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Project abstract

The idea of this project is summarized in the structural design of the "Office Complex

Complex in Halhul". The project objective can be summed up in the design work of all

the structural elements that the project contains, such as bridges, columns, foundations,

walls and other structural elements.

The building is located in the city of Halhoul. The project consists of four floors,

including the ground floor, which is the largest area, with a total area of 3313 square

meters. The total area of the floors (9130 square meters) is based on the design of the

project. Based on the multiplicity of stereotypical blocks and distribute them in a

consistent form of aesthetics and functional.

As for structural analysis and section design, the code will be used (08_318_ACI). It

should be noted that some computer programs will be used, such as:

Vi



Autocad (2014), Atir, Microsoft Office.

The project will include a detailed structural study that identifies and analyzes the various
structural elements and expected loads and then the color of the structures. The structural
design of the elements and the preparation of the plans according to the design of all the
structural elements of the building. After completion of the project, it is expected that we

will be able to provide the structural design for all elements Construction
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43 Fig. (4.1): One way rib slab

44 .Fig. (4.2): Rib 7 basment floor
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9% Fig 4.17 : Basement Wall section

97 .Fig 4.18 : Shear and moment envelop diagram

List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As =area of non-prestressed tension reinforcement.
e A = area of non-prestressed compression reinforcement.

e Ag = gross area of section.

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

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

e bw =web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e C, = compression resultant of compression steel.

Xi



DL = dead loads.
d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

fc' = 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.

L= length of clear span in long direction of two- way construction, measured
center-to-center of supports in slabs without beams and center to center of beam
or other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

M, = factored moment at section.

M, = 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.

V, = factored shear force at section.

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

W = width of beam or rib.

Wu = factored load per unit area.

¢ = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.

€5 = strain of tension steel.

xii



e ¢,=strain of compression steel.

e p =ratio of steel area .
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Chapter 4 Structural Analysis & Design

4-1 INTRODUCTION:

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

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

needed strength in tension.

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

admixtures.

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

procedures change from time to time to reflect latest knowledge.

Structural concrete can be classified into:

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

4-1-1 Design method and requirements:

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_code (318_14).

4-1-2 Strength design method:

In ultimate strength design method, the service loads are increased by factors to obtain the load at which

failure is considered to be occurring.

This load called factored load or factored service load. The structure or structural element is then
proportioned such that the strength is reached when factored load is acting. The computation of this
strength takes into account the nonlinear stress-strain behavior of concrete.
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Chapter 4 Structural Analysis & Design

The strength design method is expressed by the following, Strength provided > strength required to carry

factored loads.
NOTE:

For rectangular ( fc'=30*0.8 = 24MPa)

4-2 FACTORED LOADS:

Factored loads are the loads specified in the general building code multiplied by appropriate load
factors. Load factors also account for variability in the structural analysis used to calculate moments and

shear.

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

W, = 1.2 Dy + 1.6 L (ACI-code-318-14(Table 5.3.1Eq (5.3.1b))

NOTE:

Use concrete B300
f = 24 Mpa.

f, = 420 Mpa

fyt = 420 Mpa , will be used at design and calculations.
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4-3 SLABS THICKNESS CALCULATION:

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

Minimum thickness , h
Simply One end Both end

Cantilever
supported continuous continuous

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

Solid one way

2
Slabs b 28 s .
Beams or ribbed
one way slabs /16 L/18.5 L/21 Ls

Table (4.1): Check of minimum thickness of structural members

Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of non prestressed beams or one way slabs
unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5

=660 /18.5 = 35.5cm
The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21

= 600/21 = 28.5cm

Select Slab thickness h=35cm with block 27 cm & Topping 8cm

4-4L.OAD CALCULATION FOR TOPPING:

v’ Statically system for topping;:
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For the one-way ribbed slabs, the total dead load
as follows:

Fig. (4-1) One way rib slab

to be used in the analysis and design is calculated

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 slab.

No. Parts of Rib Calculation

1 Rib 0.12*0.27*25=0.81 KN/m

2 Top Slab 0.08*0.52*25 = 1.04 KN/m.
3 Plaster 0.02*0.52*23 = 0.23 KN/m.
4 Block 0.4*0.27*10 = 1.08 KN/m

5 Sand Fill 0.07*0.52*18=0.65 KN/m

6 Tile 0.03*0.52*23= 0.36 KN/m

7 Mortar 0.03*0.52*22 = 0.34 KN/m.
8 partition 1.5*%0.52 =0.78 KN/m

5.3 KN/m

Nominal Total Dead load = 5.3 KN/m of rib

Nominal Total live load =3*0.52=1.56KN/m of rib
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4-5DESIGN OF TOPPIN G:Calculation of the total dead load for one way rib slab is

shown in the following table:

Table (4 — 2) Calculation of the total dead load for two way rib slab
Dead load:

.No Parts of Rib Calculation
1 Tiles 0.03*23=0.69 KN/m
2 Mortar 0.03*22=0.66KN/m
3 Coarse Sand 18*0.07=1.26KN/m
4 Topping 25*0.08=2KN/m
5 Partitions 1.5*1=1.5KN/m
6.11 KN/m

Dead Load =6.11 KN/m
Live Load = 3*1=3 KN/m
W,=12DL+16LL
=12*6.11+1.6*3=12. 132KN/m. (Total Factored Load)

Wy k2 12132047

M, = 2 - 12 = 0.162 KN.m

M, = f*S

bh?

= 042./f * o= 0.42 V24 * * 103 = 2.194 KN.m

1+0.082
6

@M, = 0.55 % 2.194 = 1.207 KN.m
dM, = 1.232 KN.m > M,, = 0.1704 KN.m

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

provided.

For the shrinkage and temperature reinforcement :-

p = 0.0018 bh

A; = 0.0018 * b x h = 0.0018 * 1000 * 80 = 144 mm?.
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#0f g =22rea = 1 _ 5 98, Spacing(S)
Apar 50

280 280
— <380 (52)-25%C < 380 ()
=380 * (222) - 2.5% 20 <380 * (22)

3y 3y

_ * (280 \ o cwon o % o 280
380 (§*420) 2.5 %20 <380 (g*420

)

=330 mm. <380mm.
— <3*h=3*80=240mm........... controlled.
— <450 mm.

~Use3 ®8 @ 20 Cm C/C in both directions.

4-6DESIGN OF RIB 7 (ONE WAY RIBBED SLAB ):

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

Gne way rib slab Shiinkage & Temperatuer Bar's N\

Hollowe Block (28em ) —

“Fig. (4.1): One way rib slab.
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4-6-1PLAN OF RIB 7.

IEORRAEERR, - gmyrem ~N 1
:7 | I i -_ %
! _Q ] N\
-l\ —-\ -

Fig. (4.2): Rib 7 basment floor.

4-6-2LOADS OF RIB:
Material :-
concrete B300 Fc' =24N/mm?2

Reinforcement Steel fy =420 N/mm?2
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Section :-
b =12cm bf=52 cm
h =35cm Tf=8 cm

S| SR8
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Fig 4.3: Geometry of rib and its dimension.

1 2 3
T A T A T A bt
‘0.6‘ 5.4 \ 0.8 ‘ 5.1 \ 0.8 ‘ 5.1 \ 0.8 ‘
I I 6 1 I I 59 I I 59 I 1
—= | | |
35.
12.
A-A
Loading
load group no. 1
Dead load - Service Units:kN,meter
5.30 5.30 5.30
6.1 5.9 5.9

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

L | Lle.slei L | | ilésgei | L ilésgsi L

Figure (4-4): loading of Rib (R7)
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Moments: spans 1to 3
-33.8 -32.
-21.5 -23.5 -21.9 -20.1
| 1'4212'59 | | 11'4 |
! ‘ ! ! 2.49! !
k= —— —— I
1/05/1.36 1.
6. 1.31
11.7 8.
26.6
2.44 3.66 \ 2.95 | 2.95 \ 3.54 . 236
I I I I I
Figure (4-5): Moment Envelop of rib (R7)
Shear
-32.6
-29. -27.1
-23.6 21.7
-18.2
— ! ! ! !
I I I I 1
224 197 5 24.1 28
7.7 .
315
Figure (4-6): Shear Envelop of rib (R7)
Reactions
Factored
—t 1 | 1 1 | 1 1 |
[ L 11 1
DeadR 15.58 42.21 40.99 15.06
LiveR 6.82 18.02 17.68 6.65
MaxR 22.4 60.24 58.67 21.71
MinR 14.88 48.81 47.51 14.32
Service
DeadR 12.99 35.18 47 34.16 12.55
LiveR 4.26 11.26 11.05 4.16
MaxR 17.25 46.44 45.21 16.7
MinR 12.55 39.3 38.23 12.09
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4-6-3DESIGN OF FLEXURE FOR RIB (7):

4-6-3-1DESIGN OF NEGATIVE MOMENTS:

Maximum negative moment MU© =235 KN.m.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=350-20-10 %: 314 mm.

6
My 235x10°  _ 5 Mpa

RN=Gbd2 ~ 0.9x120x3142

m=—2_=_%2° 5,59
085, 0.85%24

1 2xKp*
pra(l- [1-amy

! <1 — 1= LM): 0.006

= 20.59 420
—As=p *b*d=0.006* 120 *314 = 226mm 2.

\/f_cl 1.4
Asmin = s *bwrd 2 mxbyxd (ACI-10.5.1)

=2 1204314 > 4 1120 % 314307.9

T 4+420

=109.88 mm’< 125.6 mm-............. Larger value is control.

—>Asmin = 125.6 MM?< Asyeq =226mm2.

~ As = 226mm>.
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2014 =308 mm2 > Asreq =226 mm2 . OK

~Use2 D14

§ = 2@ EED = 32 mm > 25mm > dj, = 10 mmOK

— Check for strain:- (g, > 0.005)
Tension = Compression
As*fy =085*f/ *b*a

308* 420 = 0.85 * 24 *120* a

a=52.8 mm.
c= Bi =222=62.15 mm. * Note: f = 24 MPa< 28 MPa— 3, = 0.85
1 .

g, = £5*0.003
c

_ 314-62.14
62.14

*0.003 =0.012> 0.005 -.¢ =0.9 OK

(4.6.3.2) Design of Positive moment of rib (R7)

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350 - 20 - 10 ——= 314 mm.

—My max = 28.3KN.m

be < Distance center to center between ribs = 520 mm............ Controlled.
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Span/4 = 5100/4 =1275 mm.

IA

(16* ;) + by, =(16* 80) +120 =1400 mm.

IA

—beg =520 mm.

— Myy = 0.85 f + by ty + (d — L)

0'08) «103 = 23253 KN.m

= 0.85 % 24 % 0.52 * 0.08 * (0.314 o

bMps = 0.9 * 232.53 = 209.277KN.m

=~ Design as rectangular section.

Maximum positive moment MU® =29 5KN.m

m=-—2r_=_*20 _5y59
085, 0.85%24

M, 28.3x10°
R=—"%= = 0.613Mpa
"™ @bd2 ~ 0.9x520x3142 p

1 2xKp*
pra(l- [1-2am)

(1 _ J1 _ M)z 0.00148

_ 1

T 2059

—As = p * b *d =0.00148 * 520 *314 = 241.7 mm?.

420

(ACI-10.5.1)

V2 120%314 > 24120 %314
4x420 420

Larger value is control.

=109.88 mm?< 125.6 mm>.............
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—Asmin = 125.6 mm?< Aspeq = 241.7mm?,

s As = 241.7 mm?,

2 @14 =308 mm?>> ASreq = 253.1 mm?

-~ Use 2 D14

_ 120-40—(2+10)—(2+14)
- 1

S

— Check for strain:- (g, > 0.005)
Tension = Compression
As*fy =085*f/*b*a

308* 420 =0.85*24 *520 * a

a=12.19mm.
c=2=0_1434 mm.
B1 085
g5 = =°*0.003

_ 314-14.34
14.34

*0.003 = 0.063> 0.005

(4.6.3.3)Design of shear of rib (R7):-

Vu=32.6 KN.

e
(I)Vc:(b*g*bw*d
V24

6

=0.75%*

. OK.

= 32mm > 25mm > d, = 10 mmOK

* Note: f/ =24 MPa< 28 MPa— f; =0.85

~d =0.9 OK

0.12 * 0.314 *10° = 23.074KN.
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1.1* ¢ Ve =1.1*23.074 = 25.38KN.

—Check for items:-

1- Item1: V, < %.

25.38

32.6 < > =12.69.......Not satisfy

2-1tem 2 :¥%< v, < ¢V,

- 2

12.69 < 32.6< 25.38 ... .... Not satisfy

3-ltem 3 :d Ve< Vi < ¢ Ve + dVsmin
O Vsmin > - /f7 *by*d =224 * 012 *0.314 * 10° = 8.65 KN.
> $up,*d= 20%012%0314*10°= 942 KN.......... Control.
Vs min =9.42 KN.
O Ve< Vi < § Vot GVS i
253< 32.6< 25.38+9.42

253 < 32.6< 34.8 satisfy

. . Av | _ Vs
= Item (3) is satisfy — (< )= o)
Vs=( Z-ve)
¢
= (322 _30.76)=12.7 KN. *Note: V¢ = 228 = 30,76 KN.
0.75 0.75

Try ®10(2 Legs) =2 * 79 =158 mm? .

2%79%107% _ 12,7« 1073

= s=1.67Tm=1670 mm .........
S (420 %0.314)
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< 600 mm.

= Use @10 @ 15 Cm.

4-7DESIGN OF BEAM(B.F-20)AT BASMENT FLOOR SLAB:

Material:-

concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section :-

B =60 cm

h =45 cm

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one
way slabs unless deflections are computed as follow:

hmin for one-end continuous = L/18.5
=639/18.5 = 34.5 cm.

hmin for both-end continuous = 590/21

=590/21 = 28.1cm

—Select Total depth of beam h=45cm
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1 2 3 4
A “ A ™ A “ A

0.25 5.84 05 5.4 05 5.4 05 6.02 0.25

a 6.21 o 5.9 C 5.9 o 6.39 a

60.
A-A

Dead load - Service

Figure (4-7): Beam Geometry(B.F-20).

Units:kN,meter

30.0 30.0 30.0 30.0
645 645 675 675
6.21 5.9 5.9 6.39

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

6.21

5.9 5.9 6.39

Figure (4-8): Load of Beam (B.F-20)
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Shear
-165.6
-154.5 . -144.3
1061 -117.1 1332 1065 -112.J
I: T T : \ : T T =|
108.3 102.8 1159 104.9
143.1 1321 1698 1588
Figure (4-9) : Shear Envelop for Beam (B.F-20)
Moments: spans 1to 4
-177.8 -184.9
-137.8 . -1435 -150.2 | .14338
-101.2
-73.3 -73.6
| 1'311'6 | | (DL | 11'3 |
! ! ! " 109! ! "/ 175! !
U [ [ [ |
T NI IR
132 137
54.3 51.1
132.9 142.1
| 248 | 324 266 | 265 325 | 3.83 256 |

Figure (4-10) : Moment Envelop for Beam (B.F-20)

4.7.1 Design of flexure:-

4.7.1 Design of Positive and negative moment:-

—Mumax = 150.2KN.m .

bw =60 Cm. , h =45 Cm.

d = depth - cover - diameter of stirrups - (diameter of bar/ 2)

=540 - 40 - 10 -22—°= 480 mm.
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*d ==*480=205.7 mm.

Cmax =

N w
N w

amax = f1¥ Cmax = 0.85 * 205.7=174.8mm.  *Note: f, = 24 MPa < 28 MPa—f1 = 0.85

Mnmax=0.85* fo*b*a*(d-7)

= 0.85* 24 * 0.8 * 0.1748 * (0.480 - ~—= ) * 103
= 1120KN.m .
—Mnmax = 0.82 * 1120 = 918.4KN.m . * Note: €= 0.004 — ¢ = 0.82

—@PMnmax = 918.4KN.m > Mu =150.2KN.m .

= Singly reinforced concrete section.

1) Maximum positive moment MU =142 KN.m.
dMnmax = 918.4KN.m > Mu = 142.1KN.m — Singly reinforced concrete section

Mu = 142.1 KN.m .

fy 420

m=ss fe T 08524 20.59
M, _  1421x10%
Rn= @bd2 ~ 0.9x600x4802 1.142Mpa
1 2+%R,*m
==—(1 - 1-— o n
r- [1-2hemy
1 _ _ 2x1.142+2059 | _
= 2055 (1 \/1 20 ) 0.0028.

—As = p * bw *d = 0.0028 * 600 *480 = 806.4mm?2.
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fe
ASmin = 75 % bu+d = ;;:*bw*d e evneeeeee (ACI-10.5.1)
V24

14
220" 600 « 480 > 220" 600 = 480

= 840mm?<960.6mm?.............. Larger value is control.

— ASmin = 960.6mm?2>Asreq = 806.4mm?.

s As = 960.6mm?2.
_ Asreq _ 9606 _ _
# 0f d18= Ao 25aE 3.7— # of bars =4bars.

- Use 4018 — As =4 *254.5 = 1018mm?> Asreq = 960.6mm?.

Check spacing :-

S — 600—40*2—:*10—(4*18) = 142.7 mm > d;, = 25 > 250K

— Check for strain:- (¢, = 0.005)
Tension = Compression
As*fy =085*f.*b*a

1018* 420 = 0.85 * 24* 600 * a

a = 34.9mm.
c= % = % = 41.1mm. * Note: f.. = 24 MPa< 28 MPa— g, = 0.85
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g, =L+ 0.003
(4

_ 480-41.1

R *0.003 = 0.032> 0.005 -.¢ =0.9 OK.

~ Use 4D18

2) Maximum positive moment MU =543 KN.m .

dMnmax = 918.4KN.m > Mu =54.3 KN.m — Singly reinforced concrete section

Mu = 461 KN.m
_fy _ 420 _
M= ess. 08524 20.59
6
Ro= Mo _ _543x10° __ o 44Mpa

" gbd2 ~ 0.9x600x4802

1 2%Ry*
p=—(1- /1—Tm)

_ 1 <1 B \/1 B 2*0.44*20.59>= 0.00106

20.59 420

—As = p * bw *d =0.00106 * 600 *480 = 305.3 mm?2.

fe
AS i = 4\{;)*bw*d > %*bw*d ceereeeene (ACIF10.5.1)
V24 14

= * 600 * 480 > — * 600 * 480
4+420 420

= 960.6 mm?>806.4mm?............. Larger value is control.
—ASmin = 960.6mm?2< Asreq = 305.3 mm?.

~ As =960.6mm?2.
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~ Use 4018 — As =4 * 254.5= 1018mm?2> Asreq = 960.6mm? .

Check spacing :-

S = 600—40*2—120*10—(4*18) = 142.7mm > d;, = 25 > 250K

— Check for strain:- (¢, = 0.005)
Tension = Compression
As*fy =085*f.*b*a

1018* 420 =0.85 * 24 * 600 * a

a = 34.9mm.

=22 = g1.1mm. * Note: f, = 24 MPa< 28 MPa— f8, = 0.85

Ne)

C =

(=]

a

B1

g, =L+ 0.003
(4

_ 480-41.1

Al *0.003 = 0.032 > 0.005 -.¢ =0.9 OK.

~ Use 4918.

3) Maximum negative moment = 150.2 KN.m .
dMnmax = 918.4KN.m > Mu =150.2KN.m — Singly reinforced concrete section

Mu =150.2KN.m
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fy _ 420 _
M= ess. 08522 20.59

M 150.2x10°
Rp=—% = =1.21M
" Bbd2 T 0.9x600x4802 pa

1 2xRp*
p=ia1- [1- )

_ 1 <1 B \/1 B 2*1.21*20.59>= 0.003
20.59 420

—As = p * bw *d = 0.003 * 600 *480 = 864mm?.

fe
ASpm = WJ:) xh,*xd > }—: shy*d eoeennnn...(ACI-10.5.1)
_ V24 14
= 7oazo 600 %480 = -+ 600 * 480
= 960.6 mm?>806.4mm?............. Larger value is control.

—ASmin = 960.6mm?< Asreq = 864mm?2.

~ As = 960.6mm?2.
# 0f D18 = Asreq % = 3.7— # of bars = 4 bars.
bar

~ Use 4018 — As =4 * 254.5= 1018mm?2> Asreq = 960.6mm? .

Check spacing :-

S — 600—40*2—120*10—(4*13) = 142.7mm > d;, = 25 > 250K
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— Check for strain:- (¢, = 0.005)
Tension = Compression
As*fy =085*f.*b*a

1018* 420 =0.85 * 24 * 600 * a

a = 34.9mm.

34.

= e 41.1mm. * Note: f. = 24 MPa< 28 MPa— B, = 0.85

N}

Cc =

(=}

a

B1

g, =% 0.003
(4

_ 480-41.1

il *0.003 = 0.032 > 0.005 -.¢ =0.9 OK.

~ Use 4018

4-8 DESIGN OF COLUMN IN BASEMENT FLOOR (Group 11)

Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v Load Calculation:- (From Column Group 11)
Service Load:-

Dead Load = 3808KN
Live Load = 1270 KN
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Factored Load:-

Pu = 1.2 x3808+ 1.6x1270= 6600 KN

v" Dimensions of Column:-

Assumepg =0.017
¢*Pn=0.65x0.8x Ag{0.85 fc (1- pg) + pg * Fy}
6600=0.65x 0.8x Ag{0.85*24(1-0.017) +0.017*420} «1 o9

Ag= 466745.6 mm2
Use dimantion 700*700 with Ag = 490000mm2 > Ag required

v" Check Slenderness Parameter:-

m < 34—12E <40
r M2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor.

R: radius of gyration = \/L\: ~03h .o For rectangular section

Lu=6.4m
M1/M2 =1
K=1 for braced frame.

e about X-axis

Klu 24 1oML 4o
r M 2 62
1x64 _13.9,

0.7*0.7
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Column Is Long About X-axis

e about Y-axis

m <34—:|.2ﬂ <40
r M2

1x6.4 —13< 22
0.7*0.7

Column Is short About Y -axis

v" Minimum Eccentricity:-

mine =15+0.03xh=15+0.03x700=36mm = 0.036m

e =0.036m

v" Maagnification Factor:-

s5.——CM __ ~10and<1.4
Pu

~ 0.75P,

Cm=0.6+0.4 M1 =04
M 2

Cm=06+04*1=1>=04

_ 7’El
“ (KLu)?
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E.l
El =04—2%
1+ B,

E, = 4700,/ fc' = 4700x /24 = 230252Mpa
_12DL  1.2*(3808)

~0.69<1
Pa="py 6600
3 3
| ZDxh®_700X700° _, 1 o s
12 12
£y 04x280252x2.00 oo
1+0.69
2 *1
p, =7 108995 _o5o63Kn
(1*6.4)
O = 1 =14>10and <1.4
" 6600 = -
0.75% 26263

Interaction Diagram:-

e, x5, =0.036x1.4 = 0.0504m
e _ 0.0504 _ 0072
h 0.7
700—-2*40—-2*10—-25
7 = = 0.8
700
$*Pn _ Pu _ 6600*10°

= *0.145=1.96KSI
Ag Ag 700*700

¢*Pn

Fory — 0.8and% — 0.072and —1.96

p» =0.015
As =0.015*700*700 = 7350mm4

USE 24 ¢ 20 With As > As required
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v" Design of the Stirrups:-

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

spacing<16xd, =16x2.0=32cm
spacing<48xd, =48x1.0=48cm
spacing < leastdim = 30 cm

Usegl0@ 20 cm

4-9DESIGN OF STAIR:

P . /"‘ \: ‘\\
A NP
/ N
!
\
AN / /'f
\\ ™ . b //_, o
Fig 4.11: Stair Plan.
«» Material :-
— concrete B300 Fc' = 24 N/mm?
=  Reinforcement Steel Fy = 420 N/mm?

1- Design of Flight :-
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v Determination of Thickness:-
hmin = L/20
hmin = 2.4/20 = 12 cm
Take h=15cm
The Stair Slope by 0 = tan™(16.4/ 30) = 28.66°

v" Load Calculation:-
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Fig 4.12: Stair Section.
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Dead Load For Flight For 1m Strip:-

No. | Parts of Flight Calculation

1 | Tiles 23*0.03*1*(0.35+0.164/0.3 ) = 1.18 KN/m
2 Mortar 22*0.03*1*(0.3+0.164/0.3 ) = 1.02 KN/m
3 Stair 25*0.5*%0.164*1 = 2.05 KN/m

4 R.C 25*0.25*1 / cos 28.66 = 7.122 KN/m

5 Plaster 22*0.015*1 / cos 28.66° = 0.37 KN/m

Sum 11.7 KN/m

Live Load For Landing For 1m Strip =5*1 =5 KN/m

Factored Load For Flight :-

Wy = 1.2 x11.7+ 1.6x5 =22.04 KN/m

v’ System of Flight:-

Load the flight to the middle of the landing , then load the landing to the shear wall
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Moment/iShear Envelope (Factored)

Units:kN,meter

Structural Analysis & Design

Momenis: spans 1to 1

| |

| pa— 1

. 242 45{.9 243 |

_Shear
-28.8
—
.--""-P---
.-"'"F-
- -"'FFF--
T
=
.--""'-F--
.--"'F---
_—"'"P---
T |
_Resctions
Factored
| |
[ 1

DeadR 16.64 7.7
LiveR 1047 11.13
Max R 271 Z8.84
Min R 271 Z8.84
Senvice
DeadR 13.87 14.75
LiveR .54 8.86
Max R 20.41 2171
Min R 20.41 21.71

Fig 4.13: Shear and Moment Envelope Diagram of Flight
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1- Design of Shear for Flight :- (Vu=28.8 KN)

Assume bar diameter g 12 for main reinforcement

d =h- cover—dz—"z 150—20—12—2= 124 mm

Ve ==./fc'by, d = V24 * 1000 * 124 = 101.24KN

® V.-0.75* 101.24 = 75.93 KN >Vu =28.8 KN...... Thickness Is Enough

2- Design of Bending Moment for Flight :- (Mu=48.9KN.m)

_ My, __ 48.9x10°
T @bd2 T 0.9x1000x1242

= 3.5 Mpa

Rn

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

p= l(l - 1= Z.m.Rn> — L(l _ ’1 _ 2X20.6><3.5> = 0.009
m 420 20.6 420

Asreq = p.b.d = 0.009 x1000x124 = 1116 mm?

Asmin= 0.0018*1000*250 = 450 mm?

ASreq =Asmin=450 mm°......... is control

Check for Spacing :-

S =3h = 3*250=750 mm
280
g* 420

S = 380*( ) —2.5*20 = 330
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S =450 mm
S=330 mm ......... is control
N=591.36/113.1=5.2

Use 6 bars/Im strip ... or
Use ﬂlz @ 150 mm y As’provided: 754 mm2>AS’requ|red: 59136 mmz... Ok

Check for strain:-

_ Asfy _ 754x420

= - = = 15.52 mm
0.85b £/~ 0.85x1000x24

a _ 1552

c=—=——-=18.25mm
B, 085

d— c> 0 (174 —18.25

& = 0.003 (T 18.25 ) = 0.0256 > 0.005 ...... Ok

3- Lateral or Secondary Reinforcement For Flight :-

Asreq= Asmin =0.0018*1000*250 = 450mm?

USG ﬂlO@ 150 mm y As'provided: 530 mm2>A5’required: 450mm2... Ok
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v Design and System of Landing:

Parts of
No. | Landing Calculation
1 Tiles 22*0.03*1=0.66 KN/m
2 Mortar 22*0.03*1=0.66 KN/m
4 R.C 25*0.25*1=6.25 KN/m
5 Plaster 22*0.015*1= 0.33 KN/m

Sum 7.9KN/m

Table (4.3): Dead Load Calculation of Landing.

Calculation of thickness :

hmin = L/20

hmin = 2.4/20 = 12 cm

Take h=15cm

v" Load Calculation:-

Dead Load For Landing For 1m Strip = 7.9 KN/m
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Live Load For Landing For 1m Strip = 5*1 =5 KN/m (service )

Reaction From Flight:-

DL =15.21 KN (service)
LL =6.5 KN (service)

DL=1521/13=117KN/m
LL=6.5/13=5.00KN/m

Moment/Shear Envelope (Factored)

Units:kN,meter

Structural Analysis & Design

Moments: spans 1to 1

— 568

Fig 4.14: Shear and moment envelop diagram
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1- Design of Shear:- (Vu=56.9 KN)

Assume bar diameter g 12 for main reinforcement
d =h- cover —% =150 - 20 —12—2 =124 mm
Ve==./fc'b, d == <V24 1000 * 124 = 101.24 KN

®* V;-0.75*% 101.24= 75.93 KN>Vu =56.9 KN...... Thickness Is Enough

2- Design of Bending Moment :- (Mu=56.6 KN.m)

Assume bar diameter g 12 for main reinforcement

d =h- cover — £ = 150 — 20 — 22 = 124 mm

2 2
_ My __ 56.6x10°
Rn= @bd? ~ 0.9x1000x1242 4.09 Mpa
420
Jy = 20.6

m= ; = =
0.85f  0.85x24

p=l<1_ 1_%> =L<1_\/1—M> = 0.0109
m 420 20.6 420

Asreq = p.b.d = 0.008x1000% 124 = 992 mm?

As min =0.0018*1000*150 = 270 mm?

Asreq =270 mm-......... is control

Check for Spacing :-
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S =3h =3*150 =450 mm
280

S =380*(3 ) —2.5*%20 = 330
3 * 420

S =450 mm

S§$=330 mm ......... is control

USE ﬂlO @ 20 mm y As’provided: 392 mm2 /m >As’required:270mm2... Ok

Check for strain:-

_ Asfy 392x420

= - = = 8.084 mm
0.85b f! = 0.85x1000x24

a  8.084
c=—=—=95mm
B,  0.85

(124 —-9.5

d—c
& = 0.003 (T) = 0.003 95

) = 0.0361 > 0.005 ...... 0k
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214820
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- / \ \
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Y]
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I =1.21 m (U-Hook)

010815,/ m |,

Fig 4.15: Stair Reinforcement.
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4.10 DESIGN TWO WAY RIBBED SLAB

LL =5 KN/m? Fc' = 24 N/mm?Fy = 420 N/mm?

* Tiles, 3 cm .

* Mortar,2 cm .

e Sand,7 cm .

* Plaster 2 cm, .

* Partitions, 2.4 KN/m? .

1. Minimum thickness (deflection requirements): Assume the thickness for the shown ribbed slab ,

h=35cm.
33 B F-B33Es CS8E i
R o 1 45 2 01
e
C89E
i
mf| o b—
o
2 ) —
. L
L | ey
m
T TOAR
[F v 4 B &E /'f _/‘AB
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Check for the minimum thickness of the slab:

3 3
bh 60%35
bb16= 75 = :2 =214375cm*

3 3
lorsa= S = So® = 28583333 cm

3 3
o= o = 2235 = 285833.33 cm

3 3
bh 60%35
lbras= 7 = 1‘2 = 214375cm*

Note : For simplification Assume this panel is rectanqular ( this will give me additional safe )
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The moment of inertia for the ribbed slab is the sum of moment of inertia of T-section ribs within a
distance (L/2 + bw )

be = 52cm
_40%8x4+12%35+14 7160_967
Y=g a0+12+35 740 M
_52%9.673  2x20%1.673 = 12+25.333
IriB = - =

3 3 3

=15673.33 - 62.099 +65007.8
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=80619.03cm*

Note : All beams here are exterior beams

Short direction, L=8.5 m =850cm

I RIB*(3+b w)
S— bf

=782934.81 cm*

= 80619.03 * (850/2 + 80)/52

Long direction , L=10m =1000cm

| I RIB*(3+b w)
sS— bf

=899212.25 cm*

= 80619.03 = (1000/2 + 60)/52

— Ibf-b1a __ 285833.33

Of = = = 0.365
1= Igshort ~ 782934.81
Iy 214375
(ng — bf-b34 — — 027
I short  782934.81
Ibf—b 214375
O3 = ——E = = 0.24
Is Long 899212.25
T 285833.33
af4: bf-b32a — — 0.31
Is Long 899212.25
Ofm = Oy + Oppt Ogst Olga/4
=1.185/4 =0.296
2> 0.296>0.2
Ln(0.8 + LX)

h 36 + 56 (afm — 0.2) — .

In,lon 10
B= -~ =117
In,short 8.5
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h

420

1000(0.8 + 1)

=34.086cm < 15cm ok

T 36+5#1.17(0.296 — 0.2)

take slab thickness h slab = 35 cm

Topping =8 cm

Hollow block = 27 cm

v" Load Calculation:-

Quality
Num Material Density Calculation
KN/m3
1
tiles 22 22 *0.03 *0.52*0.52=0.178
2 Morter 22
22 *0.02*0.52*0.52=0.119
3
sand 18 18 * 0.07 * 0.52 * 0.52 = 0.34
4 topping 25 25*0.08 * 0.52 * 0.52 = 0.541
5
rib 25 25*0.27 *0.12 * (0.52 + 0.4) = 0.7452
6 Block 10 10*0.27*0.4*0.4=0.432
7 23*0.02*0.52*0.52=0.124
plaster 23
* * —_
8 partitions 24 2.4*0.52*0.52 =0.535
Sum 3.1383KN
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DL =3.1383/(0.52*0.52) = 11.606 KN/ m2  ( service)
DL =1.2*11.606 = 13.927 KN/m2 ( factored )
LL=3KN/m2 (service)

LL=1.6*3= 4.8 KN/m2( factored)

W= 13.927+4.8= 18.727 KN/m2

Moment calculation:

Ma = Ca*W*L%*be , Mb = Cb*W*L’b*be
La=8.5m , Lb =10m

La/Lb = 0.85

CASE 8

, Ca positive | = 0.040 Ca positive p =0.029
Cb positive p =0.017 , Cb positive | =0.022

Ma positive p = 0.029* 13.927*8.5%*0.52 = 15.17 KN.m
Ma positive | = 0.04*4.8*8.5°*0.52 = 7.2 KN.m

Ma positive =15.17+ 7.2= 22.37KN.m

Mb positive p = 0.017*13.927*10°*0.52 = 12.3 KN.m
Mb positive | = 0.022*4.8*10°*0.52 = 5.5 KN.m

Mb positive =12.3 + 5.5 = 17.8KN.m

1- Design of positive Moment for short direction (Mu=23.37 KN.m):

Assume bar diameter @16 For main reinforcment
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d = h - C - dstirups - dbarlz = 350— 20 - 10 - 16/2 :330 mm

My 2337x10°
Rn= @bd? ~ 0.9x520x330%2 0.45 Mpa.
420
Iy = 20.6

m= = =
0.85f  0.85x24

pzi(l _ 11 _m> =L<1 _\/1 _M> =0.00108
m 420 20.6 420

As=p.b.d =0.00108x520x330 = 185.9 mm?.

CheCk for As’min:'
\ fc’ N
min = —— (bw)(d) = 24 *120*330 = 115.47mm? Controls
4( fy) 4*420
1.4 1.4 )
ASmin = —— (bw)(d) = —*120*330= 132 mm
min (fy)( W)( ) 420

Asreq = 185.9mm2 >Asmin = 115.47 mm?2

Check for strain: -

_ Asfy 194x420

= - = = 7.68 mm
0.85b f, 0.85x520x24

7.68
X= — =222 = 9.03mm
B, 085

d—x 330 —9.03
& = 0.003 (T) = 0.003 (T) = 0.1 > 0.0050k
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Design for shear:

EY

£y

The shear in the slab can be Calculated using tributary area for shear (as simply supported 1m strip )
Wa for case 1 in short direction = 0.49

Wu =4.8 +13.927 = 18.727 KN/m

Vug = Wu*be((Ln/2)-d) = 18.727%0.52((8.5/2)-0.330) = 26.67 KN

gV =%,/ f'c*bw*d = 0.75*% */24*120*330%10° = 38.17 KN
gVc =26.67 KN >Vug=38.17 KN .... No need for stirrups

But Use 28 @ 15 cm
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4.11DESIGN OF ISOLATED FOOTING ( Group F11)

< Material :-
— concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

v" Load Calculations :-

Dead Load = 3808KN , Live Load = 1270 KN

Total services load = 3808+ 1270 = 5078 KN

Total Factored load = 1.2*3808 + 1.6*1270 = 6600 KN
Column Dimensions (a*b) = 70* 70 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400 KN/m2
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[
Mesh S10@20cm i il ’ Mesh £10@20cm

,"3‘
9‘\
41P1E L=5.4 o - JFos
1| I m
. 1
41218 =54 i bl ] "
. e 3 | ]!. S SESESS afbu
;? \I 4 o
! L
[ -1.08
r 2 4 SRE]

Fig 4.16 : Foundation Section.

Assume h = 105cm

Onet_atiow = 400 — 25*1.05 — 18*0.65— 25*0.2— 5= 352.05 KN/m2
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v Area of Footing :-

Pt 5078
A= = = 14.42 m?

qnet—allow

Assume Square Footing
Select B=4.95m

v' Bearing Pressure :-

qu = 6600/ 4.95 * 4.95= 269.36 KN/m?

v" Design of Footing :-

1- Design of One Way Shear Strength :-

Critical Section at Distance (d) From The Face of Column

Assume h = 105cm , bar diameter g 18 for main reinforcement  and
7.5 cm Cover

d=150-75-18 = 957 mm

B—-a
2

Vu:qu*( —d)*L

4.95-0.7

Vu =269.36*( - 0.957) «4.95 = 1438.6 KN

87
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¢.VC=¢%*\/F*bW*d

AV S 0.75*%* 24*4.95%957=2900.9KN

#NVc =2900.9KN >Vu =1439.6KN
. Safe

2- Design of Two Way Shear Strength :-

Vu=Pu-FR,

FR, =q, *area of critical section

Vu = 269.39*[4.95%4.95— (0.7 +0.957) * (0.7 + 0.957)]| = 541397KN

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

1, 2)\[,
A _¢.6(1+ﬂ—cj\/fbod
AV =¢.é( % +2)Hbod

b, /d
oV, =451 b,g
Where:-

_ Column Length (a) 700

- = - = 1.0
ColumnWidth (b) 700

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

b, =2*(95.7+70)+2*(95.7+70) =662.8cm

38




Chapter 4 Structural Analysis & Design

s =40 for interior column

Ve =¢%(1+ ﬂijﬁ b,d =%*(1+9* 24%6628*957 =1165282KN

' *
Ve =g %o |t bd= 0'75*(40 957+2)* 24*6628*957 =1510108KN
12( b, /d 12 | 6628

AV ¢.%\/fjlbod :%* 24*6628*957=776855KN

®Vc =7768.55 KN>Vu=5412.97 KN ... Thickness is enough

3- Design of Bending Moment :-

Moment at face of column in x- direction
Mu = 269.36 * 4.95 *2.125 * (2.125/2) =3010.4 KN

d =1050 — 75— 18/2 = 966 mm

_ My __ 3010.4x10°
®bd?  0.9X4950X9662

Ry = 0.72 Mpa

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

p:l<1 -1 _M> :L(l _\/1 _M) = 0.0017
m 420 20.6 420

Asreq = p.b.d = 0.0017x4950x966 = 8128.89 mm*

As min = 0.0018*5940*1050 = 9733.5 mm?

Asmin= 9733.5mm? ......... is control
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Check for Spacing :-

S =3h =3*1050 = 3150 mm
S =450 mm

S=450 mm ......... is control

Use 41918 in Both Direction, As provided=_10433.22 MM*>A required= 9733.5 mm>... Ok

S= (4950-75*2-41*18)/40 = 101.55 cm < S max .... OK

Check for strain:-

AS.
— fy = 10433.22%X420 — 434 mm
0.85b fc 0.85X4950%24
c=i=ﬁ= 51.05mm
B, 085
- 0003(d_c) =0 3(966_51'05> = 0.053 > 0.005 ......0k
& = 0. e =105 = 0. .005 ......

4- Design of Dowels :-

Load Transfer In Footing :-

®Pnb = ®(0.85fc’A, x \/%)

A;=0.70 * 0.70 = 0.49 m?
A, = 4.95* 4.95= 24.5 m?

\/Ez 1283 90752 A o
A V0.49 A

DPnb ={0.65%(0.85x24x515000x 2)}/1000=6364.8KN
DPn =6364.8 > Pu =2090.......... .ok

No Need For Dowels
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Load Transfer In Column :-

®Pn.b =0.65x%(0.85x24x515000/1000=31824KN
®Pn =31824 > Pu =2090.......... ok

No Need For Dowels

As,min for dowels =0.005* Ac = 0.005 * 700* 700 = 2450 mm2

Use 41918, As provided=_10433.22 MM*>As required= 2450 mm°... Ok

5- Development Length In Footing :-

Tension Development Length In Footing :-

9 F,
* —2—

10 Af

Ldr req — * d;(ilrpjit * db> 300mm

dab

101.55
=50.7mm

18
Ktr = 0 (Nostripes)cbh = 75 + -5 = 84mm Or cb =

ktr+cb _ 0+57

=28>2.
db 18 8>25
ktr + cb — o
db
Ly yeq = o oo+ 210% 4 18 = 444.43 mm> 300mm
Ldr available = 49502_700 -75=2050 mm
LdT available — 2050mm >ld7’€q = 444.43 mm........ OK
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Compression Development Length In Footing :-

_ 0.24xFy*dB

I—dCreq— T> 0.043*Fy*dB >200mm
Ldoreg= 222220428 = 370,36 0.043+420*18 = 325.08>200mm

LdCreq: 370.36 mm

LdCava“ab]e = 1050 - 75 - 18 - 18 = 939mm >LdCreq: 37036 MM ceeeeeee Ok

Lap Splice of Dowels In Column :-

Lsc =0.071xfyxdb = 0.071x420 x 18 = 536.76 mm > 300 mm

Select Lsc = 600 mm
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Foundation - G11

g}

L
[

.....

- ‘ 5
495
0

v
o
v

10 212.5 70 212.5 10
10 495 10
515

4.13 DESIGN THE BASEMENT WALL.

Note : Column Load On theBasement wall not included , we designed these columns

«+ Material :-

— concrete B300 Fc' = 24 N/mm?

=  Reinforcement Steel Fy = 420 N/mm?
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v" Load Calculations :-

Soil density = 18 Kg/cm3 , Surcharge = 5 KN/m?

angle of friction in soil g= 35°

the wall is Pinned-Pinned system

the backfill is dry ( No Water)

Ko=1-sing = 0.426

P1 = Kox desnsity xh x b=0.426* 18 * 3.7x 1 = 28.4 KN/m ( Due to soil )
P2 = Koxq= 0.426 *5=2.13 KN/m ( Due to surcharge)

P1l= 0.5 x3.7x23.85=44.1 KN (act at distance 1.23 m from down )

P2= 213x3.7=7.9KN (act at distance 1.85 m from down )
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Fig 4.17 : Basement Wall section

95




Chapter 4

Structural Analysis & Design

After enter these data to ATIR program

Basement
Praject: Version 12.00.045 500 .800 1
Designed by: Group

51

Code: ACI318-02
Page: 22
Date: 11/07/18

Loading
load group no. 1
Dead load - Service Units:kN,meter
/ y K I :J.—*___—l____@"_——.——_
1 1 I I |
a7
Live load - Senvice Load factors: 1.20,1.20/1.60,0.00
T

Moment/Shear Envelope (Factored)

Units:kN.meter

Moments: spans 1to 1

Shear

Fig 4.18 : Shear and moment envelop diagram
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v" Design Of Basement Wall
1- Design of Shear:- (Vu= 22.5 KN)
Assume bar diameter g 12 for main reinforcement
d =h- cover —dZ—b =250 — 75—~ = 169 mm

Ve==./fc'b, d == <V24 1000 * 169 = 138 KN

®* V-0.75* 138=103.5 KN> Vu =22.5 KN...... Thickness Is Enough

2- Design of Bending Moment ( Mu=20.8KN/m) :-

d =h- cover—dz—”= 250 — 75 —12—2= 169 mm

_ My __ 208x10°
Rn= @bd2 ~ 0.9x1000x1692 52 Mpa
420
S = 20.60

T 0.85f/  0.85%x24

p=1<1 _ 11 _%> =L<1 - /1_w> = 0.00125
m 420 20.6 420

Asreq = p.b.d = 0.00125%1000x169 = 211.25 mm?

ChECk for AS, min:'

f [
Asmin = 1 (ow)(d) = 2% *1000%169= 392.8 mm’
4(fy) 4%420
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ﬂ(bw)(d) = 14 41000%169= 449.8 mm’Controls
(fy) 420

Smin =

Use 212 @250 mm , As provided= 452 MM*>As required= 449.8 mm?... Ok

3- Design of horizontal and minimum vertical

Ash = p.b.h= 0.0012x1000x250 = 300 mm?
For each side : As = 300/2 = 150 mm?

Use 912 @ 250 mm for each side , Asprovided= 527 MM*>As required=_180 mm>... Ok

ASymin = p.b.h= 0.002x1000x250 = 500mm?Z.... 250 mm?2 for each side

Use 212 @ 150 mm for each side , As provided= 527 MM*>As required= 250 mm®... Ok
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