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FOREWORD

The Public Works Central Laboratory (PWCL) of the Materials Division has
conducted a series of material testing and trial concrete mixes with the recycled
aggregates from Kai Tak and Tseung Kwan O. This study is to investigate the use of
recycled aggregates as the main constituents of low-grade structural concrete. The
objectives are to collect data/information to support the proposed amendments to the
General Specifications for Civil Engineering Works (Hong Kong Government, 1992)
in promoting the use of recycled aggregates in Civil and Structural Engineenng
Works.

This study is initiated by Standing Committee on Concrete Technology (SCCT)
and two other local universities are invited to participate in the tests. They are the
University of Hong Kong and the Hong Kong University of Science and Technology.
The planning and overall supervision of the project is carried out by Mr. K.K. LIU.
Testing and specimen preparation were performed by Mr. TF. MAN and Mr. WK.
CHOI from Concrete Unit of PWCL. This report is prepared by Mr. W.H. TAM and
finalized by Mr. K. K. LIU. Their contribution to this investigation is gratefully
acknowledged.

(B.N. LEUNG)
Chief Geotechnical Engineer/Matenals
Geotechnical Engineering Office
Civil Engineering Department



ABSTRACT

At the request of the Standing Committee on Concrete Technology (SCCT), the
Public Works Central Laboratory of the Matenals Division, GEO, conducted an
investigation to study the properties of recycled aggregates from Kai Tak and Tseung
Kwan O, and determine the possibility of using the recycled aggregates as the main
constituents for low-grade structural concrete.

The laboratory trial involved 7 initial mix design with 20mm coarse recycled
aggregates. These mix designs are initiated by varying the mix proportion of cement
and water content of the Standard Mix prepared by SCCT. To improve the
workability and consistency of the mix after the initial series of tnals, 1/3 of the
20mm aggregates were replaced by 10mm aggregates and this formed the alternative
mix design series.

The University of Hong Kong and the Hong Kong University of Science and
Technology were invited to participate in the laboratory trial in an effort to provide
the inter-laboratory test results for this study.

Due to the large water absorption rate, the recycled aggregates were immersed in
clear water to attain saturated surface dry (SSD) condition prior to mixing.

Although, there are variation in the results of the trials between laboratories,
some consistent results were obtained. The 100kg cement specified in the draft
particular specification for concrete with recycled coarse aggregates proved to be
useful since all Mixes with 100kg of cement have strength above 20MPa,

The water content in the Standard Mix for 20 MPa concrete containing 100kg
cement shall be not more than 60kg. To gain better workability and consistency of
the concrete, coarse aggregates containing both 20mm and 10mm size in 2 to 1 ratios
are recommended for inclusion in the mix. Furthermore, a more cost-effective way
to remove the non-inert portion of the construction and demolition materials is
required in order to improve the quality of the concrete.
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1. INTRODUCTION

The use of using recycled aggregates recovered from construction and demolition (C&D)
materials can save resources and reduce the amount of wastes going to reclamation and landfill
sites, thus protecting the environment.

C&D materials are a mixture of inert and non-inert materials arising from construction and
demolition activities, such as site clearance, renovation, demolition and civil engineering and
building works. The inert portions include materials such as soil and rock, concrete, asphalt
and brick, which will not decompose. The non-inert portions include decomposable materials
such as bamboo, timber, paper and garbage.

The continued development of the Hong Kong SAR has led to a significant increase in
C&D materials. The inert portions should have been disposed of at the public filling areas for
use as reclamation materials, and the non-inert portions to landfill sites. However, in the past
large quantities of the inert portion have been disposed of at landfill sites, thus significantly
reducing the overall life span of the landfill that was designed to accept municipal solid wastes.

In 1999, Civil Engineering Department (CED) conducted a desk study to investigate the
opportunities for recycling C&D materials in the Hong Kong SAR. The preliminary findings
indicated that it is possible to use recycled aggregates in unbound road base and low-grade
concrete.

This study is the follow-up of the desk study to investigate the use of recycled aggregates
in low-grade concrete through tests on trial mixes prepared at the laboratories. The physical
properties of recycled aggregates were determined and compared with the draft compliance
criteria (see Appendix I), which were prepared by Standing Committee on Concrete Technology
(SCCT). The objective of the study is to collect data (density, absorption rate, percentage of
foreign materials, compressive strength, etc.) to support the inclusion of these criteria in the
General Specification for Civil Engineering Works (Hong Kong Government, 1992) in order to
promote the use of recycled aggregates in civil engineering works.

2. TESTING PARTIES INVOLVED
There were three laboratories participated in the laboratory trials:

- the laboratory of the Civil and Structural Engineering Department of the University of
Hong Kong (HKU).



- the laboratory of the Hong Kong University of Science and Technology (HKUST), and
- the Public Works Central Laboratory (PWCL).

The two umiversities, HKU and HKUST, were invited for participating in the laboratory
trails as SCCT wished to collect more information, especially inter-laboratonies test results,
within a short period. Moreover, their independence and strong academic support were
beneficial to this kind of investigation.

3. SOURCES OF RECYCLED AGGREGATES

The recycled aggregates (20mm & 10mm) were from Kai Tak and Tseung Kwan O. The
Kai Tak aggregates were recovered from the demolition of the buildings and part of the runway
at the Kai Tak Airport. Whereas the aggregates from Tseung Kwan O were processed from the
demolition materials from various redevelopment sites in Eastern Kowloon area. However,
the exact locations were not known.

4. PREPARATION OF RECYCLED AGGREGATES PRIOR TO MIXING

To minimise the variability in the conditions of the samples for the tests, saturated surface
dry condition (SSD) was specified for preparing the samples. However, there were slight
variations in achieving this condition among the laboratories. The methods adopted for

preparing the recycled aggregates prior to mixing by different parties are as follows:

1. HKU - the recycled aggregates were immersed in water for about 10 minutes
and then wiped dry with towel.
2. HEUST -  the recycled aggregates were immersed in water overnight and then

wiped dry with towel.

3. PWCL - for initial mixes (see Section 5 below), the recycled ageregates were
immersed in water overnight and then wiped dry with towel.
However, for the 'A' series of mixes (see Section 5 below), no such
preparation was made.

S. TYPE OF MIXES

In the first series of trials, concrete cube specimens of different mix designs were prepared.
The slump as well as strength of the concrete at 7 and 28 days were measured. Seven mix
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designs using single-sized aggregates (20mm) were prepared (hereafier named as the ‘initial
mixes', see Table 1). These mix designs were prepared by varying the cement and water
contents while keeping the amount of fine and coarse aggregates constant (at 180 and 270 kg
respectively). To improve the workability and consistency of the mix, 1/3 of the 20mm
aggregates were replaced by 10mm aggregates in the second series of trials (identified as the ‘A’
mix senies, such as mixes 1A, 2A, .. .etc.), The proportions of other materials were kept the
same, but plasticizer was added during mixing to improve the workability,

6. TEST RESULTS

All test results are summarised in Tables 2 - 7. The results of tests on concrete containing
aggregates from Tseung Kwan O are summarised in Tables 2 and 4, and those on concrete
containing from aggregates from Kai Tak are summarised in Tables 3 and 5. The matenal
properties of the recycled aggregates from Tseung Kwan O and Kai Tak are summarised in
Tables 6 and 7 respectively.

7. FINDINGS AND OBSERVATIONS

The findings and observations made from this study are summarised as follows:

A. Initial mix design, Mix No. 1-7
{20mm single size aggregates at SSD condition)

1. All concrete mixes, except Mix No. 1 and Mix No. 2 prepared by HKUST and
PWCL respectively from aggregates from Tseung Kwan O, have attained strength
greater than 20 MPa at 28 days. The low strength might be due to the poor
cohesiveness of the concrete as a result of the relatively large amount of coarse
aggregates and the low cement content,

2. Although appreciable variations in strength were observed among the cubes from the
same type of mix prepared by different laboratories, the concrete strength was still
found inversely related to the water cement ratio within each laboratory (i.e. the
higher the water cement ratio the lower the strength),

3.  For the same amount of cement, the slump increased with the water content,

4. The density of concrete containing recycled aggregates was less than that of the
normal concrete (2,400 kg/m’). Furthermore, the density of concrete containing
recycled aggregates from Tseung Kwan O (about 2,300 kg/m®) is generally slightly
higher than that from Kai Tak (about 2,250 kg/m’). However, the density of both



types of concrete can meet the draft compliance eriterion (minimum density of 2,000
kg/m’).

Foreign materials such as plastic sheets, cigarette butts, bricks and dust were found in
the recycled aggregates. This could affect the density, strength and possibly the
durability of the concrete. The maximum content of wood and that of the other
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foreign materials were found to be 1.13% and 2.53%, which were larger than the
permissible limits of 0.5% and 1% respectively.

B. Altemmative mix design, Mix No. 1A-8A
(2/3 20mm aggregates + 1/3 10mm aggregates, with admixture)

1. The large absorption value of the recycled aggregates could increase the amount of
water for concrete mixing. Also, longer time would be needed for the mixing as
more water would have to be added when recycled aggregates were used for concrete
production. The actual water/cement ratio of the mix may not be accurately
determined if insufficient time is allowed for the pre-wetting of the recycled
aggregates.

2. Pre-soaking and drying of the recycled aggregates with towels to attain the SSD
condition before mixing is not a cost-effective process in routine production.
Furthermore, if the recycled aggregates are not fully saturated in this process, the
strength development will be affected as less water will be used in the hydration of
cement (sce the variation in strength in Tables 4 & 5).

Since only a small quantity of concrete was mixed in the trials, a relatively large
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amount of admixture added might have been absorbed in contact with the surfaces of
the mixer and other equipmeni.

8. CONCLUSIONS

Although there are variations in the results of the trials between laboratories, some
consistent results were obtained with the conclusions:

1. The 100 kg of cement specified in the draft particular specification for concrete with
recycled coarse aggregates was found to be adequate since all Mixes with 100 kg of
cement have attained strength greater than 20 MPa.

2. The water content in the Standard Mix for 20 MPa concrete containing 100 kg of
cement shall be not more than 60 kg,

3. To improve the workability and consistency of the concrete, coarse aggregates of
both 20 mm and 10 mm size and in 2 to | ratio are recommended to be included in



the mix.
4. To improve the quality of the concrete, a more cost-effective way to remove the non-
inert portions of the construction and demolition materials is required.
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Appendix I

Draft compliance criteria of recycled aggregates

Mandatory Requirements Limits Testing Method
Minimum dry particle density | 2000 BS 812: Part 2
(kg/m®)
Max. water absorption 10 % BS 812: Part 2
Max. content of wood and 0.5 % Manual sorting in
other material less dense than accordance with
water BRE Digest 433
Max. content of other foreign | 1 %
materials (e.g. metals, plastics,
clay lumps, asphalt and tar,

| glass etc)
Max. fines 4 % Note 1 BS 812: Section 103.1
Max. content of sand (<4 mm) | 5 % BS 812: Section 103.1
(% m/m)
Max content of sulphate 1 BS B12: Part 118
(%om/m)
Flakiness index 40 % - Note 2 BS B12: Section 105.1
10% fines test 100 kN- Note 3 BS 812: Part 111
Grading Table 3 of BS 882:1992
Maximum Chloride content Table 7 of BS 882 -

0.05% by mass of

chloride ion of combined
aggregate — Note 4

Note 1

Note 2

Note 3

Note 4

Filler (< 0.063 mm)should be less than 2% in Rilem Specification. BS 882
says that fines passing 75um sieve shall not exceed 4 %. The latter
requirement is easier (o satisfy.

Section 16.08 (3) states that flakiness shall not exceed 35% whereas BS 882
states that it shall not exceed 40 for crushed rock or crushed gravel.

Section 16.08(3) states that the 10% fines value shall be at least 100 kN. BS
882 states that the 10% fines value to be 50 for concrete not subjected to
wearing. BRE Digest 433 states that 70kN is achievable in recycled

aggregate derived from brickwork, and 100 kN for those derived from
crushed concrete.

In recent tests carried out on recycled aggregates derived from old
concrete, 100 kN can be satisfied.

BRE Digest 433 recommends to determine acid soluble chloride rather than
water soluble chloride.
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Table 1 - Proportion of Different Concrete Mixes with Recycled Coarse Aggregates

Mix Number

Ordinary Portland Cement (kg)
Fine Aggregates (kg)

Coarse Aggregates (kg) 20mm
Water (kg)

ggregate/Cement Ratio
Water/Cement Ratio

Notes:

I The slump, density and 7 and 28 days strength of the concrete mixes were measured,
and the slump of concrete was targeted at 75mm.

1 For initial mixes, 20 mm coarse aggregates were used.

3: For alternative mixes, 1/3 of the 20mm coarse aggregates were replaced by 10mm coarse aggregates.



Table 2 - Summary of Test Results on Concrete Prepared from 20mm Aggregates from Tseung Kwan O

Mix No. 2 % o [ Mix No. 7

HEU | PWCL HEU | PWCL |HKUST
7 Days |Density {Cube 1 2340.0] 2302.0 234000 227501222560
(Ka/m3) [Cube 2 23200] 22720 2350.0 2284.0{72287.0{
Mean of pair 23300 2287.0 2345.0 2279.5]49271.5

Average of 3 labs 22510 22853
Strength|Cube 1 2300 137 4.5 17.0{8525.8
(MPa) [Cube 2 2110 128 35.5 16.7) %273
Mean of pair 2301 133 35.01 160055 36.5]

234

Average of 3 labs

28 Days|Density |Cube 1

(Kg/m3) |Cube 2

Mean of pair

Average of 3 labs

2285.0[72304.0]

2287.0}12309.0]

2286.0[42306.5

23008

Strengtﬂﬂuhe 1

(MPa) |Cube 2

Mean of pair

Average of 3 labs

Slump (mm}

23.6| 11335

24.3|51932.0]

24.0] 32,8

312

110.0]55178.

Average of 3 labs

136.0

Motes:

L. For initizl mix design, Mix Mo, 1-7, no plasticizer was added.

2. The recycled aggregates were immersed in clean water for a certain period and dried with towel to reach the SSD condition before mixing,
i Stone fines from Ka Wah Quarry at the Anderson Road were used as fine aggregates.



Table 3 - Summary of Test Results on Concrete Prepared from 20mm Aggregates from Kai Tak

Mix No. | Mix No. 2 Mix No. 4 Mix Na. 5 Mix No. 7

\ HKU | PWCL HKU ] PWCL HKU | PWCL HKU | PWCL [HEUST,

7 Days |Density [Cubel [ 2330.0] 2303.0 22700 2313.0 2200.0 2270.0] 2251.0(52252.0{
(Kg/m3) [Cube2 | 2330.0] 2305.0 22900 2300.0 22760 £2268!
Mean of pair 2330.0] 2304.0 2280.0 2263.5| #2260,
Average of 3 labs 2219.5 22628
Strength| Cube | 3550 306 23.0 26.5]  206]85035
(MPa) [Cube2 370|285 225 28.5]  20.1|sGED6T
Mean of pair 363 29.6 228 27.5]  20.4|EE04iR
Average of 3 labs 26.6 242

18 Days |Density [Cube | || 2320.0] 2345.0 2280.0 2270.0] 2202.0|52285.
(Kg/m3) [Cube 2 | 2330.0] 2324.0 22900 : 2250.0| 2246.0/%22901
Mean of pair 2325.0] 2334.5 2285.0 2290.0 : 2260.0] 2224.0|52387.5
Average of 3 labs 2246.2 2297.2 22513
Strength|Cube | 43.0] 370 20.5 58.5 4750 425 85| 27.1|5%333
(MPa) [Cube2 4500 369 30.5 59.5 415 410 37.5]  27.8[EF303)
Mean of pair 440 310 30.0 59.0 415] 418 80|  27.5|55328)
Average of 3 labs 393 439 2.8

Slump {mm) 00l 00 5.0] 5.00 20.0] 200 400 70.0[%#78)
Average of 3 labs 4.7 26.0 6.0

MNotes:

- For initial mix design, Mix Na. [-7, no plasticizer was added.
2 The recycled aggregates were immersed in clean water for a certain period and dried with towel to reach the S50 condition before mixing,

3. Stone fines from Ka Wah Quarry at the Anderson Foad were used as fine aggregates,



Tabhle 4 - Summary of Test Results on Conerete Prepared from 20mm and 10mm .ﬁ.ggrcgates‘” from Tseung Kwan O

Mix Mo. [A
HKL il

7 Days |Density |Cube |
(Kg/m3) [Cube 2
Mean of pair
Average of 3 labs
Strength|Cube |
limPa)  [Cube2
Mean of pair

Average of 3 labs

18 Density |[Cubse |
D‘F‘.Mﬂd} Cube 2
Mean of par

Average of 3 labs

Streagth|Cube | ' . 3 RN 75| 52 [
(MPs) [Cube2 piit]| _ SR 07.0|  48.4 8
Mean of pair e | il il 21.3] 5038
Average of 3 labs | | 388

Shimp (mm) I i | B 500 oo
Average of 3 labs | 535

iR | e S B 1500] 20004/ 0ERE

Motes:

Two-third of the aggregates were 20mm size and one-third were 10mm.

Mix with *A" is similar o the original mix except that 1/3 of the 20mm aggregates were replaced by 10 mim aggregates and plasticizer, Daracem 100, was pdded to the concrets mix.

Stone fines from Ka Wah Quarry ot the Anderson Road were used as the fine aggregates.

Mix BA has same mix proportion as Mix A, except that additional 10 kg of water was added to the mix and the total amount of water is 70 kg.

Mines [A, 24 & IA were not mixed due o low workability as seen in original mixes.

The HELU pre-sonked the recycled aggregates and dried them with towel to achieve S50 condition before mixing,

The PWCL took into scount the absarption value of the recycled aggregates in adjusting the amount of water for mixing.

As only & small quantity of concrete was mixed in the trials, & relative large amount of admixture added might have been absorbed in contact with the surface of the mixer and other equipment.
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Table 5 - Summary of Test Results on Concrete Prepared from 20mm and 10mm Aggregates'’ from Kai Tak

Mates:

Two-third of the aggregates were 20mm size and one-thind were |Omm.
Mix with "A" s similar to the original mix except that 1/3 of the 20mm aggregates were replaced by 10 mm aggregates and plasticizer, Daracem 100, was added 1o the concrete mix.
Stone fines from Ka Wah Quarry at the Anderson Road were used as the fine aggregates.

Mix 8A has same mix proportion as Mix TA, excepl that additional 10 kg of water was added to the mix and the total amount of water is 70 kg.

The HKL) pre-scaked the recycled aggregates and dried them with 1wel to schieve SSD condition befiore mixing.
The PWCL took into acount the absorption valee of the recycled aggregates in adjusting the amount of water for mixing.
As only a small quantity of concrete was mixed in the trials, a relative barge amount of admixture added might have been absorbed in contact with the surface of the mixer and other equipment.

|
2
3
i
5. Mixes 1A, 2A & 3A were not mixed due to low workability as seen in original mixes.
]
T
B

Mix No. 2A Mix No. 4A Mix No. 5A Mix No. 6A Mix No. BA |
HKU PWCL [H HKU [ PWCL HKU [ PWCL HKU | PWCL HKU HKL | PwCL [HKUST]
7 Days |Density [Cube | ' 2 10.0] 23330 2296.0 280 i
|(Kgfm) [Cube 2 10.0] 2281, 2 _2390]
Mean of pair ] i} ] 2275 4238.5) TS
Average of 3 labs 21583 13085 21615 21385
Strength|Cube | 0 51.0] 50 18.4 ) 173] ok
(MPa) [Cube2 51 492 2101 256 1745
Menn of pair A 513 497 3 21.5] 357 L7 AL R
Average of 3 labs 21l 305 182 pi 174
28 Days| Density [Cube | 7 10.0{ 2297 2400 2370
(Kg/m3) |Cube 2 2126, 2242,
Mean of pair 8150 2115 20 o] 2295
Average of 3 labs /3 53133 umnai 48
Strength| Cube | 587 415 k) IR
[(MPa) [Cube2 0] 576 45| 45 315 3.
Mean of pair 60| M 95| 5% 485 173 308
Average of 3 labs 353 5B 47.3 MO
Shump (mm) 4150 300 ) 2 0 650] 550
Average of 3 labs 88 125 61.3 60.0 |
e 3150] 78, 20000] 20523 sna| 10436 of oo T o 7




Table 6 - Material Properties of Recycled Aggregates from Tseung Kwan O

Limits® HKU I PWCL HKUST
SamEIcl‘SamElciihmpIcS Sample 1 SENEIEZ‘SHJT!DI'E?} Sample 1 | Sample 2 | Sample 3
Min. 2000 2452 2430 243 2430 2430 244 2352 2510 2401
J

3,12 334 3.10]

Type of test

I [Minimum dry particle density (kg/m’)

2 [IMaximum water absorption (%) 3,02 3,10] 3.10

Max. 10%

3 [IMaximum content of wood and other materiaT
less dense than water (%)

4 IMaximum content of other foreign materials (%)
e.g. melals, plastics, clay lumps, t and tar, glass elc.
5 §Maximum Content of fines (% by mass)

Max. 0.5% I

Max. 1%

Max. 4%

6 [Maximum content of sand (<4mm) (% by mass) Max. 5% 1.30*

7 [Maximum content of sulphate (% by mass) [_Max_ % 0.23] Q‘ali;j{}rl |
| 3 [Flakiness index (%) — 170l 2001 210] _ 200] 190 . . |

9 J[10% fines test (kIN) Min. 70 kN 142.0 141.0 135.01 liﬂ.ﬂ! 130.[]] 130.0 118.0| lﬁi ﬂf 115 {J)l

10 fCompliance with Table 3 of BS882:1992 for Yes / No Yes Yes Yes Yes Yes Yes Yes Yes | Yes

le-sized 20mm tes in terms of grading.
11 Maximum chloride content - Table 7 of BS 882 Max. 0.05% <0.0100 | <0.0100 0.0106] 0.0035 0.005
% by mass of chlonde ion in combined te ‘ <0.0100 I 0.0064

* the value is for < S mm (steve size).

Notes:

1, For Item 10, the limits for % passing through the 20mm sieve are 85-100 in accordance with Table 3 of BS 882.
2. The test results for Item | from HKUST have been revised as per their request.

3, The limits were in accordance with the draft particular specifications on recycled aggregales (see Appendix I).



Table 7 - Material Properties of Recycled Aggregates from Kai Tai

{f
Ite S HKU PWCL. HKUST
2k f test 1=
No. ey Lt el 1] Saranie 2] Samople 31 Sample 1] Samcls ) Samoie 31 Sainie | Sample 2] Sample 3
1 [Minimum dry particle density (kg/m’) Min. 2000 257 2297 msll 2250l 2260] | o6l 2365 2398
2218 I 2257 | 2343
9 IMaximum water absorption (%) ey i sq0]  so0] s3] eool  s20] 61 ss7l  sa0l 5.0
: I 5.33 6.10 5.56
3 {IMaximum content of wood and other material Max. 0.5% | 0.30 0.20 0. 0.0| 0.0 (. 0.00 ﬂ.ﬂf}l ﬂﬁﬂl
less dense than water (%) i 0.17 0.00 0.00 1
4 |IMaximum content of other foreign materials (%) Max. 1% 0.00 0.00 0.80] 0.00| 0.02| 0.30 0.00] 0.05 D.Ddl
li(e.g. metals, plastics, clay lumps, asphalt and tar, glass etc.) I : 0.27 ol 0.11 0.02 .
5 IMaximum Content of fines (% by mass) it 0.50] 040 050 0.10] 0.30] 060] 001 o2l o001
ax. 4%
047 | 033 = 0,01
6 [[Maximum content of sand (<4mm) (% by mass) , 1204 080*] 1204 100  1o0f] 100 o004 o006 006
Max. 5% 107 00 00"
7 IMaximum content of sulphate (% by mass) Gy I | | 029]  0.30] I o40] o042] 034
: . ____ 0% 0.39
8 |Flakiness index (%) o 9.0] 10.0| 140 10.0] 10.0} 8.0| 15.0] 16.0| 18.0]
| - 110 93 I 163 _
0 [[10% fines test (kN) T 20l 170l n7ol  s0o] 950 ool 1300] 1210 12740
e = ‘ 1153 91.7 126.0
10 [[Compliance with Table 3 of BS882:1992 for No | Yes | Yes Yes | Yes Yes No | No | No
. : : . Yes /No
single-sized 20mm aggregates in terms of grading. |
11 [Maximum chloride content - Table 7 of BS 882 | J <0.0100 | <0.0100 | 0.0014] 00036 0.0085
T : Mazx. 0.05%
% by mass of chlonde ion in combined aggregate <0100 It 0.0045

* the value 15 for < 5 mm (sieve size).

Motes;
Eor Item 10, the limits for % passing through the 20mm sieve aré 85-100 in accordance with Table 3 of BS 882,
2. The test results for Item 1 from HEUST have been revised as per their request.
The limits were in accordance with the draft particular specifications on recycled aggregates (see Appendix I).
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