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APPENDIX A - COMPARISON op BIN LOADS

Water used for the loading during the experimental
work of this research, so, the designed Lin was investigated
by the comparison of the loadings as a result of ter and
grained stored.

Using the principle of pressure, it attained, hy
Rankine's method, Janssen' method (14); and this study is
guided Ly Ref. (16).

For water, the water pressure p in kg per sg.cm.
is the following

0.001 kg per cu.cm,

29.15e
77.70  cm

At depth h (y-y1) 00S5(t
(y-77.70) cos 29.15°

**I

5 = y

0.001 (y-77.70) X 0.87554

07 = 0.00087 (y-77.70) (1)

For grain, the horizontal pressure is obtained by
Rankine's method as follows p* =Y iy~



= 0.00063 kg per cu.cm.
C =26°
(1 = 24°

Aooocos” (v +ch)
COS4 (oos™+ sin?)

K =052 (26° +20.15°)
c0S 29.15°(COS 29.15°45IN 2602

= 022

The normal pressure p on the 11 is obtained from the following
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Geometry of Conical Rice Bin



ph = ph-h (a)

F = h . tancdj. (*)
From Static Equilibrium, =0

Fn + F* 008" + Fv sinndj. = 0 (C)

Substituting Equs () and (b) into EQ. (c) leads to

F= - (pu'h COSIV- p,,'h 3in%
(p p cosd’.)
cornP-C0s ¢+ g sin)fy
- F /GOrS]/dj. = ph GOS™M + pv sin *t
Pn = Ph cosbt + Pv sin2t (a)

in which the vertical pressure at the point considered

o= \.h

substituting p» and Pv in to Eq. (d) leads to

Pn = (K cosJt + sin”t) (a)
substituting the values of $1l and K for rice in Fq.( ), in
view of h = (y-yy") cos™+, leads to

= 0.00063(y'77'70)C03 29.15
(0,22 co0s2 29.15° + sin2 29.15°)
= 0.00025 (y - 77.70) (2)

' '10%9215

3
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According to Janssen' method in deriving the pressure
distribution of the grain,

FARR QN
| \ \A«) 4‘\
— — 5 7\\ -
-r i Py L A \
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Lamina of Graing in Equilibrium

Cosider  circular lamina of grain at the depth h
below the top of the bin under the normal and friction
forces, shown above Figure Summation of the Vertical
forces leads to the governing equation of the grain pressure

In the bin as.
dov  2Kn (L- 1 cot*l) Py
dﬁ ! Yr ()
in which /4= tan, and Kn = p = Kcos?é+ sing;

Py
Solving Fg. (f) in view of the boundary condition p =0

for h 0 leads to
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Pr=3Ly cos,/,

11 (1)

py ¢ K *ry cos4 11" (9)

Hence, p"

1 - 2Kn (1-1*coto™) applying Eg.  (Q)
to the bin consider leads to

in which

Pn =0.00028 y !1 - (7777 )0'847 (3)

The graphs representing the normal pressure in (2)
and (3) are almost indistinguishable and are compared with
that of water pressure in Pig. (4). It is obvious that the
normal pressure on the bin wall due to water is always
greater than that due to rice grain.

When the season of harvest has pass the rice bin

could be used to store water instead of the rice grain, this
Is reason of using the water is loading.
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APPENDIX B - MECHANICAL PROPERTIES OF BAVBOD

Bamboo is a native plant of tropical and sub-tropical
areas and is defined as a parennial grass belonging to the
monocotyledoneae class. According to AUSTIN and UEDA (1972)
Ref. 5, about 1250 Species of bamboo are known to exist in
the world. Although it is really grass, some species grow
as tall as trees, being usually 40 or 50 or sometimes 100 or
more feet tall, which diameter up to 12 inches or more.

Bamboo can be classified into main groups according
to its growth pattern namely, sympodial and monopodial as
shown in Fig. (B-1). ~ The structure of an individual bamboo
culm, shown in Fig. (B-2), is divided into nodes and intar-
nodes. The greatest amount of meristematic tissue for the
elongation of the internode is found just above the node.
The internodal tissue is made up of parenchymal cells and
vascular bundles with the latter consisting of vessels,
thick wall fibres, and sieve tubes. The water movement
take -place through the vessels, the fibres being primarily
responsible for the strength of the bamboo.

The purpose of this review and investigation is to
study the behaviour of bamboo as related to its use as . .
reinforcement and formwork for rice bins, Pai Ruak
(Thyrsostachys oliveri Gamble) a common cheap variety of
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bamboo found in Thailand will be used in this investigations.

HE. GEW (1950) reported that the average maximum
tensile strength of all varieties and species was about
37,500 PSi (2,637 ksc) between nodes and about s2.500 pSi
(2,285 ksc) at the node, the average modulus of elasticity
of the several species and varieties of species shows a low
value of slightly over 2.0 X 10 psi (140,628 ksc) and a
high value of over 4.5 X 10° psi (s16.414 ksc) with individual
species and varieties of species' falling wall between these
limits and the ultimate bond stress between concrete and
bamboo ranged from a high of approximately sso psi (25 Ksc)
to a low of zero psi,

R MERAS H.L. UPPAL and L.R. CHADDA (19s:) deter-
mined the tensile strength of Indian Varieties of bamboo as

14,000 PSi (9sa ksc) and its modulus of elasticity as
2.4 X 107 psi (168,754 kSC),

MESSRS. KENNETH L. SAUCIER and  ERAUKs STEWART (1964)
observed the ultimate tensile strength and modulus of
elasticity of hamboo as 9480 psi (sev ksc) and 1.86 X 10" psi
(130,784 ksc) respectively and attributed these low values
to difference in bamboo species, age and condition of
specimens.
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ROBERT J. MENTzINGER and RODNEY P. PLOURDE (1966)
reported that the average values of tensile strength for
varnish and sealer-treated samples 16,710 psi (1175 Esc)
and 17,780 psi (1250 ksc) respectively differed from the
tensile strength of the untreated samples 17)910 psi
(1259 ksc) by only 6.7 fo and 0.75 i respectively, both small
deviations when one considers the non-homogeneity of bamboo.
In addition, considering the fact that the tensile strengths
obtained by other researchers have varied between 14)000 psi
(984 ksc) and 37)500 psi (2,637 ksc), it can be concluded
that the tensile strength of bamboo was not significantly
effected by treatment, the average elastic modulus of the
untraeted samples was calculated to be 2.03 X 10" psi
(142,738 ksc). The varnish-treated samples had a greater
average elastic modulus value, 2.7 X 10” psi (109,848 ksc),
while the sealer-treated samples had lower average elastic
modulus value of 1.78 x 107 psi (125,159 ksc) and the sealer-
treated bond strengths averaged 104.5 psi (7.35 ksc), com
pared to the untreated bond strength average of 35 psi
(2.46 ksc) varnish too was proven to be an effective water
proofing treatment, averaging 43*3 psi (3*04 ksc) without
being coated with an abrasive, and 55*7 psi (3*92 ksc) when
coated with abrasive.
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HELMUT G. GSYIIAYER and FRATIK B. cox (1969) determined
the tensile strength of bamboo varies greatly with the type
and the condition of the specimen tested values as high as
53,894 psi (3790 ksc) and  low as ss50 pSi (390 Ksc) have
been reported for individual culm. For the design of hamboo
reinforced concrete members, a value for the elastic modulus
of 2,0 X 10" psi (140,614 ksc) is tentatively suggested.
However, for deflection calculations, it appears advisable
to use a reduced modulus ! tentatively 1.5 X10g psi (105,860
ksc) J For individual bond strength values given in litera-
ture for different bamboo specimens obtained in pullout tests
on whole, seasoned and unseasoned, treated and untreated
culms vary between 0 and 350 Spi (24.61 ksc), with average
ranging betiveen 3*5 and 168 psi (2.5 and 11.81 ksc). They
suggested that the coefficients of thermal expansion of
bamboo are are not compatible with that of concrete. Tests
on local small cane averaging approximately 26.00 x 10'6/0p
(46.8 x 100/°q) across the fibers and 2.00 x 10 "ok (3*6 x
10 /o parallel to their fibers, and poisson's ratios of
whole, indigenous, small cane culms ranged between o.25 and
0.41, the average being about o.32, very close to the values
assumed for most other construction materials.
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ALl ZAHID (1974" suggested that the ultimate tensile
strength for intarnodal and nodal section ranges from 37*400
PSi (2630 KSC) t0 73+300 PSI (5354 KSC) and 23900 PSi
(1680 ksc) to so=700 psi (2791 kso) respectively» The modu-
lus of elasticity in tension varies from 2.87 X 10g psi
(201,801 ksc) to 4*40 x 10~ psi (309*302 ksc). An average
tensile strength and modulus of elasticity of 34*000 psi
(2391 ksc) and 3.6 X 10° psi (253*131 ksc) respectively may
be assumed for use in design, and average bond stress was
found to be 161 psi (11.32 ksc) and the embedment length was
7.23 inches.

ALLM ABU SADEQLE (1975) said that both nodal and
inter-nodal samples were tested and it was found that the in-
ter-nodal specimens. The modulus of elasticity does not
vary consistently with its strength. The mean, standard
deviation and co--efficint of variation for tensile strength
of all the nodal specimens. were found to be 2s+s60 pSi
(1818 ksc), 2s70 psi (161 ksc) and 9.94 jo while for the
modulus of elasticity these quantities are 4.36 X 10" psi
(306,570 KSC), 0.48 X 106 psSi (s3.7s51 kSC) and 11.07 jo
respectively. The specimen with the node inside the concrete
block showed higher bond strength than the internal specimens.
None of the specimens were subjected to any treatment to
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improve its bond strength- The average bond strength was
found to be approximately 64 psi (4*5 ksc).

AHVAD JAN DURHAM (1975) suggested that Pai Ruak
variety of bamboo has an average tensile strength of about
19,000 psi (1336 ksc) at nodes and 24,000 psi (1687 ksc)
between the nodes, the average value for the modulus of
elasticity is approximately 2-1 x 10~ psi (147,660 ksc) and
the hond strength of plane, unsoaked seasoned hamboo with
the node is approximately fifty per cent higher than that of
specimens with-out node-  The bond stress decrease as the
soaking period for bamboo is increased. Deposition of sand
on epoxy coated surface of bamboo effectively increase the
bond stress. Wire wrapping of bamboo does not increase the
bond. He suggested that average bond stress is approximately
180 psi (12.66 ksc) at the node.
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APPENDIX ¢ - smcEAwTciL-PROPERTIRS OF 2atsoo-cm oI

The purpose of this investigation is to study the
mechanical properties of bamboo-cement, which is used in the
construction of the rice bin.

It will be assumed that the bamboo-cement is a com
posite material which the bamboo fibres are firmly bonded to
the cement mortar matrix so that no slippage occurs at the
surface of the fibres. The load acting on  composite
section per unit area carried by the matrix and [T types of
fibres oriented at an angle with the loading direction are
expressed the followings.

Modulus of Elasticity for Uncracked Bambooceaent.
Using the principle of composite material, it is obtained in
Ref. (7) that

—_ 4. 2 I
LA R (1)
= | N /2 .

EmZVnﬂJ’A—;Ll “ﬂ-zwa (2)

where Ec”®, Eml and -" ara the moduli of elasticity of the
composite, matrix and fibre i respectively in the upper part

and E.p. E4 and Ep; tie corresponding values in the lower
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part, FJ , M and A are the direction cosine of fiber i
with the direction of loading, the total number of fibres
and the volume of fibre i divided by the total volume of the
fibres in the upper part of the segment respectively, "2V’
and %10 corresPonding values in the lower part.

The parameters A( and A denote the length fractions
of the upper and lower parts of a typical segment.

Ve and Vo, which are also the volume fraction of

the matrix in the upper and lower parts of the segment that

Ve o1
_ A //E
= 1- .
le 1] i_l II (5)
o
\Vnl2 = 1 - 'y4 fr (C i (4)

-1t

For a typical segment, the effective modulus of
elasticity of composite Ec can be obtained by considering

the strain of each part, thus

1 | X2
Ee Ecl © Ee2
and Eq inc| A1+A1 (5)



V1=

Eml

Flv =
E.Eh —
*1 =

vV =

Subscripts V and H denote the direction in vertical and

% = €5

Ev = ElH= E2H :
o~ Em

FQV: 0

By= 1

N2 [

v =%y =¢ly

48

Horizontal fibres respectively, substituting this values in

Eque (1), (2)5 (3), (4) end (5) leads to follows

Ect = Emfm * 09 g

EC2 = ETWQ+O.5 I\

Vm-|1 = 1-05 f

me 1-05 Vf

TfC -_—=. 2
|1+ Ecl ]
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Modulus of Blasticity for Craeked  mboo-cement.
Introducing an empirical factor 8" for the reduced contri-
bution of the mortar in the cracked range; from Ref. (21),
the modulus of elasticity of bamboo-cement may be written as

in Fgs. (6) and (7) as follows

"t fhmdl ot f (11)
Eté) = fg]%w t 0.5 Ef,,7f, (12)

in which E” and 2 denote the modulus of elasticity for
the lower and upper part in the cracked range. By curve
fitting, it found that varies linearly with /£ and

the expression obtained is

Pm. = 1001 +0.543 7 (13)

Similarly, in the cracked range the effective modulus of

elasticity E+ for typical segment becomes

It Eyr A i (14)
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Modulus of shear Rigidity for uncraoked Bamboo-cement.
Using the principle of composite material, it is obtained in

Ref. (27) that

et = G Vi +;/_I 2:1 1 (FR By ol (35)7

e02 - % V. *h hi h-F2i) hihi <16>

where Gc2 end Gn2 denote the modulus of shear rigidity of
the composite and matrix respectively for the upper part of
the typical segment. The corresponding values in the lower
part are G_0 and Similarly, the effective modulus of
shear rigidity Gc of typical segment is obtained as in

& (5) in which

Cl (17)
A 1+X2 .Gl
In this case A2 = A2 — ouws
By =B -pH - gy ° H

Gl "t = om
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= vy =0
PHT 1 71
= N2 2
v v T = Uy = 7

Substituting in this values in Fgs. (15); (16) and (17) leads

to foilow »
o = On Vil (18)
i:’:-f-i m" 2 (19)
H 7T | (20)
Gel
G c2

Modulus of shear Rigiciity for cracked Bamboo-cement.
Introducing another empirical factor (p for the reduced
contribution of the mortar in the cracked range, the modulus
of shear rigidity can be obtained from Egs. (18) and (19)

as follows e

Gjj Gn Gm bl (21)

Gt2 =  mGm '12
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in whichG ad denote the modulus oi shear rigidity
for the lower and upper part in the cracked range, the value
of Ip used in this investigation is taken to be equal to
[Mexpressed in B9 (13). Similarly, the effective
modulus of shear rigidity Gt of typical segment in the

cracked range is

b Gugra, (23)
£ G

Poisson’ Ratio of Bamboo-cement. By definition,
Poisson's ratio vc is the ratio of the lateral strain to the
longitudinal strain. This is expressed in terms of the nmodu-

lus of elasticity and the modulus of shear rigidity, thus

% = I (24)

N
LGC
Ultimate strength in Axial Tension and Compression of
Bamboo-cement.  When fibres of relatively high strength and
modulus are embeded in brittle matrix, the ultimate strength
of composite is derived from the ultimate strength of fibres

only, it is found in Ref.(21), the ultimate tensile strength
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of banmboo-cement is

otV N % i e (25)
Al i=l

w %5 § o4 (26)
2 g

in which ~1., 621, 6tul and 6tu2 are the ultimate tensile
strength of fibre i and the ultimate tensile strength of
bamboo-cement in the upper and lower part of the segment

respectively.

Substituting 61- = i = A~ = the tensile yield strength
of the fibre barboo in Egs. (25) and (26) leads to

6tul = btu2 = 05 7f 6fy

In axial compression; the ultimate compressive strength of
bamboo-cement is controlled by mortar only and is given in
Ref. (21) as

/
scul = o885 fg (28)

e = 08 T m (2)
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in which ¢ 1, ('A25 olx add 1P a8 ‘the ulfanaQ ex-

pressive strength of bamboo-cement and the crushing strength
[
of the mortar are assumed to be equal to 0.85 fc in the

upper and lower part of the segment respectively.

In plane Force and Couple in Bamboo-cement Section in Tems
of Fiber stress. The Sections, as shown in Figs (¢-1) ad
(c-2), consist of a skeletal grid of barboo bars, sand-
wiched atcenterby two layers of bamboo-cement. The volume
fractions of fibre banboo and mortar are Y¢ and  respectively.
The skeletal Banboo has  diameter =d and barboo area =is
per unit width. The stress distributions, as shown in Figs
(c-) and (c-2) are bilinear. Tre neutral axes lie at hg
from the compressive extreme fiber. The strain distributions
are linear aslong as shear distortion in the sections is
not permitted.

() Stress resultants in longitudinal - In this case,
Is is the area of the bottom most layer of the skeletal banoo
Fig (c-1). If the section is loaded until the tensile ad

compressive extreme fiber stresses are 6t nd oc respectively,
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the summations of forces and nmoments lead to

[
whoho L5+ 3L ) } 6che (50)
(h - hc)*
and
fh-2h i-(F o« F.o)
WP ke (oo f N )
+Ts (] +d - he) (31

in which p and M= resultant in-plane force and couple,

= the resisting force in the bottomsmost layer of the skeletal
bamboo = ~t  Ags h =thickness of the bamboo-cement
section. Using the compatibility between the bamboo-cement
and skeletal barboo, To is obtai ed as

T = XnA (~+d- e (31)
(h-1
inwhich A = £ ay D Substitut
in whic T . 3 ubstituting Ej (31)

into &5, (30) and’ (31) and simplifying lead to respectively.

P = (I-M)(-r.D- ~ o Ak (1+27d-3720)4  (32)
ri-~rr'
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35H(1-20(.)f . cj* 2 (1-»)2(1-12K |~ i8k( 2V 2°y2  (35)

in which ¢&X :’r;c,@:ﬂ, o h M:M’P:R
rl= (1+>d- 22)2 (34)
41 - 0)2
and
9 (1 +3" - 2*%)5 (35)
8 (1 -<0)2

The assumption of a linear distribution of strain .yields
RSO )
and in view of the stress-strain relations, fc 'I6

ad fc, = £6 Eg (s6) becomes
Et

il-fc - AU (37)
* X

Equations (32)5 (33) and (37) are the three governing equations
that re solved for three unknowns ., P, Mand o . The
values of and © can be determined from the stress-strain
relations since the strain 61 ax (c can be measured by

ore methods.
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It should be noted that the governing equations are
valid only when extreme fiber stresses are not both compressive
or both tmsile, i.Co, wren 0 41, other-wise, the
stress distribution nmust be formulated based on a single
modulus of elasticity of bamboo-cement.

Solving the governing equations leads to.

SANASK(1+28-20¢)2 + 4 (1-r2)(I»b)5 + 4 Adc = 6i +3(1-2 :0) (38)
F(l~ ) [>, 2 1~ 5

61 = 1M (1- 5) + 6p (1- 5) (1-2%) (39)
5, MAsk(l+2c”-220)2+4(1-r2) (1-AV + 4 x 4

i g (40
A Gt2g-2¢ (41

() Stress resultants in circum-ferential direction
In this case  is the area of the middle layer of the skeletal
barboo Pig. (c-2). The governing equations, similar to those

in the longitudinal direction, are
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Ts . X#3 (8 - ho) (42)

P - q(l-* HI-N)- ¢loia »'8  ( 45)

(I-*c)
31*4(1-2 = AL +A (1 )2(1-rg+ Andat(l-2°C )y (44)
(I-*c)
and
L- 3 (45)
odt A9

Solving the governing equations leads to

INABK(I-270) 244 (1-r2)(10C0)5+#4 ~ = Gm + 3(1-2%)  (46)
i 1-2%0) + (L-A(L- )2-, 2 9

4 = 1M (1- M+ 6p (1- 5)(1-2%) (47)
3NAGK(1-27) 244 (1-r2) (1-7 ) SHMA
4 = A A
4 = 4A(1-24) (48)
a7 w?

The above discussions were determined mechanical
propertias of bamboo-cement by theoretical of composite material.
But in this experiment investigation of the rice bin* the bamhoo
and mortar were assumed to carry all the tension and compression
respectively, so, E =E and E =E .
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Table'! = Membrane Analysis of Bin under Dead Load

Loading, Notations
and Conventions.

Load Components

JMembrane Stress Resultants and Displacements
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Tablet*)- Membrane Analysis of Bin under Edge Load

Loading, Notations

> Load Components ) Membrane Stress Resultants and Displacements
and Conventions
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Tablefd - Membrane Analysis of Bin under Water Loading

Loading Diagram

Load Components

Membrane Stress Resultants and Displacements
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Table (5a)-Proparties of Materials Used in Design of Conical Rice Bin.

Item Value
Mortar
Ultimate Compressive strength of Mortar f , kg/sg.cm 5
Modulus of Elasticity of Mortar E , kg/ .am 3.25X105
R 1
Ultimate Tensile strength of Fiber Banboo, kg/sg.cm 1937
Modulus of Elasticity of Fiber Barboo kg/sg.cm 2.64X105

Ultimate Tensile strength of Skeletal Bantoo, kg/sg.cm 1937

Modulus of Elasticity of skeletal Barboo ER3 kg/sg.cm 2.64Xlos
Baboocement  Section 1

Modulus of Elasticity of Uncracked Bamboocement EC,kg/sq.cmZ.58xI(JJ
Modulus of Elasticity of cracked Bamboocement # kg/sg.cm  0.066x10'
Poisson's Ratio of Barrboocement (Appendix-C), 0.2643
Ultimate strength of Bamboocement in Tension, kg/sqg.cm 1 28
Ultimate Conpressive strength of Bamboocement, kg/sg.cm 307
Bond Stress Between Barboo and Mortar, kg/sg.cm | 835
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Table (5b) - Details and properties of Bamboocemrent Section.

Item Value
Thickness h, an 5.00
Size of the Skeletal Barboo, an X an 0.50X1.00

Spacing of Skeletal Banboo in Longitudinal direction, am o
Spacing of Skeletal Bavboo in Circumferential direction,cm 20

Layer of Fibers Barboo Mesh L 2
\olure of Fibers Barboo Mesh per Unit area per layer , g
cu.cm/sg.cm/layer '
\olure Fraction of Fibers Barboo Mesh =Lyl 0.03
\olune Fraction of Mortar, 'V =l-vg 0.97

3#&9&%%&;@ Area per Unit Section in Longitudinal 0.014

éh%lc%%ln%km Area per Unit Section in Circumferential 7
Modulus of Elasticity of Uneracked Barboocement Ec,kg/sg.cm2.53dan

Modulus of Elasticity of cracked Bamboocement E,,kg/sq.cm  0.066x10°
Poisson's Ratio of Banboocement 0.2643
Ultimate strength of Bamboocement in Tension, kg/sg.cm 2
Ultimate Compressive strength of Bamboocement, kg/sg.cm 07
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TABLE (ea) - EDGE DISPLACEMENT, Ri IG FORCES AND UNIFORM CONTACT PRESSURE

OP THE FOUNDATION "1 TO COIR'INATION 1? LOADING CASES.

TYPE DLo EL. IL» DL+HWL+EL
TOP RING Ft (kglcn-i) -0.9225648XI01 -0.1747882 0.0000000 -0.2666447
GIRDER ( ) -0,1720166X10" -0025155IXIUs 0.0000000 0.4971717 XU
BOTTOM RING. Fb (kglem) -0.1143169XI01 -0.1790762X102 0.3906072x10 0.3892849x7c

GIRDER Of (@)  Ds873094X1C5 -0.9200364XI04 0.1337902X101 0.1269971x1*

Pr (kg/sq.cra 10.286575xl0o-1 0.2876297x102 0.9585320X101 0.1275870

TABLE (6 ) - FORCES ATD STRESSES IN BIX CAP (circular plate)

rla (cm/cm)

0.20

o O

0.40

0.50

0.60

o

o 2o
0.90
1.00

1.10

1.21

(cm)
-0.11491X 072
0.11341x10~2
0.10896x10“-
0.10167x10%“2
0.91771x10°5
0.70547xi0~5

0765336X10
0.49756X10""
0,33208x10-5
.16382x10%5
—6.13096X10 '
-0.15395x10"
-0.316d7x10~5

QL (kg/cm)
0.00000
-0.69539x10™1

-0.13907

-0.20861
-0.27815
-0.34710
-0.41723
-0.48677
-0.55631
-0.62385
-0.69540

0.16144

-0.31357x10-~6

M, (kg.cm/icm) M (kg.cm/cm)

0.88617x10
0.87539x10

0,84304x10
0.78913x10
0.71365X10
0.61661x10
0.49800x10
0,35783x10
.19609x10
0.12795
-0.19207x10
-0.61591

-0,25331Xl0"6

0.88617x10
0.88025x10
0.86248x10
0.83287x10

. 19141x10
0.73811x10

.67297x10
0.59598x10
0.50715x10
0.40647x10

.29395x10
0.27926x10
0.25984x10
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Table (7) - Limiting Stre ses at Aav Conditions

LIHITING STRESSES AT YIHD GONOITION

BAMBID CEMENT IN TENBI QN LONGITI, INAL
1LRECTION =o,5 Vf fy(kg/cm2) 28

1ARCULEEN-
TIAL DRETION- &5 sfefamm/om2) 2B

BAVEID CHMVENT IN COMPEESAION =0.85 VMkg,/cm2) 307

SHETA. BAVED len2) 1937

LIMTING STRESSES AT ALTOAME E GONDITION

BAMBID (EMENT IN TENSION  LONGITLDINAL
| DIRECTICN = 0.5 vf 7, (kg/lcm?2) 14

1 QROUVARENT
TIAL DFE:]TGT— 0,5 Vl <|SJkg/Cm2) 14

e ——

BAVEID GEMNTT IN GOMARESION = 0.45 VIn (kglomR) e

SEETAL BAMED (kgom2) es
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Table (8) - Theoretical Results of Stresses in Longitudinal

Direction.
yly2 v My 0 Iy 0c !
comam) - (kg.cmken) (kglem) - (omem)  (kgfem ) (kgfem2) (kg cire)
0.70 7 1.51 0.210 -0.357  -4.960  -4.050
0.30 3.41  3.46 0.850 -0.006  -1.496 -0.181
0.35 -23.90 5.33 0.090 4.629 20.143 60.319
0.90 -81.43  7.31 0.111 12.726  69.914  163. 266

0.95 -151.71 7.74 0.118 22083 129.904 281779
1.00 -161.65 3.75 0.124 22.267 138.686 282.785

Yiyo ] Ny y |
camam) (kg omiam  (kglem) (amiom)  (kgle,r)  (kglem2)  (kglemn)

1.00 -161.65 715 0.120 25216 139.308  295.797

0.90 -176. 34 1884 0.110 27.00 152.270  359.572
090 -143.25  23.90 0.100 25.465  124.495  329.415
0.70 -91.10  23.63 0.090 17.523 58.847  200.215
0.60 -41.19  19.85 0.050 10.987 25.444  147.115

0.50 -5.77  14.49 0.010 5.012 2.228 68.763

= = »



Table (9)

yly2

0.70
0.80
0.85

0.90

0.95
H:C.C)

VA%
(omam)

1.00

0.90

0.30
Cro
0.60

. 50

Direction

M9
(kg.cm/cm)

1.75
1.96
-5.77
-23.59
-47.75

SONEE o)

(kg.amam)

-38.47

-80.99

-58.07

-32.02

-10.14

3.66

N9
(kg/cm)

10.48

30.35
42.77

37.94
-13.80

-140.33

%
(kg/am

-139.14
-50.14
11.41
43.90
52.31

45.04

It

(kglem2)

-0.42

-0.47
1.385
5.662

11.460

13.820

(kg/em2)
21.233
19.342
13.937
7.685

2.434

-0.878

£c
(kglem2)

-0.42

-0.47

1.385
5.662

14.220

41.886

Co
(kgicm?2)

49.061

29.37

13.937
7.685

2.434

-0.878

69

- Theoretical Results of Stresses in Circumferential

A

(kglem2)

59.886

173.429

244.400

216.800

(kglem2)

65.200
250.857
298.914

257.371



10

Table (10) - Tensile strength of Bamboo

N Section Tensile of Renarks
cm X cm) Stress  Elasticity

i Cross Ultimate  Modulus
Specimen L%ﬁ%h ]
ac
(ksc) (ksc)

Failed Near
1 0.52x0.84  11.00 180 27305 i Grips
2 0.53x0.85 ) 2000 25610 %

Failed at
3 0.50%0.30 v o 275x106 FAE 8
4 0.50%0080 » 1900  2.43x10" i

Failed Near
5 0.54x0.82 2 200 2.74x105 % Grips
6 0.54x0.80 2080  2.bOxl05 »

I
ABRXE UTIVAIE TELSILE 7. 'S

ARRE MDULS G- BASTIATY

1937  kglem2
2.64X10" kg/cm2
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Table (11) - Results of Bond Test on Bamboo skin

Specimen Weight of Size of  Failure Type of  Erbeged Bod
ot o e T G
1 1753  0,50X1.00 465 Slip 19.5 7.95 J
2 1790 @B~ o5 450 19.8 7.58
3 18.00 0.50X1 00 510 t 19.6 . 67
4 1793  045xlos 490 ? 19.8 8.25
5 1790  0.49x1.00 400 19.9 8.09
6 1780  048x1.00 Xo | 19.7 8.06
7 17.70 0.47x1.00 500 I 19.5 8.72
8 17.80 0.46x1.00 100 19.4 9.00
0 1800 0O.doxi.oo 50 P 15-9 8.83

ARXE RIDSFES = 835 kgom?
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Table (12) - Results of Compression Test on Mortar Cube Specimens,

Specimen  V¥ights Size Ultimate Ultimate  Moadulus_ of

N (grams) SemX anX an) (tLgdﬁé) (Eé/rc?rfé) %l:g/zgg)ty

1 294 5.00x5» ooxs«@)  9.90 396 3,,96x105
2 W f 9.00 360 3.60x105
3 275 t 9.60 4 3.84x105
4 288 t 8.40 336 3. 36XI05
5 295 f 7.40 296 2.96x105
6 290 N 7.65 306 3,,06x105
7 2% t 6.60 264 2.64x105
8 275 t 7.35 294 2.94x105
9 230 t 8.95 33 3.58X100D
10 290 t 7.40 296 2.96x105
n 2 f — 3 3.34x105
12 295 7.00 280 2.80x105

CEMENT - SAND MORTAR RATIO 1t 2 ( BY WEIGHT )
WATER - CEMENT RATIO = 0.45

g 100 fA

AVERAQE MODULUS OF ELASTICITY 3.25Xlos kg/lcm2

average ultimate compressive STRESS = 325 kg/em2
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Table (13) - Results of Compression Test on Mortar Cylinder
Specimens.

imen Size  Weights ultimate Ultimate Mbdulus _of
Spec ] Lgrﬁh load Stress Elasticity

@nXany  (kgs) (cm) (cons)  (kglem2) (kg/lem?2)

1 '1530  12.50 20.00  69.50 393 3.04Xl05
2 01530 1210 e 75.00 a3 2.80x105
3 P 15X30 12.15 20.00  75.40 421 2.92X105
4 T5 11.50 20.00  71.00 s02  2.86.X105
§ 015x30 12.25 20.00  72.00 407 3.11X105
ARE COMRES\E STRESS = 408 kg/cm2

ARXE MDULS G- BEASTIATY * 2.95x105 kg/em2
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Table (14a) - Experimental Results of Horizontal Radial
Deflections at position (a)

POSITION DIAL GAUGE READING AT VARIOUS STAGES OP LOADING
OP DIAL (cm) X 10~5
yyz DoL. D.L+17.4L.L. D.L.+~L.L. d.1+l1.1. DOL.+L.LO
(cm/tm) loci'"
1.00 0 50 1,00 1.50 3 o
0.95 0 2.00 4,00 9.80 19.30
0,90 0 3:50 7.00 16.20 25.00
0.85 0 4.00 7.70 17.00 25.40

POATION DALCA[EIEODI\GNVA%%B SIAES - FBOND LOAING
Q- DAL (cm) X1

yly 2 DL b.t+17.4L.L. D.Lt~LL, d.I+|L.1. DoL0 0LO
(cm/cm) 100
1,00 -7.20 -5.90 -4.70 -3.20 0
S5 - -22.00 22000 -18.00 -10.90 0
0.90 -26.00 -22.50 -19.00 10,00 0

o & -25.80 -22.30 -18.80 -8.80 0
—i
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Table (14b) - Experimental Results of Horizontal Radial
Deflections at Position ()

PCAITION DAL GAE RAAONG AT VARAS STAES F LONOING

Q- DAL (TS

GAGS tem) X

yho DL D.L%4L.L. DLe M« D.L-tjLL Dlet Le
(eralom)

~  1.00 0 1.00 1.20 2.20 2.60
0.95 0 3.00 5.20 10.00 18.00
0.90 0 3.90 6.80 14.90 23.80
0.35 0 4020 7.10 15.20 24.00

POSITION DIAL GAUGE READING AT VARIOUS STAGES OF REBOUND LOADING
|AL A

FS (Cm) x 10

?

vy’ D.L. D.L+]17.4L.L. DAL, D.L.-I-gL.L. D.L. 4Loljo
(cmifem) o
1.00 -6.80 -5.80 - 5.30 -3.00 0
0.95 -19.60 -18.10 -15.00 -9.20 0
0.90 -24.50 -20.80 -17.80 oo 0

— . 1
0.85 -24.50 220 €60 -17.70 -5.50 0
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Table (14c) - Experimental Results of Horizontal Radial

Deflections at Position (c)

POSITION . DIAL GALE READONG AT VARIOUS STAGES OF LOAONG

S e
D0 D.L+174L.L. D«Le+ALL D.L.+L<> 1oli@ Lo
(cm/cm) 100
1.00 0 0.50 1.30 3.20 4.50
0.95 0 3,50 6.50 10.50 18.00
0.90 0 4.20 9.20 16.00 22.00
0.85 0 5.00 10.00 17.00 23.00

Z.ES&L‘?—N DAL GAGE RAADING

AT\PROS STAGES OF REBOND LOADING
(@) X 10 A

yly2 DL D.L+1]07.4L.L. D.L4-L.L. d.1.+]1.1. D&ctLoLo
(cm/cm) 0 -
©Oco -7.25 -6.00 -5.10 BEH 0
0.95 -19.00 -16.00 -12.30 8 oo 0
0.90 -22.50 -19.00 > -7.00 0
0.85 -23.60 O O -13.40 -6.50 0
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Table (15a) ~ 3xperioriental Results of Stresses in Longitudinal
Direction at Inner Fiber

LONGTUONAL DIRECTION AT INNER HBER

PCAITION  STRAIN INDICATCR READOING AT VARALS STAGES MIDULS  STRESSES

STRAIN G LOAONG (omiem) X10™ EASTIATY (kg/om2)

DL+ -

yly2=0,10 o 0.08 0.15 0.28 0.45 0.066xI05  3.00

080 o 0.01 0P 0.05 0.08 » 0.50
085 o €10 o2 o050 079 ? 5.20
0.90 0 0.25 0.43 1.10 1.76 ? 11.60
095 O 0.5 0.95 1.89 2.94 ? 19.40
100 o 03 1.09 2.14 3.21 ? 21.20
ylyo=090 o 0.60 1.25 2.69 4.09 ? 27.@
080 o 0.50 1.10 2.59 3.83 ? 25.30
070 0O 0.43 1.00 2.05 3.09 » 20.40
060 o 0.15 0.32 0.79 1.24 7 3.20

0.50 0 0.09 0.21 0.45 0.61 » 4.00
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Table (15b) - Experimental Results of Stresses in Circumferential

Direction at Inner Fiber

AROUMHERENTIAL DRECTION AT IN\ER HBER

PCAITION STRAIN INDICATCR READING AT VARIOUS STAESS MIDULS  STRESES

SIRAIN & LOVING (amfem) X 1075 ALASTITY (kgfem2)

GAES [ole+ .
o DL gfeal gl oPLHLL d i+l 1 DOHelo g yomp)
(amiam) 100

Ny - © 0 0.06 0.11 0.25 039  0.066xI05 250

080 O 0.09 0.14 0.30 0.59 3 3.90
085 0 o013 o017 048 073 3 4.80
ooo O 0.14 0.21 0.56 0.75 ? 4.93
095 O 0.20 0.41 0.83 1.28 9 8.43
100 O 0.25 0.51 1.08 1.61 2 10.62
jlyoo.90 0 0.35 0.95 1.89 2.94 1 19.40
080 O 0.40 0.93 1.74 2.62 b 17.32
o070 0 0.30 0.49 0.98 1.59 3 10.48
o60 0 0.18 0.29 0.54 0.85 9 5.61
0.50 0 0.05 0.09 0,12 0.15 ® 1.00

lH
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Table (15¢) - Experimental Results of Stresses in Longitudinal
Direction at Quter Tiber

LONOITUONAL DRECTION AT QJIRR TIBERR
POSITION  STRAIN INDICATCR REAONG AT VRO STAES MOIDILLE  STRESES

STRAIN - LOQDNS (cn/cm) x 10"s AASTIATY (kg/om2)
m) DL 1%{}_ DLY40T DL+LL DLotolo e
yly2.70 0 0.01 0.02 0.02 0.03 2.58xXlI05  7.74
080 0 000 002 003 oo4 J 10.32
085 0 -001  -o0.03 -0.05  -0.07 1 -18.06
o.oo O -0.05 -0.09 -0.17 -0.25 P -64.50
@x O -0.07 012  -o0.30 -0.46 k -118.68
100 0 009 0.5 -0.31 -0.48 I -123.84
AROUMAERENTIAL DRECTICN AT QJIER ABER
Yly2=0.70 0 001 002 o002 002 3 5.16
080 O 0.02 0.02 0.0 0.04 I 10.32
csgg 0 803 niQ@ 005 -0.06 1 -15.48
"~ ooo O -0.05 009 -0.14 -0.20 1 -15.60
095 0  -007 -012 021 035 : £90.30
100 O 010  -019  -030 042 - -108,36
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Table (15b) - Experimental Results of Stresses in Longitudinal
Direction at Skeletal Bamboos

LONATUDINAL DIRECTION AT SKHLETAL BB
POSITION  STRAIN INDICATCR reading AT VAROS STAS MIULS  STRESES

STRAIN - LOAONG (cmc ) X10 A EASTIATY (kglom2)
%ﬂfcﬁ) DL Pt % DLHLL DLALL DLedlalio (kglom)
100 *
y/y2=0r70 0 -0.07 -0.03 -008 002  1.5xI05 3.0
080 O oot 000 005 008 P 12.0
08 0 0.06 0.18 037 0.8 If 87.0
ooo O 0.20 0.41 0.85 1.20 180.0
095 O 0.25 0.44 119 200 f 300.0
reo 0 0.11 0.65 127  1.01 ff 286.5
ylyo=090 O 0.35 0.61 153  2.48 tf 372.0
080 O 0.18 0.47 149  2.36 354.0
0.70 0 0.21 0.49 1.10 1.63 f 244.5
060 O 0.21 0.39 083 127 f 190.5
050 O 09 0.15 039 o054 4 81.0
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Table (150) - Experimental Results of Stresses in Circumferential
Direction at skeletal Banboos

AROMERENTIAL DIRECTION AT SHETAL BAVBIS

PCAITION  SRAIN INDICATCR RAIING AT VRO STAESS  MIULS  STRESSES

STRAIN P LOON - (omiom) X10°5 BASTIATY (kg/em2)
(amiom) DL . ulL Dl L oL DILHLL DloHeXe (kg/cm2)

yly2=0.70 0 0.06 0.12 0.30 0.48 1.3x105 72,
080 o 0.30 0.60 1.10 1.50 » 225,
0.85 0 0.22 048 1.12 1.72 } 258.
0.90 0 0.28 0.47 0.94 1.54 H 231.
1.00 0 0.01 0.01 0.02 0.09 » 1305

ylyo=.90 0 0.03 0.08 0.10 0.15 7 22.5
080 o ‘13 0.21 0.52 0.70 b 105.
060 o 0.21 0.40 1.23 2.00 300.

0.50 0 0.22 0.50 1.12 1.75 ? 2630



Table (16) - Cost .Analysis

Unit
Operation A B C D E Totl CB:ghtst %ﬁt
laOr (’an - days)
Skilled 2 5 2 2 1 12 45 540
Unskilled 2 3 2 5 1 15 25 35
Material
Cement, kg 323 - - TH A U2 o540 6B

Sand, Qump 074 - - 0.60 0.03 1*57 70 9%
Fine Aggregate, Qum 030 - - - - o5 10 &
Barboo Skeletal 4 m,, =~ 48 - - 43 2 %
Barboo Fiber 4 m,, - 100 - - 10 2 20
plywood,  sheet _ -4~ -

(4rm X201, X2.4Qn) 4 b e

Woad, shee

(SR X5t X 2.00m) * - 2 - 2 s 10
Total Cost Baht 2316

Detail of Operation ;

A Preparation of Foundation

B Fabrication of Reinforcements

C Formwork of Inner Top Gare

D Casting of Prototype Rice Bin

E Préfabrication of Bin Lid

Cost of labour and materials vere engaired in February, 1976
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FIG.3- DISPLACEMENTS AND STRESS  FIG.4- DISPLACEMENTS AND STRESS
RESULTANTS IN MEMBRANE RESULTANTS IN BENDING

analysis of conical shell ANALYSIS OF CONICAL SHELL
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FIG. 5 - EDGE LOADS AND DISPLACEMENTS OF CONICAL FRUSTUM
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FIG.0) Gradation of Natural Coarse Sand.
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FIG.(12 ) - TENSION SPECIMEN IN DIRECT TENSION TEST
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Fia (15) - CYLINDER SPECIMEN IN COMPRESSION TEST FIX WITH COMPRESSOMETER
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FIG.(lSa) - SKELETAL BAMBOO REINFORCEMENTS OF THE RICE BIN

FIG. (18h)

TYING OF FIBERS BAMBOO MESH OF THE RICE BIN
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FIG.(19b) - STICKING STRAIN GAUGES IN SKELETAL BAVBOO FOR TOP CONE
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FI1G.(21) - CASTING OF TOP CONE
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Gage D's(c)

Gage D's(b) Gage D's (a)

To Foundation At~
One End And

Welded To
Each Other.

136 cm. ,

.‘ SECTION @‘@
Fig.(22) Arangement Of Didl Gages.
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Fig(23) — Postions  Of  strain - Gages
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FIG. (2*0 - CASTING OF BIN LID
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FIG.(25) - TEST EQUIPMENT AND INSTRUMENTATION OF PROTOTYPE BIN



R SWITCHES

(26b) - CIRCUITS OF SELECTO

26a) - STRAIN INDICATOR AND

(

. -Fia.

SELECTOR SWITCHES



FIG.(27a) - MEHID OF ATTACHNG OAL FIG.(27 ) - METHD O STICKING STRAIN
GALGS GAGS



Wil A 3 i
il === i}
|
'
' +
1
| Bomyt 4+
oo a4
\
3 Bz abo
Che

I

i,
Y,

& ' (L5
AR
I a
vy HEERT)
1) '
ity :

FIG.(29) =~ GENERAL VIEW OF TEST SET-UP

09



025 |

“028 x

030

035 | ®

040 | )

045 | 0—Oo0 Theorectical Curve .L

050 ._ a—a Experimental Curve of Loading ®

055 | & Experimental Curve of Rebound Loading )

060 _ 2]

065 | )

070

075

@0 7

085 |

090 _

Qss _

100 : e N S I iy | TP~ o AP P
-5 -0 -5 0 5 10 5 20 25 30 -5 -0 -5 0 5 -:I0 :I5 20 25 30
Sx!OA- Horizontal Radial Deflections at Position (a) (S xl5’ = Horizontal Radial Deflections at Position (b)

I
Rg.(30a)— Comparative Horizontal Radial ~ Deflection  Curves at  Position (a) ,( ) o



Q25_

Q28
Q30

Q35 | o—0 Theoretica  Curve
p—a Experimental Curve of Loading

e-—--8 Experimental Curve of Rebound Loading

2
O — -

065 |
070

o

Q80

Q85 _

Q95
100 e/j
1 I

| | 1
15 40 5 0 5 10 15 20 25 30
S ‘
8x10= Horizontal Radial  Defections at Position  (C)

Fig.(30b) — Comparative  Horizontal ~ Radial. Defection  Curve at Position (C)

|

LU



DLHL- -DLHL)-
O 2L Q_+§LL
----- Position ~ 1- 1.00
DLA- '——£ Position iy~ 095 QLHILL
A—A Position ty2=090
DL—IY-g(é)lLL- *__* Position  *0.85 -DL+J|7046L.
D.L

H4.00-12.00-10.00-8.00 -600 -400 -2.00 0 2.00 4.00 6.00 8.00 10.00 1200 14.00 600 1800 20.002200 2400 2600 28.00 3Q00
A x1Q3» Horizontial ~ Radial  Deflection

Fig.(3la)— Experiment Horizontal Radial Deflection. Curves of various Loading at Position.(a)



-

~D.L+LL
/
/
/
/
/
/
é -0L+2L
/ 3
]
/
/
/
/ P
/ -’
,’ L oading
,’ ®—=0 Position y/y.. .00
é $  DL+ILE
i &—a Position Y/yz =095 3
I
i
I A——~A Position )'/y = 0.90
é 4 r—D.L+£{,4_|
" H . y '.m
H Position %, =0.85
] / 2
] /
/ / ,
o < T 4& T 1 T i 1 1 ] LI I ] T T DL
QO 200 600 800 10.00 1200 1400 BOO IBOQ 20.002290 2400 26002800 3000
/AN

Loading at Position ( )

-3
ano = Horizontal Radial Deflection.
Of Various

14004200000 -800 -600 -400 -200
Horizontal Radial Deflection Curves

g-(31 )— Experiment



' I

B DLFLL

- r-m.+§u_
Rebound Loading

¥ 0———0 ©—-0 Position ysy, = LOO -'D.I.+5L.L
8—-a @—@ Position y/y, = 095

i b——A A——A Posifion y/y = 090 DAL L
i »——x Position Y%= 085

D.L.

T I I 1 1 1 1 1 L T I

T T T > : T T 7 T T T
-4 -2 -0 -8 -6 -4 -2 0] 2 4q 6 8 0 12 14 16 I8 20 '22. 24 26 28 30
‘SX |5’ = Horizontal Radial Deflection

Fig.(3Lc ) - Experiment  Horizontal Radial Deflection  Curves Various  Loading at  Position (c)



(cmyom)

¥/ Yo

©—o@ Experimental Curve

g——-3 Theorectical Curve

065 |

0.70T ©—o Experimental Curve
I

075 =. &——& Theorectical Curve:

070
060
050

040 |

Fig(32a)

Comparative Stress in longitudind  Direction

-

{
* Fig(32b ) Comparative

Stress in Circumferential Direction
nt Ilnnar Fihare

GLL



. Q651 o—o Experimentdl Curve
S
é @ Theorectical Curve
=N
=
4100 —t + + + 1o +
~— 20 0O 20 40 60 80 100 120 '40}:60
Ela e
£ oo} /
0601 &
- 7
> 050
>
30}
}
v
Fig.(33d) Comparative  Stress ir" Longitudinal  Direction

at

Outer

Fibers

©0—o0

Experimental Curve

§ B-—--g@ Vheorectical Curve
£
)

~~
§
08 /
§

Y/ %

\j
Fig.(33b ) Comparative

Stress.

b (kg/cr)

in Circumferential

' 60 80 100 120 140 160 180

Direction

9iL



0.65

095 ¢

1.00

©@—0© Experiment

2--—a Theoretical

090 ¢
0.80 ¢
070 ¢
— 060 +

'050 +

0.40

Q30+

0.20 |

©—©® Experimental Curve

a-—-a ‘Theoretical Curve

—— s s

50 100 150 200 250 300 350

Al

Fig(34a)— Comparative
Direction at Skeletal

in Longitudinal

éh ( kg. Zem?)

Fig.(34b)— Comparative Stress in Circumferential

Direction at Skeletal Bamboos.



Degree

Address

MTA

M. Gutat Ghansangpetch.
Bachelor of Civil Engineering from Chulalong-
korn University in 9V e

Department of Public and Municipal Work




	BIBLIOGRAPHY
	APPENDIX A - COMPARISON OF BIN LOADS
	APPENDIX B - MECHANICAL PROPERTIES OF BAMBOO
	APPENDIX C - MECHANICAL PROPERTIES OF BAMBGOCEMENT
	TABLES
	FIGURES
	VITA

