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90 Plastic Desigr of Low-rise Frames

692 kN m. The central moment is reduced by approximately this amount
{always err on the safe side and use a slightly enhanced value, in this case, say,
30 kN m). The balance is carried to end A, necessitating a change in the
column moment at A of 60 kN m. Horizontal equilibrium is restored by adding
—60 kN m to the column moment at C, as shown in fig. 2.15(). o

Similarly case 2 in Table 2.1 is applied to span CD, revealing 2 maximum
spafh moment of 1843 kN, 7 kN m above the plastic moment of 1836 kN m.
- The central moment is reduced by, say, 10 kN m and the baiance carried to end
C, where joint equilibrium is restored by adding (60 + 20) = 80 kN mi to the
- moment beam BC., Finally, balance is restored in beam BC by carry-over to the
centre (see fig. 2.15(f)).

A final check of maximum sagging moments in the beams shows the following
values compared with the respeci’ . plastic moments (in parentheses): AB 686
(692), BC757 (955), CD 1834 (1836). Hence the design is safe. v

For the sake of clarity, the steps in figs. 2.15(d)-(f) have been shown on -
separate tabulations, but in practice all calculations could be carried out in the
same tabulation (see fig. 2.15(g)). It is, of course, necessary to check also the
ability of the frame to withstand the load situation when the maximum load is
applied to the cantilever DE. Changes of moment which will accommodate the
increase of cantilever moment at D and the decrease in plastic moment of
cofumn D to 553 kN m are shown in italics in fig. 2.15(f) or fig. 2.15(g), and it
is readily seen that a state of equilibrium is achieved in which the plastic
moment of resistance is nowhere exceeded. Hence the frame will safely support
this modified loading. :

While the design which has been obtained is a safe one, it would not
necessarily be adopted, since the convenience of fewer changes in beam section
would have to be considered. Plastic moment distribution gives a ready means
of checking such designs, and also of exploriag solutions in which changes of
beain section are made within the spans rather than at the ends. °

2.6.2 Design of Multi-storey Frames

In any storey of a multi-storey frame (fig. 2.16), the sum of the column
moments (M,, + My, + Mpg + .. .) must equal 7inus the preduct of the
clockwise storey shear Q, and storey height /,,. In plastic moment distribution,
changes of coiumn moment must therefore satisfy the requirement that the sum
of the changes within any one storey must be zero.

Suppose it is required to design by plastic moment distribution the frame in
fig. 2.17, loaded as shown (factored loads). It is also supposed that the available
sections for the beams and columns have the plastic moments of resistance
- indicated, the effect of axial loads on the plastic moments of the columas being
ignored in this example. Considering all the joints as being fixed against
rotation (but not against horizontal movement), moments to produce equilib-
rium in the beams (moments of magnitude WL/8), and in the columns (where it
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is assumed that the wind shear is divided equally between the columns in any’
one storey) are given in fig. 2.17.

Figure 2.18(b) shows the derivation of one possible set of scctioas, chosen to
given the minimum possible column sections, The absolute minimum required

160kN
SOKN = P=500 200 200 1
' 315 -31.8
5m
320kN
-37.5 l 375
6OKN .i = -~ s ; . ‘ .
. -4 | . Lo
“112.5 1126 —202My= GO RS
320kN e
-112.5 l C-1128
SOKN ——inh - ]
|- -4c0 400 - 400 | . S
-225.0 -~ -225.0
6m
M= -225.0
-225.0 -225.0
B 2o 4
5m . S5m
]

Plassic moments of available sections . g o
Beans: 180, 210,250, 300, 360, 420, 500, 580, 664, 750, 850 kM m
Columns: 45, 70, 105, 135, 160, 200, 250, 320, 409, 480, 560, 660 kN m

Fig. 2.17
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(3)

210 and 420 kN m respectively. In accordance with the usual pattern of beam
plastic hinges in frames under vertical loading combined with horizontal loass™ .~

Sanersl fAstheds of Anaivais und o wign 83

plastic moment of resistznce of the columns in the top storey being 37.5 kN m.
the lowest available section (M, = 45 kN m) is chosen. Plastic hinge momen:s
are assumed in the top storey columns at A2, B2 and B3 but not at A3, in order
to help towards the balancing of this joint. The changes in column moments
(3 X (—7.5)) are taken to the ‘sway moments’ array; The sum of all colum=

moments, both top and bottom of each column, within any one storey, whez

. added to the array for each storey, must be zero to maintain equilibrium, and te

preserve this equilibrium, a moment 0f 22.5 kN m is added to column A2A3 st
A3. The joints are balanced by adjusting the adjoining beam moments, and
then carrying momentsover to mid-span. . '

A procedure similar to the above is followed in the first- and ground-floas
Storeys, using column sections with plastic moments of resistarice of 133 and
250 kN m respectively. The maximum beam moments, after balance has besx
achieved, are found to be 750 kN m in beam A1B1, 755 kN m in beam A2B2
and 385 kN m in beam A3B3. Since a beam section with a plastic moment &
}Lesistance of 750 kN m is available, means are explored of reducing slightly the
maximum moment in beam A2B2, and the changes of moment shown in italics
in fig. 2.18(a) are made. In so doing, it is borne in mind that plastic hinges ar?
most likely to form on ‘the leeward side of a structure under the influence of
wind loading. It is not found possible to reduce the plastic moments required i
the other two beams, and the design plastic moments are summarised o
fig. 2.18(b). I

An aiternative design based on minimum beam sections as opposed to the
assumption of minimum column sections is shown in fig. 2.19(a). Theabsolute = -
minimum beam moments are 200 kN m in the roof beam and 400 kN min the.. -
other two beams, leading to the choice of beam plastic moments of resistance ot

acting towards the right-hand side, plastic hinge moments are assumed to ooTur
at mid-span and at the right-hand ends of the beams. Columns with plast
hinge moments of 250 kN m are found to be adequate in the upper two storeys,
but at ground level sway equilibrium requires the use of columns having plasbs .~
moments of 660 kN m (fig. 2.19(b)). , '
In practical design, stability considerations, as well as the effect of axial loads
on plastic moment values, will affect the choice of column sections. Supposs
that, in the present example, stability considerations lead to minimum columu
sections having plasiic moments of 250, 135 and,70_ kN m respectively in the
ground, first- and top-storey levels respectively. A convenient choice of cotamn
sections might then be as shown in fig. 2.20(b), the column splice being above
joints Al and B1 at a sufficient height for full benefit to be taken of ¢ .
250 kN m plastic moment of resistance at the bottom of coluran lengths ?1:\3

- and B1B2.

The beam sections will be intermediate between the beam sections i

figs. 2.18(b) and 2.19(b). Taking plastic hinge moments of 660 KN m ocqurring o

at mid-span of beams A1B1 and A2B2 and working up from the bottom’ of t'nc .
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(b) design sections and
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C8E Mol

i of Low-rise Frames

frame, the bending moments shown in fig. 2.20(a) are éiériiveﬁf The s
. moment in the roof beam is found to be 275 kN n1, thus requiring tfie sec

with the plastic moment of resistance of 300 kN m. o

It will be appreciated that the steps taken in plastic moment distribution are
not unique, and skill in the use of the method comes only with practice. [t is
useful to have in mind the likely form of the plastic hinge mechanism—for
example, the design in fig. 2.20(b) has the collapse mechanism shown in
fig. 2:20(c). The mid-span moment in the roof beam in fig. 2.20(a) is not quite
equal to the plastic hinge value and a work equation shows: that, for this
collapse mechanism to take place, the loads must be 0.9% above those in

- fig. 2.17. ' ' ‘

2.6.3 Design..Exampie of Four-storey Frame

The figid frame shown in fig. 2.21(a) is to be designed by plastic moment
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Fig. 231 (a) Dimensions;.(b) equivalent factored dead plus imposed vertical loads
(kN); (c) equivalent factored dead plus wind loads (kN); (d) equivalent factored dead
. phes imposed plus wind loads (kN) :
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