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Appendix A 

Error analyses

Most experimental data in this thesis are reported with the error bar of 90 % 
confidence. It should be noted that the 90% confidence interval or 0.90 confidence 
coefficient in fact means if it is assumed that the distribution is the normal probability 
distribution, 90% of data fall within this region. The value can be defined as;

พ ^ = )  (A-1)

where 1050 is the standard normal value of t.050 at the degree of freedom of 
(n-1 ), as can be seen in figure A-1.

G  is standard deviation 
ท is number of data

For example
From flexural strength test, it appears that the standard deviation of flexural 

strength of PMMA is 72.8 and the number of specimen is five. At the column of 105, the 
degree of freedom of 4 in figure A-1, it gives 2.132. Therefore, the value of 90% 
confidence of flexural strength of PMMA is 2.86. It means that 90 % of flexural strength 
of PMMA is in the range 72.8 ±  2.9.
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Table A-1 Standard Normal Value at various degree of freedom of n-1

V ( n o 7.060 Ion ( o t t l m (o006
1 3.078 6.314 12.706 31.821 63.657 318.31 63662
2 1.886 2.920 4.303 6.965 9925 22326 31 598
3 1 638 2353 3 182 4 541 5.841 10.213 12 924
4 1 533 2.132 2 776 3.747 4604 7.173 8610
5 1.476 2.015 2.571 3.365 4.032 5.893 6 869
6 1.440 1.943 2.447 3 143 3 707 5208 5959
7 1 415 1.895 2.365 2.998 3499 4 785 5408
B 1.397 1.860 2.306 2.896 3355 4 501 5 041
9 1 383 1.833 2.262 2.821 3 250 4.297 4 781

10 1 372 1.812 2 228 2.764 3 169 4 144 4 587
11 1 363 1 796 2.201 2.718 3 106 4025 4.437
12 1.356 1.782 2.179 2.681 3.055 3.930 4 318
13 1.350 1.771 2 160 2.650 3.012 3.852 4221
14 1 345 1 761 2 145 2.624 2.977 3.787 4 140
15 1.341 1.753 2.131 2.602 2.947 3.733 4073
16 1.337 1.746 2.120 2.583 2921 3686 4015
17 1 333 1.740 2.110 2.567 2898 3 646 3965
18 1.330 1.734 2.101 2.552 2878 3610 3.922
19 1.328 1.729 2.093 2.539 2.861 3.579 3.883
20 1.325 1 725 2086 2.528 2845 3.552 3850
21 1323 1 721 2.080 2.518 2 831 3527 3819
22 1 321 1.717 2.074 2.508 2.819 3.505 3.792
23 1.319 1.714 2.069 2.500 2.807 3 485 3.767
24 1.318 1.711 2064 2492 2797 3 467 3 745
25 1.316 1.708 2 060 2.485 2787 3450 3.725
26 1.315 1.706 2056 2.479 2.779 3435 3.707
27 1.314 1.703 2052 2.473 2 771 3 421 3 690
28 1.313 1.701 2.048 2.467 2.763 3.408 3674
29 1.311 1.699 2.045 2.462 2.756 3.396 3.659
30 1.310 1.697 2.042 2.457 2.750 3 385 3.646
40 1.303 1.684 2.021 2.423 2704 3.307 3.551
60 1.296 1 671 2.000 2.390 2.660 3232 3 460

120 1.289 1 658 1 980 2.358 2.617 3.160 3.373
a o 1.282 1.645 1 960 2.326 2.576 3.090 3.291

From Mendenhall, พ. and Sincich, T., “ A Second Course in Statistics: Regression 
Analysis” , 5th edition, Prentice-Hall International, New Jersey, 1996.



Appendix ธ

Raw Data to find Average Aspect Ratio of 
Each Size-Group

Table B-1 Raw data of 50 raw data to calculate average aspect ratio of L-size fiber.

Aspect Ratio of Fiber (Size L)
Group 1 Group 2 Group 3 Group 4 Group 5

17.9 17.0 13.5 14.3 12.8
10.3 15.5 12.2 13.2 17.7
10.8 17.0 11.5 19.0 22.1
10.8 16.5 7.1 12.2 12.5
6.5 15.9 17.9 15.7 20.3
18.0 7.8 22.1 15.2 17.6
13.9 13.6 23.4 20.4 21.6
16.7 10.4 18.4 13.5 13.9
8.3 11.0 18.9 15.4 21.2
12.6 13.2 5.9 11.5 24.3

Average 12.6 13.8 15.1 15.0 18.4
S.D. 4.0 3.2 6.0 2.8 4.2

Average of Fiber (Size L ) : 15.0
ร.อ. of Fiber (Size L) = 4.5
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Table B-2 Raw data of 50 raw data to calculate average aspect ratio of M-size fiber.

Aspect Ratio of Fiber (Size M)
Group 1 Group 2 Group 3 Group 4 Group 5

64.2 46.2 37.9 48.7 36.6
46.9 34.6 65.2 30.3 54.1
57.0 39.0 54.9 45.0 55.9
57.0 40.9 37.6 54.4 41.0
32.2 40.0 36.2 50.9 52.0
53.8 39.7 50.1 27.2 39.3
46.8 34.4 56.8 31.3 41.8
47.9 45.2 41.9 52.6 47.7
42.9 47.3 49.6 46.3 42.5
31.1 50.2 50.3 46.9 44.9

Average 48.0 41.8 48.1 43.4 45.6
S.D. 10.6 5.3 9.5 10.0 6.6

Average of Fiber (Size M) = 45.3
ร.อ. of Fiber (Size M) = 8.7
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Table B-3 Raw data of 50 raw data to calculate average aspect ratio of S-size fiber.

Aspect Ratio of Fiber (Size ร)
Group 1 Group 2 Group 3 Group 4 Group 5

78.0 84.4 73.8 70.8 88.5
74.4 73.3 92.1 80.0 103.1
80.0 80.0 100.0 75.0 75.0
96.0 80.0 93.3 77.0 76.0
80.0 84.2 75.9 81.8 80.0
82.1 76.8 70.9 80.0 68.8
86.7 70.4 64.8 75.0 80.0
84.4 88.0 85.0 73.5 61.3
73.1 78.0 70.0 86.7 72.3
72.5 75.0 80.0 88.5 86.7

Average 80.7 79.0 80.6 78.8 79.2
ร.อ. 7.1 5.5 11.6 5.7 11.7

Average of Fiber (Size ร) = 79.7
S.D. of Fiber (Size ร) = 8.4



Table B-4 Raw data of 50 raw data to calculate average aspect ratio of
S-fiber treated with NaOH for 6 hours

Aspect Ratio of Fiber (Lignin Removal)
(6 hours of NaOH treatment, Size ร)

Group 1 Group 2 Group 3 Group 4 Group 5

69.1 78.3 81.3 74.3 83.3
87.5 80.0 76.9 93.3 94.5
80.0 105.0 83.3 72.7 90.0
105.6 80.0 84.0 77.8 100.0
85.0 100.0 100.0 74.3 94.1
115.0 75.0 75.9 96.0 85.0
122.0 77.5 75.0 82.5 88.0
78.3 83.3 94.3 83.3 88.0
71.2 60.0 87.1 84.0 90.9
70.0 91.7 75.0 109.1 89.1

Average 88.4 83.1 83.3 84.7 90.3

ร.อ. 19.2 13.0 8.5 11.6 4.9

Average of Fiber (6-hour treatment) = 86.0
ร.อ. of Fiber (6-hour treatment) = 12.2
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Table B-5 Raw data of 50 raw data to calculate average aspect ratio of 
S-fiber treated with NaOH for 12 hours

Aspect Ratio of Fiber (Lignin Removal)
(12 hours of NaOH treatment, Size ร)

Group 1 Group 2 Group 3 Group 4 Group 5

110.0 89.1 100.0 83.3 81.1
95.2 102.6 113.3 94.5 100.0
82.3 100.0 71.4 105.0 90.0
97.5 88.0 82.0 103.1 122.0
91.7 89.1 120.0 75.6 105.0
88.1 86.7 90.9 90.9 106.7
105.9 113.6 94.4 97.3 90.7
96.0 95.0 101.3 98.0 96.3
88.0 114.3 100.0 87.7 105.0
109.1 85.3 94.1 90.0 95.8

Average 96.4 96.4 96.7 92.6 99.3
ร.อ. 9.4 10.9 14.0 9.0 11.3

Average of Fiber (12-hour treatment) = 96.3
ร.อ. of Fiber (12-hour treatment) = 10.8
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Table B-6 Raw data of 50 raw data to calculate average aspect ratio of 
S-fiber treated with NaOH for 18 hours

Aspect Ratio of Fiber (Lignin Removal)

(18 hours of NaOH treatment, Size ร)
Group 1 Group 2 Group 3 Group 4 Group 5

91.5 100.0 114.3 108.8 112.0
110.0 108.0 104.5 106.4 95.5
100.0 95.7 120.0 128.9 100.0
108.9 100.1 96.2 106.3 114.7
106.7 100.0 100.7 97.8 100.0
125.7 112.5 103.6 106.7 120.0
120.5 93.3 100.0 95.7 96.6
94.0 116.7 119.0 105.4 96.7
90.0 108.3 115.4 98.0 120.9
113.3 122.7 118.8 112.0 96.7

Average 106.1 105.7 109.2 106.6 105.3
S.D. 12.1 9.5 9.1 9.5 10.4

Average of Fiber (18-hour treatment) = 106.6
S.D. of Fiber (18-hour treatment) = 9.9



Table B-7 Raw data of 50 raw data to calculate average aspect ratio of
S-fiber treated with NaOH for 24 hours

Aspect Ratio of Fiber (Lignin Removal)
(24 hours of NaOH treatment, Size ร)

Group 1 Group 2 Group 3 Group 4 Group 5

146.7 133.2 133.2 120.0 117.5
120.8 125.0 125.0 121.7 121.8
145.0 135.0 135.0 120.0 130.3
126.6 125.0 125.0 128.6 119.2
132.7 125.0 125.0 128.3 126.7
142.2 128.6 128.6 125.7 117.0
116.7 128.4 128.4 124.8 121.7
123.3 119.4 119.4 130.5 128.3
119.0 120.8 120.8 132.8 125.0
120.0 126.7 126.7 133.2 125.9

Average 126.6 123.3 126.7 126.6 123.3
S.D. 11.5 4.6 4.9 4.9 4.9

Average of Fiber (24-hour treatment) = 126.5
ร.อ. of Fiber (24-hour treatment) = 6.7
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APPENDIX c
AVERAGE AND STANDARD DIVIATION OF TESTING DATA

FLEXURAL STRENGTH

TABLE C-1 Flexural Strength of Bamboo/PMMA composite with and without coupling agent

Effect of Using Silane Coupling Agent and Fiber Content on Flexural Strength

Flexural Strength (MPa) 1 (Standard Deviation)
small-fiber composite medium-fiber composite large-fiber composite

% fiber content SN SC MN MC LN LC
0 72.8 (3.0) 72.8 (3.0) 72.8 (3.0) 72.8 (3.0) 72.8 (3.0) 72.8 (3.0)
5 66.7 (2.9) 61.7 (2.6) 56.4 (2.9) 54.1 (6.2) 50.4 (2.9) 50.6 (7.0)
10 64.9 (2.9) 58.1 (4.2) 57.2 (5.3) 51.7 (1.9) 48.7 (6.4) 48.0 (4.1)
20 59.0 (6.8) 55.6 (3.8) 47.9 (3.0) 50.9 (1.1) 45.1 (4.5) 48.0 (3.1)

N = 5

SN = small-fiber composite (no coupling agent used)

SC = small-fiber composite (with coupling agent)

MN = medium-fiber composite (no coupling agent used) 
MC = medium-fiber composite (with coupling agent)

LN = large-fiber composite (no coupling agent used)

LC = large-fiber composite (with coupling agent)
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TABLE C-2 Flexural strength of Bamboo/PMMA composite with NaOFI-treatment fiber

Effect of Aspect Ratio on Flexural Strength
S-Fiber (10-wt %) Average Aspect Ratio (S.D) Flexural strength (MPa), (SD.)

0 hour of NaOFI treatment 79.7 (8.4) 64.9 (2.9)
6 hour of NaOFI treatment 86.0(12.2) 66.0 (5.5)
12 hour of NaOFI treatment 96.3(10.8) 68.1 (3.9)
18 hour of NaOFI treatment 106.6 (9.9) 73.4 (2.3)
24 hour of NaOFI treatment 126.5 (6.7) 74.7 (2.5)

N = 5

Flexural strength of PMMA = 72.8 MPa, S.D. = 3.0
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FLEXURAL MODULUS

TABLE C-3 Flexural Modulus of Bamboo/PMMA composite with and without coupling agent

Effect of Using Silane Coupling Agent and Fiber Content on Flexural Modulus

Flexural Modulus (MPa) 1 (Standard Deviation)
small-fiber composite medium-fiber composite large-fiber composite

% fiber content SN SC MN MC LN LC
0 2558(101) 2558(101) 2558(101) 2558(101) 2558 (101) 2558(101)
5 3156 (99) 3060 (457) 3029(185) 3008 (91) 3173 (363) 3191 (279)
10 3120(115) 3193(146) 3191 (69) 3043 (367) 3078(198) 2981 (292)
20 3363 (374) 3399(186) 3082 (181) 3471 (191) 3312 (379) 3493 (364)

N = 5

SN = small-fiber composite (no coupling agent used)

SC = small-fiber composite (with coupling agent)

MN = medium-fiber composite (no coupling agent used) 
MC = medium-fiber composite (with coupling agent)
LN = large-fiber composite (no coupling agent used)

LC = large-fiber composite (with coupling agent)
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TABLE 0 4  Flexural Modulus of Bamboo/PMMA composite with NaOH-treatment fiber

Effect of Aspect Ratio on Flexural Modulus
S-Fiber (10-wt %) Average Aspect Ratio (ร.อ) Flexural Modulus (MPa), (รอ.)

0 hour of NaOFI treatment 79.7 (8.4) 3120 (115)
6 hour of NaOH treatment 86.0 (12.2) 3379 (103)
12 hour of NaOH treatment 96.3 (10.8) 3224 (219)
18 hour of NaOH treatment 106.6 (9.9) 3629 (199)
24 hour of NaOH treatment 126.5 (6.7) 3779 (186)

N = 5

Flexural Modulus of PMMA = 2558 MPa, ร.อ. = 101.3
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IMPACT STRENGTH

TABLE C-5 Impact strength of Bamboo/PMMA composite with and without coupling agent

Effect of Using Silane Coupling Agent and Fiber Content on Impact strength

Impact Strength (kJ/m2) , (Standard Deviation)

small-fiber composite medium-fiber composite large-fiber composite
% fiber content SN SC MN MC LN LC

0 1.61 (0.21) 1.61 (0.21) 1.61 (0.21) 1.61 (0.21) 1.61 (0.21) 1.61 (0.21)
5 2.27 (0.38) 6.03(1.08) 1.36 (0.24) 4.43(1.57) 1.30(1.17) 3.31 (3.69)
10 3.03 (0.66) 6.99(1.52) 1.32 (0.28) 6.18(1.58) 1.25 (0.26) 7.00 (0.16)
20 3.36 (0.60) 7.60 (0.35) 1.38 (0.05) 5.13(1.27) 1.57(1.00) 4.97 (1.63)

Izod, notched

N = 5

SN = small-fiber composite (no coupling agent used)

SC = small-fiber composite (with coupling agent)

MN = medium-fiber composite (no coupling agent used) 
MC = medium-fiber composite (with coupling agent)
LN = large-fiber composite (no coupling agent used)
LC = large-fiber composite (with coupling agent)
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TABLE C-6 Impact Strength of Bamboo/PMMA composite with NaOH treatment fiber

Effect of Aspect Ratio on Impact Strength

S-Fiber (10-wt %) Average Aspect Ratio,(ร.อ) Impact Strength (kJ/ทา2), (ร.อ.)

0 hour of NaOFI treatment 79.7 (8.4) 3.03 (0.41)
6 hour of NaOFI treatment 86.0 (12.2) 3.22 (0.44)
12 hour of NaOFI treatment 96.3 (10.8) 3.31 (0.44)
18 hour of NaOH treatment 106.6 (9.9) 3.45 (0.75)
24 hour of NaOH treatment 126.5 (6.7) 5.13(0.83)

N = 5

Impact strength of PMMA = 1.61 kJ/rrf, S.D. = 0.21
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COMPRESSIVE STRENGTH

TABLE C-7 Compressive Strength of Bamboo/PMMA composite with and without coupling agent

Effect of Using Silane Coupling Agent and Fiber Content on Compressive Strength
Compressive Strength (MPa), (Standard Deviation)

small-fiber composite medium-fiber composite large-fiber composite
% fiber content SN SC MN MC LN LC

0 75.8(1.7) 75.8(1.7) 75.8(1.7) 75.8(1.7) 75.8 (1.7) 75.8 (1.7)
5 82.9 (7.5) 94.9 (3.3) 89.9 (4.0) 98.7 (5.9) 77.2 (2.7) 89.7 (7.0)
10 95.2 (5.7) 105.2 (3.8) 94.3 (4.3) 99.8 (4.1) 80.8 (10.1) 100.6 (2.1)
20 101.9 (2.5) 113.2 (7.3) 97.2 (1.3) 112.9 (6.2) 92.8 (3.0) 110.2 (10.2)

N = 5

SN = small-fiber composite (no coupling agent used)
SC = small-fiber composite (with coupling agent)
MN = medium-fiber composite (no coupling agent used) 
MC = medium-fiber composite (with coupling agent)
LN = large-fiber composite (no coupling agent used)
LC = large-fiber composite (with coupling agent)



TABLE 08  Compressive Strength of Bamboo/PMMA composite with NaOH treatment fiber

Effect of Aspect Ratio on Compressive Strength

S-Fiber (10-wt %) ûvverage Aspect Ratio, (S.D’ Compressive Strength (MPa), (รอ.)

0 hour of NaOH treatment 79.7 (8.4) 98.5 (5.7)

6 hour of NaOH treatment 86.0 (12.2) 102.5 (2.5)

12 hour of NaOH treatment 96.3 (10.8) 103.7 (2.3)

18 hour of NaOH treatment 106.6 (9.9) 104.7 (4.3)

24 hour of NaOH treatment 126.5 (6.7) 105.4 (2.5)

N = 5

Compressive strength of PMMA = 75.8 MPa, S.D. = 1.7
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APPENDIX อ
SAMPLE AND FIBER CODES

Sample Identification:

Sample code = W-X-Y (Z)-T
Where

X = Percent by weight of fiber content 
Y = Size of fiber 
z = Condition of fiber 
T = type of testing

Meaning of Sample Codes:

Sample Code
X Y z T

Blank = 0% ร = Small N = no treatment F =
(150-250 jLlm.) c = with Coupling Agent Flexural Test

5 = 5 % 6H = 6-hour NaOH

M = Medium treatment I =
10 = 10% (450-650 เแทา.) 12H = 12-hour NaOH Impact Test

treatment
20 = 20% L = Large 18H = 18-hour NaOH c =

(1-2 mm.) treatment Compressive
24H = 24-hour NaOH Test

treatment
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Such as,

5SCF

It means that 5%-bamboo fiber, small size (150-250 micron), with coupling 
agent was used in the composites for flexural test.

Fiber Codes

Meaning of Fiber Codes:

Fiber Code Meaning
L Large fiber
M Medium fiber
ร Small fiber

SC Small fiber with coupling agent
S6H Small fiber with 6 hour NaOFI treatment
S12H Small fiber with 12 hour NaOH treatment
S18H Small fiber with 18 hour NaOH treatment
S24H Small fiber with 24 hour NaOH treatment
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APPENDIX E

RAW DATA OF EXPERIMENTAL RESULT

Table E-1 Flexural strength and Flexural Modulus at break of PMMA

Blank
SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)

1 70.5 2518
2 77.9 2482

3 71.2 2736
4 72.0 2523

5 72.2 2530

AVERAGE 72.8 2558
ร.อ. 3.0 101

Table E-2 Flexural strength and Flexural Modulus at break of 20SN composite

20SNF
SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)

1 50.8 3840
2 54.6 3326

3 59.6 2887
4 68.5 3608

5 61.3 3155

AVERAGE 59.0 3363
S.D. 6.8 374
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Table E-3 Flexural strength and Flexural Modulus at break of 20MN composite

20MNF
SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)

1 49.1 3309
2 46.3 3064
3 51.9 3214
4 48.0 2959
5 44.0 2866

AVERAGE 47.9 3082
S.D. 3.0 181

Table E-4 Flexural strength and Flexural Modulus at break of 20LN composite

20LNF
SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)

1 46.8 2841
2 41.8 3030
3 47.2 3770
4 50.4 3041
5 39.3 2877

AVERAGE 45.1 3112
S.D. 4.5 379
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Table E-5 Flexural strength and Flexural Modulus at break of 10SN composite

10SNF
SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)

1 65.8 3002
2 67.1 3114
3 60.6 3024
4 65.6 3300
5 66.3 3161

AVERAGE 64.9 3120
ร.อ. 2.9 115

Table E-6 Flexural strength and Flexural Modulus at break of 10MN composite

10MNF
SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)

1 55.6 3282
2 54.1 3169
3 63.0 3153
4 50.9 3240
5 62.3 3112

AVERAGE 57.2 3191
S.D. 5.3 69



Table E-7 Flexural strength and Flexural Modulus at break of 10LN composite

10LNF
SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)

1 49.5 3127

2 56.9 3140
3 52.0 2950
4 44.6 2826
5 40.6 3345

AVERAGE 48.7 3078
ร.อ. 6.4 198

Table E-8 Flexural strength and Flexural Modulus at break of 5SN composite

5SNF
SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)

1 70.6 3254

2 62.8 3170
3 67.6 3245
4 67.0 3034
5 65.5 3077

AVERAGE 66.7 3156
S.D. 2.9 99
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Table E-9 Flexural strength and Flexural Modulus at break of 5MN composite

5MNF
SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)

1 57.8 3183
2 51.6 2869
3 57.8 3270
4 56.1 2939
5 58.9 2883

AVERAGE 56.4 3029
ร.อ. 2.9 185

Table E-10 Flexural strength and Flexural Modulus at break of 5LN composite

5LNF
SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)

1 47.2 2653
2 54.2 3654
3 52.4 3293
4 48.4 3197
5 49.8 3069

AVERAGE 50.4 3173
S.D. 2.9 363
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Table E-11 Flexural strength and Flexural Modulus at break of 20SC composite

20SCF

SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)
1 52.05 3531

2 49.49 3426

3 50.59 3302

4 51.91 3600

5 50.38 3134

AVERAGE 50.88 3399

ร.อ. 1.08 186

Table E-12 Flexural strength and Flexural Modulus at break of 20MC composite

20MCF

SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)
1 59.02 3372

2 57.37 3403

3 50.45 3291

4 58.29 3501

5 52.69 3786

AVERAGE 55.56 3471

S.D. 3.78 191

Table E-13 Flexural strength and Flexural Modulus at break of 20LC composite

20LCF

SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)
1 45.14 2907

2 46.37 3516

3 49.80 3449

4 52.60 3790

5 46.26 3801

AVERAGE 48.03 3493

S.D. 3.09 364
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Table E-14 Flexural strength and Flexural Modulus at break of 10SC composite

10SCF

SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)
1 52.7 3067

2 56.4 3028

3 59.7 3335

4 57.3 3340

5 64.1 3194

AVERAGE 58.1 3193

ร.อ. 4.2 146

Table E-15 Flexural Strength and Flexural Modulus at break of 10MC composite

10MCF

SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)
1 52.3 2866

2 51.2 2493

3 51.1 3176

4 49.5 3419

5 54.5 3260

AVERAGE 51.7 3043

S.D. 1.9 367

Table E-16 Flexural strength and Flexural Modulus at break of 10LC composite

10LCF

SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)
1 42.7 2650

2 50.8 2682

3 46.0 3122

4 53.3 3223

5 47.0 3231

AVERAGE 48.0 2981

S.D. 4.1 292
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Table E-17 Flexural strength and Flexural Modulus at break of 5SC composite

5SCF

SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)
1 64.7 2599

2 60.6 2619

3 63.4 3046

4 61.5 3463

5 58.1 3575

AVERAGE 61.7 3060

ร.อ. 2.6 457

Table E-18 Flexural strength and Flexural Modulus at break of 5MC composite

5MCF

SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)
1 62.2 3086

2 46.3 3054

3 55.6 2880

4 49.6 3076

5 56.7 2945

AVERAGE 54.1 3008

S.D. 6.2 91

Table E-19 Flexural strength and Flexural Modulus at break of 5LC composite

5LCF

SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)
1 40.1 3212

2 58.4 3129

3 55.2 2755

4 49.0 3459

5 50.4 3400

AVERAGE 50.6 3191

S.D. 7.0 279
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Table E-20 Flexural strength and Flexural Modulus at break of 10S6H composite

10S6H
SAMPLE CODE Flexural Strength (MPa) Flexural Modulus (MPa)

1 73.0 3388
2 59.2 3365
3 63.5 3413
4 70.2 3508
5 64.1 3222

AVERAGE 66.0 3379
ร.อ. 5.5 103

Table E-21 Flexural strength and Flexural Modulus at break of 10S12H composite

10S12H
SAMPLE CODE Flexural Strength (MPa) Flexural Modulus (MPa)

1 70.1 3349
2 61.2 3350
3 69.8 3438
4 70.6 2941
5 68.7 3041

AVERAGE 68.1 3224
S.D. 3.9 219
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Table E-22 Flexural strength and Flexural Modulus at break of 10S18H composite

10S18H
SAMPLE CODE Flexural Strength (MPa) Flexural Modulus (MPa)

1 71.8 3527
2 71.7 3933
3 71.9 3494
4 76.7 3726
5 75.1 3464

AVERAGE 73.4 3629
ร.อ. 2.3 199

Table E-23 Flexural strength and Flexural Modulus at break of 10S24FI composite

10S24H
SAMPLE CODE Flexural strength (MPa) Flexural Modulus (MPa)

1 71.8 3598
2 72.4 3599
3 75.6 3853
4 76.9 3805
5 76.9 4038

AVERAGE 74.7 3779
S.D. 2.5 186
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Table E-24 Impact strength of composite with 20-wt % fiber without coupling agenl

Impact strength (kJ/กา2)

SAMPLE CODE 20SNI 20MNI 20LNI

1 2.85 1.44 3.14

2 2.94 1.35 1.55

3 3.04 1.39 1.43

4 3.73 1.40 1.33

5 4.24 1.31 0.38

Average 3.36 1.38 1.57

S.D. 0.60 0.05 1.00

Table E-25 Impact strength of composite with 10-wt % fiber without coupling agenl

Impact strength (kJ/ทา2)

SAMPLE CODE 10SNI 10MNI 10LNI

1 3.73 1.20 0.98

2 3.75 1.12 1.65

3 2.36 1.23 1.31

4 2.67 1.18 1.25

5 2.64 1.73 1.04

Average 3.03 1.32 1.25

S.D. 0.66 0.28 0.26

Table E-26 Impact strength of composite with 5-wt % fiber without coupling agent

Impact strength (kJ/ทา2)

SAMPLE CODE 5SNI 5MNI 5LNI

1 2.76 1.38 0.45

2 2.45 1.61 0.32

3 1.76 1.56 0.99

4 2.08 1.07 3.20

5 2.33 1.16 1.55

Average 2.27 1.36 1.30

S.D. 0.38 0.24 1.17
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Table E-27 Impact strength of composite with 20-wt % fiber with coupling agent

Impact strength (kJ/ทา2)

SAMPLE CODE 20SCI 20MCI 20LCI

1 7.17 3.86 5.26

2 7.54 4.61 6.44

3 8.14 7.19 1.15

4 7.50 1.25 0.59

5 7.67 1.46 3.21

AVERAGE 7.60 3.67 3.33

ร.อ. 0.35 2.45 2.53

Table E-28 Impact strength of composite with 10-wt % fiber with coupling agent

Impact strength (kJ/ทท2)

SAMPLE CODE 10SCI 10MCI 10LCI

1 8.44 7.79 6.93

2 5.81 7.08 6.77

3 8.87 3.88 7.10

4 5.82 6.88 7.19

5 6.03 5.25 7.03

AVERAGE 6.99 6.18 7.00

S.D. 1.52 1.58 0.16

Table E-29 Impact strength of composite with 5-wt % fiber with coupling agent

Impact strength (kJ/ทา2)

SAMPLE CODE 5SCI 5MCI 5LCI

1 6.25 4.94 0.37

2 4.11 1.11 1.19

3 6.58 7.28 7.01

4 6.59 0.94 7.65

5 6.62 7.91 0.33

AVERAGE 6.03 4.43 3.31

S.D. 1.08 3.31 3.69
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Table E-30 Impact Strength of PMMA ,1OSNI ,and composites with NaOH-treatment fiber

Impact strength (kJ/ทา2)

SAMPLE CODE Blank 10SNI 10S6HI 10S12HI 10S18HI 10S24HI

1 1.39 3.51 3.18 3.12 4.01 5.65

2 1.50 3.41 3.74 3.14 2.46 3.95

3 1.50 2.62 2.54 3.08 3.90 4.76

4 1.85 2.67 3.45 3.96 4.04 6.12

5 1.83 2.92 3.20 3.23 2.85 5.15

average 1.61 3.03 3.22 3.31 3.45 5.13

ร.อ. 0.21 0.41 0.44 0.37 0.74 0.83
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Table E-31 Compressive Strength of Composite with 20-wt % fiber
without coupling agent

SAMPLE CODE 20SNC 20MNC 20LNC
1 98.9 97.0 93.0
2 103.1 96.2 97.0
3 104.4 97.0 88.5
4 103.5 96.5 92.6
5 99.6 99.5 93.1

AVERAGE 101.9 97.2 92.8
ร . อ . 2.5 1.3 3.0

Table E-32 Compressive Strength of Composite with 10-wt% fiber 
without coupling agent

SAMPLE CODE 10SNC 10MNC 10LNC
1 89.3 101.2 67.3
2 97.9 92.8 84.2
3 105.1 89.3 83.2
4 91.7 94.3 75.4
5 91.8 94.1 94

AVERAGE 95.2 94.3 80.8
S.D. 5.7 4.3 10.1
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Table E-33 Compressive Strength of Composite with 5-wt % fiber
without coupling agent

SAMPLE CODE 5SNC 5MNC 5LNC
า 77.5 97.0 77.2
2 87.3 88.2 73.0
3 93.6 88.4 77.0
4 75.4 88.2 78.9
5 80.7 87.9 80.0

AVERAGE 82.9 89.9 77.2
S.D. 7.5 4.0 2.7

Table E-34 Compressive Strength of Composite with 20-wt % fiber 
with coupling agent

SAMPLE CODE 20SCC 20MCC 20LCC
1 1 I า .6 1111 125.2
2 107.7 118.9 111.2
3 119.3 118.1 106.3
4 105.3 103.6 111.2
5 122.3 112.9 97

AVERAGE 113.2 112.9 110.2
S.D. 7.3 6.2 10.2
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Table E-35 Compressive strength of Composite with 10-wt % fiber with coupling agent

SAMPLE CODE 10SCC 10MCC 10LCC
1 108.7 103.3 99.6
2 106.1 100.6 97.7
3 105.7 103.6 103
4 98.7 98 101.3
5 106.9 93.7 101.7

AVERAGE 105.2 99.8 100.6
S.D 3.8 4.1 2.1

Table E-36 Compressive Strength of Composite with 5-wt % fiber without coupling agent

SAMPLE CODE 5SCC 5MCC 5LCC
1 92.2 101.4 81.4
2 93.1 103.9 94.3
3 98.6 103.6 84.1
4 98.5 92.7 93.7
5 92.5 91.9 97.2

AVERAGE 94.9 98.7 89.4
S.D. 3.3 5.9 7.0



Table E-37 Compressive strength of PMMA ,10SNC,and composites with NaOH-treatment fiber

SAMPLE CODE Blank 10SNC 10S6HC 10S12HC 10S18HC 10S24HC
1 104.8 89.3 101.0 104.7 101.3 100.3

2 102.6 97.9 101.0 102.1 101.2 104.7

3 100.2 105.1 101.9 100.8 105.5 105.3

4 104.6 91.7 106.6 106.8 110.7 107.3

5 101.7 91.8 100.4 103.9 100.4 104.4

AVERAGE 102.8 95.2 102.5 103.7 104.7 105.4
ร.อ. 2.0 5.7 2.5 2.3 4.3 2.5
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