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Modern production of high qualiy concrete is closely connected with wide use of
different types of admixtures, which in small doses allow to obtain the required
physical, technical, exploitation and economical properties of concrete. |mprovement
of the mechanical properties of normal strength R.C. beams in flexure by using
plasticizing chemical admixtures is becoming on increasing by popular retrofit
technique among researchers and engineering world wide. Plasticizing admixtures,
which contain in their composition alkali industrial wastes, represent practical
interest especially for our local country conditions.

Therefore, the main purpose of the project described in this paper isto give better and
full understanding of the flexural behaviour and failure mechanism of normal strength
R.C. rectangular beams containing in their compositions alkali wastes and secondary
products of oil and cellulose paper industries and reinforced with different amounts of
steel under static loading. The main variables studied in this research were: three
different types of plasticizing admixtures, which contain in their compositions different
amounts of alkali wastes from secondary products of oil and cellulose paper
industries, and three different types of beams reinforced with different amounts of
tension steel bars(under reinforced -type A, balanced reinforced -type B,and over
reinforced - type C) .

The experimental results showed that, the suggested plasticizing admixtures containing
amounts of alkali industrial wastes in their compositions have a good effect on
increasing the ultimate capacity of under and balanced R.C. beams by about 27% &
77% respectively. Also, they decrease their maximum central deflection by about 20%
& 18% respectively compared to the control tested beams. These admixtures,
especially type (SM-S) decrease the cracking capacity of under reinforced beams by
about 20% and increased it for balanced reinforced beams by about 40% . They
increase factor of safety of tested beams against complete failure by about 90% for
under reinforced, 117% for balanced reinforced and 19% for over reinforced beams.
The suggested admixtures have a bad influence on the flexural behavior of over
reinforced tested beams compared to the control ones.

KEYWORDS: Flexural behavior, admixture, alkali wastes, strength, strain,
deflection, concrete, failure mechanism, crack patterns, balanced reinforced, under
reinforced section, over reinforced section, ultimate load, cracking load.
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1- INTRODUCTION

Over the past several years, there has been aroedcessearch efforts to explore the
mechanism effect of chemical plasticizing admixsymrespecially organic types, on the
mechanical properties of R.C. structurkxcreasing the concrete alkali content by
adding alkali addition to the mixture water has nhfal effects on most
mechanical properties (compressive, splitting, diréensile, and flexure
strengths) of concrete [1, 2Rhdmixtures, which contain in their compositions
organic materials with limited doses, representfical interest especially for our local
country conditions. This practical interest atti@more investigators because of their
availability and outstanding advantages such ag1 bompressive and tensile strength
of concrete, durable concrete in aggressive enwiesttal conditions, suitable
resistance to corrosion, very low cost and not icguspidemic for organism of man
[3, 4, 5].

The organic materials can be obtained from therssmy products and alkali wastes
of vegetable oil, chemical synthesis and cellulpaper industries. The action of
organic elements on cement paste and concrete nailduletermined by the structure
of their molecules and correlation between orgamd non-organic particles of their
molecules. It is known that, organic elements htnee ability of adsorption on the
surfaces of cement particles and solid phase. alsgytake part in formation space,
coagulate structure and orientation molecules [6, The initial development of
producing concrete with organic admixtures techaiqook place in the USSR
laboratories for materials testing and researclgiwhave concentrated on the effect of
organic materials on concrete properties since 1RBihy research works have been
focused on the application of organic admixtureshia technology of concrete and
reinforced concrete structures. Because of theditipe influence on the physical and
mechanical properties of R.C. elements not onlyheir early period of hardening, but
also for the period of their exploitation in thellding site [4, 5].

It is known that, the organic materials have na $olubility with water. So, it is
necessary to solve these elements with water bygudissolving products before
adding them in concrete mixes. In this researchstiebility of these elements with
water was achieved by using calcium oxide and glipsticizers such as “ BVF” and
“PVS”. Investigations about using complex orgardenatures, which contain in their
composition alkali wastes from oil industries, s (LSM, CLSM, SMP) for the
improvement of concrete and reinforced concret@gnties were carried out [6, 7, 8.
But, however their effects are not sufficient sastespecially for reinforced concrete
beams. The mechanical behavior of R.C. beams withdmixtures under static and
repeated loads was studied [9, 10, 11]. Improvenwnthe compression zone
properties and deformation characteristics of fd€ams by using complex organic
admixtures type “SM-€ and “SM-G,” was studied under static loading [12, 13]. But,
the mechanism effect of organic admixtures, comgimlkali industrial wastes from
oil and cellulose paper industries, on the flexietavior, crack patterns and mode of
failure of R.C. beams reinforcing with different anmts of steel bars was not enough
studied.

So, this paper focuses on the application of neamital admixtures containing in
their compositions alkali wastes from oil and clelde paper industries, (type SM-S,



FLEXURAL BEHAVIOR AND FAILURE MECHANISM OF NORMAL.... 615

SMP & CM-B) on flexural behavior and failure mecksamn of rectangular R.C. beams
of normal strength concrete of 250-300 kgfand reinforced with different amounts
of steel bars under static loads. Experimental namogconsists of twelve R.C.
rectangular beams to propose the best-suggesteatackmeffect on the behavior of
their flexure, mode of failure and crack patterns.

2- EXPERIMENTAL PROGRAM

The main aim of this program is to investigate expentally the flexural behavior and

failure mechanism of different groups of normalestith R.C. rectangular beams

modified with the suggested new types of organimiatlres under static load. The
experimental approach in this study consisted stfrtg twelve rectangular R.C. beams
under static load. The main variables studied were:

— Different types of suggested organic admixturesiclwvtwere fabricated in the
laboratory and contained in their composition alkehstes of oil and cellulose
paper industries (type: SM-S, CM-B & SMP).

— Different amounts of main steel reinforcement (urm@enforced- type A, balanced
reinforced- type B, over reinforced — type C).

All groups of beams, with and without admixturesere identical in size, 12x28cm
rectangular section and overall length 220 cmb&lms were tested at 28 days curing
age under four points of loading on an effectivarspf 200 cm and with shear to
effective depth ratio “a/d = 2.8 ".

All beams were classified to three groups dependinghe amount of main steel
reinforcement. Each group consisted of four beampedding on the type of fabricated
organic admixtures (SM-S& CM-B) and control orgaplasticizing admixture (type
SMP). The beams have the same amount of compressitiorcement of 813mm,
and having the same amount of closed stirrups o BOmm/m. The first group of
beams was reinforced by$p23 mm as tension reinforcement (under reinforced
section). The second group was reinforced pE3tmm as tension reinforcement
(balanced reinforced). The third group was reirddrcdby @13 mm as tension
reinforcement (over reinforced). Details of reird@ment are shown ifig. 1.

3- MATERIALS

3.1 Technique Of Preparing And Producing The Sugges  ted Admixtures

The experimental technique for preparing and priovdudhe suggested organic
admixtures were carried out by the method explaindde previous works [6, 7, 8, 12,
13]. The suggested organic admixtures type “SM-€£M-B” and “SMP’ are
consisted of the secondary products and alkali esagtH=9) of vegetable oil and
cellulose paper industries, Calcium oxide “CaO'yp&mplasticizers“BVF”, & “PVS”,
and water .

The effect of composition and parameters of contlinaof different elements on the
quality of the suggested admixtures was carriedbyutising the previous explained
methods [6, 7]. The composition and correlationcomponents of the proposed
admixtures by weight from their solid particles al®wn inTable 1.
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Fig. 1: Details of reinforcement and load configuration for tested beams.
(a) Group type“A” (B, B, Bs, B,), (b) Group type"B” (Bs , Bg, B7, Bg)
(c) Group type"C” (Bg, Bio, Bi1, B12)

3.2 Normal Strength Concrete

Concrete mixes were used to produce normal strecmthrete having 28-days cubic
compressive strength of 250-300 kgfci®ptimum dose of each admixture, at which
occurs maximum values of compressive strength waerihined by the previous

methods [6, 7, 8]. The influence of the value ofimpm dose and type of each
admixture on the compressive strength of concriéée a8-days curing age are shown
in Table 2.

Four different concrete mixes were used. Slumpbofua 5.5 cm was constant for all
types of mixes. The influence of the value of th@iraum dose and type of the
suggested admixtures on the compressive strengtllftypes of mixes were studied
and obtained by the method explained by [6, 7D8}ails of concrete mixes and their
compressive strength after 28 and 210 days hargdnirfresh water are shown in
Table 2.

Ordinary Portland cement of specific gravity 3.2swised (Assiut cement). Coarse
aggregate used was 20mm maximum nominal size aeemdss modulus 7.2. Local
natural sand of fineness modulus 2.4 was usedias aggregate.
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Table 1: Composition and correlation of components of the organic admixtures.

Type of admixture

Components of the admixture

Correlation of
components % by

weight
1-Alkali wastes of vegetable oil
industries (liquid solution pH= 9.5), 11.17
“SMP* (control ) [2-Calcium oxide “CaQO” 2.79
3-Superplasticizer “BVF, and 3.35
4-Water 82.69
1-Alkali wastes of vegetable oil
industries (liquid solution, pH= 9.5), 8.00
“SM-S” 2-calcium oxide “CaQO” 0.67
(Suggested ) |3- Superplasticizer “PVS “, and 1.87
4-\Water 89.
1-Alkali wastes of cellulose paper
“CM-B* industries (liquid solution, pH=9), 8.00
(suggested ) |2- Calcium oxide “CaO” , 0.67
3-Superplasticizer “BVF “, and 1.76
4-Water 89.57

Table 2: Details of concrete mixes and their compressive strengths “Fc “ at optimum

dose of the suggested admixtures.

Mix component, . Fc, Kg/Cm®
Mix Kg/m3 Suggested Admixtures Slump of
No. Type | Optimum dose, | W/c |the cone,| 28 | 90
C S G % by weight of cm days | days
cement
1 350 670 128% ----- 0.00 0.437 5.5 267| 278
2 350| 675| 1289 CM-B 0.25 0.420 5.5 325| 341
3 350| 677| 1298 SM-S 0.25 0.413 55 320| 350
4 350| 679 1301 SMP 0.50 0.410 5.5 328| 348
P Concrete strain gauge
28cm .
Steel strain gauge
—a
'A &
otm 100cm =" 100cm  =TBch
Deflectometer

Fig. 2: Method of measuring deformation at the mid span of R.C. tested beams.
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3. 3 Steel Reinforcement

The steel bars used as tension and compressigonegment of beams was a normal
strength mild plain bars having diameter 8mm areldystrength 2880 kg/crand
stirrups 6mm diameter with yield stress 2790 kglcm

3.4 Test Procedure

The testing machine (EMS 60-tons) was ugeting load was applied at 74.5 cm
from the support as shown fig. 1. Each beam was loaded gradually keeping the rate
of loading constant. The increment of loading equél ton and was constant for a
period equal 5 minutes. All readings of maximunaistand deflection of concrete, at
the mid span, of the of different types of R.C. rhsaunder static loading were
measured as shown Fig. 2. Also, the maximum strain of tension reinforcemexit
the mid span, was measured for all types of beagnusing strain indicator. The values
of maximum deflection, maximum strain of concreted anaximum strain of main
reinforcement was determined at 85 % from the faiload. The time of appearance of
initial cracking and consumed time of testing ufdilure was recorded to determine
the effect of these admixtures on the factor oétyabf tested beams against failure.

4- RESULTS AND DISCUSSIONS

Test results of the twelve R.C. beams (three groangspresented ifables 3 & 4. The
tables also include the predicted ultimate capegitf the tested beams using the
ultimate simplified method of CP8110 [15].

Table 3: Cracking & ultimate load and measured ultimate deformations of concrete for
all tested beams.

Tvoe of ultimate load, Pu, Max Max,
Type of | No.of yp Fcas, tons cracking ‘.| concr.
Admixture, 2 con.defl. X
beams |Beams Kg/cm load, ton strain
dose, % Pu exp. | Pu th. 6, mm |~ 102

B, | Control 267 55 | 4.25/ 3.0 92 3.9
re%?grire B, CM-B 325 55 | 4.305 2.0 9.01 3.6
(Group A)|_Bs SM-S 320 7.0 | 4.31] 2.0 7.49 3.1

I B, SMP 328 4.0 | 4.304 2.0 8.2 4.9
Bs Control 267 6.5 7.93 2.5 7.6 1.7

Balanced|™g ™1™ C\v B~ | 325 | 65 | 8.13d 25| 683 15§
B

T

reinforce

D

Groupe)| Bz | SM-S | 320 | 115] 816] 30[ 63p 2.7
B, | SMP | 328 | 120 815§ 350 _ 65D 2.0

B, | Control | 267 | 160] 110§ 70| 74 2.7p

rei%‘(’)erge Bi. | CM-B 325 | 150| 11250 7.0 8.5 6.9
Group C)_Bu_| _SM-S 320 | 150 115%4 650 55 416

B, SMP 328 15.50 11.5% 7.0 7.9p 3.95

=]
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Table 4: Ultimate longitudinal strain of steel reinforcement and degree of warening
against failure for all tested beams.

Time of | Time degree.of
Type of | No.of | Type of Mas%[,rzitr?el. initial until sz_inTl warening
beams | Beams | Admixture | 7 s [cracking, failure, against
T1, min | T2, min failure
B, Control 1.88 15 30 15 1.00
onder B, | cmB 2.2 120 | 33 21 1.40
roup m)|_Ba_|__SM-S 183 | 125| 41| 289 _ 1.90|
PA)
B4 SMP 2.30 12 27 15 1.00
Bs Control 1.73 13 37 24 1.00
pBalancec| BT CM-B 1.43 15 40 25 1.04
Grous &)|_Br_|_SMS 1.96 18 | 70| 52| 217
Bs SMP 1.76 20 71 51 2.12
Bg Control 1.68 42 90 48 1.00
re_gf\éiged By CM-B 1.53 40 93 53 1.10
i
(Group C) B SM-S 1.73 37 94 57 1.19
B, SMP 1.56 41 94 53 1.10
4.1 Cracks And Mode Of Failure Of The R.C. Tested Beams

4. 1. 1 Cracks and mode of failure of under R.C. Tested beams (type A)

The crack propagation of the under R.C. contrdettdbeams (B1-without admixture
& B4- with the control admixture SMP) was obseruwedhe critical tension zone at the
maximum moment, which initiated at the center & team. The first crack was a
wide vertical tension crack at the mid span by adl@.5 tons. By increasing the
applied load, several secondary vertical and dialyenacks were observed in the
tension zone starting from the bottom and propaba to the top surface of the
compression zone of the tested beam at the logdiimgs, by about 85% from the total
depth. The length and width of cracks increasetilgwith the increase of the applied
load up to failure (P=5.5t) with one vertical wide main crack at the rshn in the
tension zone and different secondary cracks digiib at a length 85% of effective
span of the beam. The major crack was formed atdnge region of the first initial
cracks as shown iRig. 3. The final mode of failure for these tested beams flexural
failure with crushing of the concrete cover at tfid span in the tension zone.

The initiation and propagation of the first cradkboeams B2&B3 with the suggested
admixtures CM-B & SM-S was observed in the crititalsion zone at the maximum
moment Fig. 3), which initiated at the center of the beam. Thet fcrack was a
narrow vertical tension crack at the mid span Hdgaa 2.0 tons. By increasing the
applied load, several secondary vertical and diagaracks were observed in the
tension zone. These cracks started from the bostafiace and propagated up, to the
top surface of the compression zone of the testedhtat the loading points, by about
80% from the total depth. The length, number andthvof cracks increased slowly
with the increase of applied load up to failuiéhwviwo vertical wide main crack #te
mid span in the tension zone and different seagndsacks distributed at a length
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Fig. 3: Crack patterns and modes of failure for under reinforced tested beams
(Group A).
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75 % from effective span of the beam. But, the kidf cracks of beam “B2” is
smaller than that occurred with the control beaBis &B4”. The final mode of failure
for these tested beams was flexural failure pllisnitation of the concrete cover at the
mid span in the tension zone. It is necessary tecendhat, the admixtures SM-S &
CM-B reduce the width of major crack and numbes@fondary cracks in the tension
zone compared to the control beam. The positivluénte of alkali wastes plus
superplasticizers may explain this phenomenon daudhé improvement of the
microstructure of the hardened concrete and bomgdas cement paste and filling
materials, which increase its tensile strength.

4.1 . 2 Cracks and mode of failure of balanced R.C . tested beams (type B)
Crack patterns for balanced R.C. tested beamshanensin Fig. 4. For the control
beam (B5), cracks were observed in the criticagitemzone of the maximum moment
and also in the shear zone. The first crack isreomavertical and diagonal tension
crack at the mid span by a load 2.5 tons. By irsinggthe applied load, propagation of
vertical and inclined cracks in the tension zoneanabserved. Also, several secondary
diagonal cracks were initiated in the shear zoiégy started from the bottom and
propagated up, to the top surface of the compressiome of the tested beam at the
loading points. The length and width of cracks éased rapidly with the increase of
applied load up to failure {B= 6.5t) with one vertical wide main crack at thiel span

in the tension zone and different secondary cratke final mode of failure was
flexural shear failure with crushing of the compies zone at the mid span
accompanied by a sudden high explosive sound.

For the beam with the admixture “CM-B” (B6), crackere observed in the critical
tension zone of the maximum moment and also irsiear zone. The first crack is a
narrow vertical and diagonal tension crack at thé span by a load 3 tons. As the
applied load increases, several secondary verdicdl diagonal regular cracks were
observed in the tension and shear zones. Thegdtlhdm the bottom and propagated
up vertically and diagonally to the top surfacettid compression zone of the tested
beam near the loading points to about 85% fromdted depth. The length and width
of cracks increased slowly with the increase ofliagpload up to failure (& 6.5t)
with one vertical narrow main crack at the mid spathe tension zone and different
secondary cracks. The final mode of failure wasuital shear failure with crushing of
the compression zone at the mid span of the bednoutihigh explosive sound.

For the beam with the admixture “SM-S” (B7), craaksre observed in the critical
tension zone only at the middle third and somehefit in the shear zone. The first
crack was observed in the tension zone only atrildele third by a load 3 tons. As the
applied load increases, several secondary verigdlinclined irregular cracks were
initiated and concerned in the middle third of tkasion zone and some diagonal
cracks in the shear zones. They started from tht®ricand propagated up to the top
surface of the compression zone of the tested besan the loading points to about
90% from the total depth. The length and width fc&s increased slowly with the
increase of applied load up to failure; 11.5t). These irregular cracks were
distributed over the middle third of the tensiome@nd some of them over the shear
zone of the beam. The final mode of failure wasutal shear failure without crushing
of the compression zone at the mid span. This migetsthe admixture SM-S reduces
the number and width of cracks than the admixt@#-B.
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Fig. 4: Crack patterns and modes of failure for balanced reinforced tested beams

(Group B).
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For the beam (B8) with the control admixture SMPack&s were observed in the
critical tension zone and also in the shear zohe. first crack was a vertical tension
crack at the mid span and initiated by a load 85t By increasing the applied load,
several secondary vertical and diagonal cracks \peopagated in the tension and
shear zones. They started from the bottom and pedpd up, to the top surface of the
compression zone of the tested beam at the logudiimgs.

The number, length and width of cracks increaspadliawith the increase of applied
load up to failure (P= 12t) with one vertical wide main crack at the rajghn in the
tension zone and different secondary cracks digeth over the whole effective span
of the beam. The final mode of failure was flexusdlear failure with crushing of the
compression zone at the mid span accompanied ld@es high explosive sound.
This means that, the control admixture SMP incredise brittleness of the beam due
to its effect on increasing actual compressivessege than the allowable which leads to
the crushing of the compression zone of the tdséaan.

4. 1. 3 Cracks and mode of failure of over R.C. tes ted beams (type C)

Crack propagations and modes of failure for oveZ.Rested beams with different
admixtures are shown fig. 5. For the control beam (B9- without admixture),oks
were initiated in the critical tension zone of thaximum moment with small numbers
and also in the shear zone. The first crack isreomavertical tension crack at the mid
span by a load 7 tons. By increasing the applied @ 13 tons, several secondary
more diagonal cracks were observed in the shearszdrhey started from the bottom
and propagated up, diagonally and some of thencaélyt, to the top surface of the
compression zone of the tested beam at the logubngs. The length and width of
cracks increased rapidly with the increase of ggidibad up to failure (&= 15.5t) with
one vertical wide main crack at the mid span in thesion zone and different
secondary diagonal cracks distributed over the a/efflective span of the beam. The
final mode of failure was flexural shear compressfailure with crushing of the
compression zone at the mid span of the beam acieyp by a sudden high
explosive sound.

For over R.C. beam with the admixture “CM-B” (B10yegular cracks were observed
with a large numbers in the shear zone of the baadna little of them in the critical
tension zone at the middle third. The first crexk inarrow diagonal crack in the shear
zone by a load 7 tons. As the applied load incieageto failure (B15tons), these
irregular crack propagated up diagonally from tloétdm to the top surface of the
compression zone of the tested beam near the pagaimts and distributed over the
whole effective span of the beam. The final moddadtire was shear compression
failure with crushing of the concrete cover at thiel span in the compression zone
without high explosive sound.

For over R.C. beam with the admixture “SM-S” (Bliggular diagonal cracks were
initiated with a large numbers, than that of adoni@t“CM-B”, in the shear zone of the
beam and a little of them in the critical tensiome at the middle third. The first crack
is a narrow diagonal crack in the shear zone rieastipport by a load 7 tons. As the
applied load increases up to failurgI5tons), these regular cracks propagated up
diagonally from the bottom to the top surfatdlwe compression zone of thested
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Fig. 5: Crack patterns and modes of failure for over reinforced tested beams
(Group C).
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beam near the loading points. They were distribatest the whole effective span of
the beam with one vertical crack in the tensionezah the middle third and many
diagonal cracks in the shear zones. The final naddailure was shear flexural failure
with crushing of the concrete cover at the mid sjpathe compression zone without
high explosive sound.

For over R.C. beam with the control admixture “SMB12), cracks propagation were
similar to that occurred with the suggested admextlEM-S” except the number of
vertical cracks in the middle third of the beam wasre and wide. The final mode of
failure was shear compression failure with crushofighe concrete cover at the mid
span in the compression zone accompanied by a sddiiere.

The positive effect of the suggested admixtureg@afly type “SM-S” on reducing
wide, length and number of cracks may be explameits influence on increasing the
bond between cement paste and filling materialgthdef the compression zone of the
tested beams and regulating the micro porous steicf the hardened concrete. This
leads to producing more dense and homogeneous etenarhich consequently
reduces deformation and increases the allowablepexssive stresses to become
nearly the actual compressive stresses. So, thedaf the compression zone of this
type of beams changes from crushing of the comjmmesmone with sudden high
explosive sound into crushing only of the concreteer in the compression zone
without sudden failure.

4. 2 Cracking And Ultimate Loads

Tables 3 & 4 andFig. 6 show the experimental cracking and ultimate loadd
measured deformations of thdifferent types of R.C. beams with and without
admixtures under static load
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Fig. 6: Cracking and ultimate loads of different types of R.C. tested beams
as affected by each type of organic suggested admixtures.
1) Control beams without admixtures (B1, B5 & B9),
2) Beams with admixture “CM-B” (B2, B6 & B10),
3) Beams with admixture “SM-S” (B3, B7 & B11) and
4) Beams with control admixture “SMP” (B4, B8 & B12)
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4. 2. 1 Cracking and ultimate loads of under R.C.b eams

For under R.C. tested beams, the suggested orgamextures have the same bad
effect on cracking load compared to the controhibeBhey decrease it by about 20%
from 2.5 to 2 tons. But, tested beam (B3) with adure “SM-S” showed an increase
in its ultimate load of 27 % over that of referefmam (B1). Tested beam (B4) with
the control admixture “SMP” showed a decreasesruitimate load of 27 % less than
that of reference beam (B1).

For balanced R.C. tested beams, the suggestediorgdmixture “CM-B” has no
effect on cracking or ultimate load compared todbetrol beam (B5). But, beam (B7)
with admixture “SM-S” showed an increase in itscétag and ultimate loads of 20
&77 %, respectively over that of reference beam)(B®sted beam (B8) with the
control admixture “SMP” showed an increase in recking and ultimate load of 40 &
84 % over than that of reference beam (B5).

For over R.C. tested beams, the suggested orgdnitxire have no any effect on
cracking load compared to the control beam (B9}, Basted beams (B10 & B11) with
admixture “CM-B & SM-S” showed a decrease in thdirmate load of about 3 % less
than that of reference beams. Tested beam (B12) thit control admixture “SMP”

showed the same values of cracking and ultimat dbaeference beam (B9).

So, it is clear that the positive influence of tegested admixtures, especially type
“SM-S”, on increasing cracking and ultimate capa@t under and balanced R.C.
tested beams compared to the control ones. Thislraagxplained by the effect of
these admixtures with alkali wastes on regulatimg icro porous structure of the
hardened concrete, which produces more dense amdogemeous structure.
Consequently, amount, number , length and widtintafrnal cracks decrease which
increase the cracking and ultimate capacity ofetbdteams. But, in the case of over
R.C. beams, the influence of these admixtures gented due to the effect of large
amount of tension steel bars in the beam. Whiclsda the large decrease of the
depth of compression zone of concrete section riane that of its increase with the
admixtures. This consequently implies to producmgximum deformations and
strains at the top fibers of the compression zorea.aSo, the actual concrete
compressive strength became more greater thanlltdveable values, which leads to
the sudden failure and crushing of the compresgimme of beam section before
yielding of steel.

4. 2. 2 Calculation of the maximum flexural capacit y of R.C. tested beams

The maximum flexural capacity of each type of beawith and without admixtures is
estimated according to CP8110 [15] and showmaimie 3. For “CP8110", maximum
concrete compressive strain of 0.0035 is considéried concrete stress distribution is
a rectangular over the entire compression zonesguéls to 0.6Fcu. The centroid is at
half the depth of the compression zone. The maxirfiexaral capacity of the studied
beams is calculated. The comparison between thdicped load carrying capacity of
each beam and that obtained experimentally is shiawrable 3 andFig. 7.a. The
comparison shows that, there is a significant déifiee between the calculated values
and the experimental values of the ultimate loactual ultimate load of under R.C.
beams with and without admixtures is greater tham ¢alculated by CP8110 by about



FLEXURAL BEHAVIOR AND FAILURE MECHANISM OF NORMAL.... 627

28% for beam (B2- with admixture CM-B) and 63% fiwam (B3- with admixture

SM-S). For balanced R.C. beams, actual ultimate isgamaller than that predicted by
about 22% & 25% for beam B5 & B6 respectively. Beams (B7 — with SM-S &B8-

with SMP), actual ultimate load increases than tv&dicted by about 41&47 %
respectively. But, the actual ultimate load of owIC. beams with and without
admixtures is greater than that predicted by CP&i/1&bout 30%.
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Fig. 7: Theoretical ultimate loads and maximum central deflection of different types
of R.C. tested beams as affected by each type of suggested admixtures.
(a) theortetical ultimate load versus type of admixtures,
(b) maximum central deflection versus type of admixtures
1) Control beams without admixtures (B1, B5 & B9),
2) Beams with admixture “CM-B” (B2, B6 & B10),
3) Beams with admixture “SM-S” (B3, B7 & B11) and
4) Beams with control admixture “SMP” (B4, B8 & B12)

4. 3 Measured Deformations

Generally, using organic plasticizing admixtures the technology of concrete
increases the stiffness of the section of R.C. Iseamd hence, decreases the indicated
measured deformations [12, 13]. This also noticedthe R.C. beams of normal
strength concrete of 250 — 300 kgfcmuhich were tested in this program.

4. 3. 1 Experimental maximum deflection of R.C. tes  ted beams

Table 3 andFig. 7.b show the effect of suggested admixtures on theémanr central
deflection, at 85% from the failure load, of di#et types of R.C. tested beams. They
show that, the addition of suggested admixturefienconcrete mix has a clear effect
on reducing maximum deflection of under and baldn&C. beams. But, these
admixtures have a bad influence on the value ofrakedeflection of over R.C. tested
beams. The maximum deflection of tested beams tivéthe admixtures decreases by a
value ranged from 10 to 20% for under reinforced om 11 to 17% for balanced
reinforced beams compared to the control beams. ldtge effect on decreasing
maximum deflection occurs with admixture “SM-S”. k@mum deflection of over
R.C. beams with the suggested admixtures incrdgsasvalue ranged from 3 to 10%
depending on the type of admixture and compardldeaontrol tested beam.
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4. 3. 2 Maximum concrete strain of R.C. tested bea ms

Table 3 andFig. 8.a show the influence of the suggested admixturehermaximum
compressive strain of concrete, at 85% from thleriaload, at mid span of different
types of R.C. tested beams. Maximum compressivereta strain of under R.C.
beams (B2 & B3) with the suggested admixture demedy about 9% compared to
the control-tested beam. But, the control admixt®&P” increases concrete strain of
beam (B4) by about 25% compared to the control b@ij For balanced R.C. tested
beams, the suggested and control admixtures (SMSBIR) increase maximum
concrete strain by about 59 & 53%, respectivelyt, Bre admixture (CM-B) decreases
it by about 9% compared to the control beam (B%y. éver R.C. tested beams, the
admixtures (CM-B&SM-S) increase maximum concretaistby about 28 & 11% ,
respectively. But, control admixture (SMP) decrsaisdy about 6% compared to the
control tested beam (B9).

4. 3. 3 Maximum steel strain of R.C. tested beams

Table 4 andFig. 8.b show the influence of the suggested admixturehemmaximum
strain of main steel, at 85% from the failure lpatimid span of different types of
R.C. tested beams. Maximum steel strain of und€. Reams (B2 & B4) with the
admixture (CM-B&SMP) increases by about 17&20%%pexsively. But, it decreases
by about 3% for beam (B2) with admixture (SM-S) pamed to the control beam
(B1). For balanced R.C. beams, the admixture (SM&kases maximum steel strain
by about 13%. But, admixture (CM-B) decreases itabput 17% compared to the
control beam (B5). For over R.C. beams, the admest(CM-B &SMP) decrease the
maximum steel strain by about 9 & 7%, respectivBlyt, admixture (SM-S) increases
it by about 3% compared to the control beam (B9).
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Fig. 8: Maximum central concrete and steel strain of different types of R.C. tested

beams as affected by each type of suggested admixtures.

(a) maximum concrete compressive strain versus type of admixtures,

(b) maximum central strain of main steel versus type of admixtures
1) Control beams without admixtures (B1, B5 & B9),
2) Beams with admixture “CM-B” (B2, B6 & B10),
3) Beams with admixture “SM-S” (B3, B7 & B11) and
4) Beams with control admixture “SMP” (B4, B8 & B12)
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The effect of admixture (SM-S) on decreasing maximsteel strain is expected for
under and over reinforced tested beams and notctegéor balanced types. Because
this admixture decreases the maximum deflectiahese types of beams compared to
the reference beam. But, the effect of admixtuféd{®) on decreasing maximum steel
strain is expected for balanced reinforced testeants and not expected for over
reinforced types. This is explained by the influerd the amount of main steel and
amount of alkali wastes in each admixture on changdepth of the compression zone
of tested beams, which affected on the value ofpzessive and tensile stresses of the
beam.

4. 4 Calculation Of The Degree Of Warning Of Tested Beams
Against Complete Failure
The degree of warning of any member against compéelure may be assumed as the
consumed time from the appearance of its initiacking until complete failure. So,
Table 4 and Figs. 9.a & 9.b show the effect of different admixtures on thestoned
time until failure and factor of safety againstuee for each type of tested beams. The
degree of warning against failure for each beam eg@dsulated as the ratio between
consumed time from cracking until failure of thisdm and that of control tested beam
and calculated from the following equation:

Consumed timeni cracking until failure of any beam
Degree of Warning = ----m-mmmmmmmm oo
Consumed tima cracking until failure of control beam
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Fig. 9: Consumed time from appearance of cracking to failure and factor of safety
against failure of different types of R.C. tested beams as affected by each type of
suggested admixtures.

(a) Consumed time from appearance of cracking to failure versus type of admixture,
(b) Degree of warning against complete failure versus type of admixture,

1) Control beams without admixtures (B1, B5 & B9),

2) Beams with admixture “CM-B” (B2, B6 & B10),

3) Beams with admixture “SM-S” (B3, B7 & B11) and

4) Beams with control admixture “SMP” (B4, B8 & B12)
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It is clear that, the suggested admixtures (SM-3ViER) increase factor of safety of
R.C. tested beams against failure by about 90%% ffr under reinforced types, 117
& 4% for balanced reinforced types and by abou&190 %, respectively for over
reinforced types compared to the control ones. Tifaig be explained by their positive
influence on increasing bond forces between cemasiie and filling materials in the
concrete mix and decreasing the amount of macrespand capillary pores in the
hardened concrete. Consequently, length and wittihpaopagation of internal cracks
reduced for these tested beams, which increaséacuttimate capacity against failure.

CONCLUSIONS
Based on the results of the experiments carriedoauhormal strength R.C. beams
containing in their compositions alkali wastes froihand cellulose paper industries
and reinforced with different amounts of main stei#le following conclusions can be
drawn out:

1- Ultimate strength, stiffness, ductility, cracks pagation and mode of failure of the
different types of R.C. tested beams are signiflgaaffected by the suggested
admixtures and the amount of main steel reinforcgme

2- The suggested admixtures (SM-S &SM-B) increase edegf warning of R.C.
tested beams against failure by about 90% & 40%uifoter reinforced types, 117
& 4% for balanced reinforced types and by abou&I® %, respectively for over
reinforced types compared to the control ones.

3- The suggested admixtures especially type SM-S dthrogacks of R.C. tested
beams from several widely spaced and large widibksrin case of control beams
to many more closed spaced narrowed cracks.

4- The final mode of failure of R.C. tested beams weithmixtures (SM-S& CM-B)
was flexural failure plus separation of the corerebver at the mid span in the
tension zone for under reinforced beams. And it fdaairal shear failure without
crushing of the compression zone at the mid spabdtanced types. But, it was
shear compression failure with crushing of the ceteccover at the mid span in the
compression zone without high explosive sound f@r eeinforced beams.

5- The final mode of failure of control tested beanas\itexural failure with crushing
of the concrete cover at the mid span in the tengane for under reinforced
beams. But, it was flexural shear failure with ting of the concrete cover at the
mid span in the compression zone accompanied liddes high explosive sound
for balanced and over reinforced types.

6- The suggested organic admixture “CM-B” has no affece on cracking or
ultimate load For balanced R.C. tested beams. t®sted beam with admixture
“SM-S” showed an increase in its cracking and utienload of 20 & 77 %,
respectively over than that of reference beam. Aissted beam with the control
admixture “SMP” showed an increase in its cracland ultimate load of 40 & 84
% over than that of reference beam.

7- Over R.C. tested beam with the suggested and daadroixtures showed nearly
the same values of cracking and ultimate load tdremce beam. But, for under
R.C. tested beams, these admixtures have no argnesment on cracking and
ultimate load compared to the control beam.
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[3]

[4]

[5]

[6]

[7]

[8]

[9]

Maximum flexural capacity of tested R.C. beams watid without suggested
admixtures is greater than that calculated by CP8ijl about 63% & 28% for
under reinforced and by about 30% for over reiréddreespectively. For balanced
R.C. beams, it is smaller than that calculated thgua 22% & 25% for control
beam & beam with admixture CM-B, respectively. Bat,beams with admixtures
SM-S & SMP, it increases than that calculated by810P by about 41&47 %
respectively.

The addition of suggested admixtures in the comcmaitx has a clear effect on
reducing maximum deflection and maximum compressimecrete strain at mid
spans of under and balanced R.C. tested beamsthBeg admixtures have no any
enhancement on the value of central deflectionwar dR.C. tested beams. The
large effect occurs with admixture (SM-S) &.(CM-B).
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