KENLAYER
51 KENLAYER
KENLAYER Stress 1Strain Deflection
Yang H. Huang
Kentucky
Design Chart
Criteria
Linear Elastic Non-
Linear Elastic Linear Elastic Resilient Modulus (Mr)
Non-Linear Elastic Mr
Stress ' ,
Granular
KENLAYER (Damage Analysis)
Mr

Criteria



5.2

5.2.1
Analytical Resilient
Modulus (Mr) Poisson’s Ratio (..,
(Asphalt Concrete)
(Cemented Base) Granular
Subgrade Mr |4
5.1
. 2.2 Asphalt
Resilient ;
Modulus 1,200 ISR
' 37.8 °c (100
Asphalt ) 1P (100 F)
Concrete (2539)
Poisson’s
_ 0.4 NAASRA (1987)
Ratlo (Lt
- 2.3 Unconfined
Resilient _ .
Compressive strength 7 250 psi
i Modulus 1,600
Cemen.te (M) . MPa
Materials
Poisson's
o 0.2 NAASRA (1987)
Ratio (i)
Resilient 380 0 o
Sranl Modulus 500
ranu. ar (M) MPa 05
Materials
Poisson's
. 0.35 NAASRA (1987)
Ratio (@)
Resilient
20 150 170 .
Modulus 100 Design Chart
Subgrade (M) . MPa
Soil L
Poisson's
0.45 NAASRA (1987)

Ratio (( )



51 Resilient Modulus (Mr) Granular

Mr Stress Mr
Granular Non-Linear Elastic
Stress
KENLAYER Granular 1 4
Granular Linear Elastic Mr

Poisson’s Ratio ( )

NAASRA (1987 2540)

5.2.2

2

4 3

1 4

4
Granular Subgrade
5.1a
4 4
80 kN
(18,000 Ib)  Asphalt Institute (1991)
(Single Axle with Dual Tires) 80 kN (18,000 Ib)
115 345 483 kPa

'5.1a

52
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5.2

Asphalt
Concrete
Surface
Cemented Base
Lateritic
Granular
Subbase

Subgrade

5.3

Asphalt Concrete

Surface
Cemented Base
and Subbase

Subgrade

68

1 . 2 3 4
50 mm 75 mm 50 mm 75 mm
Mr=1,200 MPa Mr=1,200 MPa Mr=1,200 MPa Mr=1,200 MPa
P=04 P=04 P=04 fi=0.4

200 mm ,Mr=1,600 MPa P =0.2

h :P=035 h :@=0.35

Mr=380 6 3% MPa Mr=450 9 °5 MPa

Mr= 20 150 170 1100 MPa P =0.45

3
3
Subgrade 5.1b
3 2
4
5.1b
53 5 6
1 4
3
5 6
50 mm Mr=1,200 MPa 75 mm Mr=1,200 MPa
=0 fi=04

h Mr=1,600 MPa
p 02

.=2_ 5. > 100 MPa P =045
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5.2.3 Design Criteria

Criteria Analytical 2 Criteria Fatigue
Crack Criteria Permanent Deformation Criteria Fatigue Crack Criteria
2 Fatigue Crack Criteria Fatigue Crack
Criteria
1 Design Criteria 4
1 4 4

Fatigue Crack Criteria

Tensile strain 1£1 1
Permanent Deformation Criteria Subgrade
Compressive strain 1£0 Subgrade
£C
Critical £c
£ £c
3 it 2
3 5.1a '3
Strain
(Allowable Number of Load Repetition) Criteria Critical £
2.8 Model 2.23 Modulus 2,000 MPa
Fatigue Criteria Critical £c
Subgrade 2.10 Permanent Deformation Criteria

Criteria



2. Design Criteria 3

5 6 3
Fatigue Crack Criteria
Tensile strain 1 , 1
Permanent Deformation Criteria Subgrade
Compressive strain 1 c Subgrade
, c
3 4
5.1b 3 ,
(Allowable Number of Load Repetition) Criteria
4 Criteria '
53 KENLAYER
Stress Strain
[ Analytical Strain
Strain (Fatigue Crack)
(Rut) Tensile strain Compressive
Strain Tensile strain Compressive Strain
531 1
1. Tensile Strain
Tensile strain 1, 1

strain 8
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Critical 8, 3 5.1a ( ) Critical ,
52 Critical 8, ,
Subgrade Resilient Modulus (M)
Subgrade Critical
Critical 8, Subgrade Critical 8,
2. Compressive strain
Compressive strain 1 ¢ 1
c Critical ¢ 1 5.1a (
) Critical ¢ Subgrade 3 5.la (
) Critical 0
Subgrade Subgrade
' Critical ¢ Subgrade
Critical 8C Subgrade
Critical sc Critical ¢
Subgrade
5.3 Critical ¢
Subgrade Tensile Strain
Subgrade Critical 8C ,
Critical , Critical ¢
Subgrade Model
2.23 Modulus 2,000 MPa 2.10 Critical
Critical 8, ,
Critical 8C Subgrade



5.2
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Critical Tensile strain of Typel
Mr Subgrade

300
= 20 MPa
A
250 N
\ «— Mr Subgrade
200 = 50 MPa
NN_‘
150 —*— Mr Subgrade
= 70 MPa
100

0 1D 2D 3D 4D 6D GD 7D 8D 9 M) —— Mr Subgrade

Subbase Thickness (mm) = 100 MPa

Critical &
Subgrade 1

Critical Compressive Strain

800
i =20 MPa
700 \
\ —®— Mr Subgrade
—~ 600
o N = 50 MPa

Critical Compressive Strain of Type1 i Sbads

1 \ =4 Mr Subgrade
s e = 70 MPa

300

—"— Mr Subgrade | |

=100 MPa

0 100 200 300 400 500 600 700 800 900 1000
Subbase Thickness (mm)

53

Critical £0
Subgrade 1



Chart
(M Subgrade EAL
106

Design Chart 1

2.8

150
Critical
5.3.2
1. Tensile strain
Tensile strain 1 ,
5.1a ( )
3 5.1a ( )
Critical
2,000 MPa
54
Subgrade

Critical

Chart
Asphalt Institute (1991)

Tensile Stress

2
Subgrade
Critical
Model 2.23
Critical ,
Critical |
1
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Chart
1
Resilient Modulus
EAL

Critical 1

Critical ,

Modulus



2. Compressive strain

Compressive strain 1 ¢
c Critical ¢ 2 5.1a (
) Critical ¢ Subgrade 3 5.1a (
) Critical 8C
1
5.5 Critical ¢
Subgrade 1
Critical 8C 1
Critical 8, Critical ec
Subgrade
Critical |
Chart
2
Design Chart 2
150 mm Tensile Stress
Design Chart 1
5.3.3 3
1. Tensile strain
Tensile strain 1, 3
Critical 3 5.1a (
) Critical 2 5.1a (
) Subgrade Critical , 2

Critical 8,



54

5.5

Critical Tensile Strain of Type2

Mr Subgrade

250
= 20 MPa
'?9 \
g 200 \ —m— Mr Subgrade
7]
] = 50 MPa
ﬁ
5
ez 150
E —* — Mr Subgrade
S =70 MPa
100 |
O 12D I 4D 5D 6D 7 8D I M H MrSubgrade
Subbase Thickness (mm) = 100 MPa
Critical |
Subgrade 2
Critical Compressive Strain of Type2 | —e—Mr subgrade
e = 20 MPa
£
g
n «
600
2 \\ —®— Mr Subgrade
“
23
& o =50 MPa
£
3
:—é 400 R =& Mr Subgrade
5 =70 MPa
300 _

]

100 200 300 400 500 600 700 800 900 1000

Subbase Thickness (mm)

=% Mr Subgrade

=100 MPa

Critical ¢

Subgrade




5.6 Critical 8,
Subgrade
1 Critical 8,

2. Compressive strain

Compressive Strain 1 ¢
c Critical ¢
) Critical ¢ Subgrade ,

) Critical ¢

1
5.7 Critical ¢
Subgrade
Critical ¢ 1
Critical | Critical ¢
Subgrade
Critical |

Design Chart 3
200 mm Tensile Stress

534 4
1 Tensile Strain

Tensile strain 1,

, 3

1 5.1a (

5.1a (

Chart

16



Critical Tensile strain of Type3

77

*

Mr Subgrade

i =20 MPa
?o 4
E \ [ ] Mr Subgrade
s 200 —
3 ~N
o \\ = 50 MPa
D
c
- 150 N
‘_8 —*— Mr Subgrade
S = 70 MPa
100
1 d)) K1{)) 4D 1)} @D —* Mrsubgrade
Subbase Thickness (mm) = 100 MPa
5.6 Critical
Subgrade 3
Critical Compressive strain of Type3 . MrSubgrade
1 =20 MPa
1 4
b a0 AN
I> — Mr Subgrade
500
% o =50 MPa
deO
U —* Mr Subgrade
300
= 70 MPa
200
o a0 K1) () G1)) @D —*— MrsSubgrade
Subbase Thickness (mm) = 100 MPa
5.7 Critical 0

Subgrade



2

Subgrade

5.1a ( ) :

)

5.1a ( )

5.8
Subgrade

Critical

2. Compressive strain

Compressive strain 1 ¢

Critical ¢

Critical 0

5.9

Subgrade

Critical ¢

Critical
Subgrade

Critical

Design Chart 4

200 mm

Critical
Critical
2
Critical ,
2 3
4
Critical ¢ 1 5.1a (
Subgrade 3 ,5.1a (
Critical 0
2 3
Critical ¢
Chart
4

Tensile Stress

Critical

18



5.8

5.9

-6

Critical Tensile Strain (10 )

Critical Compressive Strain

Critical Tensile Strain of Type4

250

150 \\\

100 T ‘ T
m a0 3D gy

Subbase Thickness (mm)

Critical st

Subgrade

Critical Compressive Strain of Type4

600

o | IS

2 400 \

Onwe

300

200 . T

1w a0 3D gy G1)

Subbase Thickness (mm)

Critical c¢

Subgrade

*

Mr Subgrade

=20 MPa

Mr Subgrade

= 50 MPa

Mr Subgrade

= 70 MPa

Mr Subgrade

= 100 MPa

Mr Subgrade

=20 MPa

Mr Subgrade

= 50 MPa

Mr Subgrade

= 70 MPa

Mr Subgrade

= 100 MPa
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Design Chart 1  Design Chart 4
Design Chart 1 Design Chart 3 Design Chart 2 Design Chart 4

, Critical

Design Chart
1 Design Chart 2 Design Chart 3 Design Chart 4
5.35 5
1. Tensile strain
Tensile strain 18, 5 ,
Critical 3 51 (
) Critical ,
5.10 Critical
Subgrade Subgrade Critical
2. Compressive strain
Compressive Strain 1 ¢ 5 Critical ¢
Subgrade 1 5.1b ( )
2 51b ( ) 3 51b ( )
15.11 Critical c¢
Subgrade Critical ec

Critical , Critical ec Subgrade



5.10

511

Critical Compressive Strain

?
g 450

Critical Tensile strain of Type5
300

250 \
N " I
150 g \\

150 200 250 300 350 400

Base Thickness (mm)

Critical

Subgrade

Critical Compressive Strain of Type5
750

550

350

250

150

» W B I I 4O

Base Thickness (mm)

Critical 8C

Subgrade

mMr Subgrade

=20 MPa

mMr Subgrade

= 50 MPa

mMr Subgrade

= 70 MPa

mMr Subgrade

= 100 MPa

Mr Subgrade

=20 MPa

Mr Subgrade

= 50 MPa

Mr Subgrade

= 70 MPa

Mr Subgrade

= 100 MPa




Critical

I ( 106
8
L. Tensile strain
Tensile strain 18, ,
Subgrade
1
1 5.1b ( ) \
Critical , 3 5.1b ( )
Critical
2.8 Model
Modulus 2,000 MPa
5.12 Critical
Subgrade
5 Critical 5
2. Compressive strain
Compressive strain 1 ¢
bgrade , 2 5.1b ( )

3 5.1b ( )

82

) Critical
Chart
5
6
Critical
2.23
6 Critical ec
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5.13 Critical £c
Subgrade
5 Critical ¢ 5
Critical , Critical c Subgrade
( 106 ) Critical

Chart

Chart 5 Chart 6

Critical

Design Chart
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Critical Tensile strain of Type6 «  Mr Subgrade
| 90 = 20 MPa
‘s
S 250
ng —a  Mr Subgrade
& 200
2 =50 MPa
@
S 150
(>4
w® Mr Subgrade
£ 100
& = 70 MPa
50
150 200 250 300 350 *  Mr Subgrade
Base Thickness (mm) = 100 MPa
512 Critical
Subgrade 6
Critical Compressive strain of Type6 *  Mr Subgrade
i =20 MPa
560 ,
~*  Mr Subgrade
o 450
k=) =50 MPa
~ 350
*  Mr Subgrade
250
=70 MPa
150
150 200 250 300 350 * Mr Subgrade
Base Thickness (mm) = 100 MPa
5.13 Critical c

Subgrade 6
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