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Based on Equivalent Crack Width
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In this study, constant head water permeability test was adopted to evaluate self-healing performance of mortars containing
inorganic healing materials which consist of blast furnace slag, sodium sulfate and anhydrite. Clinker powder and sand
replaced for a part of cement and fine aggregates. On constant head water permeability test for self-healing mortars, unit
water flow rate of mortar specimens were measured according to crack width and healing period. As a result of evaluating
the healing performance of self-healing mortar, it was confirmed that with the initial crack width of 0.3mm, the healing
rate at healing period of 28 days increased by more than 30%p compared to plain mortar, greatly improving the healing
performance. Furthermore, the coefficient(0)) which was estimated from the relationship between crack width and unit
water flow rate was used for calculating equivalent crack width. By analyzing the correlation of healing rate and equivalent
crack width, the time and initial crack width attaining healing target crack width were predicted.
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Table 1. Mix proportion of mortars

Type W Binder Fine aggregate Sp
C SHm | CP CS Sand

Plain | 40 100 0 0 0 200 0.05

SHC15 | 40 67 28" 5 10 190 0.07

SHC30 | 40 62 28 10 20 180 0.07

"SHm(28%) : GGBFS(25%) + NaySO4(1.5%) + Anhydrite(1.5%)
™S.P.(%/Binder)
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Table 2. Test result of flow and compressive strength

Flow Compressive strength

Mix (mm) (MPa)

Omin | 20min | 40min | 60min 3d 7d 28d
Plain 180 165 155 150 317 | 384 | 492

SHC15 | 180 155 140 130 335 473 53.1

SHC30 | 180 155 140 125 34.1 483 59.9
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Fig. 1. Relationship of crack width and water flow rate at
healing period of 0 day
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Table 3. Water flow rate and healing index for specimens

Water flow rate(ml/min*mm) Healing index,
Class. Cr.ack Measured Estimated SI{q’ (Eq.2)
@ width - :
(mm) | 0d gy | ggq | Do | BT gy g
(a) ® | W

0.204 | 0.61 | 0.25 | 0.18 | 0.53 | +I3.1 | 059 | 0.71
Plain | 0259 | 1.12 | 055 | 042 | 1.09 | +2.7 | 051 | 0.62
(63.0) 10299 | 1.71 | 1.03 | 0.75 | 1.68 | +1.8 | 040 | 0.56
0319 | 2.00 | 1.28 | 1.06 | 2.05 | 25 | 036 | 047

0205 | 057 | 0.10 | 0.02 | 0.57 | 00 | 0.82 | 0.96
SHCI1S | 0253 | 1.16 | 0.24 | 0.09 | 1.08 | +6.9 | 0.79 | 0.92
(66.4) 10302 | 1.82 | 048|018 | 1.83 | 05 | 0.73 | 0.90
0318220 | 072 | 033 | 2.14 | +2.7 | 068 | 0.85
0207 | 0.59 | 0.09 | 0.03 | 0.59 | 00 | 0.85 | 0.96
SHC30 | 0256 | 1.17 | 0.24 | 0.08 | 1.12 | +43 | 0.79 | 093
(66.7) 10302 | 1.74 | 045 | 0.15 | 1.84 | 57 | 0.74 | 0.92
0320|224 | 077 | 032 | 219 | +22 | 066 | 0.86
"Error : (a)-(b) / (a)
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Fig. 2. Healing index vs. healing period of selected specimens :
(a) Plain, (b) SHC15, (c) SHC30

386 vol. 9, No. 3 (2021)

0] 0.20mmOflAf 0.32mmZ S7fet AL Plain®| X|2-&0] 0.25p &
ABIRACE SER2E SHC152F SHC302| X|F&2 212t 0.11p, 0.10p=2
A ZAIGIT Ol 2717 XISAKIE ABEORI FH=0|
Sleloiz AiRE} A4HoR wslES olsict
Fig. 32 Plain, SHC15, SHC302| X|RAEYE X|qalt #89Z
o 22 LElH 202, 0|2 BE5IR AIRAMe] 57 2 ME
o

=
ol ME xfesl Hals Moz Felg 4 Qo)

3.23 S7I4EE
Table 401 Plain, SHC15, SHC309| A4 ¢ 9} X|

En)

1.0
0.9 |
E L
7 08r
e I (]
L -
< 07 8
= [ © 8
e 0.6
£t o | 8
g o5t Q o g
ol 8
04 |- O
| o]
03 n L I 1 L 1L 1 L L 1L
0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34
Initial crack width (mm)
(@
1.0
I g ]
09 5 8 L
SO s e
wn 98 o o
g 0.7 I e
= I
E a9
sp 0.6 -
= s O mP7d
S osf O HP14d
= - © wmP21d
04 @ HP2s8d
L ® HPs6d
03 n L il 1 L L I r 1
0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34
Initial crack width (mm)
(W]
1.0 3
- 8
R [ ]
0.9 ] o s
E B O O @]
= oost o
:{ [ o
0.7 |-
0 o
B0 0.6
= |
g o5
= i
04 |
0.3 L 1L | L 1L

0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34
Initial crack width (mm)
(©

Fig. 3. Healing index vs. initial crack width of selected specimens :
(a) Plain, (b) SHC15, (c) SHC30
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Table 4. Analysis results of crack width

Measured Equivalent Healing index,
Class. crack | Error" crack width(mm) SH- (Eq.4)
(a) width (%)
(mm)(a) ’ gb(; 7d 28d 7d 28d

0.204 -49 | 0214 | 0.159 | 0.142 | 026 | 0.34

Plain | 0259 | 0.8 | 0261 | 0206 | 0.188 | 021 | 0.28

(63.0) | 0.299 -0.7 | 0301 | 0.254 | 0228 | 0.16 | 0.24

0.319 +0.6 | 0317 | 0.273 | 0.256 | 0.14 | 0.19

0.205 0.0 | 0.205 | 0.115 | 0.067 | 0.44 | 0.67

SHC15| 0.253 -24 | 0259 | 0.154 | 0.111 | 040 | 0.57

664) | 0302 +0.3 | 0301 | 0.194 | 0.139 | 036 | 0.54

0.318 -09 | 0321 | 0221 | 0.171 | 031 | 047

0.207 0.0 | 0.207 | O0.111 | 0.073 | 0.46 | 0.65

SHC30| 0259 | -1.6 | 026 | 0.154 | 0.107 | 041 | 0.59

66.7) | 0302 +2.0 | 0296 | 0.189 | 0.130 | 036 | 0.56

0.320 -09 | 0323 | 0226 | 0.169 | 030 | 0.48

“Exror : (a)-(b) / (a)

=i A2 = = ol 25
0.15 mOE' M Plain® £7| FEE0} X|S 2EAUE CHA|7|=
0.20mme} XS 28YUZ LIEfSTY
x7| dEEN KR SEAGE ZEAIE 25 0.20mmet
0.25mmAi|A XISAHZ 7, 0.30mmOi|lA X|SAHE 210 BHESF
= 7192 LIEFHT} SHC152 SHC30S Plainit H]
TEZ0| S7IoIUSE EF6t 27 RAIRATE AETS

2N X7 SHOEE ZEAV|E HREE As =y 4+ AU

1.0
]
]
08 '
E ’ 56d:
) 28d
31d !
) 14d 1
% 0.6 . .
= [ '
= 1 |
E” 0.4 ' 1
E v | —A— 0204mm
==} 02 1 B 0.259mm
. ' 4 0.299mm
: @ 0318mm
DO i 1 i 1
035 030 025 020 0.15 0.10 0.05 0.00
Equivalent crack width (mm)
(a)
1.0
= 0.8
=
w2
5 06
=
B
50
£ 0.4
a —— 0.205mm
= 02 —- 0.253mm
—@— 0.302mm
—.— 0.318mm
0.0 -
0.35 030 0.25 020 0.15 0.10 0.05 0.00
Equivalent crack width (mm)
(®)
1.0
= 08
=
7]
5 06
=
=
g |
2 o4l '
= [
S 1| —d— 0.207mm
j==] 02 1| - 0259mm
’ : —&— 0301mm
t —.— 0.319mm

0.0
035 030 025 020 0.15 0.10 0.05 0.00
Equivalent crack width (mm)
(©

Fig. 4. Equivalent crack width vs. healing index for three mixtures :
(a) Plain, (b) SHC15, (c) SHC30
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