CHAPTER 7

Conclusions and Recommendations

The following conclusions can be drawn based on the experimental and comprehensive studies

presented in this study.

1- The water cooling regime has more adverse effects on the properties of conventional concrete
than air cooling regime. At 200, 400°C and 600°C the retained residual performance by air-
cooling over water-cooling was up to 3, 9 and 6% respectively with respect to the small

dimension of the concrete cubes.

2- The (TGA/DTG) curves of the traditional mix, as presented in this study, shows three
significant weight loss steps corresponding to endothermic processes. The first weight loss
step, at about 100-200°C, is attributed to surface water desorption, as well as water loss from
C-S-H gel layers and the dehydration of ettringite. The second step, at about 480°C, is due to
the decomposition of (portlandite). At last, the third weight loss step, at about 780°C, can be
attributed to the decarbonation of CaCOs. It is worth noting that, the total DTG weight loss of
the control mix was reduced with the increasing of the elevated temperature that the

specimens may be exposed to before TGA test.

3- TGA curves fordifferent concrete mixtures can be used to estimate the temperature of
exposure depending on the TGA-total weight loss. As the preheated temperature was

increased as the TGA total weight loss was decreased.

4-Scanning electron microscopy (SEM) allows examination of concrete microstructural details.
At room temperature, the SEM images showthe existence of CSH, CH and ettringite. With
increasing the degree of the exposure temperature, the concrete start to be poor of hydration
products. At 600°C, the SEM micrograph displayed the formation of micro cracks,in addition

to the decomposition of the hydration products.

5-Concrete cover thickness play an important role in protecting the reinforcement inside the
concrete slabs, where increasing concrete cover from 25mm to 75mm decreases the
reinforcement’s temperature by about 58%, after the concrete slabs exposed to 800°C for

2 hrs.

6-The results show that the addition of 10% silicafume as cement replacement to CEM I improve
the performance of the blended concrete when exposed to elevated temperatures up to 400°C.

At 600°C, the silicafume concrete exhibits a residual strength less than conventional mixture,
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so it can be saidthat the silica fume concrete is more sensitive to elevated temperatures than

normal concrete.

7-The presence of polypropylene fibers increase the residual compressive strength of both
normal and blended concrete at low temperatures only. It shows a slight adverse effect on
protecting the reinforcement inside the concrete. Moreover, it reduces the weight loss in
normal concrete at elevated temperatures andalso decrease the surface cracks as a result to
the pathways formed by the melting of the PP fibers at about 170°C.Such results are
supported by SEM images that revealed a reduction in augmentation of the cracks up,

compared with control or silicafume concrete.

8-Steel fibers inside the concrete enhance the residual compressive strength, reduce the surface
cracks and reduce the reinforcement temperature inside the concrete when compared

withtraditional concrete.

9- The addition oflimestone powder as additives to cement content enhances the residual
compressive strength by about (25,21, 20 and 24%) for 10 percentage and (30,21,24 and
31%) for 15percentage at 20,200,400 and 600°C respectively.SEM reveals clearly the
unreacted LP at 600°C.

10- Limestone powder, as a cement replacement by mass, has influence on the observed
compressive and flexural strength values that were reduced with the increase of amount of
limestone fines due to the dilution effect of cement.The weight loss of the limestone-
concrete is less than that of the convention concrete and the TGA sustains this result for the
studied degree of temperatures, even if the limestone powder were used as a replacement or

additive.

11-According to SEM and visual inspection, the LP reduces the cracks of concrete at 400°C and
600°C.Concrete with 15% limestone, as an additive to cement content has showed the densest

concrete and plenty with Ca(OH)2 plates.

12- The addition of bentoniteas a 10%cement replacement shows an appreciable residual
compressive strength at 400°C and 600°C and reduces the concrete surface cracks. At 600°C,
the use of bentonite, as 10% replacement of cement content, has the least weight loss when
compared with all other mixtures, but it shows uncomfortable trend in preventing the steel
reinforcement in concrete. Scanning electron microscopy (SEM) results are consistent with
the results of the visual inspection and the clay plates were considerably obvious up to

600°C.



13- This study has TGA/DTG curves for unheated and preheated conventional concrete up to
600°C for 0.5, 1 and 2 hrs of exposure, from which it can be identified that the temperature
or the duration that the buildings may be exposed in a real fire accident depending on the

DTG-total weight loss or even the trend of TGA/DTG curves.

14-The plastering is considered one of the most important methods to protect the concrete from
high temperatures. The use of limestone Portland cement instead of the CEM I, improves
the residual compressive strength of the mortars by about 10, 30, 6 and 11% at 20, 200, 400
and 600°C respectively. On the other hand, itprovides a good protection for the covered
concrete more than CEM I —mortar by about 4%, when used as a plastering (external
protection).

15- The mortar was revealed a major role in preventing the reinforcement inside the concrete
slabs where 1-inch concrete cover thicknesswith 1-inch traditional plastering allows only the
arrival of 20% of the exposed temperature to the reinforcement.

16- The presence of the ceramic powder included in the mortars enhances the properties of the
conventional mortar at elevated temperatures. The experimental results show that using 10%
ceramic powder as cement replacement enhances compressive strength by about 9, 23, 14
and 2% at 20, 200, 400 and 600°C respectivelycompared with the conventional plastering.
SEM graphs show the ceramic powder particles at temperatures up to 600°C without

decomposition.

17- The compressive strengthof the crushed brick micro-mortar is found to be lower than the
strength of conventional mortar at room temperature. After exposed to high temperatures
the, the brick clay mortar shows nearly the same conventional mortar strength. The mortar
with crushed brick powder keepsa strength that would make it suitable at elevated
temperature. SEM graphs supported the more reduction that happened in 10% and 20%

brick clay mortar’s compressive strength at 600°C.

18- The melamine powder has a significant effect on improving the residual compressive
strength of the conventional mortar by about 8, 22, 25 and 17% at 20, 200, 400 and 600°C
respectively at 10% cement replacement thatshows in the same time the highest protection
of the covered concrete cubes by about 25%. SEM exhibits that the melamine granules seem

to be cohesive and connected to one another with shiny appearance.



19- (TGA/DTG) of all mortarsshow the same three significant weight loss steps asconventional
concrete mix. The melamine powder’s thermograms show additional peak at about 320°C

related to the hydrated C3A that exhibits a small endothermal effect.

20- The three main peaks investigated by DTG curves, for either concrete or mortar, may be
shifted to a higher or a lower temperature according to lime content. In addition the TGA-

total weight loss of the concrete mixtures and the mortars arereduced with increasing the

preheated degree of temperature.

21- In the present study, the ANN models for the effective of the concrete cover thickness andthe
residual compressive strength for concrete cubes after exposed to elevated temperature has
been developed. The modelswere trained with input and output experimental data.
Correlation coefficient, RMSE and MAE are statistical values that are calculated for
comparing experimental data with ANN model. As a result, the effect of the concrete cover
thickness on protecting the Rft inside small scale concrete slabs and the residual
compressive strength values of concrete can be predicted in ANN models.Numerical
modeling using neural network shows a great performance to estimate steel temperatures
and compressive strength for concrete samples subjected to high temperatures where the

minimum value of R? is 0.9074for testing set ANN.
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Guide Line Proposed Code Provision for Concrete Performance under Elevated

Temperature

In the last four years,fire accidentsinEgypthave becomeone of the majorproblems
thatplaguethose =~ whoaredevelopingspecificationsfor ~ buildings  andpublicfacilitiesdue  to
theconsequentsevere damage inthefacilitiesand thelivesofhazardsexposuretimes. Thisresearch
andthe authors try to developnew waysand means ofhelpingto understand andstudythe impact
ofthe on theconcrete. Thereforethe researchers hope thatthis letterwill  help
those whoare developingthespecificationsin Egypt throughsome of the recommendations
as follows:

1-The weight loss is considered as one of the most concrete signs that give indications on
the vulnerability of the concrete when exposed to high temperature. As it well known that as the
exposure to elevated temperaturesincreases, the damageof concrete increasesas well as loss in
weight. Based on this principle, this research estimatedthe maximum temperature and the
duration of exposure by total weight loss analyzing using TGA apparatus. In order to simplify
this task, after the concrete samples were exposed to elevated temperature at 20, 200, 400 and
600°C for different timingperiods up to two hours.Powdered samples (40 mg) were placed in the
(TGA) apparatus and the mass loss was measured while the specimens were gradually exposed
to increasing temperatures up to 1000°C. Results showed that as temperature ofthe
sampleincreases before placing itin the(TGA)device,itsoverall(TGA) weightlossdecreases. The
obtained curveshave linkedthree variables, the degree of temperature during the exposure to
fire,the duration ofexposure andthe lossinweight. Throughthese curvesandby knowinganytwo
variables the third variable can be obtained. No expensive measurement equipmentswere
necessary to perform these observationsand the experiment just took less than 2
hours.Therefore,this studyrecommendsincreasingthe reliance on(TGA) deviceand using it
toestimatecurvesfor different types ofconcretein terms ofdifferentcement content, water to
cement ratio, compressive strength...... etc.

2- This thesis suggests that the best way for the construction industry tobecome more
sustainable is by using wastesfrom other industries as building materials. Therefore, as a
considerable recommendation,the use ofwastecement plants materials should expand, and

particularly in what is knowncommercially asceramicpowder and melaminepowderas theyclearly



showed a significant improvement in high temperature resistance of the cement mortar and its
morphologywhen usedas a cement replacement by 10% of mass. It will also have a major effect
ondecreasing concrete costs, since the cost of these waste materials is less than the cement cost
of about 70%.

3-This thesis recommends expanding in the usage of limestone Portland cement instead
of ordinary Portland cement in case of buildings,which can be exposed to high degree of
temperature, due to the fact that the limestone Portland cement enhances the resistance of the
mortars and the concrete when the temperature is elevated.

4- The authors suggested the following equation to classify the degree of damage for the
concrete at elevated temperatures:

(F.D) = T+ 100

Where:

F.D : Factor of damage.

Tt: Duration of the elevated temperature exposure.
Wotga: Total —-TGA- weight loss.

Tc : Degree of the elevated temperature.

If:

FD>10 .o, No damage.
102F.D23.25..cccieceerieaen, Low damage.
3.25>F.D21.5..................Moderate damage.
FD<15 s Quite adverse damage.

Finally, the authors hope that these thesis’s recommendations produce, even a little bit,
some useful information that may help improving and increasing the effectiveness of concrete

durability against high temperatures.
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