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Introduction

In recent years, the Singapore government 

has been actively promoting the use of 

recycled waste materials in construction 

applications to alleviate waste disposal 

problems in land-scarce Singapore, as well 

as to reduce our strong reliance on the im-

port of natural aggregates from overseas. 

To support the government’s directive to-

wards sustainable development, Samwoh 

Corporation Pte Ltd, a leading infrastruc-

ture construction and material supply con-

glomerate, has undertaken an ambitious 

and forward-thinking pilot project by 

Changi Airport Group Pte Ltd (CAG) to 

reconstruct the existing aircraft stand rigid 

pavement at Singapore Changi Airport us-

ing concrete made of recycled concrete ag-

gregate (RCA).  The existing aircraft stand 

rigid pavement has been used for over 20 

years and is due for rehabilitation. The aim 

of the project is to recycle the concrete 

waste derived from the demolition of the 

existing rigid pavement for the construc-

tion of new aircraft stand rigid pavement. 

The project also involved a pavement con-

sultant from the National University of 

Singapore (NUS). It is the first of its kind 

in the region and has opened a new frontier 

in civil engineering construction and sus-

tainable development in Singapore. 
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1.Production of 
Recycled Concrete 
Aggregate

The existing aircraft stand rigid pavement 

was broken up using hydraulic breakers 

and the concrete waste was transported 

to a nearby recycling facility for process-

ing. The waste contains mainly crushed 

concrete, ferrous metals and very small 

amount of other foreign materials. The 

waste was processed via a few key pro-

cesses which include crushing, sorting 

and sieving of the end product (RCA) into 

the required sizes to meet the CAG require-

ments as shown in the above table.

2.  Mix Design for RCA 
Concrete

The mix design for the concrete with RCA 

(hereinafter known as RCA concrete) was 

determined with respect to CAG specifica-

tion requirements which specified a mini-

mum flexural strength of 4.2N/mm2 at 28-

day. The workability was designed based 

on a slump value of 38-65mm in accor-

dance with the requirements for side-form 

paving method of construction.

The RCA concrete was designed using 

20% of RCA (by mass of coarse aggre-

gate). Laboratory tests results have shown 

that RCA exhibited much higher water ab-

sorption (about 5%) as compared to granite 

aggregate (typically less than 1%) which is 

normally used for concreting in Singapore. 

This would drastically reduce the work-

ability of the concrete mix. Many research-

ers attempt to address this issue by increas-

ing water and cement contents in order to 

achieve the required workability at a con-

stant water to cement ratio. However, the 

increase in cement content can affect the 

properties of the hardened concrete such 

as shrinkage. To overcome this problem, a 

rational mix design approach developed by 

Ho et al.  was used without the need to in-

crease the cement and water contents. The 

method involves adjustments in the coarse 

aggregate to fine aggregate ratio and ad-

dition of some admixtures to achieve the 

required workability. The findings of the 

study have been shown that RCA concrete 

provides comparable strength as compared 

to normal concrete without RCA using this 

method of mix design.

3.  Construction

The aircraft stand rigid pavement com-

prises 435mm thick of the RCA concrete 

and 75mm thick of lean concrete. A key 

challenge in the construction of the rigid 

pavement is that RCA concrete tends to 

exhibit higher shrinkage than normal con-

crete which may lead to shrinkage cracks. 

Special curing measures were undertaken 

during the casting of RCA concrete. Im-

mediately after casting, the concrete sur-

face was applied with a concrete curing 

compound and then covered with a curing 

shelter and polyethylene sheets. Based on 

site observations, the method was found 

to be effective even when the construction 

was conducted in the afternoon. With this 

curing method, it allows casting in the day 

which eases casting work, improves vis-

ibility and increases productivity.

Stringent quality control was carried out to 

monitor the workability of the fresh con-

crete and the flexural strength. The work-

ability of fresh concrete was monitored for 

every batch of concrete delivered to the 

site to ensure it meets the slump require-

ment of 38-65mm. Samples of the RCA 

concrete were also obtained and tested 

for 7- and 28-day flexural strength for ev-

ery concrete mix produced per day or per 

pavement construction operation. The fol-

lowing observations can be drawn from the 

test results.

a)   7-day flexural strength – All the test 

results meet the required strength of 4.2N/

mm2.  This implied that the completed air-

craft stand can be opened to traffic earlier 
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than the stipulated period of 14 days after 

placement of concrete as specified accord-

ing to CAG specification.

b)   28-day flexural strength – The aver-

age flexural strength is in the range of 5.1- 

6.3N/mm2. This implied that that RCA 

concrete can be designed to achieve or per-

form even better than the required flexural 

strength.

4.  Conclusions and 
Further Study

This project has demonstrated the fea-

sibility of using RCA derived from the 

demolition of the existing aircraft stand 

rigid pavement for the reconstruction of 

the aircraft stand rigid pavement at Singa-

pore Changi Airport. To date, the project 

has been carried out successfully since 

March 2010 and the first phase, compris-

ing 8 aircraft stands, will be completed in 

December 2011. The remaining aircraft 

stands will be progressively rehabilitated 

using the RCA concrete over the next few 

years. To further optimize the use of RCA, 

Samwoh has carried out extensive research 

to evaluate the feasibility of using higher 

dosage of RCA. The laboratory tests have 

shown that it is possible to use up to 40% 

of RCA in concrete for the aircraft stand 

rigid pavement and field trials are being 

carried out to validate the performance. 

In addition, carbon footprint analysis was 

also carried out to evaluate the carbon 

footprint of RCA versus natural granite aggregate. The study showed the RCA produces 

less carbon emissions than natural granite aggregate. In other words, the use of RCA not 

only provides a substitute for natural aggregate, it is also a greener alternative to granite 

aggregate. It is envisaged that the project will put Singapore in the forefront of sustainable 

development in the region.
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Construction process of aircraft stand rigid pavement using RCA concrete 

 

d) Casting of RCA concrete 

c) Setting up of welded mesh  

e) Completed rigid pavement f) Reinstatement of markings   

b) Subgrade preparation a) Breaking up of rigid pavement 
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