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Abstract- Differential Quadrature Method (DQM) has very widpplications in the

field of structural vibration. The main advantagéshe Differential Quadrature Method
are its inherent conceptual simplicity and the feat easily programmable. In this
paper free vibration analysis of wall-frame struetu were studied. A wall-frame
structure was modeled as an cantilever beam insthidy. The governing differential
equation of wall-frame structures were solved udhifferential Quadrature Method
(DQM). At the end of the study, a sample taken friclerature was solved and the
results were evaluated in order to test the comvea of the method.
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1.INTRODUCTION

A number of methods, such as finite element ntgthas been developed for analyses
of buildings. The continuum model is a very simaiel efficient method used in static
and dynamic analysis of shear wall-frame buildingsere are numerous studies [1-44]
in the literature regarding the continuum methad.continuum model a wall-frame
structure was modeled as an cantilever beam. Thergmg differential equations of
equivalent shear flexure cantilever beam are féated using the continuum approach.

The Differential Quadrature Method (DQM) was irifigpresented by Bellman et al.
[45-46] as an efficiently and accurate numericathod to solve differential equations.
Afterwards many researchers demonstrated theiressfid applications of the method
in mechanics [47-64]. In this study free vibratemmalysis of wall-frame structures were
studied using Differential Quadrature Method (DQNIhe following assumptions are
made in this study; the behavior of the materialinear elastic, small displacement
theory is valid, P-delta effects and axial defoioratin columns and walls are
negligible, the structures are regular (i.e théiaracteristics do not vary over the
height), the floor slabs of the buildings have greaplane and small out-of- plane
stiffness, torsion effects are negligible.
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2.1. Physical Model
The behavior of the wall-frame structures igngraxial deformations of
wall and columns may be presented by combinatioihegfiral cantilever beam
and shear cantilever beam deforming in bending<e@r configurations (Fig.

1.)[22-42].
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Figure 1. Physical model of equivalent sandwich beam

In the Figure 1. El are the total begdigidities of shear walls, ({ are
the equivalent shear rigidity of the storey fornfiework. For frame elements
which consists of n columns and n-1 beams , Ksbeacalculated as follows [7,

23] :
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where ZIC /h represents the sum of moments of inertia of thlenens per

unit height of frame , an{lg /1 represents the sum of moments of inertia of

each beam per unit span across one floor of frame.

2.2. Exact Solution of Governing Equation of Wall-Frame Structures
The governing equation for free vibration of wiadime structures can be
written as [22-42].
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wherep is the mass per unit length in the model, H istttal height of the building
uE, t) is the lateral displacements at non-dimeraideighté=z/H (varying between
zero at the base of the building and one at roal)eat time t.

If a sinusoidal variation of u with circular frequey ® is assumed then

u($,t) = y(<) sin(at) 3)
Where yg) is the amplitude of the sinusoidally varying des@ment.

Substituting Eq.( 3) in EqQ. (2) results
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The boundary conditions of a problem are;
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Under the boundary conditions the exact solution Eofuation (4), the circular
frequencies are obtained as
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For the first three modes values for frequencrsapeter §) are given in Table 1,
Table 2 and Table 3 as a function of parametedk [4

Tablel Frequency parametén) for the first natural frequency

k |H k n k |n k n k n

0 | 0.5596| 4.5 1.46% 9.5 2.680 145 3.913 20 5.278
0.1 | 0.5606| 5.0 1586 10 2.803 15.0 4.086 30 7.769
0.5 | 0.5851] 55 1.706 10.%5 2926 155 4.160 40 10.26
1.00 | 0.6542 6.0 1.82F 11.0 3.049 16.p 4.284 50 612.7
1.50| 0.7511 6.5 1949 11% 3172 165 4408 60 61%.2
2.00| 0.8628 7.0 2070 12.0 3295 17p 4832 70 617.7
2.50| 0.9809 7.5 2192 125 3418 175 4.656 80 620.2
3.00| 1.1014| 8.0 2318 13.0 3542 18D 4781 90 622.7
3.5 | 1.2226| 8.5 2435 13% 3.665 185 4905 100 625.2
4.00 | 1.3437] 9.0 2558 14.0 3.789 19.p 5.029 >1Q00k'4

Table2 Frequency parametén) for the second natural frequency

k | k n k n k n k n

0 | 3507 | 45 5.290 9.5 8.643 14.5 12.19 20 16.18
0.1 | 3508 | 5.0 5.606 10 8.992 15.( 1265 30 23.54
0.5 | 3536 | 5.5 5,929 10.5 9.342 155 1291 40 30.97
1.00| 3.622 | 6.0 6.25Y 11.0 9.694 16.0 1327 50 38.43
150| 3.760 | 6.5 6.590 11.% 1005 166 13|63 60 45.90
2.00| 3.943 | 7.0 6.926 12.0 1040 170 1399 70 53.38
250| 4.165 | 75 7.266 12.% 1046 1765 1435 80 60.86
3.00| 4.416 | 8.0 7.60Y 13.0 11.11 180 1472 90 68.35
35 | 4691 | 85 7.95]1 135 1147 185 15/08 100 105.84
400 4984 | 9.0 8.29¢ 14.0 11.43 19.0 1545 >1000k4 3




Table3 Frequency parametén) for the third natural frequency

k |n k H k |n k n k n

0 |9.819 | 45 11.65 9.5 16.2f 14.5 21.fj2 20 2806
0.1 | 9.820 | 5.0 12.04 10 16.79 15.( 22.8 30 40/01
0.5 | 9844 | 55 1244 105 1732 155 22185 40 52{21
1.00| 9.919 | 6.0 128y 11.0 1785 160 23442 50 64/53
1.50| 10.04 | 6.5 13.32 11.% 1839 1656 2399 60 76/90
2.00| 10212 | 7.0 13.78 12.0 1894 170 2457 70 89|31
250| 1042 | 75 1426 12.% 1949 175 2515 80 ¥on.7
3.00| 10.68 | 8.0 1475 13.0 20.04 180 2572 90 ma.1
3.5 | 1097 | 85 15.25 135 2059 185 2630 100 B25.6
400 11.30 | 9.0 1575 14.0 21.15 19.p 26/89 >10004 5

2.3. Solution Governing Equation of Wall-Frame Structuresvia Differential

Quadrature Method (DQM)

As shown in Figure 2 we consider a one- dimensignablem. It is assumed that a
function y€) is smooth over the whole domain.

yn=Y(1)

Figure 2 Discretization of one Dimensional Problem

If it assumed that y is a polynomial of degree n-fiynction can be written as;

n

y=>a *&71
-1
i=1

(7)

where @; are the coefficients, n is the number of nodes.

Using Equation (7), the first second, third andrflowerivatives of y function respect to

& can be written as
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Functional values in the whole domain can be writs;

Where h is the distance of two grid points anegsal to 1/(n-1).

Equation (13) shows the matrix form of equatioria1},(12.2)
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Using Equations (11), (9) and (7) Equation (4) barwritten as

n . .
2D (-2*(-3*(-H*a *5"5—§(i—1)*<i—2)*a xgl =3
-1 -1 -1 .

n
i=1 i=

A1
. 4-17¢ =0
i 1

(14)

When consider the boundary conditions Equationg, (Eb),(5¢c) and (5d) can be
written as

y,=yO=a =0 4o
ay© _  _

o =4O Y
2 .

AV . § (pri-2ra 1-3=0 (17)
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3 n _ n .
av0 _ 2 o0 _ v (i—1)*(i—2)*(i—3)*&1|_1*1'_4—k2 Y-pri-2*a_*17%=0  (18)
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Using Equations (14),(15),(16),(17) and (18) thermaquation (19) can be written

"ol [0
a 0

Bl . [=|. (19)
a.| |0
La | [0

The elements of B matrix can be written as follows;

BLD =1 (20)
B@Li)=0 i=2..n (21)
B2D) =0 (22)
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B(22) =1 (23)

B(2,i)=0 I =3....n (24)
Bn-1i)=(1-D*({1 -2 *1 i=1.n (25)
B(n,i)=(@i-1)*(-2)*(i -3 i=1.n (26)

61,0 = (=) * (=2 * (=9 * (=4 * (]*h=h) -1 =) * (=2 *(}*h=h) -a(j* =1
(27)

j=3.n-2

When coefficients vector is solved out from Equati{d9) and is substituted to the

Equation (13), Equation (28) is obtained.

0 Yi Vi
0 Y, Y,
|=BAY . |=C| . (28)
0 Yn1 Yn1
0] L Yal LY

The values ofo which set the determinant of C matrix to zero #re circular
frequencies.

3. AVALIDITY OF THE METHOD

In this part of the study for a different values koparameter, is obtained frequency
parameter i) using Differential Quadrature method and comganeth the exact
values in Table 4, Table 5 and Table 6. A programCfifferantial Quadrature Method

was prepared in MATLAB.

Table4 Comparison ofrequency parametén) for the first natural frequency

k Analytical DQM DQM DQM
(n=8) (n=10) (n=12
0 0.559¢ 0.559¢ 0.559¢ 0.559¢
2 0.862¢ 0.863( 0.862. 0.862¢
5 1.586( 1.583¢ 1.585: 1.585¢
1C 2.80: 2.794( 2.790¢ 2.799:
15 | 4.03¢ 4.072: 4.011¢ 4.015:
20 5.27¢ 5.403¢ 5.276¢ 5.241¢
50 | 12.7¢ 13.589( 13.229: 13.010°
10C | 25.2¢ 27.244 26.567: 26.162-
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Table5 Comparison ofrequency parametén) for the second natural frequency

k Analytical DQM DQM DQM
(n=8) (n=10 (n=12
0 3.507( 3.561( 3.506: 3.507(
2 3.943( 4.022¢ 3.943( 3.943¢
5 5.606( 5.807¢ 5.617¢ 5.607:
1C 8.992( 9.546( 9.126( 9.021¢
15 | 12.550¢ 13.561. 12.950! 12.692¢
2C | 16.180¢ 17.696! 16.929! 16.538¢
5C 38.430( 43.144: 41.487: 40.554.
10C | 75.840! 85.963¢ 82.754° 80.956°

Table6 Comparison ofrequency parametén) for the third natural frequency

k Analytical DQM DQM DQM
(n=8) (n=10 (n=12

0 9.819( 8.32% 10.330¢ 9.758¢

2 10.210¢( 8.71% 10.719° 10.149¢

5 12.0¢ 10.64: 12.520¢ 11.981:

1C | 16.7¢ 16.147- 17.242. 16.785¢

1% 22.2¢ 22.652¢ 22.901: 22.398

2C | 28.0¢ 29.359° 29.026¢ 28.393!

5C 64.5¢ 70.391( 68.527" 67.158:

10C | 126.6¢ 139.702! 135.976! 133.460°

4. CONCLUSIONS

In this paper free vibration analysis of wall-frasteuctures were studied. A wall-frame
structure was modeled as an cantilever beam insthidy. The governing differential
equation of wall-frame structures were solved udnfferential Quadrature Method
(DQM). At the end of the study, it was observedrirthe literature that the presented
method gave results sufficient. For n=12, in thretfmode the error of the DQM is
shown to be less than 4%. Because of the main &atyesm of the Differential
Quadrature Method are its inherent conceptual smiypland the fact that easily
programmable it can be used at the concept detage.
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