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Abstract

Structural design is the most important design required for any building after the architectural design, the
structural engineer designs the distribution of columns, loads and obtain durability through the lowest

costs and the highest safety.

In this project, we will make a structural design for "New Light Hotel", which consists of (eight floors), with

a total building area of 17,726 m?.

It is noteworthy that Jordan's code will be used to determine the live loads, and to determine the seismic
loads, but for the structural analysis and design sections will be the use of the US Code (ACI_318 19), it

must be noted that it will rely on some computer programs such as:

Autodesk AutoCAD 2023, CSI Safe 20, Atir.

The project will include a detailed structural study of the identification and analysis of the elements of
construction and different loads expected and then the structural design of the elements and the
preparation of shop drawings based on the prepared for all the structural elements that are structural
frames of the building, it is expected after the completion of the project to be able to provide structural

design of all structural elements with permission design.

Allah Almighty grants us success.
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Structural Analysis & Design




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:

e 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.
e Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

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).

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.

The strength design method is expressed by the following,
Strength provided 2 strength required to carry factored loads.

NOTE:



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

ACI 2008 UBC

Material:
Concrete: B300, f, = 24 N/mm?
Reinforcement steel:

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

Factored loads

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

Wu=12DL+1.6LL ACl-code-318-19

The design and construction of reinforced concrete building is controlled by the (building code
requirements for structural concrete)

(ACI 318-19) of the American concrete institute.

Concrete consists primarily of a mixture of cement and fine and coarse aggregates (sand, gravel, crushed
rock, and other materials) to which water has been added as a necessary ingredient for the chemical
reaction of curing.

This chapter start with calculate the thickness of the slab by using table 9.5 from ACI code, and make
cheek for the value, then calculate the dead load and select live load to begin analysis of the element,
after doing the analysis make the design of each structure element in the system to select the effective
section for element and its reinforcement of the profile

After make the design of section start drawing the section and show the reinforcement of every element
will be design.

The factored load on which on we based to make the analysis and design for our project member is;

qu = 1.2D + 1.6L ACI-318-19




Determination of thickness

Determination of thickness for one-way rib

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

The overall depth must satisfy ACI-318-19 table (9.5.a).

. In

One — End Continuous: h,,;, = 18E
In
Tow — End Continuous: hy,;, = 1

) In 24
Cantilever: hy,;,, = 3-8 - 0.30 cm

In
Simply S ted: = —
imply Supporte 16

Determination of thickness of two-way ribbed slab
Assume h = 32 cm

bh® 80 x 60°

— [ = 4
Iyt = Ips = = - 1440000 cm
I, =1 _br’_50x60° — 900000 cm*
bz = b3 T 5 T 12 = cm
40><8><4+32><12-32—2
= —9.82
Ye 40-8+32-12 982 cm
52%9.823 40x1.823 12 x 20.183 \
Lip = - + = 49205.5 cm
3 3 3
49205.5 x (92E n 6%5 + 80)
I, = o — 1107124 cm
49205.5 x (%5 +230 + 80)
I, = 2 — 808815 cm
49205.5 x (92E +230 + 80)
Iy = 2 — 968733 cm
49205.5 x (%5 n 62L0 n 80)
Is4 = 40 = 937980 cm




Iy

IS
1440000
%= 1107124
900000
%2 = 808815
900000
%3 = 968733
1440000
Ay = 937980 1.5
1.3+11409+15
A = 7 =12<20

According to ACl-code:

fi
L, x (0.8 + ﬁ) 9550 x (0.8 + %)
h = = 9520 =244 > 125 mm
36 +5x B X (arm—0.2) 364 5x2220 (17 02

6700
Take slab thickness 320 mm, 80 mm — topping, 240 mm Concrete Block

ACI-318-19

Selecth =32 cm

Design of one-way ribbed slab

One-way ribbed slab Design procedure is explained in the following steps

Design of Topping
Calculating of loads on topping

Material Quality Density (kN /m3) Dead Load (kN /m)

Tiles 23 23x0.03x1=0.69
Mortar 22 22x0.03x1=0.66
Sand 17 17 x0.07 x1 =1.19
Topping 25 25x0.08x1=2
Partitions 2.2 23x1=23
Y =6.84

w, =12%X684+16x3=13




Design of Shear
Shear Design Strength:

For Plain concrete section one way shear is calculated using the following equation:

PV = ¢ x 0.11 X 2 X [/ X 1000 x 80 = 0.55 X 0.11 X 1 X v/24 X 1000 x 80 x 103 = 23.71 kN

w, Xl 13x0.4
Vu = > =T = 2.6 kN

V, < ¢V,

No shear reinforcement is required

Moment design strength

_w x1? 13x04°

M, = 1 VR 0.173 kN.m/m
b x h? 1000 x 802
Sm = e = G = 1066666.7

O¢M, = ¢ X 0.42 X A X /fc' X S;, = 0.55 X 0.42 X 1 X V24 X 1066666.7 X 107 = 1.21 kN.m

M, > M,

No reinforcement is required by analysis. Provide As,,;, for slabs as shrinkage and temperature
reinforcement.

Pshrinkage = 0.0018
ACI-318-19 (7.12.2)

ASpin = p X b Xt =0.0018 x 1000 x 80 = 144 mm?/m strip
¢8 Ag = 50.27 mm?

3¢8/m with A, = 150.8 mm? / m strip or $8 @ 300 mm
Step (s) is the smallest of:

1. 3h =3 %80 =240 mm — control
2. 450mm




280 280
3. s =380 (T) —2.5C, =380 <§X420

N

>—2.5X20=330mm

Take ¢8 @ 200 mm in both directions.

Design for one-way ribbed slab

Requirements for Ribbed Slab (T-Beam Consideration According to ACI) are as follows:

b, = 10cm — selectb,, =12 cm

h <35b,=35%Xx12 =42cm - h =30cm

l
ty 2% > 43mm - tr = 8cm

Load Calculations for 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

sown in the following table:

Dead Load W =6Xyxb[kN/m]
Tiles 0.03 x 23 x0.52 =0.359
Mortar 0.03 x 22 x 0.52 = 0.343

Coarse Sand

0.07 x17 x 0.52 = 0.619

Topping 0.08 X 25 x 0.52 = 1.040
RC Rib 0.24 x 25 x 0.12 = 0.660
Hollow Block 0.24 x 10 x 0.4 = 0.880

Plaster 0.02 x 22 x 0.52 = 0.229

Interior Partitions

2.3x0.52=1.196

5.33

Factor load From ACI code

LL =3 x0.52 = 1.56 kN/m

w=12x533+16%x156=889kN/m

1
M, =8.89x24x <§ X 2.4) =17.07 kN.m

Assume bar diameter ¢12




dp 12
d = h — cover — dgtirrups — 5 = 320—20—-10 -5 = 284 mm
check if a > hs

h 80
My = 0.85 X f] X b X hy X (d - ?f> = 0.85 X 24 X 520 X 80 X (264 —7) x 106 = 190.1 kN.m

M, 17.07 _ 18.97

09 09
M

My > ?u

The section design as rectangular.

o Mu o 1707x10°
T xbxd? 09x520%2642 4
fy 420
- - = 20.59
M= 085xf,  085x 24
1 fp_zxRaxm)_ 1 f | 2x0523x2089) o
P=m y = 2059 420 Bhe

Ag =pxXbxd=0.00126 X 520 X 264 = 173 mm?

Check for A min
' V24
As min = 0.25 X Je X by, X d = 0.25 X —— x 120 X 264 = 92.4 mm?
fy 420

1.4 1.4 )
As min = f_ X b, xXd= 20 X 120 X 264 = 105.6 mm* — controls
y

As > As min
Use 2¢12 (A, = 226.2 mm?)

Check for strain:

Ag X fy 226.2 X 420
a= ; = =9mm
0.85x f, xb 0.85x%24x520
-2 =10.6
c= 5 =085 1V mm
d—c 264 —10.6
& = 0.003 x = 0.003 X ———=0.072 > 0.005

10.6




Check for shear:

V, =8.89 x 2.4 = 21.34 kN

1 1
VC=1.1xgx/1x fC’xbdez1.1xgx1xVﬁx120x264x10‘3=28.5kN

V. = 0.75 x 28.5 = 21.4 kN

1
SOV <V, < 9V,

Minimum shear reinforcement is required except for concrete joist construction. So, no shear

reinforcement is provided.

Design of two-way ribbed slab

Material Quality Density (kN /m3)

Tiles 23
Mortar 22
Sand 17
Topping 25
Partitions 2.2

Dead Load (kN /m)
23x0.03x1=0.69
22x0.03x1=0.66
17 x 0.07 x 1 = 1.19

25x0.08x1=2

23x1=23
) =6.84

It is known that the topping slab in two-way is even stronger than that for one-way ribbed slabs.
Therefore, only shrinkage and temperature reinforcement need to be provided, with the same design as

before.

Use 1¢8 / 20 cm (3¢8 / 1m), with Asp = 1.5cm?/1m in both directions




Load Calculation:

Load Calculations for two-way ribbed slab:

Dead Load W=yxV
Tiles 0.03 x 23 x 0.52 X 0.52 = 0.187
Mortar 0.03 x 22 x 0.52 x 0.52 =0.178

Coarse Sand

0.07 x 17 x 0.52 x 0.52 = 0.322

Topping 0.08 x 25 x 0.52 x 0.52 = 0.541

RC Rib 0.24 x 25 x 0.12 x (0.52 + 0.4) = 0.607
Hollow Block 0.24 x 10 X 0.4 X 0.4 = 0.352

Plaster 0.02 x 22 x 0.52 x 0.52 = 0.119

Interior Partitions

2.3x0.52x0.52 = 0.622

2.928

Factor load From ACI code

L= 2.928
"~ 0.52 % 0.52

LL=3

=10.828

wp = 1.2 X 10.828 = 12.99
w, =16x3 =48
w=1299+ 4.8 = 17.79 kN /m?

Design for flexure

Negative moments:

Mg = Cq Xw X 15 X bp = 0.081 x 17.79 X 6.70% X 0.52 = 33.64 kN.m

My = Cp, Xw X 1§ X by = 0.011 X 17.79 X 9.55% x 0.52 = 9.28 kN.m




Positive moments:

Mg g = 0.033 X 12.99 X 6.702 x 0.52 = 10.01 kN.m
Mp 4 = 0.006 X 12.99 X 9.552 x 0.52 = 3.70 kN.m
Mg = 0.050 x 4.8 X 6.702 X 0.52 = 5.60 kN.m

My = 0.011 X 4.8 X 9.552 x 0.52 = 2.50 kN.m

M, =10.01 +5.60 = 15.61 kN.m
M, =3.70+ 2.50 = 6.20 kN.m

Negative moments at discontinuous edges:

1
Maneg =75 X 15.61 = 5.20 kN.m

1
My peq =73 X 6.20 = 2.07 kN.m

Slab reinforcement
16
d=320—20—10—7=282mm

Negative moment

80
Mys = 0.85 X 24 X 520 X 80 x (282 - 7) X 107 = 188.40

dMyp > M,
Rectangular design.

For negative moment in short direction

33.64 x 10°
Rn = o x120%x 2622 = +>*
420
m= 085 x24 209
1 2 X 4.54 X 20.59
p =025 % 1—\/1— o = 0.0124

As = 0.0124 x 120 X 262 = 390 mm?
2¢16 with As = 402.12 mm




402.12 x 420

= 085 x 24 x 520~ 92
c=292_ 1903
0.85
262 — 18.73
£, = 0.003 X (W) = 0.039 > 0.005

For negative moment in long direction
10
d=300—20—10—16—7=249

_9.28x10°
™ 0.9 x 120 x 2492
420
~0.85 x 24

=1.39

m =20.59

p = 0.0034

1 1o 2 x 1.39 X 20.59
"~ 20.59 420

As = 0.0034 x 120 X 249 = 102 mm?
2¢10 with As = 157 mm

157 x 420

= 085x24x520 022

a

(249 —7.32

7323 ) = 0.099 > 0.005
Design for positive moment

Assume 2¢12 bottom bars

_AXf, | 2262%420
T 085xf/ xb  0.85x24x520

8.96

a 8.96 e
M, = As X f, X (d _E) =226.2 X 420 X (342 _T> x 1076 = 32.1 kN.m

_896_ .,
€=085

264 — 10.54

£, = 0.003 X ( —

) = 0.072 > 0.005

¢My, > M,

Select 2¢12




Check of shear

1
V. = (1.1) x (g X V24 X 264 X 120) x 1073 = 28.5 kN

Total load on the panel = 6.70 X 9.55 x 17.79 = 1138 kN
0.89 x 1138 x 0.52

Load per rib at face of the long beam = > X 955 = 27.57 kN
0.11 x 1138 x 0.52
Load per rib at face of the short beam = X670 = 4.86 kN

Vs min IS the maximum of:

1 1
Vsmin = TR f.'xb, xd= E\/16 X 120 X 264 x 1073 = 7.92

1 1
Vs min = 3% b, X d = 3% 120 x 264 x 1073 = 10.56 — controls

& (V. + Vg min) = 0.75 X (28.5 + 10.56) = 29.30

¢Vc < Vu < ¢(Vc + Vs,min)

Minimum shear reinforcement is provided for short direction (A, ;) With

02
A, = ZXTXT[: 157.1
1571 1 120
- =X —
S 3 420
S =1650mm
d 342
Smax = ST 5 T 171 mm or Smax < 600 mm

Provide stirrups 1¢p10@150 mm




Design of Beam

Service DL from the slab = 10.828 x 3.35 x 2 = 72.55kN/m
Weight of the beam = 0.6 X 0.8 X 25 =12 kN/m

Weight of the floor materials acting directly on the beam

Material Quality Density (kN /m3) Dead Load (kN /m)
Tiles 23 23 %X 0.03 x 0.8 =0.552
Mortar 22 22 % 0.03 x 0.8 =0.528
Sand 17 17 x 0.07 x 0.8 = 0.952
Plaster 22 22x0.03 % (0.8+2x0.3)=0.924
Partitions 2.3 23x08=1.84
' = 4.80

Service LL from the slab =3 x3.35%x 2 = 20.1kN/m

Service LL upon the beam = 3 X 0.8 =2.4 kN/m

Total service DL on the beam = 72.55 + 12 + 4.80 = 89.35kN/m
Total service LL on the beam = 20.1 + 2.4 = 22.5kN/m

DL =1.2x89.35=107.22

LL=1.6x%x225=36

Total = 107.22 + 36 = 143.22kN/m

Design for flexure

Negative Moment

M, = —913.4
32
d =600 — 40 — 10 — — = 534

3
Cax = 5 X 534 = 229

a =0.85x 229 =194.7

19
M, = 0.85 X% 24 x 194.7 x 800 X (534 — ) X 107% = 1387




M, > M,

e Mu _ 9134x10°
" T exbxd? 09x800x5342 4
fy 420
= = = 20.59
M= 085xf,  0.85x 24
1 1 1 2XRnXxm 1 1 1 2 X 4.45 x 20.59 0.0121
= — X — — = X — — = 0.
P=m fy 20.59 420
A, =pxbxd=00121x 800 x 534 = 5169 mm?
Check for A min
NI V24
Ay =025 x VO % b xd = 0.25 % Y2 x 800 x 534 = 1246 mm?
3 420
1.4 1.4
Agmin = — X b, X d = —— x 800 X 534 = 1424 mm? — controls
3 420
As > Asmin

Use 7¢32 (A; = 5630 mm?)
S_800—2><40—2><10—7><32

=79 > 25
6
Check for strain:
Ag X f, 5630 x 420
T 085%xf/ xb _ 0.85x 24 x 800 mm
_a 145 1706
C_,Bl_0.85_ .6 mm
d—c 534 —170.6
& = 0.003 x = 0.003 x —T706 = 0.006 > 0.005




Positive moment:

M, = 802.1
ppo_M¥ 802.1 x 10° 29 Mp
T o xbxd? 09x800x5342 ¢
fy 420
M= 085xf  0.85x 24
1 1 1 2XRnXxm 1 1 1 2% 3.9 x20.59 0.0104
= — X — — = X — — = 0.
P=m fy 20.59 420
Ag=pxbxd=0.0104 x 800 X 534 = 4443 mm?
Check for A min
JE V24
Ay =025 x VO % b xd = 0.25 % Y2 x 800 x 534 = 1246 mm?
%, 420
1.4 1.4
Agmin = — X b, X d = —— x 800 X 534 = 1424 mm? — controls
%, 420
As > Asmin

Use 6¢32 (A; = 4825.5 mm?)
S_800—2><40—2><10—6><32

=102 > 25
5
Check for strain:
__AXf, 48255 X420 _
=085/ xb 085x24x800 - mm
_a_1242_
“TB “ogs  °mm
d—c 534 — 146
g, = 0.003 X =0.003 x 2 = 0.008 > 0.005
146
M, = 288.8
20
d = 600 — 40 — 10 = =~ = 540
o Mu _ 28B8x10°
"TPxbxd? 09x800x5402 “
420
m=—1Y =20.59

T 085xf, 085 x 24




(|, _zxRnxm 1 | _2x138x2089\
= — X — — = X — — = 0.
P=m fy 20.59 420

A = p x b xd=0.0034x 800 X 540 = 1469 mm?

Check for Ag min

' V24
Je X by, X d = 0.25 X —— x 800 x 540 = 1259.7 mm?

A min = 0.25 X
smin fy 420

1.4 1.4 5
Ags min = f_ X b, X d = 120 X 800 x 540 = 1440 mm* — controls
y

As >Asmin
Use 5¢20 (A; = 1571 mm?)
S_800—2><40—2><10—5><20

=1 2
) 50 > 25

Check for strain:

B Ag X fy B 1571 x 420 4043
T 085xf/ xb 085x24x800 omm

_a 40.43 4756
c _,81 =98 — mm

d—c 540 — 47.56

Design for shear
V, = —496.7 kN
1 1
V.= 1.1xgxlxw/fc’xbw><d = 1.1><g><1><\/24><800><534>< 1073 = 383.7 kN

@V. = 0.75 x 383.7 = 287.8 kN
Vu > oV

Case IV

1
Vomin = T¢ X V24 x 800 x 534 x 1073 = 130.8 kN

1
Vsmin = 3% 800 x 534 x 1073 = 142.4 kN




PV, + PV min = 287.8 + 0.75 X 142.4 = 394.6 kN

1 1
W =5 X \f X by xd =5 X V24 x 800 x 534 x 1073 = 1046.42 kN

d(V. + V) = 0.75(383.7 + 1046.42) = 1072.59 kN

d)(VC + Vs,min) <V, < dp(V. + V) — Stirrups are required

V—V” V—496'7 383.7 = 278.6 kN

ST ¢ ¢ 075 R

A,

s fyexd

314.16_278.6><103_2529

s 420x534 cocmm
<d_534_267

smax_z— > = mm

Smax < 600 mm

Take 4 — leg stirrups ¢p10@250 mm

V, = 3333 kN

1 1
Ve= 11X 2 xAXf X by xd = 1.1x=x 1x V24X 800 X 534 x 107 = 383.7 kN

@V. = 0.75 x 383.7 = 287.8 kN
Vu > oV

Case lll

1
Vsmin = 7¢ X V24 x 800 x 534 x 10~3 = 130.8 kN

1
Vmin =7 X 800 X 534 x 107% = 1424 kN
Oy + OV min = 287.8 + 0.75 X 142.4 = 394.6 kN

¢Vc < Vu < ¢(Vc + Vs,min)
Minimum shear reinforcement is provided with

d 534
Smax SE:Tz 267 mm

Smax < 600 mm

Take 4 — leg stirrups ¢10@@250 mm




Design of Column:

Design of longitudinal Reinforcement:
Select column (C42) for design Basement floor

Pu = 7500 KN

¢ XPn=0.65%x08xA4gx (085X fcx(1—p)+pXfy)
7500 = 0.65 X 0.8 X A X (0.85 x 24 X (1 —0.03) + 0.03 x 420)
Ag = 0.445

Use 70cm x 70 cm

Ag = 4900 cm?

Check of slenderness effect:

*Lu < 34 12M1 <40
r M2~

Lu: Actual unsupported (unbraced) length.
M1 = smaller factored end moment on a compression member

M2 = larger factored end moment on compression member

K: effective length factor (K= 1 for braced frame).
r: radius of gyration = \/% ~03h

K =1.0
Lu =3.7m

Ig = moment of inertia of gross concrete section about centroidal axis, neglecting reinforcement

p D3 _70x 70° _ 2000833.3 cm*
T2 T 12 o em
A = 4900 cm4
_ [20008333
"= [T4900 M
klw _1x37
r 0202

18.3 < 22..Column is short




7500
—— % 10 = 0.8 X 4900 x (0.85 x 24 x (1 — py) + py X 420)

0.65
pg = 0.023
As,p, = 0.023 X 4900 = 112.7 cm?

Sreq

Use 24¢20 A, = 122.2 cm?

Design of the Tie Reinforcement:

Spacing < 16*db (Longitudinal bar diameter) =16*2.5=40cm
< 48*dt (tie bar diameter) = 48*1.0=48cm.
< Least dimension=60cm

Use ¢ 10 ties @ 35 cm spacing

Design of stairs:

The stairs are designed as one-way solid slab for 1-m strip and in this project the stairs are simply
supported.

Design Requirements:

Limitation of deflection

. L 53 189
Z50 =30 = 189cm

Takeh = 20cm
6 = 29

Loads:

Dead Loads:

Dead load of slab = 25 x 0.2 X ( ) — 5.7kN/ m2

cos29

Plaster = 0.02 x 23 X( ) = 0.53 KN/m2

cos29




25
Steps = 0.2 X - = 2.5 KN/m2

Sand = 0.05x 17 = 0.85 KN/m2

H —mortar = 0.03x 23 = 0.69KN/m?2

20

V —mortar = 0.03 X 23 x% = 0.46 KN/m2
33

H — Plate = 0.03 x 22 x% = 0.73 KN/m2.

20
V —plate = 002x 22X 55 = 029 KN/m2.

Total Dead Loads = 11.75 kN /m?2.

Factored dead load = 1.2 X 11.75 = 14.1 KN/m2
Live load = 5 KN/m?2

Factored live load = 1.6 X5 = 8 KN/m2.

Factor Loads:
Wu = Factored dead load + Factored live load (For one — meter of the stair slab)

Wu =141+ 8 =221KN/m

L : the length of the flight and we sum 0.4 m for each side

So L =53m.

support Reaction :
L 3.3
Ay = By = Wux§= 22.1 ><7= 36.47 KN

Using ®14 bars
d =20—2-07=173cm
Mmax = Vu X Area = 2.3 X 1.4 X 3647 = 31.6 KN.m




Design of shear :
= 94.68 KN > Vu =29.4 KN OK

No shear reinf.is required

Design of Positive Moment:

31.6

Mn =
L

=3511KN.m

9

min = 0.0033 .......control
0.0033 < 0.00386 .......... OK
Asmin =.0033 100 * 15 = 4.95 cm2
As (shrinkage) = 0.0018 * 100 * 18 = 3.24cm2.
Required As = 0.00386 = 100 * 15 = 5.79 cm2
As (provided) = 6.15 cm?2.
As (provided) = 6.15cm2 > As = 5.79 cm2
Select ® 14 .....@25cm.

Development length of the bars:
Ld = (for ®14 bars) (ACI — Table 12.2.2)

Ld = 8396 cm
Take Ld =85cm

Shrinkage and Temp. Reinforcement:
As = 0.0018 * 100* 18 = 3.24 cm2/m
As (provided) = 3.9 cm2/m

Use ® 10@20cm.




Landing design:

Dead loads

(Mortar) = 0.02 * 23 = 0.46 KN/m?2
Plate = 0.03 * 22 = 0.66

Concrete Plate = 0.18 * 25 = 4.5 KN/m?2
Plaster = 0.02 * 23 = 0.46

— D.L (per meter) = 6.08 KN/m

Live load = 5 KN/m?2
Factored dead load = 1.2 x 6.08 = 7.296KN/m

Factored live load = 1.6 * 5 = 8 KN/m

Reaction of the steps slab = 29.4 KN/m

Wu = Factored dead load + Factored live load + Reaction of the steps slab

Mu = 575KN.m

Mn = 57.5/0.9 = 63.88KN.m

req = 0.0066 > min = 0.0033
3.4s = 0.00727 * 100 *15 = 10.9 cm2
Use ®16 bars@ 15cm
As (provided) = 13.3 cm?2

Shrinkage and Temp. Reinforcement:
As = 0.0018 * 100 * 18 = 3.24cm2
As (provided) = 3.9 cm2

Use ® 10@20cm.




Design of one-way solid slab

365 018
20

select h = 20cm

dead load

slab =25x%x0.2 = 5KN/m2

plaster = 0.03x23 = 0.7KN/m2

live load = 4 KN/m2

qu =12x57+4+16x4= 1324 KN/m2
For (1m)strip = 13.24 KN/m?2

_quxl2

= 22.05KN/m

X [ KN
u =2 = 2416—
2 m

Design of shear:

0.75
d.vc = wa X V24 x 1000 X 170 x 1073 = 104.1 KN

®.vc > Vu (No shear Reinforcement)
Designe of Moment (Maine Reinforsement):

Mu = 22.05KN.m

B 22.05 .
Rn = Sox 1000 x 1702 < 107 = 0-85Mpa
420
m= 085 <24 209
1 2 % 20.59 x 0.85
p =5oes X 1—]1— — — 0.0021

Asreq = p.b.d. =0.0021x100x%x 17 = 3.6 cm2 /m

X 100 x 17 = 4.96

Asmin =
ST = 420




14 100 x 17 = 5.67
— X X = o.
420

As = Asmin = 5.67 cm2/m
so select @ 12@15cm
Secondary Reinforcement : —

AStemp = 0.0018 X 100X 17 = 3.06 cm2/m > Asmain

so select ® 8/15cm

Design of Footing

After the column load is determined, the proper footing can be designed. The following procedure
describe the analysis and design of footing (F).

Load Calculation:

Factored load = 7500 KN

Soil weight = 18 KN /m?2
Column geometry 70 70 cm

Pu = 7500 KN

Mu =0.0kN.m andsoe =0.0m

The allowable soil pressure = 400KN /m2.

Design of footing:
o ball.= 400KN /m?2

, 7500
Required(Area) = T4 %200 13.39

Try 3.8x3.8 Area = 14.44 m2

Select Foot Geometry 3.8x3.8

For the design of the reinforced concrete member factored load must be used:

Pu = 7500 KN.




Pu 7500
= 5194KN/m2.

net(factored) = 0 = 112

Determine depth based on shear strength.
Using critical section for one — way shear action and letting Vu < @Vc¢
Vu : shear force at critical section (a/2 + d)

Assume h = hmin =40cmBd =40—-7 —1 = 32cm

a+d—70+32—67
gtd=5+32=067cm

Vu =519.4 x 3.8 x0.78 = 1539.5 KN

Select Height of foot = 70 cm

Check this depth for two way shear action (punching), using critical section withd = 62cm.
VuR < @Vc

VuR = shear force at critical section (d/2)

VuR = Pu— oball[(a+d)(b+ d)].

VuR = 7500 — 519.4 x [(0.7 + 0.62) x (0.7 + 0.62)] = 6595 KN

The Punching shear strength is the smallest of:

1 2 : 1 2 _
VC:E(1+B—)>< fcxboxd:g(1+1)xmx1740><620><103:2642.5
[

1 { ag 1 /40 X 0.62

=—| =42 |XJf/ Xbyxd=—|———+2) X V24 x 1740 x 620 X 1073 = 71
ve=g3| 5ot 2 | xE bodlz( 1_74+)\/_ 740 x 620 x 1073 = 7158

d

1 _ 1
I/c=§><,/fc xboxd=§xmx 1740 x 620 X 1073 = 1761.7 — control
Where:

_a_70_1
be=3=70"

b, =2 % (2x(0.7x0.62)) =174
a= 40 for interior column

1761.7 > 1539.5 its OK

Check transfer of load at base of column:

¢Pn = ¢ X f x Ay = 0.65 x 0.85 x 30 x 700 X 700 = 8122 > P, = 7500 kN




Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:
As = 0.005 x (70 x 70) = 24.5cm2
Use 6 ® 18 dowels with = 26.6 cm2

Design for Bending Moment:

L a L a 38 0.7 38 07
Mu=P XL X (E—E) X 0.5 X (E—E> =519.4 x 3.8 X (7—7) X 0.5 X <7—7> = 2370.9
2370.9 .
Rn = 59 x 3800 x 6202 < 10" =18
420
m=085x30 104
2% 1647 x 1.8
p=rmx|1- [1- 50 — 0.0044

ASpeq = 0.0044 X 380 X 62 = 103.6 cm

V30
ASmin = 75720

X 380 x 62 =76.8

1.4
ASmin = 755 % 380 X 62 = 785

Select As = 103.6 cm2
Use 22925 As = 108 cm (Ineach way)

Check for yielding:
Tension = Compression
AgX f, =085X f/ Xbxa

10800 x 420 = 0.85 x 30 x 3800 X a

a =468
_68_

©=085 >
_ 620551 003 = 0.03 > 0.005




Design of Basement wall:

load Calculation:
_1—sin9_1—sin30_
" 14+sin® 1+sin30

e, =Y Xhxk=18x4x0.33 =23.76

0.33

ep = 12.5%x0.33 = 4.13
Thickness of wall Calculation:
Mu = 63.4KN.m

Assume p = 0.01

m = 16.5

Rn =0.01x420x (1—-0.5x16.5x%x0.01) =3.85

Rn = 3.85 = 634 x 10 = 135.3
=39 =059% 1000 x d? - o

h=1353+70+ 20 = 225mm

Select h = 25 cm

Wall Design:
* Design of tension side:
Mu =634 KN.m

63.4

Rn = x 10% = 2.
™= 0.9% 1000 x 1602 < 1° 75

_ 4y |, _zxaearxars)
P = 1647 420 -

As = 0.0069 x 100 x 16 = 11.04

V30
As‘min = m X 100X 16 = 5.2

1.4
ASmin = HO X 100 x 16 = 5.3




Check for shrinkage and temp
Asmin = 0.0018 x 100 x 25 = 4.5
Select $16@15cm

Check for Shear:
Vu=72kN
¢V. = 95.85 kN

No shear reinforcement is required then In the other direction
(Horizontal)provide shrinkage and temperature reinforcement
p = 0.0018

As = px bxH

As = 0.0018 * 100 * 25 = 4.5cm2 /m

Select ®12@20cm

* Design of Compresion side:

In the compesion direction (Horizontal and vertical )provide shrinkage and temperature reinforcement
p = 0.0018

As = px bxH

As = 0.0018 * 100 * 25 = 4.5cm2 /m

Select @12@20cm

* Design of Dowels:

Asmin = 0.0012 x 100 x 20.4 = 2448 cm 2 ..............(ACI — 318 — 14.3.2)
req
Use®12@40cm.........Aprov.= 2.825 cm?2




Design 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.W
The following data that used in design:

Shear wall thickness =h = 20 cm

Shear wall length Lw = 7.70 m

Building height Hw= 34.45 m

Critical section shear:

Lw/2=7.70/2=Y,A0

hw/2=34.45/2=\V,YYe

story height= 3.70

d =0.8*Lw =0.8*Y,V+ = Y,41m

Vu= 47¢,VY KN

Mu= YeYY,Y¢ KN.m

Calculation of shear strength provided by concrete Vc:

Shear Strength of Concrete is the smallest of:

° VC:%,/fC'XbXd
= §\/30 x 0.2 X 2960 = 540.42 KN
e Vc=0.27/fc’' xhxd+

Nuxd
4Lw

=0.27v30 x 0.2 x 2960 + 0 = 875.5 KN

Lw(0.1 Fel+0.22%

e Vc=]0.05%,fc + e ) X hxd

Vu 2

Mul Lw 1532.24 3.7

Vu 2 96412 2

= —0.2607 < 0 This equation is not applicable.




~Vc=540.42 KN- @Vc=405.32<Vumax = 946.12 KN

Horizontal Reinforcement is Required.

oo Vu_ 94612
ST T VT To7s

—540.42 = 421.07 kN

Avh Vs 421.07 *10°
s fyxd  420%2960

= 0.3387

Avh
but (T) min = 0.0025 *h = 0.0025 * 200 = 0.0.005.

Avh : For 2 layers of Horizontal Reinforcement Select @10 :

Avh =2 *79 = 158 mm?

Avh 05 - § 158 316
—_— . - = —-—=
S req 05 mm

Smax= Lw/3 = 7700/3 = 2566.7 mm
= 3h = 3*200 =600mm
= 45¢m « Controlled.
Select 10 @ 200 mm at each side.

4.7.2 Design of Vertical Reinforcement

_ hw Avh
Avv = [0.0025 +0.5 (Z'S'E) (Shor*h — 0.0025)] * h * Sver
hw 3445 _ 474> 250
w 7.7 '
Avv _ 2x79
F—_— [0.0025 +0.5 (O)(ZSO*200 —0.0025)] * 200
Avv _

Sver

Smax= Lw/3 = 7700/3 =2566.7 mm
= 3h =3*200 =600mm
= 45cm

Select 912 :

Aw =2 *113.1 = 226.2 mm?




226.
Sreq = W = 452.4 mm

Select @12 @ 200 mm at each side.
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