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FOREWORD

At the request of the Standing Committee on Concrete
Technology, the Public Works Central Laboratory (PWCL) of
the Matenials Division carried out a study ‘to examine the
suitability of using 100 mm cubes instead of 150 mm cubes for
concrete quality control purposes. The main objective of the
study is to investigate the suitability of specifying 100 mm
cubes in construction works and to propose suitable compliance
criteria for assessing the quality of concrete using the 100, mm
cubes.

Mr W.C. LEUNG was responsible for the overall
planning and supervision of the study. Mr K.S. HO assisted in
the analysis of the test results, and the technical staff of the
PWL assisted in carrying out the tests. Their contribution to the
study is gratefully acknowledged.

B.N. LEUNG
Chief Geotechnical Engineer/Materials (Atg)



ApaiikAaLl

Although the use of 150 mm concrele cubes for compliance testing is specified in the General
Specification for Civil Engineering Works (Hong Kong Government, 1992), the use of 100 mm
cubes has its advantages. It is easier to handle and can result in saving of slorage space, testing
time, materials and labour. Moreover, the 2000 kN compression testing machines, which are
used by most of the laboratories in Hong Kong, can be used to test high strength concrete if
100 mm cubes are used.

Al the request of the Standing Committee on Concrete Technology, the Public Works Central
Laboratory has conduected a study to examine the suitability of using 100 mm cubes in place
of 150 mm cubes for concrete quality control purpose. A total of 1484 cubes of various grades
of concrete were collected from six different projects and tested in accordance with the
Construction Standard - Testing Concrete (C51) (Hong Kong Government, 1990). This report
summarises the findings of the investigation.
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1. INTRODUCTION

Concrete is a construction material comprises of several constituents. Its quality depends
on its mix composition, the properties and consistency of its constituents as well as its
workmanship on site. All these can be quite variable and therefore the quality of concrete needs
stringent monitoring to ensure that it meets the required standard. Over the years, engineers
have developed many tests to assess concrete quality. The tests commonly used are the
compression test, tensile test, bending test, slump test, flow test, compaction factor test,
permeability test, water absorption test, sorptivity test and chloride diffusion test.

The compression test on concrete cubes and cylinders is the most commonly used test.
In Hong Kong and in the United Kingdom, cubes are commonly used, whilst in North America
concrete cylinders are used.

The General Specification for Civil Engineering (Hong Kong Government,1992) (G.S.)
specifies the use of 150mm cubes for comphance testing whereas the Mass Transit Railway
Corporation (MTRC) and the local concrete producers specify the use of 100mm cubes for
internal quality control.

Most of the tesling laboratories in Hong Kong are equipped with compression testing
machines with a maximum loading capacity of about 2000kN. These machines are capable of
testing 150mm cubes up to a strength of 90 MPa. With the development of high strength
concrele, it is not uncommon that concrete of strength exceeding 140 MPa is specified for use
in construction works. Such a high concrete strength is beyond the capacity of these machines.
The wear and tear of the machine platens due to such a high loading is also very high.

The use of 100mm cubes for compliance testing will alleviate such problems. The
100mm cubes are easier to handle and will result in saving of materials and labour. It will save
storage and curing space as well as testing time. The overall savings can be significant in
financial terms. However, engineers and architects are reluctant to specify the use of 100mm
cubes because of the perceived greater variability in their compressive strength over that of the
150mm cubes. Also, there is a lack of compliance criteria for the 100mm cubes as the General
Specification provides acceptance criteria based on 150mm cube strengths only.

In view of this, the Public Works Central Laboratories (PWCL) proposed in 1993 to
carry out an investigation to examine the suitability of using 100mm cubes for concrete quality
control purposes. This proposal was accepted by the Standing Commiltee on Concrele
Technology (SCCT) in mid-1993, and six construction projects were identilied to be suitable
for this investigation. The SCCT requested the PWCL to undertake the testing, analyse the data
and report the findings. As some of the project sites were in the New Territories, the cubes for
such contracts were cured and tested by the Regional Laboratories of the Materials Division.

2. LITERATURE REV[ EW

It has been well known that given the same mix, the strength of a concrete specimen is
mainly influenced by the following factors:

(a) the ratio of the size of the specimens to the maximum size of the aggregates;
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(b) the rate of application of the load;

(c) the moisture condition of the specimen;

(d) the end restraint due to the platens of the compression machine;

(e) the slenderness ratio of the specimens (i.e. the length to diameter ratio); and
(f) the specimen size.

For concrete cubes cast, cured and tested in accordance with the Construction Standard -
Testing Concrete (CS1) (Hong Kong Government, 1990), the equipment calibration and test
procedures will ensure that the influence of the factors mentioned in items (a) to (d) above on
the concrete strength is kept to a minimum. As the slenderness ratios of 100mm and 150 mm
concrete cubes are both equal to unity, the only factor that can significantly affect the concrete
strength is the specimen size.

Since concrete is composed of elements of variable strength, it is reasonable to assume
that the larger the volume of the concrete, the more likely it is to contain an element of weaker
strength. As a result, for a concrete specimen of the same balch, it is reasonable to expect that
its strength and its variability will decrease as the specimen size increases. Since the size effect
is a result of the inhomogeneity of the concrete, it follows that the more homogeneous the
concrete the smaller will be the size effect.

There are few publications available on the strength comparison of 100mm and 150mm
cubes. The published data were mostly on the comparison of the strength of concrete cylinders
of different sizes. Lessard (1990) found that the compressive strength of cylinders of 150mm
dia. by 300mm was about 94% that of cylinders of 100mm dia. by 200mm. Baalbaki et al
(1992) repeated the experiment on a total of 126 cylinders and found that the strength of the
cylinders of 150mm dia. was 93% that of cylinders of 100mm dia.. Neville (1977) suggested
that the strength of the 100mm cubes was about 104% that of the 150mm cubes.

Apart from the small difference in strength between the 100mm and 150mm cubes, a
slightly higher standard deviation in strength is also reported for the smaller specimens. Neville
(1977) reported that the standard deviation in strength of the 70mm cubes was between 50%
to 100% higher than that of the 150mm cubes. From the results of Baalbaki et al (1992), it can
be stipulated that the standard deviation in strength of the 100mm cylinders was on average
73% higher than that of the 150mm cylinders.

3. METHODOLOGY

A total of six projects were nominated for this investigation. These comprise five public
works projects and one MTRC project. The details of the projects together with the grades of
concrete proposed for this investigation are listed below:

(a) Grades 20 and 35 concrete from WSD Contract No. 25/W5D/92 -Sheung Shui
Treatment Works Stage II;

(b) Grade 35 concrete from DSD Contract No. CV/89/28 - Stanley Area Sewerage and
Sewage Disposal;

(c) Grade 30 concrete from Arch. SD Contract No. SSA389 - Special School at Area
14, Tin Shui Wai;

(d) Grade 50 concrete from HyD Contract No. HY/89/04 - West Kowloon Corridor -
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Yau Ma Tei Section, Stage IV, Phase I;

(e) Grade 40 concrete from MTRC Contract No. UA 11/91 - Central Reclamation, Phase
I: and

(f) Grades 20, 30 and 40 concrete from HyD Contract No. HY/93/01 - Access Road to
Wong Chuk Hang Estate.

It is intended that each project would cast at least 50 pairs of 100mm and 150 mm cubes
for each grade of concrete selected. Two pairs of 100mm and 150mm cubes would be cast from
the same batch of concrete in order to minimise strength variability. The cubes were cast, cured
and tested in accordance with Construction Standard CS51 (Hong Kong Government, 1990).

Casting of the cubes commenced on 20.5.1993 and ended on 12.6.1995. All the cubes
were cured and tested at 28 days of maturily by the PWL. A total of 1484 cubes were cast and
tested.

4. RESULTS

The compressive strengths of the 100mm and 150mm cubes were examined for extreme
results in accordance with the criterion specified in Clause 16.61(3) of the General specification
for Civil Engineering Works (Hong Kong Government,1992). The test results are discarded if
the difference between the compressive strenglhs of a pair of test cubes made from the same
batch of concrete exceeds 15% of their mean strength. A total of 1484 cubes were found to be
acceptable and are included in the analysis. The strengths of the 100mm and 150mm cubes
from the six projects and their means and standard deviations are given in Tables | to 9. A
summary of the means and standard deviations of the strengths for all the nine concrete mixes
is given in Table 10.

5. DISCUSSION
5.1  Mean Strength

As can be seen in Table 10, the 28-day strength of 100mm cubes is on the average about
5% higher than that of the 150mm cubes. This is close to the 4% reported by Neville (1977).
Higher strengths were obtained for the 100mm cubes in all projects. The ratio of the mean
strength of the 100mm cubes to that of the [ 50mm cubes varies from 1.03 to 1.09 with a mean
value of 1.05.

5.2 Standard Deviation

As can be seen in Table 10, except with the cubes of Grade 50 concrete from the West
Kowloon Corridor project, the standard deviations of the strength of the 100mm cubes are all
higher than that of the 150mm cubes. The mean standard deviation of the strength of the
100mm and 150mm cubes are 6.15 MPa and 5,57 MPa respectively. Therefore, the standard
deviation of the strength of the 100mm cubes is on average about (.58 MPa higher than that
of the 150mm cubes.
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5.3  Effect on Compliance Requirement

The current compliance criteria adopted in Civil Engineering works is specified in
Clause 16.61 of the G.S. (Hong Kong Government, 1992), which is reproduced in Table 11.
The compliance is based on two criteria: the average strength and the individual strength. Take
a Grade 30 concrete as an example. The G.S. requires that the average strength of any four
consecutive test results shall exceed the grade strength by a margin of 5 MPa (3MPa if the
standard deviation of at least 40 test results does not exceed SMPa). Each individual test result
shall be no more than 3 MPa below the grade strength. This is similar to that specified in the
British Standard (B55328: Part 4, 1990).

The CEB-CIB-FIP-RILEM Bulletin D’Information No. 110 (CEB-CIB-FIP-RILEM,
1975) gives a list of compliance criteria used in the European countries which is reproduced
in Table 12. As can be seen, the criterion adopted in UK is that the average strength obtained
from four consecutive test results shall be greater than the specified grade strength by a margin
of 0.82 times the standard deviation.

From the results of this investigation, the mean standard deviation of the strength of
150mm cubes was 5.57 MPa. Based on the compliance criterion in Table 12 for the UK codes,
the required strength margin is 4.6 MPa which is about the same as the 5MPa specified in the
G.S.. If the same criterion is to be applied to the 100mm cubes, the required margin will
become 5 MPa based on a mean standard deviation of 6.15 MPa. Thereflore, the 100mm cubes
should have a strength margin of 0.4 MPa higher than the 150mm cubes to allow for its higher
standard deviation in strength.

5.3.1 Compliance Criteria on the Individual Strength

The results of this investigation indicate that for the same batch of concrete, the strength
of the 100mm cubes is likely te be about 5% higher than the strength of the 150mm cubes. For
the commonly used concrete grades such as Grades 20, 30 and 40, this represent a 1.0 MPa,
.5 MPa and 2.0 MPa increase in strength values respectively for the 100mm cubes. The
increase is likely to be more significant for concrete with a higher strength (e.g. 3 MPa for
Grade 60 concrete).

The G.S. categorises all concrete grades into two main groups: namely those with a
grade strength below 20 MPa and those with a grade strength of 20 MPa or above (see Table
11). For concrele with a grade strength below 20 MPa, the likely increase in strength of the
[00mm cubes over the 150mm cubes is negligible. It is therefore proposed that the criterion
in column A of Table 11 for this catepory of concrete remains unchanged, i.e. each individual
test result should not be less than the grade strength by more than 2 MPa.

For concrete with a grade swength of 20 MPa or above, the G.S. specifies that the
individual result of 150mm cubes should not be less than the grade strength by more than 3
MPa. The likely minimum increase in strength, if the 100mm cubes are used, 15 1 MPa. It is
therefore proposed that for this calegory of concrete, each individual fest result of the 100mm
cubes should not be less than the grade strength by more than 2 MPa.

A revised proposal of the strength criterion for the individual test result is detailed in
column A of Table 13.
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5.3.2 Compliance Criteria on the Running Mean of Four Consecutive Test Results

The G.S. uses three compliance criteria to assess the acceptance of consecutive test
results: namely criteria C1, C2 and C3 as detailed in Table 11. Compliance criterion C3 applies
to concrete with a grade strength below 20 MPa. Compliance Criteria C1 and C2 apply to
concrete with a grade strength of 20 MPa or above. Compliance C2 applies if there is sufficient
evidence that the standard of quality control using similar materials and plant is such that the
standard deviation for at least 40 test results will not exceed 5 MPa.

As the standard deviation of the strength of 100mm cubes is about (.58 MPa higher than
that of 150min cubes, it is proposed that the 5 MPa criterion be changed to 5.5 MPa as shown
in Table 13.

The results of this investigation indicate that the 100mm cubes should have a margin of
0.4 MPa higher than the 150mm cubes to allow for its higher standard deviation in strength.
Furthermore, the strength of the 100mm cubes is likely to be about 5% higher than the strength
of the 150mm cubes. The combined effect of higher strength value and higher standard
deviation for the 100mm cubes is that the margin as specified in the G.S. should be increased.

The likely increase in strength of 100mm cubes for concrete with a grade strength below
20 MPa is less than 1 MPa. It is proposed that the compliance criterion C3 be increased from
2 MPa to 3 MPa.

For the commonly used concrete grades such as Grade 30 concrete, the likely increase
in strength is 1.5 MPa for the 100nun cubes. It is proposed that the compliance criteria for C1
and C2 be increased by 2 MPa (i.c. 7 MPa for compliance crileria Cl and 5 MPa for
compliance cfiteria C2).

The proposed compliance criteria are detailed in column B of Table 13.

6. CONCLUSIONS AND RECOMMENDATICNS

In response to SCCT s request, the PWCL coordinated an investigation to examine the
suitability of using 100mm cubes for concrete quality control purposes. Five public works
projects and one MTRC project took part in this investigation. Altogether, a total of 1484
cubes were cast, cured and tested. Based on the 28-day strength, the following conclusions can
be drawn:

a) The 28-day strength of 100mm cubes is on average about 5% higher than that of the
150mm cubes made from the same batch of concrete,

b) The standard deviation of the 100mm cubes is on average aboul 0.58 MPa higher than
that of the 150mm cubes.

c) Based on the compliance criterion adopted by the UK code, the 100mm cubes should
have a strength margin of 0.4 MPa higher than the |50mm cubes to allow for its higher
standard deviation in sirength.
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d) The G.S. (Hong Kong Government, 1992) categorises all concrete grades into two main
groups: those with a grade strength below 20 MPa and those with a grade strength of
20 MPa or above. The compliance criteria specified in the G.S. for the 150mm are
based on the running mean of four consecutive test results as well as on individual test
result. No compliance criterion was provided in the G.S. for the 100mm cubes.

e) The combined effect of higher strength value and higher standard deviation for the
100mm cubes is that the strength margin as specified in the G.S5. (for the 150mm cubes)
should be increased. Proposed compliance criteria for the 100mm cubes are detailed in
Table 13.
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Table 1-  Results of Tests on Grade 20 Cubes from Contract No. 25/W5D/92 Sheet 1 of 2
- Sheung Shui Treatment Works - Stage 11

Date Diate Batch 150 mm Cubes 100mm Cubes __Averageuy, |
Cast Tested Mumher Cube Stren Average;s; | Cobe Sl:rmg‘r.h Awmga_g_ Averages
21.09.93 19.10.93 5157108650 308 394
40.5 402 41.7 40.6 1.01
08 10.93 05.11.93 5157110013 26.5 27.0
259 262 286 27.3 |.06
1.11.93 29.11.93 5157112451 33.0 340
E 325 328 330 335 1.02
3.11.93 011293 - 29.5 335
30,0 298 s 32.5 L.oe
o8 11.93 06, 12.93 515/113176 37.0 33.5
355 363 300 388 1.O7
15.11.93 13,1293 5157114002 28.5 29.5
280 283 30.0 29.8 F.05
15.11,93 13.12.93 515/114018 26.0 26.5
25.5 25.8 26.5 20.5 1.03
17.11.93 15.12.93 5157114241 L5 340
3l.0 k) 335 338 .08
17.11.93 15.12.93 515114252 35.0 6.5
36.0 35.5 36.5 346.5 1.03
23.11.93 21.1293 5157114833 0.0 36.0
30,0 29.5 36.0 6.0 [.22
29.11.93 28.12.93 515/115516 2.5 345
32:0 323 335 340 1.05
031293 31.12.93 515/1 15907 300 44.0
38.5 388 43.0 435 LIZ
I03.12.93 31.12.93 515/115962 28.5 JL5
290 283 285 305 1.06
193.12.93 31.12.93 515/115976 375 34.0
37.0 373 34.0 34.0 0.21
31.12.93 515/115988 31.5 380
135 325 415 398 .22
311293 515/115931 395 40.5
300 393 36.0 IR3 0.97
03.01.24 515/116317 315 36.5
330 323 33.5 350 |.09
03.01.24 515/116336 3.0 315
315 31.3 3.5 325 1.04
03.01.94 5157116359 40.0 44.0
385 393 40.0 420 1.07
03.01.94 515/116374 23.0 3.0
225 228 23.5 233 1.02
03.01.94 515/1 16388 320 330
320 32.0 34.0 33.5 1.05
05.01.94 515/116575 3.5 34.0
30 313 320 330 1.06
05.01.94 515/116602 31.0 34.0
31.5 3.3 34.5 343 1.10
05.01.94 515/116524 370 305
36.0 36.5 41.0 40.3 8 L
05.01.94 515/116536 325 37.0
3.0 318 355 363 1.14
06.01.94 515/116727 41.0 43.5

40.5 40.8 42.0 42.8 1.05
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Table 1 -  Results of Tests on Grade 20 Cubes from Contract No. 25/WSD/92 Sheat 2 2
- Sheung Shui Treatment Works - Stage 11

Date Date Batch 150 mm Cubes 100mm Cubes | Averagous |
Cant Tested Number | Cube Srength | Average,s |Cube Suength| Average | Averages
15.1293 12.01.94 S15/117413 is50 36.0
345 3438 355 363 1.04
17.1293 140194 SI5/117588 340 340
310 355 36.0 50 0.99
181293 150194 515/117658 325 325
315 ¥ 335 30 1.02
281293 25.01.94 5157118433 9.0 310
9.0 00 275 93 1.0l
5.01.94 |02.02.94 5157119186 70 27.0
75 23 270 270 0.99
.01 94 [03.02.94 5154119300 40.5 420
40.0 40.3 420 42.0 1.04
11.01.94 |O8.02,594 5157119842 8.5 0.5
285 285 30.0 08 1,04
15.01.84 12.02.94 515/120334 42.5 430
42.5 42,5 45.0 45.0 106
15.01.94 12.02.94 5157130263 25.0 26.0
26.0 25.5 26.0 26,0 102
15.01,94 12.02.94 S15/120290 36.0 385
37.0 36.5 365 375 1.03
17.01.94 14.02.94 515/120491 9.5 290
29.0 203 Ef ] 300 1.03
122.01.94 19.02.94 S15/121034 15 333
305 3.0 315 325 1038
220194 19.02.94 515/121081 455 45.0
45.5 455 44.0 44.5 0.98
0102904 o 0394 515/122350 200 285
7.0 8.0 290 88 1.03
23.02.94 |03.03.94 S15/132304 220 20.5
210 215 220 213 099
240294 240394 515/732352 315 285
330 313 L5 300 093
[24.02.94 240194 515732154 305 B0
375 38.5 S5 383 0.99
28 0294 280394 515/732789 40.0 395
425 413 40.0 198 0.96
prozod 28.03.94 5157732801 405 360
3RS 395 365 363 092
28.02.94 28.03.94 515/732763 36.0 370
Jas 373 33.0 350 0.94
28.02.94 28.03.94 515773244 360 36.0
36.5 363 355 358 0.99
203.94 30.03.94 515730977 2.5 330
E1 290 293 32.5 328 112
0394 30.03.94 515712087 320 290
340 330 29.0 29.0 (.88
ll-.rﬂ‘ﬂ"l& Mm:su Fed 332 Mmm - 34.3
Average, . average strength of the pr 8D.x= 532 ED.m= 5.49
of % nim cubes Mean; oo / Mean o = 1.03
¢ overall menn strength of the x mm cubes 8D/ 8.0 n= 1.03%
¢ stencerd devintion of the strength of the x min eubes
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Table 2 - Results of Tests on Grade 35 Cubes from Contract No. 25/WSD/92 Sheet 1 of 2
- Sheung Shui Treatment Works - Stage 11

Date Date Batch 150 mm Cubes 100mm Cubes _ Averagciwm |
Cast Tested Humber Cube Strength | Average;so | Cube Strength | Averageig Avernges

12.09.93 11.10.,93 S515/107846 49.6 50.3
50.2 499 49.0 497 0.99

12.00.93 11.10.93 515/107862 550 5315
524 53.7 49.0 1.3 0.95

12.09.93 11.10.93 5157107749 45.0 52.0
459 46.0 528 524 1.14

12.09.93 18.10.93 402/1 54023 556 552
554 55.5 55.6 554 1.00

19.09.93 18.10.93 402/154031 0.7 516
46.3 48.5 502 509 1.05

12.09.93 18,1093 515/108320 49.1 54.7
426 459 545 4.6 1.19

19.09.93 10/18/93 515/108353 553 533
56.5 559 61.7 57.5 1.03

19.09.93 18.10.93 515/108385 536 506
53.2 534 51.7 51.2 0.96

1051093 |02.11.93 515/109639 58.1 548
576 579 579 56.4 097

1351093 |02.11.93 515/109659 53.7 65.6
554 5.6 63.7 672 1.23

[05.10.93 |[02.11.93 515/108501 554 54.5
54.7 55.1 510 528 0.96

05.10.93 |02.11.93 S15/109518 55.7 51.8
L 57.5 56.6 524 52.1 0.92

5.10.93 02.11.93 515/109534 600 58.1
592 596 55.7 56.9 0.25

22,1093 19.11.93 515/111380 543 60.3
549 54.6 58.7 595 1.09

22,1093 19.11.93 515111412 54.7 614
LER 543 6.5 al.0 1.12

22.10.93 19.11.93 515/111426 49.1 528
51.5 0.3 56 537 1.07

24,1093 22.11.93 515/111469 56.7 50.7
58.7 ST 489 408 (.86

24.10.93 22.11.93 515/111503 51.9 538
52.6 523 539 539 1.03

124,10.93 22.11.93 515/111536 64.6 67.6
64.2 6.4 653 66.5 1.03

24,1093 22.11.93 515/111586 54.5 5.0
52.9 537 539 54.0 1.00

27.10.93 24.11.93 515/111903 48.7 523
49.5 491 51.2 518 1.05

27.10.93 24.11.93 5157111842 472 51.3
49.0 48.1 52.0 51.7 1.07

27.10.93 24.11.93 51571118284 51.3 52.8
51.0 512 544 53.6 1.05

131.10.93 29.11.93 51571123584 54.0 60.5
57.5 558 0.5 60.0 1.08

131.10.93 291193 515/112419 58.0 a0
570 57.5 62.0 61.0 1.06

31.10.93 29.11.93 515/112288 55.0 55.5
59.0 57.0 64,5 6.0 1.05
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Table 2 - Resulis of Tests on Grade 35 Cubes from Coniract No. 25/'WSD/92 Sheet 2 of 2
- Sheung Shui Treatment Works - Stage 11

Date Date Baich 150 mm Cubes 100mm Cubes
Cast Tested Mumber | Cube Strength | Aversgeys | Cube Strempth | Averageis
31.10.93 29.11.93 sisniaamn 3.5 555
595 56.5 510
31.10.93 29.11.93 s1sn2332 555 575
540 548 550
11193 29.1193 515/112542 51.5 540
50.5 510 55.0
1.11.93 29.11.93 $15/112498 62.5 625
62.0 623 62.5
1.11.93 29.11.93 515/112511 640 66.0
67.5 658 710
1.11.93 29.11.93 515/112532 59.0 60.5
58.0 58.5 60.5
3.11.93 011293 515/112718 56.5 59.5
53.0 548 0.0 55.8 1.09
3.11.93 01.12.93 S15/112757 50.5 56.0
570 538 56.5 56.3 1.05
J1.93 06.12.93 515/112946 54.0 515
0.5 56.8 50.5 510 0.90
07.11.93 16,1293 515/112926 59.0 59.0
60.0 59.5 58.5 588 0.99
7.11.93 06.12.93 515/112936 62.0 62.0
61.5 618 60.5 613 0.99
120.11.93 18.12.93 $15/114498 61.0 470
60.0 60.5 48.5 478 0.79
20.11.93 18.12.93 5157114514 57.5 555
580 578 58.5 510 0.99
20.11.93 18.1293 $15/114523 56.5 530
555 6.0 550 M0 0.96
20.11.93 181293 5157114529 49.5 525
51.5 50.5 535 530 1.05
[20.11.93 18.12.93 5157114538 540 63.5
51.5 528 66.5 65.0 123
[21.11.93 20.12.93 4027160519 6.0 63.0
530 545 62.5 628 L1%
21.11.93 20.1293 5157114649 635 585
60.0 618 60.5 595 .96
fLegend: Mean; = 552 Meangy - 566
A i - h of the pair of 3D m= 470 S D m= 5.16
x mm cubes Mean g/ Meanyg = 1L.03
. overall mean strength of the x mm cubes ED. /5. Dym= 110

D, : standard deviation of the of the x mm cubes
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Table 3 - Resulis of Tests on Grade 35 Cubes (with PFA) from Contract No, CV/89/28 Sheet 1 of 1
- Stanley Area Sewerape and Sewage Disposal

DATE DATE BATCH 150 mm cubes 100mm cubes _ Averageun |
CAST TESTED | NUMBER | Cube Strength| Aversgoyw | Cube Sirength| Averngeus Average;sn
20.05.93 17.06.93 99606 47.5 525
46.5 522 530 52.8 1.01
I21,05.'93 18.06.93 100045 41.0 49.0
435 423 50.0 49.5 L17
23.05.93 20.06.93 - 590 S8.0
0.0 50.0 60.0 59.0 1.00
23.05.93 20.06.93 - 540 66.0
55.5 54.8 0.0 63.0 1.15
26.05.93 23.06.93 1871 52.5 55.0
5.0 333 56.5 558 1.05
260593 23.06.93 1868 54.5 555
5.0 M3 4.0 548 1.01
200593 26.06.93 2935 56.0 60.0
" os2s 543 60.0 60.0 1|
29.05.93 26.06.93 3150 555 60.5
57.0 563 555 58.0 1.03
30.05.93 27.06.93 338E 49.0 46.0
50,0 49.5 43.0 44.5 0.0
01.07.93 5125 51.0 535
525 51.8 57.0 553 1.07
01.07.93 52719 52.0 51.0
535 528 53.5 553 1.05
02.07.93 5582 52.0 50.5
550 535 61.5 60.5 113
(04,0793 6456 49.0 8.0
51.0 50.0 510 54.5 1.09
07.07.93 B126 48.0 455
445 463 42.5 44.0 0.95
10.06.93 08.07.93 B767 50.5 520
46,5 48.5 515 51.8 1.07
10.06.93 08.07.93 8762 51.0 49.0
510 510 54.5 51.8 1.01
11.06.93 09.07.93 9126 48.5 49.5
49.0 48.8 485 45.0 1.01
12.06.93 10,0793 9353 49.0 555
51.0 50.0 550 553 1.1
130693 11.0793 9452 56.5 0.0 r
54.5 555 61.5 60.3 1.09
15.06.93 13.07.93 10213 51.0 500
49.5 503 56.0 53.0 1.05
20.06.93 18.07.93 12334 50.5 51.5
48.5 49.5 535 525 1.06
21.06.93 19.07.93 13007 57.0 575
56.0 56.5 60.5 59.0 1.04
23.06.93 21.07.93 14372 9.0 59.0
58.0 585 61.0 60.0 1.03
23 06.93 21.07.53 14141 510 64.0
1 60.5 583 64.5 4.3 1.09
Ilgmd: Mean;y = 524 Mean g = 55.1
A . avernge h of the S.D.m - 4.30 SDum= 545
pair of x mm cubes Meang / Mean; sy = 1.05
Mean, . overall mean strength of the x mm cubes 5D /8.0 0= 127

5.D.. ¢ glandard devintion of the strength of the x mm cubes
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Table4 - Resulis of Tests on Grade 30 Cubes from Contract No. 55 A389 Sheat 1 of 3
- Special School at Area 14, Tin Shui Wai

Date Date Batch 150 mm Cubes 100mm Cubes __Averngess |
Cast Tested MNumber Cube Strength | Averageiso | Cube Strength | Averageyw | Averages

220693 20.07.93 67257E 399 435
40.5 40.2 46,0 448 .11

6.07.93 N3.08.93 GI296E 402 44.8
43.1 41.7 43.0 439 1.05

0753 03.08.93 G693 10E 40.1 42.5
41.6 40.9 449 43.7 1.07

07.93 03.08.93 G9264E 40.4 512
44.0 422 500 50.6 1.20

0793 |03.08.93 69307E 404 454
40.6 40.5 46.0 45.7 I.13

07.93 03.08.93 G9282E 39.1 46.5
426 40.9 46.7 46.6 1.14

07.93 03.08.93 69257E 424 s0.4
44.0 432 499 502 1.16

0793 03.08.93 69273E 42.6 47.0
40.7 41.7 48.0 47.5 1.14

24 .07.93 21.08.93 EO80931 49.4 512
51.0 502 53.0 52.1 1.04

24.07.93 21.08.93 EORO920 44.4 540
452 44.8 559 550 1.23

[24.07.93 21.08.93 EDBORYS 48.0 51.5
46.8 474 459 48.7 1.03

16.08.93 13.09.93 E09188] 44.7 50.3
46,6 457 512 0B I

16.08.93 13.09.93 EO91870 489 56.6
50.4 49.7 58.1 574 1.16

7.09.93 05.10.93 E099953 50.7 558
52.4 516 513 53.6 1.04

07,0993 05.10.93 Enseoss 459 514
453 45.6 493 504 1.10

7.09.93 05.10.93 ED99981 50.5 606
50,7 50.6 57.8 592 147

7.00.93 05.10.93 E09999] 473 52.1
49,0 482 574 548 1.14

14.09.93 12.10.93 F011220 41.7 59.1
459 438 R4 588 1.34

14.09.93 12.10.93 FO11245 49.6 6.7
52.1 50.9 62.6 61.7 1.21

14.09.93 12.10.93 FO11247 474 551
450 46.2 563 57.7 1.25

14.09.93 12.10.93 FO11254 493 54.0
488 49.1 521 53.1 1.08

14.09.93 12.10.93 Fol11259 46.7 50.5
452 46.0 50.1 503 1.09

22.00.93 20.10.93 Fl1484 i 47.0 49.9
44.3 457 46.1 48.0 L.05

7.10.93 04.11.93 FO03334 46.8 48.9
47.5 472 456 473 1.00

1093 04.11.93 FOO3335 44.3 48.1
473 458 48.2 48.2 1.05

7.10.93 04.11.93 FOO33358 49.1 56.7
50.7 499 55.5 56.1 1.12

7.10.93 04.11.93 FOO3361 51,6 5.1
552 5d4.4 56,2 54.7 1.00
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Table 4 - Results of Tests on Grade 30 Cubes from Contract No. 55 A389 Sheet 2 of 3
- Special School at Area 14, Tin Shui Wai

Date Date Baich 150 inm Cubes 100mm Cuobes __Average, |
Casl Tested Humber Cube Strength | Aversgeiss | Cube Streagth | Average;e Averngejs |

13.10.93 10.11.93 FO19147 a0.7 433
422 41.5 44.2 438 1.06

13.10.93 10.11.93 FO19149 405 48.5
398 402 484 48.5 1.21

13.10.93 10.11.93 FO19104 449 449
444 44.7 479 46.4 1.04

13.10.93 10.11.93 FO19105 48.5 53.7
50.1 493 524 53.1 1.08

125.10.93 11/22/93 FOz2094 579 620
569 574 625 623 1.08

30r,10.93 27.11.93 F022365 475 5L
494 48.5 472 4932 1.01

1.11.93 29.11.93 FO22454 46.4 52.5
483 474 54,2 534 L13

11193 29.11.93 022457 A6.4 49.1
476 47.0 519 50.5 1.07

11193 29.11.93 Fiy22444 51.6 536
31.1 514 484 51.0 0.99

3.11.93 01,1293 FOZ7530 A6.4 50.7
45.5 46.0 46.2 48.5 1.05

10.11.93 08.12.93 FO27717 43.1 46.6
44.8 44.0 47.0 46.8 1.06

10:11.93 08.12.93 F27722 413 |- 44 .8
414 41.4 40.7 428 1.03

10.11.93 (8.12.93 Fo27727 48.4 51.1
484 484 53.9 525 1.08

10.11.93 08.12.93 FOZT7734 47,5 529
502 489 52.0 X5 1.07

101193 |08 12.93 FO27735 433 474
439 43.6 494 484 111

10:11.93 08.12.93 FO27759 454 47.8
46.2 458 52.1 50.0 1.09

[20.11.93 1B.12.93 Fo4 1039 550 a7.0
54.0 54.5 46.4 46.7 0.86

120.11.93 1B.12.93 F4 1057 383 409
355 369 40.4 40.7 L10

30.11.93 281293 FO41 346 419 433
40.8 414 439 43.6 1.03

30.11.93 281293 Fo41354 428 47.5
: 443 436 475 47.5 1.09

30.11.93 28.12.93 Fo4 1357 43.6 46.7
44 8 44,2 493 48.0 .09

29.12.93 26.01.94 FO51896 56.3 575
556 360 60,0 58.8 1.05

29.12.93 26.01.94 F051931 263 293
257 26.0 256 27.5 1.06

0194 01.02.94 FOI9TRI 41.0 420
rm 40.0 40.5 43,5 428 1.0G
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Table 4 Results of Tests on Grade 30 Cubes from Contract No. 55 AJ89 Sheet 2 of 3
- Special School at Area 14, Tin Shui Wai
Date 1late Batch 150 mm Cubes 100mm Cubes Averngeim |
Cast Tesled Mumber Cube Strength | Averapess | Cube Strength | Aversges Averageis
d.01.94 (10204 FO30805 46.5 315
490 47 8 S0.0 50.8 1.6
11.01.94 08.02.94 FOS1112 425 47.5
435 430 48.5 48.0 112
13.01.94 10.02.94 FOSI21R 49,5 315
50.0 498 53.0 523 1.05
21.01.54 18.02.94 FOa3143 455 51.0
45.5 45.5 53.5 52.3 1.15
Legend: Meanysg = 458 Mennyp = 0.0
Averope, : average sirength of Pullas ™ 5.16 5.Daon = 330
the pair of x mm cubes Mean qnf Meany g = 1.0%
henn, overall mean strength of the x mm cubes 23 PR E 1.14
5.0, slandard devialion of the sirength of the x mm cubes
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Table 5 -  Resulls of Tests on Grade 50 Cubes from Contract No. HY 8904 Sheat 1 of 3
- West Kowloon Corridor, Yau Ma Tei Section, Stage IV, Phase 1

Tate Date Batch 150 mm Cubes 100mm Cobes AVETHEE 0
Casl Tesied Number Cube Strength | Averagejs | Cobe Strength | Averagen | Average;sy

[ln5.07 93 2.08.93 CA2THITS 453 50.7
459 45.6 51.8 51.3 112

CA274111 483 524
51.1 49.7 5.6 53.5 1.08

CA2T4150 472 48.4
50.4 48.8 482 483 (.49

21.07.93 18.08.93 [CA2TT535 49.6 52.6
47.8 48.7 542 534 1.10

CA2T75T1 45.6 48.9
49.3 47.5 44.4 46.7 .98

[CAZTTOLE 51.2 7.0
504 51.3 S6.4 56.7 1.11

flo3. 0893 3R CA2T9976 5338 56,0
5240 529 35.9 50.0 I.06

CA2EM08 44 .6 55.3
48.3 46.5 54.8 55.1 1149

CAZBO053 526 5.4
530 52.% 53.5 54.0 1.02

108,93 07.09.93 CAZR1485 58.1 59.7
58.1 58.1 604 6.1 1.03

JUA2RIS1R TR 62.0
6i1.6 62.2 658 639 1.03

|[CA2B1535 52.6 56.5
533 53.0 56.9 56.7 1.07

10,0893 2804993 CA285619 613 65.7
59.7 VR 66,1 65.9 110

CA2RSG65T 629 642
64.4 63.7 67.6 0654 1.04

31.08.93 280993 [CA285584 6B8.2 65.8
648 66,5 69.7 678 1.0z

[l7. 009 93 05.10.93 [CA287228 61.5 691
594 60.5 642 66.7 1.10

CA2RTIOS 58.0 6715
6.3 392 63.0 65.3 110

CA2RTII 67.2 69.7
624 648 67.0 684 105

[lir9.09.93 07.10:93 [CAZBTTRG 614 67.9
62.3 61.9 66.0 670 1.08

CA2RTR24 60.7 69.4
59.7 0.2 641 66.% 1.11

CA2ETRG2 6.2 66.3
583 508 64.2 65.3 104

19.049.93 1%.10.93 CA2R%6T6 555 G6d.2
58.1 56.8 60.9 62.6 1.10

CAZROTOD 56.3 63.6
60.0 582 G648 642 1.10

|CA2BIT4] 559 65.7
61.7 SR8 60.3 6610 1.12

20,09 93 I8.11.93 CAZBIITS 0.9 67.1
65,1 63.0 67.7 67.4 1.07
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Table 5 - Results of Tests on Grade 50 Cubes from Contract No. HY 89/04 Sheet 2 of 3
- West Kowloon Corridor, Yau Ma Tei Section, Stage IV, Phase |

Dale Date Batch 150 mm Cubes 100mm Cubes _M_I
Cast Tested Humber Cube Strength | Averages; | Cube Sirenglh | Averngess Averageyw |
2009 93 181093 |CA2BYREG 550 65.2
539 5.5 64 628 1.15
|CA289933 556 633
553 555 61.9 62.6 1.13
2999 27.10,93 [CA291093 61.5 67.1
0658 63.7 68.1 67.6 1.06
|CA291 150 588 6.5
| 53.9 564 691 648 1.15
|CAZ91 194 6.8 631
62.0 ol.4 669 H5.0 1.06
f05.10.93 [02.11.93 [CAZS2025 582 L |
53.0 556 63.1 616 1.4
[CA292043 56.7 64 1
56.3 56.5 6.6 644 1.14
11.10.93 [t8.11.93 [CAZ93324 674 T2.2
66.6 67.0 T0.1 712 1.6
CA29337T0 TT 826
T1.6 T47 76.7 ™7 1.07
CAZI426 T4 6GR.A
68.5 LR T1.9 T2z 1.(K)
18.10.93 15.11.93 CAZ9956 T0.5 62.7
T0.2 T4 68.9 G658 0.9
CA294976 67.2 65.7
65.6 664 64.2 65.0 (.98
|CA295014 T3.7 76.7
65.1 694 .2 T35 1.06
21.10.93 IR.11.93 |CA295675 665 714
754 T 713 79 1.01
[CA295707 7.6 T0.0
751 T34 753 ™7 0.99
27.10.93 24.11.93 [CA296758 732 752
739 736 757 755 1.03
[CA296789 0.3 80.3
20.0 52 0.6 80.5 107
[CA296811 T6.7T BB
6 78.2 %21 820 1.05
010,93 27.11.93 [CA29T4R0 To2 643
T35 e 4.6 64.5 0.90
A297507 T8 T28
r 710 744 69.9 714 0.96
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Tahle5 -  Results of Tests on Grade 50 Cubes from Contract No. HY 89/04 Sheet 3of 3
- Wesi Kowloon Corridor, Yau Ma Tei Section, Stage IV, Phase |
Date Date Batch 150 mm Cubes Lt Ciibes Averapein
Casl Tested Number Cube Strength | Averageisp | Cube Strength | Averagewn | Avemgeis
{71193 16.12.93 CA298219 723 TZ9
734 72.9 T4.0 735 1.01
CA298946 678 795
699 6G8.9 753 T7.4 6 .
CAZ98991 T8 75.1
725 739 71.2 732 0.99
Legend: Meamn o = 618 Meangp = 63.3
[Avernge, -average strength of the 8D u= 8.94 S.D. = 8.14
pair of x mm cubes Ioleam oo/ Wleam sy = 1.1i5
(Mean, overall mean sirength of the x mm cubes 5Dl 50 0= 0.91
S, s standard deviation of the SI.I"&Ilﬁﬂl of the x mm cubes
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Table 6 - Results of Tests on Grade 40 Cubes from Contract No. UA 11/921 Sheet 10of 4
- Central Reclamation, Phase 1

DATE [ hute Batch 150 mm Cubes 100mm Cubes Average o
CAST Tested Number | Cube Strength | Averagesss | Cube Sirength | Averageis Average) s

270294 28.03.94 ADGI244 61.0 630
G0.0 65 a3 63.00 1.04

27.02.94 2R.03.94 ADGIZ2ZE i1 650
a3.5 648 630 600 (949

27.02.94 28.03.94 AGIITS 64,0 fid 01
63.0 64.5 67.0 65.3 102

13.03.94 31.03.94 ADGATA4 570 61.0
59.0 580 6.5 GL8 1.05

18.03 94 (35.04.94 ADGEEDG 46.0 495
48.5 47.3 49.5 49.5 1.05

8.03.94 {1504 94 ADGETA3 480 0.5
47.5 47.8 49.5 50.0 1.05

([P RIERIE] 07.04.94 ADGTI63 63.5 G6l.5
660} 658 625 62.0 (1.9

10.03.94 (7 04,94 ADGTIS51 635 625
62.5 630 G610 643 i.02

10.03.94 (7.04.94 ADGTARE 63.0 61.5
62.0 625 625 62.0 (1o

403,94 11.04.594 ADGETS0 T0.0 70.0
66,0 oR.0 G6.5 nR3 | W}

14.03.94 10494 AGSTRD 68.0 T3.5
B65.0 (6.5 725 73.0 .10

20.03.94 17.04.94 ADTOR02 570 &0
575 573 635 618 LG8

2000394 17.04.94 ADTOG1S 35.5 65.0
57.0 563 635 643 1.14

(0394 17.04.94 ADTOG36 56.5 6.1
565 56.5 615 G638 1.13

20003 94 17.04 594 ADTO6RAS 370 6.0
6.5 56.8 62.5 613 1.08

120003 94 17.04.94 AUTOELS 6RO T3.0
620 GBS T05 T1.8 1.05

20,0394 17.04.94 AUTOTIO0 6l.0 58.0
58.5 398 600 9.0 0n.99

200394 17.04.94 ADTHGY 61.5 6.5
625 62.0 650 6.8 1.4

2303494 200494 ADTI782 535 56.0
56.5 5350 57.0 50.5 .03

25003 9 22.04.94 AOT2633 6.0 58.0
57.5 56.8 57.0 51.5 1.01

250394 2204.94 AODT250T 55.0 585
550 550 G600 593 1.08

250394 22.04.94 AT 2693 56.5 58.5
580 573 570 57.8 1.0

14,04 .24 1020594 ADTHAZE 555 530
56.0 558 56.5 548 098

14 04,94 205,94 ANTH3T3 560 58.0
58.0 570 56.5 573 1.00

04,594 N2.05.94 MITGEZRO 665 67.5
66,0 663 69.0 GR3 1.03

1904 04 07.0594 ANTTEI0 535 530
52.0 528 520 525 1.3
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Table 6 - Resulis of Tests on Grade 40 Cubes from Contract No. UA 11/91 Sheet 2ol 4
- Ceniral Reclamation, Phase |
DATE Diate Baich 150 mm Cubes 100mm Cubes A
CAST Tested Mumber | Cube Strength | A 150 | Cube Strength | Average o Avernge s

19.04.94 07.05.94 ADTTETI 52.5 s0.0
[ 52.5 525 50.5 03 .96

104,594 [17.05.94 ADTTTS 56.5 58.5
515 570 59.0 588 1.03

100,54 |08.115.94 ADTTI54 4.0 58.5
52.5 533 6.0 593 1.11

[LRIE R |UH8.05.594 ANTTI59 59.0 590
59.0 590 570 580 098

12.04 .94 10.0594 ADTS600 51.0 525
48.5 498 505 515 1.04

12,004,594 10,05.94 ADTROGT 545 540
I 54.0 3 520 530 098

12.04 .94 110594 ADTETI0 570 580
56.5 568 580 580 1.02

13.064.94 119594 ADTERSS 470 440
455 46.3 0.0 47.0 1.02

13.04.94 11,0594 ADTEIGT 495 465
48.5 A49.0 505 A8.5 99

1 3.04.594 11.05.94 ADTI204 3.0 51.0
52.0 525 500 50.5 (1.5

15.04.94 13.05.94 ADRDD49 0.0 47.5
S0.0 50.0 52.0 498 1.0

16,044 54 14.05.94 ADRNIG4 520 53.0
50.5 513 54.5 538 1.05

19060594 170594 ADRI291 4910 M5
48.5 488 335 54.0 .11

19.0:4 94 17.0554 ADRIZ25 50.0 55.0
515 508 56.5 558 1.10

200,04 94 18.05.96 ADR 1626 §1.5 55.0
575 575 5.5 548 0.95

200694 18,0594 AR T26 475 535
510 493 540 538 1.09

2004 094 I1R0594 AOBLGTS 53.5 61.0
53.0 533 GO 0.5 114

21,04 49d 19.05.94 ANBI925 420 43.5
420 420 45.0 .3 |.05

200494 19,0594 ADRZ004 45.5 48,5
46.5 46.0 47.5 48.0 | .0

204,94 20,0594 ADR2I66 46.0 46.5
46.0 46.0 45.0 458 0.99

125 001.94 230594 ADB3 186 59.5 615
59.0 593 600 608 1.03

(25 (4 9 230594 ADB3I25] 58.5 62.0
59.0 588 6.5 61.3 1.04

25044 94 230594 ADB3II4B 625 6510
630 628 66.0 655 1.04

127.04.94 25.05.94 AB3INTS 475 439 5
470 473 46.5 48.0 102

27.04.94 250554 ADE4034 450 485
45.0 450 495 49.0 1.09

29000494 270594 ALHSORR 47.5 475
48.0 478 475 47,5 0,99
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Table 6 - Results of Tests on Grade 40 Cubes from Contract No. UA 11/91 Sheet 3 of 4

- Central Reclamation, Phase 1

I|

1
DATE Date Balch 150 mm Cufed 10imm Cubes Averagen
CAST Tested Mumber | Cube Strenpth | /iverageis | Cube Strengih | Average;o Avernge, s

29.04.94 27.05.94 ADB4999 ' 535 565
520 528 535 55.0 1.04

29 .04.94 27.05.94 ADEARTS 52.0 4%5
51.0 51.5 520 50.3 098

W0.04.94 28.05.94 ADBS226 47.5 55.0
475 47.5 350 550 1.16

30.04.94 28.05.94 ANS5263 48.5 6.0
48.0 483 59.5 578 1.20

3004454 28.05.94 AR5296 56.5 56.5
570 56.8 1.5 570 1.0

109.05.94 |06 035,94 ADETIE 490 585
48.5 48.8 475 330 1.0

J.05.54 (5.0, 94 AGBR049 55.5 54.5
5250 | 540 520 53.3 099

10,0594 07.06.94 ADBRAR0 54.5 57.0
570 558 5510 56.0 1.00

10.05.94 07.06.91 AO8E549 62.0 660
G20 62.0 62.5 613 1.04

10.05.94 07.06.94 ADRIG16 590 590
59.5 503 5740 58.0 098

13.05.94 11.06.94 ADBDTTS 49.5 525
510 503 480 0.3 104

17.0594 14.06.94 ADDT330 47.0 500
460 46.5 495 498 .07

17.05.94 14.06.94 AD9] 365 50.0 48,5
48.5 493 46.5 47 .5 0,96

17.0594 14.06.94 ADP1270 5210 515
5214} 520 520 518 1.00

17.0594 14.06.94 ADR1211 5715 S6.40
56.0 56.8 525 54.3 0.96

17.05.94 14,0654 ADD1155 50.5 0.0
49.0 498 550 52.5 1.06

220594 19.06.94 AO23328 565 58.5
575 5.0 58.5 58.5 1.03

22.05.94 19.06.94 AO93334 55.5 38.0
54.5 55.0 585 583 1.06

28.05.94 250694 ADISZ16 55.0 330
555 553 545 5338 0.97

28.05.94 25.06.94 ADD5245 56.0 515
510 53.5 551 543 1.01

II4.06.94 02.07.94 ADFT298 55.5 330
550 553 GO 59.0 1.07

TG94 0807 .94 ALGO200 510 | S0
5.0 | 510 49.5 498 .98

10.06.94 08.07.9:4 ADD9220 491 475
50.5 498 475 47.5 0.95

15.00.54 | 3.07 .94 ATOO039 51.5 535
52.5 52.0 530 533 1.02

15.06.94 13.07.94 ALDOOT3 54.0 525
510 525 525 525 1.00

22.06.94 20.07.94 AlU2246 530 56.5
530 53.0 585 5715 1.08

k.
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Table 6 - Results of Tests on Grade 40 Cubes from Contract No. UA 11/91 Bheet 4 of 4
- Central Reclamation, Phase 1
DATE 12ate Baich 150 mm Cubes 100mm Cubes Averspeim
CAST Tested Mumber | Cube Strenglh | Averageiso | Cube Strength | Averigein | Avergess
22.06.94 20,0794 AT02280 515 560
) 51.5 53.5 54.8 1.6
22.06.94 200794 ALD2296 54.5 55.0
4.5 54.5 56.0 55.5 |02
25.06.94 23.07.94 Al03563 47.5 49.0
47.0 473 48.0 48,5 1.03
II-!EI.‘!HJZ Menn s = 545 Menn e = 56.1
verage, : verage mﬂh of the '“-' leﬂ il 5.90 SD = 6.30
ol x mm cubes Meany / Mean ;s = .03
enn, - overall mean strength of the x mm cubes 5D.uw/SDan= 1w
Dy £ WMUFMWJH‘BIMWM
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Table 7-  Results of Tests on Grade 20 Cubes from Contract No. HY/93/01

- Access Road to Wong Chuk Hang Estate Shaet 1 of 1
DATE DATE BATCH 150 mm cubes 100mm cubes | Averageim |
CAST TESTED | NUMBER | Cube Strength | Average;s | Cube Strength | Averagei | Average,s |
14,0994 12.10.94 A127267 B35 390
39.5 390 39.5 39.3 Ll
14.09.94 12.10.94 A127297 38.5 3To
36.5 37.5 370 37.0 0.99
30.09.94 28.10.94 Al31843 3.5 35.5
315 330 34.5 35.0 1.06
30,059,594 128.10.94 A131860 330 355
325 328 355 355 1.08
18.10.94 15.11.94 A13B400 290 30.5
1 185 28R 310 30.8 Lo7
30.10.94 27.11.94 AL43035 510 51.5
49.0 50.0 46.0 488 098
30.10.94 27.11.94 Al43039 480 540
48.5 483 520 530 1.10
FIZ.II.’EH 20.12.94 Al51868 42.0 43.5
431.5 42 8 45.0 44.3 1.04
22.11.94 20.12.94 Al52217 42.5 47.5
43.5 43.0 47.0 17.3 110
T,cguud: Meanyy, = 394 Mean g = 41.2
Average,  : average strenglh of the 8.D.130= 705 S.Dam = 7.30
pair of x oun cubes Mean g/ Meam) 9= 1.04
ean, : gverall mean strength of the x mm cubes 3D/ 8. D= 1.04
&3 1 1 siandmldwimsenunhemmlﬂlonhexmmcm
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Table 8 - Resulis of Tests on Grade 30 Cubes from Contract No. HY/93/01 Shest 1 of 2
- Access Road 1o Wong Chuk Hang Estate

Date Date Batch 150 mm Cubes 100mm Cubes Avernges
Casl Tested Mumlser Cube Strength | Averogejss | Cube Strenpth | Avernge Averape s |
17.05.94 14.06.94 ADD1306 45.5 42.0
45.00 453 48.5 453 1.00
17.05.94 [14.0694 AD91453 45.0 46.5
45.5 453 45.5 46,0 1.02
03.10.94 |31, 10.94 Al32781 50.5 52.5
49.0 498 50.5 515 1.04
03,1094 |31.10.94 Al32845 55.0 520
50.5 528 525 523 (.99
19.10.94 16.11.94 AL3E915 48.5 52.5
520 50.3 54.0 533 .06
19.11.94 16.11.94 |A138972 41.5 52,5
470 443 51.0 518 117
20,1094 17.11.94 ALID1TS 46.0 500
455 45.8 495 498 1.0%
20.10.94 17.11.94 Al39231 46.5 55
46.0 46.3 510 51.3 1.11
2001094  [17.11.94 A139268 45.0 520
48.0 46.5 31.0 51.5 1.11
2001084 [17.11.94 A 139390 46,0 0.5
45.0 45.5 49.5 50.0 110
221094 [19.11.94 Al3D076 47.5 525
49.5 48.5 0.0 513 1.06
22.10.4 19.11.94 ALA0020 50.0 56.0
50.5 503 515 53.8 1.67
2210 19.11.94 AL40035 490 53.5
50.5 498 53.5 53.5 1.08
23.10.94 20.11.94 Al40356 41.5 455
42.5 42.0 44.0 44,8 1.07
23.10.94 20.11.94 Al140393 43.5 445
440 438 44.0 443 L0l
27.1004  |24.11.94 Al41980 410 44.0
375 393 40.5 423 1.08
27.10.94 24.11.94 Al41903 42.0 420
42.0 420 395 40.8 0.97
29.10.94 26.11.94 Al42572 46.5 46.0
48.0 473 500 43.0 1.02
29.10.94 26.11.94 Al42502 47.5 49.0
46.5 470 51.0 50.0 1.06
29.1094 [26.11.94 Al42621 450 530
455 453 48.5 50.8 1.12
01.11.94 29.11.24 A143995 52.0 54.0
52.0 52.0 53.5 538 1.03
011194 29.11.94 Al44009 520 520
515 51.8 51.0 515 1.00
05.11.94 03.12.94 Ald5211 45.5 46.5
455 455 53.0 498 1.09
05.11.94 03.12.94 AdA540H1 47.0 45.5
45.0 46.0 41.5 44,0 0596
27.11.94 25.12.%4 AL S4000 58.5 530
52.5 55.5 61,0 51.0 1.03
03.1294 31.12.94 A155948 530 54.5
57.5 55:3 573 56.0 1.01
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Table8 - Results of Tests on Grade 30 Cubes from Contract No, HY/93/01 Sheet 2 of 2
- Access Road to Wong Chuk Hang Estate

Dale Dale Batch 150 mm Cubes 100mm Cubes __Averagewn |
Cast Tested MNumber Cube Strength A\'Hﬂ&em Cube Stn:nglh A\l:m_ﬁ\:l_._? .ﬁwmgfm
03.12.94 31.12.04 Al56183 52.0 56.5
515 54.8 60.0 58.3 1.06
03,12.94 31.12.84 AL1S6207 555 60.5
56.0 558 59.0 9.8 i.07
04,1294 01.01.95 Al56403 38.0 38.0
36.0 370 40.0 39.0 105
07.12.94 04.01.95 Al57418 43.0 47.5
43.5 433 51.0 493 1.14
071294 |04.01.95 AL5T554 45.5 46.0
49.0 473 49.0 47.5 1.01
iLd:gl:l'ld.‘ Mﬂuﬂ[m ian 4?.4 M‘.‘pﬂmm - 50. 1
IAverape,  © average streagth of the S.Dw= 4.86 5.D.500 = 512
pair of x mm cubes Mennye ! Mean; o= 1.06
Mezan, : overall mean strength of the x mm cubes 5.0 00/ 5.0 150 1.05
IS.D.. : standard deviation of the strength of the x mm cubes
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Table 9 - Resulis of Tesis on Grade 40 Cubes (with PFA) from Contract Ne. HY/93/01 Sheet 1 of 2
- Access Road to Wong Chuk Hang Estate
Dale Date Batch 150 mm Cubes 100mm Cubes _Average m |
Cast Tested Mumber | Cube Strength | Avetageisy | Cube Sirenpth | Averapew | Averages |
04.10.94 [01.11.94 Al32405 53.5 51.0
61.0 573 56.5 538 0.94
+)~|. 10.94 01.11.94 Al133319 585 52.5
555 57.0 52.5 525 0.92
08, 10.94 05.11.94 Al34851 550 43.0
56.0 55.5 46.5 473 .85
(8. 10.94 05,11.94 Al35039 51.5 49.5
54.0 52.8 50.5 50.0 0.95
10 10.94 107.11.94 Al35579 62.5 63.5
56.5 505 65.0 64.3 1.08
10.10.94 07.11.94 Al35614 571.5 65.5
&61.0 a3 63.5 64,5 1.09
12.10.94 09.11.94 Al36334 A58 47.5
510 533 51.0 493 092
12.10.54 09.11.94 AlI634T 315 525
515 515 53.0 528 1.02
151094  [12.11.94 Al137327 61.0 65.5 =
62.5 618 68,0 66.8 1.08
15.10.594 12194 Al3T244 62.5 70.5
585 60.5 69.0 698 b.15
17.10:94 14.11.94 Al3T907 52.5 59.0
57.0 548 58.5 588 LO7T
25.10.94 22.11.94 Al41020 67.0 73.5
64.0 65.5 70.5 720 1.10
25.10.94 22.11.94 AlA11T77 66.5 71.0
655 G660 73.5 123 1.09
02.11.94 30.11.94 Ald4121 6.5 625
60.5 60.5 G8.0 8.8 114
03.11.94 01.12.94 Al40483 56,0 575
575 56.8 58.0 578 1.02
13.11.94 01.12.94 Ald4504 550 58.3
58.0 56.5 58.0 583 1.03
8.11.94 06.12.54 AldG524 60.5 635
59.0 598 665 63.0 1.09
8.1124 (6. 12.94 Al46566 6.5 59.5
57.0 588 67.0 633 1.08
18.11.94 16.12.94 Al150525 395 57.0
60.5 60.0 38.0 575 0.96
20.11.94 18.12.54 Al51336 66.5 650
65.0 658 650 63.0 0.99
[23.05.95 20.06.95 A209276 38.5 57.0
57.0 3g.3 58.0 5715 0.99
24.05.05 20.06.25 AZ0928T 57.0 61.5
ST.5 573 58.5 60.0 1.05
11.05.95 21.06.95 AZG9357 53.5 58.0
51.5 52.5 59.5 588 1.12
11.05.95 21.06.95 AZOY3GD 6.5 595
56.5 56.5 58.5 59.0 1.04
131.05.95 28.06.95 AZ12405 58.5 570
555 57.0 57.0 37.0 1.00
31.05.95 28.06.95 AZ212306 54.0 59.0
57.0 355 0.0 59.5 1.07
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Table® - Resulis of Tests on Grade 40 Cubes (with FFA) from Contract No. HY/23/01 Shest 2 of 2
- Access Road to Wong Chuk Hang Estate
Dane Date Batch 150 mm Cubes 100mm Cubes _AvernEe s |
Cast Tested MNumber Cube Strength ﬁ.wsmg,r.m Cube Strength Avmg\:m_ ﬁvwnﬂm
31.05.95 28.06.95 A212417 54.0 52.5
575 558 59.0 558 1.00
12.06.95 10.07.95 A2 16460 4.0 59.5
56.5 553 6l1.0 603 1.09
12.06.95 10.07.95 AZ16502 58.5 a5
5.0 583 59.0 583 1.00
120695  |10.07.95 A216538 54.5 58.5
58.0 563 &60.0 59.3 1.05
HLegend: Means, = 57.8 Meangg = 59.8
Average, @ average strength of the 5.0n= 394 5D = 6.49
pair of x mm cubes Meaneg / Mean; = 1.03
hlean, overall mean sirength of the x mim cubes ED /5D m= 1.65
0 standard deviation of the Ftrmglh of the x mm cubes




Table 10 - Summary of Cube Test Results

Compression Strength (Nfmm?®)
Project Name Project Cubes Mean
Number Mean Standard Deviation

Grade | Pair | 150mm (Mean,s,) | 100mm (Mean,e;) | 150mm (SD,s) | 100mm (5D, | M2 10
Sheung Shui Treatment 25/WSDM92 | D20/20 | 98 k2 343 3.32 5.49 1.03
Works Stage [1

D3520 | 88 552 56.6 4.70 5.16 1.03
Stanley Area Sewerage CV/89/28 35720 48 524 55.1 4.30 545 1.05
and Sewage Disposal PFA
Special School at Area SSA 389 30/20 110 45.8 50.0 5.16 590 Log
14 Tin Shui Wai ba

T

West Kowloon Corridor, | HY/B9/04 30/20 95 61.8 65.3 8.94 B.14 1.06
Yau Ma Tel Section
Central Reclamation UA 11/9] 40/20 162 54.5 56.1 5.90 6.30 1.03
Phase 1
Access Road 10 Wong HY/93/01 D20y20 18 394 412 7.05 1.30 1.04
Chuk Hang Estate

D30/20 62 47.4 50.1 4.86 5.12 1.06

D40/20 60 578 598 394 6.49 1.03

PFA

Mean value 5.57 6.15 1.05
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il - Compliance Criteria for Compressive Strength of Designed Mix
Concrete Given in the General Specification for Civil
Engineering Works (Hong Kong Government, 1992)

Grade Compliance Column A Column B
Strength Criteria
(MPa) Maximum amount by which each Minimum amount by which the
test result may be below the grade | average of any four consecuti~e test
strength (MPa) results shall ve above the grade
strergth (MPa) I
Cl -t 5 “
20 or greater
Cc2 3 3
below 20 c3 Z 2

Mote: Compliance criteria C2 shall apply if in the opinion of the Engineer there is sufficient evidence that

the standard of quality control using similar materials and plant is such that the standard deviation
for at least 40 test results will not exceed 5 MPa




Type | National Number | Standard Constant | Compliance
Code of Tests | Deviation A Criterion
A 35 Estimated 1.65 R+ 16381
by S;s
““““ German s T R T St -1
B 15 Known o 1.65 %~ 16501
------ Federal SRR TR B B y
3 Unknown -- %;-50=f and x, = f,
st Repulilic P T TRy -
D . Unknown o #;-50=1 and x, = 0.8 f,
E 12 Estimated 1.52 Ry 15SES > £
by S;s
————— Nefhigelgada T e T
F 6 Known o 1.52 ¥~ 1.52 0> 1,
G United 4 Known ¢ 0.82 % -0820>T
Kingdom
H 12 Unknown -- - A o UL e
: - x> 1
o BE, L Bl UNSETT L E s v TR
I 6 Unknown -- Xj+ %= % =
J U.S.A. 3 Unknown - ¥,-50=f andx, =08 1.
" K France 30 Estimated 1.69 B WS
by 855 ||
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Table 13 - Proposed Compliacne Criteria for the Compressive Strength
of the 100mm Cubes of Designed Mixed Concrete

MAER bR

Grade Compliance Column A Column B
Strengih Criteria
{MPa) Maximum amount by which each Minimum amount by which the
test result may be below the grade | average of any four consecutive tesl
strength (MPa) results shall be above the grade
strength (MPa)
1 2 7
20 or greater
Cc2 2 5
C3 2 3

below 20

Note: Compliance criteria C2 shall apply if in the opinion of the Engineer there is sufficient evidence that
the standard of quality control using similar materials and plant is such that the standard deviation

for at least 40 test results will not exceed 5.5 MPa

(i





