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Effect of Micro-Cracks on Chloride Ions Penetration of Concrete II:
Examination of Critical Crack Width
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ABSTRACT

The vulnerability of concrete to its environment is significantly dependent on the fact that concrete is a porous

material. For well-consolidated and well-cured concrete, its service life is a very long and an entrance of aggressive substance might
be only pores. However, for cracked concrete, cracks should be preferential channel for the penetration of aggressive substance such
as chloride ions. The effect of crack on chloride penetration depends on its size for example, crack width and crack depth. The
purpose of this study is examining the effect of crack width and crack depth on chloride penetration. In order to visualize chloride
penetration via cracks, RCM (rapid chloride migration) testing is accomplished. Crack width is examined using an optical micro-
scope and CMOD value is used to estimate average crack width. From the examination on the trend of chloride diffusion coef-
ficients of concrete specimens with various crack widths, a critical crack width and a critical crack depth are found out.

Keywords : chiorides penetration, micro-crack, critical crack width, crack depth
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= #4499 A7) ads &) gFssr] @7 "ol
3t Zold] &L ke Ao AEE WhyolH A
7O, o) ERV|EAEC] FAYE Fxe A &
HollA 7 E Alofel gt AR A, AN < HE
e 71z g9 2 35 W A 71 Rl &
43 78 42 o148 F Y& A= JdE

Z2IYE B 9L AYIRE #8 FE7HA] &
Ao HAEH TAE Fig. 13} 22t WA, Table 134
7ro] REXEANCTAINES AME-5te] EANEN] 7} 50%S
150x150x150 mm3Z7]&] FEE=Y TIAYE A|FA7} A
At AR B F 2d ¢ FFEUA 0] x|
, °1% A 28U7A] J1FFAEHAT F2HEY #EA
S grs7] 93 A7 100mme] ZAY wAlew S
Hos AFd 3 2ade BFHS Aoz AAHA

2= 29 7R+ ¥ (crack mouth opening displacement,
CMOD)E AoJst7] fl3le] LVDTZF AR ST Fig. 19

(1) Preparation of samples

Sample size:t 55mm, ¢ 100mm Notch size: 5 % 5 mm

@Sk 7¥ol 1AHe] ulABlE AYsH7] 8872 seriesE F-AE
o) A4 HL AL H |, 3 A7, s 27,

So] AFH oA 71Zdt 7€ =Y ¥, 5

. 93] gAto| wAIslE=H| Fig 28F 7o)
2 7158 4 de & CMODE 738
Aot #do] EYE F, AR =AE Arshd 3
ES: A71= A7 100 mm, F7 50 mm

2227 200 HIOf 2E
Fig. 19 (1~4)%} SL3A, F7 150 mmdd Al@He] &

Aol 5xsmm #7019 =XE TE F, =2AE V€S
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o
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ko2 ke A ANEH ¥F Sddle 4T
9] (CMOD)®] A& 9)8te} LVDTE F-&3tith +¢
wel & 333t HulA Koesters |83t #4 ZolE
#2397, Fig 33 2ol ¥ FHFNA FE4ol 47}
20, 25, 30, 35, 40, 45mm ¥ ZF=E A|PAS ARSI
FDEZ] Aol Wl 3 ANgHH FLA HF 22
FJE AP FAE 50mm7t B
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RCM (rapid chloride migrationyd 8-S Fastt}”. A ¥
NEHL 1kPa~5kPad ¢HS zhe T Ao &
oF ¥#tg %, Ca(OH), ¥£3&
Ao N7+ B9 Bad 3 18A7F B AR AFA
Wol| Al Ca(OH), E3} & AR HA.

RCM A8L Fa4at7] Ystd Agwe] F=+el 03N

2
92,
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>
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32
2
vk
.
™
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{6) RCM testing

{5) Removing notch

28 days since casting date

Fig. 1 Outline of experimental procedures: from making concrete samples to getting data

Table 1 Mixing proportion of concrete

28 days strength Slump Gax y Unit weight (kg/ m’)
(MPa) (mm) (mm) e Water Cement Sand Gravel
28.5 150 = 10 16 0.50 185 370 720 1,021
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Fig. 2 Getting effective CMOD from the relationship between
loading force and target CMOD

Crack

Cutting

(a) Full scaled specimen (b} d2 controlled specimen

Fig. 3 Schematic method: how to control crack depth
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Epoxy impregnation
for examining crack

Reading chloride penstration depth

Fig. 4 Usage of concrete samples

Direction of chloride penetration

111111

Penetrated zone d,

Fig. 5 Chloride profile of cracked concrete after RCM testing
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Fig. 6 Various forms of crack at the surface of concrete
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Fig. 7 Crack scale of specimen: crack depth d, and CMOD
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Fig. 8 Crack width vs. CMOD
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Fig. 11 Relative diffusivity (Dt / D) with crack width W,,
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Fig. 19 Visualization of chioride penetration depth

Table 2 Acceptable crack width in terms of serviceability™”

= 0.047mm
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Table 3 zFZollA AQtet 34w+ %E ] 557
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o 7 Zoje] B]&<l 0.552x10°~0.6819x10° BT} 3.67~5.44)
=7 ses grow 7ol RE IZyt #EEE 3A A
obstl qlvka Azt
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o€, WEFH A3 el o gEFA L A, F
7Vz el HESAR v Hojol s}, oleid §& #<€ 4

(W, = 0072 mm " (W

Exposure condition
Type . . ; , -
Drying Wetting Corroding High corroding
RC Building 0.4 mm 0.3 mm 0.004 ¢, 0.0035 ¢,
Extra structures 0.006 ¢, 0.005 ¢, - -
Prestressing tendon 0.005 ¢, 0.004 ¢, - -

* ¢ minimum cover depth
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Table 3 Ratio of crack width vs. crack depth from various codes?

Acceptable W . (mm) Cover depth (mm) W/t
CEB/FIP model code” 0.30 40 0.0075
ACI Manyal'” 0.15 50~60 0.0025~0.003
ENV 1991"Y 0.30 40 0.0075
BS 8110" 0.30 50 0.0060
AS 36007 - 40~50 -
Table 4 Literature review of critical crack width in terms of durability of concrete™”
Researcher Wi (mm) Condition
Reinhardt ef ¥ 0.03 Capill.ary absorpt%on
0.05 Chloride penetration
Mivelaz"” 0.04 Water flow
Schiessel'®, Li'” 0.10 Permeability
Francois et al.'” 0.30 Seawater immersion vs. corrosion
Mohammed et al."” 0.70 Corrosion rate
This study 0.011~0.012 RCM testing

Fig. 20 Schematic representation of effective crack depth according
to critical crack depth
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