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Objective Target of the Project = I\ >

Zielstellung des Projektes

“Development of a low-shrinkage, deformation-resistant,
high-performance material with optimized dynamic load
capacity for high-stressed ballast components of vehicles in
aggressive environments”

,Entwicklung eines schwindarmen, verformungsstabilen Hochleistungswerkstoffs mit
optimierter dynamischer Belastbarkeit fliir hochbeanspruchte Ballastierungskomponenten

im Fahrzeugbau in aggressiver Umgebung”

25. Conference: "Rheology of Building Materials", Regensburg



Main Approach

= Deformation-resistance and dynamic load capacity
» Fibers
» Low dynamic E-Modulus
» High tensile strength

= Aggressive environment
» Coating

" Frame conditions:
— Density: = 4000 kg/m?
- Acceptable early strength

— Homogenous structure, no blowholes
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Factory Conditions

bench-scale
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Factory Conditions

= Available and no change
1) Cement

2) Water

3) Flyash

4) Fine aggregate
5) Coarse aggregate
6) Superplasticizer
= Additional

7) Powder

8) Admixture

9) Fibers
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SCC Concept

Why SCC?
= High surface quality
— Less rework (bubbles/blowholes)
= Complete filling of:
— Complex formworks
— Reinforced formworks
= Fibers are more effective:
— Better activation in mortar matrix
— Orientation in flow direction
= No vibration:
— Less noise pollution

— Less man power needed
— Less physiological stress
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SCC Concept

SCC typical Components Density Composition
vol.-% factory kg/m3
10.3 Cement 3005
10.4 Fly ash 2400 Paste
Mortar —=m—
18.4 Water + SP 1000 p = 1800
kg/m p = 3140
2.4 Air void 0 kg/m?
Fine aggregate
28.8 g/gz g 5100 Ap ~ 1860 kg/m?
Coarse
28.9 aggregate 5000
4/16
Challenge: Solution: Procedures:
Difference in density ' Increasing paste Okamura et al. [1]
- Segregation density DAfStb-Guideline [2]

Iron oxide
dgo = 35um

p = 5400 kg/m?
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SCC Concept

Procedure

Paste

e Saturation point (B;)
e Robustness (slope)
e Calculated density

4 )

Design of Experiments

* Pretesting

e Mixture-Design
e 3 components
e 18 runs

1

s

\.r”
Components

e Cement [vol.-%]
e Fly Ash [vol.-%]
e Powder [vol.-%]

\,

Mortar

e Slump
¢ V-funnel for mortar
¢ Density

. . N
Design of Experiments

® Pretesting

¢ Central-Composite-Design
e 3 factors

e 17 runs

\.r”
Factors

e B, correction k [-]
e Fine aggregate [vol.-%]
e Superplasticizer [sp/c %]

\,

=~ |AB

,
Concrete

e Slump-flow
e V-funnel for SCC
¢ Density

J
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Variation

e w/c

e Cement content
e Fibers

e Mixing process




Mix Design — Paste

= Methods A

- V,,/V, at saturation point (jB,) ﬂ'l - /’/

- Slope as measure for S o

> 1,0 ——
robustness —

— Calculated density with water v
at BP > 0 1 2 3 4 5

Rel. spread I [-]
= Experimental designh based
on pretesting " ¥
, c [AH,0) )

— FA improves robustness, 5320 i
packing density, workability 300 %g :

. . . 280 H ASFM (red) | :
Disadvantage: FA reduces PSR
denSity 2601é0 170 190l 210 ' 230 250

Slump [mm]
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Mix Desigh — Paste = |AB

Results

A: Cement [vol.-%)] A: Cement [vol.-%)] A: Cement [vol.-%)]
60 60 60

60 40 20 60 40 20 60 40 20
B: Iron oxide [vol.-%)] C: FA[vol.-%] B: Iron oxide [vol.-%] C: FA [vol.-%] B: Iron oxide [vol.-%)] C: FA [vol.-%]

B[] Slope [] Density at B [kg/m?3]

Solution By [-] Slope [-] Calc. density [kg/m?]
with fly ash 0.933 0.077 2573
without fly ash 0.953 0.051 2733
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Mix Design — Mortar

" Pretesting

— Constant amount stabilizer
- Extended mixing time

— Efficiency SP and thixotropy

- Time-dependent slump
- 4 points = Function

Which yield point or slump is
required for sedimentation-
stable SCC?
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Mix Design — Mortar = |AB

Estimated max. slump
of the SCC mortar
_ 225pp1g0?

To = Klpe — prildey —> Y0 = 2gn2R5

Roussel etal. [8]

Stability criterion Geometry K 5 2
_ PF1912
_ . R =0.708 /—TO
Theoretical sphere —
18
. sphere 1
Jossic et al. [3 —
3] (rough) 17.2
4
Ansley et al. [4] sphere —
21w
1 o .
Bethmontetal. [5] sphere 184 Unit Ordinary Heavy
e i T Pe kg/m3 2600 — 2750 5000
Beris et al. [6 sphere —
21 PFI kg/m3 2000 —2400 3200 - 3900
2
sphere Py — kg/m?3 200 - 650 1100 - 1800
aggregate ~0.3 dg mm 16 16
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Mix Design — Mortar
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pg = 2600 kg/m3
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Mix Design — Mortar = |AB

Slump [mm] Fresh mortar density [kg/m?3|

V -funnel [s]

-‘r
40

43 45

35 38 40 43 45

A: Sand [vol.-%)] A: Sand [vol.-%]

Numeric optimization

Solution Slump [mm] V-funnel [s] Density [kg/m?3]
with fly ash 295 6.3 3571
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Mix Design — Concrete

v’ Paste composition is known
v’ Mortar composition is known

v’ Last remaining unknown: proportion coarse aggregate
» Controlled by paste proportion - rest follows automatically
» 15t basic SCC mix design

» With constant paste and coarse aggregate proportions:
» Variation mix process

» Variation w/c-ratio
» Adding steel fibers
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Mix Design — Concrete = | AB

Results: Workability

e | 30
»
25 | workability range |————
20

A (wic)eq = 0.48

15 | SF: 60 kg/m3|<x

--A(.- ................. '
10 +——{SF: 30 kg/m3W()'| upm: high

(W/C)eq = 0.53

V-funnel [s]

5 c: 306 kg/m3
upm: normal
0 |
60 64 68 72 76 80

Slump-flow [cm]

Overall Slump-flow V-funnel Density Compressive Strength

[cm] [s] [kg/m?] 1d [MPa]  28d [MPa]
Min 64.5 9.3 3936 10.8 61.5
Max 72.0 19.0 4083 13.5 76.1
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Mix Design — Concrete

Results: Segregation
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Conclusion

v’ Basic mix design for further investigations with three
additional components: Powder, stabilizer, fibers

v Frame conditions
v’ Density
v Workability
v’ Segregation
v’ Surface
v’ Strength
v’ Standard SCC procedures for mix design development

v’ Handy, additional tool: Design of Experiments
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