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MÉTODO MECANSTICO-EMPÍRICO DE LA REPÚBLICA DE ÁFRICA DEL SUR
I) Ruptura por corte de la base granular
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Modelo para evaluar la seguridad contra ruptura por corte de la base
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II Deformaciones permanentes en la subrasante
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III Fatiga y trituración de capas cementadas
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IV Fatiga de concreto asfáltico
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o C and @-Terms for Equation (21)
. Moisture Condition
Al M:ﬁz:a' Dry Moderate Wet
@ O-term C-term O-term C-term @-term C-term
Gi 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
EGS® 3.37 120 2.80 100 2.06 80
4q EG6® 1.63 100 1.50 80 1.40 60 <
Notes

1. If a tensile stress, i.e., a negative o; is calculated, o is reset to zero and oy is increased by the value of ;. The net result is
that (o; — o) remains the same, and o; = 0.
2. EG4: broken down cemented material, G5/G6 parent material 3
3. EGS: broken down cemented material, G7/G8 parent material
4. EG6: broken down cemented material, G9/G10 parent material

This 1996 SAMDM granular materials transfer functions are the most commonly used when implementing the
SAMDM.

(i)  Wolff Model (1993)

An alternative damage model for permanent deformation in crushed and natural granular layers (G1 to G6) for use in
ﬂ'\e SAMDM was developed by Wolff (1993 1994) The model relates the stress state in a granular Iayer cyf a speaﬁc
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7.1.4 Subgrade Permanent Deformation

@ 1996 samom
The subgrade, and lower selected layers are analysed for permanent deformation in the layer, which maniests as
permanent. deformation, or wide. rufting. on the pavement surface. The ruting i calculated using the vertie
mpressive strain o the op of the layr, a shown in Figure 34. Transfer functons are avaibie fo both 10 and 20
o of ruting i the layer. The 20 mm trancfr function = conseryative, in that  the subgreds or selected laye hs
20 mm of utting then the rutng st the surface o the pavement s lkly to be considarable higher than the t
i tarminal ot depth. Thereore, the 10 mm transfer function i more commonly used, pariculary for Cat
% 4nd 8 rouds. The racommendad resient modul <re shown in Table 34, and the damage modl n Equation (
Table 35

Figure 34. Critical Parameter and Location for Selected and Subgrade Layers

Table 34. Elastic Moduli (MPa) of Subgrade
Materials for the 1996 SAMDM

‘Selected Lavers and
Subgrade Material Classes
&
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Table 35. Transfer Functions for Subgrade and Selected Layer Permanent Deformation

oo fard axies to st level of permanent deformation
Vertical compressive strin at top of layer
Constant, gven below

- A
Reliabilty Level

20 mm Terminal Rut Depth
[ ose(Catmgona) [ 3370 1 %m0 ]
[ sess
[ sow(CategonyD) [ w3z [ e ]

Fgure 35 summarises the critical parameters and locations used for  typcal
x dscussed i Note that generally  hak-are load is
<ssumed, becauss the other s of the axl is out of the zons of fuence. The crica parameters are caculted
both undemesth snd i between the loads. This is because the despar nto the pavement, the more the two zones
of loading infiuence, represented by the “cones” Figure 35, interact Standard practice s to calclate the critica
paramster under 2nd between the whaels, and then use the valus which produces the shortst structursl capacy.

Halt-ade e loads

sphaltwearing courser "ore

Granular base layer; Shoar satoy factor

Cemented porortalensie
subbase layer. <ran

Naturalgravel verte
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é Inverted Pavements

An inverted pavement is when the base layer
is a high quality granular layer, and the
subbase a cement stabilised layer. A thin
asphalt layer or seal provides the surfacing.
The term “inverted” is used because the
strength of the pavement does not decrease
with pavement depth, because of the stiff
cemented layer.

The idea behind an inverted pavement is that
the cemented layer provides an anvil against
which the granular base can be well
compacted. This achieves a high quality,
dense base.

=]

Inverted or “upside-down” pavement

structures are commonly used in South

Africa, and are included in the TRH4

catalogues. Figure 33. Critical Parameters and Locations for
Lightly Cemented Layers
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n The resilient properties (elastic moduli) for cemented materials are shown in Table 32, along with recommended
material properties for the damage models. The damage models for crush initiation, advanced crushing and effective
@ fatigue are given in Equations (22) and (23) in Table 33. The relationship to account for layer thickness and the time

for crack propagation, used with the effective fatigue transfer function, is also given in Equation (24) in Table 33.
Note that C1 and C2 cemented layers are not commonly used anymore, as the high cement content results in
significant cracking and consequent reflection cracking.

Table 32. Elastic Moduli and Material Properties for Cemented Materials in 1996 SAMDM

I | Class Modulus Str: ucs Equivalent Modulus
(MPa) Break (zp) (kPa) Granular Class (MPa)
q ca 2000 125 2250 EG4 300 4
4 1500 145 1125 EGS5 200

Table 33. Transfer Functions for Cemented Materials

=
Crush Initiation and Advanced Crushing
Neijea = 10°(150%) (22)
where  Ngjea Standard axles to crack initiation or advanced crushing

Vertical compressive stress at top of layer
Unconfined compressive strength (kPa), recommended values in
Table 32

oy
ucs
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Table 33. Transfer Functions for Cemented Materials

Crush Initiation and Advanced Crushing

055t @

Standard axes to crack initation or advanced crushing

Vertical compressive stress at top of layer

Unconfined compressive strength (kPa), recommended values in

Table 32

Constants, given below
Effective Fatigue

Neg = SFo109:75)

Nerr Effective fatigue life
B Horizontal tensile strain at bottom of layer (microstrain)
& ‘Strain-at-break, recommended values in in Table 32
Constants, given below
SF. ‘Shift Factor for crack propagation (see below)
t Layer thickness
‘Shift Factor (SF) to Account for Layer Thickness (t)
Thickness ‘Shift Factor
e i
102 mm to 319 mm 10 (000285t -0.253)
T 5
Relial Level Crush Initiation Advanced Crushing Effective Fatigue
a b a b c d
50% (Category D) 8.216 1.21 8.894 131 7.06 7.86
80% (Category C) 7.706 131 8.384 123 6.87 7.66
90% (Category B) 7.506 110 8.184 120 6.84 7.63
95% (Category A) 7.386 1.09 8.064 119 6.72 7.49

(24)
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Figure 30. Critical Parameter and Location for Asphalt Layers

Table 28. Transfer Function and Constants for Asphalt Layers
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o cracking over a defined area of the road. This area depends on the reliability assigned to the road category, for
0 example, 95% reliability for Category A implies 5% of the road area is cracked.
9

Rutting, or permanent deformation in an asphalt layer has typically been considered a function of the mix properties,
and has therefore not been considered in the structural analysis.

The resilient moduli for thin continuously and gap-graded asphalt surfacing layers of are shown in Table 27. These
layers are generally less than 50 mm in thickness.

Table 27. Elastic Moduli for Asphalt Materials
used in SAMDM 1996

« “
Code Depth (d) Below Modulus
Surface (mm) (MPa) a
AG! <50 3000 ]
BC? <100 4000
100 <d < 150 5000
150 <d < 200 6000
200 < d < 250 7000
Notes

1. Gap graded asphalt surfacing, as defined in TRH14 (1985)
2. Continuously graded hot mix asphalt, as defined in TRH14 (1985)

210x297mm <[ i ]
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Figure 30. Critical Parameter and Location for Asphalt Layers

Table 28. Transfer Function and Constants for Asphalt Layers

-logss)

Ne= 10“‘( =

Where N Fatigue life
@ B = Constants, values shown below

5 Horizontal tensile strain at bottom of asphalt layer

Continuously Graded

Thin Surfacing (< 50 mm)
iability

Gap-graded

o

B

17.40

340

15.79

90% (B)

17.46

341

15.85

80% (C)

17.54

342

1693

50% (D}

17.71

Thick Asphalt Bases (> 75 mm)

3.46

16.09

Asphalt Stiffness (MPa)

1000

2000

30

00

5000

B

o

B

B

o

B

95% (A)

16.44

3378

16.09

3357

15.78

3334

15.52

3317

90% (B)

16.81

3453

16.43

3.428

1611

3.403

15.73

3362

80% (C)

17.25

3543

16.71

3.487

16.26

3435

15.83

3383

50% (D)

17.87

3.671

17.17

3583

16.68

3524

16.10

3.441

Shift Factor for Crack Propagation

Where

T thickness of layer < 25 mm
I thickness of layer > 25 mm

SF
SF

.0489 » t — 0.2225
=_Layer thickness in mm
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ure.  Figure 35 summarises the crical parameters and locations used for a typical
e < hakade losd =
crtical parameters are calculted
both undemesth snd i between the loads. This is bec
of loading infiuence, represented by the “cones” Figure 35, interact Standard practice s to calclate the critica
paramster under 2nd between the whaels, and then use the valus which produces the shortst structursl capacy.

sphaltwearing courser "ore

Granular base layer; Shoar satoy factor

Horsoreattansie

Natural gravel
upper subgrade

Natural gravel
lower subgrad:_conpresshe stan

Vereal

I sty subgradie:
n st subgrade: 0%,

Figure 35. Analysis Positions for C:

7.1.6 General Comments on SAMDM 1996

The SAMDM is 2 powerful design tool. However, t does have some weaknesses, which must be considered when
using the method.  There are aiso some important tps and checks useful for using the method. This section
ttempts to discuss some of these aspects
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7.1.2 Unbound Granular Base and Subbase Layer Permanent Deformation

@ 199 samom

In the 1556 SAMDM, unbound granuler layers sre sssumed o sccumuiste permansnt. deformtion, from shesr
daformation, in the layer. The resient properiss for unbound renuler bae and subbass layers are gven
Table 25. The suggested ranges are show, slong with the valuss usad in the development of TRHS in brackets.

ecton 7: Structural Capacity Estimation: Flexble Pavements
Page 73

Chapter 10: Pavement Design

The stffness in 2 granular ayer depends on the strength of the support the srongr the underlying layer, the sifer
the granular layer. For rehabitaton investigations, s important t realise that wide ranges can exist for the same.
mataral, depanding on the in s state.

Table 29. Elastic Moduli for Granular Materials

Material Material Description Elastic Modulus
Code Support Condition

Over Cemented ‘Over Granular
= bigh qualty crshed stone 150 - 600 (300
) Crushed stons. 200 500 (400) 100400 (250
Crushed stone 100350 (250)

100 600 (300}
40~ 300 (200)
30 =200 (150)

| "Equivelent granular, GS/Gé parent material | - | 200-400(300) |

EGS | Equivalent granuler, G7/GB parentmaterial | - | 100-300(200) |
[_E66 | Equivalent granuler, G9/G10 parent material | - | 30200 (140)

[y
3" Vs hown nbracketswere s forthe development ofte catdlogues in TRHS(1596)

Granuar layers are analysed by determining the shear stress sate i the middie o the ayer, and comparing this to
the shear strength, in tems of the cohesion and ficton angle using the Mohr-Coulomb model. This shear strength
state & known < the ssfty factr, and i used i the transfer function to detarmine the structural capacy of the
fayer. The damage model (ransfer function) s given in Equations (20) and (21) in Table 30, slong with the shear
Srength parameters (cohesion and frcton angl) for the applkable materls classes. The transfer functon
calulstes the structural capacity of the granular layer to » terminl condition of 20 mm o ruting i the ayer
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Granular layers are analysed by determining the shear stres state in the middle of the layer, and comparing ths to
the shear sirength, in tarms of the cohesion and friction angle using the Mohr-Coulomb model. This shear Strength
state i known 55 the safety factor, and is used in the transfer function to datermine the structural capacty of the
ayer. The damage modsl (transfer functon) s given in Equations (20) and (21) in Table 30,

Strength parameters (cohesion and fricbon angle) for the spplicable: materals clases

calcuiates the structural capacty of the granular layer o 3 teminal conditon of 20 mm of ruting in the ayer

Figure 31. Critical Parameter and Loc;
Granular Layers
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Table 30. Transfer Function and Constants for Shear Failure (Granular Materials)

N = 106549
@)
Number of quivalent standard exes to safeguard aginst shear falure
onstants, values shown below

ngle of Intemal Fricton
Vs gven below for m
Values given below for m
onsant for moi
0.65 for saturatad (wet)
0. for modersts
0355 for ol

50% (Categony D)

C and §-Terms for Equation (21)
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