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4-1. Express the periodic loading shown in Fig. P4-1 as a Fourier series. Thus,

determine the coefficients ¢, and b,, by means of Egs. (4-3) for the periodic
loading given by

. 3m
p(t) = po sin i (0 << 2m)
Ty
p(t) =10 (27 < t < 3m)

Then write the loading in the series form of Eq. (4-1).
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4-2. Repeat Prob. 4-1 for the periodic loading shown in Fig. P4-2.
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6-1. The undamped SDOF system of Fig. P6-1a is subjected to the half sine-wave
loading of Fig. P6-1b. Calculate the spring force history f, () for the time 0 <
t < 0.6 sec by numerical evaluation of the Duhamel integral with &7 = 0.1 sec
using:
(a) Simple summation
(&) Trapezoidal rule
{c) Simpson’s rule
Compare these results with those obtained with Eq. (5-1) evaluated at the same
0.1 sec time increments.
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Example Eé6-1. The dynamic response of a water tower subjected to a
blast loading will now be presented to illustrate the above numerical procedure
for obtaining undamped response through the time domain in accordance with
Eq. (6-14). The idealizations of the structure and blast loading are shown in

Fig. E6-1. For this system, the vibration frequency and period are

: 32.2) 7
= ,,f%f - % —30rad/sec T = Qw_*r = 0.209 sec

vl(t) -—‘ W =96.6kips
- 1)
ﬁ/ P(

P(f) —— 96.6 kips

|
|
|
~— k=2,700 kips/jt : '
|
|

S

0.025sec ~ 0.0255ec

— 1 Loading history

The time increment used in the numerical integration is A7 = 0.005 see, which
corresponds to an angular increment in free vibrations of w A7 = 0.15 rad
(probably a somewhat longer increment would give equally satisfactory results).
In this analysis, Simpson’s-rule summation as given by Eq. (6-13c) is used.

An evaluation of response over the first 10 time steps is presented in a
convenient tabular format in Table E6-1. The operations performed in each
column are generally apparent from the labels at the top; however, a few brief
comments may be helpful as follows: (a) Columns (4) through (10) are used to
evaluate EN/F (where F' = At/3mw) in accordance with Eq. (6-13c) using
yn = py, coswiy. (b) Columns (11) through (17) are used to evaluate By/F
in accordance with its equivalence of Eq. (6-13¢). (c) Columns (18) through
(21) are used to evaluate v in accordance with Eq. (6-14). (d) The last column
is used to evaluate the spring force fg = kwvy. (e) The multiplication factor
M; = 1 need not be shown in Table E6-1; however, it is entered for later
comparison with My # 1 as required in the damped-response solution.



Since the blast loading terminates at the end of the first 10 time steps, the
values of A and B remain constant after time + = 0.050. If these constant values
are designated A and B, the free vibrations which follow the blast loading are
ziven by

v(t)=4A sinwt—B coswt

in accordance with Eq. (6-10). The amplitude of this motion is
. e aly2
Umax = [(A )+ (B )2]

In the above example, 7' = 1026 F = 0.0190 ft [0.579 em] and B =
956 F = 0.0177 ft [0.539 cm] [see Columns (10) and (17) for N = 10] so that
vmax = 0.0260 ¢ [0.792 em] and fg = 70.2 kips [31, 840 kg].
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5-1. Consider the basic dynamic system of Fig. 2-1a with the following properties:
W = 6001b (m = W/g) and & = 1,000 {b/in. Assume that it is subjected
to a half sine-wave impulse (Fig. 5-2) of amplitude p; = 500 Ib and duration
f1 = 0.15 see. Determine:
(a) The time at which the maximum response will occur.

(b) The maximum spring force produced by this loading; check this result
with that obtained by use of Fig. 5-6.

5-2. A triangular impulse that increases linearly from zero to the peak value is
expressed as p(t) = polt/t;) (0<t<ty).
(a) Derive an expression for the response of a SDOF structure to this laoding,
starting from “at rest” conditions.
(b) Determine the maximum response ratio

Pmax
po/k

Rmax =

resulting from this loading if £ = 37 /w.



5-3. A quarter cosine-wave impulse is expressed as

—

p(t) = pg cos@Tt 0D<t< %

(a) Derive an expression for the response to this impuse, starting from rest.
(b) Determine the maximum response ratio

Umax
po/k

if T=w

Rmax =

5-4. The basic SDOF system of Fig. 2-1a, having the following properties, & =
20 kips/in and m = 4 kips - sec? /in, is subjected to a triangular impulse of
the form of Fig. 5-5 with p; = 15 kips and £, = 0.157".
(a) Using the shock spectra of Fig. 5-6, determine the maximum spring force
FSmax-
(b) Using Eq. (5-21). compute approximately the maximum displacement and
spring force; compare with the result of part a.

5-5. The water tank of Fig. P3-la can be treated as a SDOF structure with the
following properties: m = 4 kips - sec? fin, k = 40 kips/in. As a result of an
explosion, the tank is subjected to the dynamic-load history shown in Fig. P5-
1 b, Compute approximately the maximum overturning moment My at the base
of the tower using Eq. (5-21) and evaluating the impulse integral by means of
Simpson’s rule:

At
]pdt: = (Po + 4p1 + 2p2 +4ps + ps)

FIGURE P5-1
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8-1. For the uniform cantilever tower of Example E8-3, the following expressions
for the generalized mass and stiffness were determined:

m* =0228mL

B =

wl =
(S I
h|t‘rj
] b~

Based on these expressions, compute the period of vibration for a concrete tower
200 ft high, with an outside diameter of 12 ff and wall thickness of & in, for
which the following properties may be assumed:

7 =110 1b - sec?/ ft*
EI=165 % 10°1b- ft®

8-2. Assuming that the tower of Prob. 8-1 supports an additional point weight of
400 Eips at the top. determine the period of vibration (neglecting the geometric
stiffness effect).

8-3. Forthe system shown in Fig. P8-1, determine the generalized physical properties
m*, ¢*, k*, and the generalized loading p*(t). all defined with respect to the
displacement coordinate Z (7). Express the results in terms of the given physical
properties and dimensions.
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FIGURE P8-1

8-4. Repeat Prob. 8-3 for the structure shown in Fig. P8-2.

| 2L Mo L —f— L —

— load / \

’J,’ pin length \\\_ /
T I I [ LZ'E” — Inextensible

_&N W massless cable

“Rigid uniform bar i

Total mass = m

Pulley:
Total mass = m
{uniform over area)

i

-5S. Repeat Prob. 8-3 for the structure shown in Fig. P8-3. (Hinr: this system has
only one dynamic degree of freedom; this is associated with the rotational inertia
of the rigid bar of mass m.)

FIGURE P8-2

il
‘ - Rigid massless bar
I
A ‘J'A Rigid uniform bar
= k s (Total mass = m)
Zit) ‘
L L
I L I L =3~ 7

FIGURE P8§.3



8-6. The column of Fig. P8-4 is to be treated as a SDOF system by defining its

displaced shape as
, vz, t) N S
o=y =(z) (3-3z)

Denoting the uniformly distributed mass per unit length by 77, the uniform
stiffness by ET, and the uniformly distributed load per unit length by Fit).
evaluate the generalized physical properties m™* and &* and the generalized
loading p*(t).

X

l Z[r}‘

7
/

I }—ﬁfuu.rh Wix) Zir)

— ; Uniform column
5 gy s

H length
I i ET'= flexural rigidity

T FIGURE P8-4

8-7. (a) If a downward load N is applied at the top of the column of Prob. 8-
6. evaluate its combined generalized stiffness E using the same shape
function ¢(x).

(b) Repeat part a assuming that the axial force in the column varies linearly
along its length as N(z) = N(1 — =/L).

8-8. Assume that the uniform slab of Fig. 8-4 is square. with side length a, and s
simply supported on all four edges.
(a) If its mass per unit area is v and its flexural rigidity is D, determine its
generalized properties m* and k* in terms of the central displacement
coordinate Z(t). Assume the displacement function is

, . omx ., Ty
U(x,y) = sin — sin —
' a a

{(p) The uniformly distributed external loading per unit of area is T(t). Deter-
mine the generalized loading p*(¢) based on the displacement function of
part a.



8-9. The outer diameters, height, and material properties of a conical concrete
smokestack are shown in Fig. P8-5. Assuming a uniform wall thickness of
& ine and that the deflected shape is given by

CoS T
2L

W(z)=1-

compute the generalized mass m* and stiffness £* of the structure. Dividing
the height into two equal segments, use Simpson's rule to evaluate the integrals,
including in the summations the integrand values for the bottom, middle, and
top sections. For example

m* = —T (Yo + 4w + u2)

where y; = m!--t"f evaluated at level “i.”

X
s

_—2"—|— _.-"

-] \ x)=1-cosZX

A

i l=—L—Concrete stack:

| ||/ densiy = 150 iy
i E =13 10° [bin®

200 | LH," wall thickness = 8 in

——f—185 FIGURE P8.3

8-10. By Rayleigh's method, compute the period of vibration of the uniform beam
supporting a central mass 72, shown in Fig. P8-6. For the assumed shape. use
the deflection produced by a central load p; i.e., v(x) = pz(3L? — 422) /A8ET
for 0 < » < L /2, symmetric with respect to @ = L /2. Consider the cases: (a)
ny = 0, and (b) mq, = 3TL.



Assumed shape

ha|l"-

vix)

8-11.

FIGURE P38-6

(@) Determine the period of vibration of the frame shown in Fig. P8-7, assum-
ing the girder to be rigid and the deflected shape of the columns to be that

due to a lateral load p acting on the girder v(z) = p (3L2%z — 2% /12ET;
(b) What fraction of the total column weight assumed lumped with the girder
weight will give the same period of vibration as was found in part a?

- Rigid mass:
-‘J : L 451.

X

| ¢ mass

m
- gy length

| {each column)

_‘Sll_l vix)

L‘T Assumed shape
]

oL

FIGURE P8-7

8-12, The shear building of Fig. P8-8 has its entire mass lumped in the rigid girders.
Far the given mass and stiffness properties, and assuming a linear initial shape

(as shown), evaluate the period of vibration by:

(a) Rayleigh method Fgp
(b) Rayleigh method Fp;
(c) Rayleigh method R;;

. 2,.
my =2 kips sec'fin

ky =400 kips/in
m;:f—lki’ps-xfczﬁn
k= 800 kipsfin

my =2 kips: secin

U1I0]= l'\l
UJIOJ— i"_
2 3T
&
(0 _ 1A
vy = .-—

ky= 1200 kips/in
FIGURE PS-8
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10-1.

10-2.

10-3.

10-4.

15, 36 =36 3L 3L (v
fs, N |-36 36 -3L -3L||v,
fo 7300 3L -3L 4 -1 ||v,
Je, 3L 3L -I* 4L ||v,

£LY/ GOSN fead Jilast oy jal
Using the hermitian polynomials, Eq. (10-16), as shape [unctions ¢; (), evaluate
by means of Eq. (10-21) the finite-element stiffness coefficient kg for a beam
having the following variation of flexural rigidity: F1{x) = Elg(l +=/L).
Making use of Eq. (10-28), compulte the consistent mass coefficient mog for a
beam with the following nonuniform mass distribution: m(x) = m(1 + x/L).
Assume the shape functions of Eq. (10-16) and evaluate the integral by Simpson’s
rule, dividing the beam into four segments of equal length.

The distributed load applied to a certain beam may be expressed as

I .
plae, ) = ﬁ(? + f_) sin ot

Making use of Eq. (10-34a), write an expression for the time variation of the
consistent load component ps () based on the shape function of Eqg. (10-16).
Using Eq. (10-42), evaluate the consistent geometric stilfness coefficient fgoy
forabeam having the following distribution of axial force: N{x) = Ny(2—x/L).
Make use of the shape functions of Eq. (10-16) and evaluate the integral by
Simpson’s rule using A = L /4.
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. Evaluate the fundamental vibration-mode shape and frequency for the building of

Prob. 8-12 using the matrix iteration method. Note that the flexibility matrix may
be obtained from the given story shear stiffness either by inverting the stiffness
matrix or by applying a unit load successively at each story, and evaluating the
resulting displacements at each story.

. Evaluate the highest mode shape and frequency for the building of Prob. 13-1

by matrix iteration, using the stiftness form of the dynamic matrix Eq. (13-45).

. Evaluate the second mode shape and frequency for the shear building of Prob. 12-

4 by matrix iteration. To form the first mode sweeping matrix .Sy, use the given
first mode shape ¢ and Eq. (13-30).

. A beam with three lumped masses is shown in Fig. P13-1; also shown are

its flexibility and stiffness matrices. By matrix iteration, determine the axial
force Ngr that will cause this beam to buckle. In this analysis, use the linear
approximation, Eq. (10-36), to express the geometric stiffness of the beam.

”IL =m m-y=m H’l? = 2”1
2 oy 7 W N
A [®] it
— L | L | L | L —
I S Y R S v
T8 7 - 92 -88 -6
Fo_L 8 10 k=|-88 128 24| 233 EI
f 243E1 168 L}



5 el o golT ax yo s oliws il )l Gwly
:Q.ibm.aljé-gm.a; oeales vV )|>ﬂl:»|)k;>|)"14;.-)>x;;al§;~>&.ldlS'CwL;Jfl
‘7:¢1 'yl(t)+¢2 'yz(t)+"'+¢n 'yn(t)

Zjl@..u!d;)l.:_cidmﬁjh@sfj

v,©)=¢,y, ()t +0,,(%)

irésqiﬁﬂjéfbbajbﬂjf')

¢11 ¢1i ¢1n
¢21 ¢2i ¢2n

o-|la] -1 -

Ol 3 aS

S
Il




_yl(t)_

voy=o-71) T
RAG]
Sy Y olro olKws
Sl 3 S @ o5l &5 > SYoles @)B gy Sl 3 gyl Cdls o
2K, (0
J=l
my () +[Kv,(0) + K, () +--+ K, v ()= P(t)
S = Z”; K v, (1)
\ . J
! s — Pi(t)

S =my(1)
Do dals S 4 0SSVl oBaus o Sl Sl s

M -v({t)+Kv(t)=P(t) )
5l ks bl Sl 3 gsluliz ¢l 5 sl Coupled " 855" g5 3 (V) S V¥sles NN

: V._:.S@ eslaal Jl':w Se J“iJ""L‘ & JZL!JJI L;L&J.a Jeles Wl}- )l (decoupling) V_A

@ 0|+ 5+ 7, 4]

My, =0 Q%]
¢, M® =¢, M§, (3)
$, KD =¢, K¢, =0l¢, M§, )

ol (8) 5 (07 Sl 5l slital oS b 5o 1 (1) Wsbas S1es; el 5l



6 M§3(0)+o'¢, Mgy, () =4, P(0)

M, =¢, Mg, 5) .
el de (590
(t)+ =L ¢ P(r)=— P/v
)+ o y( )—MU)—M (1) (6)
E(t)

Lels yi(0) debus by s o Sy Ol o o 151 e S = asls (1) dslas

V(D) =D-Y () (7

C =aM + BK

- (2‘;@1')‘3;]\7‘3[ Gk
D Al 5 s gl e bl 31 e &S > Wslas e
; Vi wn (= BO
V() +28,0,5,(1) + o, yl.(t)_? ®

1
W5 ool 5 (6) T e Szl Comd 5 T g oy (0) ey 51 M ke p
(35T am s i (slaslons 3550 53 0 plonil gla_tulel olul )

G )U)ﬂmgsdbjéémlﬁbgb‘)é



¢, M®j+¢, COj+4§, Kby =4, P(t)
¢l M¢]: , _lrl?_]:() LI LFET g S e
¢ Mg, =M, ¢ K¢, =K, =o'M, 55
9515_]:0 L# ] ¢, E‘E:Cl D3gh o S oss)
My, +C.y, +K,y, = P(t) , Pl(t)zqu}_’(t)
PO o Ol e o

S . 1 Pt

Y+ éia)iyi—i_a)iyi_ﬁ (1) 9)

i
éi:Ci /(2a)iMi)

L1y & Ol bl G 5 skia C smlm;u@r@mﬁjwﬁwswumw

330 s cilisen slade 0355155 a4 5 ilesT ol

Pl ey ol g3 1Sl aowr s Ol 5 o 5 () alasl) B33 oS > slee ey

() =[P@)-h(t-1)-dr 10y

—&; (1-7)

h(t—7)= sinw,, (t—71)-e 0<é <1

iOp;

(an

(unit impulse function) >l « ,» bh(t-1):



Vol 5 Al a,S 3 s adsl sl S5 P(1) Gape oDl ofies S 550

1> S wslsl
Y, ()= {yi (0)cos,,t + (j}i (0) +y,(0)50, jsm wDit}é,w,t
O‘)Di
(0)=""—=—— 0)= B
7© ([7, M, ’ yi(0)= ¢i M(/),. Lol s as
s ol
M, 0 0 50
Fo®y 6 My =¢ Moy=| 0 o .
| 0 0 M,|y0)
6, Mv(0)
= O = : 7T ——
=M,y,(0) y:(0) TG
. —7r — . O
yi(O):l_.T—V(.) palie sk o

a0 g0 oliws

SlsMy oo oo Fsinwe Soaler G50 2 §hmeb a3 3 oKaus 3 5148 das OLES 1 0ad

Wiln 5wl 5 W 3 L Saalos 16 S o3l SBAL iy 552

F sinwt




Y‘:&l“”’ﬂ il

ALk e s o U ) Sl 855 0T s a8 S B s 1 e s

.\__J;.\_Ab;— C,._GLv u)l;-w;;éfj Las olis .(kz/m2:W2>¢~.~| o.Lir;{lJbLaJe Sfu Ls.ﬁj.‘.'.'

>)JJJL~0)).»JA Sfujlﬂ) (m|>h}~o| o)L.»)Lf.L»La CML’*

F sinwt
—
k k
1 m, 2 m,
ol
W
(]_ 2)
XK W

k _
2 2 .
wi=—L ; wp=-2 0l s«

I n,
9 m2=0.2m; c> ;o ;51 05t oo il Wi, =1 Gl asojlsws Fuly a5 sgie ala>dls

bl o als ol -H]u—ﬁ)ﬁﬁjpwm—fw) WiWy, w1y &5 cplwy, /=1
oo b lilS B Slo blas opl ow e oy Sl 4 w/w,, =1.25 5 w/w,, =08

So03 o do el So 4 W/Wyy ol Se05 L e S0 50 45 jshailen aiilow g0 9 gl

MLM@L’.J)‘;‘H\))S.L@C odimslis U"‘?‘AW

f(x) o

Thomson, W. T., 1988, Theory of vibration, 3" edition, p136 3 Jii4; "
tuned "



o Pl e oliws S o
teols Sl s

1
P(t)=-M|...|3(2)
I40) 1

thcd g M) slae sl s e
1 —r— L.
—@¢, P(t)=—"T2(t
W PO=— 0

:.L:‘lda 03 s ol i (A) dsles

ol ys a8

n ! 2
L = Z;mj‘pﬁ , M, = Zm1¢1i (13)
J= =

V() 45 s a5 ol 53 ged axl e (V) alaly 40 Ol 5 o VI(E) 2lrmlr arsloes (51 2

e 4o s sl obuls
o SWB e

e (Jodow) acnlons .

5ol s dr o il ) oS o (gl oS @il Ol g e (V) el Sl eslizal U
e a3 sl 1 olie ol IS oS il i s S B o 4 3l 2les
ik 3l oalinal L s 58 (oS 3 s dialot oy 25 ey o5 s Gy oSS a5 3550 Gy

S5 Sl (ol e lp ) ik Cla 015 e 8(0) meb

. L
@ _ ~i |
% M, 4 (19

[€, SVl 5 0 (S 3 L] Ll am uSS oKans b Clid ad 5o 1 4,
Lol iy 3 3 M, 5 L,
lae Llos S COW RV S SRVISTS [PV SR P T gw

1.1\;6)2_]4.2.«.]9



, =myV (1)

L,

g =m; ¢ji V'Ai (15)

1

mj.d)ﬁ Cod dg do 55 w0l (69,0 e ke Colide sl A s M, 5 L, olas &5

Bl cu'j
n LA
Qi _;qﬁ _Vi;qusji
ol Eme T |
N Ml. l- zm ¢]l i (16) R RUISC e

Sy &35 ok PP e s Bl

4 == Bl V)

2P
j=1

ol (Dlib bl a6l

_ _ Vi _ % L,
sz _QDtii _(pji Az —CO_gVAi

. 1 L, q ;i
O e gy ) oty

4y
V= —>5+
(mja)i )

Ll s 0 B8 e L ol fl’“:' O :w{lw;qﬁ&jub Deaon Ol e 1y ddady



ji i Ui
q/l = jvjl :mja)l U/l
q ;i
Vi = 2
(mja)i)

j)dbub-wbuélfjwl&‘u@m-vr'l Jﬂ))j Mcﬂwl;ul;- L 4SC~MAI>J_:L»

fel (s azb

Ay =0, =0y, (%)

(Bt S 5) JS el
(.. COCSRSS) s Sless,

53 0l 51 Ll st |y Al ge OF LU il ge a5 550 55 ke 335 51 S 5 sl

Ll il ol e s gy o O D 2 S

_ [me(pﬁ ]2

0 =
Zm/‘Pﬁ ’

A.(0)

el o A3l e 8(0) o ol 5k 4 ST o (gladasd Cled A, (1) OF L3 a5

0=30,0)

lade JS sl
Qmax < Z(Qi)max :J'."""JL;“‘.' C.ﬁ' 4.]&5.» “ i]GDrJ “g.'. BE lade aon U)P:

Qmax = \/QI2 +Q22 +... SRSS u’:'.ﬁ‘)‘u 9\:" >)"'; rb”' L;“."j;’-" u’:'.ﬁ‘)‘u late V’.‘.SJ: u



S Julod (g aodls
(ﬁja)i L;Jsdl.{,.:ljqulsjju,ﬁ—\

&) o e iy (b a5 Y
Ei 50 o 2 (A) de 2 gl b Ol s T

Ao a3l i delme -t

* 22
fom el s (M) e s e L LA s
b (5, e =0

meQ;
q; = —jQi
Zmi(pﬁ

g ol dbg e ddal 5l Slb Sl e i) s 0
Lade IS 51
SRSS s, .

CQCJ'I:‘;) > U}ijygt§Q>ﬁw|fYA"MUqu



v(x,1)
A p(x,t)
\ O
El(x), m(x)
—x o=l
M + OaM dx
I dx ~
4 V+(i—de
oX
2F, =ma,
oV o
p(x,t)dx—gdx = (mdx) o
. 6_V = (x t)_maZ_V
T PV o
M _, oM _man
o o P
0? oV o
.'.ax—z(EI o )+m e = p(x,t)
o'v o
1) =0, EI + =0
P ERPYE

o'V m oW
o — =0
ox*  EI ot®

00y S g p 2 b oliws

ES o ol pa50 dholre sy

1S o sleoly dslas

i ol3T il
ol sl ol B S



(S e 5 Sosen U ol U S

v(x,0) = @(x,) (1)

4

0'p
ox? '
L9N ) m () _
Coe(x)  EIy@)

y(t)+ % p()§(1) =0

! qb(;&suéux);&suLWélﬂjwloujcbhﬁéﬁd;l&ewl)w
:J.fluﬂ.xu@quou;qijl(x)g&ﬁ@uhﬁ;.gd;l,ﬁwl%w

N0)

pne —a'p(x)=0 )
. EI , .. 2
J+(—a)y()=0 LI+ y()=0 (Y)
m
w? =EL g
m

Sl el osle QT@gjwn 0SS o Kais 53T oS > sles Olea () dsles

y

(1) = =2 Sinwt + y(0)Cosot )
®
dg pled ol S e Ol e 1 (V) sl
o(x) =Ce™
St =at)Ce™ =0 sr=ta , tai

Lo(x)=Ce™ +Ce™ + C,e” +Ce ™

@(x) = A, sinax + 4, cos ax + A, sinh ax + A, cosh ax (€3]



Ll SaSwdaly opl s 4, U 4 ol LT e cs (8) ol 5l 3l )| sl
BN PRCWRTNL PR S

Jade g 53 5l

Shasle ABasS Lyl s
p0)=9(L)=0

M©)=M(L)=0.. Elp"(0)=0  Elp"(L)=0

»(0)=0 DA X0+ Ay x 1+ A, x0+ A, x1=0 A, +A4,=0
0"(0)=0 @ (A x0-A, x1+ A4, x0+ 4, x1)=0 .. —A4,+4,=0
o(L)=0 .. A sinal + A,sinhal =0
e"(L)=0 .. a*(~4,sinal + A, sinhal) =0
Aysinhal =0 sinhal #0 4,=0
. A4, sinal =0 4=0= 4, #0
cosinal =0 al =nr .'.a:ﬂ
L
, EI , , |EI n’rn® |EI
O =—a =a —_ w, = > J—
m m L m

S, (x) =4, sin%x



	دینامیک سازه ها
	دینامیک سازه ها

	moghadam

