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• The RA usually contains a higher sulphate content
than natural aggregates.

• The solubility, hardness and density of gypsum has
a negative effect on the quality of the aggregate.

• Barbudo et al. (2012) stablished good correlations
between the percentage of gypsum in RA and
sulphate content, and not with other parameters
such as concrete and mortar and ceramic particles.

Gypsum elements

In Spain, restrictions in RA regarding to its use to form road base layers are severe.
The maximum sulphur content is 1%, and the acid-soluble sulphate content is 0.8%.
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The aim of this research was to analyze the effect on
mechanical properties at long term of gypsum content in
RA. For this purpose,
• Different RA samples were prepared by adding

different percentages of gypsum (0%, 2% and 4%)
previously hydrated and crushed.

• California bearing ratio (CBR) was conducted on the
samples prepared without cement addition, and
compressive strength was conducted on the samples
prepared with a 3% cement addition. Both tests were
conducted at different ages, up to one year of curing.

The aim:
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Samples

Cement
(CEM II BL 32.5 N)

addition

Gypsum 
addition Methods

(%) (%)
RA+0% 0 0

CBR
(UNE 103502:1995)RA+2% 0 2

RA+4% 0 4

CT‐RA+0% 3 0
Compressive strength

(UNE‐EN 13286‐41:2003)CT‐RA+2% 3 2

CT‐RA+4% 3 4

RA Unbound Recycled Aggregate

CT-RA Cement treated Recycled aggregate

Materials and methods:
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CT‐RA+0% 3 0
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Barbudo et al. (2012)

4.4% max. of  gypsum 
to comply with 

leached sulphates 
limitations

Materials and methods:

0% 2% 4%
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Results and discussion:

0
50

100
150
200
250
300

0 100 200 300 400

CB
R 
In
de

x 
(%

)

Age (days)

RA+0% RA+2% RA+4%

CBR (UNE 103502:1995)



Mechanical performance of  
Recycled Aggregate from CDW

at long term varying gypsum content

0
50

100
150
200
250
300

0 100 200 300 400

CB
R 
In
de

x 
(%

)

Age (days)

RA+0% RA+2% RA+4%

Results and discussion:

CBR (UNE 103502:1995)



Mechanical performance of  
Recycled Aggregate from CDW

at long term varying gypsum content

0
50

100
150
200
250
300

0 100 200 300 400

CB
R 
In
de

x 
(%

)

Age (days)

RA+0% RA+2% RA+4%

Results and discussion:

CBR (UNE 103502:1995)



Mechanical performance of  
Recycled Aggregate from CDW

at long term varying gypsum content

Results and discussion:

0
1
2
3
4
5
6
7
8

0 100 200 300 400

Co
m
pr
es
si
ve
 st
re
ng
th
 

(M
Pa
)

Age (days)

CT‐RA+0% CT‐RA+2% CT‐RA+4%

Compressive strength
(UNE‐EN 13286‐41:2003)



Mechanical performance of  
Recycled Aggregate from CDW

at long term varying gypsum content

Results and discussion:

0
1
2
3
4
5
6
7
8

0 100 200 300 400

Co
m
pr
es
si
ve
 st
re
ng
th
 

(M
Pa
)

Age (days)

CT‐RA+0% CT‐RA+2% CT‐RA+4%

Compressive strength
(UNE‐EN 13286‐41:2003)



Mechanical performance of  
Recycled Aggregate from CDW

at long term varying gypsum content

Results and discussion:

0
1
2
3
4
5
6
7
8

0 100 200 300 400

Co
m
pr
es
si
ve
 st
re
ng
th
 

(M
Pa
)

Age (days)

CT‐RA+0% CT‐RA+2% CT‐RA+4%

Compressive strength
(UNE‐EN 13286‐41:2003)



Mechanical performance of  
Recycled Aggregate from CDW

at long term varying gypsum content

Conclusion:

Regarding to the CBR performance with different gypsum
content:
• Samples with gypsum addition had a good performance at early ages,

and at long term, no difference was found respect to sample without
gypsum addition.

In relation to the compressive strength performance with 3%
cement addition and different gypsum content:
• The gypsum presence present a slightly decrease the compressive

strength values respect to that without gypsum addition, but not
significantly.

This research supports that sulphate content limits could be
restudied to widen the use of RA to form base layers in roads.
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