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Thesis Title : A Comparison of the Compressive Strengths of Short Reinforced Concrete
Columns with Different Ties
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Abstract

This thesis presents the results of an experimental research on a comparison of the
compressive strengths of short concrete columns with ties of different types, sizes, and spacing,
based on ACI and Engineering Institute of Thailand standards. The columns used for testing were
15 x 15 x 80 cm., having four DB12 mm. as main bars and three groups of ties : group A (RB6) -
16 samples, group B (RB9) - 22 samples, and group C (DB10) - 24 samples. Tie spacing varied
from 9.6 - 62.4 cm. Test results showed that the compressive strengths of the columns were
smaller than theoretical strengths. Group A had average compressive strengths ranging from 59 —
71 % of the average theoretical strength, while those of group B ranging from 59 - 69 %, and
group C 31 — 52 %. All columns started to crack at the top or bottom of the columns, resulting in
spalling of concrete covers of the columns. Columns with larger tie spacing had slightly less
compressive strength than those with closer tie spacing. A statistical study of the test results
using xz tests showed that the differences in types, sizes, and spacing of the ties used in this
study did not significantly affect the compressive sirengths of the columns; the level of

confidence was 95 %.

(Total 149 pages)

. - . 2
Keywords : Short reinforced concrete columns, ties, compressive strengths, A tests.
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31 uauiaveiagnlslumsnaaey
3.1.1 MAIDAUDIADUNTA (Compressive Strength of Concrete)
Masnvesnsuniaildnasimmanouiinnngs 212 kse 1919 28 U (F3A15139 3-1)
= = Y L] = c::
Tauldmounianauase (Ready Mixed Concrete) inasluiamasuniadlaonaiims ou 13 uas
P o b 4 A 0w o A o P A = ¥ '
1R87914U 62 AU enad s n1snanssluiFeaiasvesneunia aznounian l¥vas
=1 ot ' ' A o '
e ngnInUAIees luunaNsensUsAFIlvINAdUAUALON A1 1S @l g9 30
. 47 3 dredrsaauaasluninh 3-1 fonageumamaidavesnannia (Compressive

Strength) AMUUIATTIU ASTM C39-94

: g o ’ B & <
.ﬂ'lWﬁ 3 -1 MANUAIBYNNATIUNIAIDAVDIADUNTA
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M19197 3-1 AINIDIDAVDINBUNITA

#0813 1 2 3 nau
91gABUATA (TU) 28 28 28 28
189909 (ksc) 216 209 212 212

3.1.2 MAIRDUNEN (Tensile Strength of Steel)

° _ w o a o 1 & =
ﬂ’li‘ﬂﬁﬁ@i}ﬂ‘laQﬁ\ﬂ‘\]ﬁ]qn’iﬁﬂlﬂﬁNLﬁWﬂjBUW\?"‘ﬂQi%iﬁﬁﬂﬂﬂﬁ (Round Bar) U148

durhguinaia 6 uag

1 o
EUHIALONA1S 10 1Az

b 4
9 wu. FUAMAIN SR 24 1azHANTDADY (Deformed Bar) 119

2 o g a ' = a w oo 4
12 yu. FununIn SD 30 M laumsinuatedmanidu@ornufiui

3 e I o 1 \ =1 A = o
1'13!ﬁ31]lﬂ"|‘i’|ﬂﬂ‘€)3j‘i)'lu'lu 3 A998 AN VU hdﬂ'!‘jﬂﬂﬂﬂﬁ!tiﬂﬂ%ﬂ?ﬁﬁmﬁuqﬂﬂ‘m

11N337 ASTM E8 JARANITNATOUAINA1519N 3 - 2

A s w A = S
MN1F19N3-2 NMIIAAVBILHANLITTY

FAVD SrdsAafigansn (kse) fasdlszdu (kse)
N |
i3 1 2 3 Pl 1 2 3 Y
(Ww.)
RB6 3,621 | 3,421 | 3,673 | 3,572 | 5041 | 4,786 | 4907 | 4911
RB9 3,040 | 3,012 | 3,057 | 3,036 | 4489 | 4470 | 4488 | 4482
DBIO | 3,074 | 3,97 | 3085 | 3119 | 4211 | 4276 | 4206 | 4238 |
DBI2 | 2901 | 3005 | 2065 | 2957 | 4173 | 4335 | 4350 | 4286
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3.2 N131A3 A D8I INATD

321 3ty uagdnumnilFlumsnagondhumvinaniiga 15 x 15 3. A2wgs
80 Y. TIWIUATMATD 3 NUAIDYN 62 AU

. o
UHUIMDN

WU

Ay

DB 12

faa

T

T

T

RB 6,RB 9. DB 10

C
¥-b= 15 cm—sy’

4 2 = =
!HW% 32 5TUﬁglgﬂﬂﬂﬂQLﬂ'lﬂﬂuﬂiﬁ!ﬁﬁ‘iJLT’iﬁﬂ

3.2.2 ﬁmﬁanmﬁmmmzaxmﬁﬂﬂaﬁm é’amwﬁ 3-3

323 Aedanasianimmnion (Strain Gauges) Fndnunu mandasnuazinneunsa
lummageungu A (RB6) 4 A10619 A14/2°, A19/2°, A24/2, A29/2° nqu B (RB 9) 4
A19819 B14/2°, B19/2', R24°2°, B29/2° ngu C (DB 10) 4 $700719 Cl4/2, C19/2', C24/2,

» . » bl
C48/2° MINMWAN 3-4 LUAZMHN 3-5 NNUUATWABVA MM UINITAAAS Strain Gauges FIN N
# 3-6

a =3 o ai
N1¥IN 3-3 !%ﬂﬂlﬁﬁﬂﬂl%‘luﬂﬁﬁﬂﬂﬂﬂu



30
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MNA 34 NIAAA Strain Gauges VUIMONIAS T INATDL

. ¥
M¥iN 3-5 MIAAAT Strain Gauges VUAIMOUNIA
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T

REE, RE9. DBO

Y >
AN 3-6 AUHUINITAAAT Strain Gauges

s . . a da 2 . A o 4 4
324 11”|ﬂ’|§?!f11 Coating Matertal USNIUNAAAY Strain Gauges otloanuanyFuneg

NATH AINIAN 3-7

AN 3-7 M37{1 Coating Material
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33 AISYIADUATA
1¥noun3auyUMTUIaSe (Ready Mixed Concrete) Y89 CPAC UUZMADUNIAADA

523191150909 Strain Ganges 1AZAIWTYYIUVYDI Smain Gauges ADIATIVABUI 11

HeYY Aan1HN 3-8

NN 3-8 MIIAOUNTA

34 MaIna@euuazmsiudeya
3.4.1 Javwanddam Ta a=Munisweumc= AUANYBUN AIA1519 3-3
ar v Y A . . . 9 o A
3.4.2 lunsnadoniadloo1s 191A503MAT0D Universal Testing Machine 11n151iufin
v ' »
ussvannszmdumazamMudegl laoa1NAass Strain Gauges Mimsasaadygoid
o A o 4w P 5w ' ' a A ow
fun3paTaNUdoYa (Data Loggen) Inuliimuniinsgiinuimegsening 15— 25 Jurii/au
A4nInn 3-9
ar o o ¥ Y @ o d
wauaimsnaaey hdeyan lAnnmanadeuliszuranaluglupuanuduius
¥
' o L% o 2 ” r o  w
5EMI191MINUAZNISTHAAIYBAAT (Load — Deflection Relationship) (azANUAUHUT
i ' '
sErNIhMInLAazA LIRS BAYDIUA (Load — Strain Relationship) #0111 11331z vimana il

NWADARWITNIINATDUANUUANAINVDIA D laauasuazngAnssuveImsITAve M

#0141/
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A131871 3-3 AT VUAAIVUIAHTNAAIIADUNS A

(m ¥0 a b A:ca(/\g)= axc
nau ;

’ nuui ITMATL om. em. dinl?
ALO/ 159 14.6 232.1
1 A1072 15.2 15.0 228.0
Al4/] 15.8 15.3 241.7
: Al42 15.0 14.9 223.5
A19/1 15.6 15.4 240.2
. A1972 154 14.7 226.4
A24/1 152 153 232.6
¥ A2472 15.5 15.5 240.3
A A29/1 15.5 15.6 2418
? A2 149 15.1 225.0
A34/1 15.2 15.4 234.1
s A3472 14.7 15.1 222.0
A38/1 15.3 15.9 2433
i A3812 15.6 15.7 2449
A43/1 15.1 15.1 228.0
: A4312 15.2 15.4 234.)
B10/1 15.0 14.9 235
9 B1072 15.3 14.9 228.0
B14/) 15.5 15.9 246.5
% B1472 14.7 152 223.4
B19/1 15.0 15.5 2325
! BigR 15.4 15.4 2372
B24/1 15.4 15.7 241.8
? B2472 5.1 15.2 229.5
B29/1 152 152 231.0
" B29/2 15.3 15.8 241.7
B34/l 15.5 14.7 219
’ H B34/2 15.5 15.1 234.1
B38/1 15.9 15.4 2449
a B38/2 15.0 15.1 226.5
B43/1 15.2 15.1 229.5
6 B43 15.2 15.2 231.0
B48/1 15.5 15.5 2403
v B482 15.5 15.6 2418
BS3/1 15.2 15.7 238.6
' BS3/2 14.6 156 2273
B58/1 15.2 15.0 228.0
& B58/2 15.1 152 229.5




A9 3-3 (d0)

il %‘f] a b Area(As)= axb

ngar 4 2
uut AT om, cm, cm.

clon 15.1 152 229.5
20 ci02 15.1 152 229.5
C14/1 15.2 16.0 2432
2 clan 14.7 152 223.4
C19/1 15.4 15.3 235.6
2 ci92 15.1 15.2 1295
C241 15.3 15.0 229.5
B c2an 15.1 152 2205
c29t 15.1 15.0 226.5
A c9 14.7 152 2234
C34/} 15.7 157 246.5
B C3472 15.4 15.4 237.2
¢ C38/1 155 15.2 235.6
% C382 15.6 15.7 2449
cayl 15.7 15.5 243.4
7 C43n 15.3 153 234.1
Cas/ 15.5 15.6 2418
2% Ca82’ 15.3 15.4 2356
C53/t 152 152 231.0
» C5372 15.4 156 2402
C8/1 154 15.6 240.2
0 Cs8f2 5.1 15.4 232.5
c62/1 15.1 15.8 238.6
3 c622 15.2 151 229.5
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WamsnagevuazInIIH

4.1 WaNIINATBUIN
= o 1 ] o w L] ]
HANTSNANDUNAZ AATIHIA 3 NN NGy A indntaonyua RB 6 16 A20613 nNQu
B manlaenving RB9 22 #9619 ngu C maniasnwia DB 10 24 AI80W  HAM3
nadeuuansluasish 41 Teo P, = awmsdnnuustmlssdsmungu]  (auns 2-4),

o oo ¥ = 14 | LY ar .:hlﬁi
P, = !.!‘NﬂﬂﬂﬂﬂHlﬁ'!‘i’lﬂﬂﬂ‘ljﬁmlﬂﬂﬁn P..= AwsIsalsedon lannnnavowen

M5 4-1 WANIIVATOUNUHAMIAIUINVDIUE T

A
Farm
5 s 5 P P P P P P P
Nl _ _ _ a Bav or crav Lest teslav test,av
D d C P, v
(fU) | (AW)Y | (Aw) | (o) | (d) | (o)
AlLD/L 53.20 28.50 38.00
% 16 0.64 528 248 35.0 0.66
AlG2 52.40 21.00 32.00
Al4f1 54.90 25.50 43.50
- 12 24 0.96 53.3 233 37.8 0.71
Al4/2 51.60 21.00 32.00
Alo/l 54.60 26.00 40.00
- 16 32 1.28 53.4 250 36.0 067
AlSR2 52.10 24,00 32.00
A24/1 53.20 22.00 17.00
- 20 40 1.6 53.9 23.5 36,0 0.67
A2412 34.60 25.00 35.00
A29/1 54.90 25.00 39.00
. 24 48 1.2 534 24.5 33.0 0.62
A2972 51.90 24.00 27.00
A3/l 53.50 17.50 32.20
28 56 2.24 52.4 16.8 ELN .58
A3472 51.30 16.00 29.00
A38/1 55.20 22.50 35.27
32 64 2.56 55.4 245 133 0.60
A3RM2 55.50 26.50 3127
A3/ 52.40 11.00 27.50
36 72 288 530 11.5 113 0.59
Ad43/2 53.50 12.00 3500
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4 '
M1 4-1 (89)

r
ol
s S $ P P P P P P P
nadol e T - { Oav 4 T.AY test 1esL,av testav
D d, c P
(Au) | (fu) | (fu) | (Au) | (du) | (Au)
B1o/1 51.60 22.00 34.62
B 10.67 0564 52.0 225 327 0.63
Bio2 52.40 23.00 30.87
BE4/] 5570 15.00 38.62
; 12 16 .96 537 18.5 346 0.64
B14/2 51.60 22.00 30.65
BI1%I 53.20 23.00 37.00G
" 16 21.33 1.28 537 225 352 0.56
B19/2 54.10 22.00 13.47
B24/1 54,90 24.00 36.87
" 20 26.67 1.6 -1 538 230 p— 345 0.64
B24/2 5270 22.00 32.21
B2941 53,00 19.00 28.07
24 3200 1.92 54.0 2005 31.7 0.59
B29/2 53490 22.00 3532
R34/ 52.40 14.00 . 35.00
28 37.33 224 530 155 353 &7
B34/2 53.50 17.00 35.57
B38/1 55.50 15.00 32.35
32 42.67 2.56 338 16.5 342 0.64
B3872 52.1Q 18.00 36.12
B431 52,70 18.00 32,05
. 36 48.00 2.88 52.9 170 126 0.62
B432 53.00 16.00 33.14
B4&/1 54.60 25.00 2942
40 53.33 32 548 220 320 0.60
B4R/2 54.90 19.00 A6.40
B53/1 54.30 22.00 31.20
44 58.67 3.52 534 24.0 320 0.60
B53/2 52.40 26.00 3285
B58/1 52.40 23.00 35.15
48 64.00 3.84 52.6 203 36,1 0.69
B58/2 52.70 17.50 36.95




13139 4-1 (AD)
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4
Fala
8 8 5 PO 0,av Pm Pct,av Ptcsl Ptcst,av testay
AT | — — _
D ds Cc P(},av
(au) | (R) | (AW | (A1) | (Au) | (AW)
) ' 16.37
cion 8 96 0.64 5270 527 26.00 26.0 34.1 0.65
1o 52.70 26.00 31.80
: ' 30.00 3215
clan 12 4.4 0.96 55.20 53.4 29.0 316 0.63
Ctan 51.60 28.00 34.96
) : 28.70
c1o 16 19.2 1.28 33.80 53.3 20.00 195 282 0.53
ciop’ 52.70 19.00 27.65
. ) 33.90
C241 20 24 1.6 5270 52.7 28.00 29.0 3 6.6 0.69
C2472 52.70 30.00 39.29
2911 52.10 17.00 2.7
24 288 1.92 51.9 23.5 35.2 0.68
C29/2 5160 30.00 37.57
/ : . 42
Gan 23 33.6 224 33.70 54.9 24.00 260 3 140 0.62
342 54.10 28.00 34.50
C38/1 53.80 2100 35.00
2 8.4 2.56 547 215 32.0 0.59
C38/2 55.50 20.00 29.00
24371 2 y 3.27
a3 36 432 2.88 3320 54.4 20.00 20.0 ? 31 0.57
432 53.50 20.00 29.00
C4 : ; 4
81 40 48 32 5490 saa |2 | e 3347 122 0.59
C48/2" 53.80 18.00 30.92
Cs ) 22.00 )
3 44 528 3.52 53.00 538 21.0 3077 3.8 0.59
Cs32 54.60 20.00 32.85
C5 . . :
3 43 57.6 1.84 54.60 539 1500 16.0 2952 28.1 0.52
C58/2 53.20 17.00 26.62
C62/1 4. 24.00 72
52 62.4 4.16 5430 53.5 225 331 36.3 0.68
6272 52.70 21.00 16.82
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MINN 42 HansnaaeTmnusTNgagafuR MR tavoamAntu mandasn uas

nRMBUNTA
A J .
: (@ youn | hminusinn . A .
ngu 4 AMUATYA (10 1./28)
wyuh | naaoy qaen
o g o =1 = =
HY) wanay | wandasn | HinsunIa
2 Ata72 32.00 492.00 1,410.00 593.70
3 Al9/2 32.00 - 1,157.00 548.00
A
4 A24/2 15.00 748.90 - 1,352.00
5 A29/2" 27.00 427.00 742.00 461.00
10 Bi4/2* 30.65 1,320.00 - 1,309.80
11 B19/2* 33.47 - 228.80 960.00
B
12 B24/2* 32.21 219.00 1,986.00 655.70
16 B43/2* 33.14 458.00 359.00 1,052.00
21 Cl14/2* 34.96 764.00 . 724.00
2 C19/2* 27.65 - 1,759.40 949.00
C
23 C24/2* 39,29 1,795.30 - 893.00
28 C48/2% 30.92 1,285.00 | 1,062.00 603.00
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4.2.) WAaMINAAOUUALIATIZHIA A0/l UaE A10/2 !ﬁé)ﬂUTﬁﬁﬂviiﬂﬂﬂ‘izﬁ1ﬁi@Lﬂ1
odisasinane aouniA A1/ msuandGuiiminsza 2850 §u taziBuuan
'lilﬁaz}q ﬂuﬂ‘szﬁalmﬂauﬂ?ﬂ'ﬁﬁ%ﬁgmﬂ'nﬂs:fum 38 du  Tasi@udansidomouing
dmuulaoiifnouniangasaueenn uazaiisosiaduduaseiidaunuiazdauns
msidogilvose linmindlefoufududug dauemn A1072 Lﬁmfmﬂ'ﬂusmﬂﬂszmm
enetainane nmsuanddyiiminyssne 21 du uazsuuanlliZooq aunssie
iReun3IAITAT Mz 32 d Taomsidugiadiody Alo udiinnudomod
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MINATOUANNAFIM (Hypothesis) 1AoMINAaBUANUIANA1IYBIANUD 32077 Inaunas
= = ] o
A. 1 manfsounouszesvvvearanilaon
= =t ] o
f. 1.1 nmsnlSouiisuszozvisveananiasn RB 6, RB 9, DB 10
~ - = ¥ o o o

H, = msisumani/asn RB 6, RB 9, DB 10 lwmasunialimmaidalums
NARDI luANAIINY

H = maaSumanilasn RB 6, RB 9, DB 10 lumasunialviaimaadaluns

NADDIUANATINY

szopiamanian naL A (RB 6 Nau B (RB9) | ngu C (DB 10) 57
(u.)

: |
9.60 35.00 32.70 34.10 101.80
14.40 37.80 34.60 -. 33.60 106.00
19.20 36.00 35.20 28.20 99.40
24.00 36.00 34.50 36.60 107.10
28.80 33.00 31.70 35.20 99.90
33.60 30.60 35.30 34.00 99.90
38.40 - 33.30 34.20 32.00 99.50
43.20 31.30 32.60 31.10 95.00
33U 273.00 270.80 264.80 808.60

AU Expected frequency

Ell

(101.80x 273.00)/808.60 = 34.37

El2 (101.80x 270.80)/808.60 = 34.09

E13 = (101.80x 264.80)/808.60 = 33.34

E21 = (106.00x 273.00)/808.60 = 35.79
E22 = (106.00x 270.80 )/ 808.60 = 35.50
E23 = (106.00x 264.80 )/ R08.60 = 34.71

F3] = ( 99.40x273.00 )/808.60 = 33.56

EB32

( 99.40x 270.80)/808.60 = 33.29

E33 ( 99.40x264.80)/808.60 = 32.55



E41]
E42
E43
E51
E52

E53

E71
E72
E73
E81
E&2

ER83

e ° 2
HATINANINOATINMITMUIN X =

= (107.10 x 273.00 ) / 808.60

= (107.10 x 270.80 ) / 808.60

1
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36.16

35.87

= (107.40 x 264.80 )/ 808.60 = 35.07

= (99.90 x 273.00 ) / 808.60
= (99.90 x 270.80 ) / 808.60

= (199.90 x 264.80 ) / 808.60

Il

(99.90 x 273.00 ) / 808.60

= (199.90 x 270.80 ) / 808.60

(99.90 x 264.80 ) / 808.60
= (99.50 x 273.00 ) / 808.60

= (99.50x 270.80 ) / R08.60

Il

(99.50 x 264.80 )/ 808.60
= (95.00 x 273.00 ) / 808.60

= {95.00 x 270.80 ) / 808.60
= (195.00 x 264.80) / 808.60

3373
33.46
3272
33.73
33.46

32.72

32.07

31.82

3111

O-E) _
D 5 2.06

NAMTN df = 14 & s2AUnWiTu1e 95% (@ = 0.05) mInga X ' 1Ay 23.68

Wiewhoum Y © id iy 206 Auadngaves X1 andmowddesndin

Inge eduihivddgmisatatwouiy H, AMmaasuvaniaon RB 6, RB 9, DB 10 Tuta

s F W1 s oW oo 1 1 ot
ﬂDuﬂ’iﬁlﬁ‘?ﬂﬂ'lﬂﬁﬁﬂtluﬂ'ﬁ'ﬂﬁﬁ@ﬁvlﬂilﬁﬂﬂﬂﬂu
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a. 1.2 nfSeufsuszoziaueananiasn RB 6 uaz RB 9
H, = Msasumaniaen RB6 1az RB 9 lumasunsaldmiiiasdalumsnaans
Tyuanananu

H, = ma@iumaniasn RB 6 uaz RB9 Twmasunialimmaswsalunisnanes

UANAIINY

[ szuzviramanilasn NaW A (RB 6) | Ny C(RB9) 59
(F3.)
9.60 35.00 32.70 67.70
14.;1_0 37.80 34.60 72.40
19.20 36.00 35.20 71.20
24.00 36.00 34.50 70.50
28.80 33.00 31.70 64.70

B 33.60 30.60 35.30 65.90
38.40 33.30 34.20 67.50 i
43.20 31.30 32.60 63.90
37 | 273.00 l 270.80 543.80

AIuHI Expected frequency

Ell = (67.70x273.00)/543.80 = 33.99
E12 = (67.70x270.80)/543.80 = 33.71
E21 = (72.40x273.00)/543.80 = 36.35

E22 = (72.40x 270.80)/543.80 = 36.05

E31 = (71.20x273.00)/543.80 = 35.74

tr

w

[\
Il

(71.20x270.80 )/ 543.80 = 35.46

s
Ny
I

(70.50x 273.00 )/ 54380 = 35.39
E42 = (70.50x270.80)/543.80 = 35.11

ES] (64.70x 273.00)/543.80 = 32.48

I

E52 = (64.70x270.80)/543.80 = 32.22



E61

E62

E71

Eg1

E82

RasaumIngannmsAme Y =

(65.90 x 273.00 )/ 543.80

(65.90 x 270.80) / 543.80

(65.90 x 273.00 ) / 543.80
= (67.50 x 270.80 ) / 543.80
= (63.90x 273.00) / 543.80

= (63.90x270.80)/543.80
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33.08
32.82
33.8%
33.61
32.08

31.82

(O-E)' _
> - 0.67

VINAITN df =7 o szAuANuiule 95% (@ = 0.05) MInga X T WAL 14.07

Wipudsum Y Adnoeldniny 0.67 Aumingaves ¥ 1 s 1diosnn

o o =

=y [ o o a w = - =]
Inge ednlvediAyneadalwensy H, Mmsasunaniasn RB 6 uaz RB 9 lum

o

aaunsa IrannIoalumsnaans lunansalanu
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. 1.3 malSouiouszozvitsvoavantlaon RB 6 1102 DB 10
= (=1 =4 ¥ 8 e ow
H, = mswiumaniasn RB 6uaz DB 10 hwmmeunialimisiasdalunis
NAaDI 1 ULANAINPY

= 4 = " o e e 8
H, = msdsumani/aon RB6uaz DB 10 luaneunsaldmimasdaluns

NANDIANANAY

szogvihamaniasn | nqu A(RB 6) nQu C (DB 10) swo |
('m1.)
9.60 35.00 - 34.10 69.10

B 14.40 37.80 33.60 71.40

19.20 36.00 28.20 64.20
24.00 36.00 36.60 72.60
28.80 33.00 35.20 68.20
33.60 30.60 34.00 64.60
38.40 33.20 32.00 65.30
43.20 31.30 31.10 62.40
5 273.00 264.80 537.80

AU Expected frequency
El1l = (69.10x273.00)/543.80 = 35.08
E12 = (69.10x264.80)/543.80 = 34.02
E21 = (71.40x273.00)/543.80 = 36.24

E22

1]

(71.40 x 264.80 )/ 543.80 = 35.16
E31 = (64.20x 273.00)/543.80 = 32.59

E32

Il

(64.20x 264.80)/543.80 = 31.61

E41

(72.60 x273.00)/543,80 = 36.85
E42 = (72.60x264.80 )/543.80 = 35.75
ES1 = (68.20x273.00)/543.80 = 34.62

E52 = (68.20%264.80)/543.80 = 33.58
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E61 = (64.60x273.00)/543.60 = 32.79
E62 = (64.60x264.80)/543.80 = 31.81
E71 = (65.30x273.00)/543.80 = 33.15
E72 = (65.30x264.80)/543.80 = 32.15
E81 = (62.40x273.00)/543.80 = 31.68

E82 = (62.40x264.80)/543.80 = 30.72

(O-E)°
HOIWAINGANNNITAIN Y = Z—E— = 1.36

NNANSN df =7 2 32AUANUIUT 95% (@ = 0.05) MInga X * My 14.07
WSswioum Y * o ldidy 136 Auidngaves X © s lddeendaem
Inga poniivddgneanatewousy 1, AmaaSuraniaon RB 6 uag DB 10 lum

= 3 8 e o [ i o
ﬂﬂuﬂsﬁi'riﬂ"lﬂ"l'ﬁ\?'ﬂﬂiuﬂ']‘i‘r’lﬂ@ﬂﬂthLLG‘iﬂﬂ'Nﬂu
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a. 1.4 nsnloumfvuszoziaveunanilasn RB 9 1az DB 10

H, = muasumani/aon RB9uaz DB 10 lumasunialimmdsdalums
nanoa luand19f Y
H, = madsumanilaon RB9uaz DB 10 lwmneunialdmmadalums

NAADIANAIINY

seogviramaniaen | nqu B (RB9) | ngu C (DB 10) 57
(u.)
9.60 32.70 34.10 650 |
14.40 34.60 33.60 68.20
19.20 35.20 28.20 63.20
- 24.00 34.50 36.60 71.10
28.80 31.70 35.20 66.90
33.60 35.30 34.00 69.30
38.40 34.20 32.00 620 |
43.20 32.60 31.10 63.70

39U 270.80 264.80 535.60

UK Expected frequency

Ell = (66.80x 270.80)/543.80 = 33.77

El12 = (66.80x264.80)/543.80 = 33.03

I

E21 = (68.20x 270.80 )/ 543.80 34.48
E22 = (6820x264.80)/543.80 = 33.72
E3]1 = (63.40 x270.80 }/543.80 = 32.06
E32 = (63.40x264.80)/543.80 = 31.34
E41 = (71.10x 270.80 )/543.80 = 3595
E42 = (71.10x264.80)/543.80 = 35.15

E51 = (66.90x 270.80 )/543.80 = 33.82



E52

E61

E71

E72

E8I

HaTWMINgATINMIR NI X

(66.90 X 264.80 ) / 543.80
(69.30x270.80 )/ 543.80
(69.30 x 264.80) / 543.80
(66.20x 270.80 ) '3:3.80
(66.20 x 264.80) ~$33.80
(63.70 x 270.80 ) / 543.80

(63.70 x 264.80 ) / 543.80
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3347
32.73
32.21

31.49

©-B
> = .13

PINATTN df =7 2 52AUn LN 10 95% (a = 0.05) Adnga XY iy 14.07

Wiswioum Y ' Adwaaldniiy 113 Aumingaves X ' adnon I8Tesndia

= ' Ao o w - w i =3
e sdnivsdiAymeadaswensy H, A1msid3umaniaon RB 9 uaz DB 10 luim

S 4 Y1 o0 w oo 1 1 ar
aounsalriaimasoalunsnaass iupnaianu
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=3 < =3
f. 2 nsuSoumeuyiavourani/asn
! = o '
a. 2.1 msulSeuiouriveurinlasnszning RB 6 uoz DB 10
oy = = %1 o o a

H, = msiasumani/aon RB 6 uaz DB 10 Tunauninlimididesalunis
nAnD IUANA1IAY

H, = maasuvanilaon RB6uaz DB 10 lwmasunialdaimdssalums

NAADINANANINY

szozvilavanilaon | nqu A (RB6) | ngu C (DB 10) 5

(m.)

9.60 35.00 34.10 69.10
14.40 37.80 33.60 71.40
19.20 36.00 28.20 64.20
24.00 36.00 36.60 72.60
28.80 33.00 - 35.20 68.20
33.60 30.60 34.00 64.60
38.40 33.30 32.00 65.30
43.20 31.30 ’ 31.10 62.40
37 273.00 _ 264.80 537.80

AIAT Expected frequency
Ell = (69.10x273.00)/543.80 = 35.08

E12 = (69.10x264.80)/543.80 = 34.02

Il

E2] (71.40x 273.00 )/ 543.80 = 36.24
E22 = (71.40x264.80)/543.80 = 35.16
E31 = (64.20%273.00)/543.80 = 32.59
E32 = (64.20x264.80)/543.80 = 31.01
E4]1 = (72.60x273.00)/543.80 = 36.85
E42 = (72.60 x 264.80) 543.80 = 35.75

ES1 = (68.20x273.00) '543.60 = 34.62
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E52 = (68.20x 264.80)/543.80 = 33.58
E61 = (64.60x273.00)/543.80 = 32.79

E62

(64.60x 264.80)/543.80 = 31.81

E7l (65.30x273.00)/543.80 = 33.15

E72 (65.30x264.80)/543.80 = 32.15
E81 = (62.40x273.00)/543.80 = 31.68

E82 = (62.40 x 264.80)/543.80 = 30.72

A a 2 (O"E)2
HOTUAINGATINNITAIUIN X E= Z——-E—- = 1.36

1NN df =7 @ ssAuanuiule 95% (a = 0.05) Avinga X * AD 14.07
Wieudoum Y * fidwaaldmiify 136 dumidngaves X' miidiwaalddeendim
= ] = w g ow -, o - =3 =4

Inga eenidvdiAynatatesensy H, imsiaiumanilasn RB 6 uaz DB 10 T

aaunsn liamdsdalumsnaass luuans1eiu
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a.2.2 manSunifouriivaunaniaonsznine RB 9 1az DB 10
H, = msa3umanlasn RB9uaz DB 10 luimaeunialimmdsdaluns
nanes luuanarefiu
H, = msasumanilasn RB9uaz DB 10 lumneunialiiimidsdaluns

NAADILANA 1IN

| szuzviramdnaen | nquB (RB9) | ndu C (DB 10) 39U
(w11.)
9.60 32.70 34.10 650 |
1440 34.60 33.60 6320
19.20 35.20 28.20 63.20
24.00 34.50 36.60 71.10
28.80 31.70 35.20 66.90
33.60 35.30 34.00 69.30
38.40 34.20 32.00 620 |
43.20 32.60 31.10 63.70
B s 270.80 264.80 535.60

AU Expected frequency

Ell = (66.80x270.80)/543.80 = 33.77
El12 = (66.80x264.80)/543.80 = 33.03
E21 ¢ (68.20x270.80) /54380 = 3448 °
E22 - (68.20x 264.80)/543.80 = 33.72
E31 = (63.40x270.80)/543.80 = 32.06

E32

(63.40x 264.80)/543.80 = 31.34

E4! (71.10x 270.80 ) / 543.80 = 35.95
E42 = (71.10x264.80)/543.80 = 35.15

ES51 = (66.90x270.80)/543.80 = 33.82
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E52 = (66.90x 264.80 ) /543.80 = 33.08
E61 = (69.30x 270.80)/543.80 = 35.04
E62 = (69.30x 264.80)/543.80 = 34.26

E7]

Il

(66.20 x 270.80)/3543.80 = 33.47

E72

Il

(66.20x 264.80)/543.80 = 32.73
E81 = (63.70x270.80)/543.80 = 32.21

E82 = (63.70x 264.80)/543.80 = 31.49

i . 2 (O-E)°
ABTINAINHANAMTAIUIN. X~ = Z—E— = 1.13

@

NAASN df =7 o szAunnuinle 95% (@ = 0.05) Mminga X AL 14.07

=t = 1 2 - o ‘:lsu L o = 2 ' do DR Sl
aiounoum Y annalamiy L3 Auangaves X T Anfuo 14vinonaan

o ' o o o = eed as = a =
INHA DU NUUHITIAYNNTADAIIYDUIY HU 1’1’]1ﬂ15la'§1llﬁaﬂﬂaﬂﬂ RB 9 118g DB 10 11“.?”

=t Y10 w w no 1 o
apunialdmmasoalunisnaass luuanaieiu
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2. MIAMNUMAITVUTIDAYDUTINUUHUIUNUYB U IADU n?sma?sumﬁﬂ

15

= = =f
WADUNTAVRIA 15 x 15 Wi, !.iT'ilJLHﬁﬂﬁu 4-DB 12 yu.

0.85€CA_+ fA,
2 o w (%3 = o
A1AIT LT IDAVOUAIA TULL N UYIILTINDUNTALAT UIH AN
212 ksc (MRAUNIAIDAVDIADUNTA)
- a aw P
WONUALADUNIANSULTINADINATDINATD1

=4 =y
ANVAUATINVDURANLASY

r=1

4 H wr a A u":
NUNTIAAVD IR AN S UATLLLIUAUNIHUA

(15 x 15) - (3.50 x 15) — (3.50 x 11.50)
132.25 em’

¢ E,

(834.35x 10%) x (2.04 x 109

1,702 ksc

0.85x 212 x 132.25 + 1,702 x 4.08
30.78 @
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