Study of behavior of concrete and cement based composite materials exposed to high temperatures
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Abstract

The paper describes possibilities of observation of behaviour of concrete and cement based composite material exposed to high temperatures. Nowadays, for large-scale tests of behaviour of concrete exposed to high temperatures, testing devices of certified fire testing stations in the Czech Republic and surrounding states are used. These tests are quite expensive. For experimental verification of smaller test specimens, a testing device was built at the Technical University in Brno, where tests of thermal loading of concrete tests specimens of various sizes can be carried out (dimensions up to 800 x 800 x 800 mm or slabs up to 1100 mm of length). The testing device opens new ways of observation of behaviour of concrete and cement based composite materials exposed to high temperatures as well as preparation of specimens for observation of interaction of water jet and concrete degraded by action of high temperatures.

Introduction

Problems of observation of behaviour of concrete and cement based composite materials is still topical because of real risks of fire of constructions. Concrete and cement based composite materials are the most used construction materials and their composition is quite variable as well as construction solutions, where such materials are used. Verification and possibility of prediction of behaviour of these materials exposed to high temperature is important because of elimination of risks caused by fire, like danger to life and economical loss.

Testing device for verification of behaviour of materials and construction elements exposed to high temperatures.

Nowadays, for large-scale tests of behaviour of concrete exposed to high temperatures, testing devices of certified fire testing stations in the Czech Republic and surrounding states are used.

For experimental verification of smaller test specimens, our team at the Brno University of Technology, Faculty of Civil Engineering, built new testing furnace (dimensions of the inner space are ca 800 x 800 x 800 mm, see Fig. 1).
This testing device was built in particular with respect to maximal variability of testing specimens and easy transport to the place of testing. This makes it possible to use the device for testing horizontal elements (slabs placed horizontally "on the ceiling” of the heated space), vertical elements (testing specimens are one of the “walls” of heated space) or combination of both. The last option is testing bar-shaped elements, which can go horizontally through the heated space and at the same time the ends of the element are accessible, which can be used for example for experimental loading.
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Fig. 1. Testing furnace (a) heated space of the furnace (b)

The testing furnace output is regulated by gas-flow controller in accordance with defined curves so that development of temperatures corresponds with required standardized curves. Development of temperature can be modified immediately if needed.

Testing of different versions of loaded test specimens is often a required part of fire tests. This arrangement can be applied in limited extent also to test specimens placed in the testing furnace. For loading tested specimen, there is a loading frame available (also easy to transport), which can be fitted around the furnace. This makes it possible to test for example reinforcement exposed to fire at required tensile stress.

Values observed during experimental thermal loading of test specimens 

All tested values mentioned below in the text are continuously recorded through one measuring logger. This makes it possible to define mutual relationships between observed values, which is important in particular for examining of influence of current temperatures. Frequency of recording of measured values is selected with respect to planned development of the test and expected rate of observed processes - if quick failure of tested specimens during the test is expected, faster frequencies around 10-20 Hz are selected, for observation of development of deformation during long-term exposition to fire, frequencies around 0,5 Hz are sufficient.

During fire tests, the temperature in the furnace is monitored with four thermal sensors placed evenly in the heated space. This enables monitoring of possible unevenness of thermal field caused by placing testing specimens in the heated space. If the heated space is not divided by a large tested element and free spreading of heat is not prevented, thermal sensors show differences up to ±2,5% within the whole range of temperature development (fitting of the temperature in the furnace according to standardized thermal curve stated in CSN EN 12401-2 is shown in Fig. 2).
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Fig. 2. Thermal dispersion in the furnace during the power setup

Temperature in the tested elements is measured by means of thermal sensors previously built in the specimens (in most cases, the thermal sensors are of K-type with range corresponding to expected thermal development).

Deformation and flexures of testing specimens are monitored by means of travel sensors of induction type (particularly for deformation out of the testing fire space; direct measurement of deformation) or potentiometer type (measuring of deformation even inside the testing fire space; transmission of movement of measured point to the sensor itself through invar wire to eliminate influence of temperature). Apart from measuring points in the furnace, there is at least one more reference measuring point added without loading, which serves for elimination of thermal influences on measurement system.

Relative deformations of material are measured with glued-on or built-in resistance straingauges. Also for these sensors, it is necessary to eliminate influence of temperature by application of reference straingauges into measuring chain. Reference straingauges are located on non-loaded elements or directly on the tested element there, where applied load causes no strain in material.
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Fig. 3. Straingauges glued on the surface of tested element – parallel and square to the direction of strain
Method of evaluation of results of experiment - thermal load of test specimens

Thanks to concurrent recording of values it is easy to pair and compare mutual dependencies. For example, for study of influence of pre-tension on behaviour of concrete ceiling slabs (Zlamal et al. 2013) it is easy to determine influence of pretension on development of flexure of slabs loaded by three-point flexure during test, depending on current temperature of fire under the slab (Fig. 4).
In given case, spalling of concrete cover occurred on pre-stressed slab and therefore thermal field moved upwards on the cross-section – again, thanks to centralized monitoring of all measured values it is possible to evaluate influence of cross-section reduction (spalling of ca 25 mm thick layer on the bottom – thermally loaded – side).
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Fig. 4. Increment of deformation of ceiling slab related to temperature
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Fig. 5. View of spalled surface of concrete and corresponding shift of thermal field on the cross-section
Key steps of the experiment – verification of behaviour of material exposed to high temperature

Generally, course and realization of experiment can be divided into several steps:

In the first step, it is necessary to specify desired aims of the experiment and implicit requirements for measurement - location of thermal sensors (for observation of thermal field within tested element or material), travel sensors (deflection of test specimens) and straingauges (relative deformations and changes of tension in the material). Consequently, test specimens are manufactured including potential modifications of material before fire test, like adjustment of humidity of material.

Before the fire test, testing apparatus and loading frame are assembled, testing elements are placed in required position and load is applied. Fire test is started after stabilization of test apparatus; it means no changes of stress condition or deformations occur after static load of test specimens is applied. At this step, it is possible to make measurements to compare with elements loaded only statically - typically it is a check of crack propagation and their widths or deformation of test specimen under given load. By comparison of such results, it is easy to check stiffness of cross-section and characteristics of material like modulus of elasticity and reveal possible hidden flaws of material and test specimens which could have negative influence on test results. After checking static behaviour of specimens, the fire test itself is started. During the test, temperature in the furnace is controlled so that its development corresponds to requirements specified in the first steps.

The final step is correct interpretation of achieved results. It is very important to filter measured values with respect to influence of high temperatures – most of commonly available measuring devices is not adapted to high temperatures and therefore it is necessary to verify data with respect to reference values.

Treatment of surface of test specimens exposed to high temperatures by means of high speed water jet

In repair works, high-speed water jets are usually used for removal of corroded concrete and preparation of surface for subsequent application of repair coatings and/or mortars (e.g. Galecki et al. 2001). The growing popularity of the water jet technology in building industry is based on its unique properties, which other technologies lack. Water jet is able to disintegrate even the hardest materials due to high energy transmitted to extremely small area. There is no mechanical tool-material interaction in the process of disintegration. The jet can selectively remove damaged concrete; furthermore, reinforcing bars occurring inside the concrete are not cut or damaged. Disintegrated material is not exposed to any thermal impact. The method is dust-free and vibration-free; no cracks or fractures are introduced to construction unlike mechanical methods. Equipments are lightweight (except the high-pressure pump) and the whole blasting process can be easily automated. The main working media – water – is easily available; products after blasting load the environment minimally (see e.g. Kasai 1988 and Manning 1991). Due to operational advantages, the water jet replaces conventional mechanical techniques, such as sawing, grit-blasting, jack hammering and milling (Momber 2001).

We suppose that water jets enabling areal treatment will be used for removal of degraded layers of heat affected concrete samples (i.e. flat water jet, rotating water jets and oscillating jet, respectively). Further research in this area will be oriented also to the verification of using of so-called pulsating water jet, which is not only more effective in disintegration of materials (Sitek et al. 2009), but its use in hydroblasting is also economically competitive (Yan et al. 2004, Hela et al. 2012).

Conclusion

The testing device enables detailed research of behaviour of concrete test specimens exposed to high temperature. Thanks to variability of the testing apparatus it can be used both for primary monitoring of behaviour of concrete test specimens during exposition to thermal load and for thermal load of test specimens for consequent experimental work. In given case, it is preparation of large-area specimens for consequent research of interaction of water jet and concrete disintegrated by high temperatures.

Size of specimens (area ca 800 x 800 mm) is sufficient for both laboratory and professional systems of treating concrete surface with water jet. This considerably extends possibilities of practical application of water jet technology by evaluation of interaction of water jet and concrete damaged by high temperature.
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