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Abstract

Structural Design and Details of a Hospital

Project Team
Abed Sh. Atawneh Amin M. Zhour Anan A. Atawneh

Supervisor :
Dr. Nafeth Naser Eddin

The idea of the project is to make the structural design and all structural
details for this hospital

This project consist of eight floors including basement floor , these floors
contain all the spaces needed for the hospital ( patient rooms, operation
rooms, administration ,etc....) with a modern architectural & civil design
which is safe , economic and modern , there is an elevators to serve the
attendees of this hospital .

This project is a reinforced concrete building will be designed according to
the American Concrete Code in addition to steel structure members “trusses”
and shells, and with all details for the vertical , horizontal , dead , live , wind ,
and earthquake loads . And the workshop drawing for all the structural
members in this project .
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension 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.

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.

Xiii



Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or 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.

Woc = weight of concrete. (Kg/m3).

W = width of beam or rib.

Wou = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.
&; = strain of tension steel.

p =ratio of steel area .
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

Structural Analysis And Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Comparison Between a Thickness of one way and Two Rib slab
4.4 Design of topping.

4.5 Load calculations for one way Rib slab.
4.6 Design of one way Rib slab.

4.7 Design of two way Rib slab.

4.8 Design of Beam (B7B)

4.9 Design of Shot Column ( C9)

4.10 Design of Long Column ( C3)

4.11 Design of Isolated Footing (F3)
4.12 Design of Combined Footing(F18)
4.13 Design of Basement Wall

4.14 Design of Shear Wall (SW21)

4.15 Design Of Stair

4.16 Design of truss
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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.

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:

e Lightweight concrete with unitweightfrom about 1350 to 1850 kg/m®.
» Normal weight concrete with unit weight from about 1800 to 2400 kg/m?®.
e 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).

4.2.1 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.

NOTE:

> BR300 f¢'=30N / mm?(MPa) For circular section
but for rectangular section ( fc'=30*0.8 = 24MPa) .

> The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)
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4.2.2 Factored loads:

The factored loads for members in our project are determined by:
Wu = 1.2DL + 1.6 LL ACI — code — 318 — 08(9.2.1).

4.3 Comparision between the thickness of one way rib slab and two way rib slab

< Check Thickness of one way rib slab

7 v

Fig 4.1: One Way Rib slab (R5B)

The overall depth must be satisfyingACI table (9.5.a).

The minimum required thickness is:

- Maximum span length for one end continuous :

mine — = 222 — 284.86mm ..Control
18.5 18.5

- Span length for both end continuous :

, L5710
min=757 T Ty T 4/ LImm
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¢ Check Thickness of two way rib slab:
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Fig 4.2: Two Way Rib slab(R11,C)

Rib slab :
54 cm
Bom
32 om
- 14 cm
Y.=21lcm
3 3 3
Liio =54*%- 40*3? + 14*% =66816 cm’
T Beam (B8C, B16C , B15C ,B22C): 80 cm
80 32 x44) + (50 = 28 x 14 32
ve = ¢ )+ ( ) _ 334¢m 60 em
80 %32 + 2850 em
50 cm
63 33.43 283
Ib =80 * * = 1275968 cm?*

~ 30
*73

35



CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

> For Exterior Beam

Long direction L = 770 cm

l
Irib (E + bw)

S bf
66816("- + 50)
I, = 24 = 538240 cm*

Short direction L =574 cm

574

66816(—~ + 50)
I, = = 416981.33cm*
54
- —— T T
B ] il
o3
7.7m
04 o2
5.74 m
a1
LA G

> For Interior Beam :

In long direction :l,;gne = 537cm, ljery = 574cm.

L l
Lip (P8 + =L+ by)

S bf
66816(2L + 22 + 50)
I, = z__2 = 749205.33cm*
54
o= 1275968 =3.06
416981.33
Oy =04 1275968= 237
538240
5= 1275968 =17
749205.33
oal+o2+a3+a 4 7.7
Ofy = ——————= 2.38>2 p=—-1=1.34
4 5.74
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fy
l, (0.8+ 1400)

3649P

hmin -

420
7700 (0.8+ T-5)

ho =
™ 36+9(1.34)

=176.24mm> 90 mm

Ryssumea=320 mm > 176.24mm — OK
The thickness in one way rib slab is larger than in two way rib slab SO,

Take the slab thickness = 32 cm, 24 cm for concreteblock , 8 cm, for topping.

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

w, = 1.2D + 1.6L

Y Yy vy vy

40 cm
2
wl wl?
12 12
wli?
24

Fig 4.3: topping load.

» Dead load calculations:

Dead load from: oxyx1 KN/m
Tiles 0.03x23x1 0.69
Mortar 0.03x22x1 0.66
Coarse sand 0.07x17x1 1.19
Topping 0.08x25x1 2
Interior partitions 1x1 1
> 5.54

Table (4.1) Dead Load Calculation of Topping
Live Load =5 KN/m? Live Load =5KN/m2 x 1m = 5KN/m

w, = 1.2 x5.54 + 1.6 x5 = 14.648 KN/m.
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Check the strength condition for plain concrete,gMn = Mu,where g = 0.55.

Mn = 0.42 £/f] Sm(ACI 22.5.1, equation 22-2).

Sn(modulus of cross section of slab) = % = 10006X802 = 1066666.67 mm3.

gMn = 0.55 X 1 x 0.42 x V24 x 1066666.67 x 107¢ = 1.21KN.m

WyL? _ 14.648%0.4°

Mu =
12 12

= 0.1953 KN.m (negative moment).

2
Mu= "= = 0.0976 KN.m (positive moment).

gMn >> Mu = 0.1953 KN.m

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

Pshrinkage = 0.0018AC17.12.2.1
As = p X b X htopping = 0.0018 X 1000 X 80 = 144 mm?/m strip.

Step (s) is the smallest of:

1. 3h = 3x80 =240 mm. control ACI10.5.4

2. 450mm.

5. 5=380(%2) - 25¢ = 300 (22 - 25 20 = 330mm put
fs 3420

fs
Use ¢8 @ 200 mm in both direction, As provided =250 mm?/m, S = 200 mm <Spax = 240 mm

S< 300 (280) =300( 2% ) = 300mmACI 10.6.4
5420

4.5 Load calculations for one way Rib slab

Scm

=24 cm

Hollow Block (24)cm

Fig 4.4: one way Rib slab section.
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

The effective flange width (be), according to ACI 8.12.2 is the smallest of:

" pe < i = X70°9% _ 918 mm L: is the span of the rib.

* be < bw +16hf = 140+ 16 x 80 = 1420 mm.

= e < center to center spacing between adjacent beams = 540 mm.
Control

Requirements For Slab Floor Accordingto  ACI- (318-08) .
bw = 10CM .. cen e et e e e e e e e e ACT(8.13.2)

Select bw=14cm
R < 35%DW oo e e et e v et et e e e L ACT(8.13.2)
Select h = 32cm < 3.5 %15 = 52.5cm

tf = Ln/12 2> S50MM oo e eee e e e e . ACI(8.13.6.1)

Select tf = 8cm

e Dead load calculations:

Dead load from: 0xyxbe KN/m
Tiles 0.03%x23%0.54 0.3726
Mortar 0.03x22x0.54 0.3564
Coarse sand 0.07x17%0.54 0.6426
Topping 0.08x25%0.54 1.08
Interior partitions 1x0.54 0.54
RC rib 0.24x25x0.14 0.84
Hollow Block 0.24x10x0.4 0.96
Plaster 0.03x22x0.54 0.3564
> 5.15

Table (4.2) Dead Load Calculations of One Way Rib Slab

Live load /rib = 5KN/m? x 0.54m = 2.7 KN/m.
Du = 1.2 x5.15 = 6.18 KN/m.
Lu = 1.6 x2.7= 432KN/m.

Wu = 10.5KN/m.
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4.6 Design of One Way Rib slab

% System :
One -way ribbed slab :

STRUCTURAL ANALYSIS AND DESIGN

1 2 3
T A T A T A TV
— A A e A -
‘ 0.8 ‘ 3.67 \ 0.8 ‘ 491 \ 0.8 ‘ 4.47 \ 0.8 ‘
‘ ‘ 4.47 [ ‘ 5.71 [ ‘ 5.27 [ ‘
1 520 1 1 |
0
320
140 Fig (4.5) Spans Length of Rib (R5B)
A-A

% Loading

By using BEAMD (ATIR) program we get the envelope moment and shear diagram as the following:

Du = 1.2 x5.15 = 6.18 KN/m.

Dead load - Factored

Lu = 1.6 x27 = 4.32KN/m

Units:kN,meter

6.18 6.18 6.18
4.47 5.71 5.27
Live load - Factored
4.32 4.32 4.32
4.47 5.71 5.27
Moments:
-34.2
-28.5 922
-17.4 -17.1 e 214
| '6911'6 | | 11'63 |
I I I I I I 1 I ZIOSI I 1 I I
’I\_/ 0.79]0.93 - 0.94 I
—— A
6.9 1.06 83
17.8 17.9
24.7
| 179 2.68 [ 2.86 2.86 [ 3.16 2.11 |
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Shear

29.8 -32.3

22.9 -25.3 -22.8
-15.8
f f f f f f
12.4
19.4
23.6 27.2

30.6 342
Reactions
Factored —t —t—t +—t i
DeadR 10.35 34.23 38.29 12.61
LiveR 9. 26.16 28.14 10.16
MaxR 19.35 60.39 66.43 22.77
MinR 8.59 43.93 50.45 11.26

Fig.(4.6) Moment and shear envelope for One Way Rib

4.6.1 Design for positive Moment for Rib (R5B)
» Mu (max.positive moment) = 24.7 KN.m.
Assume bar diameter ¢12 for main positive reinforcement.

. dp 12
d = h— cover — dstirrups -5 = 320—-20-8 -5 = 286 mm.

Check if a>hs to determine whether the section will act as rectangular or T__ section,
, hy

=0.85 x 24 x 540 x 80 X (286 — %) X107 =216.8 KN.m

Mnf > Mu/@ = 27.44/0.9 = 27.44KN.m, the section will be designed as rectangular
sectionwith b =540 mm.

M, 247x10°
" @bd?2~ 0.9 x 540 x 2862

R, = 0.621 Mpa.

1 420
m= Y ;=
0.85fc 0.85x24

o= i<1 _|1— Z.m.Rn> _ L<1 _ Jl _ 2><20.6><0.621> — 0.00150
m 420 20.6 420

= 20.6
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As = p.b.d = 0.001502 X 540 x 286 = 231.94 mm?2.

Check for As, min.

Jf 1.4
fcbw.d >—b,.d

As,min = 0.25
fy y

V24
As,min = O.ZSE 140 x 286 = 116.76 mm?

1.4
As,min = EOIALO X 286 = 133.47 mm? .. Control.

As, required =231.94 mm?.> As, min = 133.47 mm?
Use 214 ,Bottom , As,provided = 307.9 mm? > As,required = 231.94 mm?
Check for strain:

_ Asfy _ 307.9x420
0.85b f!  0.85X540x24

=11.74mm

11.74
c=—= =—"=13.81mm
By 0.85

d—c 285 —13.81
& = 0.003 (T) = 0.003 (W) = 0.059 > 0.005 0k

» Design for positive moment Mu = 17.9 KN.m
Assume bar diameter ¢12

. dp 12
d = h— cover — dstirrups -5 = 320—-20-8 -5 = 286 mm.
M,s =216.8 KN.m

Mnf >>M_u/@ = 17.9/(0.9) = 19.9KN.m,

the section will be designed as rectangular section with b = 540 mm.

_ My 179x30°
T Obd? 0.9 x 540 x 2862 0 MPA = &Y

o= i(l _ |1 _%> - L(l _J1 _M> = 0.001084
m 420 20.6 420

As = p.b.d =0.001084 x 540 x 286 = 167.34 mm?2.

Ry,

Check for Asmin.
As,min 133.47 mm?.
As, required =167.34 mm?.> As, min = 133.47 mm?

Ok

Use 2012 Bottom , As, provided = 226.2 mm? > As,required = 167.34 mm?.. Ok
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Check for strain:

_ Asfy _ 167.34x420

T0.85b £/~ 0.85x540x24

a 6.38
=—=—"—=751mm
B, 085

= 6.38mm

d—c 286 —7.51
& =0.003(—— | =0.003{——=—=——) = 0.111 > 0.005 0k
c 7.51

4.6.2 Design for negative Moment for Rib (R5B)
» Mu = 22.2 KN.m. ( maximum negative moment at the face of support —~ACI 8.9.3)

Assume bar diameter ¢12 for main negative reinforcement.
, dp 2
d = h— cover — dstirrups -5 = 320—-20—-8— - = 286 mm.

M, 222x10°
" @bd? 0.9 x 140 x 2862

p= i(l ~ 1 _M> = L<1 —\[1 —w> = 0.005433
m 420 20.6 420

As = p.b.d = 0.005433 x 140 x 286 = 217.52 mm?

R, = 2.154 Mpa.

Check for As, min.
As = 217.52 > As,min = 133.47 mm? — OK

Use 212, Top ,As,provided = 226.2mm? > As,required = 217.52 mm? Ok
Check for strain:

Asfy  226.2x420

= - = = 33.26mm
0.85b fc 0.85X140%24
c=2 =332 _ 3913 mm
B,  0.85
= 0.003 (d _ C) =0 (286 _ 39'13> = 0.0189 > 0.005 0k
& = U c )Y 3913 ) '

» Design for Mu = —-17.4 KN.m
Assume bar diameter ¢12

) dp 12
d = h— cover — dstirrups -5 = 320—-20—-8 — - = 286 mm.

M,  17.4x10°

R. = =
" Bbd? T 0.9 x 140 X 2862

= 1.69 Mpa.
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o= i(l _ [ _ﬂ) _ ;<1 _\/1 _M> = 0.004206
m 420 20.6 420

As = p.b.d = 0.004206 X 140 x 286 = 168.41mm?

Check for As, min.

As = 168.41 > As,min = 133.47 mm? — OK

Use 2012, Top , As,provided = 226.2mm? > As,required = 168.41 mm?

Check for strain:

_ Asfy  2262%420
0.85b f!  0.85X140x24
a _ 3326 _

=—=—-—=139.13mm
B, 0.85

d—c 286 —39.13
& = 0.003 (T) = 0.003 (W) = 0.0189 > 0.005 0k

= 33.26mm

c

4.6.3 Design of Rib for shear

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

From shear envelope diagram: V,, = 27.2KN

1.1 1.1
Ve = —A&Jfbyd = ?\/ﬁ X 140 x 285 x 1073 = 35.84KN

gVc =0.75%x 35.83 =269 KN.

0.5¢Vc =05x269 =13.43KN

1 1
Vs min = 16 f¢by,d = RVZZL X 140 x 285 x 1073 = 12.22KN

1 1
Vimin =z bwd =5 % 140 x 285 X 107 = 133 KN~ control

gVe<V, <o(Vc+Vimn) —Case3

minimum shear reinforcement is required (A, min)

Use stirrups U — shape (2 leg stirrups ) $8 Av = 2 x 50.24 = 100.48mm?.
Srequirea = Minimum of :

Mvlye _ 3x10048x420 _ 904 32 mm- control
by 140 '

16A4,f,: 16 x100.48 x 420

= =985.73 mm
b,V24 140 x /24
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285
= - = 142.5mm — control

N

d
Smax < 5 < 600 mm  Smax =

4-7.Design of Two way ribbed slab

OC
00|
00l
Oac
0ac
00oC
O0C
O0oC
0ac
0ac
00t
m]m)
ac

0o
0o

000
0000000

i

0000000
0000000
0000000
0000000
000po0o

oo
aoo
0000000000004t

=

0000000000000(0
OOOOO000000000l e

1 ” |U‘WM i

T

Fig. (4-7): Two way ribbed slab
4-7.1 Load Calculation

» Determination of Dead load

0.54m

/% }
A s

0.1

pd

Toam! Foam

Dead load from: W =yxV KN

Tiles 0.03x23x0.54° 0.2012
Mortar 0.03x22x0.54° 0.1925
Coarse sand 0.07x17x0.54° 0.3470
Topping 0.08x25x0.54° 0.5832
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Interior partitions 1x0.54° 0.2916
RC rib 0.24%x25%0.15%(0.54+0.4) 0.846
Hollow Block 0.24x10%0.4x0.4 0.384
Plaster 0.03x22x0.54° 0.1925

y 3.04

Table (4.3)Calculation of two way dead load

Total Dead Load = 3.04 KN

3.04

PL=95ax0354

= 10.43KN/m? Total live load = 5 KN/m?

» Determination of factored dead & live load

Factored dead load = 1.2 X Dead load = 1.2 X 10.43 = 12.52 KN/m?.
Factored Live load = 1.6 X live load = 1.6 X5 = 8 KN/m?

Wu = 12.52 + 8 = 20.52 KN/m2

4-7.2: Design of positive and negative moments:

> Moments calculations :

Ma = Cawla?bf and Mb = Cbwlb?bf

la _ 5.74 — 075
b 770

Case 6
Caneg = 0.088

Ca,dl = 0048 Cb,dl = 0012

Ca,ll = 0055 Cb,ll = 0016
Mg pey = 0.088  20.52 * 5.74% + 0.54 = 32.13 KN.m/rib

Mg q = 0.048 x 12.52 % 5.74% % 0.54 = 10.7KN.m
Mgy = 0.055 8 % 5.74% % 0.54 = 7.82KN.m

Mgp0s = 10.7 +7.82 = 18.52 KN.m/rib
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My = 0.012 % 12,52 % 7.72 % 0.54 = 481 KN.m
My, = 0.016 8 % 7.72  0.54 = 4.1 KN.m

My s = 4.81+ 4.1 = 8.91 KN.m/rib

» Negative moments at Discontinuous edge (% positive moment):
1 -
Ma’neg’edge = 5 * 18 52 = 6 17 KN m/le

1
Mpnegedges = 3 *8.91 =2.97 KN.m/rib

— .
3213
2.97 \‘1 852 507
-8.91
6.17
L. &

» Design for Negative and Positive moment

e Short Direction
» Design for negative moment (continuous edge) Mu = 32.13 KN.m
Assume bar diameter ¢ 14 for main negative reinforcement.
d = h— cover — dstirrups —% =320—-20-8— 12—4 = 285 mm.

_ My 3213x10°
T Obd? 09 x 140 x 2852 P4

p= l(l -1 _M> = L(l — \/1 _w> = (0.00816
m 420 20.6 420

As = p.b.d = 0.00816 x 140 x 285 = 325.7 mm?

Ry,
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Check for As, min..

NI 14
by.d = —b,.d
fy fy

As,min = 0.25

V24
As,min = O.ZSE 140 x 285 = 116.35 mm?

1.4
As,min = EOMO x 285 = 133 mm? .. Control.

As,required = 325.7 mm?
Use 2916 ,Top As,provided = 402.12 mm? > As,required = 325.7 mm?. Ok

Check for strain:

AS.
— fy, — 402.12x420 — 5914mm
0.85b f¢ 0.85X140x%x24
=2 -2 _ 69.6mm
B, 0.85
—-C 284 — 69.6
& =0.003 (—) = 0.003 (—) = 0.00924 > 0.005 0k
c 69.6
Check for spacing :
S = 140-40-16—(2X16) _ 52 mm > 25 0K

1

» Design for positive moment (Mid Span)Mu = 18.52 KN.m
Assume bar diameter ¢ 14 for main negative reinforcement.
d 14
d = h— cover — dstirrups —717 =320—-20-8— - = 285 mm.

o M __18S2x10°
n T Pbd? 09 x 140 x 2852 o P%

o= l<1 _|1— Z.m.Rn> _ L<1 _ \/1 _ 2><20.6><1.81> — 0.00452
m 420 20.6 420

As = p.b.d =0.00452 x 140 x 285 = 180.35 mm?
Check for As, min..

1.4
As,min = m140 X 285 = 133 mm? .. Control.

As,required = 180.35mm? > As,min

Use 2012, Bottom, As,provided = 226.2 mm? As,required = 180.35 mm?. Ok
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Check for strain:

_ Asfy  2262%x420
T0.85b f! T 0.85x140x24 33.26mm
=2 =320 _3913mm
B,  0.85
d—c 285 —39.13
& = 0.003 (T) = 0. (W) = 0.0188 > 0.005 0k

» Design for Discontinuous edge

1
A = gAs,pos =3+ 18035 mm? = 60.12mm? < As, min = 133 mm?

Provide As, min = 133 mm?
133

= =1
n=dseto o OY

Use 2 $10,Top,As = 157.08mm?

e Long Direction
» (Design for positive moment (mid span)), Mu =8.91 KN.m
Assume 2¢10

d 0
d = h— cover — dstirrups —7b=320—20—8—7=287mm

As(2¢$10) = 157.08 mm? > As,min = 412;;140 X 287 = 133.93 mm?

As,fy __ 157.08x420 = 26.4 mm c= a — 24.6 =31.1mm

T0.85b £/~ 0.85x140x24 B, 085

a -6
M, = Af, (d- E) = 157.08 * 420(287 — 13.2) * 10~ = 18.06Kn.m

Check for strain

d—c 287 —31.1
& = 0.003(——) =0.003{——=——) = 0.0246 > 0.005
c 31.1

Take @ = 0.90Mn = 0.9 * 18.06 = 16.25 Kn.m > Mu = 891 Kn.m

Use 210 ,Bottom ,As = 157.08mm?

» Design for Discontinuous edges

1
A, = %As,pos =3* 157.08 mm? = 52.36mm? < As,min = 133.93 mm?
Provide As, min = 133.93 mm?
13393

n=aset0 L

Use 2 $10,Bottom ,As = 157.08mm?
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4-7.3 Design of Two way Rib for shear

W,=088 , W,=0.12

o The total load on the panel being (7.7 X 5.74 X 20.52 = 906.94 KN)
e The load per rib at face of the long beam is (0.88 X 906.94 x 0.54/(2 X 5.74) =
37.54KN)

Vud = 37.54 - 20.52 x 0.54 x 0.284 = 34.4 KN

1.1 1.1
Ve =— Jfb,d = ?\/2_4 X 140 X 284 x 1073 = 35.71 KN

gVc =0.75%x 35.71 = 26.78KN.

0.5¢Vc =0.5%x26.78 =13.4KN

1 1
Vs min = E\/ﬁbwd = R\/M X 140 x 284 x 1073 = 12.17KN

1 1
Vimin = 3bwd =5 X 140 X 284 x 107 = 1325 KN~ control

gVe<V,<8(Vc+Vimin) —Case3

minimum shear reinforcement is required (A, min)

Use stirrups U — shape (2 leg stirrups ) $8 Av = 2 x 50.24 = 100.48mm?.
Srequirea = Minimum of :

3Apfyr _ 3%100.48x420
by 140

= 904.32 mm- control

164,fyr 16 x100.48 x 420

= = 985.73 mm
b, V24 140 x V24
d d 284
Smax < 5 < 600 mm s Smax = 5= = 142mm  — control
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4.8 Design of Beam ( B7B)

4.8.1 Load calculations

50cm
32cm
60 cm
30cm

Dead load from: W = dxyxb KN/m
Tiles 0.03x23x0.5 0.345
Mortar 0.03x22x0.5 0.33
Coarse sand 0.07x17x0.5 0.595

Interior partitions 1x0.5 0.5

RC Beam (0.32x25x0.5)+(0.28%25x%0.3) 6.1
Plaster 0.03x22x0.5 0.33

Y 8.2

Table(4-4) Dead loads on Beam B7B

» The support reaction ( factored ) from Dead loads of Rib (R5B ) upon beam ( B23B) is (10.35

KN). The distributed Dead load from Rib ( R5B ) & Rib (R4B) on Beam ( B23B):
10.35
WL from Rib(RSB)=Wp, rom rivrasy = g 54 — 12- 17KN/m

» The support reaction ( factored ) from Live loads of Rib (R5B ) upon beam ( B23B) is (9.0 KN)

. The distributed Live load from Rib ( R5B ) on Beam ( B23B):

2.0 8.45
WL from Rib(R5B)= 054 16.67KN/m W, from Rib (R4B)= 054 15.65KN/m

Total factored Dead Load Wp; = 19.17 + 1.2(8.2) = 29.01 KN/m

factored Live Load W;; = 16.67 + 1.6(0.5 «5) = 20.67 KN/m
actored Live Loa 1 at 3.46m from support4 = 15.65+ 1. . *
d Live Load W 3.46 4 15.65+1.6(0.5 = 5)

=19.65 KN/m
«* Beam system
2 3 4 5
1 2 3 4
| S | S | -
A Y A A
3.63 05 3.5 05 35 05 5.79 0.3
4.03 “‘ 4. “‘ 4. “‘ 6.19 \‘
500 I I I |
600
300
A-A
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< Loading
Dead load - Factored Units:kN,meter
20.0 20.0 20.0 290 29.0
29.0 29.0 29.0
20.0
4.03 4. 4. 3.46 | 2.73
I
Live load - Factored
20.6 20.6 20.6 20.6 19.6
4.03 4, 4, 3.46 | 2.73
[
Moments:
-133.8
-92.6 -94.4
| 1 [ 4 |
I I 1
[ 1 I I I ]
0.78/0.87
a—TE087, %
92.3 701
224.7
| 161 |, 242 | 22 | 18 | 14 2.6 | 3.71 248
I I I I I I I I |
Shear
1736 -195.2 -175.8
-118.6 -130.7 -140.1 -128.4
-75.6
f H H H H
65.3 55.2
113.4 1111 110.3
166.2 200.6
255.6
Reactions
Factored
DeadR 76.2 234.16 145.37 313.81 123.49
LiveR 37.21 105.64 95.58 136.97 52.28
Max R 113.41 339.8 240.96 450.79 175.78
Min R 71.14 272.23 158.42 349.87 121.28

Fig (4-8) moment and shear diagram for Beam (B7B)
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4.8.2 Design of positive and negative moments.

Assume bar diameter $20

d 20
d = h— cover — dstirrups —719 =600—-40—-10 — - = 540mm

Check if a > hf to determine whether the section will act as rectangular or T_ section,

h
My = 0.85.f!.b,.hs. (d — 7’“)

= 0.85 X 24 X 500 X 320 X (540 — 3§—°) % 1076 = 1240.32 KN.m

M, 2247

M — =——=249.7KN.
nf > 7 09 9.7 m,
the section will be designed as rectangular section with b = 500mm.
Check for doubly :

3 3
c= ;d = 7 * 540 = 231.43 mm, a=B,C =0.85%231.43 =196.7 mm

, a 196.7
Mymax = 0.85.f,.a.by.(d - E) = 0.85 % 24 * 196.7 * 500 ( 540 — T) = 886.1 KN.m

M, < @M, = 0.82 * 886.1 = 726.6 ...design as singly

» Design for maximum positive moment, Mu = 224.7 KN.m
M, _ 2247x10°
" @bd? 0.9 x 500 x 5402

p= l(l -1 _%> = L(l _J1 _w> = 0.00426
m 420 20.6 420

As = p.b.d = 0.00426 x 500 x 540 = 1149.7 mm?

R, = 1.71Mpa.

Check for As, min..

1.4
As,min = mSOO X 540 = 540 mm? .. Control.

As,required = 1149.7 mm? > As,min

Use 4 20, Bottom, As, provided = 1256.64 mm? As,required = 1149.7 mm?. Ok
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Check for strain

Asf 1149.7x420 a 47.34
=—X = = 47.34 mm c=—=——=557mm
0.85b f!  0.85x500x24 B 0.85

d—c 540 — 55.7
& = 0.003(——) =0.003(——===—) = 0.0261 > 0.005 ok
c 55.7

Check for spacing:

300 —40*2—10%2—4(20)
s = 3 =4 > 25..0k

» Design for positive moment, Mu = 92.3 KN.m
Assume bar diameter $20

d =540 mm

oo M _ 92.3 x 10° 0703 1

"= Bbd? _ 0.9 x 500 x 5402 pa.

p=i<1— —%>=i<1—\[1—%>=0.001704

As = p.b.d = 0.001704 X 500 x 540 = 460 mm?

Check for As,min..

1.4
As,min = m300 X 540 = 540 mm? .. Control.

As,required = 460 mm? < As,min
take As = As,min = 540 mm?

Use 4p14 ,Bottom, As, provided = 615.8mm? As,required = 540 mm?. Ok

Use 414, Bottom. (as minimum As)for Positive Moment( Mu = 70.1KN.m , Mu
=32KN.m, for span2 &3 )

Check for strain

Asf 540%420 a 22.24
=— = = 22.24mm c=— ="="—==26.16mm
0.85b f!  0.85x500x24 By 0.85

d—c 540 — 30.44
& = 0.003 (T) = 0.003 (W) = 0.059 > 0.005 ok

Check for spacing:

300 —40*2—10%2—4(14)
s= 3 =48 > 25..0k
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» Design for negative moment, Mu = —204.4 KN.m
Assume bar diameter $20

. dy 20
d = h— cover — dstirrups -5 = 600 —40 — 10 -5 = 540 mm

M, _ 2044x10°
"~ @b,d? 0.9 x 300 x 5402

p= i 1— 1= 2.m.Ry — L 1— 1= 2X20.6X2.6 = 0.00665
m

R, = 2.6 Mpa.
420 20.6 420

> As = p.b.d = 0.0049 x 300 x 540 = 1076.54 mm?

Check for As, min..

1.4
As,min = EO3OO X 540 = 540 mm? .. Control.

As,required = 1076.54 mm? > As, min = 540 mm?
Use 4920 ,Top ,As,provided = 1256. 6mm? As,required = 1076.54mm?*. Ok

Check for strain
a _ 86.24

Asr 1256.6X420
=—2 = = 86.24 mm c=— =101.5mm
0.85b f,  0.85x300x24 B, 0.85

d—c 540 — 86.24
& = 0.003 (T) = 0.003 (W) = 0.0158 > 0.005 ok

Check for spacing:
~ 500—40%2—10+2—4(20)

s= 3 = 106.7 > 25 ...0k

» Design for maximum negative moment, Mu = —94.4 KN.m
Assume bar diameter $25

) dp 20
d = h— cover — dstirrups ——— = 600—-40—10 —— = 540 mm

2 2
_ My 9ax10°
= ®Ob,d? 09 x300x 5402 < "P%

p= i 1— 1= 2mRy \ _ L 1— 1= 2X20.6X1.2 = 0.00295
m

Ry,

420 | 206 420

As = p.b.d = 0.00295 x 300 X 540 = 477.9 mm?

Check for As,min..

1.4
As,min = mBOO X 540 = 540 mm? .. Control.

As,required = 477.34mm? < As,min = 540mm?
take As = As,min = 537.5mm?

Use 4$20,Top, As, provided = 1256.64mm?.
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Check for strain
As.fy 1256.64%420 a _ 8624

a= - = = 86.24 mm c=—= = 101.46mm
0.85b f!  0.85x300x24 : 5 0.85

= 0.003 (d _ C) = 0.003 (540 _ 101'46) = 0.013 > 0.005 ok
& =1 c )" 10146 /) = P00 0

Check for spacing:

500 — 40 * 2 — 10 * 2 — 4(20)
s = 5 =106.7 > 25 ...0k

4.8.3 Design Beam( B7B )for Shear.

Vumax = 255.6 KN

\/Eb d= x/_ X 300 X 540 x 1072 = 132.27 KN

gVc =0.75%x 132.27 = 99.2 KN.

0.58Vc =0.5%x99.2 =49.6KN

1 1
Vomin = g\ fébwd = R\/Z_L} % 300 x 537.5 X 1073 = 49.6KN

1 1
Vs min = §bwd =3 X 300 X 540 x 1073 = 54 — control

o(Vc + Vg min) = 139.71KN
1 1
Vs'=3/f{bud = §m X 300 X 540 X 1073 = 264.544KN

#( Ve + Vimin) <Vu < (Ve + Vs') — case 4 stirrups are required

d 540
Smax = 5= = 270 mm — control

Vu
V= P V. = 208.58

Use stirrups U — shape (2 leg stirrups )10 Av = 2 x 78.54 = 157.1mm?.

Ay _ 1571 A 157.1
Y = 0.58 mm — =

= = = 0.628 mm
Sreq 270 Sprov 250

Use stirrups U — shape (2 leg stirrups )$p10 @250mm

56



CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

4. 9 Design of Short Column(C9)
4.9.1 Design of longitudinal Reinforcement

Py = 5700 KN
p =P 5700 g76953nN.
0.65 0.65

Assume p, =0.02

P mag = 0-8xAg{0.85 fc' + p, (f, —0.85f, )}

n (max)

8769.23= 0.8x Ag {0.85x 24+ 0.02(420— 0.85x 24)}

Ag = 3860.8 cm?

Select 60%65 cm ......... with Ag =3900 cm? > Agreq = 3860.8 cm?

4.9.2 Check Slenderness Effect :

(K_'UJ <(34- 12[mj A0 ACI 10-12-2
" M 2

Lu: Actual unsupported (unbraced) length.

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

I
R: radius of gyration=0.3 h = X

K=1, Lu=3m
r=03h=0.3x0.6=0.18

ﬂ:lo

M 2

%§34—12x1£ 40.cmmveoens e ACI —(10.12.2)

16.67<22<40

. Short Column
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.. Slenderness effect must not be considered

P —_

n(max) —

0.8xAg{0.85 fc + p, (f, —0.85f, )}

8769*1000= 0.8x3900*1000{0.85x 24+ p, (420—0.85x 24)}

p, =0.0193

As=0.0193*600*650

As=7527mm?

* Pmin =001, 0.01< p, = 0.0193 < 0.08 — Ok
Use 24920, withAs = 7539.8 mm? > Asyeq = 7527 mm?

4.9.3 Design of the Tie Reinforcement

Use ties @10 with spacing of ties shall not exceed the smallest of

16xd, =16x20=32cm
48xd, =48x10=48cm
leastdim.=60cm

Use ties @10@25 cm

Clear spacing between bars :

4.9.4 Short column detail

Column(C9)

60

24920
cO

600-7(20)—40(2)—-10(2) _

= 60mm
6
ZEP10@25
=208 Z2ESTO0@DZ25
Lo, ~35 =184
10 10 53

57 57 L]

o2

35

Figure (4.9 ) : short column detail
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4.10 Design of Long Column (C3)

4.10.1 Design of Longitudinal Reinforcement

Pu = 2900 KN
Pn = 2900/(0.65) = 446154 KN
Assume 9 =0.02

Pn=0.8* Ag{0.85* fc'+pg(fy —0.85fc')}
446154 =0.8* Ag[0.85*24 +0.02* (420—0.85*24)|
Ag =1964.3cm?

Select 60 35 cm,  withAg = 2100 cm? > Agreq = 1964.3cm?
4.10.2 Check Slenderness Effect

Ku 34—12% ............... ACI —(10.12.2)

r

Lu: Actual unsupported (unbraced) length.

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

R: radius of gyration=0.3 h = \/'IA\:

Lu=3.32m
M1&M?2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be permitted to
be taken as 1.0.

@<34_12ﬂ ............... ACI —(10.12.2)
r M 2
*
L =2857>22
0.3*0.35

..long Coloumn
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In 0.35 direction , long column

@<34—12ﬂ ............... ACI —(10.12.2)
r M 2

1*3
0.3*0.6
.. Short Coloumn

=16.67 <22

In 0.6 direction, short column
v" Slenderness is consider

E I
El =04—2 ... [ACI318-2002 (Eg. 10-15)]
1+ 5,

E, = 4700,/ fc' = 4750%+/24 = 230252.Mpa
1.2DL  1.2(1227)

= =0.508<«1
P Pu 2900
* 3 * 3
| D 06%035  oos g
12 12
* *10% *
El :0.4 230252*10 2'144:13094.44KN.m2

1+0.508

Euler buckling load, P,
7?El

P, = s ACI1318-2002(Eq. 10-13)
(KLu)
2 %
- 3.14 13024.44 —143451KN.
(1.0*3)

The moment magnifier factoro,

Cm = o.mo.{%) ............ ACI318-2002(Eq.10—16)

Cm=1..... According to ACI1318-2002(10.10.6.4)

S - Cm
" 1-(Pu/0.75P,
5 = 1
™ 1-(2900/0.75*14345

............... ACI1318-2002(Eq. 10—12)

=137>1
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e, =15+0.03*h =15+ 0.03*350 = 25.5mm = 0.0255m
e=e,, x5, =0.0255%1.37=0.035

e_00350_ ..

h 03

y:is the ratio of the distance between the centers of the outside layers of bars to

the overall depth of the column , Assume ®25

d—-ad 350—2%40—2%10-25
y=L = = 0.643
h 350

From Interaction Diagram

g, 2900
A 0.35%0.6

9

py =0.0179> p,.. =0.01

*0.145=2.Ksi

As = p * Ag = 0.0179 * 600 * 35 = 3759 mm?
129020 ,with As = 3770 mm? > As,,, = 3759mm?

e Check for spacing between the bar

_ 600-2*%40-2*10-2*20-5*20
4

S =90mm

S =90 mm > 40mm
>15db=30 mm OK

4.10.3 Design of the Tie Reinforcement

Use ties @10 with spacing of ties shall not exceed the smallest of :

16xd, (Longitudiral.bar.diameter) =16 x 20 = 32cm.
48xd, (tiebar.diameter) = 48x1.0 = 48cm.
Least.dim = 35cm

. Use 2*¢10@ 25cm
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4.10.4 Long column detail

Col(3)

2*310@25
L—144

60

27 =7

a7

fig4.10 long column detail

4.11 Design of Isolated Footing (F3)
4.11.1 Determination of Loads

Total factored load = 2900 KN.

Total service load = 2200 KN.

Column Dimensions = 35 * 60 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN /m2.

Assume footing to be about (65 cm) thick.

Footing weight = 25%0.65 = 16.25 KN/m2.

Soil weight above the footing = 0.6 X18 =10.8 KN/m?2.
live load =5 KN/m2

qallow.net =400 —5—16.25 —10.8 = 368 KN/m?2

4.11.2 Determination of Footing Area :

pn 2200
Qaner 368

6 m?

A=
Try Dimensions (2.5 *2.5) With Area = 6.25m2 > Areq = 6 m2

. 2900
determinate qu = 628 = 464 KN/m2

4.11.3 Determination the depth of footing based on shear strength:
Assume h = 65cm, d = 650 —-75—-20 = 555mm
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» Check for one way shear strength

l a
Vu=Qub(§— E_d)

25 0.35
V, = 464 x 2.5( — —— — 0.555)

2
= 603.2 KN
1
gVc = g\/ﬁbwd, g = 0.75

1
gVc =0.75 * EV24 * 2500 * 555« 1073 = 850KN
gVec =850>Vu =603.2..0K,Its Safe

» Check for two way shear strength (Punching Shear )

The punching shear strength is the smallest value of the following equations:

1 2 !
AV, _¢.E(1+Z]\/fbod
¢.vc=¢.é( % +2JJfT' b,d

b, /d

oV, :¢.%\/f7bod

Where:

_ Column Length (a) 60 171
¢ ColumnWidth (b) 35

b, - Perimeter of critical section taken at (d/2) from the loaded area
b, =2(d +a1) + 2(d +a2) = 2(0.6 + 0.555) + 2(0.35+ 0.555) = 4.12m

% =40 for interior column

oV, = ¢%(1+ ﬂi}/ . byd = o.gs*(le?J* 24*4120*0.555 = 3386.42KN

* ’ *
AV =¢.é(“sb d +2}/ f, byd = 01'725*[4042'255+2)* 24*4120*0.555=517287KN

0

oV, = ¢_%w/ £ b,d = %* 24*4120*0.555= 2800.5KN

63



CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

¢V, =2800.5KN .... Control
Vu =464*{(2.5*2.5) - (0.6 + 0.555)*(0.35+ 0.555)} = 2415N
pVc =2800KN >Vu =2415KN........ satisfied

4.11.4 Design of Bending Moment

» Design for flexure in Long Direction
Mu = 464*2.5*1.075° /2 = 670.3kN.m
Mu =670.3 KN.m
use $20
d =650-75-10=565mm
Mn  670.3/0.9x10°

Rn = 2 2
b*d 2500x565

=0.933Mpa

i Fy 420
0.85fc' 0.85x24

1 2mRn
p=—@- [1-=T)
m fy

P (1_\/1_2><20.6><0.933
20.6 420

=206

) =0.002274

As,req = 0.002274 x 2500 X 565 = 3212mm?/m

As,min = pXbXh

As,min = 0.0018 x 2500 X 650 = 2925mm?/m

AS i, =2925mm* /m < As . =3212mm? /m

Use 16 $16 with As = 3217 mm? > As req = 3212 mm?

» Check for spacing

2500—-75%x2—-16x*16
s = 15 =139.6 mm

Step(s) is smallest of :
1. 3h =3%6501950 mm
2. 450 mm - control
§=139.6 < Smax = 450 mm- OK
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» Check for strain
a _ 265

Asf 3217x420
=—X = = 26.5mm c=—==—=31.17mm
0.85b f!  0.85X2500x24 B, 085

d—c 565 — 33.12
) ~0 <—) = 0.0482 > 0.005 ok

& = 0.003 (T 33.12

» Design for flexure in Short Direction

Mu = 464*2.5%0.95? / 2 = 523.45kN.m

Mu =523.45 KN.m

use $20

d =650—75-16—10=549 mm
Mn  523.45/0.9x10°

“b*d?  2500x549

Rn =0.772Mpa

m=20.6

1 2mRn
p=—@- [1-0)
m fy

1 \/ 2*20.63*0.772
p=——0- 1~
20.6 420

)=0.00188

As,., =0.00188x 2500x 549 = 2576.27mm* /m

As,min = 0.0018 x 2500 X 650 = 2925mm?/m
As,req = 2576.27 < As,min = 2925mm?/m
Take As = As,min = 2925 mm?/m
Use 15 $16 with As = 3016 mm? > As req = 2925 mm?

» Check for spacing

2500 —-75«x2 —15+16
s = 12 =150.7 mm

Step(s) is smallest of :
3. 3h =3 %6501950 mm
4. 450 mm - control
§=150.7 < Smax = 450 mm- OK
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» Check for strain
_ Asfy  3016x420 a _ 24.84

= ;= = 24.84 mm C=—=—+-=12922mm
0.85b fc 0.85%2500x%x24 B, 0.85
= 0.003 (d — C) = 0.003 (549 _ 29'22) = 0.053 > 0.005 ok
&= c )T 2922 )77 oo 0

4.11.5 Development Length of main Reinforcement

0.241y 0.24*420
db = ———

Jic J24

Ld,req = 0.044 xfy xdb = 0.044 x420 x1.6 = 29.57cm

Ld,req = 29.57cm=control

Ld, ( available) = (650-75-2*16) = 543 mm.

1.4 = 28.8cm.

Ld,req =

Ld, ( available) = 54.3 cm.> Ld ,req = 29.57cm

Using hook

=16 mm,D = 6db

a =12db + 0.5(D) + db,a: (required length of hook)
a=12+x16+3x16+ 16 = 16(16) = 25.6 cm

Use Hook .= 28 cm > Hookreq = 25.6 cm

10 )LJTC
9 420 1+1%0.8
ldreq = 75 % * * 16 =395 mm

10 1x+/24 2.5
Ld available = 650‘75: 575mm

Ld available= 575 mm > ldreq = 395mm

Use the column bars as a dowels
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#R0200m
Q.10
— 0.0
[es] =0} -
|N- 16616 L=2.35 S| _* X
2.9 £
| e Q.15
%} c3 o : K
0
L il '
: m e q a8 .
Cf[ 3 3 il
0.95, -
N 0
-, 19¢16 =280 ||, o
H 0.28| lssln\ulnlﬁlﬁllcclL‘
: . 010 £ ‘-A,: s ~ 'u-' R ,1:',,-, "A..""'NGNS =790
010 2.50 010

2.00

Figure (4-11)Isolated Footing’s Detail
4.12 Design of combined footing
Footing for the column C6G & C6G
C6G : 55*50
D.L = 1530 KN.
L.L=1110 KN.
C6G : 55*50
D.L = 1530 KN.
L.L=1110 KN.
P =1530 +1110 +1530+1110 = 5280 KN .
4.12.1 Determination of footing Dimension:
Net allowable soil pressure = 400 KN/m2

P
A =—
qau

Ag = 5280/400 = 13.2m?2.
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Assume B=3.3m. ....... L=13.2/3.3 =4 m.

Distance between the two columns is 2.62 m center to center
Take L=6 m instead of 4 m because L=4m had not achievevd
Two way shear requirements.

4.12.2 Determination of footing depth:

Selecth = 70cm ....davg = 700 - 75- 20 = 60.5cm.
Factored load

Pué6G = 1.2D.L + 1.6 L.L = 3612KN.

Pisc+P,
qu: u6G "'u6G
A,
g, = S012¥3012_ a0 gokn /m?
3.3%6

e Check for one way shear strength for C 6G :

VU = 3612 364.85(1.415+ 0,55+ 0.605)3.3 = 517.71KN
SV :¢.(%* fo *b, *d)

pNC = 0.75*%* 24*1000*3.3*0.705=1222.6Kn

¢NC =1222.6Kn >Vu =517.71Kn
. Safe

e Check for two way shear action (punching shear )

The punching shear strength is the smallest value of the following equations:

1 2 '
¢'Vc - ¢g[l+ ﬂ_CJ\/rbod
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.= vt e
V. :¢%\/f7bod

Where:

_ Column Length (a)
¢ ColumnWidth (b)

b, _ Perimeter of critical section taken at (d/2) from the loaded area

a,=30 ... for exterior column

a.=40 ....... for interior column

oV, =g 1142 \/fTbod _OP0u[14 2 |« /24%452%0.605*1000= 471931Kn
6l A 6 (55/50)

PV, = Fb d= 0 S ( 40 + 2}* 24*4.52*0.605*1000=6157.47Kn
b /d 4.52/0.605

A% =¢é\/f>c’bod = %* 24*0.605*4.52*1000=3349.19Kn

¢V, =3349.19Kn ..... Control
Vug,, = Pu—FR,

FR, = o, *area of critical section
Vu, =3612-[364.85*(0.55+0.605) * (0.50 + 0.605)| = 3146.35

¢Vc =3349.19Kn >Vu,. =3146.35Kn........ satisfied

4.12.3 Design for Bending Moment:

Mu @ column. face = 364.85* ((1.415)%/2) *3.3 =1205.34Kn.m

Mu @ zeroshear; —
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3612-(364.85*3.3*x) = 0.0

X=3.0m.
Mu@,_,, =364.85* ((3.0)2 /2)*3.3-3515.3*1.425=—-605KN.m

For negative moment at zero shear Mu = —605 kn.m

_Mn_ 605/0.9
bd®  3.3x(0.605)°

Rn *107° =0.5565Mpa

oty _ 420 _
0.85* fc  0.85*24

p:l[l_ ll_zxmen]
m f,

1 [1_\/1_2x20.6><0.5565

20.6

=506 420

ASe, = p*b*d =0.001344*3300* 605 = 2683 30mm’

ASrinage = 0.0018*b*h = 0.0018*3300* 700 = 4158mm’
. As = 4158mm?

jz 0.001344

Use 21016 or @16 @ 15cm , with Aprovided = 4223.12 mm’

Check for Strain:

As* fy =0.85* fc*b*a
4158*420=0.85*24*3300*a
a=25.94mm
c= 2 22594 45 50mm
B, 085
. - 605-30.52
* 30.52

g, =0.0565>0.005 ... OK

*0.003
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For positive moment at face,Mu = 1205.34 Kn.m

_ Mn _ 120534/0.9

Rn=——= 5
bd® 3.3x(0.605)

*107° =1.109Mpa

M fy .= 420 206
0.85* fc  0.85*24

P = %0588 420

ASg,, = p*b*d =0.002716*3300*605 = 5422.49mm”
AS griniage = 0-0018%b*h = 0.0018*3300* 700 = 4158mm’
. As =5422.49mm?

1 (1_\/1_ 2% 20.588><1.109J _0.002716

Use 18020 or @20 @ 17 cm , with Aprovided = 5655.6 mm’
Check for Strain:

As* fy =0.85* fc*b*a
5655.6*420=0.85*24*3300*a
a=4111Imm
o -2 :@: 48.36mm
B 085
o = 605—48.36
® 48.36

£, =0034>0.005 ... OK

*0.003
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4.12.4 Combined Footing Details:

1 ..J" PR P -
Jf”
7 ,
= g ‘
E
o = :
I3 O G ..
e .
|E e [i| E
|ﬂ um:m L=588anm ti|
25 )

Section A-A

Figure (4-12) : Combined Footing Details
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4.13 Design of Basement Wall

L M PR
| P

T
TR

,, i&\ 4.2m

kY
Po=Cy=w=h P.=(C,*P

Figure (4-13) : Basement wall-Diagram

e 4.13.1 Loading Calculations

Ve =18 Kn/m?

0 =30°
P = 5KN/m?

Co=1-singp =0.5
Due to soil pressure,Py = Cy*w*h =05 %18 * 4.2 = 37.8KN/m?
Wu =1.6+37.8=6048 KN/m

Due to Surcharge Pg = Cy x P = 2.5KN/m?
Wu =1.6%*25=4KN/m

60.5
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Moments:

\ 231 76.9 1.89

-82.4

-93.1

50.7 49.8

Figure (4-14) : moment & shear envelop for basement wall

4.13.2 Design of Basement Wall

Assume wall thickness ,h = 250 mm
Design of the Vertical reinforcement:

Assume bar diameter $20

20
d =250—75—7=165mm.

oo Mo 7e9x10°
"= Pbd2 09 x 1000 x 1652~ P%
420
m Iy =20.6

~0.85f/  0.85x 24

p= i(l -1 _M> = L(l _J1 _w> = 0.0081
m 420 20.6 420

As = p.b.d =0.00816 x 1000 x 165 = 1336.5 mm?
Vertical As,min = 0.0015 = 1000 * 250 = 375mm?/m
As, min(for flexure)
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f'e

As,min = 0.25
fy

b d>1'4b d
w* — fy w*

V24
As,min = O.ZSE 1000 x 165 = 481.15 mm?/m

= % * 1000 * 165 = 550mm?/m ... control

Use $16 @150 mm , main vertical reinforcement ,with As = 1340mm? > As,req

Use $10 @150 mm ,vertical reinforcement on other side of wall.

Design of the Horizontal reinforcement:

As =0.002*1000* 250 = 500mm?* /m

horezantal

Use $10 @250 mm on each side of the wall

U < T P
DIOEZT =M
',..—'-'-";:
@loE1Som o L S10E1 S
Lo Goo v ek ™ u
Folysithordsns Shaols 500 macron Thick o
12 Conapesrad Evird QDRI §
Tongperied Salveted FIL
L]
3
x
[
K
F18@I0cm
514 ™ J =
E ] o E ]
| R e S e B o A Sl | =]

Fig (4-15) Basement wall detail

75



CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

4.14 Design of Shear Wall

679.11 Story 7

Story6
Story5
Story4

Story3

Stoy2

Story 1

Base

Fig. (4-16 ) Moment and shear diagram for shear wall

Fc = 24MPa

Fy = 420 MPa

t=25 cm .shear wall thickness
Lw = 5.19 m .shear wall width

Hw for one wall = 3.32 m story heigh

4.14.1 Design of shear

D Fx=Vu =566.284KN
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

4.14.1.1: Design of the Horizontal reinforcement:
The critical Section is the smaller of:

w519

> =2.595m...... control
hTW = % =11.62m

storyheigh =3.32m
d=0.8xlw=0.8x5.19=4.152m

5 !
DVomax = @g\/fhd
= 0.75 * 0.83 * V24 * 250 * 4152 = 3165.5KN > V, nax = 566.284 KN

1 1
Ve = g\/Ehd = g\/ﬁ % 250 % 4152 * 1073 = 847.52 KN

N,d
V., = 0.27/f.'hd + ﬁ = 0.27v24 % 250 * 4152 4+ 0 = 1373 KN
w
8131.735 — 6050.092 _ M, — 6050.092
3.32 ~ 3.32-2.595

= M, = 6504.67 KN.m

M, 1, 650467 519 669 > 0 (s l
V, 2 566284 2 (+ve value)

Ly (01F +02 %)

5.19(0.1v24 + 0)

Ves = |0.05,/f. + Th— hd =[0.05\/ﬂ +

v, 2
= 551.13 KN ...... control

8.89

Vs =Vn —-Vc
= (566.284/0.75) —551.13 = 203.92KN

LB 252 11694 mm?
S~ fd 420+4152 mm/mm
= A _OH69% 500468 < 0.0025

P=Svn” 250 '

Use $12 As=113.1 mm?

2+1131 0.0025 = S = 361
= ——- = (. —1 =
P ="s%250 mm
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

Max. Spacing
lw 519 1038
5 = 5 = mm

3h =3 %250 = 750mm
450 mm............ control

Use ¢p12@300mm in two layer

Ay 2%1131
pt=5 2% =350+ 250 = -003016

4 .14.1.2 Design for Vertical reinforcement

Ny 2324, 479
5.19

L

W

hy
pomin > 0.0025 + 0.5 (2.5 - T) (pe — 0.0025) > 0.0025

Pomin > 0.0025 + 0.5(2.5 — 4.478)(0.003016 — 0.0025) > 0.0025

For this wall with: h—W = % =4478>25
L 5.19

W
pl =0.0025 So,

Use @ 12 @300mm. In two layer

4.14.2 Design of bending moment:

5190 2

L= ( — ) «2%113.1 = 3913.26 mm
4 3913.26 \ 420

:( st)f_y,:( ) = 0.05278

L,h) '~ \5190 « 250/ 24
B,

=—=90

T

C w+a 0.05278 + 0

= = = 0.02923
ly 2w+0856;, 2x0.05278 + 0.85 % 0.85

Py
Astfy

= 0.9[0.5 * 3913.26 * 420 * 5190(1 + 0)(1 — 0.05278)]107° = 4040 KN.m < Mu = 6504.67

c

OM,, = 0 |0.545.f, L, (1 + ) -7

w
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

Try ¢14@ 150 mm

5190 ,
Ay = (H) * 2% 153.934 = 10652.23mm
A 10652.23 \ 420
w=( “)f—y,=( ) =0.2395
L,h/ £~ \5190 « 150/ 24
P,
a=——=0
Lwhfe
C_ w+a 0.2395 + 0 01099
l, 2w+0858, 2#0.2395+0.85%0.85
oM, = 0|0.54,, £, 1, (1 + —2y(1 — =
n — . stfy W( Astfy)( lW

= 0.9[0.5 * 10652.23 = 420 * 5190(1 + 0)(1 — 0.1099)]10~6 = 9300.35 KN.m > Mu
= 8131.735 KN.m

Use ¢14 @ 150 mm for vertical reinforcement

N
Q@
Q\
@%@ '\@ 0&
r— ® Q
o & es?}\(\/ Q\k \B/
o] * N
A e e, i D, B
Q f
@”'9 91
S L @
S\b 17 .
S SHWALL (21)
\

Fig (4.17) Shear Wall (21) Detail
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

4-15 Design of Stairs
4.15.1 Thickness Calculation
Minimum slab thickness for deflection is (for a simply supported one way solid slab).
Minh = (L/20) = (0.4 + 2.7+ 1.5+ 0.125)/20 = 0.236m = 23.6 cm

Take minh = 25 cm.

6,09

7 )
">
D3O

Figure (4-18) : Stair
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

4.15.2 Load Determination
Flight dead load calculation:

a=tan(rise/run) = tan(150/300) =26.56

Concrete= (25*%0.25%1.5)/c0s26.56 = 10.48 KN/m
Plastering = (22*0.03*1.5)/c0s26.56 = 1.1 KN/m
Stair steps = (25/0.3)*((0.15*%0.3)/2)*1.5 =2.81 KN/m
Mortar = 22*((0.15+0.3)/0.3)*0.02*1.5= 0.99 KN/m
Tiles = 27%((0.15+0.35)/0.3)*0.03*1.5 = 2.025 KN/m

Total Dead Load = 17.405 KN/m

Landing Dead load calculation
Concrete = (25*%0.25*%1.5) = 9.375 KN/m
Plastering = (0.03*22*1.5) =0.99 KN/m?
Mortar = 0.02*%22*1.5 = 0.66 KN/m

Tiles = 0.03*22*1.5 = 0.99KN/m’

Total Dead Load =12.015 KN/m

Factored Total Dead Load = 1.2*D+1.61

Live load = 5 KN/m.
For flight: w=1.2%17.405+ 1.6 *5*1.5 =32.886 kn/m
Forlanding : w=1.2*%12.015+ 1.6 *5*1.5 =26.418kn/m
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

load group no.1

Dead load - Service Units:kN,meter
17.4
12.0
31 | 1.62 0.01
T
Live load - Service Load factors:1.20,1.20/1.60,0.00
7.50 7.50
31 i 1.62 0.01
T

Figure (4-19):Stairs Loading

Shear

63.9 -68.9

69.6

75.9

Figure (4-20): Shear Diagram for stair

4.15.3 Check for shear strength:

Assume bar diameter @16 for main reinforcement
d=h —20-(db/2) =250 — 20— (16/2) = 222 mm
Vu = 75.9 KN

Take the maximum shear at distance (d) from the face of the support \U=75.9 KN

Ve = %*\/ﬁ*b*d = %* 24*222*1500%10"-3 = 271.89

$=0.75
#*Vc = 0.75%2701.89 = 203.92KN
#Ve >>Vu = 75.9KN

The thickness of the slab is enough.
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

4.15. 4 Calculate the maximum bending moment and steel reinforcement:

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1

| 2.36 87.5 2.36 |

Figure (4-21): Moment Envelope for stair .

Mu = 87.5 KN.m
Mn = Mu/09 = 87.5/0.9 = 97.22 KN.m
Mn  97.22*10"6

R, = = >-=1.315mpa
b-d? 1500*222
m = fy =_ 420 =20588
0.85* fc' 0.85*24
p= (- - 2TR0)
m fy

o= 1 (- \/1_ 2(20.588)(1.315)):0'00324
20.588 420

A'S eq = pbd = 0.00324* 1500*222 = 1078.92 mm®
A's min=0.0018*1500*250= 675 mm’
Take AS req=1078.92 mm?®.

Use 7014 with AS, provided = 1077.57 mm? or ®14 @ 200 mm

Steps (s) is the smallest of

1. 3h=3*250=7 50 mm

280
s = 380 (—) — 2.5Cc
fs
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

=380< 280 )—2.5*20=330mm

§x420
280 280
s =300 (—) — 300 * (z > =300 - control
fs 3%420
2. 450 mm
Use ®14 @200 mm

Shrinkage and temperature reinfoecment:
Agmin = 0.0018*1500*250= 675 mm

Number of bar's=675/113.1=5.97
Spacing=1.5/5.97 =0.251 m

Check for spacing
S=5h=5*250=1250mm
S=450mm -control

Use ®12 @250mm

L D32
> w

#74BE0
e

I

814820 —

-0 4 ¥

T W L
)

I.lﬁTllli-l

414820

Figure (4-22): Detail for stair
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

4.16 Design of Truss
4.16.1 Dimensions of Truss

Space between truss and another = 5m
L =28.0m

B =10m

H1 = 2.0m H2 = 2.5m

4.16.2 Load Calculations

1. Dead load

dead load of corrugate sheets = 0.2KN/m2+1.0 = 0.2 KN/m
dead load of purlins = 0.2 KN/m.

dead load of installation = 0.1 KN/m2+*1.0 = 0.1 KN/m
dead load of floor ciling = 0.5* 1.0 =0.5
dead load of truss = 1.0 KN/m.

D.L =02+02+4+01+05=10KN/m

2. Wind load :
W.L = Ce xCq * qs * Iw

Winward

W.L =0.808*16.4*0.8*1.0*0.0479*1.0 = 0.508 KN/m
Leeward

W.L= 0.808%*16.4%*0.5%0.0479+1.0 = 0.317KN/m

3. Snow load :
S.L = 1.25KN/m2 1.0 = 1.25KN/m2

By Using Sap Program , the results of Design as following :

Fig (23-a) Truss Design Results
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

Fig (23-b) Truss Design Results
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2. Building Code Requirements for Structural Concrete (AClI 318M-

05 ) and Commentary, USA, 2005.
3. Uniform Building Code (UBC).
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ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project
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STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end Both ends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-
way slabs £/20 £/24 £/28 £M10

Beams or

ribbed one-
way slabs £M6 £M185 £r21 £/8

Motas:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 k% m®) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural |IEhh‘JEIgh’[ concrete having unit density, w, |r1 the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 - 0.603 =) but not

less than 1.09.
b} For f,, other than 420 MPa, the values shall be multiplied by (0.4 + fyf?m:u

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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