tmpact Hesvtanes of —

it
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ABSTRACT

Resistance fo impoct and ether suddenly applicd loads is now recognized as one of the sipnificant
propertics of normal concree. Restelts af tests on normal concrete have shoven that the introduction
af wteel or fibre reimforcement mid the cement molrix fras a significant effect on the Lmipact

reststance of the concrete. The addivhon af fTbre i

Kpovn to improve many of i properties siuch as

faigud, toughness, flexural strenyth and sirain capacify. Tiests are reported an the impoct pesistance

of plaln laterized concrete, on fibre-reinforced
alse investigated, For all three areas investigat

laterized conerete amd the offect of rivickness is
el the percentage of sand by weight wf the total

fime wygregaie was virrded i steps of 25% up fa oo maximunt of 100% correspoiding fo ol
concrefe. Far the fibre-reinforced luterized concrete the fihre comtemt Wiy varried from 0L.5% fod

maximum af § percent. For the effect af thickness varlatian on iyt

resistance, the thickness of

specimen a5 varied from an initlal thickiess of S0.8mmm and in seps o 12,72 mi #o o Rt

thickmesy of #8.92 mm. The impact restilin e

of lateriged concrefe was found 1o lncrease with

thickmess. The impact strength increased with percenfage Incredse in fibre comient only af o
laterite content of 25 per cent, For highar percentuges af laterite content, the impact resistance
e mot increase throughont with percemtige increase in fllre content, But there iy din apimun

value of fibre content above wirich there was a decrease in lnpact strenjth as fibre content in the

conment mairix was ncreased. The impact sirength of the laterized concrete wax aiso Sl der
vary with the laterite content in the cement mtric -

INTRODUCTION

Experience hag shown that 4 muterizl with hagh
compressive strength can he very brittle and may
casily fal dee to inpact, whereas a matenal which
& more resilient but with less comprossive strength
can have a higher impact resistance Until just over
a decade ago the coacrele and maternl ndusty
|acked an acceprable impact fest that demonstratcs
the relative brittleness, resiticnce, impact resistunc
and toughness of concrete and similar constniCem
materints

The prcture hag sined changed as a simple porabke
and practical test has been developed (Schrader,
10741 10 determing the impact resisiopoe of
canorete and stmilar con ruction matzrals. The
same test also checks ftigue bocawse it applics a
foad repeatedly to the fost specimen instead of
making it to Tatl with one massive blow. The

aurber of Blows that a standard size ball mest be
dropped a stundard distance to make the frsl
visihle crack appear is Taken 39°2 measure of thi
impitgl TEsiSIANCY

The American Conerete Commitice oo fibre-
reinforeed concrete (ACL, [9THY haz also
suggested the use of a drop hammer tesl (o
evaluate the impacl sesslande of eoncreic. The
tests are ta be conducted by drogping a 4.54kg
hammer repeatedly from n height of 43Tmm o @
hardened steel ball resting on & cvlindrical
specimen of 151.5mm diameter and 63, 5mm
height. The number of blows required for the first
visible crack to appear was conssdered to be an
indication oF the napact resistance of the materzal

The Charpy impact and rotating imgract maching
methods have also been widely used to measure:
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the mpact resistance of fibre-remforced concresc
specimens, In the Charpy test method a three -
point beam specimen is struck af the centre by &
pendulim. By knowing the height of the pendulum
hefore and after impact and assuming that all
energy lost by the stnker is absorbed n broaking
the beam specimen, one can calenlate the cnergy
ahsarbed duc to the impact loading, Using this fest
method, Shah & Bache (Shah and Bochr, 1977}
ohserved thar the impact resistance of glass fibre-
reanforced concrete SPoSImens &5 ton imes groater
than unreinforced concrete specimens . Johnson
{Johnsan, 1974} alsa observed a ten-fisld increase
i Charpy impact resistance. when morear

specitens were reinforced with steel fibres

Present Investigation

The method used in this investigation 15 a modifed
form af that recommended by the ACT commities
544 report. The size of the specimen and (he
diameter of the ball used are slightly diffieront from
those spectfied in the ACL committer report. The
itee] ball has a diameter of 30 Bmm against a
diameter of 63 Smm specified in the ACI commttoe
report and the height of drop of the hammer 1o the
test specimen is 42 5mm against 457mm specified
in the ACT committee 544 report (Figures la, b
and ¢). But the weight of the hammer 5 4.54kg,
flee same a4 that specified in the ACI commuttes
report. The number of hlows required for the first
visible crack o appear 15 considered 1o be the
irmpact resstance of the material

MATERIAL AND TESTING
PROCEDURE

Materials

Tz materials used in this investigation are: coment,
fine and coarse aggregates, water and fibre
reinforcement. Ordinary Portiand cement with
properies conforming o the requiremants of BS
12 | 1%70] was used. The finc aggregale consisted
of sand and laterite. The laterite used has a particle
sizc Tange of 4.75-0.063mm (particles passing
through sieve with aperture 4 T3mm but retained
an sigve with aperture (.063mm) The sand used
15 clean, sharp niver ar pit sand free from clay,
loam, dirt, organic of chemical matier of any
description and is sand passing theough 4. 75mm
zone of British Standard st sicves. The coarse
aggregate is crushed rock having paricle size

between 20 (mm and 5 00mm. The water is
potable water, which is fresh, colonrless, odourbess
and tasteless water that is frec from organic matters
ofany type. In this study deformed steel fibre chips
with lengths varving from | Sem-25mm were used.
The fibre chips were the waste product of the metal
fabrication fabaratory of the University of Lagos.

Preparation of Test Specimens and Testing
Procedure
The moakds for the concrete specimens used in
this investigation were cut from | 30mm diameter
PVIC pipes.

The percentage of sand by weaght of the total fine
apgrepnte was vaned in steps of 25% up to a
maximum of 100 percent correspoading to normal
concrete. A total of 12 laterized conorete
specimens were made for cach proportion of
latente in the cement mamri The same number
of cube specimens wis also made for the
conpresseve strength test Impact resastanes and
compressive strength tests were carricd out on
the specimens and cubes at ages 3, 7. 14 and 28
days. For the compressive strength tests, the testing
procedure described m BS 1881 part 4 {1970) was
followed All the cubes were cured by full
immersion in water right from the moment they
were removed froem the moulds until the day for
the testing when they were removed from the
curing water- tank and sun- dred before being
tested for strength. The weight of cach specimen
as well as cube was determined and recosded prior
1o the testing, The Avery wniversal testing machns
was used for the excroiss,

TEST RESULTS AND DISCUSSION
Impact Resistance of Plain Laterized
Concrete

The results are peesented in both tabular and
graphical forms. In the graphical presentation the
impact resistance (indicated by the number of
blows), is plotted against percentage laterite
comtent in the cement matrix, The exercise was
carried out using 3 water/cement ratios, namely,
06 065 and 0.70 (Figure 2). In the tabular
presensation the results arc shown in Tables | and
2. Tablke 1 shows the impact strength test results
for the laterized concrete specimens prepared
wsing 3 dafferent mix proportions, namely 1:2: 4,
1:11/2:3 and 1:1:2 but at a constant water cement!
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ratio of 0.63. Table 2 on the other hand shows the
test results for a new set of latenized concrete
specimens manufactured with & constant mix
propartion of 1:2.4 but with 3 different wates/cement
ratios. namely, 0.6, 065 and 07

Density of Laterized Concrete

It hits been established that the density of latersed
concrete compares fuvourably with the density of
normal conerele This can reachly be seen by o
caraful cxamimation of the results presentod an
Tahles | and 2 This result confirms the result of
previous work (Balogun and Adepegha, 1984} that
laterized concrete = et a structural lightweigli
concrote.

Cenmpressive Strength

It i% an established fict that plain normal ¢oncrete
exhibits higher strength charsctenstics than plain
taterized concretc In line with the tesults of
previous work {Balogun and Adepegba, 1984) the
compressive steength of lateresed concrote was
found to increase as the proporteon of sand i the
cormcnt mainy increascd,

Thie reaulis alsc show that for §:2:9 mixes a1 3 waler
cement tabie of 0 65 the compressive strength
values wers geactally higher than those for 016 and
{4, 7 waterfcement ratios, This agrees with the result
of previows work (8], which reeommended a water!
cement tatio of 063 for structural laterized
crmcrate.

Impact Resistance

The number of blows required to produce the first
temsile crack im the 1est spocunen is normally taken
as & measure of its impact resestapee AC]
Committoe 544 defines eltinate failure, in terms of
the mumber of hlows requered 1o open the cracks in
the test specimen sufficiently and 1o cause the
fractured pieces to touch al least 3 of the 4
positionmg hags tn the basc plate (Frgure b}

Al 3 constant water'cement of (.63, the |111/2:3
mix penesally gives higher impact resistance vikses
than the 1:3:4 and 1:12 mixes. Also ot a wader!
coment ratio of 065 and 1:2:4 mix, the impacs
resistance falls ax the Luterite content i the coment
miatrix inercases. Al o wates'eement rato of 060,
the gher impact resistance values are obtamed

for laterite contents up to 75 percent, beyond which
the highest impact resistance values are obtained
a1 @ watérecment ratso of 0.60.

At o Jow waterfoemant ratio, laterized concreta 13
stiff due to lack of sufficient water for mixng,
particutarly for high latente conlent in the coment
matrix. The stiff faterized condrote has poor
workability and bow impoct resistance. At low
wilerfcement ratso. plain normal conerete has the
hightr bmpact strength. As the water/cement ratio
mereases howaver, lateriznd concroie conspiEres
favourably with plan normal eoncrete especially
in the region of up to 75 percent latenide content in
the fine agaregate .

It 15 also observed thot as the percentage of the
Iaterile content in the cemeni Malx IMCreases
there 15 cormespanding decnsse in he impact
resistance of the laterized concrete pnd this s
irrespective of the mix bong considered

Muode af Failure

The mode of fathere of concrete under @ repeated
falling weight test depends on a number of faclors
=uch 43 the follovwing,

i The strength of aggreigate;

(i) The mistro strength; and

fitil The apgregate matrix bomd gtrength

{hher Factors are the test boundany conditions: and
the type of specimen The predominant mode of
failure wath plain concrete SPeCINKMS IS 1 lensii:
failure through the coarse agregats although local
crushing and sheanng also occur in the region
where the falling weighe mmpacts the surface. In
the test being reported here using plun laterized
concrete specimen, the specimens faled by
breaking wito 3 picees. The fadlure i oll cases was
biattle and it eceurred through the granite ageregate
pamicies

Impact Resistance of Fibre-Reinforced
Laterized Concrete

The results are presented in gpraphical form. The
graphs show the plot of impact resistance
iwdicated by the member of blows) against the
concentration of fibre-reinforcement for different
strengths of laterized conerele as determaned by
the percentage of the fine laterite in the coment
matrix, (Figurcs 3-6)
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Fig 4! Variation af imiprel Resistanee with Fibre
Comtent (258 Latevite Clamtem)

Fig. i Variation of lmpoect Resixtance with Fibre
Canfent (1008 Laterile Content)

Fig. 1 Variation of fmpeer Hesislamce wilk Fibee
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Fig. A bharanion of fmpaer Resteionee with Fibi
Comini (635 Laieritel

Compressive Strength

1 has been established that |slenzed concrete
s & structural Hghtweight concrede as the denst
of laterized concrete comparcs favourably wi
that of noemal concrote. The results show i
the compressive strength of fibre-reinfore
laterized concrete is higher than that of plz
laterized concrete. The results also indicate o
the density mereases with increases in the filw
renforcement content @ the cement matriy. It
imirestag fo observe that laterized concrete w
25 percent laterite contenl gives high
compressive strength values than cvin norn
goncrete.
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Tabbe 1; Impact-Energy Test Resalts for Laterized Conercte ot 1% Days

Laterized | 28 Doy Pt Mo, af Blows o of Blaws

Comcrete: | Compressive = To Canms To Casse Waer/ ki
Percentage | Strength First Likemese Failure Cemern ;.ﬁ“
Laterite : 5 e

Conieni Ly Kghm: b la| 3jawe]) |4 ] |e

A 1547 548 | R O T e e T O O 14
¥ W45 240414 FA050 | W |34 |33 ] 04| 46 | 47 DA% IR RS
Laierie 17 FRE G STIEH | 37 }37 |ma]31 |30 |32 . 12
H 409 15 S &5 125 107 Q5 fsE|ATiI32 | TS 1:h4
25% THG =197 11 fes e |17 las|as|ae |0 68 111
Laterita HETS ay ! iS0as ™ |20 la5)43|44 |27 112
' 1150 254R.1 s |10 [ 1T |12 |23| 3530 | 24 L:24
L ZH) agq7g | 3047 |27 34 [4)[55)4R | 48 i1as bl
Laterite 14 e |7 |7 e |9 pavfan)as |28 12

i H) 1555 1111 ¢ |7 |5 |5 lislis|4 |15 |34
] T s | 2317 (103 7R (a0 2x 2| un i1 f% LiuEs
Latcmie 1289 T IO O L T b e O ki3
‘B il 2106 6 (3 |4 § 17| 1a] 8 | 34 124
1o 2000 ey 2 1714 |4 Jofuifes |12 | v RATA]
Lageree Hidd i~ |8 (e |18 lg3|as]ee | 31 112

Tabde 22 Impact-Erergy Test Results for Laterized Concrete at 28 Days {1234 Mix)

Literizcd | 28 D ) Mo. of Blows Mo of Blows

Conerele. | Compressive | Densiy T L riasa To Cause Witer/
Perczniage | Strength First Crack Ultimawe Faslure | Cement
Laseriie n Halio
Catend Mk Kg'm 11213 JAwe ] 11213 Ao

SAA 1136 B0 | ] 31 || 47043 |42 | 45 Dl
s e} 25914 il = 5 ] 1el19] 15|18 IS
Lamerie i 1} 25075 )1 |16 ) 14 I3 e| 24| 22 070
“BE' 13 L ST a4 (20|10 14 | 2000 32 | 10 (L0
% M6 5630 a6 4 6 ta| 15 1 | 14 a3
Lacraic 1] IS4 il a 4 4 AR SRS B [ 1]
g3 153 12514 K2l 4 |18 | 15 1] 10| 30| 25 LTE L
L 615 23037 5l B T 6 ) 17 15| 16 065
Laserite i pi ¥ T Y 0% | o arg s} 07
oo fulk 2481 4| 6 5 5 13 14 §5 |14 ik
T8 %] ik 4| 6 6| 3 1314 14 |14 i
Laterite 1640 224200 . 3 1 b 3 1T 16| 16 |16 M
= ik mn7 1] 2 2] 2 7] 8|49 e
100, 406 Ans 3|2 2] 2 g 6|9 NS
Listerile 150 sl | gl |34 faxpaa] )| oo
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Impact Resistance

From the results obtained, two faclors are
emphasized which are observed with almaost all
types of impact tosts. The first one is that farge
variations ooour i s mumber of blows roguired Lo
produce the first crack among test specimens of
the same mix and this happens to both plan and
fitre-reinforeed Isterined conerete specimens, For
example, 12, 6 and 7 blows were recorded for the
first visible crack for the three samples of plain-
larerized concrete and 20,25 and 11 blows fos the
three samples of fibre-reinforced laterized concrete

These differences reflect the randomness of

cracking in concrete, the securrence of weak
secsions o iy concrete elements, the non=uniformity
of filre distribution gnd the obvious limitations of
thi type of mmpact fests such as the: drog waoph
tests. Secondly such variations also ogeur 1o the
mirmber of Blows sustned at wltimate fadluea but ta
n much. lesser degree,

Mode of Failure under Impact

As for the plain laterized concrete. the mode of
failure observed with fibre-reinforeed concrite
specimens is a tensile filure through the coarse
apgregate Faslure ocourred by breaking into more
than 3 picces and some wide cracks were also
ohserved

Effect of Varying Thickness on Impact
Strength

The impact resistance results i terms of the nueber
of hlows to cause first creck for differcal
pereentagres.of iatents content i the cement matns
and for varying thickness of specimen are shown in
Table 3. The graph (Figure 7} shows a phot of the
impact resistance against the thickness of the
laterized concres specimen for cach proporton of
the laterte content in the cement matrix {28-day
vilucs only have boeen used)

‘Table 3: Torpuet Resisiance [ Plain Laterized Concrete Specimens

{4 Diiffereant Thicknesses}
Tfmﬂ Impuct Besistancs {No, af Blows) Porcentage
5 TlCkncss of Specimen {mot) Laterite
Conerede Content
Speckmen (Puya) sof | s 762 KH9
I iz 14 23
12 13 o il
14 a 15 1% 53 o
23 g 14 15 14
3 0 1 i2 19
T i ] i1 7
14 13 20 7 e =
2% i) L] 26 i
3 3 i 12 0
7 I 13 4 13
14 9 14 16 0 b
25 12 L& el 15
3 12 i4 15 T
7 1 13 16 3
¥ i 18 1t 1 0
23 1o 16 23 12
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GENERAL DISCUSSION

The falling weight test is a simple and practical tes
carried oul under rather arbitrary conditions,
Consequently they can only give an indirect
assegsment of the impact strenpgth of plam and (bre-
reinforced concrete. Thie failure definrtion specifred
in the falling weight test method recommended by
the AC! Committes 544 Report is arbitrary, What's
mors, o rigid base supporis the wsispecimen. In
practice however, support condstions of both thie plam
and fibre=reinforced conorete elements are likaly
to be markedby different from those adopted o the
test, Consequently the mode of failure and the
ampact resistance miy be quite different from those
observed.

It will therefore be difficult to generalize the results
ahtained in this investigation. In addition, the resulté
cannot be interpreted as absolute values of inherent
emergy absorption characteristics of the matenal
umless it will be possible to quamify the energy
dissipation in the various supports used in the test
method It i5 alse instructive 0 observe that the
effects of scaling and modelling are not yet known,
aied since real elements are likely to be much larger
than the test specimens used, it i very doubtful if
thie obiained resulis can be translated into prototypa
behaviour

In spite of the obvious limitations enumorated shove,
the test method wsed in this fvestigation appears to

take into account the propertics of the cement
meatris, the properties of the filire and the nature of

the interfacial bond between the aggregate and
the matrx as well as between the fibre and the
matrix. In conclusion, the test appers 1o provide
a reasonable qualitative assessment of the impact
strerigth of both plain and fibre-reinforced lateriad
cancTreEL:

CONCLUSIONS
Thae sreain conclussons dervid from this imestigation
are a8 follews:

| Plain latesized condrete is inferior toplam
normal comcrete as far as density and
compressive strength are eopcomed

2. The modes of falure m the laterized
concrete specimens aro essentially the
swme a3 in plain concrete specimens and
they mre britke falure ocourring through
the pranite aggregate partiches

3. Larpe vanotions in the number of bioes
required Lo imitiate first crack and in some
coses to cawse ultimate failure are
observed, In some cases differences of
over 100 percent are recorded,

4, The modes of failure of fbre-reinforced
Laferizad concTete specimens arc the same
as for fibre-reinforced nofmal concrete
specimpn,

5 The compressive strength of the laterized
concrete increased with the increase in
the stecl fibre-remnforcement content in the
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mix onlv at & laterite content of 25 per
cent as well as with increases in the sand
content i the fine agaregate in the coment
Aty

fi  The resulls show that even with a Tibre
gombent of onhe (), 5%, substantial inareass
in the impact strength and cnargy
ahsorption can be achicved over thosc of
plain faterized concrote. At high fibre
contend the resulis show that there is.a
more substantil increagse n ihe impac
reqistnnee than ot low fibre concentration

7 “There is an optinv vadag of Tibre content
abovg which there was a decrease i
impact srength as fikne content i thi
comend mairis imorensed

K. The presence of gramic under the sieel
ball markedly affected the results of the
sty in the sense that the prescace of the
granite under the ball incroascd
substantially the mmbes of blows o mtieie
the firsl erack n the test specvmen and
even to cause ulinmede filare

% ‘Thc impael resistance of the laterized
concrete specimens inercascd as the
thickness of the specimens increased

10 In spite of the himitations of the drop tesl
used n this mvestigatin, the test adopted
here offers o good nssessmeat of the
impact resistance of both plain wnd fitsre-
reinfanced katerized coneseie
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