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Presenter
Presentation Notes
This research effort could not have been possible without financial sponsorship. In July of 2011, ASPE joined IAPMO and formed a sub-task group to the Pipe Sizing Task Group of the GPMCS Technical Committee.
Then in May of 2013, the Water Quality Research Foundation joined ASPE and IAPMO in funding an end use water database to further the research. 
Also, the acquisition of a specially designed end uses of water database from Aquacraft, Inc. for the determination of fixture use probabilities and flow rates.




IAPMO Task Group Scope

“….will work singularly to develop the 
probability model to predict peak 
demands based on the number of 
plumbing fixtures of different kinds 
installed in one system.”
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(Bring Hunter into 21st Century)

Presenter
Presentation Notes
Although this task group has been named “Pipe Sizing” sub-task group, the effort was narrowed specifically to the development of a statistical model that estimates water supply demand, which is the first step for sizing a water supply system. 



Hunter’s Method and Parameters

Today, Hunter’s curve is 
often faulted for giving 
overly conservative 
designs….Why?
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Uncongested use = lower p
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Presenter
Presentation Notes
Method: Binomial Distribution using the 99th percentile to determine the greatest number of fixtures in use out a given total number of fixtures that will not be exceeded 99% of the time. 
Parameters: Number of fixtures of the same kind (n); Flow rate (q); frequency of fixture use (p)
Fixture Units: Combining the probable flow curves of different fixtures with different flow signatures into a single curve.





Water Demand Calculator

5



Design Fixture Probability Values
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p = 0.010

p = 0.005

p = 0.045

p = 0.055

p = 0.020
p = 0.010

Presenter
Presentation Notes
Conservative representative p-values rounded up to the nearest 0.05.



Design Fixture Flow Rate Values
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q = 3.0

q = 1.3

q = 2.0

q = 3.5

q = 1.5

q = 2.2 q = 5.5

Presenter
Presentation Notes
Conservative representative q-values.
The Shower and faucets flow rates are product standard specifications at maximum flow rates allowed by Code. 
The remaining flow rates are derived from the database. 
All fixture flow rates are above the mean flow rates in the database.  



[4] (PEAK) WATER USE MODEL
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Binomial Model

9Hunter did this
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Presenter
Presentation Notes
Hunter’s model for large buildings with high n and p and assuming congested use.



Normal Approximation Model
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Presenter
Presentation Notes
z0.99 is the 99th percentile of the standard normal distribution.

Technology – Excel NORMINV and the TI-84 graphing calculator InvNorm function can calculate the n fixtures in the 99th percentile.
Area - .99
Mu – np = 20 x 0.4
Standard deviation – square root of np x (1-p) = √(20x0.4x(1-0.4)) 
Answer -  13




Wistort Model (1995)
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Presenter
Presentation Notes
Wistort modified the normal approximation to include a new parameter - the flow rate (q). This allows the direct calculation of the probable flow rate in the 99th percentile without the use of fixture units. The normal approximation also allows the summation of multiple normal approximations with varying n-, p-, and q-values representative in a mixed plumbing system into a combined flow . 

This model works best when the Sum np ≥ 5 and applicable for very large multi-family dwellings.  What about smaller buildings?

Technology – The flow rate can also be added in the Exel NORMINV and the TI-84 graphing calculator InvNorm function (in the mean and SD) and would result in 39gpm using the example in the prior slide.



Binomial Distribution (small building)

12

Presenter
Presentation Notes
Series of Bernoulli trials.

A unique phenomenon for single family dwellings – High probability of no flow (stagnation periods). There is no congested frequency of fixture use. 



Zero Truncated Binomial Distribution
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Presenter
Presentation Notes
We don’t design for zero flow condition. What is the chance of 1 fixture flowing? 60%
Conditional probability. Scaling factor 1-p0 is 2/3. The ratio is constant between 1 and 2 fixtures, 2 and 3 fixtures, etc. 
P0 = 0.32768 (from prior slide)
1 - P0 = 1- 0.32768 = 0.67232 (2/3)
Scale : 
P1/1 - P0 = .4096/0.6732 = 0.6092
P2/1 - P0 = .2048/0.6732 = 0.3046
Sum of P1 through P5 = 1 




Modified Wistort’s Model

 Note:
 is probability of stagnation in a home (i.e. no water use)

 Addresses water demand in single family homes with high P0

 Transitions back to Wistort’s model as P0 approaches 0
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Presenter
Presentation Notes
The new model modifies further Wistort’s modification of the Normal Approximation by adding a new function that eliminates the probability of stagnation (i.e. no flow condition). 
This is needed since single family homes have a high probability of no water use. 

This model works best when the Sum np ≥ 1.25 and ≤ 5 and applicable for intermediate to very large multi-family dwellings.  What about single-family buildings?




Exhaustive Enumeration

Presenter
Presentation Notes
“Exhaustive Enumeration” involves identifying and ranking all possible demand events for a given premise plumbing configuration.
Exhaustive enumeration runs on macros in the Excel Calculator. The application of EE is limited because the macro run time can be lengthy. 
The macro was limited to where the Sum np is not greater than 1.25 (approximately 30 fixtures) to reduce the run time under 30 seconds. 

This model works best when the Sum np ≥ 0 and ≤ 1.25 and applicable for small to intermediate dwellings.  What about branch sizing for premise plumbing?




Q1+Q3
Number of 

Fixtures 
Number of 

Combinations 
Fixture Demand 

(gpm) 
Design Flow 

(giving 95th to 99th percentile) 
1 2 q1 q1 

2 4 q2 ≤ q1 q1 

3 8 q3 ≤ q2 ≤ q1 q1 + q3 

4 16 q4 ≤ q3 ≤ q2 ≤ q1 q1 + q3 

5 32 q5 ≤ q4 ≤ q3 ≤ q2 ≤ q1 q1 + q3 

6 64 q6 ≤ q5 ≤ q4 ≤ q3 ≤ q2 ≤ q1 q1 + q3 

 

Presenter
Presentation Notes
During development of the exhaustive enumeration approach, it was observed that certain combinations of fixtures consistently tended to strike near the 99th percentile design demand, especially along branch lines at the household level.  This led to the “q1+q3” method which works as follows: Using recommended fixture demand values, rank all fixtures along a branch line in descending order.  For instance, the fixture with the largest demand receives rank of 1 (q1), the fixture with the second largest demand receives rank of 2 (q2), and so on until all fixtures on a designated branch are ranked.  The q1+q3 method simply adds the demands for the rank 1 and the rank 3 fixtures to obtain an expedient and reasonably good estimate of the 99th percentile demand, often identical to the value generated by a full exhaustive enumeration. 



Summary of Methods

Presenter
Presentation Notes
 



[5] APPLICATION

18



Hypothetical
Residential 
Building 
Pipe Layout
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Peak Flow Building Supply

20



Peak Flow Hot Water Supply

21* Maximum flow rate at 8 f/s



http://www.iapmo.org/WEStand/Pages/DocumentInformation.aspx

To Download 
the Calculator

http://www.iapmo.org/WEStand/Pages/DocumentInformation.aspx
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