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ABSTRACT. This study explores 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 pseudo-static test on three 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 columns at room temperature, 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 columns decrease, and the 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 anti-seismic property of 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. 

RÉSUMÉ. Cette ®tude explore lôeffet du temps de feu et du taux de compression axiale sur le 

mode de défaillance, la courbe squelette, la dégradation de la rigidité, le taux de ductilité et 

la dissipation de lô®nergie par hyst®r®sis des colonnes courtes en b®ton de polymère 

inorganique après le feu, par essai pseudo-statique sur trois échantillons de colonne courte 

après température élevée et deux échantillons de contraste à température normale.Les 

résultats montrent que l'augmentation du taux de compression axiale peut améliorer la 

résistance au cisaillement et la rigidité des colonnes courtes en béton polymère inorganique à 

la température ambiante, mais la ductilité et la dissipation d'énergie des échantillons sont 

réduites.Plus la durée de combustion est longue, plus la capacité de charge au cisaillement, 

la rigidité et la capacité de dissipation d'énergie des colonnes courtes en béton polymère 

inorganique diminuent, et plus l'influence sur la ductilité est faible.Plus le taux de 

compression axiale est élevé, plus la ductilité est mauvaise et plus la défaillance au 

cisaillement est facile. Après le test à la flamme nue, plus le taux de compression axiale est 

élevé, plus la propriété antisismique des échantillons diminue.Il est suggéré que le taux de 

compression axiale des colonnes courtes en béton de polymère inorganique soit contrôl é de 

manière appropriée dans la zone exposée au feu. 
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1. Introduction  

Inorganic polymer concrete is one of the new green high-performance concrete 

that has been studied very actively in the international academic circle in recent 

years. It is a kind of aluminosilicate (Ganguly and Saxena, 1984; Templin et 

al.,1997; Phillips et al., 1988) cementitious material synthesized by alkali excitation 

based on waste residues rich in kaolinite or aluminum silicate minerals, such as 

kaolinite ore, coal gangue, slag, coal ash and other industrial by-products (Purdon, 

1940; Davidovits, 1989). At present, the existing research results mainly focus on 

the material properties of inorganic polymer concrete (Duxson et al., 2007; Wongpa 

et al., 2010) while few researches pay attention to inorganic polymer concrete 

components. Ren Junru et al. carried out the axial compression test of inorganic 

polymer concrete short columns at high temperature. Fan Xiaoxun et al. conducted 

compression test on inorganic polymer concrete pavement slab with different age to 

find the variation law of compressive strength and failure characteristics. Fan 

Xiaochun et al. carried out normal section bending test on inorganic polymer 

concrete beams, verifying that the development and distribution of cracks on the 

side surface of reinforced inorganic polymer concrete beams had fractal 

characteristics. Yu Liming et al. carried out pseudo-static test on inorganic polymer 

circular steel tube concrete, finding that the inorganic polymer concrete steel tube 

columns have good anti-seismic property under reciprocating load effect. 

At present, there are few reports on the shear performance test and shear bearing 

capacity calculation of inorganic polymer reinforced concrete columns after fire. In 

view of the fact that short columns are prone to shear failure, the inorganic polymer 

concrete short columns after high temperature are taken as the object of study. Short 

columns are subjected to low-cycle repeated load tests to study the effect law of fire 

time and axial compression ratio on the skeleton curve, stiffness degradation, 

ductility, hysteresis energy dissipation and shear bearing capacity of short inorganic 

polymer concrete columns after high temperature. 

2. Overview of test 

2.1. Design and making of test pieces 

A total of five inverted T-shaped inorganic polymer concrete short columns are 

made in the test, of which three are for anti-seismic property test after high 

temperature and two are for non-fire anti-seismic property test. The longitudinal 

reinforcement in the short columns adopts symmetrical reinforcement. Three 



Anti-seismic property of inorganic polymer concrete short columns     227 

HRB400 (Liu et al., 2015) hot-rolled steel bars with a diameter of 18 mm are 

arranged on each side. The reinforcement ratio of the longitudinal reinforcement is 

2.26%. HRB335 (Wang, 2013) hot-rolled steel bars with a diameter of 8 mm are 

used as stirrups with spacing of 100 mm and volume hoop ratio of 0.837%. Figure 1 

shows geometric dimensions and reinforcement. In order to prevent the column top 

from local damage under axial compression and the influence of column head 

deformation on the test result, three enlarged stirrups are added to the column head 

to increase the stiffness of column head. The shear span ratio ɚ of the samples is 2, 

the strength grade of inorganic polymer concrete is C50, and the thickness of 

protective layer of longitudinal reinforcement is 30 mm. Two PVC pipes with a 

diameter of 30 mm are embedded on the base of the test piece, which are used to 

reserve holes for inserting bolt rods in the pseudo-static test. Two lifting lugs are 

designed on the base for lifting.  

The test pieces Z1 and Z2 are non-fire contrast test pieces, and the rest is fire test 

pieces. Table 1 is the basic parameters of the test pieces. In the table, t is the fire 

time; T is the temperature of fire; fcu is the compressive strength of concrete cube; 

axial compression ratio is n =N / (fcA), N is axial pressure, and axial compressive 

strength of inorganic polymer concrete is fc=0. 76×0. 88 fcu. 

 

Figure 1. Geometric dimensions and reinforcement of test pieces (unit: mm) 

2.2. Material properties 

The inorganic polymer concrete takes granulated blast-furnace slag powder 
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(mineral powder) and coal ash as cementing materials, and water glass as excitant. 

The activity grade of mineral powder is S95, density is 2.90g/cm3, specific surface 

area is 470 m2/kg; the quality grade of coal ash is Grade II; the density of water glass 

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

1.5, mixed solution of water glass, NaOH and water, with water content of 54.64% 

and alkali equivalent of 6%. Fine aggregate is commercially available yellow 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 used as longitudinal bars and stirrups respectively. The yield strength and 

tensile strength of longitudinal bars are 446.3 MPa and 595.5 MPa respectively. The 

yield strength and tensile strength of stirrups are 391.5 MPa and 523.0 MPa 

respectively. 

2.3. Test programs 

2.3.1. High-temperature test 

During high-temperature test, three test pieces under fire are put into a horizontal 

fire-resistant test furnace in two batches. The first furnace is the test pieces Z3 and 

Z4 for 1 h under fire, and the second furnace is the test piece Z5 for 2 h under fire. 

After the test piece is placed in the furnace, the column head and base are covered 

with fireproof cotton by fireproof adhesive. During the test, no external load is 

added. The temperature rise curve adopts ISO834 standard temperature rise curve, 

and keeps constant temperature after the temperature rises to 600 . When the open 

fire is burned for a predetermined time, the fire is extinguished, and the test piece is 

naturally cooled in the furnace to the next day and then lifted out. 

2.3.2. Pseudo-static test after high temperature 

 

Figure 2. Schematic diagram of test device 

Figure 2 shows load device. This test adopts PLU-1000 electro-hydraulic servo 

multi-channel pseudo-dynamic load system. Vertical load is provided by a hydraulic 

jack of 1200 kN. The roller and upper and lower bearing steel plates are placed 

between the column top and vertical jack. The lower steel plate is leveled with fine 

sand to ensure even force. Lubricant is used on the roller surface to reduce friction 

and ensure the free end of the roller so that the roller can roll freely. The horizontal 

load is repeatedly applied by a 500 kN hydraulic servo actuator. The column head is 

anchored with two steel plates through pull rods, and then the connecting steel plates 
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are fixed and anchored with horizontal actuators with bolts to ensure effective 

transmission of horizontal load. The horizontal actuators always act on the center of 

the column head. The test piece is fixed on the ground with ground anchor bolt, and 

both ends of the test piece base are fixed with rigid pedestal. The pedestal and 

triangular counterforce frame are connected with pull rod, steel beams are placed 

between the pedestal and counterforce frame, and then wedge-shaped (Lussi and 

Schaffner, 2000) steel block is used to plug.  

The load is controlled by displacement. When the displacement angles are 1/500, 

1/400, 1/300, 1/200, 1/150 and 1/ 25, the load cycle of each grade is repeated once. 

When the displacement angle is 1/100, 1/75, 1/50, and 1/35, the load cycle is 

repeated 3 times per grade. Judgement standard for the test: (1) Under different 

cyclic loads at the same displacement angle, if the peak load under a certain load 

cycle falls below 85% of the peak load under the first cycle, the test piece is 

considered to be in unstable state under the action of low-cycle repeated load. The 

test will be stopped after completing the cyclic load at the displacement angle of this 

grade. (2) If the horizontal load falls below 85% of the peak load in the first cycle at 

a certain displacement angle, it is considered that the test piece has also been 

severely damaged, and then the test is stopped when the test piece is pulled back to 

the original position. 

3. Test result and analysis 

3.1. Failure mode 

 

Figure 3. Failure mode of test piece 



230     ACSM. Volume 41 ï n° 3-4/2017   

 

The failure mode and crack development of inorganic polymer concrete short 

columns under low-cycle repeated load after high temperature are basically similar 

to those under normal temperature, and both of them have brittle failure of shear 

type. There are many small irregular cracks on the surface of the test piece after fire. 

This study widens and lengthen the small cracks on the surface of the test piece after 

fire, and the new cracks are regarded as the signs of the cracks on the short columns 

after fire. Generally, diagonal cracks appear in the middle of each test piece at the 

displacement angle of 1/300-1/100. When the displacement angle increases, the 

number and width of diagonal cracks increase. When the displacement angle is 1/50, 

X-shaped cracks are formed. Near the failure, the concrete at the intersection of the 

two main diagonal cracks falls off and the bearing capacity drops sharply. Figure 3 

is the failure mode of the test piece. 

3.2. Hysteresis curve 

 

Figure 4. Hysteresis curve of each test piece 

It can be seen from Figure 4 that: 1) the hysteresis curve of each test piece has a 

small area, and the hysteresis loop is Z-shaped and is not full, which is in the shape 

of inward pinch, indicating that the ductility and energy dissipation capacity of the 

seven test pieces are poor. 2) In that initial stage 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, the hysteresis loop is narrow and the area is small. When the 

horizontal load is unloaded to zero, the residual deformation of the test piece is 

small, which indicates that the test piece is in elastic working stage. 3) After the test 

piece cracks, the slope of hysteresis curve decreases with the increase of 

displacement angle and cycle times, the relationship between load and displacement 

is no longer linear, the area of hysteresis ring increases gradually, and the residual 

deformation increases. In the three cycles of the same displacement angle, the route 


