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In-Plane Buckling of Prime and Quadratic Parabolic Arches
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Summary

A numerical procedure for the analysis of slender arch buckling problems for uniform
dead weight is presented in this paper. Such loading changes in the arch profile. The
problem is nonlinear, The numerical procedure is limited to an inextensible analysis and
to elastic behavior,

Based upon a numerical integration technique developed by Newmark for straight
beams, a large deflection bending analysis is combined with small deflection buckling
routines to formulate the numerical procedure, The numerical procedure is composed of
a combination of the numerical integration and successive approximations procedure,

The results obtained in this study are as follows ;

1. The critical loads obtained in this study coincide with the results by Austin so that
the algorithm developed in this study is verified.

2. The numerical results are converged with good precision when the half arch is divided
into 10 segments in both Prime and Quadratic section.

3. The critical loads are decreased as the ratios of rise versus span are increased.
4. The critical loads are increased as the moments of inertia at the ends are increased.
5. The critical loads of Prime section are larger than that of Quadratic section under
the same profile conditions,
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Table-1. Verification of This Study

t/L 0.1 0.2 0.1 0.2
Cross section | Prime™ |l.sec@™ | Prime™ |[l.sec @™ | Quadratic®| lesec®@** Quadratic*| Lesec® ¢
Nodal point ) | =1 | /L) =1 | /L) =1 | (VL) L=1)
0 1.07703 | 1.07703 | 1.28062 | 1.28062 || 1.24936 | 1.24936 | 2.10022 | 2.10022
1 1.06559 | 1.06559 | 1.24523 | 1.24523 | 1-20650 | 1.20995 | 1.87458 | 1.93085
2 1.05488 | 1.05488 | 1.21064 | 1.21064 | 1-16847 | 1.17385 | 1.69 &9 [ 1.77438
3 1.04496 | 1.04496 | 1.71716 | 1.17716 | 1.13493 | 1.14105 | 1.53015 | 1.63120
4 1.03600 | 1.03600 | 1.14514 | 1.14514 |} 1.10557 | 1.11162 | 1.41349 | 1.50169%
5 1.03775 | 1.03775 | 1.11501 1.11500 || 1.08014 | 1.08558 | 1.30917 | 1.38621
6 1.02056 | 1.02056 | 1.08722 l.087?2 1.05846 | 1.06292 | 1.22299 | 1.28516
7 1.01435 | 1.01435 | 1.06233 | 1.06233 || 1.04036 | 1.04376 | 1.15268 | 1.19889
8 1.00926 | 1.00926 | 1.04089 | 1.04089 || 1.02571 1.02803 | 1.09670 | 1.12777
9 1.00523 | 1.00523 | 1.02947 | 1.02947 | 1.01441 1.01578 | 1.05400 | 1.07205
10 1.00233 | 1.00233 | 1.01059 | 1.07e59 || 1.00639 [ 1.00175 | 1.02388 | 1.00211
11 1.00058 | 1.00058 | 1.00267 [ 1.00267 || 1.00159 { 1.00175 | 1.005%95 | 1.00804
12 1.00000 | 1.00000 | 1.00000 | 1.00000 || 1.00000 [ 1.00000 | 1.00000 | 1.00000
Hcr(‘é%:) 78.1 78.2 70.8 70.8 81.9 82.0 82.9 83. 6
* . Study results
% % . Reference 11
/Lell FA glo] Folx] 5 10%F5 ol FTES] e Bim2k 2E S 5.0 [cot 10.0IcE HES
A W AS ¢ 7 Uk i /LS wEpAsl e 38 He Aake Fig 6
2. BESRTE (Hor) ot rise/spantt (/L)
eto| A Table-3. Comparision of Hcr between Prime

and Quadratic Arches

Herst /L8] Al & E58l7] $)ste] obaluf

L/L /L Pzrime Quazdratic

(L*/EL) (L*/EL)
Table-2. Convergence of Her as the Number of o] 56,1 121, 8
Segments (la=5lc) 0.2 142, 1 1.7
rise No. of Prime Quadratic 10 0.3 122.5 97.3
span |segments| Her (L*/EL) | Her (L?/EL) 0.4 101. 1 81.3
4 134. 4 110. 3 0.5 81.4 66. 4
o 8 136. 1 112.0 0.1 169. 8 125. 6
10 136.2 112.2 0.2 161.7 116. 1
12 136. 2 112.2 15 0.3 132. 8 102.2
4 116.0 99. 3 0. 4 11.6 86. 5
8 121.1 101. ) 0.5 91. 4 71.5
0.2 10 121.2 101.2 0.1 169. 7 127.7
12 121.2 101. 2 0.2 157.2 118. 4
4 100. 2 84. 6 20 0.3 138.9 104. ¢
0.3 8 101.0 85. 1 0.4 118.1 89. 4
10 101. 0 85.9 0.5 97.8 74.5
12 101.0 85.9 0.1 172. 9 128. ¢
4 80. 5 69.3 0.2 160. 8 119.9
0.4 8 80. 5 69. 8 25 0.3 143.0 106. 6
10 80. 4 69. 8 0. 4 122. 4 91.3
12 80. 0 69. 8 0.5 102. 2 76.5

- 160 -



VNS Primest Quadratic fii#p#gol =] ) HWiFSHEa A3t HE

Her(L?/El)
200 ¢
150+
1001
Quadratic
50
0 1 - 1 1 1
0.1 0.2 0.3 0.4 0.5
/L
(a) 1,=5.0l,
HerlL2/EL)
200'—
150p- Prime
100
Quadratic
50p
0 1 | 1 1 1
0.1 0.2 0.3 0.4 0.5
f/L
(b} 1,=100.01,

Fig. 6. Her-f/L Curves

3 ZEom, Fig 6ol 4 2 4 9l%o| f/L7} #

4 4% Her® zhopalm gloh,

3. MR SE (Her) 2t i@ 22k D E
(la) 2to| BAfR

Herst lad] Al E E%85) 9814 /L2
0.22} 0.52 [EESIT las ¥ 547 w4 42 s
M RRE Fig 73} 2o 1k eim o}
Aok 2R TR oF2) ofl 4 Hergte- las} #

LFE ARE 442 ¢ + gu,
4.1 REBICEE ObX2 2R TEMLEE
OFXI2| Her L#y

VROCEMUBATE o}2) o) 20k 8 (Li o}z] &)
Her& warstz] ¢ a4 las 10Ie, 15Ic, 20lc,

Her(L2/EI)
2001

Prime
150 4

/’—Q—L.J—a-d—ra:(-:—_—
100

50 b
0 1 [ 1 1 4
0.1 0.2 0.3 0.4 0.5
f 'J!C
(a) T =0.2
Her(L2/El)
2001~
150¢~
100F %
5OF /E:d—;.—c_——
0 1 1 1 | 1
0.1 0.2 0.3 0.4 0.5
la/lc
f
(b} T —0.5

Fig.7. Her-l1a/l¢ Curves

25lc® MM AI7] =} Herd B s}e Table-3.0.
2 el gict,

V. & &=

A PR IR =) 2R TEERML T S
2 WIREE AR o012 o) HMRE ol a3 Bt
REA BRAMES 78 + 9 duzzs
B AR, chesl e R o)

(& Bl 4 31 FERMAE (Her) - Austin
of BEI MR A —FKold K B B
B daelde] e wgo)

(2) VRTTCHALTIE o}2) 2} 2R TCEA LI o) 2] 2|
e 10%55 sho] BUEARMT & BERME L %5 o
FEHE o] Mool ek aich,

- 161 -



BEHEE TSR F29% H 35t 1987F 9A

(3R E-S rise/spantL(f/L) 7} == &+
E zhebzich

WERMEL ofx Wil B2k =ZAEs
24 45 AR

(5) ok2) I el BEI 2k ZlESF 23 {/L7}
2 o) WRTTEMEETE o1 4 &) AR E-S 2K
LB of2) o) BE R E el Fok.

&

£ X &

1. Dadeppo, D. A, and Schmidit, R., “Nonlinear
Analysis of Buckling and Postbuckling Be-
havior of Circular Arches”, Journal of Ap-
plied Mathematics and Physics, Vol. 20, 1969,
pp. 847-857.

2. Georg Wastlund, “Stability Problems of
Compressed Steel Members and Arch Brid-
ges”, Journal of the Structural Division, ST6,
June, 1960, pp. 47-71.

3. Howard B. Harrison, “In-Plane Stability of
Parabolic arches”, ASCE, ST1, January, 1982,
pp. 195-205.

4. Huddleston, J. V., “Nonlinear Analysis of
Steep Compressible Arches of Any Shape”,
Journal of Applied Mechanics, ASME, De-

5.

10.

11.

- 162 —

cember, 1971, pp. 942-946.
LEONTOVICH, FRAMES AND ARCHES,
McGraw-Hill, 1969, pp. 325-328.

. Newmark, N. M., “Numerical Procedure for

Computing Deflection, Moments and Buck-
ling Load”, Transaction of ASCE, Vol. 108,
1943, pp. 1161-1234.

. Ross, T. J., “Numerical Karge Deflection

Bending and BucklingAnalysis of Arches”,
Thesis of Master of Science, Rice University,
US.A, 1973.

. S. F. Borg and J. J. Gennaro, Advanced

Structural Analysis, D. VAN NOSTRAND
CO. INC,, 1965, pp. 172-201.

. Timoshenko, S. P. and Gere, J. M., Theory

of Elastic Stability, Second Edition, McGraw-
Hill, New York, 1976, pp. 278-318.

Walter J. Austin and Timothy J. Ross,
“Elastic Buckling of Arches under Symmeric
Loading”, J. Ross, “Elastic Buckling of Ar-
ches under Symmetric Loading”, ASCE, ST5,
May, 1976, pp. 278-318.

Walter J. Austin, “In-Plane Bending and
Buckling and Buckling of Arches”, ASCE,
ST5, May, 1971, pp. 1575-1592.



