
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Topics covered in this month’s column: 
 

 FE CIVIL Exam Topics & Number of Questions 

 Types of Calculators / FE and PE Exams 

 Technology Usage / Binary‐Decimal Numbers 

 Mathematics / Conic Sections 

 Mathematics / Vectors & Cross Products 

 Mathematics / Matrix Computations 

 Mathematics / ODE & Roots of Equations 

 Geotechnical / Pile Foundations 

 Strength of Material / Torsion  

 Centroids & Moments of Inertia  

 Structural / Indeterminate Beam Analysis 

 Structural / V and M Diagrams 
 Structural Design / Steel Columns 
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Conquering the FE & PE exams 
Problems & Applications 



FUNDAMENTALS OF ENGINEERING 

CIVIL EXAM TOPICS 
Computer-Based Test (CBT) 

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)

Total Number of Questions: 110 
Time: 6 hours 

ASCE‐111 
ZEYTINCI 
FALL 2015



TYPES OF CALCULATORS 
 

 IN FE / PE EXAMSACCEPTABLE FOR USE  
 

 
To protect the integrity of FE/PE exams, NCEES limits the types of 
calculators you may bring to exam sites. The only calculator models 
acceptable for use during the 2016 exams are as follows: 

Casio: All fx‐115 models. Any Casio calculator must contain fx‐115 in its 
model name. Examples of acceptable Casio fx‐115 models include (but 
are not limited to): 

 fx‐115 MS 
 fx‐115 MS Plus 
 fx‐115 MS SR 
 fx‐115 ES 
 fx‐115 ES Plus 

Texas  Instruments:  All  TI‐30X  and  TI‐36X  models.  Any  Texas 
Instruments calculator must contain either TI‐30X or TI‐36X in its model 
name.  Examples  of  acceptable  TI‐30X  and  TI‐36X models  include  (but 
are not limited to): 

 TI‐30Xa 
 TI‐30Xa SOLAR 
 TI‐30Xa SE 
 TI‐30XS Multiview 
 TI‐30X IIB 
 TI‐30X IIS 
 TI‐36X II 
 TI‐36X SOLAR 
 TI‐36X Pro 

Hewlett Packard: The HP 33s and HP 35s models, but no others. 

 

CALC‐111 
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SPRING 2016 



CONIC SECTIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Math Question 

When a cone is cut by a plane parallel to a side of the cone as shown 
above, the conic section formed is a ---------. 

(A)  Hyperbola 

(B)  Circle 

(C)   Ellipse 

(D)     Parabola 

Parabolas 

When a cone is cut by a plane parallel to a side of the cone as 

shown above, the conic section formed is a parabola. 

MATH‐222 
ZEYTINCI 
SPRING 2016 

Circle  Ellipse Parabola Hyperbola



 
 

FUNDAMENTALS OF ENGINEERING 
 

DOMAIN: MATHEMATICS 
 

CONIC SECTIONS 

NCEES‐Reference Handbook / Page‐23 
 

 

1- Parabola ( eccentricity = 1) 
 
               ( y  - k )2 = 2 p (x - h) 
 

2- Ellipse ( eccentricity < 1) 
 

                        

2 2

2 2

( ) ( )
1

x h y k

a b

 
   

 
3- Hyperbola ( eccentricity > 1) 

 

                      

2 2

2 2

( ) ( )
1

x h y k

a b

 
   

 
4- Circle ( eccentricity = 0 ) 

 
                     ( x  - h )2 + ( y  - k )2 =  r2  
 
           radius:   
 
 

 
 
 
 

Center:   ( h , k ) 

Center:   ( h , k ) 

Center:  ( h , k ) 

Center:   ( h , k ) 

2 2( ) ( )r x h y k   

MATH‐146 
ZEYTINCI 
FALL 2014 



FUNDAMENTALS OF ENGINEERING 
 

DOMAIN: MATHEMATICS 
 

EQUATION OF A CIRCLE  
 

(NCEES-Ref Handbook / Page-23) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 (x – h) 2 + (y – k) 
2 = r 2 

C ( h, k ) 

Center: C (h, k) 

(x – h) 

(y – k ) 

Radius: r 

C

  

 r  = SQRT [(x – h) 2 + (y – k) 2]   

MATH-326 
ZEYTINCI 
FALL 2014 

Standard form of Equation of a Circle 

Example: 
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NUMBER SYSTEMS 
BINARY & DECIMAL 

NCEES Reference Handbook, Page: 213 
 

Binary Number System: 

In  digital  computers,  binary  number  system  (the  base‐2)  is  used.  Conversions 

from BINARY  to DECIMAL or  from DECIMAL  to BINARY can easily be done using 

the calculator. Binary (base‐2), decimal (base‐10). 

Problem: 

Find the binary equivalent of decimal 25?  
 
 

1) Press MODE 

2) Press “4” 

3) Enter 25 and press “ = ” 

4) Make sure to see 25 under Dec on the screen 

5)  Press SHIFT then “log” 

6) Answer: 11001 

Problem: 

Find the decimal equivalent of binary 1111?  
 

1) Press MODE 

2) Press “4” 

3) Press SHIFT then press “log” key 

4) Enter 1111 and then press “ = ” 

5) Make sure to see 1111 under Bin on the screen 

6) Press SHIFT then hit “ x
2 
” key 

7) Answer: 15 

 

 
 

                             
                             

Turn on your calculator 

Turn on your calculator 

MATH‐126 
ZEYTINCI 
SPRING 2015 



 

                       First Press w, then Press 4 for BASE‐N 
 

                                         
 
 
 
 
 
 

 
MATH‐126‐1 
ZEYTINCI 
SPRING 2015 



 
 
 

                                             Step‐by‐step Screen Shots: 
 
 
                                             

                                            Press 25 and press = key 
 

                                              

 
                        

                       Press q and then g to get the answer 
 

           
 
                      Answer: 11001 
 
 
 
 
 
 
 
MATH‐126‐2 
ZEYTINCI 
SPRING 2015 



 
 

                   Step‐by‐step Screen Shots: 
 
 

                         Press q and then g 
 
                        Enter 1111 
 

                          
 
 

                       Press q then hit d to get the answer 
 
 

                           
 
                        Answer: 15 

 
 
 
 
 
MATH‐126‐3 
ZEYTINCI 
SPRING 2015 



CONVERTING BINARY NUMBERS  
TO DECIMALS 

 
                                Convert binary 1011 to decimal: 

 

 

 

 

 

 

 

 

                   Answer:  11 

                  Convert decimal 18 to binary: 

 

 

 

 

 

 

(Here keep dividing by base 2)
Until the quotient  <  base

MATH‐173 
DEC‐BIN 
SPRING 2015 

Answer:  10010



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem ‐ 2 

Equation of a parabola 

Consider a second degree parabola; when the line of symmetry is parallel to 
the x - axis, then the equation of the parabola is most nearly:  
 

(A)   y = ax2 + bx + c 

(B)   y =   ax2  bx  c 

(C)   x = ax2 + by + c 

(D)     x = ay 2 + by + c 

Problem – 3 

The vertex of a parabola 

oy = x 2   4 x + 9 o 

The coordinates of the vertex of this parabola is most nearly:  

(A) ( 2, 5 ) 

(B) ( 2,  5 ) 

(C) (2, 5 ) 

(D) (2, 5 ) 

MATH‐224 
ZEYTINCI 
SPRING 2016 

(The vertex of a parabola) 

                y = ax2 + bx + c  

To find the x - coordinate of the vertex,  
first calculate:  x =  b / 2 a 

 
Then insert the value in the equation 

( y = ax2 + bx + c ) to get the   
y - coordinate of the vertex. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem – 4 

Euler’s identity 

Knowing that j = Sqrt (-1), the  Euler’s identity is most nearly:  

(A) e 
jθ

 = cos θ  j sin θ  

(B) e 
jθ

 = sin 
2 

θ + j cos 
2
 θ  

(C) e 
jθ

 =  sin θ + j cos θ  

(D) e 
jθ

 = cos θ + j sin θ  

Euler’s Identity

                 

Refer to NCEES Ref. Handbook 
Version 9.3, page‐22 

 

Problem – 5 

The MIDPOINT Formula 

If the endpoints of the segment are ( 2, 3) and (4, 6) then the 
coordinates of the midpoint of the segment is most nearly :  

(A) ( 0.5, -1.5)  

(B)  ( - 1.5, 1 )  

(C)  ( -1, -0.5 )  

(D)  ( 1, -1.5 )  

Coordinates of the Midpoint 

                 
1 2 1 2,

2 2

x x y y  
 
 

MATH‐226 
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q = 40°

3

4

5

 

 

Dot Product of Two Vectors: 

                 

 

 

|a| :  the magnitude (length) of vector a 
|b| :  the magnitude (length) of vector b 
θ   :  the angle between a and b 

Example: (Using Magnitudes / Angle) 

a ∙ b = |a| × |b| × cos ( q )  

a ∙ b = 6 × 10 × cos ( 40° )  

a ∙ b = 6 × 10 × 0.766 

a ∙ b = 45.96 units  

 

a · b = ax × bx + ay × by 

a ∙ b = ‐3 × 5 + 4 × 12 

a ∙ b = ‐15 + 48 

a ∙ b = 33 units 

 

MATHEMATICS 
 

VECTORS 

a · b = |a| × |b| × cos(θ)

The result of the dot product is a scalar. 

10 units 
6 units

Example: (Using Components) 

12

MATH‐266 
ZEYTINCI 
SPRING 2015 



 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VECTOR COMPUTATIONS 

CROSS PRODUCT

MATH‐38 
ZEYTINCI 
SPRING 2016 

The cross product is a vector product of magnitude 

|B| x |A| sin  

A = ax i + ay j + az k 

B = bx i + by j + bz k

Two vectors are given as shown above. The cross product a x b 
is most nearly 

Problem: (Cross product) 

a = 3 i + 4 j – k 

b = - 2 i + 3 j + 5 k 

Problem: 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VECTOR COMPUTATIONS 

Two vectors are given as shown above. The cross product a x b 
is most nearly 

(A)    - 32 i - 3 j + 13 k 

(B)   - 32 i + 31 j + 7 k  

(C)   - 23 i  13 j + 17 k 

(D)  23 i  13 j + 17 k

CROSS PRODUCT

MATH‐40 
ZEYTINCI 
SPRING 2016 

Problem: (Cross product) 

a = 3 i + 4 j – k 

b = - 2 i + 3 j + 5 k 

Two vectors are given as shown above. The cross product a x b 
is most nearly 

(A)   - 22 i + 3 j + 15 k 

(B)   - 20 i – 16 j + 12 k  

(C)   - 21 i + 3 j + 14 k  

(D)   - 20 i + 16 j – 12 k

Problem: (Cross product) 

a = 5 i – 4 j + 3 k 

b =  3 i + 5 k 
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3 22 5 6
( )

3

x x x
F x

x

  




ROOTS OF EQUATIONS

The roots of the above function F (x) are most nearly

(A)   +1, -2, +3 

(B)   -1, +2 
(C)   +1, -2 
(D)   +1, +2, -3 

( 1 ) 

( 2 ) 
3 23 10 24

( )
4

x x x
F x

x

  




The roots of the above function F (x) are most nearly

(A)   +1, -2  

(B)   -2, +3 
(C)   +3, -4 
(D)   +2, -3, +4 

MATHEMATICS

MATH‐726 
ZEYTINCI 
SPRING 2016 

NCEES Reference Handbook / Page‐265 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 24 6
( )

2

x x x
F x

x

  




THE ROOTS OF FUNCTIONS 

The roots of the above function F (x) are most nearly

(A)   +1, -2, +3 

(B)   -1, +2 
(C)   +1, -3 
(D)   +1, +2, -3 

Solution: 

After factoring and simplification:

MATHEMATICS

MATH‐724 
ZEYTINCI 
SPRING 2016 

( 1)( 2) ( 3)
( )

( 2)

x x x
F x

x

  




( 1) ( 3) 0x x  

First Root        =  + 1
Second  Root  =  ‐ 3 



Problem: (Matrix Algebra) 
 

 
  
 
 
 
 
 
Using the matrix given above, answer the following questions: 
 
(1)   the determinant of the above matrix is most nearly 
 
 

(A) 4 
(B) 5 
(C) 6 
(D) 8 

 

(2)   the inverse of matrix  A   is most nearly, (A-1
) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 MATRX-120 

ZEYTINCI 
FALL 2014 

  1/4    1/4     -1/4   
 10/4    5/4     13/4   
-10/4   -4/4     11/4   

A-1 =   (A) 

  2/3    1/3     -1/6   
-11/3   -7/3     13/3   
-17/3   -8/3     32/3   

A-1 = 

  2/5    1/5    -1/5   
-11/5   -3/5     13/5   
-17/5   -6/5     21/5   

A-1 = 

  (D) 

(C)

  (B) 

  2/5    1/5     -1/5   
-11/5   -3/5     13/5   
-17/5   -6/5     21/5   

A-1 = 

  3    -3     2
  2     5    -3 
  3    -1     1 

  A = 



RADICAL EQUATIONS 

 

(1)     32 64x                         x  =  ? 

 
(2)     5 200te           t  =  ? 

 
(3)     1 6 5x x     

 
(4)     2 4y y    

 
(5)     2 3 2x x     

 
(6)     1 4 9x x     

 
(7)     1 5y    

 
(8)     1 4 5x x     

 
(9)    3 3 2 0x     

 
(10)   1 2 6 2y y     

 
(11)      10 10 10x x     

 
(12)   1 2 3 1x x      

 
 MATH‐130 

RADICAL EQ. 
SPRNG 2010 



 
(13)     5 2 3x x     

 
(14)    3 2x   

 
(15)   3 5 17 1 4x     

 
(16)    4 1 3x x     

 
(17)    8 2x x    

 
(18)    8 1 4 15x x    

 
(19) 6 6 21 4 5x x     

 
(20) 8 2 4 17 3x x     

 
 
 
    Answers: 
 

(1) -2, 1        (2)     4          (3)   3     (4)    5         (5)     1    
 

(6)   2           (7)    16         (8)   5      (9)  11       (10)    3  
   

(11) no sol.     (12)  -1, 3     (13)  -1    (14)  1       (15)    2    
 

(16)   0      (17)  no sol.    (18)  4      (19)   5      (20)  -4    
 

 

MATH‐130 
RADICAL EQ. 
SPRNG 2010 

     
    Answers: 
 

(1) -2, 1        (2)     4          (3)   3     (4)    5         (5)     1    
 

(6)   2           (7)    16         (8)   5      (9)  11       (10)    3  
   

(11) no sol.     (12)  -1, 3     (13)  -1    (14)  1       (15)    2    
 

(16)   0      (17)  no sol.    (18)  4      (19)   5      (20)  -4    
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(2) 

(3) 

(4) 

NCEES‐RH, Version 9.3 
Page‐81

 = total angle of twist (radians)
T = torque, torsional moment 
L = length of shaft 
J = polar moment of inertia 

FTOR‐111 
VPLEVRIS 
SPRING 2016 

do: outside diameter 
di: inside diameter
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MECHANICS OF SOLIDS
TORSION
SHEARING STRESS FORMULA

Problem: TOR-148 Solution in MS Excel

L  = 4 ft

d  = 3 in

T  = 40 kip·in
G  = 3.70E+06 psi

L  = 48 in

G  = 3.70E+03 ksi

(1) Solid section

I p = 7.952 in
4

φ  = 0.06526 rad

φ  = 3.74 deg

(2) Hollow section
d o  = 3 in

d i  = 1 in

I p = 7.854 in
4

φ  = 0.06607 rad

φ  = 3.79 deg
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MECHANICS OF SOLIDS
TORSION
SHEARING STRESS FORMULA

Problem: TOR-150 Solution in MS Excel

L  = 2.4 m

d o  = 90 mm

d i  = 60 mm

τ max = 45 MPa

(1) Hollow (tube) section

d o  = 0.09 m

d i  = 0.06 m

r  = 0.045 m

τ max = 45000 kPa

J tube = 5.17E-06 m
4

T  = 5.17 kN∙m

(2) Solid section

A  = 3534.3 mm
2

d  = 67.08 mm

d  = 6.708E-02 m

r  = 3.354E-02 m

J solid = 1.988E-06 m
4

τ max = 8.721E+04 kPa

τ max = 87.21 MPa

2

4
4

solid

d AA d



  

max J
T

r

 


 4 4

32

o i

tube

d d
J

 


max

T r

J





 2 2

4

o i

tube

d d
A

 


4

32
solid

d
J




TOR-150-S
VPLEVRIS
SPRING 2016
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MECHANICS OF SOLIDS
TORSION
SHEARING STRESS FORMULA

Problem: TOR-146 Solution in MS Excel

L  = 5 ft

d  = 3.5 in

T  = 4 kip·ft
G  = 3.70E+06 psi

T  = 48 kip·in
L  = 60 in

G  = 3.70E+03 ksi

(1) Solid section

J  = 14.732 in
4

φ  = 0.05283 rad

φ  = 3.03 deg

(2) Hollow section
d o  = 3.5 in

d i  = 2 in

J  = 13.162 in
4

φ  = 0.05914 rad

φ  = 3.39 deg

4
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Torsion-012 
ZEYTINCI 



 

Torsion-010 
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Dr. Z’s PRO-BONO SATURDAY CLASSES 
February 6, 2016 
11:00 am – 2:25 pm 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Dr. Z’s PRO-BONO SATURDAY CLASSES 
Students & Practicing Engineers are Welcome!  

Washington, D.C. Metro Area  
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   Howard University 
   Catholic University of America 

   Morgan State University 

   University of Maryland, College Park 

   Virginia Tech 
   Villanova University 
   North Carolina A & T State University 

Participated Schools:
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