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e Centroids & Moments of Inertia

e Deflection of Beams Using NCEES Formulas

e Determinate Beams & Frames, Free Body
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FUNDAMENTALS OF ENGINEERING

CIVIL EXAM TOPICS
Computer-Based Test (CBT)

Total Number of Questions: 110
Time: 6 hours

The new Civil FE Computer-Based Test (CBT) consists of 110
multiple-choice questions (Each problem only one question)
the examinee will have 6 hours to complete the test.

*

Mathematics (Approx. 9 questions®)
Probability and Statistics (5 questions)
Computational Tools (5 questions)

Ethics and Professional Practice (5 questions)
Engineering Economics (5 questions)

Statics (9 questions)

Dynamics (5 questions)

Mechanics of Materials (9 questions)

Civil Engineering Materials (5 questions)

Fluid Mechanics (5 questions)

Hydraulics and Hydrologic Systems (10 questions)
Structural Analysis ( 8 questions)

Structural Design ( 8 questions)

Geotechnical Engineering ( 12 questions)
Transportation Engineering ( 10 questions)
Environmental Engineering ( 8 questions)

Here the number of questions are the average values taken from the
NCEES Reference Handbook (Version 9.3 / Computer-Based Test)
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CALCULATOR MODES

The Casio fx-115 has eight "modes." These modes are accessed
by pressing the [ MODE ] button.

¥
1:COMP  Z:CHMPLA
S =TAT 4diBARSE-H
=i EGIH SiMATRIH
FJiTABELE SINVECTOR

Here are the 8 modes of Casio fx-115:

1: COMP computation mode (for most calculations)
2: CMPLX complex mode

3: STAT statistics mode

4: BASE-N base-N mode

5: EQON eguation mode

6: MATRIX matrix mode

7: TABLE table mode

8: VECTOR vector mode

How to set your calculator into computation mode?
[ MODE][1]

How to set your calculator into statistics mode?
[MODE][3]
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STATISTICS MODE IN CASIO fx-115ES PLUS

First press the [ MODE ] button and you will get the following
screen:

¥
1:COMP  =ZiCHMPLA
S =TAT d:iBAZE-M
=1 EGIH SiMATRIA
i TABLE S:%ECTOR

Then choose option 3 and you will see the following screen:

1:1-YAR ZiA+EA
I L R R N g

HE S SIAE™H

FiACATE SilAA

Let’'s give an example using all the above steps.
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FUNDAMENTALS OF ENGINEERING (FE)
PROBABILITY AND STATISTICS

Problem:

A data set is given as listed below:

8, 25,7,5,8, 3,10, 12, 9

(1) The mean of this set is most nearly:

(A)  7.98
(B)  8.15
(C)  9.67
(D) 12.85

(2) The standard deviation is most nearly:

(A) 6.32
(B) 7.85
(C) 8.5

(D) 9.14
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Problem:
8, 25, 7, 5, 8, 3, 10, 12, 9
Consider the data set given above:

(a) Calculate the mean (y)
(b) Calculate the Standard Deviation (sy)

Solution:

The mean is the sum of scores divided by n where n is the number of scores.

1. )7:2 = (8+25+7+5+8+3+10+12+9)/9
n
= 9.67

2. the standard deviation may be calculated using the following formula:

s, :,/z(yi—_l_y)2 Deviation = (y, - y)
n -

In order to calculate the values in the standard deviation formula, the
following table may be used:

Deviation = Score - Mean

Score Mean Deviation (Deviation)2
8 9.67 - 1.67 2.79
25 9.67 +15.33 235.01
7 9.67 - 2.67 7.13
5 9.67 - 4.67 21.81
8 9.67 - 1.67 2.79
3 9.67 - 6.67 4449
10 9.67 + .33 11
12 9.67 + 2.33 5.43
9 9.67 - .67 .45
¥ =320.01
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Standard Deviation( Sy )

_ 2
s, - 20—y’ _ [32001 — a0
n—1 91

S, = 6.32

Alternate method for calculating the Standard Deviation:
(The Raw Score Method)

Consider the raw scores 8, 25, 7, 5, 8, 3, 10, 12, 9.

1. First, square each of the scores.
2. Determine n, which is the number of scores.
3. Compute the sum of y; and the sum of yiz
4. Then, calculate the standard deviation as illustrated below.
2
score(Yi) Yi
8 64
25 625
7 49 n=29
5 25
8 64 Jyi =87
3 9
10 100 Tyi? = 1161
12 144
9 81
87 1161

Standard Deviation( Sy)

2 - 2
s, :\/Zy, ( Ziyu ) /n _ square root[(1161)-(87*87)/9)/(9-1)]
= square root[(1161-(7569/9)/8)] = 6.32

In FEexam CASIO fx-115 SE PLUS should be used

PRBL-210
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PROBABILITY & STATISTICS
WITH CASIO fx-115 ES PLUS

| cAsIO
!

NATURAL-L.FP.A.M,

STRT =

1: Trre cilkata
S Eum g1 Yar
. Silbistr S:MinMax
san-i.=;:-.: ?z-n— 1in Zi
- 3igw  disx
000600
_ STAT O]
X
9. BEEEEEEET
STAT O]
S
6. 3245553

AC| |SHIFT) |1]) 4] | 2

AC] (SHIFT) 1) (4] (4
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CASIO / fx-115 ES PLUS

[ SHIET ][ SETUP ]

(1) COMP (1) Mth-10
() CMPLX (@) Line-10
(3) STAT (3) Deg

(4) BASE-N (4) Rad

(5) EQON (5) Gra

(6) MATRIX (6) FiIx

(7) TABLE (7) Sci

(8) VECTOR (8) Norm

Frequently asked two Number Systems:

1- Decimal Number System (base 10)
2- Binary Number System (base 2)

In Decimal System 10 different digits are used to create any number, but
in Binary System only Os and 1s are used to create any number

DECIMAL BINARY
2 10
3 11
5 101
6 110
8 1000
9 1001
10 1010
12 1100
14 1110
15 1111
19 10011
25 11001
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ANGLE CONVERSIONS
FROM (DMS) TO DECIMAL DEGREES
MANUAL CALCULATIONS

Degrees, minutes and seconds: (d° m' s")

One degree is equal to 60 minutes and 3600 seconds:

1°=60"' = 3600" S
One minute is equal to 1/60 degrees: \l\lh“\3 i,‘ &Q“
1' = (1/60)° = 0.01666667° c Ix\j,\)\'

One second is equal to 1/3600 degrees:

1" = (1/3600)° = 0.000277778°

For an angle with d (integer) degrees, m minutes, and s seconds:
do ml Sll
The formula to convert DMS to decimal degrees:

Angle=d+m/60 +s/3600

Example

Convert 5 degrees 25 minutes and 30 seconds angle to decimal degrees:

Angle = 5° 25" 30"

The decimal degrees dd is equal to:

Angle = d + m/60 + s/3600 = 5° + 25'/60 + 30"/3600
= 5.425°

ANGLE-315
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ANGLE CONVERSIONS
FROM (DMS) TO DECIMAL DEGREES
USING CALCULATOR

Problem:

Convert the angle given as 5 degrees, 25 minutes, and 30 seconds to

decimal degrees using your calculator.

Solution:

CASIOD NATURAL-L.P.A.M.

m FIX Math &

5257 a0®
5. 4250

|
Bl ST alena MODE SETUP

-'Il-

DD L Lo

== +R ¥a ® 23 DEC "o HEX 10"BIN e" O

L 1ﬂﬁ"&il§itﬁi

a-—r:— Y M-

CONST CONV
MATRIX VECTOR  VERIFY nPr_ GCD nCr_ LCM

6 ) )

{STAT}‘DIS'Tj fCMFu‘i kaSEj Pol Int Rec tf
R an e [ ns

Angle =5°, 25', 30"

2o 250 al®

Math A

5. 425

5 9y 2 5 099y 3

oees| | = S'HD]

SeD)

ANGLE-315
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ANGLE CONVERSIONS
FROM (DMS) TO DECIMAL DEGREES
USING CALCULATOR

CASIO NATURAL-U.P.AM.
‘ 15A 350450
= e TR R R

MODE EETUP’

3 pEC o HEX 10°BIN e OCT Importa nt
sovcool
sT0 i % 9 X agedy ﬁ
@o
CONW CUN\I' CLR ) Angle = 150’ 35|’ 45||

@ 15735745

15. 555845503

Math &

[11 J (8] bor (3] (8] bord (4] (8] Lo (=] (50D) (84D) s<+nﬂ

KEY SEQUENCE

ANGLE-315-1
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ANGLE CONVERSIONS
FROM (DMS) TO DECIMAL DEGREES

SUPPLEMENTAL PROBLEMS
(1) Degrees: 15 o
WAL
Minutes: 35 ' V\P‘t\)\)\«&'b“
\R
Seconds: 45 "
15° 35" 45"
Decimal degrees: = 15° + 35°/6@ + 457"/3600
= 15.59583°
Degrees: 12 °
(2)
Minutes: 20 '
Seconds: 36 "
12° 20" 36"

Decimal degrees: = 12° + 20°/60 + 36"/3600
= 12.34333°

ANGLE-115
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ANGLE CONVERSIONS
FROM DECIMAL TO DEGREES, MINUTES, SECONDS

SUPPLEMENTAL PROBLEMS
[\®
v\hsos «”&Qw\
Lo
(1) Decimal degrees: ‘ H 425 ° Ch

d = int(5.425°) = 5°

m = int((5.425° - 5°) x 6@)

= 25"

Degrees,minutes,seconds: 5 = (5.425° - 5° - 257/6@)

x 3600 = 30

5.425°

= 5% 25" 3@"

(2) Decimal degrees: 25.257/6 °

d = int(25.2576°) = 25°

m = int((25.2576° - 259) x

60) = 15'
Degrees,minutes,seconds: 5 = (25.2576° - 25° -

15'/60) x 3600 = 27.36"

25.2576°

= 25° 15" 27.36"

ANGLE-115-1
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ANGLE CONVERSIONS
FROM DECIMAL TO DEGREES, MINUTES, SECONDS
USING CALCULATOR

o5, PETES

CASIO NATURAL-L/.P.A.M.

Math A

259157 27, 56"

iiiiiﬁiﬁiiﬁitﬁilﬁi

aFeTyY M- M

CONST

(7)(8)

STAT/DIST CMPLX BASE Pol Imt Rec I
(JC2)C )
( (9] ]( . ]()ﬂo"J( Ans][ = ’

o5 IET6"

227 15727, 56"

99y

KEY SEQUENCE

ANGLE-115-2
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ANGLE CONVERSIONS
FROM DECIMAL TO DEGREES, MINUTES, SECONDS
USING CALCULATOR

|
[
| SHIFT

CASIOD NATURAL-LUP.AM.

52643759
520387 97, 5

Math &

ALPHA MODE SETUP

.. bb
< Lo
-—%‘H’ﬁ & 23 DEC 'ruax 10"BIN ¢ OCT
SDC
ia:HAi w:riai Abs ﬂ mﬂi i ;Ei tan Eri
@f@o-@m
::ousr cmw CLR

(9 )@ @)
MATulx vmon vsmﬂr nPr_GCD nCr_LCM
( : )i : )6 )(x ) +)
Esm‘rmmj icwmj fm.ssj Pol Int Rec !f

(o) awme) =

Math A

52643757
52036" 37. 5

5](2[1°]16]4][3]|7])|5] [

ANGLE-115-3
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FUNDAMENTALS OF ENGINEERING
DOMAIN: MATHEMATICS

CONIC SECTIONS

NCEES-Reference Handbook / Page-23

Parabola ( eccentricity = 1)

(y -k)*=2p(x-h)

Ellipse ( eccentricity < 1)

. 2 . 2
LSUUES

Hyperbola ( eccentricity > 1)

(x=h)*  (y—k) 1
a’ b®

Circle (eccentricity =0)
(X -h)?+(y -k)?=r?
radius:

r=(x=h)’+ (y-k)’

Center: (h,k)

Center: (h,k)

Center: (h, k)

Center: (h,k)




FUNDAMENTALS OF ENGINEERING
EQUATION OF A CIRCLE & SPHERE

FE
ERAY

C = Center

[ I —Sooooooooooo ?
C * r = radius
|

0

Center

C(h k)

The standard form of the equation for a CIRCLE:

(x=h)2+(-k)?=r PAGETE"

7 = radius of

Center at (A, k) circle

The standard form of the equation for a SPHERE: \\\PC

(x—h)>*+(@-k?>+(Ez-—m)?>=r? |
r = radius of

Center at (4, k, m) sphere

A sphere is defined as the set of all points in three-dimensional
Euclidean space R3 that are located at a distance 7 from a given
point C. Here r is the radius and C is the center of the sphere.

MATH-22
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FUNDAMENTALS OF ENGINEERING
EQUATION OF A SPHERE

Problem: (Equation of a sphere) FL
EXAN
P(xyz)
r=2
Cé Center
SPHERE c(2-3,6)) (236
r = 2 (radius)

—h)2+ -2+ (z—m)2 =12
x—h)y>+QO-k*+@z-m)>=r \CE Eg,ax
Center at (&, k, m), r = radius PAGE

The equation of a sphere with center at (2, -3, 6) and a radius
of r = 2 is most nearly:

A) (x+2)*+(-3)"+(z-6)*=2
B) (x-2)>+(+3)>+(z+6)>=2
© (x+2)2+(+3)2+(z-6)2=4
D) (x-2)2+(y+3)2+(z—-6)2=4

N

MATH-221
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FIRST ORDER LINEAR
ORDINARY DIFFERENTIAL EQUATIONS

Ay

77 ay — b

(a) Find the general solution of this ODE
(b) Find the particular solution when t = 0 then y =y,

Solution:
ﬂ:ay—b In|y-b/a|=at+ C,
dt
(at+C,))
dy |y-b/al = e !
— = a(y-b/a
o (y - b/a) C
|y-b/a| = el e’
dy
—— = adt
(y - b/a) ot
|y-b/al = e - C,
dy
——— = |adt
- t
I(y b/a) ] yobja = + Ce
In|y-b/al=at + C, y = b/a + cef

C: Arbitrary constant
Because of the arbitrary constant C we have infinitely many solutions.

Particular solution is also called the Initial Value Problem:

r=0 } C=yo—b

Y=o ° a

_ at Particul
y=by+ (vo—by e ngtcig:r

ODE-40
ZEYTINCI
SPRING 2015
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FUNDAMENTALS OF ENGINEERING
ORDINARY DIFFERENTIAL EQUATIONS
MATHEMATICS

Problem: (1)

dy
7 y v (0)

An ordinary differential equation and the boundary condition
is given above. The general solution is most nearly:

(A) e !
B) et
©) et
(D) 7.7t

Problem: (2)

dy
— -6v=0 0)=1
2 "0V v (0)

An ordinary differential equation and the boundary condition
is given above. The general solution is most nearly:

(A) e !
(B) 6!
(C) &6
(D) 6.e761

ODE-24
ZEYTINCI
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ABSOLUTE ERROR & RELATIVE ERROR

The accuracy of a computation is very important in numerical analysis.
There are two ways to express the size of the error in a computed result:

(a) Absolute Error
(b) Relative Error

ABSOLUTE ERROR = | True Value - Approximate Value |

Absolute Error
RELATIVE ERROR =

| True Value |

Example:
True Value = 10/3
Approximate Value = 3.333
(a) Determine the absolute error
(b) Determine the relative error
(c) Find the significant digits
Solution:

ABSOLUTE ERROR = |True Value - Approximate Value |
10/3 - 3.333

= 0.000333...

=1 /3000

Absolute Error
| True Value |

RELATIVE ERROR =

( 1/3000)
(10/3)

1/10,000

Here, the number of significant digits is 4.

MATH-168
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STRENGTH OF MATERIALS
AXIAL STRESS & STRAIN / HOOKE’S LAW
FE & PE EXAM

120 mm
Young’s modulus: \5/" T~

120 mm (section)

E =200 GPa
Poisson’s ratio:

v =033 E =200GPa

A rectangular steel plate is axially loaded as shown. Using the listed
dimensions and material properties, answer the following questions:

(1) Total elongation in micrometers (um) parallel to the applied load:

(A) 150
(B) 145
(C) 130 0z="7
(D) 125

(2) Change in dimension in micrometers (um) parallel to the X axis:

(A) -1.25
(B) -1.95
(C) -2.48 Ox="7?
(D) -3.25

(3) Change in dimension in micrometers (um) parallel to the y axis:

(A) -1.10
(B) -1.24
(C) -1.86
(D) -2.36 oy =7

STRAIN-80
ZEYTINCI
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THE BEAUTY OF COMPOSITE AREAS
CENTROIDS & MOMENTS OF INERTIA

(1) (2) (3)

(4) (5) (6) (7)

(8) (9) (10)

(11) (12) (13)

LOOK FOR AXES/AXIS OF SYMMETRY
VISUALLY LOCATING CENTROIDS
PARALLEL AXIS THEOREM (PAT)
ANALYTICAL COMPUTATIONS
CHECK YOUR ANSWERS USING SOFTWARE

CENT-555
ZEYTINCI
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LOCATING CENTROIDS VISUALLY

W

(14) (15) (16)
(17) (18) (19)
(20) (21) (22)

(23) (24) (25)

CENT-555
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CENTROIDS / MOMENTS OF INERTIA

dA
{X jydA

[ aa V:?dA
A A

X =

Moments of Inertia (1)
2 . 2
L=[y?da I =[x*dA g =1 41,
A A

Jo = Polar Moment of Inertia

Parallel Axis Theorem (PAT)

|, =21, +2Ad?
l,, =21, +2Ad’

Radius of Gyration (r)

N LT )
A y A 0 A

CENT-50
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BASIC FORMULAS

Problem: (Rectangle)

|

el x
L [
I

(a) Area of the rectangle (4 =7?)

(b) Centroid of the rectangle (y=7?)

(c) Moment of inertia about the x axis (1., =?)
(d) Moment of inertia about the y axis (Icy =7)

C: Centroid

Origin of axes at C

Problem: (Triangular Area)

¥
Isosceles

"’7 Triangle
h
A R

C: Centroid
x, y : Centroidal axes

b —

(a) Area of the triangle (4 =?)

(b) Centroid of the triangle (y=7?)

(c) Moment of inertia about the x axis (1., =?)
(d) Moment of inertia about the y axis (lcy =7)

Formulas: Example: Formulas: Example:
y| y
Isosceles
A = bh | x A = M Triangle
4" Ca _ 2 t
| [ [5- &
y=2
- _ h 8” _ h | y
y = 7 y = ? g7
A =bh = @8)4) = 32in? bh (8)(6)
3 4 =2 = 24in?
ICX = M = h _ 4 —2in — b_h?’ 2 2
1 2 2 ' o 36 y = % = % =2in
bhd _ B 4
I, =% = = 42,67 in. 3 (8)6)°
;] — _hb’ T 12 " hb3 I, = % = (;(6) = 4800 in*
cy T = —5
12 wps @O - @48 A
Iy = 42 == = 17067in. _ by OO
T T ' '
Problem: (Half Circle)
Problem: (Trapezoidal Area)
y
- C: Centroid
y=2 x, y : Centroidal axes

I —

(a) Area of the semicircle (4 =?)

(b) Centroid of the semicircle (y=?)

(c) Moment of inertia about the x axis (I, =?)
(d) Moment of inertia about the y axis (Icy =7)

Solution:
- mr? 5 G2
4= Y= 37
I
[cx = 72“' (9752'64)

I~ 0.109757-r*

CENT-88
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=i
———

(a) Area of the trapezoid (4 = ?)

(b) Centroid of the trapezoid (y =7?)

(c) Moment of inertia about the x axis (1., =?)
(d) Moment of inertia about the y axis (Icy =?)

Isosceles
Trapezoid

Isosceles
Trapezoid

]
AN\

h

|

Formulas
h _ h (2a+b)
A = —- +b = — —
2 (a ) o 3 (a+b)
p3 (a®+4dab+b?)
o = g‘(aJr—b)
; _ hlatb)(a+b) |
o 48
n3(3a+h)
I, = —

b

Isosceles
Trapezoid



PARALLEL AXIS THEOREM

h Co ol
Parallel
b PAT AXis
a Theorem

1 1
\— Given Axis

(a) Moment of inertia about the x axis (/.. =?)
(b) Moment of inertia about the (1-1) axis (/. =?)

Formulas: oS
\ N
bh3 ONE QFTTS%NCX\?LE
lex = =5~ 1nPORT Agxauﬂ‘f‘sk
N \‘\EC—\'\ ANT
I,,=1_+ A-d*> | PAT
ch = Moment of inertia about the centroidal x axis
I,, = Moment of inertia about axis (1-1)
A = Area (A = b.h)
d = Distance from the centroid to the axis (1-1)
| d=a+h/2 |
Example:
3
T L L QG PN
" ot 12 12
| A = bh = (6)(3) = 18in.2
| ! 6" | d=4+3/2=551n
4II
Iy = I+ Ad*>= 1350+ (18)(5.5) = 558 in*

CENT-PAT
ZEYTINCI
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1 . 4
\_ Axis I, ; =558in.




Centroid / Moments of Inertia

8"
— =
3 | C; | X | @
’ - @
”
4
Centroid Calculations
4; Yi 4;,
in? in. in?
24.00 7.5 180.00
2 24.00 3.0 72.00
48.00 — 252.00
_ x4y 252 _
y = = = 5.25in.
ZA;' 48
Moments of Inertia Calculations
2
Io Al. di Al.a’l.
in? in? in. in?
1 18.0 24.00 2.25 121.5
2 72.0 24.00 2.25 121.5
> 90.0 — 243.0

[ =31 +34 .d %90+ 243=333in

3
_I [ =3X8

6 x 4°

+
cy vy y2 12

CC-111
ZEYTINCI
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+

12

=128 + 32=160in.*




Centroid / Moments of Inertia

3 3
T
.Q
<1

Solid @

=7 void 2
— v —
Centroid Calculations
4 Vi 4;,
in2 in. in?
1 144.00 4.5 648.00
2 -50.00 6.5 -325.00
> 94.00 — 323.00
_ T4,
joo it 323 _ 344in.
ZAI. 94
Moments of Inertia
I A d Ad*
o 1 1 1 1
in* in? n. in?
1 972.00 144.00 1.06 162.97
2 -104.17 -50.00 3.06 -469.35
> 867.83 — -306.38
[ =31 +34.. df = 867.83 - 306.38 = 561.45 in.*
3 3
=] 47 =2x16°_ 5x10° _ 34575 _416.7 = 2655.3 in.*
cy yiooy2 12 12
CC-113
ZEYTINCI
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Centroid / Moments of Inertia

3// @ @
v = ],
12" C - — + ..... ]
7=2
l Given Solid Void
A
] rea
Centroid Calculations
Ai y,‘ Ai yl
in2 in. in?
84.00 6.0 504.00
2 -12.00 7.0 -84.00
72.00 — 420.00
5 >4y 420 oo
= = =5.83in.
> Al. 72
Moments of Inertia Calculations
I 4 d A.d’
0 i i i
in* in? in. in*
1 1008 84.00 0.17 2.43
2 -16.00 -12.00 1.17 -16.43
> 992.0 — -14.00

I =] +34, .d*=992-14=978in*

3 3
] =[ +] — 12X7 _4X3
o Tyt T2 12 12

=343- 9 = 334 in.*

CC-320
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PROFESSIONAL ENGINEERING (PE)
FUNDAMENTALS OF ENGINEERING (FE)

MECHANICS OF MATERIALS
SOLuTloN

FULL
Problem: (Deflection of Beams) ND{T PM’E

P =12 kips
w = 2 kips/ft I
NIZEERREIEXRERERR
| B

Wi6 x 40 W16 x 40

=L
L— 12 ft —fa—— 12 ft _-I E = 29,000 Kksi

A determinate beam is loaded as shown. Knowing that the
beam weight is included in the uniform load, answer the
following questions:

(1) The maximum deflection (inches) is most nearly:

(A) 0.98

(B) 1.15 _
(C) 1.39 Omax = ?
(D) 1.85

(A) 0.0055
(B) 0.0152 0n=2
(C) 0.0880
(D) 0.1250

MCDEF-216
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Problem: (Beam Deflections)

P =12 kips
w = 2 kips/ft
NIZEEEEX! 'HHHH|B
W16 x 40 = W 16 x 40
12ft —sfe—121t —-I E = 29,000 ksi

For the simple beam shown the beam weight is included in the uniform
load. Determine the maximum deflection and the slope at A (in radians).

Solution: We will use NCEES-Reference Handbook, page 155 and 81.

W 16 x 40 FOR DEFLECTIONS : ( 12 3 )
2
| =518in" FOR SLOPES : (12 )

Finding the maximum deflection:

The maximum deflection will be at the midpoint of the span. For quick
calculations when using US unit systems, architects and engineers use

conversion factors like (123) and (122). For DEFLECTIONS this conversion
factor is (123) and for SLOPES the conversion factor will be (122).

4 3
48 (29,000)(518)

- +— =
™ 384 El 48 El 384 (29.000)(518)

(12%)

= 0.994 + 0.397 = 1.391 inches

Finding the slope at support A:

g, - wL? PL® 1 (2.0) 24)° azy + L _(12eH>
24El  16El ~ 24 (29,000)(518) 16 (29,000)(518) *

= 0.01104 + 0.00414 = 0.01518 Radians

= 0.01518 Radians

DEF-216
ZEYTINCI
FALL 2014



MECHANICS OF SOLIDS
DESIGN OF STEEL STRUCTURES
BEAM DEFLECTIONS

P=14kips
L w =2 kips/ft
IEEEEEEREREERERY ~RH
A CEES
I | B %AGEJS&S
; | u-SHAPE
12 ft 12 ft | section
W16 x 57
| £=29,000ksi |

A determinate beam is loaded as shown. Knowing that the beam weight is
included in the uniform load, answer the following questions:

(1) The maximum moment (ft.kips) in the beam is most nearly:

(A) 264

(B) 204 M. =9
(C) 144 '
(D) 228

(2) The maximum deflection (inches) is most nearly:

(A) 1.00 RH

(B) 0.42 5 _o Npciéé'&“m
max J 0

Eg)) c1)61521 \)EFLECﬂ

(3) The slope (degrees) at the left support is most nearly

(A) 0.413

(B) 0.622 0 =9

(C) 0.752 A —
(D) 0.982 ANSWERS

DEF-280
VPLEVRIS
SPRING 2016



MECHANICS OF SOLIDS
DESIGN OF STEEL STRUCTURES
BEAM DEFLECTIONS

Problem: DEF-280 Solution in MS Excel
P=14kips
w =2 kips/ft
TR RN RN RREY
¥ i | B
Lﬁ 12 ft 4‘\‘7 12 fi 4”| section
W16 x 57
section:  W16X57
E = 29000 ksi
P = 14 Kips
w = 2 Kips/ft
L = 24 ft
ID Quantity Symbol Value Unit
37 X - Moment of Inertia Iy 758.00 in*
w = 0.166666667 kips/in
L = 288 in
Mp = 84 ft-kips M — PL M — wlL?
M, = 144 ft-kips P 4 wT g
M oy = 228 ft-kips
Sp = 0.317 in B 1 PL P 5 wL*
O, = 0.679 in P~ 1o w o
5 p— 48 EI 384 EI
6p=  0.00330 rad g -1 PL? 1 wL®
6,= 0.0108 rad

0,= 0.622 deg




MECHANICS OF SOLIDS
DESIGN OF STEEL STRUCTURES
BEAM DEFLECTIONS

w,=2 kips/ft

el

rl ' 6, 05 B section

W16 x 57

| £=29,000ksi |

A determinate beam is loaded as shown. Knowing that the beam weight is
included in the uniform load, answer the following questions:

(1) The maximum deflection (inches) is most nearly:
(A) 0.82
(B) 0.53 5 =9

(C) 0.69
(D) 0.98

(2) The slope (degrees) at the left support (A) is most nearly:

(A) -0.704

_RM

(B) -0.633 6, =9 NCEEea “
- ' 110

S ox K

(3) The slope (degrees) at the right support (B) is most nearly:

(A) 0.711
(B) 0.659 0, =9
(C) 0.982 b —
(D) 0.805 ANSWERS
DEF-282
VPLEVRIS

SPRING 2016



MECHANICS OF SOLIDS
DESIGN OF STEEL STRUCTURES
BEAM DEFLECTIONS

Problem: DEF-282 Solution in MS Excel

w,=2 Kips/ft

G B section
L—L=14— ft ‘ W16 x 57

section:  WI16X57

E = 29000 ksi
Wy = 2 Kips/ft
L = 14 ft
ID Quantity Symbol Value Unit
41 y - Moment of Inertia ly 43.10 in®
W, = 0.166666667 kips/in
L = 168 in
w, L*
Snex= 069  in Orex = 0.00652
atx = 7.27 ft at x=0.5193L
3
6a= -0.01229  rad g — —Wl
0= -0.704 deg A 360EI
6=  0.01405 rad g w, L
0 = 0.805 rad B ASE]|




MECHANICS OF SOLIDS
DESIGN OF STEEL STRUCTURES
BEAM DEFLECTIONS

w=2 kN/m 1P=3 kN
e e e o Y
a B y Smax
_ ! section
= L=5m Omax  W460x128
gASE
pATREEIS)
| E=200GPa | N UNTT

(MET

A determinate beam is loaded as shown. Knowing that the beam weight is
included in the uniform load, answer the following questions:

(1) The maximum moment (kN.m) in the beam is most nearly:

(A) 25

(B) 40 M =9
(C) 60
(D) 72

(2) The maximum deflection (mm) is most nearly:

£S-
(C) 2.7 DEFLE(_T'S.Q
(D) 1.4

(3) The slope (degrees) at the right edge is most nearly

(A) 0.052

(B) 0.028 0 —o

(C) 0.024 max = - —>
(D) 0.036 ANSWERS

DEF-284
VPLEVRIS
SPRING 2016



MECHANICS OF SOLIDS
DESIGN OF STEEL STRUCTURES
BEAM DEFLECTIONS

Problem: DEF-284 Solution in MS Excel
w=2 kN/m lP=3 kN
' !
1A T B §Omax
- L=5m " Omax section
W460x128
section:  W460X128
E = 200 GPa
P = 3 kN
w = 2 kN/m
L = 5 m
ID Quantity Symbol Value Unit
36 X - Moment of Inertia Iy 63700.00 cm*
E = 200000000 kPa
.= 0.000637 m’
M p = 15 kN-m M — PL 2
M, = 25 KN-m P M, wL
M oy = 40 KN-m 2
Op= 0.00098 m 3 4
5,= 000123 m = PL 3 wL™
S max = 0.00221 m 3EI 8EIl
0 max = 2.2 mm
6 p = 0.00029 rad PI_2 WL3
6, = 0.00033 rad P ™ A1 Y
0 max = 0.00062 rad 2El GEI
6 max = 0.036 deg




MECHANICS OF SOLIDS
DESIGN OF STEEL STRUCTURES
BEAM DEFLECTIONS

M,=8 kNm 6, Oz
.-,\_? " [ ‘ ! r-—- H
A B section
W530x109
- L=5m -
pASE
AXSCRQFGNY‘S)
[ E=200GPa | (MET

A determinate beam is loaded as shown. Without taking into account
the beam weight, answer the following questions:

(1) The maximum deflection (mm) is most nearly:

(A) 1.4

(B) 2.5 5 =9

(C) 2.2

(D) 1.7
(2) The slope (degrees) at the left support (A) is most nearly:

(A) -0.092

_RH

(B) -0.130 0, =9 \\\Pciéé,gu -
: 0

Eg)) _?)' iéé perLecT

(3) The slope (degrees) at the right support (B) is most nearly:

(A) 0.032
(B) 0.043 0 —9
(C) 0.051 B —>

(D) 0.065 ANSWERS

DEF-286
VPLEVRIS
SPRING 2016



MECHANICS OF SOLIDS
DESIGN OF STEEL STRUCTURES
BEAM DEFLECTIONS

Problem: DEF-286 Solution in MS Excel
Mo=8 kNm 6, /05 D H
section
L=5m W530x109
section:  W5H530X109
E = 200 GPa
Mo = 8 KNm (clockwise)
L = 5 m
ID Quantity Symbol Value Unit
40 y - Moment of Inertia ly 2940.00 cm*
E = 200000000 kPa
l,= 0.0000294 m*
S =  0.00218 m 5 - M, L
O nax = 2.2 mm max \/%EI
0, = -0.00227 rad
0, = -0.130 de
A 9 _-MoL| [, _ ML
A~ B —
6g=  0.00113 rad 3EI 6El

0s = 0.065 deg




FUNDAMENTALS OF ENGINEERING

SHEAR FORCE AND BENDING MOMENT
STATICS & STRENGTH OF MATERIALS

Problem:

/PE
9 kips FEF;( ANS
12kips

Y 2kip/ft l
y HHHHHHHH#
?

L 4‘ Support 4 : Pin
8 ft —=r=—— 10ft 4‘\"’ 61t Support B : Roller

An overhanging beam is loaded as shown. Using the given
dimensions and support conditions, answer the following:

(1) The vertical support reaction (kips) at B is most nearly:

(A) 33.5
(B) 38.0
(C) 42.5 By=7
(D) 47.0

(2) The absolute maximum bending moment (k-ft) in the beam
is most nearly:

i (A) 88.0

(C) 72.0 max =~
& 1) Toso

—>

ANSWERS
BM-626

VPLEVRIS
SPRING 2016



THEOFILOS MAVROUDIS
STATICS & STRUCTURAL ANALYSIS
Spring 2016

. School of Pedagogical and
d Technological Education (ASPETE)
7 Department of Civil Engineering

Sofution:
KPS 1axips
| qkips [+
A" R E ImE e
“r ¢ D
A B
¥ * A
gft 10#4 61t
36Rips )
qKips i l‘”
?VA : Ng :
\/ 19K:p5 , I l
" \/%2!3?5 13Kips
ELT ¢
741 maae :

AN SWERS
1.(8) Ve:38 k;ps\/

2.0A) Mmaxs B8 Kips- ¢

Favips-§4

5Fx*O’DHq=D

5ﬂA-o=> 2= th--ﬂixss :fugz,-
Vex18:=0 =[Vp =38 Kips (3)

Gu5=o =5\ xs-ﬁxlex-— ‘ixco+
Inme: ¢m B

Check: VnNg 2941249 x18 D
H5%ips ES3hips OK

He= Area of VCAC) 2 E-#(1qed)
P Mc=88Kpsx 1] \/

Me=Ayea «f V(pp)z-12x6
DMp=-TFo Kips« 4+ \/

Grest Job
Thests bos !

N.Plenris

INSTRUCTOR
V. PLEVRIS




Solution by Dr. Vagelis Plevris

12.00
2.00  9.00 2.00
\ 1 a5
%A 1 2 2 3 3 4
Model
2.00 2 00
9.&0 12.00
) - .
A T 2 = T
A
19.00 Support Reactions
38.00
Bending Moment Diagram [M]
Bending
88.00 (|\/|) Moment
| Diagram

Answers:
(1) B (38.0) -72.00
(2) A (88.0)

BM-626 Software BEAM.2D by ENGILAB

VPLEVRIS )
SPRING 2016 www.engllab.com



http://www.engilab.com/

FUNDAMENTALS OF ENGINEERING
MECHANICS OF SOLIDS

Internal Forces in Determinate Frames

Problem:

\|
)

Ve

A
oo
=

2 k/ft =

Support 4 : Pin
Support B : Roller

|—— 61t 10ft o

The dimensions, loading and support conditions of a determinate
frame are given as shown in the figure:

(1) the magnitude of the support reaction (kips) at point B

(A) 8.0
(B) 6.4
(C) 5.5
(D) 4.0

(2) the magnitude of the axial force (kips) at point A

(A) 18.4
(B) 14.6
(C) 12.8
(D) 10.6

(3) the magnitude of the shear force (kips) at point A
is most nearly:

(A) 8.6
(B) 10.4
(C) 12.8

(D) 16.5 '::>

ANSWERS
FR-235

VPLEVRIS
SPRING 2016



Solution by Dr. Vagelis Plevris

Maodel Equilibrium

TFX= 0.00 / 2 2 %

$FY=0.00

M = 0.00 4.00
Answers: 1.80 /

(1) D (4.0) .
(2) C(12.8) £oo / Support Reactions
(3) B (10.4) V
=~ < 16.00
EngiLab Beam.2D 2015 Lite - Analysis results — O >

Mode Displacements | Element End Forces | support Reactions  Full Report (RTF)  Analysis Validation

Element ID Maode |D Axial Force  Shear Force Eﬂeonr::!:% Cell calar: Decimal places:
Marmal 4 Displacem.
b 1start 12.80 10.40 0,00 " et
Hinge otation
1End 2 320 R [-240 40,00
Sign convention:
2 Start 0,00 \ 4,00 I g . 2 Force
0.00 4,00 @ Diagrams 2 |2 Moment
2End : : : D Local axes
Axial Force and Shear P I

Force of member AC

. +
at point A -‘I-E#

Ureeoris Software BEAM.2D by ENGILAB
SPRING 2016 www.engilab.com



http://www.engilab.com/

FUNDAMENTALS OF ENGINEERING
MECHANICS OF SOLIDS

Internal Forces in Determinate Frames

Problem:
2 k/ft
CYYYYYYIYRRI L YRy
c 777
8ft

Support 4 : Pin
Support B : Roller

A (o

|-_ 6ft ~ 12ft -

The dimensions, loading and support conditions of a determinate
frame are given as shown in the figure:

(1) the magnitude of the support reaction (kips) at point B

(A) 24
(B) 18
(C) 14
(D) 12

(2) the magnitude of the axial force (kips) at point A

(A) 16.4
(B) 14.4
(C) 12.8
(D) 10.6

(3) the magnitude of the max. bending moment (ft-kips)
in member CB is most nearly:

(A) 68.6
(B) 72.4
(C) 81.0
(D) 96.5

SEN

ANSWERS
FR-256

VPLEVRIS
SPRING 2016



Answers:
(1) B (18)

Model Equilibrium

ZFX=0.00
2FY=0.00
IM=10.00

(2) B (14.4)
(3) C (81.0)

FR-256
VPLEVRIS
SPRING 2016

Solution by Dr. Vagelis Plevris
2.00

Model

2.00

Support Reactions

18.00

18.00

0.0

Axial
Force
Diagram

(M)

Software BEAM.2D by ENGILAB
www.engilab.com

Bending
Moment
Diagram
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FUNDAMENTALS OF ENGINEERING

MECHANICS OF SOLIDS
Shear Force & Bending Moment Diagrams

Problem:

!
5ft
9ft
I |

r—
Arbrr, o

P 12ft —— .
|- 121t ! _| Support 4 : Pin

Support B : Roller

The dimensions and support conditions of a determinate
frame are given as shown. Assuming that the vertical
load P=10 Kkip is applied at C, answer the following questions:

(1) the bending moment diagram of this frame is composed of:

(A) Two triangles

(B) Two rectangles

(C) One triangle and two rectangles
(D) One rectangle and one triangle

(2) the shear force diagram of this frame is composed of:

(A) Two triangles

(B) Two rectangles

(C) One triangle and two rectangles
(D) One rectangle and one triangle

SSN

ANSWERS
FR-284

VPLEVRIS
SPRING 2016



(M)

Bending
Moment
Diagram

FR-284
VPLEVRIS
SPRING 2016

Solution by Dr. Vagelis Plevris
10.00

Model

Answers:
(1) A (Two triangles)
(2) B (Two rectangles)

Software BEAM.2D by ENGILAB
www.engilab.com

Shear
Force
Diagram
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FUNDAMENTALS OF ENGINEERING
MECHANICS OF SOLIDS

Internal Forces in Determinate Frames

Problem:

I
L

P 12ft —— .
|- 121t ! _| Support 4 : Pin
Support B : Roller
o o] B
a AW
A7577. 77777,

The dimensions and support conditions of a determinate
frame are given as shown. Assuming that the vertical
load P=10 Kip is applied at C, answer the following questions:

(1) the magnitude of the bending moment (ft-kips) at point C
is most nearly:

(A) 25
(B) 35
(C) 50
(D) 60

(2) the magnitude of the shear force (kips) in the inclined
members is most nearly:

(A) 3.4
(B) 4.6
(C) 5.8
(D) 6.6
SN
e ANSWERS

VPLEVRIS
SPRING 2016



Solution by Dr. Vagelis Plevris

10.00
3
2 4
Model
Za E=
Bending
(l\/l) Moment

Diagram

Shear
Force
Diagram

-.4. 6‘2

(V)

Answers:
(1) D (60)
(2) B (4.6)

FR-286 Software BEAM.2D by ENGILAB

VPLEVRIS )
SPRING 2016 www.engllab.com
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Shear Force & Bending Moment Diagrams
Simple Beams

1 10 2 10
4
6 l 4 4 l 2 * 4
P 2 Fa Ees
10.00
10
l l 4.00
¥
(FBD) (FBD)
+ } |
4
6 L 6.40
4 4 7.60 7.60
(V) 0 0 0 0 0 — (V)
240 240 |
-6.40 -6.40
30.40 555
(M) T (M)
6
3 4 ; 5
i l 3 l 2y 3
@ ® 6.00 59;
4.00 5i° |
(FBD) l i (FBD)
A
6.70 8.30 7.50 7.50
6.70 6.70 7.50 7.50
ro 51_?0 170 3‘50 | |3.50
> 0 T 30 U (V) — — o 0 0 (V)
430 -480 | | 50 AP0
830 830 -7.50 -7.50
20.10| |25'2|0| 6.60
| L] (M) (M)
MVN-800 Software BEAM.2D by ENGILAB - www.engilab.com

VPLEVRIS
SPRING 2016
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Shear Force & Bending Moment Diagrams

Cantilever Beams

6.00
1 2 10
o\
10 l | \e12.00
§ .
6.00
12.00
60.00 (FBD) C/ Qz.oo(FBD)
6.00
6.00 6.00
0.00 000
(V)
12.00 12.00
..... (M) )
-60.00
3 2.00 4 300
' 10 _:["'1‘(7 ] Ty 000
2.00 3.00
D) ! (FBD) Q'\ \ [ ______J['_"""""-r——-----p.00(|:|3D)
100.00 50.00
20.00 15.00
15.00
(V)
0.00
(M)
-100.00 -50.00
MVN-802 .
VPLEVRIS Software BEAM.2D by ENGILAB - www.engilab.com

SPRING 2016
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Shear Force & Bending Moment Diagrams

Simple Beams with Moments

20.00 10 10 50.00
2.00 5.00
20.00 l’ 50.00
(FBD) """ (FBD
[} Y
2.00 5.00
(V) (V)
(M) (M)
3 ,~40.00 30.00 10 10.00
5 & S & 2
4.00 2.00
l’ 40.00 30.00 10.00
— (FBD) ™ (FBD)
l A
4.00 2.00
-4.00 -4.00 -4.00 -2.00 -2.00
20.00
0.0 L b \QOO (M) (M)
-20.00
MVN-804 .
VPLEVRIS Software BEAM.2D by ENGILAB - www.engilab.com

SPRING 2016
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HOW TO CALCULATE SUPPORT REACTIONS
OF DETERMINATE BEAMS?

Problem: (Determinate Beams /Support Reactions)

20 kN

e et ]
G

57, 4|§\ 755 B
| | s
| 4m i 6m 2 m -
Solution:
20 kN

60 kKN.m {5 N/m lLMm MTN
HHH###\

‘f’ Y
T4, 4!\ 25 kN "t

60 kN 90 kN 40 kN
60 kN.m 20N

t 15 kN |
—

Ax ‘1 i
Ajt A, tzo kN B %By
~2 2111! 4m T 2‘"’“2m’

Horizontal Equilibrium Equation: ( X F,= 0)

—2XF.=0| -A,+15kN=0 A, =15kN | <—

Taking moment about point A

+) TM,=0

-

30 kN/m 40 kN

Find the support reactions.

Support 4 : Hinge
Support B : Roller

(FBD)

How to find the components
of the P = 25 kN inclined load?

_ 13
Py—20 kNl____
P=25kN

P_=P(3/5) = 25 (3/5) = 15 kN
P, =P (4/5) = 25 (4/5) = 20 kN

-60 + (60)(2m) + (20+20)(4m) + (90)(8m)+(40)(12m) - 10.B,, — ¢

10.B,, = - 60 + 120 + 160 + 720 + 480 solving for B, : 0

Taking moment about point B

@ =M=

|
S

60 + (60)(8m) + (20+20)(6m) + (90)(2m) - (40)(2m) - 10.A, — ¢

10.A, = 60 + 480 + 240 + 180 - 80  solving for A : 0

Check:

+1 ZFy:O 2
A},+By= 60 + 20 + 20 + 90 + 40
?
88 + 142 = 230
230 = 230 O.K.

BM-10
ZEYTINCI
FALL 2015

Answers
A, =15kN «—
Ay =88 kN 1}
By = 142 kN }
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