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Two design processes for flexible
pavements

« Empirical design chart — RStO

 M-E design procedure - RDO Asphalt
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German Design Charts RStO 12 Bk 0.3 <

300,000 10-t-ESALs

(Dickenangaben in cm;, —=— E_-Mindestwerte in MPa)

Zelle| Belastungsklasse Bk100 Bk32 Bk10 Bk3,2 Bk1,8 Bk1,0 Bk0,3
B [Mic.] =32 =10- 32 =32-10 =1,8-32 =1,0-1.8 =0,3-10 =03
Dicke des restsich, Coebaus | 55| 65|75 | 85| 55| 65| 75| 85| 55| 65| 75| 85| 45| 55| 65| 75| 45| 55| 65] 75| 45| 55| 65| 75| 35| 45|55 |65

Asphalttragschicht und Kiestragschicht auf Frostschutzschicht

Asphalidecks | RE M : - 12 10 12 |t

Agphalitragachich o 18 | gsolod 14 150052 10 1-150-'].;{ RS fadd 5
Hiestragechichl w150k T ]' 20 1 20 | 120 ’ 1200000
4 E.. = 150{120) S ag | eqzofill 20 |20 i M I = 5 w3
w1200y R TAG gy AZ i Tt rue
T 5 i @ faa ' Y T o T
Frostschulzschichl x 45 ; E50 | v 45 ; = A5l ¥ 45 ¥ 45 5 L 45m
Dicke dor Frostschutzsericnt | - | - [25°]35] - | - [pelao] - | Jazas] -] -JesTas] - [ - pe'laa] - [a17]a1]
Asphalttragschicht und otter- oder Kiestrags

hicht auf Schicht aus frostunempfindlichem Material
—-—

Asphatidecks . 12
Asphatitragachichit \ 18 | w150
Schotlar- oder =150k
5 | Kiestragachicht A’
Senicht aus X sl R m
frostunampindichem Maters BeeiiE, i

B e I BLE e imrial | B 12 £ aus frostumempfindlichern Meterial, gerngere Rastdicks ist mit dem dariizer liegerden Materal auszusiakis

Minimum thickness of the asphalt layers 10 cm
also for LVR in Germany
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—> Thin asphalt surface up to 4 cm

NEO

O |

P o _ Base course
T+ | < (High quality UGM)
DO O

o O o
o e O

o Sub-base layer
— 3 <. (Frost protection)
o DQO?D

> - O

.

Subgrade

—

LVR < 100.000 10-t-standard axles
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Pavement structure with
thin asphalt layer (10mm)

Pavement structure with
thick asphalt layer (220mm)

Asphalt
Thk=220 mm
L Chip seal
Thk=10mm
N :1:,5
e Z|E
Z| E Ola
[~ o g
_3s [
o E 9} E
8|3 R
| |~
fe) n 0 n
= E 5 | ==
@£ e
N
N

-500.00 [kN/m?] 0.00
-500.00 [kN{m?] 0.00

Vertical Stresses
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Vertical stresses within granular layer

Pavement structure with Pavement structure with
thick asphalt layer (220mm) thin asphalt layer (10mm)

UGM LAYER UGM LAYER

-500.00 [kM/m?| 0.00
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______________________________________________________________________________

| Traffic volume Climate Material properties |
= | . |
‘ S ie

_____________________ Vo !

i ! Layer thickness i

é?gg i Modelling LT ]
o°s° | :
=5 C. i i
nCécODﬁ : Calculation process !
— ! !

NSZ S Modify

materials and/or
layer thickness

Asphalt CTB UGL Subgrade

V \l/

Proof Proof Proof
rutting fatigue Plastic deformation

no

fulfilled?

yes

Sufficient designed pavement structure RDO Asphalt 09
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______________________________________________________________________________

c? Q_)C’ Traffic volume Climate Material properties
ol P e B «—
1 | TNy T T ! !
PP i 1 | Layer thickness
o O o | | i |
e i Model bl -I -----------------
o n-I:l Do : :
G; = ! i
a%@fg Calculation process
= - O i :
RS> :L _____________________ Modify
:_ ___________________________ I materials and/or
: UGL Subgrade : layer thickness
: |
|
I N :
: Accumulated damage | Accumulated damage I
: basecourse subgrade |
|

no

fulfilled?

yes

Modified procedure fur LVR

Sufficient designed pavement structure
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The deformation performance of UGL is highly important
for TSAP.

The current aggregate mix/layer characteristics
(DoC/grading lines, particle strenghts) are insufficient for
the evaluation of the deformation performance of UGM.

Results of lab tests showed that UGM have different
performance under cyclic loading even if they the have
similar DoC, MC and grading lines.
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Layer thickness: Frost protection

| )
e . . .
The minimum thickness for frost protection
O O : :
must be determined accorditng to RStO
o O o B
S O Min: 250mm
oL " Max: 900mm
e O
o O o o
O o O
.
Tafel 1: Bauweisen mit Asphaltdecke fiir Fahrbahnen auf F2- und F3-Untergrund/Unterbau
(Dickenangaben in cm; —=— E,,-Mindestweriein MPa)
Zeile| Belastungsklasse Bk100 Bk32 Bk10 Bk3,2 Bk1,8 Bk1,0 Bk0,3
B [Mio.] > 32 >10-32 >32-10 | >18-32 | >10-18 >o,3-1,0( <03
Dicke des frostsich. Oberbaus ' | 55| 65| 75]85] 55| 65| 75| 85| 55| 65| 75| 85| 45| 55| 65| 75| 45| 55|65] 75| 45| 55| 65| 75Y35]| 45/55|65
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Traffic load

LVR
< 100,000 10-t-standard axles

Axle load
Wheel load

Tire inflation

| | | | pressure

./ r=150mm

Tire footprint

Single wheel

Haufigkeit [%]

In future:
Consideration of the actual axle load distribution

L BAB Stadtnaher Verkehr

BAB Mischverkehr

BAB Fernverkehr

0-2 2-4 4-6 6-8

N
8-10 10-12 12-14 14-16 16-18 18-20 >20
Achslastklasse [t]
[Data from UHLIG]
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Test package
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Sample preparation Test set-up Test package
Approx 22h

Oslo, 3.12.2015 Folie 12



60 IR RL CBR Test

DRESDEN

Fakultat Bauingenieurwesen - Institut fur Stadtbauwesen und Strallenbau - Professur fur StralRenbau

Load Cell .
Magnetic
/ Stand
Plunger ﬂq
«——— External
LVDT
Collar ——» R 8
T R 56 mm
g :\'\_}\\k‘\\\k“] IR ?
..--"'-./ A
Surcharge / 56.49 mm ﬁ
Load ; V)
) I
) _ (—é— 175 mm
CBR . ;; Specimen %
% A
Mould - N
% A
MFHHEOEOMMM EaEEOEhhEhh

150 mm
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.

f A

1 B Ve
y 1
e

AT N E
T

Property Mixture A Mixture B Mixture C Mixture D Mixture E
Tvpe Natural Crushed rock Crushed rock Crushed rock (g;]asr:fg v:/(i)tchk
yp sandy-gravel| Granodiorite Andesite FPM
quartz
Grain size 0/32 0/32 0/32 0/16 0/32
Maximum dry
density 2,200 2,170 2,010 2,198 2,000
[gr/cm3]
oMC
[m - %] 6,0 5,8 12,1 6,7 5,0
Fine Content 2,5 2,5 2,5 3,3 -
1
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Ranking procedure for UGM o7 L
060 FvwwewVwws - - o
Conditioning Test: %0
- 0.40
R
20.000 LC @ § 030
Cell pressure of 150kPa 0-20 1
Deviatoric stress of 300kPa 0-10 1
Tests at 70, 80 and 90% of OMC 0.00 | | | |
0 5000 10000 15000 20000
Cycles[-]
- 1000
»Characteristic stiffness o
- 700 E
»Characteristic plastic strain rate 600
9 - 500
% - 400 f—;
@ - 300 £
- 200 =
- 100
0
0 5000 10000 15000 20000
Cycles|[-]
——c,pl o Rate of g,pl
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Ranking procedure for UGM

Conditioning Test:

20.000 LC @
Cell pressure of 150kPa
Deviatoric stress of 300kPa

Q, Material — excellent material
Q, Material - good material
Q5 Material - bad material

Q, _Material
Granit (FP Material)

Q3 _Material
Andesit

Charakteristischer Elastizititsmodul [MPa]

Charakteristischer Elastizitdtsmodul [MPa]

Charakteristische plastische Dehnungsrate
[%0/106LW]

0 10 20 30 40 50 60 70 80 90 100110120

600

Q1 Q2 Q3
500

80%

<k\
400 - 70% %

300 -

200

100

o

- -GRA-0/16

Charakteristische plastische Dehnungsrate
[%0/105LW]

0 10 20 30 40 50 60 70 80 90 100110120
600
Q1 Q2 Q3
500

400 - 70"/@

300 - 1--

200 -
100

0 S|
-0O-AND-0/32
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Characterization of elastic deformation behavior

Multistage repeated load triaxial test at CCP

600.0 -
Wheelload=5t
Tire pressure=700kP
500.0 - stresses under
. the wheel
Chip seal

400.0 - 350mm basecoursei

E=300MPa

© v=0.45
o
= subgrade
£ 3000 1 E-Yswpa
o]

200.0 -

100.0

0.0 100.0 200.0 300.0 400.0
Chyd [kPa]
——High stress levels per EN 13286-7, 2004
—C~Stress levels applied during resilient behavior test

—<Stresses under the wheel of a thin asphalt pavement (FE results)
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Results of the RLT tests

Elastic deformation performance

700 -
600
g
s 500 -
3400 - D—D’D'D/D/D/D
o
£
£300 -
:‘é Zelldruck o5 [kPa]
5200 7 ——100 —0~130
w 100 - ——150 =180
=210 =250
0 T T T T T 1

0 100 200 300 400 500
Deviatorspannung [kPa]

600

Plastic deformation performance

Vertikale deviatorische plastische Dehnung

[%o]

24,00
22,00
20,00
18,00
16,00
14,00
12,00
10,00
8,00
6,00
4,00
2,00
0,00

-> Determination of the model parameters

- GRA-0/32-70-1
— -GRA-0/32-80-2
=== GRA-0/32-90-1

T T T T T T 1

50 100 150 200 250 300 350
Lastwechsel [-] Tausende
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Modeling of permanent deformation response

(gp-l )fab A= az,), _las,),
N
. lag,)  fag,)
“TTAN T 25,000
S '
25.000 50.000 75.000 100.000
AN AN
L J\ J
I 1
Load step No. 1 Load step No. 2 Load step No. 7
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Climate

Stiffness changes of the BC/subgrade due to changing moisture content during the year

Winter J Spring : Summer : Autumn
| ! | | |
Freezing Thawing Recovery

| | | | |

| | I
wl
o
2
=
=
n

: [ERLINSON 09]
Time
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Climatic condition
Germany Sweden

— 50% -

% 45% Warmest region M Coldest region
g 40%

)

B 35% -

g 30% -

frequency

25% -
20% -
15% -
10% -
5% -
0% T | | T

Winter Winter Spring L-Spring Summer  Fall
thaw  thaw

Season

relative Haufigkeit [%]

<125| 75 25 25 75| 125 175 225 275 325 375 425 =475

Oberflachentemperatur [°C]
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______________________________________________________________________________

c? Q_)C’ Traffic volume Climate Material properties
ol P e B «—
1 | TNy T T ! !
PP i 1 | Layer thickness
o O o | | i |
e i Model bl -I -----------------
o n-I:l Do : :
G; = ! i
a%@fg Calculation process
= - O i :
RS> :L _____________________ Modify
:_ ___________________________ I materials and/or
: UGL Subgrade : layer thickness
: |
|
I N :
: Accumulated damage | Accumulated damage I
: basecourse subgrade |
|
e e e e e e e e e e e e ]

End
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Design process

Asphalt

1. Calculation of plastic
deformation of the UGL
Representative elastic strains
in the UGM at three sublayers
of a thickness of 100mm

UGL

Subbase

2. Vertical compressive
strain/stress at top subbase

Subgrade 3. Vertical compressive

strain/stress at top subgrade
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Plastic deformation UGL

Elastic strains

Plastic strains

ks ks
T
Mr:kl(PﬁJ (—FO)“ +1J
a a 80.00 -
Basecogrse Target W.C. kl kz k3 70.00 - e Testreplicate No. 1
Material [% of OWC] [MPa] ['] ['] 60.00 - » Test replicate No. 2 &
GRA 70 358.3 0.5923 | -0.1946 ——Regression
T A=3757-(s, )
i;zm 00 ' r.1/lab
Elastic strain distribution _ ~ 30,00 -
20,00 -
10.00 -
(4]
0.00 L
0.00 0.20 0.40 0.60 0.80 1.00 1.20

(&, Jiap[%0]
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Performance Criteria Subgrade/FPL: plastic deformation

. Vv 200
Austroads (Australia) Sre=ha
O - Structure 1 Structure 2
7 é?; - E1os=400 MPa E1o8=270 MPa
- Thickness ToB=380 mm Thickness Toe=650 mm
.% N — 9300 | O 45
= H v.5G >=
o
C
o . 1.00E+09
) Sweden design code — ‘
3 I___________g__l 1.00E+08 -
- W Structure 2

g : N — 8’06 104 : 1.00E+07 -

: (EV,SG) : g 1.00E+06 -
3 L I_ ____________ : ‘g 1.00E+05
@ German ME design code % 100E0s
e o
»n S 1.00e+03 -
S [0 L00875E, 2]
o ol R 1.00E+02 -
5 | N=10"\7%s0
(/7] 1.00E+01 -
Q L
o 1.00E+00

Austroads Sweden design code RDO asphalt 09

Transfer function
OSl‘.}, Ve dl VALY 1 \JII\,l 25
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Material parameter: Asphalt — no structural layer

Layer Layer modulus (E- Poisson‘s Material
Modulus) ratio behavior
Asphalt E=(5.000 MPa) p= 0,35 Linear elastic
t<20mm (Membrane behaviour)
Asphalt E=5.000 MPa p= 0,35 Linear elastic
t=20mm Standard condition
E=10.000 MPa
Thaw period

Tabelle A 6.3: Zuordnung Steifigkeitsmodul - Temperatur fiir den Kalibrierasphalt der Deckschicht [Kiehne 2007]

Tem[Eg;at“r 20 | <15 | <10 | -5 0 5 10 15| 20| 25 | 30 | 35 | 40 | 45 | 50
Steifigkeits-
modul 26.319|24.664/22.196/19.172|16.255(13.443/10.72d| 8.111 | 5.581 | 3.425| 2.119| 1.332| 850 | 550 | 360
[MPa]

Thaw period

Folie 26



ﬂﬁ?x?'e"a'?ﬁ'ﬁ% Conclusiones
DRESDEN

Fakultat Bauingenieurwesen - Institut fur Stadtbauwesen und StralRenbau - Professur fur Stral3enbau

e Using the results of RLTT on UGM the basis for the ME
design of TSAP was established

e It is possible to have pavement structures with asphalt
layers of less than 40mm thickness for low trafficked

pavements in Germany

e Only high quality UGMs that have high stiffness and low
susceptibility to plastic deformation even at high moisture
contents should be used in TSAP.
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