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ABSTRACT N

The purpose of this investigation is to study the
suitability of bamboo as reinforcement for conical rice
bins, and to compare the theoretical analysed structure of
conical rice hins as composite and isotropic materials to
the field test measurement of deflections and strains of a
conical rice bin. The mechanical properties of bamboo and
mortar were determined by tests, the result of which will
be used in the design.

Bamboo, one of the most common materials available
in many parts of Thailand, may be proved to be a good
substitute for steel because of its high tensile strength
and is also the low-cost construction material. In the
investigation a variety of bamboo scientifically called
Thrsostachys Oliveri Gamble known locally as Pai Ruak in
Thailand was used. The test results also showed that the
average ultimated tensile strength, the average modulus of
elasticity and the average bond stress between bamboo and



mortar are 19s7 kg/sq.cm, 2.4 x 10" kg/sq.cm and 6»35 kg/
sg.cm respectively.

The mortar used for all the test samples had cement-
sand ratio of 1 : 2 by weight with a water cement ratio of
0.45» The average ultimate compressive strength and the
average modulus of elasticity of mortar were determined by
cylindrical control specimens (is cm. dia. x so CM.) as
408 kg/sq.cm and 3*0 x 10 kg/sq.cm respectively and from
cube control specimens (5°0 cm x 5.0 cm x 5*0 cm) as s2s kg/
sg.cm and s.2s x 10 kg/sq.cm respectively.

A prototype rice bin was constructed at the site at
Chulalongkorn University. Measurements were carried out,
using dial gages for deflections and electrical resistance
strain gauges for strains at various positions shown in
Figs. (22", (23)» Test results showed that the bin occured
higher deflections than the deflections calculated from
theoretical analysis about so percent. The bin did not
crack but sparse permeation in the bin cccured. This is
because there is  loss of moisture content of mortar during
construction, and because the mortar had not been mixed with
sealing compound and also because the water pressure was
2.25 . height which too high. The compressive
strength of mortar occured lower than the compressive
strength calculated from theoretical analysis about 19 percent
but the tensile strength of bamboocemont was equal to those
calculated.
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LIST OP DEFINITIONS AND SYMBOLS

a - gross sectional area of ring girder?
Ab _ bamboo area in ring girder?

effective sectional area of ring girder?

b>
T

Ask skeletal hamboo area per unit area of
shell section?

o, ~ radius of ring support of circular bin
lid .

H

) outer radius of circular bin lid:

A10).12(2)]

combination of Bessel functions of 2n(* order
ber2«x.f-A(z) + bei™ x.f2(2)?

subscript denoting functions belonging to
bottom cone;

c subscript denoting P3rt of solution
according to bending analysis?

flexural rigidity of shell
ERS/12(1 - v ) ?
d diameter of skeletal bamboo?

sh - modulus of elasticity of hamboo?
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[ = modulus of elasticity of uncracked

bamboo cement!

t = modulus of elasticity of fibre bamboo;

P = modulus of elasticity of mortar;

1 = modulus of elasticity of ring girder:

Et = modulus of slasticity of cracked bamboo
cement !

F = horizontal radial force per unit

circumferential distance acting on ring

girder;

= axial forces in ring girder!

Fo g = subscripts denoting functions belonging
to bottom and top ring girders respectively!
= yield strength of ring girder!
= horizontal radial stress resultant:
0 horizontal radial force applied uniformly

along outer edge of bottom cone in the
bending analysis !

Htiﬁ)Hto horizontal radial forces applied uniformly
along inner and outer edges of top cone
respectively] in the bending analysis!
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X .fl(z) 7f2(z)j1:

L

y9

Yy

XiX

thickness of hottom and top cones
respectively ;

1ecript dr oti g functio at inner
edge of conioal shell;

combination of Kelvin functions of 2n*
ord G

KerdoX.f (z) + KQig.Xof (z) ;

Rankina* coefficient for cohesiveless
granular materials on inclined 11,

12 (1~v)

layer numbers of fibre bamboo in bamboo
cement section ;

interacting edge couple of the cone union
per unit circumferential distance?

bending stress resultants at sections
across y and ( directions respectively?

ra 1o of thickness to inclined distance
of outer edge of the coneb

normal stress resultants in y and B
directions resPeGtiVely?



H

t:2

modular ratio of bamboo to uncracked
bamboo CGornent

V e0 "

subscript denoting functions at outer
edge of conical shell;

vertical live load acting uniformly along
top edge of hin ;

dead loads per unit distance on bottom
and top edge of bin ;

intensity of contact pressure of foundation
exerted on bin structure:

plate radial shear stress resultant;

shear stress resultant of section across
y directio

intensity of uniformly distributed load
on the bin lid

dead loads per unit surface area of
bottom and top cones respectively;

radii of top and bhottom ring girders
resuer ively
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= functions defined by T7i'qSo(34) d (35)
respectively;

= Spacing of skeletal bamboo ;
" = resisting force in skeletal bamboo

= subscript denoting elements belonging
to top cone |

volume fractions of mortar and fibre
bamboo in bamboo-cement respectively;

Jr VB

(r) = plate deflection function ;

Y, Z = intensity of load components in y and z
directions respectively ;

)y = co-ordinate distance from apexes of top
and bottom cones respectively ;

= distance of outer edge of bottom cone
from its apex ;

13 A9 = distance of inner and outer edges of
top cone from its apex ;
Z, Z = arguments of kelvin functions correspondin,

to y and y co-ordinates

2 |bny7 pot it and 2 k.y'h7cot oth respectively



Zq, Zj,

7Y

£[3

XX1i

arguments of kolvin functions ' defined
above corresponding to y0, y{ and y2

respectively ;
cone- i - vertex angle |

ratio of neutral axis distance from
compressive extreme fiber to thickness
of shell section,

ratio of skeletal bamboo diameter to
thickness of shell section,

d/h -

hulk density of rice;:

- density of water?

combinations of Bessel and Kelvin functions
of 2a™ order

bar2Z~br(z) + tﬂZEbi(z) and

ker2Z tvr(z) +keigZ rwe.(z) respectively

-~

horizontal radial deflection s

axial strain in skeletal bamboo



biL(z),Obr(z)

Al

XX111

tariront of angle of friction between
grain and bin wall |

tan (p

circumferential co-ordinate variable of
top and bottom cones respectively ¢

combinations of Bessel functions of
nd order

Zbei™ Z-2 "heilz, Zber, Z-2Vhei*z respectively
combinations of Kelvin functions of 2nd order,
ZIcei9Z-zVkei*Z, ZkeMZ-ZV kergZ respectively

ratio of modulus of elasticity of uncracked
to that of cracked bamboo-cement,

- /..,

s

ratio of axial stiffness of bottom ring
girder to bending stiffness of top conical
shell,

Ap xEc Ny
ratio of axial stiffness of top ring

girder to bonding stiffness of top
conical shell,

' lﬂEc h?



lbi<z)> M 2)

XXIV
Poisson's rstio |

arguments = ylyos yly2 respectively ;

Combinations of Bessel functions of

2ncl order,

y ZbeipZ-tfhe"Z, Vzber2Z+2berpZ respectively:
Combinations of Kelvin functions of

2na order,

VZkei2Z+2kei2Z+ 2Zker2Z+2ker0Z respectively;
parameter = y*/y2

Combinations of Bessel functions of
2n™ order,

b1 (x )° th i M2)5

Combinotions of Kelvin functions of
21U order,

i\r0). fl(z) +fXi(x)' f2(z) 5

Combinations of Bessel functions of
n™ order 5

zbeipZ+2'VjbeigZ,ZberIZ\Z+2‘J'%GTpZ respectively;



i (2), £kr(2)

0J

Combinations of Kelvin functions of
g d oréer,

ke Z+2>’kei229zker'22+2ylker2z respectively

angle of repose of grain ?

angle of friction between grain and hin
wall ?

rototion of tangent to the meridian in
generator ; and

vertical ring load on ring girder,
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