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Abstract

Structural Design For "AL-Diea' Investment Building "

Structural design is the most important design that necessary to the building after
the architectural design, distribution of columns and the highest level of safety, and this
is the responsibility of the structural designer.

in this project, We will design the structural system of the building, Which consists
of three blocks as follows:-

This building consists of 11 Stores "garage, 3 Commercial stores and 2 tower each tower
consist of 7 stores, every store have 2 apartment" and it contains all activities required

for any person.

It is noteworthy that Jordan's code used to determine the live loads "UBC-97" to
determine the seismic loads, but for the structural analysis and design section we used
the use of the US Code (ACI 318 08), it must be noted that we used some computer
programs such as:-

Auto CAD (2007+2014), Atir, ETABS 2015, SAFE 2014, Microsoft Office XP.

The project including a detailed structural study of the identification and analysis of the
structural elements of the construction and different loads expected and then the
structural design of the elements and the preparation of shop drawings based on the
prepared for all the structural elements of the building.

God grants success
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Figure 26-4: rib and beams sections.
Figure 27-4: moment diagram.
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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.

C,= compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

e 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.

e LL = live loads.

o Lw = length of wall.




e M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

e Pn = nominal axial load.

e Pu = factored axial load.

e S = Spacing of shear in direction parallel to longitudinal reinforcement.

e \V/c = nominal shear strength provided by concrete.

e V/n = nominal shear stress.

e \/s = nominal shear strength provided by shear reinforcement.

e \/u = factored shear force at section.

e Wc = weight of concrete.

e W = width of beam or rib.

e Wu = factored load per unit area.

o O = strength reduction factor.

e £, = compression strain of concrete = 0.003.

e £, = strain of tension steel.

e £,= strain of compression steel.

e p =ratio of steel area
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CHAPTER4 Structural Analysis & Design

CHAPTERA4: Structural Analysis & Design

4-1 INTRODUCTION.

4-2 FACTORED LOADS.

4-3 SLABS THICKNESS CALCULATION.

4-4 LOAD CALCULATION FOR TOPPING.

4-5 DESIGN OF TOPPING.

4-6 DESIGN OF RIB 13.

4-7 DESIGN OF BEAM 13 AT 3"° FLOOR SLAB.

4-8 DESIGN OF STAIR.

4-9 DESIGN OF COLUMN BASEMENT (6).

4-10 DESIGN OF ONE WAY SOLID SLAB.

4.11 DESIGN OF FOOTING.

4-12 DESIGN OF TWO WAY RIBBED SLAB.
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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.

Reinforced concrete behavior is still under studying, building codes and specifications

that give design procedures change from time to time to reflect latest knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit weight about 1350 to 1850 kg/m”.
» Normal weight concrete with unit weight about 1800 to 2400 kg/m°.

» Heavyweight concrete with unit weight about 3200 to 5600 kg/m”.

4-1-1 Design method and requirements:
The design strength provided by a member is calculated in accordance with the

requirements and assumptions of ACl-code (318 _14).

4-1-2 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

A




CHAPTER4 Structural Analysis & Design

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.
NOTE:

fc'=30N /mm?(MPa) For circular section but for rectangular ( fc'=30*0.8 = 24MPa)

4-2 Factored loads:

Factored loads are the loads specified in the general building code multiplied by
appropriate load factors. Load factors also account for variability in the structural

analysis used to calculate moments and shear.

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

Wu=1.2DL+1.6LL. (ACl-code-318-14(Table 5.3.1Eq (5.3.1b))

NOTE:

Use concrete B300
f. = 24 Mpa.

f, = 420 Mpa

f

yt = 420 Mpa, will be used at design and calculations.
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4-3 Slabs Thickness calculation:

According to ACI-Code-318-14(Table 9.3.1.1)

Table 1-4: Check of minimum thickness of structural members.

Minimum thickness, h
Simply One end Both end

) . Cantilever
supported continuous continuous

Members not supporting or attached to partitions or other construction

likely to be damaged by large deflection

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

The minimum thickness of non-prestressed beams or one way slabs unless deflections
are computed as follow:

For ribs:

hmin for simply supported = L/16 longest one-end cont. is 5.04m.
hmin =5.04/16 = 31.5cm.

hmin for one-end continuous = L/18.5 longest one-end cont. is 5.04m.
hmin =5.04/18.5 = 27.2cm.

hmin two-end continuous = L/21 longest two-end cont. is 4.92m.
hmin =4.92 /21 =23.4 cm.

hmin cantilever =L/8  longest cantilever. is 2.03m.

hmin =2.03 /8 = 25.4 cm.

For beams:
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hmin for simply supported = L/16 longest one-end cont. is 7.6m.

hmin =7.6/16 = 47.5cm.

hmin for one-end continuous = L/18.5 longest one-end cont. is 7.76m.
hmin =7.76/18.5 = 41.95cm.

hmin two-end continuous = L/21 longest two-end cont. is 7.35m.
hmin =7.35 /21 = 35 cm.

hmin cantilever =L/8  longest cantilever is 1.85m.

hmin =1.85 /8 =23.13 cm.

Select slab thickness H=32cm with block 24cm and 8cm topping.

Select H=32 cm with drop beams.

4-4 LOAD CALCULATION For 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

o ——

WL
24

Figure 1-4: topping load and moment diagram.

Ak
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For the topping, the total dead load to be used in the analysis and design is calculated as
follows:

Table (4.2) Dead load calculation for topping

Table 2-4: Dead load calculation for topping.

0.03*23=0.69 KN/m/rib

0.02*22=0.44 KN/m/rib

0.07*16=1.12 KN/m/rib
0.08*25=2 KN/m/rib
1*2.5=2.5 KN/m/rib

Nominal total dead load =6.75 KN/m?2.

Nominal total live load = 3 KN/m2.

4-5 design of topping:

Toping

Hollow Block ( 27cm)

Figure 2-4: Topping of one way rib slab.

Wu = 1.2xD+1.6xL
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Wu = 12.9KN/m. (Total factored load)

W, * 12
M, = ———= 0172KN.m

@M, = 0.55 * 0.42 % V24 x 1000 = 802/6 = 1.207 KN.m
@M, = 1.207 KN.m > M, = 0.172 KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature
reinforcement must be provided.

For the shrinkage and temperature reinforcement:-
p =0.0018

A;= p*b*h=0.0018 * 1000 = 80 = 144 mm?.

~ Use P8 @ 20 cm in both directions.

Check of shear strength:
W, * L
V, = “2

0.75
@ *xVc= e xv24 x1 *80 = 49 KN

49> >2.52

= 2.58 KN.m

~. No shear reinforcement is required.

4-6 design of rib 13:

For the one-way ribbed slabs, the total dead load to be used in the analysis and
design is calculated as follows:
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Shrinkage & Temperatuer Bar's

Hollow Block ( 28cm )

Figure 3-4: One way rib slab.

4-6-1 plan of rib 13:

Figure 4-4: Rib 13 in third floor.
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4-6-2 loads of rib:

Table 3-4: Dead load calculation for rib.

Material Calculation

Topping 0.52x0.08x25 =1.04
Rib 0.24x0.12x25=0.72
Sand 0.52x0.07x16 = 0.5824
Mortar 0.52x0.02x22 =0.2288
Tile 0.52x0.03x23 =0.3588
Plaster 0.52x0.02x22 =0.2288
Block 0.4x0.24%15 = 1.44

Partitions . 2.5x0.52=1.3

» . KN/m/rib

L=3*0.52 =1.6KN/m

Qu =1.2* D=1.2*¥5.9=7.08 KN/m
+1.6*L=1.6%1.6=2.6 KN/m

< Effective Flange Width ( P¢):-ACI-318-11 (8.10.2)

b For T- section is the smallest of the following:-

be = (L ( smallest span)/4) =420/ 4 =105cm
be =12 +16t=12+ 16 (8) = 140 cm

be = be < center to center spacing between adjacent beams =52 cm. Control

b. For T-section = 52cm.
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load group no. 1
Dead load - Service Units:kN,meter

Figure 5-4: Dead load on the rib.

Live load - Service Load factors: 1.20,1.20/1.60,0.00

P A D A A Y " A

Figure 6-4: Live load on the rib.

Figure 7-4: dimnsion rib.
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Reactions

Factored

DeadR  10.03
LiveR 428
Max R 14.3
Min R 9,38
Service

DeadR 8.36
LiveR 267
Max R 11.03
Min R 1.95

Moments: spans 1to 3

135
59 6.7
[ ] 1

EJ.SQIU.?é

Figure 9-4: Moment diagram of rib.

Figure 10-4: Shear diagram of rib.
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4-6-3 design of flexure for rib (13):

4-6-3-1 design of positive moments:
Design of Positive Moment for (Spanl) :- (Mu=17.3KN.m)
Assume bar diameter ¢ 1Y for main positive reinforcement
. dp 12
d =h- cover - dstlrrups—? =320—-20—-10— 5 = 284 mm

Rn= Mu_ 17.3x10°
gbd?  0.9x520%x2842

= 0.458 Mpa

f 420
m=—2 = = 20.6
0.85f.  0.85x24

- l<1 _ _2.m.Rn> _ 1 <1 _\/1 _M> = 0.001104
m 420 20.6 420

As, req = p.b.d =0.001104 x520%x284 = 163 mm?2

Check for As min:-

_ Jfc (bw)(d)
A min = 4(Ty) ACI-318 (10.5.1)

ﬂ(120)(284) =99.38mm?

AS min = 4(420)

14
= (bw)(d
as mine (i) @

L4 120)(284) =113.6mm?
AS min = 420 controls

Asreq = 163mm2 >Asmin=113.6 mm2 OK
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Use 2 12, As, provided= 226.2mm>>A, required= 163mm>... Ok

S — 120‘20‘210_(2X12) =56mm>d, =10>25 mm OK

Check for strain:-

4= Asfy _ 226.2x420
T0.85b f,  0.85X520x24

= 8.96 mm

X= — = 8% _ 10.54 mm
B, 0.85

d—x 284 —10.54
& = 0.003 (T) = 0.003( 1054 ) = 0.079 > 0.005

Design of Positive Moment for (Span2) :- (Mu=10.6KN.m)

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

10.6x10°

R: —_—
" @bdZ  0.9x520%x2842

= 0.281 Mpa

f 420
m= —2— = = 20.6
0.85f/  0.85x24

o= 1(1 _ 1= Z-m-Rn> _ (1 _ \/1 - w) = 0.000673
m 420 20.6 420

A req = p.b.d = 0.000673x520x284 = 99.43 mm*

Check for As min:-

As min= Jfe (bw)(d)ACI-318 (10.5.1)
4(fy)
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As min=_Y24 (120)(284) = 99.38mm’

4(420)

. 14
A =——(bw)(d
s min (fy)( w)(d)

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

ASmin = 113.6 mm*> As ., = 99.43 mm’ OK

Use 2 10, As, provided= 157.08 mm°>A; requirea=_" ' *. Tmm>... Ok

_ 120-20-20—(2x10)
o 1

S

=60mm >d, =10 > 25 mm OK

Check for strain:-

_ Asfy _ 157.08x420

= - = = 6.22mm
0.85b f!  0.85x520x24

x=i=E=7.13mm
B, 085

d—x 284 —7.13
& = 0.003 (T) = 0.003 (T) =0.11 > 0.005

Design of Positive Moment for (Span3) :- (Mu=6KN.m)

Assume bar diameter ¢ 1Y for main positive reinforcement
dp 12
d =h- cover - dstim,ps—7 =320—-20—-10— 5 = 284 mm

My 6x10°
" @bd2  0.9%520x2842

= 0.159 Mpa
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f 420
m= —X— = = 20.6
0.85f,  0.85x24

o= l<1 _ _Z.m.Rn> _ 1 <1 _\/1 _M) = 0.00038
m 420 20.6 420

As req = p.b.d = 0.00+38x520%284 = 56.11 mm’

Check for As min:-

As min= Jfe (bw)(d)ACI-318 (10.5.1)
4(fy)

As min=_Y24 (120)(284) = 99.38mm’
4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

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

ASmin = 113.6 mm?*> As o, = 56.11 mm’

Use 2 10, As, provided= 157.08 mm’°>A, requirea=_" ' *. Tmm?>... Ok

_120-20-20—(2x10)
o 1

S

=60mm >d, =10 > 25 mm OK

Check for strain:-

4= Asfy __ 157.08x420

= - = = 6.22 mm
0.85b f/  0.85x520x24

xzizﬂz 7.13 mm
B1 0.85
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3 (284 _ 7'13) —0.11 > 0.005 0k
7.13 o '

4-6-3-2 design of negative moments:

Design of Negative Moment for (Supportl):- (Mu=-12.5KN.m)

Assume bar diameter ¢ 12 for main positive reinforcement
dp 12
d =h- cover - dstim,ps—7 =320—-20—-10 — 5 = 284 mm

_ M, __ 125x10°
" @bd2  0.9%120x2842

= 1.435 Mpa

fy 420
m= > =
0.85f.  0.85x24

= 20.6

o= i<1 _ _2.m.Rn> _ 1 <1 _\/1 _M) = 0.00355
m 420 20.6 420

A req = p.b.d = 0.00355x120x284 = 120.85 mm’

Check for As min:-

As min= Jie (ow)(d) ACI-318 (10.5.1)
4(fy)

As min= V24 (120)(284) =99.38m’
4(420)

.14
A =——(bw)(d
s min (fy)( w)(d)

A's min =i'—§)(120)(284) =113.6mm? controls




CHAPTER4 Structural Analysis & Design

ASreq = 120.85 > Asin= 113.6 mm’ OK

Use 2 812, AS, provided= 226.2 MM*>A, cquirea= 114.84mm’... Ok

_120-20-20—(2x12)
o 1

S

=56mm > 25 mm >d, =12 OK

Check for strain:-

_ Aspy 226.2x420

= ;= = 38.8mm
0.85b f,  0.85x120x24

x=2 =388 _ 4566 mm
B,  0.85

d— x) 6 (284 — 45.66

& = 0.003 <T 1566 ) = 0.015 > 0.005

Design of Negative Moment for (Support2) :- (Mu=-6.7KN.m)

Assume bar diameter ¢ 12 for main positive reinforcement
dp 12
d =h- cover - dstmups—7 =320—-20—-10 — 5 = 284 mm

6
My _ _ 67x10 — 0.769 Mpa

R.=
" @bdZ  0.9x120%x2842

f 420
m= —X— = = 20.6
0.85f,  0.85x24

o= 1(1 _ 1= Z-m-Rn> o (1 _ \/1 - M) = 0.001867
m 420 20.6 420

As req = p.b.d = 0.001867 x120%284 = 63.63 mm’

Check for As min:-
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As min=1C (bw)(d) ACI-318 (10.5.1)
4(fy)

As min= V24 (120)(284) =99.38m’
4(420)

.14
A =——(bw)(d
s min (fy)( w)(d)

A's min= % (120)(284) =113.6mm? controls

ASreq = 63.63mm’ < As.,= 113.6 mm’

Use 2 812, AS provided= 226.2 MM*>A, requires= 113.6mm°...

_120-20-20—(2x12)
1

S

=56mm > 25 mm>d, =12

Check for strain:-

_ Asry 226.2x420

= ;= = 38.8mm
0.85b f,  0.85x120x24

x=2L =388 _ 4566 mm
B, 085

d— x) 0 (284 — 45.66

& = 0.003 <T 1566 ) = 0.015 > 0.005

4-6-4 design of shear for rib:

V, at distance d from support= 20.1 KN (for Span1)

1A%
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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.
(ACl, 8.13.8).

Ve="2fbyd = -=24 x 120 x 284 X 107° = 30.61 KN

¢V, =0.75%30.61 =22.96 KN
0.5¢ V.=0.5x22.96 =11.48 KN

0.5¢0V<V <oV,

Minimum shear reinforcement is required except for joist construction.

4-7 design of beam 13 at third floor slab:

Material:-
Concrete B300 Fc' = 24 N/mm?

Reinforcement Steel Fy =420 N/mm?

By using ATTIR program we get the envelope moment and shear force diagram as the

follows:-
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Figure 11-4: Beam geometry.

Loading of beam:-

Load of this beam come from reaction of Rib13 as following:

load group no. 1
Dead load - Semvice Units: kN ,meter

Live load - Service Load factors: 1.20,1.20/1.60,0.00

iilﬁziil i\lhf.ﬁzlil iilﬁili

Figure 12-4: Loads on the beam.

»Self-weight of beam = (0.32*%0.8) *25 = 6.4 KN/m
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Moments: spans 1to 3

Figure 13-4: Moment & Shear Diagram of beam.

Load calculation:-

Dead Load Calculations for Beam (B 13):-

The distributed Dead and Live loads acting upon B13 can be defined from the support
reactions of the R13.

From Rib13
The maximum support reaction from Dead Loads for R13 upon B13 is 29.5 Kn.

Self-weight = 0.8%0.32*25= 6.4 KN
DL =29.44/0.52=56.6 KN/m

Live Load calculations for Beam (B 13):-

From Rib13
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The maximum support reaction from Live Loads for R13 upon B 13 is 16.1KN the
distributed Live Load from the Rib 13 on B13.

LL =8.43/0.52=16.2 KN/m.

4-7-1 design of FLEXURE FOR BEAM:

4-7-1-1 design of positive moments:

Flexural Design of Positive Moment for (Spanl) :-( Mu=146KN.m)
Determine of Mn, max

d=320-40-10-18\2=261 mm

3 3
x = 7d = 7.261 =111.86 mm
a=pf.x=111.86*0.85 =95.1 mm
Mnpa= 0.85% f *a *b (d - 2 ) = 0.85%24*95,1*800*(261-95.1/2) *10°= 331.28KN.m

@ Mnyay = 0.85* 331.28 = 281.58KN.m >162.22KN.m.

Design as singly reinforcement

M, 146 x 106

R —_— —_—
"= 0bdZ 0.9 x 800 X 2612

= 2.98Mpa

f 420
m= —2— = = 20.6
0.85f,  0.85x24

p=l<1— 1_2.m.Rn> _ 1 (1_\/1_w> = 0.0077
m 420 20.6 420

A = p.b.d = 0.0077x800x261 = 1607.5 mm’
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Check for A min:-

\/_(b w)(d) = \/2_ V27 _x800*261 = 608.87 mm’
4( fy) 4*420

min =

Asqin = 14 ——(b )(d)-%*SOO*ZGl 696 mmZControls

(fy)

A= 1607.5mm?

Use 8¢ 16 Bottom, A, provided= 1608.5 MmM’>A; equires= 1607.5 mm”...

Check spacing:-

800—40%2—20—(8X16)
7

S=

=81.7mm > d, = 16 > 25 mm OK

Check for strain:-

Asy 1608.5X420
a=—2> = = 41.4 mm
0.85b f,  0.85x800x24

- 48.7mm
0.85

d—x 261 —48.7
& = 0.003< . ) = 0.003 (T) =0.013>0.005 ©=0.9

Flexural Design of Positive Moment for (Span2) :-( Mu=41.7KN.m)

M, _ 41.7x10°
" @bd2 ~ 0.9x800x2612

= 0.85Mpa.

fy 420
0.85f,  0.85x24

= 20.6
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o= i<1 _ |4 _Z.m.Rn> _ 1 <1 _\/1 _M> = 0.00207
m 420 20.6 420

A, = p.b.d = 0.00207x800x261= 431.8mm”.

Check for A, min:-

f !
Aspn= Y buyd) = Y24 +go0*261 =608.87 mm?
A(1y) 4%420

ASin = ﬂ(bw)(d) = %*800*261= 696 mm’Controls

(fy)

A= 696 mm?

Use5¢14 Bottom, A provided= 769.7 MM*>A,, requires= 696 mm” ...

Check spacing:-

S = 800““’*2;20‘(5*14) =157.5mm>d, =14>25 OK

Check for strain:-

_ Asry  _ 769.7x420

a= ;= = 19.8mm
0.85b f,  0.85X800x24

a 19.8
Xx=—=—=23.3mm
B, 0.85

d—x 261 — 23.3

Flexural Design of Positive Moment for (Span3) :-( Mu=114.8KN.m)

oY
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R = _ 1148x 100 534y
"= bdz T 0.9 x 800 x 2612 ~>rMPA

f: 420
=2 = = 20.6
0.85f,  0.85x24

- l<1 _ 1 _Z.m.Rn> _ 1 <1 _\/1 _M> = 0.00594
m 420 20.6 420

A, = p.b.d = 0.00594x800x261 = 1239.4 mm’

Check for A, min:-

. Jz_
*4

*800*261 = 608.87 mm°
4(fy ) 20

Smin =
Asqin = C )(b w)(d) = *800*261 696 mm>Controls

As=1239.4 mm?

Use 4¢ 20 Bottom, A, provided= 1256.6 MM*>A equired= 1239.4 mm’... Ok

Check spacing:-

800—40+2—20—(4%20)
3

S =

= 206.67mm > d, = 20 > 25 mm OK

Check for strain:-

Asf 1256.6X420
a=—=2=2 = = 32.34 mm
0.85b f.  0.85X800X24

a 3234
x=—=——= 38.05mm
B,  0.85
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261 — 38.05
38.05

) =0.018>0.005 ©=0.9

4-7-1-2 design of negative moments:
Flexural Design of Negative Moment for (Supportl) :-( Mu=-137.3KN.m)

B _ 137.3x% 100
" @bd? 0.9 x 800 x 2612

f: 420
m= —— = = 20.6
0.85f.  0.85x24

p=i<1 _ _2.m.Rn> _ 1 <1 _\/1 _M> = 0.0072
m 420 20.6 420

A = p.b.d = 0.0072 x800x261 = 1503.13 mm”

Rn

= 2.8 Mpa

Check for A pin:-

f !
ASpin = Jfe (bw)(d) = £*800*261 = 608.87 mm”*

4(fy) 4420

ASpmin = ﬂ(bw)(d) = %)*800*261= 696 mm’

(fy)

A, = 1503.13mm? Controls

Use 6¢ 18, As, provided=1526.8 mm>>A,, requirea= 1503.13mm?>... Ok

Check spacing:-
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800—40%2—20—(6+18)
5

S =

=1184mm > d, = 18 > 25 OK

Check for strain:-

_ Asfy _ 1526.8x420
~0.85b fo  0.85x800x24

= 39.3mm

=393 _ 46.23mm
0.85

d—x) —0 (261—46.23

es=0.003< TR

" ) =0.014>0.005 ©=0.9

Design of Negative Moment for (Support2) :-( Mu=-105.2KN.m)

oo My __1052x10°
m = bd? _ 09x800x 2612 = pa

420
"~ 0.85f,  0.85x24

- l<1 _ _2.m.Rn> _ 1 <1 _\/1 _M> = 0.00541
m 420 20.6 420

A = p.b.d = 0.00541 x800x261 = 1129.21 mm’

= 20.6

Check for A, min:-

\/_ \/2_ . *
Asmin = 3 W) = 1 *8007261 = 608.87 mm’

Asrin= 2 (b )(d)—1740*800*261 696 mm>

(f)

A, =1129.21 mm’ Controls
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Use 6@ 16, AS, providea=1205.8 MM*>A; cquirea= 1129.21mm’... Ok

Check spacing:-

800—40%2—20—(6+16)
5

S= =1208mm >d, = 16 > 25 OK

Check for strain:-

_ Asfy  1205.8x420
T085h f,  0.85x800x24

= 31.03 mm

a 3103
Xx=—=——=36.5mm
B, 085

d—x) —0 (261—23.31

es=0.003< 331

. ) =0.018>0.005 ©=0.9

4-7-2 design of beam for shear:

1. span(1):V, max = 206.5KN

,/fcb d = =24 %800 * 261/1000 = 170.48 KN
® V.=0.75*170.48 =127.86 KN

® Vsminz 0.75 (%) * bw * d =0 .75* (% )*800*261*10° = 69.6 KN Controls
® Vsmin >0.75 (%) *bw *d = o.75*(1£64) * 800 * 261*10° = 63.93KN

Vs’ = = Jfc xbwx d =340.97 KN
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® (Vc+ Vsmin) < Vu< & (Vc+ Vs')
197.46<170.8 < 383.56...... satisfied
Case 1... is not suitable

Case 2 ... is not suitable

Case 3... is not suitable

Case 4... satisfied

Vs = % — Vc=104.85 KN

Use 4 leg @ 8 for b=80cm

Ay min =201.06 mm’

S dfye

Av min
s = d
o dfy

$=210.2mm

d 261
Smax = ST 5= 130.5 mm

Usedleg ® 8 @125 mm

2. span(2) : V, max = 158.7KN

Structural Analysis & Design

07 Smax < 600 mm

Ve==y/fch, d = =24+ 800 * 261/1000 = 170.48 KN

oA
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®V,=0.75*170.48 =127.86 KN

® Vsminz 0.75 (%) * bw * d =0 .75* (% )¥800*261*10° = 69.6 KN Controls

® Vsmin 20.75 (%) *bw *d= 0.75*(%) * 800 * 261*10 = 63.93KN

® Vc<Vu < @ (Ve+ Vsmin)

127.86<158.7 < 197.46 satisfied

Case 1... is not suitable
Case 2 ... is not suitable

Case 3... satisfied

Vs = % — Ve =41.12KN

Use 4 leg @ 8 for b=80cm
Ay min =201.06 mm’

Av min _ Us min

s dfye

_ Av min d
S = fyt
Vs min

S=536mm
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261
=— = 130.5 mm 07 Spax < 600 mm

Usedleg ® 8 @125 mm

3. span(3):V, max =177.2KN

Ve==/fc’b, d = V24 % 800 * 261/1000 = 170.48 KN
® V= 0.75*170.48 =127.86 KN

® Vsmin= 0.75 (%) *bw *d=0.75* (% )*800*261*107 = 69.6 KN Controls

® Vsmin 20.75 (%) *bw *d= 0.75*(%) * 800 * 261*10 = 63.93KN

®dVce<Vu < d (Ve+ Vsmin)

127.86<177.2 < 197.46...... satisfied

Case 1... is not suitable
Case 2 ... is not suitable

Case 3... satisfied

Vs = % — Ve =65.79 KN

Use 4 leg @ 8 for b=80cm

Ay min =201.06 mm’
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Ay min _ Us min

s dfy

A .
s = v min dfyt

Us min
$=335mm

d 261
Smax = 7= = 130.5 mm 07 Spax < 600 mm

Use4leg ® 8 @125 mm

4-8 Design of Stair:

2,7

Figure 14-4: Stair Plan.
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+» Material :-

— concrete B300 Fc' = 24 N/mm?
— Reinforcement Steel Fy = 420 N/mm?
1- Design of Flight :-

v" Determination of Thickness:-

hmin = L/20

hmin = 4.46/20 = 22.3 cm

Take h =25cm

The Stair Slope by 0 = tan™(15/ 30) = 26.56°

v" Load Calculation:-

Dead Load For Flight For 1m Strip:-

Table 4-4: Dead Load Calculation of Flight.

23*0.03*1*(0.35+0.15/0.3 ) = 1.35 KN/m

22*0.02*1*(0.3+0.15/0.3 ) = 0.66 KN/m

25*1*(0.3+0.15/2)/0.3 =1.875 KN/m

25*0.25*1/ COS 26.56 = 6.99 KN/m

22*0.03*1/ COS 26.56° = 0.738 KN/m
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Live Load For Landing For 1m Strip =4*1 =4 KN/m
Factored Load For Flight :-

Wy =1.2 x11.61+ 1.6x4 =20.33 KN/m

v" System of Flight:-

Total Factored Load
20.33 KN

R=27.45 KN

Figure 15-4: Statically System and Loads Distribution of Flight.

R = (W*L)/2=20.33*2.7/2=27.45 KN

1- Design of Shear for Flight :- (Vu=27.45 KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —% = 250 — 20 —12—4 = 223 mm
Ve==\/fc'b, d = =V24& x 1000 * 223 = 182.1 KN

® V.-0.75*182.1 =136.56 KN >Vu =27.45 KN No shear reinforcement is
required
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2- Design of Bending Moment for Flight :- (Mu=40.63KN.m)

* 2
Mu= 27.45 % (0.805 + 1.35) — w = 40.63 KN

_ __ 40.63x10°
" @bd?  0.9x1000x2232

R, = 0.908 Mpa

f 420
m= 4 7 =
0.85f/  0.85x24

o= l<1 i Z.m.Rn> _ 1 (1 _\/1 _M) = 0.00221
m 420 20.59 420

A req = p.b.d =0.00221 x1000%223 = 493.3 mm®

= 20.59

A min= 0.0018*1000*250 = 450 mm?®
ASreq >Asmin=450 mm?

ASeq=493.3 mm?

Check for Spacing :-

1) S =3h=23*250 =750 mm
2) S =380*(280/(2/3 * 420)) —2.5*%20 =330 < S =300*(280/(2/3 * 420)) = 300mm
3) S =450 mm

is control

Use 814 @ 250 mm , As provided=_615.6_ MM*>A requirea= 493.3 mm>... Ok




CHAPTER4 Structural Analysis & Design

3- Lateral or Secondary Reinforcement For Flight :-

Table-4: Dead LoaCalculation of Landing.

A req= As min =0.0018*1000*250 = 450mm?®

Use ﬂ14@ 300 mm y Aq‘providedz 461.7 mm2>Aq requiredz 450mm2...

1. Design of Landing (S2):- (For First One Meter)

Table 5-4: Dead Load Calculation of Landing.

22*0.03*1= 0.66 KN/m

22*0.02*1= 0.66 KN/m

25*0.25*1= 6.25KN/m

22*0.03*1= 0.66 KN/m

v" Load Calculation:-

Dead Load For Landing For 1m Strip:-
Live Load For Landing For 1m Strip = 4*1 = 4KN/m
Whg =27.45/1.61=17.05

Factored Load For Landing :-

Wy = 1.2 x8.01+ 1.6x4=16 KN/m
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v" System of Landing (S2):-

W-reaction=17.05 KN

W-landing=16 KN

%- 1,25 .9;2_.. 1,25 43

R=34.92 KN R=34.92 KN

Figure 16-4 Statically System and Loads Distribution At First 1m of Landing.

R= 289017 1 1705 % 1.25 = 34.92 KN

1- Design of Shear:- (Vu=34.92 KN)

Assume bar diameter g 14 for main reinforcement
d =h- cover —% — 250 — 20 — 12—4 — 223mm
Ve==/fc'b, d == V24 x 1000 * 223 = 182.1KN

®* V.-0.75* 182.1=136.56 KN>Vu =34.92 KN...... Thickness of slab is enough

2- Design of Bending Moment :- (Mu=17.1 KN.m)

"
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«1 352
Mu= 34.92 % 1.35 — 22222 — 17.05  1.25 * (= + 0.1) = 17.1 KN

Assume bar diameter g 14 for main reinforcement
d =h- cover —% — 250 — 20 — 12—4 = 223mm

_ _ 17.1x10°
T @bd? ~ 0.9x1000x2232

R = 0.382 Mpa

f 420
m= 4 7 =
0.85f/  0.85x24

= i(l _ 1= Z-m-Rn> =1 (1 _ \/1 _ M) = 0.000918
m 420 20.59 420

A eq = p.b.d =0.000918x1000%223 = 204.8 mm?®

= 20.59

A min =0.0018*1000*250 = 450 mm?®

Asreq = 450 mm? is control

Check for Spacing:-

4) S =3h=23*250=750 mm
5) S =380*(280/(2/3 * 420)) —2.5*%20 =330 < S =300%(280/(2/3 * 420)) = 300mm
6) S =450 mm

is control

Use 814 @ 300 mm , As providea=461.7 MM*>A requirea= 450 mm®... Ok

4- Lateral or Secondary Reinforcement For Flight :-
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As req= As min =0.0018*1000*250 = 450mm?®

Use ﬂ14@ 300 mm y Aq‘providedz 461.7 mm2>Aq requiredz 450mm2... Ok

2. Design of Landing (S3):- (For First One Meter)

Table 6-4: Dead Load Calculation of Landing.

22*0.03*1= 0.66 KN/m

22*0.02*1= 0.66 KN/m

25*0.25*1= 6.25KN/m

22*0.03*1=0.66 KN/m

v" Load Calculation:-

Dead Load For Landing For 1m Strip:-
Live Load For Landing For 1m Strip = 4*1 = 4KN/m
Whg =27.45/1.92=14.3

Factored Load For Landing :-

Wy = 1.2 x8.01+ 1.6x4=16 KN/m

v" System of Landing:-
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W-reaction=14.3 KN

W-landing=16 KN

-

R=34.92 KN R=34.92 KN

Figure 17-4: Statically System and Loads Distribution At First 1m of Landing.

_16.01%1.7

R= S+ 14.3 ¥ 1.25 = 31.5 KN

3- Design of Shear:- (Vu=31.5KN)

Assume bar diameter g 14 for main reinforcement

d =h- cover —% — 250 — 20 — 12—4 = 223mm

Ve==2\/fc'b, d == =V24 %1000 * 223 = 182.1KN

6

®* V.-0.75* 182.1=136.56 KN> Vu =31.5 KN...... Thickness of slab is enough

4- Design of Bending Moment :- (Mu=14.98KN.m)

14
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* 2
Mu= 315 % 1.35 — =222 — 14.3 % 1.25 * (= + 0.1) = 1498 KN

Assume bar diameter g 14 for main reinforcement
d =h- cover —% — 250 — 20 — 12—4 = 223mm

My _ 14.98x10°
" @bd2 T 0.9x1000%2232

= 0.335 Mpa

f; 420
m= 4 7 =
0.85f; 0.85%24

o= 1(1 _ 1= Z-m-Rn> =1 (1 _ \/1 - M) = 0.000805
m 420 20.59 420

A req = p.b.d =0.000805x1000%223 = 179.5 mm?®

= 20.59

A min =0.0018*1000*250 = 450 mm?®

is control

Check for Spacing:-

7) S=3h=3*250 =750 mm
8) S =380*(280/(2/3 * 420)) —2.5*20 =330 < S =300*(280/(2/3 * 420)) = 300mm
9) S=450 mm

S =300 mm is control

Use 814 @ 300 mm , As providea=461.7 MM*>A requirea= 450 mm®... Ok
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18.25

&

Figure 18-4: Stair Reinforcement.

4-9 Design of Column basement (6)

+ Material :-

— concrete B350 Fc' = 28N/mm?

— Reinforcement Steel ~ Fy = 420 N/mm?®

v Load Calculation:- (From Column Group E)

Service Load:-
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Dead Load = 3982.95KN
Live Load = 810.86 KN

Factored Load:-

Pu = 1.2 x3982.95+ 1.6x810.86=6076.92KN

v Dimensions of Column:-

Assumepg = 0.01

$#*Pn=0.65x 0.8x Ag {0.85 fc (1- pg) + pg * Fy}
6076.92%1000= 0.65x 0.8 x Ag {0.85* 28 (1— 0.01) + 0.01* 420}
Ag=420948.7 mm?2

Try a=650mm

b=600mm

v" Check Slenderness Parameter:-

Klu < 34—12ﬂ <40
M2

r

Lu: Actual unsupported (Unbraced) length.

K: effective length factor.
R: radius of gyration = \/L\: . For rectangular section

Lu=3.75-0.32=343 m
M1/M2 =1
K=1 for braced frame.

e about X-axis (b= 0.6m)

m < 34—12ﬂ <40
r M2
1x3.43

0.3x0.6

=19.1<22
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Column Is Short About X-axis

e about Y-axis (h=0.65m)

m < 34—12ﬂ <40
r M2
1x3.43

0.3x0.65

Column Is Short About Y-axis

=17.6<22

6076.92*1000= 0.65x 0.8x390000{0.85*28 (390000 As) + As *420}

As=6068.6mm?

29 =As/Ag =0.016

Use20 @ 20 with As=6283mm’

v" Design of the Stirrups:-

Use @ 10 for ties

The spacing of ties shall not exceed the smallest of :-

spacing<16xd, =16x2.0=32.0cm
spacing<48xd, =48x1.0=48cm
spacing < leastdim =50cm

Usegl0@ 20 cm




CHAPTER4 Structural Analysis & Design

Detailing 0f Colums Group (E)

CP-2nd (5,18,33,40,6,32,36)

10420

o2
11713 3

e 52

Figure 19-4: Column Reinforcement.

4-10 Design of One Way Solid Slab

=

Figure 20-4: One Way Solid Slab.

V¢
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+ Material:-

— concrete  B300 Fc' = 24 N/mm?
— Reinforcement Steel Fy = 420 N/mm?

v" Slab Thickness Calculation:-

The overall depth must satisfy ACI Table (9.5.a):
Min H (deflection requirement):-

-For one end continuous:-

L_65_ oy
24 24

For One way solid slab, will use thickness of slab 30 cm.

v" Load Calculation:-

For the one-way solid slabs, the total dead load to be used in the analysis and design
is calculated as follows:-

-Load Calculation For the Horizontal Slab:- (For one Meter Strip)

Table 7-4: Dead Load Calculation of Horizontal Solid Slab.

material calculation

Tiles 0.03*22=0.66

mortar 0.03*22=0.66

Coarse sand 0.07*16=1.12

RC concrete 0.30*25=7.5

plaster 0.02%22=0.44

Sum 13.48
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Live load =4 KN/m

Figure 21-4: Geometry of Solid Slab (S5).

load group no. 1
Dead load - Service Units:kN,meter

Live load - Service Load factors: 1.20,1.201.60,0.00

Figure 22-4: Loads of Solid Slab (S5).
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Momenis.: spans 110 2

Heactions

Factored

DeadR
LiveR

Max R
Min R
Service
DeadR
LiveR
Max R
Min R

Figure 23-4: Shear and Moment Envelope Diagram of Solid Slab (S5).

Spacing Between Bars Is the Smallest of:-

280

-\ *
fs) 25*C

<380 (

<380 * (222)-2.5% 20 =380 * ( s
Efy 5*420

)—2.5*20=330mm

280) _ 300 % (289 _ 300 * (2%
7o) 300" (37) = 300* (00

3/y

< 300 ( ) =300 mm (control)

<3 * h =3%*300=900m
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<450 mm.

4.10.1 Design of Positive Moment :-(Mu=66.2KN.m)

Assume bar diameter ®14 for main reinforcement

fy 420

m = - = =20.59
0.85* fc 0.85*24

Rn = Mu/ ¢
b*>d?

Rn = 66:2*10°/0.9 _ 987 (Mpa)
1000*(273)>

p =£(1_ /l_2m*Rn)
m fy

o= 1 (1- \/1_ 2(20.59)(0.987) ) = 0.00241
20.59 420

As=p * b * d =0.00241* 100 *27.3=6.58 cm?

Check for As min:-

As min=p_. *b*h =0.0018%100*30 = 5.4cm?

AS;eq= 6.58cm’ >Asyin= 5.4cm”  OK

Use g 12/15cm , A provided=_7-54CM*>A; required=_6.58cm" ..... Ok
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4.10.2 Design of Positive Moment :-( Mu=35.6KN.m)

=420 _9p.59
0.85*24

b>d?

Rn - 356*106 /0.9 - 0531 (|V|pa)
1000* (273)2

p=E41_/l_2m*Rn)
m fy

o= 1 (1- \/1_ 2(20.59)(0.531))=0.00128
20.59 420

As=p * b * d =0.00128* 100 *27.3=3.5cm?

Check for As min:-

As min=p . *b*h =0.0018*100*30 = 5.4cm?

As;eq= 3.5cm° <Asyin=5.4cm’*  NOT OK

Use ﬂ 12/Zocm y Aq‘provided: 5.66cm22Aq,required: 5.4cm2 coee Ok

4.10.3 Design of Negative Moment:- (Mu=-59.4KN.m)

m=__ - 420 _5559
0.85* fc 0.85*24

Rn = Mu / ¢
b*d?

Rn = 594*10°/0.9 _ 886 (Mpa)
1000*(273)°
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- 1(1_ [l_2m*Rn)
m fy

o= 1 (1- \/1_ 2(20.59)(0.886) ) = 0.00216
20.59 420

As=p * b * d =0.00216* 100 *27.3=5.89 cm?

Check for As min:-

As min=p . *b*h =0.0018*100*30 = 5.4cm?

AS;eq= 5.89cm” > Asyin=5.4cm®  NOTOK

Use g 12/15(:m ’ AQ,DI"OVidEd: 7.54cm2>Aq,required: 58gcm2 coee Ok

Shrinkage and Temperature:-
-p = 0.0018

As min=p_._*b*h =0.0018*100%30=5.4cm*  (control)

Use @12 @ 200 mm

v" Shear Design:-

Check Whether Thickness Is Adequate For Shear:-
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Vymx = 62.1 KN/ 1m strip

d=h-20-db=300-20-(14/2)=273 mm

®Vc= %*d)*w/fc’*bw*d

- %*0.75*\@*1000*273 =167.18 KN/ 1 m strip

®Vc=167.18 KN >V, .. = 62.1 KN/ 1m strip

The thickness of the slab is adequate enough.
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Figure 24-4 : Mat foundation
Figure 25-4: Two way rib
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4.11 Design of Mat Footing
We use safe program to design Mat Foundation
4-12 Design of Two way ribbed slab:

CHAPTER4
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4.12.1 Determination of Thickness for Two Way Ribbed Slab:

0,8

Figure 26-4: rib and beams sections.

Assume H =32cm

+323
65327 _177493.33 cm?

= =
bl 12

% 3
8032 ~218453.33 cm*

., = =
b2 12

%293
00+32 163840 cm*

lpa= =
b3 12

+323
65327 _177493.33 cm”

la= =
b4 12

_ 40%8%4+32+12%16
T 40%8+32%12

=10.55cm

C

_52%10.55%  40%2.55% | 21x21.453

= — + =59609 cm*
3 3 3

59609+(Z+65)

= =475725.67 cm”
52

59609+(7>>+60)

l,= - =518712.93 cm*

59609+(2,>+80)

3= - =492920.58 cm”
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59609+(+65)

log= =524444.57 cm”
52

a _ 177493.33 _

1= =0.37
475725.67

o __ 218453.33
2

=———=0.32
518712.93

163840
= ———=0.44
492920.58

o _ 17749333

7= ——=0.34
524444.57

o __ 0.37+0.32+0.44+0.34
4

=0.37>0.2

=1.12
7.0

7850+(0.8+ (- or

= 1400)) =23.37 cm >12.5cm
36+1.12%5%(0.37—-0.2)

min

h=32 cm > h,,;,= 23.4cm
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Load Calculation:

Table 8-4: table of tow way rib calculation.

23*0.03*0.52*0.52 = 0.178 KN

22*0.02*0.52*0.52 = 0.119KN

16*0.07*0.52*0.52 = 0.303 KN

25%0.08*0.52*0.52 = 0.541 KN

25*0.24*0.12*(0.52+0.4) = 0.808 KN

15*0.24*0.4*0.4 = 0.576 KN

22*0.02*0.52*0.52 = 0.119 KN

2.5%0.52*0.52 = 0.676 KN

Dead Load of slab:

3.329

DL = =12.311 KN/m?
0.52%0.52

Wp =1.2%12.311 =14.77 KN/m?
LL=3 KN/m’

W, =1.6*3=4.8 KN/m*

W = 14.77+4.8 =19.57 KN/ m*
Moments Calculations:

From tables use Case (1 ): Cneg=0.0
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Ca ,dL=0.0458 ,, Cb,dL=0.0285

Ca ,LL=0.0458 ,, Cb,LL=0.0285

M¥ad=Cadl xWud % (La)’ =0.0458 x 14.77 x (7)* x 0.52= 17.24 KN .m / rib.

M¥aL=Call xWul x(La)® =0.0458 x 4.8 % (7)°*x 0.52=5.6 KN.m/ rib.
Ma positive = 17.24 + 5.6 = 22.84 KN .m / rib.

Negative moment at discontinuous edges = 1/3 positive

Maneg =(1/3) %2284 =7.61 KN.m/rib.

M*b.d=Cbdl x Wud * (Lb)° =0.0285 x 14.77 x (7.85)° x 0.52= 13.49 KN .m /
rib.

M¥bL=Cbll xWul x(Lb)?* =0.0285 x 4.8 x (7.85)* x 0.52= 4.38 KN .m / rib.
Mb positive = 13.49 + 4.38 = 17.87 KN .m / rib.

Negative moment at discontinuous edges = 1/3 positive.

Mb neg = (1/3) X 17.87 =5.96 KN.m/ rib.
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Figure 27-4: moment diagram.

4-12-2 design of flexure for rib (13):

4-12-2-1 design of positive moments:
Design of Positive Moment :- (Ma=22.84KN.m)

Assume bar diameter ¢ 14 for main positive reinforcement
dp 14
d =h- cover - dstirrups—7 =320—20—-8— 5 = 285 mm

M 22.84%10°
=—= = 0.6Mpa
Pbd? 0.9%520x2852

f; 420
m= —2— = = 20.6
0.85f  0.85x24

o l<1 _ |1 _2.m.Rn> _ 1 <1 _\/1 _M) = 0.00145
m 420 20.6 420

As req = p.b.d = 0.00145 x520%285 = 215 mm?®
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Check for As min:-

As min= Jie (ow)(d)ACI-318 (10.5.1)
4(fy)

As min= V24 (120)(285) = 99.73mm?

4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

A's min =%(120)(285) =114mm? controls

ASreq = 215mm?’ >As ;= 114 mm? OK

Use 2 ¢12, As, provided= 226.2 mm*>A, required= 215mm>... Ok

Check for strain:-

_ Asfy  _ 226.2x420
0.85b f = 0.85x520x24

= 8.96 mm

X= — = 8% _ 10.54mm
B, 0.85

d— x) 0 (285 —10.54

& = 0.003 <T 1054 ) = 0.078 > 0.005

Design of Positive Moment:- (Mb=17.87KN.m)

d =h- cover - durups— -2 = 320 — 20 — 8 — = = 285 mm

_ M, __ 17.87x10°
" @bd2  0.9%x520x2852

= 0.47Mpa
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f 420
m= —X— = = 20.6
0.85f,  0.85x24

- l<1 _ - Z.m.Rn> _ 1 <1 _\/1 _M> = 0.001132
m 420 20.6 420

A req = p.b.d =0.001132 x520%285 = 167.8 mm’

Check for As min:-

As min= 1 (bw)(d) ACI-318 (10.5.1)
4(fy)

As min= V24 (120)(285) = 99.73mm?
4(420)

.14
A =——(bw)(d
S min (fy)( w)(d)

As min= % (120)(285) =114mm? controls

ASreq = 167.8mm’ >As ;= 114 mm” OK

Use 2 12, As, provided= 226.2 mm*>A, required= 167.8mm>... Ok

Check for strain:-

4= Asfy _ 226.2Xx420

= - = = 8.96 mm
0.85b f, 0.85x520%24

X= — = 8% _ 10.54mm
B, 0.85

d—x 285 —10.54
) = 0.003(

ss=0.003< s

o ) = 0.078 > 0.005
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4-12-2-2 design of negative moments:

Design of Negative Moment :- (Ma=-7.61KN.m)

Assume bar diameter ¢ 12 for negative reinforcement
dp 12
d =h- cover - dstim,ps—7 =320—-20—-8— 5 = 286 mm

My, 7.61x10°
= = = 0.86 Mpa
@bd?  0.9x120%x2862 p

Rn

f 420
m= —X— = = 20.6
0.85f,  0.85x24

- l<1 _ - 2.m.Rn> _ 1 <1 _\/1 _m) = 0.002096
m 420 20.6 420

A req = p.b.d = 0.002096 x120%x286 = 71.95 mm?®

Check for As min:-

As min= Jfe (bw)(d)ACI-318 (10.5.1)
4(fy)

As min= V24 (120)(285) = 99.73mm?
4(420)

.14
A =——(bw)(d
s min (fy)( w)(d)

As min= % (120)(285) =114mm? controls

ASreq = 71.95 < Asin= 114mm” OK

Use 2 810, AS provided= 157.08 mMM*>A, requirea= 114mm>... Ok
.
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Check for strain:-

_ Asfy  157.08%x420

= . = = 26.95 mm
0.85b f,  0.85x120%24

a 2695
Xx=—=——=31.7mm
B1 085

d—x 286 — 31.7
& = 0.003( " ) = 0.003 (31—7> = 0.024 > 0.005

Design of Negative Moment :- (Mb=-5.96KN.m)

Assume bar diameter ¢ 12 for negative reinforcement
dp 12
d =h- cover - dstirrups—? =320—-20—-8 — 5 = 286 mm

R— Mu _ 5.96x10°
" @bd?2  0.9x120%x2862

= 0.675 Mpa

f; 420
=—=2_= = 20.6
0.85f.  0.85x24

.- l<1 _ _2.m.Rn> _ 1 <1 _\/1 _M) = 0.001634
m 420 20.6 420

A req = p.b.d = 0.001634 x120x286 = 56.1 mm?®

m

Check for As min:-

As min= Jie (ow)(d) ACI-318 (10.5.1)
4(fy)

As min= V24 (120)(285) = 99.73mm*
4(420)
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. 14
A =——(bw)(d
s min (fy)( w)(d)

A's min= % (120)(285) =114mm? controls

ASreq = 56.1 < Aspp= 114mm? OK

Use 2 810, AS, providea= 157.08 MM*>A; cquires= 114mm>... Ok

Check for strain:-

4= Asfy _ 157.08x420

= . = = 26.95 mm
0.85b f,  0.85x120x24

a 2695
Xx=—=——=31.7mm
B1 0.85

(286 - 31.7

317 ) = 0.024 > 0.005

4-6-4 design of shear for rib:

Maximum shear coefficient in short direction as in case (1) W, @ m = 0.892

W, =0.61

The total load on the panel =7*7.85%19.57= 1075.37 KN

The load per rib at the face of long beam =0.61*1075.37*0.52/(2*7.85)= 21.73 KN
Vud = Viface - Wu*bs*d = 21.73 - 19.57%0.52*0.285= 18.83 KN

The shear strength of one rib:
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Ve=2fibyd = ==24 x 120 x 285 X 107° = 30.71 KN

@V, =0.75x30.71 =23.03KN

0.5¢ V. =0.5x23.03=11.52KN

056 V<V,<0 V.

Minimum shear reinforcement is required except for joist construction.
V¢ =19.57*0.52%(3.5 - 0.285) = 32.72 KN

@¢V.=23.03 <Vud =32.72

® Vsminz 0.75 (%) * bw * d =0 .75* (% }¥120*285*10° = 8.55 KN Controls

® Vsmin >0.75 (%) *bw *d = 0.75*(%4) * 120* 285*107 = 7.85KN

® (Vc+ Vsmin)=31.58 <Vu=32.72 < ® (Vc+ Vs')= 64.92

Vs' = = /fc xbwxd =55.85 KN

% —Vc=12.92 KN

Vsmin =11.4 <Vs =12.92 < Vs’ =55.85 Case IV

Use2leg ® 8

Ay min =100 mm’
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Av min
s = d
o dfye

$=926.5mm

285

d
Smax = 2T T 142.5 mm

Usedleg ® 8 @125 mm

Structural Analysis & Design

O Smax < 600 mm
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3) ACI Committee 318(2014), ACI 318-14: Building Code R equirements
for Structural concrete and Commentary, American Concrete Institute,
ISBNO-87031-264-2.
4) UBC Code (1997), Uniform Building Code, International Conference of
Building Officials.
5) BEAMD Program (Attir).
6) AUTOCAD Program.
7) SP Column Program.
8) Foundation Program.
9) Safe Program.
10)Etabs Program.




