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1 Introduction  
This report summarises the results of the proficiency testing interlaboratory study of NZTA T28: 
2024 Test Method for the Determination of the Dry Density and Water Content Relationship of 
Aggregate (Draft v6.1). The study was conducted between May and August 2024 by WSP NZ with 
the support of the NZ Transport Agency Waka Kotahi and the Civil Engineering Testing 
Association of New Zealand (CETANZ). 

1.1 Study Purpose and Design 
This study had three objectives: 

1. Assess the participating laboratories (“labs”) proficiency in performing the prescribed test 
method and if the amended procedure has improved the reproducibility of the test over 
the current test method NZS 4402: 1986 Test 4.1.3. 

2. Assess the impact (if any) of using a clamping system for the mould used in the prescribed 
test method. 

3. Assess the impact (if any) of taking water content measurements before compaction (via a 
subsample) vs. after compaction in the prescribed test method. 

Labs were provided with two AP40 aggregate samples conforming to TNZ M/4:2006. The two 
samples were from separate sources and chosen for their known difference in material 
composition.  

For each aggregate sample, the labs were required to complete two NZTA T28: 2024 (Draft) MDD-
OWC curves: 

1. Using a mould clamped to the loading frame base plate – with water content 
measurements taken before and after compaction 

2. Using a mould unclamped to the loading frame base plate – with water content 
measurements taken before and after compaction 

The current test method does not mandate a clamping system for the mould. 

A total of 18 labs who had the equipment prescribed in the test method (hammer and frame) 
agreed to participate in the study and received the samples. 

For each sample, the labs were required to complete the NZTA T28: 2024 ILS Results Return Sheet 
(Appendix A3) 
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2 Methods and Analyses 

2.1 Test Method 
The test method used by the labs was the NZTA T28: 2024 Test Method for the Determination of 
the Dry Density and Water Content Relationship of Aggregate (Draft v6.1) with additional 
instructions provided in ILS - NZTA T28: 2024 - Notes for participating laboratories. 

Both of these documents can be found in Appendix A1 and A2 respectively. 

The reported results were verified by a recalculation of the correction factor (NZTA T28: 2024 
Section 6) which was applied to the reported test measurements and an analysis of the resulting 
curve. In the event of any discrepancies in the reported vs. verified result, the verified result was 
used in the analysis. 

 

2.2 Analyses 
A summary of the analyses undertaken is provided in Table 2.1 and further detailed in Sections 2.2.1 
to 2.2.4. 

Table 2.1: Summary of analyses 

Objective  Analysis of the proposed test method 

Proficiency and 
Reproducibility 

Z-score and Uncertainty of Measurement 
o MDD (clamped) 
o OWC (clamped) 
o MDD (unclamped) 
o OWC (unclamped) 

Impact of clamping 
Paired sample t-tests 

o MDD - clamped vs unclamped. 
o OWC - clamped vs unclamped. 

Impact of water content 
(WC) measurements  

Paired sample t-tests 
o OWC – WC measured before vs. after (clamped). 
o OWC – WC measured before vs. after (unclamped). 

 

2.2.1 Proficiency of NZTA T28: 2024 (Draft v6.1) 

The proficiency analyses were measured via Z-scores per lab and uncertainty of measurement 
using the CETANZ ‘Uncertainty of Measurement Master Ver. 3 June 2022’ calculator. Z-scores give 
a measure of how far a result is from a mean value and gives a score to each result relative to the 
other results in the group. A Z-score close to zero indicates good agreement with those from other 
labs, while a value greater than or equal to 3.0 is considered as an outlier. 

2.2.2 Reproducibility of NZTA T28: 2024 (Draft v6.1) 

The reproducibility, R, of the MDD and OWC results between-labs were calculated for both 
samples using the methodology specified in ASTM E 691-23. With each lab testing one curve per 
test configuration, repeatability within-labs, r, was not assessed. 
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2.2.3 Impact of Clamping 

The impact on the mean MDD and OWC results from clamping vs. not clamping the mould to the 
base of the hammer frame was evaluated using paired sample t-tests, with the null hypothesis 
(H0c) that the means of the two groups (µ1c and µ2c) would be equal (i.e. clamping has no impact) 
e.g:  

H0c: μ1c = μ2c 

This analysis provided a p-value which is a statistical measurement to validate the hypothesis, 
where the lower the p-value the greater the level of statistical significance. In this study, a p-value 
greater than 0.05 signifies the null hypothesis is validated (clamping has no impact), while a p-
value less than or equal to 0.05 signifies the null hypothesis is rejected and the alternative 
hypothesis (H1c) is validated (clamping has an impact). 

2.2.4 Effectiveness of Water Content Measurements 

The impact on the mean MDD and OWC results from taking water content measurements before 
vs. after compaction was evaluated using paired sample t-tests, with the null hypothesis (H0w) that 
the means of the two groups (µ1w and µ2w) would be equal (the water content measurements have 
no impact) e.g:  

H0w: μ1w = μ2w 

This analysis provided a p-value which is a statistical measurement to validate the hypothesis, 
where the lower the p-value the greater the level of statistical significance. In this study, a p-value 
greater than 0.05 signifies the null hypothesis is validated (the water content measurements have 
no impact), while a p-value less than or equal to 0.05 signifies the null hypothesis is rejected and 
the alternative hypothesis (H1w) is validated (the water content measurements have an impact).  
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3 Results 
The test information provided on all the return sheets from the participating labs is provided in 
Appendix B1. The tables of results for all test configurations for Samples 1 and 2 are provided in the 
Proficiency Results report in Appendix B2.  

19 labs were initially contacted to participate however one was removed as a participating lab prior 
to the study (Lab 12). Of the 18 participating labs, three did not return a result (Lab 6, 14, and 16), 
and two were rejected due to insufficient information in the Return Sheet to allow for the 
verification of the results (Lab 13 and 18). The results from the remaining 13 labs were used for the 
analyses. Additional notes on the data quality is detailed in Section 4.3. 

 

3.1 Proficiency of NZTA T28: 2024 (Draft v6.1) 
The summarised results, averages and the corresponding Z-scores from the labs for the NZTA T28: 
2024 (Draft v6.1) test method are provided in Table 3.1. The Z-scores are charted in Figure 3.1 and 
Figure 3.2.  

The data in these tables and figures correspond to the test conditions of the mould clamped to 
the base plate, and water contents measurement after compaction, as mandated by NZTA T28: 
2024 (Draft v6.1). 

Table 3.1: NZTA T28: 2024 (Draft v6.1) laboratory results and Z-scores 

 Lab test results  Z-scores 

 Sample 1 Sample 2  Sample 1 Sample 2 

Lab ID 
MDD 
(T/m3) 

OWC 
(%) 

MDD 
(T/m3) 

OWC 
(%) 

 
MDD OWC MDD OWC 

1 2.35 5.5 2.36 4.4  0.17 -0.13 1.06 -1.19 
2 2.28 6.0 2.29 4.6  -2.09 0.56 -0.84 -0.88 
3 2.33 5.6 2.30 6.2  -0.47 0.01 -0.56 1.53 
4 2.36 5.1 2.35 5.9  0.50 -0.67 0.79 1.08 
5 2.37 7.3 2.30 4.3  0.82 2.33 -0.56 -1.34 
7 2.34 5.2 2.34 5.4  -0.15 -0.54 0.52 0.33 
8 2.31 6.4 2.26 5.7  -1.12 1.10 -1.65 0.78 
9 2.33 6.0 2.27 4.5  -0.47 0.56 -1.38 -1.03 
10 2.34 5.0 2.33 5.3  -0.15 -0.81 0.25 0.17 
11 2.33 5.3 2.31 4.9  -0.47 -0.40 -0.29 -0.43 
15 2.38 4.4 2.39 5.0  1.14 -1.63 1.88 -0.28 
17 2.36 5.1 2.34 5.0  0.50 -0.67 0.52 -0.28 
19 2.40 5.8 2.33 6.2  1.79 0.28 0.25 1.53 
          

Max. 2.400 7.3 2.390 6.2  |Z-score| < 1  
Min. 2.280 4.4 2.260 4.3  1 ≤ |Z-score| < 2  

Range 0.12 2.9 0.13 1.9  2 ≤ |Z-score| < 3  
Average 2.34 5.59 2.32 5.18  |Z-score| ≥ 3  
Std. dev. 0.031 0.73 0.037 0.66      

UoM 0.06 1.46 0.08 1.33      
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Figure 3.1: NZTA T28: 2024 (Draft v6.1) MDD Z-scores 

 

 

Figure 3.2: NZTA T28: 2024 (Draft v6.1) OWC Z-scores 

Across both samples, 0 outliers (Z-score ≥ 3.0) were identified from the 13 results analysed for both 
the MDD and OWC results. For the MDD results, one had a Z-score ≥ 2.0 (Lab 2) for Sample 1 only, 
and one had an OWC Z-score ≥ 2.0 (Lab 5) for Sample 1 only, indicating an overall good 
performance was achieved by the participants analysed. 

3.2 Reproducibility of NZTA T28: 2024 (Draft v6.1) 
The reproducibility of NZTA T28: 2024 (draft) to determine the MDD and OWC for both samples is 
provided in Table 3.2 and Table 3.3. This data corresponds to the test conditions of the mould 
clamped to the base plate, and water contents measurement after compaction, as mandated by 
NZTA T28: 2024 (Draft v6.1).  
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In addition to Sample 1 and 2, the sample “TNZ6” has been included as a point of comparison from 
the New Zealand Vibrating Hammer Compaction Test Interlaboratory Study (Ball, 2008). TNZ6 
was described as an AP40 aggregate sample conforming to TNZ M/4:2006 with a target 6% water 
content, the most closely matching sample 1 and 2.  

Table 3.2: Dry density between-laboratories reproducibility. (TNZ6 source: Ball, 2008) 

Sample 
Average Dry 

Density (T/m3) 
Between-lab Std. 

Deviation, SR 
Reproducibility, 

R 

Sample 1 2.344 0.031 0.087 

Sample 2 2.321 0.037 0.103 
    

TNZ6 2.351 0.084 0.212 

 

Table 3.3: Water content between-laboratories reproducibility. (TNZ6 source: Ball, 2008) 

Sample 
Average water 

content (%) 
Between-lab Std. 

Deviation, SR 
Reproducibility, 

R 

Sample 1 5.592 0.733 2.053 

Sample 2 5.185 0.662 1.853 
    

TNZ6 4.853 0.798 2.233 

 

For both samples, a significant improvement in the reproducibility of the MDD results was 
observed, and a minor improvement of OWC results, compared to the TNZ6 sample. It should be 
noted however that this comparison is made across different studies with different sized datasets 
(28 labs in Ball, 2008 vs. 13 labs in this report,) and should be viewed as indicative only.  

Ball noted that the reproducibilities produced in the 2008 study were significantly greater than 
precision specified in BS EN 13286-03 of 0.054 T/m3 for a gravel sub-base. That would still apply for 
the reproducibility results of Sample 1 and 2 (0.087 and 0.103 T/m3 respectively), however BS EN 
13286 was updated in 2021 and removed all precision data specifications for this test for reasons 
unknown.  

Ball also noted that ASTM D7382-07 had not yet determined a reproducibility specification, and 
that remained the case when ASTM D7382 was updated in 2020.  

As such, evaluation of reproducibility of the MDD and OWC results to existing standards are not 
possible. Once the method is finalised, a full repeatability and reproducibility study would be 
recommended. 

3.3 Impact of Clamping 
The results from the labs for clamped vs unclamped test configurations provided in Figure 3.3 to 
Figure 3.6, with Z-score comparisons in Appendix B2. 
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Figure 3.3: Sample 1 MDD Results Clamped vs Unclamped 

 

 

Figure 3.4: Sample 2 MDD Results Clamped vs Unclamped 
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Figure 3.5: Sample 1 OWC Results Clamped vs Unclamped 

 

 

Figure 3.6: Sample 2 OWC Results Clamped vs Unclamped 

 

Table 3.4: Paired sample t-tests results for Sample 1 clamped vs unclamped 
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0 
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0 
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Table 3.5: Paired sample t-tests results for Sample 2 clamped vs unclamped 

Sample 2 

Objective Test condition Property P-value Significance 

Impact of 
clamping 

MDD - clamped vs 
unclamped 

MDD before WC 
MDD after WC 

0.58 
0.84 

0 
0 

OWC - clamped vs 
unclamped 

OWC before WC 
OWC after WC 

0.25 
0.18 

0 
0 

 

In the significance column, 0 and 1 corresponds to H0c and H1c respectively. The results and 
corresponding p-values resulting from the paired sample t-tests for both MDD and OWC has 
determined there is no statistical significance between clamped and unclamped conditions for 
both Sample 1 and 2. Additionally, there is no clear trend in the standard deviations and 
uncertainties of measure (Appendix B2) that would indicate clamped or unclamped is more 
precise. 

 

3.4 Impact of Water Content Measurements 
The results from the labs for water contents taken before vs. after in all test configurations are 
provided in Figure 3.7 to Figure 3.10, with Z-score comparisons in Appendix B2.  

 

Figure 3.7: Sample 1 clamped OWC results – Before vs. After  
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Figure 3.8: Sample 1 unclamped OWC results – Before vs. After  

 

 

Figure 3.9: Sample 2 clamped OWC results – Before vs. After  
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Figure 3.10: Sample 2 unclamped OWC results – Before vs. After  

 

Table 3.6: Paired sample t-tests results for Sample 1 water content before vs after 

Sample 1  

Objective Test condition Property P-value Significance 

Impact of 
water content 
measurements 

OWC – water measured 
before vs. after (clamped) 

OWC clamped 0.24 0 

OWC – water measured 
before vs. after (unclamped) 

OWC unclamped 0.00 1 

 

Table 3.7: Paired sample t-tests results for Sample 2 water content before vs after 

Sample 2 

Objective Test condition Property P-value Significance 

Impact of 
water content 
measurements 

OWC – water measured 
before vs. after (clamped) 

OWC clamped 0.00 1 

OWC – water measured 
before vs. after (unclamped) 

OWC unclamped 0.00 1 

 

In the significance column, 0 and 1 correspond to H0w and H1w respectively. The results and 
corresponding p-values resulting from the paired sample t-tests for OWC has determined there is 
statistical significance between water contents taken before vs. after for all conditions tested, with 
the exception of Sample 1 under the clamped condition. 

Across all conditions tested, the OWC results have a smaller standard deviations and uncertainties 
of measure (Appendix B2) where water contents are measured after compaction. 
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4 Conclusions and Notes 

4.1 Key Findings: 
• In evaluating the overall performance of NZTA T28: 2024 Test Method (Draft v6.1), across 

both samples, 0 outliers (Z-score > 3.0) were identified from the 13 results analysed for both 
the MDD and OWC results. For the MDD results, one had a Z-score ≥ 2.0 (Lab 2) for Sample 
1 only, and one had an OWC Z-score ≥ 2.0 (Lab 5) for Sample 1 only, indicating an overall 
good performance was achieved by the participants analysed. 

• A significant improvement in the reproducibility of the MDD results and a minor 
improvement of OWC results was observed for both samples compared to previous 
studies. 

• In evaluating the impact of clamping, it was determined that there is no statistical 
significance between the clamped and unclamped conditions tested. 

• In evaluating the impact of water content measurements take before vs. after compaction, 
it was determined that there was a statistical significance over most test configurations.  

 

4.2 Recommendations: 
• While the use of a system to clamp the mould to the baseplate would be considered good 

practice to restrict the mould from wandering or jumping (any movement of the mould 
means a loss in compaction energy), the data analysed in this study has shown no 
statistical significance between clamped and unclamped conditions, and no clear 
difference in standard deviations and uncertainties of measure to recommended either 
clamped or unclamped moulds being used in NZTA T28: 2024. 

• Water contents should be taken after compaction – the data demonstration there was 
statistical impact, and water contents taken after compaction had a smaller standard 
deviation and uncertainty of measurement across all test configurations. 

• Accreditation for this test method will be required. 

• Based on the outcomes of this study and consultation with the industry, a full repeatability 
and reproducibility study on the finalised test methodology be carried out.  

• Consideration should be given towards replacing the mandated hammer in any final 
version of NZTA T28: 2024 with general hammer specifications, in the event that the 
mandated hammer is discontinued or altered by the manufacture without warning. 

 

4.3 Data Quality 
Of the 18 participating labs (after the removal of Lab 12), three did not return a result (Lab 6, 14, and 
16), and two (Lab 13 and 18) were rejected due to insufficient information in the Return Sheet to 
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allow for the verification of the results (this information was unable to be provided when 
contacted). The results from the remaining 13 labs were used for the analyses.  

• The participating laboratory sample size is smaller than normally required for a robust 
interlaboratory study, due in part to the requirement in the test method of the specific 
hammer model and frame, of which there are a limited number in New Zealand. As a 
comparison, Ball (2008) received data from 33 of 34 participating labs and used the results 
from 28 labs, rejecting 5.  

• Of the 13 labs that returned results of sufficient quality, there remained some issues of note: 

o Labs 1 and 15 reported using tampers with a foot diameter of 145.3 and 145.05 mm 
respectively, slightly smaller than the specified 148 ± 2 mm diameter. Their 
respective results did not fall outside the range of results and remained within one 
standard deviation of the remaining results averages, so these results were not 
rejected. Lab 18 also used a 145.05 mm diameter foot, however Lab 18 results had 
already been rejected due to missing information as mentioned above. 

o Lab 1 reported using a hammer weight of 36.6 kg, slightly heavier than the specified 
35 ± 1 kg. As above, Lab 1 results were not rejected as the results were mostly within 
one standard deviation of the remaining results averages. 

o Analysis of all MDD/OWC data reported found that Labs 4, 5, 11 produced some 
curves with ill-defined peaks which would normally require further data points on 
the curve.  

• The T28 test method introduces additional steps in obtaining MDD/OWC results in 
comparison to NZS 4402: 1986 Test 4.1.3, such as obtaining the solid densities and water 
contents of the aggregate splits at 26.6 mm, and more notably the application of a 
correction factor applied to the results. While this does increase the complexity of the test 
and may have contributed to difficulties some laboratories had in performing the method 
correctly, the method is not considered to be overly complex or beyond the capability of 
accredited laboratories.  
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Appendix A 

A.1 NZTA T28: 2024 Test Method for the Determination of the 
Dry Density and Water Content Relationship of Aggregate 
Draft v6.1 
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A.2 ILS – NZTA T28: 2024 – Notes for Participating 
Laboratories 
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A.3 NZTA T28: 2024 ILS Results Return Sheet 
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Appendix B 

B.1 Return sheet test information 
Sample 1 return sheet summary (as reported) 

 

Mass of 
hammer, 
tamper 

and 
sliding 

hammer 
clamp 

Steel 
tamping 

foot 
diameter 

Hammer 
date of 

purchase 

Approx. 
no. of 
MDD 
tests 
done 
using 

hammer 

Approx. 
no. of 

CBR tests 
done 

using the 
hammer 

Approx. 
no. of ITS 

tests 
done 

using the 
hammer 

Approx. 
no. of 

UCS tests 
done 

using the 
hammer 

Mean 
internal 

diameter 
of mould 

Mean 
height of 
mould - 
collar to 
base/spa

cer 

Mean 
mass of 
mould, 
collar 
and 

spacer (if 
any) 

Lab ID kg mm Month-Yr No. No. No. No. mm mm g 
Lab 1 36.6 145.3      151.1 178.9 8091.9 

Lab 2        151.99 178 7458 

Lab 3 34.228 149.1 Apr-24 0 0 0 0 152 177.5 7915 

Lab 4 35.1 149 Jun-23 150 150 22 40 150.9 178 7770 

Lab 5 34.346 149.1 Dec-23 2 4 0 0 152.0 177.3 7373.0 

Lab 6           

Lab 7 35 149 May-24 0 0 0 0 152.2 177.5 9728.8 

Lab 8 34.6 150  0 0 0 0 152 210.5 8001.4 

Lab 9 35.343 149.2 Oct-21 142 154 ~450  152.0 176.3 0.0 

Lab 10 34 145.1 2019 >100 >100 0 0 151.77 177.33 7322.0 

Lab 11 34.486 150 Nov-23 0 0 0 0 151.5 177.5 13619.0 

Lab 13 14746 149 May-23 59 140 120 3 152 176.5 11168 

Lab 14           

Lab 15 35.219 145.05 Jun-24 200 172 155 72 152.04 176.36 8334 

Lab 16           

Lab 17 34135.6 148.92 Jun-24 0 0 0 0 149.6 183.6 12292.9 

Lab 18 34594.4 145.02 Jun-24 2 0 0 0 151.8 178.0 7325.4 

Lab 19 34.7 149  1 0 0 0 152.4 183.7 7223.0 

Sample 2 return sheet summary (as reported) 

 

Mass of 
hammer, 
tamper 

and 
sliding 

hammer 
clamp 

Steel 
tamping 

foot 
diameter 

Hammer 
date of 

purchase 

Approx. 
no. of 
MDD 
tests 
done 
using 

hammer 

Approx. 
no. of 

CBR tests 
done 

using the 
hammer 

Approx. 
no. of ITS 

tests 
done 

using the 
hammer 

Approx. 
no. of 

UCS tests 
done 

using the 
hammer 

Mean 
internal 

diameter 
of mould 

Mean 
height of 
mould - 
collar to 
base/spa

cer 

Mean 
mass of 
mould, 
collar 
and 

spacer (if 
any) 

Lab ID kg mm Month-Yr No. No. No. No. mm mm g 
Lab 1 36.6 145.3      151.1 178.9 8091.9 

Lab 2        151.99 178 7458 

Lab 3 34.228 149.1 Apr-24 0 0 0 0 152 177.5 7920 

Lab 4 35.1 149 Jun-23 152 150 22 40 151.5 177 7759 

Lab 5 34.346 149.1 Dec-23 2 4 0 0 152.0 177.3 7373.0 

Lab 6           

Lab 7 35 149 May-24 0 183 0 0 152.2 177.5 9690.7 

Lab 8 34.6 152  2 0 0 0 152 209.7 8002.5 

Lab 9 35.343 149.2 Oct-21     152.0 176.3 0.0 

Lab 10 34 145.1 2019 >100 >100 0 0 151.76 177.33 7329.0 

Lab 11 34.486 150 Nov-23 2 0 0 0 151.5 177.5 13619.0 

Lab 13 14746 149 May-23 59 140 120 3 152 176.5 11168 

Lab 14           

Lab 15 35.219 145.05 Jun-24 200 172 155 72 152.04 176.36 8334 

Lab 16           

Lab 17 34135.6 148.92 Jun-24 2 0 0 0 149.6 183.6 12289.1 

Lab 18 34594.4 145.02 Jun-24 4 0 0 0 151.8 178.0 7325.4 

Lab 19 34.7 149  1 0 0 0 152.4 183.6 7223.0 
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B.2 T28 Proficiency Results Report 
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