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Abstract: This study aims to investigate the influence of different cements on the properties of bricks exposed
to high temperatures. The tested cements were ordinary Portland cements (CEM I 42,5N(mix 1) and CEM I
32,5N(mix 2)), Limestone Blended cement (CEM II B-L 32,5 N(mix 3)), Slag cement( CEM II A-S 32.5 N(mix 4))
and sulphate resistance cements (SRC 42.5N(mix 5) and 32.5R(mix 6)). The manufactured bricks were exposed
to 400°C, 600°C and 800°C for two hours after 28 days of curing. Tests were conducted according to both
Egyptian Standard Specifications (ESS) and American Society for Testing and Materials (ASTM) in order to
determine compressive strength, absorption percentage, oven-dry weight and pulse velocity (UPV). Also, loss
in weight was performed. The tested cements can be used to manufacture both load-bearing and non-load-
bearing units even when subjected to temperature up to 600°C. Regardless of the type of cements, the weight
classification generally ranged from medium to normal weight at elevated temperatures up to 800°C. Bricks
incorporating Cem I 42.5N resulted in the highest mass loss at tested temperatures. The pulse velocity was
highest for the tested cements at room temperature.
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INTRODUCTION content: 6-20% for CEM II A-L and 21-35% for CEM II B-L

Cement production has very high energy demands produces up to 10% less CO  emissions than
altering the environment where the prime materials are manufacturing ordinary Portland cement. PLC has been
quarried and emits greenhouse gases into the atmosphere used in cast-in-place to masonry, as well as, in precast
(Nox,  SO   and  CO ) [1,  2]. Currently, the production of concrete to concrete paving. However, the Canadian2 2

1 ton of cement generates roughly 1 ton of CO  (0.8 t for Standards Association (CSA) standards do not permit2

the most efficient plants). Greenhouse gas emissions Portland-Limestone cement to be used in sulfate exposure
(GGE) have reached a critical level so that it is imperative environments [5]. The deterioration of concrete structures
to  look at  each human activity to determine if it is due to the presence of mixed sulfate in soils, groundwater
possible to decrease this level of emissions in any way. and marine environments is a well- known phenomenon.
This applies to the construction industry in general and The use of blended cements incorporating supplementary
the cement and concrete industries in particular. It is cementing materials and cements with low C A content is
absolutely necessary to implement a sustainable vision in becoming common in such aggressive environments [6].
civil engineering since large countries such as China, Blended cements, particularly those made with silica fume
India, Brazil, Mexico, Indonesia and Egypt will drastically and blast furnace slag; perform much better than plain
increase their cement and concrete consumption to build cements in sodium sulfate environments in terms of both
infrastructures [3]. Blended cements, instead of pure strength reduction and expansion [7]. Blended cements
Portland cements, are successfully being used in EU containing slag (60% replacement) demonstrated superior
especially  after  the  advent  of the European Norm EN sulfate  resistance  than ordinary Portland cement [8].
197-1. One of the most used blended cements is the Also, ground granulated blast furnace slag blended
Limestone-Portland cement with two ranges of limestone cement with a suitable amount of limestone powder and a

[4]. Manufacturing Portland-Limestone cement (PLC)
2
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controlled content of calcium sulfate exhibits long term The results showed that, elevated curing temperatures
sulfate resistance [9]. Regarding Sulphate resistance improves the early age strength in all cement mortars.
cement, the largest study conducted on cement showed Also,  the  results   indicated   that,   the  pozzolanic
that cement with C A contents above 12% performs cement mortars gives higher compressive strength than3

poorly, while cement with contents below 9% usually the plain cement mortars, especially at curing
performs satisfactorily. Cement between the two values temperatures above 35°C. Consequently, slag pozzolanic
shows a wide range of performance [10]. Karakurt et al. cement mortars can be beneficially used in the hot
[11] conducted a study in which the influence of blended conditions.
cements produced with different types of pozzolans on
rebar corrosion and high temperature resistance of MATERIALS AND METHODS
concrete were investigated. For this reason, natural zeolite
(Z), fly ash (FA) and ground granulated blast furnace slag Cement:  The  cement  used  were ordinary Portland
(GBFS) were used in different types of blended cement cement  CEM I  42,5N,  CEM  I   32,5N,  Sulphate
production. According to the variation of corrosion resistance cement SRC 42.5N, Limestone Blended cement
current, FA and GBFS was observed to inhibit positively. CEM II B-L 32,5 N, Portland Slag cement CEM II A-S 32.5
However, the microstructure analysis showed that the N in accordance to ESS 4756-1/2009. Chemical and
performance  of  FA  was  better at high temperature. mechanical  properties  of  used  cements are shown in
Abdel-Aziz et al. [12] studied the effect of elevated curing Table 1.
temperature on the properties of cement mortars. OPC was
partially substituted by two types of slag (water cooled Fine Aggregates: Siliceous sand was used with 4.75 mm
slag  and   air   cooled   slag)  in the ratios of 10,20,30,40 maximum particle size in this research program. The
and 50 % by weight. The cement mortars were cured for specific gravity and volumetric weight of sand were 2.56
120 days at different curing temperatures from 25 to 100°C. and 1.52 tons/m , respectively.3

Table 1: Chemical and mechanical properties of different cements according to ESS 4756-1/2009[13]

Type CEMI 42.5N CEMI 32.5N SRC 42.5N SRC 32,5N CEM II/BL 32,5 N CEM II/A-S 32.5 N

Chemical Properties

Oxide Result (%)

SiO 21.08 21.04 21.42 21.35 17.64 21.892

Al O 4.86 3.88 4.48 4.25 3.12 4.802 3

Fe O 4.43 5.14 5.63 5.56 2.43 3.752 3

CaO 63.12 63.21 62.65 63.41 60.01 60.08

MgO 1.35 0.97 1.43 1.08 1.49 2.74

SO 2.31 2.45 1.71 1.68 2.93 2.863

L.O.I 2.35 2.72 2.23 2.04 11.95 3.21

Na O 0.30 0.43 0.29 0.47 0.22 0.382

K O 0.16 0.16 0.15 0.15 0.18 0.252

Total 99.96 99.99 99.99 99.99 99.97 99.96

Ins. Res 0.51 0.52 0.68 0.67 0.71 0.72

CaO 0.01 0.01 -- -- 0.04 0.04

Na OEq. 0.41 0.53 -- -- 0.35 0.552

LSF 0.91 0.92 0.89 0.91 1.07 0.84

C A 5.39 2.60 1.96 1.87 4.16 6.383

Mechanical Properties

Days Compressive Strength of standard mortar (MPa)

2 days 19.8 -- 21 18.7 -- --

7 days -- 22.3 -- -- 21.8 21.9

28 days 50.3 42.3 51.1 44.1 40.7 40.3

Compressive strength test was carried out as per ES 2421 part 7-2005.
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Table 2: Coarse aggregate physical and mechanical properties
Property Crushed stone Acceptance limits
Specific gravity 2.76 --
Volumetric weight (tons/m ) 1.62 --3

Absorption Percentage 0.55% Not more than 2.5% [14]
Clay and other fine materials (%) 0.2% Not more than 3% by weight [15]
Impact value (%) 25% Not more than 30%[15]

Table 3: Mixture proportions, cements type and strength classes and exposure temperatures
Constituents materials (kg/m ) Cement Fine aggregates Crushed Stone Water Slump3

200 1000 1000 160-170 Zero-1
Temperature Room temperature 400°C 600°C 800°C
Cement types and strength classes Mix 1 Cem I 42.5N

Mix 2 Cem I 32.5N
Mix 3 Cem II B-L 32.5N
Mix 4 Cem II A-S 32.5N
Mix 5 SRC 42.5N
Mix 6 SRC 32.5R

Course Aggregates (Crushed Stone): Crushed limestone absorption values of the brick samples. Also, the
of 10 mm maximum particle size was used in this research. ultrasonic pulse velocity was conducted according
Table 2 shows the physical and mechanical properties of ASTM C 597 [18] and mass loss was performed before
coarse aggregates. and after the specimens were exposed to high

Mix Proportions for Solid Cement Bricks and Methods: After curing for 28 days, the samples which were exposed
The  control  mix  design  for the manufactured product to elevated temperatures were heated in an electric oven
was selected from previous study reported by Elnouhy up to 400, 600 and 800°C. The temperature was maintained
[16] and tested at age 28 days (as specified by the at the respective temperature for 2 hours to achieve a
Egyptian Standard Specification). For 28 days after thermally steady-state. Then, the furnace door was
casting, all specimens were sprayed twice daily. Concrete opened and the samples were allowed to cool naturally to
mixture proportions, different cements and exposure room temperature.
temperatures  are  given  in  Table  3. Solid cement bricks
26 x 12x 6 cm were manufactured by conventional RESULTS AND DISCUSSION
equipment. The control mix (mix 1) contained CEM I 42,5N.
The manufacturing process involves compaction of the The effects of cement types and strength classes on
mixed  constituent  materials in a mould followed properties of bricks due to exposure to elevated
immediately by extrusion  of  the  pressed  product so that temperatures are herein presented.
the mould can be used repeatedly. Since the finished
product is required to be self-supporting and able to Compressive Strength: The effects of the cement types
withstand  any  movement  and  vibration  from the and elevated temperatures on average product
moment they are extruded, very much drier, higher fine compressive strength are presented in Figure 1. The limits
aggregate content and leaner mixes are used than in the of both load-bearing and non-load bearing units are
normal concrete work. The demoulding ability is an shown in Table 4. Ordinary Portland cement of different
essential criterion for manufacturing solid cement bricks. strength class (42.5N, 32.5N) was used in mixes 1 and 2
The water contents of the solid cement bricks were respectively. The results show that mix 1 satisfied the limit
adjusted based on this criterion. The (w/c) ratio was of average product compressive strength concerning
adjusted to maintain an almost zero slump. Crushed stone load-bearing units up till 600°C tested temperature.
was not washed prior to mixing. It is worth mentioning However, at 800°C, the limit of non-load bearing units was
that the high water content is imperative despite of the met. Mix 2, on the other hand, satisfied the requirement of
dryness of the mixes due to the low cement content. A load –bearing units at all tested temperatures. Thus, it
series of tests were carried  out  after  28 days  of curing may be concluded that, there is no pronounced difference
according to ASTM C 67-03a [17] to determine regarding the obtained compressive strength in relation to
compressive strength, oven dry- weight and water OPC  strength  classes  up to  600°C   tested  temperature.

temperatures. Three specimens were tested for each test.
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Table 4: Strength and Absorption Requirements [21-23]
Compressive strength, min,(MPa) Water absorption, max, (kg/m ) (Average of 3 units)3

Average net area Weight classification-oven-dry weight of concrete, (kg/m )3

Average of 3 Units Light weight Medium weight Normal weight
Loadbearing units Non-loadbearing Units
13.1 4.14 Less than 1680 288 (1680-2000) 240 2000 or more 208

Fig. 1: Effects of cement types and elevated temperatures and unit weight are presented in Fig. 2 and 3, respectively.
on compressive strength The limits of water absorption and Oven-Dry weight are

In other words, both strength classes could be used for absorption was satisfied by the six mixes at the tested
load-bearing units even when subjected to temperature up temperatures. In other words, all mixes at tested
to 600°C. It should be noted that there are two phenomena temperatures had values of water absorption less than 208
that govern the behavior of bricks when exposed to Kg/m . Thus, the Oven-Dry weight of the specimens
various temperatures: firstly, the increase in the rate of becomes the decisive factor with regard to the
cement hydration and secondly, the thermal categorization of weight. At room temperature, mixes1 and
incompatibility between the cement paste and the 2 satisfied the criteria of normal weight, while mixes 3, 4, 5
aggregates, the dehydration of the matrix and the thermal and 6 met the criteria of medium weight. The Oven-Dry
expansion of the aggregates give rise to internal stresses weight of mix 1 at elevated temperatures of 400°C and
and beginning at 300°C, micro-cracks begin to pierce 600°C were very similar and were in the range of medium
through the material [19, 20]. In some cases, the first factor weight. However, at 800°C, the Oven-Dry weight was
becomes the governing factor, while in other cases; the reduced and became in the category of light weight. Mixes
second factor becomes the overriding factor. 2 and 6 resulted in normal weight bricks at tested

Mixes 3 and 4, contained Limestone Blended temperatures. Mix 3 provided medium weight bricks at
cement and Portland Slag cement respectively. Both mixes tested temperatures. Normal weight bricks were obtained
provided  average  compressive  strength  that  satisfied pertaining  mixes  4  and 5 at 400°C and 600°C.However,
the requirement for load-bearing units at tested the weight was decreased and became in the range of
temperatures. Generally, however, the obtained strength medium weight at 800°C. From the above results, it may be
regarding  mix  4  was  much  higher  than  that  of  mix 3. concluded, that irrespective of the type of cements, the
At  room  temperature,  this  may  possibly  be attributed weight classification generally ranged from medium to
to  densification  due  to  secondary  hydration reaction. normal weight at elevated temperatures.
At elevated temperatures, this may be due to the increase
in the hydration as Portland Slag cement is activated at Mass Loss: The effects of cement types and elevated
elevated temperatures. Consequently, both types of temperature on mass loss are shown in Fig. 4. Photos 1 to
blended cements could be used in the manufacture of 4 show the effects of elevated temperatures in terms of
bricks concerning load –bearing units even when both color change and appearance. At 400°C, the color
subjected to temperature up to 800°C. The results of mixes began to change to light pinkish-gray and at 600°C,
5 and 6 (both of which contained Sulphate resistance pitting  was  observed.  At  800°C,  spalling  occurred.
cement (SRC 42.5N and SRC 32.5R) show that the limit of Mass  loss  measurements  were  recorded  between 400°C

load-bearing units was met at all tested temperatures.
From the above results, bricks incorporating the above
tested cements can be used as non-load bearing units
even when subjected to 800°C.

Oven-Dry Weight and Water Absorption Percentage:
There are three classes of solid cement bricks: normal
weight, medium weight and light weight according to both
ESS 1292-1/2005 [22] and ASTM C90-03 [21]. The two
criteria that specify the categorization of weight are water
absorption and the Oven-Dry weight. The effects of the
cement types and elevated temperatures on absorption

given in table 4. The criterion regarding normal weight for

3
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Fig. 2: Effects of cement types and elevated temperatures on water absorption

Fig. 3: Effects of cement types and elevated temperatures on unit weight

Photo 1 (R.T.) Photo 2 (400°C) Photo 3 (600°C) Photo 4 (800°C)
gray Light Pinkish gray Start of Pitting pinkish gray Pitting and spalling

Fig. 4: Effects of cement types and elevated temperatures on mass loss
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Fig. 5: Effects of cement types and elevated temperatures on UPV

and 800°C. When comparing mixes 1 and 2, at 400°C, mix1 specimens. Also, these results are in agreement with the
resulted in lower mass. However, there was a pronounced compressive  strength  results  regarding  the six mixes.
increase in mass loss regarding mix 1 at temperatures The effects of cement types and elevated temperature on
600°C and 800°C respectively. Mix 3 gave higher mass UPV are shown in Fig. 5.
loss at 400°C and 800°C than mix 4. At 600°C, both mixes
resulted in similar mass loss. The mass loss of mix 5 at CONCLUSIONS
400°C was much lower than that of mix 6. At 600°C, both
mixes yielded almost similar mass loss. Again, at 800°C, Based on the experimental results obtained from this
the mass loss of mix 5 was much lower than that obtained study, the following conclusions can be drawn:
for mix 6. The average mass loss was 3% at 400°C
concerning  mixes  1,  4 and 5.At 600°C, mixes 2,3,4,5 and Concerning OPC, both strength classes can be used
6 had similar mass loss of average 5.5%. The highest mass for load-bearing units even when subjected to
loss was obtained for mix 1 at 800°C of 21%. Weight temperature up to 600°C.
reduction occurs due to the release of bound water from Both  types  of  the  used  blended  cements  (CEM II
the cement paste. Consequently, air voids are formed and B-L 32, 5 N and CEM II A-S 32.5 N) could be used in
the structural integrity of the specimens deteriorates. the manufacture of bricks concerning load –bearing
Thus, the reduction in weight confirms the loss of mass units even when subjected to temperature up to
by the concrete material and the increase in the proportion 800°C.
of air voids [20]. Bricks incorporating the above tested cements can be

Pulse Velocity (UPV): At room temperature, mix 1 yielded to temperature up to 800°C.
higher UPV than mix 2. At400°C, UPV was similar for both At room temperature, bricks incorporating both types
mixes. At higher temperatures, mix 2 resulted in higher of ordinary Portland cements satisfied the criteria of
UPV than that of mix 1. As expected, mix 3 at tested normal weight, while bricks incorporating blended
temperatures resulted in pronounced reduction of UPV cements and sulphate resistance cements met the
when compared to mix 4. Mixes 5 and 6, yielded similar criteria of medium weight.
UPV at room temperature, 600°C and 800°C. However, at Regardless of the type of cements, the weight
400°C, the UPV was higher regarding mix 5. The UPV was classification generally ranged from medium to
highest  for  mix  4 at room temperature and lowest for mix normal weight at elevated temperatures up to 800°C.
1 at 800°C. Also, there was a significant decrease of UPV Bricks incorporating CEM I 42.5N resulted in the
in mixes1, 2, 5 and 6 at exposure temperature of 800°C in highest mass loss at tested temperatures.
comparison to their respective UPV at room temperature. The pulse velocity was highest for the tested
The UPV are lower possibly due to the decomposition of cements at room temperature.
C-S-H gel at elevated temperatures, which, in turn, The tested cements can be used to manufacture both
increases the amount of air voids and reduce the load-bearing and non-load-bearing units even when
transmission speed of sound waves through the subjected to temperature up to 600°C.

used as non-load bearing units even when subjected
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