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Structural Design For Specialist Hospital In Dura

Prepared by

Asmaa Ismael Najjar Thekra Ahmad Karaja

2023-Palestine Polytechnic University
Supervisor

Eng.Inas Shweiki

Abstract

The idea of this project can be summarized by preparing Specialist Hospital In
Dura. Which consists of all facilities that should be available in any Hospital.

The project is consists of three floors, and the total area of the building is 6320.66
meter square, the design of the project is based on the multiplicity of spatial cluster and
distributed consistently aesthetically and functional .

We used ACI-318 code and structural designing programs such, ATIR, AutoCAD
(2014), and we studied some old graduation projects, and the project will include
detailed structural study of identified and analysis of the construction elements and the
expected various loads, and then the structural design of elements and the preparation
of shop drawings based on the prepared design.

God grants success
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A" = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

f.: = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,

measured face-to-face of supports in slabs without beams and face to
face of beam or other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.



Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.

& = strain of tension steel.

€= strain of compression steel.

p = ratio of steel area..
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Structural Design For Specialist Hospital In Dura

Prepared by

Asmaa Ismael Najjar Thekra Ahmad Karaja

Palestine Polytechnic University -2017

Supervisor

Eng .Sufian Al-Turk

Abstract

The idea of this project can be summarized by preparing Specialist Hospital In
Dura. Which consists of all facilities that should be available in any Hospital.

The project is consists of three floors, and the total area of the building is 6320.66
meter square, the design of the project is based on the multiplicity of spatial cluster and
distributed consistently aesthetically and functional .

We used ACI-318 code and structural designing programs such, ATIR, AutoCAD
(2014), and we studied some old graduation projects, and the project will include
detailed structural study of identified and analysis of the construction elements and the
expected various loads, and then the structural design of elements and the preparation
of shop drawings based on the prepared design.

God grants success
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A" = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

f.: = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,

measured face-to-face of supports in slabs without beams and face to
face of beam or other supports in other cases.

LL = live loads.
Lw = length of wall.
M = bending moment.

Mu = factored moment at section.



Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear in direction parallel to longitudinal reinforcement.
Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.

& = strain of tension steel.

€ = strain of compression steel.

p =ratio of steel area .
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Chapter 4 structural analysis and design

4.1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels, and
others.

Reinforced concrete is logical union of two materials: plain concrete, which possesses high
compressive strength but little tensile strength, and steel bars embedded in the concrete, which
can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequently
admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and
specifications that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit weight from about 1350 to 1850 kg/m?>.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m®.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m°.

4-2 Design Method and Requirements

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_code (318 _08).

v" Strength design method:-

In ultimate strength design method, the service loads are increased by factors to obtain the load
at which failure is considered to be occurring.
This load called factored load or factored service load. The structure or structural element is then
proportioned such that the strength is reached when factored load is acting. The computation of
this strength takes into account the nonlinear stress-strain behavior of concrete.
The strength design method is expressed by the following,

Strength provided > strength required to carry factored loads.
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NOTE:-

The statically calculation and the key plans dependent on the architectural plans.

v' Code:-

ACIl 2008
UBC
v Material:-

Concrete:-B300

. 2 ) .
fc'= 30N /mm~*(MPa) ror circular section

but for rectangular section
Reinforcement steel:-
The specified yield strength of the reinforcement ( fy = 420 N/mm? (MPa) ).

v' Factored loads:-

( fc'=30*0.8 = 24MPa )

structural analysis and design

The factored loads for members in our project are determined by:-

W,=12D_+16 L,

ACI-code-318-08(9.2.1)

4.3 Check of Minimum Thickness of Structural Member:

Minimum Thickness of Non prestressed Beam or One-Way Slabs Unless Deflections are Calculated.

(ACI 318M-11).

Table (4.1): Check of Minimum Thickness of Structural Member.

Minimum thickness( h)

Simply One end Both end
NS supported Continuous continuous TR
solid one way
slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

31




Chapter 4 structural analysis and design

For Rib :-

hminfor(one end continuous)=L/18.5=6.70/18.5=36.2cm
hminfor(both end continuous)=L/21=6.00/21=28.6cm
hminfor(Cantilever)=L/8=4.2/8=52.5cm

Take h=34cm

24 cm block + 10 cm topping = 34cm

For Beam :-

hminfor(one end continuous)=L/18.5=7.83/18.5=42.3 cm
hminfor(both end continuous)=L/21=7.94/21=37.8cm
hminfor(Cantilever)=L/8=5.06=63.3cm

Take h =70cm

4.4 Design of Topping
v" Statically System For Topping :-

Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the ribs.

Wu

- - 40 cm -

Fig 4.1: Topping Load.
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v" Load Calculations:-

Dead Load:-

Table (4.2): Dead Load Calculation of Topping.

Live Load :-
L, =5 KN/m?

L, =5 KN/m?x1m=5KN/m
Factored Load :-
Wy = 1.2 xX6.47 + 1.6x5 =15.76KN/m

Check the strength condition for plain concrete, 8M,, > M, where g = 0.55
My = 0.42 L \/f/ Sm (ACI 22.5.1, equation 22-2)

_ b.h* _1000.1002

3 3 = 1666667 mm?

Sm
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Chapter 4 structural analysis and design

oM, =0.55%0.42x1x+/24 x1666667 x10~° =1.89KN.m

_ Wyl?  15.76,4007
M, = =
12 12

= 0.210KN.m (negative moment)

_ Wyl? _ 15.76,4002
24 24

Mu = 0.105KN. m (positive moment)

oM>> M= 0.210 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAs minfor slabs as
shrinkage and temperature reinforcement.

As = pxbxhigpping =0.0018 x1000x100 = 180 mm?/m
Step (s) is the smallest of:

1. 3h=3x100 =300 mm control ACI 10.5.4
2. 450mm.

280

"

) — 2.5C = 380 (;482°0> ~2.5.20 = 330mm ACI 10.6.4
3

3. S :380(

Take g 8 @ 200 mm in both direction , S = 200 mm <Smax = 300 mm ... OK

4.5 Design of One Way Rib Slab (R4)

Requirements For Ribbed Slab Floor According to ACI- (318-08) .

bW > 10CM. . e ACI(8.13.2)
Select bw=12 cm

R <355 BW oo ACI(8.13.2)

Select h=34cm<3.5%12= 42 cm

tf>Ln/12>50mm ... ACI(8.13.6.1)

Select tf=10cm
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Chapter 4 structural analysis and design

v' Material :-

— concrete B300 Fc' = 24 N/mm?

=  Reinforcement Steel fy = 420 N/mm?
v’ Section :-

= B =520mm

= Bw=120mm

= h=340mm

= t=100 mm

= d=340-20-10-12/2= 304 mm

v' Statically System and Dimensions:-

1 2 3
]:: : 1_1:_._ : 1_:_‘_ : :j
A A A
| 0.8 ) 3.03 ) 0.8 | 3.7 | 0.8 ) 4.41 | 0.8 )
! ' 3.83 N 4.51 N 5.21 ' '
52.
34.
12.
A—A
Loading
lToad group no. 7
Dead load - Service Units:kN,meter
5.024 5.24 5.p4
3.83 4.51 521
Live load - Service Load factors: 1.20,1.20/1.60,0.00
3.83 4.51 521

Fig 4.2: Statically System and Loads Distribution of Rib(R04).
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v" Load Calculation:-

Dead Load:-

Table (4.3): Dead Load Calculation of Rib(R04).

Dead Load /rib =5.2416 KN/m
Live Load:-

Live load = 5 KN/M?

Live load /rib =5 KN/m?x 0.52m = 2.6 KN/m.

+ Effective Flange Width ( b.):-ACI-318-11 (8.10.2)
b For T- section is the smallest of the following:-

b =L/4=1240/4 =310

b =15+16t=15+16 (10) =175cm

be = be < center to center spacing between adjacent beams = 52 cm. Control
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be For T-section = 52cm .

Moments: spans 1to 3

-28.6

1.72 2.1

2.03 2.48 | 3.13 | 2.08 |

Shear

24.7 -21.3 -22.6
-17.4 -19.9 A45.3

9.8
17.1

15.9
23.2 25.4
32.7

Fig 4.3: Shear and Moment Envelope Diagram of Rib (R04 ).

v Moment Design for (R 04):-

Design of Positive Moment for (Rib04 ):-(Mu=24.5KN.m)
Assume bar diameter g 12 for main positive reinforcement
dp 12
d =h' cover - dstirrups_? = 34‘0 - 20 - 10 - ? = 304‘ mm
Check if a>h; to determine whether the section will act as rectangular or T- section.
- ’ he
Mns=0.85. f('. be. hy. (d — 7)

100

=0.85 x 24 x 520 x 100 x (304 - T) X 107% = 269.44 KN.m

Mn>>% = %: 27.22KN.m , the section will be designed as rectangular section

37



Chapter 4

withbe =520 mm.

M, _  24.5x10°

R.— =
"7 @bdZz ~ 0.9x520%x3042

= 0.566 Mpa

fy 420
0.85f,  0.85x24

= 20.6

structural analysis and design

b= l<1 _ 1o 2.m.Rn> _ L<1 B \/1 . 2><20.6><0.566> — 0.00137
m 420 20.6 420

Asreq = p.b.d = 0.00137 x520x304 = 216.25 mm?
Check for As min:-

As min = ‘/_ (b w)(d) ACI-318 (10.5.1)

m
420)

(120)(304) =106.38mm?
.14
A =——(bw)(d
S min (fy)( w)(d)

As min :%(120)(304) =121.6mm? controls

ASeq= 216.25 mm? >Aspp= 121.6mm>  OK

Use 2 4] 12 ,As‘provided: 2622 mm2>AS'required: 21625 mm2 coce

Ok

520-40%2-20%2—(2x12) _
1

S=

=376mm >d, =12 > 25 mm

Check for strain:-

Asfy  262.2x420

= - = = 10.38 mm
0.85b f; 0.85x520%x24
a _ 1038
X=—= =12.21mm
B, 085

38
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d— x) —0 (304 —12.21

& = 0.003 (T 1221 ) = 0.072 > 0.005 Ok

Design of Negative Moment for(Rib4 ):- (Mu=-18.5Kn.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dimps— 2 = 340 — 20 — 10 — = = 304 mm

M, _  185x10®
Rn= @bdZ ~ 0.9x120x304%2 1.85Mpa
m=-—2_ =42 _ 06
0.85f] ~ 0.85x24
1 2.Mm.Ry, 1 2%20.6X1.85
p:;(l— _—ZO>=%<1_\/1_T>=000463

Asreq = p-b.d = 0.00463x120x304 = 169.06mm?

Check for As min:-
AS min :i(bw)(d)ACI-318 (10.5.1)
4(fy)

Nex
4(420)

AS min =

(120)(304) =106.38mm?
.14
A =——(bw)(d
S min (fy)( w)(d)

As min = % (120)(304) =121.6mm* controls

ASeq = 169.06mm? >Aspin= 121.6 mm*OK

Use 2 8 12 A, provided=262.2 MM*>A required= 196.06_mm?... Ok

_ 120-40-20—(2x12)
- 1

S =36mm>d, =10> 25 mm not OK

Check for strain:-

_ Asfy  262.2x420

= - = = 4499 mm
0.85b f; 0.85x120%x24

a
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x=2 =2 _5292mm
B,  0.85
~0.003 (d — x) = 0.003 (304 _ 52'92) = 0.014 > 0.005 0k
&= x )~ 5202 ) :

v" Shear Design for (R ib 04):-

Case 2 :-

V, at distance d from support=25.4 KN

Shear strength V., provided by concrete for the joists may be taken 10% greater than for beams.
This is mainly due to the interaction between the slab and closely spaced ribs.(ACI, 8.13.8).

Ve ==\/fZbyd = =24 x 120 X 304 X 1073 = 32.76 KN

gV, =0.75%x32.76=24.57 KN

0.5 9 V. =0.5x24.57 =12.285 KN
050V<V, <oV,
12.285<25.4<24.57

Case (2) for shear design is not suitable

Case 3:-

® Ve<Vu < (® Ve + @ Vsmin)

® Vs min > % fc'b, d = %m * 120 * 304 * 1073 = 8.38KN
> 0.75 (%) * hw * d =0 .75* (%)*120*304*10'3 =9.12 KN Controls

® Vs min=9.12
D Ve<Vu <P Ve + ® Vsmin

24.57<25.4 < 33.69...... Case 3 is satisfied
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VSZF—VC

Vs=25.4/0.75 -32.76=1.1077KN

Try 2 $10=2*78.5=157mm’

2x785 _ 1.107x103

S = 18045.98mm%Mgyip

S 420%304 '
d 304
Smax = 2= = 152 mm control
or Smax < 600 mm

Selected S=15cm

4.6 Design of Beam (B,G02)

v' Material :-
= concrete B300 Fc' = 24 N/mm?
,:> Reinforcement Steel fy = 420 N/mm?
v’ Section :-

= B=80cm
= h=70cm
= d=700-40-10-20/2= 640 mm

41
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v" Statically System and Dimensions:-

structural analysis and design

1 2 3
J S o A_I 14— C A_I 1y r A_I
| 0.8 | 3.03 0.8 3.71 0.8 4.41 | 0.8 |
' ' 3.83 4.51 5.21 ' '
f f I I
52.
34_
12.
A-A
Loading
[oad group no. 1
Dead load - Service Units:kN,meter
5.p4 5.24 5.p4
3.83 4.51 5.21
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2%0
3.83 4.51 521

Fig 4.4: Statically System and Loads Distribution of Beam (B,G02).
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v" Load Calculations:-

From Rib01

The maximum support reaction from Dead Loads for R0O1 upon B,G02 is 24.07 KN,
The distributed Dead Load from the R4 on B,G02.
DL =(24.07/0.52) = 46.29 KN/ m

Self weight of beam = 10.8 KN/ m
DL =10.8+46.29=57.09 KN / m

From Rib03

The maximum support reaction from Dead Loads for R03 upon B,G02 is23.82KN,
The distributed Dead Load from the R03 on B,G02
DL =(23.82/0.52) =45.81 KN/ m

Self weight of beam = 10.8 KN/ m
DL =10.8+45.81=56.61 KN /m

From Rib04

The maximum support reaction from Dead Loads for R04 upon B,G02 is22.57KN,
The distributed Dead Load from the R04 on B,G02
DL =(22.57/0.52) =43.40 KN / m

Self weight of beam = 10.8 KN/ m
DL =10.8+43.40=54.2 KN /m
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Live Load calculations for Beam (B.G02):-

From Rib01
The maximum support reaction from Live Loads for RO1 upon B,G02 is 13.37 KN The

distributed Live Load from the Rib 01 on B,G02.

LL =13.37/0.52= 25.71 KN/m.
Nominal Total live load =5 * 0.8 =4 KN/m

Total LL =25.71+4=29.71KN/m

From Rib03

The maximum support reaction from Live Loads for RO3 upon B,G02 is 13.22Kn The
distributed Live Load from the Rib03 on B,G02.

LL =13.22/0.52= 25.42 KN/m.

Nominal Total live load =5 *0.8 =4 KN/m
Total LL =25.42+4=29.42KN/m

From Rib04

The maximum support reaction from Live Loads for RO4 upon B,G02 is 12.97Kn The
distributed Live Load from the Rib04 on B,G029.

LL =12.97/ 0.52= 24.94KN/m.

Nominal Total live load =5 * 0.8 =4 KN/m

Total LL =24.94+4=28.94KN/m
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Moments: spans Tto 3

-28.6

-17.9 -18.5 -16.3

"s\_/ 0.55/0.75 — 1'-03 0.88 \_/
14. ' '

| 172 2.11 | 2.03 2.48 | 3.13 2.08 |

-24.7 -27.3 .296
-17.4 -19.9 -15.3

23.2 254
32.7

Fig 4.5: Shear and Moment Envelope Diagram of Beam (B,G02).

v Moment Design for (B,G 02):-

Flexural Design of Positive Moment for(B,G02):-(Mu=536.3KN.m)

Determine of My max
d =700 — 40 -10 — 20\2 = 640 mm

3 3
x =7d =7*640 = 274.28 mm

a=B.x = 124.7 x 0.85 = 233.14 mm
Mnina,= 0.85+ £ +a*b(d - 2 ) = 0.85%24*233.14*800*(640-233.14/2 ) *10°°= 1991.57KN.m
@ Mniay = 0.82* 1991.57 = 1633.08KN.m >285.8KN.m .

Design as singly reinforcement
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oo My __5363x10°
"= BbdZ 0.0 x 800 x 6402 _ o-MPa

_ fy _ 420
0.85f  0.85x24

p:1<1_ 1_M>_ <1_J1_M>:o.00454
m 420 20.6 420

As = p.b.d = 0.00454x800x640 = 2324.48 mm?

= 20.6

Check for Asmin:-
Smin VI £*500*640 =933.14 mm?
) 4* 420
1.4 ,
ASiin = T )( w)(d) = 70*500*640 1066.67 mm2Controls

A= 2324.48 mm?

Use 5g 25 Bottom, As provided= 2454.4 MM*>A, required= 2324.48mmZ... Ok

Check spacing :-

S— 800—40%2—2%20—(5%25)
4

=138.75mm >d, = 20> 25mm OK

Check for strain:-

AS.
- fy = 2454.4%420 — 6316 mm
0.85b fc 0.85%x800x24
x=2 =231 _ 74 31mm
B, 085
= 0.003 (d_x) = 0.003 (640_74'31) —0.0228 > 0.005 0k
& = U x ) 7431 ) '
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Flexural Design of Positive Moment for(B,G02):-(Mu=516.9KN.m)

M, _  516.9x10°

Rn= ObdZ  0.9x800x6402 1.753Mpa.
m=—2 =20 _ 06
0.85f/  0.85x24
1 2.m.Ry, 1 2x20.6X1.753

As = p.b.d = 0.00437x800x640 = 2237.36mm>.

CheCk fOf Asymin:'
_Jfc _ £*500*640 _ 2
Asmin = ~——(bw)(d) = 4*420 =933.14 mm
4( fy)
ASmin = ﬂ(bw)(d) = £*500*640: 1066.7 mm2Controls
(fy) 420

A= 2237.36 mm?

Use 6822Bottom, As provided=_2280.8 MM*>As required= 2237.36 mm?... Ok

Check spacing :-

_ 700—40%2-2%20—(6%22) _
= - =

S

89.6mm >d, =20>25 OK

Check for strain:-

Asfy  2280.8x420

= - = = 58.70mm
0.85b f! = 0.85x800x24
a 5870
X=—=——=69.06 mm
B, 085
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(640 —69.06

d—x
& = 0.003 (T) = 0.003 59.06

) = 0.0248 > 0.005 Ok

Flexural Design of Negative Moment for(B,G02 ):-(Mu=-627.8KN.m)

o M 6278x10°
= 0bd2 T 0.9x800 x 6402 pa

fy 420
0.85f!  0.85x24

. i<1 _ 1o 2mRn> <1 B Jl B 2><20.6><2.129> — 0.00536
m 420 20.6 420

As = p.b.d = 0.00536 x800x640 = 2746.86mm?

= 20.6

CheCk for Asymin:'
ASmin = ~—— ( w)(d) = V24 V27 _*500*640 = 933.14 mm?
4(f y) 4*420
1.4 )
ASpin = (b w)(d) = ——*500*640=1066.7 mm“Controls
(f y) 420

A =2746.86mm?Controls

Usegﬂ 20 ,Ag‘provided: 2827.4 mm2>A§‘required: 2227.2... Ok

Check spacing :-

800-40%2-2%20—(9+20)
8

S= =625mm>d,=20>25 OK

Check for strain:-

Asfy _ 2827.4%x420

- = = 7276 mm
0.85b f/  0.85x800x24

a=
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x=2 =227 _ 85.60mm
B, 085
= 0.003 (d _ x) =0 (640 _ 85'60) = 0.0194 > 0.005 0k
&= x ) 8560 /) '

v" Shear Design for (B ,G02):-

1. Case 3:-

for shear design, minimum shear reinforcement is required (4, i), Reinforcement.

Use stirrups (2 leg stirrups ) 10/ 250 mm , A, = 2 x79 = 157 mm?

V, =421.5 KN
= 1 ! == l * * =
Ve=2\/fc'h,d == =24 %500 x 640 = 261.28 KN

® V=0.75*261.28 =195.96 KN

@ Vsmin> 0.75 (%) * bw * d =0 .75% (%)*500*640*10'3 = 80 KN Controls

J fc'
F) *bw *d= 0.75*(%) * 500 * 640*10° = 73.48 KN

® Vsmin >0.75 (
D Ve<Vu<d Ve + @ Vsmin
195.96<421.5<275.96...... not satisfied
Cases 1&2&3 is not suitable

Case 4 :-
vy = 2y/fc'b, d = V24 % 500 + 640 =522.55KN

(Z)(vc + Us,min) <y = Q)(vc + vs’)
0.75(261.28+ 106.67)< 421.5 < 0.75(261.28 + 522.55)

275.9<421.5 <587.87
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shear reinforcement are required

Use 2 leg @ 10

As =157 mm?
Vi=V,-V,= 402—;55 —261.28 = 300.72KN

Apfyed 157 % 420 * 640

S = = = 140.34
v, 300.72 * 1000 mm
d 640
Smax < EZT: 320 mm
or Smax < 600 mm

Use 2 leg ® 10 @12.5cm

50
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A

Chapter Four

Structural Analysis and Design

4-1 Introduction

4-2 Design method and requirements.

4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping .

4-5 Design of One Way Rib Slab (R-4).

4-6 Design of Beam (B3).

4-7 Design of Stair (Stair).

4-8 Design of Column (C 5)

4-9 Design of Shear Wall (SW 1).

4-10 Design of Footing (F 5).
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Chapter 4 structural analysis and design

4.1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels, and
others.

Reinforced concrete is logical union of two materials: plain concrete, which possesses high
compressive strength but little tensile strength, and steel bars embedded in the concrete, which
can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequently
admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and
specifications that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit weight from about 1350 to 1850 kg/m?®.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m®.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m®.

4-2 Design Method and Requirements

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_code (318_08).

v" Strength design method:-

In ultimate strength design method, the service loads are increased by factors to obtain the load
at which failure is considered to be occurring.
This load called factored load or factored service load. The structure or structural element is then
proportioned such that the strength is reached when factored load is acting. The computation of
this strength takes into account the nonlinear stress-strain behavior of concrete.
The strength design method is expressed by the following,

Strength provided > strength required to carry factored loads.
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Chapter 4

NOTE:-

The statically calculation and the key plans dependent on the architectural plans.

v Code:-

ACIl 2008
UBC
v Material:-

Concrete:-B300

1 2
fc'=30N /mm*(MPa) £qr circular section

but for rectangular section ( fe=
Reinforcement steel:-
The specified yield strength of the reinforcement ( fy = 420 N/mm? (MPa) ).

v" Factored loads:-

30*0.8=24MPa )

structural analysis and design

The factored loads for members in our project are determined by:-

Wu =1.2 D|_ +1.6 L|_

ACI-code-318-08(9.2.1)

4.3 Check of Minimum Thickness of Structural Member:

Minimum Thickness of Non prestressed Beam or One-Way Slabs Unless Deflections are Calculated.

(ACI 318M-11).

Table (4.1): Check of Minimum Thickness of Structural Member.

Minimum thickness( h)

Simply One end Both end
Member supported Continuous continuous Cantilever
solid one way
slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8
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For Rib :-

hminfor(one end continuous)=L/18.5=6.40/18.5=34.59Em
hminfor(both end continuous)=L/21=6.30/21=30cm
hminfor(Cantilever)=L/8=6.50/8=81.52cm

Take h =32 cm

24 cm block + 8 cm topping = 34cm

For Beam :-

hminfor(one end continuous)=L/18.5=7.85/18.5=42.41 cm
hminfor(both end continuous)=L/21=7.56/21=36cm
hminfor(Cantilever)=L/8=5.77/8=72cm

Take h =72cm

4.4 Design of Topping
v" Statically System For Topping :-

Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the ribs.

Wu

- - 40 cm -

Fig 4.1: Topping Load.
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v" Load Calculations:-

Dead Load:-

Table (4.2): Dead Load Calculation of Topping.

Live Load :-

L. =5 KN/m?

L. =5 KN/m?x1m=5KN/m

Factored Load :-

Wy = 1.2 x5.97 + 1.6x5 =15.164KN/m

Check the strength condition for plain concrete, gM,, > M, where g = 0.55

My = 0.42 L \/f! Sm(ACI 22.5.1, equation 22-2)

_ b.h? 1000.80

— 2
Sm = 3 = 1066666.667 mm
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oM, =0.55%0.42x1x+/24 x1066666.67 x10~° =1.207KN.m

2 2
M, = W;‘ZL = 15'761*2400 = 0.210KN.m (negative moment)

_ Wyl? _ 15.76,4007
24 24

Mu = 0.105KN.m (positive moment)

oMp>> M= 0.210 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAs minfor slabs as
shrinkage and temperature reinforcement.

Pshrinkage= 0.0018 ACl 7.12.2.1
As = pxbxhigpping =0.0018 x1000x80 = 144 mm?*/m
Step (s) is the smallest of:

1. 3h=3x80=280 mm control ACI 10.5.4
2. 450mm.

280

g

280

) — 2.5C = 380 (zm) ~2.5.20 = 330mm ACI 10.6.4
3

3. S :380(

Take g 8 @ 200 mm in both direction , S = 200 MM <Syax =280 mm ... OK

4.5 Design of One Way Rib Slab (R-4)

Requirements For Ribbed Slab Floor According to ACI- (318-08) .

DW = BCIM. ettt ACI(8.13.2)
Select bw=12 cm

R <3.5%DW oo ACI(8.13.2)

Select h=32cm<3.2*12= 38.4 cm

tf>Ln/12250mm ..o ACI(8.13.6.1)

Select tf=8cm
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v Material :-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel fy = 420 N/mm?
v’ Section :-

= B =520mm

= Bw=120 mm

= h=320mm

= t=80mm

= d=320-20-10-12/2= 284 mm

v" Statically System and Dimensions:-

Geometry Units:meter,cm
1 2 3
TV TV TV T
1273245278 1273245278 1213245278
08 3.3 08 3.71 08 a3 0.65,
b a. ' ' 4.51 ' ' 5.02 o
f f f {
Loading
Toad group no. 1
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.2/2.5 5.4/2.6 5.22.6
4. 4.51 5.02

Fig 4.2: Statically System and Loads Distribution of Rib(R-4).
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v" Load Calculation:-

Dead Load:-

Table (4.3 ): Dead Load Calculation of Rib(R04).

Dead Load /rib =5.Y052 KN/m
Live Load:-
Live load = 5 KN/M?
Live load /rib =5 KN/m®x 0.5Ym = ¥.1 KN/m.
% Effective Flange Width ( b.):-ACI-318-11 (8.10.2)
b For T- section is the smallest of the following:-
b. = L/4 =1240/4 =310
b, =15+ 16t=15 + 16 (8) = 143 cm

be = be < center to center spacing between adjacent beams = 52 cm. Control
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be For T-section = 52cm .

Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 3
2638
-18.9 A7, 15,
9.5 -10.3
. y@l\ 1.2 ,
I 1 I 1
L I I 51_ I I '_ 1 I |
0.50.79 0.84
—t— et
M 7.01 .
9.4 :
15.
| 1.8 2.2 | 2.26 2.26 | 3.01 227 901 |
r T T T T T 1
Shear
-25.5 -26.6 R
18.5 19.5 155 218
L—
17 Tes
23.6 24.4
31.5

Fig 4.3: Shear and Moment Envelope Diagram of Rib (R-4).

v Moment Design for (R -4):-

Design of Positive Moment for (Rib04 ):-(Mu=22.7KN.m)

Assume bar diameter g 12 for main positive reinforcement
— dp 12
d —h' cover - dstirrup5_7 = 320 - 20 - 10 - 7 = 284‘ mm
Check if a>hs to determine whether the section will act as rectangular or T- section.

h
Mas =0.85. f. be. hy. (d — )

= 0.85 X 24 X 520 X 80 x (284 — =) x 107 = 198.58 KN.m
Mn>>% = %: 27.22KN.m, the section will be designed as rectangular section

withbe =520 mm.
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_ My 245x10%
Rn= @bd? ~ 0.9x520x2842 0.649 Mpa
m= —2 20 _ 206

T 0.85f!  0.85x24

p=i<1 _ 11 _m> =L<1 _\/1_w> = 0.00157
m 420 20.6 420

Asreq = p.b.d = 0.00157 x520x284 = 231.86mm?

Check for As min:-

] fc'
A =~ (bw)(d)ACI-318 (10.5.1
s min 4(fy)( w)(d) ( )

22

220 (120)(284) = 99.38mm

AS min =

.14
A =——(bw)(d
S min (fy)( w)(d)

As min :%(120)(284) =113.6mm? controls

ASreq= 231.86 mm® >Aspin= 131.6mm*  OK

Use 2 8 12 As provided=262.2 MM*>As required= 231.86_mm?.... Ok

_ 520-40%2-20+2—(2X12) _
= - =

S

376 mm > d, = 12 > 25 mm OK

Check for strain:-

_ Asfy  _ 262.2x420
0.85b f! = 0.85x520x24

= 10.38 mm

10.38
X= — = —>==12.21 mm
B, 0.85

284 —12.21

d—x
& =0.003 <T> = 0.003( 1221

) = 0.067 > 0.005
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Design of Negative Moment for(Rib4 ):- (Mu=-17Kn.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dgimps— -2 = 320 — 20 — 10 — - = 284 mm

_ M, __ 185x10°
Rn= @bd? ~ 0.9x120x2842 2.12Mpa
420
=L = 20.6

m= = =
0.85f  0.85x24

p:1<1 _ 1 _M> :L<1 _\/1 _M> = 0.00534
m 420 20.6 420

Asreq = p.b.d = 0.00534x120*284 =181.99mm?

Check for As min:-

] fc'
A =~ (bw)(d)ACI-318 (10.5.1
s min 4(fy)( w)(d) ( )

As min = ﬂ(120)(284) =99.38mm?
4(420)

1.4
in=——(bw)(d
A's min (fy)(W)()

As min = % (120)(284) =113.6mm? controls

ASreq = 181.99mm? >Asyin= 113.6 mm?0OK

USQ 2 4] 12 ,Asvprovided: 2622 mm2>As required: 18199 mmz... Ok

_ 120-40-20—(2x12) _
= - =

S 36 mm>d, =10 > 25 mm not OK

Check for strain:-

_ Asfy  _ 262.2x420

= - = = 4499 mm
0.85b f/  0.85x120x24

a 44.99
X=—=——=>5292mm
By 0.85
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d— x) 0 (304 — 52.92

& = 0.003 (T =297 ) = 0.014 > 0.005 Ok

v" Shear Design for (R ib 04):-

Case 2 :-

V, at distance d from support= 25.2KN

Shear strength V¢, provided by concrete for the joists may be taken 10% greater than for beams.
This is mainly due to the interaction between the slab and closely spaced ribs.(ACI, 8.13.8).

Ve ==\[fibyd = V24 x 120 x 284 x 107% = 30.61 KN

oV =0.75%30.61=22.96 KN
0.5 9 V. =0.5%22.96 =11.48KN
050V<V, <oV,
11.48<25.2<22.96

Case (2) for shear design is not suitable

Case 3:-

® Ve<Vu < (@ Ve + @ Vsmin)

0.75
16

® Vs min> % fc'b, d = V24 %120 % 284 * 1073 = 7.83KN

> 0.75 (%) * bw * d =0.75* (%)*120*284*10'3 =8.52 KN Controls

® Vs min=8.52
® Ve<Vu < ®d Ve + @ Vsmin
22.96<25.2<31.48...... Case 3 is satisfied
Vs = V_u —Vec

o
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Vs=25.2/0.75 -30.61=1.028KN

Try 2 10=2*78.5=157mm*

2%78.5 _ 1.107x103

, § = 16916.86mm*/Mgyip

S 420%284
d 284
Smax = 5= 5 = 142 mm control
or Smax < 600 mm

Selected S=14cm
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4.6 Design of Beam (B 3)

v' Material :-
= concrete B300 Fc' = 24 N/mm?
,:> Reinforcement Steel fy = 420 N/mm?
v’ Section :-

= B =80cm
= h=70cm
= d=700-40-10-20/2= 640 mm
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v" Statically System and Dimensions:-

Geometry Units:meter,cm
1 2
T Enas ——
80/42 80/42
1, r 1L 141
08 7.25 0.4 7.25 08
! ' 7.85 b 7.85 ' '
f f {
Loading
Toad group no. 1
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
47.4;Js.2 469/25.5 8Ibs,
47.4126.2 (14.8/p5.4
abs V0T U g4 T T T
7.85 0ha 5.05 0.04 2.68 0.04
LU 1]

Fig 4.4: Statically System and Loads Distribution of Beam (B3).
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v" Load Calculations:-

From Rib01

The maximum support reaction from Dead Loads for RO1 upon B3 is 24.65 KN, The
distributed Dead Load from the R4 on B,G02.
DL =(24.65/0.52) = 47.40 KN/ m

Self weight of beam = 8.06 KN/ m
DL =9.97+47.40=55.46 KN/ m

From Rib03

The maximum support reaction from Dead Loads for R03 upon B3 is24.41KN, The
distributed Dead Load from the RO3 on B,G02
DL =(24.41/0.52) =46.94 KN / m

Self weight of beam = 8.06KN / m
DL = 8.06+46.94=55 KN /m

From Rib04

The maximum support reaction from Dead Loads for R04 upon B3 is23.3KN, The
distributed Dead Load from the R0O4 on B3
DL =(23.3/0.52) =44.81 KN/ m

Self weight of beam = 8.06 KN/ m
DL = 8.06+44.81=52.87 KN /m
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Live Load calculations for Beam (B.G02):-

From Rib01
The maximum support reaction from Live Loads for RO1 upon B3 is 13.65 KN The distributed

Live Load from the Rib 01 on B,G02.

LL =13.65/ 0.52= 26.25 KN/m.
Nominal Total live load =5 * 0.8 =4 KN/m

Total LL =26.25+4=30.25KN/m

From Rib03

The maximum support reaction from Live Loads for R03 upon B3 is 13.48Kn The distributed
Live Load from the Rib03 on B,G02.

LL =13.48/ 0.52= 25.92 KN/m.

Nominal Total live load =5 * 0.8 =4 KN/m
Total LL =25.92+4=29.92KN/m

From Rib04

The maximum support reaction from Live Loads for R04 upon B3 is 13.23Kn The distributed
Live Load from the Rib04 on B3.

LL =13.23/ 0.52= 25.44KN/m.

Nominal Total live load =5 * 0.8 = 4 KN/m

Total LL =25.44+4=KN/m
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 2

-831.4
-727.2 -728.

2.572.61
1

1581159

127, ' ' 24.2

534.2 525.7
| 3.14 . 471 471 . 3.14 |
r T T T 1

Shear

4712 To%

-327.8
I =
i t T +—
E=258.1 L_//
340.6

57 5 467.3
Reactions
Factored T 1
MaxR 340.56 1059.54 327.76
MinR 175.93 853.48 167.05
Service
MaxR 253.75 797.57 243.94
MinR 150.86 668.78 143.5

Fig 4.5: Shear and Moment Envelope Diagram of Beam (B,G02).

v Moment Design for (B3):-

Flexural Design of Positive Moment for(B3):-(Mu=534.2KN.m)

Determine of Mp max
d =800 — 40 -10 — 20\2 = 740 mm

3 3
x = ;d = 7* 740 = 317.148 mm

a=B.x = 124.7  0.85 = 233.14 mm
M= 0.85+ £ +a*b(d - 2 ) = 0.85%24*233.14*800*(740-233.14/2 ) *10°°= 2372.05KN.m

@ Mnpax = 0.82* 2372.05 = 1945.08KN.m >285.8KN.m .

Design as singly reinforcement
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Chapter 4

structural analysis and design

o My 5342x10°
"= Pbd? T 09 x 800 x 7402 >4Mpa
=L _ 420 _ 906

0.85f/ ~ 0.85x24

p:i<1_ 1_m>_ <1_\/1_w>:0.00328
m 420 20.6 420

= p.b.d = 0.00328x800x740 = 1941.76 mm?

Check for Agmin:-
ASmin = VI ( w)(d) = ‘/ﬂ N2 _%800*740 = 17426.31mm?
4(fy) *420
ASmin = (b Y(d) = L4 4800*740= 1973.33 mmControls
(fy) 0
A= 1941.76 mm?
Use g 25 Bottom, Asprovided=_" % 1*.° MM*>As required= 1941.76mm?... Ok
Check spacing :-
§ = M2 2O = 193.3mm > dy = 20 > 25mm 0K
Check for strain:-
_ As_fy = 1963.5%420 — 50.53 mm
0.85b f  0.85x800x24
X= = = 5033 _ = 59.45mm
B, 085
= 0.003 (d _ x) = 0.003 (740 _ 59'45) = 0.034 > 0.005 0k
&= 5 x ) 5945 ) '
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Chapter 4 structural analysis and design

Flexural Design of Positive Moment for(B,G02):-(Mu=525.7KN.m)

M, _ 525.7x10°

R.— —
"™ @bd2 ~ 0.9x800x7402

= 1.33Mpa.

420
m= 2 = = 20.6
0.85f]  0.85x24

p= 1(1 _ |1 _m> - L(l _\/1 _M> =0.00328
m 420 20.6 420

As = p.b.d = 0.00328x800x740 = Y4 £) Yimm?,

A= 1941.76 mm?

Use 4g25Bottom, As provided=_1963.5 MM*>As required= 1941.74 mm?... Ok

Check spacing :-

_ 800—40%2-2%20—(4%25)
= ; =

S

193.33mm >d, =20 > 25 OK

Check for strain:-

AS.
_ Asry = 19635%420 _ g pno o
0.85b fc 0.85X800%x24
X= — = 5053 _ 59.45 mm
B,  0.85
= 0.003 (d _ x) =0 (740 _ 59'45) = 0.0343 > 0.005 0k
& = x ) 5945 ) '

Flexural Design of Negative Moment for(B,G02 ):-(Mu=-728KN.m)

R — M,  728x10° _ 1846 M
"= 0bdZ 09 x 800 x 7402 pa
fy 420

m= - = = 20.6
0.85f!  0.85x24
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Chapter 4 structural analysis and design

p=i<1 _ |1 _m> =L<1 _\/1 _M> = 0.00461
m 420 20.6 420

As = p.b.d = 0.00461 x800x740 = 2729.12mm?
As =2729.12mm?Controls

Usegﬂ 20 ,Agyprovided: 2827.4 mm2>Ag,required: 2729.12... Ok

Check spacing :-

_ 800—40%2—2%20—(9%20)
- 8

S

=625mm>d, =20>25 OK

Check for strain:-

AS.
— fy = 2827.4X420 — 7276 mm
0.85b fc 0.85X800%24
x= 2 =227° _ 85 60mm
B,  0.85
= 0.003 (d _ x) =0 (740 _ 85'60) = 0.023 > 0.005 0k
&= x ) 85.60 /) '

v" Shear Design for (B 3):-

1. Case 3:-

for shear design, minimum shear reinforcement is required (4, i), Reinforcement.

Use stirrups (2 leg stirrups ) 210/ 250 mm , A, = 2 x79 = 157 mm?

V,=471.2 KN

Ve=2./fc'b, d == =24 %800 * 740 = 483.37 KN
6 6

® V.= 0.75*483.37 =362.53 KN
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Chapter 4 structural analysis and design

® Vsminz 075 (- Ly % pw*d=0 5% (5 L 1+800%740%10°® = 148 KN Controls

fc
® Vsmin > 0.75 (£) *bw *d = 0.75%(~ ‘/_ ) * 800*740*10° = 135.9 KN

D Ve<Vu<® Ve + & Vsmin
362.53<471.2< 135.9...... not satisfied
Cases 1&2&3 is not suitable

Case 4 :-
vy = 2\fc'b, d = V24 + 800 + 740 = 966.731KN

(D(vc + Us,min) <y = Q(Uc + vs’)
0.75(483.37+181.2)< 471.2 < 0.75(483.37+966.731)
498.43<471.2<1087.57

shear reinforcement are required

Use 2 leg @ 10

As =157 mm?

471.2

Vs=Vp—V¢= —261 28 = 366.99KN

Apfyed 157 %420 * 740

- = 132.
Vs 366.99 x 1000 32.96 mm control

S =

=—=370mm

d 740
2 2

or Smax < 600 mm

Use2leg ® 10 @12.5cm
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4.7 Design of Stairs(Stair)

Ropin = ZL—O = % = 19 ¢m Take 20 cm ---- simply supported

Rise 17.833
0 =tan?! (—) =tan! = 32.5°
Run 28

Quality
Material Density calculations KN/m
KN/m?®
Tiles 27 0.03 %27 *(Z22) | 14705
Mortar 22 0.02 % 22 *( =22 0.72
Stair Steps 25 ( M)* 2 %9 2.23
2 0.28
Reinforced Concrete Solid , ( 2540.201
Slab 5 cos32.5) 3.93
22%0.03%1
Plaster 22 (—%) 0.783
Total Dead Load (KN /m) 11.133
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4.7.1 Landing Dead Load Computation:

Table (4 — 4) Calculation of the total dead load for Landing

Quality
Material Density calculations KN/m
KN/m®
Tiles 22 0.03*22*1 0.66
Mortar 22 0.02*22 *1 0.44
Reinforced Concrete Solid
25 25*0.20 5
Slab
Plaster 22 22*0.03*1 0.66
Total Dead Load (KN /m) 6.76

LL = 3KN/m?
Total Factored Load for flight: w = 1.2D, + 1.6L,

1.2%11.133 +1.6 «3 = 18.16KN/m
Total Factored Load for Landing

=12%676+1.6+«+3=12912 KN/m

18.16 KN/m

4 ¢ 3334

_Moments: spans 110 1

25.1 453 24
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4.7.2 Shear
Design for flight:

Take the maximum shear as the support reactionV,, = 28.8 KN

Assume bar diameter @14 for main reinforcement.
d=h-20- 2

14
=200-20 —7=173mm

Ve = % Jfc'b,d = %* 24 + 1000 = 173 * 103 = 141.3KN/1 m strip.

@ = 0.75 — for shear
@Vc = 0.75 * 141.3 = 105.94KN / 1m strip

1 1
EQVC =5* 105.94 = 52.97KN / 1m strip
Vu = 288KN < % @Vc =52.97 KN

No shear Reinforcement required. The thickness is adequate enough.

4.7.3Bending Moment Design:
M, = 45.3 KN.m

Mn= M3 o33 kn
. M, 5033%10° Le82 M
"= pd?z T 1000+1732 pa-
5 420

_ _ = 20.59

"= 0.85f T 0.85 24
1, |, _zem=R, L, 20205941682\ o

= — — —_ = — —_ = . *

P = 420 20.59 420

A, = pbd = 4.185 % 1073 x 1000 * 173 = 724.02 mm?
Agmin = 0.0018bh = 0.0018 * 1000 * 200 = 360 mm?

Asreq = 724.02 mm® > Ag iy = 360 mm?

Agreq = 724.02mm?  Control

Use @14then
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A 724.02
n=-2r%_ = 4.7 = 5 bars
Agsp1s  153.938

s=+=L1=-02126m
n

47
Take 5014 with A, = 769.69 mm?/ m strip,or 014 @ 20 cm

Step (s) is the smallest of:

1.3h=3%200 = 600 mm
2. 450mm

280 280
3.5 =380 (—) — 2.5Cc = 380 5 — 2.5%20 = 330mm, but
fs %5420

280
s <300 5 = 300mm. — control
3 * 420

s =200 mm < Smax = 300mm

- 0K

According to AC -318-11 (10.3.5), (&s > 0.005)

__Asfy
" 085bf!

769.69+
= 1020720 _ 15 846 mm
0.85+1000%24
c=—

B

c=1284 _ 1864 mm
0.85

d—c
8520.003( - )

— 0,003 (M) — 0.0248 > 0.005 .......... Ok
18.643

* Note f, = 24 MPa < 28 Mpa —» B, =0.85

~0=09
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4.7.4 Landing design:

28.8

Wy = m =16.46 KN /m
w, = 16.46 KN/m w,= 16.86 KN/m
Ly v v ¥ v ¥ ¥ vt ¥ ¥YYVY Y|

Wiy = 12.912 KN/m
{Liii*ﬁi’i‘#iviiiiii#i

]
—

R =564 KNJL— LEE — b 02—t ——— LT3 —  R-scaxkn
- 3.95 -
_Moments: spans 110 1
H"H —i=

4.7.5 Shear Design for Landing:

Take the maximum shear as the support reactionV,, = 56.4 KN

Assume bar diameter @14 for main reinforcement.
d=h-20— %

14
=200-20 — 7=173mm

Ve == Jfc'byd = =+ V241000 173 + 107 = 141.3KN/1 m strip.

@ = 0.75 — for shear
@Vc = 0.75 * 141.3 = 105.94KN / 1m strip

Vu=564KN < @Vc=10594KN

No shear Reinforcement required. The thickness is adequate enough.
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4.7.6 Bending Moment Design:

Take the maximum Moment M,, = 54 KN.m
Mn = Mu _ >4 = 60 KN
"TTg T o9 m

M, 60 * 10°

Rn=-—t=_—""""" —2005Mpa
bd* 1000 + 1732
5, 420
= - =20.59
M= 085f  0.85 24
1 0 i 2xmx*R, 1 L 2 % 20.59 x 2.005 & 035 % 10-2
= — —_ —_ = _ —_ = . *
P=m 420 20.59 420

Ay = pbd = 5.035 %1073 % 1000 * 173 = 871.016 mm?
Ay min = 0.0018bh = 0.0018 + 1000 + 200 = 360 mm?
Asreq = 871.016 mm® > Ag iy = 360mm?

Agreq = 871.016 mm? Control

Use @14then

= Asreq _ 871016
" Aspia 153.938

=5.658 = 6 bars

s=+= -1 =01767m
n 5.658

Take 6014 with A; = 923.628 mm?/ m strip,or $14 @ 17cm
Step (s) is the smallest of:

1.3h =3 %200 = 600 mm

2. 450mm
280 280
3.5 =380 (—) —2.5Cc =380 > —2.5%20 = 330mm, but
fs =*420
3
s <300 > = 300mm. — control

§*420

s=170mm < Smax = 300mm — OK

According to AC -318-11 (10.3.5), (gs > 0.005)

55



_ Asry

" 0.85b £/
= 23628420 _ 19.0158mm
0.85%1000%24
_a
c= B
¢ =220 2237 mm * Note f' = 24 MPa < 28 Mpa - B, = 0.85

d—c
& = 0.003 (T)

173 — 22.37
0.0 (—

5337 ) =0.02 > 0.005 ......... Ok

~0=09

4.7.8 Temperature and shrinkage reinforcement:

As,Temperature & shrinkage = 0.0018bh = 0.0018 * 1000 = 200 = 360 mm?

Use 312 then, n = 2srea = 390 _34g
Agpr2 1131

1= 1 —0314m
n 3.18

S =

Take 4012 with As = 452.4 mm?/ m strip,or $12 @ 300 mm

Step (s for temperature & shrinkage) is the smallest of:
1.5h = 5% 200 = 1000mm

2. 450mm - contorl

s =300mm < Smax =450mm — OK
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4-8 Design of Column (C 5).

4.8.1calculation of Loads act on Column (C5)

Loads acting on columns are obtained from support reaction when analyzing the supported
beams.

Loads acting on column (C5) are as follows:

Dead Load = (Service Dead reaction from B3 x 4) + ( Self weight of the column x 4)
= (541.42 x4) + (0.8 X 0.4 X 3 X 25 x 4) = 2262 kN

Live Load =(Service Dead reaction from B3 x 4)

=(255.15 X 4) =901 kN

Factored loads (Pu) = 1.4 DL = 1.4 x 2262 = 5213 kN.

ORPu=12DL+1.6LL=12x2262+1.6x901 =4156 kN << Cont.

4.8.2Calculation of Required Dimension of Column (C14)
Total load Pu =4156 KN
Pn = 4156 /(0.65) = 6394 KN
Assume pg = 2.0 %
Pn = 0.8 * Ag{0.85 * fc' + pg(fy — 0.85fc")}
6394 * 1073 = 0.8 * Ag[0.85 * 24 + 0.02 * (420 — 0.85  24)]
Ag = 0.28 m?
~Select 80*40cm with Ag = 2800 cm?.

40

.

80
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Check Slenderness Effect :

For braced system if A < 34 — 12 % < 40, then column is classified as short column and

slenderness effect shall not be considered.
Klu
A= —
r
Where :

Lu: Actual unsupported (unbraced) length = 8 m

K: effective length factor (K= 1 for braced frame).

R: radius of gyration — for rectangular section = \/% 0.3h

System about X System about Y
1x8 _ 1%8 3
—>/1=—0_3*0_4=66.7 —>/1—0.3*0_8—33.3

A <34-12(1) =22 <40
A=33.3>22 -~ longabout.

A <34-12(1) =22 <40
A =667 > 22 - long about X.

~ Column is Long , So Slenderness effect will not be considered.

4.8.3Calculation of Required Reinforcement Ratio
Since Column is short and slenderness effect will not be considered, then Design Strength of
column can be calculated using the following equation :
¢Pn = 0.65 * 0.8 * Ag{0.85 = fc' + pg(fy — 0.85fc")}
Where , Pu=4156 KN
4156 * 103 = 0.65 * 0.8 * 800 * 400{0.85 * 24 + pg(420 — 0.85 * 24)}
= p, =0.010 > ppip =0.01 &< ppg, = 0.08
As req = 0.01 *800 *400 =3200 mm?

3200

Use ® 18 >> # of bar =S = 12.5

~ Use 140 18 with As = 3556 mm? >As (.q = 3200mm?
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e Check spacing between the bars :

_ 800—-2%40—2+10—5%18

S " = 152.5mm
S=152.5mm >=IMAS

>40mm

> 1.5db =27 mm

4.8.4Determination of Stirrups Spacing
According to ACI :

S < 16 db (longitudonal bar diameter)
S < 48dt (tie bar diameter).

S < Least dimension.

Spacing < 16 x d,,(Longitudinal. bar. diameter) = 16 x 1.8 = 28.8cm.
Spacing < 48 X d.(tie.bar. diameter) = 48 X 1.0 = 48cm.
Spacing < Least.dim e nsion = 60 cm

~ Select ©® 10/20cm

Column (C14) Section is shown in figure(4-11) where bars arrangmenet and stirrups

detailing appear :

¥ 60 f
11 52
11
2 »10/20cm
L=230
52 52
i vl 52 %
¢10/20cm
16 @25 52 L=74

Figure (4-5): C5 Reinforcement Details
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4.9Design of Shear Wall (SW,1)

Fig 4.21:Shear Wall.

Fig 4.6: Shear Diagram of Shear Wall.
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7825.87
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Fig 4.7: Moment Diagram of Shear Wall.

Material and Sections:- (From Shear Wall 1)

Shear Wall thickness = h =25 cm
Shear Wall length Lw = 7.5 m
Building height Hw=16.4 m

Critical section shear :

Lw/2=75/2=3.75m ..... control

hw/2=16.4/2 =8.2 m

story height =4.16 m

— d=0.8*Lw =0.8*7.5=6m

v" Design of Horizontal Reinforcement:-

Calculation of Shear Strength Provided by concrete Vc:

- Shear Strength of Concrete is the smallest of :

1- Vc:%w/fc’xbxd
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= 2/24 X 250 X 6000 = 1224.74 kN < Controlled

Nuxd
4Lw

2- Vc=0.27{fc' xhxd+

=0.27v24 x 250 x 6000 + 0 = 19843.1 KN

Lw(0.1/Fc"+0.2-%
3 ve=|0.05. 7o+ o i) x d

Vu 2
Where:
- Mul=920.5kN.m
S w37 f- _0.88<0 - This equation is not applicable.
Vu 2 24299 2

~Ve= 1224.74 kN - @Vc = 918.55 < Vumax! = 2429.9 kN —Horizontal
Reinforcement is Required.

2‘*2‘29 —918.55 = 2321 kN

%
— Vs = ?u—Vc=

Avh Vs 2321%103
—= = = 0.921
s fyxd 420%9000

Avh
but (T) min = 0.0025 *h = 0.0025 * 250 = 0.625

— Avh : For 2 layers of Horizontal Reinforcement
Select 910 :
Avh = 2 *79 = 158 mm’

Avh _ 0921 55 158 _ 7155
— = 0. - = —_—= .
S €4 = 0921 mm
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Smax= Lw/3 = 7500/3 = 2500 mm
= 3h = 3*250 =750mm
= 45cm « Controlled.

~Select @10 @ 150 mm at each side.

v" Design of Vertical Reinforcement:-

— AW = [0.0025 +0.5 (2.5-) (s — 0.0025)] * h * Sver
hw 164 o
lw 75 7 '
— &Y 10,0025 +0.5 (0.4) (—2— — 0.0025)] * 250
Sver 150%250
AV_ 0,711

Sver

Smax= Lw/3 = 7500/3 = 2500 mm
= 3h = 3*250 =750mm

= 45cm « Controlled.

Select 914 :

Awv = 2 *153.86 = 307.72 mm?

307.72
0.711

Avv
< - 0.711 - Sreq = =432 mm

~Select @14 @ 150 mm at each side.
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4-10 Design of Footing (F 5).

v" Isolated Footing Design (F1):
C5
1724.5

4.10.1 Determination of footing dimensions:

The following parameters are used in design:
Pn=1724.5

Y concrete = 25 KN/m3

Y soil = 18KN/m3
Oatiow = 320 KN/m?

column dimention = 40 = 80

4.10.2Design of footing Area:

Allowable soil pressure = 320 KN /m?

Calculating the weight of footing and soil loads:

assume h = 65cm

Wrooting = 0.65 * 25 = 16.25KN /m?
Wsoir = 0.65 % 18 = 11.7KN/m?

Qanet = Tatiow — Wrooting — Wsoit
=320 —16.25 — 11.7 = 292.05 KN /m?

Total Weight(P,)

Area(A) =
@) Soil pressure(qa,net)

64



17245
©292.05

Assume square footing:
A=1?

L=VA= [59=24m
Take L = 2.5m

A=1?
=25%25=625m?.....0K

P, = 17245

qu =

(39

1724.5
= = 275.92 KN /m?
2525

4.10.3Design of footing;:

4.10.3.1 Design for One way shear strength:

Assume h = 50cm and @14 for main reinforcement &7.5 ¢cm cover.
d=500—75—7=418mm
I}, At distance d from the face of support:

l a
ho=aub(3 - 3-4)

25 04
= 27592 %25 <7 -5 0.418) = 43595 KN

1
Ve = ‘ fc' by, d

1
= -+ V24+2500 » 418+ 107 = 853.24KN
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@Vc = 0.75 » 853.24 = 640KN
@Vc = 640KN >V, = 435.95KN

« Safe

4.10.3.2 Design for Two way shear strength:

letV,, = @Vc,® = 0.75
W, =27592( 2.5+ 2.5 - (0.4 +0.418) + (0.8 + 0.418) ) = 1450 KN

p=22=2, b, = 2(0.8 + 0.418) + 2(0.4 + 0.418) = 4.072 m

as = 40 For interior column

1 2 ; 1 2\
Ve = = (1 +E)‘/fc b.d where : (1 + E) =0.333
Ve= — (“5d+2) bd where — (220185 _ 0508
‘2D, felbd where 33\ 2o72 o
1 1
Ve = 3 Jfe'bd where 3= 0.333 — Control

Take Vc = 0.333,/fc'b,d = 0.333v/24 + 4072 + 418 + 1073 = 2776.73 KN
@Vc = 0.75% 2776.73 = 2082.55 KN > Vu = 1450 KN — OK

4.10.3.3 Design of flexure in long direction:

Take steel barsof @ 16

16
d =500-75-— 7:417mm

Mu = 27592 % 2.5  1.05 — 380.25 KN.m
Ry Mu _ 38025+ 10° 09718 M
n = 0bd? T 09+2500%4172 pa.
_ fy _ 420 _
T 0.85f!  0.85%24 20.59
L, |, _2mR, 1, 20208940919\

= — — — = — — = . *

P = 420 20.59 420
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As = pbd = 2.372 1073 % 2500 * 417 = 2472.75mm?

Agmin = 0.0018bh = 0.0018 * 2500 * 500 = 2250 mm?

Ag pin = 2250 mmM?<Ag yeq = 2472.75 mm?

Take Agroq = 2472.75 mm?

=12.29

A 247275
Use 16, n = =1 =
Aspre | 2011

Take
13 @16 with Ap,op = 2614.3 mm? > A ,q2472.7mm?

2500 —-75%2—13 %16
S = 1 =178.5mm

take @16,@17.5cm

Step (s) is the smallest of:

1.3h =3 %500 = 1500 mm
2. 450 mm — Control
S=175mm < Smax = 450 mm ... ... ... OK

According to AC -318-11 (10.3.5), (&5 > 0.005)

Asf
a=—2%
0.85b f/

_ 2614.3%¥420

=————=21.529mm
0.85+2500%24

21529
~ 085

= 25.328mm * Note f = 24 MPa < 28 Mpa - B; =0.85

d—c
es=0.003( . )

417 — 25.328

- 0'003( 25.328

) = 0.0464 > 0.005 .......... Ok

~0=0.9
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4.10.3.4 Design of flexure inshort direction:

Take steel bars of @ 16

16
d=500-75-16— 7=401mm

Mu = 27592 % 2.5 % 0.85 * — 24917 KN.m
o My 209475105
"= 0bdZ T 09+2500+4012 pa.
- b _ %20 _ 5559
0.85f,  0.85+24
L, |, _2mR L, 20205940688\ o
= — —_ —_ = —_ —_ = . £ 3
P=n 420 20.59 420

As = pbd = 1.668 x 1073 * 2500 * 401 = 1672.58 mm?

Agmin = 0.0018bh = 0.0018 * 2500 * 500 = 2250 mm?

Agmin = 2250 mm? > Agyeq = 1672.58 mm?

Take Ag pin = 2250 mm?

A 2250
Use 16, n = ——L=""— =11.18
Agg16 2011

Take 12 @16wWith Aprep = 2413.2mm? > Agin =
3510 mm?

_ 2500-75%2—-12+16

S = 11 = 196.18 mm

take @16,@19cm

Step (s) is the smallest of:
1.3h =3 %500 = 1500 mm

2. 450 mm — Control
S =190 mm < Smax = 450 mm.... ... ... OK
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According to AC -318-11 (10.3.5), (&5 > 0.005)

_ Asfy
" 0.85b f!
— 2413.2%x420 —19.87mm
0.85*2500%24
=2
-2
= ¥ = 23.38mm * Note f/ = 24 MPa < 28 Mpa - B, = 0.85

d—c
es=0.003( . )

= 0.003 (401 _ 23'38) = 0.048 > 0.005 0k
=0. aag ) = 0 005 v
~0=0.9
4.10.4Design of Dowels:

Load transfer in footing:

o
PPy = 0(0.85f; Ay |
Ay

A, =0.8%0.4 =0.32m?

A, = 2.5 2.5 =6.25m?

Ao _ (625 _, 0, o
A, J032  © R i

@P,, = 0.65(0.85 * 24 x 800 * 400 * 1073 * 2) = 8486.4KN > P, = 2300KN
No need for dowels

Load transfer in column:
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Agmin = 0.005 * A, = 0.005 * 400 * 800 = 1600mm?

Take 14014 with Apyo, = 1693.3 mm? > Aguin =
1600 mm?

4.10.5Development Length:

4.10.5.1 Tension development length:

LI S
t,req 10 Y /—fcr ktr+cb
dp

* dp > 300mm

9 420 1%x1%0.8

:E*11/24* 0+ 56
14

* 14 = 34.57cm = 345.67 mm < 300mm

Take Ld;yeq = 35cm

2500 — 400

Ldt,available = f —75=975mm

Ld gpaitapie(975mm) > Ldy yeq (350 mm)

4.10.5.2 Compression development length:

0.24 « f;,
Ld, req = —
' VI

0.24 x 420
vV 24

*dp > 0.0043 * f, * d;, > 200 mm

* 14 = 288.06mm > 0.0043 * 420 * 14 = (252.84mm)

Lde avaitabie = 500 — 75 — 16 — 16 — 14 = 379mm > Ld, ,¢,(288.06 > 246.91mm)

4.10.5.3 Lab splice of dowels in column:

Lsc = 0.071 % f, xd,,
=0.071 %420 * 14 = 417.48mm > 300mm

Lg. =450mm
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