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Mechanical properties of lightweight
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The purpose of this study was to study the mechanical properties of lightweight
aggregate concrete at high temperature. In view of the defects of lightweight
aggregate concrete, shale ceramsite with high cylinder compressive strength and
low porosity was used ‘as coarse aggregate to ensure the strength of lightweight
agregate concrete. In addition, basalt fiber with high elastic modulus, high tensile
strength and high temperature resistance and polypropylene fiber with light weight
and good elasticity were added into lightweight aggregate concrete to study the
influence of fiber on various mechanical properties of lightweight agregate concrete
at high temperature. The results showed that HRL2 had the best fire resistance.
Therefore, the fiber light aggregate concrete LC30 prepared in this study had the
lowest strength and excellent high temperature resistance, and can be applied to the
main structure with high fire protection requirements.

Keywords: lightweight aggregate concrete, high temperature, porosity, compressive
strength, fiber.

I/IBYI{EHI)I MexXaHMJyecKre CBOMCTBA 3aIOJHUTENsI OeToHa npn BBICOKOIT TeMIeparype.
C.J'IaHI_IeBI)IIU/I KepaM3uT C BBICOKOIT IIPOYHOCTBIO Ha CKaTue n HUBKOI IIOPUCTOCTBIO MCITOJBL30-
BaH B KayeCTB€ 3allOJHUTEJd A4 obecrieueHns IIPOYHOCTU JIETKOTO betona. BazamnToBOE
BOJIOKHO C BBICOKMM MOAyJe€M YIIDYyIrocCTu, BBICOKOT IIPOYHOCTHIO Ha PacCTAKeHne n BBICOKOT
TeMHepaTypHOfI CTOMKOCTBIO U IIOJIUIIPOIINJIEHOBOE BOJIOKHO C JIETKMM B€COM M XOpOIlIeﬁ
QJIACTUYHOCTBIO HO6aBJIeHI)I B 3aIOJHUTENb 0eToHa I M3yUYeHUdA WX BJIWUAHWA HA MEXaHU-
yecKHe CBOIiCTBa Geroma Ipu BBICOKOIT TeMIiepaType. HOKaBaHO, uTO OETOH C JIETKUM BOJIOK-
HUCTBIM 3allOJHUTEJEM HMeJ HU3KYIO IMMPOYHOCTL M OTJIUYHYIO CTOMKOCTL K BBICOKMM TeMIIe-
parypaM, YTO IIO3BOJSAET €ro IIpuMeHATbH OJdA KOHCprRILI/Iﬁ C BBICOKMMMA Tpe6OBaHI/IﬂMI/I K
HpOTI/IBOI'IO)KapHOIU/I 3aniunuTe.

Mexaniuni BJacTHBOCTI Jerkoro 3amoBHIOBaua OeTOHY IIPpM BHCOKii Temmepartypi.
R.Guan.

BuBueno mexaHiumi BiacTMBOCTI JIerKOro 3alloBHIOBaua OeTOHY IIPKM BHCOKiH TemIiiepa-
Typi. CiranieBuil KepaM3uT 3 BHCOKOI MIIHICTIO HA CTUCK i HM3BKOIO IIOPHUCTICTIO BUKOPIIC-
TAHO SAK BaKKMUII 3alOBHIOBAY s 3abesleueHHs MimHOCTI Jerkoro Oeromy. Kpim Toro,
0a3aJIbTOBE BOJIOKHO 3 BHCOKUM MOIYJEM IIPYXHOCTi, BHCOKOI MIIIHICTIO HAa PO3TArHEeHHS i
BHCOKOIO TEMIIEPATYPHOIO CTiliKicTIO i mosinporisieHoBe BOJOKHO 3 JIErKOI0 Baroio i XOpoIIowo
€JIaCTUYHICTIO HOJAHO y JerKHil 3alOBHIOBAY 0eTOHY /JJisd BUBUEHHS IX BILJIMBY Ha MeXaHiuHIL
BJIACTUBOCTI JIErKOro 3alloBHIOBaYa 0eTOHY IIpu BUCOKiHW Temmeparypi. Ilokasaxo, 1o GeToH
3 JIETKOr0 BOJIOKHHCTOI'O 3aII0OBHIOBAYA, IIPUI'OTOBAHUII B IIbOMY MOCIimiKeHHi, MAaB HANHUMK-
uyy minmicrs i BigMiHHY cTiiKicTh OO0 BHCOKMUX TeMIepaTyp, Ky MOYKHA 3aCTOCOBYBATH IJIA
OCHOBHOI KOHCTPYKIIII 3 BUCOKMMU BUMOTaMM [0 IIPOTHUIIOMKENKHOrO 3aXMCTY.

1. Introduction The high-temperature working state of
concrete is usually divided into two catego-
ries. Firstly, the temperature of working
sistance of concrete is important in the field environment of reinforced concrete, which

of concrete research [1, 2]. is about 500 — 600°, such as high tempera-

The research on the high temperature re-
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ture obtained in metallurgical plants, boiler
chimney structure, etc. Secondly, the sud-
den rise of temperature caused by accidental
fire events, in this case, the temperature
rise rate is fast, and the temperature is
high, sometimes the local temperature can
reach thousands of degrees, causing great
damage to the building. The causes of con-
crete damage in fire can be mainly attrib-
uted to two types: firstly, the uneven effect
of high temperature on concrete leads to
uneven temperature field inside the con-
crete and large additional stress inside the
structure, resulting in the failure of the
concrete structure. Secondly, under the ac-
tion of high temperature, serious property
changes have taken place in the concrete,
such as material deterioration, strength re-
duction, or serious expansion or deformation.

Recently, the high-temperature failure
mechanism of concrete playing a great role
in promoting the improvement of the fire-
resistance performance of concrete was dis-
cussed in the number of papers.

Tazky mixed basalt fiber into inorganic
polymer cement concrete and Portland ce-
ment concrete to compare and study the in-
fluence of fiber content on fracture tough-
ness of two types of concrete matrix [3].
The results showed that adding basalt fiber
can improve the fracture performance of in-
organic polymer cement concrete. Through
the experimental study of concrete mixed
with basalt fiber, Guo found that the influ-
ence of basalt fiber on static compressive
strength and splitting tensile strength was
not obvious [4]. However, under impact
load, it showed obvious enhancement effect,
and the effect was more significant when
the content was 0.1 %, indicating that
BFRC had good impact resistance. Shen
studied the influence of air entraining
agent, mineral admixture and steel fiber on
the mechanical properties of concrete after
high temperature by adding them into con-
crete respectively. The experimental results
showed that compared with air entrainment
and mineral admixtures, steel fiber had bet-
ter inhibitory effect on mechanical property
degradation of High-Performance Concrete
(HPC) [5]. Real studied the influence of hy-
brid fiber (polypropylene fiber and steel
fiber) on the mechanical properties of con-
crete after high temperature, and found
that the hybrid fiber concrete did not burst
in high temperature and the specimen main-
tained a certain integrity, thus the residual
strength of hybrid fiber light aggregate con-
crete after high temperature was higher [6].
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2. Methodology

2.1 Design of mix proportion

In this test, fiber light aggregate con-
crete was mainly used as high-temperature
resistant structural concrete. The design
strength grade of fiber lightweight aggre-
gate concrete was LC30. According to the
loose volume method in JGJ51-2002 "Tech-
nical specification for lightweight aggregate
concrete”, two types of lightweight aggre-
gate concrete with different water-cement
ratios were prepared, with no addition of
water reducing agent lightweight aggregate
concrete (LC) and with addition of water
reducing agent lightweight aggregate con-
crete (LC1). According to "Chopped basalt
fiber for cement concrete and mortar”
GB/23265-2009 and "Synthetic fiber for ce-
ment concrete and mortar” GB/T21120-
2007, under the condition of consistent
water-cement ratio, Dbasalt fiber and
polypropylene fiber were mixed into light-
weight aggregate concrete to prepare basalt
fiber light aggregate concrete with six mix
proportions (the volume content was
0.05 %, 0.1 %, 0.15 %, 0.2 %, 0.25 %
and 0.3 %, respectively, and the serial
numbers were BRLC1, BRLC2, BRLCS,
BRLC4, BRLC5 and BRLC6) and
polypropylene fiber light aggregate concrete
with three mix proportions (the volume con-
tent was 0.1 %, 0.2 % and 0.3 %, respec-
tively, and the serial numbers were PRLC1,
PRLC2 and PRLC3). The mechanical proper-
ties of two kinds of fiber lightweight aggre-
gate concrete were tested. The optimal vol-
ume content of two kinds of fiber was cho-
sen to be 0.2 %. In addition, keeping the
water-cement ratio unchanged, the total
fiber volume content was 0.2 %, and mixed
fiber lightweight aggregate concrete with
three mix proportions was prepared (the
proportions of fiber volume content were
0.05 % of basalt fiber and 0.15 % of
polypropylene fiber, 0.1 % of basalt fiber
and 0.1 % of polypropylene fiber, 0.15 %
of basalt fiber and 0.05 % of polypropylene
fiber respectively, and the numbers were
HRLC1, HRLC2 and HRLC3, respectively).

2.2 Type and size of specimen

At room temperature, 100x100x100 mm3
specimens were used to determine the com-
pressive strength of various types of light-
weight aggregate concrete, and
100x100x400 mm3 specimens were used to
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Table. Color of materials in BRLC4 specimens after high temperature treatment

Category Room 100° 200° 300° 500° 700° 900°
temperature
Mortar Steel gray | Steel gray | Steel gray Gray Light gray | Greyish |[Yellow grey
white
Lightweight Dark grey | Dark grey | Dark grey | Dark grey Gray Light gray A few
aggregate orangered
Manufactured | Grayish blue| Grayish Grayish Grayish Gray Greyish White
sand blue blue blue white

determine the flexural strength of various
types of lightweight aggregate concrete.

2.3 Equipment for testing compressive
strength

According to the "Standard for test
methods of ordinary concrete (GB/T50081-
2002)", the compressive strength of the
cube specimens after curing for 28d and
high-temperature experiment was tested
with the YES-2000 digital display pressure
testing machine of Jinan new assay testing
machine Co., Ltd.

2.4 Flexural strength test

According to "GB/T50081-2002 standard
for test methods of ordinary concrete”, the
specimen (size: 100x100x400 mm3) main-
tained for 28d was tested with the hydraulic
universal testing machine WE-300.

2.5 Heating scheme

In case of fire, due to the difference of
surrounding environment and building
structure type, the moisture content of fire-
affected materials is also different. In addi-
tion, the water absorption rate of aggregate
itself is higher, which leads to a greater
difference in the moisture content of light-
weight aggregate concrete under different
conditions. In this study, in order to ensure
the consistent moisture content of the speci-
mens, all the specimens were taken out
after the standard curing, and the room
temperature strength test and high tem-
perature fire resistance test were conducted
under the condition of moisture saturation.

3. Results and discussion

In this study, six temperatures (100°,
200°, 300°, 500°, 700°, 900°) used. Target
temperature treatment was carried out on the
water-saturated specimen, light aggregate
and fiber of LC, LC1, BRLC2, BRLCS3,
BRLC4, PRLC2 and HRLC2. The apparent
characteristics of basalt fiber, polypropylene
fiber, lightweight aggregate and the speci-
men after high temperature were observed,
the cylinder compression strength of light
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aggregate after high temperature was meas-
ured, and the mass of the specimen after
high temperature was weighed and the re-
sidual compressive strength after high tem-
perature was measured.

The residual strength of BRLC2, BRLC3
and BRLC4 was compared and analyzed, and
the influence of basalt fiber and its volume
content on the high-temperature mechanical
properties of lightweight aggregate concrete
was studied in detail in combination with
the apparent phenomenon of the specimen
after high temperature and the charac-
teristics of basalt fiber. The residual
strength of PRLC2 was analyzed, and the
action mechanism of polypropylene fiber on
lightweight aggregate concrete at high tem-
perature was analyzed in combination with
the characteristics of polypropylene fiber
and relevant research results.

According to the data results and appar-
ent characteristics of the light aggregate
concrete specimens with 7 mixture ratios
after high temperature, the mechanical
properties of the specimens with each mix-
ture ratio under 6 temperature ranges were
compared and analyzed, and the optimal
mixture ratio with comprehensive fire- re-
sistance performance was selected.

3.1 Appearance and internal characteristics
of fiber lightweight aggregaie concrete

In LC1, BRLC2, BRLC3, BRLC4, PRLC2
and HRLC2, the types of materials in all
phases were the same except the types of
fiber doped. After high temperature treat-
ment, the appearance and internal charac-
teristics of various lightweight aggregate
concrete specimens were roughly the same.
Taking BRLC4 as the demonstration speci-
men, the appearance and internal charac-
teristics of the specimen after high tem-
perature treatment were studied. The colors
of the materials in each phase after high
temperature are shown in Table.

From 100°C to 300°C, the apparent color
change of the test piece was small, and it
gradually changed its color from blue-gray
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Fig. 1. Relative residual cylinder strength of
lightweight aggregate after high temperature

to gray. At 100°C and 200°C the center of
the cross-section surface of the specimen
was darker than other areas. At 300°C the
surface color of the section was the same. It
can be concluded that the free water in the
test piece gradually leaked out. The free
water in the surface area of the test piece
was released preferentially, and the free
water discharge path in the center area was
long, which led to the color difference be-
tween the central area and the surrounding
area of the test piece. At room temperature,
the lightweight aggregate on the fracturing
section of fracture, the other part of mortar
and lightweight aggregate debonding with-
out damage, 100°C, 200°C, 300°C specimen
fracturing section, the vast majority of
lightweight aggregate fracture damage. At
room temperature, part of the lightweight
aggregate on the cracked section of the test
piece was broken. The other part of the
mortar was debonded from the lightweight
aggregate without damage. At 100°C,
200°C, and 3800°C, most of the lightweight aggre-
gate fractures were broken on the cracked section
of the specimen. At 500° — 900°, the apparent
color of the specimen changed obviously
from light gray to yellow gray, and the
process was mainly hydrate decomposition.
At 500°C and 700°C, there was a small
amount of mortar and light aggregate peel-
ing on the surface of the test piece. At
700°C, visible microcracks appeared on the
surface of the test piece. At 900°C except
for the HRLC2 test piece, the surface of
other types of lightweight aggregate con-
crete specimens fell seriously, LC1 was the
most serious, followed by PRLC2 and
BRICA4.
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Fig. 4. Residual compressive strength of LC1,
BRLC2, BRLC3, and BRLC4 after high tem-
perature treatment.

3.2 Residual compressive strength of light-
weight aggregate after high temperature

The residual cylinder compressive
strength of lightweight aggregate at each
target temperature was shown in Fig. 1. In
two temperature zones from room tempera-
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Fig. 5. Relative residual compressive
strength of LC1, BRLC2, BRLC3, and BRLC4
after high temperature treatment.

ture to 200°C and from 300°C to 700°C, the
cylinder compression strength of light ag-
gregate declined slowly. In two temperature
ranges of 300°C — 500°C and 700°C — 900°C,
the decrease of cylinder compressive strength
of light aggregate was steep. At 100°C —
300°C, the residual strength of light aggre-
gate was 91 %. At 500°C — 700°C, the resid-
ual strength of light aggregate was 85 %. At
900°C, the residual strength of the light-
weight aggregate was 72 % . After 900°C, the
lightweight aggregate still maintained a
strength of more than 70 %, indicating that
it had high fire resistance.

3.3 Residual
LC/LCI

As can be concluded from Fig. 2—4, the
LC1 intensity at each temperature range was
greater than LC, and the residual strength of
LC1 was also higher than LC as a whole.

3.4 Residual compressive strength of
LC1, BRLC2, BRLC3, BARLC4

At 100°-300°, the intensity of BRLC2
and BRLC3 did not change significantly.
The intensity of BRLC4 decreased with the
increase of temperature. Compared with
LC1, BRLC2, BRLC3 and BRLC4 had higher
compressive strength, good homogeneity
and high compactness, as shown in Fig. 5—
7. At 500°C, the strengths of BRLC2,
BRLC3 and BRLC4 were less than for LCI1.
At this temperature, free water and com-
bined water in the specimen had been fully
spilled, the cementitious material of the
specimen began to decompose, the aggregate
— mortar interface deteriorated, and the
fiber — mortar interface also deteriorated. At
700°C — 900°C, the complete decomposition of

compressive strength of
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the cementitious material slowed down the
increase of porosity, and the retarding ef-
fect became more significant with the in-
crease of fiber volume content, as shown in
Fig. 4.

The residual strength at 100°C — 500°C
was the lowest for BRLC4, followed by
BRLC3, BRLC2 and LC1, indicating that
the higher the strength grade in high tem-
perature, the greater the strength loss of
lightweight aggregate concrete. At 700°C
the residual strength of BRLC4, BRLCS,
BRLC2, and LC1 was equivalent. At 900°C
BRLC4 had the highest residual strength,
followed by BRLC3, BRLC2, and LC1.

3.5 Residual compressive strength of

PRLC2 and HRLC2

In general, the intensity of PRLC2 and
HRLC2 decreased with increasing tempera-
ture, and the intensity of PRLC2 increased
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at 100°C by 2 % as compared with room
temperature. When the temperature was be-
tween 100°C and 500°C, the compressive
strength of PRLC2 and HRLC2 was equiva-
lent to the residual compressive strength.
At 700°C — 900°C HRLC2 had the highest
compressive strength and residual strength,
followed by BRLC4, LC1 and PRLC2.

4. Conclusions

In this study, the residual mechanical
properties of BRLC2, BRLC3, BRLCA4,
PRLC2 and HRLC2 after high temperature
treatment were compared with mechanical
properties of LC and LC1 used as the refer-
ence. The compressive strength decrease of
BRLC2, BRLC3 and BRLC4 was higher than
that of LC1 from 100°C to 500°C, and the
compressive strength decreased faster with
the increase of basalt fiber volume. When
the temperature was between 700°C and
900°C, the tensile strength of the basalt
fiber was impaired and deteriorated. As the
volume of the basalt fiber increased, the
tensile strength decreased. When the tem-
perature was between 100°C and 500°C, the
polypropylene fiber melted to form a chan-
nel to promote the rapid release of water
vapor, which reduced the damage caused by
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the water vapor pressure and thermal stress
on the internal structure of the test piece,
resulting in the decrease of the compressive
strength of PRLC2 and HRLC2 being slower
than that of BRLC4. At 700°C ~ 900°C, the
tensile effect of basalt fiber delayed the ma-
terial damage and degradation, and the
melting of polypropylene fiber released
steam pressure in advance, so the residual
compressive strength of HRLC2 decreased
slowly. At 900°C, the HRLC2 specimens
maintained a certain degree of integrity,
with the highest residual compressive
strength of 42 % and 27 %.
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