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 Research Significance and Scope
 Proposed Crack Prediction Model
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 Verification
 Design Guide
 Conclusions
 Acknowledgements

 Serviceability: Deflection control, Leakage 
control, ...

 Durability: Permeability reduction, Corrosion 
reduction, ...

 Appearance

 Simple loading conditions: Pure bending, 
pure tension,...

 No reliable crack control for two‐way 
members

 Ignoring repeated loading effects

 Ignoring long term effects
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 Experimentally investigating the cracking and 
leakage behaviour of two‐way panels

 Using FE technique to understand different 
aspects of RC cracking 

 Developing a new analytical crack prediction 
model for two‐way panels
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EXPERIMENTAL 
PROGRAM
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A 200 34000 2.97 -141 756 1166 54 707 -7 92 167 82 103 12
B 200 35000 2.79 -107 708 to 744 1078 45 to 52 662 -7 to -11 88 to 105 158 50 to 80 92 5 to -12
C 200 33000 2.79 -113 612 to 738 1097 49 to 79 726 19 to -2 86 148 72 97 13
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B 833 (11) 478 (-12) 1231 (64) 449 (-17) 561 (11) 359 (-11) 212 (-18) 168 (-38) 641 (-15) 724 (34) 512 (-32) 468 (-13) 260 270 750 540
C 677 (115) 306 (-13) 1033 (228) 337 (-4) 511 (81) 257 (-21) 237 (-5) 152 (-49) 662 (110) 716 (105) 474 (50) 452 (29) 250 300 315 350

Panel
S mx     S my      S

II
minx    S

II
miny    

Low Probability High Probability

Crack Spacing (mm) (%Error)
MC90 EC2 Rizk&Marzouk Proposed Model

Experiment

S maxx     S maxy     S maxx      S maxy     

CRACK SPACING



4/26/2013

7

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 100 200 300 400 500 600

C
ra

ck
 W

id
th

 (
m

m
)

Each Side Jack (kN)

A
C

F
G

Ab

Bb
MC90

EC2
Proposed

Panel A

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 100 200 300 400

C
ra

ck
 W

id
th

 (
m

m
)

Each Side Jack (kN)

A

C

D

F

G

Ab

MC90

EC2

Proposed

Panel B

0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55

0 100 200 300 400

C
ra

ck
 W

id
th

 (
m

m
)

Each Side Jack (kN)

A
D
E
F
G
Ab
MC90
EC2
Proposed

Panel C

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0 20 40 60 80 100 120 140

C
ra

ck
 W

id
th

 (
m

m
)

Center Jack (kN)

E

H

MC90

EC2

Gergely-Lutz

Frosch

ACI 350-06

Nawy

Proposed

 
Panel A

0.00

0.10

0.20

0.30

0.40

0.50

0 20 40 60 80 100

C
ra

ck
 W

id
th

 (
m

m
)

Center Jack (kN)

B

E

MC90

EC2

Gergely-Lutz

Frosch

ACI 350-06

Nawy

Proposed

 




Panel B

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 20 40 60 80 100 120

C
ra

ck
 W

id
th

 (
m

m
)

Center Jack ()

B

MC90

EC2

Gergely-Lutz

Frosch

ACI350-06

Nawy

Proposed

 


Panel C

MAXIMUM 
CRACK WIDTH

0

50

100

150

200

250

300

350

0 50 100 150 200 250 300 350

s x
=

s y
(m

m
)

sx,max(MPa)

Wmax,x=0.23mm

100

200

100

200

sy,crx(MPa)

Flexural 
Cracks

Direct Tension 
Cracks

0

50

100

150

200

250

300

350

0 50 100 150 200 250 300

s x
=

s y
(m

m
)

sx,max(MPa)

Flexural Cracks, Wmax,x=0.23mm

100

200

ACI350-06

sy,crx(MPa)

DESIGN GUIDE 
EXAMPLE

 New crack prediction model in two‐way RC 
panels that incorporates:
 New FE parametric studies of:
▪ Bond shear and normal stresses

▪ Average splitting tensile stresses

▪ New factor for effective tension area 

▪ Shrinkage induced tensile stresses

▪ Bond strength reduction due to splitting cracks

 Better agreement with experimental results
 New accurate design guidelines to replace 
unconservative ACI design guideline
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