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LIST OF ABBRIVIATIONS

Ac - area of concrete section resisting shear transfer.

As - arca of non-prestressed tension reinforcement.

Ay = area of non-prestressed compression reinforcement.

Ag - gross area of section.

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

At - area of one leg of a closed stirrup resisting tension within a (S).
b - width of compression face of member.

bw - web width, or diameter of circular section.

C. = compression resultant of concrete section.

C,= compression resultant of compression steel. .

d - distance from extreme compression fiber to centroid of tension
reinforcement.

Ec - modulus of elasticity of concrete.

f.> = 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
LL - live loads.
Lw = length of wall.

IX



M - bending moment.

Mu - factored moment at section.

Mn - nominal moment.

Pu - factored axial load

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.

€. = compression strain of concrete = 0.003.

es = strain of tension steel.

¢s= strain of compression steel.

p = ratio of steel area .
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Abstract

The idea of this project is summarized in the structural design of the Hebron Youth Sports Club,
because of the importance of the structural design, as it is one of the most important stages that the
building is going through, in which the locations of the columns and structural systems for the
various elements of the building are determined, thus transforming the initial architectural plans
into executable plans,The project aims to make a structural design for all the structural elements
contained in the project, such as knots, bridges, columns, foundations, walls and other structural
elements. Where the project consists of four floors, with a total area of 6045 square meters, on a
plot of 5170 square meters in several different levels, located in the city of Hebron in the Abu
Rumman area.

The project consists of several stages represented in the beginning of the architectural scrutiny of
the plans, and the various structural elements of columns, bridges and knots have been selected in
a way that does not contradict the architectural requirements of the project.

After that, it goes through the structural design stage of the structural elements with the help of
some structural design programs such as: (BEAMD), (Safe) (Etabs2016) and presenting its results
in the form of executive plans. It is worth mentioning that the Jordanian code was used to
determine the live loads, as for the structural analysis and design The sections were used American
code (ACI_318 14).
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B Bearn:BB12 Project: [C:\bemd\usr1]
Files Output Undo Help . e o

b :
,‘r"f'",""' ES Moment/Shear Envelope (Factored) UnitskN,meter

|3 Exit Print

DeadR213.99
LiveR143.71
MaxR 357.7
MinR 211.07
Service

DeadR 78.32
LiveR 89.82
MaxR268.14
MinR 176.5

== Current parameters
B300 fy- 420 Rediot | As
fy: NORedlstnbut K Sup.Mom:Face i d

¥Pe: Beam nc.\Wid:
BUrups: 8-10@5.Bv5. 6 asn ACI318
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Design of Topping 848 s (s siadl & Jadl asanal 4-5

Design of Rib bl galll skl cuas araali 4-6

Design of Beam (bl 3ill juad) azeal 4-7

Design of Column 4-8

Design of Shear Wall 4-9
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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 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.
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NOTE: -

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

ACIl 2008
UuBC
v Material: -

Concrete: - B300
1 2
fc'=30N /mm“(MPa) ko circular section

but for rectangular section ( f¢'=30%0.8=24MPa

Reinforcement steel: -
The specified yield strength of the reinforcement ( fy = 420 N/mm?2 (MPa) ).

v" Factored loads: -

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

Wu=12DL+16LL ACI-code-318-08(9.2.1)
4-3 Check of Minimum Thickness of Structural Member:

Minimum Thickness of Non prestressed Beam or One-Way Slabs Unless Deflections are
Calculated. (ACI 318M-11).

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

Minimum thickness(h)

Simply One end Both end
TGS supported Continuous continuous SR
solid one way
clabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs ) /¢ L/18.5 L/21 L/8
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< The minimum required thickness (_deflection requirements) for club is:
s ForRib :-
The maximum span length for one end continuous (for ribs) L=5.7m than .

1 _ 57 _
Nmin = I8s 185 30.8cm .

The maximum span length for both end continuous (for ribs) L= 6.63m.

_l _663_
hmin =—7 = === 31.5 €M >> conTROL

Take slab thickness h= 320 mm > hmin = 315mm .

we select h= 32cm (24cm block + 8cm topping).
< The minimum required thickness for Expantion joint is:

The maximum span length for one end continuous (for ribs) is 6.0 m.

160 _
Nimin = 185 185 32cm.

We select h=32cm (24cm block + 8cm topping).
Take h=32cm for Rib .

v For Beam: -
The maximum span length for both end continuous (for Beam) L= 6.3m.

hmin =% = % =30cm
Take slab thickness h= 320 mm > hmin = 300mm .

we select h= 32cm (24cm block + 8cm topping).
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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.

Fig 4.1: Topping Load.

v" Load Calculations: -

Dead Load: -

Topping in one-way ribbed slab can be considered as a strip of 1m width and span
of hollow block length with both ends fixed in the ribs.

Table (4.2): Dead Load Calculation of Topping.
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Live Load: -

L. =5 KN/m?

L. =5 KN/m2x1m=5 KN/m
Factored Load: -

Wy =1.2 x5.75 + 1.6x5 =15 KN/m

Check the strength condition for plain concrete, @M, > My, where g = 0.55.

WyXxL = 15X%0.4
- Vu= ‘; =— = 3 kN
WyxL%  15x%0.42
- Mu=——= =0.2kN.m
12 12

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

Where Sm for rectangular section of the slab:

_ b.h? _1000.80?

G G = 1066666.67 mm?>

Sm

@M, =0.55%0.42x1xy/24 x1066666.67 x1076 =1.207 KN.m
@My - 1.207 KN.m >> My = 0.2 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideAs minfor

slabs as shrinkage and temperature reinforcement.
Pshrinkage= 0.0018 ACI1 71221
As= pxbxhiopping =0.0018 x1000x80 = 144 mm¥m

Step (s) is the smallest of:

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

280

s

280

) — 2.5C = 380 <2420) ~2.5.20 = 330mm ACI 10.6.4
3

3. S :380(

Take g 8 @ 200 mm in both direction, S = 200 MM <Smax =240 mm ... OK
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4-5 Design of One-Way Rib Slab (R6)

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

PW > 100m. ..o ACI (8.13.2)

R 3. 5 W oo ACI (8.13.2)
Select h=28 cm < 3.5*12 = 42 cm.
> Ln/12350Mm oo ACI (8.13.6.1)

Select tf=8cm.

v Material: -

— concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?

v" Section: -

B = 520mm

Bw =120 mm

h=320 mm

t= 80 mm
d=320-20-10-12/2= 284 mm

Ll
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v' Statically System and Dimensions: -

Geometry Units:meter,cm
1 2 3 4 5
|:: A inlas A inlas A inlas A A ::[
14 L 14 L 1L
A A A A A
‘0.6‘ 3.35 ‘0.6‘ 414 ‘0.6‘ 261 ‘0.6‘ 231 4.49 0.6
‘ | ‘ 395 ‘ | ‘ 474 ‘ | Y | ©201 5.00 ‘ | ‘
I I I I 1
52.
32.
12.
A-A
Loading
foad group no. 1
Dead load - Service Units:kN,meter
5.5 5.75 5.5 5.75 5.75
395 474 321 291 5.09
Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.00 5.00 5.00 5.00 5.00
3.95 474 321 291 5.09

Fig 4.2: Statically System and Loads Distribution of Rib(R1).
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v" Load Calculation: -

Dead Load: -

Table (4.3): Dead Load Calculation of Rib(R1).

Dead Load /rib = 4.899 KN/m
Live Load: -
Live load = 5 KN/m?
Live load /rib = 5 KN/m?x 0.52 m = 2.6 KN/m.
% Effective Flange Width ( b, ): -ACI-318-11 (8.10.2)
b For T- section is the smallest of the following: -
be =L/4=3950/4=468.75 mm
be =12 + 16 hy = 120 + 16 (80) = 1400 mm

be = be < center to center spacing between adjacent beams = 400+120= 520 mm.

be For T-section = 520 mm.
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Moment/Shear

Envelope (Factored)

Units:kN,meter

Moments: spans 1to 5
-36.8
-30.6 -26.5 273 A 539
-20.2 A -20. 163 A -17.4
| L | ) |
12
N Eé9=0=76 : IO=5 Vi
W b71 4
12. :
19.8 19.6
33.2
| 158 237 | 237 | 237 | 177 | 144 |102 189 | 3.05 | 204
T T T T T T T T T T 1
Shear
-37.2 -36.3 -34.9
: -31.5
285 -
ar7 -22.8
-15.1
T T T T T T 1
15.6
24.3 29, 24.
37.6 326 36.5
45.1
Reactions
Factored
—+ P P 1 P +—]
| T T L T ™
DeadR  10.15 34.09 29.73 12.93 36.11 14.29
LiveR  14.14 40.71 39.2 20.82 43.94 17.16
MaxR 2429 74.8 68.94 42.76 80.06 31.45
MinR 7.77 525 38.4 12581 45.43 13.71
Service
DeadR  8.46 28.41 24.78 10.78 30.1 11.91
LiveR 8.84 25.44 245 18.64 27.47 10.72
MaxR  17.29 53.85 49.28 29.42 57.56 22.63
MinR 6.97 39.92 30.2 10.7 35.92 11.55
Fig 4.3: Shear and Moment Envelope Diagram of Rib (R1).
o=55)
BF04 cd c6
c7 —
c11 c10 c9 g
=3 =3 2
g
5 — b=
c14 c16
£
m
c21
s
z
@
e
2
8 et
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Design of Positive Moment for (Rib 1):- (Mu=24.3 KN.m)
Assume bar diameter g 14 for main positive reinforcement
dp 14
d =h- cover - dstirrups—? =320—20—-8— ? = 285mm
Check if a>hs to determine whether the section will act as rectangular or T- section.
— / hy
Mnt =0.85. f¢'. be. hy. (d — =)

80

Mt = 0.85 X 24 X 520 X 80 X (285 -2

) x 10~6 = 207.9168 KN.m

2

Mnt = 207.9168 KN.m > % = % =27 KN.m.

Then a < hy (the section will be designed as rectangular section with be =520 mm.)

M, 24.3 x10° f; 420
=—1 = = 0.639 MPa ¢ m= —=2- = = 20.6
®bd?  0.9x520%2852 0.85f,  0.85x24

1 2.m.R,
p= ;<1 —J1- W)

Rn

p= L(l - \/1 - —2“0'“0'639) = 0.00154
20.6 420

> As req = p.b.d = 0.00154x520%285 = 228.2 mm?,

Check for As min: -

As, min is the maximum of:
Asmin=0.25"p, d  ACI-318 (105.1)
y

V24

~— X 120 X 285 = 99.73 mm?
420

As, min =0.25 x

As, min = %bw- d
y

As,min=2c X 120 X 285 = 114 mm? (Controls)

As, req = 228.2 mm2 >As, min = 114 mmz

Use 2 @14 with As. provided = 307.9 mm? > As. required = 228.2 mm?, — Ok
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Check for strain: -

_ Asfy 307.9x420
0.85b f,  0.85x520x24

Note: fc’ =24MPa < 28 MPa, then B; = 0.85.

=12.19mm

12.19
C=— =22"=1434mm
Bi 0.85

d—c 285 — 14.34
£ = 0.003( - ) = 0.003 (T%) =0.05 > 0.005 = ¢ =09 (0k)

Design of Negative Moment for (Rib5): - (Mu=-18.5 KN.m)

Assume bar diameter g 14 for main positive reinforcement
_ dp 14
d =h- cover - dstirrups—? =230—-20—-8— ? = 285mm
Check if a>hs to determine whether the section will act as rectangular or T- section.

Mar =0.85. ;. by hy. (d — L)

80

:0.85><24><520><80><(285—2

) x 1076 = 207.9168 KN.m

1

Mnt = 207.9168 >>% = Oi; = 20.55 KN.m, the section will be designed as rectangular

section with be =520 mm.

_ M, __ 185x10%
Rn= Obd?  0.9x120%x2852 2.1 Mpa
420
Jy = 20.6

m= 7 = =
0.85f]  0.85x24

p= i 1— [1— 2mRn ) _ L 1— [1— 2X20.6%x2.1 — 0.00529
m

420 |~ 206 420

Asreq = p.b.d = 0.00529x120%285 = 180.92 mm?

Check for As min: -

As, min 1S the maximum of:

As, min = 0. 25@ b,d ACI-318 (10.5.1)
y
As min =0.25 X %‘ x 120 X 285 = 99.73 mm?
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As, min = %bw. d
y

1

A, min :£ X 120 x 285 = 114 mm? (Controls)

/A\sY req = 180.92 mm2 >As, min = 114 mmz

Use 2 @14 with As, provided = 307.9 mm? > As, required = 180.92 mm?. — Ok

Check for strain: -

_ Asfy _ 307.9x420

= - = = 52.82mm
0.85b f/  0.85x120x24

=2 =328 _ 6014 mm
B,  0.85
—0003(d_c)—0 (285_62'14)—001>0005 0k
&= c )T 6214 ) '

v" Shear Design for (R 5): -

Vu at distance d from support = 26 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.
(ACI, 8.13.8).

@* Vo= @ x 1.1x¢/fcbwd Where: ®=0.75
> O* Vo=@ x 11x = x 24 x 120 x 285 x 10~° = 23.037 KN.

Vu=26 KN > ® V= 23.037 kN.
» Region (111) for shear design.
® Ve <Vu < ® (Ve + Vs, min) Case (I11)

Vs min IS the maximum of:

1. Vomin = 3bwd = 120 x 285 x 1073 = 11.4 KN (Controls)

2. Vgmin = Vi, d = x V24 X 120 X 285 X 107 = 10.47 KN
® Ve=23.037 KN < Vu =26 KN < ® (Ve + Vs, min)=31.59 KN Case (111)
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Use (2 legs stirrups) @8 with Av = 100.5 mm?

Ay fyt d= 100.5 x 240 x 285

S =
Ve min 11.4 x 103

= 603 mm

Minimum reinforcement is required:
S < g or S<600mm. ... (Smaller value is Controls).

< —=—=142.5 mm (Controls)

d _ 285
2 2

Take U-shape (2 legs stirrups) @8 @ 100 mm < Syax =142.5 mm

4-7 Design of Beam (B.,12)

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

B =80cm
h=32cm
d=320-40-10-18/2= 261 mm

Uil

v" Statically System and Dimensions: -
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Geometry Units:meter,cm

1 2 3
A - A e A
A - A - A
9'2§ 4.25 q2§ 2.85 92§ 45 qz;;
\‘\ 45 \‘\ 31 \‘\ 475 \‘\
[ I I 1
32|
80.
A-A
Loading
foad group no. 1
Dead load - Service Units:kN,meter
54.6 54.6 54.6
9% o 1%

Live load - Service Load factors: 1.20,1.20/1.60,0.00

48.9 48.9 48.9

4.5 31 4.75

Fig 4.6: Statically System and Loads Distribution of Beam (BF02).

v" Load Calculations: -

The distributed Dead and Live loads acting upon (BF02) can be defined from the

support reactions of the R1.
Self weight of Beam = 25*0.8*0.6=12kn/m.

Rib(R1)
quD(kN/m) 28.41/0.52=54.634
quL (kN/m) 13.23/0.52 = 25.44

small e JLa¥(BF02) sl e Sl (4-5) dsan
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Reactions

Factored
[ [ | Ll [ - [
I 1 T Ll = |
DeadR  10.15 34.09 29.73 12.93 36.11 14.29
LiveR 14.14 40.M 39.2 29.82 43.94 17.16
MaxR 24.29 748 68.94 42.76 80.06 31.45
MinR 777 525 38.4 12.81 45.43 13.71
Service
DeadR 8.46 28.41 24.78 10.78 30.1 11.91
LiveR 8.84 25.44 24.5 18.64 27.47 10.72
MaxR 17.29 53.85 49.28 29.42 57.56 22.63
MinR 6.97 39.92 30.2 10.7 35.92 11.55
Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 3
-306.5
-272.1 K R
2231 2388 270.8 -254.6
1 1
Kt t H
3 1 234 103 /5
284.4
203 7 247 | 155 155 | 261 3099 oy
I I I I I I 1
Shear
-401.4
-343.1 2045 -306.9
-236.2 -248.6
[ 1 1 Il
T T T 1
2355 218.1
293.9 276.5
366.
424.4
Reactions
Factored
[ 1 1 |
I T T T
DeadR  138.61 298.48 322.21 145.22
LiveR  155.27 379.37 396.67 161.69
MaxR  293.87 677.86 718.88 306.9
MinR 131.48 366.99 397.32 138.73
Service
DeadR 11551 248.74 268.51 121.01
LiveR 97.04 237.11 247.92 101.05
MaxR 212,55 485.85 516.43 222.07
MinR 111.05 291.55 315.45 116.96
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Fig 4.7: Shear and Moment Envelope Diagram of Beam (BF02).

v Moment Design for (BF02):-

Flexural Design of Negative Moment for (BF02) :- (Mu=-210.5 KN.m)

d =320 — 40 -10 — 20\2 = 260 mm
Check whether the section will be act as singly or doubly reinforced section:

Maximum nominal moment strength from strain condition s = 0.004

3 3
c =;d =;*26O =111.42 mm

a=Bx*c =0.85%111.42 =94.707 mm

Mnmax= 0.85% f. *a *b (d - % ) = 0.85%24*94.707*800*(260 — %Zﬂ) *10°
=328.67 KN.m

@ Mnmax = 0.82* 328.67 = 269.5 KN.m > Mu = 210.5 KN.m

Design the section as singly reinforced concrete section.

M,  210.5x10°
" @bd?2 ~ 0.9 x 800 X 2612

- i<1 _ - 2.m.Rn> _ L<1 _ \/1 B 2><20.6x4.29> — 00116
m 420 20.6 420

s=p.b.d = 0.0116x800x261 = 2422.08 mm?

Rn

= 4.29 Mpa

» Check for As, min.

As, min is the maximum of:
- Asmin=0.25%p, d ACI (10.5.1)
y

> As min =0.25 X % % 800 X 261 = 608.87 mm?

. As min = %bw- d
y
> A min === X 800 X 261 = 696 mm? (Control)
-> As, req = 2422.08 mm2 > As, min = 696 mm2

Use 8320 Bottom with As, provided = 2513.3 mm?2 > As, required = 2422.08 mm?. — Ok
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» Check spacing:

__ 800—-40x2-10x2—(20x8)
- 7

S =77.14 mm > 25mm.— OK

> Check for strain:

Asr 2513.3%x420 a 64.68
= = = 64.68mm C=—=—=
0.85b f!  0.85x800x24 B, 0.85

d— 260 — 76.09
£ = 0.003< c C) = 0.003 <—) =0.072 = 0.005 - 0Ok

76.09

v" Shear Design for (BF02) : -

Vu =366 KN.
Vumay < @ Ve+ ®=/fcby, d Case (V)

®Ve=® = /fchwd = 0.75 X =x V24X 800 X 261 X 1073 = 127.86 KN
2 7 2 _
cpg,/fcbwd:o.75x5x\/ﬂx800x261><10 3 =511.45 kN.

O Vet @ =2/fc’b,, d = 127.86+511.45 = 639.31 kN.

Vi (max) =366 KN < 639.31 KN.
Therefore, the section is large enough.

2> 0¥ V=0 x1.1X %X V24 x 800 x 261 X 1073 = 140.64 KN.

Vu=366 KN > @ V.= 140.64 kN.

So, No shear reinforcement is required. But take minimum
Take (2 legs stirrups) @10 @ 100 mm
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Design of Positive Moment for (Rib 3):- (Mu=20.4 KN.m)
Assume bar diameter g 14 for main positive reinforcement
dp 14
d =h- cover - dstirrups—? =320—20—-8— ? = 285mm
Check if a>hs to determine whether the section will act as rectangular or T- section.
— / hy
Mnt =0.85. f¢'. be. hy. (d — =)

80

Mt = 0.85 X 24 X 520 X 80 X (285 -2

) x 10~6 = 207.9168 KN.m

2

Mnt = 207.9168 KN.m > % = % = 22.7 KN.m.

Then a < hy (the section will be designed as rectangular section with be =520 mm.)

M, 20.4 x10° f; 420
=—1 = = 0.536 MPa ¢ m= —=2- = = 20.6
®bd?  0.9x520%2852 0.85f,  0.85x24

1 2.m.R,
p= ;<1 —J1- W)

Rn

p= L(l - J1 - —2“0'6“"536) = 0.00129
20.6 420

> As req = p.b.d = 0.00129x520%285 = 191.18 mm?,

Check for As min: -

As, min is the maximum of:
Asmin=0.25"p, d  ACI-318 (105.1)
y

V24

~— X 120 X 285 = 99.73 mm?
420

As, min =0.25 x

As, min = %bw- d
y

As,min=2c X 120 X 285 = 114 mm? (Controls)

As, req = 191.18 mm2 >As, min = 114 mmz

Use 2 @14 with As. provided = 307.9 mm? > As. required = 191.18 mm?2. — Ok
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Check for strain: -

_ Asfy 307.9x420
0.85b f,  0.85x520x24

Note: fc’ =24MPa < 28 MPa, then B; = 0.85.

=12.19mm

12.19
C=— =22"=1434mm
Bi 0.85

d—c 285 — 14.34
£ = 0.003( - ) = 0.003 (T%) =0.05 > 0.005 = ¢ =09 (0k)

Design of Negative Moment for (Rib5): - (Mu=-18.5 KN.m)

Assume bar diameter g 14 for main positive reinforcement
— dp 14
d =h- cover - dstirrups—? =230—-20—-8— ? = 285mm
Check if a>ht to determine whether the section will act as rectangular or T- section.

Mar =0.85. f;. by hy. (d — L)

80

:0.85><24><520><80><(285—2

) x 1076 = 207.9168 KN.m

1

Mnt = 207.9168 >>% = Oi; = 20.55 KN.m, the section will be designed as rectangular

section with be =520 mm.

_ M, __ 185x10%
Rn= Obd?  0.9x120x2852 2.1 Mpa
420
Jy = 20.6

m= 7 = =
0.85f]  0.85x24

p= i 1— [1— 2mRn\ _ L 1— [1— 2X20.6%x2.1 — 0.00529
m

420 |~ 206 420

As,req = pbd =0.00529%x120%285 = 180.92 mm2

Check for As min: -

As, min is the maximum of:

As, min = 0. 25@ b,d ACI-318 (10.5.1)
y
As min =0.25 X g‘ x 120 X 285 = 99.73 mm?

As, min = %bw. d
y
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As min :% x 120 X 285 = 114 mm? (Controls)

/A\sY req = 180.92 mm2 >As, min = 114 mmz

Use 2 @14 with As, provided = 307.9 mm? > As, required = 180.92 mm?, —» Ok

Check for strain: -

AS.
— fy = 307.9%X420 — 5282 mm
0.85 bfc 0.85X120%x24
=2 =328 _ 6014 mm
B,  0.85
- 0003(d_c) =0 (285_62'14) = 0.01 > 0.005
&= c )7 6214 ) '
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1.1. Design of Column (C2)

1.1.1. Calculation of Loads act on Column (C2)
Loads acting on columns are obtained from support reaction when analyzing the supported beams.
Loads acting on column (C2) are as follows:

Self weight of the column = 14.06

Dead Load = 913.72KN.
Live Load = 322KN.

Factored loads (Pu) = 1.4 DL = 1.4 x 214.37 = 300 kN.
ORPu=12DL+16LL=1.2x761.4+1.6x201.25 =1235.7 kN << Cont.

1.1.2. Calculation of Required Dimension of Column (C3)
Total load Pu =1235.7 KN
Pn = 386.124 /(0.65) =594 KN
Assume pg = 2.0 %
Pn = 0.8 * Ag{0.85 * fc' + pg(fy — 0.85fc")}
594 1073 = 0.8 x Ag[0.85 * 24 + 0.02 * (420 — 0.85 * 24)]
Ag = 0.026 m?
~Select 60*25cm with Ag = 1500cm?.
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e Check Slenderness Effect :

For braced system if 1 < 34 — 12 % < 40, then column is classified as short column and

slenderness effect shall not be considered.

Klu
A= —
r
Where :

Lu: Actual unsupported (unbraced) length = 3.18 m
K: effective length factor (K= 1 for braced frame).

R: radius of gyration — for rectangular section :\/g 0.3h

System about X System about Y
1% 2.47  1:247
~ A= 0306 372 = A= 03v02s - 3293
A <34-12(1) =22 <40 A <34-12(1)=22 <40

A =3293 > 22 . Short about Y.
A =13.72 < 22 - Shortabout X . ort abou

~ Column is Short, So Slenderness effect will not be considered.

1.1.3. Calculation of Required Reinforcement Ratio
Since Column is short and slenderness effect will not be considered, then Design Strength of
column can be calculated using the following equation :
¢Pn = 0.65 * 0.8 * Ag{0.85 = fc' + pg(fy — 0.85fc")}
Where , Pu =386.124 KN
386.124 * 103 = 0.65 * 0.8 * 600 * 250{0.85 * 24 + pg(420 — 0.85 * 24)}
= py = 0.07 > ppin = 0.01 &< prey = 0.08
As req = 0.01 *600 *250=1500 mm?

1500
=97
201.06

~Use 10 @ 14 with As = 1539.4 mm? >As req = 1500 mm?

Use ® 16 >> #of bar =
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e Check spacing between the bars :

S = 600—2%40—2%x10—10%14
9

=40 mm

S=40mm >-M.AS

4
3

> 40mm

>1.5db=21mm

1.1.4. Determination of Stirrups Spacing
According to ACI :

S < 16 db (longitudonal bar diameter)
S < 48dt (tie bar diameter).

S < Least dimension.

Spacing < 16 x d,,(Longitudinal. bar. diameter) = 16 X 1.4 = 22.4cm.
Spacing < 48 X d.(tie.bar. diameter) = 48 X 1.0 = 48cm.
Spacing < Least.dim e nsion = 25 cm

~ Select © 10/20cm

Column (C2) Section is shown in figure(4-11) where bars arrangmenet and stirrups

detailing appear :
Figure (4- 1): C2 Reinforcement Details

}/:[:::/

100 16

10 10
10 40

010/20cm ,L=1.34m
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1.2. 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.W6.[For detailed information
see appendix C]

The following data that used in design :

- Shear Wall thickness = h =25 cm

- Shear Wall length Lw =5 m

- Building height HwW=19.25 m

- Critical section shear : Lw <hw — d=0.8*Lw =4 m

1.2.1. Design of Horizontal Reinforcement

Calculation of Shear Strength Provided by concrete Vc:

- Shear Strength of Concrete is the smallest of :
1- Vc:%w/fc’ Xbxd

1

= g\/24 X 250 X 4000 = 816.5 kN « Controlled
- fc'xbxd | Nuxd

2- Vc +
4Lw

_ V24x250%4000
4

7, 2Nu
3- Ve = \/fc’_I_LW( fc +—Lw_h) xhxd
€= Mui  Lw 10
Vu 2

+ 0 =1224.7kN

Where :
- Mul=415.9 kN.m

Mul Lw 4159
vu 2~ 67052

- ; = —1.08 < 0 — This equation is not applicable .

~Vec= 816.5kN - @Vc < Vumax! = 670.52 kN —Horizontal Reinforcement is Required.

Vs = ‘%* — Ve = % — 44417 = 449.86 kN
%103
A_Vh — Vs — 449.86%10 — 0394
S fy*d 420%2720

Avh
but (T) min = 0.0025 *h = 0.0025 * 200 = 0.5 « Controlled.

1 For shear and moment diagrams see appendix C
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— Avh : For 2 layers of Horizontal Reinforcement
Select @10 :
Avh =2 *79 = 158 mm?

Avh 05 = S 158 316
—_— . e d = — =
S req 05 mm

Smax= Lw/5 = 3400/5 = 680 mm
= 3h = 3*200 =600mm
= 45cm « Controlled.
~Select @10 @ 250 mm at each side .

1.2.2. Design of Vertical Reinforcement

_ hw Avh
— Aw =[0.0025 +0.5 (2.5-7) (=1 — 0.0025)] * h * Sver

hW—27'5—809>250
w =~ 34 :
Avv _ 2479
7 Sver [0.0025+0.5 (O)(250*200 —0.0025)] * 200

. Avv_

Sver

Smax = Lw/3 =3400/3 = 1133 mm
= 3h = 3*200 =600mm
= 450 mm « Controlled.
Select 912 :
Avv =2 *113 = 226 mm?

—=05-S ——2 =452
= 0. — =4
S req I mm

~Select @12 @ 200 mm at each side .
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1.2.3. Design of Bending Moment

Moment diagram were obtained from ETABS [See Appendix — Page]
Max Mu =1975.7 kN.m
Part of Moment that resisted through Avv :

L

Muv =0.9 [ 0.5*Asv*fy*Lw (1-——)]

Where :
3400
- Asv=2*113 *m = 3842 mm?
VA 1 1
T Tw o T osseBLfdLwen 54 9:85+0.85+24%3400+200 = 0.107
sy ' 3842+420

0.107

s Muv = 0.9 [ 0.5¥3842*420*3400 (1- 2=2)] = 2336.78 kN.m

Muv = 2336.78 KN.m > Mu =1975.7 kN.m

So, Boundary Element is not required. #
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1.3. Design of Basement Wall

1.3.1. System and Loads

The wall spans vertically and it is considered to be pinned at both ends as shown in figure (4-12)
which also illustrate loads that act on the wall.

BRt

qui=34.92 qui=25

Figure (4- 2):Basement Wall system and loads

The different lateral pressures on a 1m length of the wall are calculated as follows:
k,=1-sin30 =0.5

Due to soil pressure at rest : qul = k,.y.h = 0.5*18*3.88=34.92 kN/m?

Due to surcharge : qu2 = 5%0.5 =2.5 kN/m?

The following are shear and moment diagrams that obtained from Atir Software.

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1

213 59.3 1.75

Shear

-74.
-64.3

469 447

Figure (4- 3): Moment and Shear Envelope of Basement wall
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1.3.2. Design of Shear Force
Max value shear force is obtained from figure(4-13) , Vu=64.3 kN
d=30-2-2 =26 cm
@ *\Vc= 0.75*%*@*1000*2602159 KN > Vu

~ h=30cm is correct.

1.3.3. Design of Wall Reinforcement

1. Design of Vertical Reinforcement at Tension Side :

Max value Moment is obtained from figure(4-13) , Mu = 59.3 kN.m

420
— m= = 20.6
0.85%24

— Mn =59.3 /0.9= 65.88 kKN.m

Mn 65.88%10°
— kn = = =0.97MPa
b*d? 10002602

— p=——x* (1_\/@) =0.00055
20.6 420

— Asreq=px*bxd= 0.00055* 1000 x 260 = 143 mm?/1m

— As (min) = 0.0012*b*h = 0.0012*1000* 300 = 360 mm? /1m > Asreq

- Select @12/20cm with As = 452 mm?/m > As min

2. Design of Vertical Reinforcement Compression Side:
— As = As (min) = 360 mm?

- Select @10/20cm with As = 632 mm?2/m

3. Design of Horizontal Reinforcement:

— As = As (min) = 0.001 *1000*300 = 300 mm? /m for one layer
. Select @10/25cm
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

1.4. Design of Basement Footing

Loads that act on Wall footing is obtained from ETABS where :

- D=65.56 KN/m & gL=5.15 kN.m
- Total Service Loads : gtot =65.56+5.15 = 70. 71 KN/m
- Total Factored Loads : qu =1.4 *65.56 = 91.78 kKN/m

1.4.1. Check if footing width is correct

_qto

Ob= t/ATeq < 0O b (allow. net)

. 70. 71/10 «1.0° 70.71 < 7 b(allow. nety =400 KN/m2

. 0.30
~ a=1.0m is correct# ’—\J\
_ 0.35
1.4.2. Design of one way shear 012, do23
— Assume h =30cm |
— d=300-50-20 = 230 mm |
— VUu=91.78*0.12*1m = 11 Kn a=1.0m
N

~h =30 cm (SAFE) .

1.4.3. Design of Bending Moment

O bu=91.78 kN/m?

@ * V= 0.75* = * /24 * 1000 * 230 =140.8 kKN > Vu WT 777777
i

h = 30cm

Figure (4- 4): Critical Section of Shear force

» Main Steel: 0.30
Mu =91.78*0.35*1*(0.35/2) = 5.62 KN.m \I\
0.35
— Mn =5.62 /0.9= 6.94 KN.m T
106
— kn = B - 029 _ 513 MPa h = 30cm
b+d? 1000%2302 | 1
- p=o—*(1- [1-22220) = 0.000314 ———a-10m
— Asreq = 0.000314 * 1000 * 230 = 72 mm?/m T T T T T T T T T T T T
A O bu = 91.78 kN/m?
— As (min) = 0.0018*1000 * 300 = 540 mm?/m
FRB
. Select @12/20cm with As = 565 mm?2 > Asmin Figure (4- 5):Critical Section of Bending Moment
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

» Secondary Steel:

— As (min) = 0.0018*b*h = 0.0018*1000 * 300 = 540 mm?
. Select @12/20cm 5@12/1m with As = 565 mm?2 > Asmin

The Following figure shows details of a section taken in a basement wall and its footing.

@12/20em | || cm R //
N zs \\ \\/

a %m@m// G
QSIEOCR’[ R ./ \//\///\// /

ol P re s e . PR | . N ‘2 45m
g ‘ - Eé/z\/ /\// "
AN e SR A SR g
o /\@%\ryﬂ\/ \\/\\ //\\/
o // / S \E/l/ / /
N NN | N D W | e 2\\/\\ © 2.05m
g OO R X =
EIQ{ 35 " 30 _‘» 35 1”105’
L0, 100 A0,

8 ¥
1 1

Figure (4- 6): Basement wall Reinforcement Details
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1.5.

Design of Isolated Footing (F2)

Loads that act on footing F2 are :

- PD=7614kN,PL=201.25kN — Pu=12%*761.4+1.6*201.25=1235.7 kN

The following parameters are used in design :
= Y concrete = 25 kN/m3

- Ysoil =18 KN/m?3

- Oallow = 400 KN/m?

- clear cover =5cm

1.5.1.Determination of footing dimension (a)

Vb

1.5.2.1. Design of one way shear

—
—

Footing dimension can be determined by designing the soil against bearing pressure .
Assume h =50 cm

Obatiowynet =400 —25*0.5 = 387.5 kN/m?

O bu(allow . nety = 1.4* 387.5 =542.5 KN/m2

Opu= Pu/Areq < O bu(allow . net)

1235-7/az = 542.5 — a=1.95m — Select a=1.95m

1235.7
1.95%1.95

Bearing Pressure cbu = Pu/ A= =324.97 kN/m? <542.5 kKN/m2 .... (SAFE)

. Determination of footing depth (h)

To determine depth of footing both of one and two way shear must be designed.

d=h—cover —@=500—50—-16=434 mm

Vu at distance d from the face of column : -

VU =FRB = Ubu X 0246 X b | | h*:f)()r:ux
= 176% 0.246 x 1.95 = 85 kN KM

d*Vc= 075* % *VFc' *b*d MTIW

= 0.75* % * /24 * 1950 * 434 =518.3 kN >Vu

~h=50cm is correct v Figure (4- 7): Critical Section of Shear Force
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1.5.2.2. Design of Punching (two way shear)

d =434 mm

b, =2 * 1034 + 2* 684= 3436mm
Bc=1

as = 40 (interior column)

Ll

Vu =1235.7—- (176 *0.684*1.043) = 1111.2 KN

@x\Vc is the smallest of :

Vfc!
12

L Ve=(2+-) x> xb, xd

= (2 +3) x Y22 o 3436 x 434
1 12
= 3652.7 kN
N
12
= (4°X434+ 2) x V2% 3436 x 434
3436 12

= 4293.4 kN

2. VCZ(OCSb—Xd+2)X

o

X by xd

CI

3. Vc=4xg X by, xd

-4 x % x 3436 x 434= 2435.15 kN .. < cont.

— @xVc=0.75 % 2435.15 =1826.36 kN >Vu =1111.2kN

~h=50cm iscorrect v
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1.5.3.

1.5.4.Design of Reinforcement
Mu = 176 *0.68*1.95*(0.68\2) = 79.34kN.m

— Mn =79.34/0.9= 88.15kN.m

Fy 420
7 = = 2 0_6
0.85+Fc 0.85%24 o

h:::')()vm

Mn/@ _ 88.15%10°

— kn = o " Tosorian? =0.24 MPa
_ 1 2xKN*m
™ * (- «’ 1- Fy ) Figure (4- 9):Critical Section of Bending Moment

= Low (g [ 20281206y - g 000574
20.6 420

— Asreq=p*b*d = 0.00057 * 1950 x 434 = 2640 mm?

— As (min) = 0.0018*b*h = 0.0018*1950 * 500 =1755 mm?

— Asreq > As (min)

. Select for both directions: 18@14with As = 2770 mm? > Asreq ... (0k)

1.5.5.Design the Connection between Column & Footing

— Design of bearing pressure at section of column :
@ xPnb=0.65%0.5x% fc'x Al >Pu

=0.65 x 0.5 x 24 x 250x 600 = 1170 kN < Pu = 1235.7 kN
Dowels are required to transfer the load between column and footing

— Design of Dowels :
The dowels will carry the difference between (@ x Pn) and (Pu) .

Fy . Asreq = AP

420 . Asreq = (1235(.)76—51170)

Asreq = 1810.55 mm?
As min for dowels = 0.005 x A1 = 0.005 x 250 x 600 = 750 mm?
Asreq > As min
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- Select 10016 which is just like the reinforcement of column.
— Check Compression lap splice between steel of column and dowels (Lsc) :

Lsc creq =0.071 x fy x db =0.071 x 420 x 16=477.1 mm >300mm

~ Select Lsc =48.9 cm > Lsc req = 47.7cm

— Design of compression development length (Ldc) :
420

_ fy — —
- Ldc=0.24 x N x db =0.24 x Nord x 16 =329.21 mm .. < cont.

- Ldc =0.043 x fy x db =0.043 x 420 x 16 = 288.9 mm
~ Ldc req = 329.21 mm
- Awvailable Ldc =500— 50 — 16 — 16 =418 mm > Ldc req = 329.21 mm .. ok

— Check tension development length using simplified method ( Ldt) :

Since we have a footing , it must satisfy two conditions to be considered under category
A, otherwise it will considered as category B :
1950—(2%50)—(10%16) _

1- Clear lateral spacing = 5 =187.77 mm > 2db = 32mm v

2- Clear cover=50mm>1db=16 mm v

= Category A
Design of tension development length (Ldt):

12 fy _ @otXx ge 12 420 _1x0.8
- = —X =X —X =—X—=X x1l= mm
Ld, req 20 for A db 20 24 1=658
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

1950-250

- Ld,available = - 50 =800mm > Ldt, req .... (ok)

| Foundation - F2|

10016
o

Mish O10730m

013 10
013 10m

Figure (4- 10):F5 Reinforcement Details
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

1.6. Design of Stairs

The following figure shows a top view of the stairs :

Figure (4- 11): Stairs Top View

1.6.1.Design of flight
The structural system of the flight is shown in figure (4-22)
and the following steps explain the design procedure of the
flight :

1. Determination of flight thickness :
Limitation of deflection: h > minimum h
h (min) = L/20 =410/20 =20.5 cm

—10¢ n 3.3m o 0

~ Select h =20 cm, but shear and deflection must be
checked

Fi 4-12): S I f fligh
Angle (@) tan(a)=17/30 — o=30° igure ( ): Structural system of flight
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2. Loads calculation :
Figure (4-23) shows a section in the flight in which the layers carried by the flight appear.

Table(4- 1): Calculation of Dead Loads that act on Flight Yo

- Flight Dead Loads i1 r S—
Flight = (0.2 * 25* 1)/ cos(30) =5.77 kN/m m_’ T—

Plaster = (0.03 * 22* 1)/ cos(30) =0.762kN/m ‘ =)~
Hor.Mortar =0.03*22*1 =0.66 kN/m ’

Ver.Mortar = 0.03*22*(%) =0.374 kKN/m :1 6.7cm
Hor Tiles = 0.04*23*(2>) = 1 kN/m
Ver.Tiles = 0.03*23*(>) = 0.4 kKN/m
Triangle =0.5*0.17*25 =2.125 kN/m 30cm
Sum=11.09 kN/m Figure (4- 13): Section of The Flight

Factored Loads :
qu=1.2 *11.09 + 1.6*5 = 21.3 KN/m
Au= 21.3*3.3/2 = 35.14Kn

3. Analysis : The following figures show shear and moment Diagrams resulted from
analysis of the flight :

qu1=21.3
LI L)
35.14
35.14
L A0ci 3.3 i A0cim
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

Shear Diagram

m Moment Diagram
a1 35.14 14.05

'L\

35.14 35.14

14.05

Figure (4- 14) :Analysis of the flight

4.Design :

- Design of Shear Force :

d=300-20-(14/2) = 273mm
@xVe = 0.75 * %*\/Fc’ * hw * d
=0.75 * g*m * 1000 * 273

=167 kN > Vu max = 21 kN
~ No Shear Reinforcement is Required#

- Design of Bending Moment :

Fy 420

= = 20.6
0.85+Fc’  0.85+24

— M=

Mu/@¢ _ 35.14%10%/0.9
bxd?2 1000+2732

— kn = =0.523 MPa

1 2KN*m \ _ 1 2+0.523+20.6 \ _
N p—;*(l- 1— )__*(1_\/1_—420 ) = 0.00126

Fy 20.6

— Asreq=p*bx*d= 0.00126 * 1000 * 273 = 343.98 mm?

— As min = 0.0018 *1000*273 = 491.4 mm?
= Select @12/20 with As = 565 mm?2 > As req .... For Main Reinforcement

For secondary Reinforcement select @10 /20 with As=395 mm?2 = As min

— Check Spacing :

20cm > Smin=25+1.0=3.5cmor 2*(1.0)= 2.0 cm ... ok
20cm < Smax=3*15=45cm ... ok
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CHAPTER 4 STRUCTURAL ANALYSIS AND DESIGN

— Check Strain:
C=T
0.85*fc’*a*b = As*fy

0.85*24*a*1000 = 491.4 *420

a=10.1mm — X=a/f=10.1/0.85=11.88 mm

g, =228 _0003=
X

0.003%273
11.88

—0.068

. g = 0.068>0.005 ....0=0.9 (OK)
1.16.2. Design of Landing

The structural system of the landing is shown in figure (4-25) and the following steps explain

the design procedure of it :

e Determination of Landing thickness : YA\ A

Limitation of deflection: 18

h > minimum h

h (min) = L/20 = 380/20 =19 cm Figure (4- 15):Structural system of landing

~ Select h =20 cm, but shear and deflection must be checked

e Loads calculation :

Figure (4-26) shows a section in the landing in which the layers carried by the landing
appear.

Table(4- 2):Calculation of Dead Loads that act on Landing

r 7cm Snad ’/ 2cm Mortar ’/ 4cm Tiles

Landing Dead Loads
Tiles =0.03*23*1=0.7 KN/m
Mortar = 0.03*22*1=0.4 KN/m h
Sand = 0.07*16*1=1.1 KN/m

Slab = 0.2*%25*%1=5 kN/m
Plaster = 0.02*22*1=0.4 KN/m
Sum = 7.6 kN/m

3cm Plaster

Figure (4- 16):Section of The Landing
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Factored Loads :
qu =1.2*7.6+1.6*5 =17.12 kN/m

The landing carries ( dead load & live load of landing + support reaction resulted
from the flight)

qu = 35.14 + Support reaction of flight = 35.14 + 17.12 = 52.26 KN/m

d= 200-20-(14/2) = 173mm
Vumax= 99.3 — (52.26*0.173) = 90.25 kN

52.26%3.82

Mu max = =94.32 kN.m

— Shear Force Design :

d=273mm & Vu max=90.25 kN

@x\Vc=0.75* %*\/ﬁ *1000 * 273=167.17kN > Vu max =90.25 kN

~No Shear Reinforcement is Required#

— Bending Moment Design : (Mu max =94.32 kN.m)

- m =206
£106
-k = 94.32 %10 /20.9 1.4 MPa
1000%273
1 2x1.4%20.6
- pE* (- |1 -0y = 0.0034

Asreq = 0.0034 * 1000 * 273 = 928.2 mm?

As min = 0.0018 *1000*200 = 360 mm?

«142 100 . .
z * — = 1026 mm? > As req .... For Main Reinforcement

~ Select @14 /15¢cm with As = =
4 15

- Check Spacing :
15cm > Smin=25+1.0=3.5cmor 2*(1.0)= 2.0 cm ... ok
15cm < Smax=3*15=45cm ... ok
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- Check Strain:
C=T
0.85*fc’*a*b = As*fy

0.85*24*a*1000 = 1026 *420

a=20.11mm — X=a/f=20.11/0.85=23.66 mm

_0.003%273
23.66

- & = 0.03>0.005 ....0=0.9 (OK)

—0.003

&

The following figure shows section A-A of the stairs in which reinforcement detailing appears .

S/ e

Figure (4- 17):Reinforcement Details of Stair
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