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CALIFORNIA STATE UNIVERSITY, CHICO 
Department of Civil Engineering 


CIVL 302: Engineering Risk and Economic Analysis 
Spring 2014 


 
Homework #4 (Due Tuesday April 22, 2014) 


 
1) Central Limit Theorem [15 pts]: 


a. Watch the following Khan Academy video: 
https://www.khanacademy.org/math/probability/statistics-
inferential/sampling_distribution/v/central-limit-theorem.   


b. Explain the central limit theorem and its advantages in your own words in a short 
paragraph (approximately 4 to 6 sentences). You may use diagrams to support (not 
replace) your written explanation.  


c. Name something of which to be cautious when using the central limit theorem (hint: what 
do you not know or what assumption are you making). 


 
2) It costs more to produce defective items as the must be scrapped and reworked, than it does to 


produce non-defective items. This simple fact suggests that manufacturers should ensure the 
quality of their products by perfecting the production process instead of depending on inspection 
of finished products. In order to better understand their metal stamping process, a manufacturer 
wants to estimate the mean length of items produced during the process within the past 24 hours. 
[25 points]. 


a. How many parts should be sampled in order to estimate the population mean within 0.1 
mm with 90% confidence. Previous studies have indicated that the standard deviation of 
lengths produced is 2mm and that the lengths can be estimated by a normal distribution. 


b. If management requires that the mean length be estimated within 0.1 mm and that a 
sample size of no more than n=100 be used, what is (approximately) the maximum 
confidence level that can be attained? 


 
3) Nutrient loadings come from wastewater treatment plants, agricultural and urban runoff, and 


natural sources. High concentrations of nutrients in lakes can lead to growth of large algal 
blooms. When the algae dies, it sinks to the bottom of the lake and decomposes, consuming 
dissolved oxygen in the lake’s water. If the amount of oxygen consumed is high enough, the 
overall dissolved oxygen levels can drop below levels sustainable to fish and other species. It’s a 
major concern not only to the fish, but also to the commercial and recreational fishing industries. 
Due to limited time and funding, only ten samples were collected on one day at locations 
randomly selected within Poisson Lake in Bernoulli City. The city’s engineers use this data to 
estimate a confidence level of the mean nitrate concentration (nitrate is the limiting nutrient in 
Poisson Lake). The results of the ten samples (in mgN/L) are: 0.5, 0.7, 0.8, 1.3, 1.4, 1.6, 2.3, 6.8, 
10.2, and 47.6.  [25 points] 


a. Compute the confidence interval around the true mean/median using the most appropriate 
method. 


b. Critique the sampling strategy used in this study by listing at least three things that could 
have been improved. 
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4) The building specifications in Pi City require that the sewer pipe used in residential areas have a 
mean breaking strength of more than 2,500 pounds per lineal foot. A manufacturer who would 
like to supply the city with sewer pipe has submitted a bid and provided the following 
information from an assessment of an independent contractor who randomly sampled seven 
sections of a manufacturer’s pipe and tested each for breaking strength. The results (lbs. per linear 
foot) are: 2,610; 2,750; 2, 420; 2,510; 2,540; 2,490; and 2,680. [35 points] 


a. Is there sufficient evidence to conclude that the manufacturer’s sewer pipe meets the 
required specifications at a 90% confidence level? 


b. What is the p-value? 
c. Why is valuable to have p-value? 
d. Find the probability of a type II error if the actual mean (true mean) is 2,575. 
e. Find the probability of a type II error if the actual mean (true mean) is 2,800. 
f. Find the power of the test if the actual mean (true mean) is 2,800. 


 
5) BONUS (Not Required): By rearranging the equation for the computation of a parametric 


confidence interval around a mean for a normal distribution, one can arrive at a formula for 
estimating sample size needed to achieve a given confidence level. [Bonus: 10 pts]  


a. Derive a formula for estimating the sample size n needed for a given confidence level 
[show work] 


b. Which parameters do you need to determine/define to compute the required n for a given 
confidence level? How would you determine/define these parameters (e.g., experience, 
data collection, etc)? 


c. What are the major problems with estimating a sample size using this approach? 
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