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Instytut Badawczy Drog i Mostéw

Zaktad Technologii Nawierzchni

Temat WS-07

Opracowanie i weryfikacja badania
zmeczenia lepiszczy asfaltowych

Zalacznik 4: Wyniki badan zmeczenia lepiszczy - Wykresy
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Wykresy wynikéw poszczegoéinych laboratoriow badan lepiszczy
kolejno A, B, C:

+ Zalezno$¢ modutu zespolonego G* od czasu w badaniu zmeczenia w DSR przy
odksztatceniu 0,025, 0,018, 0,008 m/m (DSR Bohlin — 00,0188, 0,0135, 0,006 m/m)

« Zalezno$¢ modutu zespolonego G* od kgta przesuniecia fazowego w badaniu
zmeczenia w DSR przy odksztatceniu 0,025, 0,018, 0,008 m/m (DSR Bohlin —0,0188,
0,0135, 0,006 m/m)

« Zalezno$¢ wskaznika energii rozproszonej od czasu w badaniu zmeczenia w DSR przy
odksztatceniu 0,025, 0,018, 0,008 m/m (DSR Bohlin —0,0188, 0,0135, 0,006 m/m)
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Laboratorium A, lepiszcze A

strain 0,025
35000000
30000000 W
25000000 e repeatl
& 20000000 = repeat 2
6 15000000
10000000
5000000 -
0 T T T T
1700 1800 1900 2000 2100 2200
time, s
strain 0,025
35000000
30000000 t‘
25000000
o o repeat 1
a 20000000 - 1 [ [
x~ 15000000 - gait® = repeat 2
O "N L)
10000000
5000000
0 T T T T
39 39,5 40 40,5 41 41,5
Phase angle, °
strain 0,025
7TE+11
S A e
5E+11
© e repeat 1
o 4E+11 -
fy 3E+11 ¥ = repeat 2
< 2E+11
1E+11 A
0 T T T T
1700 1800 1900 2000 2100 2200
time, s
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G*, Pa

50000000
40000000
30000000
20000000
10000000

0

1700 1800

1900

strain 0,018

¢ repeatl

m repeat 2

2000 2100 2200

time, s

G*, Pa

50000000
40000000
30000000
20000000
10000000

0

strain 0,018

¢ repeatl

B repeat 2

45 50 55

Phase angle, °

NG*, Pa

1E+12
8E+11
6E+11
4E+11
2E+11

1700 1800

1900

strain 0,018

¢ repeatl

B repeat2

2200

2100

2000

time, s
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strain 0,008

49800000
49600000
49400000
49200000
49000000
48800000
48600000
48400000

1700

G*, Pa

1800 1900 2000 2100

time, s

2200

¢ repeatl

m repeat 2

strain 0,008

49800000
49600000
49400000
49200000
49000000
48800000
48600000
48400000

G*, Pa

35

Phase angle, °

¢ repeatl

B repeat 2

strain 0,008

1,2E+12
1E+12
8E+11
6E+11
4E+11
2E+11

0
1700

NG*, Pa

2000

2100

1800 1900

time, s

2200

¢ repeatl

B repeat 2
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strain 0,025

35000000
30000000
25000000
20000000
15000000
10000000
5000000
0

G*, Pa

3000 4000

o

1000 2000

time, s

o repeat 1

m repeat 2

strain 0,025

35000000
30000000
25000000
20000000
15000000
10000000
5000000
0

G*, Pa

Phase angle, °

o repeat 1

m repeat 2

strain 0,025

7E+11
6E+11
5E+11
4E+11
3E+11
2E+11
1E+11

NG*, Pa

3000

1000 2000 4000

time, s

o repeat 1

m repeat 2
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strain 0,018

41800000
41700000
41600000
41500000
41400000
41300000
41200000
41100000
41000000

1700 1800 1900 2000 2100

G*, Pa

time, s

¢ repeatl

m repeat 2

strain 0,018

41800000
41700000
41600000
41500000
41400000
41300000
41200000
41100000
41000000

40,25 40,3 40,35 40,4 40,45 40,5

G*, Pa

Phase angle, °

¢ repeatl

B repeat 2

strain 0,018

9E+11
8,5E+1

8E+11
7,5E+1

NG*, Pa

7TE+11
1700 1800 1900 2000 2100

time, s

¢ repeatl

B repeat2
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strain 0,008

46500000
46000000
45500000
- 45000000
44500000
44000000

43500000
1700

Pa

G*

1800 1900 2000 2100

time, s

2200

¢ repeatl

m repeat 2

strain 0,008

46500000
46000000
45500000
45000000
44500000
44000000
43500000

G*, Pa

36

Phase angle, °

¢ repeatl

B repeat 2

strain 0,008

1,2E+12
1E+12
8E+11
6E+11
4E+11
2E+11

0
1700

NG*, Pa

2000

2100

1800 1900

time, s

2200

¢ repeatl

B repeat 2
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strain 0,025

45000000

44500000
S 44000000
¢ 43500000

43000000

42500000

1700 1800 1900 2000 2100 2200

time, s

o repeat 1

m repeat 2

strain 0,025

35000000
30000000
25000000
20000000
- 15000000
10000000
5000000

0

G*, Pa

22 424 426

Phase angle, °

o repeat 1

m repeat 2

strain 0,025

1,2E+12
1E+12
8E+11
6E+11
4E+11
2E+11

0
1700

NG*, Pa

2100

1800 1900 2000 2200

time, s

o repeat 1

m repeat 2
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strain 0,018

49400000
49200000
49000000
48800000
48600000
48400000

48200000
1700 1800 1900 2000 2100

G*, Pa

time, s

¢ repeatl

m repeat 2

strain 0,018

49400000
49200000
49000000
48800000
48600000
48400000
48200000

G*, Pa

Phase angle, °

¢ repeatl

B repeat 2

358 359 36 36,1 36,2 363 364 36,5 36,6

strain 0,018

1,2E+12
1E+12
8E+11
6E+11
4E+11
2E+11

0
1700 1800 1900 2000 2100

NG*, Pa

time, s

¢ repeatl

B repeat2
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strain 0,008

56000000
55000000
54000000
53000000
52000000

51000000
1700

G*, Pa

1800 1900 2000 2100

time, s

2200

¢ repeatl

m repeat 2

strain 0,008

56000000
55000000
54000000
53000000
52000000
51000000

G*, Pa

Phase angle, °

¢ repeatl

B repeat 2

strain 0,008

1,4E+12
1,2E+12
1E+12
8E+11
6E+11
4E+11
2E+11
0

1700

NG*, Pa

2000

2100

1800 1900

time, s

2200

¢ repeatl

B repeat 2
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strain 0,025
25000000
20000000
. o repeatl
n__ 15000000 = repeat 2
.)(:D 10000000 repeat3
5000000
0
0 1000 2000 3000 4000 5000
time, s
strain 0,025
25000000
20000000
© ¢ repeatl
= 15000000 = repeat 2
zl) 10000000 repeats
5000000
0
0,8 0,82 0,84 0,86 0,88 0,9
Phase angle, °
strain 0,025
5E+11
4E+11
S 3pi11 ¢ repeatl
o * m repeat 2
ES
(2') 2E+11 repeat 3
1E+11
0
0 1000 2000 3000 4000 5000
time, s
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strain 0,018
25000000
20000000
. o repeatl
n__ 15000000 = repeat 2
.)(:D 10000000 repeat3
5000000
0
0 2000 4000 6000 8000 10000
time, s
strain 0,018
25000000
20000000
o o repeat 1
n__ 15000000 u repeat 2
-(k_') 10000000 repeat3
5000000
0
0,78 0,8 0,82 0,84 0,86 0,88
Phase angle, °
strain 0,018
1E+12
8E+11
o repeat 1
©
o 6E+11 ® repeat 2
(ZD 4E+11 repeat3
2E+11
0
0 2000 4000 6000 8000 10000
time, s
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strain 0,008

35000000
30000000
25000000
20000000
15000000
10000000
5000000
0

G*, Pa

60000

o

20000 40000

time, s

80000

o repeatl
m repeat 2

repeat3

strain 0,008

35000000
30000000
25000000
20000000
15000000
10000000
5000000
0

G*, Pa

Phase angle, °

o repeat 1
B repeat 2

repeat 3

strain 0,008

6E+12
5E+12
4E+12
3E+12
2E+12
1E+12

NG*, Pa

60000

0 20000 40000

time, s

80000

o repeat 1
B repeat2

repeat 3
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Laboratorium B, lepiszcze B

strain 0,025

30000000
25000000
20000000 A e repeatl
15000000 ® repeat 2
10000000 repeat 3
5000000

0

G*, Pa

0 1000 2000 3000 4000 5000 6000

time, s

strain 0,025

30000000
25000000
20000000
15000000
10000000

5000000

0
079 08 08 08 083 084 085 0,86

¢ repeatl
m repeat 2

G*, Pa

repeat3

Phase angle, °

strain 0,025

8E+11
7E+11
6E+11
5E+11
4E+11
3E+11
2E+11
1E+11

¢ repeatl
m repeat 2

NG*, Pa

repeat3

0 1000 2000 3000 4000 5000 6000

time, s
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strain 0,018
30000000
25000000
- 20000000 o repeatl
% 15000000 = repeat 2
O 10000000 repeat 3
5000000
0
0 2000 4000 6000 8000 10000 12000 14000
time, s
strain 0,018
30000000
25000000
s 20000000 ¢ repeatl
% 15000000 " repeat2
© 10000000 repeat 3
5000000
0
0,77 0,78 0,79 0,8 0,81 0,82
Phase angle, °
strain 0,018
2E+12
1,5E+1
© 2 e repeatl
S'_ 1E+12 [ | repeat2
Q repeat 3
5E+11
0
0 2000 4000 6000 8000 10000 12000 14000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe Zatgcznik 4, maj 2007

strain 0,008

35000000
30000000
25000000

& 20000000

x

& 15000000

o repeatl
m repeat 2

repeat3

10000000
5000000
0

0 20000 40000 60000 80000

time, s

strain 0,008

35000000
30000000
25000000

& 20000000

5, 15000000
10000000

5000000

o repeat 1
B repeat 2

repeat 3

0,7 0,72 0,74 0,76 0,78 0,8

Phase angle, °

strain 0,008

1,2E+13
1E+13
8E+12
6E+12
4E+12
2E+12

0

o repeat 1
B repeat2

repeat 3

NG*, Pa

0 20000 40000 60000 80000

time, s
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strain 0,025
30000000
25000000
20000000 ¢ repeat 1
Si 15000000 = repeat2
O 10000000 repeat 3
5000000
0
0 5000 10000 15000 20000 25000 30000
time, s
strain 0,025
30000000
25000000
s 20000000 ¢ repeat 1
f: 15000000 = repeat2
© 10000000 repeat 3
5000000
0
0,76 0,78 0,8 0,82 0,84 0,86
Phase angle, °
strain 0,025
2E+12
1,5E+1
o 2 e repeat 1
EL_ 1E+12 = repeat 2
(2') repeat 3
5E+11
0
0 5000 10000 15000 20000 25000 30000
time, s
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strain 0,018

35000000
30000000
25000000
20000000
15000000
10000000
5000000
0

o repeatl
m repeat 2

G*, Pa

repeat3

0 20000 40000 60000 80000 100000

time, s

strain 0,018

35000000
30000000
25000000
20000000
15000000
10000000
5000000

0

0,72 073 0,74 075 0,76 0,77 0,78 0,79

o repeat 1
B repeat 2

G*, Pa

repeat 3

Phase angle, °

strain 0,018

6E+12
5E+12
4E+12
3E+12
2E+12
1E+12

o repeat 1
B repeat2

repeat 3

NG*, Pa

0 20000 40000 60000 80000 100000

time, s
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strain 0,008
50000000
40000000
£ 30000000 M ¢ repeatt
& 20000000 " repeat 2
repeat3
10000000
0
0 20000 40000 60000 80000 1E+05 1E+05 1E+05
time, s
strain 0,008
50000000
40000000
. o repeat 1
n__ 30000000 = repeat 2
-(k_') 20000000 repeat3
10000000
0
Phase angle, °
strain 0,008
#6513
 PE13
& o repeat 1
6 12,55-1% B repeat2
Z 18813 repeat 3
5E+12
0
0 20000 40000 60000 80000 10000 12000 14000
0 0 0
time, s
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Laboratorium G, lepiszcze A

strain 0,0188
7E+12
6E+12 - ~
5E+12 -
g AE+12 o ¢ repeatl
6' 3E+12 -
2E+12 o ®
1E+12
0 a
0 20000 40000 60000 80000
time, s
strain 0,0188
7E+12
6E+12 <
5E+12
©
a8 4E+12 - & repeat 1
*° 3E+12
© 2E+12 O
o o . v ° o
0
0 20 40 60 80 100
Phase angle, °
strain 0,0188
2E+18
1,5E+1 | .
S 8
<~ 1E+18 - ¢ repeatl
O]
Z
5E+17 A .
—c-iiii‘Lil'1L---l--------——
0 n
0 20000 40000 60000 80000
time, s
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strain 0,0135

1,2E+13
1E+13
8E+12
6E+12
4E+12
2E+12
0

G*, Pa

20000 40000 60000

o

time, s

o repeat 1
m repeat 2

Arepeat3

strain 0,0135

1,2E+13
1E+13
8E+12
6E+12
4E+12
2E+12
0

G*, Pa

o

0 0

Phase angle, °

e repeatl
| repeat 2

Arepeat3

20000 40000 60000 80000 10000 12000 14000

strain 0,0135

1,6E+18
1,4E+18
1,2E+18
1E+18
8E+17
6E+17
4E+17
2E+17
0

NG*, Pa

time, s

0 10000 20000 30000 40000 50000 60000 70000

e repeatl
m repeat 2

Arepeat3
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strain 0,006
70000000
60000000
50000000 o repeat 1
& 40000000 P
&5 30000000 m repeat 2
20000000 A repeat3
10000000
0
0 20000 40000 60000 80000 10000 12000 14000
0 0 0
time, s
strain 0,006
70000000
60000000
50000000 'S repeat 1
& 40000000 u repeat 2
) 30000000 Arepeat3
20000000
10000000
0
28 30 32 34 36 38 40
Phase angle, °
strain 0,006
5E+13
4E+13
LCLU 3E+13 ¢ repeatl
;5 2E+13 m repeat 2
1E+13 Arepeat3
0
0 20000 40000 60000 80000 10000 12000 14000
0 0 0
time, s
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Laboratorium G, lepiszcze B

strain 0,0188
3E+13
2,5E+1
.
3
2E+13 -
o 15E+1 e repeat1
%" 3 .
O 1E+13 .
5E+12 1 o ° o
0 |
0 20000 40000 60000 80000
time, s
strain 0,0188
3E+13
2,5E+1 | .
3
o 2E+13
o 15E+1 | & repeat 1
N 3 *
O  1E+13 23
0
0 20 40 60 80 100
Phase angle, °
strain 0,0188
1,00E+19
8,00E+18 ©
@
o 6,00E+18 o repeat 1
(v 4,00E+18 -
zZ
2,00E+18 N o ¢
0,00E+00 —%—
0 20000 40000 60000 80000
time, s
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G*, Pa

8E+12
7E+12
6E+12
S5E+12
AE+12
3E+12
2E+12
1E+12

o

5000

strain 0,0135

10000 15000

time, s

20000

o repeat 1
m repeat 2

Arepeat3

25000

G*, Pa

8E+12
7E+12
6E+12
5E+12
4E+12
3E+12
2E+12
1E+12

strain 0,0135

o

40 60

Phase angle, °

100

e repeatl
| repeat 2
Arepeat3

NG*, Pa

6E+17
5E+17
4E+17
3E+17
2E+17
1E+17

5000

strain 0,0135

10000 15000

time, s

20000

25000

e repeatl
m repeat 2
Arepeat3
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strain 0,006

5,60E+07
5,50E+07
5,40E+07
5,30E+07
5,20E+07
5,10E+07

¢ repeatl

G*, Pa

4,80E+07 ~
4,70E+07 ‘ ‘ ‘ ‘ ‘ ‘
0,E+00 2,E+04 4,E+04 6,E+04 8,E+04 1,E+05 1,E+05 1,E+05

time, s

strain 0,006

5,60E+07
5,50E+07
5,40E+07 -
5,30E+07 -
5,20E+07 - e repeat 1
5,10E+07
5,00E+07
4,90E+07 -
4 ,80E+07 -
4,70E+07

G*, Pa

28 30 32 34 36 38 40

Phase angle, °

strain 0,006

7E+13
6E+13 -
SE+13 -
4E+13 ¢ repeatl
3E+13 A
2E+13
1E+13
0 - ‘ ‘

0 50000 100000 150000

NG*, Pa

time, s
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strain 0,0188

7,0E+12
6,0E+12
5,0E+12
4,0E+12
3,0E+12
2,0E+12
1,0E+12
0,0E+00

G*, Pa

0 1000 2000 3000 4000 5000

time, s

o repeat 1

strain 0,0188

8,0E+07
7,0E+07
6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

G*, Pa

34 36

Phase angle, °

o repeat 1

strain 0,0188

3,0E+12
2,5E+12
2,0E+12
1,5E+12
1,0E+12
5,0E+11
0,0E+00

NG*, Pa

0 1000 2000 3000

4000

5000

time, s

o repeat 1
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strain 0,0135

2,5E+13
2,0E+13
1,5E+13
1,0E+13

G*, Pa

5,0E+12

0,0E+00

40000 60000 80000

o

20000

time, s

o repeat 1
m repeat 2

Arepeat3

100000

strain 0,0135

2,5E+13
2,0E+13
1,5E+13

G*, Pa

1,0E+13
5,0E+12

0,0E+00

40 60

o
N
o

Phase angle, °

e repeatl
| repeat 2

Arepeat3

100

strain 0,0135

1,6E+18
1,4E+18
1,2E+18
1,0E+18
8,0E+17
6,0E+17
4,0E+17
2,0E+17
0,0E+00

NG*, Pa

60000

80000

0 20000 40000

time, s

e repeatl
m repeat 2
Arepeat3

100000
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G*, Pa

8,0E+07
7,0E+07
6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

o

strain 0,006

o repeat 1

m repeat 2

20000 40000 60000 80000 100000 120000 140000

time, s

G*, Pa

8,0E+07
7,0E+07
6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

32

strain 0,006

33 34

Phase angle, °

35

& repeatl

| repeat 2

NG*, Pa

1E+14
8E+13
6E+13
4E+13
2E+13

50000

strain 0,006

100000

time, s

150000

& repeatl

m repeat 2
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Laboratorium J, lepiszcze A
strain 0,025
40 000 000
35 000 000 | ¥inmany
30000 000 | g
© 25000 000 A, o repeat 1
™. 20 000 000 A, = repeat 2
® 15 000 000 repeat 3
10 000 000
5 000 000
0
0 500 1000 1500 2000 2500
time, s
strain 0,025
40 000 000
30 000 000
« e repeat 1
% 20000 000 = repeat 2
© repeat 3
10 000 000
0
435 44,0 445 450 455 46,0 46,5 47,0
Phase angle, °
strain 0,025
5,0E+11
4,0E+11
& 3,0E+11 ¢ repeat 1
6, yoEs1L = repeat 2
+
z ” repeat 3
1,0E+11
0,0E+00 &
0 500 1000 1500 2000 2500
time, s
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strain 0,018
50 000 000
40 000 000
< 30000 000 ¢ repeat 1
- m repeat 2
(™ 20 000 000 repeat 3
10 000 000
0
0 2 000 4 000 6 000 8 000
time, s
strain 0,018
50 000 000
40 000 000
& 30000 000 o repeat 1
& 20000 000 " repeat2
© repeat 3
10 000 000
0
41,5 42 42,5 43 43,5
Phase angle, °
strain 0,018
2,0E+12
1,5E+12
g e repeat 1
6 1,0E+12 = repeat 2
b repeat 3
5,0E+11
0,0E+00
0 2 000 4000 6 000 8 000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,008
60 000 000
50 000 000
< 40000 000 o repeat 1
™. 30 000 000 = repeat 2
© 20 000 000 repeat 3
10 000 000
0
0 10000 20 000 30 000 40 000 50 000 60 000
time, s
strain 0,008
60 000 000
50 000 000
< 40000 000 o repeat 1
™. 30 000 000 = repeat 2
© 20 000 000 repeat 3
10 000 000
0
36,0 37,0 38,0 39,0 40,0
Phase angle, °
strain 0,008
2,0E+13
1,5E+13
S e repeat 1
6 1,0E+13 = repeat 2
b repeat 3
5,0E+12
0,0E+00
0 10000 20 000 30 000 40 000 50 000 60 000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

Laboratorium J, lepiszcze B

strain 0,025
5,0E+07
4,0E+07
© o repeatl
D-_3’0E+07 m repeat 2
(h2,0E+07 repeat 3
1,0E+07
0,0E+00
0 1000 2 000 3000 4 000 5 000
time, s
strain 0,025
5,0E+07
4,0E+07
© ¢ repeatl
&3’0E+07 ® repeat 2
(n2,0E+07 repeat 3
1,0E+07
0,0E+00
43,5 44,0 4455 450 455 46,0 46,5 47,0
Phase angle, °
strain 0,025
1,4E+12
1,2E+12
o 1E+12 W e repeat 1
o 8E+11 m repeat 2
x
(2') GE+11 repeat 3
4E+11
2E+11
0
0 1 000 2 000 3000 4 000 5 000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,018
5,0E+07
4,0E+07
© o repeatl
D-_3’OE+O7 m repeat 2
(h2,0E+07 repeat 3
1,0E+07
0,0E+00
0 2 000 4 000 6 000 8 000
time, s
strain 0,018
5,0E+07
4,0E+07
o repeat 1
©
a 3,0E+07 m repeat 2
62,0E+07 repeat 3
1,0E+07
0,0E+00
42,2 42,4 42,6 42,8 43,0 43,2
Phase angle, °
strain 0,018
2,5E+12
2E+12
o repeat 1
©
o 1.5E+12 ® repeat 2
*
(ZD 1E+12 repeat3
5E+11
0
0 2 000 4 000 6 000 8 000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

7,0E+07

strain 0,008

6,0E+07 -
5,0E+07 -,
S4,0E4+07 1=

63,0E+07 1
2,0E+07 -
1,0E+07

0,0E+00

0

20 000 40 000

time, s

60 000

80 000

¢ repeatl
m repeat 2

repeat 3

7,0E+07

strain 0,008

6,0E+07

5,0E+07
S 4,0E+07

63’0E+07

2,0E+07
1,0E+07

0,0E+00
35

36 37 38

Phase angle, °

e repeatl
B repeat 2

repeat 3

3,0E+13

strain 0,008

2,5E+13

2,0E+13 -
1,5E+13 -
1,0E+13 -
5,0E+12 -

NG*, Pa

0,0E+00

0

20 000 40 000

time, s

60 000

80 000

e repeatl
B repeat2

repeat 3




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Laboratorium J, lepiszcze C

Zatgcznik 4, maj 2007

strain 0,025
50 000 000
40 000 000 -
S 30000 000 - o repeat 1
%" m repeat 2
¢» 20 000 000 - repeat 3
10 000 000 -
0 : :
0 5000 10000 15000
time, s
strain 0,025
50 000 000
#0000000 & & AT
S 30 000 000 "YYvy e repeat 1
o 4 W‘i"l
%" . m repeat 2
(» 20 000 000
repeat 3
10 000 000 -
0 : : :
41,0 42,0 43,0 44,0 450
Phase angle, °
strain 0,025
3,5E+12
3,0E+12 -
S 22?12 o repeat 1
s +
6 1,5E+12 - = repeat 2
Z | 0E+12 - repeat 3
5,0E+11
0,0E+00 ‘ ‘
0 5000 10000 15000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,018
50 000 000
40 000 000
& 30 000 000 e repeat 1
e m repeat 2
(» 20 000 000 repeat 3
10 000 000
0
0 10000 20 000 30000 40000 50000
time, s
strain 0,018
50 000 000
40 000 000 MM““‘M
& 30000 000 o repeat 1
& 20000 000 " repeat2
© repeat 3
10 000 000
0
38,0 39,0 40,0 41,0 42,0
Phase angle, °
strain 0,018
1,2E+13
1,0E+13
S 8,0E+12 o repeat 1
6, 6,0E+12 = repeat 2
Z 4,0E+12 repeat 3
2,0E+12
0,0E+00
0 10000 20000 30000 40000 50000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,008

54 000 000
52 000 000
50 000 000
48 000 000
46 000 000 -
44 000 000
42 000 000

G*, Pa

o

50000 100 000

time, s

150 000

200 000

o repeat 1
m repeat 2
repeat 3

strain 0,008

54 000 000
52 000 000
50 000 000
48 000 000
46 000 000
44 000 000

42 000 000
35,0

G* Pa

35,5 36,0 36,5

Phase angle, °

37,0

o repeat 1
= repeat 2
repeat 3

strain 0,008

8,0E+13
7,0E+13
6,0E+13
5,0E+13
4,0E+13
3,0E+13
2,0E+13
1,0E+13
0,0E+00 -

0 50 000

NG*, Pa

100 000

time, s

150 000

200 000

o repeat 1
= repeat 2
repeat 3




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Laboratorium K, lepiszcze A

Zatgcznik 4, maj 2007

strain 0,025
50 000 000
40 000 000
& 30 000 000 e repeat 1
e m repeat 2
(» 20 000 000 repeat 3
10 000 000
0
0 1000 2000 3000 4000 5000 6000
time, s
strain 0,025
50 000 000
40 000 000
& 30 000 000 o repeat 1
{ 20000 000 " repeat 2
© repeat 3
10 000 000
0
39 40 41 42 43 44 45
Phase angle, °
strain 0,025
1,2E+12
1,0E+12
S 8,0E+11 e repeat 1
6 6,0E+11 = repeat 2
Z 4,0E+11 repeat 3
2,0E+11
0,0E+00
0 1000 2000 3000 4000 5000 6000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,018
60 000 000
50 000 000
< 40000 000 o repeat 1
™. 30 000 000 = repeat 2
© 20 000 000 repeat 4
10 000 000
0
0 5 000 10 000 15 000
time, s
strain 0,018
60 000 000
50 000 000
© 40 000 000 o repeat 1
™. 30 000 000 = repeat 2
© 20 000 000 repeat 4
10 000 000
0
0 10 20 30 40
Phase angle, °
strain 0,018
2,0E+12
1,5E+12
g o repeat 1
6— 1,0E+12 = repeat 2
z repeat 4
5,0E+11
0,0E+00
0 5 000 10 000 15 000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,008
60 000 000
h
50 000 000 |-
© 40 000 000 - o repeat 1
™. 30 000 000 - _— = repeat 2
O 20 000 000 %;o — repeat 4
10 000 000 - ,;f: ; g <
O T T T T T
0 20000 40 000 60 000 80 000 100 120
000 000
time, s
strain 0,008
60 000 000
50 000 000 '\
40000000 | 1 o repeat 1
- 30000 000 - * = repeat 2
9 20000 000 B4, 4 repeat 4
10 000 000 1 bty i
0 ot B 3TN %
0 10 20 30 40 50
Phase angle, °
strain 0,008
2,5E+13
2,0E+13
© o repeat 1
o 1,5E+13
%" = repeat 2
(O 1,0E+13
z repeat 3
5,0E+12 -
0,0E+00
0 20000 40000 60000 80000 100 120
000 000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Laboratorium K, lepiszcze B

Zatgcznik 4, maj 2007

strain 0,025
5,0E+07
4,0E+07
. o repeatl
D-_ 3,0E+07 m repeat 2
{ 2,0E+07 repeat 3
1,0E+07
0,0E+00 ‘
0 2000 4000 6000 8000 10000
time, s
strain 0,025
5,0E+07
4,0E+07
© ¢ repeatl
o 3,0B+07 ® repeat 2
{h 2,0E+07 repeat 3
1,0E+07
0,0E+00 ‘
20 30 40 50 60
Phase angle, °
strain 0,025
1,4E+12
1,2E+12
. 1,0E+12 e repeat 1
o 8,0E+11 m repeat 2
x
(2') 6,0E+11 repeat 3
4,0E+11
2,0E+11
0,0E+00 |
0 2000 4000 6000 8000 10000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,018
6,0E+07
5,0E+07
o 4HOE+07 o repeatl
D-_ 3,0E+07 m repeat 2
6 2,0E+07 repeat 3
1,0E+07
0,0E+00
0 5000 10000 15000
time, s
strain 0,018
6,0E+07
5,0E+07
. 4,0E+07 e repeatl
9 3,0E+07 ® repeat 2
Z‘D 2,0E+07 repeat 3
1,0E+07
0,0E+00
20 25 30 35 40 45
Phase angle, °
strain 0,018
2,5E+12
2,0E+12
o repeat 1
©
o 1,56+12 ® repeat 2
*
(ZD 1,0E+12 repeat 3
50E+11
0,0E+00
0 5000 10000 15000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe Zatgcznik 4, maj 2007

strain 0,008

6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

o repeatl
m repeat 2

G*, Pa

repeat3

0 20000 40000 60000 80000 100000 120000

time, s

strain 0,008

6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

o repeat 1
B repeat 2

G*, Pa

repeat 3

Phase angle, °

strain 0,008

3,5E+13
3,0E+13
2,5E+13
2,0E+13
1,5E+13
1,0E+13
5,0E+12
0,0E+00

o repeat 1
B repeat2

repeat 3

NG*, Pa

0 20000 40000 60000 80000 100000 120000

time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe Zatgcznik 4, maj 2007

Laboratorium K, lepiszcze C

strain 0,025
60 000 000
50 000 000 l
s 40000000 | ™ o repeat 1
% 30 000 000 - = repeat 2
O 20 000 000 repeat 3
10 000 000 -
0 - . —
0O 20000 40000 60000 80000 100 000
time, s
strain 0,025
60 000 000
50 000 000 - \
< 40 000 000 e repeat 1
%30 000 000 - = repeat 2
© 20000 000 repeat 3
10 000 000
0 — —
0 10 20 30 40 50
Phase angle, °
strain 0,025
5,0E+12
4,0E+12
& 30E+12 | o repeat 1
6 5 OE+12 = repeat 2
+ -
z 7 repeat 3
1,0E+12 -
0,0E+00 -
0 20000 40000 60000 80000 100 000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

G*, Pa

strain 0,018

60 000 000

50 000 000 + °

40 000 000 L&_\\

30 000 000 -
20 000 000 -

10 000 000
0

0

20000 40000 60000 80000 100 000

time, s

¢ repeat 1
m repeat 2

repeat 3

G*, Pa

strain 0,018

60 000 000

50 000 000
40 000 000 -

30 000 000

20 000 000
10 000 000 -
0

LAy,

wnps ¢

20

Phase angle, °

40

60

80

o repeat 1
= repeat 2

repeat 3

NG*, Pa

1,6E+13

strain 0,018

1,4E+13
1,2E+13

8,0E+12 -

6,0E+12
4,0E+12 -
2,0E+12 ~

o repeat 1
= repeat 2

repeat 3

0,0E+00
0

20000 40000 60000 80000 100 000

time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,008
60 000 000
59 000 000
© 58000 000 ¢ repeat 1
- | |
¢ 57 000 000
56 000 000
55 000 000
0 50 000 100 000 150 000 200 000
time, s
strain 0,008
60 000 000
59 000 000
o repeat 1
g 58 000 000 .
¢ 57 000 000
56 000 000
55 000 000
0 10 20 30 40 50
Phase angle, °
strain 0,008
1,0E+14
8,0E+13
S 6,0E+13 o repeat 1
x ]
% 4,0E+13
2,0E+13
0,0E+00
0 50 000 100 000 150 000 200 000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Laboratorium L, lepiszcze A

Zatgcznik 4, maj 2007

strain 0,0188
1,0E+08
8,0E+07 -
o repeat 1
© 4
o 6.0E+07 M repeat 2
(o 4,0E+07 A A repeat 3
2,0E+07 -
0,0E+00
0 5000 10000 15000 20000
time, s
strain 0,0188
6,0E+07
5,0E+07
s 4O0E+07 A A ATPRTTATTY o repeat 1
& 3,0E+07 7 W repeat 2
o 2,0E+07 / A repeat 3
W\
1,0E+07 R
AN
0,0E+00 A\“A\'A\\\\\‘\\\
37 38 39 40 41 42 43 44
Phase angle, °
strain 0,0188
3,0E+12
2,5E+12 -
o 2,0E+12 - ¢ repeatl
S'_ 1,5E+12 - W repeat 2
LZD 1,0E+12 - A repeat 3
5,0E+11
0,0E+00 T T T
0 5000 10000 15000 20000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,0135
5,0E+07
4,0E+07
© o repeat 1
D-_ 3,0E+07 m repeat 2
(& 2,0E+07 Arepeat 3
1,0E+07
0,0E+00
0 10000 20000 30000 40000 50000 60000 70000
time, s
strain 0,0135
5,0E+07
4,0E+07
. e repeatl
D-_ 3,0B+07 ® repeat 2
{& 2,0E+07 Arepeat 3
1,0E+07
0,0E+00
Phase angle, °
strain 0,0135
6,0E+12
5,0E+12
s 40E+12 e repeat 1
::‘L_ 3,0E+12 m repeat 2
(ZD 2.0E+12 Arepeat3
1,0E+12
0,0E+00
0 20000 40000 60000 80000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,006

6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

G*, Pa

100000 200000 300000

time, s

o repeat 1
m repeat 2

Arepeat3

400000

strain 0,006

6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

G*, Pa

5000 10000 15000 20000

Phase angle, °

25000

e repeatl
| repeat 2

Arepeat3

strain 0,006

8,0E+13
7,0E+13
6,0E+13
5,0E+13
4,0E+13
3,0E+13
2,0E+13
1,0E+13
0,0E+00

NG*, Pa

100000 200000

300000

time, s

400000

e repeatl
m repeat 2
Arepeat3




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe Zatgcznik 4, maj 2007

Laboratorium L, lepiszcze B

strain 0,0188
1,0E+08
8,0E+07 -
. ¢ repeat 1
o 6,0E+07 M repeat 2
(o 4,0E+07 A ’ repeat 3
2,0E+07 +——
0,0E+00 ‘ : ‘
0 5000 10000 15000 20000
time, s
strain 0,0188
6,0E+07
5,0E+07
40E+07 +——— o o . |, |erepeatl
c - i
D—_ 3,0E+07 [ | [ | W repeat 2
x
o 2,0E+07 repeat 3
1,0E+07
0,0E+00
35 37 39 41 43 45
Phase angle, °
strain 0,0188
3,0E+12
2,5E+12 -
o 2,0E+12 - ¢ repeatl
S'_ 1,5E+12 i [ | repeat2
% 1,0E+12 1 repeat 3
5,0E+11
0,0E+00 ‘ T ‘
0 5000 10000 15000 20000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,0135

5,0E+07
4,0E+07
3,0E+07
2,0E+07

G*, Pa

1,0E+07

0,0E+00

o

10000 20000 30000 40000 50000 60000

time, s

o repeat 1
m repeat 2

Arepeat3

strain 0,0135

5,0E+07
4,0E+07
3,0E+07

G*, Pa

2,0E+07
1,0E+07
0,0E+00

Phase angle, °

e repeatl
| repeat 2
Arepeat3

strain 0,0135

8,0E+12
7,0E+12
6,0E+12
5,0E+12
4,0E+12
3,0E+12
2,0E+12
1,0E+12
0,0E+00

NG*, Pa

time, s

e repeatl
m repeat 2
Arepeat3

10000 20000 30000 40000 50000 60000




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,006

5,0E+07
4,0E+07
3,0E+07
2,0E+07

G*, Pa

1,0E+07
0,0E+00

o

time, s

o repeat 1
m repeat 2

Arepeat3

50000 100000 150000 200000 250000

strain 0,006

5,0E+07
4,0E+07
3,0E+07

G*, Pa

2,0E+07
1,0E+07

0,0E+00
20 30 40 50

o
=
o

Phase angle, °

e repeatl
| repeat 2
Arepeat3

strain 0,006

8,0E+13
7,0E+13
6,0E+13
5,0E+13
4,0E+13
3,0E+13
2,0E+13
1,0E+13
0,0E+00

NG*, Pa

0 50000 100000 150000

time, s

e repeatl
m repeat 2
Arepeat3




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Laboratorium L, lepiszcze C

Zatgcznik 4, maj 2007

G*, Pa

strain 0,0188

1,0E+08
8,0E+07 -
6,0E+07 -
4,0E+07 -
2,0E+07

0,0E+00
0

50000 100000 150000 200000

time, s

¢ repeat 1

G*, Pa

strain 0,0188

6,0E+07
5,0E+07 +
4,0E+07

3,0E+07

2,0E+07

1,0E+07

o repeat 1

0,0E+00
35

37 39 41 43 45

Phase angle, °

NG*, Pa

strain 0,0188

3,0E+13
2,5E+13 -
2,0E+13 -
1,5E+13 -
1,0E+13 -
5,0E+12 -
0,0E+00

0

o repeat 1

50000 100000 150000 200000

time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,0135

6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

G*, Pa

300000

o

100000 200000

time, s

¢ repeatl

m repeat 2

400000

strain 0,0135

6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

G*, Pa

40

o

20 30

Phase angle, °

& repeatl

| repeat 2

strain 0,0135

1,2E+14
1,0E+14
8,0E+13
6,0E+13
4,0E+13
2,0E+13
0,0E+00

NG*, Pa

300000

100000 200000

time, s

& repeatl

m repeat 2

400000




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Laboratorium N, lepiszcze A

Zatgcznik 4, maj 2007

strain 0,025

6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

G*, Pa

6 000

o

2000 4 000

time, s

8 000

& repeatl

W repeat 2

repeat 3

strain 0,025

6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

G*, Pa

40

o
=
o

20 30

Phase angle, °

& repeat 1

W repeat 2

repeat 3

strain 0,025

1,4E+12
1,2E+12
1,0E+12
8,0E+11
6,0E+11
4,0E+11
2,0E+11
0,0E+00

NG*, Pa

6 000

0 2000 4 000

time, s

8 000

& repeat 1

| repeat 2

repeat 3




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe Zatgcznik 4, maj 2007

strain 0,018

6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

& repeatl

W repeat 2

G*, Pa

repeat 3

5000 10000 15000 20000 25000

o

time, s

strain 0,018

6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

&repeat 1l

W repeat 2

G*, Pa

repeat 3

o
N
o
B
o
(o2}
o
[0}
o

100

Phase angle, °

strain 0,018

3,0E+12
2,5E+12
2,0E+12
1,5E+12
1,0E+12
5,0E+11
0,0E+00

& repeat 1l
W repeat 2

repeat 3

NG*, Pa

0 5000 10000 15000 20000 25000

time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe Zatgcznik 4, maj 2007

strain 0,008

7,0E+07
6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

& repeatl

W repeat 2

G*, Pa

repeat 3

o

20000 40000 60000 80000 100 000

time, s

strain 0,008
7,0E+07
6,0E+07
5,0E+07
4,0E+07
3,0E+07
2,0E+07
1,0E+07
0,0E+00

&repeat 1l

W repeat 2

G*, Pa

repeat 3

o
H
o
)
o
w
o
N
o
Ul
o
(2]
o
\‘
o

Phase angle, °

strain 0,008

3,0E+13
2,5E+13
2,0E+13
1,5E+13
1,0E+13
5,0E+12
0,0E+00

& repeat 1l
W repeat 2

repeat 3

NG*, Pa

0 20000 40000 60000 80000 100000

time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

Laboratorium N, lepiszcze B

G*, Pa

6,00E+07

strain 0,025

5,00E+07

4,00E+07 -

¢ repeatl
m repeat 2

3,00E+07

repeat 3

2,00E+07
1,00E+07 -
0,00E+00

0

2000

4 000

time, s

6 000

8000 10000

G*, Pa

6,00E+07

strain 0,025

5,00E+07 -
4,00E+07

¢ repeatl

3,00E+07 -

} B repeat 2

repeat3

2,00E+07

1,00E+07
0,00E+00

0

10

20 30

Phase angle,

40 50 60

o

NG*, Pa

strain 0,025

1,6E+12

1,4E+12
1,2E+12 -

¢ repeatl

1,0E+12
8,0E+11

m repeat 2

6,0E+11
4,0E+11

2,0E+11

repeat3

0,0E+00
0

2 000

4 000

time, s

6 000

8000 10000




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe Zatgcznik 4, maj 2007

strain 0,018

7,00E+07
6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

o repeatl
m repeat 2

G*, Pa

repeat3

0 5 000 10 000 15 000 20 000

time, s

strain 0,018

7,00E+07
6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

o repeat 1
B repeat 2

G*, Pa

repeat 3

o
H
o
)
o
w
o
N
o
&)
o

Phase angle, °

strain 0,018

3,5E+12
3,0E+12
2,5E+12
2,0E+12
1,5E+12
1,0E+12
5,0E+11
0,0E+00

o repeat 1
B repeat2

repeat 3

NG*, Pa

0 5000 10 000 15 000 20 000

time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

G*, Pa

7,00E+07
6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

0

50 000

strain 0,008

100 000 150 000 200 000

time, s

o repeatl
m repeat 2

repeat3

G*, Pa

7,00E+07
6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

strain 0,008

Phase angle, °

e repeatl
| repeat 2

repeat 3

NG*, Pa

50E+13
4,0E+13
3,0E+13
2,0E+13
1,0E+13

0,0E+00 --
0

50 000

strain 0,008

100 000 150 000 200 000

time, s

o repeat 1
B repeat2

repeat 3




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Laboratorium N, lepiszcze C

Zatgcznik 4, maj 2007

strain 0,025

7,00E+07
6,00E+07 -
5,00E+07
4,00E+07 -
3,00E+07
2,00E+07
1,00E+07

G*, Pa

0,00E+00
0

5000 10000 15000 20000 25

time, s

000 30 000

& repeatl

M repeat 2

repeat 3

strain 0,025

7,00E+07
6,00E+07

5,00E+07

S 4,00E+07
" 3,00E+07

G*

& repeatl
W repeat 2

repeat 3

2,00E+07
1,00E+07

0,00E+00

20

4

Phase angle,

60

o

80

strain 0,025

5,00E+12
4,00E+12 -
3,00E+12

NG*, Pa

2,00E+12 -
1,00E+12 -

0,00E+00

-

0

5000 10000 15000 20000 25000 30 000

time, s

& repeatl

m repeat 2

repeat 3
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Zatgcznik 4, maj 2007

strain 0,018

7,00E+07

6,00E+07

5,00E+07
g 4,00E+07 | & repeat 1
ED— 3,00E+07 - M repeat 2

2 00E+07 A repeat 3

1,00E+07 =

0,00E+00

10 OOO 20 OOO 30 000 40 OOO 50 000 60000 70000
time, s
strain 0,018

7,00E+07

6,00E+07 '~

5,00E+07 \ e repeat 1
é-c 4,00E+07 \ W repeat 2
"CD 3,00E+07 . repeat 3

2,00E+07 =

1,00E+07 —

0,00E+00 I cnmiiliee 4 Adusmem—

0 20 40 60 80 100
Phase angle, °
strain 0,018

2,00E+13

1,50E+13 -
6_5 & repeat 1
Zb‘ 1,00E+13 m repeat 2
< 5,00E+12 - repeat 3

- L}
0,00E+00 - /
0 10 20 30 40 50 60 70
000 000 000 000 000 000 000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe Zatgcznik 4, maj 2007

strain 0,008

8,00E+07
7,00E+07
6,00E+07
5,00E+07
4,00E+07 -
3,00E+07
2,00E+07
1,00E+07
0,00E+00

& repeatl

W repeat 2

G*, Pa

repeat 3

0 50 000 100 000 150 000

time, s

strain 0,008
8,00E+07
7,00E+07
6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

&repeat 1l

W repeat 2

G*, Pa

repeat 3

30 35 40 45 50

Phase angle, °

strain 0,008

1,00E+14
8,00E+13

& repeat 1
6,00E+13

W repeat 2

4,00E+13

repeat 3

NG*, Pa

2,00E+13

0,00E+00 -
0 50 000 100 000 150 000

time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Laboratorium P, lepiszcze A

Zatgcznik 4, maj 2007

strain 0,025

6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

G*, Pa

2000 3000 4000 5000

o

1000

time, s

@ repeat 1

B repeat 2

repeat 3

strain 0,025

6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

G*, Pa

Phase angle, °

& repeat 1
B repeat 2

repeat 3

strain 0,025

1,20E+12
1,00E+12
8,00E+11
6,00E+11
4,00E+11
2,00E+11
0,00E+00

NG*, Pa

2000 5000

3000

0 1000 4000

time, s

& repeat 1
B repeat 2

repeat 3
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Zatgcznik 4, maj 2007

strain 0,018
6,00E+07
5,00E+07
© 4,00E+07 o repeat 1
& 3,00E+07 = repeat 2
Eb 2,00E+07 repeat 3
1,00E+07
0,00E+00
0 2000 4000 6000 8000
time, s
strain 0,018
6,00E+07
5,00E+07
© 4,00E+07 ¢ repeat 1
D'_ 3,00E+07 B repeat 2
-(k.') 2,00E+07 repeat 3
1,00E+07
0,00E+00
37 375 38 385 39 395 40 405 41
Phase angle, °
strain 0,018
2,50E+12
2,00E+12
- # repeat 1
o 1,50E+12 ® repeat 2
EZD 1,00E+12 repeat 3
5,00E+11
0,00E+00
0 2000 4000 6000 8000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,008
6,00E+07
5,00E+07 "
© 4,00E+07 | o repeat 1
S‘. 3,00E+07 m repeat 2
(V) 2,00E+07 repeat 3
1,00E+07 A
0,00E+00 T T T
0 20000 40000 60000 80000
time, s
strain 0,008
6,00E+07
5,00E+07 7YV
4, ,00E+07 A
& repeat 1
©
a 3,00E+07 B repeat 2
ED 2,00E+07 . repeat 3
* N0 d Bty
1,00E+07 hd L
0,00E+00 T T T T
36 37 38 39 40 41
Phase angle, °
strain 0,008
2,50E+13
2,00E+13
© & repeat 1
o 1,50E+13 1 ® repeat 2
*% 1,00E+13 1 repeat 3
5,00E+12 -
0,00E+00 T T T
0 20000 40000 60000 80000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Laboratorium P, lepiszcze B

Zatgcznik 4, maj 2007

strain 0,025
6,00E+07
5,00E+07
. 4,00E+07 - ¢ repeatl
S: 3,00E+07 m repeat 2
o 2,00E+07 repeat 3
1,00E+07 -
0,00E+00 T T T T
0 1000 2000 3000 4000 5000
time, s
strain 0,025
6,00E+07
5,00E+07 * 5o
'va
© 4,00E+07 . ¢ repeatl
D‘. 3,00E+07 = repeat 2
x
o 2,00E+07 repeat 3
1,00E+07
0,00E+00 T T T T T T
39 40 41 42 43 44 45 46
Phase angle, °
strain 0,025
1,40E+12
1,20E+12
© 1,00E+12 ¢ repeat 1
o._ 8,00E+11 - = repeat 2
x
% 6,00E+11 repeat 3
4,00E+11
2,00E+11
0,00E+00 T T T T
0 1000 2000 3000 4000 5000
time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

strain 0,018

7,00E+07
6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

G*, Pa

0 2000 4000 6000

time, s

8000

o repeatl
m repeat 2

repeat3

strain 0,018

7,00E+07
6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

G*, Pa

Phase angle, °

o repeat 1
B repeat 2

repeat 3

strain 0,018

2,50E+12
2,00E+12
1,50E+12
1,00E+12

NG*, Pa

5,00E+11

0,00E+00
4000

6000

0 2000

time, s

8000

o repeat 1
B repeat2

repeat 3




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe Zatgcznik 4, maj 2007

strain 0,008

7,00E+07
6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

o repeatl
m repeat 2

G*, Pa

repeat3

o

20000 40000 60000 80000 100000

time, s

strain 0,008
7,00E+07
6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

o repeat 1
B repeat 2

G*, Pa

repeat 3

Phase angle, °

strain 0,008

3,00E+13
2,50E+13
2,00E+13
1,50E+13
1,00E+13
5,00E+12
0,00E+00

o repeat 1
B repeat2

repeat 3

NG*, Pa

0 20000 40000 60000 80000 100000

time, s




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Laboratorium P, lepiszcze C

Zatgcznik 4, maj 2007

strain 0,025

6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

G*, Pa

15000

o

5000 10000

time, s

o repeatl
m repeat 2

repeat3

strain 0,025

6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

G*, Pa

Phase angle, °

¢ repeatl
m repeat 2

repeat3

strain 0,025

4,00E+12
3,50E+12
3,00E+12
2,50E+12
2,00E+12
1,50E+12
1,00E+12
5,00E+11
0,00E+00

NG*, Pa

15000

o

5000

10000

time, s

¢ repeatl
m repeat 2

repeat3




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

G*, Pa

7,00E+07
6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

o

strain 0,018

5000 10000 15000 20000 25000 30000

time, s

o repeatl
m repeat 2

repeat3

G*, Pa

7,00E+07
6,00E+07
5,00E+07
4,00E+07
3,00E+07
2,00E+07
1,00E+07
0,00E+00

strain 0,018

Phase angle, °

o repeat 1
B repeat 2

repeat 3

NG*, Pa

1,00E+13
8,00E+12
6,00E+12
4,00E+12
2,00E+12
0,00E+00

o

strain 0,018

5000 10000 15000 20000 25000 30000

time, s

o repeat 1
B repeat2

repeat 3




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Zatgcznik 4, maj 2007

G*, Pa

strain 0,008

6,60E+07

r nan”
6,40E+07 ".'___r
6,20E+07 - ’

6,00E+07 -

v

¢ repeatl
m repeat 2

repeat 3

5,80E+07

5,60E+07
0

20000 40000 60000 80000 100000 120000 140000

time, s

G*, Pa

strain 0,008

6,60E+07
6,50E+07 -
6,40E+07 -

6,30E+07
6,20E+07 -

o repeat1

B repeat 2

6,10E+07

6,00E+07

repeat 3

5,90E+07

5,80E+07

5,70E+07
32

32,5

33 33,5

Phase angle, °

34,5

NG*, Pa

1,00E+14

8,00E+13 -
6,00E+13

4,00E+13
2,00E+13

0,00E+00 -

strain 0,008

e repeatl
B repeat2

repeat 3

0

100000

time, s

150000




IBDIM TN, Temat WS-07, Zmeczenie lepiszczy asfaltowych, Sprawozdanie kohcowe

Laboratorium T, lepiszcze A

Zatgcznik 4, maj 2007

G*, Pa

strain 0,025

2,50E+07
2,00E+07

1,50E+07

1,00E+07 -
5,00E+06 -

\

0,00E+00

0

1000

2000

3000 4000

time, s

5000 6000

¢ repeatl
m repeat 2

repeat 3

G*, Pa

2,50E+07

strain 0,025

2,00E+07 -
1,50E+07 -
1,00E+07 -

® n
L
g,
l”.

5,00E+06

0,00E+00
46

48

50

Phase angle,

(o]

¢ repeatl
B repeat 2

repeat3

NG*, Pa

4,00E+11

strain 0,025

3,50E+11
3,00E+11

2,50E+11
2,00E+11 -
1,50E+11 -
1,00E+11 -
5,00E+10

0,00E+00
0

1000

2000

3000 4000 5000 6000

time, s

¢ repeatl
m repeat 2

repeat3
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strain 0,018
2,50E+07
2,00E+07
S 1,50E+07 o repeatl
- m repeat 2
X
¢ 1,00E+07 repeat 3
5,00E+06
0,00E+00
0 2000 4000 6000
time, s
strain 0,018
2,50E+07
2,00E+07
o repeat 1
L‘E 1,50E+07
- m repeat 2
x
(» 1,00E+07 repeat 3
5,00E+06
0,00E+00
44 46 48 50 52
Phase angle, °
strain 0,018
5,00E+11
4,00E+11
EE 3,00E+11 e repeatl
. m repeat 2
(2') 2,00E+11 repeat 3
1,00E+11
0,00E+00
0 2000 4000 6000
time, s
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strain 0,008
2,50E+07
2,00E+07 "™
tl
g 1,50E+07 o repea

i m repeat 2
E3
O  1,00E+07 1 repeat 3

5,00E+06 -
—
0,00E+00 ‘ ‘ ‘
0 10000 20000 30000 40000

time, s

strain 0,008
2,50E+07
2,00E+07 -

tl
5_5 1,50E+07 e repea

N B repeat 2
* |
(o 1,00E+07 repeat 3

5,00E+06 -
0,00E+00 ‘ - :
44 46 48 50 52
Phase angle,
strain 0,008
1,40E+12
1,20E+12
« 1,00E+12 1 o repeat1
o 8,00E+11 -

- B repeat2
(h 6,00E+11 - 3
Z  4,00E+11 - repeat

2,00E+11 -
0,00E+00
0 10000 20000 30000 40000
time, s
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Laboratorium T, lepiszcze B

strain 0,025

3,50E+07
3,00E+07
2,50E+07
2,00E+07
1,50E+07
1,00E+07
5,00E+06
0,00E+00

o repeatl
m repeat 2

G*, Pa

repeat3

0 1000 2000 3000 4000 5000 6000

time, s

strain 0,025

3,50E+07
3,00E+07
2,50E+07
2,00E+07
1,50E+07
1,00E+07
5,00E+06
0,00E+00

¢ repeatl
m repeat 2

G*, Pa

repeat 3

42 44 46 48 50 52 54

Phase angle, °

strain 0,025

6,0E+11
5,0E+11
4,0E+11
3,0E+11
2,0E+11
1,0E+11
0,0E+00

¢ repeatl
m repeat 2

NG*, Pa

repeat3

0 1000 2000 3000 4000 5000 6000

time, s
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Zatgcznik 4, maj 2007

strain 0,018

3,00E+07
2,50E+07
2,00E+07
1,50E+07
1,00E+07
5,00E+06
0,00E+00

G*, Pa

0 2000 4000 6000

time, s

o repeatl
m repeat 2

repeat3

strain 0,018

3,00E+07
2,50E+07
2,00E+07
1,50E+07
1,00E+07
5,00E+06
0,00E+00

G*, Pa

Phase angle, °

o repeat 1
B repeat 2
repeat 3

strain 0,018

8,0E+11
7,0E+11
6,0E+11
5,0E+11
4,0E+11
3,0E+11
2,0E+11
1,0E+11
0,0E+00

NG*, Pa

0 2000 4000 6000

time, s

o repeat 1
B repeat2
repeat 3
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strain 0,008
3,00E+07
2,50E+07 - \
s 2.00E+07 A ; o repeat1
D‘_ 1,50E+07 - ® repeat 2
E3
© 1,00E+07 - repeat 3
5,00E+06
0,00E+00 ‘ ‘ ‘
0 10000 20000 30000 40000
time, s
strain 0,008
3,00E+07
2,50E+07 - * \T
© 2,00E+07 = ¢ repeatl
S‘_ 1,50E+07 . ® repeat 2
O 1,00E+07 - repeat 3
5,00E+06
0,00E+00 ‘ ‘ ‘ ‘ ‘
40 41 42 43 44 45 46
Phase angle, °
strain 0,008
5,0E+12
4,0E+12
tl
5_5 3,0E+12 o repea
x” ® repeat 2
LzD 2,0E+12 1 repeat 3
1,0E+12 | /
0,0E+00 ‘ ‘ ‘
0 10000 20000 30000 40000
time, s
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Laboratorium T, lepiszcze C

strain 0,025
3,00E+07
2,50E+07
© 2,00E+07 e repeat 1
D‘_ 1,50E+07 ® repeat 2
x
O 1,00E+07 repeat 3
5,00E+06
0,00E+00 ‘ ‘ ‘ ‘
0 1000 2000 3000 4000 5000 6000
time, s
strain 0,025
3,00E+07
2,50E+07
© 2,00E+07 e repeat 1
. 1,50E+07 u repeat?
o 1,00E+07 repeat 3
5,00E+06
0,00E+00
40 45 50 55 60
Phase angle, °
strain 0,025
50E+11
4,0E+11
Da_; 3.0E+11 ¢ repeatl
e m repeat 2
(ZD 2,0E+11 repeat 3
1,0E+11
0,0E+00 ‘ ‘ : ‘
0 1000 2000 3000 4000 5000 6000
time, s
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strain 0,018
3,00E+07
2,50E+07
© 2,00E+07 e repeat 1
LL, 1,50E+07 = repeat 2
x
O 1,00E+07 repeat 3
5,00E+06
0,00E+00
0 2000 4000 6000 8000
time, s
strain 0,018
3,00E+07
2,50E+07
© 2,00E+07 e repeat 1
EL, 1,50E+07 ® repeat 2
O 1,00E+07 repeat 3
5,00E+06
0,00E+00
40 42 44 46 48 50 52
Phase angle, °
strain 0,018
1,0E+12
8,0E+11
EE 6,0E+11 o repeat 1
. . m repeat 2
(2') 40E+11 M repeat 3
2,0E+11
0,0E+00
0 2000 4000 6000 8000
time, s
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strain 0,008
5,00E+07
4,00E+07
Ef 3,00E+07 o repeat 1
- B repeat 2
&  2,00E+07 repeat 3
1,00E+07
0,00E+00
0 10000 20000 30000 40000
time, s
strain 0,008
5,00E+07
4,00E+07
t1
L‘f 3,00E+07 e repea
- m repeat 2
&  2,00E+07 repeat 3
1,00E+07
0,00E+00
40 41 42 43 44 45
Phase angle, °
strain 0,008
1,0E+13
8,0E+12
EE 6,0E+12 o repeat 1
. m repeat 2
(2') 4,0E+12 repeat3
2,0E+12
0,0E+00
0 10000 20000 30000 40000
time, s
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