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An Experimental Study on the Concrete Pumping Technology of
High Performance Concrete for the High-Rise Building Construction
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Abstract

In this study, high performance concrete of C60 and C80 were applied to a super tall building and those had
satisfactory properties of fresh and hardened concrete to the requirements even changes according to time. Especially
the evaluation and analysis of the relation of the rheological properties and puMPability of high performance concrete,
(C60-14 which was applied to the height of from 500m to 575m in the building, was carried out bymeasuring pumping
pressure and pumping speed, testing concrete properties at before and after pumping. As results, themax. pumping
pressure showed increase of 5% at every 25m higher pumping and the average pumping speed showed the above 25m’
per hour whichmeans proper productivity. Additionally it was verified that the loss of slump flow after pumping was
increased according to plastic viscosity values and the increment of temperature through concrete pumping.
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Figure 1. Model of viscous fluid
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Figure 3. ICAR Rheometer system
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Figure 6. Flow chart of quality management system

Table 1. Experimental factors

Factors considered Tests Conducted

Compressive strength (WPa) ‘C60, C80 Slump flow

W/B (O/o) 27, 29! 34 Telmpel’ature

: Air content

Aggregate size (mm) 14, 20 Compressive
Target slump flow (mm) 650+100 strength

Air content (mm) 2.0£1.0 (28, 56 days)

* Design Strength: fay(cube) = 0.8xfe,(cyliner)

Table 2. Mix proportions of concrete
Unit Weight (kg/m*)
W/B Coarse Agg.
Type (o, b
(%) w oPC* FA® MS® 59 14 10 e ps SF

mm mm mm

FineAgg.

C80-20 0.27 132 380 60 44 581 - 327 572 336 6.0
C80-14 0.29 155 384 96 48 - 562 303 525 322 35
C60-14 0.34 166 376 94 25 465 381 528 352 35

2 Cement, ® Fly ash, ‘micro Silica, ¢ Washed sand, ¢ Dune sand

Table 3. Monitoring plan to the pumping height

Placing Placing ’ Pipeline
Type quantity location Height length
C60-14 84~132m°>  Core Wall 500~575m  589~680m
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Table 4. Physical and chemical properties of cement

Test items Code Standard Test results

LOI (Loss of Ignition,%) Max.5.0 3.25
Insoluable Residue (%) Max.5.0 0.48
MgO (%) Max.5.0 1.20
Chemical SO; (%) Max.3.5 2.46
Properties  Total Alkali as NapO(%) 0.44
Chloride (%) Max.0.1 0.012

SiO./Cal (%) 21.0/63.0

CsS / CsA 52.0/7.05
Blaine (em/g) 3,560
Physical Density (kg/m) 3.15

Properties |nitial/Final set time (Min) Min. 60 150/200
28day Comp. strength (W) 425 ~ 625 54.6
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Table 5. Physical and chemical properties of fly ash

Test items Code Standard Test results
SiOz (%) 60.1
AlbO3 (%) Totalmin. 70 30.1
Chemical Fex0s (%) 50
] Ca0 (%) Max. 10.0 1.1
Properties MgO (%) 0.71
SOs (%) Max. 2.0 0.15 <% 3
Loss of Ignition (%) Max. 6.0 0.91 (a) Pumping Station (b) High—pressure concrete pump
Residues on 45um seive (%) Max. 12.0 10.1
Physical Blairje (em/g) Min. 2,000 2,120
i Density (kg/m*) 2.22
Properies  gyongth Activity (28day)  Min. 75 0.86
Moisture content (%) Max. 3.0 0.03

Table 6. Physical and chemical properties of micro silica

Test items Code Standard Test results
SiO2 (%) Min. 85.0 90.3
Chemical  Soluble Alkalies NaxOs (%) - 0.56
Properties Ca0 (%) - 0.65
Loss of Ignition (%) Max. 6.0 2.29
Residues on 45um seive (%) Max. 75.0 10.1

Physical Blair]e (em/g) Min. 150,000 212,000

: Density (kg/m*) 2.15
Properties  poz,  Activity Index (%) Min. 105 145
Moisture content (%) Max. 3.0 0.03

(e) Slump flow (f) Rheometer Test
Figure 8. Pumpingmonitoring instrumentation systems
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PO : Hydraulic Pressure
P1: the beginning of pipe Lo
P2: the end of horizontal pipe ﬂ‘“q p s
Kfl’;‘:uﬁa‘.'fg e W i i Table 7. The Properties of fresh concrete
wi,wa, w3, oo = . Slump flow(mm) ~ Temperature(C)  Ajr  Density
oo \ e [ € 0 oMin 6OMIn 0 6OMin (%)  (kg/m)
o wkﬂ et C80-20 610 585 565 27.0 28.0 1.2 2,464
@ F2 W Steps for measuring pressure C80-14 650 625 610 28.0 29.0 1.4 2,393
Figure 7. The plan of pumpingmonitoring C60-14 660 630 615 275 290 1.1 2,384
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Figure 9. Compressive strength to the concretemixtures

Table 8. Themechanical properties of hardened concrete

Comp. strength test results(MPa)
05D* 1D 3D 7D 14D 28D 56D 28D 56D 91D
C80-20 12.0 38.0 62.0 75.0 89.0 1025 111.0 484 498 512
C80-14 20.0 350 54.0 71.0 845 935 103.0 457 467 -
C60-14 150 305 475 600 735 850 - 419 - -
% D @ day

Elasticmodulus (GPa)

Type

43 EHY 0|8 Z32|E HEUs BUEHY ZY

4.3.1 ¢545 A5 25
C60—14 2| E= A4} 1382(500m)HE A4} 1525
(575m)7HA] A-gE|lom, 500mAIFFE 1 25mutch &
42jo]| A mUE S AABIGITE BUER A= Table
90l KoF AHejskg.om, Figure 10~12% 4&=0|o] w2
S HUEY AE Uepdc}, 23091 e QA A
B2 2FE o, QPeS arefsto] Ao A-8ok= X

o FHMax, Hydraulic pressure)} <A vz 2R8-
Sl= 2ok oFE(Max, Pumping pressure)s 220bar
2 AAste] Helsislon, ATk EESHPumping speed)
LS B TEfsted 24 25mR AAEI

Table 9. Pumpability monitoring results of C60-14

ltems 1st 2nd 3rd 4th
Concrete Type C60-14

Pumping height(m) 500 525 550 575

Pipeline length™(m) 636 659 685 705

Slump flow(mm) 645~710 540~650 625~680 580~685
Max. Hydraulic
pressure(bar)
Max. Pumping

pressure(oar)

165~180 165~188 171~182 181~200

185~170 160~185 166~177 175~197

Stroke(times/min)  9.5~11.0 85~11.0 88~99 7.0~96
Pumping Speed(m®n)  32~35 35~38 30~32 25~3f

% Pipeline length @ pumping height + horizontal line + CPB Post
& Boom
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Figure 10. Themax. hydraulic pressure and pumping height
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Table 10. Monitoring results for properties and rheology of C60-14

ltems 1st 2nd 3rd 4th
Pumping height (m) . 500 525 550 575
Bef. 645 650 680 650
S'“”Zfﬂ)m)ﬂow Aft 510 370 600 480
Loss -135 -280 -80 -170
Temperature. increase (C) +50 +80 +30 +50
Plastic viscosity Bef. 34.4 64.5 39.0 52.7
(Pa - seg) Aft. 16.5 33.4 219 21.0
12Hours dE.C Bef. 15.0 18.5 9.8 135
Comp. Aft 196 210 185 175
(MPa)
28Days Comp. Bef. 69.5 71.0 68.8 69.0
(MPa) Aft. 69.0 725 70.5 69.5
28Days E.mod.° Bef. 39.5 40.9 411 17
(GPa) Aft. 41.0 41.4 42.5 42.0

¢ Before pumping, ® After pumping, ° Early, d Compressive strength,

¢ Elasticmodulus

| Age 2
s 23 EJEJ T%:—.*é# ﬁﬂ—* JS Hrlska ks
O]tg Ol =S mUE s o, 11 A9E Aelshd ot

o

AR AR FU/KES WL 5k ek
ok, BRI 60MPa HPCO] 5219k AlgdmlolA]
% < i) ot ool sn 229 e
£EF7Kg0] 2 Lestos], off mefdt U
o7

Fhele} 37109) ol Sms} Bsjo] Uagt A
skt

) 43 £aAUE SHOR ACSARY 27 S ot
A 12411 271k 715 AR Y
% A e BE 749) HPCSF 60MPa HPCS)
) Sl W S 7 - 52 Wl Bt
AN el S35, A 124219 21w



O Fol) 48] 2 g2 Lehfe] 27 174w0] et

FelAI Hhiel sl 27149l At Aey

3) HIZSAR 0| Tl AT, ol Ar) kb
o] BRFAOR oF 5 YA F7I5He WHl HFL
uglon], ARl B2 25m’ opgel oA ¢

’

(o]
r
3
:

2 o

rf

AL 21 TRE AT, HgHE 72
L Ba2E0] B4E B/I5k 60MPag] Wi 2
2= ko s Yol} 500mte 575mel A U
5 A0S TR Sto] T s Baelee] &
FEAO ATAS Bl 24 2, 7 34 2
2] gpe EaiEe] B A 1241719 2714 8 71
AN A W AL B EL|ES 0
o Shlsoich. 3L ol Hrh YHUL o 7% Y=
¥ Z7RO, ARG ESHE A 25m'S NES
Ao ekt Bl ¥ ZarjEe] 2EZvi0 o
29| ZaelE 24HE] D)o ulet SYE B2 &
Ho] Z7heE SHalst 4 IStk

72 T e

oX

al

m

Dl

AN |

1

o . == LM OFA H IOk

References

1. Kim GD, Lee SH, Kang SK, Kim JH, Kim KJ, Evaluation of
Rheological Properties of High Strength Concrete at
Differentmixing Parameter, Journal of the Korea Concrete
Institute, 2007 Aug;19(2):653—-56,

2. Lee JHmoon HJ, Kim JJ, An experimental study on puMPability
characteristics of high strength concretemixed polymix, Journal
of the Korea Concrete Institute, 2012 Oct;24(5):509—16,

3. Goto K. Pumping up of Concrete in the 296m High—rise Building,
Journal of the Architecture Institute of Japan, 1993;197-98,

4. Jiro S, Change in Flowability of Self—CoMPacting Concrete due
to External Forcelmaster’s thesis].[Kghi (Japan)]: Koghi
University of Technology; 2003, 28 p.

381



