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Abstacrt

Structural Design For Hotel building in Ramallah
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Abeer Suwad Walaa Abo Asabeh
Alaa Awad Ethar Mer’eb
Palestine Polytechnic University -2013
Supervisor

Dr. Nafez Naser Al-Deen

Abstract

Objective of the project can be summarized in the structural design of all
structural e ements contained in the project, slabs, beams, columns and
foundations, walls and other structural elements.

It is worth mentioning the code has been used to determine the Jordanian live
loads, seismic loads and to determine the use of( UBC-97), Asfor the structural
anaysis and design of sections has been the use of the U.S. Code

(ACI_318-08), It must be pointed out that he was relying on some computer
programs such as. Autocad2010, Office2010, Atirl2.

We hope after the completion of the project to be able to provide structural
design for al structural elements of the building is complete.

After designing this project and the work of what has been said is expected to
conclude a number of results and projectionsisto link the information that has
been studied in the courses different, and the analysis and design of all structural
elements and the statement of the impact of each of the elements on the other, and
then the work of structural plans of the Executive are Full and detailed for each.
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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

Chapter 4
Structural Analysis And Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Comparison Between the thickness of one way Rib slab and Two Rib slab
4.4 Design of topping.

4.5 Design of oneway Rib slab.

4.6 Design of two way Rib dlab.

4.7 Design of Beam.

4.8 Design of Column.

4.9 Design of Stair.

4.10 Design of Basement wall.

4.11 Design of Isolated footing.
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4.1 | ntroduction:

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

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
failureis considered to be occurring.
Thisload 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:

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

Y Code: ACI 2008

UBC

v Material :
Concrete B300... 16'=30N/mm?(MPa) For circular section

but for rectangular section ( fc'=30* 0.8 = 24MPa) .

Reinforcement steel : The specified yield strength of the reinforcement {fy = 420 N/mm2 (MPa)}
Mild steel :  A-36

Connection Type: Weld, Bolts
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v" Factored loads:

The factored loads for membersin our project are determined by:
W,=12D_ +16L_ ACl-code-318-08(9.2.1).

4.3 Comparison between the thickness of oneway rib slab and twoway rib slab :

*Check Thickness of oneway rib slab

The structure may be exposed to different loads such as dead and live loads. The value of the load depends
on the structure type and the intended use.

The overall depth must satisfy ACI Table (9.5.8):

The minimum required thickness of the joist is:

o for exterior span: L2/18.5 = 5150/18.5 = 278.38 mm

@.Gr.;:
:

—_ ;c’% o
E@:.UJ:_" Ak Gr28

Fig 4.1: one way Rib slab-exterior plan (R 15-part A)
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e forinterior span: L1/21 = 5250/21 = 250 mm
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Fig 4.2: One Way Rib slab-interior span (R11-part A)

e for cantilever span: L/8 =2245/8 = 280.625 mm ... (control)

BT

' L LTy

fmc
e
Fig 4.3: One Way Rib slab-cantilever (R19-part B)
Assume thicknessis 32 cm.
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Fig 4.4: One Way Rib slab section
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*Check Thickness of two way rib slab:

LIl L_L_L_L_L_ L L LI L LI |

[T

g

1

1
Oy

101003003000
N | e

SEOCCLLE F SCECC
S AT AT
COCCE 0 e
COCCCCCGCCO-CO:
Carrr e P i
COCCCCCCCCOZCO:
rarrr rrr

| 5 G N O i A
s s s el o B

M
M1 roarrrrrerroaTrre

Fig 4.4: Two way Rib dab (R6-part B)

v’ Statically system for (R6-part B) :

Tods

LY,

L,

il A%L

1. &5

Rib dab (R6-part B) :

40eBed+32¢12¢10
VoS fumsazaz 000

10.557 2,554 21.457

lip =52 % ——- 40+ ——+ 12+ =59609 c¢cm*

4
a

Rectangular Beam (B35-part B):
1,(100) =100 * % =273066.67 cm’

1,(80) =80 + 22~ =218453.33 cm*
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External:

Long direction L = 680 cm

45

+80
ls= 352 +59609 = 518712.9327 cm”
Internal :

In short direction L = 680 cm

e 100

ls=-4—2——+ 59609 = 954317.1635 cm®

Inlong direction L = 745 cm

690 680, g
s=“—24——+ 59609 = 894135 cm?
690 680, g
ls=-4—2——+ 59609 = 894135 cm?
_ 21845333
17 51g7120327 ~ 0.421
_ ITIOE6ET _
27 o413 0.305
_ 27306667 _
0= graa17.1635 0.286
_ 27306667 _
4" Tmo413s 0.305
o]+ o2+ X3+ o0d
Ofm = 1 =0.329<2
745 (0.8+ -2

h= 1400
36+5+1.096+(0.329—0.2)

= 223.25>h,, =125

8 1.096
68
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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 4.5: topping load.

v" Load calculations:
Dead load calculations:

Dead load from: Oxyx1 KN/m

Tiles 0.03x23x1 0.69
M ortar 0.03x22x1 0.66
Coarse sand 0.07x16x1 1.12

Topping 0.08x25x1 2
Interior partitions 1.5x1 15
> 597

Liveload :

L ,=5KN/mM*> 5 L, =5KN/m?x 1m=5KN/m
Factored load :
Wy = 1.2 X5.97 + 1.6x5 =15.164 KN/m.

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

M,=042\ f' Sy (ACI 22.5.1, equation 22-2)

_ bhE 1000%E0

Sm=—=—_— = 1066666.67 mm=,

2M, =0.55%0.42x1x+/24 x1066666.67 x10~° =1.232 KN.m

2
My= Ml —0.202 KN.m (negative moment).

12
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2
My= % =0.101 KN.m (positive moment).

oMp>> M =0.202 KN.m

No reinforcement is required by analysis. According ACI 10.5.4, provide Asmin for slabs as shrinkage and
temperature reinforcement.

Pshrinkage = 0.0018 ACl 7.12.2.1
As= pxbxhigping =0.0018 x1000%x80 = 144 mm?/m.
Step (s) isthe smallest of:

1. 3h =250 mm. control ACI 10.5.4

2. 450mm.
3. $=380 ? —25C, =380 % —25.20 = 330mm but

280 280

S< 300 T = 300 L0 =300mm ACI 10.6.4

o e ﬂﬁ."ﬂ " s %

| RS E.B3, %

B,BZ.1

R 14

Fig 4.6: oneway rib slab(R2-part A).
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Figure 4.10 : Shear Envelop of rib.
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4.5.1 Design of flexure
4.5.1.1 Design of Positive moment of rib
Assume bars diameter of 12 mm
d= 320-20-8-(12/2)= 286 mm.
bgr <=520mm.  (Control)
<= 5250 \4 = 1312.5mm.
<=16* 80 +120 = 1400mm.
2bgr =520 mm.

f *Mnf =0.9* 0.85* 24* 0.08* 0.52* (0.286 — 0.08\ 2) * 1000 = 187.9KN.m.
f *Mn> Mu
187.9>16.5

- Rectangular section.
Mu max= 16.5.m

Maximum positive moments Mu= 16.5 kN .m

Mn=16.5 /0.9 =18.33kN.m

m=_ - 40 _.6
0.85* fc  0.85* 24

Mn _ 18.33*10"6
" b*d?  520* (286)2

1 2mRn
p= E(l- 1{]-—T)

0= 1 1 \/ 2(0..43)(20.6))20.0013
20.6 420

=0.43 Mpa

As = 0.0013 (520) (286) =193.336 mm?

As,, = %(bw)(d) > %(bw)(d) ................ (ACI —105.1)

24

A= 1220 1200289)> > 214

5 120)(286))
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As, =10008<1144
As . =114.4mnY

Use As = 226.2mm?
# of bars= As/ Asy, = 226.2/113.1 = 2 bars
Select2® 12 mm.

e Chick for strain :
Tension = compression
As* fy=0.85* fc' *b* a
226.2* 420 = 0.85* 520* 24* a

a = 8.96mm
c=2_8% _1054mm
b, 0.85
o = 28621045 003
10.45
e, =0.078 > 0.005 oK

4.5.1.2 Design of Negative moment of rib:

Maximum negative moment Mu= -12.2 kN.m

Mn=12.2/ 0.9 =13.56 kN.m

m = fy - = 420 = 20.6
0.85* fc 0.85* 24
Mn  13.56*10"6
Rn = = > =138 MPa
b*d 120* (286)
1 2mRn
p=—(1- [1-=-)
m fy

o= 1 - \/1_2(1.38)(20.6))=0_0034
20.6 420

As = 0.0034 (120) (286) = 116.7 mm?

A vy Y4 o
A = 41y 0NE)2 2 (k)

* Note Agpo= 113.1mm?
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V24 14
As,, = 220 (120)(286)> 0 (120)286))

As, =10008<1144
As . =114.4mnY
116.7 mm?> As,. =114.4mnY’

Use As = 226.2mm?

#of bars= AS/ Asy = 226.2/113.1 = 2 bars * Note Apo=113.1 mm?

Select 2 12 mm

e Chick for strain:
Tension = compression
As* fy=0.85* fC' * b* a
226.2* 420 = 0.85*120* 24* a
a = 38.81mm

bil - %:351 — 45.66mm

. _286-4566
ST 4566

e. = 0.016 > 0.005 oK

weused --2 ® 14

X0.003

4.5.2 Design of shear of rib
1) Vudmax =22.7 KN

® Ve = q:*—Vngw*d

= 0.75* g 120*0.286

=21 KN

11*dVec=11%21=23.1 KN.
O Vnmax =5®d Vc=1155>Vu=227 The Sectionislarge Enough

® Vc>Vud no stirrups are required
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4.6 Design of two way Rib sab Pos. (R 5-Part B)

i

10

10

0

100

B16 7

I JUUUIJUIJUUUUUIJUL
[ o o
0 1 [ [ O]
10

[

150

I
I T T [ Y T

Ooooon
o [

_ILIUUUUUUUU
o o

L
Anmr ARnnnnnRmnnnrrn - Fer
Fig. 4.11: Two way ribbed slab (R5-part B)

v Statically system and Dimensions.

Tvdeh

LS,

kimi

LIS,

il 4%

7.5
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v" Load calculations:
Dead load calculations:

s

Ry
s
1z

Fig. 4.12: Two way rib slab section

Dead load from: W = yxV KN
Tiles 0.03x23x0.52° 0.187
Mortar 0.03x22x0.52° 0.178
Coar se sand 0.07x16x0.52° 0.303
Topping 0.08x25%0.52° 0.541
Interior partitions 1.5x0.52° 0.406
RCrib 0.24x25x0.12x(0.52+0.4) 0.662
Hollow Block 0.24x10x0.4x0.4 0.384
Plaster 0.03x22x0.52° 0.178
S 2.839

Table (4.2)Calculation of two way dead load (R 520)

Nominal Total Dead Load = 2.839 KN/Rib
DL= 2.839/(0.52?) = 10.499 KN/m?
Nominal Total live load = 5 KN/m?
Determination of factored dead & liveload
Factored dead load = 1.2* Dead load = 1.2*10.499 = 12.599 KN/m?.
Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m".
W = 12,599 + 8 = 20.599 KN/m?

v Flexural Design for (R 520) :

M oments calculations :-

Ma= CaW|a2brib and M,=GC, W|b2 Brip
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M

LJ/L,=6.8/745=0.913........... Case9

The moment calculation will be done for the slab middle strip.
*Negative moments at continuous edge:

Caneg (1/1,=0.90) = 0.068 Caneg (1/1,=0.95) = 0.065
Caneg (1/1,=0.913) = 0.0672

Coeg (1/15=0.90) = 0.025 Coreq (1/1,=0.95) = 0.029
Coneg (1/15=0.913) = 0.026

*Positive moments :
Cap (14/1,=0.90) = 0.026 Cap(l14/1,=0.95) = 0.024
Cap(14/1,=0.913) = 0.02548

»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»

C..(1/1,=0.90) = 0.036 Cav (14/1,=0.95) = 0.032
Cav (14/1,=0.913) = 0.03496

M arver =Ca* W* L 2* by,=0.03496* 8* 6.8 * 0.52= 6.72 KN.m/Rib
Cop (14/1,=0.90) = 0.015 Cop (14/1,=0.95) = 0.017
Cop (141,=0.913) = 0.01552

Co,(14/1,=0.90) = 0.022 Co. (141,=0.95) = 0.025
Co. (14/1,=0.913) = 0.02278

*Negative moments at Discontinuous edge (1/3 * positive moments):

. 10.9

b,neg —

= 3.63 KN.m/Rib
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33.28
1546
\\\‘\h 14 44
3 3.65
33,
Design for Negative and Positive moment:
* Short direction
d=320-20-8- 124 = 285 mm
Positive M oment:
Midspan: (Mu = +14.44 KN.m/Rib)
My _ l444w10°
" pbd? T powizox2es5E 1.65 Mpa.
=l =" _206
I.].I'-;.'-'uj,_. [LBES=24
e _l . . 2m.Ry - L - . Z2x20.6x%1.65 -
p== m 1 1 420 206 1 1 420 0.0041
As = p.b.d = 0.0041 x120x285 = 140.22 mm?®. Control.
CheCk fOI’ Asymin .

Asin=0.25—"b,.d 2 b,,.d
¥

¥
Asrin=0.25"" 120 x 285 = 99.73 mm?
Asmin =~ 120 % 285 = 114 mm?

Asrequired = 140.22 mn?,

..................................................................................................................

Check spacing :
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120=40=20=(Z2x10)

S= =40mm=>d,=10>25 0K
Check for strain:
_ Ab.!_v .= Iﬁ?.ﬁﬂ.x-’iZﬂ - 2695 mm
0.85b f 0B5=120=24
== =22-3171mm
Hy 0.5
d—c 285 —26.95
£, =0003 —— =0.003 ———— =0.0287 = 0.005 Ok
c 26.95
Negative Moment:
Continuous edge : (Mu = - 33.28 KN.m/Rib)
My 33zAExi0b
T pbd? ~ p9mi120%2858 3.794 Mpa.
m=—r, =2 =206
0851 0.B5=24
. _l . . Z2m.Ry - _l . . 2x20.6%3.794 -
P 1 1 420 20.6 1 1 420 001

As=p.b.d = 0.01 x120x285 = 342 mn’.

_____________________________________________________________________

Control.

Check spacing :
S= Y 28 mm > d, =16 >25 0K
Check for strain:
— Ab..f}r . - 402.]2.3:-(42(] - 6899 mm
[LESH I DES120=24
=2 =% _g1165mm
By (.85
= 0.003 BSE _ 0003 282 8LI6S 075 = 0.005 ok
s =0 e 81165 = |

* Long direction

d=320—20—8—124 = 285 mm

Positive M oment:
Midspan: (Mu = +10.9 KN.n/Rib)
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My 109%10°

= - = - =1.24 Mpa.
" pbd? T 09x120%285% p
I 420
m=— = =20.6
085/ 0Bsx24
1 2R 1 23 20.6% 1.24
p=— 1- 1-——2 =— 1-— 1-—"—" =0.003
m az0 20.6 420

As = p.b.d = 0.003 x120x285 = 102.6 mm®.
CheCk fOI’ Asymin .

Asmin =0.25—2%p, d =2p, .d
Iy fy
o
420

Asmin =0.25 120 % 285 = 99.73 mm*

Asmin =120 % 285 = 114 mm? Control,
As,required =114 mmz.

.......................................................................................................................

Check spacing :

120=40=20=(2x10)

S=

=40mm=>d,=10>25 0K

Check for strain:

_ Asfy _ 157.08x420
nEsh ff DBSx1Z0w2d

= 26.95 mm

i 26.95
C: — =
Hy .85

=31.71 mm

285—-31.71

d—c
£. =0.003 3 0.003 3171 0.024 = 0.005 Ok

Negative Moment :
Continuous edge : (Mu = - 15.46 KN.m/Rib)

My 1546x10°
Qa2 0.8x120=285%

=1.76 Mpa.

n

v __ %0 _ 595

m=——, =
0851 0B5=24

1 ZmR 1 Z2x20.6%1.76
p== 1— 1= 1 g g _2XAOEXAR

m 420 206 420

= 0.0044

As = p.b.d = 0.0044 x120x285 = 150.48 mm?. Control.
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CheCk fOf As’min .

Asmin 2025ﬂ bw-. d E ﬂbw-. d
' fr fr

Asmin =0-25% 120 x 285 = 99.73 mm?
Asmin = 120 X 285 = 114 mm?

Asrequired = 150.48 mn?,

_______________________________________________________________________________________________________________________

Check spacing :
s= Y —40mm >d, =10>25  OK
Check for strain:
_ As fyr = |ﬁ?.uﬂ.>:42:| — 26.95 mm
0850 [ 0512024
c= i =257 3171 mm
By 085
d—rc 285 —-31.71
£, =0003 —— =0.003 ————=— =0.024 > 0.005 Ok
C 31.71
v Shear Design for (R 5-part B):
W, (14/1,=0.90) = 0.75 W, (14/1,=0.95) = 0.71

W, (1/1,=0.913) = 0.7396

e Thetotal load on the panel being ( 6.8x7.45x20.599 = 1043.55 KN)
e Theload per rib at face of the long beam is (0.7396x1043.55x0.52/(2x7.45)=26.94K N)

V= 26.94 — 20.599x0.52x0.285 = 23.89 KN
1

Vo= fih,d =2V24 %120 x 285 X 1073 =30.72 KN

2V =0.75x30.72 =23.04 KN.
0.592V,:=0.5%0.75x30.72 =11.52 KN

omin = 120 X 285 x 10~ = 11.4 K NControl
3
Vamin = V24 X 120 X 285 X 10°% = 10.47 KN

ﬂVC< Vu<g ( VC + Vsmin)
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Case (3) for shear Design : Minimum shear reinforcement

Use stirrups U-shape (2 leg stirrups ) @10A, = 2 x 78.5 = 157.08 mm?>.

d d 284
Siar == = 600 mm —=—=142mm Control.
2 2 2
3A,f, 157.08%420x3
Sreq = = =164934mm =S, take§ =8S,,,. = 142 mm
b, 120
16 4,f,, 157.08 x 420 X 16
ey = — = — =179557mm > §,,,. take § = §,,,. = 142 mm
b, f 120 v24

Use 2-Leg 210 @ 140 mm , and 2-Lega 10 @ 200 mm in the middle space.

4.7 Design of Beam G2-Part A:

Fig4.13: Beam Plan

Deter mination of Dead load of beam:-

Type T bh KN/m
Tiles 0.03*1*23 0.69
Mortar 0.02*1*22 0.44
Sand 0.07*1*16 1.12
Reinforcement concrete 25* 1*0.60 15
Plaster 0.02*1*22 0.44
Partitions 2.38%1 2.38
Fromrib 14 27.78/.52=53.42
Sum 73.49
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Deter mination of live load of heam:-
Nomina liveload: 5*1 =5 kN /m
From rib =14.38/0.52= 27.65 KN/m

Determination of factored dead & liveload:-
Factored dead load = 1.2* Dead load = 1.2*70.15= 73.49 KN/m.
Factored Live load = 1.6%liveload = 1.6*32.65=52.24 KN/m

1 7 &
1 2 3
C T o S]]
| o= L] T &
i:.ﬂl 7.8 lﬂs 74 BE B.15 lﬂ.ﬁl
LY a4 575
I t t
6,
00,
AA
Fig4.14 : Beam Geometry
DR AULE2
a1, -BMG 330.5 o,
;(' "'\_‘. .,-"'I k\_‘
.fi;_.t_l ™ - : zlﬂu_
| I > . | o T | : “\HI ;
Py T = T A
, A i ., &
1363 T -« b=z 5 1331
“a.‘h_ g 409.0 St o
baz.1 nav s
| 14 5 | L ; 1.2 | s 35 |
I T T T 1

Fig 4.15 : Moment Envelop for Beam
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AR
5.2
HDS ] st 183.4
e i SEL
T = __.z
= g2 T g
- o -~
I s = =
T o LI e LI F_____..- 1
- JH -~ = g d_.r"-’.-#
el g9 — 2= .d"'-"f
ara32 L= 443.3 .
595.5 S
7005

Fig 4.16 : Shear Envelop for Beam

4.7.1 Design of flexure
4.7.1.1 Design of positive moment

1) Maximum positive moment \y = 892.2KN.m

bw =100 cm h=60 cm
d= 600 -40-10-9 =541 mm
1) Mu=g922 KN.m
C max=3/7 d= 3*541/7=231.86 mm  a=0.85 C=0.85*231.86= 197.1 mm
@® Mnmax =® 0.85 fc’ *a*b (d-a/2)
0.82*0.85 *24*197.1* 1000* (541-197.1/2)* 10"-6=1458.8 KN.m > Mu=892.2 KN.m ok
Design assingly
Mn=Mu/0.9=892.2/0.9=991.33 KN m
Assumebarsof ®18

Mn _ 991.33*10°6

Rn = > = > =3.39Mpa
b*d? 1000* (541)
1 2mRn
p=—@- [1-————)
m fy
o= 1 - \/1_ 2(3.39)(20.6) ) = 0.0089
20.6 420

As = 0.0089 (1000) (541) = 4814.9 mm?
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4 fc S 14
As,. = W(bw)(d) > W(bw)(d) .................... (ACI -10.5.1)
V24 1.4

As,_. =1803.33mnY

2
4814.9mm?> As,_. . =1803.33mm OK

#of bars= Ag As 5 = 4814.9/254.47= 19 bars * Note Ag1g=254.47mm2
Select 19 @ 18mm with As = 4834.9>Asreq ok.

e Chick for strain
Tension = compression
As*fy=0.85* fc' *b* a
4834.9* 420 = 0.85* 1000* 24* a
a=99.54m

c=2 -9 11791
b, 085

L _54-17.11

T RT]

e, =0.011> 0.005

X0.003

ok
Check for bars placement:
S=(1000- 40*2-2¥*10-19*18) /18 =31mm >25mm Ok
4.7.1.2 Design of Negative moment
Assume bars of & 18
bw =100 cm h=60cm
d= 600 -40-10-9 =541 mm
1) Mu = 8806 KN.m
® Mnmax = ® 0.85fc’ *a*b (d-a/2)
0.82*0.85 *24* 197.1* 1000* (541-197.1 /2)* 10"-6=1458.8KN.m > Mu=880.6 KN.m ok

Design assingly
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Mn=Mu/0.9= 880.6/0.9 = 978.44 KN m

Mn  97844*10°6 _

Rn= = =3.34M
""brd? " 1000* (541)2 ba
1 2mRn
=-(1- 1—-———
p m( fy )
o= L. \/1_ 2(3:34)(206) ) L1 1057
20.6 420
As = 0.0087 (1000) (541) =4706.7 mm?
Jfc 14
As. =" (bw)d)===(bw)d)......ceerrrrre.... (ACI —10.5.1)
Aty B> o)
J24 1.4

As,. = 220 (1000)541) < 720 (1000)541))

As,_. =1803.33mnY

_ 2
4706.7 mm?> As,. . =1803.33mm OK

#of bars= AY As 4 = 4706.7 /254.47 = 19 bars * Note A ¢25=254.47mm?
Select 19 ® 18 mm with As=4834.93 >Asreq ok.

e Check for dtrain:
Tension = compression
As*fy=0.85* fc' *b* a
4834.93* 420 = 0.85*1000* 24* a
a=99.54mm

2 _9% 117 9m
b, 085
L 541-1171
T 171

e, =0.011> 0.005

X0.003

ok
check for bars spacing:

S=(1000-40*2-2*10-19*18) /18 =31 mm >25mm Ok
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4.7.2 Design of shear
1) Vu=589.2KN

®Ve= qJ*—"éwa*d

N

= 0.75* T 1000* 541*10"-3 = 331.3KN

Vs=Vn-Vc=589.2/.75 — 331.3/.75= 344.27KN
4\ fc'

Vs max=(2/3) * T bw* d =1766.9 kN

- The dimension is big enough.
Check for items:-

1/ Vus®d Vce/2 =>589.2 > 165.65 not ok

2l ®Vc/2<sVus ® Ve =>165.56<589.2< 331.3 not ok

O Vi > 0.75(%)* bow * d

= 0.75*(%)*1000*541*1%3: 135.25 KN. (control)

N

> 0.75 (X2 * pw* d
16

=0.75* * 1000 * 541 * 10"-3 = 124.23 KN.

24
16

® vsmin = 135.25 KN

3 dVcsVugsdVe+ dVsmin

331.3 <589.2>466.55 => not ok

Vs (=662.6= cp% * bw * d)

4/ ® Vc+ d VsmincVu< d Ve +Vs

331.3 £589.2<9939 ok Smax =d/2 =541/2 =270.5mm <600 ok

So item (4) satisfy
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Take Av = 40 10 = 4* 78.5 =314 mm?
Av/s= Vdfy*d

157/ s= 314 /541* 420 - S=243.77 mm
S=243.77 < d/2=270.5 mm < 600 mm.

Select S=20cm

Use @ 10 (4legs) @ 14 cm for

4.8 Design of Column (C4 third basement floor )-Part B:

JO0CCOomOoOocCoOd
I
1 IOIOE

HEE

H|E

100

I |

11O

I

100

ot

I |

1 _1CIOE

|

I

I | |
1 IIOE LOOC O]
11 P32 L]
1100 OO0
SESEESSnSERaR

Fig 4.17 : Place Of Column (C4) in the third basement floor

Load Calculation for Column

Column Column Dimensions fc'

Col. C197 70cm* 65cm 27 Mpa

400M pa
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v’ Load Calculation:
Pu = 6850KN
User =1rg=2%
Pu = 0.65* 0.8* {0.85* fc'(Ag— Ast) + Ast(fy))
6850*10° = 0.65* 0.8* [0.85* 27* (Ag — 0.02Ag) + 0.02Ag * 400]
Ag = 432032mm’
Ag =700* a
432032/ 700=a
a=701mm

Use 750 x 700mm with Ag = 525000mm?

Pu(KN) rg Ag, provided a( mm) Ag ,required

6850 0.02 525000 mm2 712.3 432032 mm2

v’ Selecting longitudinal bars:

Pu = 0.65*0.8*{0.85* fc'(Ag — Ast) + Agt (fy)}
6850 *10° = 0.65* 0.8* [0.85* 27 * (525000 — Ast ) + Ast * 400 |
Ast = 8737 .6mm ?

Take 18® 25 As,provided = 8834.4 mm® > As,req = 8737.6 mm’

At
rg _ Ag _ 8834.4 —0.017
525000
(0] Ast, required rg

0.65 8737.6mm? 0.017
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v" Design of Ties:
- Useties @10 with spacing of ties shall not exceed the smallest of
1.48* ds=48* 10 = 480mm
2.16* db=16* 25 =400 mm - control

3. the least dimension of the column = 700 mm

Use ties 10 @ 200mm

ds(mm) db(mm) S(mm)
®10 ®25 200

v Check for code requirements:

_ * 0 _ * 9 _R*
1. Clear Spacing:750 407 2 510 2-6725 =100 mm > 40mm>1.5db=1.5*25=37.5mm - OK

2.0.01<rg =0.017<0.08 - OK

3. Number of bars 18>4 for rectangular section — OK
4. Minimum tie diameter ds =®10 for db = ®25 bars— OK
5. Arrangement of ties 100 mm<150mm — OK

Clear Spacing | No. of bars rg ds (mm) db (mm)
100 mm 18 0.017 ®10 ®25

v" Check Slenderness Effect:

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

r

Lu: Actua unsupported (un braced) length.
K: effective length factor (K= 1 for braced frame).

I
R: radius of gyration=0.3 h = \/;
Lu=35m
M1/M2 =1 (Braced frame with M,min)
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K=1, According to ACI 318-02 The effective length factor, k, shall be permitted to be taken as
1.0.

KU _gp oML a0 o ACl —(10.12.2)
r M2

Mu __1%35 155522 <40, 0k

r  0.3*0.750

Short column in both direction

Lu (m) M1/M2 K klu

3.5 1.0 1.0 15.55

7o

4]

i

Fig 4.18: Section of Column (C4)
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4.9 Design of Stairs-Part A:
4.9.1 Determination of Slab Thickness:

L=445m.

hreq = L/ 20

hieg =L/ 18

hreq =445/ 18 = 24.7 cm

hreq =445/20=22.25cm ............. take h= 25 cm.
= Useh =25cm.

a= tan}(rise/run) = tan™(150/300)=26.57

Cosa =0.89
(&

EU = _ 3a0 _ L0 25
g%% e 5
F =1 :

Bl &
| 82| 1§
ﬁ ol
e S.I ey
K
s =
{a

Fig 4.19: Stairsplan

4.9.2 Load Calculations:

4.9.2.1 Load on Stringer:

Dead Load:
Tiles =0.03*27*((0.35+0.15)/0.30) =1.35 KN/m.
mortar = 0.02*22 *((0.15+0.30)/0.3) = 0.66 KN/ m.
Plaster = (0.03*22)/ (Cos 26.57) =0.738 KN/ m.
Steps =((0.15*0.3)/2) * 25/0.3 =1.88 KN/ m.

Slab =25 *0.25/ Cos 26.57 =6.99 KN/ m.
Total dead load =11.62 KN/ m.
Liveload:

Live load for stairs =5 KN/ m?.
Factored load for flight :
qu=1.2*11.62 + 1.6*5 = 21.94 KN/ m?.

For one meter Strip, qu =21.94 KN/ m.
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4.9.2.2 Load on landing :
Dead L oad:
Tiles=0.03*22 = 0.66 kN/m?
Mortar =0.02*22 = 0.44 kN/m?
Slab =0.25*25 =6.25 KN/m2.
Plaster = 0.03*22 = 0.66 KN/m2
Total dead load =8.01 KN/m.
Liveload:
Live load for stairs =5 KN/ m?.
Factored load for landing :
qu =1.2*8.01+ 1.6 *5=17.612 KN/ m?.

For one meter Strip, qu = 17.612 KN/ m.

4.9.3 Design of Shear :
=  Assume @ 14 for main reinforcement:-
So, d = 250-20 -14/2 = 294 mm = 22.3 cm

Vu = 38.16KN .
f/f. *b,*d

fyc=-V o “w

0.75* /24 * 1000* 223

6
Vu=38.16 KN < fVc=136.56 KN . 38.16< .5fVc=68.28

>>>>No shear Reinforcement isrequired. So the depth of the stair isOK.

fVc= =136.56KN

4.9.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

Mu = 46.37 kN.m
Mn =Mu/0.9=46.37/0.9=515 KN.m.

d=223cm.

K = Mn2

b-d

* 6

1000* 2232
oYy

0.85x fc'
m = 4—20 = 20.588

0.85x 24

2mK * *
r :i 1- 1- L= 1 1—\/1—2 20.58871.04 =1.71*10°
m fy 20.588 420

AS = 1.71*10°*1000* 223 = 224.71 mm”*
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As,, =0.0018* b* h = 0.0018* 1000* 250 = 450mm?
AS,, =450 mm’ > As, = 224.71 mm’

Use
Use @ 14 >>> 450/153.9 =3

Useld14@20cmc/C .............. with As=(100/ 20)*153.9 = 7.69 cm?.

Asprovided = 7.69 > Asreg=4.5cm*........................OK.
Check for strain:

Tension = Compression

A * fy=0.85* fc' *b* a

769.5* 420 = 0.85* 24*1000* a

a=15.8mm

x= 2 _158 _196mm
b, 085

 223-186

S

* 0,003
e, =0.034 > 0.005——> ok

4.9.5 Secondary reinforcement:

ASqyinege = 0-0018x bx h = 0.0018x 100 25 = 4.5cm’

Use®14@20CM ...vvvvnnnnnens With As=(100/ 20)* 153.9= 7.69 cm?.

4.9.6 Stairsat section (A-A) Details:

Figure (4-18) : Stair Section
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- Design for landing (S2):

Load For Landing = @ = % =34.07 KN/m

Vu = 62.9KN/m

- Check for shear strength (S2):

Assume @ 14 for main reinforcement:-
d=h-20-db/2 =250-20-14/2 =223 mm

_ 0.75* \/24*1000* 223
6

f\Vc

=136.56KN /m

Vu=62.9KN /m < 0.5* fvc=68.28 KN/m .

>> Thickness is adequate enough

- Calculate the maximum bending moment:
Mu = 38.3 kN.m/m
Mn =Mu/0.9=38.3/0.9=42.56 KN.m/m

d=h-20-db/2 =250-20-14/2 =223 mm

Mn
b-d?

_ 42.56*10°
1000* 2232

oty
0.85x fc'

R, = 0.86MPa .

420
m = =
0.85x24

coAf fpamR |1 1_\/1_ 2*206*0.86 | _ 0 1001
m f, 20.6 420

20.6
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As,=0.0021*1000%223 = 468.3 mm?*/m> As_. = 450mm?*/m.... OK
As_,,=0.0018* b* h = 0.0018*1000* 250 = 450mm?/m
Use ® 14@ 25 cm c/c

AS,,=615.6 mm’

- Step ( s) is the smallest of :-
1.3*h =3*250=750 mm
2.450 mm

<380 (2)-2.5*C,

s

<380 * (-)=2.5%20 =380 * (;—— )~ 2.5 * 20 =330mm

£ |
g 1Y ]

< 300 (57) =300 * () = 300 * (57 ) = 300 mm (control)

- Check for strain:
Tension = Compression

A * fy =0.85* fc' *b* a
615.6* 420 = 0.85* 24*1000* a
a=12.7m

c= @ 12714 04mm

b, 085
. _223-1494
*T 1494
e. = 0.042 > 0.005—> ok

*0.003

Temperature & Shrinkage reinforcement:
ASqyinege = 0.0018x bx h = 0.0018x 1000 250 = 450mm’ /m

Use @ 14 @ 25 cm c/c, As prov = 6a5.6 mm2/m strip
- Step ( s) is the smallest of :-
1.5*%h =5* 250 = 1250 mm

2. 450 mm - control
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4.10 Design of basement wall-Part B

N
]
! l l Y l l l .
£ o7 N =]
b E:
- -
=l — | -
: | \ soll
3.44m | 3.64m b ~ -
— -
L el — =
=l ..l_ -
il .. -
¥ h = Kﬂ Px Kﬂ

Fig 4.20: Load on Basement Wall
= Loading:

e Sef weight of earth :
0, =g9xhxK,

Assume that :

Oe =18Kn/m?

q=30

K=05

0, =18x3.44x0.5=30.96 KN/m*
e Load from liveload:

g, =PxK,

0, =5x0.5=25KN/m?

e Normal Load:
Isvery small , it will be neglected ( safeside) .

Wpin=2.51= 2.5 kN/m

W= 2.5%1 + 30.96* 1= 33.46 KN/m
Wmin(factored) =1.6*2.5= 4 kN/m

W maxfactored) = 1.6* 33.46= 53.5 KN/m
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load

. 3.64

*k///ﬁ

| 2 724 1.64 !

—— |

60.5
Fig 4.21: Loads & Shear/Moment envelope for basement wall
= Design:
Thickness Calculation :
Assume p =0.01
Mu =72.4kN.m
Mn =72.4/0.9 =80.44 KN.m
Fy 420

= 20.588

m = =
0.85fc' 0.85x24
K =1 x fyx (1= 0.5mr ) = 0.01x 420x (1— 0.5x 20.588x 0.01) = 3.77Mpa

Mn \/ 72.4x10°
0

bd .9x1000x 3.77
h=146+20+7 =173 mm

select h=300mm
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Chapter 4

Design of the Vertical reinforcement:

d =300-20-14/2=273mm

6
K — an _ 72.4%x10 _~1.08Mpa
b*d® 0.9x1000x 273

" :i(l— 1- 2mKn)
m fy
_ 1 (1_\/1_ 2x20588x1.08, _ o0y
20.588 420

As, =.00264 x1000 x 273 = 721.6mm?*/m

As,. = 0.0012*1000* 300 = 360mm?/m

As,;, = 360mm*/m< As_, = 721.6mm? /m
#of bar in on meter =H—5

154
Select ©®12@20cm c/c

Design of theHorizontal reinforcement:

Select the greater of:
As. . ...; = 0.002* 1000* 300 = 600mm*/m

600

#of bar inonmeter =——=8
78.5

Select ®12@25cm c/c,Intow layer

Check for Shear :

VU= 96.5—(5L2+4)x (0.15+0.273) = 84.3KN.m

f xVec>Vu

f xve=2"° [fexbxd :%\/ﬂxlOOOxZ?B

f Vc=167 >>Vu =84.3kN

.. No Shear Reiforcement Required
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4.11 Design of isolated footing-Part B

e Design of Isolated footing (Under ColumnC7):

f

c

fy

27 Mpa

400Mpa

v" Load Calculation:-

- From column (C202):

* factored load ( Pu) = 11450 KN

* Service Surcharge = 5 KN/m?

* Column dimensions =95 cm*95 cm

* Allowable soil pressure =400 KN/ m?

* Soil density = 18 KN/m3

* Soil weight = 0.6*¥18=10.8 KN/ m?

Pu(KN)

Service

Surcharge

Column
dimensions

all. soil Soil density

pressure

Soil weight

11450

5 KN/m?

(95*95) cm

400 KN/ m? 18 KN/m3

10.8 KN/ m

v Calculating the weight of footing, soil, and Surcharge :

- Weight of footing ( assume

Wiogung = 1.25%25 = 31.25 KN/m?

- Total Surcharge load foundation:

hfooting = 125cm)

WT = Soil weight +w,;,,+Surcharge load =10.8+31.25 + 5 = 47.1 KN/m?

- Net soil pressure Oer »

Oy =400—-47.1=352.9 KN/m?
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- Required sizes of footing:

A,required = Py _ 11450
3529

net

=32.45m

Try 5.7*5.7 Area =32.49 m2

hfooti ng Wfooti ng Wsoi | WT

Oret Arequired

125cm 31.25KN/m? | 10.8 KN/m? | 47.1 KN/m?

352.9KN/m? | 3.23m?

v Depth of footing and shear design:

Pu =11450 kN
qu= 29 - 357 5 kN/m?
32.49
Try area Pu qu
5.7*5.7m 11450 KN 352.5KN/m?

Inglined crack

Tribudary ares far
0=y shear

"1\

Critical saction
tor bwo-way shaar ™

c\z—\d "\

Two-wav shaar

Fig 4.22 : Isolated Footing
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v" Determine the Depth of Footing Based on Shear Strength:-

v Check for One Way Shear Strength

Try h=400 mm

|/

_ =N

—
mnclined ;;rackaff

ritical sertion far

qig—wray ahear

4

]
—]

Crlumn .
%

o

.T_q
O T\\Q
\\ N

SO
\\\\\ \\:

-\T\\ :
\\\\\‘\\\

Ono-way ahear.

Fig 4.23: One way shear strength

Tributary area Tor
anc way ahear

VUZ(l——E—dj* qu*b:(z—%—dj*352.5* 5.7
2 2 2

2

fVc=%\/§*5.7*d*103

Let,fVc=WVu
d=2.82m

h=2.82+0.075+0.020 = 2.915mm

d =400 — 75 — 20= 305 mm

d (mm)

h (mm)

Try h(mm)

Try d (mm)

0.75

260

355

400

305
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v Check for Two Way shear Action (Punching).

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

v, =f 1142 [t bd
6l b,
1 a !
fV, =f.—| 2= 2]\t b.d
: 12(b0/d+J ¢ Do
f V. =f%,/fc’bod

Where:

_ Column Length (a) 950

= -7 _100
Column Width (b) 950

b, = Perimeter of critical section taken at (d/2) from the loaded area
b,=2(0.95+1.155)+2(0.95+1.155)= 8.42 m.

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

FV, =f %[u bi}/ t'b,d =%* (1+ %}* J27 * 8.42%1.155* 10° = 18950kN

Cc

! *
f\V =f .112[""6" + 2}\/‘T bd = %5* [4082‘;55+ 2]* J27%8.42*1.155%10° = 23646 2kN

(o]

f vV, =f .%\/ £, b,d :0'775* 27*8.42*1.155+ 10° = 12634N

b b, (m) a, £V, (KN)

1.00 8.42 40 12634

Vu = ((5.7* 5.7) - ((0.95+1.155) * (0.95+1.155)) * 352.5 = 9890.8kN
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Vu=9890.8KN < ®Vc =12634...... OK

v Design for Bending Moment of long & short directions.
h (m) d (m) b(m)
1.25 1.155 5.7

d =1.25-0.075-0.020 = 1.155 mm
Mu =352.5%5.7*1.25*1.25/2 = 1569.7 KN.m

oy 400

m = - = =17.43
0.85* fc  0.85* 27

_ Mu/f _ 1569.7*10°/0.9
b*d?  5700* (1.155)*

=0.226 Mpa

p 0.000577

_ 1 (1- \/1_ 2(17.43)(0.226))=
17.43 400

As,.q= 0.000577 (5700) (1155) = 3798.7 mm?

Asmin =0.0018*b*h == 0.0018 (5700) (1250) = 12825 mnv’
ASieq= 3798.7 MM’ < Asin = 12825 mn..... OK
As= As.,in = 12825 mm?
Take 51 ® 20, As,provided = 12979.5 cm? > As,required = 12825cm?

_5700-75*2-51* 20
50

S =90.6 mMm< Smax=450mm

- Step(S) is smallest of:

1.3h =3*1250 =3750 mm
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2. 450 mm - control

$=90.3 mm < §,max =450 mm — OK

1569.7 17.43| 0.226Mpa | 0.000577 | 3798.7 12825 12980 | 90

- Check strain
Tension = Compression
A x fy=085x f,xbxa

2001x 400=0.85%x 27x1800x a
a=19.38mm

c:@ = 22.8mm

0.85
 515-228

e x 0.003=00.065> 0.005...0k
22.8

2001 19.38 22.8 0.065

v Development length of flexural reinforcement:
Ld for @ 25:

=3>< fy th*ye*ysxdb:g>< 400><1*1*1
10 [fc [ktr+c] 10 27 25

db

x 25=692.82mm

Available length = ((1800-600)\2)-75=525mm

692.82mm>525mm ............... ok
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v Load transfer at the column-foundation interface (Dowels design ):
- In footing :

®Pnb = ®(0.85fc'A, x \/%)

A; = 0.95 *0.95= 0.9025 m’

A,=5.7%5.7=32.5m’

Ao 825 a0 Ay
A V09025 A,

D Pn.b = 0.65x (0.85 x 27 x 0.9025 x 2) x 1000 = 26926 KN
®Pn = 26926 > Pu =11450 KN.......... .0k

The Dowels are not needed for footing

As,min =0.005 * Ac = 0.005 * 950 * 950 = 4512.5 mm?2

Use 18® 25 , As,provided = 8835.7mm? > As, required = 4512.5 mm?

'sil
.
L)
u
ZE = d B
| e g
e
i K a
Sk
== =
il (L a1, i n
10 W i

0]

e
i
i
e
i
.}_-\. =)
S
=
o

i

O i
A A &

T 1
I L,
| )
eE—h o amm P
=]

B T T R = i)
1 574 0

Fig 4.24 : Details of footing (F4)
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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
supported

One end
continuous

Both ends
continuous

Cantilever

Member

Members not supporting or attached to partitions or
other construction likely to be damaged by large

deflections.

Solid one-
way slabs

£/20

£/24

£/28

£Mo

Beams or
ribbed one-
way slabs

£Me6

£M18.5

£r21

£/8

Motes:

Values given shall be used directly for members with normalwsight concrete
{densnﬁ w, = 2320 k /m?) and Grade 420 reinforcement. For other condi-
the values shall be modified as follows:

a) For structural lightweight concrete havin

tions,

1440-1920 kg/m?, the values shall be multipliad by (1.65 - 0.
less than 1.09.

unit density, w., in the range

w, ) but not

bj For £, other than 420 MPa, the values shall be muitiplied by (0.4 + £, /700),

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED




1. American Concrete Institute (A.C.I),
2. Building code Requirement for structural concrete (ACI-318M-08).

3. Uniform Building Code ( UBC).
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