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3 Introduction

Reinforcement concrete structures are common for many reasons such
as: availability of materials, easy in construction, durability, and less
thermal conductivity, etc.

Concrete containing Different type of fibers are used in concrete
cement, water, aggregate Polymer Fibers Hooked end fiber
and fibers is called as fiber
reinforced concrete.

Y —kﬁ-\iL a
Carbon fiber
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4 Introduction(cont.)
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Reference: Cement & concrete Institute

http://www.cnci.org.za
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o Objectives

« To form the economical fibers and study the effect of
fibers on concrete properties

« To know the requirements of analysis & design of a
multistory RC structures

« To learn and apply ETABS for analysis & design of a
RC structures

« Effect of FRC on cost of structure
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6 Methodology
Production of -(lf:;tllr?g f;
Fibers Specimens
. _  Arranging
Device to materials
prepare curly
fibers  Casting the
specimens
* Produced the e Curing of
fibers from S eci?nens
binding wire g
 Testing the
specimens
* Results &

discussions

Modeling of

RC Structures
iIn ETABS

* A Series of 27
Models were
prepared

« Different span

* With and
without fibers

» Different
floors

Estimating &

Comparison of
Cost

* Quantities of
materials for
different models

* Check the
market price

» Calculate the
cost

« Comparison
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/ Production of Fibers

We prepare this machine to produce
curly fibers
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8 Production of Fibers

Steel wire
after passing through
machine

Steel wire
[Binding wire]

Close view of curly steel
fibers after cutting
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9 Casting of Specimens

To check the performance of Curly Fibers, we prepare the
specimen

» With ordinary concrete
» With ordinary concrete and admixtures

ith FRC (admixture is use to increase the workability)

Ceme Wate
nt r

Type of Aggregate of

”rﬁir:‘(ﬁ]gf wiC mixing Kg) (Kg) Admixtur (F'rt;‘r"r:)
Fine Coarse e (gram)
(Kg) (Kg)
Ordinary - ) 45 7.07 10.66  7.43 2.82 0 0
concrete
Concrete
with air  0.35 7.07 10.66 7.43 1.9 37.15 0
content
Concrete
with
Fiber and 0.35 7.07 10.66 7.43 1.9 37.15 118

air
content
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10 Casting of Specimens (Cont.)

Admixture
Brand Name:
Maseterglenium

Washing of Mixing of concrete
Aggregate
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11 Casting of Specimens (Cont.)




I : I Casting and o I I
[ introduction TMethodoIogy Prodftijggron of testing of T MOS%'\'S% . cost

spacemen comparison

12 Casting of Specimens (Cont.)

Samples after casting

p—
'
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13 Testing of Specimens

lesting Arrangement

Computer to
record and
display the results

Camera to
record the Compressive
results strensth machine Data logser
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14 Testing of Specimens (Cont.)

T
3 /

- Tt TN NG GRS N IENRL BRGNS B mE e
8% D80 @0 €05 900 OO 08 400 Mep eI 2008 2200

Thme =}

XT—

e 2 =

\\ The test results are automatically recoded
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15 Testing of Specimens (Cont.)

Compressive strength (MPa)
m B B 2B A s

O Compressive strength is improved due to addition of fibers

0 Compressive strength is improved due to addition of admixtures
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14 Jest on concrete specimen with admixture (Brittle failure)
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17 Test on FRC specimen (Ductile Failure)
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Analysis and
Design of RC

Structures by
using ETAB
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Application of ETABS for Simple Cases

20

tase-l

ETABS is use to model simple
beam and frame

The output of ETABS is
compared with manual

calculation in terms of SF & BM
Shear force Binding moment
Joi consisten
oints  consistent t
deformations ElRE deformati S
ons
A -50.63 -48.80 303.75 297
B 258.75 240.33 303.75 297
C -191.25 -192.46  365.77 370.17

o

50 kIN/m
‘ ‘ ’ ‘ * i’ié— Cy
______________ C
CYT

Equivalent Loadz

2071819

240,313

Shear V2

192 4602

T Modeling in | I

comparison

50.000 kN/m

Moment M3

=

-0.2864 kN

P <7

T

370.3152 kN-m
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2 Modeling of RC Structure in ETAB
&ase-z ETAB is use to model RC structures
Basic structural configurations
l
Dimension Material properties Loads
« Material properties:  Dead load= marble
« Number of floors= fc’=27.5 MPa, steel layer, P.C.C layer
4, 6 and 8 floors grade 60 (for ordinary +insulation layer, and
concrete wei
« Span=5, 6 and 7 _ ) _ self-weight
(m) « Material properties:
_ fc’= 40 MPa, steel . E q ;
. He|gh_t of each grade 60 (for fiber Xpecte . gs]:fe 0
floor =3.8(m) reinforced concrete structure: Offices
concrete) * Live load on structure
= 2.4 KN/m2

\ \
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Design of Slabs

22

’ = W ke
F27 = Jx =0.6™7*F21
A E © o E F ] H ! ] K L M H o F o [ = T u ] " # v z ¢
Parbal layer 13724 | knimg
F.C.C 14126
insulation 0.71
1 ‘w' ater proffing 0.44
B X | =7 43
Flooring 936
Lo 125 mm 150mm 1TEmm I ab
DL 703 KN 7eze | KN s KN Tin = e =
LL z5 KH zE KN z5 KH 33.3a+8.3b

becausze it is sequare the distribution of slab loads are two waw according to AC1-318-2005 =0, we need to find o and B to help us to distribute the load in < axiz and v axis
becausze the continuity of load distribuation in the =lab the valus oF -

)
1
3
1
S T 042 N “h S = & 2 e

~ m= 1 m i m &
i B 0.27 simple span exterior span iterir span
H L 125 mimy 150mm| 1FEmm|
H 'y 1244 [KMim| 12ae [KMim?| 1222 KRim® llr" o 0 ] ? I|' ' b f
] Wa 5.226 |KMim®| 5523 |KMim| s ERIm® C - i \,l' f;: C
1 W 2.36 [KMIm®[ 3554 [KMim?| 2742 KMim?
g V, = max{0.6 w L}
x i the resiseting of shear W. a
F 9 @=0.75 wy b
] . ar.es KM
& W 24.43 ] [P o0.0oz
| Vo 15.74 KR [& [ wttfmm | Prae | 0.018)
&
a [« | 150 mrm |
I3 W, | | | | [ 2saa] KN | |2 [ taifmm |
1 | For all the W, < &V, ] r
H
x
4
5

The moment in .5 direction forl =7m ke P will be use|  As[mmé] [Spacing (mmEh0 of BarDia(mm
T M 2857 | kM.m P 0003 | k=10 0.0034E536 512802546 125 7 10
¥
a [ 1237 | kM.m P 0003 ]| k=10 | 0002535324 | 366023212 ] 5 10
o
1 M 2381 | kM.m P 0003 | k=12 | 0002872237 | 43024215 150 E 10
z
x [ 15.31 | kM.m [ 0002 | k=12 0002105052 | 294707221 250 4 10 . I
5 As =z Temp. steel
s [ M3 | kHm| p | 000 | k=24 [AE] Z70 =] B (] Min. Spacing 2 @ main steel 2 4/3 max agg. 2 2.6 cm (1in)
5 Max. Spacing £3t=< 45 cm (17in)
T [ FEEZ | kM.m [ 0001 | k=24 00012 262 250 4 10
¥
L]
o
1
z
x
L]

Sheet1

Foundation design is not scope of this study
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Steps to Model Concrete Structure in ETABS
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~q Steps to Model Concrete Structure in ETABS

oo / r .
W E; \o“’.\eéS
ne \\e\
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[
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»5 Steps to Model Concrete Structure in ETABS

[BVHoc /6> a88aa ¥ nk> 645 B@0-0 nvas 1070 C2B JWH9C /8 anaad S5 e zan-e-n
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26 The models after design

Building with 4 floors Building with 6 floors Building with 8 floors
‘ —
| > X | | [ida3-DView | - x

(413D View vx [(1413-D View

\\ / : - :
\\De/_ﬁ,ign using ordinary Design using ordinary Design using ordinary
A\ concrete concrete concrete
' ' i Design column using fiber
gn column using fiber Design column using fiber g g
\1 :
D& gn column and beam Design column and beam Design column and beam
| ‘ing fiber concrete using fiber concrete using fiber concrete
\\ Span length is 5m, 6m and 7m 3x9 = 27 models

W 2N
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27 Detall of Structure Models

Length .
No.of Column with . .
#Samples| Models name of . Beam with fiber
floors fiber
span(m)

1 5MA4F-NF-B-NF 4 5 X X
2 5MG6F-NF-B-NF 6 5 X X
4 5MA4F-F-B-NF 4 5 \ X I
5 5M6F-F-B-NF 6 5 v X
6 5M8F-F-B-NF 8 5 N X
7 5MA4F-F-B-F 4 5 v v
8 5M6F-F-B-F 6 5 v v
9 5M8F-F-B-F 8 5 v v
10 6MAF-NF-B-NF 4 6 X X
11 6M6F-NF-B-NF 6 6 X

12 6MSF-NF-B-NF 8 6 . X 4% X
13 6MA4F-F-B-NF 4 6 mp @‘-“ Y X
14 6M6F-F-B-NF 6_ c.O \ X
15 6MS8F-F-B-NF M’gﬁ" 6 v, X
16 eMar-FB-F | ¥4 6 ,\e\\ “g \
17 6M6F-F-B-F 6 6 Y\ OV \
18 6MS8F-F-B-F 8 6 N N
19 7MAF-NF-B-NF 4 7 X X
20 7M6F-NF-B-NF 6 7 X X
21 7MSF-NF-B-NF 8 7 X X
22 7MAF-F-B-NF 4 7 v X
23 7M6F-F-B-NF 6 7 v X
24 7M8F-F-B-NF 8 7 N X
25 7MA4F-F-B-F 4 7 N N
26 7M6F-F-B-F 6 7 v v
27 7M8F-F-B-F 8 7 v v
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28 Completlnq the Analysis and Design

File Edt View Define Draw Select Assign Display Design  Detaling  Options  Tools  Help
OV H /ﬂ»@@.@@&@ 3-d PI3 el &Jﬁvﬂuwonu_ﬂ@ndﬁl I-0-T-O-=-B-£L-[-

+ [ 13 Model Eplorer | v X | [[d3Elevation View -B Moment3-3 Diagram (Dead) [kN-m] ~ X | [ 43Elevation View - B Longitudinal Reinforcing (ACI 318-14) - X

LY Model Display Tables Repots Detaling
=I- Model

- Project
4)- Structure Layout
%1 Properties
- Structural Objects
- Groups
#- Loads
#1-Named Output kems
”_‘smedp‘m‘z Story4 584 255 1151 1082 241 1082 1151 255 584 Story4
N 4 396 1001 530 501 847 501 530 1001 396
} i @ in - @
9 & & 2
Story3 850 246 1085 1045 237 1045 1085 246 850 Story3
403 931 505 488 878 488 505 931 403
o w w0

& a &
by & @

Story2 790 247 1099 1037 235 1037 1099 247 790

l ' N 375 938 510 484 866 484 510 938 375
0 w © 0

N
i
Bevation View -B X5 Y22 Z201(m) Ore Sy  v|Gobsl  v| Unis
) — 1023 PM
H O Type here to search R ) PG oy B

After completing the analysis and design
of 27 models in ETABS, comparison is

made in terms of cost and time period
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9 Variation of time period

N

of fibers the time
period is slightly
improved

O . !
o U — N W

Time period (sec)

______ m- I B B Due to addition
X

N %’é( Sb'é( gg’g 9;"§< %é ngbx & I ngb' Thus, do to
WS & W® addition of fibers
structures
Models becomes soft.
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30 Calculation of cost

|

/For Comparison of cost, we calculated the expected cost of

beams and columns only.
|

Because other components are same in all models an

We calculated the total quantity of steel and concrete

Consider'the unit cost of steel such that it include the
material cost, fabrication and placement cost, labor cost,
tc. same for concrete and FRC

P /
No’él cost = ) (unit price* quantity)

Prices of Materials that used (SR)

Fiber reinforce Ordinary concrete | steel (SR/ KQ)
concrete (SR / m3) (SR / m3)
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Calculationof quantity of single beam
Inputs
Top spacing .
B H L bars #of bars  |Bot bars #of bars  [Stirrups |(mm)
beam 250 650 7 13 10 10 14 10 150 Cal C u | at I O n th e
conc  |Wt/m leng(Kg/m)= 0.994| wt/lengikg/m)= 0.56| Wt/m leng(Kg/m)= 0.56 - .
«am- |1l QUantity of single
Qutputs
steel Top= 69.58 kg
steel BD?F 54.88 E; b eam
stirups= 47.04|Kg
Concrete 1.1375|m” total steel | 1?1.5|Kg
Calculationof quantity of single column
Inputs
spacing
Wil W2 L Dia bars [#of bars Dia of sti|(mm) .
500 500 3.8 29 18 10 150 Calcu Iatlon the
Wt/m length{Kg/m)5 5.06 Wt/m length{Kg/m)= 0.56 .
| [iengen 2 guantity of
Cutputs
Longitudnal steel 345.104|Kg |
stirups 28.3733333|Kg CO u m n
I

TMAF-WF (beam NF)
time
No of story FE”Dd
beam column [sec)
250*45( 250*500 | 250*550 | 250*250 |275*275 |300°300 |350*350
3 24 12 4
2 24 12 4 C | | I f
. » 5 2 e alculation o
ground floor 24 12 4 I -
total £l 24 32 B tOta quantlty
leng/element(m3 0.875 0.2375| 0.2B738 0.4655
teel/elementikg 185.416 108.548| 121.762 204.815
otal concrete W 102 6202
Total Conc B4 57| 9.19616 3724 B4
Total steel 177999 2605.152| 3896.384 1638.52| 2593999
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T Modeling in

Cost of building

Cost of different models

ETABS

# Sambples Models name Ordinary Concrete with steel (Kg) Cost of beam Cost of beam
P concrete (m3) fiber (m3) 9 and column (SR)| and column ($)
1 7TMA4F-NF-B-NF 106.1162 0 28841.15
192719.8 51391.95
4 7M4F-F-B-NF 18.62 84 25939.99
181628.6 48434.28
7 7TMAF-F-B-F 4172 0 25967.
o 8 >967.36 173463 46256.79
2 7TM6F-NF-B-NF 177.2083 0 46209.08
311865.9 83164.24
5 7M6F-F-B-NF 33.5163 138.6 41549.73
294506.8 78535.15
8 7TM6F-F-B-F 159.5163 0 40216.36
273695.5 72985.45
3 7M8F-NF-B-NF 265.5352 0 60464.66
422549.9 112680
6 7M8F-F-B-NF 52.61152 218.4 54107.43
406023.6 108273
9 7M8F-F-B-F 236.6706 0 56675.37
390812.7 104216.7
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33 Variation in Cost for Different Models

Cost of beams and columns for different models (SR)

450000
400000
—. 350000

00000
250000
& 200000
€ 150000 m
‘D 100000
O 50000
O 0

@ %(< %<< g,f( XX g;( XX <
p & el ol & fb e f<
(\ ‘( f< N4 &’ & < & L <
A\ ) < < ) <
R A AR RPN S N
$\o ,\® A ,\® A /\@ A

Models names

Due to addition of fiber, the cost was reduced
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24 Summary
=

« An arrangement is made to prepare the curly steel fibers.

 Different cube specimens were produced and tested in compression
» Test results shows that the these fibers are effective to produce the

ductile behavior.

/

/
» A series of 27 models are designed by using ETABS (with and without

fibers)

* The models are compared in terms of time period and cost

« Results show that due to addition of fibers time period is increased and

cost reduces.
\ N\
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