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There are carried out the experimental study of the loss of the recycled concrete’s strength de-
pending on the recycled coarse aggregate substitution ratio, quantity of the fly ash and age of the
concrete through investigation of the concrete’s compressive strength. It is shown that compared
with natural gravel, the recycled coarse aggregates accumulate damages at crushing process and
have a lot of micro cracks. In addition, the surface of gravel is wrapped in porous adhesive mortar
which provides corrosion resistance of concrete deterioration. With the amount of recycled coarse
aggregate increasing, the compressive strength of recycled concrete decreases. The addition of fly
ash, which creates a compaction effect, helps improve the erosion resistance of recycled concrete. It
is shown that positive effect of aging of recycled concrete is significantly higher than negative effect
of salt solution erosion, so with time the strength of recycled concrete is increased.

Keywords: Salt solution, recycled coarse aggregate, coarse aggregate substitution rate, com-
pressive strength.

IIpoBemeno sarcIIeprMeHTATIBHOE UCCIe0BAHIE TOTEPH IIPOYHOCTH ITepepaboTaHHOro 6eTOHA B
3aBUCUMOCTH OT K03(ppuIteHTa 3aMeHbI ITepepadoTaHHOT0 KPYITHOTO HATIOJTHUTEJISI, KOJITMIeCTBA
30JIBI-yHOCA W BO3pacTa 0eTOHAa IIyTeM WCCJIeOBAHWS CHJIBI cirkaTus GetoHa. [lokasaHo, uTo 1mo
CPAaBHEHUIO C IPUPOIHBIM TI'paBUeM, IepepaboTaHHble IpyOble HAIIOJHUTEIN HMEIT MHOTO
MHUKPOTPEIUH, 00pas3yoIuxcs Ipu ApobieHun. Kpome TOro, moBepXHOCTH I'PaBUS IIOKPBITA
TIOPUCTHIM KJIEEBBIM PACTBOPOM, KOTOPHIN 00€CIIeUrnBaEeT KOPPOSUOHHYIO CTOMKOCTE K PA3PyIIIEHHIIO
Gerona. C yBenwyeHMeM KOJIHWYECTBA IMePepabOTAHHOIO KPYIIHO3EPHUCTOTO HATIOJIHUTEIIS
IIPOYHOCTH HA CyKATHE ITepepaboTanHoro 6eToHa ymenbinaercs. JlobaBaenne 30I1b1-yHOCA, KOTOPAS
co3naer aperT yII0THEHUs, IIOMOraeT YCUJIUTh dPO3UOHHYI0 YCTOMYHUBOCTD IEePepaboTaHHOTO
OeroHa. BpLIO ITOKAa3aHO, YTO IIOJIOKUTEIBHBIA o(dEeKT CTapeHus IepepadoTaHHOro OeToHa
3HAYUTEJIFHO BEIIIE, YeM OTPHUIATEbHBIM 3(deKT 3po3uH COJEBOTO pPaCTBOPA, IOITOMY C
BO3PACTOM IIPOYHOCTH IepepaboTaHHOr0 OETOHA YBEJININBAETCS.

ExcniepumenTasibHe QOCTiIKeHHA BIUIMBY €PO3iAHOrO BILUIMBY COJIEM HA MIiIHICTH
0eToHy 3 mepepodIeHnM BeJIMKUM HAanoBHIOBadeM. JI1o @amin, Yocao Jluwa, An Binw

IIpoBeneno ekcmepuMeHTAJIbHE HOCIIMKEHHS BTPATH MIIHOCTI IIepepobJieHOro OeToHy B
3aJIesKHOCT1 BII KoedillleHTa 3aMiHU I1epepo0JIeHOr0 BEJIHMKOr0 HAIOBHIOBAYA, KLIBKOCTI 30JIH-
BUHECEHHS Ta BIKYy 0OETOHY IILJISXOM JIOC/IIKEHHS CHJIM CTHCHeHHs OeroHy. IlokasaHo, 1mo B
HOPIBHAHHI 3 IPUPOSHUM I'paBieM, IepepodJieHi rpy6l HaIlOBHIOBAYI MAIOTh 0araTo MiKPOTPIIIUH,
1[0 YTBOPIOKOTHCA Iipu ApobiierHi. KpiM Toro, moBepxHs IpaBiio IMMOKPUTA HOPUCTUM KJIEHOBUM
PO3YMHOM, AKHU 3abes3medye KOPO3ifHY CTIAKICTH 10 pyHHyBaHHS GeToHy. 31 301IbIIeHHSIM
K1JIBKOCT1 TIepepo0JIEHOr0 KPYITHO3EePHUCTOr0 HAIIOBHIOBAYA MIITHICTD Ha CTHUCK IIePepo0JIeHOro
OeToHy ameHIIyeThesa. JlomaBaHHS 30IM-BUHECEHHS, SKa CTBOPIOE e(DEKT YIIiIbHEHHs, JoIIoMarae
TIOCHJIUTH €pPO31UHY CTIMKICTH IepepobsieHoro Oetony. Byso mokasano, 1m0 MO3UTHUBHUN ederT
cTaplHH IepepobJIeHoro 6eTOHY 3HAYHO BUIIE, HIK HEraTUBHUM e(peKT epo3ii COJIbOBOr0 PO3YHHY,
TOMY 3 BIKOM MIIIHICTD II€Pep00JIeHOr0 OeTOHY 301JIBIITY€eThC.
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1. Introduction

With the rapid development of economy
and city construction expanding, the scale of
construction waste generated every year ac-
count for 30%~40% of the total city garbage,
it has become the main source of city garbage
[1]. The construction waste composition have a
lot of species, concrete proportion is the high-
est among this kind of waste. Traditional pro-
cessing way of construction waste was mainly
landfill or stockpiling, it causes a series of ques-
tions about land occupation and environment
pollution, construction waste recycling rate is
very low. In recent years, scholars from vari-
ous countries on the sustainable utilization of
construction waste were studied. Such as Qiu-
yi Li[2] had improved aggregate shape and re-
moved hardened mortar of recycled aggregate
surface adhesion, achieve the goal of improve
aggregate performance. Yi-bo Yang[3] had
putted forward technology for waste concrete
all preparation for recycled fine aggregate,
it overcomes the high cement stone content
which causes high bibulous rate in traditional
recycled fine aggregate. Eguchi K[4] had stud-
ied the shrinkage of recycled concrete based on
the theory of composite. It is pointed out that
larger drying shrinkage deformation and lower
elastic modulus of recycled aggregate make re-
cycled concrete drying shrinkage is bigger.

Reinforced concrete structure in marine en-
vironment has great influenced by the erosion

effect of chlorine salt. However, the chloride
resistant performance of recycled concrete less
studied in recent years. There are have many
determination methods and indexes of recycled
concrete durability, salt solution effect on the
properties of recycled concrete is an important
aspect of durability evaluation. Improve the
chlorine salt resistance of recycled concrete
will protect the reinforcing steel bar is not easy
to rust and construction waste recycling[5]. In
addition, the recycled aggregate can effectively
alleviate the problem of sand shortage, and
also effectively reduce construction waste emis-
sions. It is the only way to realize sustainable
development of construction industry.

2. Testing raw material and testing
program

2.1. Testing Raw Material

(1) Cement: ordinary Portland cement pro-
duced by Huaibei Songshan cement co., LTD,
strength grade 42.5. The main physical perfor-
mance indexes as indicated in Table 1.

(2) Fly ash: Grade II ash produced by Anhui
Huainan Luoneng power generation co., LTD,
the main physical performance indexes as indi-
cated in Table 2.

(3) Fine aggregate: the main physical per-
formance indexes of natural sand as indicated
in Table 3.

Table 1. The Main Physical Performance Indexes of Cement

) Settine time /min Compressive Flexural
Fineness Water requirement J strength /MPa strength /MPa
1% of normal — -
consistency, /% Initial Final 3d 28d 3d 28d
setting setting
0.8 27 180 320 23.7 46.6 4.5 8.7
Table 2. The main physical performance in
dexes of fly ash (%)
: Water i
Fineness demand ratio Ignition loss SO, content
18.5 93 2.3 qualified
TABLE III. The Main Physical Performance Indexes of Natural Sand
) Apparent den- | Bulk den-
Name Fineness sity sity Water de- Strength Evaluation
modulus mand ratio ratio
/kg.m-3 /kg.m-3
Natural 9.7 9539 1376 1.00 1.00 IT area medium
sand sand
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Table 4. The main physical performance indexes of recycled coarse aggregate and natural gravel

N Apparent density | Needle content | Bibulous rate | Crush index
ame
kg.m % % %
Recycled coarse After first break 2409 7.6 2.5 17.6
aggregate After plasticed 2437 5.4 1.9 14.3
Natural gravel 2472 6.7 1.8 12.1
Table 5. The mix ratio of recycled coarse aggregate concrete
Recycled Coarse Aggregate
Group Water Cement | Fly ash Substituti Natural Natural
ubstitution Content gravel sand
rate %
SJ1 400 0 0 0 1187
SJ2 340 60 0 0 1187
SJ3 400 0 100 1187 0
SA1 200 340 60 30 356 831 668
SA2 340 60 60 712 475
SA3 340 60 80 950 237
SA4 340 60 100 1187 0

(4) Coarse aggregate: Use jaw crusher to
break building material laboratory waste cube
concrete whose compressive strength are 30 ~
40MPa at first, get recycled coarse aggregate
by fully dried, using particle shaping machine
for plasticing. Next screened with 4.75mm and
more than 4.75mm particles are recycled coarse
aggregate which after plasticed. Natural coarse
aggregate are natural gravel. The main physical
performance indexes of recycled coarse aggregate
and natural gravel as indicated in Table IV.

2.2. Testing program

Sand content, gravel content and test meth-
od refers to Standard for Technical Require-
ments and Test Method of Sand and Crushed
Stone (or gravel) for Ordinary Concrete (JGJ
52-2006), Recycled Fine Aggregate for Concrete
and Mortar (GB/T 25176-2010) and Recycled
Coarse Aggregate for Concrete (GB/T 25177-
2010). The strength test specimen of recycled
concrete were put into the standard curing
room for 28 days, and then put into the salt
solution. The compressive strength test of re-
cycled concrete according to different ages ero-
sion. Salt solution were divided into 5%NacCl,
5% NaCl+5% Na,SO, and 5% Na,SO, which
are three different kinds of salt concentration.
The test is mainly to replace all of the recycled
coarse aggregate or part of the natural gravel.
Through testing under fly ash and salt solution
erosion dual function effect on the compressive
strength of recycled concrete. The water cement
ratio of this test is 0.5.
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2.3. Testing mix ratio

The testing specimens were used C30
strength grade as the benchmark and were
divided into two groups. SA group is recycled
coarse aggregate concrete. SA1l, SA2, SA3
and SA4 are respectively on behalf of recycled
coarse aggregate content account for 30%, 60%,
80% and 100% of the total coarse aggregate
quality. SJ group as the benchmark, SJ1 is not
add recycled coarse aggregate and fly ash, SJ2
is not add recycled coarse aggregate but fly ash
adding, SJ3 is add 100% recycled coarse aggre-
gate but without fly ash. Put these specimens
into three different types of salt solution im-
mersion, soaking time lasting for half a year. In
this time, the compressive strength of recycled
concrete specimens had been tested under dif-
ferent ages (7 days, 28 days, 60 days, 90 days
and 180 days). The mix ratio of recycled coarse
aggregate concrete as indicated in Table V.

3. Testing result and analysis

3.1. The compressive strength after
salt solution erosion at different ages

According to Standard for Test Method of
Mechanical Properties on Ordinary Concrete
(GB/T 50081-2002), The compressive strength
of after eroding recycled coarse aggregate con-
crete which are 150mm x 150mm x 150mm cube
specimens as calculated in formula(1):

.

" 1)
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Table 6. The compressive strength results of
recycled coarse aggregate concrete

Speci- Compressive strength after salt solu-
men tion erosion, MPa

number 7d 28d 60d 90d | 180d
SJ1-1 33.4 | 36.6 | 37.2 | 37.7 | 40.1
SJ1-2 32.3 | 35.9 | 36.4 | 37.3 | 39.2
SJ1-3 32.8 | 36.2 | 379 | 37.8 | 40.4
SJ2-1 35.2 | 385 | 39.4 | 39.7 | 42.6
SJ2-2 337 | 36.4 | 37.1 | 382 | 40.9
SJ2-3 35.8 | 89.2 | 40.6 | 41.4 | 42.7
SJ3-1 28.4 | 287 | 296 | 31.2 | 32.1
SJ3-2 26.4 | 27.2 | 29.3 | 30.8 | 31.4
SJ3-3 29.5 | 30.3 | 30.5 | 30.9 | 32.3
SA1-1 | 343 | 336 | 355 | 34.6 | 38.8
SA1-2 | 322 | 346 | 344 | 362 | 379
SA1-3 | 33.7 | 352 | 37.6 | 37.7 | 40.5
SA2-1 | 30.8 | 32.1 | 334 | 329 | 34.8
SA2-2 | 29.1 | 30.6 | 32.2 | 31.6 | 33.5
SA2-3 | 31.2 | 334 | 328 | 356 | 36.1
SA3-1 | 284 | 29.7 | 31.8 | 32.7 | 33.3
SA3-2 | 29.7 | 30.4 | 30.8 | 31.2 | 33.0
SA3-3 | 30.2 | 31.7 | 324 | 31.9 | 34.6
SA4-1 | 29.1 | 30.5 | 31.6 | 32.2 | 335
SA4-2 | 282 | 29.9 | 30.6 | 30.9 | 32.3
SA4-3 | 30.1 | 32.7 | 34.3 | 33.1 | 35.8

Note: In the table, — 1 means soaking in
5%NaCl salt solution, — 2 means soaking in
5%NaCl+5%Na,S0O, salt solution, — 3 means
soaking in 5%Na, SO, salt solution.

Where,

f,— the compressive strength of recycled con-

crete specimens, MPa;

F — the compressive failure load of specimens, N;

A — the compression area of each specimen, mm?.
The compressive strength of recycled coarse

aggregate concrete after salt solution erosion

as indicated in Table 6.

3.2. Salt solution effects on the com-
pressive properties of recycled coarse ag-
gregate concrete

3.2.1. Different substitution rate of re-
cycled coarse aggregate

Take the SJ2, SA1, SA2, SA3, SA4 as a
batch, then draw the result of the experiment
as shown in Figure 1land Figure 2.

It is shown from Fig.(1) and Fig.(2) that
when the substitution rate of recycled coarse
aggregate increase, no matter what kind of salt
solution immersion, the compressive strength
of recycled concrete are all decreased obviously.
In 5%NaCl salt solution erosion after 7d, the
compressive strength of recycled concrete were
lost 0.9MPa and 4.4MPa. 6.8MPa and 6.1MPa,
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Fig. 1. The relationship between different sub-
stitution rate and compressive strength of recy-
cled coarse aggregate (7d)
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Fig. 2. The relationship between different sub-
stitution rate and compressive strength of recy-
cled coarse aggregate (90d)

the loss rate is as high as 19.3%. In 5%NaCl
salt solution erosion after 90d, the compressive
strength of recycled concrete were lost 6.3MPa,
6.8MPa, 7.0MPa and 7.5MPa, the is as high as
18.9%. Obviously, the higher recycled coarse
aggregate substitution rate, the worse salt
solution erosion resistance. This is mainly be-
cause the cumulative damage of recycled coarse
aggregate in crushing process and exist a lot of
micro crack. In addition, the surface of gravel
are wrapped in porous adhesive mortar [6-7].
When recycled coarse aggregate substitu-
tion rate reached 100%, the highest compres-
sive strength of recycled concrete loss. The
compressive strength loss rate had reached
to 17.3%, 16.3% and 15.9% respectively. After
90d erosion in salt solution, the compressive
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Fig. 3. The compressive strength of recycled con-
crete in 5%NaCl salt solution (1).

strength loss rate had reached to 18.9%, 19.1%
and 20.1%. This is mainly because micro crack
and defect of adhesive mortar are more obvious
when the recycled aggregate replace all natural
gravel, so the ability of salt solution erosion re-
sistance had fell sharply.

3.2.2. Different Ages

It is shown from Fig. (3), Fig. (4) and Fig. (5)
that when recycled concrete age increase, no
matter what kind of salt solution immersion,
the compressive strength of recycled concrete
are all rise obviously. The compressive strength
of SJ group specimens after 180 days salt solu-
tion immersion increased significantly greater
than the other groups, among the increase rate
of SJ2-1 group is as high as 21.0%.This is main-
ly because natural gravel have smaller porosity
and stronger permeability than recycled coarse
aggregate. After a long time soaking in salt so-
lution, or in the salt solution can react with ce-
ment hydration products and create dilatants,
expansive force is greater than concrete tensile
strength will lead to concrete cracking [8]. In
the long run, concrete strength will gradually
decline. The surface of recycled coarse aggre-
gate are wrapped in porous adhesive mortar,
these dilatants can’t filled fully, so the com-
pressive strength of recycled concrete after im-
mersion is less than ordinary concrete.

It is also shown from Fig. (3), Fig. (4) and
Fig. (5) that concrete compressive strength in
5%NaCl+5%Na SO, is lower than the other
kinds of salt solution. In different ages, the com-
pressive strength of SA4-2 had reduced 6.3%,
8.6%, 10.8%, 6.6% and 9.8% relative to SA4-3
group. The compressive strength of SA4-2 had
reduced 3.1%, 2%, 3.2%, 4% and 3.6% relative
to SA4-1 group. By analyzing testing data, we
had found that the recycled concrete in chlo-
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Fig. 4. The compressive strength of recycled con-
crete in 5%NaCl salt solution (2).
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Fig. 5. The compressive strength of recycled con-
crete in 5%NaCl salt solution (3).

ride salt environment erosion degree is more
serious than it is in sulfate environment. Two
kinds of mixed salt solution is coupling effect
on recycled concrete. Mixed salt solution can
accelerate recycled concrete erosion degree.

3.2.3. Fly Ash

Take the SJ1, SJ2, SJ3, SA4 as a batch, then
draw the result of the experiment as shown in
Fig. (6), Fig. (7) and Fig. (8).

Through Fig. 6, Fig. 7 and Fig. 8 can be
seen, no matter what kind of salt solution im-
mersion, the compressive strength of SJ2 group
1s highest and SJ3 group is lowest. It can be
found that improving the erosion resistance of
concrete effectively after fly ash added. For ex-
ample, the compressive strength of SA4 group
specimens which were higher than SJ3 group
which without fly ash adding. In 5%Na,SO,

Functional materials, 24, 2, 2017
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Fig. 6. The compressive strength of recycled con-
crete in 5%NaCl salt solution (4).

salt solution and different ages, the compres-
sive strength of SA4 group had increased 2.0%,
7.9%, 12.5%, 7.1% and 10.8% relative to SJ3
group. The compressive strength of recycled
concrete in 5%Na,SO, is generally larger than
other two kinds of salt solution. It is shown
that after fly ash substituting partial cement,
the sulfate resistance ability of recycled con-
crete 1s superior to chloride resistance. This is
mainly because the fly ash have played a vol-
cano ash effect, meanwhile filled compaction ef-
fect. The recycled concrete is one kind of multi-
component and multiphase complex system,
each component material is not easy to achieve
together and even. Fly ash powder can be filled
between the cement hydration products, so im-
proving the gradation and aperture of recycled
concrete cementing material effectively. It
makes the cement structure more compaction,
blocking the erosive path of chlorine salt and
sulfate, so improving the compressive strength
of recycled concrete correspondingly[9].

It is not difficult to find that using recycled
coarse aggregate to prepare concrete can con-
tent strength requirement through data in
Table 6. The recycled concrete strength was de-
crease little when substitution rate of recycled
coarse aggregate at around 30%. Adding fly
ash, the later strength of recycled concrete can
at the same level as ordinary concrete. Accord-
ing to the requirement added moderate amount
of fly ash or some other active material into
concrete in engineering practice, in order to
improve the pore structure of recycled concrete
[10]. It is appropriated that Substitution rate of
recycled coarse aggregate is no more than 30%
of natural gravel.
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Fig. 7. The compressive strength of recycled con-
crete in 5%NaCl salt solution (5).
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Fig. 8. The compressive strength of recycled con-
crete in 5%NaCl salt solution (6).

4. Conclusions

(1) Along with increasing content of recycled
coarse aggregate, the compressive strength of
recycled concrete is on the decline. Poorer chlo-
ride and sulfate resistance of recycled concrete
than ordinary concrete. This is because adhe-
sive mortar and damaging stone have negative
impact on the durability of recycled concrete.

(2) The addition of fly ash, It can be improve
the erosion resistance of recycled concrete ef-
fectively because of adding fly ash. This is
mainly because the fly ash have played a vol-
cano ash effect, meanwhile filled compaction
effect. Blocking the erosive path of harmful
substances and making the microstructure of
cement stone more compact, so improved the
strength of recycled concrete and durability
correspondingly.
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(3) Sulfate resistance is superior to chlorine
resistance when substituting fly ash for partial
cement. The coupling effect of sulfate and chlo-
ride salt will accelerate decreasing strength of
recycled concrete.

(4) Age impact on developing strength of re-
cycled concrete is higher than salt solution ero-
sion. So the longer time, the higher strength of
recycled concrete. But there are have negative
effect on strength growing in salt solution en-
vironment. This is mainly because after a long
time soaking in salt solution, Cl or SO * in the
salt solution can react with cement hydration
products and create dilatants, expansive force is
greater than concrete tensile strength will lead
to concrete cracking, also reduced the strength
and durability of concrete. This researchable
area needs further validation.
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