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THERMAL STRESS ANALYSIS

CLIENT LINE NO.
Example 101

REV PREPARED BY DATE APPROVAL W.O. REQUISITION NO. SPECIFICATION NO.
0 3/15/2003   
1 UNIT AREA PROCURED BY INSTALLED BY
2

Elastic Center Method
1 Pipe specification B 300 lb Carbon Steel
2 Pipe size 6 8 10 12 14
3 Schedule 40 40 30 30 30
4 Outside diameter D (in.) 6.625 8.625 10.750 12.750 14.000
5 Wall thickness t (in.) 0.280 0.322 0.307 0.330 0.375
6 Inside diameter d (in.) 6.065 7.981 10.136 12.090 13.250
7 Moment of inertia I 28.1 72.5 137.4 248.5 372.8
8 Section modulus Z (cu.in.) 8.50 16.81 25.57 38.97 53.25
9 Radius of quarter-bends R (in.) 9 12 15 18 21
10 Pipe material Carbon steel, seamless, ASTM A53, Grade B, Type S
11 Design governed by ANSI B31.3
12
13 Design temperature (deg F) 550 Modulus of Elasticity Eh 27.05
14 Base temperature (deg F) 70 Modulus of Elasticity Ec 29.9
15 Design pressure (psig) 86
16 Test pressure (psig) 150
17
18 Thermal-expansion coefficient e (in/in/F) 7.13E-06 4.10 in/100 ft
19
20 S-value at base temperature Sc (psi) 20,000 Allowable Stress Range
21 S-value at design temperature Sa (psi) 18,100 Sa = 29,525 psi
22 Frequency of temperature cycles <7000
23 Stress reduction factor f 1.0
24
25 Value of (DY)/(L-U)^2 0.007922 < 0.03; thermal stress not a problem
26
27 Pipe Straight Member 90 Deg Calculated Stress and Forces
28 ID Size Nominal Length (ft) Radius Moment (ft-lb) Torque Expans Stress (psi)
29 (in.) x y z (ft) begin end (ft-lb) Straight Bend
30 1 10 50 1.250 10,036 12,603 1,787 839 16,765
31 2 10 25 1.250 11,528 13,449 5,399 2,534 18,046
32 3 12 10 1.500 7,737 4,760 12,254 3,773 5,818
33 4 12 -15 1.500 12,504 2,715 4,058 1,249 2,818
34 5 12 10 4,484 14,397 1,931 595
35 6
36 7
37 8
38 9
39 10
40 11
41 12
42 Anchor Movement (in.) Maximum Expansion Stress: 18,046  psi
43 at Origin 1 3 x y z
44 at Destination Centroid Location (ft) 40.1 2.6 8.8
45 Thermal Movement (in) 2.0520 0.8208 0.4104
46 Reaction Forces (lb) 946 293 305
47
48
49
50
51
52
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