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Thesis Title Relationships of Test Results on Shear Strength, Bearing

Capacity, and Flexural Strength for Soil Cement

Name - Surname Mr. Jakrapan Kaewkanha
Program Civil Engineering
Thesis Advisor Assistant Professor Supasit Pongsivasathit, Ph.D.
Academic Year 2016
ABSTRACT

The aims of this research was to investigate the relationships of laboratory test results of
soils mixed cement for using as a subgrade material. Four types of testing ware conducted,
comprised of unconfined compression test, soaked CBR test, third point loading test, and plate
bearing test. The soil samples were derived from three different sources: 1) a laterite soil from Ban
Pong District, Ratchaburi Province, 2) a sand from Kamphaeng Saen District, Nakhon Pathom
Province, and 3) a clay from Meuang District, Samut Sakhon Province. The cement used was
Portland Cement Type 1.

The soil sample mixed with cement ware compacted into the molds by the method of
Modified Proctor Test. The quantity of water mixed in the soil sample during compaction was
adjusted to the optimum moisture content. The four types of molds were used, comprised of 1) a
cylinder mold (diameter 3.5 cm; height 7.00 cm) for the unconfined compression test, 2) a cylinder
mold (diameter 15.10 cm; height of 17.7 cm) for the soaked CBR test, 3) a beam mold (size
7.5x7.5x35 cm’,and 4) a box mold (size 150x150x1 5 cm’)for the plate bearing test. The curing
period was 28 days.

The results, revealed that the increasing of cement being mixed could significantly increase
the values of the soaked CBR, the undrained shear strength, the modulus of rupture, and the

modulus of subgrade, The relationships of these testing results have been demonstrated.

Keywords: ground improvement, subgrade materials, laboratory test
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(Eﬁlagamﬂ Portland Cement Association [34])

ASSHTO Usual range in cement  Estimated cement content ~ Cement content for
SOIL Requirement And that used in the wet-dry and freeze-
GROUP (% by vol.) (% by wt.) Moisture-density test thaw test
(% by wt.) (% by wt.)
A-l-a 5-7 3-5 5 3-5-7
A-1-b 7-9 5-8 6 4-6-8
A-2 7-10 5-9 7 5-7-9
A-3 8-12 7-11 9 7-9-11
A-4 8-12 7-12 10 8-10-12
A-5 8-12 8-13 10 8-10-12
A-6 10-14 9-15 12 10-12-14
A-7 10-14 10-16 13 10-13-15
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That used in moisture — density test Wet-dry and
(% by vol.) (% by wt.) Freeze-thaw Test
(% by wt.)
Shell Soil 8 7 5-7-9
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Red-dog 9 8 6-8-10
Shale or disinte grated Shale 11 10 8-10-12
Callche 8 7 5-7-9
Cinders 8 8 6-8-10
Chert 9 8 6-8-10
Chat 8 7 5-7-9
Marl 11 11 9-11-13
Scoria (Retaining No.4 material) 12 11 9-11-13
Scoria (Passing No.4 material only) 8 7 5-7-9
Air-Cooled slag 9 7 5-7-9
Water-cooled slag 10 12 10-12-14
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MIANEIAI0E19AU 3 ¥HA Ao AUNGN A-2 (LL=26, PI=11), AUNQN A-4 (LL=35, PI=12), Al

NN A-6-7 (LL=47, PI=26)

DATA ON SOILS AND ON CEMENT-TREATED SOIL MIXTURES

Soil Texture Clay Content Cement Content
(%<0.02 mm.) (% by volume)

Sand 2 8

Sandy Loam 8 10

Loam 19 10

Silty Loam 17 11.5

Clay 46 12

Clayey Gravel 20 8

SAND

—— CLAY \

5 SANDY LOAM

DELAY BETWEEN WETTING AND COMPACTING (HOURS)
»~

100 200 300 400 500 600 700

MAXIMUM COMPRESSIVE STRENGTH (PSD)
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A1y 92 13i1A1 Applied Load 71 1#3nfuima1 R

o R
P
L
b
d

a

Modulus of Rupture (kg/cm’)

Maximum Applied Load (kg)

Span Length (cm)

Average Width of Specimen (cm)

Average Depth of Specimen (cm)

Distance between lime of fracture and the nearest support, measured

along the center line of the bottom surface of the beam. (cm)

311 2.10 1nFesliemsnadeumAIMaInNNaINT0 luMITULIIAA (Flexural Strength)

1a&7% Third-Point Loading
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2.11 MInaaday X-Ray Diffraction(XRD), X-ray Fluorescence(XRF), Scanning

Electron Microscope (SEM)
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MmN 4.4 avlsznousiginu ludreg19augns nadou 1Al X-ray Fluorescence

FATINY ANUITNTU(%) a51sznon ANUITNIU(%)
Si 34.57 Si0, 73.96
Al 10.09 Al20, 19.06
Fe 3.12 Fe,0, 4.47
K 0.69 &) 0.84
Ti 0.40 TiO, 0.67
Ca 0.24 CaO 0.34
Mg 0.24 MgO 0.39
Cr 0.06 Cr,0, 0.09
\% 0.03 V,0, 0.06
Si 0.02 SO, 0.06
Ni <0.01 NiO 0.01
Mn <0.01 MnO 0.01
Zr <0.01 710, 0.01
Sr <0.01 Sr0, <0.01
Zn <0.01 Zn0 <0.01
Cu <0.01 Cu0 <0.01
As <0.01 As,0, <0.01
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M3 4.5 avlsznousiginu ludrednauniie naaey 1ne3s X-ray Fluorescence

FIATINY ANUTNTU(%) a51lsznou ANUTNTU(%)
Si 35.35 Sio, 75.63
Al 5.59 ALO, 10.56
K 4.75 K,0 5.72
Fe 2.18 Fe,0, 3.12
Ca 2.05 Ca0 2.87
Na 0.37 Na,0 0.50
Mg 0.31 MgO 0.51
Ti 0.31 TiO, 0.51
Ba 0.11 BaO, 0.13
cl 0.06 clo, 0.06
Mn 0.05 MnO, 0.07
Rb 0.05 Rb,0 0.06
Zt 0.05 710, 0.06
P 0.05 P,0. 0.10
Si 0.03 SO, 0.07
Sr 0.01 SrO 0.01
Zn 0.01 Zn0 0.01
Ni <0.01 NiO <0.01
As <0.01 As,0 <0.01
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M31aA 4.6 avlsznousiginu ludregndumition naaew 1ne3s X-ray Fluorescence

FIATINY ANUTNTU(%) a51sznon ANUITNTU(%)
Si 29.58 Sio, 63.28
Al 10.12 ALO, 19.13
Fe 4.49 Fe,0, 6.42
K 2.11 K,0 2.55
S 1.42 SO, 3.55
Ca 0.72 CaO 1.01
Ti 0.53 TiO, 0.89
Na 0.44 Na,0 0.60
Mn 0.22 MnO 0.28
cl 0.11 ol 0.11
P 0.05 P,O, 0.12
Sn 0.05 Sno, 0.07
Zr 0.02 Zr02 0.03
Rb 0.02 Rb,O 0.02
Zn <0.01 Zn0O 0.01
Cr <0.01 Cr,0, 0.01
Sr <0.01 SrO <0.01
Ni <0.01 NiO <0.01
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FACULTY OF EMGINEERING

DEPARTMENT OF CIVIL ENGINEERING

RAJAMANGALA'S UNIVERSITY OF TECHMOLOGY THANYABURI
CBR LOAD TEST DATA

TRATICN (in)

MOLD MO. 1

MOLD MO 2

MOLD NO. 3

TYPI

TP

OATE

DWATE

DlAL READING {div

51) (RrY

READING (divf]  LOAD (psi)

=
=

OAD (ps

o
al )

0,000 0 0f 0 0000
0.025 63 [ 63.5 63.5 3.5

127 i 127 127 .5
0.075 190.: 5 8.5 150.5] 9
0.100 250 ?5¢ 10. 254 11
0125 3T 13 3175 12 3175 12
1150 381 14.5 381 13 381 13

s08¢

0. 630 21 630 2 G630 195
0300 762 25 62 23 [ el
0.400 1016 32 1016 M6 e |
0.5 12T 8.5 1270 1270 a5

LOAD, psi

va

0.000

0.100

0.200

0.200

0.400 0.500

PENETRATION, in

0.600

B 0%_28DAY_NO.

1

Mold No.

CBRat 0.2 in

CBR result

Eai]

REMARE,

1.200
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RAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI

FACULTY OF ENGIMEERING

CEBR LOAD TEST DATA

DEPARTMENT OF CIVIL ENGINEERING

MCLD MO 1

MOLD NCL 2

*ENETRATION (ir

TYPt

READIMNG (di

LOAD (psi)

0.075 190.5 18 1905 263
0.100 254 24 254 359
0125 317.5 5 3175 L
0.150 381 381 535
0200 508 451 508 639
0250 a3 B4R H30 |

03200

6z

0.400

1016

1270

1400 -

1200 +

s |

1000 -
=00 -

2

e

o
H00 -

Q
-

400

—

200

oF

0.000

0.200

0.400

PEMNETRATION, in

0.600

W 3% 28DAY N

0.1

Mold No.

CBRat0.1in

%

CBR at 0.2 in

%

CBR result

%

REMARK

20700

35500

4.2 60
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DEPARTMENT OF CIVIL EMGINEERING

RAJAMANGALA'S UMNIVERSITY OF TECHMOLOGY THANYABURI

CBR LOAD TEST DATA

MOLD NO. 1

MOLD NO. 2

*EMETRATION (ir

TPt

AT DAT
READING (diy ) (psi) READHMG (i A (psi)
0000 0 b0
0.025 63.5 o 635 r3
0.050 127 127 175

21 ='II

0.075 190.5 1905 T
0.100 254 286 254 381
0125 317.5 58] 3175 488
0.150 381 138 381 59

0200 508 6] 508] 676
0250 63 167 630 838
0200 62 2 | 62 998
0400 15 1217 1016 1288
0500 127 14744 1270 1544

1800 -

1600 -

1400 A

|

L1200

e

800 -

oz o

oo -
(=]

=500

400

200
oF
0.000

0.200

0.400

PENETRATION, in

0.600

5% _28DAY_N
0.1

Mold Mo

(BRatlin

CBR at 0.2 in

CBR result

% % %
28.600 40 404
2 38.100 045067 05.0¢
3 0.000
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DEPARTMENT OF CIVIL ENGINEERING

FACULTY OF ENGINEERING

RAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI

CBR LOAD TEST DATA

MOLD MO 2

TYPE

"EMETRATION (ir

AL READING (di LOAD (i)

0.000 h] b0 e |
'.'.: ..-3.!.‘ G. -..I.l £ ."5" [El‘":l..l.‘ ..\' ¥ f:-"':l.: 15"‘
0.050 127 115 127 380 127 3184
0075 1805 ! | 19205 54 190 473
0.100 254 &5 250} g 2548 G |
0125 3175 G b G863 ITE

0150

0200

508

1147

0250

630

1453

0300

o2

1645

13359

0.400

1016

1850

12740

2280

2150}

3000 +

2500

..2000
a

1500
=

Q
—1000

500

0.200

0.400

PENETRATION, in

0.600

W 7%_28DAY_N
0.1

Mold Mo

(BRat0.1in

%

CBR at 0.2 in

ko]

(CBR result

k]

REMARE

FE_800

B 467

B 467

7000

83933

83933

62 800

fo.4a7

76,967
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FACULTY OF ENGINEERING

DEPARTMENT OF CIVIL ENGINEERING

RAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI
CBR LOAD TEST DATA

*EME

MOLD NCL 2

MOLD NC. 3

Pt

TRATION (irg

DATE

ADING (di ) (psi) AL READING (i A0 (ps) AL READING (di WAL (psi)
0.000 0 00 ) 0000
0.025 63.5 141 635 68 63

285

0100

0.125

375

0150

381

0.200 508 o7 508 944 50 01
0250 63 11358 630 1129 63 1127

0300

762

0,400

1018

1864

2000

1800

1600

1400

3200
21000

5800
—
600

400

200
0
0.000

0.200

0.400

PEMETRATION, in

0.600

M 9% _28DAY_N
0.1

Mold No.

(BRat0.1in

%

(CBR result

REMARE

54500 60.867 6. 867
2 46.000 62,933
3 45,800 63.26
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DEPARTMENT OF CIVIL ENGIMEERING
FACULTY OF EMGINEERING
RAJAMANGALA'S UNIVERSITY OF TECHMOLOGY THANYABURI
CBR LOAD TEST DATA

MOLD NO. 1 MOLD NO. 2
_ TYP Tt
"EMETRATION {ing
I DAT
ADING (i ) {psi) AL READING (di AD (psi

0.025 63.5 209 635 ]
0.050 21 B | 12 45
0.075 190.5 B1 190.5 643
0.100 254 10221 256} 885
0.125 17.5 1 I"Z-='I| 3175 1103
0.150 38 1f:-.-'%é| SE1 1318
0200 508 2114 508 1666
0250 63 500) 63400 197
0300 62 2003 62 2268
£ 098 1016 803
2 1387 1270 4103

4000

3500

3000 ;7”/”'_“‘.
2500 W 11% 28DAY_NO.
;nno / !
b= / 11% 28DAY_NO.
Q500 2

1000

500
0K 1r
0.000 0.200 0.400 0.600
PENETRATION, in
Mold No. CBR at0.1in CBR at 0.2 in CBR result ———
% ™S %
102.100 141.200 141 206
2 88500 111.067 111.067]
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DEPARTMENT OF CIVIL ENGINEERING
FACULTY OF ENGINEERING

RAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI

Unconfined Compression Test

PROJECT UNCONFINED TEST

SOIL DESCRIPTION SOIL + CEMENT 0 %

OWNER DE.SUPASIT

BORING NO. -

JLOCATION RATCHABURI SAMPLE DEPTH 2-4m.
TEST MO 3 SAMPLE NO. uC-03
TEST BY. PROJECT GROUP DATE 10/1/2560
0.14
//
0.12 -
v
J’
7
P d
0.10 )/
P
7
- A
(=]
2
£ JJ/
2 0.08 —
= e
v -+ N 4
3
= y4
E 0.6
d
= /
,
//
0.04
//
/
0.02 L
/
/
0.00
0.00 0.50 1.00 1.50
AXIAL STRAIN (%)
DESCRIPTION UNDISTURBED | REBOUNDED FAILURE MODE (UNDISTURBED)
JuNDRAINED SHEAR STRENGTH, kse 0.07
WATER CONTENT, % 6.78
WET UNIT WEIGHT, g/cm3 2.29
STRAIN AT FAILURE, % 0.44
SENSITIVITY
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- DEPARTMENT OF CIVIL ENGINEERING
FACULTY OF ENGINEERING
= FAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI
Unconfined Compression Test
PROJECT UNCONFINED TEST OWNER DR.SUPASIT
3OIL DESCRIPTION SOIL + CEMENT 3% BORING NO. -
LOCATION RATCHABURI SAMPLEDEPTH 2-4m.
TEST NO. 1 SAMPLENO.  UC-04
TEST BY. PROJECT GROUP DATE 10/1/2560
18.00
ot
16.00 —
i
14.00 7
//
12.00 —~
r—g‘ <
i
#10.00 i
[+
& 7
= 4
3
E 8.00
g ot
/-
6.00 yi
/
7
yd
4,00 /.‘
2.00 )//
—
0.00 - g
0.00 0.50 1.00 1.50
AXIAL STRAIN (%)
DESCRIPTION UNDISTURBED | REBOUNDED FAILURE MODE (UNDISTURBED)
UNDRAINED SHEAR STRENGTH. ksc 11.03
WATER CONTENT, % 8.55
WET UNIT WEIGHT, g/cm3 2.26
STRAIN AT FAILURE, % 0.80
SENSITIVITY

103



DEPARTMENT OF CIVIL ENGINEERING

FACULTY OF ENGINEERING

RAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI

Unconfined Compression Test

PROJECT UNCONFINED TEST OWNER DE.SUPASIT
SOIL DESCRIPTION S0IL + CEMENT 5% BORING NO. -
LOCATION RATCHABURI SAMPLEDEFTH 2-4m.
TESTMNO. 1 SAMPLE NO. uc-07
TEST BY. PROJECT GROUP DATE 10/1/2560
35.00
30,00 e
7 4
/
25.00 —
=
2 //
@ 20.00
a pd
e
=
£ ——
— /
S <
£ 15.00 —
d
= P g
//
4
10.00 !/
5.00 ‘/
7
7 -
0.00 M-
0.00 0.50 1.00 1.50
AXIAL STRAIN (%)
DESCRIPTION UNDISTURBED | REBOUNDED FAILURE MODE (UNDISTURBED)
UNDRAINED SHEAR STRENGTH. ksc 15.73
WATER CONTENT, % 9.33
WET UNIT WEIGHT, g/cm3 2.17
STRAIN AT FAILURE, % 0.70
SENSITIVITY
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DEPARTMENT OF CIVIL ENGINEERING

FACULTY OF ENGINEERING

RAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI

Unconfined Compression Test

PROJECT UNCONFINED TEST OWNER DERE.SUPASIT
SOIL DESCRIPTION SOIL + CEMENT 7% BORING NO. -
LOCATION RATCHABURI SAMPLE DEPTH 2-4m.
TESTNO. 1 SAMPLE NO. uc-10
TESZTEBY. PROJECT GROUP DATE 10/1/2560
30.00
25.00 -
) a
20.00 ~
- "
2 A
Z V4
. X
=
i 15.00 4
3
=
w < a2 =,
5 A
10.00 ,/ !
/j J'
1
v
5.00 // {
1
)f
/ [
/ T
0.00 { ;
0.00 (.50 1.00
AXIAL STRAIN (%)
DESCRIPTION UNDISTURBED | REBOUNDED FAILURE MODE (UNDISTURBED)
UNDRAINED SHEAR STRENGTHL kse 12.47
WATER CONTENT, % 933
WET UNIT WEIGHT, g/cm3 2.29
STRAIN AT FAILURE, % 0.42
SENSITIVITY
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DEPARTMENT OF CIVIL ENGINEERING

FACULTY OF ENGINEERING

RAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI

Unconfined Compression Test

PROJECT UNCONFINED TEST

SOIL DESCRIPTION SOIL + CEMENT 9 %

OWNER DR.SUPASIT

BORING RO, -

LOCATION RATCHABURI SAMPLE DEPTH 2-4m.
TEST N(. 3 SAMPLE NO. UC-15
TEST BY. PROJECT GROUP DATE 1012560
18.00
16.00 (1,—/
.
f"/
14.00 —
pa
12.00 L
— A
g 7
& 10.00 — -
E
v
- )
< Z
§ 8.00 -
& 7 1
= i
|
6.00 - ,
! ]
7
7 :
4.00 f '
i
I! ]
]
2.00 +— .
l i
; |
I |
0.00 ‘
0.00 0.50 1.00 1.50
AXIAL STRAIN (3:)
DESCRIPTION UNDISTURBED REBOUNDED FAILURE MODE (UNDISTURBED)
UNDRAINED SHEAR STRENGTH, ksc 832
WATER CONTENT, % 8.73
WET UNIT WEILGHT, g."CI'I'IJ 232
STRAIN AT FAILURE, % 0,39

SENSITIVITY
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DEPARTMENT OF CIVIL ENGINEERING

FACULTY OF ENGINEERING

RAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI

Unconfined Compression Test

PROJECT UNCONFINED TEST OWNER DR .SUPASIT
SOIL DESCRIPTION SOIL + CEMENT 11% BORING NO. -
LOCATION RATCHABURI SAMPLEDEPTH 2-4m
TESTNO. 1 SAMPLE NO. UcC-18
TEST BY. PROJECT GROUP DATE 10/1/2560
40,00
L
P/
35.00 /.//
/’
7
30.00
7
//
T 25.00
= A
a y
':._é V4
w 20.00
—
S 4
=
§ V4
15.00 L
4
/
10.00 /l
/
V4
5.00 V4
Vd
/
4
0.00 ‘
0.00 0.50 1.00 1.50
AXIAL STRAIN (%)
DESCRIPTION UNDISTURBED | REBOUNDED FAILURE MODE (UNDISTURBED)
UNDRAINED SHEAR STRENGTH. ksc 18.86
WATER CONTENT. % 7.36
WET UNIT WEIGHT. g/cm3 2.20
STRAIN AT FAILURE. % 0.20
SENSITIVITY
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DEPARTMENT OF CIVIL ENGINEERING

FACULTY OF ENGINEERING

RAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI

FLEXURAL TEST RESULT

FROJECT UNCONFINED TEST OWNER DR _SUPASIT
SOIL DESCRIPTION SAND + CEMENT 3 % BORING NO. -
LOCATION RATCHABURI SAMPLEDEPTH 2-4m
TESTNO. 2 SANPLE NO. Fx-04
TEST BY. PROJECT GROUP DATE 10/1/2560
250.00
[ ]
200.00 l
%50.00
2
S /
2 /
100.00 j
50.00 /
/ f
/
i
0.00 I s
.00 0.30 0.60 .90 1.20 1.50
SETTLEMENT (%)
DESCRIFTION UNDISTURBED REBOUNDED FAILURE MODE (UNDISTURBED)
MODULUS OF LUPTURE . Ksc 1.53
WATER CONTENT. % 8.07
[WET UNIT WEIGHT. g/cm3 2.16
SETTLEMENT 1.00
JANTAT. L.OAD 11.49
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DEPARTMENT OF CIVIL ENGINEERING
FACULTY OF ENGINEERING
RAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI
FLEXURAL TEST RESULT
PROJECT UNCONFINED TEST OWNER DR.SUPASIT
SOIL DESCRIPTION SAND + CEMENT 5 %o BORING NO. -
JLOCATION RATCHABURI SAMPLEDEPTH 2-<4m
[TEST NO. 2 SAMPLE NO. Fx-06
TEST BY. PROJECT GROUP DATE 10/ 172560
450.00
400.00
350.00
300.00 - 3
g
2250.00 L
o
—
g 7
ézoo.oo i
J i
150.00 -
100.00
50.00 /‘
i
0.00 ¥ =
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
SETTLEMENT (%)
DESCRIPTION UNDISTUREBED | REBOUNDED FAILURE MODE (UNDISTURBED)
MODULUS OF LUPTURE , Ksc 1.84
'WATER CONTENT, % 9.6
WET UNIT WEIGHT. g/cm3 2.16
SETTLEMENT 1.00
AXIAL LOAD 13.79
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DEPARTMENT OF CIVIL ENGINEERING

FACULTY OF ENGINEERING

RAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI

FLEXURAL TEST RESULT

PROJECT UNCONFINED TEST

SOIL DESCRIFTION SAND +CEMENT 7%

JLOCATION RATCHABURI

[TESTNO. 2

TEST BY. PROJECT GROUF

OWNER DR.SUPASIT

BORING NO. -

SAMPLEDEFTH 2-4m.

SAMPLE NO. Fx-08

DATE 10/1/2560

700.00

200.00

500.00

400.00

AXIAL LOAD (Kg)

300.00

200.00

100.00

0.00 - '
0.00 0.30

0.60

0.90 1.20 1.50 1.80

SETTLEMENT (%)

DESCRIPTION

UNDISTURBED

REBOUNDED FAILURE MODE (UNDISTURBED)

JMODULUS OF LUPTURE ., Kse

25.38

[WATER CONTENT. %

7.28

WET UNIT WEIGHT. g/cm3

2,16

JSETTLEMENT

1.00

JANTIAL LOAD

190.35
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DEPARTMENT OF CIVIL ENGINEERING
FACULTY OF ENGINEERING
RAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI
FLEXURAL TEST RESULT
PROJECT UNCONFINED TEST OWNER DR .SUPASIT
SOIL DESCRIFTION ZAND + CEMENT 9 % BORING NO. -
JLOCATION RATCHABURI SAMPLEDEPTH 2-4m
TESTNO. 1 SAMPLE NO. Fx-09
TEST BY. PROJECT GROUP DATE 107172560
700.00
|
600.00
/
I
/
500.00
‘ /
/
_ /
£
Q400.00
<
5 /
2 ¥
2 —
300.00
}f
7/
4
200.00 .
100.00 :
S
jf
?—‘__‘/r
0.00 ¥ — I
0.00 0.30 0.50 .90 1.20 1.50
SETTLEMENT (%)
DESCRIPTION UNDISTURBED | REBOUNDED FAILURE MODE (UNDISTURBED)
MODULUS OF LUPTURE . Ksc 39.07
WATER CONTENT, % 9.30
WET UNIT WEIGHT. g/cm3 2.16
SETTLEMENT 1.20
AXTAL LOAD 351.98
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DEPARTMENT OF CIVIL ENGINEERING

FACULTY OF ENGINEERING

RAJAMANGALA'S UNIVERSITY OF TECHNOLOGY THANYABURI

FLEXURAL TEST RESULT

PROJECT UNCONFINED TEST
SOIL DESCRIFTION SAND +CEMENT 11%
LOCATION RATCHABURI
TESTNO. 1

TEST BY. PROJECT GROUP

OWNER DR SUPASIT
BORING NO. -
SAMPLEDEPTH 2-4m
SAMPLE NO. Fx-11

DATE 100172560

600.00

500.00

400.00

(Kg)

00.00

AXIAL LOAD
w

200.00

100.00

0.00 ¥
0.00 0.30

0.60 0.90 1.20 1.50

SETTLEMENT (%)

DESCRIPTION

UNDISTURBED

REBOUNDED FAILURE MODE (UNDISTURBED)

MODULUS OF LUPTURE . Ksc

74.46

[WATER CONTENT. %

8.18

WET UNIT WEIGHT, g/cm3

2.16

SETTLEMENT

1.40

JAXTAT. LOAD

55841
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PRESSURE ( Ton/sq.m.)

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
000 e T —"|— =1 T =

1.00

2.00

a @ I
N3 1HANATOY Plate bearing test AUGNIINANFNUAN 3 %

PRESSURE  ( Ton/sq.m.)

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

A.00 -

a [ I
N3 1HANATOY Plate bearing test AUGNTINANHNUAN 5 %
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PRESSURE ( Ton/sq.m.)

0.00 2.00 4.00 £.00 8.00 10.00 12.00 14.00

a [ I
N3 1HANATDY Plate bearing test AUGNTINANHNUAT 7 %

PRESSURE  ( Ton/sqg.m.)

.00 200 4.00 &.00 8.00 10.00 12.00 14.00

a [ I
N3 1MHANATOY Plate bearing test AUGNIINANFNUAT 9 %
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PRESSURE ( Ton/sq.m.)

0.00 2.00 4.00 £.00 8.00 10.00 12.00 14.00

a [ I
n31HANATOY Plate bearing test AUGNTINANFINUAN 11 %

117



NNANUHIN D

N HATINIEINS



s1evuEUItorvINNISUSyUSEINISSAULIA
€%,  UrINYFeINALEBS WLIAAd0SSIUND ASIA 2
Ia-N1SUS-¥UIEINISS ALKIR INSaVI8aMdNUINTS

Prnceedlngs

'\

r’(:ﬁ:&’

A \ﬁ \

31 UurAu 2560

ru mmsmﬂfufaﬂ‘msgumrf
umangaeinAlllagsesn
AUEWS:UASASIESTT

+978-074-625-761-9

119



rrenbzmhnmrssErh neamaeulnErmesag rraund nindl 2
wezn Rl TR e iR T AT ST T REan T a3

AT

- w a o o« d o - - a = &
tudnthnfasfssnidshuwinendnmalulagnsuragrsrragl Winrunalszyufains
- & [ = a A = d o = a o
szAuTRuwTImeRmmAlulags T ARgITTgd AFaN 2 wasnialssEit N EIsAUTE WRTETTE
a - .- o o a a -
SWIMENE AR S urrelins rean Af 3 weslugruslesstudhetenms rullaruduidu
. ad a P zx i u o
sitifazudi e udiniiumanrsd adfandnaueias 174 e Eunssefulfddandeus
- | da d oo = o
153 umAty eezlddmREnunATu N dRmA T (W BN lug sa1sTen s uns_ gossugd ues
- - . o
TEENETENTE I gassugi (nyreAtarfussdiaudand) T 30 wmerw luserufudsanantg
g S S a 2 kel
UssguiTnsss AL R A ne R mATUlRES U RRE ALY AN 2 waTn sl sSyEIMSEERLTIE
. S = o L el 23
wiztEawinans AAnaH Srinrusatnfiaoan AfR 3 el DumarunERuwssuwiaau
Fmuau 103 unATa dhaumariuanrerspfuacfIANATERT 4 TUTU 50 uWASABINEAARTLAS
- L) o - of
malulat drur 53 vnery Trindhursiaum i nsuss T rsmaa uEmn a
o - i ol o w0 i
nulfizansureAuABILsTAN BN I s R aeg iyt Angunifssansandullidienindunis
Uz meramiain s Teusud s wesiud s s e f i mameruuss Ao
: ta . -
Fimlszguinimss e mersurndmamenamiEan 35 soiuinlemanidaruaulaues il
e izmaulsgsmarsguesugll easwiyinhnlde hynines 1T e i smnlegy
o LB Ll = & Ed u e
TrmrEssAvT R medrmaluladsmuAsgesugl afaW 2 sasnnlesyutaansssiueg ntete
. - - = d " ' o
FWIMEIME MMANET STINTUS TR RUAT RS 3 (W.A.2561) was L AERuW BN LA mehd

S - |
AT uEn AT

FRIATARFIR IS TRumE

Uszsrenssunsshetvims

120



TR e teedumnluln e widll 2

unznl TR il e e T RN S erriREan adl 3

swruRuiieg

nslsspAnmsssiuriuwinedamalulaiomseasnssagi Adai 2

uazmslssrpiamsssAumi ieheadimmnienana dnlnousmiufsesn AEa 3

ussnuiBmeiiBnun

UL TE g M e Rl

LFFOLTENTE

FRIUTHUTANS

A e hoediman
TR TEIIIL §ITTIUAT

Az fedemd o uss
A.nrarEud dins
ARz ALY AgnEle

Az Aw wadlug)
A.az R grusgans
A.Azszens danansnhiv
ART AT A1V
AATANA TigaLE

1A aitim] grud
TAALTH BIUATINS
saargWRnl grumdud
TA.asgined Fyad
rAaz il furiiady
7A.A7Aardn Atuen
AAAi Sadala
2.4 Fysd Tuuan
A7 Tl sargals
sAAzarng Wi

A wme Jaumitund

R ET AT e

121

7R Az iy dimoea
sA.as T nenlimudy
Az Yy ls ATATRUIDA
TA.AT MRl SuAunAan
AR RE thysen

.02 Tiame nasly

oA Az napeaiud Teanused
uA.gaunu Tanidmend
A7 Ao waensiadmd
oAmrEwlA Bundwoiledns
uA.As RN 2dnmed

uAAg fimAwad TannussTunn

Argfndu Friuln
At glRt 1T
Az lemeann
Az fuen

Aruafios prildng



NEUSHUIENTS

dregmiEnes
wasSAwRTHN T

il

Faradausn

rnbrmrhnn e neameeluTnirmasag rmund ninfl 2
weznl el @ i Em IR TR AT T TaREan et 3

FATEINTIL §ITTIUAT
ms.Toseu Aenrduncd
sAAL AR Yoy Baliuad
ﬂn.'hi.ﬁutnw NALREATY
A AT BRI

U WIANA AR
uAAT T Aadee

st el yod
HA.AsdneTad ey

vnaeuwe AN

wrsr Ty el sl
wsInila iRedeas
wnaradusl laosd
drtanstud st Ak
winrnd yoyuiliisg

A AT Hafne

HAAT.SUWT Lugy

un.qreal gridAnd

HA.Muamai rrufns Taremdud
arardy e

Azt leumeann

AzT oRamad

arsel wimdd

s aua

wiaadeuls Yoy
WHATIEE AMnA
wanatfive udsnduih
wiAwrRue e
drbaerTiils Tanstoy

Armluidueazwaen srfinendumalulsiraunagrs sl
60w 3 Anuaiuns S unemssuarATogse SivdansoursrTegyaen 13000

TrsAvol Twsans 035-7068097
woerw. rdi.omutsb.acth

e 2580

122



rmbzmhnn el awfnedmaelulnmesogrrsund nimfl 2
unzrrmeafr sl wlonoethimnmnane s e P K

ﬁﬂﬁﬂ'mﬂqm?iﬁ'ﬂmﬂuunmw (Peer Review)

ATUNEAT AT LR IRERNT TR

A Fisas eadhudd
sAaArfufny SAnsiny

sa.mrAnAen saufadann
TAAT AR YryEatiusd
srazafiind (Ausans
TR AT AP AITUNIE
uAATaT Sinds

HARLPART Fumzuad
uAAr D el
wAar il pufosfifes
HAAT A Yelgmd
nAArdysR siaRs
uATrne usundaR
uagatfal anag
HALANTIY SEMAT
ardriad Asdsnyml
CERT IRt

#7i4Rr wEEIATEDE

e g ulairamasgriond
i frmalulaireasdnan
g g LT

unerdana ulairmang o
wwinendue Tl
wwiinedmalulsEramaadon
winedumabulsErmunadond
e deons ladr e Asng o
wwinedrmalulairenasgirmadl

wnimmdumabulsiwrzsaundwrsussile

winerdrmalulaEramaadond
uninefemelulsBranadond
urinmdamalulst e ransfunen
wrinedalulstiraasia
e g LT L
uninedrmalulsireasgemndl
i dsedignesuarAtegsnn
wwineraeona s auang s

siinmmegipelitn iR (LR

A TR yoydalfusf
TR AR AnATAls
rAaarhude eeagals
ransdnde fdieu
FraE Ayl o guun
weAzang el
HA.ALTIRR AR IR
uA.mraTiund daqla

oA AT s d1fudnes
CLEERTIE LR (DR
wAAzaziand o
uAALANGRT AT
wear Aalls anasungio

swinerdsome st amaag g
e femaTulsirmaag el
uninEALnem A
uwAnmfuealulsrmuaaiminiued
uEne AR
windinmahldsirnaasdon?

NI DA TR L RTE e HELET, Ge it
uwimeduonatulairaunsfmdindund
uninmfumalulsdrmasgiermunil
U g U IR TE gy HELEY ety bl
winmduealulsirauasnruss
wranendeona ulaEr e aemisuas
wiinedmealuladramaadnnd

123



rnbrmrhnn e neameeluTnirmasag rmund ninfl 2 m
weznl el @ i Em IR TR AT T TaREan et 3

i ameiussmalulindatsaume (sa)

aA.Azai wiendl

unimendiemalulafl srasegasrugl)
HAATEUR SrfReginn uwiimerdeaiuladranapag gl
wa b er g e TraF e Famwszasaundn
wA funar JauzesTu ywiimerdeoseiulaf ramarag il
HATIRT Lﬂmn]:::iﬁf uimediemalulaflnunegasrougl]
ELETT daudu unFimendinmalulainauiregasrougd
mriehen s wwimedinnalulaismseg sl
s aeean] JFudnd ufinendismalulafl aasea
aryafml ymbeys ywiimerdeossiulafraasaegorrugil
M};ﬂni WIEHA wimefimna lafl e fmlndund
A3 drzmad Sumfruny wnvimmnderdigdunil
ararfy aurans unimediemalulafnnegasrougl]
ALgie wodu wnFimedinmalulailnauiregasrugd
ardui Inofusad s dmsdinspulaf rmasedmilndund
nzamd 1 s fimendinmalulailsainaa Ty
ALLAINES wuﬁ-a ywiiwervieoneiuladresagorrugil
arailf fruimna uninfmnalulad reuaragueenun
azdanan ladle uufinedismalulailsmuirarTn
ATLEUN WEHYATR wuimediamalulaismsedia
s bl (TR
A meaifiued FlosARglend wvrimeisEeelwd
A_n1 IR gausnana anwimerdanalulafinss sundmezuanuils
sA.me neoinal o AfedRenl wv iR lulaflrmaurad i
.oz Inan Tavlnlsal unimmndnmalulad smaaadiu
TA.ATARHA fanfiug wfimesdieonalulaflansadoyd
IR AT 6LTA AEA gvivaangnimine
sAan Ny nouayFnd unTinefiersumant
ELE AT TLE Udanaaa s finedismalulairmasadoyd
Az lizifles gunignd wwAnrdsireRzmand
sA.as waAud wimfingd wwFmmdinmalulafinss sannd e
sA.ae fud peagala uwvinefmnsasAtand
sA.ps Aty AnhdTed unfinedisomalulafinzs saundawd
sA. s AL famaalual uwiimerdeoeiuladwerssundisnd

124



m rbzmihnrEeed arnedmnulnEmesos rmund nimdl 2
urznmhzafdrnrrsinl wlmnmnen e e L=V E

Az b Sryoaiml
a.azgaing lananaiios
sA.wng Faumimd

ELRT R B

sAbrEn AR AuRaamy

o sl Fuuan

sA.AnEY wmeug
TAETLIUNA HELAN
HA.AT.NAR RUTHULAT
nA.Aznfodlng danunaiude
uA Azl gt
uA.pzIglaA Fnlnewsdodn
uA.Ar.dwud [ufinsinses
uA.A7 el Sunfuid

ue.Ag wyad dosiqeeonss
uA. Az el fasritniia
I TR T TSt
HA.AT.EMEUT funznzien
pAAeodTs anfd
uA.ALIRAN [an

A AUfud i

Az dundn gAad

g sns Fgurenl

az.aids Qe

ATANTR gAY

frmsAnen

Arsirzgns  drnenendu
maraad  Sune
#A.m7ygad Fuuan

A7 AT Fmikaa

LI L T ndau
saurdoilne engiand

ELR T wiryur
g Fauniund

aniunaTulaihpeh
wrinmduraluladremasfmindund
wwinerdema laEr At sl
urimmdumalulsiwrzsaundsugl
winedtmalulainssaundwezunnwils
wninendumalulatnszsnumndwezursnwile
W AR
wrinefumatulaiiraasgiermundl
wTinendumabilafnezsaunfwrsunsmiles
widnedensrsand
unrivnfumalulstreasgirmndl

i dues ulair e pemrsusy
wwidnedumalulatnrzsaundwezursnwile
i lulsdrauasngaom
e ulaEr s Aag o sl
wrimmdumabulsreaagiermui
wwinedamatulairauaarFidn
wrimmfumalulsireasgirmndl

Ty Lt LT YT
mranendeabilsfraaamsuas
e ulad e e Ao
wiinefameTulsBranaaAidy
wTimendumabilsfrmuaadongd
uwiinendeos ulair e aagrrron i
unimndematulsErmuAangarm

wiinriamalulsimeranindwrsussvila
uuinendsnensand
wwiinrAumalulaBnezsnund wrsussvila
uAnmRuRalng
urinedumAluisdraaafminiwed
urinefsinsnsnand

e aunersmand
wwinerdema laErau aag s

125



_ rmbzmhnn el awfnedmaelulnmesogrrsund nimfl 2
unzrmafrnrrssinl wlonoethimnmnane s e P K

wrsiny (#a)

rrdiiudrssamaney nisfuusdeu uasindafuunde diufugnimuiond 363
dneiud whafywn uaz Andng nadRazalin

mrl]ﬁﬂimmnamﬂi amsmeudulfimamadfuns e nadimAsadinn bhwiand iy an

WAnkpfufuileso
aamw sTle uae AnAnE wadRozating

HAMIERUNB B AASIME TR e eI AT A el 24 dalu are
& padund us: WANA ARdnEund

inmmﬂumlmn'lmﬁlgnﬁlﬁ'qn:imuqmﬂaﬂmuﬁin‘hqnmunmﬂm ruilau 301

gramnulsnge 3 fndanrsusretagsen delasiouesinnzanewig sy wazunsudng
iimen wird uaz Frdsen Alsked

mruunn:nauﬁﬁﬁu’ﬁnﬂﬂahr‘h‘imm:mmm 308
Fansuiud Ade aleeau siin afadiad uss Uszsy el

mrﬂrm*lqmﬂmﬁ:ﬁmluﬂ?ummriﬁnhqmmmnmwmummmmmmm 408
' Tnel fursns

wiaiTlaRmialudedsenmrdndudustens 419
numms Susmlszaty gofl veasEpds o fumszum uasanls denlsdnd

wianast i admienesmms aer e iaen 425
e Sumsz

nseenusazaiAts meerdLgriuacusuBlilaeeuinneed 432
e neefu Trod Adwiau 3AnA driand uss Sretanl Tadeulan

nstpudn e uefusdulovinerna R mnggoine 442
it dryua guiens elusfaude ussianl g3rsssuns

Switching Losses of Power Transistors Improvemsant by Electron beam Irrediation 451
Pakom Pakaiphusk Manit Jtpukdes and Apichats Mansswang

nsesnuLnasIn ey wEuris AR s s AT 458
i Tamsud

nslszdhussmsFalaanrrg sl sdugaAnsumsfrunemeuumnynams 464

warrmnrlrnns funresnuyeufiRssm eliades fusuninfann Sudmumd
wifl TaueFtuns arnsnfyrsdund nisen TauzRtuns uas g5 Frumy

nrsman i doumenfidRerry unmanigine gromiusidnmuiannog 475
vilunsol adna wrzuwigals quiiud wesnes yrsd wesfinify Yug
wns gimed weafud

126



rnbrmrhnn e neameeluTnirmasag rmund ninfl 2
wrenralEmrnrEd el e entasars @nmuiadeean PR

2ER-022 - ATNANWUS1DIAYAREY MeSUUsUTEDY uREiNRISLLTIAR
AfuAuanfmsnTius
Relationship of testing result on shear strength and flexural strength for leterite

s0il mixed with cement

dnsvug  ufaiin” uss AndnE wARzatad
Jakrapan Kaewkanha" and Supasil Pongshwasathit

UMARLE

Tnﬂmﬁiuﬁd!wmﬂnﬂ'ﬁnqmmﬂwmwluﬂfmw A CBR wuuutin sazAvindsFuTusan fus
Avdefusademu i fowfun i s Frerl e linsaeU e niasn swnedwils Sawin
rmjf ahefidudrennadAanifinaaie 0% 3% 5% T Ssuns 1% Inmnniniudaedsie dnafoodid
ansilufes B Az Lﬂdﬂuﬂ'ﬂiﬂqnumﬁtﬁmﬁuﬂﬂ nﬂm:qnimin‘lmmﬂm fiam
ni s A AR un R seurr ARG R AFurse i maneutios i 3 vl 1)
srmewsanyen Alnmduhuings 35 em ussga 7 em dsfurnmaseunsnsunuien 2) winiweRsans=yen
funadurhguingt 15.1 cm kR=RE 17.7 om dndurmansousfivedils wAsalauniudi 3) i rEgLATL TUR
7.5XT EX35 om' Arfuntmaneynssi i S AnineTEnsaames s snnrabamseandun sty aefacmi
nemtl 28 Fuudviarmanen Wendil omimenfinfunsinnai s CER wueih, Adfuusdeumme
Yair=ynin unzAinifusaRne oAty Arsfnfuirwdtad UCS Soaked CBR unzsn M, Wgnihunm
fhAn: mfrfuurafes mffuursin Tuyfinmuania

Abstract

The puposs of this ressarch was o inessgate the relalionship betwesn Soaked CBR and Flexursl strength wish
the undrained sheaer strength in case of saf miwed with cement. The soil sample was lateriie soil from Ban Pong Ratchaur,
The cement wene mined in acl sample with 05, 3% .5%,7%,5% and11%, respeciively by dry weight of soil, The valume af
watbar mimed 0 soil sample was e optimum moisiune content. The soll samples miced with cement and waler wen
compacted in e mokds with the same best method or compection charactendstics of soil wsing modified efion. There were
3 types of mald as 1) The cylinder mold with & diameer of 3.50 cm and height of 7.00 om lor the unconfined compression
test 2) the cylinder mold with @ diametes of 1510 om and height Of 17.7 om for sosked CBR fest 3) the beam mald with the
ﬂmd?.ﬁx?ﬂ:ﬁ&n‘ﬂ.‘.ﬁd-puihﬂm meihod was used io fest for the fexural strength at the age of 26 days, The
resuits wens found that the incremsing of mized cement increased e Sosked CBR, the undrined shear siengih, the
Scaked CBR and the Flaxural strenglh significantly. Tha refstionskip betwesn Soaked CBR and Flesural strength wish
undrained shsar sirength was demongirabsd.
Kaywords: Shear strength, Plaaural sirength, Modulus of ruphee,

" meity il ansd anf e mmsnn i i v ahgsail
" Dagsarmant of Ch Enginisring Faculy of Enginkaring Rejamangals Linvarsdty of Techrokgy, Pahum Thani
* Comaspanding auhor, E-mal: KeaTiconsabgreal.com
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