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The Effects of Sheet Strength and Thickness on Bending Behavior of Steel Pipes

Kee-Cheol Park and Hyung-Jin Lee

Key Words : Pipe(s}o] =), Bending(%3]), Buckling(#%), Limit Load (34 35}%)
Abstract

In order to examine the effects of yield stress, tensile strength and thickness on the buckling
behavior during bending of pipes, the nonlinear finite element analysis of the 3-point bending tests
was carried out using the commercial software(ABAQUS) under the condition of L4(2%) orth-
ogonal array. The simulation model was compared with experiment, and the simulation was
performed according to the designed condition. From the analysis of simulation results, it was
found that yield stress and thickness were the major factors on buckling load at pipe bending and
tensile strength gave little influence because the plastic strain and plastic zone are small. For the
punch displacement to the occurrenec of buckling, thickness is a major factor and yield stress and
tensile strength are the minor factors.
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Table 1 Mechanical properties of skelp
YP*! (kgf/mm? YP-E1*2 (%) TS* (kgf/mm?) E1* (%) K*® (kgf/mm?) n*é
30.6 1.6 36.2 37 56.1 0.153
*1 Yield point *2 Yield point elongation
*3 Tensile strength *4 Total elongation

*5 and *6 Coefficient of fitting curve (6=Keg") of tensile test data
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Fig. 10 Plastic strain distribution at limit bending load. Punch stroke is 6.42 mm

Table 2 Simulation conditions of pipe bending for finding the effects of yield point, tensile strength and

thickness on bending behavior

Exp. Factors Punch stroke at max. load| Max. bending load
no. Thick (mm)
YP (kgf/mm?|TS (kgf/mm) (‘r‘;r:f“ Puax (kgf) | 4 X Prax (kgf)
1 30 34 11 6.05 45.97 184
2 30 37 1.3 7.16 57.45 230
3 33 34 1.3 6.74 61.45 246
4 33 37 11 6.15 50.18 201
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Table 3 Factor (YP, TS, t) effects by level value change of each factor on maximum bending load.
Values in parenthesis means level value of each factor

Mean load at each level(kgf)
Factor Meanz-eve ~ Mean( -ievey
I-Level 2-Level
YP (kgf/mm?) 206.8 (30) 223.3* (33) 16.5
TS (kgf/mm?) 214.8 (34) 215.3* (37) 0.5
t (mm) 192.3 (1.1) 237.8* (1.3) 45.5
Overall mean 215.1
* Indicates optimum level of each factor
= of Aoz dEsty 184 kgfolo, 240
Prevsa=m+ (myp—m) + (ms1—m) + (ma—m) 230 b
®
m i Table2e] vi7bA ZANM T3 A & = g0l
a3 AAH T B b — - f e
mp - GEFHO) 145 A5 Adl ¥AF 5 20
BE £
mrs 1 AAREN 14E Ao Ao} F9F 200 -
32
= = o . o 190 ] 1 1 ] ]
ma . FAZE 175 A5 AEsF BT

Prex=(16.5/3) (YP—30) +(0.5/3) (TS —34)
+(45.5/0.2) (t—1.1) +184
=5.5YP+0.17T7S+227.5¢—-237 (6)

YP, YP, TS, TS. t
level of factors

Fig. 14 Plots of factor effects on buckling load
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Table 4 Factor (YP, TS, t) effects by level value change of each factor on punch stroke at maximum
load. Values in parenthesis means level value of each factor

Mean stroke at each level(mm)

Factor Mean_jeve,~Mean_iever
1-Level 2-Level
YP (kgf/mm?) 6.61* (30) 6.45 (33) —0.16
TS (kgf/mm?) 6.40 (34) 6.66* (37) 0.26
t (mm) 6.10 (1.1) 6.95* (1.3) 0.85

Overall mean 6.53

* Indicates optimum level of each factor
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Table 5 Analysis of variance table for maximum bending force

Factor Degree of freedom Sum of squares Mean square
YP 1 2723 2723
TS 1 0.3* 0.3
t 1 2070.3 2070.3
Error 1 0 -
Total 1 23429
(Error) (1) 0.3) 0.3)

* Indicates sum of squares used for error sum of squares indicated by parentheses
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Table 6 Analysis of variance table for punch stroke at maximum load

Factor Degree of freedom Sum of squares Mean square
YP 1 0.026* 0.026
TS 1 0.068* 0.068
t 1 0.723 0.723
Error 0 0 -
Total 3 0.817
(Error) (2) 0.094) (0.047)

* Indicates sum of squares used for error sum of squares indicated by parentheses
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