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REPASO NUMEROS COMPLEJOS
REPRESENTACION
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= -1
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Suma y resta:
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Multiplicacion:
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REPRESENTACION POLALR

x + iy = r{cos(f) + tsen(B))

donde:
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[r(cos(8) + isen()]/" = ri/n (cos (0 +n2kx) 4 isen (0 +n2k1r))

donde:
n es entero positivo.
k es entero positivoy k=0,1,2,...,n -1

REPRESENTACION EXPONENCIAL
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Multiplicacién:
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Free-vibration response of undercritically-damped system.
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Summary of Gain Factors for Simple Mechanical System
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Response ratio, R(¢)
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RESPONSE TO HARMONIC LOADING 55
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FIGURE 4-1
Response to harmonic load from at-rest initial conditions: (@) steady state;

(b) transient; (c) total R(z).
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'ESPECTRO FUERZA IMPULSIVA O IMPACTO

(Clough - Penzien, 1975)
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Displecement-response spectra (shock spectra) for three types of impulse.

' FIOURE E7-2
Responee of water tower to blast load.
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INSTRUMENTOS PARA LA MEDICION DE VIBRACIONES SISMICAS
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Fig. 7.9. Four synchronized vibration
generators exciting an earth-filicd dam.
(From Kecightley, 1966.)
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Fig. 7.8. Counterrotating eccentric weight vibration generator.
(From Hudson, 1964.)

Flg. 7.8. Hysteresis-type resonance curves. (From Jennings, 1964.)
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Blast-Resistant
Concrete Houses

DESIGN CONSIDERATIONS

PORTLAND CEMENT ASSOCIATION

33 WEST GRAND AVENUE
CHICAGO 10, ILLINOIS
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~ The oclivities of the Portland Cement A fotion, a noti
service, promotion ond ed

Blast-Resistant Concrete Houses

Design Considerations

Extensive investigations and tests show that it is possible to
design and build houses to withstand pressures from nuclear
blast. Concrete construction will give protection with only little
additionol cost and without sacrificing the function or appear-
once of o home.

This publication presents a simplified description of blast
loading os it affects one-story houses* in order to provide a
clear understanding of the fundamental problems involved.

Shock Wave and Reflected Pressure

When a nuclear bomb explodes above ground, a shock wave

*Dota in this publication are based on studies made for the Portland
Cement Associotion by Ammann & Whitney, consulting engineers,
New York ond Milwaukee; and Ellery Husted of Gugler, Kimball ond
Husted, architects, New York. Both consultonts have had extensive
experience with various governmental ogencies in the field of blast-
resistont construction and the effects of nuclear weapons.

|
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e, | i
/
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/

Height of burst, h

Reflected shock front

of decreasing intensity leaves the center of explosion with an
initial speed several times the speed of sound (15,000 ft. per
second ot "breakaway'’) and travels outward with a diminish-
ing velocity thal approaches the normal speed of sound of
1,100 fi. per second. Fig. 1 shows the locotion of .the shock
front after a certain interval of time and its relationship to the
structure. The distance between the struclure and the center of
explosion is determined by the height of burst obove ground,
h, and by the distance, d, from ground zero, the point directly
below the center of explosion. & S
The shock front, which presents o ropidly expanding spheri-
cal surface,.is characterized by an abrupt increase in pressure.
The intensity and durotion of this pressure can be predicted
quite accurotely if no inlerference to the shock front occurs.
Because a bomb is detonated obove ground, o'ireﬂecfed
shock front develops. The reflected wave, as indicoted in Fig. 1,
adds 1o the intensity of the initial shock front. At somewdiﬂom:e'

Initial shock front

Rq
Yo/ sty
€

r

Ground zero distonce, d

Fig. l..,' Geometric relationship between center of
explosion, shock front and structure.

I organizotion, are limited fo scientific resecrch, the development of new or improved products and methods, technicol
tional effort (including safety work), and are primarily designed to improve and extend the uses of porfland cement and concrete. The manifold program
of the Association &nd ils varied services to cement users are made possible by the finoncial support of over 65 member companies in the United States and Cenado, engaged in

the monufociure ond sale of a very large proporlion of oll portlond cement vsed in these Iwo countries. A current list of b panies will be furnished on
Copyright 1958 by Portland Cement Associotion



the two shock fronts fuse together near the ground, as shown
in Fig. 2. The height of this fused shock front increases as it
moves outward. The front is approximately verlical and sweeps
over the surrounding area with an intensity corresponding to
a bomb of twice the yield of the aclual one. The pressure in
the combined shock wave is generally referred to as the
side-on pressure and is denoted os p,. lts inlensity is dependent
on distance from ground zero, height of burst and bomb yield.
As the shock front moves forward, the peak side-on pres-
sure, denoted as p, decreases as indicated by the dash line
in Fig. 3. For o 20-KT* bomb, such as that dropped on Hiro-
shima, the peck side-on pressure at ground zero is about
" three and one-half times the atmospheric pressure, 14.7 psi;
at 2,000 f. from ground zero it reduces to about 24 psi; and
ot 9,000 ft. it is, approximately, one-sixth the atmospheric
pressure.

For a constant ratio of h to d the distance at which the
peak side-on pressure exerted by any other bomb size is
approximalely equal to the pressure exerted by a 20-KT bomb
at a distance d, is given by the hydrodynamical equation

3
w
d d,.\/m

d=the horizontal distance from ground
zero for a bomb W;
d,=the horizontal distance from ground
zero for o nominal bomb;
W =yield of the bomb in KT.
For example, the pressure exerted by a 160-KT bomb ot a

. in which

*Kiloton or 1,000 tons. A 20.KT bomb, which has roughly the effec-
tive energy release of 20,000 tons of TNT, is considered nominal.

3, s
distonce of d-d,.\/%-2d,. is the same as the pressure

exerted by o 20-KT bomb at the distance d,.

The distribution of pressure behind the fused shock front
ot two different distances is plotted in Fig. 3 os solid lines under
the dash line. In these cases the pressure decreases from the
peak side-on value ot the designated point to a total less thon
atmospheric pressure al some distance behind. As the shock
wave travels outward, the distance, d,, subjected to positive
pressures increases and the peak inlensily decreases.

The pressure conditions that exist when a blast hits a build-
ing are indicated in Figs. 4 and 5. The pressure on the front
woll facing the blast builds up because of interference with
the forward movement of the shock front. This might be de-
scribed as a piling up of energy. The intensity of the shock
wave reflected from the front wall depends on the initial side-
on pressure, the width and height of the wall ond the angle of
incidence measured as the angle between the direction of the
blast wave and the normal 1o the wall surface. Under very
unfavorable conditions the reflected pressure could be as much
as _four or more times the side-on pressure. This build-up of
pressure applies mainly to the lateral forces that act on the
wall facing the blast.

Near the top of the wall the reflected shock wave travels
upward and causes turbulence over the roof. At the froni edge
of the roof the vertical pressure is approximately the same as
the initial side-on pressure. Beyond the edge, however, the
pressure drops to a value far below p,. At a horizontal dis-
tance about three times the height of the wall, the turbulence
decreases ond the pressure again approaches p,. A similar
but much smaller effect takes place near the rear edge of the
roof.

Reflected shock front sé
2as |
Initiol shock front § \\
& \
o \
; \ - Peok side-on pressure ot shock front when
— - \/_ height of burst is 2000 ft above ground.
e J—Fused shock front 232 \y
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Fig. 2. Formatlon of a fused shock front. @ / 4 -
o 4—/- M . 1=t
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- Distribution of pressur
Fig. 3. Peak pressure on the ground as o function o behind shock front
: - of distance from ground zero for a nominal (+) 1 2 3 4 5 6 7 8 9 10 4

bomb exploded 2,000 fi. cbove ground.

Distance in 1000 ft. from ground zero
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Fig. 4. Blast load on « partially engulfed building.

After the shock front hos passed the building, a pressure
builds up on the rear wall that, ot its maximum, is slightly less
than the value of p,, as indicated in Fig. 5.

The great variety of pressures that may exist around o
building, all varying with time, are derived from the initial
side-on pressure. They also depend on intensity and duration
of blast and on th'e size, shape and orientation of the structure.

Duration of Peak Pressure

As pointed out in connection with Fig. 3, the side-on pressures
immedialely behind the shock front decrease. Therefore, in
contrast to ordinory stolic loads, the pressures exerted on a
building decrease with time, as shown in Fig. 6. As the blast
moves by the building, it goes through a positive phase in
which the pressures are greater than atmospheric pressure.
After a relatively short time, the blast enters o negative phase
of longer duration which, because of its lower intensity, is
frequently disregarded in design. The change in pressure dur-
ing the positive phase may be approximated roughly with a
straight line. The hme, to, is the duration of the positive phase
of the blast load, which for a nommal bomb will vary from
g ] W ——

This rather simple pressure-time relationship is complicated
by the previously described build-up of shorler-duration re-
flected pressures on the front face of the front wall and by
pressures that exist on the inside face of the wall. Actually,
the positive phase of blast pressures cannot be represented
by a single straight line. An idealized pressure-time diagram
for a front wall located ot the distances under consideration
is approximated in Fig. 7 by two straight lines. It consists of o

Shock front

rr—
Blost
movement

LT

Fig. 5. Blast load on a fully engulfed building.

Pressure,p,
+

\_—_/-

Time

Fig. 6. Pressure-time curve at a given location.

shorl-duration peak load followed by a smaller drag load of
longer duration. Peak load includes reflected side-on pres-
sures. lts duration, b, is dependent primarily on the time it
tokes for a wave fo travel three times the height of the wall
or one and one-half times its unbroken width, whichever is
smoller, af o speed approximately that of normal sound travel.
For this reason the duration of peck-load pressures is very
sensitive to the geometry of the building. The lower siraighi
line represents the effect of drag on the siructure. The fotdl
duration of loadings is approximately 1o, but from a strength
consideration of the panels, the critical duration is dependent
mainly on 1,

for exiremely narrow members such as poles and free-
slanding columns, the duration of reflected pressures, as shown
in Fig. 8, is sharply reduced as compared with the longer dura-
tion shown in Fig. 7. The duration, 1,, is so short that the effect
of the peak load is negligible and the cnhcul loading is due to
drog.

Blast Load on a Structure

Even if oll necessary dota were available for the colculation
of the blast load exerted on o building with openings, such o
delermination would not be warranted in the case of small
buildings because of the number of variables involved. How-
ever, a qualitative understanding of the effect of openings
can be gathered from test observations,

In the nucleor explosion of the Yucca Flat, Nev., testing
ground on May 6, 1955, four houses of reinforced concrete

B

g% Peck load

) o]
f—te Time

Fig. 7. Simplified pressure-time curve for members of large
width and height.



Short-durotion peak lood

Prassure, Py

Fig. 8. Simplified pressure-time curve for members of nar-
row width,

were exposed to blast pressures. The houses were constructed
in accordance with ordinary requirements for earthquake re-
sistance.* Two were located 4,700 f. and two ot 10,500 fi.
from ground zero. At 4,700 ft. one house of reinforced con-
crete masonry and another of precast lightweight reinforced
concrete withsiood the blast of a 35-KT bomb, exploded ot a
height of 500 ft. The equivalent distance from ground zero in
the cose of a nominal bomb exploded 2,000 ft. above ground
can be shown to be approximately 6,000 f.** The minimum
safe distonce for a windowless house con be shown by theoreti-
cal investigations to be opproximately 11,000 ft. The decrease
in safe distonce, as proven by the test, can be credited to the
relieving effect of wall openings and to the orientation of the
structure. These effects are illustrated in Fig. 9.

If a wall is placed parallel to the blost, as shown in Fig. 9(a),
it will get very lmle unbalanced load. The pressure merely
engulfs it and is in equullbrlum at any lime. When a wadll is
perpendicular to the blast, as in Fig. 9(b), the reflected pres-
sures, py, on the front face will build up from two to more than
four timest the value of the side-on pressure, p,. If a wall has
windows, the shock front enters ond immediately bégins to
exert pressure on the back of the wall, as shown in Fig. 9(c).
The net load on the wall is equal to the difference in load on
the two sides.

The duration of the peak pressure on a windowless structure

. usually will be relohvely long since large, unbroken wall areas
slow down the escape of reflected pressure. The strength of
the front wall of a windowless house must be adequate to resisl

.the peak load, as shown in Fig. 7.

A house with large window areas has a different type of
loading curve. After the windows are blown in and only piers
ond spandrels remain, a quick escape of the reflected pres-
sures is possible. In extreme cases only the drag part of the

*Uniform Building Code by Pacific Coast Building Officiols Con-
ference.

**The increased safe dislance is necessary primarily becouse of the
greoier spread of pressure ot increased height.

{See "Design of Blast Resistant Construction for Atomic Explosions™
by C. S. Whitney, B. G. Anderson, and E. Cohen, ACI Proceedings,
Vol. 51, page 607, Fig. A1.5,
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Fig. 9. Pressure on walls of different configurations. - .

load diagram shown in Fig. 8 will be effective as load on the
structure. The condition encountered in one-story houses is
somewhere belween the two extremes.

General Layout

Except in those areas in which full protection against blast is
required, the house should be laid out in such a way that it will
pick up as litte of the blost load as possible. Walls without
struclural function should be made friable, thot i |s, capable of
collapsing under the impact of a shock wave without trans-
milting more than a negligible part of the load to the structural
frome. In this category belong light and brittle curtain walls,
ond ordinary doors and windows. :

In many cases the blast direction con be predicted. In a
suburb the direction is usuolly toward an industrial areo or
the city center. The main structural walls should preferably
be made parallel to the blast direction and all .other walls
should be provided with large windows. The side-on pressures
would then tend to equalize each other on the two faces of the
structural walls. Openings in these should be kept to o mini-
mum to provide maximum sirength g

If the blast direction is not known, a wall moy be subject to
either full lateral reflected pressures for a blast normal to it,
or to shear and smaller lateral pressures for a blast parallel
with it. Openings would decrease the duration of lateral pres-
sures but would reduce both the shearing ond bending strength
of the wall. Under such conditions the best solution is to make
all wall elements uniform in width between openings.

it blast enters a house through openings, interior walls may
olso be exposed to large pressures. If they have a structural



Fig. 10, One-stary blast-resistant house

funetion, they should be desigred and built in o manner similar
o exterior walls, To limit the maximem unbroken wall area
for interior walls is even more imporiant than for exterior
w_q|!i, since no escape of reflecled pressure is possible at
roof level.

It is generally advisable to provide approximately the same
amount of sfructural walls in sach direction of a building, For
illusirolion, a long, narrow lJuiHinq nr.\rm-rr'”:,' should hove
longitudinal walls broken up by large windows and have only
small openings in transverse walls. The center of gravity of
the resistance from all shear walls should coincide as closely
os possible with the center of gravity of the total lood, in
order to avoid twisling of the building. In some cases a rigid
concrete frame around o large apening may be necessory
for additional strangth.

If the house hos mony openings, the rocl will gel only o
relatively small unbalonced load, It is nat desirable, in gen-
eral, to let the blast reoch the bosement, Therefare, the floor
slab for average condilions would have 1o be designed for
approzimalely full side-on pressure, If the bosemen! is fo be
used as o sheller, thal portion of the fleor over the shelier
should be designed for even higher pressures.

Special consideralion should be given to layouts that maoy
1r1:l; Ihé blost inside the building. This condition would mxist,
for example, whare threa solid walls form o U with the opean
side against the hlast, High reflecled pressures moy ocour in
such coses ogainst not only the walls bul alse tha fleor and

roaf. The resulting net vpword pressure could result in uplifi
of the roof if it were not praoperly fied down,

Details of a Blast-Resistant House

Important blost-resistant feolures are incorporated in the de.
sign details of a ane-story modern house with bosement as
shown in Figs. 10, 11 and 12, This house wos designed to resis!
klast at 9,000 ft, from o nominal bomb exploded 2,000 fr.
abave ground, wilh the assumplion that there is no reliefos o
resull af pressures entering the windows, Becouse of the large
windaw opaningz, the house will oclually wilthstand larger
pressures than those caleulated, Mo restriclions are imposed
o orantation,

The exterior walls of heights suilable for convenlional one-
stary houses are of 12-in. concrele masonry, as thown in
Fig. 11. Concealed behind the Furring are verticol tierods—
to. 7 bors ol 24-in, spacing—securely anchored 1o the roof
and the flloor. As the wall bends under laleral pressure, it is
enmpressed hetween the bevo slobs, which ore restrained from
meving apart by the tierods (see Fig. 13]. The woll ocls o3 o
verlical beam with fixed ends subject lo on oxial leod and
supported ab the raof and Roor level, 1 is copable of resisting
pressure from either direclion.

The #.in, reinfloreed conerete roafl slab is designed fo wilh
stane Ihe vertical side-on pressures; il olso ocls o5 o deep
harizantal girder thal fronsmils horizontal reactions from he

frant wall 10 the side walls. The advantage of a flal roof is



twofold: {1] by decreasing the heighl of the building it raduces
the lotal area sxpoted to refleclad prassure; (2] with a sirong,
finl concrels roof the wall) aapated In Blasl ocl o4 beams wp-
porad both top snd boHom, wheraos withoul such roof con-

* sttyction, the walls would oct as contilavers ond have moch
lazs resisiancs,

. - Side walla acl ar thaar walls that renist tha horirontal re-
odions fram tha roof, For this reasan, os shown in Fig. 12,
emple braging has been provided by waolls in Brih dirctions.

The &.in. reinferced concrate fivor slat is able lo withaload
a blest p praltyrs -:! 350 pal. A shelter prea is provided in fhe
basemenl for prolection af Ihe occupanty, [m thal porkon of
tha flgor pver tha shalter, the slob thickneit and the rajnforce .
menl remaln the same, but the spon |s reduced 1o approvi.
mately 3 11, which makes the tlob wafe Ior o blast pressure of

+ 1,700 paf.

“Mask reshslance of o windowless house con be predicted
occurataly by meons of a dynomic onalysls. Windows com.
plicola the detign becouse they reduce tha duration al the
lood on wolls facing tha blost, The following equation can be
viad ks stimo's tha licracia (n blal resislones of tha 19 in,

wall when provided with windows ond opnnings 1paced oot
mora Then 18 B, gand nol le1s than 2 14, opart:
d, = 150 (% 4 b),

Fig. 11, Dutalls of a reinforead concrrie masonry wall,

Ll
s

LIl -t
LR SR 8.3

Fig. V1. Floar plons for o eneaiery blovi-rasisiant hoves,

whara ¢, v tha 1ole ditlonce in fael from grownd zarp and b
in the width [n fasl between edjocsnt openings, i

For a windowlan structurs the maklmuom velue ol b= IB .
thowld ba yaed. The formula then glver o, aqual lo 7,450 .
I tha ralief abloined by windows 1n telen inte eceounl and o
&M widih of wall halwaen cpanings I¢ asaumed, minimym pafe
ditlanca for the front wall i

o, = 353 (F4-8) « 5,750,

For on B.n. concrele mosonry woll, the presiurs thol can b
retitlad |3 raduend in proportion o ity thicknass For sxampla,
the peak side.on prenes for o 12.in, concrate masohry woll
without npanings of the sofe distance of %450 4. jx, from
Fig: 3, 2.5 pal. An B in, wall con tharefora resist o pagh tide-on

pranbure of 35X . i -1.65 pii, which 7t tha pressure at a dix-

2
fonca of 11,000 . Therefors, an 8-in, woll al 11,000 B wilt
withalond the some blost That o 12-in. woll will rsaisl ol 9,450 K,

To edlmale the blan resivance o tha concrete mosonry
tedl house at Yorcn Flol, refaered 1o on poge 5, a1ume that o
12.in, wall hoyt o width between openings e 5 H, The' minimum
sale dislonce &

d, = 350 (% {-5! = £900 1

A) this divtorca The peok side.on prejtury is 7.8 pyi for o

vaminal bomb &l 2,000-H, oltilude. For an B-in, wall thiz valua

in raduced 10 ?.BX%—S.QO psi, which corraspands 1o o 1afe

ditlance from ground rero of 4,400 A. This comparas fovar-
obly with the valve given on poge 5, which wot colevlated by
converling the side-on prevsgrs for the octuol bomb size ond
heighl of axplasion ysed in fhe tesl to that of o nominal bamhb
exploded ol 2,000 1, shava ground,

Daslign Alds

The bwo load charts, Figs, 14 ond 15, may ba used lo design
roof andd Noor slobd. Thay give the Thickness ond rafnforce-
ment for o reinforced concrele dlab for diferanl spam af
varigys distances from ground zere of a 20.KT bomb. The

BASEMENT PLAM



height of explosion is assumed to be 2,000 ft. The values in
the charts are obtained from a dynamic onalysis and the slab
deflection is limited to 1/90 of the span. Generally accepted
simplifications, us presented in Fig. 7, were made in regard
to the pressure-time relationship.

In Fig. 14 relief is not included from pressures entering the
building or from turbulence over the edge of the front wall.
Therefore, it is applicable to slabs over basements, to side
walls parallel to the direction of blast, ond to roof slabs on
closed buildings. For the relatively long duration of the peak
load on which this charl is based, there is little difference be-
tween the results of the dynamic and static analyses made of
the slabs.

Fig. 15 applies to the special case of a roof slab on a closed
building that has a width-to-height ratio and o width-lo-depth
ratio greater than 3 and that is subject o blast normal to the
width of building. The roof spans in the direction of the blast.
Except for the exireme ends of the roof, which are designed
from the values in Fig. 14, the turbulence over the edge of the
front woll reduces the duration of the peak load and permits a
less conservative design. The shorter duration in loading per-
mits the static load capacity of the slabs to be from 50 to 75
per cent of the static capacity corresponding to the peak load.
‘This chart will also give approximate results for roofs on
partly open buildings that have relieving effects as a result
of pressures on the inside.

If slabs are continuous over two or more spans, the effective
span length, L,, may be taken as the distance between points
of contraflexure. The same amount of reinforcement as that
shown in the charls should also be provided as negative steel

—
Blast
movement

M= Pg

Fig. 13. The effect of an anchored tierod behind a concrete
masonry wall.

Printed In U.S.A.

z
s

3000 4000 S000 6000 7000 6000 S000
Distonce from ground zero in feet

Fig. 14. Design of a simply supported one-way slab for long-
duration peak loads from a 20-KT bomb.
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Fig. 15. Design of a simply supported one-way slab for short-
duration peak loads from a 20-KT bomb.

over the interior supports. The distance from o point of contra-
flexure to an adjacent support may be estimated as follows:
At a discontinvous edge.......... 0 i
At the interior support
in an exterior bay............. L/4
In oll interior bays............... L/5
where L is the clear span.

For illustration, a continuous roof slab over two 20-ft. bays
will have on effective spon, L, =20(1—V;) =15 fi., If the struc-
ture is located 6,000 ft. from ground zero, Fig. 14 shows that
the required slab thickness is 10 in., reinforced with No. 6
bars at é-in. spacing both ot midspan and over the interior
support. This structure will resist a blast load from a 200-KT

. 3 1200
bomb at a distance of d= 6,000 -ib—=13,000 fr.

Blast resistance of a one-story house is more a matter of
loyout and detailing than of structural design. For this reason,
only the most simplified design considerations have been given.
For larger and more complex structures a detailed dynomic
onalysis is required.

137
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function [d,h]= respcon(m,T,b,vg, Fs)
%

% [d,h] = respcon(m,T,b, vg, Fs)

o

% Genera respuesta de un oscilador linear estable

% con propiedades b y w a una senal de aceleracion vg.

Parametros de entrada m: masa del sistema
b: amortigumiento critico
T: periodo no amortiguado del oscilador sec
vg: registro de aceleracion
Fs:frecuencia de muestreoc en registro de aceleracion

N o g

# oo

o

r': respuesta en desplazamiento
h: respuesta impulsiva
Calcula la respuesta usando convolucion

A

&N

Ruben Boroschek 9-9-9¢

o8 0 op

[xm, xn] =size (vg) ;

if xm > xn
vg=vg';
Xn=xm;
end
% longitud de hi(t), supone 0.001 de amplitud inicial
% numero de ciclos de periodo
mT=£fix(1.099/b) *Fs*T;
if mT > xn
mT=xn;
end
% frecuencia amortiguada
w=2*pi/T;
wd=w*sqrt (1-b*b) ;
% propiedades del instrumento
% genera respuesta impulsiva del instrumento
h=imp(m,b,wd,mT,Fs);
% calcula respuesta usando convolucion
d=conv (vg,h) /Fs;
d=r(l:xn)"';
end
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function h = imp(m,b,w,n, Fa)
h o= impim, b, w,n, Fg)

Genera funcion de impulsao para sistema lineal mecanicoes
Parametros de entrada M: masa del sistema
b: amortigumiente critica
w: frecuencia del cscilador rad/sec
n: tamanc del vector a crear
¥ Fs: frecuencia de muestren

hitl=exp(-wrbvg) * siniwd*t] /[m * wd]
Fuben Boroschek 9-9-g5g
t=({0:n-1) /Fs;
wd=w*sqrt (1-b*h) ;

haexpf-w*b*ti.*sin:wd*t}fmfwd;
end

Page 1
10:09:52
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function {v,hh,vw,beta] = respfre(m,T,b,vg,Fs)

Parametros de entrada

Ruben Boroschek 9-9-96

of° o°® o® of o o® A® O O O I o o o of oK o

% longitud vector de entrada
n=length(vg) ;

% Duracion del registro
Tp=n/Fs;

% paso de Frecuencia
dw=2*pi/Tp;

¥ frecuencia natural y rigidez
wo=2*pi/T;

k=m*wo*wo;

{v,hh,vw,beta] = respfre(m,T,b,vqg,Fs)

Genera respuesta de oscilador en el espacio de la frecuencia

b: amortigumiento critico

T: periodo del oscilador sec

vg: senal de entrada

m: masa del oscilador

Fs: frecuencia de muestreo de la senal

v: respuesta de desplazamiento

hh: funcion de frecuencia de respuesta
vw: fft de vg

beta: razon de frecuencias para n/2+1

% senal en el espacio de la frecuencia

vw=f£ft (vg) ;
%

[h,betal =hn(b,k,wo,dw,n/2+1) ;
hh=zeros(n,1);

h=h’;

hh(1:n/2+1) =conj (h) ;
hh(n/2+2:n)=(h(n/2:-1:2));
v=real (ifft (hh.*vw)) ;
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function [h,betal] = hn(b,k,Fo,dF,n)

~n

[h,beta]
[h,beta]

hn(b,k,Fo,Fs,n) (espectro )
hn(b,k,Fo,F) (valor escalar para F/Fo)

Parametros de entrada b : amortigumiento critico
Fo: frecuencia del oscilador rad/sec (2 pi Fn)
k : rigidez del sistema (si k=1 h(0)=1)
Fs: paso de frecuencia (Fs/(2*n))=dF
n : tamano del vector a crear

beta : relacion de frecuencias F/Fo
h=1/k[1-(F./Fo)."2+j*2*b.* (F./Fo)]

Ruben Boroschek 1-1-98

PO 0 P 0P oF o0 0O 90 R P ¥ of P O of

% Para el caso de valor escalar
F=dF;

% para el caso de espectro
if nargin > 4

dF=dF/ (2*n) ;

F=(0:n-1) *dF;
end

beta=F./Fo;

nF=length (F) ;

unos=ones (1,nF) ;

h=(unos/k) ./ (unos- (beta) .~2+ (j*2*b) .* (beta)) ;

Genera funcion de impulso en frecuencia para sistema lineal mecanico
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function [x,v,a)=respnewmark (m,T,b,P,Fs,xo,vo,beta,gama)

3 [x,v,a]l=respnewmark (m,T,b, P, Fs,xo,vo,beta,gama) ;

{x,v,a]=respnewmark(-m,k,c,P,Fs,xo,vo,beta,gama) ;

% BEsta funcion proporciona la respuesta de un sistema con rigidez y amortiguamiento
% lineal por medio del método de Newmark.

% PARAMETROS DE ENTRADA:

% mT,b : Masa, periodo y razon de amortiguamiento critico del sistema.

% [~Im,k,c : masa(con signo negativo),rigidez y amortiguamiento del sistema.

% Fs : Frecuencia de muestreo

% P texcitacion

% Xx0,Vo : condicion iniciales def 0

% beta : 1/2 aceleracion constante; 1/6 (def) aceleracion lineal.

% gama : 1/2 def opcion amortiguamiento artificial.

% OBSERVACION:

% Para el caso de aceleracion constante en el intervalo se recomienda FS*T<infinito y
% para el caso de aceleracion linealmente creciente se recomienda Fs*T<0.551.

% rbk, pm 19-03-03

if nargin < 6 | isempty(xo)
x0=0;
end

if nargin < 7 | isempty(vo)
vo=0;
end

if nargin < 8 | isempty(beta)
beta=1/6;
end

if nargin < 9 | isempty(gama)
gama=1/2;
end

% Vectores salida
[P]=fila(P);
x=0*Pp;

v=X;

a=x;

if m > 0 § Propiedades T y b
w=2*pi/T;
k=rm*w*w;
c=2*m*w*b;

else % Propiedades k c
k=T;
c=b;
m=abs (m) ;
w=(sqrt (k/m)) ;
b=(c/(2*m*w)) ;

end

¢ CONDICIONES INICIALES Y CONSTANTES
dt=1/Fs;

dt2=dt*dt;

x{1)=x0;

v({l)=vo;
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_

% Ecuacion de equilibric paso 1
alll=(P(ly-c*vi{l)-k*x(1]] /m;

t Constantes del metedo.
kl=k+gama*c/ (beta*dt) +m/ (beta*dtd} ;
A=m/ (beta*dt) +crgama/beta;

B=m/ (2*beta) +dt* (gama/ (2*beta)-1) *&;

for i=1: ([length(P)]-1)
deltaP=P(i+l)-FP{il+a*v {i}+B*a{i);
deltax=deltaP/kl;
deltav=gama*deltax/ (beta*dt)-gama*v (i) /beta+dt* (l-gama/ (2*beta}] *a (i)
deltaa=deltax/ (beta*dt?)=-v (i} /(beta*dt)-a{i)/(2*beta);

®{i+l)=x{i)+deltax;

vii*l)=vii)+deltav;

afi+l}=aii)+deltaa;
end

¥x=columna (x}:
vecolumna (v);
a=columna (a):
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