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ABSTRACT

There are important cases in which concrete is exposed to high
temperatures such as fire , chimmeys and refractory structures , etc.
expoing concrete to high temperature couses strenghth deterioration ,

increose in drying shrinkages ,and the reduction in bond strength with
reinforcement .

This investigation is carried out to study the ffict of steelfiber
oddition on /lexural strength deterioration of concrete exposed to high
temperatures in the range of 20' to 800' C . The following variables are
taken in to account : type of mix , fiber content and aspect ratio , heating
duration and type af cooling . Test results have shown that the inclusion
of steel fibers in concrete reduces the amount of strength loss &te to
heoting , the degree of strength deterioration depends on the fiber content
and high temperatures, and the bulkJlexural strength lose occurs within
two hours of heat exposure.

INTRODUCTION

Concrete is the first major synthetic building material which has led to
considerable economy in buitding construction. However ,the material has
certain limitations.The main structural limitations are:the low ratio of
tensile to compressive stength , the poor resistance to impact and spalling
and erratic level of durability.These limitations form the major reasons for
the growing interest in the performance of fibers in cement based
materials. Steel fiber reinforced concrete is being increasingly used in
many construction especially for the purposes where the concrete is
exposed to severe service conditions which include exposure to high
temperature , such as lining of refractory structures . Exposing concrete to
high temperahres causes strength deterioration , increase in drying
shrinkage and risk of reinforcement corrosion .

Investigation on the effect of steel fibers on the properties of concrete
at elevated temperature are recent and few in number . Purkiss(l)
investigation on SFRC at high temperatures (300'to 800o C ) showed that
below 600' C SFRC performance was better than plain concrete and the
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volume fraction and type of the fiber seemed only to have a secondary
efifect ' Fayiad and Al-Ausi(2) studied also the effect of method of re-
coiling on the compressive strength of plain and sFRC Their tests
showed that re-coiling the SFRC in air causes an improvement in shength,
however for all the mixes re-coiling in water caused further reduction in
sfrength . Austin and Robins (3) have carried out an investigation to
determine toughness index as a measure of reftactory performance of steel
fiber refractory concrete . To simulate service condiiion the test specimens
were conditioned by cyclic heating . The results showed that toughness
index increased with increasing the percent content of fiber , and the cyclic
heating reduced the tlexural stength . Very high temperature effect were
studied by Lankard and Sheets (4) who had hiated steel fiber refractory
castables in the range of 537.8" c to 1649 c . They have concluded that
significant improvements have been achieved in shength and thermal
shock resistance However , shrovanck and Herrin (5) in their
investigation on stainless steel fiber reinforced castables in thoran ge g20-
1100' c have found that the high temperature strength of refractory
castables was not improved by the fiber addition , but the benefits of fibers
were derived from the formation of ductile grid which held the weakened
castable together , and reducing the tenden.ylor spalling .

In this investigation tests are carried oui on the effect of high
temperatures on the flexural strength deterioration of steel fiber reinforced
mortar and concrete . Different fiber volume fractions and fiber aspect
ratios have been investigated as well as three different heating duration .

EXPER.IMENTAL WORK

. The experirnental work consisted of tests on two different types of
mixes. Mortar mix A , 1:3 cement:sand and concrete mir B , !:3:2
cement:sand:gravel For mix A three fiber volume percentages were used
0.0 , 0.5 and I . For mix B steel fiber percentages were o.o,o.s, 0.75 and
1 . For all the mixes tests were carried out at 2a ,200 ,'400' ,600 and
800'C temperature levels

Th. materials used for the mixes were : ordinary portland cement , river
sand of zone 2 according to B.s. specifications and river gravel of
maximum size 9.5 mm for mix B . Douform steel fibers of 0.30 mm
diameter and20 mm length , aspect ratio L/D : 66.66 were used . For mixB of 0'75% fiber two other fibei lengths were also tested . The fibers were25 and 4a mm in length grving aspect ration of g3.33 and 133.33
respectively.
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Water cement ratio for all the mixes was 0.6 and the materials were all
proportioned by weight . Steel moulds were used to cast 100x100x355 mm
concrete beams for two points loading flexural strength test according to
ACI commifree 544 Report (6) on fiber concrete . The specimens were de-
moulded after 24 hours , plaeed in water tank for 28 day and then air-dried
in the laboratory for 32 days before testing or exposure to temperature .

For all the temperature levels the rate of heating was nearly according
to B.S.475 (7) . Once the required temperature level had been reached ,the specimens were sahrated thermally for two hours after which they
were removed from the furnace and cooled in air to room temperature for a
period of 20-24 hours before testing . In order to study the effect of
heating duration few specimens of mix B with O.ls%fibers and aspect
ratio 66.66 , were tested for heating dwation of I , 2 and3 hours . AIso
some mix B specimens were quenched in water after removal from the
furnace in order to study the effect of rapid water cooling on its flexural
strength deterioration .

Two elecffic muffle fumaces of maximum r000"c were used for
heating , both with automatic in-built thermostat and thermocouple
enabling their temperatures to be recorded and confolled through out the
heating process .

For each test al least three specimens were tested and the compressive
strength of the mixes was determined from 100x100x100 mm cubes and
the V.B times of the mixes were measured , these results are shown in
Table 1 .

RESULTS AND DISCUSSION

Figures t , z and 3 show the results interm of modulus of rupture
(MoR) vs. temperature level for A (1:3) , mixB (1:3:2) andmixB for
different L/D respectively. Figures 4,5 and 6 show same results interm of
percentage loss of MOR with temperahre . The shength ratios ( ratio of
MOR of mixes containing steel fibers to MOR of plain mixes) at different
temperature levels are shown in Table 2 .

The figures show that MoR of plain mixes deteriorated with
temperature increase and the sffength loss became sharp at and beyond400"c The ffend of the sfength variation of sFRC mixes with
temperature is the same as for plain mixes but the degree of deterioration
is less especially above 200"c . For the plain mixes the strength loss at
400'c is about 80% of th e 20"c strength , while the %o loss of srength for
the fiberous mixes ranges between 24yo to lLyodepending on thl fiber
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content. At 800' C the % loss of MOR for both plain mixes is about 100%
however for the fiberous mixes the yo losses vary from 640/o to g0% 

.

The deterioration in MOR of concrete and mortar is attributed to the
break-down of interfacial bond due to incompatible volume changes
between cement paste and aggregate during heating and cooling , and it is
atrso because of the formation of relatively weaker hydration products
(dehydration of calcium siticate hydrate in cement paste ; wittr poor
binding properties These reasons are affirmed by appearance of surface
hair cracks noticed at temperatures above 200" c in the cement paste
which increases in number , length and depth due to temperature rise .

Table 2 indicates that at all the temperatures fiberous mixes possess
greater MoR as compared to the plain mixes and beyond 200" c the
strength ratio rises with increasing the temperature level This
improvement in MoR is due to delaying and partial suppression of
cracking caused by fiber addition . The cracks observed rn SFR specimens
were less and smaller than those which occurred in plain concrete
specimens . The fibers also carry the tensile stresses formed while heating
, cooling and testing .

Comparison of Figures 4 and 5 show that the % loss of strength of the
mortar mix 1:3 is less than that of the concrete mix 1:3:2 indicating that
mortar mixes perform better than concrete mixes when exposed to fdgh
temperatures , this rnay be due to the absence of the gravel . lfr. presenceof gravel helps in the production of high tensile stresses dui to the
incompatible movements of cement paste and aggregate at elevated
temperatures . The absence of coarse aggregate also allows a uniform and
better fiber dishibution and reduces the possibility of fiber balling which
increases the fiber capacity for carrying the tensile sfresses produced while
heating , cooling and testing .

Figures 3 and 6 show the relationship of MOR and its % loss with
temperature for SFRC of 0.75% fiber content of different aspect ratios
66.66,83.33 and 133.33 . From these Figures it isshown-thattheo/o
losses at 400oc are about 44oh , 27% and 25o/o for fiber aspect ratios
66.66 , 83.33 and 133.33 respectively. At 800"C theo/olosses are nearly
the same (about 79n . The increase in MoR with increasing the fiber
aspect ratio from 0 to 83.33 is due to the increase in interfacial bond
between the matrix and fiber due to the increase in fiber length. However ,increasing aspect ratio from 83.33 to 133.33 had almost no effect on MORof SFRC for all the temperatures ,this may be due to the non uriform fiber
distribution and the effect of fiber balling because of the low workability
of the mix as indicated by the high v.B time for this mix

No.1
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The effect of heating duration on SFRC is shown in Figure 7. The

Figure shows higher MOR for concrete heated for 3 hours than that heated

for 2 hours duration which means that there is a recovery in MOR of
SFRC 3 hours heating . Bhai (8) has also observed a recovery in
compressive sfrength when the heating duration increased from 3 hours to
4 hours , this strength recovery may be due to the uniform heat distribution
achieved at 3 hours and the maximum loss at 2 hours may be due to the

bulk thermal gradients reached at this exposrrre time .

The results plotted in Figure 8 show the change of MOR of plain and

SFRC of 0.75 oh fiber with temperature for two methods of cooling ; air
cooling and water cooling . The Figure shows that the specimen cooled in
water exhibited more strength deterioration than the air cooled specimens

for both the plain and SFRC mixes . This is because of the destructive
thermal shock produced when quenching the hot specimens in water and

the penetration of water in to the concrete pores and cracks.
finally it is worth noting that for all the specimens tested and at all the

temperatue levels the failure of the specimens occurred by fiber pull-out.

CONCI.,USIONS

The following conclusions can be drawn frorn the tests carried out in
this investigation .

1- The flexural strengths of all the mixes tested show continuous
deterioration with increasing temperature , however the residual strength
of the mortar is more than that of concrete for all the temperatures .

2- Inclusion of steel fibers Seatly improves the flexural strength of
concrete , this improvement increases at high temperatures .

3- Bulk flexural strength loss of SFRC occurs within two hours of heat
duration .

4- Increasing fiber aspect ratio from 83.33 to 133.33 shows no significant
effect on flexural strength of heated concrete .
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Table(l):'l'est
mix

proportion
fiber

content "
aspect
L /D

compressrve
strength N /

mm2

V.B. time
seconds

1:3

l:3:2

0.00
0.50
1.00

0.00
0.50
0.7s
4.7 5

0.7 s

1.00

66.66
66.66

66.66
66.66
83.33

133.33
66.66

56.7

62.9
65.0

4s.3

49.6

52.1

s6.3
53.9

57.0

2.s
6

t4

3

7

13

24
46

1.4

Table (2): l' lexural St tio
mrx

proportion
fiber

content
o//o

strength ratio at temperafure C"

20 200 400 600 800

1:3

l:3:2

0.50
1.00

0.50
0.75
1.00

t.2
1.6

1.2

1.2

1.8

t.2
1.7

1.2

1.3

1.7

J

5.7

3.2

4
6.6

5.3

9.2

8

9
21

t7
30

70
100
220
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