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What prompts a machine builder to research the properties
of fresh concrete |n plpe conveylng’? é
As earIy as 1969 1972 two questlons arose in research on road constructlon machlnery
1. What effect do the tools of the construction machine in the still plastic building
material, e.g. in fresh concrete or in hot asphalt mix?
2. What effect do the reactions of the building material have on the tools of the
construction machine?
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Bwldmg materials research at the time had no answers.
For them, they were only building materials when they solidified.
__/ The still plastic properties were only of interest with regard to their
e influence on this Iater state of use!

Meanwhlle concrete technology is establlshed as part of bU|Id|ng materlals research
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8 NevertheIess even today, some of the approaches of concrete
technologlsts dlffer from those of mechanlcal englneers
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What is Boundary Zone Segregation (BZS)?
* aninevitable room filling problem
* the boundary zone passes steadily and not abruptly into the
/ core zone
|

What is Boundary Zone Segregation (BZS) not?
* shear-induced particle migration

(i What does Boundary Zone Segregation (BZS) do?
* radius-dependent sieve line change
radius-dependent Viscosity change
plug flow (also without Bingham-behavior)
Self-cleaning of the inner pipe wall with reduction of the residence
time
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:.:gf starts with the filling of the
- conveying cylinder in the pump
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changes along the conveying line
only at the front of the
conveying flow and with all

cross-sectional changes (@ + R)

ends with insertion and
compaction, e.g. into a wall
formwork
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Continuous transition from the boundary zone to the core zone
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The thickness of the boundary zones |
and Il as well as the radius of the core
zone lll change with the grain size!
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In zones | and Il, the grains (here balls)
never participate in the filling of the
room with their full volume!
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The density (humber of spheres per dm?3)
of the grains in the core zone lll is
proportional to the space not yet filled
by the larger fractions.
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BZS no shear-induced . ‘*‘ but:
,» Mixed friction with hydrodyn. component*
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Effects of BZS:

Shear stress T~ r Viscosity 1 = f(r) Shear y=f(r, n) Speed V =f{(r, y)

Boundary zone

Core zone

Pipe axis
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Calculation of BZS:
* |nput
e Calculation of the average grain diameters per fraction
3D CAD model for preliminary examination
Proximity polynomial of room filling in boundary zones
Fractionally numerical calculation in 87 steps
— Normalized filling level
— Correction factor
— Radius-dependent room filling according to recipe
— Cumulation of all previously calculated fractions

Calculation and graphic of the radius-dependent screen line change

Assumptions for deriving the radius-dependent viscosity and the speed
profile
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=" X Calculation of the average

Input for calculatlon BZS
/ (YD gram dlameters per fractlon
Conveyor plpe inner (z) p055|ble deflnltlons

Aggregate through screening . arlthmet|c MEE, ) ) Ey1er

line for 10 fractions 32/64, dymsz = (16+8)/2 =12 mm
16/32 ... 0,0625/0,125 : geometrlc mean, e.g. F3 8/16:
Cement content, including fly = dym3 = (16¥8)72 = 11,3 mm
ash measured mean from sample of
| n grains, e.g. F3 8/16:

dy3 = (6/7*V/Nn)Y3=13,4 mm

Silica content

Water content
statistically-geometrically

Air content (in Pump hopper) determined
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3D CAD model for
preliminary examination
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rd Fractlonally numerical calculation in 87 radial steps =
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Calculation fraction 1
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Fractionally numerical calculation in 87 radial steps

Group-by-group filling of pipe
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Assumption for the dependence of viscosity on the averaged grain diameter
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Outlook for further mvestlgatlons on BZS

Studies on statistical geometry, i.e.

— Definition of the most suitable averaged grain @,
— Consideration of irregular grain shape

Verification of the assumptions made about the dependence of the
viscosity as well as measurement of the actual velocity profiles with a

rotational viscometer (e.g. Feys tribometer) with two smooth cylinders
rotating against each other, which do not prevent sliding

Validation of hydrodynamic mixed spelling as a cause of
— the strong increase in the flow rate in the lower speed range and
— the self-cleaning effect as well as the prevention of too long
residence time of the edge zone material in the conveying pipe

Exten5|on of the mvestlgatlons to plpe bends reductlons and the I|ke
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