Characteristics required for concrete pumping
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Concrete is a material run through pumping pipes, the quality and mixture ratio of
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concrete directly affects pumping efficiency and pumping characteristics. The
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operator of the machine should understand the requirements for the pumped concrete,
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which include quality of constituent parts, mixture ratio and concrete producing
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equipment, etc.
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It is wrong to think that concrete with any mixture ratio can be pumped, or tested
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with any concrete formula, because these may result in faults or blockage and lead to
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expensive repair.
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Pumped concrete should comply with the requirements of the criteria JGJ/T 10-95 “Working Technical Regulation for Concrete
Pumping”.
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1 Concrete characteristics
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According to different application, concrete is composed of cement, water, fine
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aggregate (sand), coarse aggregate (stone), etc. with proper ratio. Its characteristics
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are different in different phases:
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a. Hardened concrete.
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b.  Unset concrete.
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1.1  Characteristics of hardened concrete
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The characteristics of hardened concrete mainly include strength, durability, solidity
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and anti-penetration, etc. The main factors affecting the characteristics are
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ingredients, production method, and maintenance process, etc. Anti-compression
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strength is a factor to evaluate concrete quality. In normal conditions, the
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improvement of concrete strength leads to that of other characteristics, but there are
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exceptions, e.g. the higher the volume of cement will increase anti-compression
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strength, but increase concrete contraction and slow-change.
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1.2 The characteristics of unset concrete
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The characteristics of unset concrete are very important for they not only directly effect the
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characteristics of hardened concrete but also effect the construction quality and cost. The
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characteristics of unset concrete mainly include density, fluidity, condensation, plasticity, etc.
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To obtain the highest quality for hardened concrete,
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the mixed concrete should satisfy the following requirements:
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a. Easy to be mixed and pumped.
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b. Homogeneity.
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c. Fluidity and easy to fill the set mold.
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d. Enough density.
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e. No concrete disintegration during pumping, placing and hardening.
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f. Suitable plasticity.
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The above mentioned are concrete working characteristics, it should be noted that
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there are contradictions between the long-term requirements of hardened concrete
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and the working requirements of unset concrete.
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It is important for the designer to keep close contact with the operators to ensure easy
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pumping while satisfying long-term requirements of hardened concrete.
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1.3 Basic requirements for pumped concrete
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Proper concrete mixture ratio is the decisive factor for smooth & economic
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pumping work. Concrete mixture ratio includes: aggregate grade, cement
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content and concrete density. These three factors interact with each other, e.g.
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fine aggregate or small content of cement will lead to difficult pumping, but an
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ideal aggregate grade, high sand percentage and more water content can improve
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the pumping effect. In case of improper aggregate grade, lower sand percentage



AT HERREAY, SR,

or too much crushed grain, pumping effect can partly be improved by adding
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some 2.5----0.5mm pebbles, more cement or water.
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1.4  Concrete density (slump)
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Many factors can affect concrete density, such as water/cement ratio, aggregate grade,
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characteristics, time, temperature, cement characteristics and additive, etc. Among the
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above, water/cement ratio is the main factor. The value of concrete density is
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measured in slump, which directly reflects water / cement ratio and pumping
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characteristics.
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1.4.1 Relation of slump and pumping pressure
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Value of concrete slump reflects its fluidity. The pumping resistance decreases along
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with the increase of the slump. In other words, the smaller the slump, the greater the
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pumping pressure. The trend is especially obvious when the slump is below 15 cm.
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Relation between slump and pumping pressure
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1.4.2 Relation of pumping volume efficiency and slump scope
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Slump scope for pumping concrete should be 6—23cm, but in application, 8--- 18cm
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In case of long distance and high reach pumping, the slump should be about 15¢cm.
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1.4.3 Correct measures for proper concrete slump
TR PR B2 () DR AIE A Tt

a. Correct concrete mixture ratio.
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b. Shorten transportation time before pumping.
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c. Concrete uniformity.
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d. Rapid hardened concrete should not be used to pump.
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. Aggregate grade
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1. Fine aggregate
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(DQuality and quantity of the fine aggregate 218k £ & Joi 115 &
The form of the aggregate is important to the pumping performance of concrete.
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Natural aggregates are generally easy to pump. Crushed aggregate with angular
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irregular shapes is difficult to pump but the ability to retain water is good.
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Fine aggregate is divided into three types, small, middle and coarse size. The middle
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size is the easiest to pump. When using fine grain, more sand and water will be
Horp b e SR e AR, S
needed, at the same time, the wear on pump will be increased. On the other hand, the
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adoption of coarse aggregate produces concrete sedimentation, which leads to
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blockage. The middle size aggregate means the fineness modulus between 2.3----3.3.
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Calculation methods of fineness modulus is as follows:
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The measuring of A 1 --A 6 is shown in following table.

HA1--A6 B FRTR:

Sieve holes (mm)

i FLR T Progr. Sieve Passing (%)

yiti%4c  Total Sieve Passing(%)
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5 al Al=al

25 a2 A2=al+a?

1.25a3 A3=al+a2+a3

0.63a4 Ad4=al+ a2+ a3+ a4

0.315 a5 AS5S=al+a2+a3+ad+as

0.16 a6 A6=al+ a2+ a3+ a4+ ab+ ab

Figure below is the grade curve, bold line is the optimal grade line, the area between two dotted lines is the zone of “casily
pumpable”.
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Fine aggregate optimal grade
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Using amount of fine aggregate
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In concrete pumping, the quantity of fine aggregate is closely relative with void of the
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coarse aggregate, the filling of cement mortar into coarse aggregate voids decrease
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the concrete sedimentation. If the sand content is too low, not only is more amount of
IR E RS FRAAC, AR HK e RIS, RS KK &
cement needed to fill the voids, concrete sedimentation occurs easily as well. On the
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other hand, a high percentage of sand will decrease fluidity of the concrete, but in this
AL RFEGIN, #AE—E R P AN RE SR, EEREIELT,
case, the effect on concrete pumpability can be counteracted by the increase of
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cement. If coarse aggregate grade is correct, the bigger the maximum grain diameter
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of aggregate is, the lower the optimal sand content is.
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Note: the Min. content of sand should not be lower than 40%, or else the pumping will be difficult.
HE: SWERE/PNAMET 40%d, FIZEE A7 HAE.
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2.2.1 The variety & quality of coarse aggregate
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Pebbles, macadam or the mixture of pebble and macadam can be used as aggregate in
FIRIRE LT RO A . WA BN A A AR A R
concrete pumping. Pebbles are the best for pumping, the mixture of pebble and
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macadam is next, macadam is the worst.
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Too much chipped macadam will decrease the pumpability, so the content of chipped
A e R E RS B AR R 2, — AT FOIRBE A & B % I E 5%
aggregate should be limited within 5%. In addition, aggregate such as volcanic stone,
Mo 535k, FLBRFECRIIA (kA 2408 RD Rirtkt 2z, fERXE
multi-hole aggregate with big void percentage will easily lead to blockage in pumping.
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2.2.2 Max. aggregate size of coarse aggregate
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Max. aggregate size is limited by the Min. diameter of the pumping pipe, according
FRIR TR L R A B} i ORIAR 52 IR I e/ VAR PRI PR i
to this rule: Max. diameter of pebble should be less than 1/3 of the pipe diameter; for
YA B RLAE NN T 13 AR
macadam, the Max. diameter should be less than 1/4 of the pipe diameter, but a small
WA T KRR N AN T 14 1142,
amount of the aggregate larger than this value is permitted, e.g. the aggregate with
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60mm diameter can pass through the ¢125mm pipe, but the ratio should not be
Bl UnfE 125 mm EAZ L E H,  w] L > BRAIE 60 mm ) EoRL
more than 2%, and they should be dispersed. The Max. diameter of coarse aggregate
A XA EAR B R LB R T 2%, 100 H AT A0 73 8L
is shown in the following table:
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Min.diameter of pumping pipe
WA ER/ANERS  Max. diameter FE BHR KE R

Pebble U7  Macadam A
125 40 30
150 50 40
2.2.3 coarse aggregate grade
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Aggregates with smaller void percentages can be pumped easily and use less cement
SRR R E L BRI DAt N BN RN, BN B A RE LA 1 7K TR
and sand. The pumping characteristics are sensitive to lack coarse aggregate grade
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and uneven, especially if pumping over a long reach, the coarse aggregate grade plays
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an important role, even the increase of amount of cement and water will not improve
FE R RAC B R EE, 2 MK Z hnK# 2 T T,
anything. So, please bear in mind, it is wrong to think that a smaller size of aggregate
BRI, ANERVOSHLE BRS8N BT
(including fine aggregate and coarse aggregate) will contribute to a good pumping, a
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proper coarse aggregate grade is the most important.
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Coarse aggregate grade should comply with the following:
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Standard table of coarse aggregate grade (percentage of sieves passing weight of aggregate with different diameters)
FHERRLRIChRHER (M BERLAR G R B Rk 8 & AR 07 ) 8 20 L)
Particle diameter(mm)¥i4% @l (mm) @ Sieve holes in mm F#FLHI% X R~ (mm)

50 40 30 20 10 5 25
40-5100 100-90 70-35 30-10 5-0
30-5 100 100-90 75-40 35-10 10-05-0
25-5 100 100-90 90-60 50-20  10-05-0
20-5 100-90 100-90 (80-55) 50-20  10-05-0

It should be mentioned that if there is absence of grade, it is recommended that
A 4R A2 A RPRLAR I (] T T
aggregate with 5—10 diameter or 20—30 mm grain diameter be used as a substitute,
ASRH 5~10 Fif2 B AL, BiH 20~30 mmbi A i) EEHM S
or increase the sand content properly, which not only reinforces the concrete strength,
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but helps to obtain better pumping as well.
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The Following are demonstrations of optimal aggregate grades for different
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particle sizes. The bold line is the optimal graduation line, the area between two
2 B X IO TE B AL X, R Rk R R IX LR AT BRI S 2% e 2 [
dotted lines is suitable pumping area.
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@ Sieve holes fififLJ~f @ Sieve holes FFLN ~
@ particle=5-20mm ‘& %} 5~20mm @ particle=5-25 ¥ £} 5~20mm



@ Sieve holes L~ @ Sieve holes i LR <
@ particle=5-31.5mm fH-#& %} 5~31.5mm @ particle=5-40 ¥ & ¥l 5~40mm
2.2.4 Amount of coarse aggregate
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The percentage of coarse aggregate in concrete plays an important role to
FHERHE B Rk & i P70 VR 4 L 2 PR R SR AR AR K Re i,
pumpability, which shows in the variation of pumping pressure and concrete volume
IR FERIEILIE AR E T SRR AR
efficiency (affects suction ability), but in actual application, if the sand content is
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controlled well, the amount of coarse aggregate will be controlled.
WA, HAER RS 7.
2.3 Cement
K
2.3.1 Function of cement during pumping
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Unset concrete, is a dilute suspension, the pumping pressure is transmitted by liquid
ARBEER B, AE R AR R AR IS, SRR T i ARIA R FE A
phase material. The cement has two functions, one is cementation, i.e, keep the
IR AR IS . AKIRIIERBE M T H: —~RREEM, fiRE 418 %l aggregate in the concrete in suspension, and
keep solid materials covered by liquid
IRAARNF R IRIG,  FEARIERE h 445 [ AH ) BT AR o L2 IR A s — 2T
ingredients; the other is lubrication, i.e, decrease the friction in mechanical parts,
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such as pumping pipe and pump to maintain good flow.
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2.3.2 Effect of different kinds of cement to concrete pumping characteristics
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Cement has good ability to hold water, so it is not easy to drain off water during
IKVE N B AT REFIORKVERE, TR EE AR IL I R A B ihK
concrete pumping, but different kinds of cement have varying abilities of water
B EERR K Ve K AR ORoK R, A B K Je ORI 22, PR B
retention. Normal silicate cement and pozzolanic cement have good water holding
BKYe, TREELIRBNIELE,
characteristics, but blast furnace slag cement can not keep water well, concrete with
R, SR PIAK eI
{H R AW K PER K . powered coal ash cement has good fluidity, but is easy to drain out water in its early
FIRAKE &, IR BRI G L PHE
phase. When using the latter two cements, increase the volume of cement with low
HS AT REHIIELZE R IL, PARTIETR
slump, and pump as continuously as possible to prevent sedimentation and water drainage.
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2.3.3 Cement volume
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There is also an optimal value for cement volume. If the cement content is
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insufficient, it will affect pump suction characteristics, increase the pumping
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resistance, lower the ability to hold water, which easily results in water drainage,
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concrete disintegration and blockage, but if the cement content is too large, too much
FKTE LR, Wiy R R R,

adhesive will cause an increase pumping resistance. In principle, too much cement
BRIEERE S o (BRI i,

will not affect pump suction characteristics.
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Cement volume is closely related with different kinds of aggregate. In a comparison
KIEARES BT RR: FFERAR A O A A,

of pebbles and macadam with the same particle size, the concrete with macadam
JEHERIKTe FEEOR: N LI 5 R IR0,
will use more cement. As for crushed aggregate and natural sand, more concrete is
A& KR X TR Eklal 2 Lk
needed with crushed aggregate. For light aggregate or multi-hole aggregate, which
BT BA R oK. R N EOK R,
absorbs water at high pressure and loses water in low pressure, results dry & hard
TEFRIE T 25 5y AR & L I . TREATA K,
concrete and water loss during pumping. The smaller the particle size of aggregate,
DRI B3 S 3G 7K Ve F & B RbRIAR RN, ALK Ye 2 RS 0, the more cement volume should be used, because the
small grain diameter will

increase the total surface which needs more cement to cover. But, a too big aggregate
A ERRRIAR /N, FERTRARNGOR, 75 A ik e s 38 i,

with particle diameters more than 40mm will destroy concrete continuity, making it
H 55 BRRLAR KT 40 nmb

difficult to cover the aggregate with cement mortar sufficiently, so volume of cement
R R IR TR e LIRS, KV A AE DO X 2k 78 70 B2

used should not be too small.
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The Relation between cement volume and pipe diameter, delivery distance: the longer
KU R EHIAE DR, Mk E KL R,
the distance is, or the smaller pipe diameter is, the higher the demand for the concrete
WA PR BORRC, RIAE AR, EERIREE L
fluidity, lubricating characteristics and water keeping characteristics will be, so the
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relevant cement volume should be added. In actual application, the Min. limit of
WSS R & . — RS BR
cement volume is 320kg/m3.
7K e F 2 5 AICBR £ 2y 320kg/m3.
2.4 Additive
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As described above, the concrete mixture ratio is important to pumping
WRTAE, VREEL R A BRI A IR TERE I OCHE A 2R, U™ M O R
characteristics. The perfect aggregate grade and high-class cement mean an increase
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of costs, but the increase of water / cement ratio and sand content will affect concrete
ERAY=YI e A VR E S A E R Y e w2

strength. An Economic and effective method is to use additive to improve concrete
BRI T A AR A2 SR FH A0 7R e VR e 1 FA) T 1k

pumping characteristics. There are a lot of varieties of additives, some of them will
AEMFIIF IR 2, Hoh R S TR e L T R AN IS

help to improve pumpability, such as those that air-entraining agent, water-reducing

agent, super plasticizing agent retarder and pumping agent.
AR FBIBAGT . 2 L ARIE T



