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Non-destructive simplified mechanistic/empirical
structural evaluation demonstrated with various airports
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The automated
FWD is a vast
improvement over
the old manual
method of reading
Benkelman Beam

Beam used the
rebound method of
measuring deflection p"%
and various |
empirical
relationships were
developed
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Therefore even the same maximum
deflection may be due to two
different pavement systems



ANNUAL MAXIMUM DEFLECTION
+ 2 STANDARD DEVIATIONS, mm

Typical collage of empirical design curves based
on maximum deflection with low accuracy

82
5,08 t—;
AASHO
15 Road TGST 98 % Lo
54 — ritis
C of the date Alconbury Hill
1,78 |— iROGd Test
- = T —L
0,762 |— ‘
9 c
0,508 |— 8 L Lower limit
s & of British
© experience
0,254 1 Loy | PR . N T I A N NS U
2 "B 1) 20 o0 100 200 500
EQUIVALENT B8OkN SINGLE AXLE LOADS PER DAY , ONE LANE

FIGURE I8

1000

EXPERIENCE FROM ROAD TESTS AND CANADA (After Kingham(6/)



The Falling Weight Deflectometer
(FWD) has become the standard
method of non-destructive evaluation
] of road pavements
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The Heavy duty FWD (HFWD) developed for
airport pavement structure evaluations

Testing at Heathrow Airport




L Ricalde 2007 FAA Worldwide Technology Transfer
Conference, Atlantic City (HFWD benchmark method)

The ISMO, calculated using the maximum basin deflection (D0) under the load, 1s an

indicator of the pavement condition itself.

ISM0O =HWD Load/D0

On the other hand ISM7, calculated using the deflection 72-in from the center load (D7),
usually indicates the subgrade condition.
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Accelerated pavement testing (APT) with
the fleet of Heavy Vehicle Simulators (HVSs)
in South Africa

o Structural analysis,
modeling & design of
pavement systems

o APT, performance
assessments, audits
and material
modeling

e Maintenance &
pavement
rehabilitation design
methods




TABLE 3.1 : SUMMARY OF DEFLECTION Basin PARAMETERS (from Horak)

EVIC

formerly Surface
curvature

index

1. Maximum s Benkelman beam
deflection Lacroix deflectograph
2. Radius of curvature R = . Curvaturemeter, FWD with
2 8,(8,/8,-1) r = 127 mm and 200 mm
respectively
r = 127 mm, 200 mm
3% Spreadability [(6. 46, +6,45,)/5]1100 Dynaflect, FWD
85
5, ... &5 spaced 305 mm
4, Area A = 6[1+2(6,/6,) + 2% FWD
(62/60) + 65/8,)]
S: Shape factors F, = (6 - 818, FWD
Fy, = (8, - 85)/5,
6. Base Layer Index, B 0 = 0,, where Benkelman beam

Road rater
FWD

s Lower Layer Index,
formerly Base
curvature
index

Road rater, FWD

formerly Base

8. Middle Layer Index,

MLI = 8545 - 8610

Road rater, FWD

damage
index
9. Deflection Q. = 6,/6, where FWD
ratio 0, = 6,12
10. Bending BI = § /a where Benkelman beam
7 index a = Deflection basin
41, Slope of SD = tan(64-9,)/r Benkelman beam
deflection where r = 610 mm

8, = center deflection (r = 0), §,, 6,, §; = first, second, third sensor from the load
respectively, 6xs = deﬂcf:;ﬁtiqrrliat 30§ men, etc.

Various deflection
basin or bowl
parameters can be
calculated and
used to evaluate
the structural
capacity of various
aspects of the
pavement
structure.



Accelerated pavement testing (APT)
with the HVS led to the development of
the concept of states of behaviour of
pavements

Freeme, Walker, Jordaan, Horak (1980s)
Behaviour state Max Deflection

Very stiff <0.3mm

Very flexible >0.75
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Deflection bowl parameters and
correlation with structural layers




Summary of deflection bowl parameters

Zone correlated

Parameter Formula to
(see Figure 1)
Maximum 1,2 and 3
deflection Do as measured at point of loading
RoC= (L)
“FB4(1-Dao/Do) 1
Radius of
SUREIIE ([ Where L=127mm in the original
Dehlen curvature meter and
200mm for the FWD
Base Layer Index I 1
(BLI) BLI=Dg-D3gg
Middle Layer _ ) 2
Index (ML) MLI=D300-Deoo
Lower Layer 3

Index (LLI)

LLI=De0o-Daoo




Research done at CSIR on road pavements and
backed by APT
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Deflection bowl parameter structural condition rating criteria for various pavement
types

Structural Deflection bowl parameters
condition Do RoC BLI MLI | LLI (um)
rating | (um) | (m) | (um) | (um)
Sound <500 | >100 | <200 <100 <50
(B;;Z:”'ar Warning | 500- |50-100 | 200- | 100-200 | 50-100
750 400
>750 | <50 | >400 | >200 >100
Sound <200 | >150 | <100 <50 <40
Cementi- | Warning | 200- |80-150 | 100- | 50-100 | 40-80
tious Base 400 300
>400 | <80 | >300 | >100 >80
Sound <400 | >250 | <200 <100 <50
g::;"'m"s Warning | 400- | 100- | 200- |100-150| 50-80
600 250 400
>600 | <100 | >400 | >150 >80

Note: These criteria can be adjusted to improve sensitivity of the benchmarking



Benchmark criteria for a contact drop stress of 566kPa (40kN drop weight)
for E80 traffic range of 0.3million (Maree and Jooste, RADC research document RP 91/325)

Deflection bowl parameter and ranges
g"ug?t‘_"a' Max. Defl BLI MLI LLI
ondition (micrometer) | (micrometer) | (micrometer) | (micrometer)
Rating
Sound <750 <450 <250 <150
Warning 750 to 1000 450 to 600 250 to 400 150 to 250
Severe >1000 > 600 > 400 > 205

Assumption: One B747-400 repetition is approximately
1000 ESALS

Proposed Benchmark criteria for a contact drop stress of 1415kPa
(100kN drop weight) for 3 000 repetitions of a B747-400

Deflection bowl parameter and ranges

g"ug?t‘_"a' Max. Defl BLI MLI LLI

ondition (micrometer) | (micrometer) | (micrometer) | (micrometer)
Rating
Sound <1875 <1125 <625 <375
Warning 1875 to 2500 1125 to 1320 625 to 1000 375 to 625
Severe >2500 > 1320 >1000 > 625




Benchmark criteria for a contact drop stress of 1110kPa (80kN FWD drop weight)

Deflection bowl parameter and ranges
g"ug?t‘_"a' Max. Defl BLI MLI LLI
ondition (micrometer) (micrometer) | (micrometer) (micrometer)
Rating
Sound <1000 <400 <200 <100
Warning 1000 to 1500 400 to 800 200 to 400 100 to 200
Severe >1500 >800 >400 >200

Benchmark criteria for a contact drop stress of 1415kPa (100kN FWD drop weight)

Deflection bowl parameter and ranges
g"ug?t‘_"a' Max. Defl BLI MLI LLI
ondition (micrometer) (micrometer) (micrometer) (micrometer)
Rating
Sound <1250 <500 <250 <125
Warning 1250 to 1875 500 to 1000 250 to 500 125 to 250
Severe >1875 >1000 >500 >250




Benchmark criteria for a contact drop stress of 1700kPa
(120kN FWD drop weight)

Deflection bowl parameter and ranges

Structural

Condition | Max. Defl BLI MLI LLI

Rating (micrometer) (micrometer) |(micrometer) |(micrometer)
Sound <1500 <600 <300 <180

Warn ing 1500 to 2500 600 to 1500 300 to 600 180 to 300
Severe >2500 >1500 >600 >300

This is a relative or benchmark comparison: Therefore the
limits can be adjusted to suit the specific situation
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Broome 10/28 deflection 2008

1 1
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offsets: 20m S, 12m S, 2.5m S, 2.5m N, 12m N, 20m N
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Broome 10/28 : LLI 2008 lower layer index

1 1
Code B Code
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offsets: 20m S, 12m S, 2.5m S, 2.5m N, 12m N, 20m N
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Broome 10/28 : MLI 2008 middle layer index
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Code B Code

Code & Aircraft
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Notes: FWD normalised to 1700 kPa, tested at 30m spacing. data in microns
offsets: 20m S, 12m S, 2.5m S, 2.5m N, 12m N, 20m N
GREEN sound ORANGE warning RED severe
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of runways
and taxiways
for 2010
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BIA Runway 0220 Max Deflection Benchmarking 1415 kPa contact stress (120kN)
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BIA Runway 0220 MLI Benchmarking 1415 kPa contact stress (120kN)
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BIA Runway 1230 Max Deflection Benchmarking (1415kPa)
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Effective elastic moduli back-calculated with ELMOD for the Rooikop
(existing) runway pavement structure

Moduli (MPa)

Elastic Moduli
& E1
WWW
1000 - m E}
H—I\._FWW v E3
WW
Im“a—a:.aa.:,,:.:.aaaaaaaaa—a—aaaaaaaaaaaaa—h—%&—ﬁ—a—aﬂ& + E4
& E5
Existing pavement structure (Rooikop)
Thickness Previous Effective | Layer
Layer Elastic Moduli identification
(MPa)
Asphalt 90mm 2000 El
WM base 100mm 500 E2
Sub-base 150mm 450 E3
Selected 300 190 E4
Subgrade Semi-infinite 20 E5
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Moduli (MPa)
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New extension WBIA 8m LHS Rubicon determined Effective Elastic Moduli
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Using Rubicon sof tware to do back-calculations
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Elastic Moduli
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Average values of effective elastic moduli back-calculated for new keel area under construction

Thickness Previous* | ELMOD back | Layer

Layer Effective calculated identification
Elastic value (MPa)
Moduli
(MPa)

Scratch coat | 30mm 1500 1650 El

DBM base 150mm 450 220 E2

Sub-base 425mm 500 330 E3

Selected 300mm 150 145 E4

Subgrade Semi-infinite 80 80 E5
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WBIA applying deflection bowl parameter benchmarking

WBIA maximum deflection benchmarking for 100kN 3m left of centre line

.
e
.
.
e

.

|

-
.

-

-

]

.

-
.
-

|
|

B
i
i

-
.

-

%
-
-
-
%
-
-

%
-
-
-
%
.

-

-
:
?
.
e
o

-

%
-
-
%
-
.

-

e
e

E;%E;i;**iﬁ*%ﬁ*ﬁ*%

...
L
- Eean e

-
EM
-
-
.
-
.

-

-
EM
-
o
-
-
.

-

%
-
-
.

e
e
-

-

.
-
-
-

-

-

-
.

-
-

k-
.
.
-

e
!
<«

&
|
f

-
.
-

!

¥
y |
5
-
.
.

r
|
: =
=
-
-
-

.

k]

[
. »
.
=

-

-

.
-

.

H
| |
| |
.
.
-

-

B
-

o

Sty

-
-

e

.

¢
.

‘m%%ﬁﬁﬁ%ﬁ
N

L
L

.
-
o
-

.
-
-

.

-

e
-

-
-

>
St
e
.
e
.

i
.
-
.
-

-

-

-

.

-

-

S
.
-

.

-

-
.

.

.

—
%

-
.
-
-
- -
- -
- ¢
- -
.
¢«
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
-
;.
/7
.
.
.. »
- 7
- .
. . .
=

-
-
-

—
%

.
-

-

.
.
..

.

o S
b

.
-
-
o

. .

.
.
..

.
9y

5 S S
-
-
.
-
.
-
.
S s

-
-

-
-
.
-
.
%

=

=

.

.
-
.
...
.

e
-

.

-

e
.
.

e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e
.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.
e

.

-

.

s
cs

. . v

***:***
-
-
.
-
.
-
.
-
.
-
...
=
.
...
.
= .
.
-
-
-
.
-
..
-
.
= ¥
.
-
.
... 5
= &
... ¢
S e
.
.
-
%%%%%%&ﬂa%&%
-
. 4
... 4
...
-
-
...
... &
.
Sy
L N
...
...
...
.
-
-
=
.
-
.
S
N
... N
= 1

***:***
.
= ¥
.. s
= 7
.
...
-

-

=9
. g
-
e .
.
-
.

-

. 1
-

:
-

.
.

*
- e
.
.
-
.
-

.
.

.
.

r
1
i
b
o

*
o

Gina
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
e
.
.
-
e
.
e
.
e
.
e
.
e
.
e
.
e
.

.. % .

***:***
...
-
...
= 7
...
.
-
.
.
-
.
-
-
-
- -
- N
. N
&%ﬁﬁ%ﬁ.???.ﬁ; .
-

.

-

-
-
-

.

-

.
.
-

-
%
-

.
-

-

L
.

.

:
o

-
. o
Eean ey

.

o

-
-

-
=

-

i
?&?

e
-

,
e

- .

o
:

FESETTWILIT

e
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
..
A
*

=

Chainage (km)

BIA benchmarking of LLI at 100kN 3m left of centre line

ition

in warning cond

Area

Ty

e ———
e
.
e
.
o
-
o
-
o
-
o
-
-
R e

-

—
St |
=

=

-

-
-

—
.
=

e

T

-
.

-

—
i

-
B
.

—
-

..
.
-
..
-
..
-
..
-
..
-
..
-
..
-
..
-
..
-
..
-
..
-
..
-
..
-
..
-
..
-
..
-
..
-
..
-
..
-
L
e
L
e
.
e
.
e
b
-
..
.
"
..
.
<
k-

oo
-

-
.

—
-

e
-
-

-

-
-

LS
o
-

s
.

=
s
-

-

-
-

.
-
%

-

.

e
.
-
-

-

amaas

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

-

-
-
-

=

-

|

y

&n

y
y
-

-

-

-
-
-
.

-

.
-
-
_

&
i

-

-

-
-

=

‘¢
L
.

.
-

-
.

.
.

-
&
.

.

-
.

-
y
y
.
.

-

|

|
|
*?

.
v

-
S
-

-

1
.
.
.
-
.
.
¥
]
=
|

.
-
-
.
.
.
.
anaan o

o

-

=
.
-
_
.

|

-
-
.
.
o

.

-

—

-

-
-
=

=

|

.
.
B
o
N

o

.
.
-

2
-

—
-

.
-

—
T
.
-
St

*
.

.
.
- &
.
.
e

—
i
.
.
-
.

—
-

—
-

-

-
.
-
-

.

-

|

-
-

-
-

|

i

-

b &
.
S

L
. &

Y
= ]
.
= ]
e
.
R
=
o
...
o
...
-
.

. ¢

o

-
-

-
-

e

B
-

-

-

%m
-
-
.

.
-
o

-

.
-
o

e
W
o
.

-

.
.
-

o

-
o
- L
o

. e
. e
.«
.
e
L B
= e
o

=
. e
S
.
. ¢
£
.
.

.

e

-

=
<
-
.
-
-
-

-
.
=

-
-
.

.

-

<

o

=
.
.
=
.
-

.
e
-

-

-
-

-
-

=

S,

.
-

-
-

-
.
.
.

e
.

|
-
-

-

%m

-
-

-

-
.

-

-

%m

.

B

-

= et
. e
.

-,

-

e

|

T
.
-
-

=
%
.
.
5

s

.
Shmanann
-

-
-

P/

vl
”” .
P
ﬁ%ﬁ%ﬁm:
.
..
e

o
-

-
-
-
.
s

—

-

-

s
-
s
.
i
-

.

-
-

G

.
-
.
.
.
.
o

!

-

—

.
-
-
w%

—
i

-
.
.
.
.

[

8

-

o
-
-
*ﬁx”‘:

o
|

—
-
.
.

S
.
-
-

-

—
-

—
=

e
-

:5;;
.

.
S pnie
_
L
. ¢
|l %
L
o
e
. 2
.

e
¢

=
.

-

.
S

e
-
.
-

-

am
-
=
.
-
-

.
.

-
.

.
-

—

.
-

|

-
.
-

| |

—
-
-
-

=

-

é
J

=

e
.
.4
A
-
L
P
2
d
L
-
¢
-
L
L
-
.
| « @
=
B

.
.

—
B

s

—
-

-

—
-

N

—
=
-

-

-
-

-
-

-
.
-

| -

i

.
.
.

.

.

—
.

=
.

-
o
.
N

-

-

N

-
.
-

—
N
N

A
-
-

&
@

| -
-

-
.

—

i

—
i

-
-

—
=
i

.

-
-
.
.

i

—
B

-
o
o

-

.
-
-

|

F
2
=

-
.

.
.

o

.
.

.

.

-
.
.

.

=
i
-
e

a

.
-

’
%5
-
%
.

.

e
-
.
.

-

-

p
9

.

e

-

=
%
-
-
i

i
%
-
.
.
%
-
.

.

B
-
s
-
.
.

-
.
.

/
o
.

/

i
o
.
.
-
]
=

-
:
-
.
.
.
i
E
.
.

-
. o
-

=
=

.

LI

-
.
.
.
-

e
S
i
-

-
.
-
.

o
-
.
-
-

A»xll‘:
.

.
S
.
- 4

.

-
-

-
*

-

.

-
%

.
.

**
.
et
.
e
o

.

-

-

.
|
.

.
Py
.

-

=
=

%
=

*:

¢
¥

n
N
.

-
-

|

St
%
*
wee
-

.
-
.
.
-

-
-
%
-
&
e

-

r

-
-

-
-
o
S

-

-
g

.

e
B

-

.
. L
.
-
]
.
L
.
e
.
S
L
.
e
.
S
L
.
e
.
S
L
.
e
.
S
L
.
e
.
S
L
.
S
-
o
-
o
.
]
| ¢
- L %
...
R e S e
.
.. s
-
.

St
.

S—

o
L
.

-
.

. %%ﬁ%
ot e
L
e
o e
e =
L e e
. et
. s v
-9 *?”z””mmwwmwﬁ”%*
=

.
P
i

-

Chainage (km)




Micrometer

400
350
300
250
200
150
100

Areas in

warning
condition WBIA benchmarking of MLI at 100kN 3m left of centre line

|

-

- . |

|

|

|

i

-
K

= —

|
]
|

-
-
.

— e - — — — 5 e

-

-
-

|
.
]
|
|
]
]
.
-
.
]
4
-
]
]
]
]
-
]
-
|
7
/ ]
-
]
]
.
|
]
S
-
]
o
-
.
-
-
-
-
-
-
.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
>
]
e

—
-
-
-
-
-
-
S
.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
\
.
4
.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
.
7
ol
3
.
-
-
.
-
Y
1
1
o
-
-
-
-
-
-
-
-
-
-
3
-
.
\

1

e .

:
:
.
|
|
|
|
.
o
.
.
.
:
.
P
.
R
.
-
55
P
.
.
.
.
3
|
i\
v
.
.
.
.
.
.
.
.
.
.
L
1
.
.

e
.
|
.
.
.
.
.
S
.
|
.
|
.
|
.
|
.
|
|
-
o
|
|
.
|
-
.
|
.
|
.
|
.
|
.
|
.
|
.
|
.
|
.
|
.
|
.
.
.
.
|
.
.
|
.
|
.
|
|
-
|
-
.
o
—
S
.
|
.
|
.
.
-
-
|
%ﬁ
s |
.
.
.
-
%i
¥
E
.
.
-
.
-
.
|
.
-
.
-
.
|
.
-
.
-
.
|
.
-
.
-
.
|
.
.
-
-
.
.

-
-

e
-
-
.
.
-
.
.
.
.
.
.
.
-
-
.
-
.
.
-
-
.
.
-
.
.
-
-
.
.
.
-
.
-
-
.
%
-
.
-
-
-
-
-

-

-

-
-

.
;|
.
-
-
§§
#
o
-
.
-
-
*%
4
-
-
#
:%
-
-
L
.
-
.
N
¢
>
*%
-
-
:%
-
i
,
.

.

-

-

- - -

-

-

-

-

-

/

-

A\

.

- -

-

-

.

:

- - .

%

- -

L
[

*
.
.
.
*
.
.
P
i
P
|

T
-
.
-
|
-
|
.
L
-
-
.
k=
|
-
e
.
-
L
.
-
|
.
|
-

-

|

-
-
-
-
|
|

|

|
-
-
-
-

|
-
-
-
-

|

|

|

|

|

|
-

|
.

|

-

*
.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
S
=
-
.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
-

.
i
i
i
i
i
i
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
L
-

|
-

|

|

|
-

-
-
-
-
-
-
-
.
-
-
-
.
-
-
-
.
.
-
o
.
-
-
-
7
i

¥
-

-
-
-
-
-
-
-
9

-
-
.
-
-
o
4
-
o
-
-
-
-
-
.
-
-
-
.
.
%
Y

“
-
-

-

-

e

=

-

gﬁ

s

-

!

-

-

-

-

-

.

.

¢

!

.

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

.

.

.
.
.
-
-
.
.
.
.
-
-
.
.
.
.
.
.
.
.
.
.
-

.
o
-
-
-
-
.
-
-
-
-
-
.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
-
.
-
-
-
-
-
.
-
-
-
-
-
.
-
-
-
-
.
-
-
-
.
.
-
-
-
-
.
.
-
-
-
-
-
-
-
-
k.
-
-
-
|
-
-
-
-
-
-
-
-
-
=
-
-
=
.
P
o
-
-/
S
T
1

-
=
.
-
-

o

-

-

=

=
.
-
-
-
-
-
-
-
-
-
-
-
L
-
o
P
L
L
-
-
-
-
-
B
P
b
-
-
e
P
L
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
L
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
L
L
LN

-

i
=

-
-

e
?

-
.

-
-
|
-

-
¢
.
o
L
o
L
o
L
o
L
o
L
o
L
o
L
o
L
o
L
o
L
o
L
=
L
"t
o
e
!
o
=

=
=
=
=
%
-
/
/
B,
g
.
-
)
i
—
)
-
-
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
.
-
-
.

-

.
.
-

8

.
|

) |

L

.

.

et

*

:

|
#
-
-
)
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
o
-
:;:I;x
:;:I;x
:;:I;x
:;:I;x
:;:I;x
:;:I;x
:;:I;x
:;:I;x
:;:I;x
:;:I;x
:;:I;x
:;:I;x
::I:‘x
-
-
:;:I;x
o
-
-
E»n
-
:%
-
:;:I;x
:;:I;x
:;:I;x
o

<
?%
|
|
<
/
o
\

i

i
-

-
B

-
-
.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
-
-
-
-
.

e
=
i
\ )
1)
'
¥
i

=
ok
*
<
@
-
()
o
>
-
-~
ﬁpw
A
-
|
o
L
o
L
o
L
.
L
.
L
o
L
o
L
o
L
.
L
.
L
o
L
o
L
o
L
.
L
.
L
o
L
o
L
o
L
.
L
.
L
o
L
o
L
o
L
.
L
.
L
o
L
o
L
.
S
.
L
.
L
o
L
o
L
o
L
.
L
.
L
o
L
o
L
o
-
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
o
L
.
L
o
S
4%%
-
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
b
-
L

o

=
.
%%
-
-
-
-
-
-
-
-
-
-
-
-
-
?%
-
-
-
-
-
-
-
-
-
-
-
§§
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
%%
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.

i

.

.
P
P
P
P
P
P
P
P
P
P
|
|
|
E
|
|
|
|
|
|
|
|
|
|
|

.

g

-
Z%
|
|
|
|
|
|
|
|
|
|
|
|

-
Z%
|
|
|
|
|
|
|
|

-
P
*%
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

L L i -

|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

- .

|
|
|
|
|
|
|
|
|
|
|

Chainage (km)

Area where warning
condition occurs

Micrometer

|

-
I
|

1

o

=
-

-
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - =

P ... ... ... ... ... ... ... ... ... ... ... ...
T e
. ... ... ... ... ... ... ... ... ... ... ...

T

=

WBIA benchmarking of BLI at 100kN 3m left of centre line

L .
... e
... | ...
. ...

... ...

...
.
.

Chainage (km)




0.70
0.80
0.90
1.00
1.10
1.20
1.30

1.40

WBIA benchmarking isograph of BLI at 100kN drop weight for FWD

1.50

1.60

1.70

1.80

1.90

o
o
N

Ch

2 ] 8
o o o
ainage (km)

2.40

2.50

2.60

2.70

2.80

2.90

3.00

3.10

® 1000-1500
@ 500-1000
m 0-500

3.20
3.30

3.40

3.50

BLI 13m left
BLI10m left
BLI 8m left
BLI 5m left
BLI 3m left
BLICL

BLI 3m right
BLI 5m right
BLI 8m right

BLI Isograph identifying all area where bas e/surfacing combination may be in

warning condition




| Hosea Ktako Internatiol Airrt HI)
- 40km outside Windhoek, Namibia

ER200MEuropa I'f-_-chrtzlngltse'.

ImagelE€i200TR0igitalGlobe

Streaming







Delamination due to shearing and shoving of




Delaminated areas where upper
layer can be lifted by spade
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Eros Domestic
Airport in
Windhoek,
Namibia.

Recent FWD
survey done on
main runway to
identify structural
capacity problems
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There is a structural problem, but which layer?
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The base is structurally deficient
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Waterkloof Airforce Base ,
Pretoria, South Africa

Rehabilitation and upgrade
of runways and taxiways

Major problems with
dolomitic sinkhole
formation
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STRUCTURE
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Visual condition rating using RAG system to rate runway condition

FWD deflection bowl parameter benchmarking confirmed most of
the distress observed originate from the subgrade
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Conclusions

Empirical relations of maximum deflection only may give
misleading answers of pavement structural strength

eLinear elastic multi-layered elastic modelling has some
credibility problems if used with back-calculation
procedures in the hands of the lesser informed

e The identified zones on actual measured deflection bowls
correlate well with the structural zones and response of a
pavement structure

e The RAG system of structural condition rating as used on
road pavement visual condition rating is well calibrated
with accelerated pavement testing

e This RAG system can be used to benchmark zones in the
pavement structure on a comparative basis

e Extrapolation the linear elastic response allows for
credible use of the RAG deflection bowl parameter system
with airport pavement structures



