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Abstract

The Structural Design of “AL-AMAL Hospital Medical”

Team Work:

Mohamad Mahmud Abu Tuhfa. Mahmud Yaser AL-Masri
Yazan sami Frijat Zaid abo lawi

Supervisor:
ENG .Hamdi Ideas

The aim of this project is to design the structural elements of all buildings. These
buildings consist of concrete and steel works that contain slabs, beams, columns,
foundations walls and trusses.

The project consists of concrete building. concrete building consists of five stories and
two basements .

The building contains all facilities needed for the hospital to provide the services
according the appropriate modern requirements.

Moreover, the design of the project consists of many stages, which are represented by
studying the architectural sketches, choosing different kinds of structural elements
such as columns, beams and slabs that are not in contradiction with the architectural
design. After that comes the stage of designing the structural elements by using
computer programs and then displaying the results as executive sketches.

There are many codes used in this project. Jordanian Building Code is used to
determine live loads. Uniform Building Code (UBC-97) is used to determine seismic
loads. In Addition, the American Concrete Institute’s code (ACI 318-14) is used for
structural analysis and designing sections.

The computer programs that has been used in designing the project are AutoCAD
2019, Atir 18, ETABS 18, office 2010 and others.
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Ac = area of concrete section resisting shear transfer.

e As=area of non-prestressed tension reinforcement.

e Al = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Xl




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.

Cs= compression resultant of compression steel.

DL = dead loads.

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¢

measured face-to-face of supports in slabs without beams and face to

face of beam or other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Xl



Pn = nominal axial load.

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.

€c = compression strain of concrete = 0.003.
€;s = strain of tension steel.
€ = strain of compression steel.

P = ratio of steel area.

Xl
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Chapter 4

Structural Analysis And Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Check of Minimum Thickness of Structural Member.
4.4 Design of One Way-ribbed Slab (G,R-30).
4.5 Design of Beam (G,B-30).

4.5. Design of Column C143

4.6. Design of Shear Wall

4.7. Design of Basement Wall

4.8. Design of Basement Footing

4.9. Design of Isolated Footing F5

4.10. Design of Stairs

42



4.1 Introduction:

After finishing the structural planning of the building, in which the location of columns and beams
was determined. A complete design for all elements was done for flexure, shear, and deflection.

In this chapter, the analysis and design procedure for a sample of each structural element in the
building are explained in detail.

The following General considerations are taken throughout the analysis and design processes of
this project:

All members were designed according to ACI 318-14 Building code.

Gravity loads were estimated using the Jordanian code.

(ASCET7-16) is used for the definition of lateral seismic loads.

The ultimate strength design method is used during the analysis and design of this project.
Working Stress Method is used for soil design.

The compressive strength of concrete for all elements is B300 which equals to Fc' = 24
MPa.

Yield strength of reinforcing rebars Fy =420 MPa

oukrwdE

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.

NOTE:
The statically calculation and the key plans dependent on the architectural plans.
¥ Code: ACI 2008

UBC
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Material:

B300.. Fcu =30N/mm? (MPa) For circular section
but for rectangular section ( fc'=30*0.8 = 24MPa).

Concrete:

Reinforcement steel: The specified yield strength of the reinforcement {fy = 420 N/mm2 (MPa)}

v" Factored loads:

The factored loads for members in our project are determined by:
Wu=12DL+16LL ACl-code-318-08(9.2.1).

4.3 Check of Minimum Thickness of Structural Member:

TABLE (4.1) — MINIMUM THICKNESS OF NONPRESTRESSED BEAMSOR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED. (ACI 318M-11)

Minimum thickness (h)
member Simply Ong end BOt.h end Cantilever
supporte continuous continuous
d

solid one way

slabs L/20 L/24 L/28 L/10
Beams or ribbed
one-way slabs L/16 L/18.5 L/21 L/8

FOR RIB:

Hminfor (one end) =L/18.5=6.7/18.5=36.2cm

Hminfor (both end continuous) =L/21=3.95/21=18.8cm
use h=35cm

FOR BEAM:

Hmin for (both end continuous) =L/21=6.7/21= 31.9cm
Hmin for (one end) =L/18.5=5.4/18.5=29.18cm

take h=35cm

~ Select slab thickness = 35cm with 27cm block & 8cm topping.
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4.4 Design of one-way ribbed slab

One way ribbed slab Design procedure is explained

[ Loads on Topping

in the following steps :

Fixed :% : Fixed

4.4.1 Design of topping

/

Topping in One-way ribbed slab can be considered

as a strip of 1-meter width and span of hollow block —
length with both ends fixed in the ribs.

40 em T 12em

Figure (4- 1) : System of topping

4.4.1.1 Calculation of Loads on Topping

Dead loads that act on Topping can be calculated as shown in the following table:

— Dead Load For 1m strip:

Table(4- 1): Dead Load Calculation for topping

Quality Density

Material Calculation Dead Load (kN/m)

(KN/m®)
Tiles 23 =0.03x23x1 0.69
Mortar 22 =0.02x22x1 0.44
Sand 16 =0.07x16x1 1.12
Topping 25 = 0.08x25x1 2
Partitions = 1.75x1 1.75

~ Dead Load for 1m strip of topping = 6 kN/m

— Live Load For Imstrip= 5.0 x 1 =5.0 kN/m

— Factored load (W) =12xD.L+16xLL =12*6+1.6*5.0=15.2 kN/m

4.4.1.2 Analysis of topping
) Vu = % — 15.2x0.4 =3.04 kN
. Mu= Wy x12 _ 15.2x0.4% — 0.203 KN.m

12 12
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W, =15.44 kN/m

HEREEE

VuT TVu

0.4m

4.4.1.3 Design Strength of topping —~ —~
Mu Mu
— Shear Design Strength: N A

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

®.Vc= ® x0.11 x A xVFc' x bw x ht
®.Vec=0.6%x0.11x1x+v24"x 1000 x 80 =25.87 KN>Vu — SAFE

Figure (4-2):System and analysis of topping

— Moment Design Strength:

For Plain concrete section with“b=1m & h=8cm”

2
® . Mn=0.6 x0.42 x FC'X%

2
®.Mn=0.6x 042 x V24 x M =132kN.m>Mu — SAFE

-~ Plain Concrete Section is SAFE #

But According to ACI, Asmin shall be provided for slabs as shrinkage and temperature
reinforcement.

P shrinkage = 0.0018 According to ACI

Minimum (AS) = p shrinkage X AQ

=0.0018 xb x h
=0.0018 x 100 * 8
=1.44 cm?/m

Step (s) is the smallest of :
1. 3h = 3x80 =240 mm « controlled

2. 450 mm.
3.8 =380(27) — 2.5Cc = 380 <zzf§0> —2.5%20 = 330mm
3
280 | _ 280 | _
But S <300(3) =300 (§*420) = 300mm

Take S=200mm < Smax=240mm
~ Select Mesh @#8/20cm in both directions.

Provided As = (mx8%4)*(100/20) = 2.5 cm?/m > min As = 1.44 cm?/m
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4.4.2 Design of One-Way Ribbed Slab(G,R-30) :

Rib (G,R30) is selected to be designed , the following figure shows its location in first floor slab:

f‘% G.B-23 FE‘; 3.B-23 m%! G.B-I13 c&bﬁ

‘ — B

1

o ——

8=—"]

| = =

| FTRVIRN I T TR e—

T == =

| | alor -

[

e B8
- _I_|| = |__ -] —1 I_—_i 1

GB- su G,B-30 _ %‘ GB-30
I H |
|| £
| &
- a ot 2 “,‘ G,B.-S“ Cl aB-34 Ck
= o h
= T
:ﬁ Prarriin e o]
il I || I

%ﬁﬁ,n-ss GB 35 G.B_ﬁis }.B- GB-35 “ G B-35 angg 5-3_5@]
- =T rrmm i HIIE
| _ ¥

Figure (4- 1):Rib (G,R-30) Location in ground Slab

4.4.2.1 Rib geometry

Requirements for Ribbed Slab (T-Beam Consideration According to (ACI) are as follows :
- bw> 10cm — select bw=12cm
-h <35bw=35%X12=42cm — select h=35cm

- tf ZI;—ZZSOmm — select tf =8cm

v’ Statically system and Dimensions
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4.4.2.2 Loads Calculation for Rib (G,R30 )

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 :

Load calculations:

— Dead loads :

Table(4- 2):3 Dead Load Calculation for rib (RF5)

Material Qua(ILtl)\/l /E)n%;lmty Calculation (E)(ﬁs?nll‘g?g
Tiles 23 =0.03x23x0.52 0.359
Mortar 22 =0.02x22x0.52 0.229
Sand 16 = 0.07x16x0.52 0.582
Topping 25 = 0.08x25x0.52 1.040
Block 12 =0.27x12x0.40 1.29
Rib 25 =0.24 x25x0.12 0.720
Plaster 22 = 0.02x22x0.52 0.229
Partitions = 1.75x0.52 0.91

~ Dead Load =5.36 kN/m/Rib

— load /rib = 5.36 KN/m
— Live loads/rib =5.0 x 0.52 = 2.6 kN/m/rib
— Factored Load (W,) = 1.2xD.L + 1.6xL.L

WuD = 1.2x 5.36 =6.4 kN/m/rib
WuUL =1.6%2.6 = 4.16 KN/m/rib

*The effective flange (be):

1) bes§=5‘1ﬁ= 1350 mm

2) be< bw +16hf=120+16*80=1400mm
400 | 400

3) be< center to center spacing between adjacent beam = -t 120 = 520mm

Take be=520 mm
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Geometry

Units:meter,cm

1 2 3
Jj: Al Al A
A A A
0.4 6.1 08 3.15 08 4.25 08
t 6.7 ' 3.95 o 5.05 o
I 52 | | |

35.

12.

A-A

Moment/Shear

Envelope (Factored)

Units:kN,meter

Moments: spans 1to
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Loading

Load group no. 1

Dead load - Service Units: kN,meter
5.36 5.36 5.36
6.7 3.85 5.05

CiveToad - Service LCoad factors: 1.20,7.20/1.60,0.00
2.60 2.60 2.60
6.7 3.95 5.05

Loads (kMN,meter)
1 2 3

UniD 536 L 260 UniD 536 L 260 UniD 536 L 260

Fig 4.4: Shear & Moment Envelope Diagram (G,R-30)

*Design of positive moment:

Mu=41.4 KN.m.

Assume bar diameter g 16 for main positive reinforcement.

d =h- cover — dsimps — 2 = 350 — 20 — 8 — > = 314 mm.
Check if a > hr to determine whether the section will act as rectangular or T- section,

Mt =0.85. fr. be. hy. (d — =)
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=0.85 x 24 X 520 x 80 x (314 —=2) x 10~° = 232.53KN.m
Mpg > My = % = 46 KN.m , the section will be designed as rectangular section with be
=520 mqr)n. |
Rn= @1:;2 - 0.9115‘;:>1<(3)6142 = 0.897 Mpa.
=D 20 _ 506

T 085f. 085x24

1 2mR,\ _ 1 (. [ 2x206x0897) _
p—;(l— 1_TO>_20.6<1 \/1 420 )_0'0022

Asreq = p.b.d = 0.0022x520%314= 359.2mm?
*Check for Asmin .

Asmin is the maximum of :-

p,.d

Asmin =0. Zsﬂbw. d>—
f}’ fy

1. Asmin =0.25% 120 x 314 = 109. 88mm?
2. Asmin :% 120 x 314 = 125.6mm?2 Control

As,-359.2mm?2> A min - 125.6mm?

....................................................................................................................

Check for strain:

_ Asfy  402.1x420
4 =585b fl T 0.85x520x24 15.92mm
=2 =192 _ 4873 mm
B, 085
—0.003 <d_c) —0.003 (314_18'73) — 0.0473 > 0.005 0k
& =0 c )77 18.73 /) '
Mo = 26.3 KN.m.

Assume bar diameter g 12 for main positive reinforcement.
d =h- cover — d simps — 2 = 350 — 20 — 8 — - = 316 mm.
Check if a > hr to determine whether the section will act as rectangular or T- section,
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Mar =0.85. f/. be. hy. (d — )

80

:0.85x24x520x80x(316 -

) x 1076 = 234.22KN.m

M 26.3
Mng > 7” =5 29.22 KN.m , the section will be designed as rectangular section with be
=520 mm.
M, _  263x10°
Rn= oba? — 09xs20x3162 O 563 Mpa.
m=-L_=_%20 _ 5056

T 0.85f. 0.85x24

1 2mRy | _ L _ _ 2%x20.6x0.563 _
p= Z <1 - [1- W) = 206 <1 \/1 —420 ) =0.00136

Asreq = p.b.d = 0.00136x520%316= 223.47mm?
*Check for Asmin .

Asmin is the maximum of :-

p,.d

Asmin =025 p 4 > 14
f}’ fy

3. Asmin :0.25% 120 x 316 = 110. 6mm?
4. Asmin :% 120 x 316 = 126.4mm? Control

As=223.47mm?> As min = 126.4mm?

........................................................................................................................

Check for strain:

Ay 226.19x420
=—2X_ = = 8.95mm
0.85b f. ~ 0.85x520x24
a 8.95
c=—=—"-=10.53mm
B, 085

d—C)_O (316—10.53

&,=0.003 <T 10.53 ) = 0.0870 > 0.005 0k

*Design of negative moment:

Mu=-43 KN.m.
Assume bar diameter g 18 for main positive reinforcement.
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d =h- cover - dsimps — 2 = 350 — 20 — 8 — - = 313mm.

M 43x10°
Ri=—% = =4.06Mpa.
"~ 9bd? ~ 0.9x120x3132 06Mpa

f 420
m= Y T =
0.85f.  0.85x24

o= l<1 _ o Z.m.Rn> _ L<1 _\/1 B 2x20.6x4.06> — 0011
m 420 20.6 420

Asreq = p.b.d=0.011 x120x313 = 413.16 mm?

=20.6

*Check for Asmin .

Asmin is the maximum of :-

p,.d

Asmin =025 p 4 > 14
f}’ fy

1. Asmin =0.25§2: 120 x 313 = 109.53 mm?

2. Asmin :% 120 x 313 = 125.2 mm? Control
Asyrequired = 41316 mmz.

.....................................................................................................................

Check for strain:

Asfy,  413.16x420

a= = =70.88 mm
0.85b fi.  0.85x120x24
a 7088
c=—=——=83.4mm
B; 085

d—c 313 -83.4
£,=0.003 (—) =0.003 (—) = 0.00826 > 0.005
c 83.4

Mu=-22.3 KN.m,

Assume bar diameter g 12 for main positive reinforcement.

d =h- cover - dsimps — 2 = 350 — 20 — 8 — = = 316mm.

M, _ 223x10°
Rn= Pbd? ~ 0.9x120x3162 2.07Mpa.
420
m= 21— =20.6

T 0.85f.  0.85x24
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p:1<1_ 1_ﬂ> :L<1 _\/1 _M> =0.00521
m 420 20.6 420

Asreq = p.b.d = 0.00521 x120%316 = 197.6 mm?

*Check for Asmin .

As min IS the maximum of :-

Aemin=0.25Lp 4 >1p 4
fy Iy

1. Asmin =o.25§2§ 120 % 316 = 110.6 mm?

2. Asmin :417"; 120 X 316 = 126.4 mm? Control
As,required =197.6 mmz.

..................................................................................................................

Check for strain:

_ Asfy  2262x420
T0.85bf. 0.85x120x24 38.8 mm
c=i=&= 45.65 mm
B, 085
—0.003 <d_c) = 0.003 (316_45'65) = 0.0177 > 0.005 0k
& =0 c )77 45.65 ) '

v" Shear Design for (G,R-30):
V. at distance d from support= 34.4 KN

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

Ve == A\[fib,d = V24 x 120 X 316 X 107° = 34.05KN

g V. =0.75%34.05 =25.53 KN.
0.5 9 V:=0.5x25.53 =12.76 KN
050V<Vi<g Ve
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So

vu __ 28

Vs ve = — 34.05 = 3.28 KN
(0] 0.75

Vgmin = 7o/ fC'by d=--v24 + 120 + 316 = 11.65
Vsmin = 3bwd = 7 120 ¥ 316 = 12.64 KN .......control

Vsmin = 12.64 KN > vy = 3.28 KN

shear reinforcement are required.

Take VS = Vg min=12.64 KN

Use2leg @ 8.
A, =100.5 mm?

_Avxdxfy
$= vs

— 100.5%316%420 —1055.25 mm

12.64%103
316

Smax = 5= = 158 mm or Smax < 600 mm

Use2leg® 8 @150 mm .

- Check Deflection

The value of Deflection should not exceed Alimit, Which according to ACI Code = ﬁ The
following Table shows values of Alimit compared with deflection calculated by Atir software .

Table(4- 2):Deflection Check for rib (R17)

Span | Span Length Alimit ACalculated
Check
No. (mm) (mm) (mm)
spanl | 6700 6700/240 =27.9 | 6700/243 =27.5 .
Span2 | 3950 | 3950/240=16.46 | 3950/1187 =3.32 | ACalculated < Alimit (OK)

a. Design of Beam(G,B-30) :
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Beam (B30) is selected to be designed; the following figure shows its location in ground floor

slab:

v" Load calculations:
Load calculations for G,B-30:

1.

Dead Load Calculations for Beam (G,B-30):

Own weight of the beam :
Own wt. = 25*0.45*0.8 = 9 KN/m

Reactions of ribs that acting on it .
The following table shows calculation of loads that act on GB30 from ribs

Table(4- 3):Loads on GB30 from ribs

Rib(G,R-30)

quD(kN/m)  34.58/0.52=66.5

quL (kN/m)  18.36/0.52 = 35.31

Rib(G,R-33)

quD(kN/m)  14.84/0.52=28.54

quD(kN/m)  7.44/0.52=14.31

Table(4- 4):Loads on GB30 from beams

Beam(G,b-27)

pu D(KN/m) 73.04
Pu L(kN/m) 29.88
Fig 4.3: G,B-30

Geometry Units:meter,cm

3
3

¥
t
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load group .
Dead load - Lloading Units:kN,

e |
|
e |
e |

Live load - Load factors:

N T I A i

Moment/iShear Envelope (Factored) Units:kM, meter

Moments: spans 1toc 4

-542.1
-418.4 , -428.

8
400.8
228 3.42 | 349 a2e1 | 25 | a5 | 21 | 27 |
[ | I | | | | | 1
Shear
5131
419.2 -421.9 -395.8
-328. -301.9
15341988
i g I i /’/’—ﬂ
T T T T T -'14. T |
i,
249.1 272.0
296.9 .
343 381.1 300.8 316.2
4749
Reactions

Factored

I
P I P

e e —

P —




Fig 4.5: Shear & Moment Envelope Diagram (GB30)

v" Flexural Design for (GB30):
Determine of Mn,max :

18
d=450—40—8—7=293mm

3 3
c= 7d =5 393 =168.42 mm
a=B.c =168.42 % 0.85 = 143. 16mm
Mnmax = 0.85fcab (d - % ) = 0.85*24*143.16*1000*(393-143.16/2 ) *105= 938.69KN.m

® Mnmax = 0.82* 938.69 = 769.73 KN.m> 400.8 KN.m
Design as singly reinforcement
Design for positive moment:

@ = 0.9 for flexural

1) Mu = 400.8 KN/m

M, 400.8 x 10°

Rn = =
"= PbdZ 0.9 x 1000 x 3932

= 2.88Mpa.
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fy 420
T 085f. 085x24 20.58

p:l<1_ 1_ﬂ> :L(l_\/l_w> =0.00742
m 420 20.58 420

As=p.b.d =0.00742x1000x393 = 2917.76 mm?.

Check for As,min .
smin =0.25 e b,,.d > 4 b,.d
fy fy

Asmin =0. 25% 1000 x 393 = 1146.01 mm?

As min :% 1000 x 393 = 1310 mm? Control.

As,min=1146.01 mm2< As =2917.76 mm2

..................................................................................................................................

Check spacing :

S— 8000—40*2—:f*z—<12X18) =62.18mm > 25 .. OK

Check for strain:

a= Asfy,  2917.76x420

= = =60.07 mm
0.85b f.  0.85x1000x24

60.07
c=— =2"L=70.67mm
B, 085

393 —70.67
0.003 (—

d—c
85:0'003( c )= 70.67

) =0.0136 > 0.005

2) Mu=511.5 KN.m

M, _  5115x10°
Ro= Obd? — 0.9x1000x4932 2.33Mpa.
420
m=—Jr_— —20.58

"~ 085f.  0.85x24
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p:1<1_ 1_ﬂ> :;<1_\/1_M> =0.00590
m 420 20.58 420

As = p.b.d = 0.00590 x1000x493=2908.7 mm?.

Check for Asmin .
Aemin=0.25Yp d>%p d
fy [y

Asmin =0. 25% 1000 x 493 = 1437.61 mm?

As min =% 1000 x 493 = 1643.33 mm? Control.

Asmin=1643.33 mm?*>A; = 2908.7 mm?

..................................................................................................................

Check spacing:

__ 8000-40%x2-10%2—(12x18)

S 11

=62.18mm > 25 .. OK

Check for strain:

_ Aspy 2721.36x420
4 =585b fl T 0.85x1000x24 56.028 mm
a 56.028
c= B = 08 65.91 mm
= 0.003 (d — C) =0 (493 _ 6591) = 0.0194 > 0.005
g =5 c )T 6591 ) '

Design for Negative moment:

1) Mu=-428 KN.m

M, _  428x10° _
Ro= @bd2 ~ 0.9x1000x3932 3.079Mpa.
_ Sy __ %20 _,5eg

©085f.  085x24

p:1<1_ 1_m> :;<1_J1_M) — 0.00798
m 420 20.58 420

As=p.b.d =0.00798x1000x393= 3139.11mm?.
60
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Check for Asmin .

Yp,.d

AEHM1=0.25;1ZElhv_d >
f}’ fy

Aqmin =0. 25% 1000 x 393 = 1146.01 mm?

As min =% 1000 x 393 = 1300 mm? Control

Asmin= 1300mm?< As =3139.11 mm?

.......................................................................................................................

Check spacing:

_1000-40%2-2+10—(13x18)
= n =

S 55.5m > 25 ... OK

Check for strain:

a= Asfy  3139.11 x420

= = = 64.62
0.85b f.  0.85x1000x24 64.62mm

a 64.62
C—-EI——7;§;H— 76.03mm

393-76.03

£, =0.003 (?) = 0.003( T

) = 0.0125 > 0.005 0k
v" Shear Design for (GB30):

1. Vu=419.2 KN

Ve=2/fc'b, d = $v/24 + 1000 * 393 « 1073 = 320.8KN

® V= 0.75%320.8=240 KN

Vsmin = 3bwd == 3 1000+ 393+ 1073 = 131 KN

Vsmin = 76/fCby d =12 * V24 + 1000 393 « 103 = 120.18KN control

vy = 3fc'b, d =324+ 1000 + 393 + 1073 = 641.766
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d(ve + Vs min) <vy, < 0w+ vs’)
0.75(320.8+120.18) <419.2 < 0.75(320.8+641.766)
330.73 < 419.2721.8 ...0k

shear reinforcement are required.

Use 4leg @ 10 .
Av =314.2 mm?. Note :

4192 Assume @10 stirrups with 4 legs

« 102
Ayfyed  314.2 %420 %393 then Av = 4 « 2% = 314.2 mm?
v, 238.133 1000
=217.785 mm (control)
d 393
=——=196.5mm OT Spax < 600 mm

Smax < E_ 2

Use 4leg @ 10 @150 mm.

2. V,=381.1KN

Ve=2\fc'b, d = 224+ 1000 + 393 + 10~ = 320.88KN

® V.= 0.75*320.88 =240.6 KN

Vgmin = 3bwd== 3 1000+ 393+1073 = 131 KN
Vsmin = 1c/fCby d =1+ V24 + 1000 + 393 « 10-3 = 120.33KN control

s

1 1 -
vy = 5,/fc’bwd:§\/24* 1000 = 393 « 1073 = 641.76

1
E(Dvc <wv, < v,

0.5 *0.75(240.6) < 381.1 > 0.75(402.53)
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90.225 < 280.1> 240.6...NOT OK

Case 3
v, < v, < O(v. + vs min)

240.6<381.1>330.8 ......... NOT OK

e Case4
®(vc+vs min) <V = (Z)(vc + 'US’)

1
vy = 5,/fc’bw d

1
Vg = 3 24+ 1000 393
vy = 641.77
@(vc+vs min) <Vy = Q(vc + ‘US')

330.8<381.1 <721.35

Av,min Is Required

Avmin _1* fC bw

= =0.729
S 16 = fyt mm
Apmi 1+b
= = = =0.793 (control)
s 3xfyt
Use 4leg @ 10 .
Av =314.2 mm?,
314.2
= 0.793
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S=252.33 mm

d 393

Smax < 2= 3 = 196.5 mm OT Spax < 600 mm

Use 4 leg ® 10 @200 mm .

4.6 Design of Column (C143)

4.6.1Calculation of Loads act on Column (C143)

Loads acting on columns are obtained from support reaction when analyzing the supported
beams.

Loads acting on column (C143) are as follows:
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Table (4 - 6): Loads acting on column (C66) from Beam

Service Dead Service Live .
. . Self-weight of the
Beam reaction from reaction from column
FlOOI‘ number number Beam Beam
(KN) (KN) (KD
Second (0.80x0.75x 7 x
basement B46 858 568 25) =60
The first B6 483.6 360 60
basement
ground B11l 533 370 60
first B12 394.29 319.85 60
second B15 539.76 367.7 60
third B17 466.65 336 50
Forth B18 464.16 332.64 60
Total 3307.05 1553.3 420

Dead Load = Total Service Dead reaction from Beam+ Total Self weight of the column

=3307 +420= 3727 kN

Live Load = Total Service Live reaction from Beam

=1553.3 kN

Factored loads (Pu) =1.4 DL =1.4x3727= 5217.8 kN.

ORPu=12DL+1.6LL=1.2x3727+ 1.6 x1553. 3 =6757.7 kN.
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4.6.2 Calculation of Required Dimension of Column (C143)
Total load Pu =6757.7 KN
Pn =6757.7 /(0.65) = 10704.12 KN
Assume pg = 2.0 %
Pn = 0.8 * Ag{0.85 * fc' + pg(fy — 0.85fc)}
10704.12 * 1073 = 0.8 * Ag[0.85 * 24 + 0.02 * (420 — 0.85 * 24)]
Ag = 0.4865 m?
~Select 80*75cm with Ag = 60000cm?.

= 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= —
T
Where:

Lu: Actual unsupported (unbraced) length = 3.65 m
K: effective length factor (K= 1 for braced frame).

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

System about x

A= 34-12(1) =22 <40 A< 34-12(1)=22 <40
A= 18.72 > 22 - Short about X 1=18.72 > 22 .. Short about Y

System about Y

e d

=18.72

~ Column is Short, So Slenderness effect will not be considered.
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4.6.3 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 =6757.7 KN
6757.7 * 103 = 0.65 * 0.8 = 750 * 800{0.85 * 24 + pg(420 — 0.85 = 24)}
= pg =0.0296 > prin = 0.01 & < ppa, = 0.08
As req = 0.029 *750 *800 =17760 mm?

_ 17760 _

Use ® 25 >> #of bar = = 23.19
490.8

~ Use24 @25 with As = 1871.45 mm2 >AS req= 17760 mm?2

= Check spacing between the bars:

_ 750—2%40—2%10—12x25
11

S = 38.1mm

S=31.8mm >-MAS

w e

> 40mm
>1.5db=37.5mm

= 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 2.5 = 40cm.
Spacing < 48 X d.(tie.bar. diameter) = 48 X 1.0 = 48cm.
Spacing < Least.dim e nsion = 75 cm

~ Select @ 10/20cm
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Column (C143) Section is shown in figure (4-6) where bars arrangement and stirrups detailing

appear:
" "
G5(4000KN)
+ = + 11050 11050
1 1 11 72
) 26[“1 26
= 67 67 67 67
72
4 5 = #10/20cm
[=21
24025 $10,/20cm #10/20cm 8
L=256 =256

Figure (4 - 7): C143 Reinforcement Details
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4.7 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.W2.[For detailed
information see appendix C]

The following data that used in design:

- Shear Wall thickness = h =20 cm

- Shear Wall length Lw = 5.7m

- Building height Hw=28 m

- Critical section shear : Lw<hw — d =0.8*Lw =0.8*5.7=4.56 m

4.7.1 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

= %m X 200 X 4560 = 744.64 kN « Controlled
2. Ve = fc'xbxd n Nuxd

4 4Lw

+0=1116.96 kN

_ V24%200%4560
4

7 2Nu
3_ V _ VfC’+LW( fe +LW.h) Xth
=17 Mul _ Lw 10
Vu 2

Where:
- Mul=4455kN.m

JMul w45 23 _0.719 <0 - This equation is not applicable.
Vu 2 690.52 2

~ Ve = 356.65kN - @Vc < Vumax! = 690.52 kN —Horizontal Reinforcement is Required.

690.52

.~ 356.65 = 564.05 kN

\
— Vs = ?u—Vc=
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Avh Vs _ 564.05%10°
s fyxd  420%2184

Avh
but (%) min = 0.0025  h = 0.0025 % 200 = 0.5 <« Controlled.

= 0.615

— Avh : For 2 layers of Horizontal Reinforcement

Select @10 :
Avh = 2 *79 = 158 mm?
Avh 0.5 s 158 316
— . - = — =
s req 0.5 mm

Smax= Lw/5 = 2730/5 = 546 mm
= 3h =3*200 =600mm
= 45cm « Controlled.

~Select @10 @ 200 mm at each side.

4.7.2 Design of Vertical Reinforcement

h Avh
— AW =[0.0025 +0.5 (2.5-=) (5—— — 0.0025)] * h * Sver
w28 025> 250
w273 '
Avv _ 2%79
— = =[0.0025 +0.5 (0) (500~ — 0.0025)] * 200
. Avv: 0.5

Sver

Smax = Lw/3 =2730/3 =910 mm
= 3h =3*200 =600mm
= 450 mm <« Controlled.
Select 912 :
Avv = 2 *113 = 226 mm?

A—VV 05-S —226 452
= V.o — = =
S req 0.5 mm

~Select @12 @ 150 mm at each side.
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4.7.3 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-——)]

—
—

Where:

- Asv=2*113 *% — 3084.9mm?

A LI 1 = 0.107
w 2L0-85*51*fc «Lwsh ~ ,_ 0.85%0.85:24+2730+200
y Asvefy 3054.9%420
0.107

~ Muv =0.9 [ 0.5*3842*420*3400 (1- T)] = 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 at each side.
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3.825m

4.8 Design of Basement Wall

The wall spans vertically and it is considered to be pinned at both ends as shown in figure (4-

i
1
|
|
|
|

A

[=3.825m

qul= 34 425 KN/m? h 2.5 KN/mE

|
|
|
i

Figure (4 - 8): Basement Wall system and loads
The different lateral pressures on a 1m length of the wall are calculated as follows:
ko=1-sin30=0.5
Due to soil pressure at rest: qul = k,.y.h = 0.5%18*3.825=34.425 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.
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—Moments: spans 11o 1

| 24 1034

=121.

Figure (4 - 9): Moment and Shear Envelope of Basement wall

4.8.1 Design of Shear Force

Max value shear force is obtained from figure (4-13), Vu= 121 kN
d=30-2-2 = 26 cm

@*VC:O.YS*%*M*1000*260:159kN>Vu
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=~ h=30cm is correct.

4.8.2 Design of Wall Reinforcement

1. Design of Vertical Reinforcement at Tension Side:

Max value Moment is obtained from figure (4-13) , Mu = 103.4 kN.m

420
— m= = 20.6
0.85%24

— Mn =103.4/0.9=114.9 KN.m

Mn 114.9 ¥10°
— Rn= = = 1.69 MPa
bxd?2 1000%2602

_ 1 ’ 2%1.69%20.6  _
— p—m*(l- 1—T)—00042

— Asreq = p * b *d = 0.0042+ 1000 * 260 = 1093.5 mm?/1m

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

~ Select @16/15cm with As = 1206.37 mm?2/m > As min

2. Design of Vertical Reinforcement Compression Side:
— As = As (min) = 360 mm?
. Select @10/20cm with As = 632 mm?/m

3. Design of Horizontal Reinforcement:

— As = As (min) = 0.001 *1000*300 = 300 mm? /m for one layer
~ Select @10/20cm with As = 632 mm?/m

4.9 Design of Basement Footing

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

- qD=210.45 KN/m & gqL=46.47 kN.m

- Total Service Loads: qtot =210.45+46.47 = 256.92 kN/m

- Total Factored Loads: qu =1.4 *210.45 = 294.63 KN/m
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4.9.1 Check if footing width is correct

Op= tht/ATeq < O b (allow. net)

- 256.92 /1_0 1.0 = 256.92 < 0 p(allow . nety =400 KN/m?

~ a=1.0m is correct#

4.9.2 Design of one-way shear

Assume h =30cm

d=300-50-20 = 230 mm

Vu=294.63*0.12*1m = 35.35 Kn

@*Vc= 075 *%* V24 * 1000 * 230 =140.8 kN > Vu
~h=30cm (SAFE) .

Ll

4.9.3 Design of Bending Moment

» Main Steel:
Mu =294.63*0.35*1*(0.35/2) = 18.04 kN.m

— Mn =18.04 /0.9= 20.05 KN.m

_ Mn _ 2005%10% _
— kn= o = Tooomaer - 0-38 MPa
L p=—m*(1- [1— 2038206y - 0000913
20.6 420

— Asreq = 0.000913 = 1000 = 230 = 210.07 mm?/m

— As (min) = 0.0018*1000 * 300 = 540 mm?/m

- Select @12/20cm 5@12/1m with As = 565 mm? > Asmin

» Secondary Steel:

— As (min) = 0.0018*b*h = 0.0018*1000 * 300 = 540 mm?

0.30

0.35

7 T
| h = 30cm
1 l

a=1.0m

i —
LITTTTTTT T

I O bu= 294.63KN/m2

F

Figure (4 - 10): Critical Section of
0.30

——

!

0.35

h = 30cm
| l

a=1.0m

LITTTTITTTITIT]

A O bu =294.63KN/m2

FRB

Figure (4 - 11): Critical Section of
Bending Moment

~ Select @12/20cm 5@12/1m with As = 565 mm? > Asmin

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

75



| Strip Footing 1 Detail "

3

AZ™ e
| Y | S BN X
-
P '/X\/\E//ﬂ/:;ﬁﬁ
@12/20cm I ——l J 12
= —— \éxéi =7
L U E%
SEI:noNI-I__

Figure (4 - 12): Basement wall Reinforcement Details

76

155




4.10 Design of Isolated Footing (G1)

Loads that act on footing G1 are:

- PD=667.7 kN, PL =237.5kN — Pu=1.2 * 667.7 + 1.6%237.5= 1180kN

The following parameters are used in design:
= Y concrete = 25 kN/I’T‘]3

- ¥ soil = 18 KN/m?®

- Oallow = 400 kKN/m?

- clear cover =5cm

4.10.1 Determination of footing dimension (a)

Footing dimension can be determined by designing the soil against bearing pressure.

Assume h =45 cm
Ob(allowynet =400 - 25*0.45 - 0.4*18 = 381.55 kN/m?
O bu(allow . net) = 1.4* 381.55 = 534.17 KN/m?

Obu = Pu/Areq < 0 bu(allow . net)

Ll

- 1180/ 42 =534.17 — a=1.48m — Select a=1.55m

534.17

—  Bearing Pressure cbu = PU/A: Tsei1oE

4.10.2 Determination of footing depth (h)

= 222.34 kN/m? < 534.17 KN/m? ...(SAFE)

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

4.10.2.1 Design of one-way shear

d=h—cover —®=450—-50—12 =388 mm
Vu at distance d from the face of column:
Vu=FRB =obu x 0.541x b

=498.60x 0.541x 1.55=418.1 kN
— Q*chO.?S*%*\/F_c’*b*d

=0.75* % * \/24 * 4200 * 388=997.92 kN >Vu

—
—

~h=0.45cm is correct v/
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01870 ~———< d=0.3880 —
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bu=488.6Kn/m2

Figure (4- 13): Critical Section of
Shear Force



4.10.2.2 Design of Punching (two-way shear)

— d=388mm
— b, =2%(0.45+0.388)+2*(0.4+0.388)= 3252 mm
— Bc=1

— as = 40 (interior column)

'—'I.

U

N
V

VU = 534.17*(1.55*1.55-
(0.45+.388)(0.4+0.388)) = 930.6 kN

@xVc is the smallest of: g — 5~ ¢
_ 4 Vc’ I
1 VC—(2+E)X\/12 x by x d . )
_ 4 24 . o
—(2+I)><Ex3252><388 1 :
= 3090.70kN Ch [
2 Vc=(°(5><d+2)x%xboxd l-
y z
= (B2 ) x Y24 3252 % 388
3252 12
= 3298.22kN
3 Ve=4x % x by x d Figure (4 - 14): Punching Shear Critical Section

-4 x % x 3252 x 388= 2060.47 kN .. <cont.

— @xVc =0.75 x 2060.47 = 1545.35 KN > Vu = 930.6 kN

~h=0.45cm iscorrect v/
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0.45m

{

~—0.55 —
T
| H=0.45m
1
a=1.55m
A
@ bu =498.60KM/m2
FEB

Figure (4 - 15): Critical Section of
Bending Moment
4.10.3 Design of Reinforcement

Mu = 498.60 *0.575*1.55*(0.575/2) = 127.76KN.m

Fy 420

= = 20.6
0.85+Fc’  0.85+24

— M=

— Mn=127.76/0.9= 142kN.m

M 142%10°
— kn= Mn/0 - = 0.61MPa
bxd?2 1550%3882

1 2%KN*
— p=—*(l- /1— Fym)
= Low (g [ 20611206y - g 00147
20.6 420

— Asreq=pxb+d = 0.00147 * 1550 = 388 = 884.058 mm?

— As (min) = 0.0018*b*h = 0.0018*1550* 450 = 1255.5 mm?
— Asreq > As (min)

- Select for both directions: 13@12 with As = 1470.26 mm? > Amin ... (0k)

4.10.4 Design the Connection between Column & Footing

— Design of bearing pressure at section of column:
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@ x Pnb=0.65%0.85% fc'x Al >Pu
= 0.65 x 0.85 x 24 x 400*450 = 2386.8 kN > Pu = 1180 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 = UP1323868)

0.65
- Asreq = 2500mm?
- As min for dowels = 0.005 x A1 =0.005 x 400 x 450 = 900 mm?
- Asreq>Asmin
Select 10618 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 18 = 536.76 mm >300mm

~ Select Lsc =57.5 cm > Lsc req = 53.6cm

Design of compression development length (Ldc):
420

- de—024><\/_><db 024XF x 18 = 370.36 mm .. < cont.

- Ldc=0.043 x fy x db =0.043 x 420 x 18 = 325.08 mm
~ Ldc req = 370.36 mm

- Available Ldc =450 — 50 — 12 — 12 =376mm > Ldc req = 370.36 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 be considered as category B:

1550—(2%50)—(27%112) _
26
2- Clear cover=50mm>1db=12mm v

= Category A

1- Clear lateral spacing = =129.53 mm > 2db = 24mm v

Design of tension development length (Ldt):

- Ld, req = ox <L x LE9E e gy = 22 2205 1X 0 x 18 = 189 mm
20 feor A 24 1

1550-600 .50 = 425mm > Ldt, req ... (Ok)

- Ld, available =
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Figure (4 - 16): F7 Details
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4.11 Design of Stairs

The following figure shows a top view of the stairs:

f
135

Beam
|

|

I

7

B

135

/
/\
£.50, 330 y 120 rie]

4.11.1 Design of flight

The structural system of the flight is shown in figure (4-22) and the following steps explain

29

the design procedure of the flight:

1. Determination of flight thickness:
Limitation of deflection: h > minimum h

h (min) = L/20 = 310/20 = 15.5cm
~ Select h = 15 cm, but shear and deflection
must be checked A0, 360 *40*

Angle (a): tan(a) =16.730 — a=29°
Figure (4 - 17): 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 - 7): Calculation of Dead Loads that act on Flight

Flight Dead Loads &

Flight = (0.15 * 25* 1)/ cos (29) = 4.28 KN/m

Plaster = (0.03 * 22* 1)/ cos (29) = 0.75 kN/m

Hor.Mortar =0.03*22*1 =0.66 kN/m

16.7cm
N

Ver.Mortar = 0.03*22*(=2") = 0.36 kN/m

Hor Tiles = 0.04*23*(3,) = 1 kN/m

Ver.Tiles = o.03*23*(%) = 0.38 kN/m 30em

Triangle =0.5*0.167*25 =2.08 KN/m

Sum=9.51 kN/m

Figure (4 - 18): Section of The Flight

Factored Loads:
qu=1.2*9.51 + 1.6*5 = 19.41 KN/m

Au=19.41*3.6/2 = 34.9kN

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

the flight
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qu=19.41KN/m

3
//
349
F,_,./”
.-—""J..-.
Ta0, 330 40,
’ A " 1
34.9

shear Diagram

Figure (4 - 19): Analysis of the flight

4. Design:

- Design of Shear Force:

d=150-20-(12/2) = 124 mm

@xVCc=0.75* =*/Fc' * bw * d
=0.75* =*24 *1000 * 124
=75.9 kN > Vu max = 34.9 kN

~. No Shear Reinforcement is Required#
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e Design of Bending Moment:

F 420
- m=—2—= = 20.6
0.85*Fc 0.85%24
M 34.9 «10%/0.9
_» kn= MW@ _ /99 _ 5 50 MPa

bxd? 10001242

_1 2:KNsm \ _ 1 / 242.50%20.6 | _
- P‘E*(l_xfl_ Fy )= 55 T (- J1 — =55 ) =0.0061

— Asreq=p*b=*d= 0.0061 1000 = 124 = 756.4 mm?

— As min = 0.0018 *1000*16.7 = 300.6 mm?
= Select @14/20 with As = 769 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=35cmor 2*(1.0)=2.0 cm ... ok
20cm< Smax=3*15=45cm... ok

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

0.85*24*a*1000 = 300.6 *420

a=589mm— X=a/f=>5.89/0.85=6.18 mm

g = 0.003+d —~0.003 = 0.003*124 —-0.003
X 6.18

. & =0.057>0.005 .... @ = 0.9 (OK)
4.11.2 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 :

Limitation of deflection:
L 510

h > minimum h 1
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h (min) = L/20 = 310/20 = 15.5 cm Figure (4- 20): Structural system of landing

~ Select h = 15 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 - 8): Calculation of Dead Loads that act on Landing

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

—— 7cm Snad —— 2cm Mortar |— 4cm Tiles

Slab = 0.15*25*1=3.75 kN/m
Plaster = 0.02*22*1=0.4 KN/m
Sum =6.35 kN/m

— 3cm Plaster

Figure (4 - 21): Section of The Landing
Factored Loads:

qu = 1.2*6.35+1.6*5 =15.62 kN/m The landing carries (dead load & live load of
landing + support reaction resulted from the

flight)
gu = 15.62 + Support reaction of flight = 15.62 + 34.9 = 50.52 KN/m

— Analysis:
qu= 50.52KN/m
d= 150-20-(12/2) = 124mm
i Vumax= 78.30- (50.52*0.124) = 72 kKN
% 2
510 Mu max = 222231" - 60 68 kN.m
78.30 78.30
72 0.124
—4

0.124
F— 72

Figure (4 — 22): Analysis of Landing

— Shear Force Design:
d=124mm & Vu max=72 kN
86



@xVc = 0.75 * %*\/ﬁ * 1000 * 124=75.9kN > Vu max = 72 kN

~No Shear Reinforcement is Required#

— Bending Moment Design: (Mu max = 60.68 kN.m)

- m =206
£106

- kn= 232109 - 434 MPa
1000124

_ 1 ’ 2%4.34%20.6  _
- p—m*(l- 1—T)—0012

Asreq = 0.012 * 1000 * 124 = 1488 mm?

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

«14% 100 . .
z * — = 1540 mm? > As req .... For Main Reinforcement

~ Select @14 /10cm with As = 0

= Check Spacing:

15cm> Smin=25+10=35cmor 2*(1.0) = 2.0 cm ... ok
15cm< Smax=3*15=45cm... ok

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

0.85*24*a*1000 = 1026 *420

a=20.11mm — X=a/p=20.11/0.85=23.66 mm
_ 0.003+124

g = ~0.003

23.66

o g =0.012 > 0.005 .... @ = 0.9 (OK)

87



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

Ae1f Mom @010/Em ‘

S, 20em \fc}mlﬂ.ﬂm!m‘

£ M0,/ E0cm

) #14,/20cm

SECTION A-A

SCAIE 1.10

Figure (4 - 23): Reinforcement Details of Stairs
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