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Introduction

« Name: Bastian Wacker

« Education: civil engineer
(Dipl.-Ing, Master of Engineering)

« at BASt since 02/2013
— Section:
Design and Structure of Pavements
— Research activities:
accelerated pavement testing, structure

analysis and technical research
supervision
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Introduction
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Introduction

» Testing facilities at BASt

— Indoor asphalt pavement test track

— Indoor concrete pavement test track

— Test hall for different research studies

e duraBASt - from march 2017
— demonstration
— investigation (Untersuchung)
— reference
— area of BASt
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Introduction

Loading with Bogie - including loading wheels
=  \Wheel load 40 to 75 kN (8,99-16,86 kip)

» chosen standard operation with
50 KN (11,24 kip) (equivalent 10 to-Axle)

(T T4
T L e -
P ‘-_-'_.\_.;._.'.‘-'_:

Completion of loading wheels
= dual or single

Testing length
= 3,50 m (11,48 Foot US)

 Speed
= upto 22 km/h (13,67 mph)
= 6000 passes/h

© Pavetesting - MLS66
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Agenda

* Research update (approx. 10min.)

* Future data handling (approx. 20min)
—  Outdoor test facility duraBASt

* New measurement system on MLS30 (approx. 15min)

« Time for discussion and questions (approx. 10min)
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Research update
Innovation Program - Call 8 S addition to Call 8
(BMVI & BASH) (BASH)
- ] v \1,
first test section second test section second test section (2)
(3.000.000 ESAL) (300.000 ESAL) (8.300.000 ESAL)
85 loading days A AR 8 loading days '} A 95 loading days
2% I __ | loading with MLS30 (MLS10) | _ __} 3 L222T S ll | B g days |
I (responsible BASH) 1 I
I 1 I
I I I
I measurements b ! !
|
: first research gr ,)/Qx' 1 :
I OWTH e : 1
continuously : I continuously : continuously
measurements | | 1| measurements 1| measurements
(fixed program) : : (fixed program) : (fixed program)

cores of second
test section (2) =
BASt

cores of first and

second test = P
research groups | T ..)l data AnaIYSIS &
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Research update

100% = 3.300.000 U

 Focus on R
non-destructive test methods o -
— embedded ultrasonic sensors § . .
— mobile ultrasonic sensors P Y § | §,§§ % | g . '5°
—  GPR systems in combination i § (SR T : I, 2
with ultrasonic sensors £ 2B - . n
— measurement system with " o | Bl eS8 | 2 i =
twelve geophones | 5 B
—  Shaker in combination with | a .
acceleration sensors Al N
el pne”’” e
MULLER-BBM l Feb. 107-11" 2016, 1.35Mio ESAL
| T | secondtestsectionCallg April 1272016, 2, 14Mio ESAL |
 — 0| secondtestsection Callg June 28" 2016,3 30MioESAL [ |
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Research update

@ Sensor position

® Faliing welght deflection

LOAE Load lane double wheels

- -
88 om i 68 ocm S 88 om e Tims of fight
(21) l(22) (31) (32) m Direction of loading
i [ ] i I = I
§
- \\ ® | ®
! e 112 BAM
) 12) (41) (42)
21.02.2017 Waorkshop; Embedded sensors — ModellstraBe BASt {Bergisch Gladbach)

« embedded ultrasonic sensors
— evaluation of big data

— temperature changes (even small) have a
huge influence on test results

— research still needed to evaluate asphalt
properties

Zeit, microsec

x1o4

mobile ultrasonic sensors
operation takes time

evaluation process takes time

big experiences necessary to operate and
to evaluate measurements
MULLER-BBM

SCHWEIZ AG

500

Zgit, microsec

il
r BAST11 transversal nach AGC

BAST11 longitudinal nach AGC
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Research update

3,50 PR
- 0,25 1,00 | 1,00 | 1,00 0,24 -
SO0 I |
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sc(‘LL o 40 ) 2 ! o o 1,25
206 %07 ¢ | |8 i Loozd o: [ d i e~ e
E;I(E”" ‘; -; “P" E jdom . | i II o
D% AT 8 | 1o | ! | | MLS10 Belastungsbereich im Versuchsfeld
oM G : MLS10 — Transportrider Fahrstrecke 5 | 1L
~ © NS ‘ C : ] 2 Y il e . )-L“ 4 A'DIITH
>3 901304 i ‘ TAD TFBS AT F ar | AT
LY P06 e | . | Yess
« Dbackcalculation of FWD results » reference point very important for
—  not very common in Germany correction
— in combination with GPR the potential and — no change of bearing capacity
acceptance of backcalculation raises —  temperature correction on 20°C

Rollspur 2

| Achse

Rollspur 1
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Research update

» deflection basin of one measurement point
— correction to 20°C (68°F) and reference point

Distance to center of load [mm]

-500 -250 0 250 500 750 1000 1250 1500 1750 2000
0 1 j |

50 | —
100 -

150 |
200 |
250 -
300 -

Deflexion [um]

350 | —
400 |
450 -

—0 =—300016 ——600030 -——900093 1650047 ——1800050 2618069 3300102
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Research update

unloaded
0 loading cycles

loaded
3,3 Mio. loading cycles

0 O o

Loading cycles 0,3 Mio. 0,6 Mio. 1,8 Mio.
- 12.250 MPa Asphalt [MPa] 12.500 11.750 10.250
O.0°
0o o©
0 150 MPa SoB [MPa] 100 100 100
0 o
0 o o
RYAYARAY |
177 MPa UG [MPa] 170 170 181
Goodness of fit: 97,5% GOF [%] 97,2 98,0 96,9

parameter back calculation
Asphalt: between 5.000 and 14.000 MPa
SoB: between 50 and 400 MPa

increment 250 MPa
increment 25 MPa

UG: direct derivation d, g4, (dynamic module)!

AANZNVZ

9.250 MPa

100 MPa

181 MPa

Goodness of fit: 97,8%
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Research update
e results of measured (calibrated) and calculated deflection basins

Distance to center of load [mm]

500 -250 0 250 500 750 1000 1250 1500 1750 2000

e — |

) | _ﬁ_—_—-"‘f&_
100 unloaded B -
] 0 ESAL =
150 | measured & / /
calculated /

200 /
= </
300 / /

: / loaded

350 7 7 3,3 Mio. ESAL
measured & calculated

Deflection [pm]

400 1

450 1

—0.00 3.300.10200 —0_riick ——3Mio_riick
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Research update

e (Calculated strain (back calculated system) on bottom of asphalt

120

100

&0

&0

40

20

/4.._"'--.._________--‘_._._—____.-—'
’,’*"E:-F
/ Strajn 162 pm/m
_...--""" .
f‘ Strain 134 um/m
1 |
\ Strain 128 um/m
Strain 120 um/m

300016

600.030

500.093

1.650.047

e SC1300 Messpunkt 11

1.800.050

2.618.069

3300102

ESAL
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Research update

* next steps

— evaluation of core results
» stiffness and fatigue

— use the data to residual service life

— combine the results out of non-destructive
test methods

— find solutions to take the temperature into
account (ultrasonic sensors)
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Agenda

»  Future data handling (around 20min)
—  Outdoor test facility duraBASt
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Future data handling

duraBASt — outdoor test area
demonstration, investigation (Untersuchung), reference area

coordinate origin #*
% . (DU-Z1 until DU-Z3)

investigation area
APT (MLS30) and non-destructive test methods
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Future data handling
5,5m bU-z1a Project realized mid march - end april 2017 pl~zile
entrance and
office
50m y DU-Z2a" ., nstruction between June and July 2017 construction in May 2017 bU-z2b
5,0m T DU-z3a coordinate origin construction in May 2017 bU-23b
(DU-Z1 until DU-Z3)
through road
5,5 TN~~~ N . - - - - - oo T S oo
™ reference track
3,9m DU-Z4a DU-Z4b
3,9m DU-Z5a DU-Z5b
3,9m DU-Z6a DU-Z6b
« for example:
— DU-Z2a = demonstration and investigation (DU) — central area (Z) no. 2 north part (a)
Slide Nr. 19
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Future data handling :;;i T oA | B
wat e | R ﬁzrﬁlm;m&g?| e e TR |
3l Ll b ETTTR
eaSt [ [ __..___i_ég:_';ﬁ%ggﬂﬁ_._..M_._ .
Construction &
Loading direction
Test Section
DU-Z1_SE5-2017
>
o ~N ~
N N N
3 3 S
16,00 .
DU-Z1a I DU-Z1b
13,25 . |

10,50
10,00

7,50

5,00

2,50

10m
0,00 X i1 MLs30

i

47,50
west

95,00
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Future data handling

 Relevant information embedded in sensor name

— type of sensor (T, C, S, M)
— loading or investigation section (SEDa = SE1-SEB6)
— depth[cm]
—  position
= K765 = coordinate system 76,5m
» 187 =1,87[m] loading area
— deviating from axis

Projekiname.
Untersuchung multifunktionaler Straftenbaumaterialien und
Verbundwerkstoffe zur Nutzung solarer Energie und
Verbesserung der Dauerhaftigkeit

SEDa

Sensorname:
T SE5-14_187

Projekiname:;
Untersuchung multifunktionaler Straflenbaumaterialien und
Verbundwerkstoffe zur Nutzung solarer Energie und
Verbesserung der Dauerhaftigkeit

SEDa

Sensorname:

T SE5-14 K7651225

» no information behind position = axis of test section (SEDa = y-coordinate 13,25)

= “”or “r’in loading direction (SEDa = north to south)
1225 = 2,25 [m] left of axis (SEDa = y-coordinate 15,50)

Skx_samplelr Sex_sampledr Sx smogrledn
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Future data handling

Legende: ACT = Asphalt concrete Base Layer (Tragschicht)

1] = loaded area (helasteter Bereich) wacker:
[ = Compressive stress H3= Halle 3BASt
FSS = frost protection layer (Frostschutzschicht) H7 = Halle 7 BASt
OU-Z = UntersuchungsHich
Ref = Referenzpunkt DM = Untersuchungsflic
_ = Strain wacker: E¥ = Externe Fliche
S = Splttmastizasphalt _K = Bngabe Koordinate _K114 = fl4m
= temperature _ “
testsecion =  HEiH7/DU-Z_i DU-N_/EX Sl W I L\ r , — ..
. . ; — — - = : 1 un:
ToB = base layer (Tragschicht ohne Bindegnittel) eacker Verbundwerkstoffe zur Nutzung solarer Energie und
urik = unlosded ares (unbelasteter Bereich) bleibt leer wenn kein Yersatz zur Verbesserung der Dauerhaftigkeit
SE = SEDa Belastungsachse warhanden ist SEDa
S=5iid ¢ A= Asphalt { M=Mord

Eensnrbezeichﬁung
til zur Achse karmplette Bez.

test section | Sensoryp | Project| _ts | depth [cm]| _Azu Start Sengar 1D Status Sensorname:

CENCECIEENCEECENNC ol ¥ S_SE5-22 050

T_SES-02_KTESIZ25
E5-00_KTAES
6-00_K7ESIZ25

DU-Z1_SE5-2017 C SE - z _/eingebaut
DU-Z1_SES-2017 C =E " I gebaut Al ) =41 03,20
DU-Z1_SE5-2017 ] s eingehaut 73,50 (13,25 | -40 27.03.2017

na0-

E5-22
SE5-22_175

SE5-22_225 [ -22 |
SE5-06_300 E
T_SE5-40_187 | -40 |
SE5-27_187
SE5-14_187 14
T SE5-06 187 | -06 |
T_SE5-02_187 | -02 |

SE5-0Z_187130
SE5-00_187 | -00 |
| 00|

T SEA-00 187(20
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v
F
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Future data handling T R
e P[RR —y - H B FAEY
O loned STt [ emmians P
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Construction Construction Construction Construction & Construction & Construction &

Loading direction Loading direction Loading direction

—) —) ) > | > >

Test Section Test Section Test Section Test Section Test Section Test Section
DU-Z1_SE1-2017 DU-Z1_SE2-2017 DU-Z1_SE3-2017 DU-Z1_SE4-2017 DU-Z1_SE5-2017 DU-Z1_SE6-2017
~ = — — — 0
22a ¥y 8 9 2gg8 & 8 3 N X @
238 2 Z g 28 g 2 g g g 2 [

16,00
13,25

10,50
10,00

7,50

5,00

2,50

10m

- - 47,50 95,00
0,00 x i msso i

west
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Future data handling

« duraBASt will be a dynamic
research area
—  We have to know everything!
= position (3D)
= type of installation

— for example:
= rebuild a constructed test
section
=  build up on a constructed test
section

Different persons at BASt are working on this topic

LIGHTING

PUMPS &
COMPRESSORS

FURNITURE

STAIRCASES

ARCHITECTURAL
METALWORK

KITCHEN
EQUIPMENT

2

DS SOLIDWORKS
CURTAIN
WALLING

OPERATE

https://www.innova-systems.co.uk/solidworks-architectural-construction-industry-bim/
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Agenda

* New measurement system on MLS30 (around 15min)
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New measurement system on MLS30

Inflated - not to scale

unloaded situation
X:=3 [-]
X,=1 [-]

deformation

possible usage of
Lasers
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New measurement system on MLS30

Inflated - not to scale

deformation
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New measurement system on MLS30

* Acceleration measurements on Bogie frame
= position 1: Phone on top of Bogie frame z down
= position 2: Phone in front of Bogie frame x down
= position-3-Phene-in-the-back-of Bogieframe not realized
=  position 4: Phone underneath Bogie frame z down
= position 5: Phone in front of Bogie frame y down

25,000

20,000

/ loading section - details next slide

16,000 —+

0000

% o5
E
——

10,000

AS000

-20,000

25,000 —
P &
AL i
oy~ iz []
AP

position 5
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New measurement system on MLS30

« Loading section (pos. 1)

— measurement time (rectangle)
= 0,34s5(0,07-0,4159)

— MLS30 speed
=  6.000 mm/s

— suitable measurement length
=  2.000 mm

14,000

12,000

10,000

8,000

6,000

acceleration [mfs?]

4,000

2,000

0,000

acceleration of gravity = 9,81 m/s* (1 g)

——z 11

——z_1-2

(\] (8] ]
o S S

time [s]

May 11th 2017; Speaker: bastian Wacker

Slide Nr. 31



Research update, data handling and new measurement system I . m

New measurement system on MLS30

12

b Only tWO measurements On pOSition 1 111? acceleration of gravity = 9,81 m/s* (1g)

10,5 T

/
can be analyzed P R T —
9

— third measurement data are not transmitted cc

~
(5 0--]

o

»  50% of measurement points (range)
-z 1-1=0,59 m/s?
- z.1-2=0,67 m/s?
- z13= -

o

acceleration [m/s?]

w

3 et £ s S £
[ TS RNV A TS TS B B 3 I

o
[=Nrs I

* median | |
— 2z 1-1=9,79 m/s2 > 0,02 m/s2 diff. to 9,81 m/>
- z 1-2=9,69 m/s2 > 0,12 m/s2 diff. to 9,81 m/s?

- z.1-3= -
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New measurement system on MLS30

« evaluation of all items
— average range = 0,62 m/s?
for 50% of measurement points

z 1=0,63
z_4=0,50
x_2=0,74
y 5=0,49

— median to acceleration of gravity

z 1=0,07
z 4=0,39
X 2=0,23
y 5=0,07

acceleration [m/s? - Quartil 25-75%

@

z 11

z 12

z 13

z 41

z 42

z 43

X 2-1

X 22 x 23 y 51

y 52

y 53
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New measurement system on MLS30 © o
» development of sensor mounting
(feasibility study)

— three mounting points
- two sensors
— one control unit

Slide Nr. 35
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New measurement system on MLS30 coco © TriDiCam
l i | ]

Messuna starten
Zuriicksetzen
[ Dateniogging akovieren

* next steps

Offset: 0.000
Offset bastimmean
ffsat Zuruckse tzen

— installation of measurement system until
end of May 2017

[0 Median akzivieren
Kernelgrdbe |21

— test measurements June 2017

5, -'=m ] 199. 85 1 g 1 .47 [ pifferanz abso\ut-

Rty l Source: ,Machbarkeitsstudie 2ur Belastungsvermessung®, unpublished

— implementation into regular APT program

back sensor front sensor
= July, September, October 2017 (sensor 2) (sensor 1)
(o teedeom
—  evaluation until march 2018
= search for the best parameter for test | o e
section assessment - e.q. angle | ¢=va' ;f:"““’"ﬂw ¢
= next webinar more detailed e %
information about my PhD-project o E | £
aelisnattog vl eix
Slide Nr. 36
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Thank you for your attention!
el - % Sias Y RS

-

M.Eng. Bastian Wacker

Section GS3 -Design and structure of pavements
Bundesanstalt flr StraBenwesen (BASt)

BruderstraBe 53, 51427 Bergisch Gladbach, Germany

lefon: 9 220 3- . .
e s S e Federal Highway Research Institute
Bundesanstalt fur StraBenwesen
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Agenda

« Time for discussion and questions (around 10min)
Contact details for more questions: wacker@bast.de, 0049 2204 43-778
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