“ INTRODUCTION

. eanding its versatility, cement copere ,
.\‘0‘(1\\ ﬂ jow tensile sfr_qufh, permeability 1o l;;z;cl;.ff?a:d f:;?s::z:;?]cg:f:v b -

,;)rccl”"f”" SllSCCptl'blllly tq chemical attack, and [ow psion of
l"\:" been made from time (o time to overcome the defici
‘i cfaining the other desirable characteristjcs. Recent de
i;d Constmctim_l technology have led to significant cha
erformance, wider and more economical use. The im
anbe grouped as:

velopments in the material
nges resulting in improved
provements in performance

|. Better mechanical properties than that of conventional concrete, such as

compressive strength, tensile strength, impact toughness, etc., ’

Better durability attained by means of increased chemical and freeze—thaw

resistances.

. Improvements in selected properties of interest, such as impermeability,
adhesion, thermal insulation, lightness, abrasion and skid resistance, etc.

o

('S ]

The mechanical properties can be improved by using one or more of the following
epproaches:

1. Modifications in microstructure of the cement paste.

2. Reduction in overall porosity.

3. Improvements in the strength of aggregate-matrix interface.
4. Control of extent and propagation of cracks.

1411 Modification in the Microstructure

Considerable improvements in inter-particle cohesive forces can be realized by
educing the inter-particle spacing of the hydrate phase. Perhaps the.most not‘able
4empt to modif: y the microstructure is the application of the }.IOI pressing technique.
Y application of pressures of up to 350 MPa during molding at temperatures up
0Is0°C, compressive strengths of the order of 520 MPa have been obta}ncd’. ’1jhe
“ectron micrographs of such hot pressed cement plates have revealed a xTn?rked
Mrovemeng in the microstructure in compnrisqn to those «Zutedsatq tg:;itxlllxraersy
;mperatures in that they show dense and relatively homogencous s i

g > potential of future
®Ugh not yet : i '« method reveals the po
et use ruction, this m
®Ongrete yet used in constr )
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14.1.2 Reduction in Porosity

- “concrete can be improyed o

hanical propertics and durability of concrete can : l:n Pty
The mechanice ' , At Cmpregnating '
Lk ids and cracks by incorporating or mmpregnating nf
the pores, voids ai | d concrete (P1C), the pores in gy,
olymers. n polymer-impregnated: co cuum and the

. s ‘ aroyvac ¢ v ’
/ (e after normal curing are empticd under vacu ekl
concrete afte o ' . . 4 ication of he: T

ked in, which is later polymerized by the application of heat o Fadiatioy,

ot endi it ros in tensile and compressive strengths and modulug of o,
' iders Lereasce G« 4 ‘ ) )
Considerable e ' caaalve strenigtlis, of the otder-of abont 240 MPa o,
and hardness results, Compressive strengths, . ¢ Nave
: oot - reial applications of polymer-impregnated conerete mclyde
been obtained, Commercial apy , leck pancls and in wide o
piles, tunnel liners, precast prestressed bridge deck panels ¢ ICE Tanging
repairs.

Y iiHn.;.
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Sulfur-impregnated concreles (Sl('f), in a similar lr‘mnr)cr, hav'(:”rcm,lllcd ir‘1 high
strength coneretes from lean conventional concrete mixes. A typical vajye of com.
pressive strength of sulfur-impregnated concrete hflS been rcp()rtc(‘l to be ‘55 MPy
from a reference moist-cured ordinary concrete having a strength of 5.5 MPa,ig, ,
ten-fold increase. In India, the applications of sulfur-impregnated concrete are [ip,.
ited due to high cost of sulfur.

14.1.3 Stronger Aggregate-Matrix Interface
The mechanical properties of cement concrete which consists of a relatively inen
aggregate bounded by hydrated cement binder or matrix, depend upon the strength of
aggregate and the stability of concrete through the matrix. In particular, the interface
between the aggregate and the matrix must be capable of transferring the stresses
due to loads to aggregate. This is generally achieved in cement concrete through the
strong Van der-waals bon

ds between the micro-crystalline components of hydrated
cement paste and the aggregate. However strong as to transfer

» L.€., cement concrete is relatively

pressive stresses are ef: fectively transmitted.
As the agpregate is usually very strong, the aggregate strength can be fully exploited

by achicving preater force transfer capability. Beyond a level, the conventional
cement matrix is unable (o accomplish this,

Itis possible to supplement the cement
trix or, if the cement matrix is replaced by
§iblc to obtain concrete of much higher str
lonic or covalent bonds with aggrepate
:;lso be sufficiently Strong to transmiy |

ave resulted in the yge TS, ej
el the use of polymers, ¢j

With the addj
through the

atrix in the composite with another ma-
a more efficient matrix, it should be pos-
ength. If the binder or the matrix CXhib‘_‘S
at the interface, the resulting composite \.\'l”
Arge tensile forces, Efforts in this direction
ther as sole matrix or supplement to the ¢
tion of polymers, (he failure of concrete specimens does not 0"
ABEregate-mortar interface, byt through the aggregates themsel\’?s.,
. e PTOVEINCNt il bond strength o interface. With an imp™®'*"
ce, the aggregate strength can be fully ©

. . . " [ c
Steength is limiteq by the mechanical strength of

Svcanned With Cz;mScanner



—————~——-~~-~~~‘;§l’£@'f_(l/ Concrete . T :
[ — —eetetes and Concreting Techniques 463

14'1_4 Control of Extent ang Propagation of Cracks

10s! notable development iy e dire
The ;z’f”/(.”.(,(’d concretes. In ferroce
‘l,'— . ’

ction is the use of ferrocement and
meshes of thin steel wires of various
i fiber-reinforeed ot N?(l s reinforcement in cement-mortars.

gwevers "‘ atiicn] and o conerete (FR), steel, glass or polymeric fibers of
sui(“hlC mmh‘"‘um “‘"‘1.( ‘Lhc‘lf"c“] propertics ang having optimum aspect ratios are
ilcomomtcd b ‘. f" ‘U‘ concerete p}utcrials at the mixing stage. In a way both can be
giewed a8 .I'Clnf()l.(,b('i.LOIICI'ClCS. the wire-mesh or fibers hold the matrix together
after Jocalized ¢ (IC]\IIIg, and prgvidc improved ductility and post-cracking load-
caring capacity. The compressive strength improves slightly (say by 25 per cent),
put the tensile :vlrengfh._ﬁ/.'st-cmc/( lensile strength, impact strength and toughness of
- ock absorption capacities show a two-to-four fol improvement.

FclTOCCm_Cm, has found wide applications in boat-hull building, construction of

shells, and similar structural components of thin sections. Applications of fiber-re-
nts and runways, industrial floors, hydraulic struc-

; ' . ments,
nﬁgm-mmnﬁ and sizes are meorpor;
et

Tl
==

inforced concrete include paveme

qres, breakwater, armour units, pile foundations, etc.

The combinations of fiber-reinforced concrete and polymer impregnation tech-

 nique are seen as the potential method of utilizing the advantages of both, i.c., a
ductile material of high toughness equal to 228 times that of normal mortars. Simi-
larly. a fibrous ferrocement composite can be regarded as a future composite of high
potential.

EE3|| LIGHTWEIGHT CONCRETE

The conventional cement concrete is a heavy material having a density of 2400 kg/m’,
and high thermal conductivity. The dead weight of the structure made up of this concrete
is large compared to the imposed load to be carried, and a relatively small reduction in
dead weight, particularly for members in flexure, e.g., in highrise buildings, can save
money and manpower considerably. The improvement in thermal insulation is of great
significance to the conservation of energy. The reduction in dead weight is normally
achieved by cellular construction, by entraining large quantities of air, by using no-fines
concrete and lightweight aggregates which are made lighter by introducing internal voids
during the manufacturing process.

The term no-fines indicates that the concrete is composed of cement and coarse
aggregate (commonly 10 or 20 mm grading) only, the product has uniformly dis-
ftibuted voids. Suitable aggregates used are natural aggregates, blast-fumace slag,
Clinker, foamed slag, sintered fly ash, expanded-clay, etc. ‘
~ Lightwei ghtaggregateisa relatively new material. For the same crushing strength,
the density of concrete made with such an aggregate can be as much as 35 per cent
1OWer than the normal weight concrete. In additi.on to the redlfced dead weight, the
OWer modulus of elasticity and adequate ductility of llgl]t\\'elght concrete may be
vantageoys in the seismic design of structures. Other mh_cr_ent advanmg?s.of the
?naterialc are its i e. low thermal conductivity, low cpefhcnent of

greater fire rcswtang . o srafabricated fem-
L mal €xpansion, and lower erection and transpprt cosfs or ph A
fers For Prefabric’ated structures a smaller crane 1S required or the sam
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handle larger units due to reduction in dead wcigh’t. For cast in-situ strycy,
smaller dc;d weight makes foundations less expensive. .

Morcover, continued extraction of conventional (?CHSC natural aggregate from the
ground is bound to be accompanied by severe environmental problems 'Cading t
:iclcrimmion of the countryside and its ecology. On the other hand, use of manyfy,.
tured ageregates made of industrial wastes (slags, etc.,), PFCfoabl}{ those Containip,
sufficient C(:nﬂmSﬁb]C materials (pulverized fuel a.sh') which provide al] OT Most of
the energy for their production, may help in alleviating the problem of dispgg, of

industrial waste.

14.2.1 Lightweight Aggregates
Lightweight aggregates may be grouped in the following categories:

1. Naturally occurring materials which require further processing, such a8

expanded clay, shale and slate, etc.

Industrial by-products, such as sintered pulverized fuel ash (fly ash), foameq

or expanded-blast-furnace slag.

- Naturally occurring materials, such as pumice, foamed lava, volcanic tuff and
porous limestone.

[

(9]

Aggregates Manufactured from Natural Raw Material The artificig
lightweight aggregates are mainly made from clay, shale, slate or pulverized fuel
ash, subject to a process of either expansion (bloating) or agglomeration. During
the process of expansion the material is heated to fusion temperature at which
point pyroplasticity of material occurs simultaneously with the formation of gas.
Agglomeration on the other hand occurs when some of the material fuses (melts)
and various particles are bonded together. Thus to achieve proper expansion a raw
material should contain sufficient gas-producing constituents, and pyroplasticity
should occur simultaneously with the formation of gas. The gas may form due to
decomposition and combustion of sulfide and carbon compounds; removal of CO,
from carbonates or reduction of Fe,0; causing liberation of oxygen. The common

examples of natural minerals suitable for €xpansion are clay, shale, slate and perlite
and exfoliated vermiculite.

1. Expanded or bloated-clay Bloated-clay aggregates are made from a special
grade of clay suitable for expansion. The ground clay mixed with additive
which encourages bloating, is passed through a rotary or vertical shaft kiln
fired by a mixture of pulverized coal and oil with temperature reaching about
1200°C. The material produced consists of hard rounded particles with
smooth dense surface texture and honeycomb interior.

2. Expanded shale The crushed raw material such as colliery waste, blended
with ground coal is passed over a sinter strand reaching a temperature ©
about 1200°C. At this temperature, the particles expand and fuse together

trapping gas and air within the structure of the material with a porous surfacc
texture. ‘

i
i
i
i
]
|
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' lc,\'p:m(lt‘d slate | he crushed raw material is fed into a rotary kiln with
" emperature "“?“Lth‘”‘g' 1200°C. The material produced is chemically inert and
pas a highly vitrified internal pore structure. This nmtcrial is then crushed and
g]'{]dCd. )
iij,\'foli;ltc'd vcrpnigulitc The raw material resembles mica in appearance
and co‘nmsts of thin flat flakeg containing microscoﬁic particles of water.
On being suddenly heated to g high temperature of about 700~1000°C,
the flakes expand (exfoliate) due to steam forcing the laminates apart. The
material produced consists of accordion granules containing many minute air

Jayers.

| ,ndustria’ ‘ By-product Lightweight Aggregate These include sintered-

pul\’Cl'iZCd fucl ash, foamed-blast-furance slag and pelletized slag.

: 1. Sintered-pulverized fuel ash The fly ash collected from modern power
stations burning pulverized fuel, is mixed with water and coal slurry in
screw mixers and then fed onto rotating pans, known as pelletizers, to form
spherical pellets. The green pellets are then fed onto a sinter strand reaching
a temperature of 1400°C. At this temperature, the fly ash particles coagulate
to form hard brick-like spherical particles. The produced material is screened
and graded.

2. Foamed-blast-furnace slag It is a by-product of iron production formed by

introducing water or steam into molten material. The material produced after

annealing and cooling is angular in shape with a rough and irregular glassy

texture, and an internal round void system.

aturally Occurring Lightweight Aggregates The common examples are
' pumice and diatomite. Pumice is light and strong enough to be used in its natural
state, but has variable qualities depending upon its source. It is chemically inert and
sually has a relatively high silica content of approximately 75 per cent. Diatomite,
n the other hand, is a semiconsolidated sedimentary deposit formed in cold water

I. Bloated-clay aggregates by bloating suitable clays with or without additives

2. Sintered-fly-ash aggregates by sintering the fly-ash.
3. Lightweight aggregate from blast-furnace slag.

In one of the processes for manufacturing lightweight concrete, the cement and
Pulverized sand are first mixed in a certain proportion (1 : 1 for insulation and 1:2
for Partitioning purposes). The mixture sO formed is then made into slurry with
¢ addition of 4 predetermined quantity of water. The sand-cement. slurry is next
2AMed to the extent of predetermined volume with the help of a foaming compound.

® foam product is thereafter poured into molds. The molded blocks are finally
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Jitions in autoclaves which impary
d under clevated hvdrothermal cmm’tﬂ";(ls mr;::my color parts Strength,
cured under clevi ) . block a cre: .
: ‘ ves the b _
i ying shrinkage and &t . aw materials. Both are
ILdlllCCS dtllyti']&)rodum lime and sand are used as rl'lz\l’] e it shure, Wi?;Stth .
t fn “":2“";0: in huge ball mills. The mixture 1s t 1m to the slurry triggers o he adg;.
t9 1:l:)Li’lwwtcr Adding aluminum powder :.md gypsu llular concrete its lightnec Cigy)
‘linclion ("md.lhc hydrogen gas evolved 8“’05_["0 Ge d the molded blocks 5. Aftey
;;‘nm h:lx"dcning it is cut into convenient SI1Z€S ag resure 15 z;t are fmal]y
curc‘d u&dcr clevated hvdrothermal conditions (under a p MOSphere,
o
and temperature of 196 °C). . . gl detertmiior ) fiesgns
The suitability of a particular lightweight ag%reg Pecifieg
compressive strength and the density of concrete.

14.2.2 Properties of Lightweight Aggregates

The properties of the manufactured lightweight aggregates depend mainly on the rgy,
material, and the process of manufacture. The properties of aggregates maUUfa_Ctured
from materials which occur as industrial by-products'can.be altered to a'llmited
extent only by the processes of bloating, foaming, sintering, agglomerating ang
crushing. Since the aggregate make up approximately 75 per cent of the- total volume
of the concrete, it influences the workability, strength, modulus of elasticity, density,
durability, thermal conductivity, shrinkage, and creep properties of concrete. The
structural concrete should have a high strength with low density, high modulus of
elasticity, and low rate of shrinkage and creep. On the other hand, a lightweight
aggregate concrete should possess low thermal conductivity. The thermal
conductivity decreases with decreasing density, therefore the density of the concrete
must be as low as possible. The most suitable aggregates for structural lightweight
concrete are expanded-clay, shale and slate, fly ash and colliery waste. Adequate

eight aggregate concrete can be obtained with foamed

insulation, the suitable aggr
expanded-polystyrene.

table,

14.2.3  Mix Proportions
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= A ’ » < ’ rt . w v .
¢ normal weight concrete, the |;;_4}11.L:/<,1;;}1t]figg;;g<1tu concrete Can 4
5 1n case of norm - P T and stiffness ¢  , -
e th of mortar matrix only if the »”C”ﬂm al ')t | 1ES5 Of the AReren.,.
a » strengeth ¢ b 5 , Crnaj strec. e
o lh; SUL”?,:] ioh as those of the mortar. Below this limit, interng) SITEss tran
are at feast as hgh ¢ e

takes place in the same way as in normal wci;;ht- c(;nc'rcttjj l{l this Case, Concrey,,
akes pl').“' in ' » equal to the strength of mortar. The walar-cemem rag;
strength is :mpmxnn:m:l).Ul””‘ linary concrete, can be adopted, howcwr g
and mix proportions ”DDI'C”I)’].;." T:;\:Ziwn‘cr e beEken oMo, “T'in.
v “;T”'I<)\1T:‘T§, fx)ll::;y]')l(])t:ilxlzctc) manufacture lightweight concretes wig, highe,
Si]‘CIIlIL::l.l (l‘hu(n the limit strength mcnli(m?d abuvg bj Uf‘i’”jfts’cat;t:;{]ﬁ: mor’ta;j (haf/-
ing greater stiffness) with a higher (!Cﬂﬁll)f. In t.hls Lvoncrc’ » th o ?r 'm'lm?’- il
11-;11;111i1 higher stress at the same deformation. }.«or cumf)r’mcprcd» )’n;, 1 Is prcfer.abjg.
to select a stronger aggregate such that the required concrete strengt ‘ Ea” be attaineg
with the mortar of lower strength. For a concrete of given compressive strength,
strong aggregate requires a low mortar strength and a weak aggregate requires g high
mortar strength. . )
Since aggregate strength and its modulus of dcfor.matlon is not ustua”y available,
the suitability of a lightweight aggregate for a speclﬁc application is ’eperally as-
sessed by means of the particle density or bulk density. For structura] llghtweight
concrete, the maximum nominal size of the aggregate is limited to 20 mm since the
modulus of deformation, strength and density of aggregate particles decrease as par-
ticle size increases. On the other hand, a lower maximum size and a large proportion
of fines may lead to higher strength but the concrete density will increase.
Natural sand is often used to improve the workability and reduce the shrinkage of
fresh concrete and increase its strength, but it will increase the density of concrete.
The conventional water-cement ratio rule is not suitable for lightweight concrete.
In lightweight concrete, the water content to be taken into ac
water-cement ratio is not the tota] quantity of water
free water. The relationshi

is progressively reduced through
Saturated aggregate is used. The

bsol . approximately estimated as the residual
absolute volume, when the density of fregh concrete, the mix Proportions and particle
density are known, The residual absolute volume,

) . res 15 Obtained by subtracting the
volume of the soliq cement and aggregates from the tota| volume of concrete

; C 4
Vies = Vy + Vuir = 1000 "(:i" - é]

a

’ where, ¥ anq Vir are the frec-water ang
and 4 denoye cement and aggre

air contentg in litre/m’, respectively. e
density of ¢ement and me

gate contents iy, kg/m?, respectively, S, and S, are the
an particle density of aggregates in kg/m?, respectively. In
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1 ,mrln“l umcx:u?c, the l"(lliﬂi()n'ship between residual ab-

, cf’”m],}d e strength of lightweight concrete vare dual absolute volume-cement
'rﬂ,jnf”lﬁhgolmc volume-cement ratio decrease: .
i u«lc {erease is less than that for normal e
- cycf’ e the compressive strength of the

: 3cﬂr‘p‘ qhsolute volume-cement ratig

from ageregate to aggregate. As the

: s the concrete strength increases, how-

merete. For every type of lightweight
C( Tete (srhver o . v . : T
nerete bears a definite relationship to the
: . . , and to the cement

" pilitate the design of lightweight concrege

.3 . J ’ ’ 7 . > .

" The oplimunt ¢ (.»mt(.nt ‘ r)nlc.m may be determined by trial mixes. In general, for first
4, the cement content required ?"T ordinary sand and pravel concrete may be used,
L ore cement 18 Tnmeﬂlzlrcqmrcd for most lightweight agprepate concr;:tes,

arc several methods to determine the aggraen. ‘ . .

Ther¢ 4 Fmine the aggregate content. In this section. 2

qng effective water-ce = 38 5 ;
d using ¢ff ement ratio for the calculation of aggregate content

strength, This characteristic
mixes,

~melho )
;schCl‘lbcd- , .
E s method of lightweight aggregate concrete mix

dic _ design which is based on
qter-cement rule and is an adaptation of the well-known British mix design method

yasbeen suggested by F.LP. The steps involved to obtain the mix proportions for the
gipulated 28-day strength of concrete are the following:

. The target mean strength of the concrete is determined from the characteristic
strength.

2. The water-cement ratio for the required target strength is read off from
Fig.14.1.

50
49}
o
=
.g" N
S 40
o
) \
[6)]
=
N\
£ 30 N
g \
(@]
(@]
[6)]
3 AN
2 20 AN
(4]
()]
;' \
N
10

04 05 06 07 08 09 10
Effective Water—-Cement Ratio by Mass

m Typical relationship between effective water-cement ratio and compressive
strength of lightweight aggregate concrete

3. For the water-cement ratio determined in step 2. aggregate-cement ratio (by
volume), cement content in kg/m® and optimum percentage of fine aggregate
for the desired workability are selected from Table 14.2.
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The concept of use of fibers to reinforce brittle materials dates back to ancient
constructions built in India using mud walls reinforced with woven bamboo
mats and reeds. In the present form, ferrocement may be considered as a
type of thin reinforced concrete construction where cement mortar matrix
is reinforced with many layers of continuous and relatively small diameter
wire meshes as shown in Fig. 14.9. While the mortar provides the mass, the
wire mesh imparts tensile strength and ductility to the material. In terms of structural
behavior ferrocement exhibits very high tensile strength-to-weight ratio and
superior cracking performance. The distribution of a small diameter wire mesh
remforcement over the entire surface, and sometimes over the entire volume of the
matrix, provides a very high resistance against cracking. Moreover, many other
engineering properties, such as foughness, fatigue resistance, impermeability, etc.,
are considerably improved. Sometimes, conventional reinforcing bars in a skeleton
form are added to thin wire meshes in order to achieve a stiff reinforcing cage. The

commonly used composition and properties of ferrocement made with steel wire mesh
reinforcement are summarized in Table 14.6.
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Construction of typical seclions of ferrocement

(Fig\ 14197

Construction of typical sections of ferrocement

SRR ENSY  Normal ranges of composition and properties of ferrocement

Parameter

e ———
Range

Wire mesh

Wire diameter
Type of mesh

Size of mesh openings
Distance between mesh layers
Volume fraction of reinforcement

Specific surface of reinforcement
Skeletal reinforcement (if used)

Type
Diameter
Grid size

Typical mortar composition

Portland cement
Sand-cement ratio
Water-cement ratio
Fine aggregate (sand)

Composite properties
Thickness

Steel cover

Ultimate tensile strength
Allowable tensile stress
Modulus of rupture
Compressive strength

——————

0.5<¢<1.5mm
Chicken wire or square woven- or welded-wire
galvanized mesh, expanded metal

5<5<25 mm
Distance between 2 layers > 2 mm

Up to 8 per cent in both directions corresponding
to 650 kg/m> of concrete

Up to 4 em*/cm® in both directions

Wires; wire fabric; rods; strands
3<d<10mm
50<g <100 mm

Any type depending on application
LO<S/C<2.5 (by mass)

0.35 < W/C<0.6 (by mass)

Fine sand all passing 1S: 4.75 mm sieve and
having 5 per cent by mass passing IS: 1.18 mm
sieve, with a continuous grading curve in between

10 <7<60 mm
[.5<e¢<5mm
34.5 MPa
10.0 MPa
55.0 MPa

27.5 to 60.0 MPa ___/A
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; Materials
g e-' , Mortar Matrf‘x As describeg
Cem‘cmcm,mm-tar matrix of 10 to 60 mm
'h‘c (o cight per cent in the form of

1w oy S
of I | a skeleton reinforcement congjgy

qesh Bl
bm;-mman\,. Portland cement and fine
| "
(ix constitutes about 95 per cent of
atrm’ . .
i product. This emphasises the n

nal

o final PR :
g (heir MIXINE and placing.
S,

" The choi‘cc of cement depends on the service conditions. To maintain the quality
s cement, it should be fresh, of uniform consistency and free of lumps and foreign
atter Cement should be stored under dry conditions and for as short duration as
ossiblC-

The fine aggregate (sand) which is the inert material occuping 60 to 75 per
cent of the volume of mortar must be hard, strong, non-porous and chemically
ert. The aggregate should be free from silt, clay and other organic impurities.
The particle sizes of 2.36 mm and above, if present in substantial quantities, may
cause the mortar to be porous. On the other hand, very fine particles, if present in
, substantial amount, will require more water to achieve the required workability,
thereby adversely affecting the strength and impermeability. The fine aggregates
conforming to grading zones II and III with particles greater than 2.36 mm and
smaller than 150 pwm removed are suitable for ferrocement. Therefore, sands with
maximum sizes of 2.36 mm and 1.18 mm with optimum grading zones II and III
are recommended for ferrocement mixes. Use of fine sand in ferrocement is not

5, recommended.
; The water content which governs the strength and workability of mortar primarily
 depends upon the maximum grain size, the fineness modulus, and the grading of the
~ sand. The water used for making mortar should be free from impurities such as clay,
. loam, acids, salts, vegetable matter, etc.
Plasticizers and other admixtures may also be added for achieving: (i) an im-
proved workability, (ii) water reduction for increase in strength and reduction in
. bermeability, (iii) water proofing, (iv) increase in durability. In addition, admixtures
. (containing chromium trioxide) may be used to prevent galvanic-corrosion of gal-
- vanized steel reinforcement. Pozzolanas such as fly ash may be added as cement
- "placement materials (up to 30 per cent) to increase the durability.

1t ratio (by mass)

Al

ah'()vc, the ferrocement composite is a
thickness with a reinforcement volume
ONC or more layers of very thin wire
Mg of cither welded mesh or mild steel

f1C

e o ,
‘t‘légfegatc matrix is used in ferrocement. The

l; ferrocement and governs the behavior of
ced for proper selection of constituent materi-

- Mix pr. oportions The mix proportions in terms of sand—c.emex
- "mally recommended are 1.5 to 2.5. The water-cement ratio (by mass)'may vary
- ¥ween 0.35 and 0.6. In order to reduce permeability, the water-cement r-atno must be
Ptbelow 0.4. The moisture content of the aggregate should be taken into account
Mthe caleylation of required water. The amount of water can be reduced by the use

P . :
Propriate admixtures. rmally exceed 50 mm, and 28-day

¢ sl . S t no .
ump of fresh mortar should no lhould be around 35 MPa for most ap-

Com .
s str cured cubes S ;
Plica, ength of moist - ot of ferrocement, its prope

1S. Sand being the principal constitue
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amount of water and hence on‘lhc mix dCSlgn', Improy
: d may allow considerable reduction of y,
| size less than 2.36 mm or 1,18 mm

major influence on the ‘
in the grading composition of sand 1
quirmnkcm. Sand with muxim'um nomina
be avoided in ferrocement mMIXes. .
T IXCS ave ¢ §it10
l l“C “‘"be bhm“‘)‘)“:“’% L)(::\Ili)l(:':' of mortar. A change in the amount of cement
and fines is about 300 em™ | + of fines.

Cments
ater e
Shoulq

s such that the total absolute volume Ofcemcrt
|

| must
; - > in th
be accompanied by a corresponding change In

Reinforcement As explained earlier, the remforcerEe;lttuseci m] ?Crroce.mcnt i
of two types, viz. skeleton steel and wire mes/r.fThe st ele Onds ee rjr];e iS mad

. ) structure, and 1S used for :
conforming exactly to the geometry and shape o hOldmg
the wire meshes in position and shape of the structure.

Skeleton Steel The skeleton steel comprises relatively large c.liame'.[er (about 3
to & mm) steel rods typically spaced at 70 to 100 mm. It may be fled-relnforcement
or welded wire fabric. The welded-wire fabrics normally contain larger diameter
wires spaced at 25 mm or more. Welded-wire fabrics of 3 to 4 mm diameter
wires welded at 80 to 100 mm center to center have been successfully used for
making skeleton frames for the cylindrical or other ferrocement surfaces where
these meshes can be bent easily. They provide better and uniform distribution
of steel and save time in fabrication but may cost a little more when compared
to mild steel bar frames. In the case of structures where higher stresses may
occur, as in case of boats, barges, etc., the mild steel bars provided to act as
skeletal steel are also counted as reinforcement imparting structural strength,
stiffness and durability. However, a minimum possible size of bars should be
used in order to obtain the effect of wire meshes and hence the composite effect.
The spacing of the skeletal transverse and longitudinal steel bars of diameter
of 5 to 7 mm depends upon the type and shape of structure. In the case of boathulls,

a spacing of 75 to 100 mm is adequate whereas in water tanks, bins, etc., the spacing
may vary between 200 and 300 mm. The bars are most]
can also be welded.

The reinforcement should be free from dust,
similar undesirable substances.

y tied with binding wires but

loose rust, coatings of paint, oil or

WireMesh  The wire mesh consistin gofgalvanized wire of diameter 0.5to 1.5mm |
spacc%d at 6 to 20 mm center to center, is formed by welding, twisting or weaving
Specific mesh types include woven or interlocking mesh wo’ven Clotﬁ and welded
mcsh The welded-wire mesh may have eithcrhexagonal o; square openi;ws asshown
m’hg. 14.10. Meshes with hexagonal openings are sometimes referred t:as chicken
wire meshes. The hexagonal wire mesh is cheaper but structurally less efficient
tha’n t‘hc mesh with Square openings because the wireg are not oriented in Pri“CiPa

v]v];i):]:}::,z{i S(:;(iissdd;x'c?tllc)lls. Moreov‘er, the rectangular meshes have better r igid“ry
oritthe Hoven for ri)“h gs are available either in the form of welded-wire i g

- the welded wire meshes have 4 higher Young’s modulus
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(a) Square woven wire

mesh

(c) Hexagonal wire
mesh

(d) Expanded metal
lath

. L
{ Plan Plan
A A— —A_a & a a
Section Section

(b) Square welded wire

mesh

d Concretin

Techni Iy
T echniques 4q,

Different types of welded wire meshes

§ - provide higher st.iffness and less cr‘acking in the §arly stages of loading. On
i the other hand, woven-wire me'sllles are a little more flexible and easy to work with
§ than the welded meshes. In addition, welding anneals the wires and limits the tensile
‘§  rength. Generally, the square woven meshes consisting of 1.0 or 1.5 mm diameter
i wires spaced at about 12 mm are preferable. Wire meshes are also available in the
§ galvanized form. Galvanizing, like welding, reduces the tensile strength. However,
& tocontrol cracking the welded wire fabric should be used in combination with wire
meshes. The minimum yield strength of wire used in fabric should be 415MPa for
& plin wires and 500 MPa for deformed wires. The wire diameter should be less than
i 12mm except in case of very thick plates. Mechanical properties of steel wire meshes
§  adreinforcing bars are given in Table 14.7.

LEIRERA  Mechanical properties of steel wire meshes and reinforcing bars

| Property Woven Welded | Hexagonal | Expanded | Logitudinal
| square mesh | square mesh mesh metal lath bars
| Yield streneth
- |/ Mpa - 450 450 310 380 410
| Effectiye
nodulus, 140 200 100 140 200
: GPy
: Elfective
| Mog -
GPaUIus £, 160 200 70 70 /_J
E
RL =
R alie of Modulus in the longitudinal direction.

Valye .
of modylys in the transverse direction.
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. Expanded metal lath is formed by slitting thin gage sheets an(l'cxpzmdmg then,
m the direetion perpendicular to the slits. Expanded metal offers sti(?n;_m‘) ApPrO.
Mately cqual to that offered by welded-wire mesh. However, thlcyl r;TSU,E ml;1 Sllf.fCr
“Omposite resulting in reduced crack widths at the cnrly stage (’)fl 0'(,‘-(,IZﬁ':lrn(Cpmv.lvde
better impact 1~¢gi$(:1ﬂt¢. It is unsuitable in the n’pplicaitmnsilrr;\;)nzl}:; f;rprc;]art\i’i;‘

Rcint‘m-cmg bars may be used in combination w:ti};cvz)f barS,Should S ig
‘ composite effect.

thick ferrocement elements. The minimum pnsmhlcﬂ

s ~ - ~ . I ‘nce the

order to obtain the cffect of wire meshes and henc Hiaoc. TR AT con

Addition of steel fibers to ferrocement seems to Cr'm‘ allow the use of heavier
erably. They assist in distributing cracks and hence may

meshes

NS

14.9.2 Construction in Ferrocement

- : ases: (i) fabrication of

The construction in ferrocement can be d1v1dec:imto ;Olj(rij?)}lappli(fa?[ion of mortar

a8 ) e ing of bars and mesh, .. )
skeleton framing system, (ii) fixing _ g t critical pha
and (iv) curing. The quality of mortar and its appllcaFlon 1S thfe mo;/ork . repuirseeci
a g. :
Mortar can be applied by hand or by shotcreting. Since no rorm t s sx?itabl
| 1 ¢ 1
in conventional reinforced concrete construction, ferroceéne?h g €
ecially for structures with curved surfaces such as shells and other free-form

as
esp
hapes. .

S m'ir:’he required number of layers of wire I{1neilh arg ?:;(30031:?;2;1:; ;fﬂlTlfeSl;f;:;zz
frame. Firs xternal mesh layers are fixed and t1 . ;
;&;?1{& I;lerbftixt:c? liy staggering ch hold positions in s:uch a manner that the iffectlve
hold size is reduced. A spacing of at least 1 to 3 mm 1s left between two mes alydelr)s.
Wherever two pieces of the mesh are joined, a minimum overlap of 80 mm should be
provided and tied at a close interval of 80 to 100 mm center to center. . =
© The weighed quantities of the ingredients, namely, cemen’F, good qua.hty. grade
sand, waterproofing and antishrinkage compounds are dry mixed. The liquid addi-
tives are added to the mixing water taken in the required quantity. About half of t.he
mixing water is put in the mixer before charging the mixer with dry mixed mortar in-
gredients. The mixing is carried out and the remaining water is then added gradually.
The cement-aggregate ratio is generally kept between 1:1.75 to 1:2.5 (by mass). z_md
water-cement ratio may be 0.35 to 0.40 depending upon the required workability.
Generally, a 3 minute mixing time is enough. The mortar should be mixed in batches
of such a quantity as can be utilized in one hour of working, so that mortar can be
placed before its setting starts.

The placing of the mortar is termed

This is the most critical operation in ferr
is not proper the structure js bound to f
mortar is impregnated through mesh |
and there are no voids left in the surf
eter with a 150 mm long wooden h:
temporarily held form, This will giv
As soon as it js ensured that the mo

the form is shified 1 the next positi

as the impregnation of meshes with ma!fi-\'-
ocement casting. If the mortar impregnation
ail in its performance. A sufficient quantity of
ayers so that the mortar reaches the other_Slde
ace. A wooden hammer of about 100 mm diam-
indle can be used for mild hammering over the
¢ sufficient vibrations for compacting the mortar:

rtar penetration through the mesh is satisfactory>
on,
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g using @ technique calle 401 and shells, the mortar is
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operati

em, (he outside of the megl g Plastered ( Wmortar impregnation. n this
| gleh . ¢ astered fipgy and the | :

¥ — 4 ¥ G Qe . o AN Cimmne ¢ “ » . )
| excess MOTr i serappe USINE trowel s it < er layer left exposed.
' , ! CLAE: wire

brushes. The mortar is
Aarrying the load from inside
- Cement slurry is sprayed or
aycer of mortar is applied

o Q0 | ) . | : Al 5 v
n setting, .ll” ‘|l llldllll, RIme strenpth for
g the application of » SeCon Inycr of mortay
«

i ul]l\ . . '
d d over the entire inney surface |

prushc
from inside.

and the sceond |

(a) Ferrocement boat hull

(b) Completed ferrocement boats

GUEREHER  Construction of ferrocement boat hull

In structures like shelters and houses shown in Fig. 14.12 where many layers are
used as reinforcement and the thickness is more than 20 mm, it is advisable to do the
casting in three layers. The core or middie layer is applied first covering the skeleton
steel and one layer of wire mesh. This core provides a firm surface for mortar ap-
plication on top and bottom. The core is cured for at least three days before the other

two layers of mortar are applied. Cement slurry may be brushed over the middle
 layer for getting a good bond between old and new mortars,

0

: (a) -toxic ferrcmem selters (b) A ferrocement house under construction

HEPRPI  Construction of ferrocement shelters and houses

ide 3 tion against
For normal applications, the mortar provides adequate protec g

. Corpgei
. “rrogiop of reinforcement, but where't

he structure is subjected to chemical attack by
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the environment as in sea water. it is necessary to apply i l}"j)m(.“v? f()atm.gs
on the exposed surface. These coatings should be S”Ch. i “]Ty‘ (.O,ITOttI'E(Il(.:t o
either the mortar or the reinforcement, and at the same time 't,‘ol )(i r(tl7:§2:tiscf':0tthe
environmental attack. Vinyl and epoxy coatings have h%-cn (:::n;)thcr C(,L,f,-(,‘gilvz 2ry
especially on structures exposed to sea water and u.l?‘() " .]:]t( ‘chcnpcr asphz;ltic a:(i
\'f.l'()nln(‘lll‘\‘. For pI'O(CC“Oll ngninsl a less severe cnvironment,

bituminous coatings are generally satisfactory.

14.9.3 Properties of Ferrocement

% - i ariation of conventiona]
Though ferrocement is often considered to be just a vt( w(ith ernell qaniens
reinforced concrete which may be true for the ferrocemen

: i ement provided in
reinforcement. however, it is not true for the quantity of reinforc b

most of the applications. Moreover, a system of const(riuct_lt(})ln zlsrllf;gnlirlr)l/gsa?g :iiiiltz
spaced wire mesh separated by skellcetoln bars a’;ledo lﬁ,;l,e,ml:'jalc
: ranical characteristics of a lomoge : .
. ?Li]L];]ecCIStre:]gtl] of ferrocement depends mainly on the volume of re'mforceme.:nt
in the direction of force and the tensile strength of the mesh. The tension .behavmr
may be divided into three regions, namely, pre-cracking stage, .post-cracl.(mg stE}ge
and post-vielding stage. A ferrocement element (meml?er) subjected to increasing
tensilz stresses behaves like a linear elastic material till the development of first
crack in the matrix. Once the cracks have developed the material enters the stage
of multiple cracking and this stage continues up to the point where wire meshes
start to yield. In this stage number of cracks keep on increasing with an increase in
tensile stress without any significant increase in crack width. With the yield of rein-
forcement, the composite enters the stage of crack widening. The number of cracks
remains essentially constant and the crack widths keep increasing. The behavior is
primarily controlled by the reinforcement bars.

In the elastic pre-cracking stage, the modulus of ferrocement composite £, can be
expressed in terms of modulii of mortar and reinforcement E,, and E,, respectively,
and volume fraction of reinforcement in longitudinal direction, Vo

Ee=(1=V)E, + V,E,~E, + V.E, = E,(1 +n7,)
where n=E, /E, .

During the multiple cracking stage, the contribution of mortar to the stiffness of

composite is negligible. Hence, the stiffness of composite is approximately repre-
sented by

= V,E,
The value of £, may be substantially differe
welded mesh. It hag been noticed that
er the diameter of wires,
cracks developed in the
An inverse relationsh
based on linear elastic fr

pacity of ferrocement jg

_ nt for woven mesh from that for a
higher the volume of reinforcement and small-

‘ longer is multiple cracking stage with a larger number of
Same gage lengh,

Ip between the first cr
acture mechanics h
correlated with the

ack strength and average wire spacing
as been established. The load-carrying ca-
specific Surface greq of reinforcement, S,
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i:(v«""”““' straciures can I)vydv:u,,l.,(-d 10 he witertigh

Jhe MAXTIUN COMPOSILE stresy |

LN

atservice loads,

45 e80! st erack increases in direct proportion to the
yecific surface. /\.""”"""" ”“”I”“' e S equal to | em’/em’ has been suppested
gs the lower it foracomposite (o be the ferrocement.

The other parameter which
i a dircet measure ol the ultimate 4

trength of ferrocement s the percentage of rein-
o cither the volume of wirey per unit volume ol composite in
he loaded direction or the areq

jeement, defined as

Lol wires per unit cross-sectional area of composite in
the loaded direction. There is a unique peometric relationship between S and p, but
(heir relationships to the physical propertics are quite different, S is mostly associated
with the eracking, behavior whereas p is a direet measure of the ultimate strength of
ferrocement because the ultimate load is vesisted entirely by the wire mesh.

Thus depending upon the cracking stage a typical rension stress-strain curve for
ferrocement exhibits three distinet regions namely, elastic, quasi-elastic or elasto-
plastic, and plastic regions. In Region 1, the material is lincarly clastic because both
the reinforcement and matrix deform clastically. The cracking of cement mortar is
the beginning of Region 11 and the slope of the stress-strain curve decreases. The
point of decrease of the slope of the stress—strain curve indicates the first crack vis-
ible to the naked eye or with special lighting arrangement. In Region 111, the wire
reinforcement supports the total load and the ultimate capacity can be estimated from
the maximum load capacity of the wire reinforcement alone. The boundaries of the
clastoplastic region are found to shift with the specific surface of the mesh, mesh
size, geometry and orientation of the mesh, yield and ultimate strengths of wire.

The behavior of thin ferrocement clement under compression is primarily con-
trolled by the properties of the cement-mortar matrix, i.c., thin ferrocement plate el-
ements can be treated as plain mortar plates for most practical applications. Like in
the reinforced and prestressed concrete beams, the fatigue behavior of ferrocement
fiexural clement is governed by the tensile fatigue pmpcrl.ics nl‘t!\c mesh. The ferro-
tment beams show poor resistance (0 fatigue under cyclic lmullng.‘lnmucl lgsts on
fb!'r()cclllcnl slabs show that the impact resistance increases almost !m sarly T\'u‘l\ the
Merease in specific surface (volume fraction) and ultimate sltzcnglh ol uwslp‘cnﬂou‘c:-
NNt For the same reinforcement fraction, ferrocement using wcldu}—wnrc mcshc:s'
()'H'crx highest impact resistance and the one reinforced l?y chicken-wire ll~1CSht‘:S of-

8 the Jowes(, Woven mesh reinforcement provides an impact s(l-cngth. l‘\:ghg:l‘llljz‘m
that Obtained by chicken-wire meshes but lower than that by welded-wire meshes.
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i “ FIBER-REINFORCED CONCRETE
14.10.1 Introduction

The presence of microcracks at the mortar—

aggregate interface is responsible e
o weakness can be r_cmovcd by inclusion Of fibgy,
ds at the internal mlcr()craﬁcks. Such g Concreg, ):
reinforced concrete Is a composite materi;ﬂ
rtar reinforced by fine fibers.

inherent weakness of plain concrete. I'h

in the mix. The fibers help to transfer 1oz ”
~ . ~ e T - 2 r-

called fiber-reinforced concrete. Thus the fibe

: . s - AN wcrete or mo
essentially consisting of conventional concrete

is SyS the concrete is rej

Discrete Fiber Reinforced cOncrefe o tzlss zslillzltedrir:crete fine ﬁber: (Z?g for?ed
by the random dispersal of short, discontinuous, th an extre p.ec!ﬁc
ecometry. The fibers can be imagined as an aggregatc With lock e
in qhapc.’ from the rounded smooth aggregate. The fibers ftee = ‘and Cntangle
sround agoregate particles and considerably reduce t‘he wo}:‘kc;bzlzty, while the
mix becomes more cohesive and less prone to segregation. The fibers suitable for
reinforcing the concrete have been produced from steel, glass and Organic polymers,
Naturally occurring asbestos fibers and vegetable ﬁbc?rs, such as jute, are also used
for reinforcement. Fibers are available in different sizes and.shapes. They can be
classified into two basic categories, namely, those having a higher elastic modulus
than concrete matrix (called hard intrusion) and those with lower elastic modulus
(called soft intrusion). Steel, carbon and glass have higher elastic moduli than cement
mortar matrix, and polypropylene and vegetable fibers are the low modulus fibers.
High modulus fibers improve both flexural and impact resistances simultaneously
whereas low modulus fibers improve the impact resistance of concrete but do not
contribute much to flexural strength.

The major factors affecting the characteristics of fiber-reinforced concrete are:
water-cement ratio, percentage (volume fraction) of fibers, diameter and length of fi-
bers. The location and extent of cracking under load will depend upon the orientation
and number of fibers in the cross section. The fibers restrain the shrinkage and creep
movensents of unreinforced matrix. However, fibers have been found to be more ef-
fec};vi éﬁt(;:;]ttrtgl l;:ii ;;Tiz;ef;?sn i;rizpi)nt;an tensile creep of unreinforcgd matrix.

. rced concrete which are continuous and
carefully placed in the structure to optimize their performance, the fibers are dis-
Z‘;”:”rz:l‘jﬁ’dgj‘i ‘;; ‘;né;zl:;r;l;]}r') ;affz)(liTOnn;l]); edisft‘ributed throughout the concrete marix.
that of reinforcing bars, In additiont th ?bSteel ﬁbf&rS, for example,. s
expensive than the conventional ste,el rcz)d]s e{‘si o sy t.o be conmderably.mOff
likely to replace conventional reinforced con.c :US, ﬁber‘remforced-c.oncrete ° npt |
the britile cement and concrete matrices can ref? e .the adqun of fibers I |
nomical method of’ovcrcoming their in‘licrc‘nt (i) ﬁe\r' N Cf)nver}lellt, prac‘tlcal an.d eco;
strengths, and enhances many of the structur: o Llencfles of poor tensile anfi Hmpa’
as fracture toughness, flexural stre A) I el pr_Opertles of the basic materials U7
sthk or spalling. Thus the pr(ov" "Ln&“- and fesistance to fatigue, impact, therm a
(or Ingredient) of fregp conc 1061 Smﬂll-slz‘e reinforcement as an integral part

nhances its potential in the manufacture of

thin sheet prod el
ructural components,

ucts and fabrication of st
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A et : ol

‘ the development of cracks angd

eenil \ p . g :

jgse! forming ¢., Portland cement with its low tep.-

g tram: pact resistances, INto a strong composite with superior crack res

"
: nd !

(ly. fibers act as crack arrestor restricting
s an inherently brittle matrix, i,
. .;i')'l(m_r;(g’
e @ | ductility and distinctive post-cracking hehavior prior to failure, Steel f-
; d . . o Fers. L )
robably the best suited for structural applications. Due to superior proper-
. im‘n‘ﬂ-“‘d tensile and bending strengths, improved ductility, resistance tq

.C o p .

o high impact strength and toughness, spalling resistance, and high energy
(‘i(‘“ capacity, fiber-reinforced concrete (FRC) has found special application

sorp p : ward Ay N L . ¢ b
; ?bh\-dmulif structures, airfield and highways pavements, bridge decks, heavy duty

jn

floors and tunnel linings.
0( R

prep’aced or Slurry lnﬁltl"ated Fibe.r Concretgs In g;nera], the sup;ﬁor
hness and energy absorption properties of FRC in comparison to conventional

r.m{irctc improve as volume fraction of fibers increases, Techniques for achieving
;O:h fiber volumes include the strategy of pre-placing dry fibers in the framework
. a;\-d infiltrating the bed of fibers with a cementing slurry. This composite is called
y infiltrated fiber concrete (SIFCON).
Recently, another form of slurry infiltrated fiber composite called slurry infiltrated
mat concrete (SIMCON) has been developed. SIMCON is a new generation of high

performance fiber reinforced concrete (HPFRC), made by infiltrating continuous
- steel fiber-mats with a specially designed cement-based slurry. Thus instead of rein-
 forcing concrete with steel bars, it is reinforced with sheets of stainless steel fibers
injected with a mixture of cement, aggregates and water, called slurry. The fiber mats
 (available in rolls) are shaped and wrapped around existing columns and beams, and
- imjected with concrete slurry for repairing or strengthening existing structures. The
- mats are made of recycled stainless steel fibers. They add rensile strength and duc-
 tility, energy absorbing properties, to the concrete. Since continuous fiber mats are
 used, SIMCON (differs from other high performance fiber reinforced concrete in at
- least two aspects: (i) it requires smaller fiber volume fraction to achieve substantial
increases in mechanical properties, and (ii) it is delivered in pre-packed rolls that
can be easily cut, handled, and installed in the field.
SIMCON can be used in new construction or to reinforce existing structures.
Unlike conventional concrete (where reinforcement is designed to fail before the
-~ “oncrete and where at failure large slabs chunks of concrete break apart from the
- feinforcement and fall from the structure) in SIMCON at failure, the mass of fibers
-~ 4nd concrete does not collapse. Instead of large chunks breaking and falling from a
- Structure, the material crumbles into small harmless flakes which pose little danger
Lo People or property below. This controlled form of failure is a key advantage of

SIMCON,
| See]pﬂiconvcntionul concrete, the cracks are 'lzu'gc uf\d con‘mcct‘ed,flflow‘ing‘\vater to
; Mo the concrete and further compromise the integrity of the structure. On the
“rhand, in HPFRC the cracks are small and disconnected hairli‘nes discounting
i o o s achpice, A6 U o0l Shmef i il wawe
(rateq \ b.C o ughtly‘lr}to the mzlﬁ,‘ M‘)i]jb ‘0' 1 t:;'o: xh thcpqmall cracks, it mi‘«}f]s
With tl; ith the passage of time as walc'r seeps lf &, ; “~ b th’ ) g

€ unhydrated cement and causes it to hydrate, essentially making the HPFRC

fies ©
; cr-’“’km

shu
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system self-healing. The HPFRC system is designed to use conventional concrete
construction equipment with minimal modifications, adding to the already lowered
construction costs,

Process Technology Since SIMCON uses a manufactured Ct;)ntlzu:luusr mf]i:
of interlocking discontinuous steel fibers, and flowable ccmcn:- ?Shel . ﬂczra]
controls corrosion in very thin members, and permits de\{cloprr;cn C(; ﬁb[;r volurﬁe
strengths and very high ductility. Even with cornparqtlve%ly OV‘;/ compression
fraction fiber-mats, SIMCON exhibits improved properties In tensxlon,t distribution
and shear. Furthcﬁnorc, since fiber-mats are Pre'PaCked in the p 'an ’h case with
and orientation of fibers can be more accurately con’{ro]lcd, than 1s t leacture y
short randomly distributed discrete fiber HPFRCs. This allows gilt?f;?::tl yet easily
high performance cement-based fiber composite that can }'lave;' il
controllable properties in the longitudinal and transverse direc llonl. e
characteristics are desirable in the repair/retrofit of structura elemen
columns, which require a high increase in strength and.toughness. n t.heltge'mS\;f.:rse
direction while increasing only ductility but not stren.gth in thfe longitudinal direction,
i.e., moment-carrying direction. In a retrofit situation contlpuous SIMCON fiber-
mats, delivered in large rolls, can be easily installed by wrapping around members to
be rehabilitated. SIMCON has tremendous potential in seismic retrofit. The presence
of SIMCON layer leads to both improved performance and durability of the member.
The member dimensions, amount of reinforcement and weight of member can be
optimized. In contrast to the behavior observed in short fibers HPFRC, SIMCON is
insensitive to the angle of fiber-mat.

Properties of SIMCON The advantage of steel fiber mats over a large volume
of discrete fibers is that the mat with predecided configuration provides inherent
strength and can utilize fibers with much higher aspect ratios. The fiber volume
is less than half that required for slurry infiltrated fiber concrete (SIFCON), while
achieving similar flexural strength and energy absorption capacity. The typical
aspect ratios for FRC range from 40 to 100, although special handling procedures
may be required as the aspect ratio approaches 100, SIMCON utilizes fibers with
aspect ratios exceeding 500. Since the mat is already in a pre-formed shape, handling
problems are minimized and balling does not become a factor. , il

The superior performance of the SIMCO
ing of the mat fibers in the composite. In th
embedment length of 25 mm results in fibe

N over SIFCON is related to the bond-
¢ standard SIFCON, the relatively short

r pullout as the prim i
SIMCON commnmcifoc : ary failure mode. In the
SIMCON composites, the failyre mode comprises multiple crqcks 'l‘n d u?tin;?: f:illflre

occurs through fiber breakage in the high tensile stress

s roh fiber brakage in the : zones of one or more of the crack

p e dam:r::to:/clllf;f:rcuc;li Lo.m)p(’)s?tcs, the yield strength of the steel js fully utilized.

D Ol .u,rc al;niat%.As.u‘engt/z', Strain at ultimqte Strength, toughness up

A nucascc.l with an increage in the fiber volume fraction
part from the elagtjc modulus, ap increase in al] the other param-

cter S seems to l)C ““C'“] Clate th ﬁb [ f‘ I he
- i [s y 1 l'l d tO th illC (6] .“ l n

N . . reas (v} €r vo ume rac ].H
lnlccllon ()1 th(., S]U]]y Ir()n] th bOttO]ll 01 Stl l :

more uniform slurry infifration, 1o " O SUCtural member provides a better and
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i con. v S-’ffg'?ics(\j\?l?]])dllcfj,toSlFC()NvS'MC()N cxhibits the g i
rﬂcchnmcal plll?and chstr {ﬂd]'?\c(“}., lower fiber volume f; rle';i()n Ss:xgggpmvlw
asier g aly synerg “Lft et With SIFCON, Hence the best design solutiz)snac:go
E b acl"C,\JCd 0;; )\rc}m 2:1)'/ § S‘I-M(“.ON and SIFCON; SIMCO‘N is‘b%:ttér suited fi)r;
aJplicmlO“S " ]]Ll : ]]rc (llmcnsmn 'S much smaller than the rcmai\nin ) twc‘) such as
. jothe Casc-“’ll 1‘.)11( £¢ (Cc,k overlays, Op the other hand, SIFCON i{; bctt;:; suitca
R three-dimensional applic 8 ‘

ation, g o ' '
iy » Such as zoneg of remforcing bar anchorage or of
L peam column joint.

14.10.2 Mechanism of Fiber-Matrix Interaction

fibers. As a result, when a fiber reinforced composite is loaded, the matrix will crack
- long before the fibers can be fractured. Once the matrix is cracked, the composite
continues to carry the increasing tensile stress; the peak stress and the peak strain of
the composite are greater than those of the matrix alone. During the inelastic range
between first cracking and the peat, multiple cracking of matrix occurs as indicated
in Fig. 14.15. Until the initial cracking of the matrix, it is reasonable to assume that
both the fibers and the matrix behave clastically and there is no slippage between the
fibers and the matrix. After initial cracking has occurred, the composite will carry
increasing load only if the pull-out resistance of fibers is greater than the load at the
mitial cracking. In the post-cracking stage, the failure of composite is generally due
to fiber-pullout rather than fiber yielding or fracture.

In FRC, the fracture is a continuous process wherein the cracking occurs over a
Wide range of loading and the debonding of fibers occurs over several stages. The
bond or the pull-out resistance of fibers depends on the average bond strength be-
tween the fibers and the matrix, the number of fibers crossing the crack, and the
length and diameter of the fibers. The ratio /d is called the aspect ratio where / is the
length and d the diameter of the fibers.

Improvement in the structural performance of FRC dfzpends on the s_trenth char-
4Cleristics of the fibers themselves, volume of fiber r§111forceme11t, dispersion and
Orientation of fibers, and their shape and aspect ratio. Higher strength, larger volume,
. “&erlength, and smaller diameter of fibers have been found mdep‘endef‘ntly to 1m-
E Prove strength of the composite. The oricntatior} a.nd QISPCTS'O“ e‘ffeu.tfs mdl)’ (:iépe{ls,
Mong other things, on loading conditions. Urll('ill'CCtl-Onfll ﬁbers um\:/rt?]lyﬂlsm I
Uteq lhroughout the volume are most efficient In umax\ml 't‘cn;lon. ks 1re, ez;rura
*ength Mmay depend on a unidirectional alignmcnf of fibers usllzersc' a\xﬂ}’ om
the Neutry pl'mc‘ flexural shear strengths may call for random orientation. A proper
et we slop adequate bond between the

4P and higher aspect ratio are also needed to develop ilized. F
Oncrete andinhLr ‘dSpCC‘ hat the fracture strength of fibers may l_)e fully UnIzost, Ko
§tcel P mitn fL( hbers‘so t‘ d . (SFRC), the idealized stress-strain relation is shown

i reed concrete (

"Fig. 14,15,
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LIS Behavior of fiber reinforced concrete under tensile load

In an FRC member subjected to flexure, the load at the first crack will in-
crease due to the crack arresting mechanism of the closely spaced fibers. After
the concrete cracks in tension, the fibers continue to take the load, provided the
bond is good. When the fiber strain reaches its breaking strain, the fibers frac-
ture resulting in load transfer to the fibers of adjacent layers which on reaching
their breaking strain fracture and result in the shifting of the neutral axis. Failure
occurs when the concrete in compression reaches the ultimate strain. The most

important factors affecting the ultimate load are the volume of fibers and their
aspect ratio.

14.10.3 Concrete Matrix

The cement required is OPC or PPC conforming to IS: 269-1989 or IS:
1489-1991, respectively. The aggregates are usually crushed quartz conforming t0
IS: 383—197().. A fiber-reinforced concrete requires a considerably greater amoun’
o{ fine material than plain concrete so that it may be conveniently handled and
Ir;zfsi.a;ll‘g 316 fully cffl'ective, each fiber needs to be completely embedded in the
Soesie s ;s dcl}ermmes th.e .pro'portion of fine to coarse aggregate. The effect ©
genersliy requi(r)gst 1¢ workability 1s.shown in Fig. 14.16. Fiber concrete, therefortee,
for handling ang | Sreater prop ortion of cement paste than conventional concr®
& and placing by using the equipment meant for ordinary concreté:
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i
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; he total volume of concrete, ¢
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maximum size
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Content of Fibers, per cent

Fig:14:16" I3 of aggregate size on workability of fiber reinforced concrete

EPREH|| DIFFERENT TYPES OF FIBERS

s have been steel and pol_vprop_vle-ne,
ment mortar for thin section

y used fibers are given 1in

The most commonly used man-made. ﬁper .
principally in concrete, and glass, principally n c:l
applications. Properties of some of the commo

Table 14.8.

14111 Steel-Fiber Reinforced Concrete A%
ailable as reinforcement. Round steel fibers,

ing d wires into short lengths.

the commeon type, are produced by cutting roun i

by o d}ilal;:zirsyliie i e R of 025 " (l)(;]ssh‘;]e[:ls about 0.25 mm thick.

recta“gular rgssTgechon aie produccd by sllttlﬂg “' nd matrix, indented, crimped,

or improving the mechanical bond between the i-lb?r(?ed The aspect ratio (=length/

“hined and hook-ended fibers are normally prodt o about 30 to 250. Typi cal
“Mmeter) of fibers which have been employed vary

"mples of shape are shown in Fig. 14.17.

A number of steel-fiber types ar¢ av
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Physical properties of various types of fibers and matrices

TSt TR T T Y PR
pravity Modulus, | Strength, | breaking, Poin,
GPac ) o MER, G Dot cont
Aenlic o |2 | 2100420 | 25045
Asbestos (Chrysotile) Carbon 2.55 8.4-14 2001800 2.0-3.0
(1) high modulus ¥ 380 1800 0.5
(i1) high strength 1.9 230 2600 Lo
Cellulose 1.5 i0-40 500 -
Cotton ) 5 420~700 3-10
Glass (Cem-FIL filament) D 80 1050-3870 1.5-3.5
Nvlon 1.1 4.2 780-850 16.0-20.0
Polyester 1.4 8.5 750-880 11.0-13.0
Polyethylene (high modulus) 0.96 15-40 300-700 3.0-10.0
Polypropylene 0.91 3-15 560-780 8.0
Rayon 1.50 7.3 420-630 10-25
Steel 7.86 200 280-420 35
OPC paste 20-22 | 10-20 2-6 0.01-0.05
OPC concrete 2.30 10-35 1-4 0.005-0.015

#
mb
i . By .‘ﬁg’

(2) Flat steel sheet fibres

(b) Two-dimensional stee
fibres

fibres

(d) Fiber reinforced concrete slall;-

| (c) Three-dimensional steal
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L qmete] a2 = Mm hyye e

] dlﬂm y S{ee[_ﬁbels are plOfluced by Cutting o el b'Ccn practic
Rm'ng a typical cross section rangip, PPIng the wi
hﬂg‘ g0 mm in width are produceq b : '

aAWN wire conformip,

1976 with the
ally used in India,

parite during the mixing process. Th
g (¢

e : :
ompared in Table 14.8. Properties of varigys types of fibers are
co

or chute.

The ease with which the fiber concret
depends on the nature and amount of the
fibers, on their aspect ratio. The slump ¢
of relative workability of steel-fiber conc

€ can be compacted during construction
fiber used and, most importantly for short
est has been judged to be a poor indicator

retes, since the addition of fibers to the mix
changes the slump out of proportion to the workability change. The Vee-Bee test

which incorporates the effects of vibration has been found to give a realistic assess-
ment of workability of fiber concretes. The unsuitability of conventional workability
tests for fiber concrete is essentially because of the fact that internal structure and
flow characteristics of fiber-reinforced concrete are distinctly different from those
of conventional concrete due to the presence of fibers. The composite forms a rela-
tively stable system due to the interlocking of fibers which resists the flow of fresh
concrete. This makes the tests like slump and compacting factor ineffective for fiber
concrete because the mobilizing force in these tests (self-weight) is inadequate to
overcome the effective cohesion in the presence of fibers. _
Typical relationships between Vee-Bee time, fiber content and aspect ratio for
ﬁber-reinforced mortars are shown in Fig. 14.18 which indicate that the .\vorkablht.y
of mix decreases with an increase in fiber concentration and aspect ratio. There is
A ritical fiber content for each aspect ratio beyond “_’thh the TFSPOHSGOLO \:btmt{on
CCreases rapidly. Figure 14.16 indicates that a red}lctlop og T)laxm}um ::crreej:t : ::zg
“clitates the inclusion of fibers, although little is gaine ! ly “f}l‘:gn;;%t o
Smaller than 4.75 mm. Use of pulverized fuel-ash as a partial repl:

i i ¢ ded to
admixure may be recommen
£ % by mass of cement) and a water-reducing
acil

tate Compaction. o
For s has recommende
Meqg s 1 Committee: 544 (1978) -
ure ility AC vorkability. The test
e uge Oznisgsno{ivfor;l;agoneytest for the measurement of orkability
ed slump-

! fiber concrete mix from an inverted slump-cone
*Ures the time to empty the steel-fibe
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RECRCRYE  Effect of fiber aspect ratio on workability of fiber reinforced concrete

resting 75 mm above the bottom of a nine-liter (vield) bucket, after a 25-30 mm
diameter vibrator prob has been inserted. The prob is allowed to fall and touch the
bottom of the bucket. The time recorded in the range of 11 to 28 seconds indicates 3

steel-fiber concrete of good workability. This test has not been fully evaluated and is
somewhat cumbersome.

In the workability measurement by conventional tests it is basically the cohe-
sion of the mix which is indirectly measured. This cohesion of mix results in shear
strength of the mix in the fresh state. It has been observed that the resistance to
penetration by a cone of plastic material is dependent on the shear strength of the
fresh concrete. Based on this observation, a cone penetration test has been sug-
gested to measure the workability of fiber-reinforced concrete wherein a standard
cone penetrates by its own weight through a mass of fresh mix. The depth of pen-
etration in millimetres may be taken 45 a measure of workability. The penetration

depth of a metallic cone with an apex angle of 30° and having a weight of 40N has
been reported to give the representative

e ref workability. The choice of cone with 30°
apex angle 'and {ON weight is based on the observation that the penetration depths
obtained with this cone are neither too large nor too small, and are suitable for the
normal range of mixes. For norma] mixes the depth of penetration has been found to
vary from 200 mm to 50 mm,
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Factors Affecting Workability ~The factors having a predominant effect on the
workability are aspect ratio (/4 ) and fiber volume concentration. Long thin fibers
(//d > 100) tend to mat together while short stubby fibers (//d < 50) cannot interlock
and can be dispersed by vibration. A minimum fiber volume concentration called
critical concentration is needed to increase the strength. The critical concentration
ICSO fce::trfiltl'y mversely proportional to the aspect ratio. For //d = 100, a voluI}W
Strenglhlean;ﬁ; :)Sf ;)65 per cent for flexural strengthening and 1.7 per cent for teny:z
workability can bcq uoltrﬁ:i'lsg\:)i‘l/er’ for a 1.7 per cent concentration, an adeq:;r;
whereas 4 0,5 Y with cement paste, and cement-sand MO =

on can perfectly be provided in the con° "

Per cent concentrat;
Thus there i 5 e ) c1. 32O VE
actical fiber reinforced concrete with impr

restricted range of pr
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ihs. The per.fom.wnce of hardene( concrete (
stre”% (SFS) which is defined as the total surfac
5”’qut]1e unit volume of the composite, The s
with! or volume concentration, fiber size
thicenlmtio" of Vyper cent, the specific fibe
c0

s given by

epends upon the specific fiber

pecific fiber surface depends upon
and aspect ratio. For a fiber volume
rsurface in a unit volume of composite

SES = n(zdl)

where n,  and d are the number, length and diameter of the fibers, respectively,
and 7! is the surface area of each fiber. The numper of fibers is given by

Ve X 100
n —
nd*l/4
400 Vf 400 VfA
ThUS, SFS: =

l

where A = I/d is the aspect ratio. The above expression indicates that for the given

. fiber volume concentration and aspect ratio, the specific fiber surface is inversely
. proportional to the fiber length.

';f; Behavior of Hardened Steel-Fiber Concrete The crack-arrest and crack-
control mechanism of SFRC results in the improvement of all properties associated
with cracking, such as strengths (tensile, flexural, shear, torsional, bearing strengths),
. stiffness, ductility, energy absorption, and the resistance to freeze—thaw damage,
impact, fatigue and thermal loading. The crack controlling property of fibers has
| three major effects on the behavior of concrete composite:

1. Fibers delay the onset of flexural cracking, the increase in tensile strain at the
first crack being as much as 100 per cent. The ultimate strain may be as large
as 20 to 50 times that of plain concrete.

2. The fibers impart a well-defined post-cracking behavior to the composite.

3. The crack-arrest property and consequent increase in ductility imparts a
greater energy absorbing capacity to the composite prior to failure. With
a 2.5percent fiber content the energy absorbing capacity is increased by
more than 10 times as compared to unreinforced concrete. The range of
improvement in the mechanical properties of steel-fiber-reinforced concrete
are given in Table 14.9.

The fiber concretes reinforced by conventional steel bars have substantially im-
. Proveq serviceability conditions obtained by crack and deflection control, besides

B

| mcreasing flexural strength marginally. These conditions are as follows.

S G R S A

L. Tensile strength The failure in tension of cement-based matrices is rather
brittle and the associated strains are relatively small in magnitude. The
addition of fibers to such matrices, whether in continuous or discontinuous
form, leads to a substantial improvement in the tensile properties of the FRC
in Comparison with the properties of the unreinforced matrix.
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ECTIEER  /mprovement in the properties of fiber-reinforced concy,
SR ——

= T m Optimum fi y
Property Maximu ¢ P ber p'"a’"ete\}
lmprovcmcn : e Ty
; Volume % &
over plain refer- fraction, V, Spect
ence concrete, per US| ratig gy,
cent ] P
i il i s A AR e ~M~~
RSSO PV Wore T ” [5 <

Compressive strength at failure .

(M 20 mix) ”

Tensile strength (direct) 45 ]'5 30 |
Tensile strength (split cylinder) 40) . 80 |
t . 5 15 1.5 80 ;

Modulus of clasticity |

Ultimate strain 300 - ~ ;

Flexural strength

(i) at first crack 40 1.5 80
tensile strain 100 - _
(1) at failure 60 1.5 80
tensile strain 20 to 50 times
Modulus of rupture 10 = =
Energy absorption 500 1.5 80
1000 2.5 100
Impact resistance (due to explosive 400-900 . -
charges and dropped weight)
Flexural fatigue
Static Joad 125 _ _
Endurance to 2 x 10® cycles at a
strain rate equal to that in reference
specimens subjected to static load
(i) Non-reversal , 90 of static - -
(11) Full-reversal 70 of static = -
Post-flexural fatigue, flexural strength | 10-30 of similar - -
beams of non-
fatigue histories

I'he strcsststrain or load-elongation response of fiber composites in tension
depends ‘malnl){ on the volume fraction of fibers. In general, the response
can be dnvu.jcd'mto two or three stages, respectively, depending on whether
;h}{[CU'"P;S(lJlC 15 FRC (fiber volume less than about three per cent) Of Shr?
nfiltrated Concrete (SIFCON) wher: aries
. 1ere the vo ormally V
between 5 and 25 per cent, "ppof ey
o fore cracking, the composite (both SIFCON and FRC) can be desrl
u}] reinefdsflc matcrnal with a stress-strain response very similar to that of t'e
orced matrix. After cracking, i.e., in the stage of bridging the crac
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o the fibers tend to pull out upge; loa
5,,,fa 4-clongation or stress-strain cyry

"1t is now g.ene-:rally accepted that the type and amount of fibers currentl

ed domot slgmﬁc?ntly enhance the first cracking tensile strength of the ﬁbe};
remforced composite. Many of the current applications of fiber-reinforced
concrete involve the use of fibers ranging around 1.0 per cent by volume of
concrete. In SIFCON and SIMCON with large volume of aligned fibers, there
is substantial enhancement of the tensile load-carrying capacity of the rr’latrix.
This may be attributed to the fact that fibers suppress the localization of micro-

cracks into macro-cracks and consequently the apparent tensile strength of
the matrix Increases.

), Compressive strength The presence of fibers in normal strength concrete
produces only modest increase in compressive strength, although the increased
ductility resulting from the addition may be advantageous, particularly in
over-reinforced concrete beams where a brittle failure can be changed into
a ductile one. On the other hand, the use of steel fibers in lower strength
concrete mixtures increases their compressive strength significantly compared
to plain unreinforced matrices and is directly related to volume fraction of
steel fiber used. fibers improve the compressive behavior by enhancing the
toughness. The magnitude of the increase is dependent on the fiber shape and
the content. This increase is more for hooked-end steel fibers in comparison
with straight steel fibers, glass or polypropylene fibers.

. Flexure As in the case of tension response shown in Fig. 14.8 there are
three stages of the load-deflection response in flexure:

(2) 4 more or less linear response up to point A The strengthening mecha-
nism in this portion of the behavior involves a tfansfer of stress-from the
matrix to the fibers by interfacial shear. Th.e imposed stress is shared
between the matrix and fibers until the matrix cracks at \yhgt is termed
as the first cracking strength ot the proportional limit. TFns is called the
Process zone, the distributed region in front of an advancing crack due fo
the stress concentration field. . .

A transition non-linear portion between pomtlfi and thet }:ncrz;t;;neuz; alscz;'
capacity point B (assuming that the load at-B " Iargtfi; isa rogressively
4) In this portion (after cracking) the stress in the g:)a ten(li) e rracuai]
transferred to the fibers. With increasing load, the 11bers gt Y

pull out from the matrix leading to @ non-linear load-deflection response

. . i . This point i
until the yltimate flexural load capacity point B 1S reached. This point is

(b)
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termed as peak strength. This zone is called the pseudo-plastic zop, Where
matrix has cracked but fibers bridging the crack proyidc some reSiStance
to pullout. The pseudo-plastic zone provides the main contribution t, the
fracture energy of fiber-reinforced cement composites.

() A descending portion following the peak strength fmtil complete faip,y.,
of the composite The load-deflection response in thls port-ion, 1.€., the de.
gree at which loss in strength is encountered with increasing deformatioy,
is an important indication of the ability of the fiber composite to absorh
large amounts of energy before failure. It is a characteristic that distin.
guishes fiber-reinforced concrete from plain concrete. This characterist;,
is referred to as toughness. This zone is also called stress free zone pe.
cause the fibers have either completely pulled out or failed.

Because of the linear dependence of the ultimate flexural strength of FRC
on the volume firaction of fibers and their aspect ratio, it could be stated that
the ultimate flexural strength generally increases with the fiber-reinforcing
index, defined as the product of fiber volume fraction and aspect rati
(VyL/dy). Based on this observation, following general equation for predicting
the ultimate flexural strength of the fiber composite has been proposed.

fe=Cfn (1 =Vp+D (VyLld)

where
J- 1s the ultimate strength of the fiber composite,
Jm 18 the maximum strength of the plain matrix (mortar or concrete), and
C and D are constants which can be determined experimentally.

For plain concrete C =1 and D = 0. The constant C accounts for the bond
strength of the fibers and randomness of fiber distribution. The values for '
the constants C and D have been proposed as 0.95 and 4.95 for the ultimate
flexural strength of steel fiber-reinforced concrete and 0.85 and 4.25 for its
first cracking strength.

The increasing fiber-reinforcing index (VrL/d)) has a positive influence on
performance because of the improved resistance to pull-out of the fibers from
the matrix. The maximum quantity of hooked-end fibers that can be added
without causing balling is limited to 1.0 per cent by volume. Compared to
plain concrete, the addition of fibers increase the first cracking strength by 15
to 75 per cent and static flexural strength (characterized by modulus of rupture)
by 15 to 30 per cent for the values of VrL/d from 40 to 120 (a practical limit
from workability consideration). Compared on equal basis of 1.0 per cent by
volume, the hooked-end steel fibers contribute the highest increase, and the
straight fibers provide the least increase in the above-mentioned properties.

The ultimate load carrying capacity of fiber-reinforced concrete beam
depends mainly on the adequacy of bond. In the absence of excellent
interfacial bond, the fibers are debonded as soon as the load is transferred
to them immediately after cracking of the matrix and the ultimate load will
not be greater than the ultimate load of beams without fiber reinforcemeﬂt: If
the bond is excellent, the fibers can withstand loads even after the cracking
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e ed, OF bent fibers. Y the introduction of indented
; e

.,]",1 3 i
e polyester and polypropylene fibers gj
. A ’
css and the post-peak resistance l
. ¢ as fiber volume incre

[¢

9.

a8es, except in ylt

 to decrease beyond fiber vo) mate strength, for which it

qrts ume of
;':n cnhances toughness and post-pcal(zfs?rgs plcr cent. The addition of silica
infiltrated coner ength of plastic fi
Shurry " " (SIFCON) when used ovgr the rei:?(r)r(;(:cllccrz:;rete

ads to ductility i :
pams leads ty indexes exceeding three times those obtained without
ithou

) idths and i
. Crack widtl spacing are more than an order of magnitude smaller than

: jonal rein
in conVCnt'(_) ‘ forced concrete. There is no need for sti i
qembers with SIFCON matrix. or stitrups in fiexural

4, Shear strengﬂ_l Tl'lc enhancement of shear strength of fiber reinforced high
grength concrete is of the order of 60 per cent wi ed hig
; spvlenefib ‘ ith steel and 15 per cent
with polypropy ers, whereas fibers reinforced normal strength t
attains an enhancement of 35 per cent with steel fibers and no ?fc e with
rease with
polypropyleﬂe ﬁpers when compared to the strengths of their respective
anreinforced plain concretes. The enhancement of performance of fibers
in high strength concrete is attributed to the improved bond characteristics
associated with the use of fibers in conjunction with high-strength concrete.
For the concrete with steel fibers, significant increases in ultimate load and
ductility is achieved. With polypropylene fibers, a lower increase in ultimate
load is obtained when compared to the increase due to steel fibers. Ductility
of the polypropylene fiber reinforced specimens is greater than that of steel
fiber reinforced concrete. Combination of fibers and conventional stirrups,
results in slight increases in the ultimate load but offers major improvements
in ductility as compared to the corresponding plain concrete with conventional
stirrups. '

5. Modulus of elasticity The dynamic modulus of elasticity of FRC containing
steel fibers up to about two per cent by volume of concrete varies within five
per cent of the unreinforced matrix. Hence, the conventional solutions for the
static elastic modulus can also be applied for the dynamic modulus of fiber-
reinforced concrete. s )

6. Creep and shrinkage The factors that influence the shrinkage strain in plain
concrete also influence the shrinkage strain in fiber reinforced concrgte;
namely, temperature and relative humidity, material propertics, the duration
of curing and the size of the structure. The addition of fibers, particularly

steel, to concrete have beneficial effects in counterbalancing the movemf:pts
arising from volume changes taking place in concrete, and tends to stabilize
the movements earlier when compared to plain concrete. |
The primary advantage of fibers in relation t0 sh_rmkage is their .effect in
reducing the adverse width of shrinkage cracks. Shrinkage cracks arise when
g ts. The presence of steel

the concrete is restrained from shrinkage moven;len S e
fibers delays the formation of first crack, enat?les thec e riicss
more than one crack and reduces the crack width substantially- ypropy
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ive i i widths than steel fibers.
fibers are much less effective in rcducmg} craclimdcrgo el s "
High st g with silica fume .
& Sh er{gth Honcacsey non, which oceurs even when concreg,
deformation is restrained. This phenomenon, uted to autogenos shringe:
protcted against any cvaporatior, ' aﬂfl) 1t ratio. This phenomenon can
because of the exceptionally low water—cemer

be corrected by the use of fibefs. odate relatively large strains before
7. Strain capacity The ability to accom tion, the ability to Withstang

. ; . ropagad .
Ul dsluperior resistanee ]cmi/;é) cglc%'lity are characteristics thgy

. an o
large deformations and the enh from plain concrete. These characteristicg

. . . " rete 2 .
distinguish fiber-reinforced cone ness, which is the main reason for using

are generally described by ,oug]’f its applications. Unlike plain concrete the

flbe Ie. f()l i to : .
l I]CI:Of ﬁbCfS imparts considerable energy absorptlon Capac1ty 0 Stretch
pI'CSC

and debond the fibers before complete fracture of .the mate:.zllgzce)clzltl‘rse. Z’};us the

's a measure of the ability of the mater ial .to moot &€ amounts
touglmes.ls z;t;ac ”;zrains or deformations prior to fozlzlre. The area under the
gxﬁ;ﬁ-tz clzoad-deﬂection curve (or under a prescribed pa.rt of thebc-;l'rve)fcin
be described as a measure of foughness or energy absorption capability of the

terial.
m;;g variables that affect the ultimate flexural strength of FRC beams alsg

influence the flexural toughness; namely, the type ‘{f fiber, volume fraetion
of fiber, the aspect ratio, the fiber’s surface defon‘na‘tlo‘n, bono characteristics
and orientation. The steel fibers are very effective in improving the flexural
toughness of rapid-set materials. Considerable ductility and toughness can be
achieved by using SIFCON and SIMCON.
The increase in silica fume content renders the fiber-reinforced concrete |
more brittle as compared to concrete without silica fume.
8. Impact resistance Impact resistance is essential for applications such |
as the bridge piers. It is well recognized that the addition of fibers to concrete |
enhances the impact resistance. Improvements in impact strength for fiber- |
reinforced concretes are highly dependent on the type of fiber and the method
of test. It is estimated by using falling weight method or explosives or
pendulum-type impact machine. The impact strength against dynamic tensile
and compressive loads due to dropped weights or explosives is 8 to 10 times
that of plain concrete. The fiber-concretes incorporating hooked-end and
nt impact resistance,

reduction in the impact resist

9. Fatigue In man s
applicat i - :
overlays, and off-shzrezfruca oo Particularly in payements, bridge deck

limit are importa ¢ tures, the flexura] fatigue strength and endurance

. design Parameters, Fat; : he
Maximum flexyyq; Stress at which FR comength can be described as

RC composites can withstand a prescribed

ance of the material.
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aximum number of as: Alure, Afropen.: ,
the max!! o O fatigue 1o g ‘yeles Ahu"‘“"/d}’, Itcan be defined 5
paximum flexural stresg level CS neeq S
]

- How
is of . eve .
onthe basis of endurance limit, The Cr, the fatigye stren

' o . ndurane, 1o Tengthis often evaluated
.« defined as the maximyy, flexural o e limig SFRC in flexural bend:
- ihed number of load ral stregg o which ¢} ora Jending
osCriDe 1 of loaci o Ch the he . :
grescl reeniage ()/'(_1:,/, )admg cycleg (ll-S'llal1y o [ I'Lllbwm can withstand q
' here ) ] er: (- e i . millj i I2X% 2 ¢
asdl -k " i (a) i VIrgin statie flexural lt(m C)’Z/C-S), Rl
) ‘6” 4 . ) 'y )’ll . o A ren t [ St ¢ 1
st '}, . - Plure), or (b) the el il 8th (first cracking
cimilar plain unreinforce Ximum static flexyyql strength of
is about 80 t0 90 per cent of jq

d matyiy. The g
when non-reversed loadin gisa

strength when full reverged loading s yseq
The addition of collated hooked-end stéel fib : .
increase in the flexural fatigue strength of cosrs results in a consnderfable
strength increases by 200 to 25( per cent, and endsrr:te- Ihc. ﬂcxural_ fatigue
million cycles) by 90 to 95 per cent, re J nce limit (to achieve two

The fatigue strength and endurance limit ;
and increasing volume fraction of fiber i
fibers improves the fatigue strength o
in fatigue strength was with hooked-e
with straight steel fibers and polypropylene fibers,

10. Durability As in case of conventional reinforced concrete, steel fibers will be
protected from corrosion provided the alkalinity of the matrix is maintained
in the vicinity of the fibers. Carbonation of concrete matrix may lead
to corrosion of the fibers, and any deterioration may be accelerated if the
concrete is cracked. Since fiber-concrete normally fails due to Siber pull-out
rather than fiber fracture the uncorroded fiber strength is not fully utilized,
a considerable reduction in diameter due to corrosion could be tolerated
provided that corrosion does not reduce the interfacial bond strength.

The studies have indicated a greater rate and extent of chloride penetration for
fiber-reinforced concrete than for conventional plain concrete. This suggests
that the fibers extending from the surface may create an entry for the chlorides
in addition to normal capillary system and make.ﬁber remfor.ced concrete
more vulnerable to corrosion damage than conventional steel reinforcement.

abeam under 4 given

ppth and ab

Application of Steel-fiber Reinforced Concrete Steel-fiber re:inforcl;:_d col%;rete
{ FRC) provides additional strength in flexure, fatigue, impact an ].spaa nlggr.edu ::g
POperties lead to smaller concrete sections, improved SUFfaCde:;ézd S
LMtenance, The main applications of SFRC are In hlghwaydzcks repair works ete.
Hraylic Structures, tunnel linings, industrial floors, bridge ; ,

¢an be applied in the following areas:

he steel-fiber concrete can be used

i isti ts by
air of existing pavements |
i lab beneath. The major

he reduction of required

. HighWay and airfield pavem‘“‘ts'T
' new pavement constructions or 1o
the use of bonded or unbonded over
Uvatages are: a higher flexural strength

lays to the s
results in t
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. . istance to impact and repeate _
pavement tthkI.ICSS, the rcdSllSOn ‘udinal joint spacingspmayi 19 ing
increased. The transverse an g l et ¢i Creagey
Under conditions of restrained shrinkage, t.lC greate ensile strajp, Aagiy,
of stecl-fiber concrete results in lower maximum crack widthg than i, Iaiz
Co’g;llgg .givcs a smooth ri'ding surface WithOl.lt 1rregglz.1(r1 depreSSiOns, The
overlays for the rehabilitation of runways, _tax1watys, ri gle degks, ang h,
strengthening of existing runways and tax1way§ to 'comE Y with the ].
requirements of the newer generation hea\_’y-dUtYJe .alrcra ts, are extensiVel
used. SFRC can be advantageously used in the repair of damageq Patches
existing runways, and highway pavement slabs.. _

The thickness of pavements constructed with cor.lcrete l?avmg ac
content of 410 kg/m’, water—cement ratio of 0.6, max1mu§n size of aggr,
as 20 mm using 1.4 per cent (by volume, i.e., 106 kg/m>) trough type
fibers could be 25 per cent less than normal concrete pavements.

2. Hydraulic structures The major advantage of using steel-fiber concrete iy
hydraulic structures is its resistance to cavitation or erosion damage by high

velocity water flow. The steel-fiber concrete has been successfully used ip the
repair of spilling basin at Tarbela Dam in Pakistan. The fiber concrete contained
about one per cent (by volume) of 25 x 0.25 x 0.55 mm slit stee] fibers.

3. Fiber shotcrete fiber shotcrete has been used in rock slope stabilization,
tunnel lining and bridge repair. A thin coating of plain shotcrete applied
monolithically on top of the fiber shotcrete, may be used to prevent surface
staining due to rusting. The conventional sprayed concrete techniques can be
used by including fiber mixing with the pneumatic conveying of fibers from
a rotary fiber feeder to the nozzle via a 75 mm diameter flexible hose. In
addition to usual shotcrete advantages, the fibers are aligned in two dimensions
(in a plane) by the mode of application of relatively thin coating. The fiber

shotcrete can be used in the protection of structural steel work particularly in
the support structure.

4. Refractory concrete Steel-fiber reinforced refractory concretes have been
reported to be more durable than thejr

: unreinforced counterpart when exposed
to high thermal stress, thermal cycling, thermal shock or mechanical abuse.
The increased service span is proba

bly due to combination of crack control,
enhanced toughness, and the spall and abrasion resistance imparted by the
steel fibers. Through the use of shotcrete technique, the material can be used
for lining ash hoppers and flame exhaust ducts.
5. Precast applications They include

manhole covers, concrete pipes, machin®
bases and frames. Improved flexural and impact strengths may allow the U°

Cment

Cgateg
Stee].

. ey : : . on-
(a) Fiber reinforcement can provide an increased impact resistance t0 ©

. ; ca
ventionally reinforced beams, and thus an enhanced resistance t0 1°
damage and spalling,
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Fiber an inhibijt o
: ' crac ideni
o B e of high e ck growth and crack widening, this

. : : 1 Steel wi . .
or deformations at service jog . cel without excessive crack widths
siber reinforcement providec d4......:.
ioe structures, an 1h]mVIdLS dllClIIIty to conventionally reinforced con
ete C . ¢ 2 -
crete ) & 1ence enhanceg their stability yr :

carthquake and blast loading Stability and integrity under

ziber reinforcement incr, '
R Fibe e Increases the shear strength of concrete. As a conse-

quence punching shear strengtl o .

) 1 0f slabs ig i
ing failure may be transforme into gradmlndclfte::liizd o suddenpunch
¢ one.

o

liX pesign for Steel-fiber Reinforced Concrete The mix should contain

am fiber content and maximum ageregate for the specified strength and

i
il bility- The cement paste content depends upon three factors:

“-orkﬁ
. Volume fraction of fibers

), Shape and surface characteristics of fibers, i.c., specific fiber surface
] Water-cement ratio

ror the commonly encountered SFRC mixes, the following range of parameters
s associated:

Cement content 300 to 500 kg/m’
Water—cement ratio 0.45 to 0.60

Ratio of sand to total

aggregate, per cent 50 to 100
Maximum size of aggregate 10 and 20 mm
fiber content 1.0 to 2.5 per cent
fiber—aspect ratio ‘ 50 to 1000

Mix design procedure Following are the steps involved in the mix design of
fiver reinforced concrete:

j Corresponding to the required 28-day field flexural strength of steel fiber-
reinforced concrete, the design strength for laboratory mix is determined.

2. For fibers of known geometry and for stipulated volume fraction, the water-
cement ratio is selected between 0.45 and 0.60.

3 Depending on the maximum size of aggregate and fiber concentration, the

Paste content is determined by mass. . '

- The fine-to-coarse aggregate ratio varies from 1:1 to 1:3, aratio of 1:1.5 is a good

Start for a volume percentage of fiber up to 1.5and lengtb of ﬁber up to 40 mm.

For the water-cement ratio and paste content determined in Steps 2 and 3,

'®Spectively, the cement and water contents may be worked out.

The fiber content (by mass) is calculated by taking the density of fibers as

7850 kg/m3.

The tota] quantity of the aggregate is determined from

W= Wenc— (Wi + Wet We)

1.
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_are the masses of total agpre
where ¥, Wiz, Wy » We and Wi are Beregate, fi,,

8 . C C SpCCtiVC]y.
. g ¢ i ]Cnt. (]n(l hb(/l S, re
n 0‘.CC(l C()nClCtC, \V(“Cl, cen |
; S | ates arc wo ed out ‘) usin E
hC qu'““iticg Or llllC ﬂnd coarsc agg ngtc‘ td t .] k t(l ] t y 1 \ |
. : ‘ S ¢ Con Cn C . e l. ‘
7\ h hi{ll HIIX iS plcpz]]Cd (lnd ll](./ p(]StC l(llllq (:(l f h ewpk4

tendency to segregate.
10. The workability of the mix 15 ¢
above procedure, select fibey

i ati f the
' For the illustration O
“ Example 14.2 concentration of 1.5 per cent (by volume) of trough-shapeg

i ' ter.
atio of 80 with 0.45 mm diame |
o ize of aggregate of 20 mm, consider

hecked using appropriate test.

fibers with aspect r
For the maximum nominal s

40 per cent
Paste content . 1-1p5
Fine-to-coarse aggregate ratio 0.5.5

Water-cement ratio

mass of fibers per cubic metre of SFRC = 7850 % 0.015=117.7 kg ‘(say'l 18 kg).

For 1 kg (= 1/3.15=0.317 litre) of cement, the water content required is 0.55 [jte
reiving a total paste content of 0.867 liter. Therefore, for a cement paste content of
40 pervcent, i.e., 400 liters per cubic meter of concrete, the .cement and water contentg
are 461(=400/0.867) and 254(=0.55 X 461) kg, respectively. The total aggregate
content = 2400 — (254 + 461 + 118) = 1567 kg. For the assumed fine-to-coarse aggre-
gate ratio of 1:1.5, the coarse and fine aggregates are 940 and 627 kg, respectively.

Practical mix proportions Though the high fiber content brings about large
improvements in mechanical properties, it makes the concrete unworkable. On
the other hand, a low fiber content in workable concretes show no significant
improvements in the desirable properties. Thus a practical concrete is a compromise
between these situations. Typical mixes using fiber volume concentrations of 0.75 to
1.50 per cent with water-reducing admixtures and/or fly ash have been extensively
used. With steel fibers, the typical mix proportions by mass are:

Cement : Water-cementratio :  Sand 10 mm aggregate
1 : (0.4 t0 0.6) : (2to3) : (0.8t0 3)

Similar mixes have also been used for polypropylene fibers.

14.11.2 Non-Steel fibers
The examples of commercilly available non-stee] fibers are given in Fig. 14.22.

Polypropylene Fiber Reinforced (PFR) Cement-Mortar and Com
;,;Tte Pollypropylenc is one of the cheapest and abundantly available polymer>
- t)lfp?ropi]"ege-ﬁbers are resistant to most chemicals and it would be the cementing

X which would deteriorate first under aggressive chemical attack. Its melting

point is high (about 165°C), g .
- » S0 that a worki ' oC may be
sustained for short periods without detrimelil E o aaro a8 high as 1

Scanned with CamScanner




Special Concretes and Concreting Techniques |527

" S
B

@) Pol-yprop)’“?”e fibers (b) PTE fibers

R

L :f.l

(c) Super short fibers

ey 3 = .
To¥ vptt = i I i 81
is A ¥ i % %
Yiah e i - L . A

A Sl Fol

Glass fibers Carbon fibers

m Examples of commercially available of non-steel fibers

qengthofthe hardened concrete. They have low modulus of elasticity. Polypropylene
ﬁbers are available in two forms: monofilaments produced from spinnarets, and film
shrs produced by extrusions. The film fibers are commonly used and are obtained
som fibrillated film twisted into twine and chopped, usually into 25-50 mm lengths
wruse in concrete. The fibrillated film may also be opened to produce continuous
eworks for use in thin sheet manufacture. A typical machine for production of
plypropylene filament is shown in Fig. 14.23. Fibrillated film may also be woven to
produce flat meshes which may be used as thin cement sheet reinforcement.

il et ¥

% A typical complete line machine for production of polypropylene filament
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yopvlene fibers being

hydrophobic can be
hathy contact during mixin

casily mixed as they do not need
W & and only need to be evenly dispersed in the mix_
Those are theretore added shortly before the end of mixing the norma'l constxtue.ms. .
Prolonged mining may lead to uiulcsirublc shredding (?f./f”""‘?' ere > 10 Physico.
chemieal bond hct\\'c;‘n fiber and the matrix, only a mechanical bond is formeq as

individual fabrics of chg e
SURCRT paste penetrates the mesh structure between individu Pped
length or continuoys network.

Properties of fresh PFR concrete  The compacting factor test hatsh Ee;:/r(l) :Esg;tgd
0 be most suitable. The inclusion of polypropylene fibers rec%u.ces CF about 0]8]

considerably, e.o.. 3 normal concrete mix of medium worka‘b]]lty : dd?lt'Ou f .
may rcduce’to aylow workability mix (CF about 0.75) follov;'mg :11: :oﬁllalr:;nots (c);]rel
per cent of chopped 35 mm polypropylene fibers. Polypropylene Iter rheologicqal
be used in small volume fractions of about 0.1 to 0.2 per cent to alte gica

properties of the material, e.g., highly air-entrained concretes can be stabilized oy
fibers.

Properties of hardened PFR concrete The tensil

essentially unaltered by the presence of a small volume of shqrt polypropylene
fibers. Although the change in flexural strength OfPOIYPYOI?}flene remfgrced-concrete
1s marginal, the post-cracking behavior has shown its ability to continue to absorb

absorbing capacity has been found to increase

¢ strength of concrete ig

W reduction in panel thickness.
2. Shotcreting Surface i

Polypropylene

concrete can be ady
blocks.

antageously used in the energy dissipating
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fiber Reinforced Concrete (GFR) Gl
5!{’5)0 ,'ndi\’ld““l hl:unc.nls whu.:h are lightly by
0* can be chopped n.\lo various lengthg
gant kUSi"g the conventional mixing techni
“”wfhlc (o mix more than about two per ¢
P"i::h of 25 mm.
"H‘T‘hc major ;'lpphcnllon. of glass fiber has been in reinforcing the cement or mortar
s used in production of thin-sheet products. The ¢ : s d-uaristien
[ notte® o E-glass used in the reinfer. 8. The c(')mm()nly used varicties of

Jass-fibers arc b-g! in M'lunlmccmcnt of plastics, and AR-glass. E-glass
:;\vc inadequate l'cm:ﬁlmu':c to alkalies present in Portland cements whereas AR-glass
; have inlpl’(ﬂ@d alkali-resistant Ch_:ll‘uclcrislics. Sometimes polymers are also added in
(he mixes 0 Improve some physical propertics such as moisture movement.

The process of lnanui"aclurc‘ of glass-fiber cement products may involve spraying,
cemixing or incorporation of continuous rovings. In the spray-suction process, the
olass-fiber strand is chopped into lengths between 10 and 50 mm and blown in spray
gmultancously with the mortar slurry on to a mold or flat bed followed by suction
{0 TCMOVE CXCEss watcr. On the other hand, in the technique involving premixing,
short strands (about 25 mm in length) are mixed into mortar paste or slurry before
further processing by casting into open molds, pumping into closed molds, ctc. Care
must be taken to avoid fiber tangling and matting together, and to minimize the fiber
damage during mixing.

In the process incorporating continuous rovings, the rovings are impregnated with
cement slurry by passing them through a cement bath before they are wound on to
an appropriate mandrel. Additional slurry and chopped fibers can be sprayed on to
the mandrel and compaction can be achieved by the application of roller pressure

combined with suction.

Properties of hardened GFR concrete The behavior of glass-fiber cement
sheets under tensile force is typified by multiple cracking of the matrix. Longer fibers
improve the ultimate failure stress. In wet environments, significant reduction in
strength takes place. The material may become brittle on ageing,.

One of the most important improvements in the property achicved by glass fiber
is the spectacular improvement in impact strength. With the addition of just 5 per
cent glass fibers, an improvement in the impact strength of up to 1500 per cent can
be registered as compared to plain concrete. With a two per cent fiber content (up
025 mm in length), the flexural strength is almost doubled. The second important
Mprovement is in the resistance to thermal shock. Ductility also improves with an
ICrease jn strength and modulus of rupturc. ‘ o

The flexural strength of water stored and \fv‘cathcrcd specimens r.cducc:;, w.lth. um'(?
ety ol o st o Tl L
°enle;1rt t(? S 1.n flexural strength. lhb lm]lfpl-;)cr cent l)oli/mcr to the mortar matrix.

: can bu_‘ improved by }hc addition 0 ‘l O o - glss fibers.
increase in matrix cost is balanced by the usc of€lcap g

ass fibers arc made up form 200
nded to make up a strand. These
or combined to make cloth, mat or
que for normal concrete, it is not
nt (by volume) of fibers of up to a

ADDlications The glass fiber-rein forced cement finds its use in formwork systems,
X . < ' . 4 1Ire - H

uctmg, roofing elements, SCWer lining, swimming POOIb, fire-stop partitioning,
i ’
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combination vith polyme,

g oo meod 1D
. N N > T ]t ", U)(,(] 1
tanks and drainage clements, etc. Sometimes

impregnated in-situ concrete.
. ecive mineral fiber, asbestos, hye
i T aturally available inexpensive gl v 5 it
Asbestos Fibers The naturally ¢ form a widely used product

aste to

; . , ement aste ) '

been successfully combined with Portland e t}]:crmal, mechanical and chemicy]
called ashestos cement. Asbestos f ave

‘ Y P » ¢ "t{.:d r(.)()f‘ ,
1< nipes, tiles and corruga ing
resistance making them suitable for sheet prf;(iucts,{”?‘f’t(}»]() " cent (by volme) 0}
clements. Asbestos-cement products contain ah'OU_mcm hoard is approzimately tvq
asbestos-fibers. The flexural strength of ashestos c€ T ot et
to four times that of unreinforced matrix. How

ever, due to 1¢ ¢ ength
: alth hazards associated with
mm), the fibers have low impact strength. There an: heal
’ C Cep 1 by in mos
the usc of asbestos cement. Its use 1 banned 1

S Y ] ]('(Zd CONC rele Wi

Il replace asbestos completely.
bably the most
. he most recent and pro
bers Carbon fibers form t : ‘ ) .
carclz;)cr:ﬂ:r, addition to the range of fibers available for cqmmer}::la}l use. C;ilrbo "
;I;)Ccrs come under the high E-type fibers. These are expensive. Their St;cngtl and
stiffness characteristics have been found to be superior even zlohthose of steel. E;;lt
they are more vulnerable to damage than even glass fibers, and hence are generally

treated with resin coating.

ibers h

Organic Fibers Organic fibers, such as polypropylene or natural fibers may
be chemically more inert than either steel or glass fibers. They are also che?aper,
especially if natural. The polypropylene-fiber concrete has been described earllel_'. A
large volume of vegetable fibers (7 per cent, 50 mm length) may be used to obtain a
multiple cracking composite. The problem of mixing and uniform dispersion may be
solved by adding a superplasticizer.

Polypropylene, nylon and other organic fibers due to their low modulus of elastic-
ity are not effective in crack control, and also the organic fibers may decay. However,
these fibers improve impact resistance.

Vegetable Fibers The commonly used fibers are jute, coir and bamboo. They
possess good tensile strength in their natural dry state. Their tensile strengths
do not suffer significantly even after being immersed in 10 per cent normal

solution of sodium hydroxide for up to 28 days. However, long-term durability
is doubtful,

In contrast to glass fibers, steel and poly
a cement paste matrix, The high alk
corroded. The corrosion of steel fi
matrix has cracked,

Irrespective of (he type, size
mcntzfl requirement of fiber-
be uniformly distributed thy
content to coat the fibers a
compacted in the fipg posi

Ip propylene fibers are chemically stable in
alinity of cement paste protects steel from being
bers can however become a problem when the

. ‘and shape of fibers to be used in a mix, the funda-
reinforced concrete is that al] the individual fibers should
oughout the matrix. The mix should have sufficient paste

l.1d aggregate, so that the ingredients can be placed and
tion withoyt any segregation,
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/ . proportions generally depend on the inge
ik D - = _ ntended
1'1L“11L‘ Jrime consia ons arc uniform dispe
ey § sompacti i :

o Jlacing and ¢« 11'.\L‘tmn with the avail

»d concrete 18 influence

applications of the com-
rsion of fibers, adequate work-
l'f/"“‘ L d by » .flhlc c(!uipmcnt. The workability
e T 16), volume fraction, ge naximum size of aggregate as can be
‘,"‘ﬁ o (F18 14.16), ¥ : On. geometry and aspect ratio of fibers as shown
.“"‘ﬂ.,l 4.18. As the 5'7‘0 O.fﬂggl‘an‘tc increases, it becomes more difficult to achieve
i"?-l(r'm fiber dispersion, SInce the !leI‘S are bunched into mortar fraction which can
un'f'”j frecly past the aggl:cgmc during compaction. To obtain a better dispersion the
"““f,( aregal® ConlClll-lS .kcpt lower than in a normal mix and the maximum size of
o™ a;C is pl’CfCl'ﬂbly limited to 10 mm. The mortar matrix (consisting of particles
“'c_g_rtlran 4.75 mm) should be around 70 per cent, and aggregate—cement ratio as
s 5.1, A fine-to-coarse aggregate ratio of 1:1 is often a good starting point for a

yasy T
h:;\' rial. [Water-cement 1atio b'et.wcen 0.4 and 0.6, cement-content of 250 to 430kg/
o are recommcnded for providing adequate paste content to coat large surface of

apers Beyond a certain optimum content of fibers the workability of the composite
dccreases rapld]Y‘

14.11.3 Batching, Mixing, Placing, Compaction and Finishing

The fibers are usually added to the aggregates before the introduction of cement and
qater into the mixer. For laboratory testing, fibers can be added in small amounts to
the rotating drum charged with cement, aggregate and water. For large batches, the
fibers are blown into the previously charged rotating drum.

A fiber mix generally requires more time and vibration to move the mix and to
compact it into the forms. Surface vibration of forms and exposed surface is prefer-
able to prevent segregation. The properties of fiber reinforced concrete depend upon
fiber alignment. More energy is required to compact fiber concrete than conventional
concrete. Some of the precautions taken while mixing, placing and compacting fiber-
reinforced concrete are as follows:

I. While mixing small quantities of fiber reinforced concrete by hand, there is
a possibility of steel fibers shooting up and hitting the eyes of the worker or
even pricking the hand. To avoid these hazards, the hands should be protected
by gloves and the eyes with safety glasses.

2. A pan mixer of the counter-flow type should be used for mixing fiber reinforced
concrete,

3. For uniform distribution of steel fibers, a dispenser should be used. While
dispensing the fibers into concrete, the rate at which the fibers are fed to the
mixer should be synchronized with rate of mixing.

. Forks and rakes can prove helpful for handling low slump mixes.

- Standard screeding methods and trowels can be used for finishing fiber
concrete, A textured surface can be obtained by using a stiff brush.

slump, compacting factor and Vee-Bee
but not for mixes containing fibers. For
fiber content, can be zero though the
d provide the condition of

1es1&gl:?darq workability tests, such as the
‘ sancz suitable for conventional concrete
IX reg  fhig slump of a mix, even with a lo.vs{
*SPonds well when vibrated. A workability test shoul
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\ds well to conventional vibrating table 5 i

2 X Jal : Y ()l
1. because FRC resp : o .
: due to its low specific gravity.

flow on vibratio1 ‘ )
ate from the mix

does not casily scgreg

ETREEN|| POLYMER CONCRETE COMPOSITES (PCCS)

sites are obtained by the combined processing Ofpolymcric
all of the ingredients of the ccmcnt. concrctc. COmMpositeg,
hich the polymcric materials are 1ncorp0ratcd,

Polymer concrete compo
materials with some or
Depending on the process l).y‘ w
polymer concrete can be classified as follows.

14.12.1 Polymer-Impregnated Concrete (PIC)

w viscosity liquid monomers or prepolymer
d into the pore systems of hardened cement
composites and are then polymerized. The part.ial or surface. impregnation
improves durability and chemical resistance. Overal'l lmprovc.aments mn 'fhe ?tTUCtural
properties are modest. On the other hand, total or in-depth impregnation improves
structural properties considerably. .

The hardened concrete, after a period of moist curing, contains a considerable
amount of free water in its voids. The water-filled voids form a significant component
of the total volume of concrete ranging from five per cent in dense concrete to 15 per
cent in gap-graded concretes. In polymer-impregnated concrete, it is these water-
filled pores that are sought to be filled with polymers, i.e., the major parameters affect-
ing monomer loading are the moisture and the air in the voids in concrete. The total or
in-depth polymer impregnation of concrete, therefore, involves the following states:

In polymer-impregnated concrete, lo
are partially or completely impregnate

1. Construction of element with well-designed cement concrete, which is
adequately moist cured with optimum strength.

2. Removal of moisture by drying the concrete by heating to develop surface
temperatures of the order of 120 to 150 °C. The small elements can be heated
in an air oven. For large cast—in-situ surfaces a thick blanket of sand (usually
10 mm thick) can be used to prevent a steep thermal gradient. Infrared heaters
may be used. About six to eight hours of heating is required to expel a large
part of the free water in the concrete.,

3. Cooling of concrete surfaces to safe levels (about 35°C) to avoid
flammability.

4. Removal of air by subjecting the dry concrete to \%
vacuum applied and the duration h
f’f monomer that can be impreg
Impregnation,

5. Application of monomer b
long time to achieve the
on the viscosity of mq

acuum. The degree of
ave significant influence on the quantity
nated and therefore, on the depth of

y soaking the concrete surface in it for a sufficiently
desired depth of penetration. The soaking time depends

the characteristics of nomer, preparation of the surface prior to soaking and
stics of the concrete, To reduce the time required to achieve

desired depth of
= monomer penetration, e : ogen g3
or air is generally employed. ation, external pressure using nitrogen &
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: surfz ith .
covering the surface with 4 plastic
/ ponomer- .

Jlymerization by heating (he ¢

Sheet to prevent evaporation of

Aalyzed o i

) xor £ nomer he required

1. tcmpcl.ﬂtmc levels (usually between 00 and 150 oC fn tf) l.t (" u gn e
type of monomer) also called thermal cat it Tharlre

e , alytic technique, The heating can
oe done, by infrared heaters o m an a4 . -
o to SiX hours are required for this

Foven. Depending on the polymer,
JUES stage. The heating mposes the
catalyst and initiates the Polymerizatic i
thermal catalytic reaction, Whep mo

N reaction. This reaction is called a
ot . nomer has penetrated into concrete,
»lymerization can also be initiateq using ionizing radiation such as gamma
cays- The polymers, when fy])
occupying the volume in whic

Y polymerized or cross-linked, are solids
: h they have been impregnated. As such, at
the impregnation stage, the polymer hq i
generally called monomer, The state

i E of polymerization of monomers, or
of prepolymer resins, is brought about also by adding initiators
linking agents.

polymers can be broadly categorized as thermoplastics and thermosetting resins.
Thermoplastics softel_l _at an elevated temperature (usually between 100 and 150°C
and called glass transition temperature), and as such the advantage of using thermo-
plastic impregnate‘d concrete is lost at such temperatures. Thermoplastic monomers
have a low viscosity and are able to penetrate ha

rdened concrete well and fill a large
part of the pores. Their polymerization is acco

mplished by addition reactions not
leading to low molecular weight by-products. Thermosetting resins, on the other

hand, are more viscous and difficult to impregnate into concrete. However, they can

withstand higher temperatures without softening. But the condensation reactions
which occur may lead to the formation of low molecular weight by-products which
would occupy some of the space.

It is necessary that a monomer or its polymer is chemically compatible with the
compounds of cement and the constituents of hydrated cement paste to prevent their
adverse effects. ‘

Monomer/resin systems used for polymer impregnated concrete are styrene, poly-
ester, methylmethacrylate, butylacrylate, acrilonitrile, epoxies and their copolymer
combinations. The types and strength properties of some of the commonly used sys-
'ms are given in Table 14.10.

¢ applications of polymer impregnated concrete are as follows:

L. Surface impregnation of bridge decks The aim of impregnating the
bridge decks is to render them impervious to the intrusion of moisture, deicing
chemicals and chloride ions. e

2 Pplications in irrigation structures The effect of cavntz}tlon and ergsion
in dams ang other hydraulic structures can be catastrophic. Conventional
fepairs of the damage are expensive and huge losses may be caused due to loss
Of benefits from irrigation, power generation, flood con?rol, etc. In such cases,

® Polymer impregnated treatment may be cost effective. Thz concrete may
© I'moved from the place of severe damage and the damaged area patched,
f1d and treated by impregnation.
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(ETITETRTY  Types of polymers and strength properties of polymer impregnape,, COncre
' e

T T e
Technique Polymer | Compre- Strength Polym
Polymer type sployed loading, ssive | improve. bag :r.
per cent | strength, | men¢ metl n
(by mass) MPa ratio od
Specimens \_\
Styrene * Speciments
g vacuum \ and pres- Thermal
sure impregnated 41006 60-90 2.6-3.0 Catalytj,
* Predried specimens
: i The
just soaked in Ma
monomer 1to2 25-30 1.5-2.0 Catalytic
60% styrenc + |+ Vacuum treated and
40% trimethol- pressure Thermg
propane impregnated 6to 7 50-60 15-2.0 | catalyti,
trimethacrylate
(TMPTMA)
Methyl-meth- | « Vacuum treated and
acrylate pressure impregnated Thermg]
(MMA) 5t07 100-125 | 3.5-4.0 catalytic
MMA * Vacuum treated
and pressure
impregnated 5t07 120-140 | 4.0-4.5 Radiation
MMA +10% | * Vacuum treated and
TMPTMA pressure impregnated
* Predried specimens | 5.5 to 7.5 150 5 Radiation
just soaked with
monomer from one Thermal
face only 2 70 2.3 catalytic
* High pressure steam
cured concrete, dried,
vacuum treated and
impregnated under
pressure 6to8 170-190 | 5.7-6.3 | Radiation
Acrylonitrile * Vacuum treated and
pressure
. Thermal
impregnated 3.5t05.5 80 2.7 catalytic
10% polyester |+ Vacyum treated and
+ ?0% styr ene pressure Thermal
Vinyl chloride Impregnated 5t06.5 130 43 catalytic
* Vacuum treated and
pressure
. Thermal
im .
. Pregnated 3tos 70 23 catalytic
Poxy * Vacuum treated apg
pressure
: Thermal
Impregnated :
\pg\e = | 105 3.5 | catalyti®
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CFYRYH  Stress—strain relationship for polymer concretes

4, Marine and underwater applications Greatly.improvedsmcmlpropenies
and negligible water absorption andpermeabilltymakePOlymer‘lmpfegnated
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structurcs. Even. a pal.na] impre natiCh 4

e corrosion of reinforcing barg tf)n of

. in

. regnation has a very gogq time,
tures Polymer 1111})|cg2:(:rati0n and presewatif(’)(:llennal for

5. Repair of st; ‘iic 1aged structures. R > .

epair D g ication.
¢ repair 0 magee | lica
ﬂ:onm:]cnts i an interesting apl
n

ncrete
i olymer Co
14.12.2 Resin or Poly wherein the polymer replaces the cemep,

N I Watcr
) d in a manner similar
t concrete. It 18 manufactufedded to the graded agare that
matrix in the ccn;\;n S pre-polymers e i k
ot
cement concrete.

. hly mixed by hand or machine. The t.horouglt]ly l;mx}?d polymer
the mixture is thoroughty molds of wood, steel or aluminum, e C., to t € requireg
concrete material is c.ast min agents can be added for casy demolding. This i they
shape or form. Mold 1el€2;rs1 tegmperature or at an elevated temperature. The Polyme,
powmliri?dtl‘::;l;;:;graotz to give a strong composite. Polymerization can be chieveg
phase binds th

by any of the following methods:

i osite
Polymer concrete 15 a comp

1. Thermal-catalytic reactipn
2. Catalyst-promoter reaction
3.Radiation

In the first method, only the catalyst is ad(?ed to the monomer (}tlhemoﬁlm'k)
and polymerization is initiated by decox?lposmg the catalyst by the application
of elevated temperatures up to 90 °C. Typical catalysts used fjor different monomer
systems include, benzoyl peroxide, methyl-ethyl-ketone peroxide, benzenesulphomc
acid, etc. In the second method, a constituent called promoter or accelerat(?r is also
added, which decomposes the catalyst or accelerates the reaction, at the amblent_ te;m-
perature itself. Typical promoters include cobalt naphthanate, dimethyl-p-toluidine,
ferric chloride, etc. Some promoters ensure polymerization at the ambient tc.:mp.er-
ature within an hour. Gamma radiation is applied in the radiation polymerization
method. Depending on the method of polymerization and the other conditions, po-

) Cty precautions are to be observed. A thoroughIYd?e
a%gregate System is to be used as the monomers may not polymerize in the Pfese;er
of moisture, M({WOVGI‘, the catalyst and Promoter should never be added to cach
%S 1 Will result in an explosion. Some of these materials are toxic and are carcin”
&CnTl;, and have to pe handleq with €xtreme care e
includi l:gglr]nf;r Systems which haye been Successfully used for polymer gy
ryl acetone Oyt};]:r:t:;cglate’ Polyester-styrene, CPOXy-styrene, styrenc m:idpheﬂ"l

: ra i
formaldehyde, €tc. The desi?;e, Semple, Polyurethane, urea formaldehyde a1

 consideratjopg for re:
0 ncrete a
1. Smaller the bip, polymer co

Nten mer) ¢ 0
der (pol e
content greatey is the ecyonler) Ontent to fill the voids of the aggreg
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) e gregation. ment concrete without bleeding
‘l’ilm forming ability of the polym
3 ansmit load forees.
o e :
Feonomic curing (cross-1 inking) limes anq temperaty
e TN - ) atures,
purability N COVIFONMENts to iy, the polymer concrete composite i
o ; site is
c.\'l’de' b . P
er concretes can be reinforced iy,
ylyme o Steel nylon ’
‘ {“ q manner similar to cement concrete S SRRy efe or glass
Ll's . . - :
X reneral, ‘)qulllc} 001"01 cte C_Xhlblts a fairly linear Slress-strain curve nearly up
lure; the failure I8 Characterized as by, Concretes made of thermoset poly-
. how a decrease in strength by 30 o
merd

40 per cent at higher t
0 c limi ¢ uch
0°C. The elastic limit may also be substang; gher temperatures, s
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er, anq I)()mling

with the aggregate surface
4

5.

Table 14.11 Compre;sive and tensile strengths of polymer concrete

/'Fy;;of polyﬁér system . S Compr ssive | T Modulus of
ey Pa | elasticity,
e e | (x10%) MPa
Isophthalate or Orthophthalate polyester 9-30
Vinylester 114 =
Epoxy 45-130 7-31
Methyl-metha-acrylate + trimethol-
propane trimetha-acrylate 60-80 8-9 36
Furane 70-80 5-8 20-32
Methyl-metha-acrylate (MMA) 60-120 8-9 15-18
Acrylic 130 30 N
M 40-60 25-50 10-12

Thermosetting polymers, such as polyester and epoxy exhibit significant shr%nk-
e during the polymerization of the resin. This shrinkage can be reduced by shrink-
8¢ reducing agents, however, at some cost to the strength. Well-cured or fully
0ss-linkeq polymer concrete has excellent resistance to acids, salts, common sol-
1t and petroleum products. Fatigue strength of polymer concrete, with or without

uers, is excellent, Polymer concrete having up to five per cent steel fibers has better

“We and impact.resistant properties.

hile the ggnelfa;‘ :ﬁ:;g:e golfester-styrene systems require an elevated temperatu.lie
“aboyt 60 to 70°C for complete polymerization; resins or monomer systems are avail-
Bl Which ¢ap cross-link at low temperatures such as 0°C w1'thm ;)_Ill(e or htx; iloft(;r;n N
dop OMdensation polymers which are relatively inexpensive, t1 ep
ave been used successfully to develop polymer concrete.
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: -epair material and for over]a..
ood potential as repair i rlayg .

sand-filled overlays (12 to 30 mm thick) reduce w?:lctepf;:?esn;gq and chlorig,
penetration. Polymer concrete can be used for r(z:lr}Z: M Ca/n i focrzgted dirfiel
pavements and industrial structures. Polymer con Ieating the

. H103 i the dam. .
sluiceways and stilling basin of . ino 4 vatiety of ,
, oto nines have been used for transporting y Chem‘ca]S, fo
Polymer concrete p1pes hé d
: : tewater, ctc. .
carrying cffluents and wastewatcr, Its. It provides necessary COMTosjg

»d in rock bo
Polymer concrete can be used in . .
protcc{ion to ground anchors. Polymer concretes‘pos.sess g;)octl <?lelctr1cal Propertieg
and can be used for high voltage insulator application. Electrical structureg such

as poles for electrical transmission lines have been manufactured from pofyp..

Polymer concretes have g

concrete.

14.12.3 Polymer Modified Concrete

Polymer modified concrete (PMC), more specifically 'calledp(?lyn?er cement Concr?te,
is a composite obtained by incorporating a polymeric material Into concrete during
the mixing stage. However, the polymer so added sh9uld not 1nt§rfere ‘V\"lth the
hydration process. Since many polymers are insoluble in water, the¥r a.ddltlon can
only be in the form of emulsion or dispersion or latex. The composite is then cast
into the required shape in the conventional manner and cured in a manner similar to
the curing of cement concrete. The hydrated cement and the polymer film formed
due to the curing of the polymeric material constitute an interpenetrating matrix that
binds the aggregate.

The polymeric materials in the form of lattices and prepolymers may be added to
modify cement concretes. Depending upon the type of modifier, polymer modified
cement concretes can be subdivided as:

1. Latex-modified cement concrete (LMCCO)
2. Prepolymer-modified cement concrete (PMCCQ)

In general, the quantities of polymers required for polymer-modified cement con-
cretes are relatively small, being in the range of one to four per cent by mass of the
composite. In contrast polymer-impregnated concretes require five to eight per cent
and polymer concretes 8 to 15 per cent of polymer. Polymer modified cement con-
cretes, are therefore, the least expensive. The processing of PMCC is also simplest.
Convenponal plant and equipment could be adopted. However, the improvements in
mechanical properties have not been as high as observed in PI(’Z or PCp

1. Late'z.x-.modiﬁed cement concrete Lattices are white milk like suspension
}i(;?;lztfllg Of; Y?Fy sma(lll-smed polymer particles suspended in water with the
mulsthers and stabilizing agents I i ent of

polymer solid by mase £ agents. It contains about 50 per ¢

m?d(;;};iig’?:rzggltccand glassy polymers have been employed in lattices fof
their rubber-like elo:l) nctr.ete_ “he elaSt(.’meriC polymers are characterized by
at ambient tem Sation and by their relatively low modulus of elasticity

Peratures. Some of the commonly used elastomeric lattices 3¢
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latex, ¢ h :
al;ltl)rc’irllz;]cbrfl:\d ncOD:(:!)l’::C,nc butadiene rubber atex, acrilonitrile-butadiene
Glassy po]ymcrﬁ are characterize( 1,
% <trcﬂ8-‘h'and rc.latl\"CIyl)rittlctypc Offailurc.Common examples are polyvinyl
:1ccmW~ polyvinylidene chloride, styrene-butadiene c;) o{) mer l:te)}: ar{d
qerylic ])O.I)’m_crs' T_hc use Ofpolyviny] acetate latex dye topits);ensitivity ’to the
moisturc 1 discontinued. Polyvinylidene copolymer latex. dﬁe tb its residual

——

¥ high modulus of elasticity, higher

curing of composites for one to
remperature. At 28 days, the lat
cent their final strength.

3. Prepolymer-modified cement concrete S
used are polyester-styrene-based system, ep
Wwith exception of epoxies, prepolymers (u
workability of cement concrete.

seven days, followed by dry curing at room
¢x modified composites reach about 80 per

me of the prepolymer systems
OXy systems and furane systems.
nlike lattices) do not improve the

The strength improvement of PMC over conventional concrete is of the

order of 50-100 per cent. Its adhesion to plain concrete is good. The ductility
is significantly improved and early micro-cracking is avoided. Consequently,
the tensile strength and modulus of rupture are more than twice those of control
concrete. There is considerable improvement in durability over conventional
concrete due to lower water-cement ratio and filling of pores with polymer.
Further research is required since the high cost of polymer addition has not
been commensurately reflected in improved strength.
E The excellent bond of latex concrete to existing concrete, superior shear
bond strength, good freeze—thaw resistance, resistance to the penetration of
chloride ions, improved ductility, and superior tensile and flexural strengths
makes latex modified concrete an eminent material for overlays and resurfacing
applications for bridge decks, industrial flooring, food processing factories,
fertilizer stores, damp resistant floors, for railway platforms, and nuclear
processing areas.

Surface deterioration is a major problem in marine and irrigation structures.
Excellent resistance to salt water makes LMCC very effective repair material.
LMCC are used for fixing ceramic tiles, lining effluent ducts, reservoirs, and
sewerage and industrial waste handling structures.

Latex and fiber-reinforced composites have a great potential in cement

com-posites due to their synergistic behavior and improvement in matrix fiber
bond.

U124 Prepolymer Cement Concrete (PCC)

PCC IS used for flooring in food processing and chemical industries, in wear-resistaqt
iSQOr_s, and in decks over steel bridges. Due to the early development of strengths, it
SUited for repair of sea defence structures.

G
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Uhe development of polymer-concrete composites hflS opened up the POSsibiligy .
extending the very range of applicability of concrete-like comp_ositcs. [t hag bccg[ of
possible to tailor a polymer-concrete composite l(‘) meet lhf: requirements of any gi\?;c
application, Polymer-concrete composites arc far superior to cement Concreteg in
their resistance to chemicals, such as acids, and salt snlulmns:. Polymcr-imprcgnatc?I
ferrocement, a thin, lightweight and highly (Iu_mblf: composite has a great POtentiy)
for applications in coastal, off-shore ¢ nd chemical mdL!stnz'll struct.urcg

Polymer-concrete composites are very cost effective in apphcatlons‘ requirin
high dégrccs of durability and chemical rcsistancc. and' where so faf, costh'cr Mater.
als and composites have been employed. | n.such SItuatlons.dcvclopmg nations coy|q
ill-afford cither the use of incfficient material of constr'u.ctlon or the employmen; of

costlier conventional alternatives. The improved durability of polymer—impregnated

concrete is shown in Fig. 14.25.
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‘Fig. 14,25 -
- 25 Durability of polymer-im pregnated concrete
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|| JET (ULTRA-RAPID HARDENING

ment which hag enteye ‘
el eeh A red the markg
i e supenion 1o those of o
| qoterts | ordinary p
.;“ ) .- SV Ny e ! )
( i (ime, it de V.( op \|”/)” /””/’ initial sStre
i o placing and curing (e :
“ilt,,;m}'.“ | o i !' mperatureg. The development of st h und
| ‘I"““rc"‘l S exeellent, Jet ce A . Nt ol strength under
o 0l “""hlc @ S i ea] Cement is also called one hour cemer%t as it is
aly PO e leiun WY strength within an hour. It contains about 20
(i "reactive calciu () ! ’ 45 dupE
' cent b 1€ e o “3 Muoroaluminate which is the source of high earl
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lu‘m . Ihe setting, ”,m of mortars and concretes made with et ¢ % by
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oy C()I“l()”L(‘ by adding the required amount of yefr S
icch \evelopment cxtending ove Lol retarder. Jet cement shows stable
h develo] & over along time and has high ultimate strength. 1
strength. In
no loss of s ' j
0ss of strength with age. It has low drying

) CEMENT CONCRETE

tin the carl

0108 haa i
el ¥y 1970s, has many

b ;‘"d cement. Duce to very short
A making it suitable for use in a

grenl .
) ‘”“"I““ {0 :\lumm()us CCI]\CII[, ﬂlCl‘C is
COIEE

prinkage and low permeability,
Jrinhal

The jet “Cmc"“ |s 'm““."'r“cwr‘:d by mixing mainly specially selected anhydrite
(ll-(‘:lS(h) and cement clinker powder integround with sodium sulfate and calcium
arbonate (about one per cent), and boric acid (about 0.2 per cent). The jet cement
(linker 18 llSllil”}.’ made from a ground homogenized mixture of limestone, clay,
uxite and fluorite by burning at a fairly low temperature of 1250-1350°C in order
o prevent the formation of a tricalcium aluminate phase. Clinker and anhydrite are
ground to fineness 400450 m?/kg and 600-800 m*/kg, respectively. The specific
gravity of jet cement is about 3.03-3.05 and specific surface area is about 500-550
n'/kg. Thus the specific gravity of this cement is lower than that of ordinary Portland
cement and the specific surface area is considerably higher. The setting time of jet
cement is extremely short, the final setting time being from 10 to 15 minutes. The
initial setting time can be prolonged in proportion to the amount of retarder added.
The anhydrite is usually manufactured by burning by-product gypsum and desulfur-
ization waste from power plants.

The one day compressive and flexural strengths of jet cement mortar with
cement:sand ratio of 1:2 and water—cement ratio of 0.65 are approximately equal
loseven-day and three-day strengths of ordinary Portland cement mortar having the
$ime mix proportions. . _

With the use of jet cement, improved workability of freshly mixed concrete? is
btained due to enhanced cohesiveness and resistance 1o segregation. However, 118
Mecessary to increase the water content by 1.25 to 1.75 per ce?nt in 01;der to increase
the concrete slump by approximately 10 mm. The Vee-Bee ime of jet cement con-
Cfcte is higher than that of ordinary Portland cement concrete of same water ;gntt‘etr}llt.

re is an optimum fine aggregate percentage for each type of cement, at w hxc t:

®-Bee time reaches a minimum value. The jet cement generally reduces the op
M valye by four to five per cent because of higher fineness .Of the cement.t e
he setting time of concrete can be regulated by controlling the amoun :
' t of retarder based on the

r added, It is necessary to adopt an optimum amoun 2 dline time for
hmpcrature and working conditions in order to retain sufﬁc%ent han 1r(1;‘1;c g s
rn,e fr?sh concrete. At the job site having high.temperature, s;t; mll));;zc%mg Rk
Alerialg ig preferable to the use of ready-mixed concrete. 1he
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concrete made with jet cement is insignificant in m‘GCS l::lvmf(;]l;llzltp Valyeg oy,
than 150 mm (used for normal concrete work). Consc.(]tl::c Ys € Surfagq mucgr
be finished as soon as possiblc after placing the conc; Cq[[:cngth e st
The; Soicree, mads it Jck SEREC sthS -go'oi(rc;'efing. The rat[c)mcfnt A 1y,
temperature, and hence is suitable for wml.el (»t(l)m of ordinary Portla(:u] $ fengy,
development of jet cement is quite diffcrcn-l r!()mon; o, since the concrete ce ent
The moist curing of concrete at carly 8.805 1S llmp . qtrc,:ngth development CTUrc in
dry state immediately after stripping yiclds 2 O\Zr ce;nt higher than that of h? .
day strength of jet cement concrete is about 20 p & oo I AT Ordip,
Portland cement conrete at the Sam;l\:gt;f,;?eitive str’engt h varies frorrgplc/r;i(t)u:
20°C. atio of tensile streng : . ) )
?51 4(.) an ;l;:;c\leuc is almost the same as that of fcgl‘laiﬁzngiler:tse]rzii?lrdl_nary Port.
land cement. Bond strength between r.emforcmg1 rilgscce it Conbosis Tgh Jeet ;em'em
is considerably higher than thitl't ofj(;ri(rllltx;a(r)}fi Ji(irtc 2mcm T ete s 1-.5 -, lagh:;:] e
reng cte construction ) X -
;til;?e:rt lt]hzli tCl?;:Cc:f regular concrete When the concretle Stlfrfj;lcz tISe ; fliatzd carefully,
“The jet cement concrete yields high moduluf ?f e gs zczdycom re%;Siges. The rel,.
tionship between the dynamic modulus of elasticily, £q a0 pressive strength of
concrete [ (MPa) is given by the following equations.

0.376
Jet cement concrete : E;=8920 (j)"ck 120 l;\/I/II;a
Ordinary Portland cement E;= 119801 a

When the concrete strengths are same the modulus of elasticity of concrete using
jet cement s slightly lower than that of regular concrete because of the lower specific
gravity of cement.

The jet cement concrete gives lower values of drying shrinkage than that of
concrete made with ordinary Portland cement. However, the creep values are higher
at early ages and lesser after two months. The watertightness at early ages is con-
siderably higher than that of ordinary Portland cement concrete. This can further be
improved by extending curing period and by increasing the cement content. The rise
in the temperature of concrete, caused by hydration of cement, is considerable.

14.13.1 Application of Jet Cement Concrete

Jet cement has been found to be most suitable for urgent repair work, and wintef

concreting. The cost of this cement is about five times that of ordinary Portland
cement.

L Bfmldi"g CO'PStf' uction The jet cement concrete can be used for the purpos®
of urgent building construction at low temperature. The surface should b

finished immediatel :
y after placin d under
canvas sheets, placing, and concrete slab may be cure

The an
sab forms aftar rer oy &1d wall forms may be removed after one 2

tends to be higlrlc::vo d_a)]’(ShSince the handling time is short and the slump losS
» quick handling is required i : k.
2. Concrete pavements The jet ce n% quired in construction wo o used

e i ob
Wwithin hours aftey Placing with [t ent concrete may enable the road t

tle or no curing.

y
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¥ cpansion joints lin l.'ailway or hig'\w;w I)S()nchlc piers
ccmcm L:(m(-:lftc ( ljl.lng the Periog when nl(:dtg,c > g
oridgc: The je c'o.nlu ‘clc has beey used satjgf -{dl.n Ortraffic passes over the
,vings on an carth sub-bage, repair of lm'l(“hﬁ. Orily in renewing the concrete
in Japan. . ‘ e bases andd concrete sleepers
winter conereting The jet eop,, h

conereting. At very low temperatyrog Colice jor applications in winter
obtain the required strength,

ay be cured with heaters to
ete products To iner
cont Cl fpf m or .-0 erease productiop, efficiency by allowi
removal of form or stripping apq carly transportat; y by allowing early
<ed for the manufacure o F Coictete bloc ation, the jet cement can be

) ks, pre
curtain walls, reinforced concrege Pipes etc’ precast concrete panels, concrete
) .

» and damage in
'y be repaired with jet

in stiffening the construction, consolidation of ear“;h etcgroutmg may be used

1his type of concrete is obtained when 3
production of concrete. In case of gap gradin
e omitted from the conventional continy
iose which prevent the efficient packing
single-sized aggregate only is used.

The gap-grading is normally aimed at achieving strength from the efficient pack-
ingof the aggregate. A well-packed aggregate will require minimum cement paste to
fil the minor voids. For discussion consider the coarse aggregate to be mathemati-
cally modeled as spheres of diameter D called major spheres. A multitude of these
spheres will have a rhombohedral form of packing. The voids between the major
spheres can be fitted with spheres of diameter 0.414 D, known as major occupational
spheres. The fine aggregate would then mathematically consist of minor occupa-
tional spheres of diameter 0.225 D which would fit into the remaining voids. The
remaining minor voids can now be fitted by admittance spheres of diameter 0.155
D,and these could also be provided by the fine aggregate. Cement paste would then
occupy the remaining voids and a mathematically perfect compact mix would result.
Sucha mix, however, cannot be cast in practice and consequently only the major, and
“mittance spheres are considered to be of practical value in a mix design.

Mixes, therefore, are often designed with single-sized aggregate and a sand, all
" particles of which can pass through the voids in the compa‘cted coarse aggregate.

OWever, the particles of sand must not be smaller than netessary to restrict th;e1
Wrface areq to be coated with cement paste. [rrespective (?f the ca%culatlon sugge;te
OVe, the sand content should be sufficient to distribute itself uniformly throughout

*MiX under practi nditions. . =

he workablzli;tlccatg gg increased be reducing the surface are: (;ft :1‘1: ;ﬁi{;:invt:iig
Qumt Volume, This can be achieved by using largest siz€ aggreg

T Constraings

8ap graded aggregate is used in the
g certain undesirable sizes of aggregates
ous gradings. The undesirable sizes are
of the other sizes. Sometimes available
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Gap grading enables leaner nn('i dr'icr mlxcﬁlnt-i']:;a Ceon;;f)n“onal Congy, 8
cqui\'alc;t strength to be used rQSI“Itmg " Icss.cr éforccs {;’n' . fvever, A lea IniOf
makes the vibration almost cssm-uml. Comp‘rcsswi o ;qte qidpn%)rtag]ed Cone o arz
transmitted from particle to particle of the 'LOH(TJSCf:lviu;‘] c(;ncrct . lrou h CMeny,
sand matrix. Consequently the creep assoc.late w; 1 s o dc 1S low. [y oty
use of single-sized aggregate the segregation fendency 1s ¢ f'tc &, '

A number of investigators have recommended thf: use of two 51ngle-§12ed Coars,
aggregates with sand and cement in a gap-graded ml?(. Because OfefﬁCIem paCking
of aporegates in gap-graded concrete, ve.rficc.ll slmttermg_ can often be remoyeq Shorg
ly after Easting. However, the gap grading is very sensitive to undesirable Particle,
and the mix obtained will be of reduced efficiency.

BTEGH|| NO-FINES CONCRETE

As the name suggests, this concrete does not contain fine aggreggte. The Coarse
aggregate particles have been found to possess a cement pa§te coating of yp ¢, 13
mm a;ound them. Hence no-fines concrete contains a multitude of voids which is
responsible for its low strength. However, large voids give good thermal insulation,
and these voids being large enough prevent the movement of water through the
concrete by capillary action.

The compressive strength of no-fines concrete is considerably lower than that of ¢cop.
ventional concrete and depends on the cement content and grading of aggregate, The
strength generally varies from 1.5 MPa to 15 MPa. In lean mixes, cement content may
be as little as 70 to 130 kg per cubic meter of concrete, this is due to the absence of large
surface area of fine aggregate particles which would have otherwise to be coated with
cement paste. Thus the cost of no-fines concrete is lower than that of conventional con-
crete. It does not segregate, hence can be dropped from a considerable height. However,
it should be vibrated for a very short period otherwise cement paste would run off.

The water-cement ratio does not seem to be the controlling factor in this case, It
varies from 0.38 to 0.52. The density of no-fines concrete depends on grading of ag-
gregate, and with normal aggregate it varies from 1600 to 2000 kg/m>. Shrinkage is
generally lower than in the ordinary concrete.

Normally no-fines concrete 1is not suitable for reinforced concrete work. How-

down to the bottom of the wall. there being

no capillary paths to conduct the water completely through it. It is, however, often
desirable to paint €xposed no-fines

concrete walls, High absorption of water makes

no-fines concrete unsuitable for use in foundation and ip situations where it may be
in contact with water.

(14,16 [[TIET DENSITY CONCRETE

Concrete having unit weight of 30 kN/m3 to 64 kN/m? is called high density
heavy weight concrete. Thus the unit weight of high density concrete is more tha”
about 25 per cent higher thap that of conventional concrete which is in the range?
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. J High density concrete ¢

an be produyc i
1ced by using i
' sing dif S
o " ,L,,'(zszﬂf"“- g different types of heavy
} 2 o . .
Al B ity conerele 18 use " Cons ;
it Jensity ¢ ° d for construction of nuclear radiation shicld walls
HE ks counterweights, sea walls and ot} £yt ‘ Py
{ocks: and-other applications where high density is

A D . . .
I"‘”mimu. Asa Sh'dfh"g mzll.cnal, high'dCﬂSily concrete protects the users against the
iu"’m,icnl hazm'd§ of l’Cl\Cf"i\llllg radiaion from nuclear reactors ‘pmdulcti(k)n %acilit of
l’iol.oictivc materials, pf"n'll(?lc accelerator, industrial radi()grap};;l and X;ray and me-
""d“: herapy. The shiclding against biological hazards of radi:;tion mainly involves
"‘.ﬂ;h gainst X- and gamma rays, and neutrons. For the shielding to be effective
[ﬂ(

C}ion a .

rqdimions must be a.ttclnua(:z(.i}.sufﬁmently 50 tbat they do not damage the body cells of
1{10 Jser c,\'pOSCd to “-. 2]3 {11011 t.o th.e biological hazards, nuclear reaction also gener-
es very high tcmpe;a lle (lesu.ltmg In cracks on outer face of concrete) necessitating
;hicldiﬂg to protect the ¢ cctrom.c a_nd otllftr sensitive equipment in the vicinity.

"~ gelection of c91101'et§ for radu?tl(.)n shielding is based on space requirements, and
1 the type al'ld intensity of radiation. Where there are no space restrictions, nor-
al-density hlgh-pert.“orrpar}ce concrete will generally provide the most economical
dield; where space 18 limited, high-density concrete will allow for reductions in
;hield thickness without sacrificing shielding effectiveness.

14.16.1 High-Density Aggregates

As discussed earlier in Section 3.2.4, high-density aggregates such as baryte, ferro-
phosphorus, goethite, hematite, limonite, magnetite, and de-greased scrap steel and
steel shot having specific gravities ranging from 3.4 to 7.8 are used to produce high-
density concrete with a unit weight of about 30 to 60 kN/m®,

14,16.2 Properties of High-Density Concrete

As in the case of normal-weight concrete, the properties of high-density concrete in
both the freshly mixed and hardened states can be tailored to meet the application
requirements by proper selection of materials and mixture proportions. Except for
density, the physical properties of high-density concrete are similar to those of
normal weight concrete. As usual, strength is a function of the water-cementing
materials ratio; thus, for any particular set of materials, strengths comparable to those
of normal weight concretes can be achieved.

As in the case of conventional concrete, high modulus of elasticity, low thermal
€xpansion and Jow elastic and creep deformations are the desirable properties high
Weight concrete, High-density concrete may contain higher cement content; in that
¢@se it may exhibit increased creep and shrinkage. When only smooth cubical pieces
o steel or iron are used as coarse aggregate, the compressive strength may not ex-
teed about 21 M Pa, regardless of the grout mixture or water-to-cement ratio. If the
Pleces of sheared reinforcing bars are used as aggregate, with good grout, normal
Slrength may be produced. The grout used in high-density preplaced aggregate
“Ocrete should be somewhat richer than that used in normal-density preplaced con-

e Typical densities of concretes made with some commonly used high-density

8tegates are given in Table 14.12.
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Densities of typIc

N

 high-density 6qre gates and concrete (Adonte ™
( m

PCA ) et S T e
,__,_.__:——-*'J"'.‘_“MH gpl‘.ciﬁc gl-“v“y B““( de“;“y’ C"m
e Type of aggregate : (kg/m) sity,
: L Ry
o BEYRY 2080-2240 2880-350,
Gocethite 3.4-4.0 2080-2400 288()~3360
Limonite* 4.0-4.6 2320-2560 3360-36g,
Barite | 4.9-5.3 2880-3200 3850-417,
Hcmam.C 4052 2400-3040 3360~417
Magnetite 58-6.8 3200-4160 4080~5290
Ferro-phosphorus I 3860-4650 4650- 6090
Scrap steel :

. : Goethite (10~11), Limon

: i tes per cent (by mass): Goe » Limonite (3_g
*Water retained or chemically bound in aggrega ; oy B ),
F\e\r:ctrrﬂ:o:plg;me (0) and Steel scrap (0). The aggregates may be combined with limonite ¢, Prodice

fixed-water contents varying from about 0.5 to 5 per cent.

14.16.3 Proportioning, Mixing, and Placing .

The procedures for selecting mix proportions for high-density copcrete are the same
as those for normal-density concrete. The cement-aggregate ratio generally varjeg
from 1:5 to 1:9 with a water-to-cement ratio from 0.5 to 0.65. They produce dense
and crack-free concrete. The following are the most common methods of mixing and
placing high-density concrete:

Conventional concreting practice with respect to mixing,

transporting, placing
as adopted for normal concrete may also be adopted to hea

-weight concrete but
with very high-density

Preplqced aggregate methods of concreting ¢

an be used for placing high-density
as and aroun embedde

: d items; this will minimize segrega-
age and produces o pecially S§rap steel. The method als'o. re-
oo e concrete of uniform density and composition.
; arse agpregates are preplaced in the forms and grout made

nd D an [¢ i

Pumping of high-depg
. “4ensity coner . T S P
cations where space g “mi);ed ‘1bClll ftlfi gt:}llnough Pipelines may be advantageous in 10

-density concretes cannot be pumped as faf

Scanned with CamScanner



Speciq|
Concr,
r | | etes and Concret,‘n Techni
,|-density concretes because op - iques 547

¢
oo .
p 1}) g isa methc;d \YhCley as
hen covered with a [ayer
ﬂd t d ldyer Orcoﬂl'sc

¢a
o7 g the mortar. Care |
ttibmtc lmt Nust be take
) th
te

b ,t1}’er of Mortar is placed in the
b out the ¢ i gate that is rodded or internally
rougho oncrete, Sure uniform-distribution of ag-

Q[Cg‘

v

| NUCLEAR CONCRETE

. cellent Chal'aCtCl'i t'C |() ney d
ga
an mm

e : g e
lm tion and a relatively low initig]
n :

a-ray attenuation, the ease of

I . :
ation shielding may be called nucjeg;- ‘

gl

ol . radiation shielding, it is desi

ective 1@ 8, 1L1s desirable to understand the types of radiati dth
ion and the

oo hazards. The general type " .
reS.letlllg i Mﬁ};}\))es of radiation considered ip the design of biological
Jields 2 _ s and nuclear Dparticles. In the el i
< calegory, the hlgh-energy, hich-£ - In the electromagnetic-
Jave ) gh-lrequency waves known, as X- and gamma-
ays are the only ones Fhat require shielding for the users, These w imil
oht rays but have higher energy with : iy
o lig - gy gteater penetrating power. Although both
Y.y and gamma-rays are ighly penetrating, they can be adequately absorbed by
snappropriate thlckness of specially constructed nuclear concrete shield.
Nuclear pamcles,' on the other hand, include neutrons, protons, alpha and beta
articles of the nucle'l of atoms. Of all these, the neutrons are uncharged and continue
umaffected by electrical fields, until they collide with a nucleus. On the other hand,
rotons, and alpha and beta particles carry electrical charges which interact with the
electrical field surrounding the atom of the shielding material, and they lose their
energy considerably. Though the accelerated protons at high energy levels are most
penetrating, their energy is eventually degraded or is lost in the process that creates
additional particles, and thus they do not constitute a separate shielding problem.
The type and intensity of radiation usually determine the requirements for den-
sity and water content of shielding concrete. The effectiveness of a concrete shield
against gamma rays is approximately proportional to the density of the concrete, ie.,
the higher the density, the more effective the shield in absorbing neutrons by inelas-
tic collisions or scattering. On the other hand, an effective shield against 'neutron
radiation requires both high and low atomic weight elements. The YOSl
provides an effective light atomic weight material in concrete shields to slow down
fast neutrons. Some aggregates contain crystallized water, callqd ﬁ)fed water, as a
Part of their structure, For this reason, high-density aggregates withibighifixed- watet
contents often are used if both gamma rays and neutron radiation are 1to be att_enuz}alt.ec;
This can be accompliShed by the use of hydrous ores. These materials contain a hig

i his fixed water
Percentage o tion. On heating the concrete, some of t
' g el ite and goethite are reliable sources of hydro-

" the aggregat lost. Lemon: . :
gen a5 10§g fs ti:;?;;g temperature does not exceed 200°C. S_erpf:ntnnte ;gflr:f:ttee;
™2 be used, because of their ability to retain Water of crystallization a bich istiiot
Mperatyre ,of up to about 400°C. This assures a source of hy droﬁen(’n\:/ frit) is also
neCessamy available in all heavy weight aggregates. Boron glass (bor

“ded to neutrons.
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as colemanite, boron glass (boron fits)
i attenuation properties of C(’"Cr;;t’,an( o1

and carly strength of concrete; the ¢ Ho CV’.tal%
itions to determine the Suitab“itrcforc "Lr, e
rated lime can be used with COzi{r:)

.

.

14.17.1 Ad

At times m
are added to im
may adversely a

prove the neutro
ffect the setting
should be made under field cond

Admixtures such as prcssurc-hy(
minimize any retarding effect.

gl
f lhc ’, rnl'/.!:-‘

Ul
¢ Sanq .(”"17,
‘“'/’(:,’ ' '
Y

14.17.2 Radiation Shielding
onstructed to prevent radiation in th
discussed above the major contribution to the environmental rg d? ‘fscr arey,
neutrons. However, neutrons can be stopped by inelastic collisio lation i i s
absorption in .thick materia!s like high-density concrete Composeg or Scattef'ngt t
and typically iron ore substituting the sand and gravel. The non of Cement ., /dnd
ﬁ'ne haematite (fe2Q3) aggregate with an iron content of more t‘}’:agnetic coar,g,e =
W ater l(Wthh- is §tab1|1zed in to the mix as the cement is hydrated an 60 per cent :nd
151(1: :tltlecriear slneldmg. The iron nuclei lowers the neutron energy s ) are mogt effecti:
o . {
decrad:s:t ;Et: erlngles actlao;/c? 1 m eV, while the hydrogen nuclej ?:rctmm by inelastiz
deg y and ultimately absorbs neut i Om water) fi
lnversely with square — utron Wlth Wall thiCkI] r) ﬁ]nhef
; energy below €ss that i
of the high-density con several eV. The InCregg
crete can be i ) nuclear shield: €
pellets manufactured f; o roved by using artificially enrj hiclding effect
making indu rom haematite ore (iron content 30 Y enriched irop gy
tticx stry as aggregate. The high strength =35 per cent) for th .
eased porosity with connected pores of gt. and somewhat lower densi P
s of typical size from 1-10 micro;l:;ty (ﬁl]l]e to

rmal concrete

Radiation shielding walls are €

pec {
he l:rnlrll:? ooff high temperature resistalt
high rap concretes bound with PO™"
mewhat 5 Ca.lc“lm aluminate cem"
arbitrarily, the boundary petwee?

land ce
m
ents) to 200¢ © 300400 °c (t
Ore.’ uSing
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,-p.s'i-*"‘"" and refractory coneretes i taken as 1000 °C, although some defini-

peal” i refractory concretes from 1500 ¢

gions st

1 18.1 Fire Rating

s (1ismuss0d|i" Section 3-‘1 L, afire rating, or more correctly fire resistance rating as
ucl(‘d in bnih}l“!_l Cf“k‘s- rclcrsi to lh.c ability of concrete to withstand fire or to Pf”"?de
,‘m(cction from ln-?_ As flcl1|1C(l in the 2000 edition of the International HU{ldyng
l(odc (IBC-2000), fire resistance rating means the period of time (in hours) 2 building
of puilding componm?t retains the ability to confine a fire or continues to perform a
given structural function or both, as determined by prescribed tests.

14.18.2 Materials for Heat Resistant Concrete

ginding Material The behavior of Portland cement concretes subjected to high
{emperaturcs is complex. If the concrete is dry or the heat is applied slowly, relatively
Jittle permanent damage is done with concrete temperatures up to 200 to 250°C.
At concrete temperatures of about 500°C, hydrated lime Ca(OH), which forms a
significant portion of the hydrated Portland cement loses water to form quicklime
(Ca0):

Ca(OH), < CaO + H,0

This reaction is reversible. At concrete temperatures of about 540°C compressive
strength loss can be 55 to 80 per cent of the original strength. At the time of heating,
the degree of saturation of the concrete influences the severity of strength loss; and
repetitions of heating and cooling cycles further degrade the concrete. The moisture
present in the atmosphere leads to rehydration of quicklime which is an expansive
reaction resulting in disruption of concrete. Thus OPC is not suitable for the applica-
tion which involves cyclic heating to high temperatures and then cooling to ambient
temperatures.

Furthermore, near the service temperature of concrete, the silica and lime present
in the Portland cement undergo a chemical change to form a low melting point com-
pound. Thus ordinary Portland cement has limited use at high temperatures.

On the other hand, calcium aluminate cement (CAC) hydrates do not contain
hydrated lime and thus are not subjected to disruption caused by rehydration of
quicklime. The progressive dehydration of CAC hydrates with increasing tempera-
tures above 300 °C forms stable compounds. These compounds at still higher tem-

Peratures (>1000 °C) react with refractory aggregates to form new stable phases.

The higher the alumina contents in CAC, the more refractory the concrete. The
refractoriness can be further extended by adding free alumina to 70 per cent A1,0;
CAC to increase the alumina contents to 80 per cent. This is generally the upper limit
oFalumina contents in modern CACs.

_ Generally, grey CAC with 39 per cent alumina will have sufficient temperature re-
Sistance for most heat-resisting applications up to 1000 °C. In refractory concretes, the
Igher refractoriness of the aggregate will extend the temperature range of the CAC.

Scanned with CamScanner



T

IS\SO L(; oncrete Technology » e

‘ire resistance of cone :
Aggregatcs for Heat Resistant e “:C l)(c‘:v‘mubiIiiy)nn:lntr}:(i“r‘:im |
i!1ﬂﬁcncvd by aggregate type, moisture content, densi ’Y‘ I] ;;‘(’;rfll(’\' which ec ‘;.”C'ﬂ.
Dolomite nn.d !‘ilknvstmw aggregates called 1~(1;'1)(,)rz(1rl( 1:5\:” (";il(‘in('(]m;'imr_(‘,:hr‘;' of
calcium or magnesium carbonate or combinations of the two, calcine g €Xpog

SUre

s 4y te deive and calcium (or magneq:,..

to high temperatures, i.¢.. carbon dioxide 1s driven off anc iy gnesii,
= < . L) . " Al y :‘C ( ¢ q rvp” e :

oxide remains intact. Since calcining requires heat, (h'( re o (.m.ﬁp;’m}:l ;’ﬁhe

¢ \ < - - ) : we . g s ¢ ) '

heat generated by the fire. The reaction begins af the fire-exp w50y Dollornine slowly
¢ < ‘ - . . A Ayt ; ¢ . )

PT‘Q;‘L ses toward the opposite face. Thus, carbonate aggreg S0Mewhg

¢ CSSCS ¢ . '

" ol aoerepates in a fire.

better than other normal-weight (\gg,.(_g;"“ "c on hehavior of concrete in fire Con
i y -x influenc ( . Con.

Moisture content has a comple _ i the concrete e
crete that has not been allowed to dry may spall, particularly lr 68 oy e':t'mper-
meable. such as concretes made with silica fume or Iatcx,lo b s i Rtremely

L § < Q stieralls
low water-cement ratio. Concretes that are more permeable will gener ¥ perform

1 ¢ .

| iy icularly if they are partially dry.
satisfactorily, particularly if - -

In eeneral. dried lightweight concrete performs better .m ﬁrc? thanhno'rmal weight
concrete. The thicker or massive the concrete, the better will be its bfa avior when ex.
posed to fire. lightweight concretes and carbonate aggregates are sulFable for heat re.
sisting and refractory concretes. Thus, reduction in lime content and increase aluming

content in cement are the keys to high performance of concrete at high temperatures,

Thermal insulation The thermal insulating properties of the concretes are

rimarily associated with their density which is mainly controlled by the density |
'éf aggregate. The density of lightweight aggregates varies from extr§mely light,
c.g.. Perlite: bulk density 1.0 to 1.1 KN/m? to moderately light, e.g. sintered PFA
or expanded clay: bulk density 6 to 8 kN/m>. The insulating properties (thermal

conductivity) of concretes made with these aggregates will be in the range 0.15-0.5
W/m°K as shown in Fig. 14.26.
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Thermal conductivity at 540°C, W/m °K
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Fired density, kN/m3

Fig. 14,26 Relationship between fired

concretes at about 540°c

density and thermal conductivity of heat resisting

Scanned with CamScanner



s and Concreting Techniques |551

' e ,:_S'I?‘-":'/(!A/ Concrete;

e Mixes for Heat Resistant Concrete
CO"F‘r of quitably graded agprepates
(.onslh,‘wd (o achieve certain desire pI
form’ ‘cd carlier in Seetion 14.8.6, amon
C-“’Im,n,icc emperatures are slag,
of Hc:\ yermiculite, efe. |

Refractory concrete mixtures
and hydraulic cements in proportions
opetties for the particular end use. As
e the aggregates used in increasing order
limestone, cxpanded-shale, calcined fireclay,

PCIAImninllm pnwdu- .is quite often used in refractory concrete either to minimize
plosive sp:}”lﬂg‘ dl"’I'Ig C.ilSlz}l)lc de-watering or to inhibit the oxidation of coke/
,‘mphitc at high ‘.U.‘Tl’fh“‘“‘lcs n %‘arbon-containing materials. In the first case, the
Juminum POW_dCl '.5 LXPLLIC(.I to increase the permeability of castables by generat-
g 1o 225 during 1cac1|on. wx?h H,0 and forming open porosity within the micro-
quucture. In “‘C_Ii‘“m' 2\Pl)llb‘ill.lon, on the other hand, it is desirable that a minimum
:qmoum of alun.nnum 1'0_51013 with H,0 during castable processing, so that most of the
metal remains in the microstructure to prevent carbon oxidation.

[ngredicnts for typical example mix River gravel or crushed fire bricks, sand,
calcium aluminate cement, and water. A small amount of standard fireclay can be
added.

For normal heat resistant concretes, half the cement may be replaced with the
hydraulic lime and fireclay can also be added. The cement holds the mixture together
when it is drying but when the heat gets into the cement and bumns it out, the lime
holds it all together.

A typical mixture (by volume) for heat resistant concrete is 1: 1: 1.5 + 0.25 lime +

water

14.18.3 Placing and Compaction

The methods used are identical to those used for conventional concrete, thus no
specialist equipment or skills are required. However, as explained in Section
14.8.6, refractory shotcreting or gunning is commonly undertaken in special cir-
cumstances.

14.18.4  Curing, Drying, and Firing

The curing is of utmost importance, and the methods of curing are similar to those
for conventional concrete. However, due to rapid hardening and high heat evolution
of CAC concretes, it is important to start curing three—four hours after placing and
Continued until at least for 24 hours to achieve complete hydration and to control dry-
Ing shrinkage, The curing may be done by spraying the concrete with a fine spray of
Water an( covering with plastic sheeting to prevent rapid loss of water on edges and
the surface, After 24 hours, remove coverings and let the air dry the concrete without
Strong sun for 48 hours.

he free water left in green or unfired concrete after curing must be allowed to
eScaope at the start of heating to prevent spalling. Natural or forced drying at up to

{ .C is generally used to drive off as much free water as possible before exposure
’ © higher temperatures.
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14.18.5 Applications of Heat Resisting Concrete

In addition to structural applications, heat resistant' concrete is commonly ygq -
runway pavements. Concrete pavement exposed to high temperatures from 4 aircr;g
jet blast or from auxiliary power units can suffer damage. If the concrete is Wet whe
the heat is suddenly applied, the production of steam within the concrete can causz
spalling. Typical concrete pavement damage resulting from high temperatures (f
jet blast includes spalling, aggregate popouts, scaling, cracking, and logs of joint
sealant. The time that the concrete is exposed to the jet engine or auxiliary power
uniF exhaust is critical. Since there is considerable thermal lag in concrete, properly
designed pavements generally do not suffer heat damage from aircraft.

14.18.6  Applications of Refractory Concretes

gfgizzorgfhcogcrites are sub.Jccted to high temperatures, thermal and mecharicd
>, chemical and abrasive attacks. They are normally designed for speci
applications predominately in the metal industry, but 1 d ely inthe
chemical, cement and glass industries, R O d
mix of aggregate and bind ¢s. Refractory concretes rely on a complicat
(HAC). Aggregates youd er, the most common binder being High Alumina Cemt.:nt
come in two genera]u: ° Y.ary depending on the intended application. Refracto_ﬂff
and large-scale monoli}?}:es. prcfor.meq and monolithics. Preformed includes br_ICk’
as shotcrete or gun mixe S shown in F 18. 14.27. Monolithics are generally obtaine
situ. Typical heat resistaf]td hd castables used ag linings and coatings normally fred "
Refractory concrete sth;O(?UCtS are shown in Fig. 14.27. '
| S also have the potential for use as heat resistant \vm
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ZenCIE  Different refractory concretes products

1. Liable to warp during drying
2. Brittle and delicate prior to firing
3. Liable to further warping during firing and often require a support structure

14.18.7 Advantages of Heat Resistant Concretes

Shrinkage The refractory concretes do not warp during drying and firing, as they
will set with a chemical reaction, which is subsequently sintered to create ceramic
bonds.

Green Strength Because refractory concrete has a similar strength to conventional
concrete even before it has been fired, it can be maneuvered far more easily than

large fragile clay pieces.

Fired Strength and Toughness Once fired, refractory concretes are substantially
harder than conventional concrete and are generally tougher than ceramics due to the

Aggregate’s ability to arrest crack propagation.

Drying Time Once set, they require a short drying cycle to drive off any free
Water. In addition, the high alumina cement used as a binder in many refractory
‘Oncretes has a far shorter setting time than conventional Portland cement.
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Thermal Shock Refractory concretes are specifically engineered to cope with
rapid and substantial changes in temperature during normal industrial application,

therefore fast firing is needed.

14.18.8 Disadvantages
Reduced Workability The refractory concretes cannot be molded in the same

way as plastic clay and therefore require molds.

Limited Glaze Compatibility The chemical composition of refractory concretes
is different from clay bodies and therefore the interaction between glaze and refractory

concretes 1s different.
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