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PE N ETR O N ® AD M IX TE ST  R E PO RTS

ABSORPTION TESTING

12/1/2002 ACCI REF. NO.: 58324

 University of New South Wales: Australian Centre for Construction Innovation

Properties of Type GP Cement Concrete Modified with Penetron Admix

Testing Water Absorption and AVPV (AS 1012.21) and Water Sorptivity (RTA Test Method T362)

Results:  See Table 4.4-1 The concrete Mix-P containing Penetron Admix had both slightly lower water absorption and AVPV 
values than the control concrete Mix-C. See TAB Water Sorptivity (RTA Test Method T362) has been used by RTA (NSW) as an 
assessment test for quality assurance in the RTA QA Specification B80 for Concrete Works for Bridges.  The test results clearly 
shown that the use of Penetron Admix in Concrete Mix-P resulted in a reduction of the water penetration depth to 60% of that of 
the control concrete Mix-C.  Also, the water penetration depths of both concretes are much less than the maximum permitted depth 
of 25 mm for the exposure classification B1 and 35 mm for the exposure classification A required in the RTA (NS) QA Specification 
B80. 

TABLE 4.4-1 WATER ABSORPTION AND AVPV (AS 012.21)

Test Item Mix-P Mix-C

Water Absorption 6.35% 6.48%

Apparent Volume of Permeable Voids 14.35% 14.88%

TABLE 4.5-1 WATER SORPTIVITY PENETRATION DEPTH (RTA-T362

Test Item Mix-P Mix-C

Water Sorptivity Penetration Depth (RTA-T362) 10.2 16.4

12/1/2003 ACCI REF. NO.:  J#61707

 The University of New South Wales: The Australian Centre for Construction Innovation

 Testing Properties of a commercial Concrete Mix Modified with Penetron Admix

 

Results:  The water absorption and the apparent volume of permeable voids (AVPV) in hardened concrete were tested according to 
AS 1012.21.  According to the acceptance criteria of VICROADS based on AVPV for concrete in various exposure classifications, 
the acceptable AVPV value for exposure classification B1 and B2 is less or equal to 15% and 14% respectively.  Penetron Admix 
modified concrete satisfied both criteria.  Exposure classification B2 is described in AS3600 as such “permanently submerged in sea 
water” and the classification B1 includes several exposure environments less aggressive than B2. 

TABLE 3

Water Absorption 6.00%

Apparent Volume of Permeable Voids 13.62%
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3/29/2006 REPORT NO.: 06-1918

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Laboratory Testing of Penetron Admixture As Per NCHRP-244 Methods

WATER ABSORPTION AFTER SOAKING IN 15% NACL SOLUTION FOR 21 DAYS

Type of Treatment Weight, Gain % (*)

Control (Untreated) 2.89

Control - Untreated (Exposed to UV Light) 2.92

Penetron Treated 0.57

Penetron Treated (Exposed to UV Light) 0.60

* All test results are average of triplicate tests

RELATIONSHIP BETWEEN WATER ABSORPTION AND CHLORIDE ION CONTENT

Type of treatment
Chloride Ion content, % 

(0-2” depth)
% Weight Gain 21 days in 15% 

NaCl Solution
Calculated percent chloride ion in solution 

absorbed

control (Untreated) 0.263 2.89 9.1

control (Untreated) 
Exposed to UV light

0.267 2.92 9.1

Penetron treated 0.027 0.57 4.7

Treated  
(Exposed to UV Light)

0.029 0.60 4.8

REDUCTIONS OF WATER ABSORPTION AND CHLORIDES INTO CONCRETE

Type of treatment Reduction of Water Absorption into Concrete, % Reduction into Chloride Content in Concrete, % (*)

Penetron Treated 80.2 89.7

Penetron Treated 
(Exposed to UV Light)

79.5 89.1

* 0-2 inch depth 

POLITECHNIKA KRAKOWSKA (TECHNICAL UNIVERSITY IN KRAKOW) 

Testing Report of Concrete Additive Penetron Admix

Results:  Absorption by weight, Penetron Admix treated Concrete I/I showed -nw of 4.7% as compared to control concrete I which 
showed -nw=6.7%.  Penetron Admix treated Concrete II/I showed -nw of 4.5% and the control concrete II showed -nw of 6.6%.
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AIR CONTENT TESTING

12/01/06 ACCI REF. NO. 58324 - AIR CONTENT

The University of South Wales

The Australian Centre for Construction Innovation - Properties of Type GP Cement Concrete Modified with Penetron Admix 

Results:  The air content of fresh concrete in Mix-P was measured to be 1.7%, which was lower than that of 3% in the control mix 
and which was measured according to AS 1012.4.2.  A lower air content generally results in denser concrete and may influence 
compressive strength

BLEEDING TESTING

12/01/06 ACCI REF.NO. 58324 - BLEEDING

The University of New South Wales: The Australian Centre for Construction Innovation

Properties of Type GP Cement Concrete Modified with Penetron Admix

Results:  The bleeding of concrete in Mix-P was 3.2% which was also lower than that of 5.2% for the control mix

        CHEMICAL RESISTANCE TESTINGTESTING

12/01/05 ACCI REF.NO. 58344 - LENGTH CHANGE IN SULPHATE SOLUTION (AS 2350.14)

 The University of New South Wales: The Australian Centre for Construction Innovation

 Properties of Type GP Cement Concrete Modified with Penetron Admix

 

 
 
 
 

 

Table 4.8-1 EXPANSION IN MICROSTRAIN

Immersion Time 
(week)

0 2 4 6 8 10 12 14 16

Mix-P 0 106 165 224 271 334 419 489 591

Mix-C 0 69 139 176 218 295 345 386 463



17 T O T A L  C O N C R E T E  P R O T E C T I O N ™T H E  P E N E T R O N ®  S Y S T E M

����������������������������

�� � � � � � � � � � � � � � �� � � � � � ���� � � � � � � � � ��
���������������������������������������������������

� � � � � � � � � � � �

*Copies of  the fu l l  tes t  repor t  documents are ava i lab le upon request .   P lease contact  your PENETRON® representat ive .

8/31/2006 REPORT NO.: 2004A102007

Shanghai Research Institute of Building Sciences

Chemical Resistance of Penetron Admix Modified Mortar after soaked in various chemical solutions for 60 days.

Results: Penetron Admix mortars were observed to have better resistance to chemicals than control mortars.

        CHLORIDE RESISTANCE TESTINGTESTING

12/01/02 ACCI REF.NO.58324 - CYCLIC CHLORIDE PENETRATION (ACCI METHOD)

The University of New South Wales: The Australian Centre for Construction Innovation

Properties of Type GP Cement Concrete Modified with Penetron Admix

Results:  After 14 days cyclic exposure in 15% salt solution and drying at 40°C show the Chloride Penetration Depth (mm) to 
be 19.7 for Mix-P and 26.6 for Mix-C. The ACCI accelerated chloride penetration test demonstrated at 35% reduction in the 
accelerated chloride penetration depth with the use of Penetron Admix in concrete Mix-P compared to the control concrete Mix-C. 

8/31/2004 REPORT NO.: 2004A102007

Shanghai Research Institute of Building Sciences

Chloride Ion Penetration of Concrete: Hardened Concrete: Accelerated Chloride Penetration

Chloride Ion Diffusion Coefficient of Concrete 

Results: Chloride ion diffusion coefficient can directly indicate penetration velocity of chloride ions through the concrete specimens. 
Penetron Admix could significantly reduce the passage of chloride containing solutions and improve concrete compactness. 
Penetron Admix modified concrete had a 30.8% reduction at 90 days when compared to control concrete with similar slump.

10/10/2005 REPORT NO. 05-4070A

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Laboratory Tests of Penetron Admix in Concrete

Results: As per AASHTO-T 277, Penetron Admix treated concrete showed very low chloride permeability with 750 charges passed/
coulombs.  The control concrete showed high chloride permeability with 4130 charges passed/coulombs. 
 

3/29/2006 REPORT NO.: 06-1918

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Laboratory Testing of Penetron Admixture As Per NCHRP-244 Methods

Results:  As per the requirements of the National Cooperative Highway Research Program Report 244, there was considerable 
reduction in the chloride content in the specimens treated with the Penetron.  The reduction in chloride absorption by weight 
percent were:
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Treatment Reduction

Penetron Treated 89.7

Treated (Exposed to UV) 89.1

 
 

 
 

CHLORIDE (CL-) ION CONTENT OF CONCRETE CUBES AFTER 21-DAYS SOAKING IN 15% NACL SOLUTION (*) (**)

Type of Treatment
Chloride Ion Content % by Weight of Concrete

0-1 Inch Depth 1-2 Inch Depth

Control (Untreated) 0.244 0.021

Control (Untreated) Exposed to UV Light 0.246 0.021

Penetron Treated 0.023 0.004

Penetron Treated (Exposed to UV Light) 0.024 0.005

* The background chloride content of the concrete was 0.001%.  All results were corrected by subtracting the background value from the chloride 
results.  
** All test results are the average of triplicate tests

WATER ABSORPTION AFTER SOAKING IN 15% NACL SOLUTION FOR 21 DAYS

Type of Treatment Weight, Gain % (*)

Control (Untreated) 2.89

Control - Untreated (Exposed to UV Light) 2.92

Penetron Treated 0.57

Penetron Treated (Exposed to UV Light) 0.60

* All test results are average of triplicate tests 

RELATIONSHIP BETWEEN WATER ABSORPTION AND CHLORIDE ION CONTENT

Type of treatment
Chloride Ion content, % (0-2” 

depth)
% Weight Gain 21 days in 15% 

NaCl Solution
Calculated percent chloride 

 ion in solution absorbed

Control (Untreated) 0.263 2.89 9.1

Control (Untreated) 
Exposed to UV light

0.267 2.92 9.1

Penetron treated 0.027 0.57 4.7

Treated (Exposed to UV 
Light)

0.029 0.60 4.8

REDUCTIONS OF WATER ABSORPTION AND CHLORIDES INTO CONCRETE

Type of treatment
Reduction of Water Absorption into 

Concrete, %
Reduction into Chloride Content in Concrete, % (*)

Penetron Treated 80.2 89.7

Penetron Treated (Exposed to 
UV Light)

79.5 89.1
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* 0-2 inch depth

5/1/2006 REPORT NO.: 06-3241

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Shrinkage, Modulus, Resistance to Chlorides & Creep Test of Penetron Admixture Treated Concrete

Resistance to Chloride Penetration

Age, days Depth, inches
Chloride (CI)  Contents (*)

mg/kg lbs./cu yard

60
0.0625 to 0.50

0.50 to 1.0
37
24

0.14
0.09

90
0.0625 to 0.50

0.50 to 1.0
42
26

0.16
0.10

(*) The dry unit weight of the concrete was 3915 lbs./cu. yard.

COMPRESSIVE STRENGTH TESTING

01/05/1998 REPORT NO.:  B22906/DJ/1

Setsco Services PTE LTD

Determination of compressive strength, water absorption, water permeability and scanning electronic Microscopic (SEM) 
Examination on concrete cubes treated with Penetron Admixture 

Result:  According to BS 1881: Pt 166: 1993

TABLE 1: COMPRESSIVE STRENGTH

Sample Reference Concrete treated with Penetron Admix

Specimen Reference 1 2 3 4 5 6 7 8 9

Size Of Cube (mm) 150

Date Of Cast 01/12/97

Date Of Test 08/12/97 15/12/97 29/12/97

Age At Test (days) 7 14 28

Compressive Strength (N/
mm²)

34.0 34.0 33.5 38.0 38.5 38.5 41.0 41.5 41.5

Average Compression 
Strength (N/mm²)

34.0 38.5 41.5

01/22/1998 REPORT NO.:  B22906/DJ/2

Setsco Services PTE LTD

Determination of compressive strength on concrete cubes treated with Penetron Admixture 

Result:  According to BS 1881: Pt 166: 1993
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TABLE 1: COMPRESSIVE STRENGTH

Sample Reference Concrete treated with Penetron Admix

Specimen Reference 1 2 3

Size Of Cube (mm) 150

Date Of Cast 01/12/97

Date Of Test 26/01/98

Age At Test (days) 56

Compressive Strength (N/mm²) 45.0 43.0 44.0

Average Compression Strength (N/
mm²)

44.0

05/31/2001 REPORT NO.:  A3747/WCW

Setsco Services PTE LTD

Report on Performance Assessment of Penetron Waterproofing Admixture

Results:  The compressive strength of concrete cubes made and tested at 28 days averaged 47.50 N/mm².  The 7 days strength 
averaged at 44.0 N/mm².  In some cases, there were little gain in strength from 7 to 28 days and in others, the gain was as much 
as 14%.  The average 7 and 28 days compressive strength of the control concrete was 41.5 and 46.0 N/mm² respectively.  The 
figures show that the admixture did not have any adverse effect on the strength of the concrete.

09/01/02 ACCI REF. NO.:  58036

The Australian Centre for Construction Innovation; University of New South Wales

An Investigation of Plastic and Other Early Age Properties of a Concrete Containing Penetron Admix

Results: The compressive strength of the Mix-PX at age 3 days was 1.37 times that of the control mix Mix-CT.  At the age of 
7 days, the compressive strength of Mix-PX was 1.30 times that of the control.  The addition of Penetron Admix into concrete 
increased the early concrete strength significantly.

TABLE 2: TEST RESULT OF CONCRETE AT 3 AND 7 DAYS

Test Item Mix- PX (Control) Mix-CT (Admix)

Compressive Strength at 3 Days 23.0 MPa 16.7 MPa

Compressive Strength at 7 Days 31.4 MPa 24.2 MPa

SSD Density at 7 Days 2372 kg/m³ 2341 kg/m³
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12/01/02 ACCI REF. NO. 58324

The Australian Centre for Construction Innovation; University of New South Wales

Properties of Type GP Cement Concrete Modified with Penetron Admix

 
 

 
 

 
 

 
 

 

11/11/03 REPORT NO.: 2003CB1133

Sirim Qas International Sdn. Bhd., Malaysia

MS 26: Part 2: 1991: Method of Testing Concrete Part 2: Method of Testing Hardened Concrete: Section Three:  Method for 
determination of the Compressive Strength of Concrete Slabs

Results:  After 7 days, the sample with Admixture showed an average compressive strength of 25 MN/m² opposed to the control, 
which showed a compressive strength of 24.5 MN/m².  After 28 days, the sample with Admixture showed an average compressive 
strength of 36 MN/m2 and the control showed a compressive strength of 34.5 MN/m².

12/01/03 ACCI REF. NO.:  J#61707

The University of New South Wales: The Australian Centre for Construction Innovation

Testing Properties of a Commercial Concrete Mix Modified with Penetron Admix 

Results:  Compressive Strength at 3, 28 and 91 days (AS 1012.9)

Table 1. Compressive Strength of Concrete at 3, 28, and 91 Days

Concrete Age (day) 3 28 91

Compressive Strength (MPa) 22.2 39.6 43.5

08/31/04 REPORT NO: 2004A102007

Shanghai Research Institute of Building Sciences 

Research Report on Performance Improvement of Concrete and Mortar treated with Penetron and Penetron Admix Compressive 
strength, flexural strength and tensile strength of concrete specimens according to China Standard.

Results:  Penetron Admix enhanced the workability and plastic properties of concrete by reducing the water demand.  The addition 
of Penetron Admix increased compressive, flexural and tensile strengths, and significantly reduced chloride permeability when 
compared to control concrete with similar slump.  
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POLITECHNIKA KRAKOWSKA (TECHINICAL UNIVERSITY IN KRAKOW) 

 Testing Report of Concrete Additive Penetron Admix

 
Results:  After 28 days, the sample treated with Penetron Admix I/I showed a result of 46MPa opposed to the control (untreated) 
concrete I, which showed 42MPa.  Penetron Admix II/I showed a result of 45MPa as compared to control II of 43 MPa.

10/10/2005 REPORT NO. 05-4070A

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Laboratory Tests of Penetron Admix in Concrete

Results: As per ASTM-C39, Penetron Admix treated concrete showed improvements over the control (untreated) concrete with a 
higher compressive strength.

5/1/2006 REPORT NO.: 06-3241

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Shrinkage, Modulus, Resistance to Chlorides & Creep Test of Penetron Admixture Treated Concrete

Result:  The concrete mix tested meets the high performance concrete requirements of the NJ DOT specification requirements for 
the parameters tested.

Compressive Strength (ASTM C-39)

Cylinder No. Age, days psi

A  28 5290

B 28 5230

C 56 5880

D 56 5910

CRACK HEALING TESTING

12/1/2006 ACCI REF.NO. 58324 - AUTOGENOUS CRACK HEALING CAPACITY (ACCI METHOD)

The Australian Centre for Construction Innovation; University of New South Wales

Properties of Type GP Cement Concrete Modified with Penetron Admix
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CREEP TESTING

5/1/2006 REPORT NO.: 06-3241

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Shrinkage, Modulus, Resistance to Chlorides & Creep Test of Penetron Admixture Treated Concrete

Results:  The concrete mix tested meets the high performance concrete requirements of the NJ DOT specification requirements for 
the parameters tested.

Creep Test (ASTM C-512)

Cylinder No.
Creep: inch/inch/psi

2 months 20 years (*)

1 1.05 x 10- 6 0.31 x 10- 6

2 1.08 x 10- 8 0.32 x 10- 6

(*) Estimated from ACI Journal Proceedings 66 (12, December 68)

DRYING SHRINKAGE TESTING

12/01/02 ACCI REF. NO.:  58324

The Australian Centre for Construction Innovation; University of New South Wales

Properties of Type GP Cement Concrete Modified with Penetron Admix

Results:  The results of standard drying shrinkages of the two concretes are shown in the following Table 4.3-1.  The drying 
shrinkage values of the two concretes were very similar at each age despite the slump of Mix-P (130mm) being much higher than 
that of Mix-C (80mm).  After the drying period of 56 days, the drying shrinkages of Mix-P and Mix-C were both relatively low at 
455 and 443 micostrains respectively. These shrinkage values are much lower than the maximum shrinkage of 700 microstrains 
under exposure classification B1 and B2, and 600 microstrains under exposure classification C specified in the RTA (NSW) QA 
Specification B80 for “Concrete Works for Bridges”.

TABLE 4.3-1 DRYING SHRINKAGE OF CONCRETE (AS 1012.13)

Drying Shrinkage (microstrain)

Drying Age A (day) 0 4 7 14 21 28 56 91

Mix-P 0 100 145 229 292 337 455 524

Mix-C 0 81 119 205 276 323 443 505

12/01/03 ACCI REF. NO.:  J#61707

The University of New South Wales: The Australian Centre for Construction Innovation

Testing Properties of a Commercial Concrete Mix Modified with Penetron Admix 

Results:  Drying shrinkage of the concrete was measured with three prism samples according to AS 1012.13.  The monitoring of 
changes in the specimen length due to drying shrinkage was extended from the normal period of 56 days to 91 days.
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TABLE 2. DRYING SHRINKAGE OF CONCRETE (AS 1012.13)

Drying Age (day) 0 4 7 14 21 28 56 91

Drying Shrinkage (microstrain) 0 121 169 269 355 404 530 598

5/1/2006 REPORT NO.: 06-3241

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Shrinkage, Modulus, Resistance to Chlorides & Creep Test of Penetron Admixture Treated Concrete

.
Result:  The concrete mix tested meets the high performance concrete requirements of the NJ DOT 
specification requirements for the parameters tested

DRYING SHRINKAGE 

Condition Age, days % Shrinkage (*)

In Water
7 0.011

28 0.013

In Air
7 0.018

28 0.020

(*) Average of duplicate specimens 

ELASTICITY TESTING

5/1/2006 REPORT NO.: 06-3241

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Shrinkage, Modulus, Resistance to Chlorides & Creep Test of Penetron Admixture Treated Concrete

Result:  The concrete mix tested meets the high performance concrete requirements of the NJ DOT specimen requirements for the 
parameters tested.

MODULUS OF ELASTICITY (ASTM C-469)

Cylinder No. Age, days psi

A  28 4.65 x 10 6

B 28 4.61 x 10 6

C 56 5.42 x 10 6

D 56 5.47 x 10 6 
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FREEZFREEZE-THAW RESISTANCE TESTING

2/3/2004 REPORT NO.: 73/04

Tallinn Technical University Testing Center: Building Materials’ Testing Laboratory of the Institute of Construction Production, 
Estonia

Determination of Frost Resistance of Concrete Cubes

Results: The pressure resistance of the concrete cubes was determined following the requirements of COST 10180-90 and frost 
resistance according to the requirements of COST 10060-87 II method.  The cube treated with Penetron Admix did not change in 
mass during the determination of their frost resistance.  The other cubes experienced an average of loss of 0.1% in mass.  The 
average pressure resistance of the cubes comparing with the figures of the control cubes had fallen to 3.7%.  

10/10/2005 REPORT NO. 05-4070A

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Laboratory Tests of Penetron Admix in Concrete

Results: As per NY DOT Method of 502-3P, the concrete specimens were subjected to a 3% sodium chloride solution in 25 cycles 
of freeze thaw.  The Penetron Admix treated specimen showed good durability under severe freeze thaw conditions with an 
average of 0.74% weight loss opposed to the control specimen with a 4.97% weight loss.

5/1/2006 REPORT NO.: 06-3241

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Shrinkage, Modulus, Resistance to Chlorides & Creep Test of Penetron Admixture Treated Concrete

Results:  The concrete mix tested meets the high performance concrete requirements of the NJ DOT specification requirements for 
the parameters tested.

FREEZE-THAW DURABILITY (ASTM C-666)

Specimen No. % Weight Loss Relative Durability, % (*)

A 0.06 97.4

B 0.09 98.0

C 0.08 97.8

Average: 0.08 97.7

(*) ASTM C-494 requires a minimum durability factor of 80%
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PERMEABILITY TESTING

01/05/1998 REPORT NO.:  B22906/DJ/1

Setsco Services PTE LTD

Determination of compressive strength, water absorption, water permeability and scanning electronic Microscopic (SEM) 
Examination on concrete cubes treated with Penetron Admixture 

Results:  DIN 1048: Pt 5: 1991

TABLE 2:  WATER PERMEABILITY TEST

Sample reference Concrete treated with Penetron Admix

Specimen reference 1 2 3 4 5 6

Date of cast 01/12/97

Date of water pressure 
applied

08/12/97 30/12/97

Age At Test (days) 7 29

Water pressure applied (N/
mm²)

0.5

Duration of test (hours) 72

Depth of penetration (mm) 18.8 22.4 18.8 11.0 11.0 9.7

Average depth of penetration 
(mm)

20.0 10.6

05/31/2001 REPORT NO.:  A3747/WCW

Setsco Services PTE LTD

Report on Performance Assessment of Penetron Waterproofing Admixture

Results:  Penetron Admixture has evidently reduced the porosity and permeability even of a water tight control and laboratory 
prepared concrete without reducing the water cement ratio.  The improvement is expected to be more pronounced in concrete of 
lower quality and concrete cast in-situ.  The coefficient of water permeability of the treated concrete is in the range of 10–13 m/s.  
Based on the guidelines given in DIN 1045, the treated concrete complies with the requirements for water resistant/waterproof 
concrete.  

11/28/2002 UNIT OF GEO-TECHNICAL STUDIES, FACULTY OF CIVIL ENGINEERING, UNIVERSITY OF ALEPPO, SYRIA.

Technical Report About The Activity of Penetron Admix Industrial Material in The Impermeability of Beton Castings

Results: The beton samples, to which the Penetron Admix Synthetic material is added, showed good results in high pressure (6-8 
bar) permeability. The highest impermeability was observed on 10-14 day after treatment. 
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12/1/2002 REPORT:  ACCI REF. NO. 58324

The Australian Centre for Construction Innovation, Properties of Type GP Cement Concrete Modified with Penetron Admix

Water Permeability Test (ACCI Method)

Results: According to a review of permeability test methods published by British Concrete Society, concretes with permeability 
coefficients below 1 x 10-12 are considered to be very good while concrete with permeability coefficients between 1 x 10-12  m/sec 
are considered to be acceptable.

TABLE 4.9-1 COEFFICIENT WATER PERMEABILITY (ACCI-METHOD)

Test Item Mix-P (Treated Sample) Mix-C (Control Sample) Water Permeability Coefficient Reduction

Coefficient of Water 
permeability (m/sec)

1.76 x 10-12 7.24 x 10-12 Water Permeability Test (ACCI Method)

6/29/2005 REPORT NO.:  38/2005

University of Bologna: Department of Earth, Geological and Environmental Sciences

Water absorption at atmospheric pressure and under pressure conducted on a total of 42 cylindrical concrete samples.

Results: Water absorption under atmospheric pressure shows that after 28 days of immersion, the sample treated with Penetron 
Admix showed a mean of 1.82 for WMS and 1.98 for WMT.  The control showed results of 3.60 WMS and 3.94 WMT.  The results for 
water absorption under pressure expressed in mm of penetration at pressures of 700kPa and 2000 kPa indicate that the sample 
with Penetron Admix shows a mean of 4.8 kPa=700mm and 7.6 kPa=2000mm.  The control shows a result of 15.3 kPa=700mm 
and 22.7kPa=2000mm.

10/10/2005 REPORT NO. 05-4070A

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Laboratory Tests of Penetron Admix in Concrete

Results: As per ASTM-D 5084, the Penetron Admix treated concrete showed improvements of an average permeability of 2.45x10-10 
cm/sec over the control (untreated) concrete of 3.66 x 10-8 cm/sec.

3/29/2006 REPORT NO.: 06-1918

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Laboratory Testing of Penetron Admixture As Per NCHRP-244 Methods
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POLITECHNIKA KRAKOWSKA (TECHINICAL UNIVERSITY IN KRAKOW) 

Testing Report of Concrete Additive Penetron Admix

Results:  Concrete with Penetron Admix I/I showed W28 (1.0MPa) and the control concrete I showed W8 (0.8MPa).  Concrete with 
Penetron Admix II/I showed W30 (3.0MPa) to the control concrete II of W9 ( 1.4MPa)

SCALING RESISTANCE TESTING

10/10/2005 REPORT NO. 05-4070A

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Laboratory Tests of Penetron Admix in Concrete

Results: Specimens used were 12x12x3” with a salt solution of calcium chloride.  After 50 cycles of freeze thaw, specimens 
were rated according to ASTM-C672.   Penetron Admix concreted showed very slight scaling opposed to the control (untreated) 
concrete, which showed moderate to severe scaling.

3/29/2006 REPORT NO.: 06-1918

Sor Testing Laboratories, Inc., Cedar Grove, NJ

Laboratory Testing of Penetron Admixture As Per NCHRP-244 Methods

Results:  The scaling resistance test results indicated that the Penetron treated concrete had only trace amount of 
scaling, while the control samples had moderate to severe scaling when exposed to chloride salts under freeze-
thaw conditions.

TEST RESULTS OF ASTM C-672

Sample ID After 100 Cycles of Freeze-Thaw (*)

Control (Untreated) Moderate to Severe Scaling

Penetron Treated Trace Scaling

* Three specimens per treatment 

SEM X-RAY ANALYSIS

05/31/2001 REPORT NO.:  A3747/WCW

Setsco Services PTE LTD

Report on Performance Assessment of Penetron Waterproofing Admixture
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10/25/2002 REPORT NO.:  A6127/CHF

Setsco Services PTE LTD

Microscopic Analysis on the Concrete Cores From Retaining Wall at Changi Airport Terminal 3

Results:  A lot of coarse-grained elongated crystals were seen lining the crack.  All these crystals showed low birefringence under 
crossed polarized microscope.  The coarse grained elongated crystal contained mainly Ca, O, Si.  The fine-grained needle-like 
crystal was predominantly made up of Ca, Si, O, S, and Al, which was probably ettringite.  

12/1/2002 ACCI REF. NO.: J060673 & J061037

University of New South Wales: Australian Centre for Construction Innovation

Microscopic Examination of Crystalline Products in Penetron Admix Modified Concrete Samples After a Crack Healing Test Result

Results: The observations from a comprehensive SEM examination of the Penetron Admix modified Type GP concrete samples 
demonstrate significant evidence of a crystallization mechanism by which the Penetron Admix reacts with cement hydrates to form 
characteristic crystalline networks and effectively seal cracks in the modified concrete.

TABLE 1.  CRACK HEALING CAPACITY (ACCI-METHOD)

Crack Healing Time (from Concrete Age 21 Days)
Relative Leakage Rate through Cracks in Penetron Modified Concrete 

(Mix-P)

0 Days 100%

21 Days 88%

70 Days 27%

151 Days 12%

SETTING TIME TESTING

12/01/06 ACCI REF.NO.58324 - INITIAL SETTING TIME AND FINAL SETTING TIME

 The University of New South Wales: The Australian Centre for Construction Innovation

Properties of Type GP Cement Concrete Modified with Penetron Admix

Results:  Initial setting time for the Mix-P was 20 minutes shorter than that of the control mix, while the final setting time of Mix-
P ws 45 minutes shorter.  The short setting time in conjunction with less bleed is generally beneficial to concrete construction 
because of a reduced time period between concrete casting and surface finishing on site. This was determined according to the 
procedures of AS 1012.18.

SLUMP TESTING

12/1/2003 ACCI REF. NO.:  J#61707

The University of New South Wales: The Australian Centre for Construction Innovation

Testing Properties of a commercial Concrete Mix Modified with Penetron Admix

Results:  The slump test of fresh concrete was carried out at the time of arrival of the concrete truck at the ACCI Laboratory.  The 
slump of the concrete batch was measured to be 80mm. 
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12/01/02 ACCI REF. NO. 58324

The University of New South Wales:  The Australian Centre for Construction Innovation 

Properties of Type GP Cement Concrete Modified with Penetron Admix

Results:  While the target slump was 80 mm for both concrete batches, the slump of Mix-P (130mm) was found to be much 
higher than that of the control Mix-C (80mm) when tested at the ACCI (Slump test undertaken with fresh concrete according to 
AS 1012.3.1 with the designed target slump of 80mm for both concrete mixes)  A possible explanation is that the addition of the 
Penetron Admix into Mix-P had significantly increased the indicated workability of the concrete.
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REVIEW OF PENETRON ADMIX TEST REPORTS BY SETSCO SERVICES IN SINGAPORE 
 
1.  Introduction

This review is intended for the use of Reverton Engineering (S) Pte Ltd and is based on the documents provided by 
Reverton Engineering (S) Pte Ltd as listed in Section 2.  The specific objectives are:

1.1       Performance of Penetron in comparison to control mix without Penetron.
1.2       Detection of crystals in microstructure of hardened concrete containing Penetron.
 
2.  Documents
2.1 ICS Penetron – Integral Capillary Permanent Waterproofing System
2.2 Report on Performance Assessment of Penetron Waterproofing Admixture (Ref:A3747/WCW) prepared for 

Reverton Engineering (S) Pte Ltd by Wong Chung Wan, Karen Tay Yen Ping and Chen Hong Fang of SETSCO 
Services Pte Ltd dated 31/05/2001.

2.3 Test Report (Ref:A6127/CHF) prepared by SETSCO Services Pte Ltd dated 25/10/02 titled Microscopic Analysis 
on the Concrete Cores from Retaining Wall at Changi Airport Terminal 3.

2.4 Test Report (Ref: A6348/JAS/1) prepared by SETSCO Services Pte Ltd dated 21/01/2003, entitled Determination 
of Water Penetration on 150mm Concrete Cubes Submitted by Reverton Engineering (S) Pte Ltd on 16/01/2003.

2.5 Test Report (Ref: A6348/JAS/2) prepared by SETSCO Services Pte Ltd dated 31/01/2003, entitled Determination 
of Water Penetration on 150mm Concrete Cubes Submitted by Reverton Engineering (S) Pte Ltd on 16/01/2003.

2.6 Test Report (Ref: A6349/JAS/1) prepared by SETSCO Services Pte Ltd dated 31/01/2003, entitled Determination 
of Water Penetration on 150mm Concrete Cubes Submitted by Reverton Engineering (S) Pte Ltd on 16/01/2003.

2.7 Test Report (Ref: A6349/JAS/2) prepared by SETSCO Services Pte Ltd dated 30/01/2003, entitled Determination 
of Water Penetration on 150mm Concrete Cubes Submitted by Reverton Engineering (S) Pte Ltd on 16/01/2003.

2.8 Test Report (Ref: A6352/JAS/1) prepared by SETSCO Services Pte Ltd dated 17/02/2003, entitled Determination 
of Water Penetration on 150mm Concrete Cubes Submitted by Reverton Engineering (S) Pte Ltd on 10/02/2003.

2.9 Test Report (Ref: A6352/JAS/2) prepared by SETSCO Services Pte Ltd dated 17/02/2003 entitled Determination 
of Water Penetration on 150mm Concrete Cubes Submitted by Reverton Engineering (S) Pte Ltd on 10/02/2003.

2.10 Test Report (Ref: A6352/JAS/3) prepared by SETSCO Services Pte Ltd dated 26/02/2003, entitled Determination 
of Water Penetration on 150mm Concrete Cubes Submitted by Reverton Engineering (S) Pte Ltd on 10/02/2003.

2.11 Test Report (Ref: A6352/JAS/4) prepared by SETSCO Services Pte Ltd dated 26/02/2003, entitled Determination 
of Water Penetration on 150mm Concrete Cubes Submitted by Reverton Engineering (S) Pte Ltd on 10/02/2003.

2.12 Review of results of Tests on Concrete with Penetron Admixture (Ref: G1174/WCW) prepared for Reverton 
Engineering (S) Pte Ltd by Wong Chung Wan of SETSCO Service Pte Ltd dated 04/04/03.

2.13 Test Report (Ref: A6612/JAS/1) prepared by SETSCO Services Pte Ltd dated 07/04/2003, entitled Determination 
of Water Penetration on 150mm Concrete Cubes Submitted by Reverton Engineering (S) Pte Ltd on 02/04/2003.

2.14 Test Report (Ref: A6612/JAS/2) prepared by SETSCO Services Pte Ltd dated 23/04/2003, entitled Determination 
of Water Penetration on 150mm Concrete Cubes Submitted by Reverton Engineering (S) Pte Ltd on 02/04/2003

2.15 Test Report (Ref: A6577/JAS) prepared by SETSCO Services Pte Ltd dated 27/04/2003, entitled Determination of 
Water Penetration on 150mm Concrete Cubes Submitted by Reverton Engineering (S) Pte Ltd on 27/03/2003

2.16 Test Report (Ref: A6665/JAS/1) prepared by SETSCO Services Pte Ltd dated 28/04/2003, entitled Determination 
of Water Penetration on 150mm Concrete Cubes Submitted by Reverton Engineering (S) Pte Ltd on 23/04/2003.

2.17 Test Report (Ref: A6665/JAS/2) prepared by SETSCO Services Pte Ltd dated 09/05/2003, entitled Determination 
of Water Penetration on 150mm Concrete Cubes Submitted by Reverton Engineering (S) Pte Ltd on 23/04/2003.

2.18 Copies of two pages containing tabulated results of Water Penetration tests – DIN 1048:Part 5:1991, Water 
Permeability Tests – Housing and Development Board Test Method for Coefficient Permeability and Stiffening 
Time for treated and control concrete test samples.

2.19 Copies of four sheets of compressive strength test results by SETSCO Services Pte Ltd dated 25/01/03, 27/01/03, 
15/02/03, and 17/02/03 respectively.

Test reports are listed in chronological order.  All the listed documents in this Section are not reproduced in this Review but 
they should be read together with the comments in this Review.
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3. Review On Documents

The documents listed in Section 2 above are reviewed either individually or in groups as indicated under each sub-
heading.

3.1            Document 2.1
This document is a brief summary on the waterproofing admixture “Penetron” describing the mechanism of formation of 
crystalline barriers.  Basically, the admixture contains active silicates that can react with the calcium hydroxide liberated 
by the hydration of the Portland cement in concrete mixes.  These additional products are formed in the capillaries of the 
cement paste structure and in voids or cracks present in the concrete. 

3.2            Document 2.2
This Report is a review of test results based on concrete prepared with ordinary Portland Cement at a water-to-cement 
ratio of  0.46.  The water content is 185 kg/m3 , cement content of 398 kg/m3 and the dosage of Penetron used in the 
treated mix is 0.8 kg per 100 kg of cement (3.18 kg for a cement content of 398 kg/m3).

The compressive strength of the mixes with and without the addition of Penetron had similar compressive strength at 28 
days.  The water penetration data (DIN 1045) at 7, 21 and 28 days showed a significant reduction (40 to 60%) in penetration 
depth.   “Crystallization of additional cementitious materials” was observed “in pores such as capillaries, cracks and bleed 
water tracts” under 3000 to 4000 magnifications.  Coefficient of permeability values of 5 and 7 x 10-13 m/s were reported at 
ages of 28 and 7 days respectively for the mix with Penetron but no test was conducted on the control plain mix.

3.3            Document 2.3
This Report is on cores taken from locations with observed surface cracks for microscopic examination.  The concrete in the 
structure is likely to be similar to the mix with Penetron in Document 2.2 (same project was indicated in both Documents).  
The main finding is that “coarse-grained elongated crystals and fine grained needle-like crystals” are observed in cracks.  
The first is identified as calcium silicates and the second, “probably ettringite”.

3.4            Documents 2.4 to 2.11, Document 2.13 to 2.19
The results for each type of test are tabulated separately for comparison.

3.4.1 Mix Design
Mix 
Reference

Cement
(kg/m³)

Water
(kg/m³)

Sand
(kg/m³)

Course
  Agg. (kg/m³)

Daratard Mira 99
(ml/100kg cement)

Penetron
(kg/100kg cement)

Control 380 160 780 1000 800

0.8 Mix 380 160 780 1000 800 0.8

1.0 Mix 380 160 780 1000 800 1.0

The nominal water-to-cement ratio is 0.42 for both mixes.

3.4.2. Slump and Stiffening Times
 Mix Reference                     Control                   0.8 Mix                             1.0 Mix

            Slump – mm  120                     110                                      100

Initial – min                         345                     375                               480

Final – mm                         450                     510                               630

The mixes have similar slump but Penetron dosage increases stiffening times.  However, it should be noted that the report 
indicated that the test is in accordance with SS 320:1987 for which the two stiffening times are specified as to penetration 
resistance of 0.5 MPa and 3.5 MPa respectively and are not referred to as “Initial” and “Final”.  On the other hand ASTM 
C 403 defines penetration resistance of 3.5 MPa and 27.6 MPa as “Initial” and “Final” setting times respectively.  The test 
results are likely to be those in accordance with ASTM C 403 penetration resistance levels.
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3.4.3. Compressive Strength
Only the Control and 0.8 Mix result are provided.  The mean and range for each mix and test age are based on 3 batches 
of 3 cubes each (i.e. 9 cubes)

Mix Reference    Compressive Strength (Pa) 

      7 days – Mean       7 days – Range       28 days – Mean                   28 days - Range

Control              39.5               5.5              50.5                            3.5

0.8 Mix              38.0               3.5              55.5                            2.0

The addition of Penetron tends to lower early age strength but leads to a slightly higher 28 days strength.  A slower rate 
of early strength development often produces a better later age strength.  However, the differences are to likely to have a 
major effect on the other properties reported in the following sections.

3.4.4 Water Penetration to DIN 1048:part5:1991
The mean and range for each mix and test age are based on 3 samples.

Mix Reference                                                                           Depth of Water Penetration (mm)

7days-Mean  7 days - Range 28 days - Mean 28 days - Range

Control 28.7 3.2 21.7 3.3

0.8 Mix (Plant 1) 17.6 2.8 9.5 2.6

0.8 Mix (Plant 2) 12.3 5.1 14.1 5.2

The mean penetration for Plant 2 at the age of 28 days is higher than that at the age of 7 days. This is not as expected.  For 
both ages, the range of results is higher than the others.  In spite of this, the results indicate that the addition of Penetron 
has reduced the penetration depth to significant extent at both ages.  The results at 7 days are already lower than that of 
the control mix at 28 days.

3.4.5 Water Permeability
The mean and range for each mix and test age are based on 3 samples.

Mix Reference                                                                   Water Permeability Coefficient (m/s)

7 days – Mean 7 days – Range 28 days – Mean 28 days - Range

Control 16.5 x 10-13 1.3 x 10-13 18.6 x 10-13   4.0 x 10-13

0.8 Mix (Plant 1)  7.84 x 10-13 1.71 x10-13   6.05 x 10-13   1.35 x 10-13

0.8 Mix (Plant 2)  6.95 x 10-13  0.31 x 10-13   5.98 x 10-13   1.28 x 10-13

The addition of Penetron has reduced the permeability coefficient significantly.  The results at 7 days are already lower than 
that of the control mix at 28 days.

3.5 Document 2.12
The mix proportions indicated in this document show sand content of 780 kg/m3 and course aggregate content of 800 kg/m3 
and the others similar to those of the (0.8 mix) in document 2.15 (as shown in Section 3.4.1 above).  It is likely that the coarse 
aggregate in this document should also be 1000 kg/m3 (such that the density is in the expected range of 2300 to 2400 kg/m3).  

The scanning electron microscope image at 9,000 magnification shows only very small amount of needle-like crystals.  
Their identification of their composition is not yet available.  The cement used in this case is a high slag cement compared 
to ordinary Portland cement (Document 2.3) for which the reaction products of Penetron were observed.  Several factors 
may be advanced for the difference.
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*Copies of  the fu l l  tes t  repor t  documents are ava i lab le upon request .   P lease contact  your PENETRON® representat ive .

(a) The use of a high slag cement results in a denser paste structure and the slag is also in competition with the Penetron 
admixture for the available calcium hydroxide.

(b) The current mix has a water-to-cement ratio of 0.42 compared to the other at 0.46.  The water content of the current 
mix is 160 kg/m3 compared to the other at 185 kg/m3.  The volume of paste as well as the initial water voids of the current 
mix is lower.

(c) The crystals were observed, “in pores such as capillaries, cracks and bleed water tracts”.  The extent of these types of 
defects is expected to be present in the current sample to be much less.

4. CONCLUDING REMARKS

The test results in the documents listed under section 2 have been reviewed.  They clearly indicate the improvement in the 
permeability coefficient and reduction in penetration depth under the specific test methods used.

The dense structure of the high slag cement paste structure and the much lower extent of defects in the concrete has 
resulted in a very much less presence of reaction products from Penetron admixture added.

It is recommended that the paste structure of the control mix be examined to provide another source for comparison.

Prepared by Dr. Tam Chat  




