
 

 
 
 
 
 
 
 
 
 
 
 
 

 Topics covered in this month’s column: 
 

 PE Exam Specifications (Geotechnical) 

 Transportation (Horizontal Curves) 

 Structural Design (LRFD, Steel Design, Columns, 
Compression Members and Tension Members) 

 Structural Analysis (LRFD, Factored Loads & Moments) 

 Structural Design (LRFD, Reinforced Concrete Beams) 

 Statics and Mechanics of Materials 

 Math (First Order Ordinary Differential Equations) 

 Technology Usage (Calculator, Casio‐115‐ES‐PLUS) 

 Regression Analysis (Calculator, Casio‐115‐ES‐PLUS) 

 Converting Binary and Decimal Numbers 

 Triangular Area Computations Using Determinants 
 

APRIL 2015 
DR. Z’s CORNER 

 

Conquering the FE & PE exams 
Formulas, Examples & Applications 



 
PE Civil Geotechnical 

Afternoon Depth Exam Specifications 
 

Beginning and effective April 2015 examinations 
 

 

 Site Characterization: 5 questions, 

 Soil  Mechanics,  Laboratory  Testing,  and  Analysis:  5 
questions, 

 Field Materials Testing, Methods, and Safety: 3 questions, 

 Earthquake Engineering and Dynamic Loads: 2 questions, 

 Earth Structures: 4 questions, 

 Groundwater and Seepage: 3 questions, 
 

 Problematic Soil and Rock Conditions: 3 questions, 

 Earth Retaining Structures (ASD or LRFD): 5 questions, 

 Shallow Foundations (ASD or LRFD): 5 questions, 

 Deep Foundations (ASD or LRFD): 5 questions, 
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HORIZONTAL (CIRCULAR) CURVES 
 

IMPORTANT FORMULAS  
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HC‐555 
ZEYTINCI 
SPRING 2015 

[1 cos ( / 2)]M R I 

5729.58
R

D


2sin ( / 2)

LC
R

I


tan ( / 2)T R I

100
180

I
L R I

D


 

2cos( / 2)

LC
T

I

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COMPRESSION MEMBERS  
 COLUMN FORMULAS 

u c n
P P

Pu    =   Total  Factored Loads

Pn   =   Nominal Compressive Strength

c Pn =   Design Compressive Strength

Fcr  =   Critical Buckling Stress

Ag    =   Gross Area of the Cross-Section

 φ c  =   Resistance Factor (for columns  φc  =  0.90)

Fe  =   Euler’s Stress (elastic buckling stress)    
K    =   Effective Length Factor 

   L    =   Column Length 
 KL    =   Effective Column Length 

  r    =   Radius of Gyration (always min. value)

u c n c g cr
P P A F  

STEEL‐100 
ZEYTINCI 
SPRING‐2015 

2

2( / )eF E
KL r






IMPORTANT STEEL COLUMN 
  

FORMULAS 
     

 
 
 

 
 
 
 

 

 
 
 
 
 
 
 
 

 
 
 
 
 

 

 
 
 

    K   =   Effective Length Factor (AISC) 
   L    =   Column Length 
  KL  =   Effective Column Length 
   
  rmin    =   minimum radius of gyration  
  Fy  =   Yield Stress of Steel (ksi)  

  Fe  =   Euler stress or Elastic Buckling Stress (ksi)  

  Fcr  =   Critical Stress (ksi)  

E
x

= Modulus of Elasticity of Steel

STEEL‐111 
ZEYTINCI 
SPRING‐2015 

u c n
P P

4.71
y

EKL
Fr  0.877

cr e
F F

4.71
y

EKL
Fr  0.658

cr y
F F

y

e

F
F

 
 
  

2

2( / )eF E
KL r




 KL / rmin =   slenderness ratio

cr gc n c
P F A  0.90

c
 

Resistance 
Factor 



AISC TABLES / CHARTS FOR 
COMPRESSION MEMBERS 

 

EFFECTIVE LENGTH  
FACTORS ( K ) 

   

 
NCEES Reference Handbook, page-158 (Adapted from AISC, Steel manual, 2011) 

 

 
 

 
 
 
 
 
 
 
 
 

 
STEEL‐444 
ZEYTINCI 
SPRING‐2015 

4.71
y

EKL
Fr  0.877

cr e
F F

4.71
y

EKL
Fr  0.658

cr y
F F

y

e

F
F

 
 
  

AISC
E 3‐2 

AISC
E 3‐3 
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LINEAR REGRESSION EQUATIONS 

	

                        

 
 

Equation of the line: 
 
 
 
The slope: 
 

 
 
The y-intercept: 
 
 
 

Correlation Coefficient: 
 

 

 

 

 

2 2( )
i i i i

i i

n x y x y
m

n x x

   


    

NA‐40 
ZEYTINCI 
SPRING 2015 

y m x b 

2 22 2

( )

( ) ( ) ( ) ( )

i i i i

i i i i

n x y x y
R

n x x n y y

   


           
 

  
i iy m x

b
n

  
  



 Problem: The Line of Best Fit 

x y

1 0.0 1.8

2 1.0 8.5

3 2.0 11.5

4 3.0 19.6

5 4.0 21.2

6 5.0 26.3

7 6.0 34.8

8 7.0 39.6

Slope   m = 5.2631

y ‐Intercept   b = 1.9917

Correlation Coeff.   R  = SQRT (0.9869) = 0.9934

Excellent Correlation!

NA‐31 
ZEYTINCI
SPRING 2015

y = 5.2631x + 1.9917
R² = 0.9869
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CASIO / fx-115 ES PLUS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FE Exams / 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,  
and in Binary System only 0s 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 

CASIO‐100 
ZEYTINCI 
SPRNG 2015 

MODE

(1)  COMP 
(2)  CMPLX 
(3)  STAT 
(4)  BASE-N 
(5)  EQN 
(6)  MATRIX 
(7)  TABLE 
(8)  VECTOR 

SHIFT SETUP

(1)  Mth-IO 
(2)  Line-IO 
(3)  Deg 
(4)  Rad 
(5)  Gra 
(6)  Fix 
(7)  Sci 
(8)  Norm 



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
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x

y

O A’ C’ B’

A (x1, y1)

B (x2, y2)

C (x3, y3)

x

y

O

A

C

B

A (x1, y1)

B (x2, y2)

C (x3, y3)

AREA COMPUTATIONS 
 
Determinants may be conveniently used in FE exams when the area 
computations of triangles with coordinates are required. Simplifying complex 
mathematical expressions would yield a determinant as shown here: 
 
Example: 
 
 
 
 
 
 
 
 
A triangle ABC is given as shown in the figure. Using the listed coordinates of 
A, B, and C determine the area of the triangle.  
 
Solution: 
 
Draw the vertical dashed lines from points A, B, and C. 
 
 
 
 
 
 
 
 
 

Area of the Trapezoid  AA’CC’ = 3 1
1 3( )

2

x x
y y

   
 

 

Area of the Trapezoid  BB’CC’ = 2 3
2 3( )

2

x x
y y

   
 

 

Area of the Trapezoid  AA’BB’ = 2 1
2 1( )

2

x x
y y

   
 

 

 
This will yield a fairly complex relationship for the area. But if we use 
determinant relationship, the required area may be calculated from the 
following simple determinant. 

                                   Area = ½ . 
1 1

2 2

3 3

1

1

1

x y

x y

x y

 

 

 
Area of ABC = Area AA’CC’ 
                     + Area BB’CC’ 
                      - Area AA’ BB’ 
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