the 

prototype was 250 mm and the perspex sheets were 
available in thicknesses of. 3mm, 6 mm and 12 mm, a 
scale ratio of 250:3 from prototype to model was 

adopted. This scale gave the length of bridge model 

as 1390 mm which could be conveniently accommodated 

on the shake table. An equivalent octagonal cross 
section of the well was chosen in-stead of circular. 
for a convenience of fabrication and testing 

2.4 Properties of the Model Material 

To determine the modulus of elasticity 

of perspex, two specimens, each approximately 40 mm 
wide and 400 mm long from 6 mm and 12 mm sheets were 
cut out. Beam tests were performed and the results 

are shown in tables 2.1 and 2.2. 



Si. 
No. 

45 «• 

TABLE 2.1 

DEFLECTION OF BEAM SPECIMEN (7 mm 'HICK) 
UNDER POINT LOAD 

Si. 	L 0 A D I'NC~ 	 UN L O A U I N i 
No. Loa opt , DialDet1ectbn, Lead on ial.. 	Deflection 

,pan gm w reading ; (mm) 	x pan gm 'reading r (mm) r 	 r 	 e 
f vmmr 	; 	 t 	 t 	 t 

1 Initial 608 • .800 448 

2 200 577 „26 600 475 .27 

3 400 535 .73 400 1517 .69 

4 600 490 1.18 200 557 1.09 

5 800 448 1.60 Pan'* 600 1.52 
wire 

TABLE 2.2 

DEFLECTION OF BEAM SPECIMEN (13 mm THICK) 
UNDER POINT 'LOAD. 

1 Initial 851 - 	1500 .801 	• 

2 500 840 .11 	1000 808 	.07 

3 1000 820 .31 	500 833 	.32 

4 1500 801 .50 	Initial 855 	.54 



..16 ,E 

Fig. 2.1(a) and (b) show the variationOfdeflection 

against the applied load. 

ELASTIC MODULUS OF PERSPEX FROM BEAM TESTS 

Beam data 	 Beam (a) 	 Beam (b) 

Width 	 40 mm 	 39 mm 

Depth 	 7 mm 	 13 mm 

Distance between supports 308 mm 

Distance of point load from left hand support = 150 mm 

Distance of dial, gauge point from left hand 
support 	 = 158 mm 

Least count of dial gauge 	 01 mm 

Modulus elasticity of perspex from test on beam (a) 

23200 kg/cm 

Modulus elasticity of perspex from test on beam (b) 

a 226109 kg/c 

Average value of modulus elasticity = 22600 kg/cros 

The weight density of the perspex was found to 

be 1.2 gm/cc and Poisson's ratio was taken to be 
0.36(12) 



2.5 Method of Fabrication 

Girders and piers were fabricated from 

pieces of appropriate sizes cut from sheets of 3 mm 

and 6 mm thicknesses. The joining edges of the pieces 

were machined and polished smoorth so that no air 

bubbles were left when joined by chloroform. 

The wall thickness of octagonal well was 

24 mm whereas the thickest sheet avaialbe was only 

12mm. So sixteen pieces were cut and join*d giving 

eight pieces of 24 mm thickness. For this special 

care had to be taken so that chloroform reached all 

the places and no air bubbles were left. After the 

pieces to be joined were placed face to face, three 

sides were sealed with adhesive tapes and chloroform 

was injected through one of the sides, usually a 

long one. After the fluid reached all over the joining 

surface, the pieces were pressed hard by clamps so that 

extra fluid and air bubbles were ejected. Then 

they were machined to accurate sizes and angles. 

After polishing the edges of all the eight pieces, 

they were carefully joined to form a well 800 mm long 

and having the Bross section shown in Fig, 2.2. The 

girders were joined to the piers first and then they 

were joined to the cap. Fig. 2.2 shows the longitudinal 
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section of the model of the bridge, sectional plan 

of the piers and the cross section of the octagonal 

well. Cross sections of the girders of 2 Lane bridge 

and 4 Lane bridge are shown in Fig. 2.3. 

After testing the well alone statically and 

dynamically, and getting satisfied that the well 

behaved as if it was of monolithic construction, it 

was Joined to the well cap, pier and girder assembly. 

In the first stage only two lane bridge was prepared 

and after completion of all the tests on it, the 

remaining parts were connected to form the complete 

bridge carrying four lanes. 

At various locations, holes were drilled 

and threads cut so that acceleration pickups could be 

attached to the model, Fig 2.4 shows the pick up 

location on the model in the longitudinal and transverse 

directions. A shoe of octagonal shape was made from 

steel angles 40 mm x 40 mm x 6 mm welded to a plate 

300 mm x 300 mm x 12 mm thick to provide a fixed base 

to the model. Corrugated aluminium strips were placed 

between the faces of the well and shoe angles and the 

well was tightened by bolts. 

11 
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CHAPTER 3 

TESTING PROGRAMME AND RESULTS 

3.1 Types of Vibration Tests 

Two types of vibration tests were conducted 

on the bridge model under each base condition - the 

free vibration tests and the steady state tests. For 

first the model was given a light jerk in the hori-

zontal direction at the top. The acceleration at 

desired locations were recorded by acceleration 

pick-ups connected to pen recorders through amplifiers. 

For steady state tests a Lazan Oscillator was mounted 

on the shake table. The amplitude of vibration was 

adjusted by varyigg a eccentricity of the knob and 

the frequency was changed by varying the resistance 

in the power supply unit. 

3.2 Arrangement for Different Tests 

For fixing the model at the base, a base 

plate was prepared wherein eight pieces of angles 

(40 x 40 x 6) were welded. Corrugated aluminium 

packing strips were placed between the model and 

the angles and the strips were then pressed to the 

surface of the model by means of bolts. The base 

plate was then secured to the shake table by means 
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of 20 mm diameter bolts. For applying horizontal 

load at the top of the well, a thin aluminium strip 

20 mm wide was fixed round the octagonal well and a 

flexible wire was connected to its and as shown in 

Fig. 3.1. Wire went round a frictionless pulley 

and weights of different denominations were placed 

on a pan connected to it.at the end. Fixity at the 

base was checked by applying horizontal load at the 

top and measuring the resulting deflections and then 

comparing them with analytical results. 

It was found from laboratory tests that the 

maximum density of the available sand was 1.68 gms/cc. 

Mark at 150 mm height was made on. the side of the 

table. Sand required for filling a depth of 150 mm 

was weighed and. poured in the tank. The top surface 

was made level. The knob of the oscillator attached 

to the table was kept at maximum eccentricity and 

the table was vibrated for about 90 seconds, by which 

time the top surface came to the level of the mark. 

The model was inverted and sand was poured to a 

height of 264 mm and the bottom of well was closed 

with a cap. The model was then placed on the sand 

bed in appropriate position and direction. Subsequent 

layers of sand were weighed, poured and vibrated 

inthe same way. Thus the model was embedded in dry 
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sand of required density. Fig. 3.2 shows the bridge 

model on the shake table. 	The base is shown 

embedded in sand. A pick up and recording arrange-. 

ments are shown in the back ground. For changing 

the direction of the mddel the entire process was 

repeated. 

Since there were only three pick-ups 

available and one had to be attached to the base of 

the shake table, the whole range of tests with model 

in one particular direction had to be repeated a 

number of times to record accelerations at all the 

desired locations. Pick-ups were calibrated before 

and after each set of experiments. 

3.3 Experimental Results 

(a) Static Tests 

(3) Static test on well alone fixed at the base 

Stiffness of the well model having 

fixed base with respect to horizontal load applied 

and horizontal deflection measured at 10 mm below the 

top of the well wad determined by this test. Table 3.1 

and 3.2 give the horizontal deflection at 10mm below 

the top of the well against horizontal load applied 

at that point. 
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TABLE 3.1 

DEFLECTION OF WELL DUE TO HORI3~NTAL LOAD 
ALOI'3 XX AXIS ( FIG. 2.2) 

Load on pan ` 	Dial gauge I * llial gauge 1 .Dial 	au e.3 
biaI de 	ec onIDial 'de ec- ; Dial 	; de ec- 

()? ;reading t 	mm ;reading ;tion mm ;reading 	; tion mm 

Pan itself 098 - 100 - 09 0 

2.275 86.5 .115 96.0 .04 09 0 

4.550 74.5 .235 92 .08 09 0 

5.550 69.0 .28 90 .10 09 0 

6.550 63.5 .335 88 .12 09 0 

TABLE 3.2 

DEFLECTION OF WELL DUE TO HORIZONTAL LOAD 
ALONG YY AXIS (FIG. 2.2) 

Load on 
Pan 

'  
Dial 	 ction 

' re din 	' 	mm 	' 
Dial 
reading 

UNLO ADIN G  
, 	ec ec ion 
' 	mm 

Initial 93  - 90 - 

4.760 70 	.23 65 .25 
7.035 57.5 	.355 53.0 .37 

9.310 46.0 	.47 43.0 .47 
11.310 35.0 	.58 35.0 .55 

Note: Fig. 3.1 shows the test set up and the position of dial 
gauges. 
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zontally at 0 as below tat top of well and horisontel 
efl+ t -was t* a 	sir ;off. Table $ and 

3.4 give the deflection in * against the applied load 

and del loc on against load diagram has been plotted  
Fig.. 3.3, 

TA0L 3,3  
LOAD DEILBCTZON TEST OP WUU.  wzm CAP 

Load along XX .xis (Fig,2,2)  

Initial 	991 	 O 
2.215 	 .06 	653  
4.S) 	1.91 	150 	1090 

6.825 
9,100 

600 

510 
3.11 
4*21 

060 

960 

2,90 
3,90 



TABLE 3,4  

LOAD DEFUTI0N TEST ON -0" WiTh CAP 
Load along yy 04$ (P i9.2.2) 

Initial 871 • 810 
2,275 820 Sl 790 
4.55 716 1.55 686 1.64  
8.825 600 2,63 592 2.00  
9.100 500 3.71 500 3.70  

Not* s Fig# l shy the test set up and thi position of 
dial gauge. 

The average e ' stiffnu*es in iOnçttudinal and transysr0 
direction it this **** was fwd to be 22,0 /am 

(l ii) Static test on the Wide* mod#& with to  
Ian*$ of oupexstructuro baring the base eddad in d $844 

upto scour Zivel. 

Horizontal load was ap i*i at the top of w11 
by means of a thin wire going over a I rictionless pulliy  
attachid. to the edge of the shake ale. The deflection  
against the sarresponding 'horizontal load is given in TOMM* 3.5 
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?ABU 3 5 
DEPLETZON NEAR TOP W WELL AGAIN T HORZZOUTAL 
LOAD APPMED C N ' II 2 LA% MUM ZL EM!)RDD7 
IN 311 U?TO $x*J* L rya  

Lord an Pon ) Dial r*a 	Do t1►cttan r 

initial 	643 
2 	 633 	.13  
4 	 602 	.46 

333 1005 
8 408 Z.63 

k0 100 3.48  

The load d l ect . ds9ran  has been plotted is 
F1q, 3#4 

(b) Free Vibration T s s 

(1) Free vibration toot of well *Ion* hsvti  
fixed basø  

After fixing the Well aodd at U• 
base a light j r Was lvi* to t near the top, lg 3 ► 
shoes the type of 	 tarred by the pin recorder. 
Natural frequency in the lengtudinal direction (d drec. 
Lion) Maasfoind to be 38. apeand the d n ping factor  was 
00 0 Zn the a vs se direction (YY dir.ctio$ *I" the 
Situ rat frquescy was 38.5 5 	but the d g factor  
was .093. 



i IF"* vibration test of the 24.an 24.a brie 
having fixed bass,. 

A 1 	j• as given to the iodeJ 
At the and of  the s.ntUfrev*r saw for ixcitation in the 
longitudinal diz on and en the wb of the gtr 
above the plot ter exaltation in the trsnsvórss direction. 
Fig, 35 show the curve generated by the free ibrattons. 
In the longitudinal dirction the natural frequency was 
found to b35 cpa and disping factor was .06 in the 
transverse direction they were 213 rope end .00 respectively. 

( ) Free Vibration its of Z4an bridge havtn9  
bø. adisddd in S*nd upto a depth of 264 art. 

Fig, 3,5 show t the face vibration 
record In the langitudinel and transverse direction. The 
natural frequency and doping were found to be 30.5 Cps 
And ,CI1 respectively in the longitudinal direction While in  
the transverse direction they were 22.8 cps find .00  
respectively. 

v The flex vibration test of the 44* bridge 
having fixed b** 

The model was excited by tspLng the 
and of the cantilever axe,. Fl%, 3.6 shows the curve  
generated by the pen. recorder, The natural I r.uency 
of vibration in the longitudinal direction was 21.2 cps 
and 4a ►ing f xctor 0.0$ while in the transverse rs direction 
they were 213 cps and .06 respectively4 
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C,) The f"* vibration tart of 44ens bzidg, 

tha base uptO a ep 

The d.l mat excited in the longitu. 
dmrr4 and 'transverse directions by giving light j.rke  
at the vrtical and of the girder, for excitation in  
the longftaidinsl direction. Zn the transfer direction 
the model s towed at the top of the girder above, 
the pIer, Pro v b 	a records s. shy In 
Pig, 3.6,E  a $$ fraquancy and diiping factor  
the longitudinal direction wer. found to be 20 ops 
and .08 and in the ecsv*e direction the were 
27 Cps and 4respectively.  

Steady 	• T 
(I) Steady sate tryst of 2.L5 n* bridge cod 

hang fixed base* 
Fig. SO show t Intl 	the 

Ratio of ,cc4*.tion at different points of the 
bridge to horizontalacceleration and the forcing 
frecsncy. 	the 	* it is sean that first 

* ,nt frequency to nearly 21 cpa and the sscod on. 
►s. Horizontal socaleatlo n iopart.d at 	 base 

of the model LI aognUtad to Homy four 	near 
the top of s*,stzuctur., The vertical acceleration 
at the tip of centUever somas asst 7 ti*s$ the 
on onta1 base acceleration at the moizont of resonsncs, 



In the t ansverse direction ohly one resonant 
frequency is rscognisabls In the range of forting 
frequency possible with the available equipments, 
Response curve Is shown In Five 3.10, The resonant 
frequency in this d1retion is seen to be 27 cps. 
Acceleration at the top of the pier was nearly 
twenty time that at the bass, Even at the top of 
the well. theaccelerationwas magnified nearly 
7 times. 

1f) Steady state test of two lane bridge 
modal having base embedded in drp sand 
upto a depth of 264 aen. 

Resonance yes for vibration ter 
are showfl in figure 3.9. Here tool, two resonant  
frequencies are easily oven in the long tudinal 
direction,, 	The first resOnant frequency is 23 eps 
and the second one is ►bout 33 cps* 	In this Casa the 
sccslor too near the top of the b.'.fdg. to seen to 
be approximately 3 times the base acceleration and 
the variation along this height is almost linear.. 
Her acceleration  magnif cation ,hrywh.re on 
the substru ctu a to lass, coarsd to the fixed base 
case, On the cantilever arm the vrtical acceleration 
Is magnified to nearly nee times the base acceleration. 

In the transverse direction the resonant fre- 
quern Is seen to be nearly 27 cps and there is no 
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Other ssonflt frequany ii the eyp•ri*sntsl rang** 
Horizontal acceleration at the top of the poe IS 
nearly seven times of that at the bass but at the 
top of well the ratio reduces 	ear y 3.. 

(III) $tesd,r $tat* test of the 4 ane bridge 
medal aedel havi fixedbast 

R.sonee i curves in Pig. 311 shows 
that the first sonaflt frequsriy to nearly 22 cps, 
Horizontal acceleration at the top of well Is 
approximately 3 time* that at the base and the 
variation i 	ong the height is linear but sbee• that 
the aeceletion is seen to be nearly,  constant, In 
the cantilever 	the do of vertical acceleration 
to the horizontal sce.leratioss at ' he base is nearly 
$050  

in the transverse direction the ftrt resonant 
frsquoncyisssentobs.sslowasl7, However  Howeverthi 
horizontal acceleration is minified nearly six times 
at the top of the well sad the variation along he 
height is li 	. 

(iv) Steady state test of the 44 ns bridge 
dal havIng bas* in dry sand ter 264 m. 

The first  natural frequency to seen 
to be 21 ops sd no o' et resonant frequency could be 
seen, Horizontal st the top of the girder Is nearly 
twice that at the bas* and the Variation is eerily 



l in*a, along the height, Zn the cantilever are the 
ratio of vertical acceleration to the horizontal bass 
acceleration reached a value of nearly? near the tip 
of the cant , evers 

In the transverse direction the first resotisat 
frequency is nearly 23 cpa. The ratio of horizontal 
acceleration at the tOp of well to that at theba** is  
nearly 3 and the variation along the height to Zineazt. 

S,4 Interpretation Exp 	tsl Result* 
(a) Stttio Tests 

stiffness of the well 	 two p 
dicular directions was the *see thdioating that the 
pieces were joined well to that It + av*d as U it was 
monolitic ' sort of th. asp to the wall Increased 
the stiffneas of the mil, h, load deflectIon dia ras 
is linear % blob seans that the seas bihav*d cacti. 
caUU . But In the erae of dared the load deflction 
diagr as shown In Fig* 3.4 is nonlinear  right fto 
th. Start and the resistance providsdby send *leost  
vanishes at a very small load# 

(b) Erie Vibration T is 
Natural frequency  of the well is *son 

to be the same to two ps 	t Oar directions but the 
damping differs, This difference say be sccoutad to 
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the fact that the, friquescy Is high and 	u ! is • 

csnnrt be done ascurately. 

Natural frequency is the, longitudinal direction 
for t ia» bridg• was higher gran that in the trans. 
verse direction,,, Appaaeny the natural frequncy  

istted was not the f as tsl one. Put in sas* 

of the cots midge natal frequency in tlongi.  
t u insi direction was lower. Da m► varied it 
6 to 10 	Net ch differ cs was soon b► twsen the 
fixed baser case and base 	dad in sand sae*.ss 
regards natural fr.t.ncy and 4004"„ 

c), steady Sut. tests 
The first resonant frequency If the, 

longitudinal dird ion is Son to be lowsr then that 
In the, transverse directiin. this indicated that the 
cantilever ares tnfh,aàfld the dynamics pees 

app rutably, Ratio of horizontal acceleration at the 
top of the vies to that at the bass is note itt the 
transverse direstion, Ratio of vocal acceleration c 
at the tip of the cantUU+ er to th. bass acce1ritiott  
is higher to tø en. bridge, Dynasts properties Of  
the bridge fixed at the bass *re very close to mss 
when it Is + bsddsd in send upto scour lam, 
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The gist of the result. 1" mimic t is to gIV* 
blow In labia $*Go 

TABLE3,6 

DWAIAC PW"JM ES O1 'x`18 BRXLOE 1PEL 
FROM E XP RX1 r 

	

o 	 frequancj ration Intl*" 

	

er 	 }s 	ratio ido at  
top at' R`P 

2 Ion* bus 
bz4g. .fi* 

L1ong. 35.0 .06 21,33 4 7 

Trans. 280 40 

2 	brig 
b*s* in sand 

30,5 •U7 23,33 3 9 
Trans. 22.$ * 7 

r« 

	

bridge 
bzs fixad  

Long. 21.2 .00 22 3 '3.5  
Trans. 20 .06 17 6 

44*M bpi 
b*$s in sand 

Long& 20 .08 
Trans.•  27 .100 22 3 
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AKR,ANQ9M£NT FOR, ECOWING VI(3R.ATION 

ON ADGE MODEL 
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FREE VIBRATION RECORD OF 
SAND UPTO 264 mm 

2-LANE BRIDGE HAVING 

p - 	D 

S =Q.08 

BASE EMBADDED IN 

p = 35 cps 	 p = 3 8 cps 

5 = 0.06 	 =0.08 

FREE VIBRATION RECORD OF 2 LANE BRIDGE HAVING FIXED BASE 

LONGITUDINAL MOTION 	 TRANSVERSE MOTION 

LONGITUDINAL MOTION 
	

TRANSVERSE MOTION 

FIG. 3.5_ FREE VIBRATION RECORD 
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FIG.3.4_LOAD DEFLECTION DIAGRAM OF BRIDGE MODEL 
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p .55. 5 c/s 	 p = 5 5. 5 c/s 

S =0.09 	 =0-07 

FREE VIBRATION RECORD OF WELL ALONE FI XED AT BASE 

TRANSVERSE DIRECTION 	 LONGITUDINAL DIRECTION 

p=21.2c/s 	 p =28c/s 
S =0-08 
	

S = 0.06 

FREE VIBRATION RECORD OF 4—LANE BRIDGE 
HAVING FIXED BASE 

LONGITUDINAL DIRECTION 	 TRANSVERSE DIRECTION 

 

P = 20 c/s 

S =0.083 
S 

FREE VIBRATION RECORD OF 4—LANE BRIDGE 
HAVING BASE EMBEDDED IN SAND UPTO SCOUR LEVEL 

LONGITUDINAL DIRECTION 
	 TRANSVERSE DIRECTION 

FIG. 3.6_ FREE VIBRATION RECORDS 
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1UAZI1  

ThEORUCAL. 1NVESflGATIOI MD RUMTS 

4.1 Gen.r4 

Sins.  sub anti4 proportion 	 the sass of.  

the midge is distributed over the csntil.vu arM 
which undergoes hrt*ontslas 091 as vertic4 displace. 

sent during Aonqttudtt *fin of the bridg, the 
Usual s.thod of bang • shear on 	' applicable to 
stack Uk. 	ur. can not ho used hue, so Rayleigh" s 
saShed has been "played to ealculat. fundaaintal natural 
I reqiancy of the midge 	sic response of the 
prototype his barn worlid out for * typical ssthaaks 
actin 

4.2 Dititli Of Analysis  
1 c deflection of the well 	 flited  
at the baa. 

F s ca 	.-r. deflection at the f e* 
end, 	r 

?r e" P Its the appliad transverse lsd AA 
t ond of tht cant 	of i r1.th re 

G to the lulus of rigidity 
is is the, shape t*ctot for .a 

defined as 

tAt L1C 'y "WISITY OF ROORKEE 



-Is'- 
#6 	q2 

A 	
dA 

For a thin tube do  a 2.0 

G a 1)
0 2(  

Here L rn  790 
E 226kg/mm' 
I * 20.8 , 10,6  mm4  
A - 9860 um 

Putting th* above vaiuø 

F, * 26 ks por on 

(b) Natural frequency of vibration of the well alone 
fixed at the base 

• We have the well known relation 

pa 

Where ml. ii 1.875 for cantilever 
2 * 226 kg/=4  

1 *20.8x106 mm 

A 	9860 am* 
9 * 9810 	e' 

1.2 gm/cc * 3,2 x10 glop 
L *00mm 

Substituting above values 
p 
I 
 a 344 radians/s.c - $4.7 cps 
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(c) Natural frequency of the bridge model 

To applyRayleigh' s method to calculate the 
Sint fun aeta1 frequency in long udioal direction, 
sass's of the bridge model were lumped as ,how In 
Pig, 4.1. Loads eia1 to fights of various mass** 
were applied on the mass point$ aS shown In the  
figure. Parcel and ' resin t deflections are given  
in !able 4.1 and 42. Por transvereø vibration the 
mass of the sear superstructure was 1UflpSd at the 

centre of gravity and is denoted by mass 8 

TABLE 4.1 

HORIZCNTAL DEFLECTION C1 T *)DEL ZN TRANSVERSE 
DIRECTION DUE TO WEIGHTS OF DES 1 TO 6 APPLIED 
HORZTL 

f air 	.._, 	etuir 
in 

1D4 a 
ItL 

T6tc N ture Deflection 
No. gin , In gin ( 	;) 

Mare. .002 1860 Hoene, *002 
2 1860 *034 1860 " *028 
3 1860 * 1860  
4 1860  1860 *139 
5 1860 • • «22 1860 .20 
6 280 .24 280 .21  
7 342 ' .296 171 * .247 

8 3278 0.318 1750 .288  



TABLE 4.2 
DEPLECTION OF THEMODEL IN 	XTLDINAI. DIRECTION 
DUE TO WEIGHTS OF MSSE$ AS SHOWN 1K FIGURE 44  

s$ 	Forct 1 Nt 	 ac +~r►  
No, ' 	n~ 	i 	In 	g m M 	hA 

1 1860 Ho 	.z. .002 1860 Hortz. .002  
2 1860 .038 - 1860 
3 1060 .116* 1860 0 
4 1860 " .217 • 1860 ' 456 ► 
5 1860 *325 • 1 .228 
6 280 # - 280 * .248 
7 342 "'' ,43Q • 371 297 
$ 3218 .050$ . 1750 i 434Ø a 
9 

28 66 Vert. .508 .07 33 Vero r o 
.29 165 • .7 +3 0 ' 	' *450 
30 176 " *o" .639 98 " 392 
31 195 " '" .498 1 " 37 
32 205 " 0 •378 U3 .230  
33 2V .161124 a .15  
34. 236 * .140 127 0 i 09 

35 124 , 	I0 1O ' .036 
36 124 • 0 70  
37 23 .440 127 0 •«07 

38 227 '..181 124 & * 4.359 
39 205 * * .378 113 0 w* 
40 195 •-.4' .t3 ' «w*307 
. 176 • .639 98 v -, 39 

42 165 •►.7" " ' ' -.450 

r + x I» h4 .means the hcrzonta1 deflection of =sus I. 
Means the vertical deflection of mass 1 

2. vertical deflection downward is taken positive. 
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'Here o1y the funda*.ntd arns of vibstion  
has been con dsr.& The nsuZt of sn4ysis is given 
below to table 4,3. 

TABlE 4,3 

rxc 	$I1D E 	! ?ZXØD PT SA31 

Description 	i .1 PZGtO 

4 Lane flridg• 
Longo 	20, 	«392 	2,55 	1.73  
Tr an*, 	 . 	*582 	1.72 	3* 

idge 
Wig* 	20.1 	•.52 	1.92 	3.2  
trans. 	34.1 	.355 	1.0 	4*9 

Note I The natural frequency of the has 
been maculated free the r4mtien pj 
derived e*rltez 

Ground Nation Chosen for Response CalSulation  
The di l►ac nt spectra of the ff3Cintro  

earthquake May 1$ 3940 P4.5 coonntreduced by s factor 
#349 his been adapted for response 4cuiatioø. The 
value* of spectral dtsplssnt,for different tin period* 
are ftven In to bl 4,4, 
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Natural frequency is calculated from the relation 
h + Wj  V 

Whore + is the weight of mass t 

The rGepoisI in the rth 	* of vibration dus 

to earthquake motion can 	obtained from 

Xr, * CX XX  Ste,. 

whore 
3, 	Dynamic response desired  whi may be  

ddlec t n beading rent, *hear or ,any 
other quantity. 

Cr  * de parti ipation factor 

L 
M,de3 Values of dsfl ction bending mom*nt 
or any other quantity under consideration. 

y 	0 horizontal dlsplacen*nt of 0986 m at I 

in rth 	* 
N * Number of masses 

Spectral displeerunt In rth rad ► of 
Vtbratio 



hers only the fs*.nt4 We of Vibration ►e rn 
has b nsidmrid,. The result of analysis is gLvow 
below to tsbl* 4.3, 

FUNDAN—AL W11CY ABM JIODE MIT1CIMflQN  
P9 CTOTt MR $IUDs E 	$L !IXED AT BFSi 

406 	 typ  

4 Lon* ridgy 
Long. 	20.4 	„tit 	2,$ 	1.73 
Trans. 31,4 .5 2,72 3,96 

2Lsn*bddge 
Long, 	2e l 	•.32 	1#92 	3.2  
Ttsn 	34.8 .S5 its 4.9 

Note, i Thanstua frequency ofth, prototyp has 
boons Witedfrom the relation pjp 
dsriv.d esr1i.r, 	 p 

Gouty Metion Chosen for *5 rs$5 l of . 
The dispinc.iisnt spsdra of the ElCentro 

sane May 2940 NøS cam t reduced y  a factor 
.349 has been adopted  ediptad for response 4cu2*tion. The 
value. Of spectral disp2ase..nt5for different time periods  
are ±0;tv+n In table 4,4,. 
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TABLE 4.5 

14MIC RESPONSE OF THE P OTO1?PE BRIDGE 
TO SELECTED E R U E TI (4 LANE BRIDGE) 

	

i9ht 
	Bending j Shear ! defiec4 Bending 	. deflection 

	

baset 	ra 	force I ti on 	m 	force 

 

J6_  4  A.  A.~ 

0 53963 615.2 0 43492 	8.7 0 
6.71 49469 675.2 3849 	668.7 .4 

20.04 40458 674.4 8 3C.95 	0661.5 6.6 
33.40 33.E 6,59, 26.5 21440 	641.8 11,2  

46.70 23482 614.1 50.0 13422 597.8 32.0 
6Q,03 16437 529.1 74,0 6756 504.8 44,0 
67.2 13532 402.1 81.4 4018 376.8 48.0 
71,' 11868 381 98.0 58.8 60,0  
79.2 9188 350 116 0 324 63 

on can. 
t ilovar 
from 
Cent: hL Sri 

0 4594 114.8 116 0 
5 4024 114.€ 0 335 

11.6 3264 U.2 " 	, 31.6 
19*93 2326 106*2 0 36.0 
28.26 1566 9805 ''  85.0 
36.6 883 82.0 113,0 
44.93 363 61.' " 144 
"3.26 54 37.7  
57.93 0 11.5 " 189 



TAE 4.6 

it
M  . 	I mouit I 	 I aoisantj fozc* 

0 22602 422 0 37016 0 
6.11 20484 422 .32 32902 609 .4 
20.04 1621.2 420 4.0 245 607 8.4 
33,4 1.O1 410 1.3# 17040 'o 17.0 

6  46*70 280  t VA 31. 0 
5403 223 37,4 4487 414 45.0 

67.2 4493 1.40 41.E 248 231 47.0 
3880 126 49.0 1.640 232 5600 

19.2 2960 1.16 56,0 0 214 #MO 

Dtstsnc* 
on * 	10 tUlvn 
from V 

0 .9 1&0 0 5 12% 37.9 0 	6 L1,6 10" 37,4 0 	is 
9*03 751 33.2 20,26 490 313 ' 	38 

44.93 11 294  5 53. 16 11.6 0 24 02 



" a +ma c s*spo 1 has bean plottedf i9u s 4,2  
4.3. 

4.3 Cr1son of ExpftI*Mtal and ThSo*tic4Results 

stiffs.ss of the well 81+46 svin fixed bass 
with respect to*hertsont.i load appiiad 10 	 elow the 

top of well was ssursd to b 9.4 . but th 	caUy 
it was f'und be 26 k 	"pct I *W"v that tai. 

t ty if the base was not p` . 

The natrd fr c of the bei4e mot fixed 
*t ba*i obtatnid fro e 	and the corraspendIng  
resonant fr.qusncp obts$.i 	thoor ical *n.l s 
*%* tabulated below for "Wds 

TABU 40 

s ti 	ria.nt 	xlc$ 
frsasncy s 

4 Lam $rt i 
Long* 22.2 2 
Trans. 17.0 4 

2 Lone $ddge  
21*0 23,1 

Trans, 27*0 *$ 
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3 STANCE ALONG THE ARM FROM CENTRE LINE m 
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I. 	U* f"t ' b d 	' c.nt:l 	+fr 
the dy*asic response of bridge during 	 i in the 
longttudns& direction * istintial. If the design 
of such $ bridge is done by tho-  wdfo ddbf1m,  
dent mad considering the "tire stsrstzucturs l et 
at its sentre of gtsv ty, There will no dynes 

aoasnt in the cantilever are id the. per AA the fiction• 

But the foragoing dynøiiicae rl i indicates that the 
dynseic 	for * sistantiaUy reduced ccc 
rogeis 349 of the diaplsc,esnt ate of the e 

#£rthqusks of May 1., 19400 	c 	) in each at the 

cantilevir are is 31.3 of dead load aoesnt and the 

dyn*sic essant in the tk+ t the $wsctioa will be 

nu ri a Uy ice that mw** 

2. 	Ratio of horizontal stueratton at a point to 
the b r acc4sratin along the sistiructur. In sass of 
longitudinal  astien to lass when the well is 	added in 
•aød then whin It Is fixed at the b** level, but along 
the axe revers* take* pl*c 	The *stio of vertical 
•cce2erstien to the horAmMt rl. base acceleration on the 
uun .3 it are to higher when the base is In sand.  
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3 	The hortsontal 4Sf I*CtiOT Of **)retTUCtUfl  
in 4 aa"*  prototype bdd* to sow to be 116 as, The 
deflection `' the a.ntilsver ore of the saw Is 189 as 
at the tip. But for 2 Is OS W49# the 	 i ►n' . 
d * tion is !6 an but the vertical def1ect.Ls is 
i 

4. 	The wsit of s 	zucture in the 4 Uas* 
brie is n.ar1 doubti e' that of 2 Ions bridge but 
the dyna ,c *met at the junction  o ` the cantilever 
atM with the plot is nearly thrice in Case of Vii• 
tudi nil notion* 

s# ob.deont in soil insrsasIsthe dy 	c 	►n$* 
of t e cantilever am In areas where vertical vtbtatioa  
of ground have been xscotdd, This aspect need utmost 

It to re 	+ d i that the different **I condi. 
t ►f* may be considered 	 the base,. ' e vertical 
vibration Is iortant for such bridges and hanee due 
sphs$is shed be given to oak* cantilever era *t 

• against possible vertical vlbrstien. gamic analysis 
should be pe 'off for d ign of such b dgas located 
in earthquake zones. 
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