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Overview of South African Mechanistic
Pavement Design Method

H. L. THEYSE, M. DE BEER, AND F. C. RusT

A historical overview of the South African mechanistic pavement
design method, from its development in the early 1970s to the present,
is presented. Material characterization, structural analysis, and pave-
ment life prediction are discussed, and stiffness values are suggested
for arange of materialsin the absence of measured values. The modes
of failure for these material typesinclude the fatigue of asphalt mater-
ial, deformation of granular material, crushing and effective fatigue of
lightly cemented material, and deformation of selected and subgrade
material. The critical parameters and transfer functions for these mate-
rial types and modes of failure are discussed and included in the pave-
ment life prediction process.

The South African mechanistic design method (SAMDM) and the
development of certain components of the method have been pub-
lished extensively since the 1970s. These discussed the mechanistic
design approach (including material and pavement behavior, design
traffic, desired service level, etc.) aswell as the actual mechanistic
analysis procedure.

The purpose of this study is to give an overview of the cur-
rent mechanistic analysis procedure and not the complete mech-
anistic design approach. The study discusses the historical de-
velopment and the procedure as it is used currently, including
components of the procedure that have been developed recent-
ly. Figure 1 illustrates the basic mechanistic design analysis
procedure.

The process starts with the load and material characterization,
including layer thickness and elastic material properties for each
layer in the pavement structure. The structural analysiswill usually
involve a linear elastic, static analysis of the multilayer system,
resulting in the pavement response to the loading condition
expressed in terms of stresses (o) and strains () at critical positions
in the pavement structure.

The pavement response serves as input to the transfer functions
for each material type, relating the stress-strain condition to the
number of loads that can be sustained before a certain terminal
condition isreached. This paper focuses on the material characteri-
zation, structural analysis, and transfer function components of the
procedure currently used in South Africa.

HISTORICAL DEVELOPMENT OF SOUTH
AFRICAN MECHANISTIC DESIGN METHOD

Details of thefirst simplified mechanistic design procedurein South
Africawere presented in works locally (1) and internationally (2).
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0001, South Africa.

At that stage no values for the characterization of the pavement
materials were provided and it was suggested that material charac-
terization should be done by laboratory and field testing for each
design. Transfer functionswere provided for the fatiguelife of thin
asphalt surfacing layers (3) but no transfer functionswere provided
for thick asphalt base layers. A fatigue transfer function for crack
initiation of cemented material (4—6) wasincluded. The only crite-
rion provided for granular baselayerswas that the working stresses
should be limited to 70 percent of the static shear strength or that
the safe working stresses should be determined from repeated | oad-
ing triaxial tests. The same criterion was suggested for the selected
layers and subgrade material.

In addition to providing criteria for predicting material and
pavement behavior, elastic properties were suggested for different
road building materials in South Africain 1978 (7). The fatigue
criteriafor thin asphalt layers remained the same as those given in
1977 but transfer functions were included for thick asphalt base
layers (7).

The same fatigue criterion given for cemented material in 1977
was used. In addition, the concept of the safety factor for limit-
ing the permanent deformation of granular material was based
on work done by Maree (8). Criteria developed (9) for limiting
the permanent deformation of the selected and subgrade material
were also included.
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TABLE 1 Road Categoriesand Approximate Design Reliabilities
Used in South Africa

Approximate design reliability

Road Category Description (%)
A Interurban freeways and major 95
interurban roads
B Interurban collectors and major 90
rural roads
Rural roads 80
D Lightly trafficked rural roads 50

During the early 1980s, attention was focused on the use of
the SAMDM for new pavement design and rehabilitation design
(10,11). At that stage the method had been developed and tested
extensively through accelerated testing of pavements with the fleet
of heavy vehicle simulators (HV Ss) in South Africa. The transfer
functions for asphalt material were extended to include fatigue
transfer functions for thick asphalt base layers for a range of stiff-
ness values (12).

The criteriafor predicting the behavior of cemented and granu-
lar material remained the same as in 1978. However, the criteria
set for limiting the permanent deformation of the selected and

subgrade material (9) were modified according to work done at
the U.S. Army Engineers Waterways Experiment Station (13).
The design method was last updated in 1995 (14,15) to revise
the South African catalogue of pavement designs (16).

Transfer functions were modified to include the approximate
performance reliability required for the different service levels
attached to the different road categoriesin South Africaasgivenin
Table 1.

The concept of crushing in lightly cemented layers was intro-
duced, based on observations under HV S accel erated pavement test-
ing, while the original fatigue criterion for cemented layers was
replaced by effective fatigue criteria (17).

The design method was calibrated extensively against the experi-
enceof road engineersfrom different road authoritiesin South Africa
in the process of revising the catalogue of pavement designs (16).

MATERIAL CHARACTERIZATION FOR
CURRENT SAMDM

The standard road building material classification for South Africa
issummarizedin Table 2 (18). The suggested stiffnessvaluesgiven
in this section for these materials should only serve as a guideline
to be used in the absence of laboratory or field measured values.

TABLE 2 South African Road-Building Materialswith Material Codes

SYMBOL [CODE| MATERIAL

ABBREVIATED SPECIFICATIONS

VVV V] g1 |Graded crushed
YAVAV, stone

AAAY G2 |Graded crushed
\YAVAV/ stone

vvvy G3 |Graded crushed
: v VV : stone

8F

G4 | Natural gravel

G5 | Natural gravel

Natural gravel

Gravel-soll

Gravel-soll

Gravel-soll

G10 |Gravel-soll

Dense - graded unweathered crushed stone ; Max size 37,5mm;
88% apparent relative density; fines Pl < 4.0 (min 6 tests)

Dense - graded crushed stone ; Max size 37,5 mm ; 100 - 102%
mod. AASHTO or 85% bulk relative density; fines Pl < 6
(min 6 tests)

Dense - graded stone and soll binder ; max size 37,5 mm,
98 - 100% mod. AASHTO ; flnes Pl < 6

cBR < 80 ; max size 53mm ; 98 - 100% mod. AASHTO ; Pl < 6
Swell 0,2 @ 100% mod. AASHTO.

*
CBR & 45 ; max size 63mm ; or % layer thickness , density as
per prescribed layer of usage , Pl < 10;
Swell 0,5 @ 100% mod. AASHTO.

cBR 4 25 ; max size 63mm ; or % layer thickness, density as
per prescribed layer of usage , Pl < 12 ;
Swell 1,0 @ 100% mod. AASHTO.

CBﬁ <4 15 ; max size %Iayer thickness , density as per
prescribed layer of usage , Pl < 120r2 GM + 10 ;
Swell 1,5 @ 100% mod. AASHTO.

CBR < 10; at Insitu density ; max size %Iayer thickness , density

as per layer of usage, Pl <120r2GM + 10 ;
Swell 1,5 @ 100% mod. AASHTO.

CBR < 7 ; at Insitu density ; max slze %iayer thickness , density

as per layer of usage, Pl < 120r2 GM + 10 ;
Swell 1,5 @ 100% mod. AASHTO.

CBR < 3; at Insitu density ; max slze %ayer thickness , density
as per layer of usage , or 90% mod. AASHTO.

* CBR at fleld compaction density
GM: Grading Modulus

GM = p2,00mm+ p0,425mm+ po,o75mm

100

where p 2,00 mme1C+ denote the percentage retained on Indicated sieve size.

(continued on next page)



TABLE 2 (continued)
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SYMBOL|CODE MATERIAL

ABBREVIATED SPECIFICATIONS

C1 Cemented cru?hed
stone or grave

c2 Cemented crushed
stone or gravel

C3 | Cemented natural

UCS 6 to 12 MPa at 100 % mod AASHTO ; spec. at least
G2 before treatment ; dense - graded

UCS 3 to 6 MPa at 100 % mod. AASHTO ; spec. generally
G2 or G4 before treatment ; dense - graded

UCS 1,5 to 3,0 MPa and ITS = 250 kPa at 100 % mod. AASHTO ;
max. size 63 mm ; fines Pl < 6 after stablilization.

UCS 0,75 to 1,5 MPa and ITS = 200 kPa at 100 % mod. AASHTO ;
max. size 63 mm ; fines Pl < 6 after stabllization.

gravel
/’/////
,/rs777/ C4 | Cemented natural
17777 / gravel
a&oig EBM | Bitumen Emulsion
=== Moditled gravel
— <<
=== EBS | Bltumen Emulsion
L —

Stabilised gravel

0,6% - 1,5% residual bitumen

1,5% - 5,0% resldual bitumen

BC1 Hot - mix asphalt
BC2 | Hot - mix asphalt
BC3 | Hot - mix asphalt
BS Hot - mix asphalt

Continuously - graded ; max. slze 53 mm
Continuously - graded ; max. slze 37,5 mm
Continuously - graded ; max. size 26,5 mm
Seml - gap - graded ; max. slze 37,5 mm

Portland cement

pce Concrete

Modulus of rupture 4 4,5 MPa ; max size 3 75 mm

AG Asphalt surfacing
AC | Asphalt surfacing
AS Asphalt surtacing
AO | Asphalt surtacing

AP Asphalt surfacing

Gap graded
Continuously graded
Semi-gap graded
Open graded

Porous (Dralnage) Asphalt

— st Surface seal
—| S2 Surface seal
— S3 Surface seal
——— | S4 | Surface seal
—] S5 Slurry

— 1| Ss6 | Slurry

———| S7 | Slurry

—— | S8 | Surface renewal

S9 | Surtace renewal

Single seal
Multiple seal
Sand seal

Cape seal

Fine grading
Medium grading
Coarse grading
Rejuvenator
Diluted emulslon

YV ¥V V| wM1|waterbound macadam
WM2 [Waterbound macadam
Yvvv PM |Penetration macadam
YYVY DR [Dumprock

Max. slze 75 mm, Pl of fines 3 6, 88-90% of apparent density
Max. slze 75 mm, Pl of fines 3 6, 86-88% of apparent density
Coarse stone + keystone + bitumen

Upgraded waste rock, max size 3 layer thickness

UCS : Unconfined Compressive Strength.

ITS : Indirect Tenslle Strength.

Asphalt Material

Granular Material

Table 3 compares the elastic moduli suggested for asphalt materi-
alsin 1983 (11) with the values suggested in 1993 (19). The latter
values are effective moduli, backcal culated from multidepth defl ec-
tometer deflection measurements, and the earlier values are com-
pression moduli based on |aboratory measurements. The value used
for the Poisson’ s ratio of asphalt material is assumed to be 0.44 or
as measured in the [aboratory.

Cemented Material

Table 4 contains the suggested elastic moduli values for cemented
material in different phases of material behavior (20). The value
used for the Poisson’ sratio of lightly cemented material is 0.35.

Suggested elastic moduli for granular material, including selected
and subgrade material, are listed in Table 5 (19,20). The value used
for the Poisson’ sratio is0.35.

STRUCTURAL ANALYSIS

The structural analysisisnormally donewith astatic, linear elastic
multilayer analysis program. The standard design load for South
Africais a 40-kN dual wheel load at 350-mm spacing between
centers and a uniform contact pressure of 520 kPa.

The maximum horizontal tensile strain at the bottom of asphalt
and cemented layers is used as the critical parameter determin-
ing the fatigue life of these two material types. While the maxi-



TABLE 3 Elastic Moduli for Asphalt Layers

Material Depth Stiffness values (MPa) based on temperature and material condition
grading from
surface Good condition or Very cracked
(mm) new material Stiff, dry mixture condition

20° C 40° C 20° C 40° C 20° C 40° C

Values suggested by Freeme (11) in 1983

Gap-graded 0-50 4000 1500 5000 1800 1000 500
50 - 150 6000 3500 7000 4000 1000 500
150 - 250 7000 5500 8000 6000 1000 500
Continuously 0 - 50 6000 2200 7000 4000 750 500
graded
50 - 150 8000 5500 9000 6000 1000 750
150 - 250 9000 7500 10000 8000 1000 750

Values suggested by Jordaan (19) in 1993

Gap-graded 0-50 1000 200 2000 300 600 200
50 - 150 2000 300 3000 400 750 300
150 - 250 3000 400 4000 500 800 400
Continuously 0 - 50 2000 300 3000 300 750 300
graded
50 - 150 4000 400 5000 600 800 400
150 - 250 6000 1000 7000 1500 1000 750

TABLE 4 Suggested Elastic Moduli Values for Cemented Material

Original Code UCS (MPa) for Parent Material Code  Pre-cracked condition Post-cracked condition
pre-cracked
condition Phase 1 Phase 2 Phase 3
Stage 1: Intact Stage 2: Stage 3: Traffic Stage 4: Broken up in equivalent granular
(GPa) Shrinkage associated state (Mpa)

cracking cracking,

(MPa) traimsitit_)nal phase Dry Wet Equivalent
with mlcro condition condition code
cracking (MPa)

Cl 6-12 Crushed stone G1 6 - 30 2500 - 3000 800 - 1000 400 - 600 50 - 400 EG1
Crushed stone G3 EG2
C2 3-6 Crushed stone G2 3-14 2000 - 2500 500 - 800 300 - 500 50 - 300 EG2
Crushed stone G3 EG3
Gravel G4 EG4
C3 1.5-3 Gravel G4 2-10 1000 - 2000 500 - 800 200 - 400 20 - 200 EG4
Gravel G5 EG5
Gravel G6 EG6
Gravel G7 EG7
Gravel G8 EG8
C4 0.75-1.5 Gravel G4 0.5-7 500 - 2000 400 - 600 100 - 300 20 - 200 EG4
Gravel G5 EG5
Gravel G6 EG6
Gravel G7 EG7
Gravel G8 EGS8
Gravel G7 EGY

Gravel G8 EG10
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TABLES5 Suggested Ranges of Elastic Moduli for Granular Materials (M Pa)

Material Code  Material Dry condition Wet condition
Description
Over Over granular  Over Over granular
cemented layer or cemented layer or
layer in slab equivalent layer in slab equivalent
state state
Gl High quality 250 - 1000 150 - 600 50 - 250 40 - 200
crushed stone (450) (300) (250) (200)
G2 Crushed stone 200 - 800 100 - 400 50 - 250 40 - 200
(400) (250) (250) (200)
G3 Crushed stone 200 - 800 100 - 350 50 - 200 40 - 150
(350) (230) (200) (150)
G4 Natural gravel 100 - 600 75 - 350 50 - 200 30 - 150
(base quality) (300) (225) (200) (150)
G5 Natural gravel 50 - 400 40 - 300 30 - 150 20 - 120
(250) (200) (150) (120)
G6 Natural gravel 50 - 200 30 - 200 20 - 150 20 - 120
(sub-base quality)  (200) (150) (150) (120)
G7 Gravel - Soil 30 - 200 20 - 120
G8 Gravel - Soil 30 - 180 20-90
G9 Soil 30 - 140 20-70
G10 Soil 20 -90 10 - 45

mum tensile strain in a particular layer will not necessarily occur
at the bottom of the layer (21,22), the position of maximum tensile
strain is determined by the modular ratios of the pavement layers.
The transfer functions for these materials were, however, devel-
oped as a function of tensile strain at the bottom of the layer and
are used as such.

Very often, thelinear d astic analysis of apavement withagranular
base and subbase will predict atensile stressin the granular subbase,
resulting in almost no resistance against shear failure predicted by
the safety factor approach. The occurrence of tensile stressinagran-
ular layer isdetermined by theratio of thegranular layer stiffnessto
the subgrade stiffness (23,24) and is caused by the linear elastic
model using the same modulus for tension and compression. The
linear elastic model and the Mohr circle representation of atypical
stress condition in a granular subbase are illustrated in Figure 2 (a)
and (b).

A possible solution for this problemisto use amodel with differ-
ent tension and compression moduli as illustrated in Figure 2 (c).
Direct solution, linear elastic analysis packages cannot accommo-
date such material models, and finite element packages will haveto
be considered.

Although the current SAMDM does not use themode! illustrated
in Figure 2 (c), an adjustment is made to the major and minor
stresses calculated by linear elastic analysisto excludetensile stress
during the calculation of the safety factor against shear failure. If
atensile minor principle stressis calculated in agranular material,
the value is set equal to zero and the major principle stress is
adjusted under the condition that the deviator stress remain
constant. This stress state is represented by the Mohr circle in
Figure 2(d).

PAVEMENT LIFE PREDICTION

Two conceptsareinvolvedin pavement life prediction. Thefirstisto
predict theindividua layer life for each of the pavement layers and,
second, theultimate pavement lifeis predicted for thelayered system.

Layer LifePrediction

The basic material types considered are asphalt, cemented, gran-
ular, and subgrade materials. Each material type exhibits a unique
mode of failure linked to critical parameters calculated at specific
positions in the pavement structure under loading. Transfer func-
tions provide the relationship between the value of the critical pa-
rameter and the number of load applications that can be sustained
at that value of the critical parameter, before the particular material
type will fail in a specific mode of failure.

The following sections will describe each basic material type
with its accompanying critical parameters, modes of failure, and
applicable transfer functions.

Asphalt Material

Asphalt material fails because of fatigue cracking under repeated
loading as aresult of tensile strain (e;) at the bottom or in the layer.
A distinction is made between thin asphalt surfacing layers (<50
mm) and thick asphalt bases (>75 mm). Transfer functions are
provided for continuously and gap graded surfacing layers and
asphalt base layers with stiffnesses from 1000 to 8000 MPa. The
fatigue crack initiation transfer functionsfor asphalt surfacing layers
areillustrated in Figure 3 (14).
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FIGURE 3 Fatigue crack initiation transfer functionsfor thin asphalt surfacing layers.
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Figure 4 illustrates the fatigue crack initiation transfer functions
for thick asphalt bases. Figure 5 showsthe shift factor to convert the
crack initiation life to the total fatigue life after surface cracks
appear on the road surface. The total asphalt depth should be
considered to determine the shift factor.

Cemented Material

Cemented material may exhibit two failure modes, namely effec-
tivefatigue and crushing (17). The critical parametersfor cemented
material are (@) maximum tensile strain (e) at the bottom of the
layer controlling the effective fatigue life and (b) vertical com-
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pressive stress () on top of the cemented layer controlling crush-
ing life.

The effective fatigue transfer functions for cemented materials
areillustrated in Figure 6 (14). The default values suggested for the
strain at break e, (pe) and the unconfined compressive strength
(UCS) (kPa), of cemented material aregivenin Table 6.

These transfer functions (Figure 4) do not alow different layer
thicknesses. A shift factor for cemented material was therefore
introduced, allowing thicker layers to have an extended effective
fatigue life compared with thinner layers subjected to the same
strain. This shift factor isillustrated in Figure 7.

Transfer functions are provided for two crushing conditions,
namely crush initiation with roughly 2-mm deformation on top of
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FIGURE 4 Fatigue crack initiation transfer functionsfor thick apshalt base layers.
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FIGURE 5 Fatigue crack propagation shift factor for asphalt
layers.

the layer and advanced crushing with 10-mm deformation and
extensive breakdown of the cemented material. Figure 8 (14) illus-
trates the crush initiation (N;) and advanced crushing (Nc,) trans-
fer functions for cemented material.

Granular Material

Granular material exhibits deformation caused by densification and
gradual shear under repeated loading. The safety factor against
shear failure for granular materials used in the SAMDM (Equation
1) was developed from Mohr-Coulomb theory for static loading
and representstheratio of the material shear strength divided by the
applied stress causing shear (8).

2 oo 0
F_mé(%an E45+§|:| %ZKCtan Hﬁ15+ED )
(0,—03)
or
E = O3QPem + Cierm (2)
(0, - 03)
where

oy and o3 = major and minor principal stresses acting at point in

granular layer (compressive stress positive and ten-
sile stress negative),

C = cohesion,

¢ = angleof internal friction, and

K = constant = 0.65 for saturated conditions, 0.8 for
moderate moisture conditions, and 0.95 for normal
moisture conditions.

Maree found that at values of the safety factor below a certain
critical value the permanent deformation of granular material will
increase rapidly under a few load applications because of shear
failure; and at values above the critical value the permanent defor-
mation increases gradually with increasing load applications. In
both instances, however, the mode of failurewill bethe deformation
of thegranular layer, and therate of deformation iscontrolled by the
magnitude of the safety factor against shear failure.
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FIGURE 6 Effectivefatiguelifetransfer functionsfor cemented
material.

The major and minor principal stresses, and hence the safety
factor, areusually calculated at the midpoint of granular layers. Sug-
gested values of the C and ¢ terms for granular materials are given
inTable7.

Thetransfer functions, relating the safety factor to the number of
load applicationsthat can be sustained at that safety factor level, are
illustrated in Figure 9.

Subgrade Material

The mode of failure for the selected and subgrade material is the
permanent deformation of these layers, resulting in the deformation
of the road surface. The critical parameter for these materialsisthe
vertical strain (e,) ontop of thelayer. Transfer functionsare provided
for two terminal conditions, a10- or 20-mm surface rut caused by the
deformation of the selected or subgrade material (Figure 10) (14).

TABLE 6 Suggested Valuesof €, and UCSfor Cemented Material

Material code €, (u€e) UCS (kPa)
C1 145 7500
2 120 7500
c3 125 2250
C4 145 1125
10
8 SF = 10 (0:00285¢-0.293)
SF = 1ifd<102
6 SF = 8if d>419

Shift Factor (SF)
n

N

o

100 200 300 400 500
Cemented layer thickness (mm})

FIGURE 7 Shift factor for effective fatigue life of
cemented material.
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Pavement Life Prediction

After the layer life for each individua pavement layer is pre-
dicted from the transfer functionsin the previous section, they should
be combined to predict the ultimate life for the layered system. If
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FIGURE 8 Crushing lifetransfer functionsfor lightly cemented
material.
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there are no cemented layers in the pavement structure, the ultimate
pavement life is determined by the shortest individua layer life
predicted. If cemented layers are incorporated in the pavement,
distinct phases in the pavement life cycle may be identified and
should be included in the ultimate pavement life prediction.

Modeling Long-Term Behavior of Cemented Layers

Figure 11 illustrates the long-term behavior of a lightly cemented
layer in apavement structure. During the precracked phase, the elas-
tic modulus of thelayer will beinthe order of 3000 to 4000 M Pa, and
thelayer will act asaslab with the slab dimensionsafew timeslarger
than thelayer thickness. ThisE-valuereducesrapidly to valuesinthe
order of 1500 to 2000 MPa at the onset of the effective fatigue life
phase during which the layer isbroken down from large blocks, with
dimensions of approximately oneto fivetimesthe layer thickness, to
particles smaller than the thickness of the layer. During the equiva-
lent granular phase the elastic modulus isin the order of 200 to 300
MPa, and the cemented material actstypicaly like agranular layer.
The effective fatigue life phase and eguivaent granular phase of
cemented material are used to calculate the layer life for the
cemented layer. The precracked phase is considered very short (17)
in relation to the other phases and is therefore not included in pre-
dicting the layer life for the cemented layer.

Although these changes in the behavior of the cemented material
will gradually occur with time, they are modeled as stepwise phases
in the life of a cemented layer. The modulus of a cemented layer is
modeled as a constant value for the duration of a particular phase
with a sudden change at the end of each phase. Such areduction in
stiffness of a cemented layer will result in aredistribution of theini-
tial calculated stressesand strainsin thelayered system with areduc-
tioninthelayer life predicted initialy for the other pavement layers.

Thefirst cemented layer introduces two phases in the pavement
life prediction process and the rest of the cemented layersintroduce
one phase each, asillustrated in Figure 12 (a) and (b).

Calculating Ultimate Paverment Life

Consider the situation in Figure 13 in which the stresses and strains
calculated for each layer during each phase will yield a predicted

TABLE 7 Suggested Ciem and ¢ Valuesfor Granular Material

Moisture Condition

Material Dry Moderate Wet

Code b-term C-term ¢d-term C-term d-term C-term
Gl 8.61 392 7.03 282 5.44 171
G2 7.06 303 5.76 221 4.46 139
G3 6.22 261 5.08 188 3.93 115
G4 5.50 223 4.40 160 3.47 109
G5 3.60 143 3.30 115 3.17 83
G6 2.88 103 2.32 84 1.76 64
EG4 4.02 140 3.50 120 3.12 100
EG5 3.37 120 2.80 100 2.06 80
EG6 1.63 100 1.50 80 1.40 60
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FIGURE 9 Transfer functionsfor granular material.

layer lifefor each layer during each phase. At theend of Phase 1, the
modulus of the cemented layer is suddenly reduced, resulting in
higher stress-strain conditions in the other layers, similar to an
increase in the load on the pavement. The remaining part of the
Phase 1 predicted layer life for the other layers, or the residua life
of the other layers, is then reduced because of the increased stress
conditions. The method assumes that the rate of decrease in the
residua life of the other layers during the second phaseis equal to
theratio of the Phase 1 predicted layer life to the Phase 2 predicted
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FIGURE 10 Subgradedeformation transfer functions.
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FIGURE 11 Long-term behavior of lightly cemented material.

layer lifefor aparticular layer, smilar to aload equivalency factor.
The only exception isthe cemented layer that will start with aclean
sheet for the second phase because of achange in materia state and
therefore terminal condition. The predicted equivalent granular
layer life for the original cemented layer will therefore be allocated
to the cemented layer in total for the second phase. Also note that if
thetop layer isasurfacing layer such asasurface seal or thin asphalt
layer, the predicted layer lifefor the top layer will not affect the ulti-
mate pavement life. The reason is that surface maintenance should
be done at regular intervals, and it is not possible to design the thin
asphalt surfacing layers for the total structural design life of the
pavement structures, especially for high design traffic classes.

The ultimate pavement life is calculated as the sum of the dura
tion of Phase 1 and the minimum adjusted residual life for Phase 2

Phase 1 Phase 2
Surfacing layer ﬂ —
Granular base VVVVVVVVVV 2222‘;
v v VvV v Vv VvV
i 3 Equivalent granular
Cemented sub-base -
J sub-base
TooO pe oo 5
o ~O | o ~O
Granular selected layers % OOO((D; OO %%c
- SPRCES
069 [ORe)
Granular sub-grade OOOqu o’ooogj

(a) Pavement structure with cemented sub-base

Phase 1  Phase 2 Phase 3
Surfacing layer
Equivalent granular
Cemented base
base
\ & |
Equivalent N
Cemented sub-base 1 5 granular Equivalent granular
3 J sub-base J sub-base
SRR RS PR
Granular selected [, 9. 990 Qo0
layers [2.0.09  [900,0f 90 o9
0250 0250 02350
SPRES) <PEEe) =5
[OXe) [@Ne) [@Re)
Granular sub-grade o°O°8¢A o°©°8c4 o°0°gc

(b) Pavement structure with cemented base and sub-base

FIGURE 12 Pavement life phases.
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(b) Predicted layer life for phase 2
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(c) Predicted ultimate pavement life

FIGURE 13 Calculation of ultimate pavement life for pavement
structurewith cemented layers.

or the Phase 2 predicted equivalent granular layer life for the origi-
nal cemented layer, whichever is the smaller. The process is
extended along similar principles for a three-phase analysis of
a pavement structure incorporating two cemented layers. In addi-
tion to calculating the ultimate pavement life, pavement structures
incorporating a cemented base must also be checked for possible
crushing of the cemented material under the surfacing layer.

If only a cemented base layer is used in the pavement structure,
crush initiation and advanced crushing will occur only if the
predicted crush initiation or advanced crushing life exceeds the
predicted effective fatigue layer life. On the other hand, if a
cemented base and subbase are used, the effective fatigue life
predictedinitialy for the cemented base will reduce at theend of the
effective fatigue life of the subbase as a result of an increase in
the tensile strain at the bottom of the cemented base. The crushing
failure lifefor the base, however, will remain more or less the same
as the vertical stress at the top of the base depends largely on the
applied vertical stress and not so much on the support conditions
below. After reducing the effectivefatiguelife of the cemented base
according to the calculation illustrated in Figure 13, the same test
for crushing failure as described is applied.

CONCLUSION

The SAMDM has been used for new and rehabilitation pavement
design since the 1970s. The development and verification of the
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method was assisted by accelerated pavement testing done with
heavy vehicle simulators. The most recent development in the
SAMDM has been the introduction of some measure of design re-
liahility in thetransfer functions contained in the method. Thislatest
version of the SAMDM has been used to devel op standard pavement
designsfor different road categories contained in acatal oguefor the
design of interurban and rural roadson anational level and hasbeen
calibrated against the experience of road engineers from various
road authoritiesin South Africaduring this process.

Current research isaimed at converting SAMDM from acritical
layer approach to a system approach, in which each pavement layer
will contribute to the total permanent deformation of the pavement
structure. The use of nonlinear analysis models will also be investi-
gated with the emphasis on obtaining methods more suited to cal-
culating the stress and strain condition in granular layers.
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