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APPROXIMATE FORMULAS OF PIPE BEAM SHELL ON
THE STAGE OF WATER FILLING FOR ITS DESIGN
EXCEPT BOTH SUPPORTING ENDS

By Shigeru Matsuo, C.E. Member

An approximate formula which has been so
far introduced into the simply supported pipe-
beam, may not be suitable for adapting to the
structure with medium and short spans.

It has been ascertained, however, that
auther’s approximate formula, derived from
Fliigge’s theory is suitable to be applied to va-

rious pipe-beams as shown in Fig. 1.
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The illustration of pipe beams, used in
the analysis.

Fig. 1

The pipe shell is subjected principally to
stress resultants of the equation (1), if we take
the components of displacement in the form of
the Fourier series, given by Fliigge.
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of the water pipe as shown in Fig. 1.

However, in the case
the series

dilatorily diminishes as m increases, for example.

2nt
m l+—_m2nznz

2
O xiptm® 4+ (1—v?) +%n2(n2—1)

Z =
1—275477477144—

4
n
+v444
mir'y

@n*—v)
6

+_‘3.2{2 S (d—v)mt+ 2}~;+§ 16 2_132_1_
g rn i m? 2V z'nim?
mn . mr
eain T o Nsin T :
sin— Y Nsin 2 (3)

Then, we substitute the following approxi-
mate value for the convergent value of eq (3).

1 . m= x
[Z\]]m=1'2—mTSlnT=[N:|m=1-§
n4
. iyt 3
- 5 T e (D
— 2y 4 2__ 2
(=2 + 1z 7" (n*—1) e

To obtain the stress of the pipe shell as
the cases (1) and (2) (Fig. 1),
the bending moment due to the own weight of

we substitute

the beam, at the supports, for the force distri-
buted on the neighborhood of the edges (Fig.
2.

Fourier coefficients on this force are repre-

sented by following expression.
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Fig. 2 The representation of the positive direction
for displacements loads, and coordinate.
The substitutive force for the bending mo-
ment on the beam.

Tb :

F,, == QA—a) ‘
F,m_—ﬂi(l ) m=2, 4, 6-- (5)

|

By 2”’(1%) m=1, 3, 5 |

Table 1 gives the approximate formulas and
the coefficients required for the computations, on
the pipe shell, half filled with liquid.

The outer fiber stresses computed on the
model of Hatanagl’s water pipe, vary with the
level of riquid water, as shown in Fig. 3 and 4.

On the various pipe beams as shown in

Fig. 1, strain-gauge and dial-gauge readings were

taken at various points, in the field or in our
laboratory. The agreement between the obser-
ved and computed values is good as shown in

Fig 5. and 8, {rom which it appears that, the

formulas derived above are both safe and
adequate.
The strength of Hatanagi’s water pipe

with medium span was computed by the new
formula, introduced in this paper.

kg cm"’
200

Fig. 3 Circumferential stress Diagram, on the
Model of Hatanagi’s water pipe.

Table 1 Formulas and Coefficients for Stresses of the Pipe Beam Half filled with water.
o 7 . Br2p ,
ngJp_l,:pa[ax.s%’? (@34 +25) +0.2227(I'18, ‘»14)] e [1—;- Toplpmsiz= —0.2227 p alhy+2.961 72%;]
. I | a1 o < c | o Cs
2 . 9/ =Cyb, |
TG+ Co? meoT [ | | 97.41 0 1.5710 0.9100 18.85 0
c p 2 | 6.088 0.8242 | 0.6667 0.2275 16.55 0.9000
Bn=Cu = 4 0.3805 20.60 0.1333 0.05688 | 15.98 4,500
; 6 0.07517 |  112.20 0.05714 0.02528 15.88 10.50
Typ=Cs1®+Cs o= 8 0.02378 |  363.50 0.03174 0.01422 15.84 8,90
Demsits of wat 10 0.00974 |  897.50 0.02020 0.009100 15.82 29,70
0 Density ot watex 12 0.00470 | 187.30 0.01399 0.006319 15.81 42.90
21:2(’,921‘-79,4+195,+ """"" —,'91:2 d___G"rﬂﬁ'z [ B
B = BB e Rt TG20,-6, “IB Eat
3= @0 — @y + @/ — oot — @’ . h ) half-full
Ay D gy T+ T B —voeerenrsos [y 01, 0; : Deflection Angle of the Pipe beam, by a half-full water

L kgen?
300

2004
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Water level {Just Full=17}

Fig. 4 Longitudinal stress Diagram,

on the Model of Hatanagi’s water pipe. Distributions.

~==~ Computed Value by the Traditioral Eguation,
* Qbserved Vaive.

Fig. 5 Outer Fiber Stress

—— Computed Value by the New Equation.
7~ Compated Valoe by the Traditional Eguation.

Fig. 6 Outer Fiber Stress
Distributions.
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