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>) EX&MFL.

Yable 6.1 Critical Load by Newmark’s Method

_
L L
’ -P
)
!
y S
Station 0 1 2 3 4 5 6 7 8 9 10
Common
Factor
Cycle 1
]
- 0 1.23 4.89 109 19.1 29.3 412 54.6 9.1 84.4 100 o
P&
M 129.3 127 120 108 911 70.7 58.8 454 30.9 15.6 0 %
Ps
e 129.3 r1] 120 108 91.1 70.7 58.8 45.4 30.9 15.6 0 00ET
POL
R 6.4 12.7 12.0 10.8 9.08 7.14 5.87 453 3.08 1.56 026 | Joo57
) PSL
] 6.4 19.1 31l 41.9 51.0 $8.2 64.0 68.6 7.6 7. “OET
8.4 PSL*
Vewcusaea | O 0.64 2.55 5.66 9.85 15 20.8 272 34.0 411 : ET
7]
o / 1.91 1.92 1.93 1.94 1.95 1.98 2.01 2.03 2.05 200 5
Station 0 1 2 3 4 5 6 7 8 9 10
Common
Cyde 2 Factor
Yoremes | © 1.33 5.26 11.7 23 30.9 29 56.1 70.1 84.9 100 ig_o
M 131 128 120 108 90.3 69.1 57.1 Qs 299 15.1 0 %
@ 131 128 120 108 90.3 .1 571 39 29.9 15.1 0 i
) ) ‘ ' ' ' 100E7
R 6.53 12.8 12.0 10.8 9.0 6.99 5.7 438 2.98 1.51 02s53] oL
. ) . ) . ) ) . . ) \ o
o 6.53 19.3 13 42.1 S1.1 58.1 638 68.2 7.2 7.7 oL
“ . . . ) . ) . ) . ) e
/ pPsL?
[a—— 0.653 2.58 5.7 9.92 15.0 208 72 4.0 411 484 AL
Ratio / 2.04 2.04 2.05 2.05 2.06 2.06 2.06 2.06 2.06 w01 | &1
PL?
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6.7 Newmark’s Method 455

-Table 6.7a Determination of Equilibrium Co'nfiguration by Newmark’'s Method
M, = 0.4M,) : . '

t)

Moy FMa LMy
| L/4 (- L74___L/4 L/a | '
y
Common
Station 0 i 2 3 | 4 Factor
%

Primary ‘
Moment 0.4 0.30 6.25 0.2 M,

M,
Cycle 1
Y eeromed 0 0.00099 0.00125 0.000885 0 L
Secondary :

Moment 0 0.000495 0.000625 0.000443 0 P L
o Pynssu'mcd -
<hange Pal..

Multiplier 0 0.0495 0.0625 0.0443 0 y = T
Total Moment |04 (0.9 0.363 0.294 02 | M,

MO + P Y assumed
Curvature

o, 0.4 @ ) 0.363 0.204 02 | @
Average Slope N ' ( £)

6, - @ ~1.163 ~1.456 )%
Deﬂecu‘)n N . . (£)2¢

% 0 @ -1.2 ~2.363 -3s19 | \3) %
Corrected 172

Deflection | 0 0.710 0.501 0 (3-) ®,

Yic . ‘
Change P :

Multiplier 0 (‘0.@ 0.0015 0.001 0 L ﬁ(‘;ffj:

Jcakculated — : w ‘4‘

. “Corrected Deflection” in Table 6.2a. As shown in the table, the
. corrected deflection values have a common factor of (L/4)*®,. To
correlate this calculated deflection with the assumed deflection, a change
in multiplier is necessary. This can be done by using the relationship
(L/4)*®, = L/480. Once the multiplier is changed, one can make a direct

. comparison between the assumed and calculated deflections.

Qs

l"(?



ght m D SN - A A L i o Ene'gy and Numencal Methods

(18
~ Table 6.2a Determination of Equilibrium Conflguratlon by Newmark’s Method
(M, = 0.4M,) (continued)

S 1
M, ~0.4M ’ 7 Mon0-2M
OSR—r— R =a B
L4 T 174 - L/4 - L/4 |
Y
_ Common

Station 0 1 2 3 4 Factor
Cycle 2
¥ aseumed 10 0.0012 0.0015 0.001 - 0 L
Secondary

Moment 0 .0006 0.00075 0.0005 0 PL

Pymumed ’
Change

Multiplier 0 0.06 0.075 0.05 0 y
Total Moment 0.4 0.41 0.375 0.30 0.2 y

MD + Pylnumcd
Curvature

®, 0.4 0.41 0.375 0.30 0.2 ,
Average Slope ‘ (!_._) ®

6, —-{.4 -{.81 -1.185 —1.485 4777
Deflection : (_I:)z ®

Y 0 -0.4 -1.21 =2.395 —-3.88 4/ 7
Change

Multiplier 0 0.0012 0.0015 0.0011 0 L

ycclcnhlod .

SINCe ¥ cpcutated ™ Yessumed: SOIUtION has converged,

If the calculated deflection is comparable to the assumed deflection, an
equilibrium configuration of the member is said to have found. If the
calculated deflection is nat comparable to the assumed deflection, the
calculated deflection is used as the assumed deflection and the calculation
is repeated.

A second cycle of calculation is shown in Table 6.2a. As can be seen,
convergence is achieved at the second cycle of calculation. Thus, the
values of the deflection at the end of the second cycle will represent the

equilibrium conﬁguranon of the member corresponding to an axial force
of 0.5F, and M, = 0.4M,. '
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Energy and Numerical Methods

Table 6.3a Determination of Equilibrium Configuration by the Step-by-Step
Numerical Integration Procedure (yy =0.0012L) .
‘ % 1 a
. /Mo' am, o 2M0"2:My .
) ; o ' — jt-—— 0.5P
O-SPY/ \\’N . _/-m”; Yy X
- / . ' .
| e | e L4 | s |
i | ! - T
y .
i Common
Station 0 1. 2. b3 4 Factor
Cycle 1
Assumed
Primary ‘
Moment <0.38 0.333 0.285 0.238 0.19 M,
Mo '
Yo 3 41 ¥z Y3 Ya 7
Deflection 0 / 0.0012 0.00158 0.0012 0.0002 L
- (Specified; { (Calculated)
Secondary \ o :
Moment £0.0006) [/ 0.00079, 0.0006 PL
Py T ]
Change f“.
Multiplier 0.06) /J 0.079 (.06 M=
Total Moment (0.393 0.364 0.298 M,
M, + Py
Curvature - (7
® ¥V (o393 0364~ 0.298 o,

detailed calculations are shown in Table 6.3a. The solution procedure
begins with a value of y, equal to 0.0012L and an assumed moment M,
equal to 0.38M,. After :hat, Steps 2 through 5 are followed to calculate
Y2. Steps 6 through 9 are then followed to calculate y;, and, finally, by
repeating Steps 6 to 9, y, can be calculated. The calculated value of y, is
0.0002L, which differs from the expected value of zero. Therefore, a
second cycle of calculation is necessary. This time the modified value for
M, is calculated from Egq. (6.8.3) to be 0.4M,. By following through the
same procedure, the value of Ys is found to be 0.00003L, which, for
practical purposes, can be taken as zero, and so the solution process is
stopped. ‘

It is important to mention here that unlike Newmark’s method, in




6.8 Numerical Integration Procedure 463
Table 6.3a (continued)
1 a
Mo- a MY “é‘“M "'-é—\My
0.5R " ' ' : 0.5pP x
y I A o ¥
| | s | La L/a |
| | | |
Y
. Common
Station 0 1 2 3 4 Factor
Cycle 2
Assumed
Primary P
Moment ( 0.40 - 0.35 0.30 0.25 0.20 M,
Mo - "':',
Yo 8 41 Y2 IYs Ya
Deflection 0 0.0012 0.00155 0.00111 - 0.00003 L
(Specified) {Calculatzd)
Secondary
Moment ~ 0.0006 0.000773 0.000557 B L
Py
Change
Multiplier 0.06 0.0773 0.0557 M,
Total Moment 0.41 0.3717 - 0.306 M,
My,+ Py
Curvature
b, 0.41 0.377 0.306 D,

Since y, ~ 0, therefore stop,

which the solution process proceeds from row to row, the solution
process for the step-by-step numerical integration procedure proceeds
from column to column in the tabulated form. In addition, the numerical
integration procedure can be used to generate the descending branch of
the load-deflection curve. This can be achieved by assuming a somewhat
larger starting value for y,. Table 6.3b shows one such calculation and the
complete load-deflection curve, including the descending branch, is
plotted in Fig. 6.33 (dotted line). Points a, b, and ¢ on the curve
correspond to the values calculated in Table 6.2a and 6.3a,b, respec-
tively. Note that for the ascending branch, the Newmark’s and the

numerical integration methods give almost identical results.
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