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1- Earthquake records. Measurements of engineering interest have
been recorded during earthquakes in Japan and in other parts of the
world since 1800. One of the critical recordings is of apparent
relative density, RDEN. After the commencement of a strong
earthquake, a saturated fine, loose sand undergoes vibratory
motion and consequently the sand may liquefy without retaining
any shear strength, thus behaving like a dense liquid. This will lead
to failures in structures supported by the liquefied sand. These are
often catastrophic. The standard penetration test is used to
measure RDEN. Another measurement taken to estimate the
prospect of liquefaction is that of the intensity at which the ground
shakes. This is the peak surface acceleration of the soil during the
earthquake, ACCEL.

Compute the sample mean ¯x, standard deviation ˆs, and the coefficient
of skewness, g1, for RDEN and ACCEL. Plot the scatter diagram and
calculate the correlation coefficient r . What conclusions can be reached?
2- Flood discharge. Annual maximum flood flows in the certain
River at Italy, over a 61-year period from 1918 to 1978 are given in
the second column of Table below. Compute the sample mean ¯x
and standard deviation ˆs. Sketch a histogram and the cumulative

relative frequency diagram. Flood embankments along the banks of
the river can withstand a flow of 5000 m3/s. What is the probability
that this will be exceeded during a 12-month period?

3- Flood discharge. The following are the annual maximum flows in
m3/s in the Colorado River for the 52-year period from 1878 to
1929:
1980
1700
1420
1980
2690
3230

1130
1570
1980
4960
2270
3090

3120
2830
2690
2120
5660

2120
2120
3260
2550
5950

1700
2410
1840
4250
3400

2550
2550
2410
1980
3120

8500
1980
1840
4670
2070

3260
2120
3120
1700
1470

3960
2410
3290
2410
2410

2270
2410
3170
4550
3310

Compute the mean ¯x and standard deviation ˆs. Sketch a histogram and
the relative frequency diagram.
4- Population growth. From past records, the population of an urban
area has doubled every 10 years. Currently, it has a population of
200,000. An engineer needs to make an estimate of the
requirements for water supply during the next 23 years. What
maximum population does one assume for the period?
5- Soil erosion. Measurements taken on farmlands of the amounts of
soil washed away by erosion suggest a relationship with flow rates.
Flow (L/s)
0.31 0.85 1.26 2.47 3.75
Soil eroded (kg)
0.82 1.95 2.18 3.01 6.07
Draw a plot of the data. Comment on the results.

6- Water quality. Water quality measurements are taken daily on the
certain River in England. The concentrations of chlorides and
phosphates in solution, given below in milligrams per liter, are
determined over a 30-day period.

Chloride: 64.0, 66.0, 64.0, 62.0, 65.0, 64.0, 64.0, 65.0, 65.0, 67.0,
67.0, 74.0, 69.0, 68.0, 68.0, 69.0, 63.0, 68.0, 66.0, 66.0, 65.0, 64.0,
63.0, 66.0, 55.0, 69.0, 65.0, 61.0, 62.0, 62.0
Phosphate: 1.31, 1.39, 1.59, 1.68, 1.89, 1.98, 1.97, 1.99, 1.98, 2.15,
2.12, 1.90 1.92, 2.00, 1.90, 1.74, 1.81, 1.86, 1.86, 1.65, 1.58, 1.74,
1.89, 1.94, 2.07, 1.58, 1.93, 1.72, 1.73, 1.82
Compare the coefficients of variation v. Draw a scatter diagram and
compute the correlation coefficient r. Comment on the results. Do you
see any role in this association for predictive purposes?
7- Air pollution. On 13 April 1994, the following concentration of
pollutants were recorded at eight stations of the monitoring system
for pollution control located in the downtown area of Milan, Italy:

Compare the coefficients of variation v of the pollutants and determine
their correlation r.
8- Storm rainfall. The analysis of storm data is essential for
predicting flood hazards in urban areas. Annual maximum rainfall
depths (in millimeters) recorded at Genoa University in Italy, for
durations varying from 5 minutes to 3 hours, are presented here for
the years 1974–1987.

Compute the mean ¯x and standard deviation ˆs and coefficient of
skewness g1 for each duration. Are there some regularities in the growth
of these statistics with increasing duration? Comment on the results and
the physical relevance to storm characteristics.
9- Carbon dioxide. The records of atmospheric trace gases are used
in the study of global climatic changes. Monthly carbon dioxide
concentrations (in parts per million in volumes) recorded at Mount
Cimone, Italy, from 1980 to 1988 is given here.

Compute the mean ¯x and standard deviation ˆs for each year (by rows)
and for each month (by columns). Because the temporal evolution of the
annual mean indicates that carbon dioxide increases (probably resulting
in global warming), compute the annual rate of increase. Comment on the
results.

10Sea waves. Because of scarcity of records, the
characteristics of sea waves are often derived from other
climatological data. They investigated two different strategies for
model calibration, called “no. 1” and “no. 2” in the table presented
here. The table also includes the observed and the simulated
values of the height of the highest sea wave and of its period for
measurements taken from August 1977 to September 1978.

Draw a scatter diagram to compare the observed and simulated values of
wave heights and periods. Compute the correlation coefficients r.
Compute the deviations of the simulated data from the observed data, and
find the mean ¯x1, standard deviation ˆs1, and coefficient of variation v of
these deviations. Do these results indicate which of the two investigated
strategies provides the better representation of sea waves from
climatological data?

Solution of CHAPTER 1
1- RDEN: 61.0, 17.39, 0.63; ACCEL: 0.327, 0.142, 0.70; r = 0.98.
2- 5408, 1735; p = 0.54.
3- 2837, 1301.
4- 985,000.
56- 4.9, 10.7% r = 0.027.
7- 1.2, 3.0%; r = −0.15.
8- Increase with duration.
9- 1.65 per year.
10-

