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1.1

1.2

INTRODUCTION
Background

Concrete Waterproofing Manufacturing Pty. Ltd. (CWMPL) trading as Xypex Australia have engaged
Taywood Engineering Limited (TEL) to act as an independent third body with expertise in materials
consultancy to comment on the effectiveness of the Xypex product. Key issues to address which are of interest
to PWD are:

o the waterproofing capability of concrete when Xypex is used as an admixture
o heat reduction in concrete when Xypex is used
e increase in compressive strength in concrete when Xypex is used

CWMPL have given the proposed trial methodology (see Appendix A) for TEL to comment. A letter of TEL’s
comment is given in Appendix B.

Two concrete blocks of 2m by 2m by 0.9m were cast; one with the Xypex admixture and the other as a
control. The Xypex treated concrete block was cast on 14 Jan 1997 and the Control mix concrete block was
cast on 22 Jan 1997. Both concrete mix designs were given by the Client. The mix with Xypex admixture was
designed by CWMPL and the control mix was designed by Supermix Concrete Pte. Ltd. to meet the
requirements of Penta Ocean Construction Co., Ltd. in construction of the Singapore Art Centre.

Setsco Services Pte Ltd (SETSCO) carried out the site temperature monitoring and cores sampling for
laboratory testing. This report contains TEL assessment of SETSCO’s test results and available technical
information in order to evaluate the Xypex product.

Scope of Work

TEL’s scope of work included:

a. Review of available technical data sheets, test reports and methodology.proposed for evaluating the
product.
b. Comments based on item (a) above with particular reference to its effects on waterproofing, heat

reduction and compressive strength.

c. Issuing of a report containing the results of the evaluation.
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. CONCLUSIONS

Setsco Services Pte Ltd (SETSCO) is a SINGLAS (Singapore Laboratory Accreditation Scheme)
accreditated laboratory whose quality system is based on ISO/IEC Guide 25 and the test results are officially
recognised in Singapore.

The following tests which were proposed by Xypex in their methodology were used to gauge the performance
of Xypex

a Reduction of temperature during the heat of hydration
b. Increase of concrete compressive strength
c Improvement in the water permeability of concrete (i.e. less voidage in the concrete)

The concrete mix details proposed by Xypex are given in Table 5a whereas those of the control concrete mix
are shown in Table 5b. Both mixes are Grade 40MPa concrete. The cement contents of the Xypex and control
mixes are 355kg/m* and 410kg/m’ respectively while the corresponding water / cement ratios are 0.45 and
0.41. The same source of cement was used in both pours.

The temperature monitoring results indicate that the measured peak and differential temperatures for the
Xypex Mix are lower than the control mix. This is likely to be due to the lower cement content of the

“Xypex mix as compared to the control mix.

It is evident from the cube compressive strength results that the strength of the control mix is higher than the
Xypex mix with the exception of the 1 day results. The strength gain with time was greater in the case of the
control mix as compared with the Xypex mix. This is likely to be due to the higher cement content of the
control mix.

Based on the results of the core compressive strength, it is apparent that the strength of the control mix

was sightly lower than the Xypex mix. This trend is not consistent with the cube compressive strength results.
The cube and core compressive strength of the Xypex mix appears to be consistent at 7 and 28 days. However,
for the control mix, the core compressive strengths were lower than cube compressive strengths.

The magnification at which Scanning Electron Microscopy (SEM) was carried out showed a normal concrete
matrix in the case of the control mix and evidence of Xypex crystals on the Xypex trcated mix at 28 days.
This would concur with Xypex’s claim of the formation of crystalline structure in treated concrete.
Information regarding the pore (void) and crystal size was not given in the SEM test results.

Based on the water permeability test results, the control mix showed no leakage from 1.4 to 4.2 bars,
however, water leakage occurred at 7 bars. For the Xypex concrete mix, no leakage was observed from 1.4 to
7 bars. Water penctration was not recorded as was required in SETSCO’s proposal. In this test, the
permeability cocfficient is not derived, however, the test does show an improvement in the water permeability
when comparing the Xypex concrcte mix to the control concrete mix. However, no acceptability criteria has
been defined.

The assessment of the results are summarized as follows:
a) The Xypex mix appears to successfully restrict the water ingress under head pressures.

b) The Xypex mix shows comparable compressive strengths to the control mix, but with lower cement
content. :

—

¢) Lower cement content has a beneficial effect on the thermal gradients in large pours.

d) Inclusion of Xypex in concrete does not appear to adversely affect the early age strength gain, stripping
times etc. to any significant extent, based on the data presented herein.
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_ REVIEW OF AVAILABLE TECHNICAL DATA SHEETS AND METHODOLOGY

No temperature monitoring data and core compressive strength results were available for TEL to review.

Permeability test reports from Pacific Testing Laboratory and Industrial Museum of Technology in Vienna
are given in Appendix A and the review of which is as follow.

Pacific Testing Laboratory reported “The Xypex treated samples also exhibited leakage at each state of
increased pressure, but consistently followed decreasing leakage patterns approaching zero. It can therefore be
stated that the Xypex chemical treatment sealing effect eliminates all measurable leakage (refer to Appendix
A, Permeability test of Xypex treated and untreated concrete samples, 1982, p.4)”.

Industrial Museum of Technology in Vienna reported “The so far executed tests demonstrate that the concrete
test specimens coated with Xypex have an impermeability to water quite superior to the uncoated ones (refer
to Appendix A, Expert Opinion -re Concrete Sealing Material /1st Part ,1983, p.7)”.

re

Australian Manufacturers of Xypex claims “The chemicals in Xypex are in the concrete, they are available to
the by-products of cement hydration and water present. The chemical reaction takes place, a crystalline
structure is formed and as the chemicals in Xypex continue to migrate through the water this crystalline
growth will form behind this advancing front of chemicals. This reaction will continue until the chemicals in
“Xypex are either depleted or run out of water (refer to Appendix A., How does Xypex work? p.2)”. Scanning
electronic microscopic examination was conducted as part of this evaluation to conclusively assess the

existence of crystalline growth.
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RESULTS AND DISCUSSION
Survey Techniques / Laboratory Testing
Temperature Monitoring

Thermo-couples were placed in the positions assigned in the concrete blocks and connected to a data Logger
before casting the concrete blocks. The temperature was recorded by the Data Logger. The test duration was 7
days. The temperature was taken every 30 minutes. Ambient temperature was recorded at half an hour
intervals. Further details are given in SETSCO’s test report in Appendix C.

.

Cube Compressive Strength

Fifteen 150 x 150 x 150mm concrete cubes were cast at the same time during the placement for each of the
two test blocks. The compressive strength test was carried on the cubes at 1, 3, 7, 28 and 56 days in
accordance to SS 78. -

Core Sampling & Compressive Strength

Core samples of 100mm in diameter were taken to a-depth of 900mm. The core sample locations and

“description were noted and tabulated in SETSCO’s report given in Appendix C. The test specimens for
compressive strength were cut from the top, middle and bottom of the core sample. Core samples were tested
to BS 1881:Part 120:1983 to determine the compressive strength of the samples. The compressive strength
test was carried out on the cores at 7 and 28 days.

Scanning Electron Miscroscopy

SETSCO had obtained 1 random core sample for scanning electron miscroscopy from the top of each of the
Xypex treated and control concrete blocks. Scanning electronic microscopic examination was conducted to
conclusively assess the existence of crystalline growth. Samples were taken after 28 days of curing. The
magnification required was to be suflicient to permit the examination of the microscopic pores and capillaries
in the matrix of the concrete sample for evidence of Xypex crystal.

Water Permeability

150mm diamcter core samples were taken from cach of the Xypex treated and control concrete blocks at 7
and 28 days and subjected to a watcr permeability test specified by the Client. According to the information
provided, the test apparatus for the water permeability test is modeled after the test apparatus described in the
Corps of Engincer’s Test No CRD-C48-73 with several variations. The test specimens were cut from the top,
middle and bottom of the core samples. The test details are as follow.

e 1.4 bars on the Ist and 2nd day
e 2.8 bars on the 3rd day

e 4.2 bars on the 4th day

e 7 bars on the 5th to 15th day

SETSCO’s test report is given in Appendix C together with the details of the test procedure.



42 -

421

422

423

424

4235

Results and Discussion
Temperature Monitoring

The temperature results obtained by SETSCO are given in Appendix C and summarised in Table 4.2. Itis
evident from these results that the peak and maximum differential temperatures for the control mix are 77°C
and 23°C respectively whereas the corresponding values for the Xypex mix are 69°C and 18°C.

The temperature measured from the trial block with Xypex was lower compared to the control block. This is
due to the lower cement content for the Xypex mix as compared to the control mix (see Tables 5a & 5b for the
mix designs). Placement temperature as given by CWMPL for the Xypex treated concrete and control mix
concrete was 26.2°C and 27.2°C respectively (see Appendix B). The cement content for the Xypex treated
concrete and control concrete are 355 kg/m? and 410 kg/m? respectively. The same source of cement was used
in both pours.

The Xypex mix reached its peak temperature slightly earlier than the control mix. This could be due to a
slightly accelerating effect by Xypex or a slight retarding effect by the admixtures in the control mix.
However, this is not particularly significant.

The Cube compressive strength results are summarised in Table 4.2. It can be seen from these results that the
average cube compressive strength results for the control mix at 1,3,7,28 and 56 days are 18.5, 31.5, 41.5,
54.0 and 58.0 N/mm? respectively whereas the corresponding values for the Xypex mix are 20.5, 30.0, 37.0,
46.5 and 49.0 N/mm?>. The results show that the cube compressive strength of the control mix is higher than
the Xypex mix.

Core Sampling & Compressive Strength

SETSCO’s core compressive strength results are given in Appendix C and summarised in Table 4.2. The
results indicate that the average core compressive strength results for the control mix at 7 and 28 days are
39.5 and 42.0 N/mm? respectively while the corresponding results for the Xypex mix are 38.5 and 45.0
N/mm?. It can be seen from these results that the corc compressive strength of the control mix is sightly lower
than that of the Xypex mix.

Scanning Electron Miscroscopy (SEM)

The magnification at which Scanning Elcctron Microscopy was carricd out showed a normal concrete matrix
on the control mix and evidence of Xpycx crystals on the Xypex trcated mix at 28 days. This would concur
with Xypex’s claim of the crystallization of crystals in treated concrete. Information regarding the pore (void)
size and crystal size was not given with the SEM test results.

Water Permeability

The results are summarised in Table 4.2. They indicate that the Control mix showed no leakage from 1.4 to
4.2 bars. However water leakage occured at 7 bars. No leakage was observed from 1.4 to 7 bars for the Xypex
concrete mix. The permeability coefficient of the concrete was not measured neither was the water penetration
and therefore no acceptable criteria can be defined. These results do however indicate a qualitative
improvement in the permeability of the Xvpex mix over the control concrete mix.
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XYPEX . Table 5A

AUSTRALIA
Project: SINGAPORE ARTS CENTRE - PUMP MIX

Work: Construction of Main Basement works
Contractor : Penta Ocean Construction Co Ltd

1 1.1 Characteristic Strength Specific 40N/mm? at 28 days below which
5% of test results may be expected to fall

1.2 Cement Type Ordinary Portland Cement
1.3 Aggregrate Type : Coarse Crushed Granite
7 Fine Natural/Manufactured Sand

1.4 Free Water/Cement Ratio Specified

2 2.1 Slump for Concrete 95 + \ - 25mm
2.2 Maximum Aggregate Size 20mm
2.3 Free Water Content Nominal Maximum Water 160kg / m®
3 3.1 Cement Content 355 kg /m?
3.2 Total Aggregate Content 1775 kg / m®
3.3 Proportion of Fine Aggregate 39.5%
3.4 Fine Aggregate Content 700 kg / m®
Grading to SS31, S.G. 2.61
{(surface dry)
3.5 Coarse Aggregate Content 1075 kg / m®

S.G. 2.62 (surface dry)

4 4.1 XYPEX Admix C-2000 Dose Rate = 0.9% by weight of O.P.C.
3.2kg/m?

5 5.1 Concrete Density 2293 kg/ m®
6 MIX SUMMARY _

20mm Nominal Max _XYPEX
Mix| Slump Cement Graded Sand | Max/Wate| A/C w/C Admin

r
Mpaj (mm) (Kg/m?) (Kg/m® | (Kg/m®) ] (Kg/m?) Ratio Ratio C-2000
(Kg/m?3)

40 |95+ /-2 355 1075 700 160 3.00 0.45 3.2

Page 1




Sheet2

SUPERMIX CONCRETE PTE LTD Table: 5B
CONCRETE MIX DESIGN

Project: Construction of Pile Foundation and Main Basement Works
Location: Singapore Arts Centre
Contractor: Penta Ocean Construction Co Ltd

1 1.1 Concrete Grade 40 N/mm?
1.2 Concrete Type Pump Mix
1.3 Slump for Concrete 125mm
2 |2.1 Characteristic Strength - 40N/mm? at 28 days below which 5% of
test results may be expected to fall.
2.2 Design Standard Deviation 4.57 N/mm? ;
2.3 Designed Margin 1.64 x 4.57 N/mm? = 7.50 N/mm?
2.4 Target Mean Stength 40 + 7.50 N/mm? = 47.50 N/mm?
2.5 Specified Water/Cement Ratio 0.41
3 3.1 Cement OPC Brand:PMCW (S) S.G.: 3.1
3.2 Fine Aggregate Natural Size: Grading to S.G.: 2.61
SS831 {Surface Dry)
3.3 Coarse Aggregate Crushed Size: 20mm S.G.: 2.61
(Surface Dry)
3.4 Water PUB :
3.5 Admixture Cormix P4 650 ml/100kg of cement
(Piasticizer & Retarder)
3.6 Reagent Cormix SP1 400 mi/100kg of cement
(Superplasticizer)

4 14.1 Cement Content 410kg/m?

4.2 Water Content 170 kgl
4.3 Concrete 2353 kg/m?®
4.4 Proporation of Fine Aggregate 42.90%
4.5 Air Content 2%
5 |5.1 Summary {kg/m°) Coarse Aggregate Admixture Reagent
Cement Water Fine Aggregate |1010 3.17 1.97
410 170 758 : .
Water/Cement Ratio 41% Percentage of Fine Aggregate 42.90%

—~

6 |Remarks: The Characteristic strength shall conform to BS 5328 & $5289
This design mix is done under surface dry and saturated and conditions

Page 1



APPENDIX A

PROPOSED METHODOLOGY FOR XYPEX ADMIX C-2000






XYPEX

AUSTRALIA

PROPOSED METHODOLOGY FOR CONDUCT OF FIELD TEST
' XYPEX Admix C-2000

. TEST SITE

To consist of formwork to dimensions of ; 2.0 m X 2.0 m X 0.9 m (deep). -

re

Formwork material to be 12 mm water resistant plywood.

Reinforcement steel to comply with ART CENTRE design requirements in all regards.

Site to be moistened prior to concrete placement.

P CONCRETE

As per mix design - ART CENTRE Design 1 Mark IV. (attachment 1)

XYPEX Admix C-2000 to be dosed with regard to protocol (attachment 2) at the rate of
0.9 % cementitious content.

"Slump” to conform to specified range per mix design.(attachment 1). i

Concrete is to be placed by pump, without the addition of any "pumping” admixtures.
Normal minimum standard for compaction and finishing apply. (Refer to attachment 3.)
Elapsed time from batching to commencement of placement not to exceed ninety (90)

minutes. As per attachment 2 minimum elapsed interval between batching and
placement is to be ten (10) minutes.

CURING

- *  Water - Wet covering (Permanently wet - material impregnation) for

minimum three (3) days.

Australian Manufacturers of Xypex



Permeability

Objective

The objective of this test is to measure the rate of outflow of water from the concrete
test sample, it is not to measure the rate of inflow into the concrete sample.

Testing to be undertaken in accordance to the "spirit" of procedures employed by
PACIFIC Testing Laboratory (attachment 6).

Equipment for the conduct of the above is to be modelled upon "Industrial Museum of
Technology in Vienna" (attachment 7).

Permeability testing to be undertaken on core samples removed from test structure at
seven (7) days and at twenty - eight (28) days. Cores are to be 200 mm diameter and
test specimens are to be 50 mm thick and obtained from top, middle and bottom of core

sample.
Each of the above "slices” is to be subjected to testing.

Each slice is to be accurately weighed prior to conduct of testing: Further each
specimen should be assessed for moisture content by way of a moisture meter.

Testing shall be to a minimum hydrostatic pressure of 7 Bars for 7 days.
Pressure should be achieved by incremental increases as detailed :

1.4 bar on the 1st day,

2.8 bar on the 4th day,

4.2 bar on the 7th day, and

7.0 bar on the 10th and subsequent days.
Note: Pressure should be maintained until any "leakage” ceases.
Note: In the event of outflows ceasing prior to the timings indicated above, the next
incremental increase in water pressure should commence immediately. Optimum
performance will permit 7 bars of pressu.e commencing at day one.

Itis anticipated that "leakage” may occur at time of pressure increases however
leakage will dissipate as the XYPEX "activates”, remembering that water is the catalyst
for the reaction. (See attachments No's 8 and 9 for further information) -

Note: The samples should not be saturated prior to testing.

The test is to monitor water permeability and the reduction of any measurable outflow
from the test sample. To that end any water moving through the samples is to be
measured and recorded by placement of a glass funnel, attached to the underside of
the test sample, to collect outflow which shall be measured and recorded, at least, daily.
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g AUSTRALIA
& TRIAL MIX DESIGN 1/ MARK IV ’
Project: SINGAPORE ARTS CENTRE - PUMP MIX
Work: Construction of Main Basement works
contractor: Penta Ocean Construction Co Ltd.
" 1.1 Characteristic Strength Specific 40 N/mm? at 28 days below which 5% of test
" . results may be expected to fall.
- 12 Cement Type g Ordinary Portland Cement
1.3 Aggregate Type: : Coarse Crushed Granite
Fine Natural/Manufactured Sand
N 1.4 Free Water/Cement Ratio Specified 0.45 maximum
L{ -
L2 2.1 Slump for Concrete 95 +\-25mm
— 22 Maximum Aggregate Size 20mm
¢ 23 Free Water Content Nominal Maximum Water 160 kg / m®
L 3. 3.1 Cement Content _ 355 kg / m’
‘- 3.2 Total Aggregate Content 1775kg/ m’
= 3.3 Proportion of Fine Aggregate 39.5%
’ 3.4 Fine Aggregate Content 700 kg / m’
o Grading to SS31, S.G. 2.61
(surface dry)
3.5 Coarse Aggregate Content 1075 kg / m®
S.G. 2.62 (surface dry)
—4, 4.1 XYPEX Admix C-2000 Dose Rate = 0.9% by weight of O.P.C.
. 3.2kg/m’
L.s. 5.1 Concrete Density 2293 kg/ m®
r
P 6. MIX SUMMARY
zr | 20mm Nominal | Max XYPEX
Mix Slump Cement | Graded | Sand Max/Wate Alc W/C Admix
= r
l (Mpa) (mm) | (Ke/m | (Kg/m’) | (Kg/m’) | (Kg/m?) Ratio Ratio C-2000
: (kg/m’)
i 40 95+/- 25 355 1075 700 160 3.00 0.45 3.2
A Australian Manufacturers of Xypex (a:lwjpump4.doc)

(13-11-96)



1.1 PURPOSE

Compaction is the process which expels entrapped
air from freshily placec concrete and packs the
aggregate particles together so as 10 increase the
density of the concrete. ltincreases significantly the
Ultimate strength of concrete and enhances the bond
with reinforcement. It also increases the aprasion
resistance anc generai durability of the concrete.
decreases the permeability and helps to minimise its
shrinkage and creep characteristics.

Proper compaction also ensures that the formwork is
completely filled - ie there are no pockets of honey-
combed maierai - and that the requirec surface finish
is obtained on vertical surfaces.

AS 3600 specifies that concrete shall be compacted
during olacing sS that

. the entrappec ar :s expelled;

‘ne ‘crmwork s ccmpleteiy filled te the intendec
level:

_ ali reinforcerment. :endons, ducts. anchorages anc
ambedments are completely surrounded:
e specifed anise ¢ the formed suriaces of the
Temper 'S roviIe23:
ime recuirac srocerues of the concraiz are
3CTIEVET

1.2 THE PROCESS

Wher first placed in (e form, normai concretes

‘ie excluging those with very low or very high slumps)
will contain petween 5% and 20% by volume of
antrappec air. The aggregate particles. although
coaiac with moriar. will also tend to arch against one
anotner anc are prevented from siumoing or consoli-
cating oV mniernal incuon.

Compaction cif concrete is. therefore. a two-siage
process Figure 8.1. First. the aggregate particles are
set in motion anc consolidated to filt the form and give
a leve! tog surface. In the second stage. entrapped
air is expelled. This aescription of the process is true
whether compaction is carried out by rodding. tamping
and similar manual methods, or when vibration is
applied 1c the concrete. The latter. by remporarily
‘iquefying’ the concrete, is generally much more
efficient thar hanc-:amping or rodding. and hence is
almost universally applied on construction sites in
Australia. :

It is important to recognise the two stages in the
compaction process because, with vibration, initial
consolidation of the concrete can often be achieved
relatively quickly. The concrete liquefies and the
surface levels, giving the impression that the concrete
is compacted. Entrapped air takes a littie longer to

\-9

rise to the surface. Compaction must therefore be
prolonged until this is accomplished. ie until air
bubbles no longer appear on the surtace.

1.3 EFFECT ON FRESH CONCRETE

The effect of vibration on the prooerties of fresh
concrete needs to te understood ¢ ensure that the
type and amount of vibration appiiec 1o the concrete
are appropriate. Otherwise defects. such as
excessive mortar icss and ather ‘orms of segregation.
can be caused.

Concrete mixtures tnemseives ~£ec ¢ 22 property
oroportioned. Those lacking fires ca~ oe difficult 10
compact anc. aver wrer ‘ully comgozactec. can have
= ign porosity. O7 the Stner "anc m0se with 100
~ugr a fines contert. parucuiary | irey asohave &
nign siump. may compact 00 readily 2na De prone o
segregation anc excessive dieeding. Property
oroportioned mixtures are difficuit o avercompact.
The stiffer muixes will require a greaie~ snergy INPUL G
compac! them fully, Thus may o2 acnieved by using a
nign energy vibraicr or by viDrating g concrete for 2
‘onger time. In the iaiter case. ne viTrator must have
=t ieast sufficiant cagac:ty 10 heuehy "e concrate.
Converseiy. mCre- #0rkatie Tix2e At TSQUIE 2SS
2nergy input.

The size and anguiarity 0i *he ccarse aggregate will
aiso affect the effor: recuirec 0 ‘ully ccmpact concree.
Tre larger ine aggregeate. the grsaier ine effort whicn
will De recuiraC. arile anguiar 2SCrSCEes Wi recuire
greater efior: inar smoOSIT Cr 'TUNCET 2CGragaies.

1.4 EFFECT ON HARDENED CONCRETE

Sirce comgoacuon of Conerale fg 228 IneC W exIe
2rtrapoec air anc Oplmise the S2~s:hy J7 Ine SonCraie.
L Denefits most of the properues i ~arcenec
soncrete. As may oe s2en from Figure 8.2. its efiect
on compressive Srengl 1S drartaic. For exampie.
the strength of concrete contaiming (0% of enracced
air may e as uttle as 5C% that of e concreta wnen
iully compacied

Permeabiiity may e simuiarly afiacisc since
compaction. it acditior 1o excsiling 2nrappec ar
cromotes a more even gistribution & sores within Ine
concrete, causing ther 10 become discontnuous.

TOTAL TIME {for both stages of the process). 1010 20 seconds

Figurs 8.1 The process of compaction
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Figure 8.4 Alternative patterns for use of immersion
vibrators

Table 8.1 Characteristics and applications of internal vibrators

The frequency of a vibrator is the number of vibrations 8.5
per second (Hz). In general, high-frequency vibrators
are most suited to high-slump concrete and small
maximum-sized aggregates: and low frequencies to
low slumps and large maximum-sized aggregates.
The amplitude is the maximum displacement of the
head from its point of rest, measured in mm. It will be
larger in air than in concrete which has a damping
effect. As a general rule, high-amplitude vibrators are
most suited to low-slump/large maximum-sized
aggregate concrete and low amplitudes to high
slumps and small maximurn-sized aggregates.

Immersion vibrators shouid be inserted vertically into
concrete, as quickly as possible. and then held
stationary until air bubbies cease 1o rise to the surface,
usually in about 15-20 seconds Figure 8.3. The
vibrator should then be slowly withdrawn and
reinserted in a fresh position adjacent to the first.
These movements should be repeatec in a regular
pattern until all the concrete has been compacted
Figure 8.4. Random insertions are likely 10 leave areas
of the concrete uncompacted. The vibrator should
not be used 10 cause concrete to flow horizontally in
the forms. as this can lead to segregation.

In deep sections such as walls, ioundations and larger
columns, the concrete should be placed in layers
about 300 mm thick. The vibrator should penetrate
about 150 mm into the previous layer of fresh concrete

Diameter Recommended Average Rate of concrete

of head frequency amplitude Radiyg of action placement

(mm) (HoY? (mm)2 {mme 2 im3/h per vibrator}*  Application

20-40 150-250 0.4-0.8 80-150 0.3 Hicr siump concrate in vary imn members and
cenfinec piaces. May e used o suppiement
iarger ‘nbrators where rainforcement or ducts
sause sengestion i torms,

30-60 140-210 05-10 130-250 23-8 Concrae 100~150 mm stump in thin walls.
coiumns. beams. precast pifes. thin stabs. and
along onstruction oints. May be used 10
suosiem2at iarger viprators i confined areas.

50-90 130-2C0 06~1.3 180-360 4.6-15 Concrete (‘ess than 80 mm slump) in normal
construction, ag walls, floors. beams angd
columns in residential. commercial ang
industrial buildings.

80~150 120-180 0.8-15 300-500 1131 Mass and structural concrete of 0 to 50 mm
slump deposited in quantities up to 3 m3 in
relatively open forms of heavy construction. -

130180 50-140 1.0-2.0 400600 19-38 Mass concrete in gravity dams, large piers. -

massive walls, etc.

Adapted from Table 5.15 ACI Committee Report: Consoligation of

Concrete ACI Manuat of Concrete Practice 1993 Part 2

V. While vibrator is operaling in concrete. _

2 Computed or measured. This is peak ampiitude (half the peak-to-
peak value), operating in air. Reduced by 15-20% when operating
in concrele.

3 Distance over which concrete is fully consolidated.

4 Assumes insertion spacing 1, limes the radius of action, and that
vibrator operates two-thirds of lime concrete is being placed.

S Reflects not only the capability of the vibrator but also differences in
workability of the mix, degree of de-aeration desired, and other
conditions experienced in construction.



compacted by both immersion and surface vibrators
will have a denser. more abrasion-resistant surface
than one compacted by immersion vibrators alone.

With centrally-mounted vibration units. the degree of
compachor acnieved may vary acress the width of
tne beam. Wher hey rest on ecge forms. the laner
may tend 0 Gamp the vibration at ihe extremuties of
the neam Figure 8.8. It:s generally desirable.
therefore. 10 supolement vibrating-beam compaction
Dy usINg iIMMersicn viprators alongside eage forms.
Tne effectiverass of ibranon and. nence. degree of
comoachcn increasas wiih ar ncrease ir the beam
weignt. ihe amoitude anc the frequency. and
decreases Mt ar .ncraasein iorwvarc soeed. Forware
speec s criuca i the sorract use of wibraiing-beam
screeds and 3nCuiC o€ irmied 1o betwesn .2 and
1.0 mmun.

Gererally speaiing. vibrating-neam screeas are not
suitabie for concrates with slumps greaier than about
75 mm. as an 2xcessive amount of moriar may be
prougnt 16 the surface. lgeally. they shoula be used
only on concratss mvith siumps between 25 and 50 mm.
For the reasors given apove. slass 200 —in
t™ICK eSS Or over sheulc De zomgaciec Mty with
imrrersior vicraicrs  3iaos of ess nar 256 mm may
aiso cenefit ‘ror ne use of immersior v Craiors aleng
tnewr 2dges Figure 8.9. In using vibraurg-oeam
screecs 10 comgact concrete. ine uncomoactec
corcrete StoulC St ze -ougnly ieveliec :c above the
fina: 'avel r2QuirsC. e & surcnarge shouiC oe provdec
10 SIMODENSELE “Or e FSIUCTON IN $i2C TMICKNRESS
causac 2v e SImeacucn O ne concrate. The
ameun! of Surz~arge STCuIC ce such imal when the
DREM S MOVEC CrAErs 3 SShSsiET! T cf orcrets
1S TaIaineC arezc 5f me ceam. The surihargs may
be Drowided ave~y 2r $.22$ Of U "0 asCul imm nwicth
Dy iné use of 2 s.rcnarge-oeam . This s simpiy 2
sraigniecge osuaty Tace of umber witt small
packing pieces or. e 2nCs wnich ‘nce on the 20ge
iorms Figure 8.10
The surcharge-ce2m -¢ cullec over the _rcompacted
Corcreie aminCul 27, ISRl senng mass I Sompact
or fimsn il ThE 328 TUrTOSE S (G Trovise an 2ven
surcharge. Tne or-sct rmickness for the dacking
pieces {(and rerce ne surcrarge) is socn foung Dy
ocserving the rcit of concrete  Provicing an even
surcharge has e acvariage that one cass of the
vibrating-beam screea :s generally sufficient to
compact. level and provide the initial firish. This is
preferable to muitiple passes. as a slower single pass
is more effective :han two faster passes.

The forward spgec :s mcst important and should be
between 0.5 anc 1.2 mimin. The lower speed shouid
be used for thicker siaos anc where reinforcement is
close to the top face. A second. faster pass may be
made as an aid to firisning.

1.5.4 Form Vibrators -

Form vibrators are normally calied ‘external’ vibrators
and are useful with complicated members or where
the reinforcement is highly congested. They are

e | .
[ Surface wibrator
Edge . -
v
TR L N R
Depth of Depth of
compaction compaction
decreases (maximum
invicinityof 200 mm)
edge forms

Figure 8.8 Degree of compaction vari2s across width when
suriaca vibrators are useq

.

‘; i S ST Y Height ol required .
<l surcharge
Packing o screed

RN e

At

Edge form

o ad .
LEilte tor slivae «u

Figure 8.10 Method for providing a surcharge to the _ -
uncompacted concrete
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42 Finishing Concrete
- Flatwork

2.1 GENERAL

‘Flatwork’ refers to any concrete floor or paving such
as inaustrialfloors. floors in buildings (both on ground
and suspended). house floors, slabs. paths-patios,
dnveways. roads. etc.

Tre finisning of flatwork involves a combination of the
following processes:

Levelling

Fioating
Trowelling

Other treatments.

Tnese are carried out while the concrete :s still plastic.
Tne purpose of finisning is to achieve the desired:

level;
flatness:
suriace gensity and texture.

2.2 LEVELLING (SCREEDING)

2.2.1 General

Lavalling or screeding s the initial operztion carried out
on a corcrete slab after the concrete nas been placed
in tre forms and {if necessary) roughly ‘evelled by
shovel. Screeding is carried out by working a beam
backwarcs and forwards across the concrete 10
acreve z level surface or by means of vibrating-beam
screeds working off forms or guide raiis.

Screecing should be done before bieec water rises to
the suriace.

2.2.2 Hand Screeding Off Forms or Screed Rails
Scrzecing off edge forms inveives the use of a screed
boarz ¢ sirike off the concrete 10 the height of the
forms. Screed rails are temporary guices to support
the screed board. They have to be removed atter the
surface is screeded. and the surface made good
whilst the concrete is piastic.

The striking surface of a screed board should always
De straight and true. Proprietary screed boards, such
as hollow magnesium straightedges. should be used
for major commerciai work and for house slabs.
Lengths of dressed timber are satisfactory in minor
work.

To enabie it to be worked backwards and forwards
without losing its level. the straightedge should be

between 300 and 600 mm longer than the greatest
distance between the forms.

The surface is struck off by puiling the screed board
forward, while moving it back and forth with a saw-like
motion across the top of the edge forms. A small roll
of concrete should always be kept ahead of the

'7-—C‘

straightedge to fill in low spots and maintain a plane
surface. Excessive amounts should be removed and
placed anhead of the screed board.

2.2.3 Hand Screeding Off Wet-Screeds

‘Wet-screeds consist of pads or narrow strips 5¢
concrete {aporoximately 20C mm wide) placec o the
correct level in agvance of the mamn pour. The
concrate finisher ther uses the oads or strips as the
contai for ieveliing the slat

This metod zllows large arzas 10 oe scrsegec
Wwithout intermeciate ‘orms 2r guiCe rails anc athout
ne necassity 10 accurately ieve! ine eage iorms
However. more siill ;S requirec ans sur/eying
aguiomant Ras ¢ o¢ avaiiace

Generally proprietary alumiriur or magresiur
screec boards with a handle are preferrad for s vork.

2.2.4 Screeding Using Vibrating-Beam Screeds

Vibrating-beam screeds orcvice significant
compacton v acgdition 1D thair screeding cacaliiny.
Tneir use arg coeraticn are cescribec « Ciause 1.3.3
cf tis Craoter

The accuracy of The suriace eve: achievac s
cepencar! 3n me Crmwerk Or ATHCD he vitral tg-
52am ncas. Tnus formwork Mus: theraicre De
accuraiety leveliec anc iirmey fixec s nat it w. ~ot
distor: unger ihe ‘weight of ne wibrating-tearm. Scecial
care shouid be 1aken at ;oints &f (ormwer< 20a72s
The scraad #self ShouiC NOt 'Sag’ or CISiSr, unse” e
WweIGni &f the vitraticn unit anc. *or IMs *2255r 2 =-M
wWiICTH is abous the lirvt ior wir-2gam zanirgia-
TICLNRISC VIDISLGR ST SCreSCsS. HMOowever TUsIss
vIDrauIng-oeam sSrescs Can 328 2 ot T A
'sag’ anc can be usec 10 orovice floors i veT, Bgnt
suriace oierances Figure 8.12.

Figure 8.12 Typical trussed vibrating-beam screed

8.9



Well-worn magnesium floats should be discarded.
They develop an edge aimost as sharp as that of a
steel trowel. and use of them risks closing the surface
too soon.

Composttion floats have resin-impregnated canvas
surfaces. They are smoother than wooden floats but
slightty rougher thar magnesium floats. They aiso
can be used after wooa or power floating.

The hand float is hetd flat on the surface and moved
in a sweeping arc 0 embed the aggregate. compact
the concrete® and -emove minor imperfections and
cracks. Sometimes :he surface may be floated a
second time. after scme harcdening has taken place.
:c impar: the final cesired texture 10 the concrete.

2.3.4 Fioating by Machine

Machines ‘or fioating are usually trowelling machines
with float shoes or. for use on low-siump concrete or
toppings. disc-type machines (Kelly floats).

Floa: blades are wider than trowel blades ancd are
:urned ud along the 2dges o prevent them digging
into tne surfaces wriist in the flat position. For this
reason. ‘icating with 2 rowelling macnine equipped
with normal trewei o1aces snouid nct de attempted.

Tre power-flcat snouic be operatec Svar the concrete
in a regular patiern .eaving a matt iust Figure 8.15.
Concrete close 1o ocstrucuons. or i slae corners, that
carnot be reacnec with a oower-flcat should dbe
manually flcated cefore power Hoanrg is degun.

Tne use of waier sorays or oner means of weling the
surface surng finisT.ng operations shoulc "ot Se
nermitiec as such cractices almges: ~ewitably cause

cusing of e siac 21 z awer daie
2.4 TROWELLING

2.4.1 General

Trowellirg 's zarnec sul sorre ime aler floaung. The
deray :s 10 alicw some stiffening © ia«e place so that
aggregate darticies are nct forr oui Ji e suriace.

Zor 2 first rowelling. e rower Tiale 3noulc 2e xept
as “ar agaws ne suriace 2s OCSSiCie since iung of
Sitoning e wrowe: 211G graat an 2ngle can Creaie
noTIes on e ConcTEie .
Acciucrai rowellinrgs may de usec ¢ :ncrease he
smoothress. censiv. anc wear resistance of the
surface. Successive rrowellings srould be made with
smaller irowels pitcmec progressiveiy more. This
increases the pressure at the bottom of the blade and
helps compact the 0o surface.

Blisters forming or: ire surface during trowelling
indicate thal ihe angle of ihe trowel is 100 great. As
soon as oiisiers are seen they should be pushed down
immediately and reconded with a magnesium float or
a flat trowel. depending on the stiffness of the concrete.
The angle of the trowel should then be reduced to
prevent more biisters forming at this stage.

A biistered surface will not be durable. Blisters can

be broken out by traffic, and will show through any
resilient tile ptaced over them.

9-9

2.4.2 Trowelling by Hand

A trowel for hand finishing has a flat, broad steel blade
and is used in a sweeping arc motion with each pass
overlapping the previous one.

The time for trowelling to be most effective calls for
some experience and judgement, but, in general
terms, when the trowel is moved across the surface it
shouid give a ringing sound.

2.4.3 Trowelling by Machine

The trowelfing machine (power rowel or "helicopter’)
is a common tool in Australia for all classes of work
and consists of several (generzlly four) stee: rrowel
plades rotated by a motor anc guided by & handle.

Trowelling by machine should De carriec cut system-
atically over the concrete in a regular pattern. Corner
areas. areas closest 10 obstructions and small irregu-
larities should then be "touched-up' with a hand trowel.

Successive trowellings, with a break to allow further
hardening. will ‘densify’ the surface. providing
increased wear resistance. Successive trowellings
should be at right angles o each other for maximum
effectiveness.

25 EDGING

£dging provices a quarier-rounc arris along he edges
of {ootpaths. patios. curds anc steps. Itis achieved
by running an edging trowel along the perimeter of the
concrete. Edging irowels are steel and incoroorate a
quarter-round forming 2dge. They are avalladle in a
variety of wiGths ang with varicus diameter cuadrants.
Edging :mproves the appearance of many tyoes cf
paving and makes :he adges 'ess vuineradie 0
cnipping  However, edging ShoulC nct be Jsed &l
jcints in industrial or warehouse flocrs o ficors
which 'wmifi ce tiled or carpeted.

Joiris in ndustnal floors shoulC nave a cnsg nignt-
anglec corner. On iormed edges this is acrieved
arincipally by the form boards whicn shoulc ~ave
snarp. right-angled edges. Hand trowelling :s
generaily usec along such edges (€ 8nsire e
snarpness of corners.

2.6 SURFACE TREATMENTS

2.6.1 Genera!

Surface reatments should be chosen to suit the
anticipated service conditions or (o give the concrete
a particular appearance.

The choice of finish will be influenced by the foliowing
considerations: .

1 The type of traffic and its frequency

Whether ihe floor is subject to impact-ioading
Whether chemicals will come into contact with the
slab.

Consideration should also be given to the operations
1o be carried out on the floor, which may determine
how smooth it should be, and the necessity for
hygiene and dust prevention.

[¥]

[
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WATER SORPTMITY (mmvn™)
9 2 4 5 3 10 12 14 16 18 20
STANDARD CURING
tjay moutd
1 41ay moust
- 5-days 'ng |

PLASTIC Iseated)
3-days

T3S

PLASTIC +1 7% oies,

% 9’%4 ™M

Figure 9.6 Effectiveness of plastic sheeting

For vertical wer ™= —ember should be wrapced with
sheeting and :acec ¢ 4t moisture loss. Where colour
of the finished sur*sca 's a consiceration. the plastic
sheeting shoulc ze <2c! Slear of the surface to avoid
nhydration stairirg. ~7rs can e achieved with weoden
battens or ever: scaffzicing components, croviced
that 3 complets sez: can e achieved and maintained.
Care must aisc 2e '2<2n [0 orevent the sheeting being
rorn or ctherwise Tzmaged durng use. A minimum
TRICKNEsSS S "eCL."23 1T Snsure aceqguara strength in
re sheet: ASTM! -7 Sreet Mareriais ‘or Currg
Corcrate scec Y23 1 °Z mm. Figure 9.6 ilustrates
the ‘ack of afzc: . =~ 235 <i siastic sreeung with noles
represering o, T Ss of e sheel’s suriace area.
ze clear or colourad. Care must
Cur s acorceriate ior the amtient
~cie. unite or lightly ccloursc
+s of ire sun ard. hence. telo o
keeg concrels iy ZCoi curing hot veatrer.
Black ciastic. = ~gr nanc. abscros nest ¢ 2
Tarkec Eeni 27 —3v Cause JMEcceriadiy tien
corcrate lemcerzioess 15 use snoulc g aveicaed n
nct weather. airc .2 r COIC weather (s Juse may De
oenefic:al in accs £-27ng he raie atwhich the
cuncrate gains st ein.
Clear plastic sreerng "encs to be more neutral in its
effect on temperatura {except in not weather, where it
fails to shade tte sLriace of the concrete) out tends to
be less durable Tzr e colourad sheets, theredy
reducing its pcteriiai ‘or re-use.

Plastic sreetirg ~zv
gce aker nat s
cencitiens. Fo
sheets raflec: -

3.2.3 Curing Compounds

Curing compeurcs 2ra tiguids which can be brushed,
sprayed. or squesgeed (usually sprayed) directly onto
concrete surfaces znc which then dry to form a
relatively impermeacie membrane which retards the
loss of moisture frem the concrete. Their properties
and use are descriced in AS 3799.

They are an efficient and cost-effective means of
curing concrete which may be applied to freshly
placed concrete or that which has been partially cured
by some other means. Howaver. they may aifect the
bond between concrete anc subseguent surface
treatments. Special care :n ihe cnoice of a sutable
compound needs (0 be 2xercised 1 such
circumstances.

Curing compouncs ars gereraily ‘ormulated from 'vax
emulsions, chionrated nubbers. syrthetc arc natural
resins, and from PYA armuisiors. Their effeciveness
varies quite amaely. decercirg = ih2 maierai and
strength of ire amuisicn. 2s :s iLst-ates n Figure 9.7.
When useq 0 cure fresr Soncreta. the nming i their
appiication is crincai *or maamLm sfiactveness. They
should be agoliec 0 he surfaca =f the concrete aiter
it has been firisned. as soon as Te iree water on the
surface has evaporated anc therg is no ‘water sheen
visible. Too early apoiication cilutes the membrare;
too late results :n it being zoscreed into the conerete
with a consequent faiiure of the membrane © form.

They may also be usecd "0 reduce moisture lcss from
concrete after irutial maist curing or the remeval cf
iormwork. In botn cases :he suriace of the corereie
should be therougnly mcistened deicre ihe acciication
of the compound 10 prevent its absorption into the
concrete.

Curing compounds can e apolied oy hanc spray.
cower spray. orush cr roiler. Tre type or grace of
curing comgcuna sicula be matched 0 ihe yoe of
2quicment avaiiapie 2rc the manufaciurer's Jirections
‘ollowed. The raie of acciicalicn shoule te uricrm
ith coverage ncrmaily - the range 0.20 10 §.25 »m=.
Where feasicie two zocicatcrs scclied at rignt
argles to eacn ciner wil ~elp Snsure compigi2
coverage.

ZTHCENCY NEE(
n
3

LI - G ¢ 0 0w 22 3

‘MAX
SMULSICM

ZHLOAINATED

AUBBER -

HYCROCARBON -
RESIN

ACBYUIC -
PyA .

EMULSION

Figure 9.7 Comparative efficiency of cu\n'ng compounds
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1 At.tn. Mr Chan AZ Lam

Subject : mﬁmm&mmﬂmmmm

We refer to our discussion at Setsco on 25/11/96 regarding the ficld test of XYPEX ADMIN C-2000
‘waterproofing additive used for base of the Esplanade theatres on the bay. We are plcascd to furnish
the tonowmg test methods and the test fee tor your kind reference.

1. Wxsxwmbm

The concrete block should be 2000 x 2000 x 1000mm. :

The concrete mix design will be given by client.  The fresh concrete thb waterproofing
additive aud all specimens will be given and prepared by client.

Bctore casting the concrete block, the thermo coupter wxll be placed in the position assigned in

the concrete block and connected to Data Logger. The distribution of the therme coupler is

shown in the toliowiny Fizure. ’

‘ One pont in the centré of the block

Eight points tn the coraer of the biock
Six points in the centre of each surface
of the block

The temperature will be determined and recorded by the Data Logger. The test duratien should be

7 days. The temperature will be taken every 30 mimtes during the first 3 days and then every 1 hour
thereafter
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TEST METHODS AND PROCEDURES:

A

Description of Test Apparatus

The apparatus used for the permeability te

st was supplied by Xypex Chemical

Cormpany. It consisted of a panel .to control air pressure and flow, four steel
pressure vessels to hold the four samples to be used and the necessary
hosed, gauges, valves, and fittings to carry out the test (see Photograph on
Page 5). The gauges used for this test were calibrated by Pacific Testing
Laboratories and are traceable to .the National Bureau of Standards.
Pressurized air was directed through the control panel to each of the four
pressure vessels. Each vessel contained a gauge to monitor the pressure,
and outlet hoses and flasks for collecting and measuring water output (as will

be described in Procedure section
and procedures are as listed below:

XYPEX TEST

1.

Steel cylinders were 62 in. dia. x
6 in. high with samples approx-
imately 6 in. dia: x 2 in. thick.

Apparaius was set up to measure
water flow emitted from bottom side
of concrete sample.

Pressure was increased as des-
cribed in data sheets, from 10 psig
to 175 osig over duration of test.

Polysuifice Sealant used to seal
sample ‘o cylinder.

Cork ring used on bottom plate to
set sample on.

(See Photograph and Diagram page)

Procedure -

Per instructions supplied by Xypex,
untreated) were placed in the four stee

). The major differences in the test apparatus

CORPS. OF ENGINEER'S TEST

1.

Steel cylinders were made to accom-
modate samples 142 in. dia. x 15
in. high.

Apparatus set up with standpipe to
measure flow of water into concrete
samples.

Pressure started at 100 psig for five
minutes, then increased to 200 psig
and left for curation of test.

Paraffin-rosin and asphalt mixtures
used to seal sample to cylinder.

Plaster ring used on bottom plate to
set sample on.

the four samples (two treated, two
| cylinders on 6/18/82. Each cylinder

was equipped with several holes in the bottom plate.

e ————— T DT
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These holes were surrounded by a cork ring, upon which the samples were
placed. The treated samples were placed with the treated sides up.
Sternson-Duoflex Self Leveling Two-Part Polysulfide Sealant (supplied by
Xypex) was then poured in around the specimens until sealant ran up onto
the top of the samples and up to the edge of a five inch diameter rubber "0
ring that had been placed on top of the cylinders, thus sealing off all voids
arodnd the samples. Specimens and sealant were then left to cure for seven
days. g '

On 6 25.82 each cylinder was filled with water (at room temperature approx.
70°F) and each lid bolted down tightly. A cork gasket was placed between
each lid and cylinder to assure that it was airtight. Pressurized air was then
allowed into the cylinders and allowed to bear on the water contained in the
cylinders. Pressure was set at 10 psig and the test begun. Water which was
torced through the samples was trapped in flasks below, and measured as
shown on the data sheets in the Data section of this report. Per instructions
supplied by Mr. Mainwaring, the pressure was increased in all cylinders when
the leakage approached zero for a twenty-four hour period for the treated
samples. Pressures and water emitted for each cylinder sample is shown on
the Data sheets. (Water measured after weekends, etc..was averaged over
the days missed for the included graph.)

TEST RESULTS

The data gathered during the permeability test showed three concrete samples
(two untreated and one treated) exhibiting leakage starting at ten psig. and the
fourth sample exhibiting leakage starting at 30 psig. The untreated samples showed
some decrease in leakage during each phase of increased pressure, but did not,
at any time. approach zero.The Xypex treated samples also exhibited leakage at

each state of increased pressure, but consistently followed decreasing leakage
patterns approaching zero. %{4'

It can therefore be stated that the Xypex chemical treatment sealing effect eliminates _*
all measurable leakage.

END OF REPORT TEXT

PACIFIC TESTING LABORATORIES  report is for the exclusive use of the person requesarg
it. No use of the “eport by others is permitted. nor may the report be reproduced
without the pror writen authonzation of PACIFIC TESTING LABORATORIES.

L PACIFIC TESTING LABORATORIES ———_/
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4. DESCRIPTION OF EXPERIMENTAL PLANT FOR THE WATER LEAKAGE

(IMPERMEABILITY) TEST
The experimental plant built in the Research Center is shown schematically in Picture 1.

. -

-

Schematic Design (Construction) of Testing Apparatus.

Sealing Graduated, compression-proof glass cylinder

Water /(’__\\

| AR A

Compressed
/ & v —-—— Air ‘

~est Specimen Pressure Regulator with Manometer

Ve TOChn", .~
. HA. %,
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~ater pressure amounted to 1.4 bar on the 1st and 2rc 1a,
2.8 bar on the 3rd day
4.2 bar on the 4th day
7.0 bar on the 5th to 15th Zay.

EXECUTION OF COATING OF CONCRETE AREA
T~2 coating was carried out on moist concrete surfaces v oerscns not connected with
‘~2 Research Center, i.e. by technicians of the Aoplicant :n the Sesearch Center while

ceing under observation by personnel of the said Researcn Center (Picture 4).

=2r ‘ne impermeability (to water) test according to ONORM 2 3303 a concrete test area

2% re test specimen (= one side) was coated; for the capiiizry acsorbency all concrete

‘est areas (= all sides) of a test piece will be coated.

Tnae first test slab was coated 36 hours after its production. the second test slab after
25 zays.

The actual tests were started only after an additional 12 days of storage since
accerding to the Applicant only after this period of time the effectiveness of the sealing

material is assured.
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6.2. -‘Compression Strength
Cubes with a 100 mm long edge were cut from the broken-up test specimens and
the compression areas polished ‘plane-parallel’ (or: ‘with parallel faces’).

- , kN/cm2
Uncoated concrete
test specimen (A) 6.6
Concrete test specimen
coated 36 hours after
its production (B) 7.7
Concrete test specimen RASEN
coated 28 days after -
its production (C) 6.9 '\E.I m

EXPERT OPINION
As requested by the ApE)licant, an Interim Report regarding the current tests is herewith
given: The sofar executed tests demonstrate that the concrete test specimens coated with

XYPEX have an impermeability to water quite superior to the uncoated ones.
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XYPEX e
¢ AUSTRALIA
* Jnion Road, PO Box 255 Telephone: (060) 40 244
wington NSW 2641 Australia Concrete Woleproofing Manufscuing fty, L. Fax: (060) 40 241

TA XYPLX  ACN 050 139 985

~ "~ HOW DOES XYPEX WORK?

The waterproofing effect of Xypex is based on two simple reactions, one chemical and
. one physical. We start with the basic fact that concrete is chemical in nature. When
a cement particle hydrates there is a reaction between water and the cement which
causes it to become a hard, solid mass but there are also chemical by-products given
off which are lying dormant in the concrete.

7

With Xypex we have a second set of chemicals and if we can bring these two groups
together (i.e. the by-products of cement hydration and the chemicals in Xypex) in the
presence of moisture a chemical reaction takes place and the end product of this
reaction is a non-soluble crystalline structure.

This crystalline structure can only take place where moisture is present and thus
Xypex tends to form this crystalline material in the bleed water tracts, capillary tracts
and shrinkage cracks in concrete. Wherever water goes, Xypex will form.

When Xypex is not being dosed to new concrete, and being used as a coating for

remedial or existing concrete structures, in order to get the chemicals from the coating

into the concrete we rely on a physical reaction which is called osmosis. The theory

behind osmosis is that a solution of high density will migrate through a solution of
—  lower density until the two equalise.

Thus when we saturate the concrete with water prior to applying the Xypex we are
actually putting a solution of low density into place. When we apply Xypex to the
- concrete we create a solution of high chemical density at the surface and osmosis or
osmotic pressure comes into play. The chemicals in Xypex must now migrate
through the water (our solution of low density) until the two solutions equalise.

-
A Australian Manufacturers of Xypex and Hi Dry
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XYPEX

AUSTRALIA |
45 Union Road, - o Telephone: (060) 402 444

Lavington, NSW, 2641 Concrete Waterproofing Manutacturing Pty Ltd Facsimile: (060) 402 411
T/AXYPEX  ACN 050 139 958

FACSIMILE TRANSMISSION FORM

TO: JINGSLINK MARKETING PTELTD
ATTENTION: CHAN A-LAM

FROM: - LOCH JACKSON

RE: SINGAPORE ART CENTER TESTING
DATE: 10/712/96 - :

FAX NO.: 0015 65 299 5893

PAGES: 1 ~

(If this fax appears incomplete please contact us immediately)
Dear A Lam,

We have been talking to Dave Ross in Canada about our proposed testing for P.W.D. and Penta Ocean.
Like all of us Dave is concemed that the testing is performed in a manner that is beneficial to us and that
the authorities doing the testing understand exactly how we are working, thereby avoiding conducting tests
we cannot pass.

As we are going to conduct a permeability test similar to U.S. Army Cormp. Engineers Dave is very anxious
that we have the testing authority and their * watch dog” understand that it should be a “water out” test and
not a “water in” test. Xypex treated concrete will continue to suck some water for as long as it can be
forced past the crystalline barrier at the surface and at depth. The real issue is not-how much water goes
into the concrete as what goes in is constantly being converted to crystals, The issue is how much is not
converted and at what rate it flows through the concrete.

We are informed that the method of testing this should be to dry test the concrete straight out of the slab
and not to let the test be done at saturation level as this will have no similarity to what will happen in reality.
Obviously we are going to have to treat the control samples for permeability in the identical manner. This
then should give us.a clear rate of water flow for the two and determine conclusively that the water is being
converted into crystal’s. To further illustrate this conversion the test sample should be accurately weighed
both before and after the testing. To remove any possible anomaly due to moisture, accurate water content
should be measured with a moisture meter both before and after testing, when sampies are superficially
surface dry (SSD).

We are further informed that the method of detecting the water out was to attach a glass funnel to the
bottom of the concrete specimen as pressure was applied and to measure the amount of water collected
over given periods of time. Similar testing would be done on the control sample.

At all times it must be understood by those conducting the testing that .h~ Xypex reaction is not
instantaneous and that a lessening of leakage should be observed later into each pressure stabilisation
period. We are not sure how long after we reach seven bars that it will take to control the head of pressure
that the sample is subjected to. Therefore we should not undertake to commence to hold back the seven
bars at three days after the final pressure is applied but rather from the point when no wgtei' flow is
observed leaving the bottom of the test sample.

We would also like to think that the pressure test could be conducted until we have reached at least an
equivalent water head as U.S. Army Corp. Engineers and hopefully greater. We do not see a necessity to
carry this on to the control sample but it would obviously be beneficial to quantifying our results.

Whatever is decided it ig i

portant that our tests reflect life as the concrete will live it.
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TAYWOOD » ENGINEERING « LIMITED

CONSULTANTS IN DESIGN AND TECHNOLOGY

5001 Beach Road
#09-82 Golden Mile Complex
Singapore 199588

Telephone: 65-392 2960 Facsimile: 65-392 2961
E-mail: telsing @singner.com.sg

Our Ref: FWK/dg/97/001/7167-01

3 January 1997

Jingslink Marketing Pte Ltd (via fax: 299 5893 & po. 1)
50 Jalan Sultan #10-08 ,

Jalan Sultan Centre

Singapore 198974

Attention : Mr Chan A-Lam
Dear Mr Chan

TAYWOOD ENGINEERING LIMITED CONSULTANCY
XYPEX WATERPROOFING ADMIXTURE

Our meeting on 20 December 96 on the above refers.

The meeting was to review Xypex’s proposed methodology and give comments where necessary
enhance its relevance so that casting of a hot block/control block could be carried out. In this
respect and with reference to its proposed methodology (Attached as Appendix A), please find
TEL’s comments as follow:

TEST SITE

o Itis not the intention to establish the adiabatic temperature curve of the cement, therefore the
trial block size of 2.0m x 2.0m x 0.9m is satisfactory.

e Inorder that heat loss through the sides of the trial block is minimised, 100mm thick
polystyrene insulation is necessary.

CONCRETE
o Concrete mix shall be as per prescribed design indicated in the methodology.

e The control mix design should be made known for purposes of comparison and evaluation of
the prescribed mix. '

e No comments have been made by TEL with regards to placing, compacting and finishing
concrete. These are workmanship specifications and have no bearing on this scope of study.




CURING
 The prescribed curing method shall be as per methodology document recommended by Xypex.

TEMPERATURE

o The ambient temperature should be recorded at more frequent intervals, preferably at least 3
hourly.

COMPRESSIVE STRENGTH (CUBES)

 Frequency of sampling of concrete shall be as per methodology document recommended by
Xypex.

COMPRESSIVE STRENGTH (CORES)

e 100mm diameter cores preferably should be taken instead of 7Smm diameter.

¢ Strength shall be tested as per methodology document on 7 days and 28 days. The contractor
shall also sample and test cores at other periods to establish the strength gain, if this is desired
for planning his works.

SCANNING ELECTRON MICROSCOPY (SEM) TEST

* 3 nos. of samples shall be taken as per methodology document. Review of the permeability test
methods and relevance is still ongoing.

A control sample shall be cast subject to same procedures similar to the prescribed mix. All tests
shall also apply to the control mix.

Yours sincerely
P

Fong Weng Khiong
Projects Manager

Encl. : Xypex Proposed Methodology (4 pages).
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SUPER'\MX CONCRETE PTE . TD
__— CONCRETE MIX DESIGN
: Canstructaon of Plle Foundation and Main

Date

: Panta Oeaan Construction Co Ltd

: 13;Apg:"1 986

I3

1.1 Coan_steﬁ Grade
1.2 Concrete Type
Siump for Ceoncrete

40 N/mm2

Pump Mix-&—"""

125 mm

54 Characteristic Strength

‘Designad Standard Deviation

4.57 N/mm2

40 Njmrm2 at 28 days below which 5% of
tsst results may be expected to fall.

o —————e

IR

S

2.3 Deasigned Margm 1.64 x 4.57 N/mmZ = 7. 50 N/mrrz
24 target Maan Srength 40 + 7.50 N/mm2 = 47.50 Nfmm2
55 Specifiod Water/Coment Ratio 0.41 L §
) 4 : 7.
2,131 Cement § oPC | Brand :PMOW (S) ,o G.:3.15 g
13.2 Fine T Nawral | iSize ‘Gradingto (3.G. 1261 i
i Aggregate ; S8 31 \ Surtace Dry) :
i 13.3 Coares ' Crushed 'Size :20 mm S 1 2.62
o Aggregate ! (Sxface Drv} |
L ' v —
| 3.4 Water PUB g
2;3.5 Admixture i Cormix P4 855 ml/100kg of cement
-! | | {(Piasticizer & Retarder) ;
13.6 Reagent 'I Cormux SP1 400 mil/1G0kg of cement '
. ! | (Superplasticizer) ;
: ] % i
| 4.14.1 Cement Content ‘ 410 kg/m3 ;
4.2 Water Content 170 kg/m3
4.3 Concrete Density 2353 kg/m3 i
14.4 Proportion of Fine Aggregate 42.9 % i
14.5 AT Content 2%
5..|5.1 Suramary (kg/ma) o
Ceme;j.i | Water - Fine Aggregate |Coarse Aggregate Admixture | Reagent
4ol 170 758 1010|3177 197
Watar/Cement Ratio 41% | Percentags of Fine Aggregate 4292 %
8. {Remerks “The char acteristic strength shall conform to BS 5328 & S8 280
This design mix is done under surface dry and sa‘u:ated -conditions.
IR
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Figure 1 : Monitoring of Temperature on G40 Concrete at First 7 Days
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_ APPENDIX C

SETSCO SERVICES PTE LTD TEST REPORT

TEMPERATURE MONITORING

CUBE COMPRESSIVE STRENGTH

CORE SAMPLING & COMPRESSIVE STRENGTH

SCANNING ELECTRON MISCROSCOPY

WATER PERMEABILITY



) SETSCO SERVICES PTE LTD

SE['SCO LOCATION: MAILING ADDRESS:
Bukit Chermin Rd, 337 Telok Blangah Rd,
-- Singapore 098832. Singapore 098832.
Tel: 2700988 -

Teletax: 2700911

Your Ref: JM/SC/SAC/214/976 Our Ref: B 20179/XLP Date: 24/03/97
TEST REPORT Page 1 of 13

(This Report is issued subject to the conditions set out overieaf)

Subject : Temperature Monitoring, Compressive Strength Test, Water
Permeability Test and Scanning Electronic Microscopic (SEM)
Examination on the control and treated concrete with XYPEX Admix
C-2000 Waterproofing were requested by Jingslink Marketing Pte Ltd
on 10/01/97.

Tested for : 1. Jingslink Marketing Pte Ltd
50 Jalan Sultan Road
- Jalan Sultan Centre
~ Singapore 198974
Attn.: Mr. Chan A-Lam

2. XYPEX Australia
Concrete Waterproofing Manufacturmg Pte Ltd
45 Union Road
Lavington NSW 2641
Austrahia
Attn.: Mr. Loch W. Jackson

Method of Test : Proposed methodology for conduct of field test of XYPEX
Admix C-2000 by Australian Manufacturers of XYPEX.
Project Reference : Art Centre Project
The Esplande - Theatres on the Bay.
— Description
of Sample :  Oneno. of 2.0 x 2.0 x 0.9m concrete block treated with
XYPEX Admix C-2000 was cast on 14/01/97.
One no. of 2.0 x 2.0 x 0.9m control concrete block was cast
on 22/01/97. ‘
The above castings was done at Marina Square for Art Centre project
and witnessed by Setsco & PWD officials.
- B 20179/50/gsr 2 .
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SETSCO

B 20179/XLP ) Page 2 of 13

1. Temperature monitorihg on Control and Treated Concrete
with XYPEX Admixture C-2000 Waterproofing

The "K" type Thermo Couples were put into the position of the block prior to the concrete
placement. The distribution of the thermo couples and marking numbers are given as follows:

Treated Concrete: Marking No.:
Position of the thermo couplesr:

One point in the centre of the block ... -
Four points in the corner of the top surface of the block
Four points in the corner of the bottom surface of the block
One point in the centre of the top surface of the block - 15
Two points in the centre of the bottom surface of the block
Four points in the centre of the four sides surface of the block 10, 11, 12,13
Two points for shaded ambient temperature - 17, 18
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Control Concrete
Position of thermo couples:

One point in the centre of the block -

1
Four points in the corner of the top surface of the block - 4,17, 10, 13
Four points in the corner of the bottom surface of the block - 58,11, 14
One point in the centre of the top surface of the block - 3
One point in the centre of the bottom surface of the block - 2
Four points in the centre of the four sides surface of the block - 6,9, 12,15
Two points for shaded ambient temperature - 16, 17

The thermo couples were connected to a Data Logger and the temperature in the concrete blocks
were recorded every 30 minutes during the first 7 days after concreting.

All the temperature readings against the time are showr: in tie Appendix 1.

Figures 1 and 2 show the change in temperature readings at different times for three measuring
points including ambient temperature. The three measuring points presented in Figures 1 and 2
were selected from the points with the highest temperature (centre of block) and 2 points with

the lowest temperature (corner of blocks). The temperature readings on the other points fall
within the above limited points in Figures 1 and 2.
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2. Compressive Strength Test

Cubes 15 nos 150 x 150 x 150mm cubes of control and treated concrete each were
received from Penta-Ocean Construction Co. Ltd. All the cubes were ¢ured-
in water until the age of test. Compressive strength test on the cubes were -
determined in accordance with BS 1881 Pt : 116 : 1983. The compressive
strength test results are shown in Tables 1 and 2.

Cores 2 nos-of $ 100 x 900mm cylinders of control and treated concrete each were
cored near the centre of the block at 7 and 28 days at Marina Square by
Setsco (please see photographs 1 and 2 attached). The compressive strength
on the concrete cores were determined in accordance with
BS 1881 : Pt 120 : 1983. The results of the compressive strength test are
given in Table 3.

Water Permeability Test

I

According to the test method, the objective of this test was to measure the rate of outflow of
water from the concrete test specimen.

2 nos of ¢ 150 x 900mm cylinders of control and treated concrete each were cored near the
centre of the block at 7 and 28 days at Marina Square by Setsco, (please see photographs 3 and
4 attached).

1 no of #150 x 50mm test specimen each was cut from the top, middle and bottom of the control
and treated core sample. The water pressure on the test specimen was applied by incremental
increase as follows: )

1.4 bar on the 1st day
2.8 bar on the 4th day
4.2 bar on the 7th day
7.0 bar on the 10th day and maintained for 7 days

The volume of water percolating through the samples weré collected from the bottom of the test
specimens daily. The results are shown in Table 4.

4. Scanning electronic microscopic examination

Scanning electronic microscopic examination was conducted on the cores taken from the upper
portion of the control concrete and concrete treated with XYPEX Waterproofing at 28 days.
(Please see photographs 5 and 6 attached for microscopic view of control concrete and
photographs 7 and 8 attached for microscopic view of treated concrete).
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BUILDING TECHNOLOGY DEPARTMENT
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Figure 1
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Photographs 7 & 8 :
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SEM on treated concrete with XYPEX Admix C-2000 Waterproofing

at 28 days.
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