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Abstract

The structural design of An-Najah National University Museum Structural design is
the most important design needed for the building after architectural design, because
Distribution of columns, calculation of loads, maintenance of durability in the best
economic way, and the highest levels of safety and safety rest are the responsibility of
the structural engineer.

The idea of our project is summarized in the structural design of the An-Najah
National University Museum, consisting of two floors, each containing rooms for
administration, health facilities and an elevator, in addition to the presence of stores, a
movie theatre, computer and other facilities carefully designed to provide comfort, ease
and speed for users to access them.

Where the project will be structurally analysed, and the loads will be analysed and
calculated and designed in accordance with the Jordanian code to determine live loads,

and earthquake loads.

Also, we used ACI-318 code and structural designing programs such as, Atir,
AutoCAD the project will contain columns, beams, slabs, foundation, and other

structural.

God grants success
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List of abbreviation:

o L =live loads

o DL =dead loads

o Ac = area of concrete section resisting shear transfer.

o As = area of non-prestressed tension reinforcement.

o As = area of non-prestressed compression reinforcement.
o Ag = gross area of section

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

o b =width of compression face of member.

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

o C.=compression resultant of concrete section.

o Cs=compression resultant of compression steel.

o At =area of one leg of a closed stirrup resisting tension within a (S).

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

reinforcement.
o Ec =modulus of elasticity of concrete.
o f.'=compression strength of concrete.
o fy = specified yield strength of non-prestressed reinforcement.
o h=overall thickness of member.

o 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.

o Lw = length of wall.



M = bending moment.

Mu = factored moment at section.

Pn=nominal axial load.

Pu=factored axial load.

S = Spacing of shear in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

gc = compression strain of concrete = 0.003.

&s = strain of tension steel.

&s = strain of compression steel.

p = ratio of steel area.
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Chapter Four

Structural Analysis and Design

4.1

4.2

4.3
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4.7
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Design method and requirements

Slab Thickness

Design of Topping.

Load calculations for one-way Ribbed slab.

Sample Design of one-way Ribbed slab (Rib ).

Sample Design of Beam (Beam 12).
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4.1 Introduction:

e Reinforced concrete (RC) is a composite material in which concrete's relatively low tensile strength and ductility
are counteracted by the inclusion of reinforcement having higher tensile strength and/or ductility. There are several

examples of RC structures such as: bridges, buildings, retaining walls, tunnels, and many others.

e Concrete is a construction material composed of cement (commonly Portland cement) as well as other cementations
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.

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

e Structural concrete can be classified into:

o Lightweight concrete with unit weight from about 1350 to 1850 kg/m3
o Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
o Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3

In This Project, one type of slabs: ribbed slabs. it would be analyzed and designed using engineering software such as
atire to calculate the internal forces, deflections, and then hand calculation would be made to find the required steel for

some members.

In this Chapter, we will show the design procedure for several structural members of our project, so we will discuss the

steps that we followed to design the Ribs, beams: slab.

This chapter presents a sample calculation related to one of the preceding members contained in this project. All

structural members will be designed according to the design code (ACI- b318-19) code.

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 (318-19).

Y1



4.2.1 Strength design method:

In Strength design method which formally called ultimate strength design method, the service loads are increased
by factors to obtain the load at which failure is occurring.

This load called factored load or factored service load. The structure or structural element is then proportioned
such that the strength is reached when factored load is acting. The computation of this strength takes into account

the nonlinear stress-strain behavior of concrete.

The strength design method is expressed by the following «

Strength provided > strength required to carry factored loads .

Materials: -

1. Concrete: B300 .... fc' =30 0.8 = 24N/mm?(Mpa)
2. Reinforcement steel: The specified yield strength of the reinforcement

3. fy=420N/mm?(Mpa)

4.2.2 Factored loads:

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

Wu = 1.2DL + 1.6LLACI — code — 318 — 19.
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4.3 Slab Thickness:

Table 1-4: - Minimum Thickness of Non-prestressed Beam or One-Way Slabs Unless Deflection calculated. (ACI 318-
19).

Minimum thickness (h)
Member Simply On(_a end BOt.h end Cantilever
supported Continuous continuous
solid one-way slabs L/20 L/24 L /28 L /10
Beams or ribbed L/16 L/18.5 L /21 L/8
one-way slabs

Table (4.1): Check of Minimum Thickness of Structural Member

e For Ribs: -

h minfor (Both end continuous) =L/18.5=6000/21=285.7 mm ------ control
e For Beams: -

hminfor (one end continuous) =L/18.5=6000/18.5=324.3mm.

hminfor (both end continuous) =L/21=5500/21=261.9mm.

Take h = 32cm.

24 cm block + 8 cm topping = 32cm

4.4 Design of Topping:

Statically System for Topping: -
Consider the topping as strip of (1m) width, and span of mold length with both ends fixed in the ribs.

vwu

- 40 cm -

Fig 4.1: Topping Load.
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Load Calculations: -

e Dead Load:
No. Part of Rib Calculation
1 Tiles 0.03*23*1 = 0.69 KN/m
2 Mortar 0.03*22*1 =0.66 KN/m
3 Sand 0.07*17*1=1.19 KN/m
4 Topping 0.08*27*1=2.16 KN/m
5 partition 2.3*1 =23 KN/m
Sum = 7KN/m
Table (4.2): Dead Load Calculation of Topping.
e Live Load: -
LL =4KN/m2

LL =4 KN/m2x1m=4 KN/m

e Factored Load: -
Wu=1.2x7 + 1.6x4=14.8KN/m

Check the strength condition for plain concrete, eMn > Mu, where ¢ = 0.55-for plain concrete

Mn =042 A \/fc'Sm

_ b.h* _1000.80

= =1 . 3
Sm G G 066666.67mm

oM, = 0.55%0.42*1*/24 *1066666.67 * 107°=1.207 KN

WU.L? _ 14.8.0.04%
12 12

ﬂMn>> IVlu OK

Mu = = 0.197 KN.m

No reinforcement is required by analysis. According to ACI (318-19), provide Asmin for slabs as shrinkage and

temperature reinforcement

pshrinkage= 0.0018 ACI (318-19)
Y4



As = pxbxhigpping =0.0018 x1000%x80 = 144 mm?m

Step (s) is the smallest of:
1.  3h=3x80=240 mm control ACI (318-19) 10.5.4

2. 450mm.

280

3. s=1380 (f—s)—z.scc

= 380 <;8° > — 2.5 %20 = 330 mm ACI (318-19) 10.6.4

*420
3

Take g 8 @ 150 mm in both direction, S = 150 mm< Smax = 240 mm

4.5 Design of One-Way Rib Slab

Requirements for Ribbed Slab Floor According to ACI- (318-19):

BW > LOCIIL. ..o ACI (318-19) (8.13.2)

B 3 W oo ACI (318-19) (8.13.2)
Select h=32cm<3.2 *12= 38.4 cm.
> Ln/12250MmM o, ACI (318-19) (8.13.6.1)

Select tf=8cm.

Material: -
e concrete B300 Fc' =24 N/mm2
e Reinforcement Steel fy =420 N/mm?2
Section: -



e B=520mm

e Bw=120mm

e h=320mm

e t=80mm

e d=320-20-10-12/2=284mm

Statically system and Dimensions:-

B10-1 T

B 11-1

I

! Be-
:

Load Calculation: -

| Jiles 3 cn

\NMoctart 3

| Coarse Sand 8l 7 crur

LR Concrete Topping 8 cm
| Conrete Block

R Concrete Kib

\Plaster e

R " . L R

Typical Section In Ribbed Slab

Fig 4-2: Typical Section in Ribbed slab

Dead Load: -

R



No. Part of Rib Calculation
1 Tiles 0.03*23*0.52 = 0.359 KN/m
2 Mortar 0.03*22*0.52 = 0.343 KN/m
3 Sand 0.07*17*0.52 = 0.619 KN/m
4 Topping 0.08*27*0.52 = 1.123 KN/m
5 RC-Rib 0.25*27*%0.12 = 0.81 KN/m
6 Block 0.27*10*0.4 = 1.08 KN/m
7 Plaster 0.03*22*0.52 = 0.343 KN/m
8 partitons 1.5*%0.52 = .78KN/m

sum 5.457KN/m

Table (4.3): Dead Load Calculation of (Rib 1)
Dead Load /rib = 5.457KN/m

Live Load: -

Live load = 4 KN/m?.
Live load /rib = 4 KN/m? x 0.52m = 2.08 KN/m.

Effective Flange Width (be): ACI (318-19) (8.10.2)
bg for T- section is the smallest of the following: -

bg =L/4=2600/4 =65cm.
bp=12+16t=12 + 16 (8) = 140 cm.
bg = be < center to center spacing between adjacent beams = 52 cm. Control

bg For T-section = 52cm.

By using ATIR Program we get the envelope moment and shear force diagram as the follows: -
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Figure (4.3): Moment Diagram For Simply Supported Rib.

4.6 Moment Design ( Rib 1)

Design of Positive Moment for (Rib1): -
(Mu=15. 7KN.m)
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Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirrups - dz—b = 320-20-10-12/2= 284 mm.

Check if a>hf to determine whether the section will act as rectangular or T- section.

hf
Mnf = 0.85. fc’. be. hf. (d - ?)

80
= 0.85.24.520.80. (284 — 7) *107% = 207.06 KN.m

Mn>> % = % = 17.44KN.m , the section will be designed as rectangular section

with be =520 mm.

oy Mu___15710°
"= 0b.d? 095202842 pa.
fy 420
- - =206
M= 085.fc’ 08524
i, |, _zmRe)_ 1 22060415 _ o
b= 220 |~ 206" 420

ASreq = p.b.d=0.00099%520%284 = 146.205mm?

Check for as min: -

ASpin = g(bw)(d) ACI (318-19) 10.5.1.

A



V24
= 3209 (120)(284) = 99.37 mm?

ASpmin = %(bw)(d)

14 B ,
= @20 (120)(284) = 113.6mm .... controls
ASyeq =146.20mm? > Asp, =113.6mm? ... OK

Use 22 12, ASprovided » = 226.2mm? >AS,equirea = 146.20mm?

g — 120-40-20-(2+12) _

- 36mm > dp, =16 > 25mm .... OK

Check for strain: -

__Asfy _ 2262420
47 085.b.fc' _ 08552024 0 mm

_a _8.95_1052
“TB1 085 T Uemm

314-10.52

g, =0.003 (?) = 0. 003( 10.52

) —0.086 > 0.005

Design of Negative Moment for (Rib 15):
(Mu = - 14.7KN.m)

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstirrups - & = 320-20-10-12/2= 284 mm.

o My 14710°
=0 b.dz . 09120284z OoMP%E
420
m=_JY =206

~ 085 fc'  0.8524

. OK

.. OK



=0.004

1 ) 2m.Rn\ 1 ) 2.20.6.1.68
m 420 _20.6( 420

ASyeq = p.b.d=0.004x120x284 = 136.32 mm?

Check for As min: -

ASpin = %(bw)(d) ACI (318-19) 10.5.1.

V24
T 4(420)

(120)(284) = 99.37 mm?

Aspin = 755 (bw)(d)

= (:;,) (120)(284) = 113.6 mm? .... controls

ASpeq =194.26 mm? > Asp;, =1136.... OK

Use 2 8 10, ASprovided » = 136.32mm? >AS,equirea = 113.6 mm? ... OK

g = 120-40-20-(2+10)
- 1

=40mm .... OK

Check for strain: -
As.fy  136.32.420

47 085.b.fc' _ 0.85.120.24 mm
_a_2338_
©TB81" 085 “/rmm
g, = 0.003 (%) = 0.003 (28‘;252'5") =0.027 >0005 ...OK

Shear Design for (Ribl): -

Vu at distance d from support= 21.1KN

1



Shear strength V¢, provided by concrete for the joints may be taken 10% greater than for beams.

This is mainly due to the interaction between the slab and closely spaced ribs ACI (813-19).

1.1 1.1
Ove = 0.75 x ——/fc’ bw.d = 0.75 » — V24.120.284 * 1073 = 22.95 KN

0.5 9 Vc =0.5%x22.95 =11.47 KN
0.59Vc<Vu<g Ve
Vu> g Ve

for shear design, shear reinforcement is required (A, ) :
Vg min = =/f¢.bw.d =3 bw.d

Vs min = liex/zz; .120.284 x 1073 = 10.43 KN

1
Vsmin =7 -120.284 * 107 = 11.36

gVc<Vu <g (Vc+Vsmin) Case 11

22.95<28.7<31.47

Take (2 leg stirrups) g 10 @ 150 mm.

A —2*78'5—104719 2/m stri

V= 015 - . mm?2 /m strip

4.7Design of Beam

Material:
e concrete B300 Fc' =24 N/ mm?
e Reinforcement Steel fy = 420 N/ mm?

v
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Fig (4.4): Beam 9-1

By using ATIR Program we get the envelope moment and shear force diagram as the follows: -
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Loading

load .1
Dead load - Factored Unlts:kN,meter
924
64.6
496 206 %2
Live load - Factored
o2 s a4
4.98 3.08 492

Figure(4.5): loadings of Beam (1-9).

3213

Figure (4.6): Moment & Shear Diagram for Beam 1-9
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Load Calculations:

Dead Load Calculations for Beam (B9-1): - The distributed Dead and Live loads acting upon B9-1 can be defined from
the support reactions of the Rib 1 and Rib3.

36 83

FromRib1l DL = o5 = =70.82 KN/m
LL=""=36KN/m
FromRib3 DL =22"=51.6 KN/m
LL="2"=33.8KN/m

Moment Design for (B 1-9):

Design of Negative Moment for (B 1-9)

Assume bar diameter g 16 for main positive reinforcement
d =h- cover - dstirrups - dz—b = 320-40-8-16/2= 264mm.
Mu max= -242.2

Take 0=0.9
Assume p = 0.4 pb

Take B1=0.85

pb-O85EBl( 0 y=0.85% 2

o0re ) =0.02857

*(
420 “600+420
p=0.4%0.02857 = 0.01142

0 (1- 0.01142 %18.82)

n= ——)=0. X =4. a.
Rn=p fy (1 —2) = 0.01142 x 42 4.28 Mp

bd? Mu  242.2 x 10° b x 2632
= = = X
@Rn 0.9 x 4.28




b =1050 mm
b used =100 cm < b req =105cm
check wheather the section will be act as singly or doubly reinforcement section:

Maximum nominal strength from section condition €s=0.004
3 3

C:;d =-X 264 = 113.14mm

B1=0.85

a=B1x(C=0.85x%x113.14 = 96.169mm

Mu:0.85Fc’><a><bx(d_%)

96.169

= 0.85 X 24 X 96.169 x 1000 (264 — ) X 107% = 423.6KN2%.m

? =0.82
Mu=242.2 KN.m <@Mn = 0.82 X 423.6 = 347.35KN.m
Design the section as singly reinforcement concrete section

Mu 347.35 x 10°

Rn = - = 5.5 Mpa.

N =0 b.d? - 0910002632 > Mpa

_if,_ |, zmRn)_ 1 2¢1882+55 _
L 220 |~ 1882¢ 420 -
ASyeq = p.b.d=0.0152x1000x264= 4012.8 mm?
Check for As min: -
AS, i = %(bw)(d) ACI (318-19) 10.5.1.

V24 _ 2

= 2(1000)(264) = 769.83 mm
y L wy@)

Smin = —— (bw

™ (fy)

2 (1000)(264) = 880 mm? ... Controls

= (420)

&)



ASpeq =4012.8mm?* > Asp;, =880 ... OK

Use 180 16, ASprovided » = 40.71 cm? >AS equirea = 40.12cm? ... OK

Check for strain: -

_ As.fy 4071 .420 83.81
4= 085.b.fc’  0.85.100024 ooormm
_a _8381_
“TB1 " 085  o°T™m
g, = 0.003 (?) =0.003 (*22%) = 0.0052  >0.005 ....OK

a 83.81 e
Mu = As + fy (d - E) = 4012 = 420 (264 - ) £1076 = 374.24KN.m

Mu = 242.2KN.m < @Mu = 0.9 * 374.24 = 336.8KN.m

Check for bar placement

b_1000—40*2—8*2—18*16
B 17

Design of beam for shear

= 36.23 > 25mm ok

Critical section at distance d=264 mm

The face of support Vu max =271.9KN

Ve=1/6 WWfcxbw+d = 1/6 % 1 x /24 * 1000 * 264 * 10~(=3) = 215.5KN

Check for section dimensions:
Vs =Vs/@® —Vc = 271.9/0.75 — 215.5 = 147.03KN
Vsmax = 2/3Vfc+bw +d = 2/3 V24 + 1000 * 264 * 10~ (—3) = 862.22 KN

Vs = 147.03KN < Vsmax = 862.22KN

&y



Find the maximum stirrups spacing:

if Vs < V(s =1/3Vfc*bw *d then Smax < d/2 or < 600)

Vs =1/3Vfcxbwxd =s=1/3V24 %1000 * 264 * 10~(—3) = 431.11 KN
VS = 147.03KN < Vs = 431.11KN

Smax < 600mm ...Smax < d/2 = 264/2 = 132mm control

Check for vs, min:

Av,min = 1/16 * Vfc * bw * s/fyt

Av,min=1/3xbw*s/fyt ........ control

1
Vsmin=E* Jfcxbwxd

1
= 1_6 * V24 %1000 * 264 * 10~3 = Vsmin = 80.83 KN

Vs min=1/3*bw*d=1/3*1000*264*10" (-3) =88 KN...... control

@Ve<Vu < @ (Vc+Vs min)

0.75 % 215.5 =161.6 KN < Vu =271.9KN < 0.75(215.5+88) = 227.62 KN
or Vs=147.03 KN>Vs min=88KN.... case IV

use stirrups 2U-shape (4 legs stirrups) @8 with Av=4*50.27=201.1 mm
Av/s=Vs/(fy*d) —s=(Av*fyt*d)/Vs= (201.1*420*264)/ (147.03*10"3) =151.6 mm

take 2 U-shape (4 legs stirrups) @8 at 100mm<Smax=151.6mm

¢y



Design of column (C35):

Figure (4.7): column (c35)

Materials:

fc'=24 MPa

Fy = 420 MPa

PD =2984KN & PL =160.2KN

Pu =1.2(298.4) + 1.6(160.2) = 614.4KN

Assume rectangular section and -

OPn.max = Pu = $0.8%Ag[0.85fc (1 — py) * (P, *TY)]

¢ =0.65 — for tied column.

614.4%10° = 0.65*0.8*Ag[0.85*24(1 — 0.01) + (0.01*420)]
Ag= 48431.64 0Omm?

Ag=Db> — b=+48431.64 = COONNNN

Use 500*350 mm

Check for slenderness
$¢



Kx*lu
r

<34-12 (32) <40

e [, Actual unsupported (unbraced) length=3.7m
e riradiusofgyration of its cross section=0.3 h

e K=1.0 for columnsinnon sway frame

About x- axis:h=0.5m

(1*3.7)/ (0.3*0.5) =18.33 <22 ......... short column about x- axis

About y- axis: b=0.35m
(1*3.7)/ (0.3*0.35) =35.2>22 ......... long column about y- axis

Minimum Eccentricity:
ey=Mux/pu=0

min ey = 15+0.03*h = 15+ 0.03*500=30mm
ey=0.3m

Magnification Factor:

Sns=— _>land<14
1_—
0.75xPc

Cm = 0.6+0.4(M1/ M2) > 0.4

=0.6+0.4 (1)=1>0.4
Pcr = m?*El / (Klu?)
El = 0.4 * Ec*Ig /(1+Bd)
Ec= 4750 Vfc’ = 4750 V24 = 23270 Mpa
Bd= 12Dl = 122984 = () 58 < ]

pu . eiaa

Ilg = b*h3 /12 =0.35*0.5% / 12 = 0.0036 m*

El= 0.4 *23270*0.0036 / (1+0.58) = 21.21 MN. m?

Pcr = m2*16.3/ (1 = 3.72) = 11.75 MN

Sns = (1/(1 — (0.61414/(0.75 * 11.75)=1.1>1 ...... OK
<14...0K

Nominal axial strength in ey direction ................ Pny

ey =e min *Sns = 0.03*3.3=0.099 m

$o



ey /h =0.099/ 0.5 = 0.198
V= ((500 — 2 % 40 — 2 % 12 — 25)/500) = 0.75

From the interaction chart:

For Y=0.75 ....... LB = 2,09 Ksi
For Y=09......... 2% =21 Ksi

By interpolation:
(0.0-0.75) / (2.1-2.09) = (0.9- 0.75) / (2.1 —X)
X= %W =2102 Ksi

g

PNy = (2.102%0.5%0.35)/(0.65) = 0.565*(1000/ 145) = 3.89 MN
As reg= p, * Ag = 0.01 *350*500 = 1750 mm?’

Use 2¢ 12 with As = 2262 mm?

Design of ties:

The spacing of ties shall not exceed the smallest of:
1) 48*ds = 48*10 = 480 mm

2) 16*db=16*12=192 mm.......... control

3) Least column dimension = 400 mm

Use $p10@20cm

4.8 Design of Isolated Footing (F2):

e Service Dead load = 723.26 KN

e Service Live load = 377.84 KN

e Service surcharge = 5 KN/m?

e Allowable soil pressure (ga) = 420KN/m
e Soil Density = 17 KN/m®

e f. =24Mpa,f, =420 Mpa.

2
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Figure(4.8): F2

Assume thickness of footing = 50 cm

o Weight of footing = 0.5*25 = 12.5 KN/m?
e Weight of soil = 1*17 = 17 KN/m?
e Total load on footing = 12.5+17+5 = 34.5 KN/m?
e Net soil pressure = 420 — 34.5 = 385.5 KN/m?
Pn _ 723.26+377.84

A= =3.01m?
qa,net 365.5

Pu = (1.2%723.26) + (1.6%377.84) = 1472.46KN

1472.46

qu = =509.50 KN/m?

1.7%1.7

Design of One-Way Shear:

Vu @ distance d from the face of support:

u—qub(i—z—d)—50950 17(—7—%5—61)
ve ==/ Tbwd = V24 x 1700 + d
509.50*1.7(7—7—61)— \/_bwd— V24 x1700 * d
d=031

Ly

4 12014
/

B

T

55

10012 l
]

170

SECTION A-A




h=310-75-12 =223 mm
h =500mm

then
d=350-75-12=263

Let Vu= @V, (@ = 0.75)
VU = 509.50*[1.7*1.7 — (0.75+d) (0. 35+d)]=

= 509.50*[1.7 *1.7— (0.75+0.263) (0. 35+0.263)]=1156.05 KN

collength(a) _

p = ZenI) — 500/350 = 1.4

bo=2(0.75+0.263) + 2(0.35+0.263) =3.25m
as = 40, interior column
b. = Perimeter of critical section taken at (d/2) from the loaded area

e Vc= % (1+ %) = 0.3KN .... Control

oasxd
bo

1
e Vec= E( + 2) =0.436 KN

Where § = 0.33333

Take Vc = 0.3 v/24*be*d*10°® = 0.3v/24*3250 *263*10°° =1256.22 KN
PVc =0.75 * 1256.22 = 942.165 <1156.05 KN ...... Not OK

Try h=550 mm

d =550 -75-12 =463

bo = 2(0.75+0.463) + 2(0.35+0.463) =4.05m

Vu = 509.50*[1.7*1.7 — (0.75+d) (0. 35+d)]=

=509.50*[1.7 *1.7— (0.75+0.463) (0. 35+0.463)]=1031.8KN
Ve = 0.3 v/24*hy*d*10° = 0.3v/24*4050 *463*10° =2755.89KN

@Vc = 0.75*2755.89= 1293.225> 1031.8KN - Ok
Design for flexure in long direction:

Use steel bars @16
b=17m , h=055m ,d=550-75-16/2=415m

f.o = 24 Mpa, f, = 420 Mpa

Mu = 509.50%1.7*0.52*(0.52/2) = 117.1KN.m

LMy m7ax100
n T 0bd? 09 x 1700 x 4682 0@
420

m=o8sx24 200

¢A



_if |, _2mRe\_ 1 [ | _2x206x03
P=n 420 | 206 420

= 0.0007
As = 0.0007*1700*469 =558.1 mm?
As,min = 0.0018*1700*550 = 1683 mm?

As=558.1<As,min =1683
take AS = AS min = 1683

take 12014
As = 1847.256

Using bars of @14 instead 16 as assumed before makes the effective depth d larger so no need to check for Mn.

S = 1700—(75’;21)—(12*14) = 125.6mm

Step (s) is the smallest of:
3h = 3* 550 =1650
450 mm — control

S =125.6 < Smax =450

Design for flexure in short direction
Use steel bars @16
b=17m , h=055m ,d=550-75-12-16/2=457m

fo = 24 Mpa, f, = 420 Mpa

Mu = 509.50%1.7*0.45*(0.45/2) = 87.7KN.m

P My mrTxa0C
n T 9bd? T 0.9 x 1700 x 4572 a
=420 647
Mm=085%x30
_if |, _zmRa\_ 1 (| _2x206x027
P=n 420 | 206 420
=0.0006

e As=0.0006%1700*457 =466.14 mm?
*  As,min = 0.0018*1700*550 = 1683 mm?

€9



Take 12014

Using bars of @14 instead 16 as assumed before makes the effective depth d larger so no need to check for Mn.

_ 1700—(75+2)—(12%14) _
11 -

S 125.6mm

4.9Design of Strip Footing :-

Load calculation :
The total service Loads :
Dead load = 22.5 KN/m
Live load =5 KN/m
» For 0.6 m slide use width 1.7 m
» Assume h =250 mm
Pu = (1.2 *22.5) + (1.6*5) = 20.58
d = 250-75-12 = 163 mm

qu==t= 2222058 KN/ m?

1.7
- x (2 _h_
Vu= qu*l (2 > —d)
=20.58 *1(0.85 - 0.125- 0.163) =11.56 KN/m
1
GVe=¢ * g * b*d

=0.75* g *1000 * 163 * 10°=99.81 KN>Vu=11.56KN........ ok

so depth is enough

Design Flexuer:

Mu = 20.58*1 * ( b/2-h/2 )* ((b2-h2)12)
Mu = 20.58 * 1 * 0.725 * (0.725/2) = 5.40 KN.m
Rn = Mu/bd2 = (5.40 *106) / (0.9%1000%1632) = 0.22 MPa
m = 420/(0.85*24) = 20.6 MPa
p=1/m (1- V(1-(2*R_n*m)/fy) ) = 1/(20.6) (1- V(1-(2*0.22*20.6)/420))= 0.0007



As = 0.0007*1000*163 = 114.1 mm2
As,min=0.0018*%1000*163 =293.4 mm2.......... control
select @ 12 @ 20cm

4.10Design of Shear wall

Analysis and design were done using ETABS program in which the seismic loads were taken into account. The
following is a sample calculation for one of the walls, S.W2.[For detailed information see appendix C]

The following data that used in design:
Shear Wall thickness = h =20 cm
Shear Wall length Lw = 2.73 m
Building height Hw=28 m

Critical section shear : Lw<hw — d =0.8*Lw =0.8*2.73 = 2.184 m

4.10.1 Design of Horizontal Reinforcement
Calculation of Shear Strength Provided by concrete Vc:
Shear Strength of Concrete is the smallest of :
Ve =1/6\(fc"' )xbxd
= 1/6 V24%200x2184=356.65 kN<Controlled
Ve = (V(fcr" )xbxd) /4+(Nuxd) /4Lw
= (V24%200x2184)/4+0=534.96 kN
Ve=[N(fc*')/2+Lw(N(fc*' )+2Nu/(Lw.h)) /(Mul/Vu - Lw/2)]x(hxd)/10
Where:
Mul= 445.5 kN.m
- Mul/Vu — Lw/2= 445.5/690.52 — 2.73/2=-0.719<0 — This equation is not applicable.
~Vc= 356.65 kN— @Vc<Vumax = 690.52 kN —Horizontal Reinforcement is Required.
Vs= Vu/@-Vc= 690.52/0.75-356.65=564.05 kN
Avh/s= Vs/(fy*d) = (564.05*[(10)"3)/(420*2184)=0.615
but (Avh/s) min{/0{{=0.0025*h=0.0025*200=0.5<«Controlled.)

o)



Avh : For 2 layers of Horizontal Reinforcement

Select §10:

Avh =2 *79 = 158 mm?2

Avh/s=0.5 —Sreq=158/0.5=316 mm

Smax= Lw/5 = 2730/5 = 546 mm

= 3h =3*200 =600mm

=45cm<« Controlled.

~Select 10 @ 200 mm at each side.

4.10.2 Design of Vertical Reinforcement

Avv = [0.0025 +0.5 (2.5-hw/lw) (Avh/(Shor*h)-0.0025) |*h*Sver

hw/lw=28/2.73=10.25>2.50

Avv/Sver =[0.0025 +0.5 (0)((2*79)/(250*200)-0.0025)]*200
~Avv/Sver= 0.5

Smax =Lw/3=2730/3 =910 mm

= 3h =3*200 =600mm

=450 mm<« Controlled.

Select p12:

Avv =2*113 =226 mm2

Avv/s=0.5—Sreq=226/0.5=452 mm

~Select 12 @ 150 mm at each side.

4.10.3 Design of Bending Moment Max Mu =2059.7 kN.m

Part of Moment that resisted through Avv :

Muv =0.9 [ 0.5*Asv*fy*Lw (1-Z/(2 Lw))]

Where:

Asv=2*113*2730/200=3084.9mm?2

Z/Lw=1/(2+(0.85*p1*fc*"*Lw*h) /(Asv*fy)) =1/(2+(0.85*0.85*24*2730*200)/(3054.9*420))=0.107

& Muv = 0.9 [ 0.5*3842*420*3400 (1- 0.107/2)]= 2336.78 kN.m

Muv= 2336.78 kN.m > Mu =2059.7 kN.m

So, Boundary Element is not required. #

from ETABS ...... select 16 @ 150 mm
oy



4.11Design of Basement wall: -

Backfill weight = 18.75 KN/ m3 wall height =3.75m
Angle of friction =35 weight of surcharge hs = 5 KN/m?
f.' =24 MPa fy =420 Mpa

Co=1—sin 35=0.426
hs = (Ws/W) = (5/18.75) = 0.26m
Po = Co * W* h= 18.75 * 0.26 * 3.75= 18.28 KN/m

Poxh _ 18.28+3.75
— =

Ps =18.75* 0.426 * 0.26 = 2.1 KN/m? .
Hs = Ps*h=2.1*3.75=7.87 KN.

Ho = = 34.27KN.

Reactions:

Mu =1.6*(Ho*h / 7.5)+1.6*(Hs*h / 8) = 1.6 * (34.27*3.75/ 7.5) + 1.6* (7.87 * 3.75/ 8)
= 33.31 KN.m

Rb = 1.6*%( Ho/3+Hs/2) - Mu/h = 1.6*((34.27/3+7.87/2) — (33.31)/(3.75) = 15.69 KN

Ra =1.6*(Ho+Hs) — Rb = 1.6*(34.27+7.87) — 15.69 = 51.73 KN

Max moment where Vu = 0:

15.69- 1.6*0.5*18.28/ 3.75X.3"2- 1.6*2.1 *X=0

3.89X"2+ 3.36X -25.3=0.... X=1.9m

Positive Moment:
Mmax= 18.28*1.65 — 1.6*(0.5*18.28/ 3.75 [*1.9)] ~2*1.9/3.75+2.1* [*1.9)] ~2/2)
=36.1 KN.m
Negative Moment:
Assume Wall thickness = 20 cm with 40 cm cover and 20 mm diameter bar used in reinforcement
For Atir programme Mu negative = 58.2 KN.m
d=200-40-20/2=150 mm  .......... Take @ = 0.9 for flexure
Rn= Mu/(@b [*d] ~2)=(58.2¥1076)/(0.9 [*1000*150 ] ~2 )= 1.85 Mpa

Mu _  58.2+10%6

Rn = =
@b*d? 0.9¥1000%150 2

= 2.87 Mpa

m =420/ (0.85 * 24 )=20.6

p= 1(1 -1 —ﬂ> = 0.0073
m 420

oy



As=p*b*d= 0.0073* 1000*150 = 1095mm?2

As min for vertical =0.0015 * b * h = 262.5 mm?2

Select @ 10 @ 14

With As = 807.1 mm2 > As req = 1095mm?2

For Positive Moment:
Assume Wall thickness = 20 cm with 40 cm cover and 12 mm diameter bar used in reinforcement :

d=200-40-12/2 =154 mm ... Take @ = 0.9 for flexure

_ Mu _ 2550+10"6
@b+d2 ~ 0.9x1000%154 2

m =420/ (0.85 * 24 )=20.6

p=%<1 -1 —M> = 0.003

Rn

= 1.2 Mpa

420
As=p*b*d= 0.003* 1000*154 = 462mm?2

As min for vertical =0.0012 * b * h =210 mm?2
Select @ 12 @ 20 cm

As min for Horizontal =0.002 * b * h = 350 mm2

select ® 12 @ 15cm Horizontal Bars For Both Side.

4.12 Design of Stairs:

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

e Design of Flight: -

hmin = L /20 =268/ 20 = 13.4cm
Take h = 15 cm, but shear and deflection must be checked.

a=17/30=29.5°

o¢



1. plaster 23 $22*0.03*1 / c0s29.5° = 0.57KN/m
2. Hor. Mortar 22 0.03*22*1=0.66 KN/m
3. Ver. Mortar 22 22*0.03* (0.17/0.3) = 0.374KN/m
4. Hor.Tiles 23 0.04*23*(33/30) =1KN/m
5. Ver.Tiles 23 0.03*23*(.17/.3) =.39KN/m
0. flight 25 0.15*25*1 c0s29.5° =3.26 KN/m
7. triangle 25 0.5*0.17*25=2.12 KN/m

Sum =8.374

Table (4-4) : Dead load calculation for flight for 1 m strip

Factored loads :
Qu=1.2*8.374+1.6*4=16.44
Au=16.44*2.9/2=23.83 KN
Design:
Design of shear force:
d=150-20-(12/2)=124 mm
@*ve=0.75%1/6*V24 *1000*124=75.9 KN
75.9 KN >Vumax =23.83 KN
No Shear reinforcement is requird
Design of Bending moment:
m=fy/(0.85*fc)=420/(0.85*24)=20.6
Kn=(Mu/@)/(b*d"2 )=(23.83/0.9)/(1000* [124] ~2)=1.72 MPa
0 =1/m*(1-V(1-(2*Kn*m)/fy ))=1/19.6%(1-V(1-(2*19.6*1.72)/420))=0.0047
As req=p*b*d=0.0047*1000*124=585.8 mm"2
As min=0.0018*1000*17=306 mm~2
select @14 \20 with As=769mm”2>As req for main reinforcement
select 10 \20
Check spacing
20 cm>Smin=2.5+1=3.5 cm or 2¥1=2cm....... ok

20 cm<Smin=3*15=45 cm.....ok

00



Check strain

C=T

0.85*fc*a*b=As*fy

0.85*24*a*1000=306*420

a=6.3mm —x=a/p=6.3/0.85=7.41 mm
€5=(0.003*d)/x-0.003=0.047>0.005......3=0.9 ok

Design of landing:

Determination of landing thickness limitation of deflection
h>h minimum

hmin=1/20=268/20=13.4cm

select h=15 cm but shear deflection must be checked

loads calculation:

Tiles=0.03*23*1=0.7KN/m

Mortar=0.03*22*1=0.4KN/m

Sand=0.07*16*1=1.1KN/m

slab=0.15*25*1=3.75KN/m

Plaster=0.02*22*1=0.4 KN/m

sum=6.35 KN/m

Factor loads:

qu=1.2*6.35+1.6*4=14KN/m

the landing carries

gu=14+support reaction of flight = 14+23.83=37.83 KN/m
d= 150-20-(12/2)=124mm

Vu max =50.69-(37.83*0.124)=45.9 KN ,,,,,, Mu max = (37.83*2.682)/8=33.96 KN/m

o1



el Jual)

Slua gil) g gilidl)

c_ﬂ_\.ﬂ\ °,)

Slbagdll  o,Y

QA\)A\} JJL.AAJ\ o,y

ov



sl 5.1
- A il L) O gaa gl A cd) g g Allidara o il g cuaad) 138 A J) gl JMA e
el 8 alaita) e sl A Al Jslall slag) 8 50S 50 4l A jlesal) cillaladidll agd o)) )
Lelas 4y 5k agd 5 4 guunal) el ) Ja e ASBI LY aaadll 4y ) 5 jum g saill Jall e 50l of Y
dm\dpmwe{ﬂcﬂb}&ém@iejdwdnw\@ﬁjc@LﬁuY\)ahﬂ\‘:Jcu)’uﬂ Y
Al s a8l 5 Ly

:bua gil) 5.2

L) SalSie s iy i sl dglee A ALY 5 (5 jlerall panaall G Gansti lllia ¢ 5 o oy L)
Lolenas

Aian o ypnd Jib g 5 el 488 jall laladall i g5 el 2 pmy Y

Q) 2l Glanal Ja g pal) g laladially o il of 5 2l e ol 330 G e (udige 253 52 ey LW
& sl

el ally pduadd) 5.3

21990 (¥ (lae ¢,V ila sl oLl Gulaa s 58l s Jlaa¥) 058 ¢ )Y il gl el clasS Y

3. Dr. Nasr Younis Abboushi - Reinforced Concrete ,2014
4. American Concrete Institute (A.C.I), Building code Requirement for structural
concrete ACI(318-19).

oA



