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H7�8HN�D< I��7��J�7
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H7I��7��J�7�H�ก��@F����FK8Lก����8HDC�"!�กM8
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Guideline for Assessment of Reinforced Concrete Structure Attacked by Chloride 
 

Chongsin Sookoomjariyapong*1) Sanguan Vongchavalitkul2) Sun Sayamipuk3) 

 
 

ABSTRACT 
 

The deterioration of reinforced concrete structures due to chloride attack is one of major factors 
which lead to reduction of steel cross section, concrete cracking and structural failure. This paper presents 
the method of assessment of reinforced concrete structure attacked by chloride based on the reliability theory. 
The results from this research revealed that the reinforced concrete structure could be safed from chloride 
when the reinforced concrete structure had the central safety factor (CSF) not less than 1.00, the probability of 

failure (Pf) not excess than 0.50 and the reliability index (β) not less than 0.00. From case study, the analysis 
result of the service life of reinforced concrete structures from each parameter is consistent with each other. 
Keywords: Chloride, Reinforced Concrete Structure, Reliability Theory 
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1. ���*� 
ก��F�G�H��C�;
H7FK8LกF����C�"T�I��7��J�7

�H�ก��@F����FK8Lก H�!Fก�D
SU�F�G�H7!�ก�C�;A�D8JH�
@R�7u @��H�":ก��T?J7��
H7I��7��J�7(�YBH�:ก���ก��
�H�ก��@A8B���D: �YBก���ก����?�ก����
�����ก���
I"Z�, 2540) ID"ก��F�G�H��C�;
H7FK8LกF����T�
?R�7F�8�����H�ก��@@JH7����UP�K��ก����:กT?J7��XGH�R�F�w�
?R�7F�8�����������P���QH"R�7"�� 7  F�G�H7!�กM8ก��
F�G�H��C�;
H7FK8LกF�����P�TKJI��7��J�7�bQF��"
���������XT�ก�����A�7  ก��F�G�H��C�;
H7FK8Lก
F����H�!Fก�D
SU�NDJ!�กK8�"�O!!�" F?R� �8HN�D< ก��Fก�D
���<�HF�?��� x�8Fy@ F�w�@J� M8F�G�H7!�ก�8HN�D<XGHNDJ�R�
F�w���FK@:�P���QH"R�7K�S�7@RHก��F�G�H��C�;
H7FK8Lก
F���� (Li, C.Q., 2003) ��M8TKJ;GU����K�J�@�D
H7FK8LกF����
8D87 FK8LกF�����bQF��"กP�8�7T�ก�����A�7 �H�ก��@K:J�
FK8LกF����Fก�Dก��A@ก�J�� A8BI��7��J�7H�!Fก�Dก��
����@�NDJT�F�8�@RH�� D�7��U� !S7!P�F�w�@JH7!�DK�F��G�H7�GH
�P�K���T?J��BF����C�;I��7��J�7�H�ก��@F����FK8Lก 
F;G�H�P�M88�;Z<���NDJ��T?JT�ก����7AM��{H7ก��M8ก�B��
F�G�H7!�ก�8HN�D<@RHN� ?R�7F�8����MR������ก��;�|��
M87����!�" �P�K�����BF����C�;I��7��J�7�H�ก��@F����
FK8Lก�����M8ก�B��F�G�H7!�ก�8HN�D<H"R�7@RHF�G�H7 (Li, 
C.Q., 2003) (Liang, M.T. et al., 2002) A8B;��R�K8�"
�O!!�"��M8@RHก��F�G�H��C�;
H7I��7��J�7 F?R� �B"BK:J�
�H�ก��@ H�@���R���UP�@RHx�F��@< ?��D
H7�b�x�F��@<T�
ก��T?J7�� F�w�@J� D�7��U� XJ�����XS7�O!!�"�����M8@RHก��
F�G�H��C�;
H7FK8LกF���� !B�����X"GDH�":ก��T?J7��

H7I��7��J�7TKJ"�����
SU�NDJ 
 ��������U����@X:��B�7�< F;G�H�P�F��HA����7
�P�K���T?J��BF����C�;I��7��J�7�����M8ก�B��F�G�H7!�ก
�8HN�D<ID"T?J�V>W������R�F?G�HXGH A8BF��H�O!!�"���
�����X?R�"�{H7ก��M8!�ก�8HN�D<  ID"กP�K�D
���:@�}��ก���Sก>�T�7����!�"��U�R� I��7��J�7�H�ก��@
F����FK8Lก!BH"bRT�?R�7F�8�����������8HDC�"!�ก     
�8HN�D< F�G�Hก��A��กxS�
H7�8HN�D<F
J���T��H�ก��@
"�7N�RXS7FK8LกF���� �P�K���A����7���NDJ�P�F��H��U�����X

�P�N���B":ก@<T?JกP�K�D�B"BK:J��H�ก��@���FK��B�� 
F;G�H"GDH�":ก��T?J7��
H7I��7��J�7@RHN� 
 

2. �#$%� 
2.1 ก%ก���K�&ก�
�� L��������L�� Fick (FickOs 
Second Law of Diffusion) 
 กWก��A;�Rก�B!�"
JH����H7
H7 Fick (Sarja, 
A. and Vesikari, E., 1996) NDJ�P�F��HF;G�HT?JT�ก��
��BF����C�;I��7��J�7�H�ก��@F����FK8Lก��� Fก�D
M8ก�B��F�G�H7!�ก�8HN�D< ID"���b���ก�����
SU�ก��F�8�
NDJD�7��U 
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























−=

tD2

x
erf1CC

c
s)t,x(                             (1) 

F�G�H 
C(x,t) �GH �����Y�8HN�D<����B"B x 

!�กM���H�ก��@ Y F�8� t (kg/m3 of concrete) 
CS �GH �����Y�8HN�D<���M��

�H�ก��@ (kg/m3 of concrete) 
x �GH ����8Sก����8HN�D<A��กMR��

M���H�ก��@ (m) 
DC �GH �����B���Z�Eก��A;�Rก�B!�"


H7�8HN�D< (m2/year) 
t �GH F�8� (year) 
erf �GH yO7ก<?������M�D;8�D 

(Error Function) 
 

 H�!F
�"���ก����� (1) T��b�����8Sก����8HN�D<
�����XA��กMR���H�ก��@NDJD�7��ก����� (2) 
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−= −
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)t,x(1
c C

C
1erftD2x                               (2) 

 

2.2 �#$%������&��"'��('� (Reliability Theory) 
 ก���P���YK��R��R��FMG�H�����8HDC�" 
(Safety Margin; Z) 
H7I��7��J�7 ID"H���";GU�}��
H7
�V>W������R�F?G�HXGH (Nowak, A.S. and Collins, K.R., 
2000) (�7�� �7><?�8�@ก:8, 2549) �����X�P���YK� 
�R�NDJ!�ก����A@ก@R�7�BK�R�7@��A���:R�����@J�����
ก������@� (Resistance, R) F?R� �B"BK:J��H�ก��@ กP�8�7H�D
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��B8�"
H7�H�ก��@ H�@���R���UP�@RHx�F��@< F�w�@J�     
ก��@��A���:R�
H7A�7K�GHM8
H7�C�;A�D8JH����ก�B�P�
@RHI��7��J�7 (Load, S) F?R� ����F
J�
J�
H7�����Y
�8HN�D< �UP�K��ก���ก�B�P�@RHI��7��J�7 F�w�@J� D�7��U� 
��ก�������R�����@� (Probability of failure, Pf) 
H7
I��7��J�7�����XA�D7NDJD�7��ก����� (3) 
 

)0SRZ(PPf ≤−==                                             (3) 
 

 XJ� R A8B S �GH @��A���:R������ก��A!กA!7A��

�ก@� (Normal Distribution) A8B���R�F�8��" (Mean) µR 

A8B µS �R�����A������ (Variance) σR
2 ก�� σS

2 
@��8P�D�� !BNDJ�R� Z ��ก��A!กA!7A���ก@�F?R�ก�� A8B
���R�F�8��"ก���R�����A������D�7��ก����� (4) A8B (5) 
 

SRZ µ−µ=µ                                                         (4) 
2
S

2
R

2
Z σ+σ=σ                                                        (5) 

 

 D�7��U� ��ก����� (3) !S7�����XF
�"�TKJH"bRT��b�
NDJD�7��ก����� (6) 
 

( ) 








σ

µ−
Φ=<=

Z

Z
f

0
0ZPP                                    (6) 

 F�G�H 

 Φ( ) �GH yO7ก<?���ก��A!กA!7�ก@�
��@�}�� (Standard normal distribution function) 
 

 F�G�HA����ก����� (4) A8B (5) T���ก����� (6) 
�����XF
�"���ก�������R�����@�
H7I��7��J�7NDJ D�7��U 

( )β−Φ=
















σ+σ

µ−µ−
Φ=

)(

)(
P

2
S

2
R

SR
f                             (7) 

F�G�H 

β  �GH  D�?�������R�F?G�HXGH (Reliability Index) 
 

 
 
 A@RF�G�H7!�ก����N�RA�R�H�
H7����@J�����
ก������@�A8BA�7���Fก�D
SU�ก��I��7��J�7 ก��กP�K�D�BD��
����F���"7���@JH7T?J�R�@����BกH������8HDC�"ก8�7 

(Central Safety Factor, CSF) (�7�� A8B!7��8�9, 
2548) �R�@����BกH������8HDC�"ก8�7�����X
�P���YK��R�NDJD�7��ก����� (8) 

[ ]
[ ] S

R

SE

RE
CSF

µ

µ
==                                               (8) 

F�G�H 
E[ ]  �GH  �R���DK��7K�GH�R�F�8��"
H7@��A���:R� 

 

 T���7ก�Y������XกP�K�DTKJ ����@J�����
ก������@�F�w��R��7���K�GH�R����A�R�H� (Deterministic) NDJ 
(Sarja, A. and Vesikari, E., 1996) !S7���R�F���"7F��
��@�}��F�w��b�"< D�7��U� ��ก����� (7) A8B (8) !S7H�!
F
�"�TK�RT��b�D�7@RHN���U 

















σ

µ−−
Φ=

2
S

S
f

)R(
P                                              (9) 

2
S

S )R(

σ

µ−
=β                                                        (10) 

S

R
CSF

µ
=                                                             (11) 

 

2.3 TU�ก�")�ก����ก����
�� (Cumulative 
Distribution function, CDF) 
 ก���Sก>���UT?J��Z���7�X�@���BกH�ก����F���BK<
A8B��BF���M8 @��A���:R��GH
JH�b8���NDJ!�กก���D�H� 
�GH �����Y�8HN�D<���M���H�ก��@A8B�����Y�8HN�D<    
Y @P�AK�R7TDu !�กM���H�ก��@ NDJXbก��F���BK<F;G�H�B�:
8�ก>YBก��A!กA!7 T�ก���Sก>���U��yO7ก<?��ก��A!กA!7
�B����� Fก��"�
JH7�GH ก��A!กA!7A�� Exponential         
����ก��D�7��U (Nowak, A.S. and Collins, K.R., 2000) 

( ) ( )
∞≤≤−= θ−

x0,e1xF
x

X                                 (12) 
 

 F�G�H x �GH @��A���:R�
H7ก��
A!กA!7A�� Exponential 

θ �GH ;�����F@H�<
��D 
(Scale Parameter) 
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3. �
X��*���
�ก��YZก$� 
 ก���Sก>���U T ?JM8ก���D�H�K������Y       
�8HN�D<
H7I��7��J�7M��7�H�ก��@F����FK8Lก���H"bRC�"T�
H����KHK8RHF"L� (Cooling Tower) !�7K��D?8�:��       
F�w�I��7��J�7�����H�":ก��T?J7�� 13 �
 Y �������D�H�   
K������Y�8HN�D<T�F�GUH�H�ก��@ A8BFก�Dก��A@ก�J��
F��"K�"
H7�B"BK:J��H�ก��@���?�DF!� I��7��J�7���B"B
K:J��H�ก��@F�8��"��B��Y 40 �.�. A8BT?J�b�x�F��@<
�H�<@A8�D<��BFC� 1 ก���D�H�NDJF!�B@��H"R�7
�D�H�!�กM��7I��7��J�7 4 @��H"R�7 A@R8B@��H"R�7     
Xbก@�DF�w�?�U��R��F;G�H�P����D�H�K������Y�8HN�D<    
2 ?�U� ����K��
H7A@R8B?�U��R���D�H��GH 50 �.�. 
MbJ��!�"!S7A�R7
JH�b8F�w� W50 A8B W100 @���B"BKR�7!�ก
M���HกI��7��J�7 ?�U��R��?:DA�ก (W50) ��D!�กM���Hก
I��7��J�7XS7�B"B 50 �.�. ?�U��R��?:D����H7 (W100)       
��D!�ก�B"B 50 �.�. XS7�B"B 100 �.�. ID"
JH�b8 W50 
XbกกP�K�DTKJF�w�
JH�b8
H7�����Y�8HN�D<���M���Hก
I��7��J�7 A8B
JH�b8 W100 XbกกP�K�DTKJF�w�
JH�b8
H7
�����Y�8HN�D<����B"B 100 �.�. !�กM���HกI��7��J�7 

!�ก��U�!S7��F���BK<��BFC�ก��A!กA!7 �R�F�8��" (µ) 

A8B�R�F���"7F����@�}�� (σ)  
H7
JH�b8A@R8B?:D      
A8J��P�
JH�b8���NDJN���F���BK<F;G�H��BF����C�;I��7��J�7
@RHN� 

��������UF�J�ก����F���BK<
JH�b8ก���D�H�
K������Y�8HN�D<T��BD��@R�7u 
H7I��7��J�7�H�ก��@
F����FK8Lก ID"N�RNDJ;�!��Y�XS7�O!!�"HG�������M8@RH
���������XA��กF
J�
H7�8HN�D<T�F�GUH�H�ก��@ F?R� 
�����Y�8HN�D<���M�� H�@���R���UP�@RHx�F��@< กP�8�7H�D
H7
�H�ก��@ ��BFC�
H7�b�x�F��@< ก��T?J���D:�HxIx8�� 
F�w�@J�  
JH�b8����P ����� F���BK<�R ��ก�����:@�}��
ก���Sก>�A8B�V>W����Fก��"�
JH7 F;G�H��BF���?R�7F�8����
I��7��J�7�H�ก��@F����FK8Lก�8HDC�"!�ก�8HN�D<     
ID"T?J 3 @��?�U��DT�ก����BF���M8�GH �R������8HDC�"
ก8�7 �R�D�?�������R�����@� A8B�R�D�?�������R�F?G�HXGH

H7I��7��J�7 A8B;�!��Y�M8F�G�H���:@��R�I��7��J�7T?J

�B"BK:J��H�ก��@���A@ก@R�7ก���GH 40 �.�. 50 �.�. A8B 
75 �.�. 
4. ��ก��YZก$� 
 ก����F���BK<
JH�b8��7�X�@����NDJ!�กก���D�H�
I��7��J�7;��R� �����Y�8HN�D<��ก��A!กA!7A�� 

Exponential xS�7��;�����F@H�<���Fก��"�
JH7�GH �R�F�8��" (µ) 

A8B�R�F���"7F����@�}�� (σ) D�7A�D7T�@���7��� 1 
 

�������� 1 ��������	
���
	���ก�����	����������

�����	�ก������������ก 
"'���)�� &�� 

����� 
�&��\���  

(µµµµ) 

�&����� ���� 
����]�� 

(σσσσ) 

	�
�^�ก�� 
��ก��� 

(�
 
��ก
�
� 

���ก���) 

(kg/m3  
of 

concrete) 

(kg/m3  
of concrete) 

 

W50 (50 
mm) 

12.38 12.38 Exponential 

W100 (100 
mm) 

5.35 5.35 Exponential 

 

 !�ก
JH�b8��7�X�@�T�@���7��� 1 F�G�H!P�8H7
�X��ก��Y<A���H�@����<I8 (Nowak, A.S. and 
Collins, K.R., 2000) A8B��F���BK<M8ID"T?JกW         
ก��A;�Rก�B!�"
JH����H7
H7 Fick A8B�V>W�����
�R�F?G�HXGH !BNDJM8ก����BF����C�;I��7��J�7D�7A�D7
T��b���� 1 2 3 A8B 4 ID"����"8BFH�"DD�7��U 
 
 
 
 
 
 
 
 

�d	��� 1 ������������� ��!���!��"��#$�����%ก��#��	
���
&��ก�!���	�ก���ก������ 
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