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Deflection and Strength of A Thin-Walled Circular Beam

by

Ritsuko KUMASHIRO, Tsutomu YAMASHITA
and Tsuneo TSUIJI

(Department of Structural Engineering)

The out-of-plane bending and twisting behavior of a circular beam with a thin walled cross

section is studied theoretically and experimentlly in this report.

The theoretical results are obtained by using two methods, which are a general curved beam

theory including the effect of the curvature on cross sectional constants and it’s simplified

slender beam theory.

The difference of these results is clarified numerically and the geometri-

cal limitation in applying the slender beam theory is proposed.
The experimental study on the behavior of an acrylite circular beam with a H section

subjected to normal loads to the curved plane is done and compared the deflections and strains

with the theoretical results.
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Table 1 Effect of curvature on cross-sectiona! charactaristics.
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Fig. 2 Comparison of slender curved beam
solutions to general curved beam
solutions.
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0.9 0.229} 0.191 +19.9( 0.516 | 0.381 +35 0.688| 0.572 +20.31 0.860| 0.710 +21.1
'0.1 1.15 0.723 +59.111.32 0.901 +46. 1.03 0.890 +15.7 | 0.975 0.744 +31.0
0.2 2.35 2.15 +9.3} 3.44 3.07 +12. 3.73 3.28 +13.7 | 3.27 2.90 +12.8
0.3 3.10 3.16 -1.9| 5.68 5.27 +7. 6.54 6.18 +5.816.19 5.82 +6.4
0.4 % 3.27 3.45 -5.2 1 6.48 6.29 +3. 8.31 8.25 +0.7 | 8.26 8.40 -1.7
0.5 E 3.33 3.10 +7.416.42 5.97 +7. 9.06 8.45 +7.2 10.3 9.48 +8.6
0.6 § 1.78 2.33 -23.6| 4.47 4.67 -4. 6.59 6.96 -5.318.26 8.40 -1.7
0.7 B 1.09 1.42 -23.212.81 2.94 -4, 4.64 4.57 +1.5 6.08 5.82 +4.5
0.8 0.516 { 0.624 -17.311.26 1.34 ~6‘ 2.18 2.17 +0.5]2.98 2.90 +2.3
0.9 0.115| 0.140 -17.9 | 0.344 | 0.313 +9. 0.631| 0.530 +19.1 1 0.860 | 0.744 +15.6
Lp; Load point in span L; Measurement position in span A; Experiment B; Calculation
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Table 3 Comparison of experimental and analytical results (Strains,
Load No. 1D

Lp=0.2 Lp=0.3 Lp=0.4 1p=0.5
L] axto® |Bx10® A];Bxloo Ax10" | Bx10* A§EX1OO Ax10* |Bx10*" Aiﬁxloo Ax10" |Bx10" AéBx1oo
0.1] 0.685| 0.839| -18.4| 1.32 1.45 -9.0| 1.63 | 1.67 -2.4} 1.57 | 1.55 +1.3
0.2| -0.461{-0.435 +6.0] 0.218| 0.327| -33.3| 0.755| 0.833 -9.4| 1.00 | 1.01 -1.0
0.3] -0.501{-0.430| +16.5,-0.932| -0.921 +1.2]-0.380{-0.284| +33.8{ 0.129] 0.162| -20.4
0.4] -0.367{-0.319| +15.5(/-0.809| -0.766 +5.6(-1.33 [-1.35 -1.5[-0.760(-0.759 +0.1
0.5| -0.173|-0.153| +13.1|-0.455| -0.444 +2.5]-0.935(-0.923 +1.3|-1.46 |-1.52 -3.9
0.6 0.038( 0.031| +22.6(-0.054| -0.049( +10.2{-0.307(-0.303 +1.3(-0.744(-0.759 -2.0
0.7| 0.213] 0.206 +3.41 0.337| 0.341 -1.2{0.342| 0.358 -4.5| 0.164] 0.162 +1.2
0.8 0.326] 0.331 -1.5| 0.620| 0.644 -3.7| 0.871} 0.915 -4.8) 0.973} 1.01 -3.7
0.9| 0.375]| 0.361 +3.9| 0.734] 0.759 -3.3] 1.16 | 1.20 -3,31 1.53 | 1.55 -1.3

Lp; Load point in span L; Measurement position in span A; Experiment B; Calculation

Table 4 Comparison of experimental and analytical results (Deflections,
Load No. 2, 3)

Lp=0.4 Load No.2 Lp=0.5 Load No.2 Lp=0.4 load No.3 | Lp=0.5 Load No.3
Lo fax10® |ex10? |ABxio0|axto® [Bx10® |ABx1g0|ax10? |Bx10® AB.100|ax10° Bx10° AE.100
0.1 1.03 | 0.697| +47.8| 0.803| 0.634| +26.7| 1.09 | 0.810| - +34.6| 0.975| 0.786] +24.0
0.2 2.59 | 2.20 | +17.7| 2.35 | z.04 | +15.2| 3.10 | z.55 | +21.6] 2.92 | 2.52 | +<15.9
0.3 &| 4.15 | 3.83 +7.8| 4.13 | 3.65 | +13.2| 4.82 | 4.37 | +10.3| 4.82 | 4.45 +8.3
ol g — |ees | — 4.935 | 4.99 -1.2] — | s.61 - 5.85 | 5.95 1.7
0.5 5.39 | 4.99 8.0 — |5.57| — |6.37 s.86 8.7 — | 6.535 | —
0.6 é’ 4.70 | 4,23 | +11.1| 4.95 | 4.99 -1.2| 4.99 | 5.13 -2.7|'5.96 | 5.95 +0.2
0.70 7| 3.38 | 3.01 | +12.3| 4.01 | 3.65 +9.9] 3.96 | 3.71 +6.7] 4.64 | 4.45 +4.3
0.8 1.84 | 1.67 | +10.2| 2.29 | 2.04 | +12.3] 2.20 | 2.05 | +11.7] 2.75 | z.52 9.1
0.9 0.631| 0.511| +23.5| 0.803| 0.634| +26.7| 0.745| 0.838| -11.1| 0.975| 0.786| +24.0
0.1 0.975| 0.642| +51.9| 0.803| 0.587| +36.8| 1.55 | 1.14 | +36.0] 1.15 | 0.900| +27.8
0.2 2.58 | 2.36 +9.3( 2.58 | 2.24 | +15.2| 4.47 | 4.19 +6.7] 3.78 | 3.55 +6.5
0.3 o| 460 | 4.45 va.3] 4,53 | 4,41 +2.7] 8.40 | 7.902 +7.2| 7.51 | 7.22 +4.0
0.4 8| — | s.00 — |'5.96 | 6.24 -a.s| — J1o.5 — l10.6 |10.6 0.0]
o.s| L 7.00 | 6.33 | s10.6] — | 6.06 —  |11.6 |10.8 +9.4] — 12,0 —
0.6 g 5.79 | 5.42 +6.8] 6.0z | 6.24 -3.5] 8.20 | 8.50 -3.5|10.4 |10.6 1.9
0.7] | 3.67 | 3.60 -0.5] 4.47 | 4.41 +1.4] 5.54 | 5.45 +1.7| 7.28 | 7.22 | - +0.8
0.8 1.84 | 1.82 +1.1] 2.35 | 2.24 +4.9] 2.52 | 2.53 -0.4]| 3.56 | 3.55 +0.3
0.9 0.516| 0.460| +12.2 0.688| 0.587| +17.2{ 0.688| 0.601| +14.5| 1.03 | 0.900| +14.4

Lp; Load point in span Lj Measurement position in span Aj; E;cperiment ‘B; Calculation

. 6t °6 T8z o o8 @8 ot 00 02 0% o6 o8 0
(2) Load point Lp=0.4 M () Load point Lp=0.5 (8) Load point Lp=0.4 (b) Load point Lp=0.5
Fig. 10 Strains in outer flange Fig. 11 Deflections at inner and outer

(Load No. 2) flanges (Load No. 3)
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Table 5 Comparison of experimental and analyticsl results (Strains,
Load No. 2, 3)

Lp=0.4 Load No.2 Lp=0.5 Load No.2 Lp=0.4 Load No.3 Lp=0.5 Load No.3
L ax10® [Bx10* [ABx100|ax10® [Bx10* [AsBx100 [axio® [Bx10v [A-Bx100 ax10* [Bx10* [A3Bx100
0.1} 1.24 | 1.16 +6.9] 1.26 | 1.15 +o.6| 2.10 | 2.19 -4.1] 1.87 | 1.94 3.6
0.2| 0.466] 0.446] +4.5| 0.687| 0.615| +11.7| 1.16 | 1.22 -4.9) 1.34 | 1.8 -5.0
0.3] -0.469|-0.409} +14.5-0.108(-0.138| -21.7]-0.208[-0.160| +30.0| 0.383| 0.463| -17.3
0.4| -1.07 |-1.03 +3.9]-0.838|-0.834| +0.4]-1.50 |-1.67 -4.8-0.633]-0.683] -7.3
0.5] -0.962[-0.964]| -0.2|-1.25 [-1.19 +3.4]-0.795|-0.882| -9.9|-1.70 |-1.85 -8.1
0.6] -0.485|-0.534| -9.2|-0.821|-0.834] -1.6]-0.040|-0.072| -44.4| 0.620|-0.683| -9.2
0.7 0.108| 0.050] +116.0]-0.075[-0.138] -45.7| 0.668| 0.666| +0.3| 0.458| 0.463| -10.8
0.8] 0.647{ 0.609| +6.2| 0.679| 0.615| +10.4] 1.15 | 1.20 ~4.2] 1.33 | 1.41 5.7
0.9{ 0.978{ 0.963 +1.6| 1.22 | 1.15 +6.1| 1.35 | 1.43 -5.6| 1.83 | 1.94 5.7

Lp; Load point in span L; Measurement position in span  A; Experiment B; Calculation

i 2 DOHFET, IBIIERLYINZ T HERFY
TleotlcbDTH %,

() —EWrEx AT ALY T, HEREEYH 2
THIE O HEREEF A OIRD ) 2R UcBEH LR
DOMRN T D BEf & OIENTED g DR D 2 &

(b) Load point Lp=0.5 %éhé
Fig. 12 Strains in outer flange Trebb R ORATE L REROE a/R M
(Load No. 3) 0.1 LIFClE, MHEDOEMHEILLACES 2 bh
~ B3 AT - A 10.11 el
FIEAL D OEEEICE X o7 (Lo=0.2) ICfE %, Ll TLECRIBE a/R #20.1 LT

s . 2 R . %
BURRE, 120 2L LTokbhbbl, thpe 00 CHIRVEROBEISERCE 5TH55 EHLb
e, BIEE DESKE . LnLAIICREE, T

Tebods LOOFHOYHED M - HE B TIRE m>%%ﬁ%m’tb&%f§0f?&%f%@%
ST & DR 0% LIS S & 5 Tio b, FHRERICR R L@AERL, 31, #REod

FR7ITHRRBE, tobhbOTh b RHECH SVEAEIRL &, MRHTEL DEMHEL LI TH
LB L < EOBALRLTL 5. 27

FEWEC B\ THEERL D Ofuly (Lp=0.5) KfF 9. 3
RS, fohhs KOO TARRES LR A —
L CERRHRIC 52, ERCEThERER, & kA, 82, WARIT
R =5 , 82,
@xg‘ﬁi‘lé:s_;t (EbLTL f): . o (2) Love A.E. H : A treatise of the Mathe-
?ﬁibﬁﬁg Load\ No: 3 BT, HEMHIEON matical Theory of Elasticity, University
fl7 5 v POOFHEBREERY 04 (Fig. 12 2fR) & Rress, 1927
oTB, ST £~ ¥ M LEFRTA (3) Culver C. G. & P. P. Christiano : Static
- 3 B V2 F T
Eo AV RDRECHELTODRDTH D, Model Tests of Curved Girder Bridge, Proc.

TS - ERIE L Ol D, 72 ) MRS R R of ASCE, ST8, 1969

Mk e LTHGWBZ Bk, RRAER S E{EEBLT (4) SpiES : WRE A G T 5 TAEMEIL D Ok
e 2%, WHETH D = Lovbn 3, I, BB B 5 AR, R4

8. LTV

FEEE, PREMENL D OFRIRENK L, B



