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Eng. Mai Alhadad

Abstract

The idea of this project can be summarized by preparing the Structural
analysis and design for G. Hotel which is expected to be built in Bait Sahour.
the project is consisting of basement floor, six floors, and a roof, the total
area of the building is 8248 meters square, the design of the project is based
on the multiplicity of spatial cluster and distributed consistently aesthetically
and functional. We used ACI-318 code and structural designing programs
such, ATIR, AutoCAD (2013), Etabs, Safe, and we studied some old
graduation projects, and the project will include detailed structural study of
identified and analysis of the construction elements and the expected
various loads, and then the structural design of elements and the
preparation of shop drawings based on the prepared design.

God grants success
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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 =area of 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 Cs=compression resultant of compression steel.

e DL =dead loads.

e d =distance from extreme compression fiber to centroid of tension

reinforcement.

e Ec = modulus of elasticity of concrete.

e f.: = compression strength of concrete.

o fy = specified yield strength of non-prestressed reinforcement.

e h =overall thickness of member.

e Ln =length of clear span in long direction of two- way construction,

measured face-to-face of supports in slabs without beams and face to
face of beam or other supports in other cases.

e LL=liveloads.

e Lw =length of wall.

e M =bending moment.

e Mu = factored moment at section.
e Mn = nominal moment.

e Pn =nominal axial load.

e Pu =factored axial load

Vil



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.

€c = compression strain of concrete = 0.003.

& = strain of tension steel.

€ = strain of compression steel.

p = ratio of steel area.
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4.1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls,

tunnels, and others.

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

which can provide the needed strength in tension.

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

frequently admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes
and specifications that give design procedures are continually changing to reflect latest
knowledge.
Structural concrete can be classified into:

= 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 Requirements

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 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
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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.
v' Code:-

ACIl 2008
v Material:-

Concrete: -B350
fc'= 35N /mm?(MPa) For circular section
but for rectangular section ( fc'=35*0.8 = 28MPa).

Reinforcement steel: -

The specified yield strength of the reinforcement ( fy = 420 N/mm? (MPa) ).

v' Factored loads: -

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

Wu=1.2DL+16LL ACI-code-318-08(9.2.1)

4.3 Check of Minimum Thickness of Structural Member:

Minimum Thickness of Non pre stressed Beam or One-Way Slabs Unless Deflections
are Calculated. (ACI 318M-11).
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Table (4.1): Check of Minimum Thickness of Structural Member

Minimum thickness( h)

Simply One end Both end
Member supported Continuous continuous Cantilever
solid one way
slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

For Rib:

hminfor (one end continuous) =L/18.5=6.31/18.5=34.2 cm .

Takeh =35cm

27 cm block + 8 cm topping = 35cm
For Beam:

hminfor (simply supported )=L/16=5.85/16=36.5 cm
Take h =50cm
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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.

\\Y N

qpiz

Fig 4.1: Topping Load.

v" Load Calculations:-

Dead Load:-

Table (4.2): Dead Load Calculation of Topping

0.03*23*1 = 0.69 KN/m

0.03*22*1 = 0.66 KN/m

0.07%16*1 = 1.12 KN/m

0.08*25*1 = 2.0 KN/m

1.5*1=1.5 KN/m
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Live Load:
L. =5 KN/m?

L. =5 KN/m?x1m=5KN/m

Factored Load :-

Wy = 1.2 x5.97 + 1.6x5 =15.164 KN/m

Check the strength condition for plain concrete, gM, > My, where g = 0.55

Mn=0.42 1 \/f] Sm(ACI 22.5.1, equation 22-2)

B b.h® B 1000.80°

. = 1066666.67 mm”
6 6

5

@Mp =0.55%0.42x1x/28 x1066666.67 x10~° =1.304 KN.m

My = “”f—i = 0.2022KN.m (negative moment)

My=22 = 0,101 KN.m (positive moment)

-

gMp>> My = 0.2022 EN.m

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

Pshrinkage= 0.0018 ACI7.12.2.1
As= pxbxhiopping =0.0018 x1000x80 = 144 mm?/m
Step (s) is the smallest of:

1. 3h=3x80=240 mm control ACI1 10.5.4
2. 450mm.

3. 5=380(%%) —2.5¢ = 380 (;B“

::

= ) — 2.5.20 = 330mm ACI 10.6.4

41
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Take @ 8 @ 200 mm in both direction , S = 200 MM <Smax =240 mm ... OK

4.5 Design of One Way Rib Slab

Requirements For Ribbed Slab Floor According to ACI- (318-08).

BW = LOCIL. ..o, ACI (8.13.2)

B 3 W e ACI (8.13.2)
Select h=35cm<3.5*12= 42 cm
> Ln/12350Mm oo, ACI (8.13.6.1)

Select tf=8cm

v Material: -

= concrete B350 Fc¢' = 28 N/mm?

= Reinforcement Steel fy = 420 N/mm?
v' Section: -

= Be = 520mm

= Bw= 120 mm

= h= 350 mm

= t=80 mm

= d=350-20-10-18/2= 311 mm
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v" Statically System and Dimensions:

Geometry Units:meter,cm

1 2
: A . A —
& T A e
\O 21 3.81 1. l 2.14 ‘ 0.6 J
s 4.41 ‘ ‘ 2.94 ‘ ‘
} 0. % {
35.
12.
A-A
Loading
load group no. 1
Dead load - Service Units:kN,meter
5.3 5.3
4.41 2.94

Live load - Service Load factors: 1.20.1.20/1.60.0.00

~

4.41 2.94

Fig 4.2: Statically System and Loads Distribution of Rib(R3)
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Load Calculation:

Dead Load:-

Table (4.3): Dead Load Calculation of Rib

Dead Load /rib = 5.23 KN/m

Live Load: -
Live load = 5 KN/M?

Live load /rib = 5 KN/m? x 0.52m = 2.6 KN/m.
+ Effective Flange Width ( b.):-ACI-318-11 (8.10.2)

b For T- section is the smallest of the following: -
b =L/4=580/4=145cm
be =12+ 16t=12 + 16 (8) = 140 cm

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

be For T-section = 52cm.
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Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 2

-19.7
-11.1
-7.3
| 0.991.94 J
f | 1
N } } } }
\ 0.78/0.89 o
1.8 I [ ! 27
55
17.2
1.76 l 2.65 1.91 1 1.03
I T I T
Shear
-27.5
-19.
-10.7
-4.3
} }
14.7 13.6
18.9 22.1
Reactions
Factored
— 1 1 ]
[ L I 1
DeadR 11.15 29.79 5.19
LiveR 7.8 19.75 5.5
MaxR 18.94 49.54 10.69
MinR 10.74 36.93 3.13
Service
DeadR 9.29 24.83 4.32
LiveR 4.87 12.34 3.44
MaxR 14.16 37.17 7.76
MinR 9.03 29.29 3.03
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v" Moment Design for (R3):-

Design of MAX Positive Moment for Rib:- (Mu=17.2 KN.m)
Assume bar diameter g 16 for main positive reinforcement
d =h- cover - dstirrups- dv/2 = 350-20-8-16/2=314 mm
Check if a>hs to determine whether the section will act as rectangular or T- section.

Mnf =0.85. £/ b, . h. (d — L)

M = 0.85x28x520x80(314-80/2)x10"° = 271.28 KN.m
Mn> Mu/@ = 20.23 KN.m
So the section will be designed as rectangular section with be =520 mm.

Rn =M/ @ .b.d? =17.2x10"° /(0.9x520%284%)= 0.4556 Mpa.

_ fy _ 420
0.85f)  0.B5%28

= 17.647

) Zm
p= i(l - J1-% “""“) =0.0011

! 420

Asreq = p.b.d = 0.0011x520x314= 180.71 mm?

Check for As min:-

[

.4 fc )
As min = ) (bw)(d) ACI1-318 (10.5.1)

V28
4(420)

As min=

(120)(314) =118.7mm?
.14
A =— (bw)(d
S min (fy)( w)(d)

As min = i‘—;) (120)(314) =125.6mm*controls

ASreq = 180.71mm? >Asmin=125.6 mm? OK
Use 2 @ 12 ,Asprovided= 226.2 MmM?>As required= 171.54 mm?2... Ok

S=120-40-12-(2x12)/1= 44 mm >dp>25mm.
Use 2012@ 40mm .
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Check strain :

dnew =350-20-8-12/2=316 mm

a=As.fy/ 0.85.be.fc’=226.2x420/0.85%x120x28=33.26mm.
X=a/p =33.26/0.85=39.13mm.

€=0.003.(d-a/a) = 0.003x%((286-39.13)/39.13)=0.0189>0.005 OK
Design of Max Negative Moment for (Rib): - (Mu=-11.1 KN.m)
Assume bar diameter g 16 for main positive reinforcement
d =h- cover - dstirrups — d/2 = 350-20-8-16/2= 314 mm
Rn = My/ @ .b.d? =11.1x10"® /(0.9x120x314%)= 1.04 Mpa.
fy 420

m= F= = 17.647
0.85f,  0.85x28

1 Zm.R
p=;(1— f:L—u) = 0.0025

Y 420

As req = p.b.d = 0.0025x120x314= 95.66 mm>

Check for As min: -

As min = /i (bw)(d) AC1-318 (10.5.1)
4(fy)

J28
4(420)

As min= (120)(314) =118.68mm?

.14
A =——(bw)(d
S min (fy)( w)(d)

As min = i—;) (120)(314) =125.6mm? controls

ASreq = 95.6 mm? < Asmin= 125.6 mm? OK
Take ASmin=125.6 mm?

Use 2 @ 12 ,Asprovided= 226.2 > ASmin 125.6 mm?Z... Ok

S=120-40-12-(2x12)/1= 44 mm >d,>25mm.

Use 2012@ 40mm .

47



Chapter 4 structural analysis and design

Onew =350-20-8-12/2=316 mm

a = As f,/ 0.85.be.fc’= 226.2x420/0.85x120x28=33.26mm.

x=a/p = 33.26/0.85=39.13mm.

£=0.003*.(d-a/a) = 0.003x((286-39.13)/39.13)=0.0189>0.005 OK

v" Shear Design for Rib :

Vu at distance d from support= 19 KN

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

Ve = 1/6* [ fc’ *bw*d = 1/6* /28 *120*314*10=33.23 KN
@V, =0.75x33.23 =25 KN
0.5 0 V¢ =0.5%25 =12.5 KN

Case (2) for shear design, minimum shear reinforcement is required (4, ,.:» ), exception for
Ribbed slab , No shear Reinforcement .

Use stirrups U-shape as montage (2 leg stirrups )@8 @ 250 mm , Ay= 2 x 50.24 = 100.48
mm?.

A, 2;5”;3 = 401.92 mm?/Mstrip

4.6 Design of Beam

v Material :-
= concrete B350 Fc¢' = 28 N/mm?
= Reinforcement Steel fy = 420 N/mm?
v' Section :-

= B=60cm
= h=50cm
= d=500-40-10-25/2=437.5 mm

48



Chapter 4 structural analysis and design

v" Statically System and Dimensions:-

Geometry Units:meter,cm

1
T N T
L4 [ Aj [ -
0.25 5.6 0.25
— —
5.85
} {
50,
60.
A-A
Loading
load group no. 1
Dead load - Service Units:kN,meter
840
24.4
'7_12(]
5.85
Live load - Service Load factors: 1.20,1.20/1.60,0.00

Fig 4.4: Statically System and Loads Distribution of Beam (B11 Ground)
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v" Load Calculations:-

Dead Load Calculations for Beam(B11 Ground):-
The distributed Dead and Live loads acting upon (B11 Ground) can be defined from the support
reactions of the R3.

Dead Load:-

Dead Load Calculation of Beam(B11 Ground):
Own weight of beam = (0.5*25*0.6)=7.5 KN.

From Rib3
The maximum support reaction from Dead Loads for R3 upon B1l Ground is 4.3
KN, The distributed Dead Load from the R3 on B11 Ground.

DL =(4.3/0.52) = 8.26 KN/ m

Self-weight of beam =7.5 KN / m
DL =8.26 +7.5=15.76 KN/ m

Live Load calculations for Beam (B11 Ground) :-

From Rib3
The maximum support reaction from Live Loads for R3 upon B11 Ground is 3.44 KN

The distributed Live Load from the Rib3 on B11 Ground is.

LL =3.44/0.52 = 6.6 KN/m. Total
LL =6.6 KN/m
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Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 1

211

2.92 25?-7

2.93

211

Shear

-139.4

-172.8

139.4
172.8

Fig 4.5: Shear and Moment Envelope Diagram of Beam (B11 Ground)

v Moment Design for (B11 Ground):-

Flexural Design of Positive Moment for(B11):(Mu=252. KN.m)

Determine of Mn max
d =500 — 40 —10 — 25\2 = 437.5 mm

3 3
x=—¢gd =—=% 4355 =187.5 mm
7 7

a=B.x =187.5% 0.85 = 159.375 mm
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Mnmax= 0.85% f, *a *b*(d - = ) =0.85*28*159.375*800*(437.5 ~159.375/2 )*10°

[N

= 1085.76 KN.m

@ Mnmax = 0.82* 1085.76 = 890.32 KN.m > 678.7 KN.m .

Design as singly reinforcement

Rn = My/@.b.d? = 252.7*%10% 0.9*600*437.52 = 2.45 Mpa.

m=—22_ = _*° _ 17647
E'.BEfE. L85 =28

1 | Zm.R
p=—[1- [1—-="22) = 0.00615.

m N 420

As = p.b.d = 0.00615x600x437.5 = 1615.8 mm?

Check for Asmin:
f !
Asmin= Y (bw)(d) = Y28 _*600*437.5 = 826.79 mm?
4( fy) 4420
ASmin = ﬁ(bw)(d) = £*600*437.5: 875 mm? Controls
(fy) 420

As= 1615.8 mm?> As min OK

Use 40 25 Bottom, Asprovided= 1962.5 mmM?>As required= 1615.8 mmZ... Ok

Check spacing :-
S = (600-(40*2)-(10*2)-(7*25))/3 = 108 mm> db > 25 mm

Use 4925 @100mm.

Check for strain:-

d = 500-40-10-25/2 = 437.5 mm
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a=As .fy/ 0.85.be.fc’= 1962*420/0.85%x600x28=57.72 mm.
X =57.72/0.85=67.9 mm

€=10.003* ((436 —127.84)/127.84) = 0.0163 > 0.005 OK

v" Shear Design for (B 11 Ground):-

for shear design, minimum shear reinforcement is required (4, ,,.;», ), Reinforcement.
Use stirrups (4 leg stirrups ) 810 , A, = 4 x78.5 = 314 mm?
Vu=139.4 KN.

Ve=zyfcb, d=2315KN.

@ Vc=0.75*%231.5=173.6 KN

Case (2) for shear design, minimum shear reinforcement is required (4, ,.:» ), exception for
Ribbed slab , No shear Reinforcement .

Use stirrups U-shape as montage (2 leg stirrups )@8 @ 250 mm , Ay= 2 x 50.24 = 100.48
mmZ.

A, 2;5”;3 = 401.92 mm?/Mstrip .
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4-7 Design of Column (C37)

v' Material :-
= concrete B350 Fc' = 28 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

v Load Calculation:-

Service Load:-

Dead Load =1481.4 KN
Live Load =753.2 KN

Factored Load:-
Pu=1.2 x1481.4+ 1.6x753.2 =2982.8 KN

v" Dimensions of Column:-

Assumepg = 0.01
¢*Pn=0.65x0.8x Ag{0.85 fc (1- pg) + 09 * Fy}

2982.8 = 0.65*0.8*Ag(0.85*28*(1-0.01)+0.01*420)
Ag=206.62 mm?2

Assume Rectangular Section
h =500 mm
b =206.62/500 = 413.24

45

Fig 4.6: Column section (C37)
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v" Check Slenderness Parameter:-

ﬁ<34—12ﬂs40
r M 2

Lu: Actual unsupported (Unbraced) length.
K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length

factor k, shall be permitted to be taken as 1.0.
r : radius of gyration = \/'IA\: ~03h ... For rectangular section

Lu=3.6-0.35=3.25m
M1/M2 =1
K=1 for braced frame.

e about Y-axis (b= 0.50m)

@<34—12ﬂs40
° r M2

o (1*3.25)/(0.3*0.5) = 21.6<22

Column Is Short In Y-axis

e about X-axis (b= 0..45m)

w<34—12£s40
° r M 2

o (1*3.25)/(0.3*0.5) =21.6<22

Column Is long In direction x
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v Minimum Eccentricity: -

Mux

ey=—--=0
min ey = 15+0.03*h = 15+0.03*450 =30 mm
ey=0.0285m

v Magnification Factor:-

5.——CM  -10and <1.4
. Pu
0.75P,

Cm=0.6 + 0.4[&j >0.4
M 2

Cm=06+04*1=1>=0.4

3 2El
T (KLu)?

Ec.Ig

El :0'41+,|5‘d

Ec = 4700,/fc’ = 4700+/28 = 24870 Mpa

. 1.2D1

Bd =——=(1.2*%1418.4)/2982.8= 0.6 < 1

Pu

Ig = %z (0.5%0.5% /12 = 0.00521 m?*

Ei=(0.4*24870%0.0052)/(1+0.6)= 32.4 MN.m?

Pcr =30.3 MN

éns= 1151=1 & =14
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v" Interaction Diagram:-

ey=e, . *5,. =0.03*1.151=0.03453 m

== 0.07
k

350—2+40-2+10-20
330

=0.657

Y-
h

From the interaction diagram chart
From chart A9-a for i =0.6— pg=0.01

From chart A9-b for o= 0.75— pg=0.01
Then for o= 0.657— pg =0.01

Select reinforcement
Ast = pg* Ag = 0.01*450*500=2250 mm?
Select 140 16 with Asp, = 2513.27 mm?>Astreq = 2250 mm?

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 <40 cm

Use @10 @ 20cm .
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0 Ao

45

37 37
42 3

42

Fig 4.7: Column Reinforcement Details. (C37)
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