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O The use of crushed rock materials;
O Frost heave on newly built roads/railways;
O Requirements for frost protection layers;

[ Other coarse construction materials.
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Open-graded materials in road construction
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W Test-site simple analysis Test-site modelling

Theory on natural air convection

Downward heat flow Upward heat flow
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> convection
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Theory on natural air convection

@ Nusselt number @ Rayleigh number

_ql g B CKHUVT
N - T =
N ql Ra v k

e

gravitational acceleration
thermal expansion
heat capacity

qT - upward heat flow E
C
v kinematic viscosity
K
H
v

ql - downward heat flow

intrinsic permeability
height
T temperature gradient
k., effective thermal conductivity
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Theory on natural air convection
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" Large-scale experiments

heathexcthﬁ nge I%tes ]
At g a)%t§ 3 — <= 5/cm
— 1m

insulatiorsammple

|

cryostat
| 1T m p
dl <=2/ C
heat excha%agr(]e plg)ég cryostat

9 ®@NTNU

W







Test-site simple analysis

Experimental procedure

Downward heat flow:

q-VT

conduction + radiation

Upward heat flow:

q-VT
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" Large-scale experiments Test-site simple analysis Test-site modelling

Validation for convective heat transfer with cobbles
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" Large-scale experiments

Test-site simple analysis

Convection in road construction materials
Crushed rock 20/120 mm (subbase)

Heat flux, W/m?
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Crushed rock 40/120 mm (frost protection)

Test-site modelling
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Large-scale experiments W Test-site modelling

Constructed during fall of 2016

Road sections Railway sections
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Large-scale experiments Test-site modelling

Convection in road structural layers
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7 Test-site simple analysis

Road section Rol

25
20
15|+ £
&
€10 =
[
5 5 S
© =
2 o :
E - ..-'- [t
g or W TR, o e WS R e s, g eSS P S e N {5 2
ol Ro1: top of subbase ey o o R B £ AN s
— — Ro1: bottom of subbase/top of FPL : R . : E 3 k R 1|10 &
-15|+ — =Ro1: bottom of FPL ) 2
20 = VT: subbase 11-15

=—VT: FPL

N

4]
N
o

20 40 80 100 120 140 160 180 20
Day of cooling period

Subbase 20/120 mm Frost protection 40/120 mm
VT, = 6.0°C/m VT, = 4.5°C/m
35% of time higher than 6.0 °C/m 32% of time higher than 4.5 °C/m

19 ®@NTNU




25

20 |
15 ¢
10 |

Temperature, °C

N
o

20

7 Test-site simple analysis

Road section Ro6
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Apparent Rayleigh number

21
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Road section Ro6




Test-site simple analysis

Large-scale experiments

Road section Rol
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" Test-site modelling

Road section Rol Road section Ro6

26

Temperature, °C Temperature, °C
-25 -20 -15 -10 -5 -25 -20'_l -15 -10 -5 0

Asphalt E As;;halt (P . nic
Base ase
-C‘i\:\B\-\:----E\I- Subbase

Subbase | [ 2-Oct-17 g reutation | [ = 2-0ct-17

----- 2-Nov-17 RN -----2-Nov-17

----- 2-Dec-17 W\ ----- 2-Dec-17

----- 2-Jan-1g [ tEENEE T ~--2-Jan-18

————— 2-Feb-18 X 4 ! ----- 2-Feb-18

2-Mar-18 . \ UEBI 2-Mar-18

----- 2-Apr-18 s AN \ -----2-Apr-18

FPLI| @ 2-Oct17 "i\{\:’?” , d O 2-0ct-17

O 2-Nov-17 Wl o\ O 2-Nov-17

O 2-Dec-17 A\ O 2-Dec-17

0 2-Jan-18 %‘PE O 2-Jan-18

O 2-Feb-18 \ Clay O 2-Feb-18

Silt 2-Mar-18 2-Mar-18

0O 2-Apr-18 ] 0 2-Apr-18

Ao 258 & #n s 25 +

®@NTNU



ZW/M XNijJesy

m9876543210
o
o
N
\
|||||| °
- 4
®
2
R -
o
> i - 18
| e e
- | <=
c
o
(8}
m ||||||
o O | T =TTt o
= o | - 18,
o o L 2
17 c g
(o)}
o 0 Cz=:z:t g £
- - [ x Tt 12 %9
Y= o 3 3
Q = 5
c k] S
= “w | 2 &
c T | ¢ l]o®
S g [ 2
(]
fd x>
8] ' ® 5
() w °
> | € B am==""" ] o
S T - ©
c 28 ] TTTmeemeeee- ]
o e B N ezzommmmeC
o 38
o £
O o
L o E le
QO 3
« = c
AW/ XNl yesH c c
o O
1) < ™ ~ -~ °g R
7 S 2 3 .
’ |%% J N
i
)
o ]
L -4 0
-
o O O O O O O O O O O o
N O 0O © < N O O © < N
N N v v v« « «
L 18 Jequinu yBiejAey jusleddy
e
o
- 4 <
3
o
. 4 N

100
Day of cooling period

80

Road section Rol

60

Convection in foam glass layer

Based on field observations: Ra*
----Based on numerical model: convective heat flux
40

20

100
8
6
4
2

Jaquinu ybBiajAey juaieddy




Conclusion:
[ Measurements of coarse-materials;
 Modelling;
U Frost protection layer — crushed rock materials;
1 Coarse-subbase;

O Lightweight aggregates.
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