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.APPENDIX A -  COMPARISON op BIN LOADS

Water พลร used for the loading during the experimental  
work of th is  research, so, the designed Lin was invest igated  
by the comparison of the loadings as a resu l t  of พลter  and 
grained stored.

Using the pr incip le  of pressure, i t  พลร attained, hy 
Rankine's method, Janssen'ร method (14); and th i s  study i s  
guided Ly Ref. (16) .

For water, the water pressure p in kg per sq.cm.
i s  the following

ร 0 .0 0 1  kg per cu.cm.
= 29.15e

y l  = 77.70 cm.

At ล depth h ( y - y  1) 00S5(t

= (y-77 .70)  cos 2 9 . 1 5°

11Pn * ,*■

= 0.001 ( y - 7 7 . 7 0 ) X 0 .8 7 5 5 4

p 7 = 0 .0 0 0 8 7  (y -77 .70)  ( 1 )

For grain, the horizontal pressure i s  obtained by
Rankine's method as fol lows ร p  ̂ = Y. ïy เ̂
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= 0 . 0 0 0 6 3  kg p er  cu.cm.

Ç = 26°
( f  = 24°

^ _ c o s ” ( ' f  + c ^ )
COS'4 ( o o s ^ +  s i n ^)

K = c o s 2 ( 2 6 ° + 2 9 . 1 5 ° ) __________
cos 2 9 . 1 5 ° ( c o s  2 9 .1 5 ° + s in  2 6 0 ) 2

= 0 .2 2

The normal pressure p on the พล11 i s  obtained from the following

Geometry of Conical Rice Bin
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ph = ph- h
F = h . tancdj.

(a)
(* )

From S ta tic  Equilibrium, = 0

Fn + Fĵ  0 0 8 ^  + Fv sinndj. = 0 

Substitut ing  Equs (ล) and (b) into Eq. (c) leads to

F = -  ( pu ' h C0SJV - p, , ' h 3 i n % )

(c)

COS(/.

- — (p, .cos^ + p sin)/ ,)cos ^  h t 3/ ■ +./

-  Fท/ h = ph G0S^t + pv s in  * t
GOS/dj.

Pn  = Ph cos5t + Pv s in 2't (a )

in which the v e r t i c a l  pressure a t  the point considered

p_ = \  .h

su b st i tu t in g  p  ̂ and Pv in to Eq. (d) leads to 

Pn = (K cosJt + sin^t ) (a)
su b st i tu t in g  the values of $11 and K for r ice  in Fq. (อ),  in  
view of h = (y-yy^) cos^+ , leads to

= 0 . 0 0 0 6 3 ( y - 7 7 • 7 0 )cos 2 9 . 1 5

. ( 0 .2 2  c o s 2 2 9 .15° + s in 2 29.15°)
= 0.00025 (y - 7 7 . 7 0 ) ( 2 )

' '1095.9 2 1 5
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According to Janssen'ร method in deriving  
d is tr ib u t io n  of the grain,

the pressure

Cosider ล c ircu lar  lamina of grain at the depth h 
below the top of the bin under the normal and f r i c t i o n  
fo rces ,  ลร shown above Figure Summation of the Vertica l  
forces  leads to the governing equation of the grain pressure 
in  the bin as.

dpv 2Kn ( 1 -  r  c o t*1.) Pv Yr  ( f )dh h

in  w hich / 4 = ta n  i p  and Kn = pท = K cos?A+ sin«; 
p *V

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

f o r  h 0 leads to
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P r = 3L y cos,;/,
'ท 1 ■  ( I 1 ) ■ น

Hence, p^ = p , r ç  Kท *r y  COS๙-1 I 1 “ท V ท
(g)

in  which = 1 -  2Kn ( 1- 1 * coto^ ) applying Eq. (g) 
to  the bin consider leads to

Pn = 0 .0 0 0 2 8  y ! 1 -  ( 77^7๐) 0.847
(3 )

The graphs representing the normal pressure in ( 2 ) 
and ( 3 ) are almost ind is t inguishable  and are compared with 
that of water pressure in Pig. (4 ) .  I t  i s  obvious that the 
normal pressure on the bin wall due to water i s  always 
greater  than that due to r ice  grain.

When the season of harvest has pass the r ic e  bin  
could be used to store water instead of the r ice  grain, th i s  
i s  reason of using the water i s  loading.
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APPENDIX B -  MECHANICAL PROPERTIES OF BAMBOO

Bamboo i s  a native plant of trop ica l  and sub-tropical  
areas and i s  defined as a parennial grass belonging to the 
monocotyledoneae c la s s .  According to AUSTIN and UEDA (1972) 
Ref. 5 , about 1250 Species of bamboo are known to e x i s t  in 
the world. Although i t  i s  rea l ly  grass ,  some spec ies  grow 
as t a l l  as t r ee s ,  being usually 40 or 50 or sometimes 100 or 
more f e e t  t a l l ,  which diameter up to 12 inches or more.

Bamboo can be c l a s s i f i e d  into main groups according 
to  i t s  growth pattern namely, sympodial and monopodial as 
shown in Fig. ( B - l ) .  The structure of an individual  bamboo 
culm , shown in Fig. (B-2 ) ,  i s  divided into nodes and in tar -  
nodes. The greates t  amount of meristematic t i s su e  fo r  the 
elongation of the internode i s  found just  above the node.
The internodal t i s su e  i s  made up of parenchymal c e l l s  and 
vascular bundles with the l a t t e r  co ns is t in g  of v e s s e l s ,  
thick  wall f ib r e s ,  and sieve tubes. The water movement 
take - p la c e  through the v e s s e l s ,  the f ib r es  being primarily  
responsible  for the strength of the bamboo.

The purpose of th i s  review and in v es t ig a t io n  i s  to 
study the behaviour of bamboo as related to i t s  use as . .
reinforcement and formwork for r ice  b ins,  Pai Ruak
( Thyrsostachys o l i v e r i  Gamble) a common cheap var ie ty  of
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bamboo found in Thailand w i l l  be used in th is  in v es t ig a t io n s .

H.E. GLENN ( 1 9 5 0 ) reported that the average maximum 
t e n s i l e  strength of a l l  v a r i e t i e s  and spec ies  was about 
3 7 , 5 0 0  psi  ( 2 , 6 3 7  ksc) between nodes and about 3 2 , 5 0 0  psi  
(2,285 ksc) at the node, the average modulus of e l a s t i c i t y  
of the several  species  and v a r i e t i e s  of spec ies  shows a low 
value o f s l i g h t l y  over 2 .0  X 10 ps i  ( 1 4 0 , 6 2 8  ksc) and a 
high value of over 4 . 5  X 10° psi ( 3 1 6 , 4 1 4  ksc) with individual  
spec ies  and v a r i e t i e s  of species' f a l l i n g  wall  between these 
l im i t s  and the ultimate bond s t re ss  between concrete and 
bamboo ranged from a high of approximately 3 5 0  ps i  ( 2 5  ksc)  
to  a low of zero ps i ,

ร , Rc MEHRA 5 H.L. UPPAL and L.R. CHADDA ( 1 9 5 1 ) deter­
mined the t e n s i l e  strength of Indian V ar iet ie s  of bamboo as 
1 4 , 0 0 0  psi  ( 9 8 4  ksc) and i t s  modulus of e l a s t i c i t y  as 
2 . 4  X 10^ psi  ( 1 6 8 , 7 5 4  ksc) ,

MESSRS. KENNETH L. SAUCIER and ERAUKs STEWART ( 1 9 6 4 ) 
o bse rve d  the  u l t i m a t e  t e n s i l e  s t r e n g t h  and modulus of  
e l a s t i c i t y  of bamboo as  9480 p s i  ( 6 6 7  k sc )  and 1 .86  X 10^ p s i  
( 1 3 0 , 7 8 4  k sc )  r e s p e c t i v e l y  and a t t r i b u t e d  th e se  low v a lu e s  
to  d i f f e r e n c e  in  bamboo s p e c i e s ,  age and c o n d i t i o n  of
specimens.
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ROBERT J. MENTz INGER and RODNEY P. PLOURDE (1966) 
reported that the average values of t e n s i l e  strength for  
varnish and sea ler -trea ted  samples 16,710 psi  (1175 Esc) 
and 17,780 ps i  (1250 ksc) re sp ec t ive ly  di ffered  from the 
t e n s i l e  strength of the untreated samples 17)910 psi  
(1259 ksc) by only 6.7 fo and 0.75 i°  resp ec t iv e ly ,  both small 
deviat ions when one considers the non-homogeneity of bamboo. 
I n  addition, considering the fact  that the t e n s i l e  strengths  
obtained by other researchers have varied between 14)000 psi  
(984 ksc) and 37)500 psi  (2,637 k sc ) ,  i t  can be concluded 
that the t e n s i l e  strength of bamboo was not s ig n i f i c a n t ly  
ef fec ted  by treatment, the average e l a s t i c  modulus of the 
untraeted samples was calculated to be 2.03 X 10  ̂ ps i  
(142,738 ksc) .  The varnish-treated samples had a greater  
average e l a s t i c  modulus value, 2.7 X 1 0  ̂ ps i  (109,848 k sc ) ,  
while the sea ler -trea ted  samples had ล lower average e l a s t i c  
modulus value of 1.78 X 10  ̂ ps i  (125,159 ksc) and the se a le r -  
treated bond strengths averaged 104.5 psi  (7 .35 k sc ) ,  com­
pared to the untreated bond strength average of 35 psi  
(2 .46  ksc) varnish too was proven to be an e f f e c t iv e  water 
proofing treatment, averaging 43*3  ps i  (3*04 ksc) without 
being coated with an abrasive,  and 55*7 ps i  ( 3*92 ksc) when
coated with ลท abrasive.
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HELMUT G. GSYÏ1AYER and FR.ATTK B. cox ( 1 9 6 9 ) de te rm in ed  
th e  t e n s i l e  s t r e n g th  o f bamboo v a r ie s  g r e a t ly  w ith  th e  type 
and th e  c o n d i t io n  o f  th e  specim en te s te d  v a lu e s  a s  h igh  as 
53 ,894 p s i  ( 3 7 9 0  k s c )  and ลร low as 5 5 5 0  p s i  ( 3 9 0  k s c )  h a v e  
been re p o r te d  f o r  in d iv id u a l  culm . For th e  d e s ig n  o f bamboo 
r e in f o r c e d  concrete members, a v a lu e  f o r  the e l a s t i c  modulus 
o f  2 ,0  X 10^ p s i  ( 1 4 0 , 6 1 4  k sc )  i s  t e n t a t i v e l y  su g g e s te d . 
However, f o r  d e f le c t i o n  c a l c u l a t i o n s ,  i t  a p p e a rs  a d v is a b le

โ' gto  use a reduced  modulus ! t e n t a t i v e l y  1 . 5  X 10 p s i  ( 1 0 5 , 8 6 0  

k s c )  J F or in d iv id u a l  bond s t r e n g th  v a lu e s  g iv en  in  l i t e r a ­
tu r e  f o r  d i f f e r e n t  bamboo specim ens o b ta in e d  in  p u l lo u t  t e s t s  
on w hole, seasoned  and u n seaso n ed , t r e a t e d  and u n t r e a te d  
culms v a ry  betw een 0 and 350  s p i  ( 2 4 . 6 1  k s c ) ,  w ith  average  
ran g in g  betîveen 3*5 and 1 6 8  p s i  ( 2 . 5  and 11.81 k s c ) .  They 
su g g e ste d  th a t  the  c o e f f i c i e n t s  o f th e rm a l ex p an sio n  o f
bamboo a re  a re  n o t co m p atib le  w ith  t h a t  o f c o n c re te .  T e s ts

-6on lo c a l  sm all cane a v e ra g in g  a p p ro x im a te ly  2 6 . 0 0  X 10 / O p  

( 4 6 . 8  X 10ü/ ° q ) a c ro s s  th e  f i b e r s  and 2 .0 0  X 10 ^ / 0 11-. (3*6 X 

10 / o j  p a r a l l e l  to  their f i b e r s ,  and p o i s s o n 's  r a t i o s  o f 
w hole, in d ig e n o u s , sm all cane culm s ranged betw een 0 . 2 5  and 
0 . 4 1 , th e  average  b e in g  abou t 0 . 3 2 , v e ry  c lo se  to  the  v a lu e s
assumed f o r  most o th e r  c o n s t ru c t io n  m a te r ia l s .
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ALI ZAHID (1974'' suggested that the ultimate t e n s i l e
strength for  intarnodal and nodal sec t ion  ranges from 37*400
p s i  ( 2 6 3 0  k s c )  to  7 3 * 3 0 0  p s i  ( 5 3 5 4  k s c )  and 2 3 * 9 0 0  p s i
(1 6 8 0  ksc) to 3 9 * 7 0 0  ps i  (2791 kso) respect ively»  The modu-

glu s  of e l a s t i c i t y  in tension varies  from 2.87 X 10 ps i  
( 2 0 1 ,8 0 1  ksc) to 4*40  X 10  ̂ ps i  (309*302 ksc) .  An average 
t e n s i l e  strength and modulus of e l a s t i c i t y  of 34*000  psi  
(2391 ksc) and 3 .6  X 10° psi  (253*131 ksc) re sp ec t ive ly  may 
be assumed for use in design, and average bond s t re ss  was 
found to be 161 psi  (11.32 ksc) and the embedment length was 
7.23 inches.

A . 11. M. ABU SA DEQUE (1975) said that both nodal and 
inter-nodal  samples were tested and i t  was found that the in ­
ter-nodal  specimens. The modulus of e l a s t i c i t y  does not 
vary co n s is ten t ly  with i t s  strength. The mean, standard 
deviat ion and co--ef f ic int  of var ia t ion  for t e n s i l e  strength  
of a l l  the nodal specimens. were found to be 2 5 * 8 6 0  psi  
(1 8 1 8  ksc ) ,  2 5 7 0  ps i  (161  ksc) and 9.94 j o  while for the 
modulus of e l a s t i c i t y  these q uanti t ie s  are 4 . 3 6  X 10^ psi
( 3 0 6 , 5 7 0  k s c ) ,  0 . 4 8  X 106 p s i  ( 3 3 , 7 5 1  k s c )  and 1 1 . 0 7  jo
r e s p e c t i v e l y .  The s p e c i m e n  w i t h  t h e  n o d e  i n s i d e  t h e  c o n c r e t e  
b l o c k  showed h i g h e r  bond  s t r e n g t h  t h a n  t h e  i n t e r n a l  s p e c i m e n s .  
None o f  t h e  s p e c i m e n s  w e r e  s u b j e c t e d  t o  any  t r e a t m e n t  t o
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im prove i t s  “bond s t r e n g th -  The av erag e  bond s t r e n g th  was 
found to  be a p p ro x im a te ly  64 p s i  (4*5 k s c ) .

AHMAD JAN DURHAM (1975) su g g ested  th a t  P a i Ruak 
v a r i e t y  o f bamboo has an average  t e n s i l e  s t r e n g th  of abou t 
19,000 p s i  (1336 k sc )  a t  nodes and 24,000 p s i  (1687 k sc )  
betw een the  n o d es , th e  av erag e  v a lu e  f o r  the  modulus o f 
e l a s t i c i t y  i s  a p p ro x im a te ly  2 -1  X 10  ̂ p s i  (147,660 k s c )  and 
th e  bond s t r e n g th  o f p la n e , unsoaked seasoned  bamboo w ith  
th e  node i s  ap p ro x im a te ly  f i f t y  p e r  c e n t h ig h e r  th an  t h a t  o f 
specim ens w ith -o u t node- The bond s t r e s s  d e c re a se  a s  the  
so ak in g  p e rio d  f o r  bamboo i s  in c re a s e d .  D e p o s itio n  o f sand 
on epoxy c o a ted  s u rfa c e  o f bamboo e f f e c t i v e l y  in c re a s e  th e  
bond s t r e s s .  Wire w rapping o f bamboo does n o t in c re a s e  th e  
bond. He su g g e ste d  th a t  av erag e  bond s t r e s s  i s  ap p ro x im a te ly  
180  p s i  (12.66 k sc )  a t  th e  node.
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APPENDIX c - •TT

The purpose of th i s  in v es t ig a t io n  i s  to study the 
mechanical properties  of bamboo-cement, which i s  used in the 
construction of the r ice  bin.

It  w i l l  be assumed that the bamboo-cement i s  a com­
posite  material which the bamboo f ib res  are firmly bonded to 
the cement mortar matrix so that no slippage occurs at the 
surface of the f ib r e s .  The load acting on ล composite 
sect ion  per unit area carried by the matrix and IT types of 
f ib r es  oriented at an angle with the loading d irec t ion  are 
expressed ลร the fol lowings .

Modulus of E l a s t i c i t y  for Uncracked Bambooceaent. 
Using the principle  of composite material ,  i t  i s  obtained in 
Ref. ( 7 ) that

= E -1 - Vmn + vf  ml 1 Al
h  p4. ? 
1=1 ’l i ^  ใ':. (1)

= E V + ^f m2' m2 —
A 2

/ 2 -p4
L I  21 - 2 i ^ a (2)

where Ec^, Em1 and ร-^ ara the moduli of e l a s t i c i t y  of the

composite, matrix and f ibre i  re sp ec t ive ly  in the upper part

and E _. E_1, and E_. t i e  corresponding values in the lower c2 m2 2 i
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p a r t ,  F J , I\f  ̂ and  ๙:^, a r e  t h e  d i r e c t i o n  c o s i n e  o f  f i b e r  i

w i t h  t h e  d i r e c t i o n  o f  l o a d i n g ,  t h e  t o t a l  n u m b e r  o f  f i b r e s

an d  t h e  v o lu m e  o f  f i b r e  i  d i v i d e d  by  t h e  t o t a l  v o lu m e  o f  t h e

f i b r e s  i n  t h e  u p p e r  p a r t  o f  t h e  s e g m e n t  r e s p e c t i v e l y ,  ^ 2 i ’

and  "k*10 c o r r e s P o n d i n g  v a l u e s  i n  t h e  l o w e r  p a r t .

The p a r a m e t e r s  À ( and  A d e n o t e  t h e  l e n g t h  f r a c t i o n s

o f  t h e  u p p e r  and  l o w e r  p a r t s  o f  a t y p i c a l  s e g m e n t .

v_ , and  V w h i c h  a r e  a l s o  t h e  v o lu m e  f r a c t i o n  o f  ml  m2
t h e  m a t r i x  i n  t h e  u p p e r  and l o w e r  p a r t s  o f  t h e  s e g m e n t  t h a t

v ml = 1 -  '
Vf  £  
“  i

1
๙  .

- 1  '■
(5 )

Vn12 = 1 -
y ^
- 4  fr

2 oC ■ 
- 1  tL

(4 )

F o r a t y p i c a l  s e g m e n t ,  t h e  e f f e c t i v e m o d u l u s  o f

e l a s t i c i t y o f  c o m p o s i t e Ec c a n  be o b t a i n e d by c o n s i d e r i n g

t h e  s t r a i n o f  e a c h p a r t , t h u s

1 ; '-l x 2
Ec E -1 : c l Ec2

an d  E q in 1 ไ (5 )c l À1 + A
‘ < ^ )  J
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\ 1 = >v2 = c. 5

< II E2v = E1H = E2H :

Eml = (นs = Em

Flv = F02v = 0

hLj !—1 พ II T?2H = 1

*1  = N2 ท— <๔

๙ ! V = ๙ 2v = oC111 = c / 2H

Subscripts V and H denote the d ir ec t ion  in v e r t i c a l  and 

Horizontal f ib res  re sp ec t iv e ly ,  su bst i tu t ing  th i s  values in  

Eque ( 1 ) ,  (2)5 (3 ) ,  (4) end (5) leads to fol lows ร

E -1 cl = E V า + m ml 0 .5  I3f Vf ( 6 )

Ec2 = Emvm2 + 0.5 ไ3f Vf ( 7 )

V -1 ml = 1 - 0 .5 'f ( 8 )

7 m 2 = 1 - 0 .5 Vf ( 9 )

TTlc II t?d 0 f—1 _ 
_ 2 1 ( 1 0 )

L1 -+- Ec l J
Ec2
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Modulus of B l a s t i c i t y  for Craeked ธลmboo-cement . 

Introducing an empirical fac tor  /■3^ for  the reduced c o n tr i ­

bution of the mortar in the cracked range; from Ref. (21) ,  

the modulus of e l a s t i c i t y  of bamboo-cement may be written as 

in Fqs. (6) and ( 7 ) as fol lows ะ

TP _  p j t n  ~.T - t -  p , .  R  TP ไ rt l  1m m ml f  f

E, 0 =  0 E V 0 + 0 . 5  E„7„t2  fm n m2 f  f

(11)

(12)

in  which Ej.  ̂ and ร^2 denote the modulus of e l a s t i c i t y  for  

the lower and upper part in the cracked range. By curve 

f i t t i n g ,  i t  พลร found that varie s  l in e a r ly  with ไ/£ and

the expression obtained i s

Pm. = 1001 + 0.543 "7f ( 1 3 )

S im ilar ly ,  in t h e  cracked range t h e  e f f e c t i v e  modulus of 

e l a s t i c i t y  E+ for  ล ty p ica l  segment becomes

ฐ ะ= E r  2 il,t ๚; 1 ร -^ -----
E

11
t 2

1 + ( 14)
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Modulus  o f  s h e a r  R i g i d i t y  f o r  u nc r a o k e d  Bamb oo - cemen t .

U s i n g  t h e  p r i n c i p l e  o f  c o m p o s i t e  m a t e r i a l ,  i t  i s  o b t a i n e d  i n

R ef. (27 ) t h a t

G า = G V + V 2  F?. ( 1 -F ? .)  E ,.  oL  . ( 1 5 )c l  ml ml __f z_ I l  v l i '  l i  l i  v 7
7 “ 1=1

e o2  -  %  V * h  h i  h - F2 i )  h i h i  <1 6 >

where G c2 end Gn2 denote the modulus of shear r i g i d i t y  of 

the composite and matrix resp ec t ive ly  for  the upper part of 

the ty p ica l  segment. The corresponding values in the lower 

part are G_0 and S imilarly ,  the e f f e c t iv e  modulus of

shear r ig id i t y  Gc of ล ty p ica l  segment i s  obtained as in

E<I (5 ) in  w hich

น่ า. 'C l
A l +X2 .G cl.

( 1 7 )

I n  t h i s  case  A 2 = À. 2 II o 5,

E. = E0iv  2v = E1H = E2H = Ef
G = (ทุ. = G mml "Jm2



51

<! II F2v = 0

p —1H F2H = 1

II1—! N2 = 2

๙- = lv ๙ 2v II = 0/ = — ๙' 2H 2

Substitut ing  in th i s  values in Fqs. (15); (16) and (17) leads

to  fo ilo w ร »

£'Cl = O Vm ml ( 1 8 )

G m ''ไท2

I T T
2
G cl  
G c2

( 1 9 )

(20)

Modulus of s h ear R i  giciity for cracked Bamboo-cement. 

Introducing another empirical factor (p for  the reduced 

contribution of the mortar in the cracked range, the modulus 

of shear r i g i d i t y  can be obtained from Eqs. ( 1 8 ) and (19) 

as fol lows •

Gj, = G G b ๆt l  lin m ml ( 2 l )

Gt 2 = ไ -m Gm 'ไ!2 ( 2 2 )
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in which G and 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 

/^expressed in Eq. (1 3 ). Similarly, the effective 

modulus of shear rigidity G+ of ล typical segment in the

cracked range is

ง t-t I T 4- :G t i
*- G t2  J

(23)

Poisson’ร 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 modu- 

lus of elasticity and the modulus of shear rigidity, thus

%  = .̂ ร ุ-  I (24)
Z G C

Ultimate strength in Axial Tension and Compression of 

Bamboo-cement. When fibres of relatively high strength and 

modulus are embeded in ล brittle matrix, the ultimate strength 

of composite is derived from the ultimate strength of fibres 

only, it is found in Ref.(2 1), the ultimate tensile strength



53

of bamboo-cement is

6 tul
V N-,

A1 i=l

p_2li ๙ li 6” li

*tu2 i f  £ 1

(25)

(26)

in which ^1., 6'2 1 , 6tu 1 and 6'tu2 are the 

strength of fibre i and the ultimate tensile 

bamboo-cement in the upper and lower part of

ultimate tensile 

strength of 

the segment

respectively.

Substituting 6”1ๅ- = <f?i = ^  = the tensile yield strength

of the fibre bamboo in Eqs. (25) and (2 6) leads to

6tul = b tu2 = 0,5 7f 6 fy

In axial compression; the ultimate compressive strength of 

bamboo-cement is controlled by mortar only and is given in

Ref. (2 1 ) as

é  cul = 0.85
/fG T/ml

<fcu2 = 0.85 รf c 7m2

(28)

( 2 9 )
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in which g  1, ('01125 o 1.ท 1 and 1112 ar8 "the ul'fcima'tQ e x ­

p r e s s i v e  s t r e n g t h  o f  bam boo-cement  and t h e  c r u s h i n g  s t r e n g t h
/

o f  t h e  m o r t a r  a r e  assumed t o  be e q u a l  t o  0 .8 5  f c  i n  t h e

u p p e r  and l o w e r  p a r t  o f  t h e  segm ent  r e s p e c t i v e l y .

In plane Force and Couple in Bamboo-cement Section in Terms 

of Fiber stress. The Sections, as shown in Figs ( c - l )  and 

(c-2), consist of a skeletal grid of bamboo bars, sand­

wiched atcenterby two layers of bamboo-cement. The volume 

fractions of fibre bamboo and mortar are Yç and respectively.

The skeletal Bamboo has ล diameter = d and bamboo area = is 

per unit width. The stress distributions, as shown in Figs 

(c-l) and (c-2) are bilinear. The neutral axes lie at hG
f rom  t h e  c o m p r e s s iv e  e x t r e m e  f i b e r .  The s t r a i n  d i s t r i b u t i o n s  

a r e  l i n e a r  a s  l o n g  a s  s h e a r  d i s t o r t i o n  i n  t h e  s e c t i o n s  i s  

n o t  p e r m i t t e d .

(ล) Stress resultants in longitudinal - In this case, 

is is the area of the bottom most layer of the skeletal bamboo 

Fig (c-l). If the section is loaded until the tensile and 

compressive extreme fiber stresses are 6;t ลnd oc respectively,
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the summations of forces and moments lead to

r
พ t< h - hc> 1 . ( 5  + 1 1  -  h ) :2 GJ

1
2 6 hc c (50)

(h - hc)‘

and
1.. p fh -2 h  ) M+ ' c ' -  5 k h c U b  (h - h c )2

า /h  3d , \i - ( f  * f - \ )
2 i ty I ๐

+ Ts ( |  + d -  h c ) (31)

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

= the resisting force in the bottom-most layer of the skeletal 

bamboo = ร̂  t  Ag 5 h = thickness of the bamboo-cement 

section. Using the compatibility between the bamboo-cement 

and skeletal bamboo, To is obtai ed as

Tร = X n  As (~  + d - h c> (31)
( h - 1ง

Ec E,b
ÊTc

in which À. = —-  and ท.
";t

Substituting Eq. (3 1 )

into Eqs„ (30) and (3 1 ) and simplifying lead to respectively.

2P = (l-^ )(l-r .1)- ^ 0 +Xn-Ask (l+2^d-3 ^ 0)4  (32)
r ï - ^ r r '
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3S+| ( l - 2 o ( . ) f  .  c j *  2 ( l - » ) 2 ( l - r 2K | ^ . i 8k( น 2V 2 ° y 2 ( 35)

in which cX = ĉ , OÔ = d , , M = M , P = p
h h J c h 2̂ h

r 1 = (1 + >:d - 2gCc)2 (34)
4(1 - ๙0)2

and

r 2 =
(1 + 3 ^  -  2*c) 5 

8 (1 -  <>'-0 ) 2
(35)

The assumption of a linear distribution of strain .yields

Lr_f^ li: (36)o T -  6 0

and in view of the stress-strain relations, fcc '16

and fc:, = £6  Eq. (36) becomes
E t

i l - fç -  A Üt (37)
* c  X

Equations (32)5 (33) and (3 7) are the three governing equations 

that ลre solved for three unknowns . , P, M and 06 . The 

values of and (6 can be determined from the stress-strain

relations since the strain 6l and (ะ;c can be measured by

some methods.
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It should be noted that the governing equations a r e  

valid only when extreme fiber stresses are not both compressive 

or both tmsile, i.Co, when 0 4 1, other-wise, the

stress distribution must be formulated based on a single 

modulus of elasticity of bamboo-cement.

Solving the governing equations leads to.

3-A-^ â s k ( l + 2 ^ - 2 ^ c ) 2 + 4 ( l - r 2 ) ( l » f b ) 5 + 4 Àc4ç = 6 i  +3(1-2๙:0 ) (38)
+ ( 1 ~ ท ) ( น / - > , ๙ 2  ̂ 5

6 1 = 12M (1 -๙ 5 ) + 6p (1-๙ 5 ) ( 1 - 2 * )
5 ; ' vlA s k (l+ 2 c ^ -2 ^ 0 ) 2+ 4 ( l - r 2 ) ( l - ^ V + 4 x 4

6 c ! -  ๙ 0
ใเ (1 + 2๙, -  2๙ )A ท v d c •

(39)

(40

(41

(๖) Stress resultants in circum-ferential direction 

In this case is the area of the middle layer of the skeletal 

bamboo Pig. (c-2). The governing equations, similar to those 

in the longitudinal direction, are
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and

Ts .  Xr. 4 3 (§  -  h o )L (42)

2P -  q ( l - *  H l - ^ ) -  é  1oia น » ! 81, ( 45)
( l - * c )

31*4(1-2  = Æ0* 1  + A (1 -๔  ) 2 ( l - r , ) + ^ n 4 a t (l-2^C  ) 2y  (44)2 ' 4 sk '
( l - * c )

1 - A 6j- (45)
oCr

S o lv in g  th e  gov ern in g  e q u a tio n s  le a d s  to

3)nABk(l-2^o)2+4(l-r2)(l-0Co)5+4 ^  = 6m + 3(1-2*)
* n jพ 1- 2*0 ) + ( 1 - ^ ( 1 - ๙ ) 2- , พ 2 ?

4  = 12M ( 1 -  ๐̂ )  + 6p (1 -๙ 5 ) ( 1 - 2 * )
3^A gk(l-2^ )2+4(l-r2) ( l -^ )5+4/W^

4  = A ๙ - ^
4  = 4 A ( 1 - 2 4 )

2T w ?

(46)

(47)

(48)

The above d is c u s s io n s  were d e te rm in ed  m ech an ica l 
p r o p e r t i a s  o f bamboo-cement by t h e o r e t i c a l  o f  com posite  m a te r ia l .  
But i n  t h i s  ex p erim en t in v e s t i g a t i o n  o f th e  r i c e  bin* th e  bamboo 
and m o rta r  were assumed to  c a r ry  a l l  th e  te n s io n  and com p ression  
r e s p e c t i v e ly ,  so , E, = E, and E = E .



59

S k e le ta l  Bamboo tie

FIG ( c - ๆ ) -STRESS-STRAIN DISTRIBUTIONS IN BAMBOOCEhENT s e c t i o n  i n  
LONGITUDINAL DIRECTION SUBJECTED TO IN-PLANE FORCE AND 
COUPLE

S k e le ta l  Bamboo /  f.
• V -  c - --> . K - *

STREoS DISTRIBUTION STRAIN DISTRIBUTION

FIG .(C-2)-STRESS-STRAIN DISTRIBUTIONS IN BAhBOOCEnENT SECTION IN 
CIRCUMFERENTIAL DIRECTION SUBJECTED TO IN-PLANE FORCE 
and COUPLE



Table '! 1 -  Membrane Analysis of Bin under Dead Load



T ab le t* )-  Membrane Analysis of Bin under Edge Load



T ab le f3ใ- Membrane Analysis of Bin under Water Loading
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T a b l e  ( 5 a ) - P r o p a r t i e s  o f  M a t e r i a l s  Used i n  D e s i g n  o f  C o n i c a l  R i c e  B i n .

Item Value
Mortar

Ultimate Compressive strength of Mortar f , kg/sq.cm 325
Modulus of Elasticity of Mortar E , kg/รา.cm 3.25X105

Bomb0๐ 1
Ultimate Tensile strength of Fiber Bamboo, kg/sq.cm 1937
Modulus of Elasticity of Fiber Bamboo ร kg/sq.cm 2 . 64x10 5

Ultimate Tensile strength of Skeletal Bamboo, kg/sq.cm 1937
Modulus of Elasticity of skeletal Bamboo E 13, kg/sq.cm 2. 64xl05

Bamboocement Section 1
Modulus of Elasticity of Uncracked Bamboocement E ,kg/sq.cm2.58xlCUc
Modulus of Elasticity of cracked Bamboocement ร^,kg/sq.cm 0.066xlo';
Poisson's Ratio of Bamboocement (Appendix-C), 0.2643

Ultimate strength of Bamboocement in Tension, kg/sq.cm 1 28
Ultimate Conpressive strength of Bamboocement, kg/sq.cm 307

Bond Stress Between Bamboo and Mortar, kg/sq.cm I 8.35
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Table (5b) - Details and properties of Bamboocement Section.

Item Value
Thickness h, cm 5.00
Size of the Skeletal Bamboo, cm X cm 0 . 50x1 .00

Spacing of Skeletal Bamboo in Longitudinal direction, cm o 1—1

Spacing of Skeletal Bamboo in Circumferential direction,c m 20
Layer of Fibers Bamboo Mesh L 2
Volume of Fibers Bamboo Mesh per Unit area per layer พ, 
cu.cm/sq.cm/layer 0.064
Volume Fraction of Fibers Bamboo Mesh T.rf,=Lÿ//h 0.03

Volume Fraction of Mortar, V =l-v„
i l l  f 0.97

Skeletal Bamboo Area per Unit Section in Longitudinal direction Ask̂ 0.014

Skeletal Bamboo Area per Unit Section in Circumferential direction Ask, 0.007
Modulus of Elasticity of Uneracked Bamboocement Ec,kg/sq.cm2.59x1cm

Modulus of Elasticity of cracked Bamboocement E,,kg/sq.cm 0.066x10'
Poisson's Ratio of Bamboocement 0.2643
Ultimate strength of Bamboocement in Tension, kg/sq.cm 28
Ultimate Compressive strength of Bamboocement, kg/sq.cm 307
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TABLE ( 6 a) -  EDGE DISPLACEMENT, Ri IG FORCES AND UNIFORM CONTACT PRESSURE 
OP THE FOUNDATION บ':1บ TO COiR'INATION '■ ? LOADING CASES.
TYPE DLo EL. ไ'/L » DL+WL+EL

TOP RING 
GIRDER

Ft  (kg/cn-i)
i t  (cin)

-0 . 9 2 2 5 6 4 8 XIÔ1 

-0 , 1 7 2 0 1 6 6 x 1 0 ^
-0 .1747882
-O 0 2 5 1 5 5 IXIÜ4

0 . 0 0 0 0 0 0 0  

0 . 0 0 0 0 0 0 0

-0 . 2 6 6 6 4 4 7  

•0 . 4 9 7 1 7 1 7 XU

BOTTOM RING 
GIRDER

. Fb (kg/cm ) 
of ๖ ( CE1)

- Û .I I 4 3 1 6 9 XIÔ1 

-CD 5 8 7 3 0 9 4 x 1 c 5

- 0 . I790762X1Ô2

- 0 . 9 2 0 0 3 6 4 XIÔ4

0.3906072x10 
0 . 1337902X1Ô1

0.3892849x7c
0.1269971x1*

Pr  (k g /sq .c ra 1 0 . 2 8 6 5 7 5 x l 0 - 1 0 . 2876297xl02 0 . 9 5 8 5 3 2 0 x 1 c)1 0 . 1 2 7 5 8 7 0

TABLE (6๖) -  FORCES A7TD STRESSES IN BIX CAP ( circular p l a t e )
r / a  (cm/cm) พ (cm) Q 1, (kg/cm ) M„ (kg . cm/cm) Mp (kg.cm /cm )

00
0

0 - 0 . 1 1 4 9 1 x l 0 ” 2 0.00000 0.88617x10 0.88617x10

01—1๐ 0 . l l 3 4 l x l0 ~ 2 -0 .69539x10 '"1 0.87539x10 0.88025x10
0 .2 0 0 .10896x10“ - - 0 . 1 3 9 0 7 0,84304x10 0.86248x10

o0 0 .1 0 l6 7 x l0 “ 2 - 0 .20861 0.78913x10 0.83287x10
0 . 4 0 0 . 91771xl0‘ 5 -0 .27815 0 . 7 1 3 6 5 x 1 0 อ. 79141x10
0 . 5 0 0 . ?0547 x io ~5 -0 .34 770 0.61661x10 0.73811x10
0 .6 0 0 = 6 5 3 3 6 x 10 - 0 . 4 1 7 2 3 0.49800x10 อ. 67297x10

0
 

r—o 0 . 4 9 7 5 6 x 1 0 "^ - 0 . 4 8 6 7 7 0,35783x10 0.59598x10

0CO0 0 , 33208xl0-5 - 0 . 5 5 6 3 1 อ. 19609x10 0.50715x10
0 . 9 0 อ .16382x10“ 5 - 0 . 6 2 3 8 5 0.12795 0.40647x10
1 . 0 0 —0 . 1 3 0 9 6 x 1 0  ' - 0 . 6 9 5 4 0 -0 .19207x10 อ .29395x10
1 . 1 0 -0 .1 5 3 9 5 x 1 0 '^ 0 . 1 6 1 4 4 -0 .61591 0.27926x10
1 . 2 1 - 0 . 3 I6 d7x10~5 - 0 . 31357x10~6 - 0 , 2 5 3 3 1 x l 0 " 6 0.25984x10
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T a b l e ( 7 ) -  L i m i t i n g  S t r e s e s  a t  Aa.v C o n d i t i o n s

LIHITING STRESSES AT YIELD CONDITION

BAMBOO CEMENT IN TENS I ON LONG ITIJJ, INAL
1 LIRECTIOÏÏ = 0, 5  vf๔fy(kg/cm2) 28
1 CIRC UIL 'EREN--
TIAL DIRGETION■1

- ก 0 s ~'T 6 ( \ p  ° J f yfyV*ML/cm2 ) 28

BAMBOO CEMENT IN COMPEES3ION = 0.85 V.M jkg,/cm2) 307

SKELETAL BAMBOO /cm2 ) 1937

LIMITING STRESSES AT ALLOWABLE CONDITION

BAMBOO CEMENT IN TENSION LONGITUDINAL
! DIRECTION = 0. 5  v f  71,(kg/cm2) 14

1 CIRCUMPrRENT
TIAL DIRECTTOÎT- 0 , 5  V < S J k g /c m 2 )1 I 14

BAMBOO CEMENT IN COMPRESSION = 0 . 4 5  V.1^ (kg/cm2)

i 
ce

! 
5°

1 
r

_______

SKELETAL BAMBOO (kg/cm2) CD
1 

VJl 
!



68

T ab le  (8) - Theoretical Results of Stresses in Longitudinal 
Direction.

y / y  2
( cm/cm)

M
y

(kg. cm/c m )

T'Ty
(kg/cm)

๙'. 0

(cm/cm)
4 t

(kg'/cm )

0c
(kg/cm2)

4

(kg/ C ir4 ‘ )

0.70 5» 74 1 . 5 1 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 . 3 1 0.111 12. 726 69.914 1 6 3 . 266

0.95 -1 5 1 . 7 1 7 . 74 0.118 22.083 129.994 281.779

1.00 - 1 61 . 65 3. 75 0.124 22.267 138.686 282.785

y/y ' ๙ 0
( cm/cm) H y(kg. cm,/cm

N v

)  (kg/cm)
,y

( cm/cm) (kg/c,r) (kg/cm2)
J ช

(kg/cm ■ )

1.00 -1 61 . 65 7 . 1 5 0.120 25.216 139.308 295.797

0.90 - 1 7 6 . 34 18.84 0.110 27.00 152.270 359.572

0. 50 -143. 25 23.90 0.100 25.465 124.495 329.415

0.70 -91 . 1 0 23.63 0.090 17. 523 58.847 200.215
j

0.60 -4 1 . 1 9 19.85 0.050 10.987 25.444 1 4 7 . 1 1 5

0.50 -5. 77 14. 49 0.010 5.012 2.228 
- II— น» .■ น

68.763
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T a b l e  (9 )  -  T h e o r e t i c a l  R e s u l t s  o f  S t r e s s e s  i n  C i r c u m f e r e n t i a l  
D i r e c t i o n

y / y 2
( cm/cm)

M 9
(kg.cm/cm)

N 9
(kg/cm)

7 t
(kg/cm2)

£ c
(kg/cm2)

^๖
(kg/cm2)

0.70 1.75 10.48 -0.42 -0.42 59.886

0.80 1.96 30.35 -0.47 -0.47 173.429

0.85 -5 .7 7 42.77 1.385 1.385 244.400

0.90 -23.59 37.94 5.662 5.662 216.800
0.95 -47.75 -13.80 11 .460 14.220 -

oo1—1 vS, £ o -140.33 13.820 41.886 -

y/yO' / O' 0
(cm/cm)

MÔ
(kg.cm/cm)

%
(kg/cm) (kg/cm2)

Co
(kg/cm 2 )

6 ๖
(kg/cm2)

1.00 -38.47 - 1 39 . 1 4 21.233 49.061 -

0.90 -80.59 - 50.14 19.342 29.37 -

0.30 -58.07 1 1 . 4 1 13.937 1 3. 937 65.200

C.70 -32.02 43.90 7.685 7.685 250.857

0.60 - 10.14 52.31 2.434 2.434 298.914

อ. 50 3.66 45.04 -0.878 -0.878 257.371
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T a b l e  ( 1 0 )  -  T e n s i l e  s t r e n g t h  o f  Bamboo

Specimen
No

Cross 
Section 

(cm X cm)
Gage 

Length 
( arc)

Ultimate
Tensile
Stress
(ksc)

Modulus
of

Elasticity 
(ksc )

Remarks

1 0.52x0.84 11.00 1840 2.73x105 Failed Near 
the Grips

2 0.53x0.85 ?» 2000 2.56x10"* ?»

3 0.50x0.30 t? 1700 2.75X105 Failed at 
the Node

4 0 . 50x0 0 80 ?» 1900 2.43x10"’ tl

5 0.54x0.82 »? 2100 2.74xl05 Failed Near 
the Grips

6 0.54x0.80
■

2080 2.b0xl05 »»

AVERAGE ULTIMATE TE 
AVERAGE MODULUS OF

US I LE ร?'.:โ'
ELASTICITY

ss  = 1937 kg/cm2
= 2 .64x1 0"’ kg/cm2
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T a b l e  ( 1 1 )  -  R e s u l t s  o f  Bond T e s t  on  Bamboo s k i n

Specimen
Ko

Weight of 
Specimen 
(kgs)

Size of 
Bamb0 0 

(cm X cm)
Failure 

load 
(kgs)

Type of 
Failure

Embeded 
Length 
(cm)

Bond
Stress

(kg/crrr)

1 17.53 0„50x1 .00 465 Slip 1 9 . 5

j
7.95

2 17.90 Co45>-- 05 450 ห 19.8 7.58

3 18.00 0. 50x1 00 510 tt 19. 6 ย. 67

4 17.93 0.45x1,05 490 ?? 19.8 8.25
5 17.90 0.49x1.00 4 0 0 แ 1 9 . 9 8. 09

6 17.80 0.48x1.00 X 70 ÏÎ 1 9 . 7 8.06
7 1 7 . 7 0 0.47x1.00 500 II 1 9 . 5 8.72
8 17.80 0.46x1.00 10 0 น 19.4 9.00
o 18.00 0.40x1.00 5 SO Î? 15-9 8.83

AVERAGE B0ÎTD STRESS = 8.35 kg/cm2 '
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T a b l e  ( 1 2 )  -  R e s u l t s  o f  C o m p r e s s i o n  T e s t  on M o r t a r  Cube S p e c i m e n s .

Specimen
No

We ights 
(grams) ‘s

Size
(cm X cm X cm)

Ultimate 
Load 

(tons)
Ultimate
Stress

(kg/cm2)

Modulus of
Elasticity
(kg/cm2)

1 294 5. 00x5» 00x5« 00 9.90 396 3„96xl05
2 304 ft 9.00 360 3 .6 0 x l0 5
3 275 tt 9.60 384 3 .8 4 x l0 5
4 2 8 e tf 8.40 336 3 . 3 6XIO5

5 295 ft 7 . 4 0 296 2 . 96x105
6 290 n 7 . 6 5 306 3„06x105
7 295 tt 6 . 6 0 264 2 .6 4 x l0 5
8 275 tt 7 . 3 5 294 2 .9 4 x105
9 280 tt 8 . 9 5 358 3 . 58x1 0 5

10 290 tt 7 . 4 0 29 6 2 .9 6 x105
11 280 t Î 8 . 3 5 334 3 .3 4 x105
12 295 ท 7 . 0 0 280 2 .8 0 x105

CEMENT -  SAND MORTAR, RATIO 1 t 2 ( BY WEIGHT )

WATER -  CEMENT RATIO = 0.45

Em 1000 f^

AVERACrE MODULUS OF ELASTICITY = 3.25xl05 kg/cm2

average ultimate com pressive STRESS = 325 kg/cm2
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Table (1 3 ) - Results of Compression Test on Mortar Cylinder 
Specimens.

Specimen
1.0

Size

(cm X cm)

Weights

(kgs)

Gage
Length

(cm)

ultimate
load

( cons)

Ultimate
Stress

(kg/cm2)

Modulus of 
Elasticity
(kg/cm2)

1 รุ' 15x30 1 2 . 5 0 20.00 6 9 . 5 0 393 3 . 0 4 x l 0 5

2 015x30 12.10 ro 0 0 0 7 5 . 0 0 4 1 3 2 .8 0 x l0 5

3 p 1 5 x 30 1 2 . 1 5 2 0 . 0 0 7 5 . 4 0 4 2 7 2.92X105

4 !—1 VJI X 1 1 . 5 0 2 0 . 0 0 7 1 . 0 0 402 2.86.X105
cJ 015x30 1 2 . 2 5 2 0 . 0 0 7 2 . 0 0 4 0 7 3.11X105

AVERAGE COMPRESSIVE STRESS = 408 kg/cm2
AVERAGE MODULUS OF ELASTICITY “ 2.95xl05 kg/cm2
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T a b l e  ( 1 4 a )  -  E x p e r i m e n t a l  R e s u l t s  o f  H o r i z o n t a l  R a d i a l
D e f l e c t i o n s  a t  p o s i t i o n  ( a )

POSITION 
OP DIAL 
GANGESy/y 2 
( cm/cm)

DIAL GAUGE READING AT VARIOUS STAGES OP LOADING
(cm) X 10~5

Do L. D.L+17.4L.L.
loci'"

D.L.+^L.L . d . l +Il . l . D 0 L . +L. L 0

1 . 0 0 0 Oo 50
.

1 , 00 1 . 5 0 'JJ • 0 0

0.95 0 2.00 4,00 9.80 1 9 . 3 0

0,90 0 3 ; 50 7.00 16.20 25.00

0.85 0 4.00 7 . 7 0 1 7 . 0 0 25. 40

POSITION 
OF DIAL 
GAUGES

y / y  2 (c m / c m )

DIAL GAUGE READING AT VARIOUS STAGES OF REDOUND LOADING1
(cm) X 1 0  '

D.L. D.L+17.4L.L.100 “
D.L"t~L.L, d.l+|l.l. Do L 0 0 L 0

1 ,0 0 - 7 . 20 - 5.90 - 4 . 7 0 - 3.20 0

■LP\ 
ON๐

- 2 2 . 0 0 - 2 0 . 0 0 - 1 8 . 0 0 - 1 0. 90 0

0.90 - 26.00 - 22. 50 - 19. 00 - 1 0 . 0 0 0

1 
1

0 CD
1 

^ - 25.80 - 22.30 - 1 8 . 8 0 - 8 . 8 0 0
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T a b l e  ( 14b ) -  E x p e r i m e n t a l  R e s u l t s  o f  H o r i z o n t a l  R a d i a l
D e f l e c t i o n s  a t  P o s i t i o n  ( ช )

POSITION 
OF DIAL 
GAUGES 

y h o  
( era/cm)

DIAL GAUGE READING AT VARIOUS STAGES OF LOADING
( c m )  X  1(T5

D.L. D.L+1 7 •4L.L.
100

D • L • L * L « D.L.-tjL.L. D•L•+Lร L•

~ 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 4 0 20 7 . 1 0 15.20 24.00

POSITION 
OP DIAL 
GAUGES

y / y ?
( cm/cm)

DIAL GAUGE READING .AT VARIOUS STAGES OF REBOUND LOADING
(cm) X  10 ^

D.L. D .L+17.4L .L .Too D.L.4—L.L . D.L. -HtL . L.5 D.L. 4-L 0 Ij 0

1 . 0 0 -6 .8 0 -5 .8 0 - 5 . 3 0 - 3 . 0 0 0

0 . 9 5 - 1 9 . 6 0 -1 8 .1 0 - 1 5 . 0 0 - 9 . 2 0 0

0 . 9 0 - 2 4 . 5 0 -2 0 .8 0 - 1 7 . 8 0 1 น i 
๐ 0 i ° L

0

0 .85 - 2 4 . 5 0 - 2 0  « 60 - 1 7 . 7 0 - 5 . 5 0 0
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T a b l e  ( 1 4 c )  -  E x p e r i m e n t a l  R e s u l t s  o f  H o r i z o n t a l  R a d i a l
D e f l e c t i o n s  a t  P o s i t i o n  ( c )

POSITION . 
OF DIAL 
GAUGES

( cm/cm)

DIAL GAUGE READING 
( cm

AT VARIOUS 
) X 10~ 5

STAGES OF LOADING

D # L 0 D .L+17.4L.L .
1 00

D « L • +̂ -L. L. D. L. +-jL <L> 1)0 Ij ® ■*J“LoXjo

1 . 0 0 0 0 . 5 0 1 . 3 0 3 . 2 0 4 . so

0 .9 5 0 3 . 50 6 . 5 0 1 0 . 5 0 18.00

0 . 9 0 0 4 . 2 0 9 . 2 0 1 6 . 0 0 2 2 . 0 0

0 . 8 5 0 5 . 0 0 1 0 . 0 0 1 7 . 0 0 2 3 . 0 0

POSITION 
OP DIAL 
GAUGES

y /y 2
( cm/cm)

DIAL GAUGE READING AT VARIOUS STAGES OF REBOUND LOADING
(cm) X 10 ^

D.L. D .L+17.4L.L .100 D .L .4 -L .L . d . l . + | l . l . D ® Lc+LoLo

© 0 0 - 7 . 2 5 -6 .0 0 -5 .1 0

1
& CD 0

___
__ 0

0 .9 5 - 1 9 . 0 0 - 1 6 . 0 0 -1 2 .3 0 1 CD 0 0 0

0 . 9 0 - 2 2 . 5 0 - 1 9 . 0 0

oLT\0? - 7 . 0 0 0

0 . 8 5 - 2 3 . 6 0

0cอุ 1 - 1 3 . 4 0 - 6 . 5 0 0
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T a b l e  ( 15a )  ~ 3 x p e r i o r i e n t a l  R e s u l t s  o f  S t r e s s e s  i n  L o n g i t u d i n a l
D i r e c t i o n  a t  I n n e r  F i b e r

LONGITUDINAL DIRECTION AT INNER FIBER

POSITION
STRAIN
GAUGES

(cm/crn)

STRAIN INDICATOR READING AT VARIOUS STAGES 
OF LOADING (cm/cm) X 10“"

MODULUS 
ELASTICITY 
(kg/cm2)

STRESSES
(kg/cm2)

D 0 L 0 D.L.+
I7 .4L.L.
100“

D 0 L+̂r'L ® L d.l+|l.l Do Lo •f’Xj0 Jjt

y/y2=0„70 0 0.08 0. 15 0.28 0.45 0.066xl05 3.00

0.80 0 0.01 0 = 02 0.05 0.08 ?» 0.50

0.85 0 c. 1.0 0.24 0.50 0.79 ?? 5.20

0.90 0 0.25 0.43 1.10 1.76 ?? 1 1 . 6 0

0.95 0 0. 53 0.95 1.89 2.94 ?? 19.40

1.00 0 0» 59 1 .09 2. 14 3. 21 ?? 21.20

y/yo=0.90 0 0 . 60 1 . 2 5 2.69 4.09 ?? 2 7 .CO

0.80 0 0.50 1.10 2.59 3.83 ?? 25.30

0.70 0 0.43 1.00 2.05 3.09 »» 20.40

o„6o 0 0 . 1 5 0.32 0.79 1 . 24 »? 3.20

0.50 0 0.09 0.21 0.45 0. 61 »» 4.00
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T a b l e  ( 15b )  -  E x p e r i m e n t a l  R e s u l t s  o f  S t r e s s e s  i n  C i r c u m f e r e n t i a l
D i r e c t i o n  a t  I n n e r  F i b e r

CIRCUMFERENTIAL DIRECTION .AT INNER FIBER

POSITION
STRA IN 
GAUGES

(cm/cm)

STRAIN INDICATOR READING AT VARIOUS STAGES 
OF LOADING (crn/cm) X 1 0 " 5

MODULUS 
ELASTICITY 
(kg/cm2)

STRESSES
(kg/cm2)

D.L. Do Le +
11 • 4 L 0 L 0
100

D.L+-L.L. d.l+|l.l D 0 L+L•L 0

0
9

0IIc\i>̂5>3 0 0.06 0.11 0.25 0.39 0.066xl05 2.50

0.80 0 0.09 0. 14 0.30 0.59 99 3.90

0.85 0 0. 1 3 0. 1 7 0.48 0.73 99 4.80

0.90 0 0.14 0.21 0. 56 0.75 ?? 4.93

0.95 0 0.20 0.41 0.83 1.28 99 8.43

1.00 0 0.25 0. 51 1.08 1 . 6 1 99 10.62

ÿ / y 0=0 . 9 0 0 0.35 0.95 1.89 2.94 91 19.40

0.80 0 0.40 0.93 1.74 2.62 !» 17.32

0.70 0 0.30 0.49 0.98 1 . 5 9 99 10.48

0.60 0 0.18 0.29 0.54 0.85 99 5.61

0.50 0 0.05 0.09 0,12
__

0. 1 5 99

1____
1.00
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T a b l e  ( 1 5 c )  -  E x p e r i m e n t a l  R e s u l t s  o f  S t r e s s e s  i n  L o n g i t u d i n a l
D i r e c t i o n  a t  O u t e r  T i b e r

LONOITUDINAL DIRECTION AT OUTER TIBER

POSITION
STRAIN
GAUGES
(cm/cm)

STRAIN INDICATOR READING AT VARIOUS STAGES 
OF LOADING (cn/cm) X  1 0 " 5

MOTJDTJLUS 
ELASTICITY 
(kg/cm2)

STRESSES 
(kg/cm2)

D.L. D0 Le t  .'
17.4L.L.
T o o

D 0 L '̂-%“ Ij 0 TjJ D.L+-L.L D 0 L 0 +L0 L 0

y/y2=0.70 0 0.01 0.02 0.02 0.03 2.58xl05 7. 74

0.80 0 0.01 0.02 0.03 0.04 It 10.32

0.85 0 -0.01 -0.03 -0.05 -0.07 11 -18.06

0 . 90 0 -0.05 -0.09 -0. 1 7 -0.25 1? -64.50

Oo 95 0 -0.07 -0.12 -0.30 -0.46 It -118.68

1.00 0
...

-0.Û9 -0.15 -0.31 -0.48 II -123.84

CIRCUMFERENTIAL DIRECTION AT OUTER FIBER

Y/ y 2=0.70 0
■

0.01 0.02 0.02 0.02 SI 5 . 1 6

0.80 0 0.02 0.02 0. 0 0.04 II 10.32

LTNCO0

1
______1

0 —0.0 3 ■ ■ 0,01 -0.05 -0.06 11 - 15.48

0.90 0 -0.05 -0.09 -0.14 -0.20 11 - 15.60

0.95 0 -0.07 -0.12 -0.21 -0.35 1? - 90.30

1.00
;

0 -0.10 -0. 19 - 0.30 - 0.42 11 -108,36
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T a b l e  ( 15b)  -  E x p e r i m e n t a l  R e s u l t s  o f  S t r e s s e s  i n  L o n g i t u d i n a l
D i r e c t i o n  a t  S k e l e t a l  Bamboos

LONGITUDIÎ!AL DIRECTION AT SKELETAL BAMBOOS

POSITION
STRAIN

STRAIN INDICATOR 
OF LOADI

reading
NG (cm/c

AT VARIOUS STAGES
โท) X 10 ^

MODULUS
ELASTICITY

STRESSES 
(kg/cm2)

GAUGES 
(cm/cm) D.L. D.L# 4*

11 • 4 L • L •
100 •

D.L+jL.L D.L4-L.L D • L e 4"L a Ij 0 (kg/cm2)

y /y2=0*70 0 -0.07 -0.03 -0.08 0.02 1.5xl05 3.0

0.80 0 0,01 0.00 0.05 0.08 f? 12.0
0.85 0 0.06 0.18 0.37 0.58 If 87.0
0.90 0 0.20 0. 41 0.85 1.20 ท 180.0
0.95 0 0.25 0.44 1.19 2.00 ff 300.0

001—1 0 0.11 0.65 1.27 1 . 9 1 ff 286.5
ÿ/y0=0.90 0 0.35 0.61 1.53 2.48 tf 372.0

0.80 0 0.18 0.47 1.49 2.36 ท 354.0

0.70 0 0.21 0.49 1.10 1 . 63 ff 244.5

0.60 0 0.21 0.39 0.83 1 . 2 7 ff 190.5

0.50 0 09 0. 1 5

------------- -

0.39 0.54 Î? 81.0
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Table (1 5 0) - Experimental Results of Stresses in Circumferential 
Direction at skeletal Bamboos

CIRCUMFERENTIAL DIRECTION AT SKELETAL BAMBOOS

POSITION
STRAIN
GAUGES
(cm/cm)

SIRA IN INDICATOR REA iING AT VARIOUS STAGES 
OP LOADIN'.' (cm/cm) X 1 0 ' 5

MODULUS 
ELASTICITY 
(kg/cm2)

STRESSES
(kg/cm2)

D • L • 1 7 J.~4 L. L D a L L 0 L D.L+jL.L Do Lo +L• Xj•

y/y2=0.70 0 0.06 0.12 0.30 0.48 1.3x105 7 2 .
0.80 0 0. 30 0.60 1.10 1 . 50 »» 225.
0.85 0 0.22 0.4 8 1.12 1 . 72 ใ} 258.
0.90 0 0.28 0.47 0.94 1 . 54 H 2 3 1 .
1.00 0 0.01 0.01 0.02 0.09 ?» 13 0 5

y / y 0=0.90 0 0.03 0.08 0.10 0.15 »? 22.5

0.80 0 'ว. 13 0.21 0.52 0.70 î» 1 05 .
0.60 0 0.21 0.40 1 . 23 2 .00 ท 300.
0.50 0 0.22 0. 50 1.12 1 . 7 5 ?» 263o
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Table (16) - Cost .Analysis

Operation A B C D E Total
Unit
Cost
Baht

Cost 
Ba ht

La๖0นr (ท’an - days)
Skilled 2 5 2 2 1 12 45 540

Unskilled 2 3 2 5 1 15 25 375
Material

Cement, kg 323 - - 765 34 1122 0.54 606
Sand, Cu.m» 0.74 - - 0.60 0.03 1*5 7 70 96

Fine Aggregate, Cu.m. 0.30 - - - - 0.50 70 35
Bamboo Skeletal 4 m., ~ 48 -- - 48 2 96

Bamboo Fiber 4 m., - 100 _ - - 100 2 200
plywood, sheet 
( 4m • m. X1.2 Oni, X 2.4 Cm. )

- - 4 ~ - 4 67. 268

Wood, sheet
(ๆ  in X 2 in X 2.00m.) -* - 2 - ... 2 50 100

Total Cost Baht 2316

Detail of Operation ;
A. Preparation of Foundation
B. Fabrication of Reinforcements
C. Formwork o f Inner Top Cone
D. Casting of Prototype Rice Bin
E. Préfabrication of Bin Lid
Cost of labour and materials we re enq aired in February, 1976
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FIG. I -  CON ICAL RICE BIN

{I



FIG. 2  “ SUPERPOSITION OF SOLUTIONS
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FIG.3 -  DISPLACEMENTS AND STRESS 
RESULTANTS IN MEMBRANE
a n a l y s is  o f  c o n ic a l  s h e l l

FIG. 4 -  DISPLACEMENTS AND STRESS 
RESULTANTS IN BENDING 
ANALYSIS OF CONICAL SHELL

FIG. 5  -  EDGE LOADS AND DISPLACEMENTS OF CONICAL FRUSTUM





Fig.( 7 ) — Distributions of Normal S tress Resultants 
Due to The Pressure of W ater, Dead

and Horizontal Radial Deflection 
Load and Vertical Edge L o ad . 0๐-'O



0 .2 t 0.2

Stress R ésultants x 10 Rotation c m /c m
Fig. ( 8 ) —  Distributions of Bending and Shearing S tress  Resultants and Rotation 

Due to The Pressure of W ater, Dead Load and Vertical Edge Load



F I G . O ) G radation  of Natural C o a r s e  S a n d .

Screen Size
Cumulative

Persent Passed Persent Retained

4 ' 100 —

i 10 0 7 ~ _
100

NS. 4 100 —
NO 8 93.6 6.4
NO 16 71.9 28.1
Ns 30 44.8 55.2
NS 50 1 1.4 88.6
NS 100 1.3 93.7
PAN — 100

ค ness Modulus 2.7 7แแแแแร่AtL

D O  o  (0 o  1 '* « >5 40 ft) ro|0D K+t-HOi to <0
i  ร ํร ํ i  $  i



1 0 0  cm .

ËO๐๐ร ิ

i l

EO๐๐.

๐î)

Éน6ôร ิ

1■OCcm.

000 cm.

ร ุ« O

gpl 0.50 cm

l'oôcm.

(o) Tension Test Specimen. (b) Bond Test Specimen.

Fig(IO) Dimensions Of Test Specimen • Of Bamboo.
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F IG .(1 2 a ) -  TENSION SPECIMENS OF BAMBOO FITTING WITH DEMEC STRAIN GAUGES

F IG .(1 2 ๖ ) -  TENSION SPECIMEN IN DIRECT TENSION TEST
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F i a . (15 ) -  CYLINDER S P E C IM E N  I N  C O M P R E SSIO N  T E S T  F I X  WITH CO M PRESSOM ETER
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F IG .(17) -  PREPARATION OF FOUNDATION
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F I G . ( 18a) -  SK E L E T A L  BAMBOO R E IN FO R C E M E N T S O F TH E R IC E  B I N

F I G .  (  18b) -  T Y IN G  O F F I B E R S  BAMBOO MESH O F TH E R IC E  B I N
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F IG .(19a ) -  STICKING STRAIN GAUGES IN SKELETAL BAMBOO FOR BOTTOM CONE

F IG .(1 9b ) -  STICKING STRAIN GAUGES IN SKELETAL BAMBOO FOR TOP CONE
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FIG .(21) -  CASTING OF TOP CONE
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Fig.(22) Arrangement Of Dial Gages.
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*

*SL* Denote* Strain Cages เท Longitudinal Direction And *sc* เก 
Circumferential Direction.

^*o" Denotes Strain Gages At Outer Fiber 1 *-l*A t Inner Fiber And 
-2 * เก Skeletal Bamboos.

Fig(23) — Positions Of strain Gages
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FIG. (2*0 -  CASTING OF BIN LID

F IG .(25) -  TEST EQUIPMENT AND INSTRUMENTATION OF PROTOTYPE BIN



. - F ia .  (2 6 a )  -  STRAIN INDICATOR AND 
SELECTOR SWITCHES

J



FIG.(27a) - METHOD OF ATTACHING DIA.L
GAUGES

FIG.(27๖) - METHOD OF STICKING STRAIN
GAUGES
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R g .( 3 0 a ) — Comparative H orizontal Radial D eflection  C u rv es a t Position ( a )  , ( ช ) OH



Fi g. (30b ) —  C om parative Horizontal Radial. D efection  Curve at P osition  (C ) LU
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Fig. ( 31 c  ) - Experiment Horizontal Radial D eflection  C u rv es ๙  V arious L o a d in g  a t  P o sitio n  ( c )
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Fig.(33d) Comparative Stress ir  ̂ Longitudinal Direction
at Outer Fibers
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