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Abstract

A storey element, which can simulate one storey of the frame-shear wall structure, is
established by simply summing the rigidity matrixes of ‘the frame and wall. The internal
forces and displacements of the frame-shear wall structures for various rigidity
characteristics with the constant stiffness under various kinds of loads are calculated by the
beam element method, storey element method and analytical formulas. The internal forces
and displacements with the variable stiffness along the height under uniformly distributed
load are calculated by the beam element method and storey element method. In comparison
with the beam element method, the storey element method can remarkably reduce the
volume of input, output data and calculation, the error is less than 8.3%.
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1. Introduction

There exist two main methods to analyze the frame-shear wall structure shown in Figure 1.
One is the finite element method [1] (FEM) to discretize the structure by beam element, it’s
a kind of numerical method, also an accurate method defined in this paper, the advantage of
the methodis. that it can be used to analyze various structures, the disadvantage is the
requirement. of thelarge volume of input, output data and calculation. Another is the
continuum approach [2], it’s a kind of analytical method to solve the governing differential
equation, also an approximate method defined in this paper, the advantage of the method is
the simplicity and hand analysis, the disadvantage is the strict assumption, consequently, it
can only be used to analyze the structure subjected to several special loads, with constant
stiffness along the height.

In modern frame—shear wall structures, the rigidity varies along the height to satisfy the
different architectural requirements [3,5]. The transfer matrix method [6,7] derived on the
basis of the continuum assumption, is a numerical method, can be used to analyze the
structures with variable rigidity along the height. The transfer matrix method overcomes the
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disadvantages of previous two methods and remains their advantages, therefore it is widely
used especially during the preliminary design stage. Two disadvantages of the transfer
matrix method still exist, firstly, the continuum assumption is adopted, which results in some
error; secondly, the expression is different to FEM, so many engineers is unfamiliar to its
solving procedure.
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Figure 1. Computational Model for frame-shear wall structure

A storey element, which can simulate one storey of the frame-shear wall structure, is put
forward. The storey element method significantly reduces the number of elements and nodes,
so overcomes the disadvantage of beam-element method. The storey element method is
actually a kind of FEM, and‘the continuum assumption is abandoned, hence the storey
element method overcomes two disadvantages of the transfer matrix method.

2. Storey Element

In order to establish the governing differential equation, the continuum assumption has to be
adopted. Now using FEM to discretize the structure instead of the differential equation, the
continuum assumption would be abandoned logically. The storey element is shown in Figure
2, which can/simulate one storey of the frame-shear wall structure. {5} ={y,,6,y,,6,] .

{F}e={Fsi,M F Mj}T are the nodal displacement and force vectors respectively, the

[RET
directions of {5}° in the Figure 2 are positive, and the positive directions of {F}° are the same
as the directions of {5}°. In storey element, the frame and shear wall deflect identically only at

the floors, which conforms to the practical deflection, so the storey element method is more
accurate than the analytical formulas.
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Figure.2 Storey element

The wall is represented by a flexural cantilever, which deforms in bending only, so its
rigidity matrix [KW ] is the same as the rigidity matrix of the beam element:

k11 k12 le k14
[Kw]= k21 kzz k23 I(24 )

k31 k32 k33 k34
k41 k42 k43 k44

Where

12El —6El 4E|
ku :TW ) k21 :T\Nikzz :TW’ k31 :_kll[l ksz = _k21|] k33 = kll[l k41 = k21|]
_ 2E|W

Ky, = ™ 0 K, =—k, 0ok, =k, ; h is height of ith storey element, El,, is the flexural

rigidity of the wall.
The frame is represented by a shear cantilever, which deforms in shear only, its rigidity

matrix [K ] is:

C. 0 -C. O
[K ]_ c 0O 0 0 O )
FAm7Fl-c. 0 Cc. 0
0O 0 0 O
C. is ith storey shear rigidity of the frame; according to the portal method [1]:
12ER R
— b”*c (3)

" h(R, +R,)
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Where R, = Z(Ib/l) for all the beams of span | across ith floor, R, = Z(Ic/h) for all the

columns in ith storey; E is the elastic modulus; I, and |, are the moments of inertia of the
beams and columns, respectively. The rigidity equation of the storey element is:

[KWF ]{5}e = {F }e 4)

[Kue 1= [Ky ]+ [K¢ ]. The n-storey structure is discretized into n storey elements, in each

element, the rigidities of both the frame and shear wall are constant. According to FEM
procedure, the displacements and internal forces are obtained for given rigidity matrix.
Therefore, the storey element method significantly reduces the number of elements and
nodes, overcomes the disadvantage of beam element method. By simply summing the rigidity
matrix [K. ] and [KW] of ith frame and wall, then.the rigidity matrix [KWF] of storey

element is obtained, it facilitates the computer programming. The storey element method is
actually a kind of FEM, and the continuum assumption is abandoned, hence the storey
element overcomes two disadvantages of the transfer matrix-method.

3. Calculation Results of Storey Element

In Figure 1 structure, beam section: 0.25 mx0.6 m; column section: 0.45 mx0.45 m; the wall
section: 0.2 mx6 m; elastic modulus: 'E= 3.25x10"kN / m*. Calculate C, of ith storey by

Eqg. (3); Calculate the rigidity characteristic value A =H,/C./El, =1.23, H is the height

of whole wall. Change the ‘inertia moment of the wall, obtain different A value from
0.75~2.5, which covers the range of the rigidity characteristic values for most frame-shear
wall structures.

In Tables 1 and 2, F denotes the concentrated load 100 kN applying on the top the
structure; q denotes the ‘uniformly distributed load 10 kN/m along the height of the

structure, g, denotes the inverted triangularly distributed load, the maximum intensity at the
top g, =12kN./m. BEM, SEM and AM represent the beam element method, storey element

method and analytical method respectively. Muyax, Fsmax and fmax are the bending moment,
shear force at the bottom of the wall, and the top displacement. In Table 1 and 2, the value in
parentheses is the error percentage in comparison with the value of BEM regarded as the
accurate value. The variation of the rigidity in Table 2 is that: the rigidity of 7-9 storey wall
is 750 of the rigidity of 1-6 storey wall, the rigidity of 10-12 storey wall is 500 of the
rigidity of 1-6 storey wall, A value is calculated according to the rigidity of 1-6 storey wall.
For the variable rigidity, there is no analytical solution, so in Table 2, only the results of
BEM and SEM methods are listed. The accuracy of the storey element is directly related to
the accuracy of the portal method, almost not related to the load type, it is also verified by
the results in Table 1, therefore in Table 2, only uniformly distributed load is calculated.
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Table 1. Calculation results of 12-storey structure with constant rigidity

Led | 2 M, . KN-m Fomax KN f mm
BEM SEM AM BEM SEM AM BEM SEM AM
075 | 3106 | 3047(19%) | 349(18%) | 979 | WBOOI%) | 100Q1%) | 42 | 41Q24%) | 4124%)
123 | 2560 | 2470B35%) | 2472(34%) | B2 | B0 | 1060%) | 87 | 8346%) | 8346%)
F 1w 2018 | 195636 | 198162 | 29 | B506%) | 10076%) | 131 | 12361%) | 12361)
25 | 1498 | 141863%) | 142161%) | 833 | W04Q4%) | 100(133%) | 175 | 16180%) | 16180%)
075 | 5806 | 5729(L3%) | 5732L3%) | 3560 | 3564(01%) | 360(L1%) | 56 | 5518%) | 55(18%)
123 | 5047 | 4981(23%) | 4983(23%) | 3503 | 361804%) | 36008%) | 119 | 11442%) | 114(42%)
U 7175 | 2306 | 216533%) | 4167329%) | 3443 | 36406) | 300(A6%) | 183 | 17166%) | 171(66%)
25 | 372 | 3B748%) | BR™) | 303 | 3L | 3608390 249 | 2980%) | 2980%)
075 | 4593 | 4524(15%) | 4526(15%) | 2129 | 2131(01%) | -216(L5%) | 50 | 4920%) | 4920%)
123 | 3930 | 3327(26%) | 3828(26%) | 2085 | 2007(06%) | 216@6%) | 105 | 10048%) | 10048%)
Q% [175| 88 | 316238%) | 316438%) | 2041 | 206507%) | 21668%) | 160 | 14969%) | 14969%)
25 | 2579 | 248935%) | 249333%) | 1965 | 194(20%) | 216(105%) | 217 | 19983%) | 19983%)
Table 2. Calculation results of 12-storey structure with variable rigidity
Load ﬂ/ M max kN ’ m FS max kN max mm
BEM SEM BEM SEM BEM SEM
0.75 5796 5721(1.3%) 355.9 356.5(0.2%) 5.7 5.6(1.8%)
q 1.23 5050 4928(2.4%) 350.7 352.1(0.4%) 12.0 11.5(4.2%)
1.75 4308 4172(3.2%) 344.0 346.4(0.7%) 18.3 17.0(7.1%)
2.5 3486 3392(2.7%) 332.2 337.8(1.7%) 24.8 22.8(8.1%)

4. Conclusions

The above investigation has led to the following conclusions:
1. Comparing with the beam element method, the storey element method can remarkably
reduce the volume of input, output data and calculation. Taking the structure in Figurel

as example, there are 84 elements and 52 nodes for beam element method, only 12
elements and 13 nodes for the storey element method. The efficiency becomes more
significant for the structure with more stories and spans.

2. The error of the storey element method is acceptable, less than 8.301 for different loads,

different 4 values, constant or variable rigidities. The error is caused by the portal

method, with increasing A value, the rigidity of the wall decreases, the error of the
portal method becomes more significant, hence the total error increases slowly.
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3. The accuracy of analytical method is less than that of the storey element due to

continuum assumption. The error of Fsmax is larger than others, because the shear force
of the frame at the bottom is zero in the analytical method, and Fsmax is equal to the
external load
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