Journal of Engineering and Development, Vol. 'V, No.Y, Mar. Y+ ¥, ISSN YAV Y- VAYY

Structural Behavior Of Self-Compacting Concrete Reinforced

T-Beams
Prof. Dr. Mohammed M. Salman  Asst. Prof. Dr. Mohammed M. Rasheed Yahya S. Khudhair
AL-Mustansiriya University AL-Mustansiriya University AL-Mustansiriya University
College of engineering College of engineering College of engineering
Civil Engineering Dept. Civil Engineering Dept. Civil Engineering Dept.
mmsalman ¢ *@yahoo.com mohammed rasheed ¥ f@yahoo.com

kingconger ¥+ « «@yahoo.com

Abstract

The study is concerned with the structural behavior of (") reinforced T-shaped cross-
section beams made of self-compacting concrete under flexural with two types of fibers
(polypropylene and steel fibers). Compression and tensile strengths, deflection, ductility and
cracking behavior are considered. Experimental results are compared with these evaluated
based on the (ACI r'4 — +A). The variables studied are reinforcing ratio (%p) (between
Y% £, £9.v- 71, £r¢) using different sizes of reinforcing steel bars (@ f°mm, @ ¥ +mm, @ ! Tmm,
@) 'mm, @ 'mm, @ f{mm, and @ 'mm wire mesh), in addition to two fibers, [polypropylene
(RHEO-FIBERS®) and steel fibers (FIBERFORCE®) at a rate of [('kg/m") & (+,24)],
respectively. The tested T-Beams were categorized into three groups, each group includes ( ¥) T-
Beams of different steel ratios (p %). In Group (G '), polypropylene fibers were used. In Group
(G 1), steel fibers were used. The reference group (G #) is with the same reinforcement ratios as
in the previous two groups.

It was concluded that using polypropylene fibers (RHEO-FIBERS®)in addition to ( ’kg/m")
in self-compacting concrete (SCC) improves the cracking control, ductility by (dugq = +,6A£7 —
£,.21%), However, fibers have minor effect on the deflection behavior of T-Beams. On the other
hand, when steel fibers type (FIBERFORCE® steel fibers) of a volume rate of (Vi = «,27 of
concrete volume V¢) are used in combination with self-compacting concrete, affects the flexural
behavior of T-Beams (reducing deflection, increasing ultimate loads’ by (!, /- 1%,4.%) and
improving the ductility by (duq = £, 977r— 1,1 ¥FA), but it has a minor effect on reducing the
crack width.

Keywords: Self-Compacting Concrete; T-Beam; Steel Fibers; Polypropylene Fibers; Superplasticizer;
Silica fume; Limestone Powder; Flexural Behavior; Cracking Behavior; Deflection; Ductility Factor.
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\. General

Self-compacting concrete (SCC) represents one of the most significant advances in concrete
technology. Inadequate homogeneity of the cast concrete due to poor compaction or segregation
may drastically lower the performance of nature concrete at site. (SCC) has been developed to
ensure adequate compaction and to facilitate placement of concrete in structures with congested
reinforcement and in restricted areas(").

Y. Scope & Objectives

Experimental work includes a comparison between three groups of twelve T-Beams, each
group contains four T-Beams having the same Self-Compacting Concrete mix of the same strength
in the same group, but with different reinforcement ratios for the four beams in each group.
Polymeric or polypropylene fibers of (Ykg/m") ratio and steel fiber of (Vs= 7+ ,°) were used in the
first and second groups respectively, while the third group was without reinforcing fibers.
Comparison is made between flexural behavior and cracking behavior of the elements in each

group.

Y. Details of Test Beams

The used dimensions of test beams are (Ve -mm) in overall length and (Ye-mm) in total depth,
the effective width of flange is (¥v-mm), the thickness of flange is (¢-mm), the clear width of web
is (YA-mm) and the web depth is (Y'+mm) as illustrated in Figure ().

YAR



Journal of Engineering and Development, Vol. 'V, No.Y, Mar. Y+ ¥, ISSN YAV Y- VAYY

Stirrup @Y Ymm@ ¢ » mm (c/c).

¥Y . mm
[ Y-mm(C) M— C.= (Y mm) Ce=(Y+ mm)—bd

A ’ N e :¥_A_
LA 4 = — :¥1L
Yo Yu

>
YA mm

You

Cc= *~mm—|n+

(b) T-Beam Cross-section. <€ <>
V.o £¥em £Yem Yoo
A mm
Bent up (a) Details of distributed Stirrup Bars along T-Beam shear span length with
- y concrete covers.
Ve
Yémm

(c) Details of Shear Reinforcement (Stirrup)

Figure (V): Details of Flexural T-Beam.

The whole beams are made of the same type of concrete, with no cold joints between its web and
flange, the type of loading during the test of T-beam samples is of two-point loading as illustrated
in Figure (Y). So, the third clear span of loading is (¢v+mm) and the distance from the face of beam
edge to the center of supports is (Y -emm), there is the same distance to the two beam sides. The
type of beam supporting is simply supported. Plate (V) shows the T-Beam setup for testing stage
with three dial gauges under its web.
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Figure (Y): Application of Two-point Loading upon T-Beam flange.

Plate (}): The T-Beam set up with Three Dial Gauges.
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¢, Materials

Materials were selected according to a mix design method taking into account material grading
& properties. Satisfactory SCC is achieved by more strength requirements of the ingredients in
selecting suitable materials, and good quality control and proportioning.
¢.). Cement

MASS BAZIAN SULAIMANIA Portland cement type (1) was used. It was tested according to
the Iragi Standard Specifications (IQS) No. ¢/Y3A¢(" for the physical and chemical properties, as
shown in Tables (V) and (Y), respectively.

Table (V): Physical Properties (Composition) of Cement

Slivee Blraees Test Iraqi Specifications
Results No.8/Y4A¢
Fineness using Blain air permeability apparatus(m'/kg) YA > YV
Initial setting time using Vicat's instruments (hr:min.) V:00 > ecto
Final setting time using Vicat's instruments (hr:min.) A < Voeren
Safety (soundness) using autoclave method (%) ) < A
Compressive strength for cement paste cube (V+,Ymm) at : Yo,Ao oo
(*days) in (N/mm?") or (MPa)
Compressive strength for cement paste cube (V+,Ymm) at : YA, o vy
(Vdays) in (N/mm") or (MPa)

¢,Y. Fine Aggregate

Al-Ukhaidher natural sand with fineness modulus of (Y,%%) was used it is of rounded particle
shape and smooth textures and of a maximum size of (¢,Yemm),therefore, requires less mixing
water in concrete and for this reason it is preferable in SCC. Grading and sulfate content are shown
in Table (¥).Which satisfy the Iragi Standard Specifications No.¢° / Y3A£(M_ Zone No. (Y).

¢,¥. Coarse Aggreqgate

Crushed gravel of maximum size of (Y 9mm) was used from Al-Niba'ee quarry region. Table
(¢) shows the grading and percentage of sulfate content of the aggregate, which confirms to the
Iragi Standard Specification No.¢¢ / Y4A¢(" _size of grading (°-Y+) mm.
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Table (Y): Chemical Composition of Cement

Compound Iraqi Standard
: Compound . . -
Numbering Name Chemical % (weight) Specifications
Composition NO.6/Y4A¢
) Silica SiOv A | ——
Y Alumina AlxOr oy | e
¥ Iron Oxide FerOr Yya o
¢ Lime CaO L 2= L —.
° Magnesia MgO Y,YA <o
1 Sulfate SOr Y,00 <Y,A
v Inso!uble I.R. Y, <),0
Residue
A Loss on ignition L.O.1l PR <t
A, Y4 (From X.Ray
Tricalcium diffraction)
1 . CrA I e W -
aluminates V,44AY (From Bogue
equations)
. Lime saturation LSF A T
factor
W C:AF ,avy I
Tricalcium
VY .. C+S L= T |
silicate
VY DI(-36-1|CIum C+S v, ivelr I
silicate
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Table (¥): The Grading and Sulfate Content

Y, Mar. Y+ V¥, ISSN YAV Y- VAYY

of Fine Aggregate (Sand)

Sieve Size % Cumulative of Iraqi specification No. £¢/Y4A¢
No. In In passing fine Deviation || for grading Zone(Y) of % passing
(mm) (| (um) aggregate of fine aggregate
\ \ . \ LI B ] \ LR . \ LN
Y i,\/o i\/o' ﬁi ] ﬁh_\hh
v v,vr || oyea. AY ' Vo-y..
¢ VA VYA 14 ' 00.9.
e} 1 T oo . Yo.o09
1 . ,Y’ \‘ - Y ¢ S /\_Y’ .
N Vo Yo Y . Y
A v,eVo Yo 20 T | I <0
4 Pan S e | S
Ve Summation of deviations . <o
AR % Sulfates Content = +,+14 <+,0
Table (£): The Grading and Sulfate Content of Coarse Aggregate (Gravel).
Sieve Size % Cumulative of Limit of Iraqi specification No.
No. | In In passing fine Deviation || £¢/Y4A¢ for grading size (°-Y+)mm
(mm) | (um) aggregate of % passing of coarse aggregate
YOuu
| Yo
Yvo.
Y V\/,D Ye . Yeu
* e
V * . q q . qO_\ .o
Ve
3 V¢
\ LRI
[~} \ . T‘ . . Y’ . _-l .
-\ o Ouvann T‘ . h_\ g
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Y Y, | vy,
h,h\/
/\ \/O L | < Y‘"
o
q Pan L I |
A Summation of deviations e .
AR % Sulfates Content = +,+© < )

£.¢. Limestone Powder

Limestone powder has been used as filler for concrete production for many years. It has been
found to increase workability and early strength, as well as to reduce the required compaction
energy. The increased strength is found particularly when the powder is finer than the Portland
cement particles. The fine limestone powder (locally named as Al-Gubra) of Iragi northern zone
with fineness (¢)) m'/kg) is used to avoid excessive heat generation, enhance fluidity and
cohesiveness, improve segregation resistance and increase the amount of fine powder in the mix
(cement and filler). According to EFNARC(), the fraction less than +,YY® mm was of most
benefit. Typical properties of lime stone powder (L.S.P) are listed in Table (°).

Table (°): The Typical Properties of Limestone Powder (L.S.P)

Physical property Range
Fineness by using Blain apparatus (m'/kg) €y
Chemical Composition % Content
Sor y,1v
CaCor 9¢,4.

£.¢. Mixing Water

Ordinary tap water was used for both mixing and curing.
¢.1. Superplasticizer

The superplasticizer or High Range Water Reducing Admixture (HRWRA), used in this type of
concrete, is one of the high performance concrete superplasticizer based on modified
polycarboxylic ether. GLENIUM ©)(®is the superplasticizer which was used, it is free from
chlorides and complies with ASTM C¢4¢ Type A and F.

GLENIUM @) is compatible with all Portland cements that meet recognized international
standards. It is differentiated from conventional superplasticizers in that it is based on a unique
carboxylic ether polymer with long lateral chains. This greatly improves cement dispersion.
GLENIUM @) is available in Y+ A liter drums and in bulk tanks upon request. Table (1) illustrates
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some important typical properties of GLENIUM ©) according to the requirements of BASF
Middle East Technical Products Guide. The normal dosage of GLENIUM @) is between +,° and
Y, liters per Y+ + kg of cement (cementitious material). Dosages outside this range are permissible
subject to trial mixes. The maximum effect is achieved when the GLENIUM @) is added after the
addition of ©+ to V+ % of the water. GLENIUM ©) must not be added to the dry materials, through
mixing is essential, and a minimum mixing cycle after the addition of the GLENIUM ©), of 1.
seconds for forced action mixers is recommended.

Table (V): Typical Properties of GLENIUM ¢1(®),

Form Viscous Liquid
Colour Light Brown
Relative Density VaoAV e @ YeoC
pH 1,7
Viscosity VYA +[-Ycps @ Y+°C
Transport Not classified as dangerous
Labeling No hazard label required

¢.V. Reinforcing Steel
All the reinforcing steel bars, used in this study, are deformed and of Ukrainian origin with a
nominal diameter (@) of (£¢7¢) Y)Y+ Yo and B.R.C @ 1) mm.

Table (V): Test Results of Reinforcement Steel Bars

Bars Diameters Yield stress Ultimate stress Estimated I\_/I(_)dulus
of Elasticity
(mm) (f,).(MPa) (f9.(MPa) (E)(MPa)x) "
¢ $¢0 e Yoo
1 £ Y Yoo
B.R.C ®1 oY4,Yo a1.,90 Yoo
VY £V, Y TAC AT Yoo
1 ¢Ad,0V YYe¢,v1 Yoo
Y. 0.0,V YYV,e¢ Yoo
Yo §AT, T VY4,A) Yoo
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¢.A, Steel Fibers (SF)
FIBERFORCE® is cold drawn wire steel fiber meeting the ASTM AAY.-3% Type )

requirements as well as C) Y 1 section ¢,),) requirements.

¢.4. Polymer or Polypropylene Fibers (P.F.)¢®)
Table () illustrate the typical properties of polypropylene fibers (RHEOFIBER®) which are used

in this experimental study.
Table (A): Typical Properties of RHEOFIBER®(*)

Specific gravity +,%) g/em”
Alkali content Nil
Sulphate content Nil
Area entrainment Area content of concrete will not be significantly increased
Chloride content Nil
Constituents Polymerized polypropylene
Fiber diameter YA micron
Fiber length 'Y mm
Surface area Y¥+« m'/kg min.
Young’s modulus You.-Yd. . MPa
Tensile strength Min Yo+ MPa
Melting point Vi.oC

¢\ Pozzolanic Additives (micro-silica)(®

Table (%): Typical Properties of MEYCO® MS1\ .« (*)

Form Powder
Colour Grey
Bulk density 0e.-Viu kg/m'
Chloride content < o\

°. Results of Fresh SCC Tests
According to the fresh tests of the four self-compacting concrete mixes, the results are shown

in Table (Y +).

Ya¢




Journal of Engineering and Development, Vol. 'V, No.Y, Mar. Y+ ¥, ISSN YAV Y- VAYY

1. General Behavior of Tested T-Beams

Test results that describe behavior of tested T-Beams are shown in Tables (Y Y-Y) as hereafter.

Table()+): The Fresh Tests Results of SCC.

Slump V-Funnel L-Box
Mix Flow Tesomm
(sec) Tv Tve Blocking TY. Tt
(mm) (sec) (sec) Ratio (sec) (sec)
SCCy A L K VY A \ Y,
SCCY VA' Yve V A \,' \,h Y,~
SCCr VYo ¥ 'y,0 VY, a0 \,0 v,Yo
SCCi Y. ",ah %,~~ \h,@h ~,i2 ~,% “,n
permissible
limits
N0 v-Ave Y-o T-\Y 1-\e LAY, Y e I —meee-
according to ( ) (-°) ( ) ) ( )
EFNARC®)

SCC: Self — Compacting Concrete.

Table (VV): the experimental and calculated first crack loads of tested T-Beams.

Beam No. Per, (kN) per, (kN) P;;’(E:Q/ Pu,, (kN) P;: ((IIEE))((F:)))/
(Exp.) (ACI ™M) FYA-+A) (Exp.) (%)
B\-G» X Na,vey Y, Y0 X Va,EY,
Br-G» Yo TY,VVY XK °q. Yo, vy
Br-G» ot oY,V EA V,ove0 Veo V,Y €A
B:-G) K N, gA YV, 104 oY V1,41 ¢
B1-Gr ne YL EN V,0¥00) ) a,vve
Br-Gr No,0 TE,4NY Y,e 0 A ) '
Br-Gr oV of,) .Y YV, 0r ney AAY
B:-Gv X £A,414 V,e600 XY A, YA

Yde
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B\-Gr T oA,44Y VNV XX D
Br-Gr oA,0 ov,n¢Y Y,0 V¢4 oAt 4,4AY
Br-Gr v 14, A0 Y, YVY TVA T
B:-Gr ™ YRYT V, e va. 0.0 VY,

1.). Ductility (Md)

Ductility is usually defined as the energy absorbed by the material until a complete failure
occurs®™. In the present work, the experimental ductility factors are calculated according to the
deflection at ultimate load divided by the deflection at yielding () which can be found from the
load value in (the load-deflection curve) when this curve is transformed from elastic state to plastic
state, the deflection value which in this load value must be taken such as (B»,Bv,Br and B+ of G»),
the yield deflections values (dy = Y,Yemm @ Y+ +kN,6y = Y,7emm @ YY°kN,oy = Y, AYmm @
YV kN and &y = +.Aeemm @ Y *kN), also the yield deflections values for (B, By, Br and B* of
Gy) are 0y = V»Y'mm @ Y)+KkN, oy = «»3%Amm @ ‘Y°+kN,dy = *»AYmm @ ‘++kN and &y =
«,¢Ymm @ V+KkN) and the yield deflections values for (B», By, Br and B: of G.) are (6y= 1,%+mm
@ ©++kN, 6y = &,Yomm @ £Y°kN, oy = ¥,4Ymm @ £Ye,YYKN and 6y = Y.emm @ )°+kN)
respectively. As shown in Table () Y).

Table (Y Y): the experimental deflection ductility factors of tested T-Beams.

Deflection (mm) Ductility
Group No. Beam No. - - Factor
u
y (na = ou / ay)
B Y,\e V,e0 v,Yvay
By V.00 V,ry ¢,6v4¢
G
Br VLAY IR 0,0A¢Y
B: ,Ae0 V,48) 4,Y0\e
B, 1, Y. V, ¢ 1,00y
By A ALY A,e74¢
Gr
By O AY v,y 4 VALY
B: tY V,\e 'V, YYA
B\ 1,40 Ao \,YEve
G.
B+ t,ve V,¢ VL,V ey
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B

Y,av

q,Y.

Y,Five

B:

v,ve

¢,8

Table (V¥): Mid-span Deflections at First Crack and Service Loads of all beams
Experimentally and According to (ACI ¥YA — «A) Code (.

At first crack load

At service load

Group | Beam
. : ACI
No. No. Experimental ACI YA Experimental 0
Per Psr = (Pu / Osr
Ocr (Mm) | dcr (MM) Osr (Mm)
(kN) V,),(KN) | (mm)
B» 1y GYYA YA FYVI,AA Y,414 Y,AY .
By 1y, VY YA YIA,Ve LA PN Y,W\e
Gy
B’. - X3 ~,Y’Q~ 0,“%\ i‘é,-‘“ b,f’a'\ V,AA\
B: iR v, YA YY. LX) Y, 690
B, e . YVe LYY £10,1Y ¥,aNy YAV
By 19,0 N AN YYE £49,¥A Y,n4¢ Y,eqy
Gy
Br ov 641 GYAY £vg,FA LR Y,Ao¥
B: X Yo GYVY rVY¥,Ve Y,VAe oY
G' B\ T ~,£3~ ~,Y’£V YV i,“Y' r,\v'
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By oA,0 e ¥ee ¥au,vo v,09¢ ¥LYEN
B Vv VYe VLY ES £YV,Vo YR YL EVA
B: 1 2T Y ¥io,qy ¥,00% RY

V. Conclusions

According to the test results,the following conclusions were obtained:

Y.

Adding polypropylene fibers of the type of (RHEO-FIBERS®)!") in the rate of (Ykg / m") to the self-
compacting concrete mix results in high improvement in the cracks patterns (a decrease in the
crackwidths, heights and the numbers of developed cracks.

Increasing the steel reinforcing ratio (p%) improves the ductility by increasing the ultimate
load as the ultimate deflection increased.Yielding deflection reduced due to high
reinforcement. The ductility factor increased by (:,YY1le — «,£oVvY) but when the
polypropylene fibers are added in a combination with steel bar ratio (p%) they results in
good improvement in beam ductility by (+,°A¢1 — £,.0)¢) Ductility of beams also
increases when the steel fibers of type of (FIBERFORCE® steel fibers)™") are added in the
range of (£,4YYY Y,V YYA),

. Adding the polypropylene fiber to the self-compacting concrete mix, has a minor effect on

the tensile strength (flexural strength) of concrete ( by the range of 7¢,°Y), however, these
fibers in combination with the self-compacting concrete makes the concrete mix more
cohesive, because the self-compacting concrete is with less voids and hence gaining high
cohesion.

. Adding steel fibers of type (FIBERFORCE®)™ at a volume range of (Vs = Z+,° from total

concrete volume) to the self-compacting concrete mix has major effect in improving the
flexural strength of the self-compacting concrete by the range of increasing of
approximately (%%,7Y). This value is larger than the effect of adding polypropylene fibers
to the same mix in the same compressive strength (f'C).

. All tested T-Beams of the three groups showed cracking load,between (V,Y¢AZ - VY, +147)

of the ultimate loads and the first cracks were found to occur in the constant moment
region.

. Adding steel fibers to SCC promotes slight gain in the ultimate load capacity and lowers

midspan deflection. Therefore, itwill lower deformations in the reinforcement bars in
comparison with the T-Beams produced with only SCC or PFRSCC.
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Y. Increasing the reinforcement ratios (%p) in combination with the steel fibers results in high effect
on the reduction of deflections and increasing the ultimate loads by ()),YAZ - YA, ¢Y7) of self-
compacting concrete T-Beams, but when it is increased in combination with the polypropylene

fibers, the increase in the ultimate loads was found to be in the range (+,°)7 - 9,AA%),
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