API Inspector Formula Workbook

Step-by-step worked examples with variable definitions for API 510, API 570, and API 653
Prepared by: Lockhart Training Services
Each worked example includes the equation, the meaning of every variable, the given data, a 
step-by-step solution, and multiple-choice answers.
	Section
	Topics

	API 653 - Tank Inspection
	Minimum shell thickness, hydrostatic pressure, corrosion rate, remaining life, inspection interval

	API 510 - Pressure Vessels
	MAWP, required thickness, hoop stress, longitudinal stress, corrosion rate

	API 570 - Piping
	Corrosion rate, remaining life, required thickness, hoop stress, inspection interval





API 653 - Tank Inspection Worked Examples
Problem 1. How to calculate the Minimum Shell Thickness for a storage tank.

Equation: t = 2.6(H - 1) DG / SE 

Meaning of variables:
t = minimum required shell thickness, in.
H = liquid height above the point being evaluated, ft
D = tank diameter, ft.
G = specific gravity of the stored liquid.
S = allowable stress of the shell material, psi.
E = weld joint efficiency. 
Given:
D = 120 ft
H = 36 ft
G = 0.85
S = 21,000 psi
E = 1.0
Step-by-step solution:
1. Substitute the values into the equation: 
			t = 2.6(36 - 1) x (120) x (0.85) / (21,000 x 1.0)
			t = 9,282 / 21,000 = 0.442”
Final answer: t = 0.44 in (rounded to 2 decimal places)

Multiple-choice answers: 

A. 0.44 in
B. 0.31 in
C. 0.52 in
D. 0.60 in



ANSWER: A	

Problem 2. How to determine the Hydrostatic Pressure at the Tank Bottom
Equation: P = 0.433HG 
Meaning of variables:
P = hydrostatic pressure, psi.
H = liquid height, ft.
G = specific gravity of the liquid. 
Given:
H = 50 ft
G = 0.82
Step-by-step solution:
1. Write the formula: 

		P = 0.433HG
		P = 0.433HG.
		P = 0.433 x 50 x 0.82
		P= 17.753 psi

Multiple-choice answers: 

A. 17.8 psi 
B. 21.7 psi 
C. 14.0 psi 
D. 12.4 psi

ANSWER: A (rounded to one decimal point)
Problem 3. How to calculate the Corrosion Rate for a storage tank.
Equation: CR = (t1 - t2) / years
Meaning of variables:
CR = corrosion rate, in./yr.	nk
t1 = first thickness reading, in.
t2 = current thickness reading, in.
years = time between readings, yr. 

Given:
t1 = 0.500 in in 2014
t2 = 0.420 in in 2024 
yrs between readings = 2024 – 2014 = 10 years

Step-by-step solution:
	CR= 0.500 - 0.420 = 0.080 in. / 10 yrs = 0.008 in/yr

Multiple-choice answers: 
A. 0.008 in/yr  
B. 0.010 in/yr
C. 0.006 in/yr
D. 0.004 in/yr


ANSWER: A

Problem 4. How to calculate the Remaining Life for a storage tank.
Equation: RL = (t_actual - t_required) / CR
Meaning of variables:
RL = remaining life, years.
tactual = current measured thickness, in.
trequired = minimum required thickness, in.
CR = corrosion rate, in./yr.
Given:
tactual = 0.420 in
trequired = 0.340 in
CR = 0.008 in/yr
Step-by-step solution:
	RL = 0.420” - 0.340” / 0.008”
	RL = 0.080” /0.008”
	RL = 10 yrs
Multiple-choice answers: 
A. 10 years 
B. 8 years 
C. 12 years
D. 6 years

ANSWER: A



Problem 5. How to calculate the Thickness Inspection Interval for the tank shell.
Equation: Interval = RL is the lesser of 15 yrs are RCA / 2N
Meaning of variables:

Thickness Interval = maximum inspection interval, years.
RL = remaining life, years.
RCA = Remaining corrosion allowance
N = Corrosion rate 
Given:
RL = 16 years
RCA = 0.125”
N = 0.004”

Step-by-step solution:
1. Write the formula: 
Thickness Interval = lesser of 15yrs or RCA / 2n
 = 15 yrs or (0.125” / 2 x 0.004)
= 15 yrs or (0.125” / 0.008)
= 15 yrs or (15.65 years)
= 15 yrs

Final answer: Interval = 8 years
Multiple-choice answers: 

A. 8 years (Correct)
B. 16 years
C. 10 years
D. 6 years

Answer: A

API 510 - Pressure Vessel Worked Examples
Problem 1. Maximum Allowable Working Pressure (MAWP)
Equation: MAWP = SEt / (R + 0.6t)
Meaning of variables:
MAWP = maximum allowable working pressure, psi.
S = allowable stress, psi.
E = weld joint efficiency.
t = wall thickness, in.
R = inside radius, in. 
Given:
- S = 20,000 psi
- E = 1.0
- t = 0.50 in
- R = 30 in
Step-by-step solution:

MAWP = SEt / (R + 0.6t)

	MAWP = (20,000 x 1.0 x 0.50) / (30 + 0.6 x 0.50)
= 10,000 / 30.30
= 330 psi
	Final answer: MAWP = 330 psi 
Multiple-choice answers: 
A. 330 psi (Correct)
B. 410 psi
C. 275 psi
D. 520 psi


Problem 2. How to calculate the Required Vessel Shell Thickness
Equation: t = PR / (SE - 0.6P) 
Meaning of variables:
t = minimum required thickness, in.
P = internal pressure, psi.
R = inside radius, in.
S = allowable stress, psi.
E = weld joint efficiency.
Given:
- P = 300 psi
- R = 24 in
- S = 20,000 psi
- E = 1.0

Step-by-step solution:

t = PR / (SE - 0.6P)

t = (300 x 24) / (20,000 x 1.0 - 0.6 x 300)
t = 7,200 / 19,820 = 0.3633”
t = 0.36”

Final answer: t = 0.36 in 

Multiple-choice answers: 

A. 0.36 in 
B. 0.25 in
C. 0.48 in
D. 0.60 in



Answer:   A
Problem 3. How to calculate the Hoop Stress for a vessel shell.
Equation: H = PR / t
Meaning of variables:
H = hoop stress, psi.
P = internal pressure, psi.
R = inside radius, in.
t = wall thickness, in.
Given:
P = 250 psi
R = 20 in
t = 0.40 in
Step-by-step solution:
H = PR/t
H = (250 x 20) / 0.40”
H = 5,000 / 040”
H = 12,500 psi
Final answer: Hoop stress = 12,500 psi

Multiple-choice answers: 

A. 12,500 psi 
B. 9,000 psi
C. 15,000 psi
   D. 18,000 psi

ANSWER: A


Problem 4. How to calculate the Longitudinal Stress for a pressure vessel shell.
Equation: L = PR / (2t) 
Meaning of variables:
L = longitudinal stress, psi.
P = internal pressure, psi.
R = inside radius, in.
t = wall thickness, in.

Given:

P = 250 psi
R = 20 in
t = 0.40 in

Step-by-step solution:

L = PR / (2t)
L = (250 x 20) / (2 x 0.40)
L = 5,000 / 0.80
L = 6,250 psi

Final answer: Longitudinal stress = 6,250 psi

Multiple-choice answers: 

A. 6,250 psi
B. 8,000 psi
C. 12,500 psi
D. 15,000 psi


ANSWER: A

Problem 5. What is the Pressure Vessel Corrosion Rate
Equation: CR = (t1 - t2) / years
Meaning of variables:
CR = corrosion rate, in./yr.
t1 = earlier thickness reading, in.
t2 = later thickness reading, in.
years = time between readings, yr. 
Given:
t1 = 0.625 in in 2018
t2 = 0.565 in in 2024 
Step-by-step solution:

CR = (t1 - t2) / years
CR = (0.625 – 0.565) / 6 yrs
CR = 0.060 / 6
CR = 0.010 in/yr
Final answer: CR = 0.010 in/yr

Multiple-choice answers: 

A. 0.010 in/yr 
B. 0.006 in/yr
C. 0.012 in/yr
D. 0.015 in/yr


ANSWER: A

API 570 - Piping Worked Examples
Problem 1. How to calculate the Corrosion Rate for piping.

Equation: CR = (t1 - t2) / years

Meaning of variables:

CR = corrosion rate, in./yr.
t1 = earlier thickness reading, in.
t2 = later thickness reading, in.
years = time between readings, yr. 

Given:

t1 = 0.375 in in 2017
t2 = 0.335 in in 2025 
years =  2025 – 2027 =  8 yrs

Step-by-step solution:
CR = (t1 - t2) / years
CR = (0.375” – 0.335”) / 8 
CR = 0.04 / 8 
CR = 0.005 in/yr

Final answer: CR = 0.005 in/yr

Multiple-choice answers: 

A. 0.005 in/yr 
B. 0.003 in/yr
C. 0.010 in/yr
D. 0.020 in/yr

ANSWER: A




Problem 2. How to calculate the Remaining Life for Piping

Equation: RL = (tactual - trequired) / CR

Meaning of variables:

RL = remaining life, years.
tactual = current measured thickness, in.
trequired = minimum required thickness, in.
CR = corrosion rate, in./yr.


Given:

tactual = 0.335 in
trequired = 0.260 in
CR = 0.005 in/yr


Step-by-step solution:

RL = (tactual – trequired) / CR
RL = (0.335 – 0.260) / 0.005
RL = 0.075 / 0.005
RL = 15 

Final answer: RL = 15 years

Multiple-choice answers: 

A. 15 years 
B. 10 years
C. 20 years
D. 8 years


Answer: A

Problem 3. What is the Minimum Required Pipe Thickness

Equation: t = PD / [2(SE + PY)]

Meaning of variables:

t = minimum required thickness, in.
P = internal pressure, psi.
D = outside diameter, in.
S = allowable stress, psi.
E = weld joint quality factor or longitudinal joint factor.
Y = coefficient from the code table.

Given:

P = 300 psi
D = 12 in
S = 20,000 psi
E = 1.0
Y = 0.4

Step-by-step solution:

t = PD / [2(SE + PY)]
t = (300 x 12) / [2(20,000 x 1) + 300 x 0.4)]
t = 3,600 / 40,000 + 120
t = 3,600 / 40,240
t = 0.895” (rounded to 0.09”)

	Final answer: t = 0.09 in

Multiple-choice answers: 

A. 0.09 in
B. 0.14 in
C. 0.20 in
D. 0.32 in

ANSWER: A




Problem 4. Pipe Hoop Stress

Equation: H = PD / (2t)

Meaning of variables:

H = hoop stress, psi.
P = internal pressure, psi.
D = pipe diameter, in.
t = wall thickness, in.

Given:

P = 300 psi
D = 10 in
t = 0.25 in

Step-by-step solution:

H = PD / (2t)
H = (300 x 10) / (2 x 0.25)
H = 3,000 / 0.50
H = 6,000 psi


Final answer: Hoop stress = 6,000 psi

Multiple-choice answers: 

A. 6,000 psi
B. 8,000 psi
C. 10,000 psi
D. 12,000 psi

ANSWER: A




Problem 5. How to determine the Thickness Inspection Interval for Piping

Equation: Thickness Interval = Lesser of Table 2 (for pipe class) or RL / 2

Meaning of variables:

Thickness Interval = maximum inspection interval, years.
RL = remaining life, years. 
Class = piping class

Given:
RL = 18 years
Class = 2

Step-by-step solution:

Thickness Interval = Lesser of Table 2 (for pipe class) or RL / 2
Thickness Interval = lesser of 10 yrs per Table 2 of API 570 or 18 / 2
Thickness Interval = lesser of 10 per or 9 yrs
Thickness Interval = 9 yrs

Final answer: Interval = 9 years

Multiple-choice answers: 

A. 9 years
B. 18 years
C. 12 years
D. 6 years


ANWER:


