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Introduction

Robustness of concrete is
defined as capacity of the
material to tolerate certain
variations in material
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Sand moisture content and SP dosage are considered as
major parameters affecting robustness of SCC

characteristics and mixture R+~
Yi=f'(X)
parameters .
MicB Mix A
Robust concrete has lower ; ,
sensitivity to such variaitons o X X

Objectives

1. Evaluate effect of SP-VEA combinations on
robustness of SCC subjected to small variations in
sand humidity and SP dosage
Propose methodology to evaluate robustness
Identify test methods suitable for robustness
evaluation




o Types of VEAS

P Maximum diameter
Codification Type of VEA powder
180 um
PS1 o ) .
Aninonic polysaccharide | (coarser grind)
PS2 (Diutan gum-based) . 75 pm
(finer grind)
Aninonic polysaccharide
PS3 (Welan gum-based) 180 pm
CEL Cellulose-based <212 pm
MS Modified starch -

Reference SCC
f’:::nEt:\ P?énf I5n‘3tEI:nts).'pes SSD condition (kg/m’)
wic 0.37
SP VEA type | VEA dosage (%) Type GU cement 470
- - Water 175
PS1 0.02 Coarse agg.
PNS Ps2 0.03 (MSA 14 mm) 90
PS3 0.03 Sand 870
- - PNS =6 L/m?
PS1 .02 = 3
PCE ch 325 Cgi (mass of 2
0.02% - 0.05%
MS 0.03 water)

Scope of Work
Robustness of SCC

Testing Program

[
Phase |. Variations in sand humidity

1
Phase II. Variations in SP dosage

» 1% from SSD (w/cm = 0.35)
> 88D (w/cm = 0.37)
» +1% from SSD (w/cm = 0.39)

» -10% less SP
» 0% (Reference)
» +10% more SP

8 SP-VEA combinations

> SP: PNS vs. PCE

> VEA: 3 polysaccharides VEAs
1 modified starch

2 selected SCC
» 1 PNS + selected VEA1
L5 1 PCE + selected VEA2
> Total 6 SCC mixtures

1 cellulosed-based VEA
> Total 24 SCC mixtures

Workability
Rheological properties
Mechanical properties

Measurement
SP | Variation (wicm) | VEA 4
Fresh Hardened
Phase I: Control
Variationin | PNS Ssgs-D1£2.::07)35) PS1 Slump flow (10-45 min)
sand (12 sCC) SSD +1% (0'39) PS2 | Air content (10-45 min)
idity o PS3 | Unit weight (10-45 min) Compressive
T-50 (10-45 min)
Control
sumpfiow | pcg |  SSP(037) ps1 | VI (10-45 min) :ge:r‘;‘;"sg‘ T
of 630220 | (125cc) | SSP=1%(0.35) | g | J-Ring (10-45 min) days
mm SSD+1%(0.39) | s | Settlement
Rheology
Flexural
PNS 1?:/s I()Of;,()l"’/ Selected strength at 56
Phasell: | (3SCC) | " gp” " | VEA | Portable vane days
Variation in Inclined plane
SPdosage | PCE 1233 l()t).+317‘)],°/ Selected sull_mg flow with
-10%, 0, +10% cylinder
(3scce) sp VEA

Test Methods

PNS SP
1 —e-PNS-noVEA B-PNS-PSL Hem
0g  TAPNSPS2 %pNj-PS?»/‘ —
g
06 T

Maximum settlement (%)

-1%

04 - D A— :
A i

02~ Incorporation of VEA enhances
robustness (low C.0.V.)

SSD 1%
Sand humidity (% from SSD)

—H i




Effect of Sand Humidity on Yield Stress at Rest Robustness Rank Using C.0.V.

PCE-no VEA exhibits higher sensitivity in yield stress at rest Workabil PNS PCE
to variation in sand humidity sor abl:.y No No
roperties
® 2000 - - PCE-n0 VEA (8 prop! ) VEA PS1 Ps2 PS3 VEA PS1 CEL Ms
= S peEre Air cov. | 355 | 35 | 136 [ 216 [ 173 | 56 | 242 | 254
1600 - ) content
< - ¢ PCE-CEL (Vi) Rank | 8 | 1 | 3 | 5 | 4 | 2|6 |7
%S 1200 - —
3 g 50 COV. | 11.8 | 669 | 69.8 16.7 | 408 | 399 | 447 | 307
£ X
w28 800 - Rank 1 7 8 2 5 4 6 3
a
o i COV. | 43 6.9 0 5.5 3.9 8.8 48 3.0
@ 400 - J-Ring
S Rank 4 7 1 6 3 8 5 2
'E 0 - Cylinder COV. | 65 9.4 134 | 158 | 48.6 7.7 7.8 10.3
slum,
1% SSD 1% flow P Rank | 1 4 6 7 8 2 3 5
Sand humidity (% from SSD)

Robustness Rank Using C.0.V. Robustness Rank Using C.0.V.

Workability PNS PCE PNS PCE
(8 properties) VNEOA PS1 | PS2 | PS3 VNEOA PS1 | CEL | ms Rheology VNE‘; o L ome VP:E!;\ T
AVair COV.| 846 | 158 | 705 | 603 | 944 | 433 | 333 | 964 o Tcow e | o | o3 e oa s [ma [
Rank | 6 | 1 | 5 | 4 | 7 [ 3 | 2| s ik s T T R R R K
f'f;; fglow cov.| 325|333 | o | 375 | 200 | 540 | 256 | 131 o Jcou |7 [ s e x| s | wr | ws | ua
. Rank | 5 | 6 | 1 73| s | 4] 2 ach T T T T e
gm:::" COV.| 333 | 158 | 357 | 262 | 553 | 125 | 125 | 17.6 oK Toov. w0 |37 | 74 Tox [ 700 [ 27 | 135 | e
Rank | 6 | 3 | 7 | 5 | 8 | 2 | 1 4 i @25
Settlement | C.OV. | 145 | 62 | 56 | 49 | 64 | 77 | 144 | 78 min Rank | 7 | 6 | 1 4 8 5 2 3
Rk 8 1 3 | 2 ] T T s 7 e t@m |[COV.| 93 [ 252 | 246 | 540 | 62 | 147 | :0 | 100
min Rank | 2 7 6 8 1 4 5 3

Robustness Rank Using C.0.V. (total 20 properties) Ranking and Classification of

Robustness to Sand Humidity
Mechanical N i N T Sum of ranks, Normalized sum of
properties VE?A PS1 | PS2 | PS3 VE(;\ PS1 | CEL | MS SP-VEA SR ’ | Robustness Ranking ranks*
7-dfc’ COV.| 31 |62 | 35 | 65 | 98 | 70 | 92 | 6.0 PNS-PS2 27 1 100%
Rank | 1 4 2 5 8 6 7 3 PNS-PS3 38 2 75%
28-dfc’ |COV.| 50 | 48 | 26 | 59 | 78 | 64 | 9.0 | 53 PNS-PS1 40 3 1%
Rank | 3 2 1 5 7 6 8 4 PCE-PS1 42 4 66%
56-dfc’ |C.OV.| 53 | 56 | 69 | 657 | 79 | 36 | 7.0 | 6.0 PCE-MS 48 5 52%
Rank | 2 3 6 4 8 1 7 5 PNS 62 6 2%
56-d fr COV.| 73 | 7.7 | 64 60 | 82 | 36 | 74 | 47 PCE-CEL 68 7 %
Rank | 5 7 4 3 8 1 6 2 PCE 7 8 0%
*Normalized sum of ranks (%) = (Max. SR - SR)) / (Max. SR - Min. SR) x100




Ranking and Classification of

Objectives

Robustness to Sand Humidity

Normalized sum
of ranks (%) Category Robustness VEA
81-100 Category | Very high PNS-PS2
PNS-PS3
61-80 Category Il High PNS-PS1 2. Propose methodology to evaluate robustness

PCE-PS1
31-60 Category Ill Medium PCE-MS
Low PCE-CEL

<30 Category IV PNS-No VEA

PCE-No VEA

Methodology to evaluate Robustness

G.0.V. and Deviation from Targeted Limit Value

Phase II. Variations in SP dosage Rate of Acceptance (%)
» -10% less SP =B/A x 100
» 0% (Reference) < L
» +10% more SP > Higher rate of acceptance
2 =;
2 selected SCC I > Wore robust
> 1 PNS + selected VEA1 =
L—""| > 1PCE + selected VEA2 g
> Total 6 SCC mixtures E L Lower limit
Workability © (Mechanical properties, slump flow, J-Ring)
Rheological properties + + +
Mechanical properties A M
Ly LS

Variation limit for settlement = 10% Rate of Acceptance (%)
700 =B/A x 100 = 84%

£ ~4-PNS-PS3
------ Upper limit E e e o ___ _ _55  pCE-Ps1:49%
(Settlement and rheology) E
= -
§ 3 > Lower limit
£ ® i il o ~ (3% from Control, 592 mm)
a A Rate of Acceptance (%) g 580
8 _ 5
‘E: = B/A x 100 "é_ 550
@ - Higher rate of acceptance E
=> More robust @ 500 .

" N 4 -10% 0% 10%

0% 0% +10%

e ’ s SP dosage (% from Control)




Yield Stress at Rest (Inclined Plane)

Rate of Acceptance Values

PNS-PS3 is more robust than PCE-PS1

- - r
PNS-PS3 800 Rate of Acceptance (%)
=B/A x 100 = 135% > 100%
700 -

600

min (Pa)

Upper limit
(5% from Control, 500 Pa)

Yield stress at rest (IP) @ 25

Phase Il Rate of Acceptance (%)
PNS-PS3 PCE-PS1
7-d fc' 81 100
28-d fc’ 68 100
56-d fc’ 101 100
56-d fr 55 100
Slump flow at 10 min 84 49
J-Ring at 10 min 60 100
Settlement 100 75
T-50 at 10 min 38 72
Ty rest (MK 1ll) @ 25 min 100 100
Ty rest (IP) @ 25 min 100 37
Ty rest (MK 1ll) @ 70 min 100 17
Mean 80.6 773

Robustness (C.0.V. and Rate of Acceptation)

Coefficient of Variation (%) Rate of A (%)
Properties PNS-PS3 PCE-PS1 PNS-PS3 PCE-PS1
7-d fc’ 3.2 0.6 81 100
28-d fc! 4.1 1.0 68 100
56-d fc! 3.6 16 100 100
56-d fr 6.7 51 55 100
Slump flow at 10 min 6.1 6.8 84 49
J-Ring at 10 min 1.4 8.8 60 100
Settlement 2.3 6.3 100 75
T-50 at 10 min 279 31.3 38 72
Tarest (MK 11l) @ 25 min 315 439 100 100
Tt (IP) @ 25 min 18.9 36.5 100 37
Tarest (MK 11l) @ 70 min 37.4 14.2 100 17
Mean 13.9 14.2 80.6 773

Properties selected for robustness evaluation

Objectives

3. Identify test methods suitable for robustness
evaluation

11 Properties for Robustness Evaluation

20 properties

1. Tdfc

2. 28dfc Kendall’'s - i
Lo Coefficient of properties
5. Vairat 10 min Concordance 2 28dfe

6. T-50at10 min

7. J-Ring at 10 min

8. Cylinder slump flow 25 min

9. AvVair —

10. Slump flow - J-Ring at 10 min 6. Settlement
11. ACylinder slump flow
12. Settlement

ﬁ n@é%miy‘ Spearman’s Rank

4 ::"" (MI?IIIT) o Correlation 10. Ty st (PV) @ 25 min

16. 1, @70 min

17. w, @70 min

18, Ty (MK1Il) @ 70 min - ;

19, T gt (PV) @ 25 min Robustness of SCC Incorporating Different

20. Rate of structural buildup (PV) Viscosity-Enhancing Admixtures, ACI Materials

Journal, 108 (4), 2011, pp. 432-438.

Higher Spearman'’s rank correlation
=> higher correlation between ranks based on

[09
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» SCC made with PNS is more robust than SCC with PCE
> Incorporation of VEA enhances robustness

» Mixtures made with polysaccharide VEAs are more robust than
those prepared with modified starch and cellulosed-based VEAs

> Either COV or rate of acceptance methodology can be used to
evaluate robustness

> Sstatistical approach based on Kendall’s coefficient of
concordance and Spearman’s rank correlation was used to
identify key properties of SCC that can be used to assess
robustness of SCC.

» Characteristics that can be used to evaluate robustness include
air volume, J-Ring, surface settlement, static yield stress (PV),
rheometer, as well as flexure and compressive strengths.

» Min. testing program to evaluate robustness should include:

= Compressive strength at 28 days
= Surface settlement
= Yield stress at rest (concrete rheometer or portable vane)




