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ABSTRACT In this study, both domestic and international specifications regarding allowable chloride content in reinforced con-
crete (RC) structures were analyzed, with the aim of improving the relevant domestic standards. Theoretical simulations of initial
chloride contents in various concrete mixtures were also performed, based on domestic specifications. Furthermore, the chloride
contents in mortar and concrete with Portland cement produced by six major manufacturers were evaluated. The control of chloride
content in ready-mix concrete was investigated through statistical analysis involving two concrete production companies. Regarding
the chloride contents in mortar samples measured via the ion electrode method, results ranging from 0.1530 kg/m* to 0.2710 kg/m®
were obtained. These levels were considered relatively low, especially given that the cement mass used comprised up to 2/3 of the
total mortar mass. For concrete, the results were assessed based on five specified design strength grades, and it was evident that
mixtures with higher design strength exhibited greater chloride content due to the increased use of cement. In addition, it is worth
noting that the measured chloride contents exhibited a variation ranging from 20 % to 30 % when different measuring devices were
employed. Through the statistical analysis of chloride control in domestic ready-mixed concrete, a relatively high return rate was
observed for concrete within the 35~40 MPa grade range. This was attributed to irregularly high chloride content in the cement and

sea sand used in the concrete mix.
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A& vl §] gk RC - Z(reinforced concrete structure) 2 PSC -
Z(pre-stressed concrete structure) 2] & B 2 ThFeF A -3
=° L¢3 ¢lth(Metha and Monteiro 1993; Broomfield
1997). ARt o 7 FI 2 E ] 4ezte]d gk shol A -+
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et al. 2018).
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g7 A o]l = A&7t 7P w2 1 B 7FA o] AR A
(pitting corrosion)S ©F7]8tP 2 ZAZE F252] U4
A 55 w2 A 214 Al 71 t(Lee and Zielske 2014; Kwon 2017;
Kown et al. 2017).

ZAYE 7222 Al E Alofstr] A&l Z=e] A 7]
Foll A= Aol tigk U2 Aol #aked A shar 9o,
-2 uheke] -9 Fick’s Al 21 2 ©] A5 A g 2 o
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(JSA 2009; ACI Committee 365 2017; KCI 2021a). 7] %13}
2 1445 E 9 AFasE FeE EA 8=, 884
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Y E 17 AA o= 2 A o -8l E S NaCl=E §F
Akske] H o 0.04 %= A $H3taL 31T Table 1914 = =2
E xF Aol Jojd FAE YA 9 A s} et
o] AgtE FH-oll ik AkS A eleklth 24 94> &
P E Z9] A d3lEee Ao =7 030 kg/m3 o|s}l=
stofof abr], T RHH ZAYE Foll g5 = Qe
25 0.04 kg/m’ 2 7HE 8= = 3Far I THKCI 2021b).
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Table 1 The maximum water-soluble chloride contents ac-
cording to specifications for concrete structures of
South Korea (KCI 2021b)

The max contents of water soluble
chloride ions in concrete (the ratio
to the amount of cement, %)

Member type

PSC member 0.06

RC member exposed

to chloride ions 0.15
RC member in dry
state of protected 1.00
from moisture*
Other RC members 0.30

Note: *concrete member for an indoor structure in a dry state
that is not exposed to external atmospheric conditions and
moisture
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u] =] 7§~ ACI 222 Protection of Metals in Concrete Aga-
inst Corrosion, ACI 201.2 Guide to Durable Concrete %! ACI
318 Building Code Requirements for Structural Concrete and
Commentaryol| 4] A2 E FZ2 &S] A3}E53S 143t
SITHACIT Committee 201 2008; ACI Committee 222 2008; ACI
Committee 318 2014). ACI 222014 = 215 34 A E
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Table 2 The standards for maximum chloride contents in
concrete for new construction (ACI Committee

0.10~0.30 %714 Algtstar QITHMOHURD 2010). B3 & 2
gl v w2 kg AJdEe] st Ak 7|+
(GB 175)2 ztar Qlom R E F7o] AJHE tfalo] Ak
H] 2 0.06 % ©]3F= 77 33l JATHCBMA 2007).
T A A+ EN206°IA A E 7 2E WY A%
EEe st e 2 E Y TASERA AWE
| 3Hie AstEEES et Fﬁ?‘* sha Qi dks o=
AT eV g 2s 2388 7259 A 2 ES
AHES] G352 HU 02 %S zﬂro}ﬂ Eae= 14
= SITHCEN 2013). 27l A .zt gk=f) L, v, S5
EUS 93t 4 1145 7 2l 3fko] Table 3¢l YERA LT
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12T 01BN HEE HIpHt

B Ao gekst uigt 245 vkl U AAVE
A== A A THKCT 2021b).
E O, le"JE—ZH%]:, EZH LH

1=
421 400 kg/m’® 2 500 kg/m* S 312 3} TR, FE 3 A =
100 % WL & ARS8 Al o 2 i ejetql om -2 uhete]
% AstEsF 7159 0.3 kg/m’ 3} B A 54T} Fig. 10+

Table 4 The analysis condition for initial chloride contents
considering mixture characteristics

222 2008)
The maximum chloride content
(the ratio to the amount of cement, %)
Test method
Type ;
Acid soluble Water soluble
ASTM C ASTM C
1152 1218 Soxhlet
PSC member 0.08 0.06 0.06
RC member 0.10 0.08 0.08
RC member 0.20 0.15 0.15
in dry state

The max The The The
chloride | chloride chloride | chloride
Sand . Cement .
contents 1n| contents contents |contents 1n
admixture |in water in sand | cement
(kg/m’) %) | (ppm)
0 100
400 | 001 200
800 0.02 0.04 0.02 350
500 0.03 600
0.04 1,000

Table 3 Comparison of domestic and international standards for chloride contents in concrete structures

Type South Korea Japan USA China EU
3 3 Binderx0.30 % (wet) . o Binderx0.20 % (wet)
RC structure 0.30 kg/m 0.30 kg/m Binderx1.00 % (dry) Binderx0.30 % Binder=<0.30 % (dry)
PSC structure 0.30 kg/m’ 0.30 kg/m’ Binderx0.06 % Binderx0.30 % Binderx0.10 %
Cement (ppm) - 350 - 600 1,000
gr%r;i[i?gn(:l Constant Constant Proportional Proportional Proportional
I\f);azﬁi?ils:ti;}rlge Total CI' Total CI Water-soluble CI Total CI Total CI

Th:();iarlze()f Fresh Fresh Hardened Hardened Hardened
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Table 5 Overview and mixture properties of mortar for
evaluation of chloride contents

Cement | Water The number of measurements
(g) (2) considering types of equipments
A
B
C Using the average value after
— 1,000 500 each 3 and 4 times of
D measurements
E
F

Table 6 The mechanical characteristics of portland cement
for this study

Setting time | Compressive strength
Blaine | Stability (min) (MPa)
(cm’/g) | (%) . 3 7 | 28

Initial | Final days | days | days

12.5 | 225 | 425
or or or
more | more | more

2,800 or| 0.8 or | 60 or |600 or
more less more | less

Table 7 The concrete mixture considering strength grade

Specification Unit weight (kg/m’) W/B | S/a
of concrete | C Wl G S |AD | (%) (%)

25-21-180 | 320 | 175 | 963 | 843 |2.56 | 54.6
25-24-150 | 340 | 170 | 961 | 842 | 2.72| 50.0
25-27-150 | 370 | 170 | 948 | 830 |2.96| 45.9 48
25-30-150 | 400 | 165 | 941 | 824 |3.20| 41.3
25-35-150 | 435 | 165 | 925 | 810 |3.48| 37.9

A2 E F4 A &S T hdEA 25 72E A
T Al v 2 FEFEE A 5 = AR dHA
Q1 thH(Park and Kwon 2021). = 67] AHA~F)9] 155 HE3X
U= AES ARE-dto] RLEEh= w3 gl S22 E ujgt
& FAsslon & EE%E Hjeke] AbgAl s Bl B A A
B1~ T KS 7] vhg o2 A SSITHKATS 2022b).
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Table 8 The characteristic of sand and gravel

Speqﬁc F.M. | Absorption The passing amount
Type | gravity (%) %) to 0.08 mm sieve
(glem’) | ™ ’ (%)
Sand 2.63 |2.62 1.42 3.00
Gravel | 2.62 | 6.48 0.58 -
Table 9 The properties of super-plasticizer
Main Specific gravity
Type ingredient Color | pH (g/em®)
Lo Poly Dark
liquid carboxylic | brown 6.04 1.04

Table 10 Specification of measuring equipment for this

study
Type Thermo Salt 6+ DY-2501a
Concentration of CI
o o
Measurement Salinity with (%), NaCl (%),
modes temperature amount of total
p chloride ions (kg/m?),
and temperature (°C)
Automatic or
Temperature .
compensation manual Automatic
P 0 to 50 °C)
Measuring
range 0.1~5.00 % 0.001~1.5 %
(salinity)
Temperature | 0.00 °C to 100.0 | 0~40 °C (optimum
range °C (80.0 °C with | operating temperature
(metric system)| supplied probe) range: 10~30 °C)

(b) DY-2501 @
Fig. 2 The photos for measurement of chloride contents
using 2 types of equipment
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oh gk el A fE Al QlE dskE SR 54 )
¢l DY-2501a 914 += AAF0.2210 kg/m®, BAF 0.1530 kg/m®, C
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75,47t AshER A v v - W o R FUHE S
th AstEF 54 23, AskE S5 HEE )l ket AL
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Fig. 3 The evaluation results of chloride contents in mortar
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Fig. 4 The evaluation results of chloride contents in concrete considering strength grade
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Fig. 5 The statistical analysis about chloride contents in
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