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1.1. ��	����"#�
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3.3. ��	����(#��
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• 1����4�56�0�'��
�'����	+�(Wheel load) #�$
���,+��
����.�'��56�0�'����27�8%�����9:%�
/��$-����
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• )6��$��	&	'�=4&���>��	+�27�8%����� (landing 
gear ) )&�,�,-���'����	+��.��,;

• ,+��������2?8%�1@���'�<�-(0+�*2A=3�5�
-$����#�$���0�8�

�%��1	�1	��(
B 
����.�6��'�,����'�27�8%����,;���
27�8%�����<
+ C
����,�$)
��
D�??85�#�$��-��
�%6�2
��
�	&�-�
�+��<0	-��� (runway shoulder)

• #�$����	&���,-�,+��
����.��7$���+��)��<�7$��
�+�����27�8%����,;�4&�6��������:5�<
+

E.$�G* Corps of EngineersE.
(3+$�G* CBR �6�0�
7$��0�����3'5�,-��B��� Pavement 
9:%�����0��3-���������'?�2�����<
+�6����A:�=��*

��,�>��$-�
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1. �-��,-�����

��7W4D�?���$'

W�*%)&(3+�-�
�+��
2. �*�+��/	�*%238%�.8�<
+$-�(3+<
+#	
*
3. �6���(3+�'�
������<
+�-���	&�$
2�Z$

)�����A:�=�0�7$��
'�?'�G;�&0$-��7$��0��������	�
��� 
�56�0�'�	+� 7$��
'�	���� �	& CBR )&<
+7$��0�������� (t) 78�

t = [ P[1/(8.1*CBR) - 1 / (πp) ] ] 1/2

8% : 1

55

2�8%�?�)��4�.:�1����4���)��)�(Traffic Repetition) 
(3+�'�
���*%�* CBR 10-20 %

t = ( 23.1 logC+14.4 ) / 100 * [ P[1/(8.1*CBR) - 1 / (πp) ] ] 1/2

.+�	+�27�8%������*�56�0�'�
/����
t = αi { A1/2 [ 0.0481-1.1562 ( logCBR/Pe ) - 0.6414 ( logCBR/Pe )2

-0.4730 ( logCBR/Pe ) 3 ] }

�6�0�
(0+
t = 7$��0��������, ��5$
αI = Load Repettion factor  0�<
+)�� 

D�?�*% 1
85��*%
 :% 5

66

A = ?85��*%
'�#'
���	+�(
	+�0�:%�, ,�.��5$
C = )6��$� Coverage
CBR = 7$����Z�������$'

W3'5��*%?�)��4�
Pe = ESWL/A
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�#�D/���*%(3+(���������� 
)�*��� 2, 3, 4 "��"����
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��	(����
)9��

� ������'.:
"����
�'�
3�� !
� ��,����#��
� "��CBR��	��%
"�� CBR ����#��
����'��
 50% �	���
��"�� CBR �9����� 50%
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� �	���

*3!
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 �� CBR .
%��$ 1-3% ��	��	"����
�
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Crack crashed aggregate
Water bound macadam
Dry-

7$��0�����#�$����	&?85����
"����
�2�#��,����*3!
�����%��������	2�
����� 3 

.
%���� �"��������
��	(��)�*��� 2, 3, 4 

?85��*%,-�)��1	�����$�%����
������

1515

���.
%��$ 350 '�2
 ��	��'��������������� !� 2 �	�� 
������'���� �"�����	������������ ��%��"����
�'���� �
"
&���
&������������ '
3���(��.
���$��
(
�(
�
*3!
�����
	����� 
��	�#��
 ��
$�D,�'D�
'���
 !


1616

Ex1 )�������
������
6�0�'�27�8%���*�56�0�'�1���	�� 
Traffic Area Type A C
��*$'
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$�G*����7���
� ( Canadian  Practice )
��	���� Transport Canadian Practice ",$��� 2������
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 �
!#��
 ������
" 
�����-������ Plate 

R

2020

Bearing Test �
��������	���
'��R� φ 762 ��. ����
�����	
'����
��
,�2 � 12.5 ��. C!#�� 
 10 "
 !� 

�'5�,�����������,��$�G*����7��
�
1.�6�0�
�	W-��56�0�'����27�8%���*%)&��(3+
������)��,�����*% 5 
2.0�7$��
����.���
��7'����)�����

�� Plate Bearing Test ��#�$
���2�-� �	+$�6�<10� Bearing Strength ���
��7'���� )�D�?�*% 5 0�8�
)�����)6����
��)��,�����*% 4

3 0�7$��0��2�*��2�-����$'

W�$	0��� (Equivalent Granular 

2121

3.0�7$��0��2�*��2�-����$'

W�$	0��� (Equivalent Granular 
Thickness) 

4.(�1�&2�A�*%�*����A0��$)'
���)&,+��0�7$��0��2?8%�1@���'���(0+�56�(,+

��21x��56���Z�)��D�?�*% 7 

5.2	8��7-�7$��0���������*%)&(3+������,���+� 3 �	& 4 C
�(3+7-����21x�
7-��������	&(3+,�����*% 6 
6�0�'����21	*%���1	����3��
$'
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(3+$�G*�

�� CBR (����0�7$��
����.(�����'�������
����
1�&������������7$��0�������� C
����)6����
���&�� Unified 
System (�,�����*% 9
 
�56�0�'����27�8%������*%(3+(����������

( + 5 *% 8% :5 C ( +

$�G* Federal  Aviation Administration Method (FAA)
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(3+�56�0�'�����W�
/�
W
�4&�*%27�8%��)&�:5���� C
��6�0�
(0+ 95% ���
�56�0�'��'5�0�
	�,�� Main Gear �	&�56�0�'��*� 5% 	��*%2?	�0�+�

1����4���)��)�
A:�=�2�*%�$�'��+��/	���)��)�(��
*, 1{))W�'� �	&7�
7&2�.:����7,

���27�8%������,-	&����*%)&��(3+(�
������ 2?8%�)&�6���3-$��6�0�
3��
�	&
������27�8%������*%)&�6���(3+�������	&76��$47$��0�����C7��
�+�����

Design of Flexible Airport Design of Flexible Airport 
PavementPavement

Federal  Aviation Administration 
Method (FAA)
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Federal Aviation Administration MethodFederal Aviation Administration Method
�������������� FAAFAA �#��
���	�#��
���	��	��
(#��
���
�����	��
(#��
���
��� Unified SystemUnified System

Major DivisionsMajor Divisions Groups symbolsGroups symbols

CoarseCoarse--grainedgrained
Soils more thanSoils more than
50% retained on50% retained on
No. 200 sieve No. 200 sieve 

Gravels 50% or more of coarse Gravels 50% or more of coarse 
fraction retained on No.4 sievefraction retained on No.4 sieve

CleanClean GWGW

GravelsGravels GPGP

Sands less than 50% of coarse Sands less than 50% of coarse 
fraction retained on No.4 sievefraction retained on No.4 sieve

Gravels withGravels with GMGM

FinesFines GCGC

CleanClean SWSW

S dS d SPSP

3333

SandsSands SPSP

Sands withSands with SMSM

FinesFines SCSC

FineFine--grainedgrained
Soils 50% or lessSoils 50% or less
Retained on No.200Retained on No.200
SieveSieve

Silts and clays liquid limit 50% Silts and clays liquid limit 50% 
or less or less 

MLML

CLCL

OLOL

Silts and clays liquid limit Silts and clays liquid limit 
greater than 50%greater than 50%

MHMH

CHCH

OHOH

Highly organic soilsHighly organic soils PTPT 3434

Major DivisionMajor Division Group                  Field                      SubgradeGroup                  Field                      Subgrade
Symbols              CBR                      Modulus,kSymbols              CBR                      Modulus,k

CorseCorse--grainedgrained
Soils more than 50% retained on no.200Soils more than 50% retained on no.200

SieveSieve
Gravels 50% or more of coarse fractionGravels 50% or more of coarse fraction

Retained on no.4 sieveRetained on no.4 sieve
Clean gravelsClean gravels

Gravels with finesGravels with fines

Sands less than 50% of coarse fractionSands less than 50% of coarse fraction
Retain on no.4 sieveRetain on no.4 sieve

GW                     GW 6060--80                     300 80 300 or moreor more
GP                       GP 3535--60                     300 60 300 or more        or more        
GM                      GM 4040--80                     300 80 300 or more  or more  
GC                       GC 2020--40                     20040 200--300300

3535

Clean sandsClean sands

Sands with finesSands with fines

FineFine--grainedgrained
Soils 50% or less retained on no.200sieveSoils 50% or less retained on no.200sieve

Silts and ClaysSilts and Clays
Liquid LimitLiquid Limit
50% or less50% or less
Silts and ClaysSilts and Clays
Liquid LimitLiquid Limit
Greater than 50%Greater than 50%

Highly organic soilHighly organic soil

SW                       SW                       2020--40                     20040                     200--300300
SP                        SP 1515--25                     20025 200--300 300 
SM                       SM 2020--40                     20040 200--300300
SC                        SC 1010--20                     20020 200--300300

ML                        ML 55--15                      10015 100--200200
CL                         CL 55--15                      10015 100--200200
OL                         OL 44--8                        1008 100--200200
MH                        MH 44--8                        1008 100--200200
CH                         CH 33--5                         505 50--100100
OH                         OH 33--5                         505 50--100100
PT PT
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�����"#�
�$",$��� 2���
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�����"#�
�$",$��� 2���
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������
'*3����	�
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������"���
�
����������
 !
�#��
���	��	�����
����������
 !
�#��
���	��	���� CBRCBR -���	�'.:
��
������
�	�������-���	�'.:
��
������
�	�������
��	��	������2
X�
�����	��	������2
X�
��� ASTMDASTMD--18831883 ��%�	�'.:
��
������
�
����	��	������%�	�'.:
��
������
�
����	��	����
��2
X�
�����2
X�
��� The Asphalt Institute (MSThe Asphalt Institute (MS--1010))
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���������#�$������
���������������#�$������
������
�������2	��
#�����	�
��
"#�
�$��������������	����������2	��
#�����	�
��
"#�
�$��������������	���

•• 
!#��
 ��9��,��$%�#���
��
�&!
���'"
3�����

!#��
 ��9��,��$%�#���
��
�&!
���'"
3�����
(maximum takeoff weight)(maximum takeoff weight)

•• (#�
�
��%� ��$%���X�
�	����'"
3�����
(#�
�
��%� ��$%���X�
�	����'"
3�����
(landing gear)(landing gear)

•• �
�� 
���
�	���%�
�� 
���
�	���% contact areas contact areas ����	�����	�
•• .
���$��
��	��
.
���$��
��	��
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C&����
������(%�2�2���� 
2��(#�
�
��%� ��$%���X�
�	�C&����	���C&����
������(%�2�2���� 
2��(#�
�
��%� ��$%���X�
�	�C&����	���

•• SingleSingle--geargear
•• DualDual--geargear
•• DualDual--tandemtandem--geargear
•• WideWide--body aircraftbody aircraft

�'5�,�����������#�$������
�������'5�,�����������#�$������
������

1.1. �#���
*���
$+.
���$��
��	��
2��.Y�����
	��#���
*���
$+.
���$��
��	��
2��.Y�����
	� -��2	��"����
$+� !�.
���$��
��	��
��%������-��2	��"����
$+� !�.
���$��
��	��
��%������
'"
3�����
���(%����	��
'"
3�����
���(%����	��
 ��
"����
$+.
���$��
��	��

 !
����
�
#��	��9��
���2����	����������2�"#�
�$��
"����
$+.
���$��
��	��

 !
����
�
#��	��9��
���2����	����������2�"#�
�$
��	��������2��"���'���%����	��������2��"���'���%��

2.2. ��������'"
3�����
���(%��	'.:
'"
3�����
��������������'"
3�����
���(%��	'.:
'"
3�����
������ (design aircraft)(design aircraft) C&��'.:
������'"
3�����
���2	����
C&��'.:
������'"
3�����
���2	����

"����
������������������"����
������������������ ����	-��"#�
�$�
��
*3!
���'���(������	-��"#�
�$�
��
*3!
���'���(�� 9595%%���
!#��
 ����'"
3�����
�������
���
!#��
 ����'"
3�����
�������
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"����
�����������������,�"����
�����������������,� ����	-��"#�
�$�
��
*3!
���'���(������	-��"#�
�$�
��
*3!
���'���(�� 9595%%���
!#��
 ����'"
3�����
�������
���
!#��
 ����'"
3�����
�������

X�
�	��� �X�
�	��� �(main landing gear)(main landing gear)C&��(����
"#�
�$
 !
�
����
*�$���+� ���.
 !
(%��'"
3�����
���C&��(����
"#�
�$
 !
�
����
*�$���+� ���.
 !
(%��'"
3�����
���
Boeing Boeing 727727--200200

3.3. ��"����"�� equivalent annual departuresequivalent annual departures �
3�.
���$��
��	��
2��.Y���'"
3�����
�2��%
,�
-��(%.
 ��
3�.
���$��
��	��
2��.Y���'"
3�����
�2��%
,�
-��(%.
 �
"��.
���$��
��	��
2��.Y-��"��(��� ��$%X�
�	�'����� ����'"
3�����
������"��.
���$��
��	��
2��.Y-��"��(��� ��$%X�
�	�'����� ����'"
3�����
������ -������	(���92
-������	(���92


Log R 1 = log R 2 ( W 2 )

W1

1/2

RR 11 == Equivalent annual departure by design aircraftEquivalent annual departure by design aircraft
RR 22 == Annual number of by departure by an aircraft in     Annual number of by departure by an aircraft in     

term of design aircraft landing gear term of design aircraft landing gear 

Log R 1 = log R 2 ( W2 )
W1

1/2

3939

configurationconfiguration
WW 11 == Wheel load of design aircraftWheel load of design aircraft
WW 22 == Wheel load of aircraft being convertedWheel load of aircraft being converted

-����
��"�� Annual number of by departure by an aircraft in  term of design Annual number of by departure by an aircraft in  term of design 

aircraft landing gear configuration ,aircraft landing gear configuration , R 2 "��-��
#�.
���$��
��	��
2��.Y��"9$
� �"��2��2�
��2���.
�!

����6�0�
 Equivalent Annual Departure ���27�8%������*%(3+������
21	*%��7-��56�0�'�	+�(0+2�+���/-(���,�>��2
*�$�'� C
�(3+,�����*% 10 

21�*��2�*���'�27�8%���*%(3+������ 

���0� Equivalent Annual Departures ���27�8%�����)��
/,�
Log R1 = log R2 ( W2/ W1) 1/2

4040

1 2 2 1

�6�0�
(0+
R1 = Equivalent annual departures by the design aircraft
R2 = Annual departure expressed in design aircraft landing gear
W1 = Wheel load of the design aircraft
W2 = Wheel load of the aircraft in question

���������7$��0�����#�$���	�
���
(3+�#�D/�������� ,��D�?�*% 8-16 C
�?�)��4�)��7-� CBR ���
��7'�

����	&?85�����56�0�'����27�8%����������� )6��$����27�8%������:5�,-�1} (annual 
departures) ���W���(3+��� 20 1} 7-�7$��0���*%76��$4<
+)���#�D/���*%������21x�
7$��0���$����#�$����	&?85����20�8�
��7'����(����2$4 Critical Area �	&

% 5 5

4141

2�-��'� 0.9t (����2$4 Non-Critical Area D�?�*% 7 (3+�6�0�
7$��0�����3'5�?85�
���)��7-� CBR �	&7-�7$��0�����C7��
�+������'5�0�


(�
�������*%�*���)��)�
/�����$-� 25,000 7�'5�,-�1} )&,+��2?�%�7$��
0�����C7��
�+�����,��,�����*% 11 �	&7$��0�����#�$���	�
���)&,+��2?�%�
�*� 3 ��.

Actual aircraftActual aircraft
landing gearlanding gear

Design aircraft      Design aircraft      
landing gearlanding gear

Multiplies for actual to obtain Multiplies for actual to obtain 
equivalent departuresequivalent departures

SingleSingle--wheelwheel DualDual--wheelwheel 00..88

DualDual--tandemtandem 00..55

ll h lh l S lS l h lh l 11 33

,����,���� Annual number of by departure by an aircraft in term of design Annual number of by departure by an aircraft in term of design 
aircraft landing gear configurationaircraft landing gear configuration

4242

DualDual--wheelwheel SingleSingle--wheelwheel 11..33

DualDual--tandemtandem 00..66

DualDual--tandemtandem SingleSingle--wheelwheel 22..00

DualDual--wheelwheel 11..77

DoubleDouble--dualdual--tandemtandem DualDual--wheelwheel 11..77

DualDual--tandemtandem 11..00



,'$��-��,'$��-�� An airport pavement is to be design for the traffic mix tabulated below . An airport pavement is to be design for the traffic mix tabulated below . 
Convert the traffic to equivalent DCConvert the traffic to equivalent DC--88--6161 departuredeparture

AircraftAircraft
(Wheel Configuration)                Annual  Departure             Load per Wheel,W(Wheel Configuration)                Annual  Departure             Load per Wheel,W
CVCV--880880(Dual(Dual--tandem wheel)                       tandem wheel)                       3300                            218003300                            21800
DCDC--99--3232(Dual wheel)                                   (Dual wheel)                                   11000                          2520011000                          25200
DCDC--88--6161(Dual(Dual--tandem)                                 tandem)                                 3000                           39400       3000                           39400       

((��	'.:
��	'.:
 design aircraft)design aircraft)

For the CVFor the CV--880 880 groupgroup
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For the CVFor the CV 880 880 groupgroup
log R log R 11 = log(= log(11xx30003000) () (2180021800//3940039400)  =) =22..59665966

RR 11 == 395395
For the DCFor the DC--99--32 32 groupgroup

log Rlog R11 = log(= log(00..66xx1100011000) () (2520025200//3940039400)  =) =33..05470547
RR 11 == 11341134

For the DCFor the DC--88--61 61 group and total equivalent  group and total equivalent  
DCDC--88--61 61 annual departure = annual departure = 395395++11341134++30003000= = 45294529
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�	� ��� single-wheel

4646

)�* ��
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�	� ��� dual-wheel
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5959 6060
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$�G* Mcleod
Mcleod (3+�+��/	)�����
6��$) �	&�

�����	�
���(�
�������*%�*��/-

(�1�&2�A�7��
� C
�(3+ Plate Bearing Test ����
	��<
+��&�6��*%#�$��� 
?85�����	&
��7'���� �4&2
*�$�'��Z(3+$�G* Cone Bearing Penetrometer, 
CBR �	& Triaxial �

��
��7'����7$�7/-�'�<12?8%�)&0�7$��
'�?'�G;�'�
7-��*%<
+)�� Plate Bearing Test ����6� Plate Bearing Test ��&�6�956��'�0	��
7�'5� (Repettition Load Test) C
�
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7�'5� (Repettition Load Test) C
�
1.�������
�#-�20	Z�)���&�'%��*�����W
,'$∆ = 0.05″ �	&��(0+�',�����
��W
,'$∆ �*<�-2��� 0.001″/���* ,�
,-��'�3 ���* �	+$1	-������
)�7-���W

,'$∆ 21	*%���1	�<�-2��� 0.001″/���* ,�
,-��'� 3 ���*
2.��������&�6�,���+� 1 �*�6 7�'5�
3.2?�%�����
(0+<
+ ∆ = 0.2″ �	+$1	-������
 ��&�6�
+$�����
���

2
*�$�'�956� 6 7�'5�

4.'*����
�����	��	 ∆ = 0.4″ ��	�.�����
��� �
%�#�C!#�� 
��� 6 
"
 !��	���
��
��'����� 

5.��	�	��9������	(����
�����'���
�
�/ ∆ VS. log no.of 
Repettition  ���'�	
2
����
(,� 6(,� ��	�2��'�	
2
����
(,� 10, 
100, 1000 "
 !�

(���	��9������	(����
������
�
�� ��%(���
1&����	��9�
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'��R�
10 "
 !� ��	���
'��R��
,�2 � ∆ = 0.5″ ��%���� � ��
(�� ��	
����
������
'��R� 10  "
 !�∆ = 0.35″
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 ���	������"����
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�6�0�
(0+
T = "����
����*3!
������2	����
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3�����
, .�
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S = �
�2	�
�����
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���'
3���(���
� P, .�
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"��"���� K "#�
�$��	(���	��9� Plate Bearing Test C&��(%��"��'.����
�.��2��
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'��R������	����� �9)�*���19
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��2?8%����������
��	���
'��R� φ 30″ �������
�
,�2 �
1.������� �#��
���	 ∆ = 0.5″ �����C!#� 10 "
 !�
2.���� � �#��
���	 ∆ = 0.35″ �����C!#� 10 "
 !�
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A = (
!#��
 ��	�/�
�� 
��×¶ )1/2

2.��� 2
����
 P/A = ¶d*4/¶d2 = 4/d 

3.��� 2
����
 Subgrade Support/Unit Support φ 30" plate @ 0.2" (��)�*��� 20
4.�� Design Unit Support (��"�� Ratio �
�	� 3 "9$�	�� Unit Support φ 30", ∆ = 0.2"
5.�� Total Support (��
!#��
 ��	� �
3�.
%��$(��

7171

5.�� Total Support (��
!#��
 ��	� �
3�.
%��$(��
S = Modulas of subgrade Reaction (K)/ 0.00777

6.��	�92
 T = K log(P/S) "#�
�$��"�� "����
����-"
��
	�����
7."��"����
����"#�
�$��	 "3�"����
���� Granular Base
8."����
�� !
2�#������������%*3!
��� �#��
 ��	�����������2�#����� 150  .�
�+/2
.
�!�

'���� � 2.5 " ��% 9" �#��
 ��	������������9����� 150 .�
�+/2
.
�!� '���� � 4" ��% 
12" 2���#�� �
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,'$��-���*% 4 )������
	�� Plate Bearing Test 956��'� 10 7�'5� 
+$��#-�20	Z����
 φ
30", ∆ = 0.2" �������
 36 1��
;/,�.��5$ )������� Runway (0+�'��56�0�'�	+�
2
*%�$ 60,000 1��
; �*���
'�	�(�	+� 150 1��
;/,�.��5$
$�G*�6�

A = (60,000/150¶)1/2 = 11.3 ��5$
P/A = 4/d = 4/22.6

= 0.177
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)��D�?�*% 20, Plate φ = 22.6", P/A = 0.177
Subgrade Support at ∆ = 0.5� / Unit Support , φ 30 ", ∆ = 0.2"= 2.1

C)��;�6�0�
 Unit Support = 36 1��
;/,�.��5$
)&<
+ Design Unit Support ∆ = 0.5" = 2.1×36

= 75.5 1��
;/,�.��5$
Total Support = 75.5 * ¶ * 22.6 2/4

S =  30,300 1��
;

)��D�?�*% 19, Plate φ = 22.6"
K = 55
T = K log (P/S)

= 55*log (60000/30300)
 = 16.32 ��5$

)��
/,��*%�6�0�
(0+ Mcleod <
+�6�0�
 Design Chart 2?8%�(3+
5 + *% *% +
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'�D�?�*% 21, 22 �	&	+�7/- 23
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The End .


