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Eng. Econ- Intro Concepts

The basis for englneering economics:

1. Economlce efficlency is a key criterion
for evaluation of a civil engineering
system

2. The value of money changes over thme
($1,000 today Ls not the same as $1,000
Ln 1992, and Ls wot the same as $£1,000
LA 2013)



Eng. Econ- Intro Concepts

S’qu:Le (nterest vs. Oompouwol (nterest
1. S’qu:Le Interest

Let’s say tn Dec 2003 You borvow $1000 with 5%

s’umpLe Lnterest

Year Principal Interest Total Amount Owed at the End of
The Year (=Principal + Interest)
Dec 2003 $1000 $1000
Dec 2004 $50 $1050
Dec 2005 $50 $1100
Dec 2006 $50 $1150
Dec 2007 $50 $1200




2. OOWLPOI/LVLd lnterest

Eng. Econ- Intro Concepts

Let’s say tn Dec 2003 You borvow $1000 with 5%
compound interest

Year Principal Interest Total Amount Owed at the End of
The Year (=Principal + Interest)
Dec 2003 $1000 - $1000
Dec 2004 $1000 $50 $1050
Dec 2005 $1050 $52.5 $1102.5
Dec 2006 $1102.5 $55.13 $1157.63
Dec 2007 $1157.63 $57.88 $1215.51




Eng. Econ- Intro Concepts

The Concept of Cash Flows
_John's recent expenses:

Aug 5 John's Dad gives him $10,000
Aug 10: Car Rental, Chicago-Purdue £330
Aug 13: Pays Tuition Fees $6,000

Aug 14: Recelves $800 gift from Auntle
Aug 15: Pays rent £400




CASH FLOW TABLE

DATE CASH FLOW ($)
Aug 5 +10,000
Aug 10 -70

Aug 13 -6,000

Aug 14 +800

Aug 15 -400

Eng. Econ- Intro Concepts



Eng. Econ- Intro Concepts

cash Flow Dlagram

$10,000 FF0 Fe,000 FLo0 F400
| | *

v v

5th 10th 13th 14th 15th

Mowney spent (going out) : upwaro arrows

Money recetved (coming in): downward



Eng. Econ- Intro Concepts

cash Flow Dlagrams for Civil
Englneering Projects

& YearLg ntervals, tgpicaug, (not mow‘chtg,
weekly, etc.)

& Amounts received or incurred during Year
are assumed to have happened ...

.. at end of year, or
... at beglnning of year

(choose only 1 of above conventions, and
stick to Lt)
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Eng. Econ- Intro Concepts

Example:
Reconstruction of 1-90 Toll Road

Dec 2000-- nitial Contract Cost: $8€ mil

Dec Bach year of 2001-2008-- Toll recelpts:
$2 willion at end of every year

Dec 2004 -- Major Matntenance $3 mil
Dec 2006 —-Minor Matntenance $1 mil

Draw the Cash Flow Blagram for this example.
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Eng. Econ- Intro Concepts

Solution:

3m im

5 5
8m 2Z2m 2Z2m 2Z2m 2m 2m 2m 2m?2m

5

Vv v Vv v v vV v v
2000 2001 2002 2003 2004 2005 2006 2007 2008
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Eng. Econ- Intro Concepts

The 5 variables in any Cash Flow Diagram.

P -  Present Amount
F -  Future Amount
A - Annual Amount
L - Interest rate

N - Analysis Period

Typleally, we're given 4 of the above variables and
we will need to caleulate the 5% using
equivalence equations,
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Eng. Econ- Intro Concepts

Discussion of the &5 variables
1. Present Amount, P

Amount receitved or bncurred in Year O.
Tgpi,cau? a large amount, e.9., inttial
construction cost, initial money collected for
car Loaw, etc.

2. Future Amount, ¥

A future amount that Ls equivalent to a given
present amount (received or bincurred).

Also called “discounted anount”,

May be Lncurred (or paid) at end of analysis
period or awgt’ume within the awaLgs‘Ls
period,
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Eng. Econ- Intro Concepts

3. Annual Amounts, A

& Amount recetved or tincurred every year
& Also called “Annuities”

& qenerally referved to as “‘uniform
amounts” but only called “annual
amounts” whew the units of time is

ganS.
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Eng. Econ- Intro Concepts

4. AwaLgs’Ls Periool, N

@ s the total tume over which we are carrying out
economic evaluation for a system.,

& For CE systems, this ts tgpicaug "y years.

& Dependls on system type andl expected Life of
the system.,

& examples: 35 years for highway pavements

50 years for RC bridges, 70 years for
steel bridges, 100 years for some dawms,
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Eng. Econ- Intro Concepts

5. lnterest Rate, L

& Represents the extent to which money changes
ln value over thme.

& May be (1) fixed (constant)
(i) variable. tf variable, may be ...
- compoundled a finite number of
times during each year

- compounded an tnfinite number of
times each year

@& Natlonal Lnterest vate Ls determined b Y the
central Bank (or Federal Reserve Board),
individual Lenders also have thelr own rates,

but are generally pegged to the federal rate.
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Eng. Econ- Intro Concepts

Equi\/a Lemce Equatiows

what are theg?

® Are equations used to caleulate any 1 of
the 5 major Variables, given the other 4.

@ Two main types of Equivalence
Equations, mostLg depending on the
nature of the bntervest vate (how it
changes).
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Eng. Econ- Intro Concepts

» Equ'watewce Equat'wws Type
Used whewn itnterest rate is etther...
- compouwded ang Constant, or

- Compounded and changing
a finite number of thmes

& poss’ubte cases unoler T ype !
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Eng. Econ- Intro Concepts

case 1:

Description: Finding the future amount (F) that
would be yielded by an initial amount (P) at
the end of a given period.

Example: Current car price is $20,000. Jim
takes the car now (say, Dec 2009) and
agrees with the dealer to pay nothing until
Dec 2014 when he pays everything at a go.

What price will he pay in 20147




Eng. Econ- Intro Concepts

CASE 1 (cont’d)

Problem Definition:

This is a Single Payment Present Compound
Amount Factor (SPCAF) problem

P F
Cash Flow Diagram: :
| ;
—
2009 2014

Computational Formula:

F = P*[(L+i)"]
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Eng. Econ- Intro Concepts

Description: Finding the initial amount (P) that
would yield a future amount (F) at the end of a
given period

Example: Jim has seen the 2014 model in a car
magazine, and thinks it's cool. Wants to buy that
model when it is released in 2014, at a price of
$30,000 at that year.

| | BMW XZ-6, Year 2014 model

How much should Jim put away now in order
to be-able to pay for the car in 20147

22



Eng. Econ- Intro Concepts

CASE 2 (cont’d)

Problem Definition:
This is a Single Payment Present Worth Factor
(SPPWF) problem

P F
Cash Flow Diagram: : 1
\4
| | | | | |
| | | | | |
2009 2014
Computational Formula: -
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Eng. Econ- Intro Concepts

Description: Finding the amount of uniform annual
payments (A) that would yield a certain future
amount (F) at the end of a given period.

Example: Same as for Case 2 (Jim has seen the
2014 model in a car magazine. Wants to buy
that model when it is released in 2014, at a price
of $30,000 at that year.)

Jim agrees to pay 5 yearly amounts until
December 2014, starting December 2009. How
much should he pay in December every year?
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Eng. Econ- Intro Concepts

CASE =2 (cont’d)

Problem Definition:

This i1s a Uniform Series Sinking Fund Deposit
Factor (USSFDF) problem

: A A A A A
Cash Flow Diagram: ST

I 2 2NN 2N 2N

2009 2014
Computational Formula: |v:
|
A=F*

[@+1)"-1]
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Eng. Econ- Intro Concepts

Description: Finding the final
compounded amount (F) at the end of
a given period due to uniform annual
payments (A).

Example: Same as for Case 2 (Jim has seen
the 2014 model in a car magazine. He thinks
it's cool, and wants to buy that model when it is
released in 2014 that year.)

Jim agrees to pay $5,000 every year until 2014,
starting December 2009. How much will he end
up paying for the car by December 20147
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Eng. Econ- Intro Concepts

Problem Definition:
This i1s a Uniform Series Compounded Amount
Factor (USCAF) problem

A A A A A
Cash Flow Diagram:
NNy
2009 2014
Computational Formula: *
S (EDIE .
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Eng. Econ- Intro Concepts

Description: Finding the initial amount (P)
that would yield specified uniform future
amounts (A) over a given period.

Example: Jim takes the 2009 model now (in
2009). He has enough money to pay for it, but
rather decides to pay in annual installments of
$5,000 over a 5-year period (starting in Dec
20009 till Dec 2014).

How much should he set aside now so that he
can make such annual payments?
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Eng. Econ- Intro Concepts

Problem Definition:
This is a Uniform Series Present Worth
Factor (USPWF) problem

Cash Flow Diagram:

2009 2014
Computational Formula:

P— A* [(1+ I)n _1]
1(1+1)"




Eng. Econ- Intro Concepts

Description: Finding the amount uniform
annual payments (A) over a given period,
that would completely recover an initial

amount (P). e.qg., car loan or credit card
monthly payments

Example: Jim receives a loan of $25,000
from PEFCU to pay for the 2009 model and
take it right now. How much will he have to

pay back to the bank every year (starting
Dec 2009) until Dec 20147
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Eng. Econ- Intro Concepts

Problem Definition:

This is a Capital Recovery Factor (CRF) problem.
(that is, the bank seeks to “recover its capital” from
Jim).

P

A A A A A
Cash Flow Diagram: 1 S R T
AR AR A
2009 2008

Computational Formula: : :

(1+1)"

A=Px

(1+i)n -1 31



