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1.0

Lava Mining & Quarrving Co. 5.A. Oetober 1990

REPORT ON CONCRETE MIX DESIGN
FOR STRUCTURAL CONCRETE USING
YALI PUMICE COARSE AND FINE AGGREGATE

INTRODUCTIOR

Further to the agreement between Lava Mining & Quarrving Co. 5.A. and
STATS Seotland Ltd of May 1989, STATS have carried out an assessment of
Yali Pumice as coarse and fine aggregate for use in structural concrete.

The agegregate from Yali Island in the Eastern Mediterranean, was supplied
by LAVA in two size grades:-

Besser {(&-Omm) and German (18-Omm)}

16 tonnes of Besser (8-0mm) and 24 tonnes of German {18-0mm)} were
received by STATS East Kilbride Laboratcry on 20 July 1988.

This report is presented in four parts with accompanving appendices.
Part One deals with the initial laboratory mix designs, Part Two with the
testing of proven structural mixes, Part Three with laboratory and field
trials of pumpable structural concrete and Part Four contains our
conclusions on the production and use of pumice lightweight aggregate
concrete.

o -
(=
B J Brown

BS¢ PhD CEng FIMM FIHT I'GS
Managing Director
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2.0 PART ONE

TLABORATORY MIX DESIGNS
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2.9 PART ONE: LABORATORY MIX DESIGHNS

i

Purvose of Assessment

[an

The assessment was carried cut in order to determine the suitability of
Yali pumice ccarse and fine aggregates to produce structural concrete
within normal cement content and workability ranges and to produce mix
design data for such concrete.

No admixtures or additions of other ingredients apart {rom pumice coarse
and fine aggregates, cement and water were to be used in the initial
assessment.

[N
™2

Mix Design Method

The design method adopted examined the materials over a range of cement
contents, producing mix design data in the range 200ke/m® to 450kg/m3.

This was achieved by designing mixes individually at aggregate/cement
ratios of 2/1, 3/1 and 4/1 by weight. The mix designs were carried out
in twn stages. Firstly, preliminary trials were undertaken at each
aggregate/cement ratic, to determine in each case, the required fine
aggregate content for optimum plastic properties in the concrete. These
preliminary trial batches were each produced initially with insufficient
fine agzregate to produce homogenous concrete. The fines contents were
then increased, whilst maintaining the aggregate/cement ratic, by the
addition of small fine aggregate/cement increments in proportion with the
total aggregate/cement ratioc in use. The addition of such increments was
continued, increasing the fines in stages until, in each case, the
concrete displayed optimum plastic sroperties, within the selected
workability range. |

Workability range in this context is taken to be the properties of the
concrete that include general cchesiveness, its mobility and its ability
to produce a "closed face” against a form surface,

Having established the required percentage of fines for each
aggregate/cement ratio, secondary trials were then carried out in order
to determine the free water demand, plastic density and strength.

Tnformation and test results derived from the completed trials were then
ased to produce main relationships, linking various mix design parameters
to unit cement content, thus allowing mix proportions or unit weights to
he pbtained at any point within the cement content range, as previously
indicated.

In accordance with the agreement, all trials were conduected using
ordinary portland cement of local manufacture, complying with the
requirements of BS 12: 1978 and 1989. It should be noted that no
additives or admixtures of any kind were used in the concrete in the
initial assessment.
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Z2.3 Results

When carrving out secondary trials Series 1, it was noted that the mixes
appeared slightly less cchesive than they had at similar fines contents,
during preliminary trials. The reasons for this situation are discussed
in section 2.4 of the report.

As such, a further set of secondary trials were carried out at slightly
increased fines contents, these trials being referred £o in this rsport
as secondary trials Series 2 and representing mixes with optimum fines
content.,

Whilst the loss of cohesiveness in Series 1 mixes was not severe, it was
felt that fines contents were below optimum. Series 1 trials are
therefore reported for comparison purposes only, indicating the effects
of the change in fines contents on the various parameters observed,

Full trial mix details and main relationships derived are presented in
appendices as follows:

Appendix 1 Preliminary Trial Mix Details
Appendix 2 Secondary Trial Mix Details - Series 1
Appendix 3 Secondary Trial mix Details - Series 2
Appendix & Main Relationships - Series 1
Appendix 5 Main Relationships - Series 2

Throughout the mix design procedure, measurement of workability or flow
characteristics was based on the use of the slump test, in accordance
with BS 1881: Part 104: 1983.

In all cases, reported strength values were derived from compressive
strength tests conducted on 100mm concrete cubes which were cast, water
cured and tested in accordance with BS 1881: Parts 168, 111 and 116: 1983
respectively.

Reported cube densities were derived from saturated mass at time of
testing and measured dimensions of cubes, in accordance with BS 1881:
Part 114: 1983,

2.4 Discussion and Conclusions

On considering the possible causes for the apparent reduction in fines
hetween preliminary mixes and Series 1 secondary mixes, the following
conclusions have been made,

During the preliminary mixes it is felt that a proportion of the coarse
(German) aggregate in the concrete was broken down under the mechanical
action of the pan mixer during the extended mixing periods which were
regquired to accommodate the addition of fine aggregate/cement increments
to the concrete. Consequently, the actual percentage fines in the
concrete was increased to a value greater than that physically added,
bringing about the situation observed.
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Whilst these mix design trials attempted to produce concretes of optimum
proportions, it was generally noted throughout the range of cement
contents, that the mixes did not display particularly good plastic flow
characteristics. Apart from the "feel” of the concrete in the mixer,
several other observations relate particularly to this comment.

The free water demand required to produce workability in the selected
range was high, certainly in relation to that expected and required for
most normal weight aggregates.

T+ was also noted that the concrete had a tendency to '"bBleed” and to
segregate; in both cases the situation worsening as workability levels
were increased. For this reason a target slump range of 35-50mm was
adopted for the main trials reported. It should be noted that, as
concrete “slumps" under the influence of gravity, lightweight concrete
having a lower mass than conventional material, is less affected by
gravity and therefore at equal workability levels, should record a lower
slump value than concrete containing normal weight aggregates.

The mix design trials indicate that concrete produced with Lava pumice

within the normally accepted range of cement contents. Recorded
strengths suggest that a ceiling value is reached at cement contents in
excess of 400kz/m®, of between 30.0N/mm? and 35.0N/mm®.

However, for practical production of pumice aggregate lightweight
concrete either by on-site batching or by ready-mix plant it is felt that
improvement in the plastic properties of the mixes is required. This
could be achieved by the incorporation of simple plasticising or air
entraining admixtures, Whilst the use of air entraining admixture could
require minor alterations t4¢ mix proportions, correcily selected
admixture could reduce the free water demand of the concrete, as well as
reducing its tendency to segregate and bleed, all of positive benefit in
the practical production of structural lightweight concrete.

Given the nature of the aggregates and the observations made above
regarding the plastic properties of the concrete, we do not consider
that the mix designs presented in this part of the report would be
suitable for placing by concrete pump. With the kaown difficulties in
the area of pumping lightweight aggregate concrete, we feel that any
attempt to produce pumpable material would require design in its own
right and would certainly require the use of chemical admixtures, if not
the addition of further dry constituents such as natural sand fine
aggregate.

The results of additional tests relating strength grade to various
concrete properties {modulus of elasticity, water absorption, carbonation
etc) are presented in Part Two of this report.

The mix design results for pumice lightweight structural concrete

suitable for practical ready mix or site batch production and for pump
emplacement will be presented in Part Three.
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PRELIMINARY TRIAL MIX DETAILS
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PRELIMINARY TRIAL MIX RECOED. TRIAL DATE : 31-8-B9

REF : PRIRZ

BR/C RATIO @ 2.0 /7 % TNITIAL FINES CONTENT : 32 %

FREE MOTSTURE CONTENIS CORRSE AGG. {GERMAN 18-0mm) = 5.6 %
; FINE AGG. (BESSER  &-0mmi = 9.9 %

TRIAL BATCH WEIGHTIS :

SURFACE DRY FREE MOISTURE %  ADJUSTED WEIGHT

0. P CEMENT 2.50 kg 2.50 kg
FINES 8-0mm 1.60 kg 2.9 i kg
CCARSE 18-0mm 3.40 kg 5.8 3.5% kg

AFPEARANCE OF OONCRETE AS BATCHED : HARSH.

SAND / CEMENT INCREMENTS ADDED TO MIX AT RATIC OF 2/1 BY
WEIGHT, IN ORDER TO INCREASE PERCENTAGE OF FINES TO AN

ACCEPTABLE LEVEL, WHILST MAINTAINING INITIAL R/C RATIO.

ADDITIONAL MATERIAL ADDED :

SURFACE DRY FREE MOISTURE %  ADJUSTED WEIGHT

.P.CEMENT 0.67 kg 0.67 kg
INES 8-0Omm 1.35 kg 9.2 1.48 kg

TOTAL, SURFACE DRY WEIGHIS BATCHED :

0.P.CEMENT { 2.50 + 0.67 } = 3.17 kg
FINES 8-Cmm { 1.60 4+ 1.35) = 2.95 kg
COARSE  18-Omm = 3.40 kg

RECALCULATED MIX PROPORTIONS :

S

25 B

/C RATTIO : 2.0 /1
INES 8~-0Omm : 46.5 %
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PRELIMINARY TRIAT, MIX RECORD. TRIAL DATE : 31-8-89

REF ¢ P i;3

A/C RATIO : 3.0 / 1 INITIAL FINES CONTENT : 40 %

FREE MOISTURE CONTENTS : CCARSE AGG. (GERMAN 18-0mm) = 5.6 %
: FINE AGG. (BESSER 8-0mm) = 8.9 %

TRIAL BATCH WEIGHTS

SURFACE DRY FREE MOISTURE %  ADJUSTED WEI

0. P.CEMENT 2.00 kg 2.80 kg
FINES 8-0mm 2.40 kg 5.9 2.634 kg
COARSE 1B-Omm 3.60 kg 5.6 3.80 kg
APPEARANCE OF CONCRETE AS BATCHED : HARSH.

SaND / CEMENT INCREMENTS ADDED TO MIX AT RATIO OF 3/1 BY
WEIGHT, 1IN ORDER TCO INCREASE PERCENTAGE OF FINES TO AN
ACCEPTABLE LEVEL, WHILST MAINTATNING INITIAL A/C RATIO.

ADDITIONAL MATERIAL ADDED

SURFACE DRY FREE MOISTURE %  ADJUSTED WEIGHT

O.P.CEMENT 0.65 kg 0.65 kg
FINES 8-Omm 1.895 kg 8.9 2.14 k

TOTAL SURFACE DRY WEIGHTS BATCHED :

O.P.CEMENT { 2.00 + 0.65 ) = Z.65 kg
FINES B-0Omm { 2.40 + 1.85 ) = 4.35 kg
COARSE 18-0mm = 3.80 kg

RECALCULATED MIX PROPORTIONS :

A/C RATIO : 3.6 /1
FINES 8-0Omm : B4.7 %
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PRELIMINARY TRIAT, MIX RECORD. IFIAL DATE : 31-8-89

REF : PRTR4

ASC RATIO : 4.0 / 1 INITIAL FINES CONTENT : 53 %

FREE MOISTURE CONTENTS : OOARSE AGG. (GERMAN 18-0mm) = 5.6 %
: FINE AGG. (BESSER 8-0mm) = 9.9 &

IRIAL BATCH WEIGHTS

SURFACE DRY FREE MOISTURE %  ADJUSTED WEIGHT

O.P.CEMENT L.50 kg 1.50 kg
FINES 8-0mm 3.18 kg 3.8 3.49 kg
COARSE  18~0mm 2.82 kg 5.6 2.98 kg

APPEARANCE OF CONCRETE AS BATCHED HARSH.

SAND / CEMENT INCREMENTS ADDED IO MIX AT RATIO OF 4/1 BY
WEIGHT, IN ORDER TO INCREASE PERCENTAGE OF FINES TO AN
ACCEFTABLE LEVEL, WHILST MAINTAINING INITIAL A/C RATIO.

ADDITIONAL MATERTAL ADDED :

SURFACE DRY FREE MOISTURE $  ADJUSTED WEIGHT

OC.P.CEMENT 0.55 kg 0.59 kg
FINES 8~0mm 2.36 kg 9.9 2.5%9 kg

TOTAL SURFACE DRY WEIGHTS BATCHED :

O.P.CEMENT ( 1.50 + 0.5% 7 = 2.09 kg
FINES 8-0Omm ( 3.18+ 2.36) = 5.54 kg
COARSE 18~0mm = 2.82 kg

RECALCULATED MIX PROPORTIONS

A/C RATIO : 4.0 /1
FINES 8-0mm : 66.2 %
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SECONDARY TRIAL MIX RECORD. TRIAL DATE : 01-9-8%9

REF : SETRZ

A/C RATIO ¢ 2.0 / 1 FINES CONTENT : 46.5 %

FREE MOISTURE OONTENTS : COARSE AGG. (GERMAN 18-Omm) = 5.6 %
: FINE AGG. {BESSER B-0mm} = 9.9 %

TRIAL BATCH WETGHIS

SURFACE DRY FREE MOISTURE % ADJUSTED WEIGHT
0. P.CEMENT 2.00 kg 3.00 kg
FINES 8-0Omm 2.79 kg 5.9 3.07 kg
COARSE 18-0Unm 3.21 kg 5.6 3.39 kg
RECORDED SLiMP VALUE : 45 mm
WATER ADDED AT MIXER : 1.50 i%t_re

FREE WATER IN AGGREGATES : {6.18 + 0.28) = 0.456 litre

FREE WATER/CEMENT RATIC {1.50 + 0.46} /3.00 = £.65

RECORDED PLASTIC DENSITY : 1610 kg/m3d

CUBE TEST RESULTS 100 mm  CUBES

CUBE REF. TEST AGE DENSITY STRENGTH
(DAYS) {kg/m3) (W/mm2)

Al 7 1628 27.5

A2 14 1610 27.5

A3 28 1613 30.8

A4 28 1611 31.9
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SECONDARY TRIAL MIX RECORD.
REF : SETRZB

MIX PROPCRTIONS

O.P.CEMENT ¢ 1.00
TOTAL AGGREGATE : 2.00
WATER : 0.85

SUM OF PROPORTIONS :  3.65

SURFACE DRY BATCH WEIGHIS / m3

0. P CEMENT = 441
FINES 8-0Omm = 410
COARSE 18-0mm = 472
WATER = 287

PLASTIC DENSITY :

FINES CONTENT

{BASED ON PLASTIC DENSITY)

Titre/m3

ABSOLUTE VOLIME, YIELD CALCULATIONS:

RELATIVE DENSITY VALUES

O.P.CEMENT g s 3120
BESSER 8-0mm : 1645
GERMAN 18-0mm . 1420
O.P . CEMENT ;441 !
FINES §-0Ommn : 410 /
COARSE 18-0mm : 472 !
WATER 287 /

xg/
kg
Kg/

3120
1645
1420
1000

ABSOLUTE VOLUME

m3
ma
m3

o

#

(ASSUMED )

{40 HOUR SCAK)
(60 HOUR SORK)

o 2 O O

jan]

. 14135
.24924
.3323%9
.287G0

0998
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SECONDARY TRIAL MIX RECORD. TRIAL DATE 01-9-89
REF : SETRZ
A/CRATIO : 3.0/ 1 FINES CONTENT : 54.7 %
FREZ MOISTURE CONTENTS : COARSE AGG. (GERMAN 18-0mm) = 5.6 %
: FINE AGG. (BESSER &-0rmm!l = 9.9 %
TEIAL BATCH WEIGHTS -
SURFACE DRY FREE MOISTURE % ADJUSTED WEIGHT
O.P.CEMENT 2.50 kg 2.50 kg
FINES &-Omm 4.10 kg 9.9 4.51 kg
COARSE 18-0Omm 3.40 kg 5.6 3.5% kg
RECORDED SLIMP VALUE 40 mm
WATER ADDED AT MIXER 1.68 litre
FREE WATER IN AGGREGATES {(0.19 + 0.41) = 0.60 litre
FEEE WATER/CEMENT RATIO (1.68 + 0.80) 7/ 2.50 = 0.91
RECORDED PLASTIC DENSITY 1565 kg/m3
CUBE TEST RESULTS: 100 mm  CUBES
CUBE REF. TEST AGE DENSITY STRENGTH
{DAYS) {kg/m3) (N/mm2)
“B1 7 1574 24.0
BZ 14 1574 25.5%
B3 28 1565 27.0
B4 28 1549 6.3
Page 15 of 111
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SECONDARY TRIAL MIX RECORD. SHEET # 2

REF : SETR3E

MIX PROPORTIONS :

C.P. CEMENT 1.60 PLASTIC DENSITY : 1565 kg/m3
TOTAL AGGREGATE 3.00 FINES CONTENT : 54.7 %
WATER ;. 0.481

SUM OF PROPORTIONS @ 4.91%

SURFACE DRY BATCH WEIGHTS / m3 (BASED ON PLASTIC DENSITY!:
0. P.CEMENT = 318 kg/m3

FINES &~0mm = 510 kg/m3

CORRSE 18-Dmm = 446 kg/m3

WATER =250 litre/m3

ABSOLUTE VOLUME, YIELD CAILCULATIONS:

RELATIVE DENSITY VALUES :

0. P CEMENT : 3120 kg/m3 (ASSUMED)
BESSER B5-0Ormm : o 1845 kg/m3 {40 HOUR SOAX)
GEEMAN 18-0mm : 1420 kg/m3 {60 HOUR SQAK)
0. P CEMENT ¢ 318/ 3120 = 0.10224
FINES 8~0mm 516 / 1645 = 0.31003
COARSE 18-Omm : 445/ 1420 = 0.31408
WATER ;o 290 / 10060 = 0.29000

i
pa—
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ABSOLUTE VOLUME

MAXIMUM THEORETICAL DENSITY = 1539 kg/m3

h
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SECONDARY TRIAL MIX RECORD. TRIAL DATE : 01-9-89
REF : SETR4
A/C RARTIO @ 4.0 /7 1 FINES CONTENT : 65.2 %
FREE MOISTURE CONTENTS : COARSE AGG. (GERMAN 18-0mm) = 5.6 %
: FINE AGG. (BESSER 8-0Omm} = 9.9 %

TRIAL BATCH WEIGHTS :

SURFACE DRY FREE MOISTURE & ADTUSTED WEICGHT
O.P.CEMENT 1.80 kg 1.80 kg
FIES 8-Omm 4.77 kg 9.9 5.24 kg
COARSE 18-0nm 2.43 kg 5.6 2.57 Rg
RECORDED SLiMP VALLUE : 35 mm
WATER ADDED AT MIXER : 1.59 litre

FREE WATER IN AGGREGATES : {0.14 + 0.47) = 0.61 litre

FREE WATER/CEMENT RATIO : {1.59 + 0.61) /7 1.80 = 1.22

RECORDED PLASTIC DENSITY : 1518 kg/m3

CUBE TEST RESULTS: 100 mm  CURES

CUBE REF. TEST AGE DENSITY STRENGTH

(DAYS) {kg/m3) (N/mm2 )

ci 7 1546 16.0
c2 14 1550 19.5
C 28 1557 21.0
oLt 28 1540 20.8
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X RECORD.

REF : SETR4B

MIX PROPORTIONS :

C.P.CEMENT 1.60
TOTAL AGGREGATE 4.00
WATER : 1.22
S OF PROPORTIONS : 6.22
SURFRCE DRY BA WETCGHTS

O.P.CEMENT
INES 8-0mm
CORRSE 18-Omm

WATER

244 Bkg/m3
§46  kg/m3

329 kg/m3

- 298 litre/m3

ABRSOLUTE VOLUME, YIELD CALCULATIONS:

RELATIVE DENSITY VALUES :

O.P.CEMENT
BESSER &~0mm
GERMAN 18-Omm

0P CEMENT
FINES 8-0Omm
CORRSE 18-0mm
WATER

244
646
329
298

ABSOLUTE VOLAME

3120 kg/m3 {ASSIMED )
1645 kg/m3 (40 HOUR SOAK!
1420 kg/m3 {60 HOUR SOAK)

Ny T T

3120 = 0.07820
1645 = 0.39270
1420 = 0.23169
1000 = 0.29800

= 1.00059

= 1517 kg/m3

SHEET # 2

PLASTIC DENSITY : 1518 kg/m3
FINES CONTENT £6.2 %
m3 (BASED ON PLASTIC DENSITY!
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SECONDARY TRIAL MIX RECORD. TRIAL DATE : 05-9-89
REF : SETRZA

A/C RATIO ¢« 2.0 7 1 FINES CONTENT : 50.0 %
FREE MOISTURE CONTENTS : COARSE AGG. (GERMAN 18-Omm! 5.6 %
: FINE AGG. (BESSER 8-0mm} = 9.9 %

TEIAL BATCH WEIGHIS :

SURFACE DRY FREE MOISTURE % ADJUSTED WEIGHT
C.P.CEMENT 3.90 kg 3.00 kg
FINES 8~0mm 3.60 kg 3.5 3.30 kg
COARRSE 18-Omm 3.00 kg 5.6 3.17 kg
RECORDED SLAMP VALUE : 40 mm
WATER ADDED AT MIXER H 1.46 litre
FREE WATER IN AGCEREGATES : {0.17 + GTBG}‘= 0.47 litre
FREE WUWATER/CEMENT RARTIO {1.46 + (.47} 7/ 3.00 = 0.64
RECORDED PLASTIC DERSITY : 1601 kg/m3
CUBE TEST EESULTS: 100 mm  CUBES
CUBE REF. TEST AGE DENSITY STRENGTH
(DAYS) {kg/m3) {N/mm2)
Dl 7 155¢ 30.4
D2 14 1586 23.6
D3 28 . 1603 C31.5
o4 28 1607 3i.5
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SECONDARY TRIAL MIX RECORD. SHEET # 2
REF : SETRZAB

MIX PROPORTIONS

G.P . CEMENT 1.00 FLASTIC DENSITY : 1601 kg/m3
TOTAL AGCREGATE : 2.00 FINES CONTENT R0 %
WATER : .64

SUM OF PROPORTIONS @ 3.64

SURFACE DRY BATCH WEICHTS / m3 {BASED ON PLASTIC DENSITY)
O.P.CEMENT = 440 kg/m3

FINES 8-0mm = 440 kg/m3

COARSE 18-Omm = 440 kg/m3

WATER = . 281 litre/m3

ABSOLUTE VOLUME, YIELD CALCULATIONS:

RELATIVE DENSITY VALUES :

O.P.CEMENT i 3120 kg/m3 (ASSUMED )
BESSER 8-0mm ¢ 1645 kg/m3 {40 HOUR SOAK)
GERMAN 18~0mm 1420 kg/m3 {60 HOUR SOAK)
O.P.CEMENT : 440 / 3120 = 0.14102
FINES &-0Omm i 440/ 1645 = (0.26748
COARSE 1B-0mm : 44D / 1420 = .30686
WATER ;o 281/ 1000 = 0.28100
ABSOLUTE VOLUME = 0.3993536

MAXIMUM THEORETICAL DENSITY = 16062 kg/m3
Page 21 of 111




SECONDARY TRIAL MTX RECORD. TRIAL DATE : 05-9-8%
REF : SETR3A
A/C RATIO : 3.0 / 1 FINES CONTENT : 59.0 &
FREE MOTSTURE OONTENTS : COARSE AGG. (CGERMAN 18-0mm) = 5.6 %
. FINE AGS. (BESSER 8-0mm) = 6.9 %
TRIAL BATCH WEIGHTS :
SURFACE DRY  FREE MOISTURE %  ADJUSTED WEIGHT
0.P. CEMENT 2.50 kg 2.50 kg
FINES 8-0Omm 4.43 kg 3.9 4.8 kg
COARSE 18-Omm  3.07 kg 5.6 3.25 kg
RECORDED SLUMP VALUE 35 m
WATER ADDED AT MIXER 1.66 litre
FREE WATER IN AGGREGATES (0.18 + 0.43) = 0.61 litre
FREE WATER/CEMENT RATIO (1.66 + 0.61) / 2.50 = 0.91
RECORDED PLASTIC DENSITY 1528 kg/m3
CUBE TEST RESULT 100 mm  CUBES
CUBE REF. TEST AGE DENSITY STRENGTH
{DAYS) [kg/m3) {N/mm2)
E1 7 1560 24.2
o 14 1556 76.6
£3 28 1553 27.0
74 28 1564 27.0
Page 22 of 111



98]
L0
.
(98]
ey
]
@s]
a3l
Lt
Lad
3
WO

SECONDARY TRIAL MIX RECORD. SHEET # 2
REF : SETRIAR

MIX PROPORTIONS

O.F.CEMENT 1.00 PLASTIC DENSITY : 1528 kg/m3
TOTAL AGGREGATE ¢ 3.00 FINES CCHTENT 59 %
HATER ;. 0.91

SUM OF PROPORTIONS @ 4.91

SURFACE DRY BATCH WEIGHTS /7 m3 (BASED ON PLASTIC DENSITY!
O.P . CEMENT = 311 kg/m3

FINES 8-0Omm = 551 kg/m3

COARSE 18-Crm = 383 ¥kg/m3

WATER =, 283 litre/m3

ABSCLUTE VOLUME, YIELD CALCULATIONS:

RELATIVE DENSITY VALUES :

0. P . CEMENT ;3120 kg/m3 (ASSIMED}
BESSER 8~0mm ;1645 kg/m3 (40 HOUR SOAK}
GERMAN 18-0mm ¢ 1420 kg/m3 {60 HOUR SOAK)
O.P.CEMENT 311 3120 = 0.09%68
FINES 8~0mm ¢ 551 7/ 1645 = 0.3349%5
CORRSE 18-0Omm  : 383/ 1420 = 0.26972
WATER ;o 283/ 6060 = (.2ZB300

i
o
W
oo
vt
Lad
N

ABSOLUTE VOLUME

MAXTMUM THEORETICAL DENSITY = 1547 kg/m3
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59 /3408E/3379
SECONDARY TRIAL MIX RECORD. IRIAL DATE : 05-5-8%

HEF : SETR4A

A/C BATIO : 4.0 / 1 FINES CONTENT : 71.0 %
FREE MOISTURE CONTENTS : COARSE AGG. (GERMAN 18-0mm) = 5.6 %
: FINE AGG. (BESSER B-0mm) = 9.9 &

IRIAL BATCH WEIGHTS :

SURFACE DRY FREE MOISTURE % ADJUSTED WEIGHT

O.P.CEMENT 1.80 kg 1.80 kg
FINES 3-Omm 5.11 kg 8. ¢ 5.62 kg
CORRSE 18-Cmm  2.09 kg 5.6 2.20 kg
RECORDED SLUMP VALUE ;45 wm

WATER ADDED AT MIXER Y 1.60 litre

FREE WATER IN AGGREGATES : (0.1 + 0.51) = 0.62 Ilitre

FREE WATER/CEMENT RATIO {1.60 + 0.62) / 1.80 = 1.23

RECORDED PLASTIC DENSITY 1479 kg/m3

) CUBE TEST RESULTS: 100 mm  CUBES

S CUBE REF, TEST AGE DENSITY STRENGTH
{DAYS) {(kgy/m3) {N/mm2 )

E Fi 7 1525 14.4

g F2 14 1518 17.4

” F3 28 1535 17.0

g F4 28 1512 20.5
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SECONDARY TRIAL MIX RECORD.
REF : SETR4AH

MIX PROPORTIONS

0.7 . CEMENT 1.00 PLASTIC DENSITY -
TOTAL AGGREGATE 4.04 FINES CONTENT
WATER :  1.23

SUM OF PROPORTIONS @ 6.2

SURFACE DEY BATCH WEIGHTS / m3 {BASED ON PLI
O.P. CEMENT = Z37 kg/m3

FINES B~Omm = §74 kg/m3

COARSE 18-0mm = 275 Kkg/m3

WATER = 292 litre/m3

ABSQOLUTE VOLUME, YIFLD CALCULATIONSG:

RELATIVE DENSITY VALUES :

O, P.CEMENT ¢ 3120 kg/m3 {ASSUMED )
BESSER B-0Omm ;1645 kg/m3 (40 HOUR SOAK)
GERMAN 18-0mm ;1420 kg/m3 {60 HOUR SQAK)
O.P.CEMENT 237 7 3126 = 0.075%6
FINES 8§-0mm : 674 / 1645 = (.40873
COARSE 18-0mm 275/ 1420 = 0.19366
WATER ;292 / 1066 = 0.2%200
ABSOLUTE VOLIME = 0.97135

SHEET # 2
1479 kg/m3
71 %
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APPENDIX 4

MAIN REITATIONSHIPS

SERIES — 1 MIXES
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LAVa PUMICE

STRUCTURAL CONCEETE MIX
FINES CONT
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MATERIALS

N A

FINE AGGRECGATE
COARSE AGGREGARTE
ADMIXNTUERE / ADDITIVE

WORFKABILITY RANGE

ORDINARY PORTLAND
: PUMICE, BESSER 8-Omm
: PUMICE, GERMAN 18-0Umm
s NONE
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SERIES - 1
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CEMEMT CONTERT hkgs/me

FINE AGGREGATE
COARSE AGGREGATE
ADMIXTURE / ADDITIVE

WORKABILITY RANGE

PUMICE, BESSER
PUMICE, GERMAN
NONE

35 - 50 mm SIAMP
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LAVA PLMICE

Hdt

STRUCTURAL CONCRETE MIX DESIGHN
SERIES - 1 FINES CONTENTS

RELATTONGHIP

AGGREGATE/CEMENT RATIO / UNIT CEMED
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MATERIALS

CEMENT

FINE AGGREGATE
COAERSE AGGEEGATE
ADMIXTURE / ADDITIVE

WORKABILITY RANGE

§

tll:ﬁ
i
A1)
i
o

2@@ 350G a@a@
CEMENT COMTENT ko m3

: ORDINARY PORTLAND

: PUMICE, BESSER E-Omm
: PUMICE, CGERMAN 18-0Omm
: NONE

35 - 50 ym SLAMP
Page 29 of 111




ealtes iy

O

Tr
&
o
"
&
¥
E
C

66]
¥
\"h
[9%8)
g
o]
e3]
7
Lt
fad
~J
X

Lave PUMICE

STRUCTURAL CONCRETE MIX DESIGN
F

SERIES - 1

FOSA G Sl
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RELATICHSHIP - FREE WATER/CEMENT RATIO / UNIT CEMENT CONIENT
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284 254 388 358 S8 454 e IL]
CEMEMT CONTENT kg /w3
MATERIALS
CEMENT : ORDINARY PORTLAND

FINE ACGGREGATE
CORRSE AGGREGATE
ADMIKTURE / ADDITIVE

WORKABILITY RANGE

: PUMICE, BESSER &-0mm
1 PUMICE, GERMAN 18-Omm
¢ NONE

25 - 50 mm SLUMP
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LAVA PUMICE
STRUCTURBL CONCRETE MIX DESIGN
SERIES ~ 1 FINES CONTENTS

RELATICNSHIF ¢ ¥T

TIC DENSITY kg/m3 /7 UNIT CEMENT CONTENT
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CEMEPNT CONTENT g/ =3

MATERIALS

CEMENT

FINE AGGREGATE
COARSE AGCGREGATE
ADMIXTURE / ADDITIVE

WORKABILITY RANGE

: ORDINARY PORILAND

. PUMICE, BESSER 8-0mm
. PUMICE, GERMEN 18-0Omm
: NONE

<0 mm SLULY

-
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LAVA PUMICE

SERTES ~ 1 FINES CONTENT:

RELATIONSHIP COMPRESSIVE STRENGTH / UNIT CEMENT CONTENT
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CEHENT CONTENT kg /w3

CEMENT : ORDINARY PORTLAND
FINE AGGREGATE : PUMICE, BESSER 8-0mm
COARSE AGGREGATE . PUMICE, GERMAN 18-(mm
ADMIXTURE / ADDITIVE : NONE

WORKABILITY RANGCE : 35 - 50 ywm SLUMP
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LAVRE PUMICE
STRUCTURAL CONCRETE MIX DESIGH
SERIES - 1 FINES CONTENTS

REIATIONSHIPD FREE WATER CONTENT /7 UNIT CEMENT CONTENT
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CEMEMT CONTENT kg 3
MATERTIALS
CEMENT : ORDINARY PORTLAND
FINE AGGREGATE : PUMICE, BESSER B8-0gm
COARSE AGCGREGATE : PUMICE, GERMAN 18-0mm

ADMYXTURE / ADDITIVE : NONE

WORKABILITY RANGE - s 35 - 50 mm SLARP

Page 33 cof 111




iR p I

A

bt

WEE el

LAVA PUMICKE

STRUCTURAL CONCEETE MIX DESIGHN

SERIES ~ 1 FINgS CONTENTS

RELATIONSHIP UNIT COARSE AGCREGATE MASS /  UNIT CEMENT CONTENT
S
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e A FEE - - .
288 ZoE 288 354 SiaE A5 & =2
CEMENT COMTEMNT Lo w3
MATERIALS :
CEMENT : DRDINARY PORTLAND

FINE AGGREGATE
CORRSE AGGREGATE
ADMINTURE / ADDITIVE

WORKABILITY RANGE

¢ PUMICE, BESSER 8§-Omm
: PUMICE, GERMAN  18-Omm
: NONE

35 ~ 58 mm SLP
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LAVA PUMICE
STRUCTURAL CONCRETE MIX DESIGN
SERIES - 1 FINES CONTENTS

RELATIONSHIP UNIT FINE ACGCREGATE MASS / UNIT CEMENT CONTENT
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MATERIALS

CEMENT : ORDINARY PORTLAND
FINE AGGREGATE : PUMICE, BESSER &-0mm
COARSE AGGREGARIE : PUMICE, GERMAN 13-0Omm
ADMIXTURE / ADDITIVE : NONE

WORKABILITY RANGE : 35 — 50 mm SLiBP
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APPENDIX 5

MAIN RELATIONSHIPS
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LAVA PUMICE

STRUCTURAL CONCEETE MIX DESIGN
SERIES - Z FINES CONTENTS

REIATIONSHIP %

FINES [/ AGGHECGATE CEMENT RATIO
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58 f )
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25 :

1.5 2.8 2.5 3.8 2.5 4.3 4,5 5.8
aGG., - CEM. RBATIO

MATERIALS ¢

CEMENT

FINE AGGREGATE
COARSE AGCGREGATE
ADMIXTIURE / ADDITIVE

WORKABILITY RANGE

: ORDINARY PORTLAND

: PUMICE, BESSER 8~Umm
¢ PUMICE, GERMAN 18-0mm
: NONE

35 - B0 mm SLIMP
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COARSE AGGREGATE
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33 358 4L A58 Suu
CEMENT COMTEMT kg /=3

. ORDINARY PORTLAND

. PUMICE, BESSER B-0Umm
. PUMICHE, CERMAN 18-0Omm
: NCHE

35 — 50 mm SLUMP
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SERIES -~ 2 FINES CONTENIY

RELATIONSHIP FREE WATER/CEMENT RATIO / UNIT CEMENT CONTENT
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RELATICNSHIFP PLASTIC DENSITY kg/m3 / UNIT CEMENT CONTENT
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ADMIXTURE / ADDITIVE : NONE

WORKABILITY RANGE ;3% - B0 mm SLIMP
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WORKABILITY RANGE ¢ 35 -~ 50 mm SLIMP
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WORKABILITY RANGE

: NONE




89/3408E/3379

PART TWO

PROPERTIES OF STRUCTURAL MIXES
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3.0 DART TWO : PROPERTIES OF STRUCTURAL MIXES

3.1 Purnose of Assessment
Having carried out mix design trzals to establis
concrete could be produced by pumice aggresgates,

concretes vere required.

.

fine aggrega

L2
2

Test Specimens and Methods

Usinz the previously established relationshi

i
laboratory trials, a set of test specimens were ¢

and 4/1 aggregate/cement ratio mixes for laborato

TEST

Compressive Strength

and Density at 28 days

ic Modulus of

S5ta
Elasticity

t
as

I‘

ﬁ“‘tﬁ“f?

F'V‘ w‘

ring Shrinkage and
ting Expansion
Water Absorption

{at 1/2 hour and
thereafter at inter-
mittent times to 17
davs}

Oven Dryv Density

cubes

Saturated Density
cubes

Saturated Coefficient

of Thermal Expansion

Accelerated Depth of
Carbonation

METHCD

BS 1881: Parts 108, 111
and 114: 1983

B3 1881: Part 121: 1983

(%41

BS 18811 Part 1970

BS 1881: Part 114: 1983

BS 1881: Part 114: 1983

R.D. Browne, Concrets,
Nov., 1972, p51-53

50% RH, 20°C, 4% CO, for

20 weeks after 2 weeks at
50% RH, 20°C at normal
atmospheric CO,; all
specimens between 28 and 42
days old and moist cured
prior teo testing. Work

carried out at Department of
Civil Engineering University

of Dundee.
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h that structural grade
the proper

rties of such

As with the laboratory trials no admixtures other than pumice coarse and
tes, BS 12 ordinary Portland cement and water were to be used
for the manufacture of the concretes.

from the Series 2

st for each of 2/1, 3/1
rv tasting, as follows:

SPECIMEN

3 pno. 150mm cube

1

1 no, 150x300mm
cylinder

4 no. 50x50x200mm
prisms

2 no. 100mm cubes

Yater absorption
cubes prior to water
absorpiion test

Water absorption
after 17 davs

immersion

1 no. 150x300mm  of
cylinder

12 no. 100mm cubes
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Test Results

The results for all the tests are gilven in Tables 1, 2 and 3.
Relationships between the various parameters and properties are given in
Appendix 6.

Digrussion and Conclusions

As expected various physical and mechanical test properties vary with
aggregate:cement ratio or cement content. Properties which increase in
value, indicating increasing quality with lower A/C ratios {high cement
contents) are compressive strength, modulus of elasticity and density.
Properties which decrease in value, indicating increasing guality, with
iower A/C ratios are water absorption and accelerated carbonatican. In
all the above cases lowering the A/C ratio (higher cement content)
increases quality.

Properties which do not show a straight forward relationship with A/C
ratio are drying shrinkage wetlting expansion and thermal expansiomn. The
moisture movement values are much as expected for the high cement content
{(2/1 A/C ratio) mix having the highest value: however, the values for the
3/4 and 4/1 mixes are similar. The thermal expansion results do not
fallow any trend.

For the tests carried out at A/C ratios of 2/1, 3/1 and 4&/1 {(cement
contents of 440, 320 and 2&5kgﬁm5} the range of results is as follows:

compressive strength 19, 0-31, 5N/ mmy
saturated density 1570-1870ke/m
oven dry density ?2&6-53?9kg£m3
static modulus of . .
elasticity 9,810-12, 500N /mm*
drving shrinkage 0.030-0.040%
wetting expansion 0.025-0.035%
water absorption

at + hour 6.6-7.7%

at 17 days 17.3-15.0%
coefficient of thermal
expansion 5.8-7.5 x10°t ¢
accelerated depth of
carbonation

at 20 weeks 29-50mm
estimated thermal
conductivity 0,400,499/ mK

{based on oven dry density)
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TABLE 1. SUMMARY OF RESULTS

YIX PROPORTION 2/1
CEMENT CONTENT (ka/m’) 540
FINES CONTENT (%} 50
COMPRESSIVE STRENGTH {ﬂfmmg} 3?.5}32‘Qf31w§
AT 28 DAYS mean 31.5
SATURATED DENSITY {kgﬁmg} 1650/1660/1660
AT 28 DAYS mean 1660
STATIO MODULYUS OF RLASTICITY 12,500
(N/mm)
at CQ&PRESSEVE STRENGTH 31.0
(N/mn®)
DRYING SHRINKAGE (%) 0.040/0.039/0.038
mean 0.039
to nearest 0.005 0. 040
WETTING EXPANSION (%} 359365%,§35[9‘§3?
mean 0.036
to nearest 0.005 £8.035
WATER ABSORPTION %) 1. Z. Mean
at % hour 6.2 6.8 £.5
3 hour 10.9 11.4 11.2
& hour 12.1 2.4 12.3
24 hour 13.0 13.2 13.1
2 dav 13.2 13.3 13.3
3 day 13.4 3.5 -13.5
17 day 16.2 14.4 4.3
OVEN DRY DENSITY (lkg/m) 1370 1360 1370
(vefore water immersion)
SATURATED DENSITY (kg/m’) 1670 1670 1670
{after 17 days immersion)
COEFFICIENT OF THERMAL 7.1x10°
FXPANSTON (SATURATED)/'C
ACCELERATED DEPTH OF i. Z. Mean
CARBONATION (mm)
carbomation period - 2% weaks 10 12 11
5 weeks 12 13 12
74 weeks 19 29 19
1] weeks 23 25 24
15 weeks 32 33 32
20 weeks’ 38 40 a9

ESTIMATED THERMAL CONDUCTIVITY

based on oven dried density and 0,49 W/mK
3% meisture by volume

(from CIBS Guide A3, 1980)
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TABLE 2. SUMMARY OF RESULTS
MIX PROPORTION 3/1
CEMENT CONTENT (kg/m’) 320
PINES CONTENT {%) 5%
COMPRESSIVE STRENGTH (N/mm') 25.0/23.0/23.0
AT 28 DAYS mean 23.5
SATURATED DENSITY (ks/m') 1600/1610/1610
AT 28 DAYS mean 1610
STQTI? MODULUS OF ELASTICITY 11,070
(N/mm"}
at CQ?PRESSEVE STRENGTH 18.5
{N/mm*)
DRYING SHRINKAGE (%} 0.027/0.029/0.028
mean 0,028
ro nearest 0.005 8.030
WETTING EXPANSION (%) 0.024/0.025/0.025
mean 0.025
to nearest 0.005 - {3,625
WATER ABSCORPTION (%) 1. 2. Mean
at %+ hour 6.3 6.5 6.4
3 hour 11.8 1.5 1.7
6 hour 13.4& 13.0 13.2
24 hour 14,4 13.8 4.1
2 day 14.5  14.0 14.3
3 dav 14.7 4.3 - 14,5
17 dav 15.8 15.4 15.6
OVEN DRY DENSITY (kg/m’) 1330 1320 1330
(before water immersion)
SATURATED DENSITY (kg/mz} 1630 1630 1630
{after 17 days immersion)
COEFFICIENT OF THERMAL 5.8x107
EXPANSION (SATURATED)/'C
ACCELERATED DEPTH OF 1. 2. Mean
CARBONATION (mm)
carbonation period - 2% weeks 12 14 13
5 weeks 15 20 17
74 weels 20 24 22
1 weeks 30 32 31
15 weeks 36 44 38
20 weeks £3 44 44

ESTIMATED THERMAL CONDUCTIVITY

based on oven dried density and .46 HW/mK
3% moisture by volume

(from CIBS Guide A3, 1980}
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TABLE 3. SUMMARY OF RESULTS

MIX PROPORTION G/
CEMENT CONTENT (kg/m’) 245
PINES CONTENT (%) 71
COMPRESSIVE STRENGTH (N/mm') 19.5/18.0/19.5
AT 28 DAYS mean 19.0
SATURATED DENSITY (ke/m’) 1580/1560/ 1580
AT 28 DAYS mean 1570
ST&TE? MODULUS OF ELASTICITY 9.810¢
(N/mm"
at COMPRESSIVE STRENGTH 19.0
{N/mm")
DRYING SHRINKAGE (%) 0.032/0.026/0.030
mean 0.029
to nearest $.005 0.030
WETTING EXPANSION (%) 0.029/6.026/0.025
mean G.027
ta nearest 0.005 Q.GES
WATER ABSORPTION (%) 1. 2. Mean
at + hour 7.4 .0 7.7
3 hour 14.1% 14,7 14,4
& hour 165.5 18,7 16.6
24 hour 17.6 17.5 17.6
Z day 17.7 17.6 17.7
3 day 17.9 17.9 7.9
17 day 19.0 18.9 12,0
OVEN DRY DENSITY (kg/m’) 1260 1210 1240
{before water immersion}
SATURATED DENSITY (ke/m') 1610 1560 1590
{after 17 days immersion)
COEFFICIENT OF THERMAL 7.5%107
EXPANSION (SATURATED)/'C
ACCELERATED DEPTH OF 1. 2. Mean
CARBONATION {mm)
carbonation period - 2% weeks 7 22 240
5 weeks 25 25 25
7% weeks 31 33 32
10 weeks 38 40 324G
15 weeks 40 46 43
20 weeks ~-complete (50+) -~

ESTIMATED THERMAL CONDUCTIVITY

based on oven dried density and 0.40 W/uK
3% moisture by velume

{(from CIBS Guide A3, 1980)
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{from CIBS Guide A3, 1980)
RILEM classifies lightweight aggregate concrete into three types, I

Structural, II Structural and insulating and III Insulating, based on
density, compressive strength and thermal conductivity, as follows:-

RILEM functional classification of lizhtweight
aggregzate concrete

Class I 11 IiI
Tyvpe of light- Structural and

weight concrete Structural insulating Insulating
Oven-dry density

(kg/m’} <2000 aot specified not specified
Compressive

strength ih/&m 3 >15.0 »3.5 #3.5

Coefficient of
thermal con- e <.75 <, 30
ductivity (W/m. k)

e

Far the range of structural mixes examined, e pumice aggregate concrete
can comply with type I Structural and typs IZ Structural and Insulating.

For type IIT Insulating mixes, higher A/C ratios will be required in t
region of 15/1 or higher (see STATS Report on Concrete Mix Design fo
Lightweight Masonry Units, May 1990).

[

As outlined in section 2.4, a ceiling strength in the 30-35 H/mm® range
applies for mixes in excess of QQdej& cement content, Both the 2/1 and
3/1 A/C ratio (440 and 320kg/m’ cement content mixes) record strengths
in eﬁcess of EGmem)which is the lowest allowable under BS 8110 : Part
2 : 1985 for reinforced lightweight aggregate concrete, however, flgures
in the region of aﬁﬁhgfmi minimum cement content (maximum A/C ratic of
2.8/1) would be more likely to consistently achieve a grade 20 supply.

The static modulus of elasticity for the mixes examined is some 453% of
that for equivalent normal weight concretes. BS 8110 : Part 2 : 1985,
Section 7.2 gives values for normal weight concrete static modulus of
elasticity and a conversion formula for lightweight concrete based on
density. A comparison of the predicted values and actual values is very
close using the measured saturated density values, as indicated below.

strength 728 dayv static modulus of elasticity (N/mw’ x 10%)
grade normal weight jightweight#* actuald
20 24 0.7 10.0
5 25 11.7 11.3
25 12.4 12.3

% from formula - normal weight static modulus x (W/2600)°
where W = density {BS 8110 : Part 2 : 1985, Section 7}
¢ interpolated from graph of recorded values



Moisture movement is low at 0.0 to 0.040% drving shrinkage and 0.023
to §.035% wetiting expansion: ?hﬂ wetting expansion is some 83% of the
rving shrinkage. These values are lower than stated in the technical

literature on lightwelght concrete {e.g. HNeville 1981;.

Copefficients of thermal expansion at circa & to 7 x 107 fqb are lower than
those published by Neviile 1981 (9.4 t¢ 10.8 x 107/°C) although they are
at the lower end of the range for lightweight concrete given by the
Institute of Structural Engineers/Concrete Society 1987 at between 7 and
2 x {Sm/eiﬁ Normal weight concretes tvpically have values of 12 to 13
x 1079/,

For the mixes examined, drv densities vary betwsen 1240 and %B?QRGme
Using the relationship between aven dry density and thermal conductivity
given in the CIBS Guide A3, 1980, the range in thermal conductivities
would be 0.40 to 0.49W/mK. This enables the structural pumice concrete
to comply with RILEM Class I1 Structural and Insulating

Water absorption values, as for all lightweight concretes, are high with
greater values recorded for lower cement contents [increased A/C ratiocs).
As with normal weight concretes, the pumice aggregate concrete increases
in weight rapidly by capillary absorptivity and therafter increases only
slowly. This change in water uptake is very apparent from the waler
absorption v. roof of time relationship (figure 15). The interpolated

changes in shape {nick peints) for the 3 No. mixes all occur at circa 33

hours after immersion. kswavvt, molsture uptake at this time is
different for the 3 No. mixes, increasing with increasing A/C ratio, as
follows:~ 2/% - 12.98%, 3/1 - 13.9% and 4/1 - 17.3%,

The accelerated carbonation results indicated an almost linear
relationship with root time after the initial 24 weeks. As expected the
higher cement content mixes performed better with lower depths of
carbonation than the lower cement mixes. As the accelerated testing is
innovative for lightweight aggregate concrete there 1is, as yel, no
correlation between it and real time carbonaztion.

Bond to any embedded reinforcement will be tvpical of that developed in
lightweight aggregate concrele. High cement content mixes with
relatively strong lightweight aggregates will have a bond behaviour
similar to normal weight concrete but lower cement content mixes
especially with relatively weak lightwelight aggregates will have reduced
bond behaviour. High water content mixes due to lightweight fines may
ne subiect to settlement and bleeding with resultant air voids below
horizontal steel which will reduce bond strength.
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#3408 FIGURE 15
WATER ABSORPTION % vs ROOT TIME
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4.0 PART THREE : LABORATORY AND FIELD TRIALS OF PUMPABLE MIXES

Lo Purpose of Assessment

The assessment was ¢
Yali pumice coarse and fine
grade concrete within normal cement content

design data for such conorete.

Various admixtures and pumping aids we
together with pumice coarse and fine aggregat
as a last resori was any natural sand fine agg

pumpability.

) Mix Design Method

Using the mix designs previously esta
points, laboratory
at varving dosages.

trial mixes were Carr

fines content to be more suitable for pump emplacement.
were 150+mm

arried out in order to determine the suitability of
aggregates to produce pumpable structural
ranges and to produce mix

re to be used in the assessment
es, cement and water.
regate to be used to ensure

Only

blished (see Part One) as starting
jed out using various admixtures
The original mixes were also altered by varving the
Target slumps

The admixtures used in the test programme in the laboratery and for the

. s v
LT
y{uxggl'ﬁg iri

product name

CORMIX PA

CORMIX AE4

TIAMAC 11

SIKAMENT T3

CONPLAST P50S

CONPLAST AEA

Data sheets for

The initial trial mixes (5 No. )

=

manufacturer

Cormix Ltd,
England

MAC
Mediterranea,
Ttaly

$ika Inertol,
England

Fosroc
International
Lid

1g were as follows:-

Lype

pumping aid

air entraining
* agent

superplasticiser -

superplasticiser

plasticiser

air entraining
agent

description

reccamended
dosage

powder

liquid

‘liguid

powder

tiquid

liguid

4.415~-0.25%
of cement

260m1 /50kg
cement

1.5-2.5
litres per
100kg cement

¢.15-0.3
litres/100ke
cement

¢.04-0.10
litres/100ks
cement

the various precducts are reproduced in Appendix 7.

used the previocusly established mix

designs at 4/1 and 3/1 aggregate:cement ratios and CORMIY PA pumping ai

at standard (0.2% of cement) and d

with a control mix with ne admixtures.
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4 second set of trial mixes {4 No.} at 4/1 aggregate/cement ratic were
carried out. One trial with Tiamac II admixture using the previously
established mix design, a second trial alsc using Tiamac IT but with a
reduction in fines content, a third trial with normal dosage of Sikament
T3 wsing the previopusly established mix design and a fFpurth with a high
dosage of Sikament T3,

The th%rd set of trial mixes (4 Ho.) were carried out at a target
350kg/m’ cement content (aggregate:cement ratioc of 2.47/1). The first
trial was with the previously established mix design and with Sikament
T3 admixture. The second trial was as the first but increasing the fines
content from 59.5 to 62.5%. The third trial increased the fines to 65%
with Sikament T3 and Tiamac II admixtures. The fourth trial remained
ar the 65% fines content with Sikament T3 and Tiamac II admixtures but
with half of the fines replaced by natural sand.

The fourth set of mix trials (3 No.) were carried out at 280, 300 and
L00kg/m’ cement contents (aggregate/cement ratios of 3.73/1, 3.5/1 and
2.5/1) with Sikament 73 admixture and with natural sand replacing half
of the pumice fines content.

The last (fifth} set of laboratory trials (3 No.) were carried out at
400kg/m’ cement content {agegregate:cement ratio of 2.15/1) with all
pumice aggregates, Sikament T2 and Cormix AE4 admixtures and increased
percentages of pumice ines. The first trial was at 13% =
previously established level with Sikament T3, the second T
£ines 17.4% above and also with Sikament T3, the third trial was at the
+13% fines content but with Sikament T3 and Cormix AE4 admixtures.

X
hove the
f et i A

ial with

A summary of the various laboratory trials is given in Table 4.

Results of Laboratory Trial Mixes

Full results of the various laporatory trials are given in Appendix 8.

0f the various admixtures used in the test prcgsamme, the most beneficial
of the 3 HNo. chosen as pumping aids {(i.e. Cormix PA, Tiamac II and
Sikament T3) was the Sikament T3 in conjunction with an air-entraining
agent. Increased percentages of pumice fines would also be required to

ensure pumpability.
Replacement of pumice fines by 50% of natural sand significantly improved

the cohesiveness, workability and appearance of the concrete and would
ensure pumpability with the addition of Sikament T3.
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TABLE &

SUMMARY OF LABORATORY TRIALS FOR PUMPABLE MIXES

Actual Nominal
' A/C Cement Fines Fines Tvpe
Set  Trial Ratio Content Content Pumice Sand Admixture Doseage

(kg/m') (%) % (%

1 1 4/1 240 71.0 71.0 --  Cormix PA 0.2% cement
Z 3/1 310 --  Cormix PA 0.2% cement
3 4/% 240 71.0 71.0 - ——— —
b 4/ 240 71.0 71.0 e Cormix PA {.2% cement
5 4/1 240 71.0 71.0 --  Cormix PA 0.4% cement
2 1 4/1 240 71.0 71.0 -~ Tiamac II 1.21/100kg
cement
2 /1 240 66.2 56.2 ~w  Tiamac II 1.21/100ke
cement
3 &/ 240 71.0 i1.0 ~=  Sikament T3 (.5% cement
& &/1 240 71.0 71.0 - Sikament T3 1.0% cement
3 1 2.47/1 350 59.5 59.5 -~ Sikament T3 0.43% cement
Z 2.47/1 350 62.5 62.5 ~~  Sikament T3 0.43% cement
3 2.47/1 350 65.0 £5.0 e Sikament T3 0.4% cement
+ Tiamac II 1.51/100ks
cement
b 2.47/1 350 £5.0 32.5  32.5 Sikament T3 0.4% cement
+ Tiamac IT 1.51/100ke
: cement
& 1 3,5/1 300 6£2.9 34,6 34.6 Sikament T3 0.4% cement
2 2.5/1 400 64.8 32,4 32,4 Sikament T3 0.4% cement
3 3.73/1 280 69.7 34.85 34.85 Sikament T3 0.4% cement
3 1 2.15/1 400 65.0  65.0 ~- Sikament T3 0.51% cement
2 2.15/1 400 69. 4 69.4 ~- Sikament T3 0.51% cement
3 2.15/1 400 5.0 65.0 -- Sikament T3 0.4% cement
+Cormix AE4  200ml/50ks
cement
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.4

Pumping Trials

Tull scale pumping trials were undertaken on 24 June 1990 at the feadg
mix concrete plant of John Fyfe Ltd at Coatbridge, Scotiand. 3 No. 1. 0m’
and 1 No. 1.5m’ mixes were batched by the concrete plant, as follows:-

Cement Admixture
Batch Volume Content Fines Sikament Conplast Conplast
No. (') (ks/m') Content (%) T3 509 AEA
1 1.5 400 6%.4 0.5 260 100
2 1.0 350 74.4 0.5 200 100
3 1.0 &£60 73.86 0.5 200 160
& 1.0 300 76.0 0.5 200 100
% ml/100kg ml/100ke
cement cement

411 the mixes were successfully pumped by a POCHIN Concrete Pumping
concrete pump with a 22m boom {see plates 1 to 5). The batch 1 mix was,
nowever, harsh in appearance and the pump laboured slightly. This mix
was repeated as batch no. 3 at an increased fines content. No addition
of natural sand fine aggregate wWas necessary.

Compared with the original mix designs for structural concrete (see Part
1), the quantity of fines has been significantly increased to achieve
pumpable structural concrete.

3 No. admixtures were also necessary to ensure pumpability - & powdered
superplasticiser (Sikament T3} and a liquid air entraining agent
{CONPLAST AEA) as dictated by the laboratory trials but also including
a plasticiser {CONPLAST P509); 'all at recommended dosages.

Batch nos. 2, 3 and 4 were all of self ievelling workabilitv, easily
oumped and with overall good, cohesive appearance {see plates 3, 4 and
5., Pumping pressures were as followsi-

Batch No. Pumping Pressure (bars}
2 100
3 100 - 150
4 200 max

Full mix details are given in Appendix 9.

As the coarse and fine aggregate used had been stockpiled on-site prior
to batching they were in a near saturated cendition. The actual water
content of the mixes was thus difficult to ascertain. Further laboratory
mix trials were thus undertaken using the mix proportions used for the
site trials to determine the free water:cement ratio of the mixes.

Full mix details are contained in Appendix 9.
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For pumpable structural lightweight concrete with pumice aggregate in the
300 to 400kg/m range of cement contents, the percentage of fines
required is in the 76 to 74% range with free watar:cement ratios of
between (.67 to G.52/1. Upper compressive strength limit is circa
30N/ mm®,

Densities achieved by the field trials are higher than anticipated (in
the 1600 to 1700kg/wm’ range) bearing in mind that the concretes are air
entrained. It is possible that unintentional contamination by natural
sand in the ready mix plant storage silos has occurrad leading teo higher
densities. The supplementary laboratory mixes indicated plastic
densities of circa 1&80kg/m3 which on the basis of the laboratory trial
mixes would give 28 day saturated densities of circa 1450k /m’.

Relationships between the various parameters for pumpable structural
pumice aggregate are given in Appendix 10.
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DESCRIPTION
*CORMIX P.A. is a pumping aid for use with

lightweight aggregates. it is spacifically
formulated to overcome the tendency of these
aggregates to exhibit high water absorbency
under pump working pressures, thus offset-
ting ‘dry pack’ pipeline blockages. CORMIX
P A. is a homogensous powdered mixture
consisting of a blend of water reducing and
workability retaining components. It is manu-
factured from carefully selected high grade
raw meateriais.

ADVANTAGES

% CORMIX P.A. reduces the water absorben-
cy of lightweight aggregates, anabling
mixesto be placed by pump,

% Gives considerable savings in time and
eFfort compared with other placing
methods such as crane/hoist and skip.

% Enables substantial water reductions to
e made without ioss of workability, thus
producing more durable concrete.

+* Any tendency for the concrete to segre-
gate is modified.

< Increases the intrinsic workability of the
concrete resulting in fess effort being
required for full compaction.

PROPERTIES
Appearance. Free-flowing dark brown powder
Bulk Density ........ .. 615 kg/m*® (38.4 Ib/f7%)

Storage Life . Indefinite in air tight paper bags
Air Entrainment. .. Additional air entrainment
is ofthe order of 3%

Chloride Content ... ... . wi it Nil
Sofubility ... oo Readily soiuble
Hangling .......... There is no health hazard

associated with the handling of CORMIX
P.A, However, if it is spilt the floor will be
made slippery and should be washed
down immediately with water. For further
information see 'Cormix and Safety’ in-
structions.

Compatibility With Cements ... CORMIX P.A.
can be used with all normal cements.
Prior to use with special cements we
recommend Cormix Limited be consulted.

Compatibility With Other Admixtures
Premixing with other chemical admix-
tures is not advised as the effectiveness of
the admixture may be adversely affected.
in such circumstances we recommend

that Cormix Limited be consulted,

*Cormix’is a trade mark
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METHOD OF USE

CORMIX P.A. is supplied ready for use. It
shouid be added to the concrete or mortar
mix during the mixing process by hand
sprinkling or powder dispenser at the same
time as the aggregates or cement. No extan-
sion of normal mixing time is necessary.

ADDITION RATE

The performance of CORMIX P.A. .is best
assessed after preliminary site tests, The final
assessment of dosage level should be mads
after site evaluations with the actual materials
and mix proportions to be used. As a guide 10
these trials an addition level of 0.15%—0.25%
CORMIX P.A, is recommaended based on the
weight of cement. For advice and assistance
with your trials we recommend that Cormix
Limited be consulted.

EFFECT OF OVER-DOSING

Over-dosing of 2 or 3 times the recommendad
lavel will generally result in increased work-
ability with an increased setting time as
shown below.

1

Stitlaning Time (hr greater than control)
-
o o
;

0.25 0.50 675 18
Dosage % bowee,

X X INITIAL STIFFENING 0.5 ?‘éﬁm:‘t_‘s}?ﬁ
BB FINAL STIFFENING 3.3 NimmPRT

*TESTED IN ACCORDANCE WITH B.5.5075
Part 1: 1974, ADMIXTURES FOR CONCRETE.
APPLICATION No. 1:

tise of CORMIX P.A. to effect reduction in %
bleed water.

Example:
Mix No. 1

Coarse Aggregate-|
tAglite [shapeirreg
Fine Aggregate:
Pit Sand {shape
irregular} Zone 3
t'Aglite’is a propristary brand name of
Aglite ‘Midiands’ Limitad,

Lightweight:
glar} 12Zmm—5mm




Cement. Ordinary Portland

Mix Proportions:

i

Cement:Sand:Aggregate
1:1.875:1.25

Aqgregaieifjemem

"Batio.. .. .. .. 332547
cine:Coarse Aggregate 60:40
Water/Cement Ratio:

Control 1 .. R § B

Mix 1A .. .. .. 070

Mix 18 .. .. .. 0725
CORMIX P.A—Level of Addition:

Controt 1 ..

Mix 1A
reight of cement
Mix 1B .. .. .. 0.250% addition by
weight of cement

Determined Properties of the Concrete

Bieed Bieed
Mix Flow® water Waiar
o mix ¥iem® %
Lonteol 50 11.8 4,60
Mix 1A &0 33 233
RMix 18 82 &3 2.3C
*GERMAN STANDARD DIN 1048
Bl
704
&0
£
2 50 .
E
=
T 40
Z
&
Z 301 2
S5 2
20+ / /
10 //
a H
50 00 158
Minutes {etapsed timel
1. CONTROL
2. CORMIX PLA. 0.125% by weight of cement
2, DORMDI FLA, 0.250% by weight of cement
Example:
Mix No. 2

Coarse Aggregate-Lightweight:
tlvtagishape

irregular/rounded). . 12mm-—bmm
Fine Aggregate:

Pit Sand (shape

irregular} Zone 3

Cement.. . Ordinary Portland
Mix Proportions:

Cement:Sand:Aggregale

1:1.875:1.25

Aggregate/Cement

Ratio.. .. .. 3.125:1

Fine:Coarse Aggregate 60:40
Water/Cement Ratio:

Control 2 .. ... 075
Mix 2 R 5 V3 <
CORMIX P.A —Level of Addition:
Control 2 .. Ni
Mix 2 0.258% addition by
weight of cement

t'lytag'is a proprietary brand name of Lytag
Limited.

~

Page o8

Determined Properties of the Concrete

*GERMAN STANDARD DIN 1048

MNotae:

All bleed results quoted for Mixes 1 and 2
were calculated in accordance with ASTM
C232-58.

80

T4

N
L~3
L

58

40

20 4

Cumulative Volume {mi)

20 _
1%////

g

1
109
winutss {elapged timel

50 50

7. CONTROL
7 CORMEY PLA. D.75% by weight of cemant

APPLICATION No. 2:

Use of CORMIX P.A, to place lightweight
concrete by concrete placer.

CORMIX P.A. has been evaluated on zite
using a pneumatic placer, with a 32 metre
tength of 76 mm diameter flexible pipe placed
so that the maximum vertical height was 15
metres above ground level. A Control {Mix 3}

.was produced and this was comparad with a

.mix containing CORMIX P.A.

e

(Mix 3A} and a
further mix containing a proprigtary PUMpPIing
aid (Mix 3B,

Example:

Mix No. 3

Coarse Aggregate-Lightweight:
tlytag (shape
irrequiar/rounded]..

Fine Aggregate:
Pit Sand {shape

irragular)

Cement.. :

Mix Proportions:
Cement:Sand:Aggregate

1:1.268:1.54

12mm—5mm

Zone 3
Ordinary Portland

Aggregate/Cement

Ratio.. .. .. .. 2801
Fine:Coarse Aggregate 45:55
Water/Cement Ratio:

Controt 3 .. 073

Mix 3A 0.80

Mix 3B 0.80
Level of Addition:

Control 3 .. N

Mix 3A 0.25% CORMIX P.A
by welght of cement
Mix 38 (1.25% Proprietary
pumping aid by weight
of cemant.
£ 111



etermined rFrUpegiiies U L wuivises
Cven D
o
Rgim”
Diticu! 1535
Yes 1516
Yeas 1485

Kz 38

APPLICATION No.3:

Comparison of CORMIX P.A. with Proprietary
Pumping Aid to effect placing of lightweight
aggregate concrete by concrete pump.
CORMIX P.A. was usad to place lightweight
concrete using a *Putzmeister BA1405D trailer
pump powsred by 2 6 cylinder Deutz diess!
engine. internal diameter of pipe was 150mm
and the length 50 metres with 4 bends of 80°
and 1 bend of 45°%

Example:

Mix No. 4

Coarse Aggregate;
fiytag (shape
irregular/rounded). . 12mm—bmm

Fine Aggregate: ‘
Pit Sand (shape

irregular)
Cement .. .
Mix Proporiions:

Zone 2
Ordinary Portland

Cement:Sand:Aggregate
1:1.758:1.27
Aggregate/Cement
Ratio.. .. . 3.02:1
Fine:Coarse Aggregate 58:42
Water/Cement Ratio
Mix 4A 0.80
ftix 48 . 0.63
Level of Addition:
Mix 4A 0.25% CORMIX P.A.
by weight of cement
Mix 48 0.25% Proprietary

AL T AR NS
CORMIX P.A. is supplied in disposable 5 ply
weatherproof paper b Fach bag contains

gs.
25 kilogrammes of powder.
For the convenience of ready mixed concrete
suppliers, CORMIX P.A. is also available in
&kg packs, normally sufficient to dose a full
8 m?load of lightweaight concrete.

STORAGE

COBRMIX P.Ashould be stored in dry condi-
tions, similar to cement, in order to protaect the
pack.

AVAILABILITY

Prompt deliveries can be arranged by contact-
ing Cormix Limited, P.O. Box 132, Warrington,
Cheshire, WAD TAQG, Telephone

0825 51222,
Telex 627562G. Local supplies are available
for markets outside the UK.

TECHNICAL SERVICE

The Cormix Technical Service Department is
available to assist you inthe correct use of our
products and its resources are at your dispos-
al antirely without obligation.

The information given in this laaflet is based
not only on work in our laboratories but also
an practical gxperfeﬂce ohtained during fieid
waork. It is offered without guarantee and no
patent liakbility is assumed.

numping aid by weight

of cement.

Determined Properties of the Concrete ~

Average
Fow DensityT Compressive
fiix o Pumped kgin13 Swengih
wimm?
T days 28 gavs T davs 2B days
24 &0 Yes 1545 1850 .8 38.0
48 &3 Yes 1978 1875 2.9 39.0
tSaiuraied densities
Note:

No Control concrete was produced for the
above evaiuation as the fghtweight mix
would certainly not withstand pumping press-
ures and would cause pump blockages.

= ‘Putzmeister’ is a proprietary brand name of
Putzmeister Limited who are a fully owned
subsidiary of Putzmeister Werk Maschinen
Fabrik GrobH.

+

Cormix Limited, P.O. Box 132, Warrington, Cheshire, England WAS 1AG

(A3

i

Issued and printed by Cormix Limited, Varringlion
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DESCRIPTION

*CORMIX AE.4 s aliguid air entraining agent
for asa in all types of mornar and concrete
rmxas is parmdiariy designed for use in the

Qducuon of foamed concrete and for use
wsr"; synthetic and naturally occurring light-
wa;g?zt aggregates (bulk densities 300 kg—
1003 kg per cubic metre} where the density of
the fine aggregate/cement paste is ncrmally
required to be similar to that of the aggregats.
CORMIX AE4 is formulated from carefully
selected raw rmaterials and is manufactured
under controlled conditions to give a consi-
stent product. It is a biend of anionic surfac-
tants.

ADVANTAGES
+ CORMIX AE.4will entrain air into all fyaes

of concrete even those with highly angular
crushed aggragstes,

< It can be used with ail types of lightweight
aggregates to produce very low density
concrete mixes.

% CORMIX AE.4 can be employed to entrain
air in mixes containing high proportions of
pulverised fuel ash.

% An agueous solution of CORMIX AE.4 can
be prefoamed to give a very stable foam
for use in the production of foamed cone-

rete.
PROPERTIES
Appearance ... Pale straw coloured fiquid
Speacific Gravify .o 1.03a120°C
VISCOSIY (e, 3.37cPat20°C
Chiloride Content e MNil
Solubility inWater . infinite

Freezing Point -
Storage Life in Manufacturers Brums ...
Indefinite. Information on bulk storage is
ava%iab%e onreguest.
Corrosivenessto Mild Steel .. LN
Handling oo CORMIX& E4=s
formulated from chemicals which present
no fire or health hazards. However, if it is
spift, the floor wilf be made slippery and
bhuU d bs washed down immed;azaly
ith cold water. For furthsr information
see 'Cormix and Safety’ instructions.

v}
ot
w3
™
~
(&

Compatibility With Cements ... CORMIX AE.4
can be ussd with all types of Portland
Cement inciuding Sulphate Resisting Ce-
ments. For use with special cemants we
recommend that yvou consult Cormix Li-
mj?a

Comﬂats?;}g&ty With Other Admixtures...........
CORMIX AE.4 should not be pre-mi ixed
with other admixtures. The performance
of the material may be affected by the
prasence of other chemicals, and we
would recommend that Cormix Limited
be consulted in such circumstances.

METHOD OF USE

CORMIX AE.4 is suppiied ready for use. It
should be added to concrete or mortar mixes
during the mixing procass at the same time as
the water or the aggragates. [t should not bs
added directly to the cement or mortar. No
extension of normal mixing time is necessary.

ADDITION RATES

The performance of CORMIX AE.4 is best
assessed after preliminary tests on site using

“ the actual mix and ;}éaﬂt under consideration

to determina the optimum dosage rate which
will give the desired concreate properties.

For foamed concrete/mortar a 58%-—7% solfu-
tion of CORMIX AE4 is added usually via a
foam tube, The quantity of foam added will
datermine the resultant density of the concre-
te/mortar produced. Hence the volume of
azqueous solution added is proportiona! to the
concrete/mortar density required. As g guids
see graph in "Application No. 1°.

For lightweight aggregates or low density
concrete an addition fevel of 200 mi CORMIX
A.E4 per 50 kg cement should be evaluated.
For advice and assistance with vour trials we
would recommend that you consult Cormix
Limited., The air content of air entrained
concrete should be regularly checked, and
because of the absorptive nature of most
lightweight aggregsates, a gravimetric deter-
mination is most suitable.

EFFECT OF OVER-DOSING

As with all air entraining agents, CORMIX
A Eé in any given mix will proportionately
reduce compressive strength as the level of
entrained air is increased. Over-dosing with
CORMIX AE.4 will normally produce ah incre-
ase in air content and workability, togather
with aloss inuitimate compressive strength,

Date September, 1983
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DISPENSING

it iz preferabie that liguid admixtures for

concrete should be introduced into a mixer by
means of automatic dispensing egquipment.
Such aguipment s avaiable from Cormix

Limited.

Eor detalls see our leaflet ‘Cormix Automatic
Dispensing Eguipment for Liguid Concrete
Admixtures’, or consult Cormix Limited.

TESTRESULTS

Numerous investigations have beer carried
qgut in our own Concrete {aboratory, and at
varicus sites. The examples quoted helow are
intended fo illustrate the applications of
CORMIX AEAL.

Tests were carried out with materials comply-
ing with and in the manner prescribed in the
relevant British Standards.

APPLICATION No. 1.

Use of CORMIX A.E4 to produce foamed
mortar.

Enamed mortar of varying density was produ-
ced by altering the volume of foam sofution in
a 1:1:0.45 Sand:Cement:Water mix. The mor-
tar was prepared using a proprietary foamed
mortar production rig.

Example:

#Mix No. 1 Eg
Cement{Ordinary

Portiand) . 100

Zone 4 Sand .. . 100

Water .. VA5 w/o=0.45

The densities obtained for a given dosage are
shown graphically below!

20004\

o
82

Diensity (kg“m:‘)

1000 o
&y \

T T T T v
g 10 0 3¢ 40 50 83 0
3 3

ne of B% CORAAX 2 & Foam Solubon dire'm™t

APPLICATION No. Z:

Use of CORMIX AE.4 in concrete using light-
weight aggregates.

CORMIX A.E.4 can be added to lightweight
aggregate concrete mixes to lower the density
of the cementitious matrix to bring it nearer to
that of the aggregates used. Shown below are
test results obtained using CORMIX AE4 in
lightweight concrete blocks.

o

Cormix Limited, P.O. Box 1
age 7

Example:

Mix No. 2

Coarse Aggregale Lighoweight

Fine Aggregata _ Furnace Bottom Ash
Cement .. .. .. Ordinary Portiand

Mix Proportions:
Cement: Fine Aggregate: Coarse Aggregate
1:0.81:2.32
Aggregate/Cement

Ratio .. .. L3130
CORMIX AE.4—Lavel of Addition:
Comtrol2 .. LN
Mix 2 .. .. 200 mipers0kyg
cemeant

Determined Properties of the Concrete

¥ Day
Compressive Test Blagk Oven Dried
aix Strength Density Densiy
Nomem? kgrm? kgt
Convel2 234 1038 $89
B 2 238 700 853

All the above results are the average of ten
biccks.

PACKAGING

CORMIX A.E.4 is supplied in 210 iitre (45
galion approx.), free, non-returnable contain-
ers. Alternatively road tanker deliveries can be

LG

arranged.

STORAGE

CORMIX A.E.4 should preferably be stored
protected from frost. if the nroduct doss
hecome frozen, it should be carefully mixed
after thawing out to restore it to its pormal
state.

AVAILABILITY

Prompt deliveries can be arranged by contact-
ing Cormix Limited, P.O. Box 132, Warrington,
Cheshire WAS 1AG, Telephone 0825 51222,
Telex 62756236, Loca! supplies are available
for markets outside the UKL

TECHNICAL SERVICE

The Cormix Technical Service Department is
available to assist you in the correct use of our
products and its resources are at your dispo-
sal entirely without obligation.

The information given in this leaflet is based
not only on work in our lsboratories but alsc
on practical experignce obtained during field
work. It is offered without guarantee and no
patent liability is assumed.

32, a;ripgltan, Cheshire, England WAS 1AG
c 71 of 7111

{ssued and printed by Cormix Limited, Weinngion A0






MAC MEDITERRANEA's policy is di-
racted at research, production and sale
of technologically advanced admixtu-
res for cement, concrete and mortars,
and also to provide assistance in the
application of such producs.
TIAMAC 11 admixiure for rheoplastic
lightweight concrete is one of the re-
sults of this policy.

As a matter of fact TAMAC 11 admixiu-
re gives the opportunity of reducing
water/cement ratios to very low levels,
thus to produce a rheoplastic light-
weight concrete wilh advanced fechno-
logical gualities. A large number of
scientific papers on this subject con-
firm that all rheoplastic lightweight
concrete's properties (strengih, modu-
lus of elasticity, shrinkage, creep, du-
rability, protection of reinforcement)
are equivalent to the properties of a
no-slump (1 inch or 25 mm) concrete
without TIAMAG 11 admixture. Unlike
the latter, however, rheoplastic lignt-
weight concrete does not call for so-
ohisficated and costly compacting
systems, nor does it require skilled
iabor.

Rheoplasticity is more than & theore-
tical concept or a stogan.

it is a practical quality which enables
the production on worksites and pre-
cast plants, of materials which pravi-
ously could only be made in labora-
tory conditions.

Rheoplasticity meets customers
and engineers’ requirements to
obtain a strong safe, durable and
reliable siructure, and also con-
tractors’ requirements to carry
out their work in a host of dil-
ticult operaling and economic
conditions.

WARRANTY AND LIABILITY

The iniprmation given here S frue ang represents our
best knowiedge and is based nol enly on Laboralory work
hut also on feid experisnce. However, tecause of nume-
fows faclors aff sulls we this informalion
without guaranies and no palent iiabilily.

Tiamazc is a regisiered {rade-mark. Copyright 1Cy 1880
by MAC SZA
Exsculive, Editorial and Circulation Gfices: MAL SpA.
P00 Sox 078 - 31700 TREVISO (laly) - Tel, (M22-643251
Tix. 410133 Adcem

QUALITY
CONTROL

LABCRATQRY

RAW

MATERIAL PRODUCTION
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t concrele s genﬂraéy )
xt?*. specific gravity 800 -
1,384/3,033 lbs/yd?).
{’ Jity can be lowered either
thereisre light, aggre-
of ordinary ones, or in-
into the mortar, of remo-
ing t e fractions of 3@@?“@3[8
d mmpac ting concrete only partially.
all cases, the aim is to introduce
0ids inio the éagregae into the mor-
or betwesn mortar and aggregate.
mbination of the thres ﬁe%hecs
alsg be made in order o reduce
ly the weight of concrete.
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hearing Ca@a:uy the use 0f less rein-  The latter advantage has doubtless  Although the cost of I m* of light-
;ar‘ gment, g’ae’ struciures, greater  bacome the most altract vn chas amg weight concrele is higher than th,a;of
ewnwy in it ing and transport etc),  ristic of lightweight concrete especia an ordinary concrete, because of lne
nd the lower thermal conductivily of - ly after the outbreak of ?ne energ g increased cost of aggr 93?8 the ove-
me material crisis in the 1970" s, (aéﬁ cost of a lightweight concrete
puiiding May prove more ¢ competitive

thaﬁ that of an ordinary concrete bull-
ding ftmer’rure, the comparison is
m@{e f"‘mu;am for the former wi’eﬂ
the siru s highar and the sp

gfaaéea' EQJ,

S
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ighmegg 5@?‘;3;&8
| further econo-

in antiseismic fUJUFE lightweight

concrete is even more altra
ordinary conc feieb cause of ifs
gauéu; uf glasticity an

specific gravity £33 041,




A concrete containing lightweignt ag-
gregates is more difficult to mix and
place than an ordinary CONCrete. Ex-
panded clay aggregaies tend fo “float”
hecause of thair low specific gravity,
especially in fluid concretes, in view
of the reduced cohssion of the bin-
ding mortar.

Segregation in concretes coniaining
lightweight aggrsgates is the more avi-
dent the tower its specific gravity is.
Consequently  conglomerates  with

o
specific gravity lower fhan {
Kg/m® - 2,190 Ibs/yd?) can moslly be

usad only for pressed blocks.

1

ecause of segregation occurring in
fresh lightweight concrete, the harde-
ned conglomerate may display consi-
derabie irregularity in all of its proper-
fies: its sirength, shrinkage, creep,
permeability, durabliity, thermal con-
ductivity efc., will consequently vary
in different paris of the structure depen-
ding on the amount of lightweight
agoregate locally present. In paril

its thermal insulation properties may
be seriously aff y i

of thermal brid
the component

By using TIAMAC 11 admixture in
lightweight congretes, th
can be obiained, ie.

:

Lignmvail rhe

]
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1
3
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An essential component of lightweight rheoplastic concretes
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vantages due o segregation, m heopla-
stic fightweight concrete has all the
adva Eag es of very fow waler/cement
ratio. In particular, reopiastic Hoht-
waight concrete can be uss {0 procuce
materials with better and mor f—‘sonst nt
harmal insulation, its low permeabi-

ity marzfng thermal insulation not
atfected by humidity conditions of the
eny afen’nem. {see table 1)

ﬂssarﬁpﬁm of pfadﬂef

r 2 foundadon structure 057

Advantages

TIAMAC 11 admixiure conside-
rably improves lightweight con-
grete properties in both fresh and
hardened state. Advaniages are
the more svident, the lower the
specific gravily of the desired
concrete is.

Fresh concrete:
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Water reducing admixture

USES

CONPLAST P509is a high performance plasticiser. Speaclile gravity: Typically 1.20 at 20°C.
Large water reductions can be made resulting in . o poT OE o ot
e A . Compatibility: CONPLAST PS03 can be used with all
nificantly in riy and te strengths. . e mE A
significantly increased early and uitimate strengths types of Portiand cement and with PFA, sifica fume and

Altarnatively, greatly increased workability can be

craund sian
achieved without oss in strength. grouna siag

Significant cement savings can ke made, without
raductions in either strength or workability.

atible with alf other FOSROC
Ut s

Waterproofing of structural concrele may be
achieved by reducing water permeability and
penatration.

%% can be achigve

"
iy
v spacifications.

ADVANTAGES 13

Water reduction of up ic 15% can be achieved. i me: For Ordinary Port
P h . ; .
ting e is extandad by les

nd Cement

y
o B

. . s ; 3 than i
+ ~ N N T e
High uttimate strengths. dosage raies ang equal workability, For sulphate
Early strengths increased by up to 35%. rasisting Port! c t mixes g degree of
. - . P tardation w may be best monitored by
H . : ;
Greatly improves workabliity while maintaining ] sita mix dasicn trials

strength.

clionin the water
significantly impro
5

EN R Pl
Hes witnout

Extends the time forconcrete placement by refaining et
workability. ;}

d
improves durabiiity by increasing density and character!
iowering permeabitity.

S0

biend of polymanc -~
arpohydraie danvalives = L
srant particie -
~anted secongary side
Al
30 =
s

L]

COMPRESSIVE STHEMGTH (Nfa
ny

irentrainment: Lass N s ;
R R - 3 h

Wiamper o re T3sacs Minsen 5roen
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D7 ALY T

ONS FOR USE

INSTRUCTI

o

f)

rr
141
—
g
0
14
o
o
L]

E}!speas g

The correct ntit IPLAST P508 should be

3

7 ispenser,
nsult your tocal Fosroc Office or representative for
#vice ragarding suitable equipment and izs
staliation. The measured guantity of CONPLAST
99 should be added rireclzy o tha maxer preferably
ke same time as the mixing water,

BT W )
ISR [—7 &

Curing:

Normal curing methods such as waler s
sheeting, wet hessian or & curing membran
CONCURE® type should be used.

(‘)

jeaning:
Spillages of CONPLAST PE0S can be removed with

WEIBT,

Overdosing:
An sverdc:e of do
C

’058 the !ECSs« mended amount of
CONPLAST P30S 18
; s

initial S‘" ar the o.fsc; ete. The i ,matc strength of the
carcreie will not be impaired and will, general by, be
ircrsase A considerable increa e in workability will
be achieved

Eens
- SnrDOuLC‘S&E,

o cor

ignificant retardation of tha
183

PRECAUTIONS

STGRAGE

-

ic?\j’ 2~
frozen, i
mixed hef

CONPLAST P302: In 210 litre drumms. Also in tanker
loads. For larger users storage tanks and dispensing
equipment can be supplied

SUPPLY

Contact your local FOSROC Office or Representativs,

TECHNICAL SERVICE
FOSROC provides a technical advisory service for on-

site assisiance and awi:e on evaeluation tnals and
dispensing equipment

CONPLAST £509

Fosrne Gﬁlaes EH



Air entraining admixture

USES

To produce air entrainad concrate for increased
durability, resistant 1o damage by frost and de-icing
saits, and {o improve the cohesion and workahility of
cansrete mixes where poorly graded aggregates must
be used.

Typical appiications inciude concrete roadways and
bridge decks, airport runways and taxiways and other
sxtensive arsas of concrete exposed {o potential frost

damage. Alsa in any situation where bieeding.

sagragation or sand runs ocour.

ADVANTAGES
Provides congrete with resistance to freezing and
thawing.

Improves cohesion, reduces segregation and
bleeding. .

Gives dense, uniform, close textured surface to
concrete,

Excellent air bubble stability.

Consistent performance, even with changes in
aggregate guality and ambient temperature,

Effective in low workability concrete.

Marroer e Tae D Mrsan Sroaun
47 sgroe prEealomdl SHMDany

CONPLAST AEA In aprons and taxiways al Birmingham
Intarnational Airport, England.

PROPERTIES

Alrentrainment: Fig. 1d
CONPLAST AEA on typical concret
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Bouange ol CUMPLAST AEA - (ee/ 100 kg camaont)
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APPENDIX B

T.ABORATORY TRIALS FOR PUMPABLE MIXES
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LABORATORY TRIALS FOR PUMPABLE MIXES

ser T Jmmmm o T T
TRIAL 1 Z 3 & 5
4/C RATIO /1% 3/1 71 471 4 /1
CEMENT CONTENT \vam } 240 310 240 240 240
y FINES TOTAL 71.0 59.0 71.0 71.0 71.0
% PUMICE FINES 71.0 52.0 71.0 71.0 71.0
7 SAND FINES - - e - e
ADMIXTURE CORMIX CORMIX NIL CORMIX CORMIX
Pa PA PaA Pa
DOSEAGE (% cement) 0.2 G.2 8.2 0.4
WOMINAL MIX PROPORTION
CEMENT 1 1 1 1 1
TINES 2.85 1.77 2.84 2.84 .84
COARSE 1.16 1.23 1.16 1.16 1.16
FREE WATER 1.23 0,91 1.23 1.23 1.23
NOMINAL BATCH WEIGHTS - ssd {ka}
TOTAL 15.80 15.00 15.00 15,00 15.00
CEMENT Z2.46% 3.05 2.41 2.4 2. 41
FINES &.84 5.41 £.85 5.84 6. 84
COARSE 2.79 3.75 2.79 2.79 2.79
WATER 2.%6 2.78 Z.96 2.96 2.96
ACTUAL BATCH WEIGHTS - wet {kg)
TOTAL 14,61 14.33 14.33
CEMENT 2. 41 2.4% 2.41
FINES® 7.32 7.32 7.32
COARSEx® 2.90 2.90 2.90
ADDED WATER = 1.98 1.70 1.70
TOTAL FREE WATER 2.57 2.2% 2.2%
PREE WATER:CEMENT RATIO 1.07 0.95 0,95
SLUMP (mm) 150+ 150+ 150-collapse 150+ 150+
APPEARANCE improved bleeding reduced reduced
workability heavily, bleeding, bleeding,
and segregating but hut
cohesiveaness, segregating segregalin
less bleeding
PLASTIC DENSITY (kg/m’) 1550 1480 1460
STRENGTH (N/mm')
AT 7 DAYS 11.0 11.0 11.5
AT 40 DAYS 18.5/18.5 17.5/18.0 17.5/18.5
SATURATED DENSITY (kg/m'’)
AT 7 DAYS 1520 1460 1470
AT 40 DAYS 540/1550 1510/ 1480 14G0/1500

# moisture content of pumice 7.0% above s.

Jo o

z.d
%% moisture content of pumice 4.0% above s5.s5.4d
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LABORATORY TRIALS FOR PUMPABLE MIXES

ser mrmmmmmemssmesooeees Zmmmm o e
TRIAL 1 2 3 &
A/C RATIO R 4/1 471 &/1 4/1
CEMENT CONTENT (kg/m’) 240 240 240 240
7 FINES TOTAL 71.0 66.12 71.0 71.0
% PUMICE TINES 71.0 66.2 71.0 71.0
7 SAND FIRES ——— ——— e ————
ADMIXTURE TIaMaC II TIAMAC 1T STKAMENT T3 SIKAMENT T3
DOSEAGE (% cement) 1.21/100ks 1.21/100ke  0.5% cement 1.0% cement
cement cement
NOMINAL MIX PROPORTION
CEMENT 1.00 1.00 1.00 1.00
FINES 2.84 2.65 2.84 2.84
COARSE 1.16 1.35 1.16 1.6
FREE WATER 1.23 1.22 1.23 1.23
NOMINAL BATCH WEIGHTS - ssd (kg
TOTAL 9.96 g9.95 3.96 9.96
CEMENT 1.60 1,60 1.568 1.60
FINES 4,54 4,24 4. 54 4,54
COARSE 1.86 2.16 1.86 1.86
WATER 1,96 1.95 1.96 1.96
ACTUAL BATCH WEIGHTS - wet {kg)
TOTAL 9.69 9.79 9.99 S.9%
CEMENT 1.66 1.60 1.60 1.60
FINES*® 4.95 4,67 1.97 1.87
COARSE=®® 1,97 2.26 1.97 1.97
ADDED WATER 1.17 1.28 1,47 1.47
TOTAL FREE WATER 1.69 1.79 1.99 1.89
FREE WATER:CEMENT RATIO 1.06/1 1.12/1 1.24/1% 1.24/1
SLUMP (mm) 150+ 150+ 150+ 150+
APPEARANCE harsh, harsh, harsh, harsh,
slight bieeding bleeding bleeding,
segregating badly
PLASTIC DENSITY (kg/m) 1425 1430 1455
STRENGTH {N/mm*)
AT 7 DAYS 10.0/10.5 10.5/10.0 8.0/8.5
SATURATED DENSITY (ke/m’)
AT 7 BAYS 1495/1515 1495/1485 1300/1500

% moisture content of pumice 9% above s.s.d
%% moisture content of pumice 6% above s.s.d
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LABORATORY TRIALS FOR PUMPABLE MIXES
sgr T T Bmmmmmmmmmm ST TS T T
TRIAL ! 2 3 4
4/C RATIO 2.47/1 2.47/1 2.47/1 2.47/1
CEMENT CONTENT (ke/m') 350 350 350 350
‘s FINES TOTAL 59.5 62.5 65.0 65.0
_ PUMICE FINES 59.5 62.5 65.0 32.5
% SAND FINES e e e 32.5
| ADMIXTURE SIKAMENT T3  STKAMENT T3 SIKAMENT TTAMAC SIKAMENT TIAMAC
DOSEAGE (% cement) 0.43% 0.43% T3 o+ II T3 o+ II
0.40%  1.51/ 0.40%  1.51/
g 190ks 100ke
NOMINAL MIX PROPORTION
: CEMENT 1.00 1,00 1.00 1.00
FINES 1.47 1.54 1.61 1.61
COARSE 1.00 0.93 0.86 0.86
FREE WATER 0.81 0.81 AS REQUIRED AS REQUIRED
NOMINAL BATCH WEIGHTS - ssd (kg)
‘ TOTAL 10.00 10.00
CEMENT 2,34 2,34 2.88 5.78
FINES 3,43 3,60 h.6b 9.28
E COARSE 2.34 2.17 2.48 5.00
: WATER 1.89 1.89 AS REQUIRED AS REQUIRED
. ACTUAL BATCH WEIGHTS - wet (kg)
E TOTAL 10.00 10.00 12,17 22.30
CEMENT 2.36 2.34 2.88 5.78
_ FINES*# 3.74 3.92 5.06 10.02
E COARSE** 2.48 2.30 2.63 5.30
- ADDED WATER 1,44 1. 44 1.60 2.80
E TOTAL FREE WATER 1.89 1.89 2.17 3.84
| FREE WATER:CEMERT RATIO 0.81/1 0.81/1 0.75/1 0.66/1
y POOR POOR BLEEDING MORE COHESIVE
E APPEARANCE COHESION COHESTON. BADLY PUMPABLE
PLASTIC DENSITY (ke/m') 1555 1725
| SATURATED DENSITY (ks/m)
AT DEMOULDING 1775

%* moisture content of pumice 9.0% above s.s.
#% moisture content of pumice £.0% above s
4 moisture content of sand 7.0% above s.s.d
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CEMENT
FINES
COARSE
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LABORATORY TRIALS FOR PUMPABLE MIRES
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1.00
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1.09
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.08
L85
.50
.01
LE3

ACTUAL BATCH WEIGHTS - wet (kg)
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PLASTIC DENSITY (kg/m’)

g

#

!55? ““““““““““““““““““““ 5
RIAL T 2
A/C RATIO 2.45/1 2.15/1
WMENT CONTENT (kg/m) 400 400
E FINES TOTAL 65.0 69.4
¢ pyMICE FINES 65.0 69.4
~ SAND FINES ———— ———
| MIXTURE STKAMENT T3 STKAMENT T3
oSEAGE (% cement) 0.51% 0.31%
B qoMINAL MIX PROPORTION
CEMENT 1.00 1,00
FINES 1,47 1,50
E COARSE 0.78 0.66
FREE WATER 0.68 0.56
i§ NOMINAL BATCH WEIGHTS - ssd (kg)
TOTAL
CEMENT 3.92 3,91
FINES 5,49 5.86
COARSE 2.94 7,59
E FREE WATER 2.65 2.64
OTUAL BATCH WEIGHTS - wet {kg)
; TOTAL
E CEMENT 3.92 3,51
FINES* 5.76 6.145
COARSE®® 3.06 2.69
g ADDED WATER 2.40 2.20
- poTAL FREE WATER 2.49 2.59
PREE WATER:CEMENT RATIO 6471 0.66/1
E  SLUMP (mm) 150+ 150+
APPEARANCE SLIGHTLY HARSH 600D, COHESIVE
PROBABLY
E PUMPABLE
ig 1555

moisture content of pumlce
#% moisture content of pumice

LARORATORY TRIALS FOR PUMPABLE MIXES

STKAMENT T3 + CORMIX AES
0.4% 200ml /50ks

.00
Ny
.75
.68

Pon I o B

o Do 0 G
oo B D
Wy D B

Py Ut UFE L2
o
O

2,39
0.61/1

150+
aoon, O
BLEEDING,
COHESIVE,
PROBARBLY
PUMPABLE

1340

9.0% above s.5.d
e £.0% above S8.5. d

moisture content af sand 7.0% above 5.5. d
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MIX DESIGH

¢ 3

(kg/m’}
cement
pumice fines
pumice coarse

ADMIXTURES
Sikament T3
(%)
Conplast P09
{ml/100kg cement)
Conplast AEA
{ml/100kg cement)

A/C RATIO
% FINES

WORKABILITY

APPEARANCE

UMPING
{pressure}

COMPRESSIVE STRENGTH
T 2y
{N/mm")
at 3 days
at 7 days
at ZB days
28 days mean

FIELD TRIAL PUMPABLE CONCRETE

SATURATED DENSITY (ke/m)

to nearest Skg/m’)
at 3 days
at 7 days
at 2B days
28 days mean

EMOULDING 1
DENSITY pA
{kg/m’) 3
to nearest 4
S5kg/m mean

24~6-90 24~6-90
3 2
1.5 1.0
480 350
600 £70
255 2340
3.5 0.5
200 260
106 1048
2.16/1 2,587/
£9,4 74 .4
self self
levelling levelling
harsh good
laboured easy
{100 bar)
20.0
24.0
28.5/29.0
25.0
1595
1610
1635/1615
1625
1580
1588
1576
1600
1586

Page 87 of 111

24-6-90 24-6-90
3 &4
1.0 1.0
00 300
640 £95
230 220
0.5 0.5
200 200
1G0 100
2.48/1 3.05/1
73.6 76.0
self self
levelling ievelling
good goond
£a8Y easy
(100-150 bar} (200 bar
max )
25.0 2%1.0
29.0 25.5
28.0/32.0 27.5/24.5
30.0 26.0
1676 1665
1695 1650
1740/1715 1650/1665
1715 1660
1680 1622
1680 1645
1674 1610
1654 1625
1672 1625



SUPPLEMENTARY LABORATORY TRIALS
FOR PUMPABLE CONCRETE

MIX 1 2 3
CEMENT CONTENT (kg/m’) 400 350 100
AGGREGATE: CEMENT RATIO 2.18/1 9.57/1 3.05/1
% FINES 73.6 744 76.0
ADMIXTURES T3/P509/ARA T3 /P506/AEA 3/P509/ARA
BATCH WEIGHTS {ssd){keg)
TOTAL 15.0 12.0 12.0
CEMENT 5.73 3.36 2.96
FINES 7.56 6.42 6.84
COARSE 2.71 2.22 2.15
BATCH WEIGHTS (wet)(ke) 7
TOTAL 15.49 12,41 12.43
CEMENT £.73 3.36 2.96
PINES® 7.94 6.74 7.18
COARSE®* .82 2.3 2.28
WATER ADDED {(kg) 1.95 1.62 1.55
WATER-AGGREGATES {kg) 0.49 0.41 0.43
TOTAL FREE WATER (kg) 2.4k 2.0% 1,98
FREE W/C RATIO 0.52/1 0.61/1 0.67/1
SLUMP {mm) 200 200+ 200+

Gand, Cohesive

APPEARANCE Good, Cohesive Gogd, Cohesive
PLASTIC DENSITY {kg/m’) 1415 1405 1395
BATCH WEIGHTS (kg)/m' {ssd) &
CEMENT 384 336 2495
FINES £13 642 683
COARSE 220 222 249
WATER 198 205 198
TOTAL 1415 1405 1395
ADMIXTURES
STKAMENT T3 G.5 G.5 0.5
(% cement)
CONPLAST P509 200 200 200
{ml/100ks cement)
CONPLAST AZA 100 100 160

{ml/100ke cement)

3 based on plastic density
* moisture content 5% above ssd

ke alr

«% moisture content &% above ssd
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APPENDIX 10

e ey g A peeew e e BT 2T W W TWS wew s

MATN RELATIONSHIEPS
FPUMPARILE STRUCTURAL CONCRETE

FIGURES 17 TO 25
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#3408 FIGURE 24

FREE WATER/CEMENT RATIO vs CEMENT CONTENT

| |

! !
H H

o
o

E
o .
-
&
- :
z
b
g B | |
h
2 N\
= \
=,
= B85 i
L a
0J
4.4
= \,
o2
250 200 350 400 480
CEMENT CONTENT kg/m™3
#3408 FIGURE 25
" % FINES vs CEMENT CONTENT
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43408 FIGURE 26
ﬁg%@EER/CEMENT RATIO (1) vs A/C RATIO
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#3408 FIGURE 27
% FINES vs A/C RATIO
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Bateh 29358kgfm3 cemant content,

PLATE 3 ¢
discharging from pump

L content,

7

: Bateh 3, 400kg/m’ cemen

PLATE 4

discharging from pump
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5.0 PART FOUR

OVERALIL CONCLUSIONS
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5.0 PART FOUR : OVERALL CONCLUSIONS

Structural and Structural/Insulating concrete 15 able to be produced
using pumice coarse and fine aggregate to meet the requirements of RILEM
and BS B110 subject to a strength ceilil in the 30-358/mm* range for
concretes in the normal range of ¢ ntents {300 to 400kg/w’).

For practical ready mix supply and pump emplacement the use of admixtures
is necessary predominantly a pumping aid supplemented by a normal water-
reducing plasticiser and an air-entraining agent. The pumpability is not
thought to be sensitive to the generic type or manufacturer of the latter
two but the correct choice of pumping aid is essential. From the trials
undertaken a thixotropic, water reducing, super-plasticiser in powder
form {Sikament T3) was found te give better workability, cohesiveness and
appearance suitable for pumping than a powder water reducing, workability
retaining pumping aid {Cormix PA) and a high range, water reducing
superplasticiser liquid (Tiamac II).

If the supply of natural sand fine aggregate is not problematical,
replacement of pumice fines by natural sand may further imp
pumpability.

Az well as the addition of admixtures and/or natural sand, the percentage

of pumice fines is increased for pumpable mixes compared with similar
miges of lesser workability or emplacement reguirements.
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