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ABSTRACT:

The Xistencc of quarries near residential areas is now
becomng inevitable. In order to protect building

Structures against quarry operations hazards, there is need
to quantify response of these structures to hazards. e of
such hazards is the dynonic |oads emtted and transmtted
through the soil and air nedia due to blasting of the rock
for its excavation. |In this research, effort has been nade
to nodel the dynamc |oads transmtted fromthe bl asting point
to the structure. Two path-ways are identified - air and
soil - for the transmssion of the loads onto a building
structure. An assessnent of the effect of weather conditions
at the time of blasting on the relative contribution of the

| oads travelling through the air and soil nedia onto a
building structure in the vicinity was made. Mdal anal ysis
was utilised effectively for obtaining response of a building

structure nodelled into an elastic, three degree of



freedom system

The research results indicate that structural damage is
essentially due to ground vibrations striking the
foundations of the building. This damage is quantita-
tively greater than those corresponding to air bl ast
hitting the super structure. Overall, the weather

conditions is found to affect the response in all cases.
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CHAPTER ONE

INTRODUCTICN

Nigeria a8 a developing country has been foced with
the problem of zenwtruction to expord kor citieg. This
has given rige to the opening of gquarries almost every-
where and the proximity of these quarries to residential
areas has become inevitable. There ia therefore the need
for a study of the effect of these quarries on residential
areas in their vicinities., These quarries are responsible
for the aggregates cbtained for construction and in
certain cases, rocks obtained from them are used for the
production of cement.

The process of obtaining rock material from its main
body requires the use of explogives to blast the mzin body.
The blasting has its effect not only on the rock bedy but
2lso on the surrounding structures. The interest here is
to find out the behaviour of a c¢ivil engineering structure
in the vicinity of a quarry. *

A structure located in the near vicinity of a quarry
responda to sets of londing conditions which are due to
both static and dynamic loads. The statie loads are due
to the self weight of the structure and scme other sets

of atatically imposed loads, while the dynamic loads could
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be duve +n rechinery within the structure oy due to the
blasting of rock at a nearby quarry, A dynamic load is
Prineipally defined -s that load whose time of rise from
zero to 2 maximum is less than double the natural period
of vibration of the structure on which it acts (63). The
response of such a structure to both the static and the
dynamic lo~ds is of importance to the structur.l engineer.
Herein, the concern is with the response of n building
Structure, located in the near vicinity of i quarry, to
the dynamic londs due to quarry blasting,

E.H. Rockwell made Studies in 1927 ,ng he stressed
the need for measuring vibrations from quarry blasting
(102). Tseng Huang, John a, Blume and others have through
the years tried to study the response of structures to
A6eismic loadings (98,8). Yhile others are working on
the response of structures to ground motion - mostly
earthquakes (12,57,94), others have concentrated on the
response of structures to air blast forces (24).

In quarry blasting these two forms of external forces
exist - 2ir blast ang ground vibration., Tt is the inten-
tion in this thesis to determine the response of a struc-
ture loaded aimultaneously by these two forms of dynamie
loads - ir blast forces and ground vibration,

A three storey building is treated in this work. It

-2 -



is examined using the small deflection theory which limits
the analysis to the elastic region of the stress-strain
curve., The analysis is done using matrix algebra which
has proven very effective. A computer program has been
written to use the matrix equations developed. Graphs are
plotted to show the variation of the response of the
structure with time and its relationship with the period
of vibration of the structure for the different forms of
input loads. The percentnage contribution, on the total
response, of the input loads on the structure is considered.
It will nlso be shown that weather conditions ot the time
of blast influence the maximum response. Suggestions are
made on how the knowledge of the properties shown could

be used to predict the response of a structure in the near

vicinity of a2 quarry.



CHAPTER T¥0
LITERATURE REVIEW

In 1905, Stephen Timoshenko published, in the
Bulletin of the Polytechnical Institute of St. Petersbury
a paper titled "O Yavleniyakh Rezonansa V Valakh (on
Resonanse FPhenomena in Shafts)" (96). 1t showed how the
effect of the distributed mass of n shaft on period of
free torsional vibration could be accounted for approxi-
mately using Rayleighs method on sound theory. This
marked the begining of vibration problems in Engineering.

The birth of explosives and their development for
mining purposes brought in problems of what effects the
air and ground vibrations resulting from blasting have on
structures of variocus types. This problem was observed
to be more acute for surface operations (20) such as
open-pit mines, quarries and construction projects that
are in the proximity of residential areas.

The first investigation carried out in the field was
done in 1927 by Rockwell (102)., From his instrumented
studies, he concluded that quarry blasting would not
produce damage to residential structures that were more
than 60 to 100 m from the quarry. He also pointed out the

need for measuring the vibrations from quarry blasting
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in order to establish the level of vibration as a function
of charge size and distance.

During the period from 1935 to 1942, the Bureau of
mines in USA conducted on extensive investigation on the
problem of seismic effects of quarry blasting (104,105).
This work wns summarized in Bulletin 442 (104) and aimed
2t establishing damage criteria for residential structures
which when exceeded results in some degree of failure
within the structure. This established » criteria based
on acceleration, aond labelled them as - vibration levels
below 0.1g: no damage, between 0.1 nnd 1g: caution and
above 1g: damage. Between 1949 nand 1960 interest in the
problem of seismic vibration from blasting and their
effcets upon structures continued to incrense and many
publications (16,17) were released. These investigators
tried to measure and/or annlyse the ground seismic waves
resulting from blasting.

It has been observed thot 2 lot of work has been done
on the problem of vibrations of structures in the near
vicinity of quarry blasting. Quarry bl.sting results in
the emission of two types of loads that travel through
two different media to nearby structures - air blast
pressure through ~ir medium and ground vibration through
the soil medium. The problem of analysing these two forms
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of dynamic forces on structures has been treated by many
authors and in each c¢ase = considered the response of a
atructurc to 2 single form of the loading condition.

In 1956, Schenker (116) presented in his paper some
aspects of the analytical procedures for computing the
recsponse of structures to dynamic londs. He trecated the
cnge of 1nteral loads, both the close coupled and the

ar coupled, for response. His cmphasis was on the
problem of joint rotation, deformation into the inelastic
ronge ond damping. In 1961, Burkhartt (15) prescnted the
vibration nnalysis for structural floor systems. This
nl80 considered lateral loads 28 dynamic input functions.
Tseng Hung in 1964 (98) studied on 2 more specific basis
and prescnted a study on the response of structures to
triangular pulse loading. This, of course, was treated
on the understanding that the londing was lateral, Chiu,
Henderson, Hart, lMorrone (24,3%1,35,67) in their pnpers
have presented the response of structures to lateral loads
such 28 air blast pressure.

The work on response of structures has not been
limited to that of its response to lateral loads such as
air blast pressure alone. Work hns been done extensively
on the response of structures to ground vibrﬁtiona. In

1949, Crandell (39) published his study on "Ground

= 1B -



SRR B ]
vibrations dus to blaéting}agd ité effect ﬁ;ﬁnlé£rﬁctures".
This pnper waeg aimed at helping the contractor establish
the -mount cf explosive to use so that no damage will be
¢cused to nenrby residentinl arens during blasting. He
gstablished the cnergy ratio concept which he defined as:

2

E-Ro =__‘2‘,,.2,_ ' ER] (2'1) .
- e

el T B

where E.,R. ~ Energy ratio
a = acceleration of ground wave
n - frequency. .. _
This wns related to distance and weight of explosive s

E.R. = {50)° o2k

censs (2.2)
(D)

Where D - distance in feet

C - weight of explosive in pounds

K = proportionality factor depending on the

‘ terrain which transmits vibrations :
Most)df the work on ground vibration has been aimed at
trying to define nnalytically the motion of ground
vibration reaching a structure. Frank Neuman, Kisarajd,
Byeroft, Oguntala {30,55,10,95) have presented in their
papers different forms of solution for ground vibration
records and the offect of soil medin modeling on the
obtained optimum result, In recent times the use of

: :;i"}'—i' FR
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response spectra has been suggested (9) as a reasonable
form of representing ground vibrations as input loads for
the analysis of response of structures to ground vibration.

A rcal structure cxposed to dynamic forces from quarry
blasting will not respond to either air blast pressurc
alone or ground vibration alone. The maximum responsc,
which is important to the structural engineer, will occur
as a result of the combined nction of these input forccs.
Work on this aspeet hns been done only at the instrumen-
tation level., The Bureau of mines in USA has organised
many investigations and presented reports on the maximum
response of residential structures subjected to gquarry
blagst loads. In the results of these investigations by
the Burcau of mines in USA many factors that contribute to
the maximum responsc of structures due to guarry blast were
not carefully considered. In some of its reports attention
was mainly paid to ground vibration alone,

It is the intention here to use the already establi-
shed modal analysis theory to determinc the combined
effect of ground vibration ond 2ir blast pressure from

quarry blasting on Civil BEngineering structures.
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CHAPTER THREE

LOADS

Ih order to determine the responsc of any structure,
the londs acting on the structure, referred to ag the
input functions, must be identified and determined. For
any structure, there arc two types of londs that act -~
dend loads and imposed londs, The dead loads include the
self weight of the structure while the imposcd londs are
the live loads on the structure. For a structure in the
near vicinity of o mining area with quarry operations,
the live loads include dynamic loads due to the quarry
blasting. |

Dynamic loads can be divided into two types -
periodic nnd non-periodic. The loads due 1o quarry
blasting are classified as n non-pericdic type of dynamic
londs. One useful defination of dynamic londs is that the
time in which the load rises from zero to its maximum
value is less than double the natural peried of vibration
of the structurc on which it ncts (63). The dynamic loads
discussed in this chapter are those duc to gquarry blasting.
The londs are tronsiont in nature and nre referred to as

Anpulsive loads.




3.1 IHE QUARRY

Ccnsider 2 quarry site 2s shown in fig. 3,1, A
structure in the near vicinity, as shown, of the blast
site is at o distance d from the blast. (d is between
60 to 100m).

When the rcck bed is bhlasted, two ferms of media are
used t¢ tronsnit dynanice loads to this nearby structure -
the air rmedium and the soil rediun, The dynamic loads
through the 2ir mediunm are due to air blast ot the time cf
blasting. The intensity and travel tirme of this dynanic load,
which is in the form of 2 pressure wave, depend consider:bly
on the atnospherie ccpditicns existing around the site ~t the
tirme of blast (112). In 1960, Perkins, Lorrain, =nd Townsend
published 2 repert (113) which shower th-t loeal atmospheric
conditions were responsible for the focusing of air blast and
that these fcezl peints were centres of sone danaze,

The dynamic loads on the structure thrcough the soil
nedia are neasured in the form of displacement, velccivy
and acceleraticn of the soil nasa at the foundation of the
structure. Due ¢ socil-structure interaction (80) the
structure's foundation vibratcs at the saie rate as the
s80il nass on which it is placed. The nature in which this
structure vibrates de-crde on the nature (mazrnitude,

direction and arrival time) of the input dynamic loads,
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The mognitude of the two input londs (forcing
dynamic functions) is discussed below.

3.2. AIR BLAST PRESSURE

When an explosion occurs, a circular shock front is
propagated awny from the point of burst. At any instant
in time the distribution of over-pressure (the excess
nbove atmospheric pressure) along 2 radial line is as
shown in fig. 3.2 (9).

The shock front travels with a velocity u 2and has a
penk pressure Fg, which decays behind the front as indi-
eated in fig. 3.2 (a). When the shock front strikes an
object such as 2 building, there is a 'diffraction' effect
producing forces which result from the higher pressures
due to reflection of the wave on the front face of the
object and also from the time lag before the over pressure
ncts on the face. At the same time the air behind the
shock front produces drng forces on any object encountered.
Thus the total lo~nding consists of three parts.

() The initial diffraction cffeet

(b) The effects of the general over pressure )

(¢) The drag loading.

At a fixed point on the ground the variation of
overpressure nnd dynamic pressure with time is as indi-

cated in fig,., 3.2 (b). The dynamic pressure P 4 is merely

- 11 -



given as:

P, 0.5, v* ceen (3.1)

i

where %1 air density
[
v - air particle velocity.
The duraticon of the positive phose t, c¢f over-pressure

and dynanic pressure can be found from (9):-

)
ey = (1437 eena(3.2).
T T2

where td -~ duraticn ¢f over-pressure
Y - Yield (explosive size)
The distance nt chich this occurs (referred tc as

the range) is found from (9): -

R, _ (v,)¥ 55
Eé = 5?é3 ceren(3.3). ;

where R - the range.
The veloeity of shoek front depends on the ?eak over-—

pressure Py and is pgiven by (9):
.  .§_

evee {304},

where U, - velocity of scund (n/s)
T, - atnospheric pressure (N/mz)

The rate of deeny of the pressure at a point on the




ground depends on the intensity of the peak pressure and
the positive phnse duration,

When the shock front strikes 2 so0lid surface placed
normal to the direction of shock travel, there is an
instantanecous increase in pressure nbove that of the shock
front itself. The total pressurc, which is normally

roeferred to ns the reflected pressure, is given by (9):

P. =25 (7p + 4p )
F P B

x so ( “o
7 000-0(305)
Po + Pso
where Pso is the maximum side-on pressure, and P0 the

ambient atmospheric pressure.

The reflected overpressure on the front wall decays
rapidly to a2 value corresponding to the side-on over-
pressure plus some proportion of the dynamic pressure, in
n time called the "clearing time" (time to clear face of
roflection effccts). This is shown in fig. 3.3 a8 ‘e.
The clearing time at a point on the front wall is a
function c¢f the shortest distance from the point on the

structure to the edge wherc pressures all spill around the

structure. The clearing tinme tc is given as (9);

tc = zfl 00000(3-6)
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Where a - the shortest distance described above
u - the velocity of the shock front.

ifter the clearing time, the pressure on the front wall
deenys to zero at a rate determined by the decay of the
gide-on overpressurc¢ nd dynamic pressure. During the
decay period, the pressurc is the sum of the side-on pre-
ssurc nnd dynamic pressure.

For purposecs of annlysis, the significant loading
parameters for 2 structure subjected to blast loading are:-

1. The peak applicd pressure Pr

2. The effective duration td of the load pulse,
considercd as n triangular load-time curve.

Extensive work has been done to establish air blast
pressure generated from detonation of explosive in quarry
operantions, Charts such ns the onea given in fig. 3.4
have been developed for determining the nir blast pressure
frcm such detonations of explosive in quarry operations
(112). The charts given in fig. 3.4 c-n be used to
determine the penk pressure P, and used 1s input loads

for structurnl annlysis.

3¢3. GROUND VIBRATION

Blasting at qunrries results in ground vibrations

which arce transmitted to nearby structures. In the near

- T4 =




vicinity of n blast, ground motioﬁs of sufficient magnitude
to cause significant struectural damage may be encountered
(33). Ground motion resulting from blasts nre transicent
notions often contnining a large number of frequency
components, ¢ - B

During the blast, compressive pressure waves are gent

through %he soil medium. The veloeity of travel of such

waves is given ns (9) - = . ff;-?;“QQ”.
g2 = A+ 20 eereo(3.7)
e P (s

L]

where gs -~ density of soil nmedia
G -~ shear modulus

;ﬁ- Lomes constant - regponsible for
lateral expansion. A constant of
cubicnl expansion,

The soil particle velocity associnted with this wnve is
given az (9). : o o

v}t - X VE 00.03(3.8)

A’
whore X =~ the stress intensity in the
| x - dircction of that point. EEREY
It will be noticed thnat particle velocity is dependent on

the intensity of stress but the wnve propagation is only

- 15 =
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*

n function of the material properties, : _
The most useful typc of measurement of this type of
trangient ground motion emuscd by an cxplosion is an
accelerntion-tinme rocord obtained from an accelerograph
of relatively high frequency response,. An acceleration
rneasurenent is prefered to o velocity or displacement
measurencnt bcoenuse: '%'.
1. Accelerations at the bases of struetures &ré
needed to dctermine structurnl responses and such
nccelerttions cannot be determined with the required
acouracy from o velocity or displ-cement record.
2. Velocities or displacements can be determined if
degired by integrations of ncceleration-time record.
In general, n reverse process of differentintion
cannot be performed with a satisfactory accuracy.
3. Accelerometers arce inherently rugged, stable devices
which ¢ be calibrated easily. :} ' %
The ground motions due to blasting, reaching a structure,
can then be determined if the relntionship between ground
mo¥ion, amount of explosive charge nnd the distance from
the explosion are known. The chart given in fig. 3.5 gives
this relationship. The relatioship between charge weight
W in tons, the distance 4 in feet, nd the penk nccele~

ration a, in units of gravity (33) is given ns:

C e -
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= #
a = 9500 W
a2

veesa(3.9)

Acceleration-tine reecrds for blasts have been obtained

and are typical of that shown in fig. 3.6. The shape of
this record can be approximated into triangular shnpe

for an acceleration-time curve as shown by the dotted line
in fig. 3.6. The modeled triangular shape of zero time
rise is used 28 nn input function. Sinece 21l acceleration-
time curves of blast conditions have roughly the same shape,
2 knowledge of the peak acceleration as well as the rate

of decay (or deccclerqtion/rctardation) should be necessary

to adequately describe the acceleration-time curve (33).

3.4. WEATHER CONDITIONS

The velocity of travel nd the intensity of air blast
along a radial line from the point of blast is affocteq by
the weather conditions at the time of blast, In 1960,

Perkins, Lorrain and Townsend showed in - report (113)

focussing of ~ir blasts wnd that these focal points were
centres of most damnge.

The intensity of ajr blast at o point is proportional
to the intensity of noise (7), weathew conditions affeet
the intensity of noise from 2 blast as it is heard at a

distance. Thesc conditions determine the velocity of the




o

sound in different directions and at different altitudes.
The variables that influence sound propagntion are wind,
velocity and temparature ns a function of altitude,
Normally, air temperature decreases as fthe altitude
from the earthits suri-ce increases, but in mest cases, .
different condicicna froum the above exist and are discussed

below.
3.4.1 ISOTHERMAT 4TIk

.Thefé ére cerfnin periods when the temperature of air
ig constant over a range of altitudes, then an isothern

is Bald to exist. This itype of iscthermal air exista with
zero wind velccity and if blasting occurs in such an
ntmospheric conditioh, atraight sound wave rays are pro-

duced with a spherical wave froni as shown in fig. 3.7.
3.4.2 SCUED SPEED Iy uRIION

Weather condiiions exisy at cerfain veriods sudh that
a greater sound velocity in one direction cxist above the
earth's surface. Cound gpoed inversion can be said to
exist then and in “his casc. the sound wave in the direc—
tion of #elooi%y Inereass may cnuse bending of rays and
therefore louider noire in coriain areas, The direction

of wind fle g hoas ~ ejonifico- | T2 on the focussing
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of sound rays and the focal points are the points of

higher sound intensity (7).
3.4.3 ARRIVAL TIME

The above discussion indicntes thnt the position of g
gtructure in relation to the direction of wind at the time
of blast is significnant when considering the arrival time
of nir blast on the structure. If the structure is away
from the direction of wind, the air blast reaches it at a
slower rate and the intensity is smaller than when it is
in the dircction of wind flow. Since wind velocity is not
constant all year round, the arrival time of 2ir blast on
a structure situated in the vicinity of blast will vary in
direct proportion to the variation of wind velocity. This
leads to 2 consideration of this wind velocity effeet on
the maximum response in relation to the arrival time of air

blast on the structure.

3.5 IIME LAG

It has been explained above that at any instant of
quarry blast, a structure in its vicinity experiences
forcing dynamic loads that arrive on it through two forms
of media - air and soil media. Since the soil conditions

remain approximately the same with respect to velocity of

- 19 =



wave through it, it can be said that the arrivel time of
ground vibration on 2 structure in the vicinity remains
approximately constant with 21l blastings in the area.

In the case of air blast travel, the velocity of travel

of air blast is nffected by wind velocity and direction,
thercforce the arrival time of air blast on such a structure
changes with atmospheric conditions. There will result a
time-lag between the arrival of the ground vibration and
the arrival of the air blast pressure on the structure.

The maximum responsc will be affected by this time-lag

phenomenon.
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CHLPTER FOUR
M.THEMATICAL MCDEL

The annlysis of any real structure requires the model
repregsentation of the structure. The model bears signifi-
cantly on the form of solution obtained.

The real structure considered is 2 three storey buil-
ding. This height of building hns been found in many cnses
(96) to be 2 useful cnse in dynamics analysis study. Its
charncteristics nre typical of multidegree systems and

thereforc is used for this study.
4.1 IDE.LIZATION

The three storcy building idealiscd is that given in
fig. 4.1. The structurc is assumed to have the following
properties:~

e The single by represcntation is repented along
the length of the building 1t cqual spacing.

b. The structurnl propertics are uniform along the
length of the building.

Co The loading is considered uniform along the length
of the building.

- 21 =



d. The distributed dynamic pressure applied to the

wnlls is assumed concentrated at the floor levels.

From the assumptions ~bove, the annlysis of an interior
frome will yield the response of the entire building. In
a renl structure the nass is continously distributed over
the entire structure. Consequently the dynamic analysis
of such » structure leads to a solution of an infinite
number of degreces of frecdom (5). However it is acceptable
to replace the real structure by an idenliscd onc consisting
of discrete number of lumped masses. These lumped mnsses
are assumed to be connected to one another through elastic
massless elements which generally retain the actual beha-
viour of the original structure. The simplest lumping
procedure is to lump the mnsses at floor levels. The
lumped masses are then vertically connected by weightless
elastic joints of a meoment of inertia equnal to the sum of
the moments of inertin of the actual vertical members in
each storey (2). For further idenlization the following

assumptions are also nmnde:-

1. The structure deflects in a linearly elastic manner.
This is permissible for most civil enginecring
structures. Minor structural failure (78), such as

cracks in walls or columns, which occur very often



g

appenr even when the structure is still within tho

elastic range of its design.

The structure is stnble under its systom of static

loads.

(nly horizontal motions are congsidered =nd thegse are
asgumcd to be independent of verticnl motions. This
is permissible because vertical motions due to changes
in ecolumn length or flexure of girders have relatively
small amplitude md hence little cffceet on the

horizontal responsec.

The responsc is measurcd in the direetion of the

applied dynamic londs,

Drunping will be neglected since most Civil Engincering
gtructures roneh maximan response values from impule-

sive londing before dnmping effects come into play.

Under the nssumptions stated nbove the real structurc in

Fig. 4.1 (a) can be represented by o close coupled aystenm

where the Jumped nnsses at floor lovels arce connected by

massless gprings of stiffnesscs ki’ kz, and k3.

- 2% -
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unconstrained elastic system. Since the free dscéllatibna_

are harmenic, thaédiapl-cements U éan be written as:._' :
P . s |
U = q eth - IR NN (404) | .' ‘ . | '. ) ,. I_-. . 1

where g

a colugn matrix of the amplitudes of the': .
displacements U ' ‘
w - the circular frequency of oscillations

t ~ the time,

th, we obtain: S
2

Using Eq. 4.4 in Eq. 4.3 and then cancelling the common
factor e | | ' v
M + K) g = 0 .....(4.5)

Eq. 4.5 can be regarded as the equation of motion for an

(~w

undamped freely oscillating system. BEq. 4.5 has a non-zoro

solution for q provided:

~ det (% M + K)=0 ceees(d4.6) é,'f "
Eq. 4.6 is the characteristic equation for which the
natural frequencies of free oscillations can be cmlculated.
The determinant in Eg. 4.6, when expanded, yields a poly-

nomial of n":h

degree in wg, the roots of which give the
natural frequencies. Only for these natural frequencies
will there be a non-zero sclution obtained for q in Bq.
4.5, The number of freguencies thus obtained are equal

to the number of non-zero mass ccefficients on the rrinci-
pal diagonal of the equivaleni mass matrix M. This nunmber

.
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as follows:-
2 =
(=w M, * Kc) q, = 0 i ena lB4B)
where Qe = rcfers to the unconstrained degrces of freedonm

corresponding to Mc.
4.3 FLEXIBILITY METHOD
4.3.1 CONSTRAINED STRUCTURE

For certain Civil Engincering systems (staticnally
determinnte) it is somctimes nore convenicnt to work with
displaccment equntions of motion. This involves the
writing of the equations of motion in displacement coordi-

nates using flexibilily oceffioesd onte

The oyuntion o0f notion for an undanped constrained
gtructure can be written as:-

P, Y + U s BP ceeee(4.9)
where Fc - is the flexibility matrix cof the constrained

structure

Considering the structure in free oscillations i.c. P = 0.
The Bq. 4.9 becones

F,M,U + U = 0 sueepl{4:10)
Since free oscillations are harmonic, we substitute Eq.
4.4 in Eq. 4.10 and replace q by q, so that we have:

(~w? F,M + I)q, = 0 consslidaA1)

where I - ig an identity matrix., Premultiplying Eq. 4.11

- 27T -




1

by F; gives

2 -1 o
(—W Mc . Fc ) qc - O 044¢D(4.12)

Bq. 4.12 is gimilnr to Eq. 4.8 with

-1
Fc N Kc ...-o(4o12a)

This relationship is useful when, in trying tc obtain 2
solution using flexibility coefficients, it is found that
stiffness coefficicnts nre more easily obtaninable. The
transfermation can then be used after obtaining the

stiffness coefficients.

If we divide BEq. 4.11 by w° ~nd change signs, we get
he 9o = ,)dg e s Ul=13)
where
Ly = Fo M, ceecee(4.132)
A= ;Jg woineald:1%0)

Eq. 4.13 is the standard cigenvnlue cquation.

4.4 EIGENMODES REL.TIONSHIPS

T — . —

The mode q obtained from Eq. 4.5 can be seperated

into the rigid body modes a. and normal modes of

o
vibration (elastic cigenmodes) q, 8o that

q = qo + qe . ...(4.14.’.}.)

- 28 =



941 Qg4

s 2

eera(4.14)

Qpiyy  +aeea(4.15)

where z represents the nunber of unconstrained rigid-body

degrees of freedom and n repregscnts

eigenmodes,

the nunber of

4 multi-storey building structure has its Toundation

fixed in the so0il on which it is placed,

rigid body motions are restricted,

Ea. 4.14a is equal to zero.

re-written nasg:

WPEK - M) q = o
Substituting the elastic nodeg
ylelds:

Ll Magy =

Wois K Qv = M, =

;fn % 9z4n Qg+n =

which can be combined into ~

Kq, W2 - mq = o
where B
-2 =2 -2
W = W WZ+2 vreas

Z+1

- 29 -

in which case

This neans that q, in

If wo # 0; Bg. 4.5 can be

ceend(4186)
of Bq. 4.15 in Eq. 4.16

single natrix equation as;

ee...(4,18)

w;fn ..5f.§4.19)

b
b
T
i

|



Pré-multiplying Ba. 4.18 by qg, we obtain

T -2 S
g K gy W - qg Magg = 0O veaee(4.20)
or K, ¥ = M, e {4.21) |
where - o I S
_ T o ) .,!
Ke = 4g K g, eeeeo(4.22) '

which represents the generalised or principal stiffneass

i

natrix, and

— T
Me - qe M q_e 00000(4023)

[
‘

repregents the goneralised or principal nnss matrix., Egs.
4,22 and 4.23 represent the diagonalisation of matrices
K and M. |

In order to take advantnge of the dingonalisation
process, let us receonsider the nctiong equntion of moetion
for free vibration of undamped malti-degree ¢of freedon
system. Eq. 4.2 states: = \ ; ; |

MU ¢+ KU = 0O e (d.28) @T*'

Pre-multiplication of Eq. 4.24 by q. and inserting
-1

I = g9
before U and U produces b
-1 i -
q§ Ma, q, U ~+ qg K q, qe1 U = 0 ...(4.25)
which can be restated ns _ E _
M,d, + K, dg = 0 eoraa(4.26)

iy
: A



and ' ) '
-1

de = qe U ro--o(4‘.28)

The generalised displacements dg given by Eq. 4.28 are
also referred to ap the principal coordinates. The
generalised displacements d, then operate as scale factors
upon the modal columns ¢,. The transformation in BEq. 4.28
is very useful and is used in the computer progran.

Since the modal vectors or elastic modes mzy be
scaled arbitrarily, the principal coordinates are not
unigque, To remove the uncertainties, we scnle it using

a factor thet transforms the mass matrix M, ints an ildentity

matrix.

Consider the i'P column, then

e Magy = Mgy = T eeera(4.29)
irn which

depi = %%1_ eeeva(4.30)

The eigenvector q,,; is 8aid to be normalised with respeot
to the mass matrix. The scalar Ci in Bgq. 4.30 can be

computed as in Eq. 4.31.

‘
{

. g ) '
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When 2ll the vectors in the modal natrix are normalised
in this mnanner, the prinecipal mass matrix Mo becones unity

‘5 . .
i.C‘. qeanen - Me - I t.oo-(4-32)

This set of principal coordinates is known 28 normal
cocrdinates.

If the principal modes cr elastic nodes of vibration
for 2 multi-degrec systenm are used 28 gencralised coordi-
nates, the equntions of undanmped mction become uncoupled,
In these ccordinates, cach equartion may be solved 2s if

it pertained to n system with only onc degree of freedon,

4.5 DYN'.MIC RESPONSE OF CONSTRAINED SYSTEMS

Most civil engineering structures are constrained in
one form or the cther, That is motion in certain direc-
tions are restricted. Rigid body medes are clininated and
annlysis is on the elastic modes of wvibration,

For an elnastic undamped system subjected to a time
varying foreing function p(t), the equation of motion is
given by

MU + KU = p(t) SRR ¢ B | .

Since we are interested only in the elastic modes, we can
replace the displacement U with Qg and some time dependent
multiplier §  such that

U = q ﬂe siwwo kDY)

- 32 -




Lo
ﬁe = 61 62 | m——— ﬁn O..t0(4'35)
Bg. 4.35 is o colunn mntrix of unknown funetions of time.
Substituting Bq. 4.34 into Bg. 4.33 we get
M q, ﬂe + K q QO = p(t) veees{4.36)

i
Pre-multiplication of Bq. 4.36 by qg glves:

qg Maq, be + qg Eq, ®, = qg p(t) «..(4.37)
Using Bgs. 4.22 and 4.23 in Bg. 4.37 we obtain
LH _ T
Me ﬁe + Ke me - qe p(t) cooao(4‘r38)

o,

Prerultiply Bq. 4.38 by Mg1 and get

ﬁb + M;1 K, ;?58 = M: Pe(t) eeese(4.39
where ' | o o
- T
Pe(t) - qe P(t) l....(4.4o)

Pe(t) ig n column matrix of the generalised forces for
the elastic modes Qg | | | .

But from Eq. 4.21 we note thnt

w M K P ) (4-41 ) .: l’ 4\
Then ; _ oo i*%" 
3+ Wl s - n! e (t) (4 12)'
e e a 0 * s a8 . .‘..I
Since we is o diagonal mntrix, Egq. 4.42 coﬁsfifutés a set
of uncoupled second order differential equations, o

typical set of which is of the farm:
- . : ot
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arte
3
L

an 2 ~ ’ ' '
ﬂei + W gei - DIei Pei(t) r----(4'4‘3)
where 1 represents the row number in the column matrix
Pe(t). _ ;-J __ ' . o S S C
- The solution to Eq. 4.43 can be obtained using the
Duhanel's Integral such that B N H

oy = $o5(0) ¥i' Sin(w;t) + B,,(0) Cosluyt) =+
«t .
I T
Wy M tSin(wi(t”t1)) Pei(ty) at, ee{4.44)
_ Jo
For 1 = 1 to n we can conbine Bg. 4.44 into matrix form

to be _

¢¢:.= W;: Si?(w?% ée(o) + Coa{wt) 96(0) + ?

W Me OSin(W(t-t1 )) Pe(t.l ) dt.l ...(4.45)
where -
Sig(wt) = Sin(w1t) Sin(wzt) —— Sin(wnt)..(4.46)
COS(Wt). = Cos(w,t) COS(Wgt) —— Cos(wnt)..(4.47)

Bqg. 4.45 gaves the gensral solution of an elastic systen

regponding t¢ 2 dynanic forcing function.

4.6 RESPONSE DUE_TQ IMPGT.SIVE LO.DS

Dynamic londs that have n relatively short-time
history are usually referred to ns impulsive loads, Thia
class of loads are typical of loads on a structure as a

\)

regult of rock blasting.



Suppose a systen is subjected to an inpulsive force at
tine t = 0, Assuning that the systen does not experience
an initinl velocity at t = 03 if the inpulsive load
duration is td’ the displacement functicn for the elastic

nedes of the syster ean then be written, using Eq. 4.45 as:

nt
g, = w' ! Jsm(w(t-t,)) G dt,  (4.49)
o
for tt,

where

G is the column matrix ¢f the impulsive londs,

it tD L, 6 = 0
then
Po = W sin(ws,) §(ty) + Cos(wt,) @, (t,)
eseee(4.50)
where t2 = t-td

The solutions in Egs. 4.49 and 4.50 are the elastic
displacements responge of the system subjocted to impulsive

forces of durntion td.
4.7 RESPONSE DUE TO B.SE MOTION
M

Response of structures is sometimes due to bage
excitation, The ground mction induces base notion of
equal nagnitude to the motion of the so0il particles next
to the base of the structure (95). This notion is
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trangmitted t¢ the various nagses ¢of the strueturc.

The method of estinmntion depends on the record of the
ground notiocn available. In most cnges, the rocords
available are the ground acceleration records., This

analysis will thereforc be basced on the usc ¢f ground

0
Cte

accelceration - tinme record.
If the basce of the structure translates in the X -

direction in accordnnec with the funetion in BEq. 4.51
: -5-}_“; W

= jﬁn..... 4.51 n
X, f,(t) (4.51) o
The relative displacement will be written in vector
form ns |
[} X1 = U - I Ig | .l.ll(4.52) ’

where I ~ denotes n vector that is filled with
 values of unity. _
The relntive acceleration from Eq. 4.52'is then

i1 - ﬁ f I ig 00010(4053)

whore ﬁg ia the base accelcrntion.
Substituting Egs. 4.52 nnd 4.53 in Bg. 1.3 we get
M X1 + K X1 = Qg tco-o(4.54)
where : o - R
Q - _MI‘}E PR A N} ]
o - (4.55)
Qg is the equivalent input londs duc to the bage displace-
nent and con be used in place of p{t) in Bg. 4.40. The
displacements ¢btnined using Egq. 4.54 nre relative
> S

T
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CHAPTER FIVE
RESULTS

In chapter four, the equations for the dynamic
an1lysis were presented. The thecry formed the basis of
the computer programme developed by the author to obtain
the results presented in this chapter. The results nre
those obtained in ~nalysing the structure shown in Fig.
4.1, The selection c¢f this sgtructure was described in
section 4.1 and the model shcewn in Figs. 4.1 a & b.

Since the results are nmeant for ccmparative work, the
dimensicns of the structure re chosen as unity whenever
it is deemed that the relative contributions of the
different sections will not be nltered. In view cf this
the dimensions of the structurc sclected for the computer
programnme were sclccted ns follows:-

(Refer to Fig. 4.1)

h, =1.0
h2 = 1 .O

where h is the height betwecen floors 2nd the units given
in meters:

M =1.0
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M, = 1.Q¥;

= 1.0 - .
"3 | W

wherc M is mnas of lunped nasses with the undits in kg

EI; = 3.0 B f:a?W   -__i"z 3;%

EI, = 2.0 : o T

H
I
!
where BI is the flexurnl rigidity of the vertienl walls
connecting the fleoors. Unita: E in N/mz, I in m4.
It should be noted that in the input record, as nuch as

rogsible, the parnmeters were considered on the relative

weights. This is for the purposes of this study.

5.1 DYN'MIC FORCING FUNCTIONS i

On the basis of the theory presented in charter three
the dynimic forcing functicus were egtimated. The quantity
vf explesive used to determine the magnitude of air blast
londing and base acceleration mognitude were based on the
operationnl explosive weights obtained from Nkalagu Cement
Compnny -nd Benue Cement Company. Lt these twe sites the
blasting methced involwes relays and the weight of explosive
per drill hele is 10 1bs. (4.53 kg.). The relays have the
effect of delaying explosion per drill hole. Thus it had

been considered th~t since the study is for compnrative

; i“:' 39 -



effect, the effect emitted per drill hole would give ~ good
indication of the respcnse pattern. On this basis the air
blast pressurc is estimated from Fig. 5.2 using nn ecxplo-
sive chirge weight of 10 1bs., (4.53 kg.) (sec chart Fig.
- I

The distribution of air blast pressurc on the struc-
ture was scnled using the scnling factors given by Biggs
(9). Since the structure studied is only 2 3-flcor buil=-
ding, it is felt thnt the distribution factcrs in the above
reference would serve the purposc. The distributicon of
the 2ir blest prcessure on the lumped mnsses ¢f the struc-

ture werc weighted as follows:-

Mass Distribution factor
M, 1.0
M, 0.8

) M3 0.5

The ground vibration input load on the base of structure
wvas neasured in terms of peak value of acceleration of the
8cil particles 1t the structure's base, This wns estimated

fronm Eq. 3.9 which is:-

N 7
a o= oot 5

d

where W - weight cof Explosive in tons
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d - distance from blast scurce in feet

1 - acceleration in units of gravity.
Yhen Bq. 3.9 is multiplied by a gravity valuc,the actual
value of acceleraticn can be obtained.

With the peak values of air blast pressure 2nd base
acceleration cobtained it became n problen of obtaining the
required dynamic forcing functicn's duraticn td. The shape
of this forcing functicrn had earlier been explained in
sectiocns 3.2 and 3.3 tc be that of 1 triangular pulse load
with zero-time rise. The duration of this pulse wns then
cheosen 8 0.5 sec. This is less than 0.25 and greater than
0.10 of the fundamentnl period of vibration of the assumed
structure (48). Other typicnl dynamic foreing functions
durations are given by Hudson D.E.; ‘Andrews ..B. 2nd Biggs
J.M. (33, 1, 9).

5.2 CH'R.CTERISTIC SH.PES

The three floor structure whose dimensions were
described in scction 5.1 was solved to obtain the following
naturnal characteristics given in table 5.1.

The characteristice shapes for the different modes

of vibration are shown in Fig. 5.3,
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5.3 DYN/NIC RESPONSE

In order to obtnin the dynanic response (~s used here

response ne ns displaccrient), use is made cf Bq. 4.45. The

results obtained are tabulated in Table 5.2 to Table 5.10
and plotted in Fig. 5.4 to 5.14.

Results in Table 5,2 nre plotted in Fig. 5.4. The
plct shows the response of the lumped nasses when subjected
to the ~ir blast pressure. The response is nnalysed for
the dur~ticn of impulse. '8 expected of the response
pi:ttern during this time, the response of the misses has
not yet shown typical dynamic behaviour (31, 98). The
impulsive lond is the decaying type 2nd in m~ny inst-nces
the lond nny be past-histery when the structure finnlly
respends properly. The responsc record from the nnalysis
takes the form of the dynamic load's static equivalent as
input. This behaviour does not continue nnd the dynanic
responsc of the different masses, due to the impulse load,
becomes prominent as we see in Fig. 5.5 (Table 5.3). In
Fig. 5.5 it c¢an be seen that the top floor nass M3 dis=-
places largest followed by the second floor mnss M2 and
the least is the first floor nmass M; . The maxinun dis-
placenient of the masses occurs after the dur~tion of

inpulse which is the freec vibration zone.

= A2 = |I
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The time interval between the instant the air blast
pressurc and ground vibration reach the structure (time-lag)
has its effect on the time of maximum response. The case
¥hen air blast pressurc leads ground vibration is shown
in Fig. 5.11 (Table 5.9)., It shows that the maximun
response is initially dominnted by ground vibration effect
vntil the lag is greater than the pressure duration of the
air blsst pressure. The critical point is at 5 tq when
the initinl peak responsc becomes instantly dominated by
the effect of the air blast pressure, Fig. 5.13. In the
cage when ground vibration leads the air blast pressure,
the time of nmaximum response remains constant, Fig., 5.12,
since it is completely dominated by ground vibration effect.
The maximum response values increase with increasing time-
lag.

The implication ©of these results to structural

L
behaviour is discussed in chapter six. S
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TABLE 5,2 = RESPONSE OF MASSES TO A1R BLAST

PRESSURE WITHIN THE IMPULSE DURATION (td).

(1] P
DISPLACEMENT (in) = (x 2.54 cm)
IrIvE .
(SEC) M, M, "y
0 0 0 0
L
;
0.05 0.55095 x 10 0.44482 x 10 0.27836 x 10
) _2 “2 -2
0.10 0.20727 x 10 0.17190 x 10 0.10800 x 10
-2 -2 -2
0.15 0.43012 x 10 0.37306 x 10 0.23615 x 10
. -2 =2 -2
0.20 | 0.69116 x 10 0.63776 x 10 0.40871 x 10
0.25 0.95597 x 10’2 0.95373 x 10‘2 0.62267 x 10"2
. -1 , il -1
fnao 0.11926 x 10 0.13056 x 10 0.87531 x 10
15.35 0.13754 x 10~1 | 0.16743 x 10~} | 0.11638 x 10~1
0.40 0.14877 x 10~1 | 0.20371 x 10~} | 0.124848 x 10~}
0.45 | 0.15229 x 10~1 | 0.23687 x 10~ | 0.18337 x 10~1
-1 - -1

0,50 0.14838 x 10 0.26429 x 10 0.22042 x 10
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TABLE 5.3

DISPLACEMENT OF MASSES

DUE TO

AIR BLAST PRESSURE

DISPLACEMENT (in) = (x 2.54 cm)

TIME

;(SEC) M

: | M2 M

!

0 0 0

0.25 | 0.95597 x 10~%| 0.95373 x 10~2| 0.62267 x 10~2

0.50 0.14838 x 10~ 1| 0.26429 x 10~!| 0.22042 x 10~}

0.75 | 0.84561 x 10~2| 0.26570 x 10~1| 0.40961 x 10~?!
-2 - _

1.00 0.63108 x 10 0.13293 x 10"%! 0.48825 x 10~ 1!

11.25 | 0.30321 x 107° | 0.11597 x 107*| 0.32530 x 107"

1.50 | 0.43980 x 1072 | 0.12003 x 10°1! 0.16480 x 10~2

1.75 | 0.49254 x 1072 | 0.29637 x 102 | 0.23012 x 10~}

i

1.95 | -0.76724 x 102 | -0.18606 x 10~} | -0.32575 x 10~}
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TABLE 5.4

DISPLACEMENT OF MASS M

THREE MODES DUE TO

3

IN THE FIRST

AIR BLAST PRESSURE

: DISPLACEMENT (in) = (x 2.54 cm)
ITIME
;(sac) FIRST MODE SECOND MODE THIRD MODE
i 0 0 0 0 |
- wil —g 3 ]
:
0.50 0.293 x 10~} -0.734 x 10~2 | 0.412 x 10~%
- - . -3 _ -3
lo, 75 0.417 x 10 -0.,423 x 10 0.314 x 10
H wl - 3
1.00 Ne414 x 10 0.713 x 10 0.314 x 10
1.25 | 0.285 x 10°1 | 0.407 x 10 =% | -0.412 x 10~%
- =2 -2 -
1.50 0.696 x 10 -0.501 x 10 -0.268 x 10
1 -2 A 5 -3 |
1.75 -0,167 x 10 -0.665 x 10 0.344 x 10
f -1 -3 . =4 |
1,95 =0,323 x 10 -0.,321 x 10 0.304 x 10 |
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TABLE 5,5
RELATIVE DISPLACEMENT OF MASSES DUE
TC BASE ACCELERATION.

RELATIVE DISPLACEMENT (in) = (x 2.51 cm) !

iTIME
[ o 0 0 0

-1

10,25 | =0.33697 x 10~ }] -0.40635 x 10~ -0.41014 x 10~ *

0.50 ~0.59702 x 10 ~0.11495 -0.13022

0.75 -0,48199 x 10 ~0.13206 -0.21268

P pem—

1.00 | -0.42507 x 10| -0.93114 x 10~}| -0.23462
-1 -1 )
1.25 | -0.25235 x 10~%| -0.71305 x 10| -0.15840 '
o
1,50 |=0,16394 x 1071| -0,43905 x 10™ '] -0.20565 x 10™
1.75 |-0.47823 x 1072 | -0.30999 x 10~1] 0.10412 i
t

1.95 | 0.40768 x 10~1| 0.96464 x 10~1| 0.16716




TABLE 5.6

ACTUAL DISPLACEMENT OF MASSES DUE

TO BASE DISPLACEMENT

- 50 -

i
DISPLACEMENT (in) = (x 2.54 cm) !
TIME ;
(5EC) M,_l M., Ms J
0 0 0 0
0.50 | 0.86394 x 10~%| 0.16305 x 10~} 0.10338 x 1072
1,00 | 0.88751 x 10”1 0.38145 x 10731 -0.10336
1.50 | 0.11486 0.87353 x 101} 0.11069
2,00 | 0.18506 0.24161 0.30873
2.50 | 0.17836 0.25917 0.31915
|
3,00 | 0.11689 0.10268 0.13682
|
13.50 | 0.10548 0.34765 x 107+ | ~0.93395 x 107 i
X ) |
3,90 | 0.58896 x 10”11 0.21283 x 107° | -0.51628 x 10“1§

et ey,



TABLE 5,7

TOTAL DISPLACEMENT OF MASSES DUE TO

COMBINED AIR BLAST AND BASE DISPLACEMENT

'TIME DISPLACEMENT (in) = (x 2.54 cm) B
" (ssc), M, M, ' My
i i e
| 0 1' 0 . 0 0
j :
0.50 | 0.866394 x 10! 0.42734 x 107" | 0,23076 x 10!
=
[1:00 | 0.95062 x 10 =" | 0.51438 x 10~ | -0.54539 x 10~
!1.50 0.11926 0.99356 x 10~ | 0.11234 l
le.oo 0.17351 0.21952 0.27496 ;
|
‘2.50 0.16950 0.23229 0.28381 !
| |
{3.00 | 0.12153 0.11166 1 0.13327 :
1 ! i
'3.50 I 0.10651 0.49888 | =0.46673 x 10";
1 !
2:90 1 0.76249 x 107" | 0,29449 x 10~ | ~0.18293 x 10“!
! 1
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TABIE 5.8

COMPLRATIVE EFFECT OF BASE DISPLACEMENT LND

AIR BLAST PRESSURE ON TOP FLOCR MASS (M3)
AS CASE STUDY.

} DISPLACEMENT (in) = (x 2.54 om) I

{TIME :

{(SEC) Duglggtﬁlr Duc to Base Total

Prossnye Displaccnent Displacenent

0 0 0 0

lo.so | 0.22042 x 107" | 0.10%38 x 1072 | 0.23%076 x 10~

-

1.00 | 0.48825 x 10! 1-0.10336 -0.54539 x 10~

1.50 | 0.16480 x 10™2 | 0.11069 0.11234

2,00 | =0.33775 x 10~ | 0.30873 0.27496

2.50 | =0.35344 x 1072 | 0.31915 1 0.28381

3,00 | -0.35544 x 1072 | 0.13682 0.13327

5.50 | 0.46722 x 10~ |-0.93395 x 10~ |-0.46673 x 10~

5.90 | 0.33335 x 10~ |-0.51628 x 10~' |-0.18293% x 10~
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TABLE 5.9

PrTTE P g

TIMZ OF MAXIMUM REST'ONSE (t,) A8 AGAINST TIME

LAG IN ARRIVAL OF AIR BLAST PRESSURE oND
GROUND VIBRATION (AIR BLAST LELDING)

%, (scc)

by _:bISImACEMENT (in) = (x 2.54 cm)'
/ta | p1rsT i gECcOND FIRST SECOND
0.2 v | - ~0.58105 x 107 -
0.4 1.1 ! - ~0.65745 x 107" -
0.6 vl - ~0.76548 x 107 -
0.8 1.4 - ~0.89066 x 107 -
1,0 1.0 1.5 0.49859 x 1071 | -0.10172
1.2 1.0 1 1.6 0.49021 x 10~ -0.11%317
i o4 1.0 1.7 0.48845 x 107" | -0.12257
1,6 1.0 | 1.8 0.48845 x 1071 |  =0.12959
1.8, 1.0 | 1.9 0.48825 x 1071 | ~0.13432
| 2,0 ; 1.0 2.0 0.48825 x 107 |  -0.13744 |

[
J « difference in arrival tine on structurc

of the twe input londs (tire lag)

td - Duration of 4ir Blast Pressurce

trt = time of noximin response
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|
TABLE 5.10 e -
TIME OF MAXIMUM RESPONSE(tm) AS AGAINST TIME
LAG IN ARRIVAL TIME OF GROUND VIBR.TION .\ND

AIR BLAST PRESSURE (GROUND VIBR.TION L. DING)

& | 5, (sue) DISPL.iCEMENT
0.2 | 1.0 -0.61451 x 107
0.4 § 1.0 | -0.68005 x 107
05 1 1.0 ~0.75572 % 107"
0.8 1.0 -0.83432 x 107
1.0 1.0 -0.90625 x 107
1,2 1.0 ~0.96720 x 107
W 1.0 -0,10139

1.6 1 1.0 ~0.104%39

1.8 1 1.0 1 -0.11081

!
2.0 ; 1,0 1 =0.12377
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Fig 52: PEAK PRESSURE

vs DISTANCE

for different explosive (charge) weights.
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CHAPTER SIX

ISCUSSION AND CONCLUSION

6.1 DISCUSSICN

Being =2ble to evaluate the displacernients of a struc-
ture resulting from some applied disturbance is very
inportant in analysis. It is comnon practice to put linits
on the amount of displacerent that o structure should
experience. Therc arc cascs when excessive displaccnents
could linit the usefulness cof 2 structurc. Displaccrents
arc thercfore o uscful nensure of structural response. The
failure cf o structurc is sometines defined in terms of
displncenents.

A structure which is subjected to dynamic loads
respends in n-nodes of vibration if the structurc has
n-degrees of freedom. In an idealised structure the total
response of the lumpcd nasses is influenced by the diffe-
rent modes of vibration and certnin modes doninnte the
response. In this study, it is indicated thot the funda-
nental mode of vibration - i.e. the first node of vibra-
tion ~ doninates the tctal response Fig., 5.6. The funda-
nental mode therefcre defines the fundanental periocd of
vibraticn cof the structure.

The close-coupled systern used in ﬁhc’ﬁﬁniysis\hﬂs
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helped to indicate points of maximum response Figs. 5.5 &
5.8. The analysis has shown that for any nulti-stor-y
gtructure subjected to dynanic leads, naxiumunm response -
displacenents - are expected at the top floor level. In
all, the structure bechaves like a2 cantilever systen suhbjec-
ted to 2 one directionnl londing system. This nny be due
to the reduction in the resultant stiffness =s we nove
further from the fixed base. The results have helped to
specify points at which failure signs on structurc could
be expected earliest when such 2 structure is subjected to
dynanic loading.

It is sometimes realized that the frequency cof vihre-
tion at the inception of failure corresponds to onz 2iffe
rent fron the fundamental mode. This mny correspond to
the second or third nmode of vibration. The pcint of
eanrliest failure could be predicted by luoking nt the
eigenvectors corresponding to that mode. The eigenvectors
indicate pecints where maxinmun responsc is expected for n
particular nede of vibraticn. Iunped nasses have assumed
nnass positions for the distributed mass systen of a2 renl
structurc. The eigenvectors arc related to the lumped
nasses, thus a study of the bchavicur of ~ structure in a
certain mode cf vibration can rightly be predicted by

locking at the eigenvectors (characteristic shapes) in
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the nodce.

This study intends to find the rclative contribution
of base excitation londs and air blast pressurc loads fron
a2 source of rcck blast on ~ structure., In either case the
respense of the different masses is of the sane pattern.
The tcp flcor masses deflect largsest from the initial
pcsition. The nagnitude of response of ccourse differs.

The total response is donincted by the base execitation
loads. The contribution ¢f air blast londe is sc snall,
but significantly the effeet is to reduce the magnitude of
the naxigum response.

Complaints from residents around arcas of quarry
operations are mainly duc te the noise produced during
n rock blast. This has made Mining Engireers develop
various nethods ¢f recducing this ncise., The noise arises
from the nngnitude of the air blast pressurc. The research
showed that even though ~ir-blast pressure makes residents
unccnfortable it causes n decrease in the maximum response,
The decrecasc even though snall still exists. It nust be
renlised that structural failure from dynnmic forces rmight
not necessnrily be due to larse deflections but somctimes
due to resonance. Thus if the frequency of any cof the
inputs corresponds to that c¢f any conponent of A structure,

we expect failure. Overnll the plots show greater
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nunericnl response values from base exeitation than fron

air blast pressure,
6.2 CONCLUSICN

The primary concern ¢f this study was to zenerate
infermation on damage responsce mensurcs, The following

cenclusions cnan thercfore be nnde:s-

(a) 4 structurc responding tc dyn-nic loads responds
in different nodes of vibration of » nunmber equal

to the nunber of degrees of freedon.

(b) The etructural response is derminated by the
fundanental mode of vibration which in post
cases 1s the node respeonsible for dynnnic

structural damoge.

(¢) Maximum response is nmainly duc to base excitation
loads. The soil nedium transnits vibration waves
readily, therefore effcrts should be made tce reduce
the amount of ground vibration that is transnitted
to 2 nearby structure, This nay be done by exeavating

2 trench round the foundation of the structure.

It should be noted that nost complaints assceinted

with conventional blasting ground nmoticne involve

- 58 -



relatively nminor itens, such ns hairline cracks in nonsory,
gypsun wallboard or plaster walls and oceasional breqkage
of windows, nnd not failurc ¢f the prinary structure. It
follows thnt the elastie range nnalysis as used horcin is
of prinary importance for building response to dyn~rie

londs due to quarry blastings,
6.3 SUGGESTIONS

The work ~bove has been donc using the assunption that
the structure is lincarly elastic. The following sugges-

tions are¢ nade for further work:-

(2) The structurc to be considered shculd be non-linear

but e¢lastic.

(b) . research effort geared towards reducing the
computced response characteristics to presceribed
safe distances from blasting sites for residential

structurcs.

(¢) The response prttern of residential structurecs
towards alternating and Mmilti-directional blasting

8ites.
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CHAPTER SEVEN
USERS GUIDE

The resvlts presented in this thesis are based on the
conputer progromme ttnched to this thesis. It is there-
fore inmportant to give guidelincs on how tc usc the
programnic.

There are nany conputcr programres written by computer
analysts for the purpose of obtaining solutions to specific
problems. The nature of the problem and the ~ccuracy
required will determinc the type of progranre that will
be nost useful. The conputer programnme presented in this
thesis is written in FORTR'N Langungse. The following pages

will explain how it can be used.

7.1 THE SUB-PROGRAMMES

This conmputer programnc is written for the purpose ¢f
obtaining solutions to a clesc ccupled undanped dynanie
systerr. The three lunped nasscs connceted by mresless
springs link thce nnsses to n bose Fig. 4.1. The solution
tc such n dynnonic preblem is obtnined by going through o
sequence which should be ~dhered to in crder to cobtain the
results presented in chapter five. The progranme is so

arranged ns to cbtain the desired results.
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The prograrne rerforns the following operations:-

It inputs the physicnl properties of the structurec
such as the Youngs Modulus cf the different nenbers,
the sceond noment of areca, crossectionnl arcn of

uenbers 2nd the nunber of joints involved,

It inputs the type cf jeint constraints and the
coerdinntes of the Joints with refercnce to 2
8elected axis. 411 thesec are done in the subprogranmne

STAT.

The next inputs are the applied dynamic loads - their
penk values and durntion ¢f application., This is

done in the subprogramme DYNP.

The stntic properties of the structure arc then
calculated. The uncecnstrained stiffness ntrix is
first obtained in the subprogranme UNCON and the
constrained stiffness natrix is derived from the
uncenstrained stiffness matrix in the subprogranme

CON.

Dynamie propertics of the structure such as the
natural frequencies, the pericds ¢f vibration and
the characteristic shapes ~re¢ then calculated in the

subprogramnes BIGVV and SUDOV.,
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Numbers 1 - 5 estimate the static properties and the
natural dynnamic properties of thce structure.

6. The above infeormation is then used in the subprogramme
TOBAL to ¢btain the dynamic response due to the
applied dynamic loads.

The results from the cnlculations in 1 - 6 are
seperated as ocutput in the order of the calculations so
th~t the results could be checked in the seguence they

are used.
7.2 INPUT RECORD

The input data for the subprogrammes are 2rranged in
a sequence given in Table T7.1.

It was not the intenticn to write a) all purpose
programme for dynamic responsc ~nalysis, therefore the
programme was tailored towards buing successful for the
structure studied.

Table 7.1 should be able to help a user of this
programne understand the input procedure. 11 other
paraneters thnat nre internally calculated are printed out
by a PRINT format which is clecsely guarded by the number
of degrees of frecdon involved in the computations.

This programme can be improved tc be able tc obtnain




TADLE 7.1

INFUT RECORD ARR\NGENEUT

DESCRIPTION symBoL | rormar (%O OF | ynpg
C J{DS_L
Nurber of Members M 3 {1 | -
INumbcr +f Joints 1 I3 . I -
. N s
_}‘_‘!_t;_m}ze_g_ Propertics: - E i : \
Aren | 2nd Monent | Younrs f«g ) = ~n o s
’ j of Area | liodulus Sl SD1¥3.5 3 ! ===
Joint Constraints }
'0' for free !
'?' fig cfn;trwined TGoN 315 B - l
X,y & 2z directicns l
Fember Incidence Matrix ne 21% M 1!_ -
Joint Cecrdinntes X 2D015.5 NJ M
Iteration valucs P D15.5 1 -
Mass of Lunped Masses { AM %D15.5 1 ks
Distributicn factcer of
nir pressurc loads AQ 1 3D15.5 ! -
_L .
T 1 T
Ground Vibration Irops:- ' ‘ : L— v
Peak |Duration i I i by
Value . Wt cf : ) | - 1 . b | B 4 s |
of “ Explesive )5 | « | & 3D15.5 SR
JAce. |(Inpulse - [—ijrr :
!;Lir blaist vress. props:- | i [
} ] H i
:Distance |Peak [|Duration | i | N
ifron press of SG' 1 |3D$5.5 1 i o
scurce {value {irpulsec = ‘ﬂ;‘ ;E‘Ef : i=i8,9
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solutions for more than thrce degrees of freedom. The nain
alteration will be in the estination of eigenvalues and
ceigenvectors. The subprogramme EIGVV uses the 'deflation!
nethod., The accuracy of this method is appreciative when
the nntrix invelved is a2 3 x 3 natriz. Wherc there is n
larger matrix involved there will be n neced to employ a
different method of scluticon.

The dimensions of all the subprogrammes nre closely
linked with thc number of degrees cof frecedom. The dimen-
sicns could be ndjusted to suit the size of the charac-

teristic matrix. The basic matrix equ~ation being

‘A‘C qc - ch .0-00(4'13)

Where Lgs i8 the characteristic matrix.
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