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Natural Vibration of Arch Structures

by

Bin Kinar, Hiroshi Yosuipa and Susumu Nisurpa

Abstract

A study of free vibration of elastic parabolic and circular arches is presented using
the transfer matrix method. The arch will be replaced with polygonal structure
consisting of lumped masses and straight bars. The masses are connected with massless
bars with only rigidity. Using the transfer matrix method, the frequency equation is
obtained and then the eigenfunction is determined.

The relationship among slenderness ratios, natural frequencies and modes will be
studied for fixed, 1-hinged, 2-hinged and 3-hinged arches. The results also include tables
of natural frequencies for parabolic and circular arches.
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6.180 FS|7.328 FA!7.330 FA|7.330 FA[7.330 FA
7.302 FA 9.216 FS|9.787 FS|{9.902 F$S|9.933 FS
10.470 S S|11.356 S S|13.387 S AI!13.370 S A[13.391 SA
11.112 SA‘13.375 S Al13.572 S S(15.506 S S{15.966 S S

No-Hinge

5.718 FS|7.328 FA7.330 FA 7.330 FA{7.330 FA
7.302 FA[7.974 FS|8.221 FS{8.283 FS 833 FS
9.027 S8S{10.794 S S[13.131 S8S|13.390 SA13.391 SA
11.112 S AJ13.375 S A[13.387 S A|14.283 SS5{14.479 SS

1 - Hinge

5.784 FA'5.798 FAl 5799 FA'5799 FAl5.799 FA
6.031 FS|8.494 FS|8.621 FS|8.649 FS|8.657 FS
8.966 SS[10.860 SS'11.897 SA[11.899 SAN1.899 SA
11.074 S Al11.892 SA!13.571 S S)14.651 S S{14.750 S S

2 - Hinge

5.78¢ FAl5.708 Fa 5.799 FA|5.79 FA/5.79 FA
5.799 FS|7.032 FS|7.088 FS/7.104 FS|7.104 FS
7.634 SS5/10.664 SS[11.897 S A[11.899 S A11.899 SA
11.074 SA311.892 S A[12.843 SSi13.172 S S[13.218 SS

3 ~ Hinge

»&WNH&WNH»&WN»—‘.&WN»—A/

F S 2 1st Symmetric
F A : 1st Antisymmetric
S S :2nd Symmetric
S A :2nd Antisymmetric
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No - Hinge

6.213
7.316
10.466
11.117

>N

FS
FA
S8
SA

7.342
9.423
11.183
13.418

FA
Fs
S8
SA

7.344
9.986
13.427
13.446

FA
FS
SA
SS

FA
FS
SA
S$S

7.345
10.104
13.429
16.123

FA
Fs
SA
SS

1 - Hinge

5.782
7.316
9.010
11.117

> W N

Fs
FA
SS
SA

7.342
8.161
11.931
13.418

FA
Fs
SS
SA

7.342
8.382
13.162
13.427

FA| 7.345
FS
SS
SA

FA
Fs
SA
SS

7.345
8.456
13.429
14.642

FA
Fs
SA
SS

2 -~ Hinge

5.806
6.020
8.949
11.103

B~ W N

FA
Fs
SS
SA

5.819
8.669
10.628
11.931

FA
FS
SS
Sl\

5.820
8.761
11.934
13.449

FA 5.820

FA
Fs
SA
SS

5.820
8.784
11.935
14.848

FA
FS
SA
SS

3 - Hinge

5.806
5.819
7.574
11.103

w N

4

FA
FS
SS
SA

5.819
7.169
10.516
11.931

FA
Fs
S8
SA

5.820
7.213
11.934
12.964

FAt 5.820
Fs: 7.228
SA11.935

|
S S‘13.325

FA
Fs
SS
SS

FS :lst

Symmetric

F A : 1st Antisymmetric

S S :2nd

Symmetric

S A ¢ 2nd Antisymmetric
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30°
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4.572
6.153
9.303
11.187
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FA
SS
SA

6.158
7.390
9.467
12.394

FA
FS
SS
SA

6.158
8.681
10.343
12.396

FA
Fs
SS
SA

6.158
8.947
12.228
12.396

FA
FS
SS
SA

6.158
9.001
12.396
13.876

FA
FS
SA
SS

90°

oW N

5.225
6.918
8.540
10.680

FA
FS
SS
SA

5.245
8.008
11.097
12.538

FAl 5.247
F S| 8.037
S A'11.104

S S¥13.775

FA
FS
SA
SS

5.247
8.047
11.107
13.858

FA
FS
SA
SS

5.247
8.050
11.107
13.876

FA
FS
SA
SS
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w N

4

4.537
6.923
8.449
9.842

FA
FS
SS
SA

4.557
7.227
10.056
12.485
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Fs
SA
SS

4.557
7.241
10.064
12.636

FA
FS
SA
S$S

4.559
7.245
10.064

12.658

FA
Fs
S A
SS

4.557
7.247
10.067
12.665

FA
FsSs
SA
SS

F S :1st Sym.

S S :2nd Sym.

F A : 1st Antisym.

S A :2nd Antisym.

— 5 —




6 SRABTENEE 8% 15 1974
Fagk 2b vV LREMRT—FOKME (7 4 XHEM
\ 2
f \ 40 120 200 300 400
1 {4.569 FS{6.159 FA|6.159 FA|6.160 FA!6.160 FA
0.066 2 16.155 FA]7.401 FS|8.731 FS|8.989 FS|9.039 FS
) 3 19.303 SS|9.444 SS(10.276 SS{12.170 S S{12.389 S A
4 111.188 S A|12.397 S Aj12.398 S A12.399 SA[13.839 SS
1 (5.313 FA{5.332 FA 5.333 FA|5.334 FA|5.334 FA
0.207 2 17.027 FS|8.287 FS|8.298 FS|8.301 FS{8.302 FsS
) 3 18.401 SS|11.237 SA[11.240 SA11.241 SAjll.241 SA
4 110.903 S Aj12.247 S S|14.013 S S{14.064 S S|14.073 S S
1 [ 4.747 FA} 4.767 FA| 4.769 FA 4.769 FA| 4.770 FA
0.289 2 17.530 FS|7.635 FS{7.637 FS|7.637 FS|7.638 FS
. 3 |7.837 SS|10.362 S Aj10.364 S Aj10.365 S AJ10.365 S A
4 10.339 S AJ12.864 S S[13.007 S S|13.016 S S{13.018 SS
FS:1st Sym. FA:1st Antisym.
SS:2nd Sym. SA :2nd Antisym.
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T

1st Sym.(1—hinge)

Y T T
2nd Sym.(Fixed) e

2nd Sym.(1—hinge)

T
//

2nd Anti-Sym.(Fixed,
1—hinge)

1st Sym.(Fixed)

pusp—p———

1st

!

Anti-Sym.(Fixed,1-hinge)

Parabolic Arch

————— Circular Arch

| 1 1

0

100

200 N 300 400 500

EoR BEE7-—F, I-evIT7T—F0OKE
2 OB

T T i 1
5L 2nd Sym.(2-hinge) |
4
K 2nd Anti-Sym. (2-hingt
,3-hinge)
10+ -
1st Sym.(2-hinge)
1st Sym.(3-hinge)
1st Anti-Sym.(2-hinge,3-hinge)
5r .
Parabolic Arch
===~ Circular Arch
0 | 1 J |
0 100 200 400 500

300
A
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K& 21oE&
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A =400 2-Hinge Arch
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. \\\
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2nd Sym. ~ S
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Parabolic Arch ==
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Parabolic Arch
—————— Circular Arch
0 ) L 1 i
0 30 60 90 120 8
0 0.066 0.134 0.207 0.289 ¢ 0 | L L I
- o 0 30 60 90 120 ¢
BAR 2-evY7—50 K & 6, f LOBEK 0 0.066 0.13¢  0.207 0.289 f

(A=40)
BE5X 2-bvY7—FO K& 6, f &0
Bk (A=400)
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===== Slope

10 1st Sym.(Fixed) K=9.902
T T T

T T
Parabolic Arch
o ~====~ Circular Arch 4

~
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Ist Anti-Sym.

3 L 1 1 L

0 10 20 30 40 50 60 8

0 1 2 3 4 5 6L,
Position of Hinge 6

BEH 3-tvY7T—FOdfe rVHEEKOBRK

1st Sym. (3-hinge) K=7.104 A
BTN BERREHEETIHNT—FO1IRE~F
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