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Abstract

The Structural Design of Tourist hotel in dura city.

Work Team .
Salameh abu qurandal Majde qazzaz
Ahmed alrojob

Palestine Polytechnic University — 2012

Supervisor:
Dr. Nasr Abboushi

The purpose of this project is the structural design of tourest hotel.

The structural design of the building will be carried out according

to the Jordanian code and to the ACI-318-code.

The structural design composed of analysis and design of the

several structural members and all of the plans needed to complete the

construction.
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List of Abbreviations

a = depth of equivalent rectangular stress block, cm.

a, = depth of equivalent rectangular stress block at balanced condition, cm.

a,. = depth of equivalent rectangular stress block at maximum ratio of

tension — reinforcement , cm
A, = area of concrete section resisting shear transfer.
= Gross area of section.
4, = area of shear reinforcement within a distance (S).
A, = area of one leg of a closed stirrup resisting tension within a (S).
Ag = area of tension reinforcement ,cm?
) G 2
A's = area of reinforcement at compression side , cm
S

b = width of beam in rectangular beam section , cm
b, = effective width of flange in T-section beam, cm.

b, = width of web for T-section beam, cm.
C, = compression force in equivalent concrete block.
C, = compression force in compression reinforcement.

d = distance from extreme compression fiber to centroid of tension — side
reinforcement.

d' = distance from extreme compression fiber to centroid of compression-
side reinforcement.

E, = modulus of elasticity of reinforcement ,MPa

f'c = specified compressive strength of concrete.
f, = specified tensile strength of reinforcement.
M, = nominal bending moment.

M, = factored (ultimate) bending moment.

R, = coefficient of resistance.

¢t = slab thickness in T-section beam, cm.
B, = factor as defined by ACI 10.2.7.3.

¢'s = strain in compression — side reinforcement.

¢, = yield strain of reinforcement.

p = ratio of tension reinforcement.

p, = ratio of tension reinforcement at balanced condition.

p, = ratio of reinforcement equivalent to compression force in slab of T-
section beam.

Pmax = Maximum ratio of tension reinforcement permitted by ACI 10.3.3.




ok = minimum ratio of tension reinforcement permitted by ACI 10.5.1.
min

o = required ratio of tension reinforcement.
re

¢ = strength reduction factor.
DI =dead load.

h = overall thickness of member. x
J =moment of inertia of section resisting externally applied factored loads.

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 Load.

Ld = development length.

Lw = length of wall.

M = bending moment.

Prn =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.

V., = nominal shear stress.

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

W, = weight of concrete .(Kg/m?)

W = width of beam of rip.
W, = factored load per unit area.

d = flexural depth of the beam, cm.

L =beam clear span, from support face to other support face.

N = number of stirrups required within a given segment of the beam.

N1 = number of legs for each stirrup.

V,, =nominal shear strength provided by shear reinforcement at the section
where Vs is the max permitted by ACI 11.12.1. Locating of this section is
needed to define which maximums provisions applies.

Viera = required nominal shear strength provided by shear reinforcement.

V.a = factor shear force at distance d from the face of the support.
Vi rega = factored shear force at the mid- span of the beam, will not be zero if

the beam is partially loaded with superimposed loads.
OV, max = reduced shear strength of the beam section located a long the beam

I

span Where minimum shear reinforcement is required in accordance with.



List of Abbreviations

a = depth of equivalent rectangular stress block, cm.
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f'c = specified compressive strength of concrete.
f, = specified tensile strength of reinforcement.
M , = nominal bending moment.

M, = factored (ultimate) bending moment.

R, = coefficient of resistance.

t = slab thickness in T-section beam, cm.
B, = factor as defined by ACI 10.2.7.3.

g's = strain in compression — side reinforcement.
&, = yield strain of reinforcement.

p = ratio of tension reinforcement.
p, = ratio of tension reinforcement at balanced condition.
p, = ratio of reinforcement equivalent to compression force in slab of T-

section beam.
Pmax = Maximum ratio of tension reinforcement permitted by ACI 10.3.3.
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Chapter Four

Structural Analysis and Design

4.1 Introduction.

4 .2 Factored Loads.

4 .3 Determination of thickness.

4.4 Load Calculation.

4.5 Design of Topping.

4.6 Design of rib (Rib 1) in the basement floor slab.
4 .7 Design of Beam (B1) in the basement floor slab.
4 .8 Design of long column(C41).

4.9 Design of Basement Wall .

4.10 Design of Isolated footing.
4.11 Design of strip footing.
4.12Design of Stairs .

4 .13 Design of shear wall.

4.14 Design of Retaining wall.
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Structural Analysis And Design

Concrete is a construction material composed of cement (commonly Portland
cement) as well as other cementitious materials such as fly ash and slag cement,
aggregate (generally a coarse aggregate such as gravel, limestone, or granite, plus a
fine aggregate such as sand), water, and chemical admixtures. The word concrete

comes from the Latin word "concretus", which means "hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a
chemical process known as hydration. The water reacts with the cement, which bonds
the other components together, eventually creating a stone-like material. Concrete is
used to make pavements, architectural structures, foundations, motorways/roads,

bridges/overpasses, parking structures, brick/block walls and footings for gates.

In This Project, there are three types of slabs: solid slabs, one-way ribbed and
two-way ribbed slabs. They would be analyzed and designed by using finite element
method of design, with aid of a computer Program called " ATIR- Software" to find
the internal forces, deflections and moments for ribbed slabs, and then hand

calculation would be made to find the required steel for some members.

The design strength provided by a member, its connections to other members, and
its cross-sections in terms of flexure, and load, shear, and torsion is taken as the

nominal strength calculated in accordance with the requirements and assumptions of
ACl-code.
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L, = -3 =0.238 m (both end continuous)
2l 201

For Rib(1) in the basement floor 28 cm control (20cm block +8¢m Topping).
4.4 T.0ad Caleculation:

& One - way ribbed slab.

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

Shrinkage & Temperatuer Bar's

One way rib slab

Toping

Hollow Block (27 cm )

Fig. (4-2) One way ribbed slab

Effective Flange width ( b,)

ACL-318-02 (8.10.2)
by For T- section is the smallest of the following:

by =L/4=5/4=125m

by =12+ 16t=12+16 (8) =140 cm

b;=52 cm Control
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Calculation of the total dead load for one way rib slab is shown in the following

table:

Table (4 — 1) Calculation of the total dead load for one way rib s]ab.

No.| ParsofRib | Caleulafion
1 Rib 0.12%0.2%25 = 0.6 KN/m
2 Top Slab | 0.08%0.52%25 = 1.04 KN/m
3 Plaster 0.03%0.52%22 = 03432  KN/m
4 Block 0.2%0.4*10 = 0.8 KN/m
5 Sand Fill | 0.07%0.52%16 = 0.5824 KN/m
6 Tile 0.03+0.5224 =0.3744  KN/m
7| Mortar | 0.02%0.52%220.2288 KN/m

8| Partition 1%0.52+1=0.52

Nominal Total Dead Load:

D.L. tota1 = 0.6 + 0.3432 + 0.8 + 0.5824 + 0.3744 + 0.2288+0.52 =4.49 KN/m

of rib

Total dead load =4.49/ 0.52 = 8.634 KN/m?

Bivelload =88* 0.52 =1.32

Factored dead Load = 1.2* 4.49=5388 KN/m

Factored live Load =1.6 *

1.82=2912 KN/m

46
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4.5 Design of Topping:
Calculation of the total dead load for topping is shown in the following table:
Table (4 —2) Calculation of the total dead load for topping,

Top Slab | 0.08+1%1%25 = 2 KN/m
Sand Fill | 0.07+1%1%16 = 1.12 KN/m
Tile 0.03%1¥1%24 =072 KN/m
Mortar | 0.02%1%1%22=0.44 KN/m |
Partition 1*1*1=1 KN/m

Wu = (1.2 * 5.28) + (1.6 * 3.5)
=11.936 KN/m? T

Assume slab fixed at supported points (ribs):

qu % Z 2 HolluﬂBlo:k(Z?un)-\ y, ,

i

_11.936* 04>
12

Mu =0.159 K_Nm

24 (Mpa)
0.42x[fc'(MPa)  ACL-318-02 (22-5.1)
0.42x 24 (MPa) = 2.06 MPa

=2.06%x107 x10° = 2060 KN / m>

T
ﬁ.
ﬁ,

Fig. (4-3) Toping of slab

M= fo* s

47



G 0} | sueds :

s ; } oe i 74

i e et ey — L - 1
80 'y 80 AL Z 8'0 Al 2 8'0 Y 80 A 2 80 |
e . j)
|
[ |

v v v v \
S v € z L
9 S Py e z L

-:SMO[[O]
oY) se weISelp JIeays pue juowrow odo[oAUD oy} 108 om wreidord JWLLV Suisn Ag

{(T) qry Jo usiso§ 9%

L T Someip goq u SR 0 S @ B

WL/ MW pY1 = 08 00071 % 81000 =1 % q 4 d = SV

eIy zo-81s 1oy 8100°0=d
~JUISWROIOFUIST arnyeroduio} pue 98B ULIYS o) 10,
"pap1a01d oq JSNW JUSWSOIOFUTSI

smjeIaduie) pue sFeyurms ‘910Ja19Y ], "Papaou ST JUSWIOOIOJUIT [RINJONLS ON
WNI 6ST'0=TN <WNY 107 = WA &

WENCY [0TT =V81'C « SS0=UAN P
WNX  #81°C= _01X90'T 4090T = UN
9 9

ch—Ongo‘I: oo e
' 800)X001 49 S

VLA 2 —— e



(rsor) 8IsIovV

gl 58 = (S¥)ozD)

(p)(mq)

/

(P)(mq) %:u;w SV

Ozp)y o5
1

Gy

o

=UIW §Y

wo 76 =9 WM Iem3ueyoor v se ud1so(g

nggnb:;J u

WNA vv'0C=

N <UWNDY /] =°lqeneae AT
WNI $L1= 0001/((08) $°0—S¥0) 9'8¥8 =(B5'0—p) D10 T =)

W 47 = (g/p1 )-8~ 0T~ 08T = 7/p - 10A00 — [ = p
NI 9°8%8= 0001/(025) (08) (#2) $8°0 =7 19/ $8°0="D

WO Qg =1=J7 I0]

:uo}loas - _L IO IBIHBUEJOQ.I Se ]0e HIM qI,I 9q1 ‘nglgqm QU}UHQJ,QG »
WNY $5°0C = 60/4"§] = Pornbarupy

¢l © s8]

WNF 8] = ueds 10 aanyIsod Xew “A] 95 «

‘weds w ¢ 10 UBISOp SIYJ,

*(T qry) 10J JUSUIOTA] 9A1JISOJ JO u3isa( [°9'p

‘(ND-( 1) qur 10§ wesderp resyg (g - 4) Sig

‘Ie

9°9¢

74

8'l2-

Ll

8°9¢-

T { }
7{

89z 8'L2 |
v'8lL 6°LL |
V
| 4 l
9L
9'sz 8'0c-

‘Le-




$00°0<990°0= "3
€501 A

9900=¢€000X———= ‘3
; £S01-5SvC

S8°0  $8°0
wlee = =2 " _
u Ly6'8
wul y6' g =0
DX0TSXHTXG8°0=0Zy X 97T
DXgx°[x68'0=4/x "y
uo1ssa1duro)) = uoIsus |,

JUIeNS ¥9Y)) &

W 97 7= (epraoid) gy7 Te10 1.

AU €11 =Ty ojoN

6L°1 =€11/20T="°V / °V = SIeq Jo #
me 707 —bax SV

I 86 = W 'Y < W 707 = (947) (025)+8S100°0 = SV

0T

8510070 =[

n“—

‘I\—I
$S9°0 % 857 0T % € I

85" 02 \ w
= [ (g[ = f L = IJ— = d
Uy g I
(9%72°0)(02S 0 .
— 92 0)( . )=iq=u}[
o(01) % ¥V 0T U
F WOssil  ofsgn
8¢ OZ_%—OZV = T =1

U g6 =UIW §Y/

T EL'SY = UMW 86 —urwr S

JUUYE = (S’VZ)(OZI) %Z._f_—_—uuu SY



Mu = 14.9 kN.m

Mn =14.9/0.9=16.55 kN.m

4.6.2 Design of Negative Moment for (Rib 1):

Design of T-section for negative moment as rectangular séction with

(b=by)

A s min=

A s min=

r

(bW)(d )

(420)

1.4
As min=——-(bw)(d
S min (fj/)( w)(d)

(120)(245) = 85.73mm*

As min=£(1 20)(245) = 98mm?
420

As min=98 mm~ > 85.73 mm"

As min=98 mm’

m =20.58
P 16,55 % (10)°
bR (07712 0901245 )2
p=il— 1_2mRn . 1
m fy 20 .58

ACI-318 (10.5.1)

=279

e P 20.58 * 2.29
420

As =0.00579*(120) (245) = 170.47 mm? > A s min = 98 m?
As req= 170.47 mm?>

#ofbars—As/Asba,— 170.47/113=1.5

| Selectbar2 ® 12

Total As rovide) = 226 mm?

*Note Agiz =113 mm’

J = 0.00579



* Check strain:

Tension = Compression

A x fy=0.85x% f,'xbxa

2.26x100x420=0.85x24x120xa

a=369mm

a

X=——=—"=434mm

.85

245-434

&Y

x0.003=0.014

4.6.3 Design of Positive Moment for (Rib 1):

M, max positive for span = 13.3 kN.m

M required = 13.3/0.9 = 14.77 kN.m
Design as a rectangular with 5, =52 cm

B

K= M

% 420
0.85/2'  0.85(24)

14 .77 * (10)®

=20.58

2 mRn
3%

bd®  (0.520 )(0.245 )2

m

|

Akl
20 .58

= 0.473

i~ | 2%00E58 ¥ 07
420

As =0.00113%(520) (245) = 144.6 mm” > A s min = 98 mm >

Asrec=144.6 mm’

# of bars = A / Agper = 1.446/0.79 = 1.83

FSel'ecf bo‘tfo'm-;_Bars‘; 2(D10 Sonn 'f-_.f S

TOtal AS (provide) =1 58 mm2

* Note Apip =79 mm?>

J = 0.00113




* Check strain:

Tension = Compression

A x =0.85% f,xbx a
158x420=0.85%24%x520xa
a=6.25mm

_a 625
085 " 0.85

=135 003~ 0\140

o=

g, =0.149> 0.005

=7.36mm

4.6.4 Design of Negative Moment for (Rib 1):
Mu=11.7kN.m

Mn =11.7/0.9=13 kN.m

Design of T-section for negative moment as rectangular section with
(b=bw)

m = 20.58

Mn 135 %(10)°

b S (0 1207)( 02457

1 2mRn 1 2% 20858 * 1.8
= — "] ] — = 1—1/1~ =)
'3 m ( B ] 20 .58 ( 420 Ve

As =0.0045%(120) (245) = 132.1 mm’> A s min =98 1mm’

TR =1.8

Asreq=132.1 mm”
#ofbars—As/Asbar— 132. 1/79-1 67 * Note Agio =79 mm>

Total As provide) = 158 mmz
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* Check strain:

Tension = Compression
A, x f=0.85x f,xbx a
158x420=0.85%24%x120xa
a=25.82mm

G 25:32

X=——-=—"-—=30.37mm
0.85 0.85
s = 245-3037 1 003=0.021
? 30.37

g, =0.021> 0.005

4.6.6 Design for Shear for (Rib 1):-

e

dVec= &* 6 bw*d
[

=(0.75*% 6  120* 245)*1000= 18 KN
Vu=244KN>® Vc=18 KN

(From Shear Envelop)

I
D5y, =075 () xbw xd=0.75 (%)x 120 x 245 /1000 = 7.35KN

1
OV, =0.75 (=) xbw x d =0.75 (Tl-é-)xlzo x 245/1000 = 6.75 KN

DVe + OVs,, =18 +7.35=2535KN
D Ve< Vu< @ Ve+@Vs min

18<24.4<25.35

=> category No.3 is satisfied, minimum shear reinforcement is required.

54
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® Vs =min ® Vs=7.35 KN

Ddx Avx fyxd
e
dVs
& 0.75 x (100) x 400 x 245 —1000mm
7.35%x10°
S=d/2=245/2=122.5 mm
S < 600 mm

Use S=12cm

4.8 Design of Beam (B 1):-

Moments: spans 1to 6
-126.4 -136.1
-115.4 -122.1 137
1811 5 7 153 1.31
' 'ff S‘SU .4;7 . /35 1.8;3id. 5
8 07\/ 7 .afS I0s 8
\/ i o5 '\/&.ss i 07
o8 73.6 748 G55
91.1 104
L2 WS o s a0 e o B 250 25 I 25, 25 | 3 2. |
f T i 1 =l T o T T I 1 { 1
Fig. (4 - 7) Beam moment values (KN .m)
Shear
-143.1
-117.5 -130.6 -136.9 -132.9 -138.7
-104.1 -109.4 -106.6 -112.5 -102.7
/ / / / 8o
|3 / tid i 11 | 1
i INE )il DR F+\—\|-
| ! 5 5/ /
77.2 _/
95.7 110.1 106.9 7 1103 7 1033
138.1 133.1 136.9 129.6 125




Fig. (4 — 8) Beam shear values (KN)

4.8.1 Load calculation for (B1):
Ttal dead load =(((DL*Ln)/0.52)+self weight of beam)
= (4.49%5)/0.52)+(0.8*0.28*25%1)=30 KN/m
Live load=(LL*Ln)/0.52
=(1.8*%5)/0.52=21 KN/m

4.8.2Design of Positive Moment (B1):
Assume:

b =80 cm,

h =28cm

d =280-40-10-(25/2) = 217.5 mm, take it 218 mm
Mu = 104 KN.m

S

C= 2 d= = *218=9343 mm. (€s=0.004)
a=B *c=0.85*93.43 =79.41 mm .

Mnmax = 0.85* fc * a * b * (d- a/2)

=0.85%24 % 0.07941 * 0.8 * (0.218 - 0.07941/2)¥1000 = 231 KN.mm
@=0.65+(€s-0.002)(250/3) '

@=0.65+  (0.005-0.002)(250/3)=0.82
® Mn=0.82 *231 = 184.8 KN .m



® Mn >Mu= 104 KN.m

The section is singly

As min=;/g;—) (dw)(d) ACI-318 (10.5.1)

A s min= \?Z (800)(218) = 508.6mm’

1.4
A in=——(bw)(d
s min (ﬁ))( w)(d)

As min=4%46(800)(218) — 581,332

As min=>581.33 mm’ = 508.6 mm "

A s min=581.33 mm’ |
Mn ey =104/0.9=115.5 KN.m

m = 20.58

Rn=

Mn  115.5%(10)°
= ~=3.04
bd>  (0.800)(0.218)

* ¥
sz (I ZRn A0 1_\/1_2 20 .58 * 3.04 _ 000
m Ns% 20 .58 420

As e =0.00787 (800) (218) = 1373.65 cm >

2
A's (o =1373.65mm > A s min= 581.33 mm >

Use @ 16 with area As=201 mm >
1373.65/201=6.8

Select 7@ 16 with As pow = 1407mme.




* Check strain:

Tension = Compression

A x f=0.85x f,'xbxa
6x201x420=0.85%x24x800xa

a=362mm

- 36—2 =42.6mm

0.85 0.85
O- 0 Oy

R 003 0123 ;

42.6
g, =0.0123

4.8.3 Design of Shear for Beam (B1):

Viu=216.5 KN (Max. value of Vu)

dVe= O * —“gc*bw*d

Ner

= (075 * == * 800* 218)/1000

® Ve =106.8 KN.
D Ve +(2/3) @ *Vfc bw*d = 106.8 + (2/3) *0.75 *v/24 *800 * 218/1000

=534 KN.
534 KN>vu=216.5 KN. - the dimension is big enough .

; 1
® Vsmin > 0.75 (5) *bw*d =0 .75*(%)*0.8 *0.218 ¥1000= 130.8 KN.

(control)

V24 24
L e DT 4 =0T * 1£6 * 0.8 * 0.218 * 1000 = 40 KN.

@D Vsmin = 130.8 KN.
® Ve <Vu< @ Ve + @ Vsmin

106.8 < 216.5< 237.6

So item (3) satisfy, minimum shear reinforcement is required.
@ Vs =min ® Vs =130.8 KN

58
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Take Av =4 ® 8§ = 4* 50 =200 mm?

SRR [y * &
OVs
_ 0755 (200) x 400 x 218
- 130.8x10°

S=d/2=218/2 =109 mm
S <60cm
Use S=10cm

=100mm

Thenuse4legs8@10om

4.8.4 Design of Negative Moment (B1):
b=80cm

h =28 cm

d=218 mm

Mu=96.8 KN.m

Mn gy =96.8/0.9=107.5 KN.m

m=20.58

e i o 075 W0)° o
bd®  (0.800)(0.218)>

1 2 mRn 1 2.5901.58 * 2 83
p=—|1-_[1- = o= = - - =
m ( Vi J 20 .58 ( V 420 O

A5 eq =0.0073 (800) (218) = 1270 mm >
SR D A e 0T T

4.8.5 Design of Positive Moment (B1):

59




b =80 cm,

h =28 cm

d=218 mm

Mu=91.4 KN.m

Mn reqy =91.4/0.9=101.55 KN.m
m = 20.58

* 6
S Mn & 101.55*(10) : _267
bd* (0.800)(0.218)

2% 200588E 9
1 = 1_ZmRn o 1 T 1_—\82_6_7 = .0068
I3 20 .58 b

A's geg= 0.0068 (800) (218) = 1192.6 mm

Select 60 16 with As pioy. = 1206 mm2.

* Check strain:

Tension = Compression

A x fy=085x% f.'xbxa
1206 %420 = 0.85x24x800% a

a=31lmm

218-36.5

&, =———
369

g, =0.015>0.005

x0.003=0.015

4.8.6 Design of Negative Moment (B1):
b =280 cm

60




h =28 cm

d=218 mm

Mu =77 KN.m

Mn gy =77/0.9=85.5 KN.m
m=20.58

Mn _ 85.5%(10)°

Rn= = 0800002187 = T

2%20 58 %7
IS L h 2 2205 ) 0560
e 7 420

m

2
As ey =0.00569 (800) (218) = 992 mm

Select 5 @ 16With As proy. = 1005

4.8.7 Design of Positive Moment (B1):
b =80 cm,

h=28 cm

d=218 mm
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Mu=74.8 KN.m
Mn (rcq) = 74.8 / 0-9 = 83.11 KN.ln

m=20.58

Mn  83.11%(10)°

T bd® (08000218

1 2Rl ﬂw %
(1— 1- j (1— 1 420 0.0055

p=—
n

i

2
As=0.0055 (800) (218) = 959 mm
Select 516 with A prov: = 1005 mmi, -

* Check strain:

Tension = Compression
A x fy=0.85x f,'xbxa
1005x420=10.85x24x800x a

a=258mm

M= _ —2—5—8 =30.4mm

0.85 0.85

8- 3014

s

g, =0.018>0.005

x0.003=0.018

4.8.8 Design of Negative Moment (B1):
b=80cm

h =28 cm

d=218 mm
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Mu = 83.6 KN.m
Mn (eq = 83.6/0.9=92.8 KN.m

m=20.58
i 92.8*(10)6

b (0.800)0218)°

*20-58 %
p:—l—[l— 1_2mRnJ 1 (1_ I’MJZO-O%Z

420

o T 0 8

m

2
Aseg =0.0062 (800) (218) = 1082 mm

4.8 : Design of long column(C41) :
4.8.1 Load Calculation:



p, =3000KN

o S oy
Nreq

0.65
Usep = pg =2%
Pn=0.8*Ag{0.85* f'+pg(fy —0.85/¢")}
4615.38=0.8* 4g[0.85* 24 +0.02 * (420 — 0.85 * 24)]

Ag =0.1974m*
Use 0.4x 0.6 m with Ag = 0.24m? > Agreq = 0.1974m?

4.8.2 Check Slenderness Effect:

e In 0.6 m-Dirction

e e ACI —(10.12.2)
M2

.
Lu: Actual unsupported (unbraced) length.
K. effective length factor (K= 1 for braced frame).

R: radius of gyration=0.3 h = \/i:

Lu=3.6 m
M1/M2 =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.

Klu M1

—<34-12— . T —(10.12.
r M?2 e )
ﬂ=20 <22

0.3x0.6

. short Coloumn in 0.6m:dirction

o In 0.4 m-Dirction

Klu M1
—<34-120= ACI ~(10.12.2
: 5 (10.12.2)
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Lu: Actual unsupported (un braced) length.
K: effective length factor (K= 1 for braced frame).

§ ; 3 I
R: radius of gyration =0.3 h = \/"—/1:

Lu=36 m

M1/M2 =1 ;
K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be

permitted to be taken as 1.0.

il ACI -(10.12.2)

2 M2

SR

0535¢10.4

o long Coloumn in  0.4m'dirction
EI

E[=04——% ... ... [ACI318 - 05 (Eg. 10 -15)]

5%

E, = 4750,/ fe' = 4750 x 24 =23270.15 Mpa
B 200 SRR (1400)

0.56
P Pu 3000
3 3
i bxh 8 0.6x0.4 — 0.0032m"
) 12
0.4 x 23270 j ;
G = il Lo X 00032 oo iy
1+0.56
2ET
A ACI318 - 05(Eg. 10—13
K)? (Eq )
3.142 x19.0934
P=it X 7Ry sapN,
(1.02€3:6)
M1
Cm =06+0.4(%) ............ ACI 318 - 05(Eg.10 —16)
(G =5 According  to ACI 318 - 05 (10.10 .6.4)
Cm
e . ACI 318 — 05 (Eg. 10 —12)
0.75 P,
5, = L 6377
5 3000 |

8075 > 14540
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2in =13+ 0.03%x 2 =15+ 0.03*400 = 27mm = 0.027 m
B o= 010275011379 = 0203723

e 0.03723
K 04

= 0.09308

From  Interactio n  Diagram
pR ES000 145

= X ——=1.812 Ksi
A 0.6*0.4 1000

g

D = 0.01

4, =px A4, =0.01x 600 x 400 = 2400 mm?>"
usel6¢l4

1.8.3 Design of Ties Reinforcement:

S <16 db (longitudonal bar diamietenyi.i... .. ..o i e ACL- 7:10.5.2
S <48dt (tie bar diameter).

§ <Least dimension.

spacing <16 xd, =16 x14 = 224 mm

spacing < 48 x d, = 48 x10 = 480 nmm

spacing < least .dim . = 400 mm
Tsedl0 @ 20 cm

4.9 Design of Basement Wall:-

4.9.1 Position :-
Basement Wall (BW) .

4.9.2 Material :-

Concrete  B300, Fc'=(.8*30= 24 N/mm? =24Mpa
Reinforcement Steel , fy =420 N/mm> =420 Mpa

4.9.3 Loading :-
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*Load calculation
¢ =30°

K, =1-sin30=0.5

y =18KN /m’

Self weight of earth [D.L]
=y h* K =18*4*0.5=36KN/m

Load from live load [ L.L=5 KN/mZ]
g =P*K,=5%0.5=2.5KN /m

4.9.4Design :-

Assume h=30cm
d=300-(14/2)-20=273 mm
Vu=60.031 KN

¢V, =%\/fc,.b.d =°—'67§* 24 81X 02734107 =167 176N
@ Ve >Vu

= No shear reinforcement is required.

e  Wall Design:-

Mu=98.3 KN.m

m = o4 SR 20N = o) 59
0185 B¥fEs = 10135 ¥24

Rn= Mu /¢ — 98.3*107/0.9 _ 1.49
B g2 IR0, 2780)F

p=_1_(1.. .. 2mRn )
m

g8 [ 2(20.58)(1.49) , _
B i~ Shemmsoi T ) N
: 20.58( 420 )

ASreq = 0.00368 (1000) (273) = 1007 122 .
# of bars = As/ As e = 1007/201 = 5

= Note Ag; =201 mm?




Asi;=0.0012*%1000*300=360 mm”
2
ASreq =1007 mm® > Aspin =360 mm

e The horizontal reinforcement of Basement wall -
Asreq = 0.002 (1000) (300) = 600 1mm* .
= @12@]15 cm.

4.10 Design of Isolated footing:-

Once the ultimate column or load is determined, the proper footing can be designed.
The following subsections describe the analysis and design of footing (FO1) .

4.10.1 Load Calculation:-
Factored load P u= 1000 KN (Load from column (@55))
Soil weight = 18 KN/m>

Column geometry = 40%20
Allowable soil pressure = 300 KN/m?>
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4.10.2 Design of Footing Area:-

Allowable soil pressure = 300KN/m’

Area (A) = Total Weight / Soil Pressure
= 1000 KN /300KN/m?
=3.33m’

Try 1.9%1.9 Area=3.61m>

Select Foot Geometry 1.9%1.9

For the design of the reinforced concrete member factored load

must be used :
Pu = 1000KN
Pnet (factored) = Pu/ Area = 1000/3.61 = 277KN/m>

4.10.3 Determine the Depth of Footing Based on Shear Strength:-

Assume h =40cm
d =400-75-20 = 305 mm

o Check for One Way Shear Strength

(1.9—0.25
7

Vu = —O.305J><277*1.9 =273.68

Ve = &67—5\/EZ>< 1.9%0.305%10% = 354.9

Ve >Vu OK
e Check for Two Way shear Action (Punching).

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

o, =¢.l(1+ 2 J\/}:’bad
6 B.
& 1 o, r
o ¢'E(—_bo e 2}/}?170(1
TATENIY

Where:
_ Column Length (a) 40

C =—=16

* Column Widih (b) 25

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2%(0.4+0.305) + 2*(0.25+0.305) = 2.52 m.
a, =40 for interior column
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' ) A kN 2ANS Gk A
bV, =¢.—‘—[l+—2—)"fc byd =22 (1 + %J*x/ﬁ"‘z.ﬂ*OJOD 10° = 210074V

_0.75,(40%0.305 N, 74252%0.305%10°  1610.0kN
¢VC_¢12(1; /d J\[:b"d 2 ( 2 )
oV, =¢.1\/7b d=27% [34%2.52%0305+10° = 941.4N ... contro]

" J e o 3

),

V= 1(1-9*1-9)—(0-705*0-555) J*277 = BOT6II 5, i s ok

4.10.4 Design for Bending Moment.

Mu; =(.825%/2)*1.9%277 = 179.1 KN
420

o e =20.59
0.85*f  0.85%24

_ Mul¢ _179%1072/0.9
b*d*>  1.9%(0.305)

1 ‘ 2mRn
p=—(1- [1- 22,
m Ni%

_ . S \/ 2(20.59)(1.13)

20 59 420
Asreq = 0.00277 (1900) (305) = 1605.22 2
ASreq =1605 mm* control

-------

P =0.0018
A, min = 0.0018 (1900) (400) = 1368mm >

= 1.13 N/mm?

)=0.00277

# of bars = As/ As por = 1605/153.94 = 10
= Note Agyg = 153.94 mm?

Use. 10(I) s (1n both dlrectmn)

4.10.5 Development length of main Reinforcement:-

O* fr*db , W, *Ws

zarzlo*/l = W ........................................... (ACI-318-12.2.2).
N
a2 2t420%14 1¥1%0.8

=147
10F L r—- 0+82 mm
14

Take Ld =150 mm.
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-Available embedment = ((1900-400) / 2) — 75 =675 mm

G750 21| HFilo0000 5600 00660806 8080063868 0000 HB0REEAtAIE:

4.11 Design of strip footing:-

4.11.1 Load Calculation:-
= Weight of wall (D.L) = heightxThickness x 1m wide Xy,

=4 x(.3%x25 =30 KN/m
= From normal concentrated load 416 KN/m

= D.L total = 416+ 30 = 446 KN/I’Il

Wu==446 KN/m
Total Wu =1.2 x446 =536 KN/m

4.11.2.Determine the footing width:-

Assume soil pressure = 300 KN/m?

et (DL+LL) R 446
Yau 300

=1.5m

Footing
= So select 150 em width of strip footing.
4.11.3. Determined of footing depth:

Assume h footing =50 cm
d =500-75-20 =405 mm

4.11.4 Design
v" Design of one way shear:-

28D Lol L - 536
pne! =qu = = o
Area 15231
Vu=357x(0.6—0.405)x1=69.615

75
¢Vc=%,/fc'xbxd:%——«/ﬂxlxo.405x103 =253

=357KN | m?

Ve >Vu = h=50cm
< Selecth =50cm.
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v Determine of Reinforcement for Moment Strength:-
_ 357 x0.6°

Mu = 64.26 KN /'m
= 20 9058

0.85 * f¢' B 0.85*24

Ru= Mulp _ 64.26%10 /20.9
BRI H(0:405)

= (0.435 N/mm’ (Mpa)

p=_1_(1 - [j_2mRn )
m f

D L J1_2(20-58)(0-435))=o_001046
20.58 420

Aseq = 0.001046 (1000) (405) = 424 mm* .
ASreq =424 mm?
Asmin=0.0018 x1000*50 0 =900 n2m>
As=900 mm?*
# of bars = As/ AS por = 900/201= 4.47
= Note A¢.15 =201 mm?
= Select ® 16 @i5cm.
v" Check of strain
Tension =Compression
BN = 0.358¢" 121%b* o

900 *420 = 0.85 *24 *1000 * q
a =18.53mm

= . e =21.8mm
Bl 0.85
£, = 405 -21.8, 0.003 = 0.052
21.8

g, =0.052 > 0.005

v Design of Secondary Bottom Reinforcement
ASmin for shrinkage & temperature
Asmin=0.0018 xb xh
Asmin =0.0018 x1000x500=900 mm?>
As=900 mm?

Select ® 16@15cm /e

V" Design of dowels bars:-

72

LA e —



A, . =0.0012x1000x 405 = 486mm’
Us: longitudinal shear wall bars

Use @ 12@20 cm

x 0.7 =201 .64 mm

Ld = 0.24 x db % f
’.f‘cl

AvailableLd=500-75-2x12=401mm > 201.64m OK

4.11.5 Development length of main reinforcement:

x 0.7 = 201 .64 mm

Ld = 0.24 x db x—2
Ve

AvailableLd=500-75-2%14=397mm >201.64mm OK

4.12 Design of Stairs :

4.12.1 Determination of Slab Thickness:

Sl — L/ 20,

= 580F20=290)cm. ............. take h=30 cm.
= Useh=30cm

4.12.2 Load Calculations at section (A-A):

Dead Load:
slab = 0.3*25*]/c0s30 = 8.66 KN/m>.
plastering = 0.02*22*1/c0s30 = 0.51 KN/ m2.
stair = (0.17*0.3)%25*1 = 2.125 KN/ mZ,
2%0.3
tiles =(0.33+0.17)*0.03*27/0.3 = 1.35 KN/ .
mortar = (0.17+0.3)* 02%22/0.3=0.69 KN/ mZ.

f; ]
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Total dead load = 8.66+0.51+2.125+1.35+0.69
= 13.3 KN/ m”.
Live load:
Live load for stairs =5 KN/ m”.
Factored load
qu=1.2*13.3+ 1.6*5 = 23.96 KN/ m.

For one meter Strip, qu=23.96 KN/ m.

Load on landing :-

Dead Load:

= Tiles =0.03*27= 0.81 KN/m2

= Slab =0.3*25=7.5 KN/m2

= Plaster = 0.02%22 = 0.44 KN/m?.
= Mortar = 0.02%22=0.44 KN/m?.

Total dead load = 0.81+7.5+0.44+0.44
= 9.19 KN/m?.
Live load:
Live load for stairs =5 KN/ m?.
Factored load

qu =1.2%9.19+ 1.6*5 = 19.03 KN/ m>.

For one meter Strip, qu=19.03 KN/ m.

4.12.3 Design of Shear :

® Assume @ 18 for main reinforcement:-
So, d =200-20-18 = 162 mm..

Take d=162 mm

-28.5

28.5 74

-46.6
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> Fig-L1) Shear envelope of stai
Moments: spans 1to 3

i, ] 1.05 54.1 1.05 1.

> Rig.(4-12) moment envelope of stairs

= Vu=46.6 KN.
e by
At

_ 0.75%+/24%1000*162
i 6

= Vu=46.6 KN < @.Vc=99.2 KN.

2 =99.2KN

> 22>>No shear Reinforcement is required; o the depth of the stair 15 OK

4.12.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

Mu = 54.1 KN.m.
Mnreq=Mu/0.9=54.1/0.9=60.11 KN.m.
d =166 mm.




Mn

kn T 2
b-d-

s
SReVIEI0™ S oupa .

(011622

R
0.85% f¢'

7 =—4%O—=2O.58

0.85x24

* *2.29
e e S S 1_2—20'5-%—2——}0.0094.
m Ui 20.58 420

As req = 0.0094*1000*162 = 1522.8 mm>

As min= ‘/—(b )(d)_E(b w)(d)

As min= (1000)(162) > *(1000)(1 62)

4(420)
Asmin=472 < 540

As min=540 mm?*.......... Control.
B0 18@ IS em. .............. with area 254mm?.
> As prov1ded=1524 > As reqMOi(.

Check for strain:

Tension = Compression

A.* 5 =0.85*% fe'*p*gq

1524 *420 = 0.85 *24 *1000 * o4

a =31.37mm
L a @3]
wEF 03

o 162 —36.91
‘ 36.91

€,=0.0101 >0.005 —— ok

=36.91mm

*0.003

4.12.4.1 Development length of the bars:

f).. XaxpBxyxd,

c

Ly —
2
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420

“ =4

I x1x1x1x18=771.58mm

L4 available > Lg req=77cm
4.12.4.2 Secondary reinforcement:

Asi= %x A8,y = %x 1524 = 304.8mm’

ASgrmiage = 0-0018x5x 1 =0.0018x1000x 300 = 540mm’

> Use ®12 @15 em /oo With A= 113 mm?,

4.12.5 Stairs at section (A-A) Details:-

T



Section (A-A)

4.14.3 Design of Shear :

= Assume @ 14 for main reinforcement:-
So, d =200-20-14 = 166 mm..

Take d=166 mm

4 .13 Design of shear wall.
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\

Fig.(4.20) Shear Diagrams
Fc =24 MPa

Fy =420 MPa
=30 cm .shear wall thickness

Lw = 6.6 m .shear wall width

\685. 044
__.\6800

\\2081.63

\3700.7

\
e NG

\
\H794

\8’768

Hw for one wall = 3.6 m story height

4.13.1: Design of the Horizontal reinforcement:

Internal forces & moments:

D Fx=Vu=832.73KN

4.13.2: Design of shear

hy 6.6
2 2
S

= 3 m

Bl =6

= =10 .8m
%) 2

die= 0.8 2 v = 0 .8x 6.6

control

=58.28 it
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=——————“£C'xbxd

V oe
TR RS 5 g 410G = 1320 KN
Nifc iabx d N xd
o = A
c2 4 4XL“,
Assume RE, =0
a e 3
V =\/24 = 0Esh xS 28 x 10 T

c2 4

(\/__, 2><NJ .

x h
0

I 2 M

<Mu L, >:7.53>0
2

14
V., =Will apply

[«f_ 66«/_+O)}<O.3x5.28

753 10

x10* = 1090 KN (control )

Viss = Vn — Ve 1
(83295 "/M0NTS )= 1090 = 20%303% N
(Av j Vs 0.020306

= : = =29 157 * 1088~ G
S 2 By d 420 *5.28

A
( sz );—_ 0.0025 * & =0.0025 *.3 =.00075 m°>

S 2 = ﬂ}— = 6600 /5 =1320 mm

52 =3%h=3%300 = 900 mm

113

——=0.00075 — S2 =150 .6mm

S 2

Select —— S2 =15cm < Sreq =15 .06 cm
S 2selected =15cm < 90 em < 132 cm

use —— 2912 @ 15 cm (¢ / ¢)in 2layer
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. Usedl2@15CM c/c For the reinforcement in two layers (horizental )

4.13.3: Design of the Vertical reinforcement:-

j
b = (0.0025+052.5— A _0.0025))8,1,
1 g S

b PGS

W

IL 6.6

w

Avn=0.0025% S, x ~

S, = —31—Lw = % x 6600 = 2200mm

BMTE>10.5

S =3xh=3x%x300=900mm
Select 2412 With area As=226mm’

113=0.0025x S, x300
.8, =150.66mm

Select S, =15cm <30.1cm
S =15¢m <90cm < 220cm

Select 2@ 12 / 15cm. In tow layer

4.14 Design of Retaining wall:-

4.14.1 Estimation of dimensions for Retaining wall.

{
|
]
]
i
i
t
|

7

&5
N
A
>
Py ,/(’
7,
\\;\\1

0\ X4 / >\/\

{b/3) ] »\:/\{\ / \\(,\\'q
AR MR
f\. 0 N NA \ \\\ \\

NRL
Y,

Z20/;
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4.14.2 Loads calculation:-

(N7

- <

Y.

YA

e

B EE,

L [l

0.

1222, <
o5l Py

-y soil =18 kN/m?® (Unit weight of the soil).
-P=30°,

-fy = 420 Mpa.

- ,'= 24 Mpa.

-Allowable Bearing capacity = 300KN/m?.
W- =width*length* y
W1=0.25%3.5%25=21.875

W, =0.5%0.15%3.5%25=6.563
W3=2.2%0.5%25=27.5
W4=0.5%0.15*3.5%18=4.725
Ws5=1.3%3.5%18=81.9

We=1.45%5=7.25

W 0r=149.813 KN/m

Ka= (1-sin30)/(1+sin30)= (1/3)

Kp= 1/Ka=3

Py1=0.5% y*K,*h’=0.5*18*(1/3)*0.4%=48
Pu= K *P*h=(1/3)*5*4=6.667
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P,=0.5*% y*K,*h?=0.5%18*3%(0.6>-0.1%)=9.45

F;=summation of force against sliding

F,=summation of force with sliding

F1=W to* 4 +Pp=0.5%149.813 +9.45=84.357

F7=P,+P»=48+6.667=54.667

**Factor of safety against sliding= F1/F> =84.357/54.667 =1.54> 1.5 ........... ok

M;= summation of moment against sliding

M,= summation of moment with sliding

M;=21.875%((.25/2)+0.5) + 6.563*%((0.15/3)+0.25+0.5) + 27.5*%1.1 +
4.725%(((2/3)*0.15)+0.25+0.5) + 81.9%((1.3/2)+0.4+0.5) +
7.25%((1.45/2)+0.25+0.5)

=190.827 KN.m
M, =48*1.333 + 6.667*(4/2)

=77.334 |
** Factor of safety against over-turning = 190.827/77.334 =2.47>2 ............. Ok

4.14.3 Check the pressure at the footing base:-

mu 190.827 —77.334

. = 0.758m
vu 1149.813
ex=1.1-.758 =0.342m < % = ;26—2 =0.36fm. .= ok
Pu Pe(ll2) 149.813 (149.813*0.342 * (2.2/2)
B + (X = + =131.6.KN/m? <150......8
s o B T T T 1%2.2° /12 ) e <l
_Pu_ Be(l/2), 149813 (149.813*0342%(22/2). :
e o 1%2.2° /12 el

The Largest value of Q pu is less than the allowable Bearing capacity...... OK.

4.14.4 Design

o Design of Toe:-

v’ Shear design
Slope=(131.6 — 4.581)/2.2 = 57.736
Qu at face=131.6 — (0.5*57.736) =102.732 KN/lTl2
Qu at face = 102.732kn/m2
*d=500-75-(20/2)=415mm
Quata=131.6 -0.085%126.629
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Vi ara =16 {(( 131.6+126.6292)/2) *0.085 - (12.5%0.085)} =15.86 KN.
O Ve = (0.75/6)%2405*1%0.415*10°=254.134 KN

v’ flexure design

2MR =0.0 :
M, =1.6{ (1376-102.736)/2) *0.5%2/3)*0.5) + (102.736*(0.572)) - (12.5%0.5212)

M, =21.895 KN.m
h =50,
so d=50-7.5-1=41.5 cm.

B2 895107
bd>  0.9*1*(0.415%)

Rni= =0.141Mpa .

m= b4 =20.59.
0.85 fc!'

% 5, %
o =i(l— 1_2 m Rn)
i 1Al

1 2*%20.59%0.141 i
o =—(1-.[1- =34*%107",
Preg m( \/ 420 )

ds:..., =p*b*d =3.4*%107 *1000*415=1.41cm* /m..

1.3 *As g = 1.3%1.41=1.833 cm®/m
Select 1.3As eq = 1.833 cm? /m.

~Chick the Value of Shrinkage & Temperature Reinforcement:-
AS (shrinkage) = 0.0018 * b * h =0.0018 * 100 * 50 =9 cm? /m
AS (shrinkage) = 9 cm” /m > 1.3 * As req = 1.833 cm® /m.

Use AS (shrinkagey = 9 cm®/m. ... P16 @ 20cm .
~This reinforcement must provided for Bottom part (Bottom Reinforcement) of the
JSooting.

~In the other Direction provide Shrinkage & Temperature Reinforcement:-

AS (shrinkage) = 0.0018 * b * h=10.0018 * 100 * 50 =9 ¢cm? /m
Use As (shrinkage) = 9 CEr . ... ¢16 @ 20cn; .

e Design of Heel:-

v' Shear design
Wu=1.2(3.5*18 + 0.5%25) + 1.6%5=198.6
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Vyata =98.6 *(1.3-0.415) =87.261
O Ve = (0.75/6)*24"0%%1%0.415*10°=254.134 KN

v’ flexure design
2MR =0.0
M, =98.6*1.3
M, =83.317 KN.m
h =50,
so d =50-7.5-1=41.5 cm.
Mn 83.317*107

) S — 0.538Mpa .
" b T 09%1%(0.4157)
). )50,
0.85f¢'

o =i(l— 1_2 m Rn)
sl ) fy

1 2*%20.59*%0.538 a1
=== =13*%107"
Preq m( \/ 420 )

As..,, =p*b*d =13%107 ¥1000* 415 = 5.4cm? / m..

1.3 *AS 1eq = 1.3*5.4=7.02 cm*/m

-Chick the Value of Shrinkage & Temperature Reinforcement:-

AS (shrinkage) = 0.0018 * b * h = 0.0018 * 100 * 50 = 9 cm? /m

As (shrinkage) = 9 sz /m>1.3* As req = 7.02 sz /m.

Use As=9cm’*/m.  ........ #16 @ 20cm .

-This reinforcement must provided for Bottom part (Bottom Reinforcement) of the

JSooting.

~In the other Direction provide Shrinkage & Temperature Reinforcement:-
AS (shrinkagey = 0.0018 * b * h =0.0018 * 100 * 50 =9 cm?/m

USC AS (Shrinkagc) == 9 sz /ln. ........ ¢1 6 @ 200’72 &

o Design of stem:-
v Shear design
Pa1 =0.5%k, * y *h’=5*%(1/3)*18*3.52=36.75
Pai =ka * b*h =(1/3)*5*3.5 =5.83
P ot =42.58
Vu=1.6 ¥42.58 =68.128

b Ve = (0.75/6)%24"%5%1%0.315*103=192 9 KN
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v’ flexure design

SMR = 0.0
M, =1.6 { (36:75*3.5/3)+(5.83*3.5/2) } =84.924 KN.m

sod=40-7.5-1=31.5cm.
o -3
Mn 84.924*10 — 0.538Mpa.

= = ~
bd*> 0.9*1%(0.315%)

m= b =20.59

1 2% m* Rn
= i /1_———_
preq 772( _]5/ )

1 2*%20.59%0.538 Sl
Preg m( V 420 )

s =p*b*d =13*10"* *1000*315 =3.15cm* /m..

1.3 *As req = 1.3*5.4=7.02 cm® /m
-Chick the Value of Shrinkage & Temperature Reinforcement:-
AS (shrinkagey = 0.0018 * b * h = 0.0018 * 100 * 40 = 7.2 cm® /m
AS (shrinkage) = 7.2 cm® /m > 1.3 * As req = 7.02 cm? /m.

Use As=72cm’/m.  ........ ¢14@20cm .

-In the other Direction provide Shrinkage & Temperature Reinforcement:-

AS (shrinkage) = 0.0018 * b * h=0.0018 * 100 * 40 = 7.2 cm? /m
WSePAS chodkace) -2 0mM2/m. ... #l4@20cm .

-In the horizontal direction used 0.5 As in vertical direction
Use ¢10@ 20cm .
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