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ABOUT YOUR PROFESSORABOUT YOUR PROFESSOR
Senior Technical Manager, Michael Baker Jr., Inc.
Pittsburgh, PA

Water and wastewater engineering
Hydrologic & hydraulic modeling and GISHydrologic & hydraulic modeling and GIS

Professor
University of Pittsburgh, GIS and Hydrology
Penn State University, Continuing Education
Y t St t U i it GIS d H d lYoungstown State University, GIS and Hydrology

Education:
Ph.D. (Civil Engineering), University of Pittsburgh, 1988

20 years of experience, 100+ projects, 80+ publications
Books:

GIS Tools for Water, Wastewater, and Stormwater Systems, 
An ASCE Press Best-seller, 2002.
GIS Applications for Water, Wastewater, and Stormwater Systems, pp , , y ,
CRC Press, 2005.

Professional Engineer in PA, WV, OH, GA
PE problem writer, NCEES, 1990’s
2006 Civil Engineer of the year ASCE Pittsburgh
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2006 Civil Engineer of the year, ASCE Pittsburgh 

Contact: sshamsi@mbakercorp.com
Office phone (9 AM – 6 PM) 412-375-3076
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SCHEDULE
Date Topic Chapter No.

10/22/09 Hydraulics – Fluid Statics & Flow 14 to 17 10/22/09 Hydraulics Fluid Statics & Flow 14 to 17 

10/29/09 Hydraulics – Pumps and Turbines 18

11/5/09 Hydraulics – Open Channel Flow 19

11/12/09 Hydraulics – Precipitation, Runoff & Flood 
Calculations

20

Chapter numbers refer to Michael Lindeburg’s Civil 
Engineering Reference Manual, 9th (2003) to 11th (2008) 
editions.
Pl t th t th O Ch l Fl l t (Ch t 19)Please note that the Open Channel Flow lecture (Chapter 19) 
has been moved before the Precipitation and Runoff lecture 
(Chapter 20) to maintain consistency with the chapter order  
in the text book.
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COURSE WEB SITE
www.eng.ysu.edu/~ceegr/GIS/PSU/PSUPE.htm
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TEXT BOOK

Title: Civil Engineering Reference Manual

Author: Michael R. Lindeburg, P.E.Author: Michael R. Lindeburg, P.E.

Publisher: Professional Publications Inc. (PPI)
www.ppi2pass.com

Type: Hardcover

Edition: 11 (Edition 9 or 10 will also work for my 
lectures)lectures)

Pages: 1456 (9th edition had 576 pages)

Price: $169.95 (9th edition was $96.60 )( )

ISBN: 978-159126-129-2  (9th edition 
0131716859) 
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CLASS MONITOR

1. Must have a cell phone
2 M t tt d ll l ti2. Must attend all classes on time
3. Communicate with students on3. Communicate with students on 

Professor’s behalf (e.g., if the 
professor will be late or absent)p )

Any volunteer: ???
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LICENSED ENGINEER
“Engineering Practice Act” -- to protect 
the health, safety and welfare of the y
citizens of that state (1989). 
Having an engineering license means g g g
more than just meeting a State’s 
minimum requirements.  It means you 
have accepted both the technical and thehave accepted both the technical and the 
ethical obligations of the engineering 
profession. 

Ref: ASCE Policy Statement # 433
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PREPARING FOR AND TAKING THE P.E. EXAM 
Based on three articles 
on “Preparing for and 
Taking LicensingTaking Licensing 
Exams” by Dr. Ben 
Buckner, P.E.
Part 1, 2, and 3 
published in May, 
June, and July 1999 in 
Professional Surveyor 
Magazine
Scanned copy of theScanned copy of the 
articles is available on 
the course Web site.
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PREPARING FOR AND TAKING THE P.E. EXAM 
1. Preparing for and taking exams involves more than 

simply acquiring knowledge.
2. To ensure a passing score, you must become an smart 

exam taker.
3 Many multiple choice questions are answered3. Many multiple-choice questions are answered 

incorrectly, not because of lack of knowledge, but 
because of failure to read and understand questions.

4. Understanding what is being asked requires sufficient 
time, concentration, and attention to detail.

5 Identif distracters the present the greatest challenge5. Identify distracters; they present the greatest challenge.
6. Selecting one response without carefully considering 

the others is jumping to conclusions.

10

the others is jumping to conclusions. 
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PREPARING FOR AND TAKING THE P.E. EXAM 
7. Wrong answers are often relatively longer or shorter 

than the correct one. And wording could be less formal 
than that of the correct answerthan that of the correct answer.

8. Don’t quit prematurely. Dig a little deeper. 
9 A positive attitude toward learning is critical9. A positive attitude toward learning is critical. 
10. Collect a library of references.
11 Form good study habits Set aside some favorite habits11. Form good study habits.  Set aside some favorite habits 

to allow for study time.  Attend review courses during 
the final preparation stage (no less than six months 
before the e am)before the exam).
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SAM’S TIPS
1. Make a list of reference material and which book 

contains what.
2 P t t b d b k k i f t i l f2. Put tabs and bookmarks in your reference material for 

quick searches.
3. Practice how to use the index at the end of a book.3. Practice how to use the index at the end of a book.  
4. Highlight important topics in the table of contents and 

the index.
5. Repeat calculations if time permits.  Don’t leave early.
6. Start guessing the answers if don’t have enough time g g g

(25% probability of correct answers).
7. Review test book carefully

12

One student from the 2005 class missed to see an easy problem 
(similar to covered in this class) because some test book pages 
were “stuck” together.
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PREPARING FOR THE P.E. EXAM: CHECKLIST (30 ITEMS)

13www.ppi2pass.com/ppi/PPIInfo_pg_myppi-faqs-prepare.html
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ONLINE RESOURCES
Downloads from the Professional Publications Website
www.ppi2pass.com/ppi/PPIInfo_pg_myppi-faqs-webrefs.html#CE 
Centrifugal pumps online tutorial

OBSOLETE LINK
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ONLINE RESOURCES
Current link for COE’s engineering manuals
http://140.194.76.129/publications/eng-manuals
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ONLINE RESOURCES
Link for COE’s Flood Runoff Analysis Manual
http://140.194.76.129/publications/eng-manuals/em1110-2-1417/toc.htm
Or download from the 
course Web site
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FLUID PROPERTIES
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ESSENTIAL DATA
FLUID PROPERTIES
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MOODY CHART: RELATIONSHIP BETWEEN FRICTION FACTOR (f), 
REYNOLDS NUMBER, AND RELATIVE ROUGHNESS FOR CIRCULAR PIPES

21



© Shamsi, 2009METRIC TEMPERATURES
lamar.colostate.edu/~hillger/temps.htm
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TABLES AND CHARTS

From: Engineering Fluid Mechanics 
A th J h A R b d C TAuthors: John A. Roberson and C.T.
Crowe

Paperback: 794 pagesPaperback: 794 pages 
Publisher: Jaico Publishing House 
(June 30, 2005) 
ISBN-10: 817224780XISBN 10: 817224780X 
ISBN-13: 978-8172247805 
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GREEK LETTERS
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ESSENTIAL FORMULAE: AREA AND VOLUME OF VARIOUS SHAPES 
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ABSOLUTE AND KINEMATIC VISCOSITIES
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PHYSICAL PROPERTIES OF GASES
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PROPERTIES OF AIR
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PHYSICAL PROPERTIES OF LIQUIDS
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© Shamsi, 2009PHYSICAL PROPERTIES 
OF WATER
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CHAPTER 14CHAPTER 14
FLUID PROPERTIESFLUID PROPERTIES
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FLUID PRESSURE
Definition: Force of a fluid per unit area
Equation: p = F / A
U itUnits

US: Pounds per square inch (psi) or lbf/in2 

SI: Pascals (Pa) and Kilopascals (kPa)
SI S tè I t ti l (I t ti l S t )

2

SI = Système International (International System)
1 Pa = 1 N/m2

Measured with respect to two references:
11. Zero pressure: called absolute pressure (pa)

2. Atmospheric pressure: called gage pressure (pg)

P = p + p t 14 1

1

Pa = pg + patm …  14.1  

Hydrostatic Pressure: Pressure exerted 
by a fluid on an immersed object or 

32

container walls
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STANDARD TEMPERATURE AND PRESSURE
Temperature units

US:°F, SI:°K (Kelvin) or °C, English:°R (Rankine)
R = F + 459.69
K = C + 273.15
F = (C x 1.8) + 32  

Standard room temperature = 68°F = 20°CStandard room temperature = 68 F = 20 C
From Table 14.1, 
standard atmospheric pressure = 1.000 atm (atmosphere)
= 14.696 psia (absolute)
= 101.3 kPa
= 33.93 ft of water
= 29.921 in of Hg
= 1.013 bars
Standard Temperature and Pressure (STP) Table 14 3

33

Standard Temperature and Pressure (STP)  - Table 14.3
US: 32°F and 14.696 psia
SI: 273.15°K and 101.325 kPa
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DENSITY OR MASS DENSITY
Definition: Mass of a fluid per unit volume

Equation: ρ (rho) = m / VEquation: ρ (rho) = m / V

Units
3 3US: lbm/ft3 or slugs/ft3 

SI: Kg/m3

62 4 lb /f 3 1000 K / 3 (T bl 14 2)ρwater = 62.4 lbm/ft3 or 1000 Kg/m3 at room temperature (Table 14.2)

Density of an ideal gas = 5.14LLawGasIdeal
RT
p

=ρ

T = Absolute temperature °R (Rankine)

R = Specific Gas Constant (Appendix 24.B) F100at air for
Rlbm

lbfft53.35 °
°−

−
=
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SPECIFIC VOLUME & SPECIFIC GRAVITY
Specific Volume: Reciprocal of density

v = 1 / ρ … 14.6v  1 / ρ … 14.6

Specific Gravity: ratio of fluid density to some standard reference 

d it ( t )density (pure water)

14 8SG

14.7SG

g

water

liquid
liquid L

ρ
ρ
ρ

as

=

14.8SG
air

g
gas L

ρ
=

35
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SPECIFIC WEIGHT
Definition: Weight of a fluid per unit volume

γ (gamma) = ρ × g [SI] … 14.14aγ (gamma)  ρ g    [SI]  …   14.14a

γ = ρ × (g/gc)    [US]         …   14.14b

g = gravitational acceleration = 32.2 ft/sec2

gc is always on opposite side of ρ

g g

gc = gravitational conversion constant = 32.174 lbm-ft/lbf-sec2

Units of γ: lbf/ft3

Because at most places g = gc,from Eq. 14.14b: γ = ρ

Detailed discussion on g vs g : Chapter 1 Section 6 “The English EngineeringDetailed discussion on g vs. gc: Chapter 1, Section 6, The English Engineering 

System.”

γ = 62 4 lbf/ft3 at room temperature (Table 14 2)

36

γwater = 62.4 lbf/ft at room temperature (Table 14.2) 

= 62.4 / (12 × 12 × 12) = 0.0361 lbf/in3
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VISCOSITY
Definition: a measure of a fluid’s resistance to flow when acted upon 
by an external force such as, pressure or gravity
Viscous fluids: Jelly syrup heavy oilsViscous fluids: Jelly, syrup, heavy oils
Higher the temperature, lower the viscosity, easier the fluid flow.
Viscosity is expressed by μ (mu) = Absolute Viscosity (also known y p y μ ( ) y (
as coefficient of viscosity) in lbf-sec/ft2

Kinematic Viscosity ν (nu): Ratio of absolute viscosity to mass 
densitydensity

14.19a[SI] L
ρ
μν =

14.19b[US].
L

ρ
μν cg

= gc is always on opposite side of ρ

37



CHAPTER 15CHAPTER 15
FLUID STATICSFLUID STATICS
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RELATIONSHIP BETWEEN PRESSURE AND DEPTH

Pressure varies linearly with depth
a7.51[SI] Lhgp ρ=

Where h = depth of fluid = hydrostatic head

15.7b[US] Lh
g

hg
c

γρ
== gc is always on opposite side of ρ

p y
Barometer: An example of measurement of pressure by the height of 
a fluid column
If atmospheric pressure pIf atmospheric pressure = pa

vapor pressure of barometer liquid = pv

a10.51[SI])14.14.( LQ aEqfromghhgpp va ργγρ ===−

15.10b[US])14.14.(

[ ])(

LQ bEqfrom
g
gh

g
hg

qfggpp

cc

va

ργγρ
ργγρ

===
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EXAMPLE 15.2: PRESSURE-DEPTH 
A vacuum pump is used to drain a flooded mine shaft of 68°F (20°C) 
water.  The vapor pressure of water at this temperature is 0.34 psi (2.34 
kPa)   The pump is incapable of lifting the water higher than 400 in kPa).  The pump is incapable of lifting the water higher than 400 in 
(10.16 m).  What is the atmospheric pressure?
Given Data:

Fl id  tFluid = water
T = 68°F (20°C) 
pv = 0.34 psi (2.34 kPa)
h = 400 in (10 16 m)h = 400 in (10.16 m)

Standard (Known) Data:
γ = 0.0361 lbf/in3 (Table 14.2 or 15.2)

Calculate (?)Calculate (?)
Atmospheric pressure = pa

Solution:
F  E  15 10b    h  0 34  (0 0361 400)  14 78 lbf/i 2 ( i )

40

From Eq. 15.10b, pa = pv + γh = 0.34 + (0.0361 × 400) = 14.78 lbf/in2 (psia)
ANSWER



CCHAPTER 16
FLUID FLOW PARAMETERSU O S

41



© Shamsi, 2009

FLUID ENERGY
Three forms:

Kinetic
PotentialPotential
Pressure

1. Kinetic Energy: Energy required to accelerate a fluid to velocity v

h = velocity head or dynamic head = kinetic energy in units of feet

16.3b[US]
)sec-ft/lbf(lbm

(ft/sec)
2.g
vE

2

2

c

2

v L
−

==

hv  velocity head or dynamic head  kinetic energy in units of feet
2. Potential Energy: Energy required to raise a fluid to an elevation z.

16 5b[US]lbf-ftz.gE L==

hz = potential or gravitational head = potential energy in units of feet
׶ ሺBecauseሻ at most places g = g = 32 2 ft/sec2

16.5b[US]
lbmg

E
c

z L==

42

ሺBecauseሻ at most places, g = gc ׶ = 32.2 ft/sec2

ሺthereforeሻ Ez ׵ ൌ z
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FLUID ENERGY
3. Pressure Energy: Energy required to raise a fluid to pressure p

16.6[US]
lb

lbf-ft
ft/lb
ft / lbfpE 3

2

p L===

hp = pressure head or static head = pressure energy in units of feet
lbmft / lbmρ 3p

43
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BERNOULLI EQUATION
The total energy of a fluid flowing without friction losses in a pipe is 
constant.

An energy conservation equationAn energy conservation equation

pgzv
++

++=

16 11b.
16.10  E  E  E E

2

pzvt L

ρ

ρ
pz

g
v

p
g
g

g cc

++=

++=

2

16.11b
2

2

L

Because total energy cannot change between points 1 and 2
ρgc2

2
22

2
11 vpvp

++++

 present; are losses if
22

22

2
22

1
11 z

g
pz

g
p

cc

++=++
ρρ

44

64.17
22 2

2
22

1

2
11 EquationBernoulliExtendedlossesz

g
vpz

g
vp

cc

L+++=++
ρρ
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EXAMPLE 16.1: BERNOULLI EQUATION 
Given Data:

ZA = 100 ft (Assume Z = 0 at C or Zc = 0)
ZB = 50 ft 

ZA - GIVEN

GIVEN

A

ZB= 50’ (INFERRED)

Calculate (?)
Total energy at B = EB 10010000

2

2
=++=++= ftzvpE A

AA
Agy B

Velocity at C = vc
Solution:

At Point A: 
ft 100  E  E Eqn., Bernoulli From

2

AB ==

f
gcρ

AN
SW

ER
 1

45

pA = 0 (open to air; gage pressure is zero)
vA=0 (water is not flowing; no head – no velocity)
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EXAMPLE 16.1: BERNOULLI EQUATION 
At Point C: 
pC = 0 (discharge at atmospheric pressure)
zc=0 (since z = 0 at C)c ( )

100
2

2
z

g
vpE C

CC
C =++=

ρ

1000
2

0

2
2

g
v

g

c

C

c

=++

ρ

sec/2.80
1002.322

2
2

ftV
V

g

C

C

c

=
××=

ANSWER 2f
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ENERGY GRADE LINE (EGL)
EGL: A graph of total energy versus position along the conduit 
length
Elevation of EGL h + h + h Eq 16 33Elevation of EGL = hp + hv + hz …  Eq. 16.33
For a frictionless pipe without pumps, EGL will be constant 
(horizontal)(horizontal)  
Hydraulic Grade Line (HGL): A graph of sum of pressure and 
gravitational heads versus position along the conduit length
El ti f HGL h + h E 16 34Elevation of HGL = hp + hz …  Eq. 16.34

Not always horizontal
By comparing Eqs. 16.33 and 16.34:By comparing Eqs. 16.33 and 16.34:
hv = elevation of EGL – elevation of HGL …  Eq. 16.35
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EQUIVALENT DIAMETER: De
Equivalent diameter of a 
conduit of a given cross 
section (shape) is thesection (shape) is the 
diameter of a circular pipe 
that gives the same pressure 
loss.
For a circular pipe flowing 
full, De = inside diameter offull, De  inside diameter of 
pipe.
For other cross sections: use 
T bl 16 1Table 16.1

48
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HYDRAULIC RADIUS: rh

Area in flow divided by wetted 
perimeter

A

:full halfor  full flowing pipe aFor 

16.18
s
A rh L=

F h fl d h

16.19
42r2

r r
2

h L
Dr

===
π
π

For other flow depths: use 
Appendix 16.A
Relationship between De and rh:p e h
De = 4 rh …  16.20

49
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EXAMPLE 16.5: EQUIVALENT DIAMETER
Given Data:

Flow type = open channel
Shape = trapezoidal
Top width, a = 7
Bottom width, b = 5
Depth, h = 3

Calculate (?):

S l ti

Calculate (?):
Equivalent diameter, De
Hydraulic radius, rh

(7-5)/2 = 1
Solution:

Base of the triangle = (7-5)/2 = 1
Channel side = s = √ሺ32൅12ሻ ൌ 3.16
F T bl 16 1

( )

From Table 16.1:

From Eq 16 20:

36.6
16.325

)57(32
2

)(2
=

×+
+××

=
+
+

=
sb
bahDe ANSWER 1

50

From Eq. 16.20:
59.1

4
36.6

4
=== e

h
Dr ANSWER 2
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REYNOLDS NUMBER: Re
A dimensionless number interpreted as the ratio of inertial forces to 
viscous forces in the fluid
R = (inertial forces / viscous forces) 16 21Re  (inertial forces / viscous forces)     …  16.21
Inertial forces are due to momentum of flow
Inertial forces are proportional to:p p

Flow diameter (De)
Velocity (v)
Density (ρ) 16 22[SI]R ρvDeDensity (ρ)

Viscous forces are proportional to:
Absolute viscosity (μ) (mu)

Th f
16.22b[US]    

16.22a[SI]   Re

L

L

μ
ρ

μ
ρ

g
vDe

e

=

=

Therefore,
Laminar flow: Re < 2,100
Turbulent flow: Re > 4,000

gviscositykinematicνSince c

ρ
μ

μgc

==

51

,
Critical flow: 2,100 < Re < 4,000

More in Chapter 19 (Open Channel Flow)
16.23                       Re L

ν
vDe=



CCHAPTER 17
FLUID DYNAMICSU CS
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CONSERVATION OF MASS
Fluid mass is always conserved
mሶ1 = mሶ2 …  17.1
F fl id fl ti f lFor fluid flow, conservation of mass law 
is known as Continuity Equation
ρ1.A1.v1= ρ2.A2.v2  …  17.2

A = Area
v = Velocity

If fluid is incompressible ρ = ρIf fluid is incompressible, ρ1= ρ2
A1.v1= A2.v2   …  17.3
Or, v ሶ1 = vሶ2 …  17.4

vሶ = Q = volumetric flow rate or flow rate
units: cfs (cubic-ft/sec) or MGD (million gallons / day)

Or, Q1 = Q2 ׶) Q = A.vሻ

53

Or, Q1  Q2 Q  A.vሻ ׶)
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CONSERVATION OF ENERGY
Extended Bernoulli Equation
(Ep + Ev + Ez)1+ EA = (Ep + Ev + Ez)2+ EE + Ef + Em …  17.64
E pressure energyEp = pressure energy
Ev = kinetic energy
Ez = potential energy
EA = Energy (or head) added by a pump
EE = Energy (or head) extracted by a turbine
Ef = Energy (or head) extracted by frictionEf  Energy (or head) extracted by friction
Em = Energy (or head) extracted by minor losses (e.g., fittings and 
bends)

bEEE
g
gz

g
vpE

g
gz

g
vp

mfE
cc

A
cc

65.17
22 2

2
22

1

2
11 L+++++=+++

ρρ

54
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HEAD LOSS DUE TO FRICTION
Loss in energy or head due to friction
E1 = E2+ Ef …  17.15
E h head loss due to frictionEf = hf = head loss due to friction
Three head loss calculation methods
1. Moody friction factor chart
2. Darcy formula
3. Hazen-Williams formula

55
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MOODY CHART
For turbulent 
flow
Same asSame as 
Figure 17.4: 
Plot of Re (x-
axis) against f 
for different 
relative 
roughness 
(ε/D) values
Error prone; 
Appendix 
17 B (b d17.B (based on 
Colebrook Eq. 
is a better 
alternative)

56

alternative)
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EXAMPLE 17.2: FRICTION FACTOR
Determine the friction factor for a Reynolds number of Re = 400,000 and a 
relative roughness of  ε / D = 0.004 using
a) the Moody diagram) y g
b) Appendix 17.B
c) the Swamee-Jain approximation
d) Check the table value of f with the Colebrook equation

Given Data:
Re = 400,000 = 40 x 105

d) Check the table value of f with the Colebrook equation.

,
ε / D = 0.004

Calculate (?):Calculate (?):
f (from Moody diagram)
f (from Appendix 17.B)

57
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EXAMPLE 17.2: FRICTION FACTOR

Solution:
From Figure 17.4g

Select curve for ε/D = 
0.004
Select 4x105 on x-axis 
and move up to meet 
ε/D curve
Move left to cross y-

i  t f  0 028

0.028

0.004

axis at f = 0.028

4x105

ANSWER 1
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EXAMPLE 17.2: FRICTION FACTOR

Solution:
From Appendix 
17 B  f  0 0287 ANSWER 217.B, f = 0.0287 ANSWER 2

59



© Shamsi, 2009

DARCY FORMULA
Also known as: Darcy-Weisback equation
Valid for both laminar and turbulent flow

2vLf

hf = head loss due to friction

17.22   
2

2
L

Dg
vLf hf =

L = pipe length
D = pipe diameter 
v = velocityy
f = Darcy friction factor
f does not depend on pipe material
f depends on pipe roughnessf depends on pipe roughness

bR ldR

 17.162,100)  (R flowlaminar for    
R
64

e
e

L<=  f

60
 17.1700)0,100 R (3,000 flowent for turbul   

R
316.0

number Reynolds  Re

e25.0
e

L<<=

=

 f
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EXAMPLE 17.3: HEAD LOSS BY DARCY EQ.

50°F water is pumped through 1000 ft of 4 in. 
scheduled-40 welded steel pipe at the rate of 300 p p
gpm.  What friction loss (in ft-lbf/lbm) is predicted 
by the Darcy equation?

Given Data:
T = 50°F

Calculate (?):
hf

y y q

T  50 F
Material = Schedule-40 welded steel 
L = 1000 ft
D = 4 in (nominal diameter)

hf

D = 4 in (nominal diameter)
Q = 300 gpm x 0.002228 = 0.6684 cfs

61
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EXAMPLE 17.3: HEAD LOSS BY DARCY EQ.

Solution:
ν (nu) = kinematic viscosity = 1.41 x 10-5 ft2/sec (From Appendix 14.A)
ε (epsilon) = specific roughness = 0.0002 ft (From Appendix 17.A)
D = Internal diameter = 0.3355 ft (From Appendix 16.B)
A = internal area  = 0.0884 ft2 (From Appendix 16.B)

  Q/A  0 6684 / 0 0884  7 56 f /v = Q/A = 0.6684 / 0.0884 = 7.56 ft/sec

5
5e 108.1

10411
56.73355.0  R 16.23, Eq. From ×=

×
×

== −ν
vDe

Relative roughness = ε / D = 0.0002/0.335 = 0.0006
Using calculated Re and ε / D values, from Appendix 17.B, f = 0.0195

51041.1 ×ν

ft  51.6 
2.323355.02
56.710000195.0 

2
17.22,Eq.From

22
=

××
××

==  
Dg

vLf hf ANSWER
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EXAMPLE 17.3
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EXAMPLE 17.3

64



© Shamsi, 2009

EXAMPLE 17.3: f FROM MOODY DIAGRAM
From Appendix 17.B, f = 0.0195
From Moody diagram, f = 0.0185
5% difference ֜ use the method specified in the problem or your answer might be different 
from the 4 multiple choice answersfrom the 4 multiple-choice answers.

0.0185
0.004

1.8x105
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HAZEN-WILLIAMS FORMULA
Does not depend on Reynolds number
Depends on Hazen-Williams roughness coefficient “C”
Valid for turbulent flow onlyValid for turbulent flow only

17.30.).(022.3
171

85.1
LSULvhf = 17.30.).(  17.185.1

SU
DC

 hf
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EXAMPLE 17.4: HEAD LOSS BY HAZEN-WILLIAMS EQ.

50°F water is pumped through 1000 ft of 4 in. scheduled-40 welded 
steel pipe at the rate of 300 gpm.  What friction loss (in ft-lbf/lbm) is 
predicted by the Hazen Williams formula? Assume C = 100

Given Data: Calculate (?):

predicted by the Hazen-Williams  formula?  Assume C = 100.  
(Given data is the same as Example 17.3)

T = 50°F
Material = Schedule-40 welded steel 
L = 1000 ft
D = 4 in (nominal diameter)

( )
hf

D  4 in (nominal diameter)
Q = 300 gpm x 0.002228 = 0.6684 cfs
C = 100

Solution:

ANSWERft  90.3   
33550100

100056.7022.3 17.30, Eqn. From 171851

85.1
=

××
=  hf
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SUGGESTED READING: CHAPTER 17
15. Minor losses and Example 17.7
21. Discharge from tanks and Example 17.8
26 Culverts26. Culverts
28. Series pipe systems
29. Parallel pipe systems and Example 17.929. Parallel pipe systems and Example 17.9
58. Similarity
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