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 ��������E�F�G�C��:�9>
CHA��=������@� (�����I����JKE� �����I�D�L�M��A7 �����IMNO�>C!  =>?C�!@�P�) 
APC�Q�>�HC�R
CHR��M�S�T���D�L�M��A7=>?MNO�>C!  T>�R�C�=�RHUBOMBS��P��Q�>�HC�R
CHR��M�S�T���D�L�M��A7���P�
M9���
FE�A�������IMNO�>C!=>?���P��DH�@R��������IMNO�>C!�OC!>? 25 
CH�����I�D�L�M��A7  MNO�>C!JP�!UBOC�@V��
CH
R��M�S�=>?�D�L�M��A7��? �!A��=>?���T���EQ�WRO���
FE�  �Q�UBOM��R�X�����!�WYMR�J���WROR�
FE�  �Q�>�HC�R
CHR��M�S�T��
�D�L�M��A7=>?MNO�>C!���C�A���P��T��AP�HZ �����N��?��IWRO8R!C���!9�����MAC�7 clay-water/cement ratio �P�����
A��=�������I�D�L�M��A7M��!�M�P�  �Q�B������T��M9���MNO�>C!U�C�A���P���OC!��P��OC!>? 25  MNO�>C!����?���:�V�9
M��!�M�P���� 0.75 M�P�
CH�D�L�M��A7  �Q�B����@�C�A���P��T���?B�P�R��  �EQ�  �D�L�M��A7  =>?MNO�>C! 
��������": �����I�D�L�M��A7M��!�M�P�  MNO�>C!  �D�L�M��A7  ���R@��? �!A��  R��M�S� 
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Strength Development in Blended Cement Admixed Saline Soil 
 

Worawit Phojan *1) and Suksun Horpibulsuk 2) 
 
 

Abstract 
 

 This present paper investigates influential factors (water content, cement content, fly ash content and 
curing time) on strength development in saline soil admixed with cement and fly ash. It is found that for a 
particular cement content, the strength of admixed saline clay increases with fly ash content and the highest 
strength is attained at 25% fly ash. Fly ash disperses the soil-cement clusters into smaller clusters and 
increases the reactive surface, hence strength improvement. Based on the clay-water/cement ratio and the 
parameter equivalent cement content, the strength prediction equation for the cement admixed saline soil is 
introduced. For fly ash content less than 25%, fly ash content is equivalent to 0.75 cement content for all 
combinations of water content, cement content and fly ash content. 
Keywords: equivalent cement content, fly ash, cement, disperse, saline soil 
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1. � ��� 

R��M�S� (Saline Soils) B��!NFHR�����WRO���C��:�9>
 ��M�>KC (Salt affected soils) 8R!����W�M�>KC���9�U�R��
M�S����M��R ��������A��
CH:�A@������? @���9��
8LMR�!�, =�>ML�!�, =����ML�!�  =>?89=��ML�!� ���
:�A@��? @>�MJP� �>CW�R7, L�>M|A, ���7�CM�A, W�
���7�CM�A  =>?8LMR�!����7�CM�A  

V��A?���CC�M��!HMB�KC
CH��?M��W�!M�}�9KE����
������~`B�U�H������������9� ��R��M�S�=>?R��
��? �!A�� 9KE����R��M�S�U�V��A?���CC�M��!HMB�KC����P� 
18 >O��W�P =>?��=��8�O���� ?M9���
FE��@�Z �
  ��EH��E
M�K�CH ���V�99KE����
CHV��A?���CC�M��!HMB�KC��
CH�7��?�C�
CHM�>KCB����?��I�OC!>? 34 
CH9KE����
��EHV��  R�H��E� FH�����=9�P��? �!
CHR��M�S�=>?�EQ�M�S�
U����M�I��O�H (Arunee, 1982)  R��M�S�M��R ���������EQ�
�Q�9�
CHM�>KC
FE����DPT��R��  M�K�C�EQ��?MB!  M�>KC ?
��M���C�C!DPU�R�� 

M�>KC�����C!DPV�!U���>R����T>NFH�@I����A���H
��������
CHR��  M�>KC���=���C!DPU�89�H�?B�P�HC�@V��
R��C� M��R���=A�A��M9K�C=>���? @��� (Cation)  MJP�
��? @8LMR�!� (Na+) =>?��T>UBOR��M��R�����? �!A��  
(Petrukhin ,1993)   �C� ����E  8LMR�!��>CW�R7���C!DPU�
R��M�K�C>?>�!�EQ� ?�Q�UBOC�@V��
CHM�SRR��M��R���
��? �!A��=>?������A�� (Israel ,1982) 

Davidson (1961) WRO��!H���P���? @>������C!DPU�
C�@V��
CHR�� (L�>M|A=>?�>CW�R7) ��T>APC����Q�
�X�����!�
CH�D�L�M��A7  8R!C� B�P�H���=
SHA��
CHR��
L�M��A7  R������������?�C�
CHL�>M|AT��C!DPM�K�CT��
����D�L�M��A7 ?M��R������A��=>?�Q�UBO�P��Q�>�HC�R
>R>H 

R�H��E�M�K�C�Q�R�� ��9KE�������������M�S���UJOU�H��
��H��������8!:�   FH Q� M�}�AOCH�Q����������@H
�@I����A���H�������� (�����? �!A��=>?������A��) 
UBOR�
FE�  ��:�������@HR����:�B�F�H���MB��?���KC���T��
�D�L�M��A7  ��:����>RAO��@�
CH����PC��O�H��:�B�F�H�KC
���=�����RO�!���R@�CL8L>�� (Pozzolan) ���������A�Q�  

���=�����RO�!���R@�CL8L>��U������I���MB��?�� ?
JP�!UBO�Q�>�HC�R
CHR��M9���
FE�=>?JP�!UBOR��L�M��A7��
�����H�� (Durability) M9���
FE�RO�! ���U�PMNO�>C!U�R��
L�M��A7 ?JP�!UBOC�@V��
CHR��L�M��A7��? �!A��=>?
���T������EQ�WROR�
FE� �PHT>UBO�Q�>�HC�R�DH
FE� �C� ����E
���U�PMNO�>C!U�R��L�M��A7M���!�M��KC����M9��������I
�D � L� M � � A7 U BO �� � R� � L� M � � A7  ( Yutthana,2008; 
Horpibulsuk et al.,2009;  Apichat,2009 and 
Horpibulsuk et al., 2011)   

 

2. @�A����@�B�� 

 H���� �!��E�@PHM�O���� ?�F�G�����M�}�W�WROU�
CH
�����?!@�A7���UJO�D�L�M��A7��?MV���� 1 =>?MNO�>C! 
(Class F) NP��B�� U����������@H�Q�>�HC�R
CHR��M�S�
:���J�A� 8R!=��T�������I����JKE� �����I�D�L�M��A7  
�����IMNO�>C! =>?C�!@�P� 
 

2.1 ��@��!�
��� CD���������	�����	�� 

R��A��C!P�H��� ?UJOU�H���� �!��EM�S�U����M�I AQ��>
�P�B>�H CQ�MVC9���!  �HB��R�����J����  ����?R������
>F� 1.00 2 1.50 M�A� ��T��R�� ���P�����M�S�C!DP��� 26 
dS/m.  �R�P�M�}�R��M�S� �R �����I����JKE�A��
:���J�A�M�P�����OC!>? 35 R��R�H�>P���������IR�����! 
: R��A?�C� : R��MB��!� M�P���� 17 : 45 : 38  ���P�����
NP�H Q�M9�?M�P���� 2.63  �P�
�R Q���RMB>� =>?�P�

�R Q���R9>��A��M�P�����OC!>? 43 =>? 24 A��>Q�R��  
R����?MV���E �RM�}�R��MB��!�������P�9>��A��A�Q� (CL) 
RO�!��� Q�=��R��=��MC�V�9 (Unified soil 
classification system, USCS) CH�7��?�C���HM���
CH
R��M�S�=�RHR�HA���H���  1  �OC!>?
CHM�>KC���>?>�!
��EHB�RU�R��M�P�����OC!>? 60  �OC!>?
CH8LMR�!����
=>�M�>��!�WRO (%ESP) =>?C�A�����RDRL��8LMR�!� 
(SAR) M�P���� 94.82 =>? 3.34  A��>Q�R��  LF�H
CH�7��?�C�R�H�>P��=�RHNFH�@I����A�
CHR��MB��!�
��? �!A��  

�D�L�M��A7���UJOU�����F�G��KC�D�L�M��A7�C�7A=>�R7
��?MV���� 1 MNO�>C!NP��B��WRO ��8�HW||��=�PM��? 
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 �HB��R>Q���H CH�7��?�C���HM���
CHMNO�>C!NP��B��
=�RHR�HA���H��� 2 R��A��C!P�HND��Q����PC�TP��A?=��H
M�C�7 16 M9K�C=!�M�SRR�������
��RUB P̀CC� =>?�Q����
���������I����JKE�U�R��UBO���P� Liquidity index (LI) 
M�P���� 1.0, 1.5 =>? 2.0  

 

����
 �E 1  ��������	
��
�������	���������  
�@I����A���HM��� CL 

1. Electrical conductivity (dS/m.) 
2. pH 
3. Chloride, Cl (ppm)** 
4. Sulfate, SO4(ppm)** 
5. Sodium Percentage (%) 
6. Sodium Absorption Ratio (SAR) meq/l 
7. CEC (NH4OAC) (me/100g)  
8. Exchangeable Sodium Percentage (%ESP)  

26.00 
5.3 

11,600 
400 
60 
3.34 
16.974 
94.819 

�R�C�8R! **�I?���!����A�7 �B����!�>�!
C�=�P� =>?���
9�z�����R�� M
A 5  �HB��R
C�=�P�  
 

����
 �E 2  ��������	
��
������
������ (Class F) 
Chemical composition (%) FA 

SiO2 
Al2O3 
CaO 
MgO 
SO3 
LOI 

45.69 
24.59 
12.15 
2.87 
1.57 
1.23 

 
2.2 �����������@��!�
������������������	�� 

  R��A��C!P�HND�����UBO�������I����JKE�AP�HZ  (LI 
= 1.0 , 1.5 =>? 2.0) =>?�Q���T������D�L�M��A7
��?MV���� 1 =>?MNO�>C!  U�C�A���P���D�L�M��A7�OC!>? 
10 NFH 30 
CH�EQ�B���R��  =>?�����IMNO�>C!�OC!>? 0 
NFH 60 
CH�EQ�B����D�L�M��A7  �M�}�M�KECMR�!����RO�!
M��K�CHT��M�}�M�>� 10 ����  B>�H ����E�  R��T��
�D�L�M��A7=>?MNO�>C!ND���� @U�=��B>PC��H��?�C�

��RM�O�TP��D�!7�>�H 50 ��>>�M�A� �DH 100 ��>>�M�A�  
M�K�CWROC�!@�P� 24 J���8�H  A��C!P�HR��M�S�L�M��A7MNO�>C!
ND�NCRCC� ��=��B>PC=>?BPCRO�!|�>7�N�C�C�B�� 

=>?�P�U�����@�C@IBVD��  M�K�CWROC�!@�P����AOCH��� (7, 
14, 28, 60 =>? 90 ���)  �Q�A��C!P�HCC� ��|�>7�N�C�
C�B�� =>O��Q�W��R�C��Q�>�HC�R=��MR�!������  RO�!
C�A������R�OC!>? 1 
CH�����DHA��C!P�HAPC����  

 

3. �	��� �������	�
����������@ 
 

�D���� 1 =>?A���H��� 3 =�RHNFHC��:�9>
CH����M�S�
APC�Q�>�HC�R=��MR�!�
CHR��M�S�L�M��A7MNO�>C!  8R!���
>R����M�S�A��:���J�A� (EC = 26 dS/m. B�KC
��?��I�OC!>? 1.3 
CH�����IR��) ��:����>R�Q�WRO8R!
����Q�A��C!P�HR��M�S���=JP�EQ�=>?�>PC!UBO�EQ�WB>LF�
CC�W� ��R��JO�Z LF�H�EQ� ?�Q�9�����M�S�CC�W� �
MB>KC�?R������M�S�C!DP��� EC = 1.5 dS/m. (B�KC
��?��I�OC!>? 0.075) =>?�Q����T��A��C!P�HR��
R�H�>P������D�L�M��A7=>?MNO�>C!��������I����JKE��OC!
>? 53 (LI = 1.5) �����I�D�L�M��A7�OC!>? 20 
CH
�EQ�B���R�� =>?�����IMNO�>C!�OC!>? 0 NFH 25 
CH
�EQ�B����D�L�M��A7 �Q�����P����C�!@ 28 ���=>O��R�C�
�Q�>�HC�R=��MR�!�  
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0.075% Salt (EC = 1.5 dS./m.)
1.30% Salt (EC = 26 dS./m.)

 
�DC �E 1 �	
!	"��������
�#����$%�������&$�
������� 
�	�
�#�'�
���(
����������)	� 
�*������� 28 ���  
����
 �E 3  $%�������&$�
��������	�'�
���(-��
������ 

�Q�>�HC�R=��MR�!� (kPa) �����IMNO�>C! 
0.075% Salt 1.30% Salt 

0% 
10% 
15% 
20% 
25% 

2205 
2854 
2957 
3176 
3247 

2140 
2711  
2918  
3109 
3141 
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 �D���� 1 =�RHUBOMBS��P����>R>H
CH�����?�C�
M�>KCU�R����T>UBO�Q�>�HC�R=��MR�!�
CHA��C!P�HR��
L�M��A7���P��DH
FE�  �D���� 2 =�RHT>�R�C��Q�>�HC�R=��
MR�!�
CHR��L�M��A7MNO�>C!��������I����JKE��OC!>? 53 
(LI = 1.5)  �����I�D�L�M��A7�OC!>? 20   ?MBS�WRO�P�M�K�C
M9��������IMNO�>C!  �Q�>�HC�R
CHR��L�M��A7���P�M9���
FE�
C!P�H��RM�S�U�JP�H=��  =>?�P��Q�>�HC�RU�JP�H�����I
MNO�>C!�OC!>? 20 NFH 30  ���P�W�P=A�AP�H���������  
B>�H ����E��Q�>�HC�R���P�>R>H  R�H��E�   FH�����N��@�WRO
�P������IMNO�>C!���MB��?�� (UBO�Q�>�HC�R�DH�@R) �KC�OC!
>? 25 
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�DC �E 2 $%�������&$�
��������	�'�
���(
����������)	�
�* 
������� 28 ���  

 

�D���� 3 =�RH���9�z���Q�>�HC�R
CHR��L�M��A7MNO�
>C!��������I����JKE� �����I�D�L�M��A7=>?C�!@�P�
AP�HZ  �Q�B���MNO�>C!U������I�OC!��P��OC!>? 25   ?
MBS�WRO�P��Q�>�HC�R���P�M9���
FE�A�������IMNO�>C!�Q�B���
�@�C�A���P��T��  U�C�A���P��T���?B�P�H�D�L�M��A7
=>?MNO�>C!���MB�KC����  �����I����JKE�����DH��P�UBO
�Q�>�HC�R���A�Q���P�  M�K�CH ���?!?BP�H�?B�P�HC�@V��R�� 
(Pore space) �������P� LF�H�CR�>OCH���H���� �!
CH 
Horpibulsuk et al. (2009)  =>?�@�C�A���P��T�����
M�P�����Q�>�HC�R ?���P�M9���
FE�A��C�!@�P�  

M�K�C9� ��I���?�C�����������9��:7�?B�P�H�Q�>�H
C�R=>?�����IMNO�>C! ���D���� 3 9��P����M9���
FE�
CH
MNO�>C!U������IW�PM����OC!>? 25 
CH�D�L�M��A7�Q�UBO
�Q�>�HC�R���P�M9���
FE�M���!�M��KC����M9����D�L�M��A7
UBO���R��L�M��A7  R�H��E�   

Ce = kF                     (1) 
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�DC �E 3 �������"��!(01)����$%�������&�120	���
���
�������	�'�
���(
������
�*�����������3  
 

M�K�C Ce �KC�����I�D�L�M��A7M��!�M�P� k �KCA��=��
��?���:�V�9 =>? F �KC�����IMNO�>C!LF�HM�}������I
8R!�EQ�B���
CHR��=BOH �������� 1 �����N �R�D�WROUB�P
U�9 �7
CH�����I�D�L�M��A7WROR�H�������� 2 
 

Ce=kCiF                    (2)  
                                                                                                            

M�K�C Ci �KC�����I�D�L�M��A7���U�PM����AO� F �KC�����IMNO�
>C!8R!�EQ�B���
CH�D�L�M��A7 R�H��E������I�D�L�M��A7
��EHB�R (C) �����C!DPU�R��MB��!� FHM�P���� 
C=Ci+Ce                                                                                                                   
C = Ci (1 + kF)                         (3)   
8R!�������������� 2 =>? 3 M
O����A��=��C�A���P��
�����I�EQ�U�R��APC�����I�D�L�M��A7 (Horpibulsuk 
and Miura, 2001; Muira et al., 2001 =>? Horpibulsuk 
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et al., 2003) �������9��:7�?B�P�H�Q�>�HC�R=>?
C�A���P�������I�EQ�U�R��APC�����I�D�L�M��A7���C�!@�P�
URZ =�RHR�H��E 
 

qu =    
 + (1 )

B

c

i

A

w
C kF

          (4) 

 

M�K�C A =>? B M�}��P��H��� =>? qu �KC�Q�>�HC�R���C�!@�P�
URZ 9�����MAC�7 A, B =>?A��=����?���:�V�9 k  
�����NB�WRO ������Q� Multi-regression analysis  �D�
��� 4 =�RHT>�����M���?B7�Q�>�HC�R=��MR�!�
CHR��
L�M��A7MNO�>C!NP��B�� ���C�!@AP�HZ RO�!9�����MAC�7
C�A���P�������I�EQ�U�R��APC�����I�D�L�M��A7  ?MBS�
WRO�P��������9��:7����Q�M��C�����NUJOWRO���R��L�M��A7
MNO�>C!��������I����JKE�U�JP�H 1.0 NFH 2.0 M�P�
CH 
Liquidity Index �����I�D�L�M��A7����OC!>? 10 NFH 30 
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CH Horpibulsuk et al. (2003)  
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I?���  B  =>? k ���P���?��I�H���  �Q�B����@�C�!@
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 ������F�G�9��P�  B ���P���?��I 1.25  =>? k ���P�
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H���� �!��E����?���:�V�9M�}� 0.75 M�P�
CH�D�L�M��A7  
B�KC�>P��C!P�HHP�!�P�  U����MA���D�L�M��A7�OC!>? 20 

CHR��=BOH =>?MNO�>C!�OC!>? 25 
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>? 5 
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C!P�HMR�!�M�P�����OC!>? 23.75 
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qu(90days)=11491/(Wc/(Ci(1+0.75F)))
1.25

          |r|=0.985

qu(60days)=9353/(Wc/(Ci(1+0.75F)))
1.25

          |r|=0.973

qu(28days)=7605/(Wc/(Ci(1+0.75F)))
1.25

          |r|=0.979

qu(14days)=6634/(Wc/(Ci(1+0.76F)))
1.25

          |r|=0.965

qu(7days)=5291/(Wc/(Ci(1+0.76F)))
1.27

          |r|=0.988

FA blended cement-admixed saline soil
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          �D���� 5  =�RH�������9��:7�?B�P�H�Q�>�HC�R=��
MR�!�=>?C�!@�P� ��������I�D�L�M��A7 �����IMNO�>C!
=>?�����I����JKE�AP�HZ 
CHR��L�M��A7MNO�>C!  ��
�����HM�A9��P�  �Q�>�HC�R���P�M9���
FE�A��C�!@�P� 
M�K�CH ��MNO�>C!�Q�B�O����M�}����R@��? �!C�@V��R��
L�M��A7 �X�����!��CL8L>����M��R
FE����P��OC!��� R�H��E�
���9�z���Q�>�HC�R���M�>� FH
FE�C!DP����X�����!�WYMR�J���
M�}�B>��LF�HND�����@�8R!9�����MAC�7 A M�P���E� 
�������9��:7�?B�P�H�Q�>�HC�R=>?C�!@�P������N=�RH
WROR�H�������� 5  
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 M�K�C qD1 �KC �Q�>�HC�R=��MR�!����AOCH��������P����C�!@
�P� D1 ��� =>? qD2 �KC �Q�>�HC�R=��MR�!���������P����
C�!@�P� D2 ��� AD1 =>?  AD2 �KC9�����MAC�7 A ���
�CR�>OCH���C�!@�P� D1 =>? D2 A��>Q�R�� 
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  ��B>�����R�H=�RHRO�!�������� 5 TDO�� �!WRO
�Q���� Normalization �������9��:7�?B�P�H�Q�>�HC�R
=��MR�!� (qu) ���C�!@�P� (D) V�!UAO�V��?A��=��AP�HZ 
�KC �����I�D�L�M��A7 �����IMNO�>C! =>?�����I
����JKE� �D���� 6 8R!UJO�P��Q�>�HC�R=��MR�!����C�!@�P� 28 
��� M�}��P�CO�HC�H  T> ����� Normalization 
CH
T>�R�C���EH�CH ?WRO  

28

Dq
q   =   0.111 + 0.273lnD           (6) 

 

M�K�C qD =>? q28 �KC �Q�>�HC�R=��MR�!�
CHR��L�M��A7���
C�!@�P� D URZ =>?�Q�>�HC�R=��MR�!�
CHR��L�M��A7MNO����
C�!@�P� 28 ���A��>Q�R��  
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qD/q28=0.026 + 0.293 ln D
         (Sudeepong, 2009)
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5. ����� ��������	�
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 U������O�H������Q���!�Q�>�HC�R
CHR��
L�M��A7MNO�>C! 9�����MAC�7 B  M�P���� 1.25 �P�A��=��
��?���:�V�9 k 
CHMNO�>C! 0.75  R�H��E�M
�!�C�A���P��
�Q�>�HC�R=��MR�!�
CHR��M�S�L�M��A7MNO�>C!���C�!@�P��P�
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M�K�C ( )1/cw Cq =>? �KC ( )2/cw Cq  �Q�>�HC�R=��MR�!����AOCH���

�����P�=>?�Q�>�HC�R=��MR�!���������P� A��>Q�R�� �P�� 

( )1/cw C  =>? ( )2/cw C  �KC C�A���P�������I�EQ�U�R��APC
�����I�D�L� M��A7���AOCH��������P�=>?�����P� 
A��>Q�R��  

 ���������������� 6 =>? 7 M
O�RO�!���   ?WRO
�������9��:7�?B�P�H�Q�>�HC�R=��MR�!����C�A���P��
�����I�EQ�U�R��APC�����I�D�L�M��A7 U�JP�H 1 NFH 6 
=>?C�!@�P�U�JP�H����JKE�
CHR��C!DP�?B�P�H 1.0 NFH 2.0 
M�P�
CH Liquidity index R�H��E 
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M�K�C ( )/c Dw Cq  �KC �Q�>�HC�R=��MR�!�
CHR��M�S�L�M��A7

MNO�>C!���AOCH�������������P� ( )( )+/ 0.75c i D
w C F  URZ 
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6. � ��IC 
 ������F�G��Q�>�HC�R
CHR��M�S�L�M��A7=>?MNO�

>C!NP��B�������N��@�WROR�H��E 
 6.1 MNO�>C!���@I����A�M�}����R@��? �!A��U�JP�H
�����IMNO�>C!W�PM����OC!>? 25 �Q�UBOC�@V��
CH
�D�L�M��A7���T������EQ�WROR�
FE� �PHT>UBO�Q�>�HC�R
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 6.2 �Q�B������T��M9���MNO�>C!U�C�A���P���OC!
��P��OC!>? 25  MNO�>C!����?���:�V�9M��!�M�P���� 0.75 
M�P�
CH�D�L�M��A7 �Q�B����@�C�A���P��T���?B�P�H
�����I����JKE� �����I�D�L�M��A7 =>?C�!@�P� 
 6 . 3  A� � =����� ��I�D�L� M ��A7 M �� !� M�P � �� �
�������9��:7�?B�P�H�P��Q�>�HC�R=��MR�!�=>?C�A���P��
�����I�EQ�U�R��APC�����I�D�L�M��A7 �����NUJOU����
�Q���!�Q�>�HC�R
CHR��M�S�T���D�L�M��A7=>?MNO�>C!WRO 
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