Journal of the Nigerian Association of Mathematical Physics
Volume 31,(July, 2015, pp 167 — 172
© J. of NAMP
Effect of High Temperature on the Residual Strength Properties of Gnhcrete
R. I. Umasabor and O.E. Alutu

Civil Engineering Department, University of Benin

Abstract

The purpose of this work is to determine the effefthigh temperature
on the residual strength properties of concrete. €Tlkement used for this
work was Ordinary Portland cement of grade 42.5 rieg the requirement
of type 1 cement. The fine aggregate and coarseraggte used to produce
concrete were all obtained from Benin City, Edo &aNigeria. Sieve analysis
was carried out for the fine aggregate. Water/cerheatio of 0.55 were used
to produce a total of 84 samples of 100mm x 100monarete cubes for grade
30 (C30) concrete design mix. The samples were egdoto high
temperatures of 3T to 800C for one (1) hour in a muffle electric furnace.
The results obtained at 28days forZ3 300C, 40dC, 500 C, 706C and
800°C are 38.2N/mm 35.0N/mnf, 32.9N/mnd, 30.9N/mni, 24.7N/mns,
17.2N/mnf and 10.6N/mm respectively. The percentage reduction of the
compressive strength from 23 to 800C is 27.7%. These depict that concrete
compressive strength reduces to 27.7% when exptsdigh temperature of
800°C for one hour

1.0 Introduction

Concrete is one of the most widely used constroctitaterials prone to high temperature when expdsefire. The
mechanical properties such as strength, moduluslasticity and volume stability of concrete are sidarably reduced
during these exposures. However, the residual giinesf concrete after fire incidence are still wipiortance in determining
the load carrying capacity of the fire-damagedditme [1].

With the increase of incidents caused by majorsfire buildings and other structures coupled with #ffects of global
warming, concrete is now subjected to higher temipees other than the ambient conditions. Moreolegry periods of
exposure of concrete to high temperatures introchlgssical-chemical changes in its properties tead|to mechanical
strength decay which produces losses in the safdhe structure.

There is a fundamental problem caused by high éeatpres that is, the separation of concrete mdssasthe body of the
concrete element “spalling phenomenon ". Spallihgamcrete leads to a decrease in the cross semtéanof the concrete
and thereby decreases the resistance to loadseldsasvthe reinforcement steel bars become expdsedtly to high
temperatures [2].

When fire engulfs concrete structure, it affects ¢themical and physical composition. Micro-cradksiaduced through the
material as temperature exceeds “800Calcium hydroxide (Ca (OHylissociates at 538G resulting in shrinkages of
concrete. Calcium-Silicate-Hydrate (CSH) gel, whishthe strength giving compound of the cementadécomposes
further above 6. The concrete crumbles finally above SD[B].The retained properties of concrete after sexposures
are of great importance in terms of serviceabibifythe structure. The restoration of the fire daethgtructure to an
acceptable level is more economical, both in tesfreost and time, than demolishing and re-consirgat all over again.
Ultrasonic Pulse Velocity (UPV) techniques are nalfynused in concrete to detect and analyse the sfadeterioration in
advance. It is the best and most reliable nonrgeste method since the relationship between puidecity and elastic
properties of concrete have been well establisfied[4
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Tablel: Pulse Velocity Rating for Concrete Quality

Pulse Velocity (Km/sec) Concrete Quality (Grading)
Above 4.5 Excellent

3.5t04.5 Good

3.0t0 3.5 Medium

Below 3.0 Doubtful

(Source: [7])

The relationship between the residual strengthudtndsonic pulse velocity using neural network gsisl was studied in [5].
The Authors were able to predict the residual gfitenf concrete at elevated temperatures, in wiietresidual strength was
defined as the ratio of the compressive strengtthefheated specimen to that of the unheated spaciRoon et at. [6]
discussed a certain degree of strength recovethyedieated concrete depending on the type ofgetatier fire.

This work is aimed at determining the residual coespive strength of concrete when exposed to lEgipératures using
ultrasonic pulse velocity (UPV).

2.0 Materials

The cement used for this work was Ordinary Portleschent of grade 42.5 meeting the requirement GfiME150 type 1
cement. The fine aggregate and coarse aggregatetaggroduce concrete were all obtained from Beity, Edo state,
Nigeria. Sieve analysis was carried out for the figgregate while consistency test were carriedouhe cement paste of
cement. Water/cement ratio of 0.55 were used tdym®e a total of 84 samples of 200mm x 100mm coaarebes for grade
30 (C30) concrete design mix. The samples were segdo high temperatures of 3a0to 808C for one (1) hour in a
muffle electric furnace.

3.0 Compressive Strength Test

With the addition of water into the mix, the whaohéx was then mixed thoroughly into a fine paste akiehile, the concrete
moulds were oiled (lubricated) to prevent the ceterfrom sticking to them and for easy de-mouldifige concrete was
then poured into the concrete mould and placechercompacting machine, which when switched on télokéhe concrete
moulds, making the concrete to lose the trappethdhre mix. This was allowed for 2 minutes befthre switching off. The
excess concrete was cleared from the surface Wwéhatd of the trowel and the concrete moulds weagked for easy
identification to prevent mix-up.

After the cast of the samples, they were allowesktoand harden for 24 hours before de-moulding.

After de-moulding the samples were placed in angutank for specified numbers of days (i.e., 7 28dlays respectively).
At each specified period of days, the samples wagdten to the electric furnace for heating at vasitemperatures ranging
from 300C to 800C and were allowed to cool down to room temperatige 23 C. Ultrasonic pulse velocity (UPV)
machine were used on each sample before crushimgdmpression machine to determine the residumpoessive strength
of the concrete.

4.0 Ultrasonic Pulse Velocity (UPV) Test

In the present study, Ultrasonic Pulse Velocity WRests were performed according to proceduresapitged in ASTM C
597. A testing apparatus consisting of a pulse @¢oe a pair of transducer, an amplifier, a timeasuring circuit, and
connecting cables is used. Ultrasonic measurenagatgerformed by direct UPV method. UPV machiswitched on and
the pair of transducer (the receiver and transnitteplaced in the opposite direction on the ceter The surface of the
transducer is lubricated first before placing om tboncrete and the readings on the display sceemtorded. This reading is
time of travel of pulse velocity or simply pulseng. The ratio of the path length to the pulse tijives the pulse velocity.
Table 2: Particle Size Distribution for Fine Aggreates

APPROX IMPERIAL | BRITISH STANDARD | RETAINED | PASSING | PASSING
EQUIV (inches) SIEVE SIZES (mm) IN gm IN gm IN (%)
3/16 5

Y 3.35 100.00 100.00
7 2.36 1.76 98.24 98.24
10 2 1.8 96.44 96.44
14 1.18 9.45 86.99 86.99
25 0.6 30.65 56.34 56.34
36 0.425 23.9 32.44 32.44
52 0.3 13.33 19.11 19.11
72 0.212 10.57 8.54 8.54
100 0.15 4.85 3.69 3.69
200 0.075 3 0.69 0.69
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Figure 1: Particle Size Distribution for Fine Aggregates

Table 3: Average Pulse Velocity and Concrete Quayi Grading for Concrete at 7 days Curing

Temperature®C) | Pulse Velocity (Km/s) Concrete Quality (grading)
23 3.95 Good

300 3.61 Good

400 3.18 Medium

500 2.62 Doubtful

600 1.73 Doubtful

700 1.09 Doubtful

800 0.51 Doubtful

Table 4: Average Pulse Velocity and Concrete Quali Grading for Concrete at 28 days Curing

Temperature®C ) | Pulse Velocity (Km/s) Concrete Quality (grading
23 4.30 Good

300 3.03 Medium

400 2.48 Doubtful

500 2.45 Doubtful

600 1.81 Doubtful

700 1.16 Doubtful

800 0.76 Doubtful
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Table 5: Average Pulse Velocity and Compressivar8ngth Results of 28 days Cured Concrete

Temperature Time Path Length| Pulse Velocity | Failure Load| Residual Compressive
(°C) (uS) (mm) (Km/s) (KN) Strength (N/mrfi

23 23.28 100 4.30 382 38.2

300 33.55 100 3.03 350 35.0

400 35.78 100 2.48 329 32.9

500 41.15 100 2.45 309 30.9

600 48.08 100 1.81 247 24.7

700 89.90 100 1.16 172 17.2

800 136.47 100 0.76 106 10.6

Table 6: Average Pulse Velocity and Compressive r@ngth Results of 7 days Cured Concrete
Temperature Time (uS) Path  Length | Pulse Velocity | Failure Load | Compressive
(°C) (mm) (Km/s) (KN) Strength
(N/mm?
23 25.33 100 3.95 317 31.7
300 27.73 100 3.61 296 29.6
400 31.50 100 3.18 277 27.7
500 38.26 100 2.62 252 25.2
600 58.03 100 1.73 234 23.4
700 96.15 100 1.09 194 194
800 196.15 100 0.51 141 14.1
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Figure 2: Relationship between Temperatures and &idual Compressive Strength of Concrete

5.0  Results and Discussions

Table 2 and Figure 1 reveals the results forsibee analysis of the fine aggregate which falte ione 3 according [9]
making it fit for concrete use. Figure 2 shows takationship between temperature and residual cessjve strength. As
the temperature increases the compressive streagtices and finally to 10.6N/nfrwhere it finally crumbles as discussed
by [3]. Table 5 and Table 6 shows the residual aesgive strength test results for 7 and 28 dayisgyreriod at 2% to
800°C. The concrete was able to resist up t0°600f temperature for one hour before deterioratidth a residual
compressive strength of 30.9N/mm2at 28days. Thesetime characteristic strength of grade C30 coeamfuirements at
28days period of curing. Similarly, Table 3 and [Eafishowthe pulse velocity measurements for 7 @énda¥s respectively.
The UPV was able to show that the concrete wasceestvle up to 30T at 28 days.

6.0  Conclusion
Due to the compressive strength results and theeprdlocity results obtained from Fig 2, Table 4 d@mable 5 at 28 days
period of curing. The following can be inferred:

1. Grade C30 concrete can resist high temperaturés 5@FC without deterioration for one hour.

2. The residual compressive strength of grade 30 eteés about 27.7% of its initial compressive gjtbrwhen it is
exposed to high temperature of 800for one hour. This buttresses the fact discusse§B] that the Calcium-
Silicate-Hydrate (CSH) gel, which is the strengivirgg compound of the cement paste, decomposelseiuebove
600°C and finally crumbles at 880.

3. Ultrasonic pulse velocity can be used to detects#hgiceability of concrete after a fire incident.
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