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Figure 5.3.1-1: Four-storey frame type structure comprising three columns

In case of a basement, seismic forces developed at its roof level have a zero value. However,
fixed end condition applies only to the base of the columns along the basement perimeter walls.

If the frame also comprises walls, as presented in the following paragraph, the stiffnesses and
the moment distribution of the walls differ between them. This difference becomes more distinc-
tive as the number of stories increase.

The total joint displacements and column stress resultants (shear forces and bending moments)
are obtained from the frame analysis. Quantities K, k and a derive from the previous results. The
apparent stiffness K; of storey i derives from the expression K;=V/g;, while the apparent stiffness
of column j of storey i from the expression K;;=V;;/d;.
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Static and Dynamic Analysis
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Figure 5.3.1-2: Column frame type structure with triangular distribution of seismic forces

(practical graphical representation)

Example 5.3.1 (3" storey):
Column stiffnesses:3k=9.6/0.823=12K; ,=15.8/0.823=19, K =9.6/0.823=12.
Storey stiffnesskz= (20+15)/0.823=43. The same value is obtaineditualated as the summation of the

column stiffnesses of the storey, i.e= K3 ;+K3 ;+ K3 37=43.
If shear effect is taken into accouhgar effect=ON the displacements ark=0.85, 5,=1.05, 55=0.84,
0,=0.50 mm, i.e. the difference is insignificant.

If rigid bodies effect is taken into accoumidid body=0N, the displacements a®=0.80, 6,=0.97,

05=0.77,6,=0.45 mm, i.e. both decrease of displacements acrgase of stiffnesses are small but meas-

urable.
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Volume B

Eight-storey frame type structure under triangular seismic loading
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Figure 5.3.3-7: FRAME type structure Figure 5.3.3-8: Equivalent
comprising three column structure of one fixed-
with cross-section 400/400 ended column per storey

Notes:

e In all types of structures, frame or dual, the sum of column shear forces of a storey is
equal to the sum of the seismic forces of all the above storeys. Indicatively, for the first
storey the sum is 54.3+71.4+54.3=180 while for the last 10.7+18.6+10.7=40 The middle
column of the first storey carries the 71.4/180=40%of the total shear force, while each of
the end columns carries 30% In the last storey the middle column carries the
18.6/40=46% while each of the end columns carries 27%.

¢ In both frame and dual systems, for each column M,-M=V-h, where M, is the moment at
the top, M, is the moment at the base, V is the shear force and h is the height of the col-
umn. For instance, for the middle column of the previous structure 98.7-(-115.6)=71.4x3.0
(214.3:214.2)
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Eight-storey dual type structure under triangular seismic loading

8.08 mm 8.08 mm
40 kN T 224 89.8 . ]'7: s0.d
3.00m ) 129 .' 3030 gf | 40 0:':
18.9 198 g :: 7.31 mi’n | 7.31 n]:m
18 : 523 | g w00 [T 1
> e rrrrrrrrr—— o 1 ¥
35 22.0 183 : ] 7 12.5
: i 740
3.00m 14.6 4 5’ 6301300 § ﬁ
H : 6.370km 6.37thm
217 H gl 125 ‘_—’i
300k = 283 12068 ™ i }/ 11575
3.00m 18 7:': .7 .:: Mn :':105 0
| 5,285mn S.ZX,:mm
277 i A8 <_’§ -157.5 :
25k || 32 200.0 B JT L/ | 1950
3.00m 21_5.8 . 86.3 0901300 130.0
:' ; Z :'4.05 mm ."4.(]5 mm
i 3270 | ¢ 589 i Tl a950/ B <
20 kN JEXT ﬁ. 1624 Vo T L/ 225.0
3.00m 2;'; 9 25 ,- 710/300 | 150.0
',’. :" {2.76 mm {276 mm
359/ § . ; Jii k= 2250/ 7 K
15 || 4354 71858 H [ /24y
i i 750/300
3.00m i23.8 : 17.4 H aam— 165.0
:' ..: ,"1.51 mm ." 1.51 mm
) -36.2 [ i -266.4 ] T - 2475/ Bl
e =
10 kn || 222 '54/ : JiL 2bs
3.00m 203 134.4 820/300 § | 17510
Z 0.49 i0.49
-316 -457.4 : 7 2625 / [P
X -
Yl D 3098 | T i L 2rbo
1300 myv/ : i
g KL oo b I 1100300, [
3.00m 106 500 mm E q 158.9 ! 180.0
T Al
v -17.9 -786.4/ 300 mm -270.0
g ¢ k 6.00 m ; & > 6.00 m 3|
s O s _ [ O
T e F T 2000 mm>
400 mm
Figure 5.3.3-9: DUAL type structure comprising two columns Figure 5.3.3-10: Equivalent structure of
and one wall with cross-sections 400/400 and 2000/300 respectively. one fixed-ended column per storey

Notes:

¢ In the first storey, the sum is 10.6+158.9+10.6=180The wall carries 158.9/180=88%pf the
total shear force, while each column carries 11% In the last storey, the sum is
13.8+12.5+13.8=40 The wall carries 12.5/40=32%of the total shear force, while each col-
umn 34% It is concluded that the wall has a favourable effect on the first storey columns,
in contrast to that corresponding to the last storey.

e The expression M,-M,=V h, applies for both columns and wall. Indicatively, for the first
storey wall -309.9—(-786.4)=158.9x3.0 (476-876.7) while for that of the last storey 89.8-
52.3=12.5%3.0 (37.5=37.5)

e The maximum displacement of the dual type structure is equal to 8.08 mm i.e. almost
three times smaller than the one corresponding to the frame type structure (22.51 mn
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Fifteen-storey frame type structure under triangular seismic loading
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Figure 5.3.3-11: FRAME type structure
comprising three columns with cross-section 400/400

Figure 5.3.3-12: Equivalent structure of one
fixed-ended column per storey

Note:

It should be emphasised that in all previous examples, the comparison of the two struc-
tural systems is important rather than the absolute quantities, which after all derive from
specific values of the seismic forces. These values have been selected arbitrarily, yet
satisfying the triangular distribution rule.
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Fifteen-storey dual type structure under triangular seismic loading
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Figure 5.3.3-13: DUAL type structure
comprising one wall with a cross section of 2000/300 and two columns with a cross
section of 400/400 with cross-sections 400/400 and 2000/300 respectively

Note:

460.0

495.0

Figure 5.3.3-14: Equivalent
structure of one fixed-ended
column per storey

The maximum displacement of the frame type structure is equal to 160 mm i.e. almost

twice of that corresponding to the dual type structure (75 mn).
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