1
Data Reduction

A necessary first step in any engineering situation is an :Emmﬁmme:wb of
available data to assess the nature and the degree of the :sowsawﬁe%.
An unorganized list of numbers representing the outcomes wm tests is not
easily assimilated. ~ There are several methods o». E.mmzwssawod, Ewmms.em..
tion, and reduction of observed data which facilitate its interpretation
ation.

and QMM. _Mwo:_m be pointed out explicitly that the wnmpaamse.o» data
described in this chapter is in no way dependent on the m.mmsavsonm that
there is randomness involved or that the data constitute a random
sample of some mathematical probabilistic model.. These - are terms
which ‘we shall come to know and which some readers may .5;6 acwo:b.
tered previously. The methods here .are simply converient ways to
reduce raw data to manageable forms. ) )

In studying the following examples and in doing the suggested
problems, it is important that the reader appreciate a.rsw the data are
treal” ‘and that the variability or scatter is representative of the magni-
tudes of variation to be expected in civil-engineering problems.
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1.1 GRAPHICAL DISPLAYS

Histograms - A useful first step in the representation of observed data is
to reduce it to a type of bar chart. Consider, for example, the data
presented in Table 1.1.1. These numbers represent the live loads
observed in a New York warehouse. To anticipate the typical; the
extreme, and the long-term behavior of structural members and footings'
in such structures, the engineer must understand the nature of load
distribution. = Load variability will, for example, influence relative
settlements of the column footings. -The values vary from 0 to 229.5
pounds per ‘square foot. (psf). Let us divide this range into 20-psf
intervals; 0 to 19.9, 20.0 to 39.9, etc., and tally the number of occurrences
in each interval. : . : :
Plotting the frequency of occurrences in each interval as a bar

Table 1.1.1 = Floor-load data*

Base-
Bay ment st .2d "~ .3d 4th; 5th: . 6th Tth 8th . : 9th
A 0 78 36.2 . 60.6 ‘640 64.2 79.2 88.4.  38.0 72.7
B 72.2 72,6, 744 21.8.17.1 . 48,5 . 16.8.105.9 ' 57.2  75.7
C 2257 425 59.8 41.7 39.9 555 67.2 122.8 452 62:9
D 55.1 55.9 87.7 59.2 63.1 58.8 67.7 904 43.3 55.2
E 36.6 26.0 90.5. 23.0 435 52.1 102.1 717 . 4.1 373
F 1294 66.4 '138.7 127.9 90.9° 46.9 '107.5 1511 157.3 197.0
G 134.6°°73.4 '80.9 53.3 €0.1 62.9  150.8 102:2° 6.4 454
H - 121.0 '106.2 -~ 94.4:'139.6 152/5°  70:2 '111.8 "174.1 .85.4- 83.0
I 178.8 30:2. 44.1 157.0 105.3  87.0 -50.1 198.0 ,..86.7. 646
J 78.6. 37.0 70.7 83.0 179.7 180.2 60.6 212.4. 72.2 - 86.0
K 945 241 8.3 8.6 74.8. 724 1311 116.1 53.6 99.1
L 40,2 234 84 4206 434 27.4 638 184 16,2 58.7
M 92.2° 498 50.9 116.4 1229 132.3 105.2 '160:3° 28.7 '46.8
N 99.5 106.9 55.9 136.8 110.4 123.5 92.4 160.9 454 " 96.3
0 88.5° 48.4° 62.3 71.3133:2. .92.1 -111.7° 67.9: 53.1'39.7
P 93.2 55.0 80.8 '143.5 122:3 184.2 150.0 57.6 6.8 53.3
Q 96,1 54.8 63.0 228.3 139.3 50.1 112.1 50.9 158.6 139.1
R 213.7 '65.7 90.3 '198.4 97.5 155.1 163.4 155.3 229.5 75.0
S 137.6 62.5 156.5 1541 134.3 '81.6 194.4 155.1  89.3 '73.4
T 79.8 " 68.71'85.6 141.6 ' 100.7 - 106.0 -131.1 '157.4 80.2  '65.0
U 78.5 118.2 126.4° 33.8 124.6  78.9. .146.0 100:3 .97:8. 75.3
v 24.8  55.6 135.6 56.3 66.9 72.2 105.4 98.9 101.7 .58.2

* Observed live loads (in pounds per square foot); bay size: 400 + 6 ft2.

Source: J. W. Dunham, G. N. Brekke, and G. N. Thompson [1952]; “Live Loads on
Floors in Buildings,” Building Materials and Structures Report 133, National Bureau
of Standards, p. 22.
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yields a histogram, as shown in Fig. 1.1.1. The height, and more 5&?:&
the area, of each bar are vaovonﬁou,w._ to the number of occurrences in

that interval. The plot, unlike the array of numbers, gives the investi-
gator an immediate impression of the range of the data, its most fre-
quently ocourring values, and the degree t0 which it is scattered about the

We shall learn in Chap. 2 how the engineer

central or typical values. .
can predict analytically from {his shape the ¢orresponding curve for the
say, 20 such bays.

total load on & column supporting, v ,
1f the scale of the ordinate of the histogram. 18 divided by the total

number of data entries, an alternate form, called the frequency distribution,
results.  InFig. 1.1.1, the numbetrs on. the amg.rmﬁ@ scale were og&bom,
by dividing the left-hand scale values by 220, the total number of observa-
tions. One can &Y, for example, that the proportion of loads observed
to lie between 120 and 139.9 psf was 0.10. If this scale were divided by
the interval length (20 pst); a frequency density distribution would resul$, |
with ordinate units of “frequency per pst.” The area under this histo-

gram would beunity. This form is preferred when different sets of data,

perhaps with different interval lengths, are to be compared with one

another.
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umulative frequency distribution of floor-load data



