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FEA Simulations on Water Absorption in Various Pre-Cracked Concretes

Kun-Soo Kim', Ki-Tae Park?, Jaehwan, Kim®>™*

Abstract: This study performed simulating water absorption in various pre-cracked concretes. 2D-Finite Element Analysis (2D-FEA) model was
developed based on experimental results on the amount of absorbed water in concrete with the exposure time. Results from the 2D-FEA showed that
both crack width and crack depth strongly affect the amount of absorbed water in cracked concrete. In addition, water absorption rate is introduced
and a predictive equation is suggested to estimate the rate in order to quantify the amount of absorbed water in cracked concrete. It was confirmed
that water absorption in concrete having less than 150 mm crack depth was dominated as a main transport factor regardless of crack width. Therefore,
considering that steel corrosion caused by chlorides dissolved in water mainly occurs in reinforced concrete structures, it is necessary that crack depth

as well as crack width should be investigated in reinforced concrete structures at the time of field-inspection.
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Table 1 Material properties of finite element model

.. Diffusivity Solubility

Finite Element Model [mm?s] [10°g/mm’]

0.1*
Concrete Zone 0.0492 0.073**

0.0275%**

Width : 0.1mm 1 0.2
Crack Zone -

Width : 0.3mm 1 0.6

* : Calculated Value by Results of Hanzi¢ and 11i¢(2003)
** : Calculated Value by Results of Van Belleghem et al.(2016)
**%* : Calculated Value by Results of Kim et al.(2020)
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Fig. 1 Comparison of test results and FEA (Hanzi¢ and Ili¢, 2013)
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Fig. 2 Comparison of test results and FEA (Van Belleghem et al., 2016)

70 SIRIPESFICL XM REHE =2 F M257 H 55 (2021. 10)

2117} AREE 739- 1.3, 7FAI 7 AL
= &A1 hour) - 9| vt}

oo 1o
o ‘[0

1.5 & 28331 AE
0 St

7
974910 2 A8 ¢

TE ST s
Van Belleghem et al.(2016)2 0.3 mm - 2}-8- AL
teF 7 1A QTS e APAE AR L
APES AN 0}9\15} ﬁoé ESL] ‘:]'H H 2
Ao, AFA o] FrH I BEX S A2z

32 7 7ol e

>

{

op
o
Y &

’}5
s
]

El
o

(o2
filo
7]

|
7] 18t XA& lEr/‘]'o}oq FTAIRPE o|u|A] E &
o} Fig. 204 S5°AIRPE &) WA Sl

e} 73k Al A AaE 7 YERNRITE Van Belleghem et
al.(2016)2] A3 A Case-A & T Eo] gl A Al tiste
W2 AA oA B F5FAIF] 7d-9-0|H, Case-B + Case-A <
A &2 fdo] glov, dF PRI ARE i ST
AE =2 5=3)8 2 o]t} Case-C = F4 1 7l, Case-D =
TE 2 7N, Case-E & ¥ 3 7l gt A3 2ot

)
LFJ

5
e
o o
ofr
ol

58

)

pul

1‘
>
n (
it

33 =
Kim et al.(2020)< 100 mm x 100 mm x 400 mm 2] =&
E 2gAof & 03:‘1%_1_ 15td 2 0.1 mm, 0.3 mm 2] #+&
< 2= APAE A&k sid A @A ol thate] =3 A
@Zﬂ LAE FTFA7IE ARS AAlska, Efu\"‘]ﬂ% %J/}
A AT S d3lEo] F
Hol| Ak F7-aho] WSk T Ao "413} O]U]
A& gtk on A EA4E A g AWl 7
B3 g3l F57 7 gtk 535 Al
AP A FA A FEH-a-bsH 715 0.1
= @3lEo] 7R Frstal dde wEk ik
2128 15l Tk Kim et al.(2020) 2] A ¥ A3=E F3 Q.
314 A 379} ¥l a st Fig. 300 R AT Fig. 39] 9%

=Z0| ME T2 =+ s

mx rB XN 1o g

2
o
>
P

b b

() CO00-Predicted Vahies =  CO0-FEA

() CO01-Test Results = C01-FEA

() C03-Test Results = C03-FEA

45
40
5 |1
T as ’J(
2 ( =
= -
s 30 =
i =
o= | -
z LA T
PradivEacInzs
I ’ M~
= 15 ,/ o o > 1
= ] e
El o P ’)}
g 10 L L
LT

v o ﬁ.’ Lot

0

00 02 04 06 08 10 1.2 14 16 1.8 20 22 2.4
Time(hour’ %)

Fig. 3 Comparison of test results and FEA (Kim et al., 2020)
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Table 2 Details of finite element model

Crack Conditions

Finite Element

Model No. of Width Depth  Spacing
Cracks [mm] [mm)] [mm)]
W00-D000-SP000 0 0 0 0
W01-D025-SP000 1 0.1 25 0
W01-D050-SP000 1 0.1 50 0
W01-D075-SP000 1 0.1 75 0
W01-D100-SP000 1 0.1 100 0
W01-D150-SP000 1 0.1 150 0
W01-D200-SP000 1 0.1 200 0
W01-D250-SP000 1 0.1 250 0
W01-D050-SP010 2 0.1 25 10
W01-D050-SP020 2 0.1 50 20
W01-D050-SP030 2 0.1 75 30
WO01-D050-SP040 2 0.1 100 40
W01-D050-SP050 2 0.1 150 50
W01-D050-SP100 2 0.1 200 100
W01-D050-SP150 2 0.1 250 150
W01-D050-SP200 2 0.1 200 250
W03-D025-SP000 1 0.3 25 0
W03-D050-SP000 1 0.3 50 0
W03-D075-SP000 1 0.3 75 0
W03-D100-SP000 1 0.3 100 0
W03-D150-SP000 1 0.3 150 0
W03-D200-SP000 1 0.3 200 0
W03-D250-SP000 1 0.3 250 0
W03-D050-SP010 2 0.3 25 10
W03-D050-SP020 2 0.3 50 20
W03-D050-SP030 2 0.3 75 30
W03-D050-SP040 2 0.3 100 40
W03-D050-SP050 2 0.3 150 50
W03-D050-SP100 2 0.3 200 100
W03-D050-SP150 2 0.3 250 150
W03-D050-SP200 2 0.3 150 200
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Fig. 5 Additional water absorption by crack depth
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