
CHAPTER I I I

APPARATUS AND EXPERIMENT METHODS

3 .1  Apparatus

1. D if f e r e n t ia l  Thermal A n alysis ; shimadzu Thermal 
A n alysis  Instrum ent DT-30

2. Gas Chromatography7 ; Shimadzu GC -  7AG
3. Infrared. Spectrophotom eter ; Perkin Elmer 1430
4. Nuclear M agnetic Resonance Spectrophotom eter ; 

Bruker AFC 200
5. In frared  Lamp ; F uji E le c tr ic  Type ST3
6. Microwave ; Sunyo Microwave
7. Furnace ; Thermolyne Type 47900
8. pH-Meter ; S ch ott CG 825
9. High Q u a lity  Color video M icroscope System ;

HI-SCOPE KH-2200
10. Mylar Film
11. F la t Sash Brush
12. Laminating R o ller  ะ r o l le r  s i z e  3 /4  X 6 inch
13. Drum ะ s i z e  1 fo o t
14. S ta in le s s  s t e e l  Vernier C aliper ะ Mitutoyo
15. Deep Throat D ial Hand Gauge ; S c h n e llta s te r  0-20 mm
16. Hand Operated Shear ะ Handop Jorg 40 Kg/mmZ
17. Heavy Duty V ertica l Band Saw ะ Funo l . s  KW
18. L igh t-d u ty  R igh t-an g le  Grinder ะ McMASTER-CARR
19. A brasive D isc  : so  g r i t
20. Photom etric Bench 1 .5  m
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21. Incandescent standard Lamp ; Toshiba SB21101C,
95 - 5 VAC, 377 candela, 856 K

22. Illum inance Meter ; M inolta T - l ,  .0 1 -9 9 ,0 0 0  Lux or 
.001 -9 9 ,000  fed., Accuracy 2%

23. U niversal T estin g  Machine ะ In stron  4505

3 .2  Chemicals

1.
2.
3.
4.
5.
6 .
7.
8. 
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20. 
21. 
22. 
23.

A cetic  a cid  
Acetone 
Acetone
Anhydrous sodium su lp h ate  
Bisphenol A 
Chloroform  
Cobalt o c to a te  1%
Ethanol 
Fumaric a cid  
H ydrochloric acid  
Hydroquinone 
M aleic anhydride 
Methano1 
Methyl eth yl ketone peroxide  
Methyl m ethacrylate  
N itrogen gas

(Analar grade, Merck) 
(Analar grade, Merck) 

(Commercial grade) 
(Analar grade, BDH) 

(Analar grade, Fluka) 
(Analar grade, J.T .Baker) 

(Hoechst Thai L td .) 
(Analar grade, J .T .B aker) 

(Analar grade, Fluka) 
(Analar grade, Merck) 
(Analar grade, Merck) 

(Siam Chemical Industry C o., L td .)
(Analar grade, J.T .Baker) 

(Hoechst Thai L td .) 
(Hoechst Thai L td .)

Phenolphthalein  (RPE reagen t, c a r lo  erba)
P o lyeth y len e  g ly c o l 1500 (Union Carbide C o., L td .)  
P o ly (v in y l a lco h o l) (Laboratory reagen t, BDH)
Propylene oxide ' (Laboratory reagen t, A ldrich)
S il ic o n e  o i l
Sodium hydroxide (Analar grade, Merck and Eka Nobel) 
Styrene (Siam Chemical Industry C o., L td .)

X 2 1 7 1 2 ^ 1
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24. Toluene (Analar grade, J .T .B aker and Merck)
25. Unsaturated p o ly ester  r e s in  used, in t h i s  study i s  

id e n t if ie d  as "ALPOLIT VUP 9026" su p p lied  by 
Hoechst Thai Ltd.

3 .3  Experim ental Procedures

3 .3 .1  S yn th esis  o f 2 ,2-B isr4-(2-hyd .roxypropoxy)- 
phenyllpropane (39)

0 .308 mole (1 2 .3  g) o f sodium hydroxide so lu t io n  
con ta in ed  in  a water so lu t io n  (4.0% con cen tra tion ) and 14.778  
mole (266 ml) o f d i s t i l l e d  water were added, to  a 1000 ml th ree  
-necked rounded bottom f la s k  equipped w ith m echanical s t ir r e r ,  
thermometer and a condenser. T his f la sk  was co o led  w ith ic e  
water to  m aintain  th e tem perature o f th e s o lu t io n  a t about 25°c 
during th e  r e a c tio n . 0 .384  mole (27 ml) o f propylene oxid e and 
0 .1 5 4  mole (3 5 .1  g) o f b isphenol A were g ra d u a lly  added to  th e  
f la s k .  The rea c tio n  was s t ir r e d  for 12 hours. Then th e  so lu t io n  
was poured in to  a 1000 ml sep aratory  funnel and 100 ml o f
to lu en e  was added to  th e  so lu t io n  to  e x tr a c t  th e  product 
from t h i s  m ixture (5 t im e s) . The to lu en e  layer was washed, with  
100 ml o f d i s t i l l e d  water (3 t im e s ) , d ried  w ith sm all amount o f  
anhydrous sodium su lp h a te , and then evaporated in  a rotary  
evap orator. The y ie ld  o f th e  recovered  product was 70% (37 .1  g ) .

3 .3 .2  Preparation o f th e  Chemicals Used fo r  T estin g
Acid Number o f th e  Unsaturated P o ly e ste r_Re s in s

3 .3 .2 .1  S olven t
A m ixture o f to lu en e  and methanol with
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th e  r a t io  o f 1 : 1 was used,.

3 .3 .2 .2  P henolphthalein  In d icator  S o lu tion
0 .5  g o f phenolphthalein  was d isso lved , in  

100 mไ of a m ixture o f equal volumes o f water and e th a n o l. A 
s l ig h t  excess o f 0 .1  N NaOH so lu tio n  (pink co lo r) was added and 
then the so lu t io n  was n e u tr a liz e  ( c o lo r le s s )  with 0 .1  N HCl.

3 .3 .2 .3  0 .1  mol/1 (0 .1  N) Ethyl A lco h o lic
Potassium Hydroxide S olu tion
7 g o f potassium  hydroxide was added to  

5 ml o f d i s t i l l e d  w ater. Then th e  s o lu t io n  was d ilu te d  w ith  
ethanol to  about 1000 ml and mixed w ell to  d is s o lv e  any s o l id .

3 .3 .3  S y n th e s is  o f S e lf - e m u ls if ia b le  Unsaturated
P o ly e s te r  Resin by Using Fumaric Acid (7)

The fiv e -n eck ed  round bottom f la s k  500 ml equipped  
w ith mechanical s t i r r e r ,  thermometer, a n itrogen  gas in le t  tube  
and a Dean-stark tra p  topped by a condenser was charged w ith  
0 .484  mole (1 6 6 .4  g) o f 2 ,2-bisC 4-(2-hydroxypropoxy)phenyl 1-
propane, 0 .452 mole ( 5 2 .4  g) o f fum aric a c id , 55.3  g (25 p a rts  
by weight per 100 p a r ts  by weight o f th e  sum of th e p o ly e ste r  
s ta r t in g  m a ter ia ls ) o f  p o lyeth y len e  g ly c o l  number 1500 and 0 .2  g 
of hydroquinone. The mixture was heated  under n itro gen
atmosphere. During th e  rea c tio n , th e  h ea tin g  tem perature was 
s ta r te d  a t 160°c and g ra d u a lly  in crea sin g  to  210°c. The r e a c tio n  
was stopped when an a c id  number o f th e  p o lyester  was 25. The 
t o t a l  reaction  tim e was about 8-10 hours.



3 .3 .4  S y n th e s is  o f S e lf - e m u ls if ia b le  Unsaturated.
P o ly e ste r  Resin by Using M aleic Anhydride

The fiv e -n eck ed  round bottom f la sk  soo ml equipped  
with mechanical s t i r r e r ,  thermometer, a n itrogen  gas in le t  tube  
and a Dean-stark trap  topped by a condenser was charged w ith
0 .484 mole (1 6 6 .4  g) o f 2,2-b isC 4-(2-hydrox.ypropoxy)phenyD - 
propane, 0 .450  mole (44 .1  g) o f m aleic  anhydride, 5 5 .3  g (25 
p arts by w eight per 100 parts by w eight of th e sum o f th e  
p o ly ester  s ta r t in g  m a ter ia ls) o f p o lyeth y len e  g ly co l number 1500 
and 0 .2  g o f hydroquinone. The m ixture was heated under n itrogen  
atmosphere. During th e  r ea c tio n , th e  h ea tin g  tem perature was 
s ta r te d  a t 160°c and grad u a lly  in crea sin g  to  210°c. The r ea c tio n  
was stopped when an as id  number o f th e  p o ly ester  was 25. The 
t o t a l  rea c tio n  tim e was about 8-10 hours.

3 .3 .5  T estin g  Acid Number o f th e  Unsaturated
P o ly e ste r  Resin (40)

Weigh about 1 g to  3 g o f th e sample was 
d isso lv e d  in  about 10 ml o f the mixed s o lv e n t . Then th e  s o lu t io n  
was t i t r a t e d  w ith  0 .1  mol/1 (0 .1  N) e th y l a lc o h o lic  potassium  
hydroxide s o lu t io n  u sin g  th e  mixed in d ica to r  u n til  th e  co lou r o f  
th e  so lu tio n  turned  from c o lo r le s s  to  pink c o lo r . Put th e  mixed 
so lv e n t and th e  reagent were in  p laced  a separated  erlenm eyer 
f la s k  in th e  same manner as d escr ib ed  above, and a blank t e s t  was 
ca rr ied  o u t. C a lcu la te  th e a cid  number by th e  fo llo w in g  eq u ation .

a c id  number = (v -  V ) X 5.61
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where V1 = volume o f 0 .1  mol/1 (0 .1  M) e th y l a lc o h o lic  potassium  
hydroxide so lu t io n  consumed in th e  t i t r a t io n ,  ml 

V2 = volume o f 0 .1  mol/1 (0 .1  N> e th y l a lc o h o lic  potassium  
hydroxide so lu t io n  consumed in th e  blank t i t r a t io n ,  ml 

m = mass o f sam ple, g

3 .3 .6  C h aracter iza tion  o f Monomer and Polymers

3 . 3 . 6 . 1  In frared  (IR) Measurement
In frared  (IR) sp ec tra  o f monomer and 

polymer were recorded on a Perkin-Elmer In frared  Spectrophotom eter 
model 1430. The s o l id  chem icals were examined by u sin g  KBr method. 
The v isc o u s  l iq u id  monomer and polymer were recorded a t neat 
sam ples by u sin g  a NaCl c e l l .

3 . 3 . 6 . 2  Nuclear M agnetic Resonance (NMR) 
Measurement
The 1H NMR of monomer and polymer were 

taken by using Bruker Nuclear Magnetic Resonance model AFC 200. 
The sam ples were d is s o lv e d  in CDC13 to  make th e  so lu t io n  o f 5% 
con cen tra tion .

3 . 3 . 6 . 3  D if f e r e n t ia l  Thermal A n a ly sis  (DTA)
DTA thermograms o f monomer was obta ined

in s t a t i c  a ir  atmosphere w ith chart speed o f 2 .5  mm/min, and th e  
s e n s i t i v i t y  range o f ± 5 0 y x v  was s e le c te d . The w eight o f  
specim ens used was m illigram . The r e l ia b le  m eltin g  tem perature 
and decom position tem perature o f monomer was obta ined .

3 . 3 . 6 . 4  Gas chromatography (GC) Measurement
GC chromatogram o f monomer was recorded
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by u sin g  shimadzu Gas Chromatography model GC -  7AG. The 
chromatography was obtained  by u sin g  column OV-1 2% under 
nitrogen  atmosphere w ith a flow  r a te  about 45 ml/min and th e  
column tem perature was h eld  iso th erm a lly  a t 160°c u n t i l  th e  
monomer was e lu te d , then programmed to  240°c a t a ra te  o f 8 °c  per 
minute. The w eight o f specimens used was m illigram  in 5 ml eth an ol

3 .3 .7  P reparation  of an o i l - in - w a te r  Type Emulsion o f  
th e  Unsaturated P o ly e ste r  Resin as Film -form ing  
Agents

The four-necked round bottom f la sk  500 ml equipped  
with mechanical s t i r r e r ,  thermometer, and a condenser was charged  
w ith 54 .1  g o f an unsaturated p o ly e s te r  r e s in . This f la s k  was 
heated a t 90°c  and then added 1 .6  g (37° by weight of o i l  phase) 
o f sp e c ia l su r fa c ta n t . From th a t 127 ml o f d i s t i l l e d  water which 
preheated a t 90°c  was slow ly  added in  a sm all portion  to  th e  
f la sk  to  make 307° by weight o f p o ly e ste r  em ulsion, su bseq uently  
tem perature o f th e  m ixture was a llo w  to  decrease to  about 60°c  
and then added 0 .1  g o f p o ly (v in y l a lco h o l) p red isso lv ed  in  
15 ml o f d i s t i l l e d  water in to  th e  m ixture and then coo led  to  
room tem perature.

3 .3 .8  Preparation  of S iz in g  Agents

In t h i s  experim ent, th e  main form ulation o f s iz in g  
agent was s e t  a t  th e  same con cen tra tion  o f th e b a s ic  m a ter ia ls  
in g la s s  f ib e r  manufacturing as con sta n t parameters as shown in  
Table 3 .1 . Only th e  typ e o f film -form in g  agent was changed from 
p o ly fv in y l a c e ta te )  emulsion to  both p o ly ester  em ulsion and 
the con cen tration  o f each p o ly e ster  em ulsion was v a r ied , i . e . ,
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0 .5 ,  2 .5 ,  3 .5  and 5.0% by weight, o f s iz in g  agen t. In some
form u lation , 5.0% p o ly (v in y l a c e ta te )  em ulsion was mixed with  
p o ly e ster  em ulsion.

Table 3 .1  The rec ip e  o f s iz in g  agent in th e  experim ent

M aterials % by weight

-  P o ly e ste r  emulsion (50 wt% p o ly e ster ) 0 -  5 .0
-  P o ly (v in y l a ce ta te ) em ulsion (50 wt% PVAc) 0 , 5 .0
-  Coupling agent 0 .3 0
-  A n t is ta t ic  agent 0 .2 0
-  Lubricant 0 .1 5
-  A ce tic  a cid -
-  D eion ized  Water -

The procedure o f preparation  s iz in g  agent was done
as fo llo w s  ะ

1. Hydrolyze cou p lin g  agent w ith  a c e t ic  a cid  in  
pH range 4 .0 - 5 .0 .

2. Add p o ly e ster  em ulsion and mix thoroughly.
3. Add p o ly (v in y l a ce ta te )  and mix thoroughly.
4. D isso lv e  lu b rican t in  hot d e io n ize d  water and 

add to  2. Then mix thoroughly .
5. P red isso lv e  an a n t i s t a t ic  agent in  d eion ized  

water and add to  2. Mix thoroughly .
6 . Add d e io n ized  water to  t h i s  system  to  adju st 

th e le v e l  o f s iz in g  agent equal w ith  10 l i t r e s .  
Mix thoroughly .
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7 . Adjust pH of s iz in g  agent to  about 5 .0 -6 .0  
w ith  a c e t ic  ac id .

8 . T est on chopped strand  mat f ib e r .

3 .3 .9  D eterm ination o f S o lid  Content o f s iz in g  Agents

1. Number two of th e aluminum f o i l  d is h e s . Weigh 
th e  f i r s t  empty d ish  to  th e  n earest 0 .1  mg. Record t h i s  w eight 
as "tare".

2. Shake th e  sample to  a ssu re  u n ifo rm ity , w ith  
a m edicine dropper, add approxim ately 5 g o f sample to  th e  
aluminum f o i l  d ish . Weigh th e d ish  t.0 th e  n ea rest 0 .1  mg. Record 
t h i s  w eight as " in i t ia l  weight".

3. P lace th e  d ish  under th e  in fra red  lamp. Turn 
th e  lamp on. Leave th e  d ish  under th e  in fra red  lamp fo r  15 m inutes.

4 . Remove th e d ish  from under th e  in fra red  lamp 
w ith  th e  c r u c ib le  tong and p lace i t  d ir e c t ly  in to  th e  d e s ic c a to r  
for  10 m inutes.

5. Remove th e  d ish  from th e  d e s ic c a to r  and weigh  
i t .  Record th e  weight as " fin a l weight".

6. C a lcu late  the s o l id  con ten t using  th e  
fo llo w in g  form ula ะ

ร = F -  T X 100 
I

where ะ ร = percent s o l id  content o f th e sample
F = f in a l  weight o f th e d ried  sample and d ish , g 
T = i n i t i a l  w eight of th e sam ple, g 
I = ta r e  weight o f the d ish , g
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Note ะ A ll sam ples were performed in d u p lic a te . The r e s u lt s  
from th e  two d eterm in ation s were averaged to  o b ta in  th e  
"Percent s o lid " . The d if fe r e n c e  in th e two d eterm in a tion s  
was le s s  than 0.0S%.

3 .3 .1 0  D eterm ination o f M oisture Content and s i z in g  Agent 
Content o f G lass F ibers

1. Number four o f th e  samples which were cu t from 
wet cake. They were t ie d  as knot and placed on th e  watch g la s s .  
Each sample was weighed approxim ately 4 -  6 g and recorded  th e  
weight as " in i t ia l  weight".

2. P lace th e  sample in microwave a t 120°c about 
40 m inutes. Remove th e  sample from microwave and p la ce  i t  
d ir e c t ly  in to  th e  d es ic c a to r  for  10 m inutes.

3. Remoye th e  sample from th e d e s ic c a to r  and 
weigh i t .  Record th e  w eight as " fin a l weight 1".

4. C a lcu late  th e  m oisture con ten t u sin g  th e  
fo llo w in g  form ula ะ

M = I -  F1 X 100
I

where ะ M = percent m oisture con ten t o f th e sample 
I = i n i t i a l  weight o f th e  sample, g
F1 = f in a l  w eight 1 o f th e  d r ied  sample in microwave, g 5 6

5. P lace th e  same sample in furnace a t 625°c  
about 1 hour. Remove th e  sample from furnace and p la ce  i t  
d ir e c t ly  in to  th e  d es ic c a to r  fo r  10 m inutes.

6 . Remove th e  sample from th e d e s ic c a to r  and
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weigh i t .  Record th e w eight as " fin a l w eight 2".
7. C a lcu la te  th e  s iz in g  agent con ten t using  

th e  fo llo w in g  formula ะ
ร = F x -  F2 X 100

where ะ ร = percent s iz in g  agent content o f th e  sample
F = f in a l  w eight 1 o f th e  d ried  sample in  microwave, g
F2 = f in a l  w eight 2 o f th e  d ried  sample in  fu rnace, g

Mote ะ The r e s u lt s  from th e  four d eterm ination s were averaged
to  obtain  th e  "Percent m oisture" and "Percent s iz in g " .

3 .3 .1 1  Lamination o f th e  G lass F ibers and th e  Unsaturated  
P o ly ester  R esin , ALPOLIT VHP 9026

In t h i s  experim ent, th e main form ulation  o f th e  
lam inates was s e t  as con sta n t parameters as shown in  Table 3 .2 .  
Styrene and methyl m eth acrylate  were uesd as th e  c r o s s 1 in tin g
a g en t.

Table 3 .2  The rec ip e  o f th e  lam inates in th e  experim ent

M aterials Weight (grams»

-  Chopped strand g la s s  f ib e r ,  2 inch length 70
-  ALPOLIT VUP 9026 Resin 140
-  Cobalt o cto a te  1/4 0 .1 4
-  Methyl e th y l ketone peroxide 0 .1 4
-  S tyrene or Methyl m eth acrylate 7
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The lam ination  was performed as fo llo w s:

1. Cut th e  g la s s  f ib e r  fo r  lam inatin g  in  a s i z e  
o f 2 inch len gth . Weigh th e g la s s  f ib e r  approxim ately 70 g.

2. Prepare th e  area fo r  lam ination  by c u ttin g  two 
p ie c e s  o f mylar film  in  s iz e  o f 14 X  14 inch . A ttach one p iece  
o f  mylar film  on smooth polycarbonate sh ee t by u sin g  sco tch  ta p e . 
Draw a square l in e  in  s i z e  o f 12 X  12 inch  on th e  mylar film  
su r fa c e .

3. Weigh th e  ALPOLIT VUP 9026 r e s in  approxim ately  
140 g . Add cob a lt o c to a te  so lu tio n  about 0.1% by w eight o f th e  
r e s in  and 5.0% sty ren e  r e sp e c t iv e ly . Mix th orou gh ly .

4. Add about 0.1% methyl e th y l ketone peroxide  
to  th e  r e s in  and mix thoroughly.

5. Pour th e mixed r e s in  onto  th e  mylar film  
su r fa c e  and brush around area in th e  square l in e  w ith  a f l a t  sash  
brush. D is tr ib u te  th e  chopped strand g la s s  f ib e r  uniform ly in th e  
square l in e .  Pour th e  r e s t  mixed r e s in  onto th e  g la s s  f ib e r .

6. Use th e  lam inating r o l le r  to  remove th e  a ir  
from wet f ib e r g la s s  lam inate and com p letely  sa tu ra ted  between 
th e  g la s s  f ib e r  and th e  r e s in .

7. Cover th e  laminate by th e  o th er mylar f ilm .
8. Use th e  drum to  r o l l  on th e  lam inate to  make 

th e  smooth su rface  and to  remove a l l  th e  a ir  bub]:)le s  from th e  
lam in ates.

9. Allow th e re s in  to  cure a t  room tem perature  
for  about 3 hours.

10. Clean th e lam inating r o l l e r  im m ediately by
u sin g  aceton e.

11. A fter 3 hours, remove th e  mylar film  and trim  
o f f  th e  e x cess  lam inate with th e hand, operated, sh ear.
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12. Repeat t h is  procedure w ith changing th e  
c r o ss lin k in g  agent from styren e to  methyl m ethacrylate.

3 .3 .1 2  Transparency T esting  o f th e  Laminates

The experim ent d escribed  below was based, on th e  
t e s t  methods fo r  l ig h t  transm ission  in  th e  fo llo w in g  s te p s  ะ

1. Cut th e  specimen fo r  t e s t in g  in a s i z e  o f
4 .8  mm w idth, 6 .0  mm length  and approxim ately 1 .6  mm th ic k n e ss  
by u sin g  th e  heavy operated shear.

2. S et th e  equipment fo r  l ig h t  tra n sm iss io n  
t e s t in g  as in  F igu re 3 .1 . 3

F igure 3 .1  A setu p  of equipment fo r  l ig h t  tra n sm iss io n  
t e s t

3. Turn power sw itch  o f incandescent standard, 
lamp to  "on" and co n tro l v o lta g e  o f t h is  lamp a t 95 v o l t s
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d u rin g  t h i s  ex p e rim en t.
4. S e le c t  and s e t  d e s i r e d  m easuring u n i t  o f th e  

illu m in an ce  m eter in  u n i t  o f Lux. Turn power sw itch  to  "on" and 
c a l i b r a t e  fo r  ze ro  l e v e l .  Remove th e  cap on th e  1ig h t - r e c e p te r  
dome o f th e  i llu m in a n c e  m e te r, re c o rd  th e  d a ta  as  " i n i t i a l  
illu m in an ce  le v e l" .

ร. I n s e r t  th e  sam ple in  sam ple s l i t .  Record th e  
d a ta  from th e  illu m in a n c e  m eter a s  " il lu m in a n c e  le v e l  o f sam p le" .

6 . C a lc u la te  th e  p e rc e n t l i g h t  t ra n s m is s io n  o f 
sam ple u sin g  th e  fo llo w in g  fo rm ula  ะ

T = (S/L) X  100

where ะ T = p e rc e n t l i g h t  t ra n s m is s io n  o f sam ple 
ร = illu m in a n c e  le v e l  o f sam ple, Lux 
L = i n i t i a l  i llu m in a n ce  l e v e l ,  Lux

Note ะ The r e s u l t s  from th e  t h i r t y  d e te rm in a tio n s  were averag ed  
to  o b ta in  th e  "P e rcen t l i g h t  tra n s m is s io n " .

3 .3 .1 3  M echanical__P r o p e r t ie s  T e s tin g  o f__th e  L am inates

The exp erim en t d e s c r ib e d  below was based on th e  
t e s t  methods o f ASTM จ790 (41) in  th e  fo llo w in g  s te p s  ะ

1. Cut th e  specim en f o r  t e s t i n g  in  a  s i z e  o f
2 .5  mm w id th , 5 .0  mm le n g th , and ap p ro x im a te ly  1 .6  mm th ic k n e s s  
by u s in g  th e  heavy d u ty  v e r t i c a l  band saw. P o lis h  th e  c u t t in g  
s u r fa c e  sm oothly w ith  an a b ra s iv e  d is c  a ttach ed , on a l ig h t - d u ty  
r ig h t - a n g le  g r in d e r .

2. For a  f le x u re  t e s t  in  a  3 -p o in t  b en d in g , 
th e  len g th  o f su p p o rt  span depends upon th e  th ic k n e s s ,  in  t h i s
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c a se  th e  span le n g th  i s  25 mm w ith  su p p o rt s p a n - to - th ic k n e s s  
r a t i o s  equ a l to  16 ะ 1 as shown in  F ig u re  3 .2 . A t e s t  specim en 
was loaded  v ia  a  10 mm d iam e te r o f c ro ssh e a d  lo ad in g  nose by 
u s in g  th e  r a t e  o f c ro ssh ead  m otion a t  0 .8  mm/min.

3. C a lc u la te  th e  f l e x u r a l  s t r e n g th  and f l e x u r a l  
modulus by th e  fo llo w in g  fo rm ulas ะ

ร = 3PL 
2bdz

Eb = L3|TI 
4bd3

where ร = The s t r e n g th  o f bending a t  m idspan, MPa เพ /mm2 )
Eb = The modulus o f e l a s t i c i t y  in  b en d in g , MPa (N/mii)2 )
p = The lo ad  a t  th e  g iven  p o in t  on th e  lo a d - d e f le c t io n

c u rv e , พ
L = S uppo rt span , mm 
b = The w id th  o f team t e s t e d ,  mm
d = The d ep th  o f team t e s t e d ,  mm
in = The s lo p e  o f th e  ta n g e n t to  th e  i n i t i a l  s t r a i g h t - l i n e  

p o r t io n  o f th e  lo a d - d e f le c t io n  c u rv e , M/m, o f th e  
d e f le c t io n

1.6mm

LOADING NOSE

->25 mm-
I l: .โ

f
->12.5 T- ->12.5 e "''ไ II

i ! mm mm i

SPECIMEN

ๆmm mm I
—> SUPPORT SPAN <—

F ig u re  3 .2  A se tu p  o f lo ad  and 3 s u p p o r tin g s  fo r
f le x u r a l  t e s t
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