fiber reinforced concrete


CHAPTER VII: Implementation of Thesis
7.1 General
This chapter deals with the Implementation of the results of Thesis in the design project.
7.2 The Implementation Areas in Project
· Redesign of structure elements (columns and foundations) by use result of thesis (Fc’= 37.35MPa with Unit weight =23 Kg/m3).

· Survey quantities of reinforced concrete :-

                 1- Using plain concrete.

                 2- Using Fiber Reinforced Concrete.

· Make comparison between the two case above by:-

                 1- Quantities of concrete

                 2- Cost of concrete

7.2.1 Design of Columns
Load calculations
A] Dead Load

Load of each 400x200x200 x hordi block 
Hordi block Load   W1 = 8*(0.206)        W1 = 1.65 KN/m2
Rib Beam      W2 = 4*[0.1*0.2*(24)]      W2 = 1.92 KN/m2
50mm Slab    W3 = 0.05*(24)                  W3 = 1.2 KN/m2
20mm tiles + 10mm mortar = 0.90 Kpa   W4  = 0.90 KN/m2
Wall Load                                                 W5 = l.96 KN/m
Collateral Loads

· False ceiling = 0.10 KN/m2
· Lighting = 0.05 KN/m2
· Duct = 0.10 KN/m2
· Msc. = 0.10 KN/m2
                   Total                     W6 = 0.35 KN/m2
Total WDL = Wl + W2 + W3 + W4 + W5 +W6                  WDL = 7.98 KN/m2
B] live load for hotel building           WLL := 2.0 KN/m2 
         (Private rooms & corridors)

C] Ultimate Load   Wu = 1.4(7.98) +1.7(2) = 14.6 KN/m2
CMU wall load 
Height of CMU wall = hc = 1.0  Meters

A] Weight of 250mm thk CMU wall (16.45 KN/ mm3)
· CMU wall load 250mm thk no grout 1.77 Kpa  , WWl = (hc)*1.77   

                WWl = 1.77 KN/m   per ASCE -7-95   .
· Plaster each face (0.24 Kpa)  WW2 = (hc) *2*(0.24)  , WW2 = 0.48 KN/m 

           See table C3-lb.  
Therefore CMU wall total Load , WW = WW1 + WW2 = 2.25 KN/m.

B] Weight of 200mm thk CMU wall (16.45 KN/ mm3)

· CMU wall load 200mm thk no grout 1.48 Kpa ,  WWl:=(hc)*1.48
           WWl = 1.48 KN/m per ASCE -7-95.
· Plaster each face 0.24 Kpa  WW2 =  (hc)*2*(0.24)  , WW2 = 0.48 KN/m 

           See table C3-lb
     Therefore CMU wall total Load WW= WWl + WW2  ,   WW = l.96 KN/m

loads on Beam 
· Dead load of Floor slab  ,  Fs = 7.98 Kpa
· Wall / m  height  FFw = 2.25 Kpa

BEAM   # B1

· Load due to slab     W1= (area*Fs)/LB2 = (9*7.98)/6 =11.97KN/m' ,  

                                              W1 = 11.97KN /m'
· Wall         W2 = 3.0*FFw = 3*(2.25) = 6.75 KN/m'    , W2 = 6.75 KN/m'
· Wudl = Wl + W2                                 ,     Wudl = 18.72 KN/m

live load for hotel building           WLL := 2.0 Kpa [40 psi]
      (Private rooms & corridors)

· Load due to slab     W1= (area*Fs)/LB2 = (9*2)/6 = 3KN/m' ,  

                                              W1 = 3KN/m'

C] Ultimate Load ON B1   Wu = 1.4(18.72) +1.7(3) = 31.3 KN/m2

BEAM   # B2

· Load due to slab     W1= (area*Fs)/LB2 = (18*7.98)/6 =23.94KN/m' ,  

                                              W1 = 23.94KN /m'
· Wall         W2 = 3.0*FFw = 3*( l.96) = 5.88 KN/m'    , W2 = 5.88 KN/m'
· Wudl = Wl + W2                                 ,     Wudl = 29.82 KN/m

live load for hotel building           WLL := 2.0 Kpa [40 psi]
      (Private rooms & corridors)

· Load due to slab     W1= (area*Fs)/LB2 = (18*2)/6 = 6KN/m' ,  

                                              W1 = 6KN/m'

C] Ultimate Load ON B2   Wu = 1.4(29.82) +1.7(6) = 51.94 KN/m2
BEAM   # B3

· Load due to slab     W1= (area*Fs)/LB1 = (16.2*7.98)/8.4 =15.39KN/m' ,  

                                              W1 = 15.39KN/m'
· Wall      W2 = 3.0*FFw = 3*(2.25) = 6.75 KN/m'    , W2 = 6.75 KN/m'
· Wudl = Wl + W2                              ,     Wudl = 22.14 KN/m

live load for hotel building           WLL := 2.0 Kpa [40 psi]
      (Private rooms & corridors)

· Load due to slab     W1= (area*Fs)/LB1 = (16.2*2)/8.4 =3.86KN/m' ,  

                                              W1 = 3.86KN/m'

C] Ultimate Load ON B3   Wu = 1.4(22.14) +1.7(3.86) = 37.56 KN/m2
7.2.1.1 Design of Columns with Plain Concrete
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7.2.1.2 Design of Columns with Fiber Reinforced Concrete
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7.2.2 Quantity Survey of Reinforced Concrete For Columns Using Plain Concrete 
7.2.2.1 Quantity Survey of Reinforced Concrete from basement to 2nd floor
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7.2.2.2 Quantity Survey of Reinforced Concrete from 3rd to 2nd floor
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7.2.2.3 Quantity Survey of Reinforced Concrete from 7th to 10th floor
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7.2.2.3Quantity Survey of Reinforced Concrete from 11th to 13th floor
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7.2.3 Quantity Survey of Reinforced Concrete For Columns Using Fiber Reinforced Concrete 
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7.2.4 Comparison Between the Quantities of Concrete For Columns By Two Design Methods Used Above.
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7.2.5 Design of Foundations (Mat Foundation)
· column dimensions are

· C3 = 60cm x 150cm

· C4 = 40cm x 70cm

· C5 = 40cm x 90cm

· The allowable soil pressure is qall = 150KPa

· Use fc’ = 28 Mpa and fy = 1414 MPa
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Plan of Mat Foundation with column loads and dimensions

Step 1-Check Soil Pressure For Selected Dimension
Allowable load      P = ∑Pi

Ultimate load        Pu =∑ [1.4DL + 1.7LL]

Ultimate ratio        ru =P÷Pu

The table below shows the calculations for the loads:

	Column
	DL,KN
	LL,KN
	P,KN
	Pu,KN

	A
	2297
	353
	2650
	3816

	B
	4138
	707
	4845
	6995

	C
	4138
	707
	4845
	6995

	D
	2297
	353
	2650
	3816

	E
	4138
	707
	4845
	6995

	F
	2297
	1411
	8919
	12910

	G
	2297
	1411
	8919
	12910

	H
	4138
	707
	4845
	6995

	I
	4138
	707
	4845
	6995

	J
	7508
	1411
	8919
	12910

	K
	7508
	1411
	8919
	12910

	L
	4138
	707
	4845
	6995

	M
	2297
	353
	2650
	3816

	N
	4138
	707
	4845
	6995

	O
	4138
	707
	4845
	6995

	P
	2297
	353
	2650
	3816

	TOTAL LOAD =
	85036
	122863.6

	ru = P÷Pu
	1.44


· Ultimate pressure   qu = qa x ru = 150 x 1.44 = 216 KPa

           Location of the resultant load  Pu

· In x- direction:∑My-axis = 0
ex =
[image: image12.png][(3816 + 6995 + 6995 + 3816)x10.5] + [(6995 + 12910 + 12910 + 6995)x3.5]
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e x = 0.44m
· In y- direction :∑Mx-axis = 0

ey=
[image: image14.png][(3816 + 6995 + 6995 + 3816)x10.5] + [(6995 + 12910 + 12910 + 6995)x3.5]
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    ey = 0.1m

· Applied ultimate pressure, qu,applied  [image: image19.png]




Where 

A = Area = B.L = (23) x (30) = 690 m2

Mx = Pu ey = (122863.6)x(0.1) = 12286.4 KN.m

My = Pu ex = (122863.6)x(0.44) = 54060 KN.m

Ix = [image: image21.png]


 B L3 = [image: image23.png]


 (23) (30)3 = 51,750 m4

Iy = [image: image25.png]


 L B3 = [image: image27.png]


 (30) (23)3 = 30,417 m4               Therefore,
qu,applied  [image: image29.png]122863.6 , 54060 Jzzs“]
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 [178 ± 1.77 x ± 0.23 y]
	Point
	x
	y
	Sign for x
	Sign for x

	qu ,applied, kPa


	A
	9.15
	12.75
	+
	+
	197

	B
	3
	12.75
	+
	+
	186

	C
	3
	12.75
	+
	+
	186

	D
	9.15
	12.75
	-
	+
	165

	M
	9.15
	12.75
	+
	-
	192

	N
	3
	12.75
	+
	-
	181

	O
	3
	12.75
	+
	-
	181

	P
	9.15
	12.75
	-
	-
	159


For the dimensions    L = 23 m    and    B = 30 m,

qu,max = 197 kPa < qu = 216 KPa 

and        qu,min = 159 kPa > 0

 Therefore, the dimensions are adequate.

Step 3 – Determine The Depth Of Concrete, D'
The critical section for punching shear in the will be at the column (C3) carried (8919KN) of load.

column dimension   C3 = 0.6m x 1.5m
b0 = 2(dc+bc)+4d
b0 = 2(0.6+1.5)+4d
b0 = 4.2+4d
U= [image: image31.png]
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).(b0.d)
U=1.7(P)=1.7(8919)=15,162KN=15.2MN

15.2=(4.2+4d).(d).(0.85)[image: image35.png].(0.34+/28



)

(4.2+4d)d = 15.2 - (0.85)[image: image37.png].(0.34+/28



)

4.2d+4d2 = 15.2 – 1.52

4.2d+4d2 = 13.67

Solve     4d2+4.2d-13.67=0
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D = 1.4m                              with used plain concrete (Fc’=28MPa)
The Mat Dimension 23m x 30m x 1.4m

Step 4 - Determine The Depth Of Concrete, D' With FRC
The critical section for punching shear in the will be at the column (C3) carried (8688KN) of load.

column dimension   C3 = 0.6m x 1.5m

b0 = 2(dc+bc)+4d

b0 = 2(0.6+1.5)+4d

b0 = 4.2+4d

U= [image: image42.png]
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).(b0.d)

U=1.7(P)=1.7(8688)=14,769KN=14.76MN

14.76=(4.2+4d).(d).(0.85)[image: image46.png].(0.344/37.35



)

(4.2+4d)d = 14.76 - (0.85)[image: image48.png].(0.344/37.35



)

4.2d+4d2 = 14.76 – 1.8

4.2d+4d2 = 12.9

Solve     4d2+4.2d-12.9=0
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D =1.15m           with used fiber reinforced concrete (Fc’=37.35MPa)
The Mat Dimension 23m x 30m x 1.15m

7.2.6 Quantity Survey of Reinforced Concrete For Foundations Using Plain Concrete 
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7.2.7 Quantity Survey of Reinforced Concrete For Foundations Using Fiber Reinforced Concrete
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7.2.8 Comparison Between the Quantities of Concrete For Foundations By Two Design Methods Used Above.
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[image: image55.png]Reduction in concrete quantity = 17.8%
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7.3 Conclusion of Thesis Implementations Results 
In the light of the preceding results and discussion, the following can be concluded:-

· The using of fiber reinforced concrete in columns as alternative solution to plain concrete reduce 16.6% of the concrete quantity and reduce 7.5% of the concrete cost.
· The using of fiber reinforced concrete in foundations as alternative solution to plain concrete reduce 17.8% of the concrete quantity and reduce 8.7% of the concrete cost.

The end 
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