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Adapting Smart Dynamic Casting to Thin Folded Geometries

e Introduction

« Slipforming process model
 Material adjustments
 Conclusion and outlook
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Smart Dynamic Casting

» Robotic slipforming prefabrication
 Formwork moved along a digital trajectory
« Shaping the concrete

Smart Dynamic Casting production for the DFAB house,
Gramazio Kohler Research, ETH Ziirich
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Slipforming process model — gravitational extrusion

weight of concrete in the formwork <-> friction along the formwork walls

Robotic slipping

Accelerated concrete
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Slipforming process model — formworks

weight of concrete in the formwork <-> friction along the formwork walls
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SDC Columns SDC Mullions SDC Thin-walled
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SDC Columns SDC Mullions SDC Thin-walled

Gramazio Kohler Research 9
ETH Zurich



Slipforming process model — formworks

Slipforming as gravitational extrusion: weight of concrete in the formwork <-> friction along the formwork walls

: : _ _ 2-Volume
Differences in hydrodynamic radius rhy =
Surface
Thy,columns = 79Mm Thy,mullions = 41mm Thy,folded = 25mMm
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Slipforming process model — force balance

Force balance in the formwork:

Z Robotic slipping

2
oyg = pgH —— | tpr(2) dz
Thy Jo

Accelerated concrete

— Friction t,(t) is proportional to the yield stress

— Yield stress evolves according to a power law scaling over time

Trr () = gy |To(t)
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Slipforming process model — force balance

Force balance in the formwork:

Z Robotic slipping

2
oyg = pgH —— | tpr(2) dz
Thy Jo

Accelerated concrete

— Friction t,(t) is proportional to the yield stress

— Yield stress evolves according to a power law scaling over time

Tpr () = App To(t)| = appacthe
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Slipforming process model — force balance

Z

Force balance: Oy = ng i Tpr(Z) dz Friction force: Tpr(t) = Ay Ty (t) = aFTaCtHC
T'hy
LExtr
oyg = pgH — — Tpr(H)v dt
Thy
ZUCZFTCZC 148

= pgH — t
Oyg = PY Thy(l T Bo) Extr

H“Fr
To (tExtr)
Ty, (1 +
hy( ﬁC) Global frictional parameter
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Slipforming process model — failure mechanisms

Vertical stress gy at the extrusion line:
— Positive
— Tresca criterion

Tear off Flow-out

—

_Em

0 <oy < 279(tgxer)
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Slipforming process model — failure mechanisms

Vertical stress gy at the extrusion line:
— Positive
— Tresca criterion

Tear off Flow-out

—

_Em

0 < OyE

IA

2TO (tExtr)
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Slipforming process model — failure mechanisms

Vertical stress gy at the extrusion line:

— Positive o
o Robotic slipping

— Tresca criterion

Accelerated concrete

I
I
I
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Tear off Flow-out \/
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0 <loyg < 270(tgxer) _
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Slipforming process model — process window

Vertical stress:

Failure criteria:

Process window:
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oyg = pgH —

0 <

rhy(1+ﬁC)

HaF'r
Thy(1+.86)

Lo (tExtr)

oyg < 2To(tgxer)

2To(tExer) —

<1+

rhy(l'l'BC)

Global frictional parameter
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Slipforming process model — limits

Ha H Ha
Process window: r__ < PI <1+ Fr
Thy(1+Bc) = 2 To(tExtr) Thy(1+B¢)

Negligible surface Negligible volume
compared to volume compared to surface

Thy = Thy,c = 75mm Thy,m = 41 mm Thy,f = 25mm Thy = 0

H H
2 To(tgxtr) 2 7o (texer)
Only sufficient strength required > Process impossible!
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Yield stress

Material requirements with narrow process window

— Uniform yield stress evolution over time
— Low slope in process window
— Extended time with target yield stress

process window
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Time of casting

a

Robotic slipping
v (mm/min)

Accelerated concrete
I
Digitally controlled
filling rate v
(mm /min)
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Material adjustments
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Material adjustments
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Conclusion and outlook

— Folded structures are underused

— Theoretical slipforming process model with
mathematical basis instead of fully empirical approach

— The process window for thin folded structures is smaller
than in previous SDC experiments

— Material adjustments were necessary to overcome the
processing difficulties

— The adjusted composition and processing were
validated by robotic experiments

Further improvements:

— Online feedback for the slipping process

— Changes affecting the global parameter for fiction
Hap,

rhy(1+BC)

Gramazio Kohler Research 20
ETH Zurich




Gramazio Kohler Research 2
ETH Zurich

i
LJ®
e i




