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The Correlation between Rheological Properties and Pumpability

of High Performance Concrete from High-Rise Pumping Monitoring
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Abstract

In this study, the evaluation and the analysis of the correlation between rheological properties and pumpability of
high performance concrete, CS0A which was applied to the height of from 200 m to 350 m in a super tall building, was
carried out by measuring pumping pressure and flow rate, testing concrete properties at before and after pumping. As
the results, C80A had satisfactory properties of fresh and hardened concrete to the requirements even after pumping
and the maximum pumping pressure showed increase of 10~15% at every 50m higher pumping and the average flow
rate showed the above 25m’ per hour which means proper productivity. Additionally it was verified that pumping
pressure and friction factor in pipeline are inversely proportional to slump flow and showed a tendency to increase

according to the higher T-500 value.
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Figure 1. Workability and Rheology of concrete

Table 1. Rheology models of concrete

Newton model Non-Bingham model

n
‘ _ T | on
4 /4 Y
0<n<1)
T T, T T, 7

=077,

Bingham model

=1y T= ,u"y”-i-Ty

7 * Shear stress(Pa), 7 : shear rate(s’), 7, © Yield stress(Pa),

7+ Newtonian viscosity(Pa « s), 7,, : Plastic viscosity(Pa * s),

1+ Non—-Newtonian viscosity coefficient, n @ Non-Newtonian
viscosity index
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Figure 2. Behavior of concrete in pipe at pumping
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Figure 3. Concrete flowability according shrinkage of chain
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Table 2. Experimental factors
Grade of concrete C80-20

Factors Pumping
considered height (m) 200, 250, 300, 350
Slump flow (mm)
Fresh Time to 500mm flow (sec)

Test conducted  concrete Temperature (C)

at before & after Air contents (%)

pumping Early strength at 12hours (MPa)
'li;d;gteg Compressive strength (MPa)
Elastic modulus (GPa)

A, td 222 EQ 42 Table 39 “74171% =
80MPa, ?T_— =2 A= 20mE sl o, 428 &
g3 £29= 650+ 100mm, T-5002 4~10%, AH 12
AR 2774 AR SjAE I3t 5.0MPa, 71% A
Boll= AAV |3 =S WEdlof sk Faue7eE A
Aottt & AdHses dEEolEA, 200 mERE
350m %0174 v 50m vich s AT A HF
o] ZAPE SAES AAetES AZselt, 247
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Table 3. Mix proportions of concrete

Unit weight (kg/m*)

MS® Coarse agg. Fmed agg. Sp
20mm  10mm W.S® D.S°
581 327 572 336 6.0

o W
e o)

W OPC? FA®

C80-20 0.27 132 380 60 44

2 Cement, ® Fly ash, ¢ Micro Silica, ¢ Washed sand, ¢ Dune sand
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Table 4. Physical and chemical properties of cement

Density Blaine  fracimda) G, 80, Ca0 LOF
(g/em)  (om/g) mstrength(MPa) (%) (%) (%)
3.15 3560 150 200 54.6 210 630 325

& Minutes, ° Compressive, © Loss of Ignition

Table 5. Physical and chemical properties of fly ash
Moist

Density Blaine S.A.I* content SiO2 ALOs FeOs CaO L.O.
(gfem)  (em/g) (%) (%) (%) (%) (%) (%) (%)
222 2120 86.0 003 601 301 50 11 0091

3% Strength Activity Index

Table 6. Physical and chemical properties of micro silica

Density Blaine P.A.I*  Bulk density SiOz LO.
(gfem) (cm/g) (%) (ton/m*) (%) (%)
2.15 200,000 150 0.03 90.3 2.29

% Pozzolan Activity Index
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Table 7. Physical properties of fine agg.* and coarse agg.

ion : measuring stress SkiZy
Fine agg.(Washed sand) Coarse agg. e G Z """; " /\v/\-
X150 -
Tests Results Tests Results measuringtpige Vertical
r concrete pressure Pipe Line
Silt content(%) 07 Silt content(%) 0.7 PO Hydraulic Pressure W
Plftx hggigini'l‘\g .oflfliple . g L Y
Density(g/om) 270 Density(g/em) 272 7 the endof horizontal pipe [
Points for WX . 500;
Water absorption(%) 06 Water absorption(%) 06 Measg wadr iy
W1, W2, W3, . 300m
Crushing value(%) 158 Flakiness index(%) 17.0 Hortzotal — i
ipe Line m
Strength of rock(MPa) 150 Elongation index(%) 19.0 \ o
Pl w1, 2 3, E ] v
3% Aggregates . U W.

S ———
Steps for measuring pressure

Figure 5. The plan of pumpability measurement

Table 8. Seive analysis of fine agg. and coarse agg.

Fine aggregates Coarse aggregates

Seive Passing rate (%) Seive Coarse agg.

size ("m) W DS  Size (™) oomm  {4mm  {Qmm
50 98 100 375 100
2.36 66 100 20.0 98 100
1.18 35 100 14.0 52 98 100
0.600 19 100 10.0 10 45 97
0.300 10 91 50 09 0 13
0.150 6 40 2.36
0.075 4 3 1.18

5 10:50aM .

(a) Washed Asand » (b) Dune sand
Figure 4. Fine aggregates
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Table 9. Measured concrete properties before and after pumping

Before pumping After pumping
Pumping
height (m) Slump T-500° Temp”  Slump ~ T-500  Temp
flow(mm) (sec?) ()  flow(mm)  (sec) ()
200 630 46 280 580(W50) 5.1(40.5) 30.0(42.0)
250 645 38 280 595(W50) 4.3(A0.5) 31.0(A3.0)
300 660 42 270 580(W80) 4.9(A0.7) 29.0(42.0)
350 620 5.1 240 550(W70) 6.5(A1.4) 255(A1.5)

2 Time to 500mm flow, ® Seconds, ° Temperature, W: down, A up
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Table 10. Mechanical properties of HPC* before and after pumping

Before punping After purmping
Pong  Comp®  Comp. Basic  Comp®  Comp. Hasfc
height (m) srength  strengh modulus strength strength— modulus
@12H(MP2) @80 (MP2) @28D(GPa) @12H (VPa) @28D(MPa) @28D(GP2)
200 55 85.3 496 175 928 48.1
250 35 88.8 489 14.0 94.5 474
300 1.3 90.2 446 7.0 91.0 455
350 1.3 97.0 438 55 107.0 46.7
2 High Performance Concrete, © Compressive, ¢ 12hours, d 28days
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Table 11. Pumpability monitoring results of C80A-20
Pumping height (m)

200 250 300 350
351 395 444 494
600~650 640~660 630~690 600~675
220~240 240~260 255~280 265~280
100~115 120~135 130~140 140~145
11.0~14.013.0~15.0 9.0~13.0 7.5~9.0

Pumping speedm’n)  35~45  42~48 28~42 25~29

? Pipeline length: pumping height + horizontal line + CPB Post &
Boom length
® Maximum hydraulic pressure, °

ltems

Pipeline length®(m)
Slump flow(mm)
(bar)
(bar)

Max. hyd. press.”
Max. pump. press.

Strokes(times/min)

Maximum pumping pressure
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