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ABSTRACT Thisstudy aplores the effect of fire time and axial compression ratio on the failure
mode, skeleton curve, stiffness degradation, ductility ratio and hysteresis energy dissipation
of inorganic polymer concrete short columns after fire by psetatic test orthree short
column samples after high temperature and two contrast samples at normal temperature. The
results show that the increase of axial compression ratio can improve the shear bearing
capacity and stiffness of inorganic polymer concrete short cauahnoom tenperature, but

the ductility and energy dissipation of the samples are reduced. The longer the fire time is, the
more obviously the shear bearing capacity, stiffness and energy dissipation capacity of
inorganic polymer concrete short columnsd@seand he smaller the influence on ductility

is. The higher the axial compression ratio, the worse the ductility is and the easier the shear
failure is. After open flame test, the higher the axial compression ratio is, the more obviously
the antisesmic popertyof the samples decreases. It is suggested that the axial compression
ratio of inorganic polymer concrete short columns should be appropriately controlled in the
fire-prone area.

RESUMECette ®tude explore | 6ef f edssiodadialetsertreps de feu et
mode de déaillance, la courbe squelette, la d@gradation de la rigidité le taux de ductilitéet

la dissipation de | 6®nergie par hpghsnge®r ®si s des col

inorganique apréle fey par essai pseudstatique ar trois &€hantillons de colonne courte
aprés tempédature devé et deux &hantillons de contraste atempéature normale.Les
réultats montrent que l'augmentation du taux de compression axialeé amdiorer la
résistance au cisaillement et la rigiditédesolomes courtes en béon polymée inorganique a
la tempé&ature ambiante, mais la ductilitéet la dissipation d'éergie des &hantillons sont
réuites.Plus la duré de combustion est longudygla capacitéde charge au cisaillement,
la rigiditéet la capacité de dissipation d'énergie des colonnes courtes en bdon polymée
inorganique diminuent, et plus linfluence sur la ductilité est faible.Plus le taux de
compression axiale est devé pluta ductilité est mauvaise et plus la déaillance au
cisaillemen estfacile. Aprés le test ala flamme nue, plus le taux de compression axiale est
devé plus la propriégéantisismique des &hantillons diminue.ll est suggééque le taux de
compression axla des colonnes courtes en bdon de polymée inorganique switrd éde
mani&e approprié@ dans la zone exposé au feu.
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1. Introduction

Inorganic polymer concrete is one of the new green-paformance concrete
that has been studiecery actively in the international academic circle in recent
years. It is a kind of aluminosilicatéGarguly and Saxena 1984 Templin et
al.,1997; Phillipset al.,1988 cementitios materiakynthesized by alkali excitation
based on waste residues rich in kaolinite or aluminum silicate minerals, such as
kaolinite ore, coabangue, slag, coal ash and otmetustial by-products(Purdon
194Q Davidovits 1989). At present, the existing research results mafiotys on
the material properties of inorganic polymer conc(&exsonet al.,2007; Wongpa
et al., 2010 while few researches pay attention to inmigapdymer concrete
components. Redunruet al. carried out the axial compression test of inorganic
polymer concrete short columns at high tempeeat-anXiaoxun et al. conducted
compression test on inorganic polymer concrete pavement slab with riifigeto
find the variation law of @mpressive strength and failure characteristiean
Xiaochun et al. carried out normal section bendingstteon inorgnic polymer
concrete beams, verifying that the development and distribution of cracks on the
side suface d reinforced inorganic polymerconcrete beams had fractal
characteristicsYu Liming et al. carried out pseudstatic test on inorganipolymer
circular steel tube concrete, finding that the inorganic polymer concrete steel tube
columns have good drgeisnic property under reciprocatiioad effect

At present, there are few reports on the shear performance test and shear bearing
capacity calcuation of inorganic polymer reinforced concrete columns after fire. In
view of the fact that short columnsegrone to shear failure, the inongia polymer
concrete short columns after high temperature are taken as the object of study. Short
columns are ghjected to lowcycle repeated load tests to study the effect law of fire
time and axial compression ratian dhe skeleton curve, stiffness dedgdion,
ductility, hysteresis energy dissipation and shear bearing capacity of short inorganic
polymer concretecolumns after high temperature.

2. Overview of test

2.1 Design and making of test pieces

A total of five inverted T-shaped inorganic polymer merete short columns are
made in the test, of which three are for aismic property test afterigh
tempergéure and two are for nefire antiseismic property test. The longitudinal
reinforcement in the short columradodgs symmetrical reinforcement. hiiee
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HRB400 (Liu et al, 2015 hotrolled steel bars with a diameter of 18 mm are
arranged on each side. The reinforeainratio ¢ the longitudinal reinforcement is
2.26%. HRB335Wang 2013) hotrolled steel bars witla diameter of 8 mm are

used as stirrups with spacing of 100 mm aaldime hoop ratio of 0.837%. Figure 1
shows geometric dimensions and reinforcement. In order torgréhwe colunn top

from local damage under axial compression and the influence of cadheuh
deformation on the test result, three enlarged stirrups aedaddhe column head

to increase the stiffness of colsis®n head.
the strength grade of inorganic polymer concrete is C50, and the thickness of
protecive layer of longitudinal reinforcement is 30 mm. Two PVC pipath a
diameter of 30 mm are embedded on the base of the test piece, which are used to
reserve holes for instmg bolt rods in the pseuektatic test. Two lifting lugs are
designed onhe bag for lifting.

The test pieces Z1 and Z2 are ffor contrastest pieces, and the rest is fire test
pieces. Table 1 is the basic parameters of the test pieces. In thd talthe fire
time; T is the temperature of firds, is the compressivetrengh of concrete cube;
axial compression ratio is =N / (f;A), N is axial pressure, and axial compressive
strength of inorganic polymer concretdcis0. 76>0. 88 f..
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Figure 1 Geometric dimensions and reinforcement of test pieces (unit: mm)

2.2 Material properties

The inorganic polymer concrete takes granuldbdabtfurnace slag powder

The

s
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(mineral powder) and coal ash as cementing materials, and water gtasstast.

The activity grade of mineral powder is S95, density is 2.90y/specific suface

area is 470 rflkg; the quality grade of coal ash is GradeHg tlensity of water glass

is 1.305 g/ml, the modulus is 3.19 and the solid content is 35.41%.xXChant is

1.5, mixed solution of water glass, NaOH and water, with water content @¢f%%4.6
andalkali equivalent of 6%. Fine aggregate is commercially albdlyellow ground

and medium sand. Coarse aggregate is commercially available stone with a grain
size of 5 Mm-35 mm of continuous grading. HRB400 steel bars and HRB335 steel
bars are usedslongitudinal bars and stirrups respectively. The yield streagth
tensile strength of longitudinal bars are 446.3 MPa and 595.5 MPa respectively. The
yield stregth and tesile strength of stirrups are 391.5 MPa and 523.0 MPa
respectively.

2.3 Testprograms

2.3.1 High-temperature test

During hightemperature testhree test pieces under fire are put into a horizontal
fire-resistant test furnace in two batch@ke firstfurnace is the test pieces Z3 and
Z4 for 1 h under fire, and the second furnacthetest piece Z5 for 2 h under fire.
After the test piece is ated in the furnace, the column head and base are covered
with fireproof cotton by fireproof adhie®. During the test, no external load is
added. The temperature rise curve adopts ISG&3dlad temperature rise curve,
and keeps constant temperatureraftet he t emper ature rises to 600
fire is burned for a predetermined time, the fg@xtingushed, and the test piece is
naturally cooled in the furnace to the next day and then lifted out.

2.3.2 Pseudestatic test after high temperature
e :

Figure 2 Schematic diagram of test device

Figure 2 shows load device. This test adopts D00 electrehydraulic servo
multi-channel pseuddynamic bad system. Vertical load is provided by a hydraulic
jack of 1200 kN. The roller and upper and loweerb®y steel plates are placed
between the column top and vertical jack. The lower steel plate is leveled with fine
sand to ensure even forcauliricant § used on the roller surface to reduce friction
and ensure the free end of the roller so that therrcdle roll freely. The horizontal
load is repeatedly applied by a 500 kN hydraulic servo actuator. The column head is
anchored with two steelagdes thragh pull rods, and then the connecting steel plates
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are fixed and anchored with horizontal actuatorthwiolts to ensure effective
transmission of horizontal load. The horizontal actuators always act on the center of
the column head. The tesepe is fixed on the ground with ground anchor bolt, and
both ends of the test piece base are fixed with rigicegied The pedestal and
triangular counterforce framare connected with pull rod, steel beams are placed
between the pedestal and counterfdireene, andthen wedgeshaped(Lussi and
Schaffner, 2000steel block is used to plug.

The load is controlled bglisplacement. When the diggkement angles are 1/500,
1/400, 1/300, 1/200, 1/150 and 1/ 25, the load cycle of each grasjeemtecnce.
When the displacement angle is 1/100, 1/75, 1/50, and 1/35, the load cycle is
repeated 3 times per grade. Judgemésmdard for the test: (1) Wer different
cyclic loads at the same displacement angle, if the peak load under a cedain loa
cycle fdls below 85% of the peak load under the first cycle, the test piece is
considered to be in unstable state under the aofidow-cycle repeated load-he
test will be stopped after completing the cyclic load at the displacement angle of this
grade. (2)1the horizontal load falls below 85% of the peak load in the first cycle at
a certain displacement angle, it is considetieat the test piece has albeen
severely damaged, and then the test is stopped when the test piece is pulled back to
theoriginal position.

3. Test result and analysis

3.1 Failure mode

A~ — P
) [Sje]
S

(d) Test piece (e) Test piece Z5
zZ4

Figure 3.Failure mode of test piece
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The failure mode and cradevelopment of inorganic pgiher concrete short
columns under loveycle repeated load after high temperature are basically similar
to those under normaémperature, antioth of them have brittle failure of shear
type. There are many small irregular craoksthe surface of the tegsiece after fire.

This studywidensand lengthen the small cracks on the surface of the test piece after
fire, and the new crks are regardeds the signs of the cracks on the short columns
after fire. Generally, diagonal crackppear in the middle of eadest piece at the
displacement angle of 1/3A0100. When the displacement angle increases, the
number and width of diagoheracks increaséNhen the displacement angle is 1/50,
X-shaped cracks are formed. Near the failure,doncrete at the intersiect of the

two main diagonal cracks falls off and the bearing capacity drops sharply. Figure 3
is the failure mode of the tiegiece.

3.2 Hysteresis curve

Figure 4.Hysteresis curve of each test piece

It can be seen from Rige 4 that: 1) the hysterasturve of each test piece has a
small area, and the hysteresis loop ishéped and is not full, which is in the shape
of inward pnch, indicating that the ductility and energy dissipation capacity of the
seven test pieces goeor. 2) In that initial stge of load, the horizontal load is small,
the stiffness of the test piece has not changed obviously, the slope of the hysteresis
curve is small, thehysteresis loop is narrow and the area is small. When the
horizontal load is uomaded to zero, the residudéformation of the test piece is
small, which indicates that the test piece is in elastic working stage. 3) After the test
piece cacks, the slope fohysteresis curve decreases with the increase of
displacement angle and cydimes, the relationship beeen load and displacement
is no longer linear, the area of hysteresis ring increases gradually, and the residual
deformation increas. In the threeycles of the same displacement angle, the route



