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ABSTRACT

[n this paper,

Generalized Differential Quadrature Method is applied to the buckling analysis of

built-up columns without or with stay plates. Numerical analysis using GDQM is carried out for

various boundary conditions (simply supported conditions. fixed conditions, fixed-simply supported

conditions),

dimensionless stiffness parameter and dimensionless inertia moment parameter. The

accuracy and convergence of solutions are compared with exact solutions of Glelsvik to validate the

results of GDQM. Results obtained by this method are as follows.

(1) This method can yield the

accurate numerical solutions using few grid points. (2) The buckling load of built-up column increases

as the dimensionless stiffness parameter decreases.

(3) The effects of boundary conditions on the

buckling load are not considerable as the dimensionless stiffness parameter increases. (4) The buckling

load of built-up column increases due to the stay plate.
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Table 1~4% 3I7FA Az sk Euler's
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pL== B c PV, +CE e PV,
2
+D € Py, =0 at i= Table 1 Comparison of buckling loads p= ;IZEI
“=
) for Euler's solution
2 Cc z‘/‘l)V] =0 at 1=
=1 b Exact GDQM
V, = at =1 S-S i 1
F-F 400007 4.00007
F-S 2.04575 2.04575
. . PL? . .
Table 2 Comparison of buckling loads p = 2E for Engesser's solution
, y=025 r=0.667 y=15 y=4 y=10 y=30
Exact |GDQM | Exact |GDQM| Exact | GDQM | Exact |GDQM| Exact | GDQM | Exact |GDQM
S-S | 08 0.8 ]0.599880.59988] 0.4 0.4 0.2 0.2 | 0.09091| 0.09091| 0.03226|0.03226
F-F| 20 2.0 11.09051]1.09051] 0.57143} 0.57143 |0.23529|0.23529] 0.09756 | 0.09756 | 0.03306 {0.03306
F-S |1.31030| 1.30925 10.82081]0.82074| 0.47262 | 0.47262 |0.21110(0.21108| 0.09215| 0.09215 | 0.03232(0.03232
468 /22 S3EHEH=2F/A 11E A 95, 20014
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Table 3 Comparison of buckling loads p=

for Johnstons's solution

PL’
7°El

{(without stay-

Table 4 Comparison of buckling loads p=

PL®
T El

for Johnstons's solution{with stay-plates)

plates)
= A=01 A=05 A=10
A=01 A=05 A=10 P
b Fxact |GDQM | Exact | GDQM |Exact] GDQM Exact | GDQM | Exact |[GDQM| Exact | GDQM
S-S | 009091 1000091 [033333] 033333 | 05 05 S-S 0.30195] 0.30195 [0.70779 | 0.70779 | 083405 | 0.83405
F-F | 009091 |0.09091]0.333331 033333 | 05 05 F-F| 030304 | 0.36364 | 1.33334 | 1.35334 20 20
F-S | 009091 1009091033333} 033333 | 05 05 F-S0.30538 | 0.30538 1 0.85050 | 0.8505¢ | 1.16361 | 1.16361
Table 5 Comparison of buckling loads p= ;IZEI for general case of simply supported condition(without
stay-plates)
Y 0.25 0.667 15 4 10 30
A Exact | GDQM | Exact | GDQM | Exact |GDQM| Exact | GDQM | Exact | GDQM| Exact | GDQM
02 1 08%32 | 08632 | 070229 | 0.70229 | 053704 {053704| 035897 | 0.35897 | 0.250% | 0.2559% | 0.19872 | 0.19872
04 1089177 | 08177 | 0.76%1 | 0.76951 | 063054 [063054| 047090 | 047090 | 0.37343 | 0.37343 | 0.31756 | 0.317%6
06 | 09154 | 091554 | 081611 | 081611 | 069758 [069758] 050357 | 055357 | 046121 | 046121 | 0.40665 | 0.40665
08 | 093225 | 093225 | 0.84980 | 0.84980 | 0.74747 1074748, 061686 | 061686 | 052019 | 0.52919 | 0.47589 | 0.47589
10 | 094444 | 094444 | 0.874% | 08749 | 0.78571 [0.78571| 066667 | 0.66667 | 058333 | 0.58333 | 0.53125 | 0.53125
1.2 | 095362 | 095362 | 0.8425 | 08M25 | 081572 |081573| 070674 | 070674 | 062742 | 0.62742 | 057651 | 0.57651
Table 6 Comparison of buckling loads p= :LE)I for general case of simply supported condition
(with stay-plates)
Y 0.%5 0.667 15 4 10 30
A Exact | GDQM | Exact | GDQM | Exact | GDQM | Exact | GDQM | Exact | GDOM | Exact | GDQM
02 | 058446 | 0.88404 | 077840 | 077823 | 067527 | 067502} 037372 | 057370 | 051962 | 051977 | 049117 | 0.49611
04 | 091835 | 091811 | 0.84683| 084656 | 0.77967 | 077963 | 0.71626 | 0.71613 | 0.68309 | 0.68311 | 066570 | 0.66544
06 | 093827 | 093308 | 0.88497| 0.88472 | 0.83567 | 083548 | 0.78040 | 0.789%44 | 0.76646| 0.76604 | 075293 | 0.75237
08 | 09I | 095111 | 090904]) 090892 | 0.86931 § 0.86999 | 0.83355 | 0.83343 | 081454 | 081399 | 0.80459 | 0.80438
10 | 096015 | 096019 | 092570 092554 | 089344 | 089334 | 0.86293 | 0.86234 | 0.84698| 0.84700 | 0.83%0 | 0.83867
1.2 | 096693 | 0.96634 | 093772 | 093760 | 091004 | 091012 | 0.88388 | 0.88385 | 0.86998 | 0.86%62 | 0.86260 | 0.86264
Table 7 Comparison of buckling loads pZTPQLE% for general case of simply supported condition
(without stay-plates)
Y 0.2 0667 15 4 10 30
A Exact | GDQM | Exact {GDQM| Exact | GDQM | Exact | GDQM | Exact | GDQM | Exact | GDQM
0.2 | 08632 | 0.85632 | 0.70229 | 070229 | 053704 | 0.53704 |0.35897} 0.35897 | 02559 | 0.256% | 019872 | 0.19872
04 | 089177 | 0.89177 | 0.76%51 | 0.769%1 | 063064 | 0.63064 047090 047090 | 0.37343 | 037343 | 0.31756 | 031796
06 | 091554 | 091554 | 0.81611 [ 0.81611 | 069758 | 0.69758 |0.55357) 055357 | 046121 | 046121 | 0.40665 | 0.40665
08 | 093225 | 093225 ) 0.34980 | 0.849%0 | 0.74747 | 074748 061686, 0.61686 | 052919 | 052919 | 047589 | 0.47539
10 | 094444 | 094444 | 0.8749% | 08749 | 0.786571 | 0.78571 |0.66667| 066667 | 058333 | 058333 | 033125 | 053125
1.2 ] 095362 | 095362 | 0.89425 | 089425 | 081572 | 081573 |0.70674| 0.70674 | 062742 | 062742 | 057651 | 057651
gRAagZEs3Es=28/A 11d A9E,. 20013/469
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Table 8 Comparison of buckling loads l’:*szEi[ for general case of simply supported
condition(without stay-plates)
7 0.25 0.667 15 4 10 30
A, Exact | GDQM| Exact | GDQM | Exact | GDQM| Exact | GDQM | Exact | GDQM Exact GDOM
0.2 | 243485 | 248474 170079 | 1.70033 | 1.22222 | 1.22144 | 0.89922 | 0.89556 | 0.76375 | 0.76403 | 0.69967 0.70051
04 | 280952 | 280937 | 2.12614 | 2.12574 | 1.68340 | 1.68228 | 1.37274 | 1.36740 [ 1.23948 | 1.23988 | 117581 117704
06 | 303346 | 303830 | 243721 | 243677 | 2.02632 | 202507 | 1.72727 | 172118 | 159615 | 1.59661 | 153289 153431
08 | 320635 | 3.20619| 267303 | 267259 | 2.29060 | 2.28932 | 2.00230 | 199613 | 1.87347| 1.873%5 | 181062 1.81210
1.0 | 333333 1333319 | 2.85690 | 2.83647 | 250000 | 249873 | 222222 | 221583 | 209524 | 209672 | 2.03279 2.03429
1.2 | 343182 | 3.43168 | 3.00351 | 3.00310 | 266962 | 266340 | 240160 | 2.39532 | 2.27660 | 2.27708 | 221455 2.21604
Table 9 Comparison of buckling loads 1):7};—1;;] for general case of fixed-simply supported condition
(without stay-plates)
Y 025 0.667 15 4 10 30
A Exact | GDQM | Exact | GDQM Exact GDOM | Exact | GDQM | Exact | GDQM | Exact | GDQM
02 | 143039 | 142253 1 096846 | 096735 | 062839 | 062766 037338 037341 | 0.25762| 025743 | 0.19881 | 0.19852
04 | 147117 | 147081 | 1.04608 | 1.04821 | 073064 | 0.73061 |0.48308| 0.487% | 0.37555] 037549 | 0.31768 | 0.3174
06 | 149214 | 149203 | 1.10151 | 110157 | 080067 | 080489 |057330| 057330 | 0.46378 | 046376 | 0.40679 | 0.40670
08 1 150071 | 150061 | 113862 113833 | 086069 | 086067 063895 | 063889 | 0.53223] 053222 | 047607 | 0.47600
10 | 150225 | 150216 | 1.16484 | 116460 | 090355 | 090363 [069105| 0.69104 | 058684 | 058678 | 0.53147 | 0.53144
1.2 1 150015 | 1.49996 | 1.18348 | 1.18360 | 093842 | 093744 |0.73319 0.73319 | 063139 | 063139 | 0.57676 | 0.57669
Table 10 Comparison of buckling loads p= f,%}] for general case of fixed-simply supported
condition (with stay-plates)
7 0.2 0.667 15 4 10 0
A Exact | GDQM | Exact | GDQM | Exact GDOM | Exact | GDQM | Exact | GDQM | Exact | GDQM
02 | 154321 | 154400 | 118261 | L18099 | 090284 | 090229 10.68148| 0.68137 | 0.57861 | 0.57860 | 0.52699 | 0.5282
04 | 1.66928 | 1.66948 | 133029 | 1.38045 | 114452 | 114415 [094217| 094201 | 0.84019 | (.84018 | 0.78605 | 0.7864
06 | L75118 | 175116 | 151312 | 151280 | 1.30722 | 130684 | 111897 1.11878 | 1.01803 | 0.93637 | 0.96235 | 0.96707
08 | 180853 | 1.ROR0O | 160737 | 160681 | 142476 | 142459 1124914 1.24897 | 1.15012 { 108846 | 1.09382 | 1.093%%6
10 | 1.84977 | 1.84940 | 167702 | 167665 | 151388 | 151379 [1.34960| 1.34946 | 125302 | 1.20456 | 1.19663 | 1.19752
12 | L8057 | 188058 | 173028 | 173028 | 138362 | 158354 [1.42962] 142950 | 1.33573 | 1.29653 | 1.27957 | 1.27570
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