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Development of Oxygen Diffusion Test Method for Crack Width
Evaluation of Self-Healing Concrete
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Self-healing concrete is in the spotlight in that it can effectively extend the lifespan of concrete structures by healing cracks in the
structure by themselves without additional repairing or retrofiting actions. Currently, self-healing concrete is a field that is being
actively studied around the world, but since most studies focus on the improvement of healing performance, there is a lack of methods
to rationally evaluate the self-healing performance of concrete. Although the gas diffusion test method has been developed for the use
in the performance evaluation of self-healing concrete, it has revealed that for gas diffusion through the matrix affect the crack
diffusion coefficients depending on the environmental conditions such as the saturation of the specimen, the temperature, and
humidity during the experiment. Therefore, in this study, the method has been proposed to eliminate the influence of the matrix
diffusion when calculating the crack diffusion coefficient. In addition, a pre-conditioning process was introduced to shorten the
experimental time. As a result, the crack width could be estimated with an error level of less than 3% in the test time of about 20

minutes.
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Surface condition Crack | Crack | Thick
Case Specimen Crack width | length | ness
Top | Side |Bottom| Top |Bottom (um) | (mm) | (mm)
Open | Sealed | Open | Sealed | Open | 642
B | Sealed | Sealed | Open | Sealed | Open | 642 65 25
C | Sealed | Sealed | Sealed | Sealed | Open | 370
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Table 2. Estimation result of crack width of A-C specimen

Crack width(um)
Case . | Wy, —W,
Measured Predicted | Wy, — Wy, | -
Wy
A 641 543 98 17.91%
B 641 627 14 2.02%
C 370 375 5 2.64%
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Crack width(um)
Measured
320
560
641
320
560
641
320
560
641

2

Case

D

Non-
conditioning
Conditioning | F - 2

Stabilization
Conditioning | E - 2

Open
Open
Open

Bottom

Side
Sealed
Sealed

Sealing area

Top
Non-

Sealed | Sealed
sealed

Sealed

Table 3. Specimen information for stabilization test
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concrete in relation to its degree of saturation, Materials and

® KO o K T iy = el T JU KW Rro 3 H X R oF ke
N 0 mm ol o = <l .- 38r B3 1o H ul Tk 53 83 & o K =
Bl X oM Womw o X T ek o o 0 El =
oF g o B 0 10 M= T K @ﬁur_nﬂj ol ©0 Kl oW oF T 8
— b x ol @l M0 X0 — - ™ B = K +m 8= 3 £
~oX — 4 vl RO S H o Ik o < @
prw zwi SUSEwUE, ¢ wmafo - 2
KO . - o K o = %0 X < K SRSV .
ke T30 KO OF PHELsr 2 AF T 2o S
mEw Yagm I _aglsETsag T D ) =
T S L 3 o 8 el o = m 3
Hr K ~ < m 0 W 5 <« o o =T LU OF 3) 3 2
KB XKW e pBEZIsTIce g UK & =
HEHH S py T g Do, w BN E R YYD ~ 2 o
or DN ® o W oF o] MO o ol %0 ol gy 70 o o =2 O o< omr = ol Mu_v =
=X R o8 0~ ar Jo RO oo O M 30w = 8% = %0 B0 il oy ©
Bl 20 2% &2 oy T ~ o N S T 0 o 7] = S
) 10 _&m = x__v wl ~ W_Aﬂ: .\AE KMo KU @k_uj 70 ﬁ_ﬂ = ol oF w_t <o _W_._ a o % %
o = 0l of © ol ol jor n F X o1 < U - i1 T ofu o —
EE_EMQL%Eamfe_e__boﬁﬂ,_%%s,_,fo__%__woﬁmnfm o W = s
T e R N s S A = i -
Ty g T B pe A S g EHy T :
W B UO@Eo WO~ XS R AWM s < g0 o S o g
WEAEMEHEWgo@@_%ﬁefEO%ME%%P_Q@HW& o Il 3 3 S
Ml mmoﬂalmﬂ_ﬁqmmuﬂA%Mﬂow_eaoo_euolxgﬁﬂo\/% 5 I T oo c ©
om0 o oy ®ogp NV B w X ood kU4 ) U oor m0 &l ol o 2 s o Bl S o <
m SO E g swm WA RN T DKM W E T AW = S ol & ) o
. W 2o w0 = < ) < ) = Ind H » D 8
Te) or K < O na I @ 2
g BT RS MWW A
2 ol KO wl o= w_mle JAI‘n_ ﬂl_ H K
o " g 1 5 o & o ,_loﬁ o
4 S oo oS E =
o oF Hfr N <2
- OF Momu oap Y X M <&
- S %W_,_gm?whﬁqé
. s W MR R @ B oooyp K
¢ B p - S KoH oy 2 X mw_ ol
A 2 “Z 5 RK&Eg D@ g
s =2 < 4o om0 w0 oM
- 3 5 e H T X mww B g
g g g 3 ~ g 5 2 A3y REERZ
3 34 % S a8 F 25 2 Fw®Ed Iy
212 - 87 2 N oo x o Ia i
E 1 oA g1 o= SE L o= o3 Jo & RS RN < U
' - I m&ﬂ@i%%%ﬁ
- - ¥ = . W o 2 2 1 & 5 =
a \ &5 — = 2 sy R O o i L S—
& \ > o O A _|_._ < - o &
! H " 2 o3 or oo 2
! \ n = ol - ~ un o d RO
: \ a £ 20 T sy © of = o=
| ! § CmogoE My TS
i 1 = = @m0 B K LB o=
\ | Vo § o goEw Iy
=] o S| ] L 00 =] o0 L= < o 00 o o~ o <t 0( _m- M m|m _._.I H___AWMU I_,.W\_ = _I_M_I_.m @.__.k w
s = o = S Y Kl g ™o
(v4) UONENUAOUO)) UITAXO (9%) UonENUAdU0)) UASAXO (94) UONENUIIUO)) UAFAXQ o0 M\_ W._ .m__| R E. .__Iwm = % _.:o
g o T pgandT
ol ©I OF o2 = M o <0

20213 9 381



=}
H
r
>
o
MM

ASCE (2021). 2021 Report Card for America's Infrastructure,
American Society of Civil Engineering, Report, Available at:
http://www.asce, org/reportcard/.

Edvardsen, C, (1999). Water permeability and autogenous healing
of cracks in concrete, ACl Mater. J., 96, 448-454,

Houaria, M.B.A, Abdelkader, M, Marta, C., Abdelhafid, K. (2017),
Comparison  between the permeability water and gas
permeability of the concretes under the effect of temperature,
Energy Procedia, 139, 725-730,

Huang, H, (2014), Thermodynamics of Autogenous Self—Healing in
Cementitious Materials,

Huang, H., Ye, G, Qian, C,, Schlangen, E. (2016), Self-healing in
cementitious  materials: materials, methods and service
conditions, Materials & Design, 92, 499511,

Lee, DK, Lim, MH,, Shin, KJ, Lee, KM, (2019). Crack width
estimation of mortar specimen using gas diffusion experiment,
Materials, 12(18), 3003,

Rooij, M.D,, Tittelooom, KV., Belie, N.D,, Schlangen, E. (2013),
Seli-Healing Phenomena in  Cement-Based Materials —

State—of—the—Art  Report of RLEM Technical Committee
221-SHC, Springer, Netherlands,

Okoyama, K, Sato, H,, Ogihara, K, Toriumi, R, (1996), Development
of A Bridge Management System In JAPAN, Bridge Management
3, E & FN SPON, 580586,

Qian, C, Zheng, T, Zhang, X, Su, Y. (2021), Application of microbial
self—healing concrete: case study, Construction and Building
Materials, 290, 123226,

Shin, KJ,, Bae, WH,, Kim SW.,, Lee, KM. (2016), Validation of
permeability test for crack width assessment of concrete,
healCON, TU Delft, Netherlands, 96, 448-454,

KALIS (2010). 2010 Survey on the Safety and Maintenance of
Facility Managers, Report, Korea Authority of Land &
Infrastructure Safety.

Van Tittelboom, K, De Belie, N, (2013), Self-healing in cementitious
materials—a review, Materials, 6(6), 2182—2217.

Zhang, W., Zheng, Q,, Ashour, A, Han B, (2020). Self—healing
cement concrete composites for resilient infrastructures: a
review, Composites Part B: Engineering, 189, 107892,

fiod
1o
to
_>|'_\
>
MM
|0
U
EN
e -
I
10
P
ol
o
~
olr
_O'ﬂ
20
o

xRS 2aslel 2l Bzt gols AAZ TR29 FHUS RS0 FRHOR 2I8E T2 £OIK|
THSSICHS SPi0lM Zwn Qi) S AP IRlS 232lE M MAROR S5 st Asteln 9l Sojolxigt tiee
of i X% M50l B0 S WED | (R0 Ao XSNSS BIIS Y 2R MBIt AR
23p|=0| MSEl0| HB517] sl 7IHSAAE Q0] HLE tit RIS A ZalT o ABiA0] 24T Sit 2
S247710] EX7E LRSI THE0| Ik Wk £ 0IMS 71H A ABA0] TRE SRS (E 2Hsi0 MR
S SMAIFITX SICH 012 2] ABAIZIS SHEAIP|TA AR QS IHYS S RI5Im, ©F 2020[L2] AIBAIZIONA 3%0]

382 vol. 9, No. 3 (2021)





