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Abstract

Structural design for " Bethlehem library "

The idea of the project is designing a library that consists
of all facilities that should be available in any other libraries.

The project consists of four major buildings that have
different numbers of floors, and the total area of the building is
about 6400 square meters. The design of the project is based on
the variety of spatial clusters and the aesthetic and functional
distribution of space.

The structural study of the project includes analysis of the
construction elements, the expected various loads, the
structural design of elements, and the preparation of shop
drawings based on the prepared design.

The project uses ACI-318 for design, ASCE7-16 for seismic
loads and Jordanian code for live loads. Some structural
designing programs such as Atir, Safe, Etabs, Foundation & SP-
column are also utilized.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.
As = area of non-prestressed tension reinforcement.
A’ = area of non-prestressed compression reinforcement.
Ag = gross area of section.
Av = area of shear reinforcement within a distance (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.
Es = modulus of elasticity of steel.
¢ =compression strength of concrete.
fy = specified yield strength of non-prestressed
reinforcement.
h = overall thickness of member.
Ln = length of clear span.
LL = live loads.
Lw = length of wall.
M = bending moment.
Mu = factored moment at section.
Mn = nominal moment.
Pn = nominal axial load.
Pu = factored axial load

X1l



e S =Spacing of shear in direction parallel to longitudinal
reinforcement.

e Vc =nominal shear strength provided by concrete.

e Vn =nominal shear stress.

e Vs =nominal shear strength provided by shear
reinforcement.

e Vu = factored shear force at section.

e Wu = factored load per unit area.

e @ =strength reduction factor.

e g.=compression strain of concrete = 0.003.

e & =strain of tension steel.

e £.=strain of compression steel.

p =ratio of steel area.

*Column abbreviations:

e Lu: unsupported length “clear distance between slabs, beams, or
other members that provide lateral support to the column”.

o K: effective length factor.

e R: radius of gyration .

*Stair abbreviations:

e a:Step height.

b: Step width.

s: Step nosing.

hf: Flight thickness.

hl: Landing thickness.

n: Number of steps.

a: Flight angle.
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*Foundation abbreviations:

e LLe: external live load.

e o(b): allowable pressure.

e o(net): net allowable pressure.

e o(bu): bearing pressure

e yrc: reinforced concrete weight.

e vsoil: soil weight.

e Lv: distance at shear critical section.

e Lm: distance at moment critical section.
e Ldt: tension development length.

e Ldc: compression development length.
e A: Lightweight-aggregate-concrete factor.
e Wt: bar location factor.

e We: coating factor.

e WYs: bar-size factor.

e Cb: bar spacing factor.

e Ktr: transverse reinforcement index.

*Wall abbreviations:

Lw: wall length
hw: wall height

h story: story height
h: wall thickness

A/hw: building drift (total lateral displacement deflection of the top of the
building over wall height), A/hw min = 0.007
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a: distance above the base of the wall to determine location of critical
section for checking flexural-shear strength

Mul: Moment at critical section for checking flexural-shear strength.
ph: percentage of horizontal (transverse) steel

pv: percentage of vertical (longitudinal) steel

X: length of compression zone limit

Lb: boundary element length

c: depth from the neutral axis to the extreme compression fiber

o: longitudinal reinforcement index

a: axial stress parameter

Muv: the part of moment resisted through uniform vertical steel

Mub: the part of moment resisted through boundary steel

Asb: boundary area steel
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4-1 Introduction.

4-2 Design Method and Requirements.

4-3 Check of Minimum Thickness of Structural Member.
4-4 Design of Topping.

4-5 Design of One Way Rib Slab.

4-6 Design of Beam.

4-7 Design of Column,

4-8 Design of Stair.

4-9 Design of Isolated Footing.

4-10 Design of Shear Wall.
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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:-

e Light-weight concrete with unit weight from about 1350 to 1850 kg/m3.
¢ Normal-weight concrete with unit weight from about 1800 to 2400 kg/m3.
e Heavy-weight concrete with unit weight from about 3200 to 5600 kg/m3.
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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).

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.

e Code: -
ACIl 2008
ASCE7-16

e Material: -

Concrete: -B300

fcu =30 MPa

Then: (fc' = 30 * 0.8 = 24MPa).

Reinforcement steel: -

The specified yield strength of the reinforcement {fy = 420 N/mm?2 (MPa)}.

Factored loads: -

The factored loads for members in our project are determined by:-
Wu=12DL+16LL ACI-code-318-08(9.2.1)
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4.3 Check of Minimum Thickness of Structural Member

Table 4-1 :- Minimum Thickness of Nonprestressed Beam or One-Way Slabs
Unless Deflections are Calculated. (ACI 318M-11).

Table 4-1 Check of minimum thickness of structural member

as calculated in page 34.

4.4 Design of Topping
Statically System For Topping :-

Consider the topping as strip of (1m) width, and span of mold length with both end fixed in
the ribs.

Wu

N

RN

40 cm

Figure 4-1 Topping load
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Load Calculations:-

0.03*23*1 = 0.69 KN/m

0.02*%22*1 = 0.44 KN/m

0.07*%16*1 = 1.12 KN/m

0.08*25*1 =2 KN/m

1*1=1 KN/m

Table 4-2 Dead load calculation of topping

Live Load :-
L. =5 KN/m?

L. =5 KN/m2x1m=5 KN/m

Factored Load :-

Wy =1.2 x5.25 + 1.6x5 =14.3 KN/m

e Check the shear strength for plain concrete, gV, > V,, where g = 0.55

_ WL

V, = 2.86 KN
Vo =0.11 & /f; buh (ACI 22.5.4, equation 22-9)

gV, = 0.55x0.11x1xy/24 x1000*80x102=23.71 KN >> Vu

No increasing of thickness is required by analysis
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e Check the strength condition for plain concrete, gM, > M, where g = 0.55

2
M, = W;‘ZL = 0.19 KN.m (positive moment)

Mn=0.42 1 \/f! Sm(ACI 22.5.1, equation 22-2)
_ b.h? _1000.80?
6 6
gM, = 0.55%0.42x1xv/24 x1066666.67 x1076 =1.21 KN.m

gM,>> M, = 0.19 KN.m

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

Sm = 1066666.67 mm?

Pshrinkage= 0.0018 ACIl 7.12.2.1
A= pxbxhiopping =0.0018 x1000x80 = 144 mm%m

Step (s) is the smallest of:
1. 3h =3x80 =240 mm control ACI110.5.4

2. 450 mm.

3. $=380(2%) — 2.5C, = 380 <228° ) —25%20 =330mm ACI10.6.4
fs 3*420

4, 3229 — 300 mm ACI 10.6.4

Ea
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(FF-R6)

*Calculating thickness (h):
h=L/185 =6.3/185=0.34m
— take h =35 cm (27 cm block + 8 cm topping “Tf”)

Requirements For Ribbed Slab Floor According to ACI- (318-08) .
bW > 10 CM...oiiiii i ACI(8.13.2)

N <3.5%BW oo ACI(8.13.2)

Selecth =35cm <35*%12=42cm — OK

TE >Ln/12 & T > 50MM «ovvvieeeee e, ACI(8.13.6.1)
Select TF=8cm>(40/12=33) & Tf>5 —OK

Material:

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

Section: -

bE =520 mm

bw= 120 mm

h= 350 mm

T¢=80 mm
d=h-c—-@s-8/2=350-20-8-14/2=315mm
cover =20 mm

g =14 mm

gs=8 mm

U
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Statically System and Dimensions:-

H I J L

|| F-C158 || F-C159

T
o]
=N
th
~

)

] _ 7/
H { FF-R6

e |
| |
| |
I i
Il Fce4 Fclesj rFre20 F-cresf]

| | |

Figure 4-2 One way rib slab (FF-R6)

FF-B47

RIB: FF-R1 3
1 2
—— L A 1L A ]
T 1 T  E——
A A

. b8 54 , 08 54 . 08 |
f I I T T 1

| 6.2 | 6.2 |

I 52 T 1
35.

12

ATA

load group no. 1

Dead load - Service Units:kN,meter
4.85 4.85
6.2 6.2

Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 260
6.2 6.2

Figure 4-3 Statical System and loads distribution of rib(FF-R6)
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v" Load Calculation:-
Dead Load:-

0.03*23*0.52 = 0.359 KN/m/rib

0.02*%22*0.52 = 0.229 KN/m/rib

0.07*16*0.52 = 0.582 KN/m/rib

0.08*25*0.52 = 1.04 KN/m/rib

0.27*25*0.12 = 0.81 KN/m/rib

0.27*10*0.4 = 1.08 KN/m/rib

0.02*22*.52= 0.229 KN/m/rib

1*0.52= 0.52 KN/m/rib

Table 4-3 Dead Load Calculation of Rib(FF-R6)

Dead Load /rib = 4.85 KN/m

Live Load: -

Live load = 5 KN/M?

Live load /rib =5 KN/m? x 0.52m = 2.6 KN/m.

Effective Flange Width ( bg): ACI-318-11 (8.10.2)

by For T- section is the smallest of the following: -
by =L/4=620/4=155cm
by =bw+16t=12 + 16> (8) = 140 cm

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

bg For T-section = 52cm.
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Shear
-35.4
o 29
_— 16.4_—]
T — T t - — — T
[ 16.4 -
229 ———28.9
354
Moments: spans 1to 2
439
-30.5 -30.5
| _ 22|2_2 ~ |
1 — ! ! i M
Ny 1212 - -
~ 7 d f - | ~_ 7
84— ’_/.-/ ~—__ "84
286 286
248 | 3.72 | 3.72 | 248

Figure 4-4 Shear and Moment Envelope Diagram of Rib (FF-R6)

Moment Design for (FF-R6):-

Design of Positive Moment for (Mu = 28.6 KN.m)

Assume bar diameter g 14 for main positive reinforcement

d=h—-c—-@s-@/2= 315.0 mm
[ ]

M
Mn req = O—Z = 31.8 KN.m

Mn(F) = 0.85*Fc*bE*Tf*(d-Tf/2)* 10°= 233.4 KN.m

a < Tf — design as a rectangular section, b = Be

F
m= 4
0.85*Fcr

= 20.59

_ Mnreqx10"6

Kn >
bd

= 0.62 Mpa

37
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2*Kn*m

p=—x(1— [1- ) = 0.0015

As req = p*bE*d = 243.9 mm?

check As min: ACI-318 (10.5.1)
.25%VF
025VRC! b x d =110.2 mm2
fy
1.4
—x bw *d =126.0 mm?

fy
—AS =243.9 mm?

Select 2@ 14/ with As = 307.7 mm?

check spacing:
S = (bw- #bars*@-2*(c+ds))/(#bars-1) = 36.0 mm

Smin = larger{@,25 mm} = 25 mm

380%280 300%280
Smax = smaller{— —25+xC | = }=300.0 mm
3*Fy 3*Fy

3 3
spacing is OK
check strain:
Fyx*As
—L, = 12.18 mm
0.85+Fc’+bE

Fcr—28

Bl = {0.85, F¢'<28 or 0.85 — 0.05 * , Fc'>28 } = 0.850

x=a/pl = 14.33 mm
es = 0.003 * (d/x - 1) = 0.0629

es>0.005 — OK
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Design of Negative Moment for (Mu =-30.5 KN.m)
Assume bar diameter g14 for main negative reinforcement
d=h-c-@s-@/2= 315.0 mm

design as a rectangular section, b = bw

M
Mn req = =~ =33.9KN.m
0.9
F
m=—2>—=20.59
0.85*Fcr
Mn req*10°
Kn =—————=12.85 Mpa
bd
1 2xKn*
=—x(1— [1-=7"2)=0.0073

As req = p*bw*d = 277.1 mm?

check As min: ACI-318(10.5.1)
.25%VF

”f—;/“ « bw * d = 110.2 mm?

22« bw * d = 126.0 mm?

fy
—ASs =277.1 mm2

Select

with As = 307.7 mm?

check spacing:

S = (bw- #bars*@-2*(c+ds))/(#bars-1) = 36.0 mm
Smin = larger{@,25 mm} = 25 mm

380%280 300%280
Smax = smaller{— —25xC = }=300.0 mm
E*Fy g*Fy

spacing is OK
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check strain:

= & =528 mm
0.85+Fc’+bw
Bl ={0.85,Fc'<28 or 0.85—0.05* <2 F¢'>28} =0.85

7 1
X =a/lfl =62.11 mm
€s = 0.003 * (d/x-1) = 0.01222

es>0.005 — OK
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Shear Design for (FF-R6):-

Vul at distance d from end support = 16.4 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).

@Ve = 0.75*1.1*%”<\/Fc'*bw*d*10'3 = 25.46 KN

@Vc > Vu does not require shear reinforcement, take [@8/50 montage

Vu2 at distance d from middle support=28.9 KN

@Vc = 0.75*1.1*%"<\/Fc""b>"d*10'3 =25.46 KN
@Vc < Vu — shear reinforcement required

1
Vs min = E*\/Fc‘*bw*d*lO'3: 11.57

1
Vs min = 5*bw*d*10'3: 12.60 control

— Vs min =12.60 KN
— @Vc<Vu<@Vc+@Vsmin (shear Case #3)

@s=8mm, #legs =2 legs
Av = A(1 leg)* #legs = n*@s2/4*#legs = 100.5 mm?

S = Av*Fy*d/(Vs*10%) =1055 mm

Check Smax:
d/2 =157.50 mm control

600 mm

Select |@8/15 at distance 1m from the face of support
41
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4.6 Design of Beam (GF-B22)

AL
Q@5 GF-R5
thickness =32 cm

GFB21

c<cnel

& B
L
L1
LT
=g
113 1 WL
i e
[T
L1
L1
L~
Figure 4-5 beam GF-B22
Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?
Section :-

The Beam is Rectangular

B =60cm

h=52cm

assume @ =20 mm, @s = 8 mm, cover = 40 mm
d =520 - 40 -8 - 20/2= 462 mm

uu il

L_oad Calculations:-

1)Dead Load:-

D.L= from ribbed slab + Own weight of beam
=22.36/0.52 +0.6*0.52*25 =
=43+7.8
=50.8 KN/m

2)Live Load:-

L.L =3.79/0.52 = 7.3 KN/m
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Statically System and Dimensions:-

1 2 3
]: A . A . A
gL B ]
A A A
DI_ZF 353 II[]_5I 4.2 ID_SI 6.93 OI_ZF
| 39 | 4.7 | 73 |
I 1 1 1
52|
60.
AA
load group no. 1
Dead load - Service Units:kN, meter
43.0 43.0 43.0
3 .’?-Dn\.’ 3 \ ?-\ge \ Vi Y ) Vi W —’\ge ’ 3 W i
3.9 4.7 7.3
Live load - Service Load factors: 1.20,1.20/1.60,0.00
Pl Tzagl L [t T by it it 1 it T by T it i it I
3.9 4.7 73

Figure 4-6 Statical system and loads distribution of beam (GF-B22)
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Shear

-233.8 -217.4

-164.2 1823 _— 749 _~
126 _— o "

Moments: spans 1to 3

4.38 | 2.92

Figure 4-7 shear and moment envelope diagram of beam (GF-B22)

Moment Design for (GF-B22):-

1. Flexural Design of Positive Moment for(GF-B22) for span 1:-
(Mu=110 KN.m)
design as singly

suppose @ =0.9 — Mnreq = % =122.2 KN.m

m=—2_= 206

"~ 0.85%Fcr

_ Mnreqx10°

Kn
bd?

=0.95 Mpa

p=—x(1— [1- 2*‘;‘;“) = 0.0023
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Fcr—28
7 )

Bl={0.85,Fc'<28 or 0.85—0.05 x Fc'>28} = 0.85

0.85*Fc1*%*81
pmax = =0.0177
Fy

p <pmax complete design as singly |
Asreq =pbd =645.3 mm?

check As min:

0.25VFe! 1w % d = 808.3 mm?2

As min =
As min = 1f—'; xbw *d =924.0 mm?2 Control

—AS req = 924.0 mm?

select |6 @14 with As = 924 mm?

Check strain:

FyxAs

T=C —» a=—2—_ =
0.85+Fc’+b

31.7 mm

x=alfl = 37.3 mm
€s =0.003 * (d/x-1) =0.0342
es>0.005 — OK

Check spacing:
S = (b- #bars*@-2*(c+ds))/(#bars-1) = 84.0 mm
Smin = larger{@,25 mm} = 25 mm

380%280 300%280
Smax = smaller{ ; —25%C | % } =280.0 mm
% y —%
3 3

spacing is OK

45



LY asanail) ) N il

Since the reinforcement of this span (Mu = 110 KN.m) taken by minimum
— span #2 (Mu+ = 23.6 KN.m) &  support #2 (Mu-=59.3 KN.m) will
have the same reinforcement|6 @14

2. Flexural Design of Positive Moment for(GF-B22) for span 3:-
(Mu=325.1KN.m)
e design as singly

suppose D =09 — Mnreq = % =361.2 KN.m

m=—2_ =206

© 0.85%Fcr
_ Mnreqx10° _
Kn = YT 2.82 Mpa
_1 _ __ 2xKn*m -
p=rx (1= [1=7)=0.0073
Bl ={0.85,Fc'<28 or 0.85—0.05*<"2 F¢'>28} =0.85

7 3

0.85*FC/*%*31
pmax = =0.0177
Fy

p <pmax complete design as singly|

As req = pbd =2011.9 mm?

check As min:

0.25+VFcr

AS min = * bw * d = 808.3 mm?2

As min = 1f—': xhbw xd = 924.0 mm?2

—AS req = 2011.904 mm?
Select RA 18 with As =2034.7 mm?
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Check strain:

Fy*xA
T=C —a= yros

=V = 69.8mm
0.85+Fc’+b

x=a/lfl =82.1 mm
€s =0.003 * (d/x-1) = 0.0139

s >0.005 — OK

Check spacing:
S = (b- #bars*@-2*(c+@s))/(#bars-1) = 51.4 mm

Smin = larger{@,25 mm} = 25 mm

Smax = smaller{>o>222 _ 25« ¢ , 3225 1-280.0 mm

E*Fy 5* Fy

spacing is OK

3. Flexural Design of Negative Moment for(GF-B22) for support 3:-

(Mu=-304.3 KN.m)

design as singly
suppose 9 =0.9 — Mnreq = % =338.1 KN.m
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F
m=—2—=20.56
0.85«Fcr

_ Mnreqx10°

Kn >
bd

=2.64 Mpa

2+*Kn*xm
Fy

p=—x(1— [1- ) = 0.0068
Fcr—28
7 )

Bl =1{0.85,Fc'<28 or 0.85—0.05 *

Fc'>28} = 0.85

0.85*Fcr*;*61
pmax = =0.0177
Fy

p <pmax complete design as singly |
Asreq = pbd =1872.7 mm?

check As min:
As min = O'ZSS;JFC' x*bw *d = 808.3 mm?

As min :11,—';* bw xd =924.0 mm?2

—ASreq= 1872.721 mm?
Select RA 18 with As =2034.7 mm?

Check strain:

T=C — a=Fy*As/(0.85*Fc*b) = 69.8 mm
x =alpl = 82.1 mm

€s =0.003 * (d/x-1) =0.0139

es>0.005 —- OK

Check spacing:
S = (b- #bars*@-2*(c+ds))/(#bars-1) = 51.4 mm
Smin = larger{@,25 mm} = 25 mm

380%280 300%280
Smax = smaller{= ; —25%Cc % } =280 mm
2«Fy 2+Fy
3 3

spacing is OK
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Shear Design for (GF-B22):-

**Design For Vy at distance d from the supports d = H-C-@s-@/2 = 462.0 mm
case 1,2& 3: Vu<OVce+ OVsmin:
@Vc = 0.75*%*\/FC'*bW*d*10'3 =169.7 KN

Vs min = 1—16*\/Fc'*bw*d*10'3= 84.9 KN
Vs min = g*bw*d*lo'?’: 92.4 KN control

— Vs min=92.4 KN
Vu < (@Ve + @Vs min = 239.0 KN)
—this case include all the shear of the beam except shear at support #3 (Vu =
262.9 KN)
** Use 2-leg stirrup with @s = 8mm
Av =A(1 leg)* #legs = n*ODs*/4*#legs = 100 mm?
_ AvxFy=xd
~ Vs+1000
Check Smax:

S=d/2=462/2 =231 mm
S =600 mm

Select

case 4. @Vc + BVsmin< VU (262.9 KN) < OVce + OVs':
@Vs' = O.75’<§>"\/Fc""bw*d*10‘3 = 339.5 KN
@Vc + @Vs' =509.2 KN
Vs = (Vu-@Vce)l @ = (262.9-169.7)/0.75 = 124.3 KN
** Use 2-leg stirrup with @s = 8mm
Av = A(1 leg)* #legs = n*Qs?/4*#legs = 100 mm?
_ AvxFy=xd

~ Vs*1000
Check Smax:

S=d/2 =462/2 =231 mm
S =600 mm

Select

=210 mm control

=156 mm control
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4-7 Design of Column (100)

Data :-

Fy MPa | Fc'MPa | cover mm | diameter cm | Dead KN | Live KN

420 24 40 60 1900 540
Table4-4 Column data

A

/

v Vd
Figure 4-8 Column section

P, = 1.2 x1900+ 1.6x540 = 2280+864 = 3144 KN

Check Slenderness Parameters:-

k *lu
T

<34-12 M1 <40
— ¥k —
M2

Lu: unsupported length “clear distance between slabs, beams, or other members
that provide lateral support to the column”.

K: effective length factor “for pin-pin column K equals 1.0”.

R: radius of gyration :\/'A: ~025*D ... For circular section
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§;9??____ / drop beam
A
Lu

Top of

the slab

085, a—

Figure 4-9 Column Clear Length

Lu=3.99-0.85=3.14m

M1=M2=0 M1 1
= = = —_— =
M?2
(k*lu 1x3.14 2093) < (34-—-12 M1 34 —12%1 =22
= = —_ X — = - * -
r 0.25 % 0.6 ' ) ( M?2 )

Column Is Short.

Column’s Reinforcement Design:

Longitudinal Bars:-

** Design As Tied Section.
Ag = IT*R2 = 3.14*3002 = 282600 mm?
Pu= ®Pn = 0.65*0.8*Ag*{ 0.85*Fc*(1-p) + p*Fy}

Pux 3 103
_Pur10” o 85+Fc’ 3144x10 — 0.85%24

=>p = 0.65+0.8xAg — 0.65%0.8%282600 = 0.00249
Fy — 0.85*Fcs 420 — 0.85%24 '

e check p min & p max:
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p min = 0.01 control

p max = 0.08

As = p*Ag = 0.01*282600 = 2826 mm?

Select with As = 2923.3 mm?

e Check spacing:
2x[I*x(R—c—@s—0@/2)—#x+0

clear spacing =

#—-1
1.4
_ 251+ (30—4— 1-7) - 19+ 1.4
19-1
_ 2xI1%243—-266
B 18
=7cm
Smin = larger{1.5*db ,40 mm} =40 mm =4 cm
Spacing is OK
Stirrups:-

Check maximum spacing:
spacing < 16 X d, = 16 X 1.4 = 22.4 cm control
spacing < 48 X d, =48 X 1.0 =48 cm

spacing < least dimension = 60 cm

Select

Z 4
7/ 7

Figure 4-10 Column longitudinal reinforcement and stirrups
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4.8 Stair design:-

0.8
—~ 3.6 =—-—1.5000 0.1000
Figure 4-11 L-shape Stair Plan (stair 3)
Stair data:-
n am b m s m o Lx2 m Lz
13 0.158 0.3 0.03 27.74 3.60 2.05
Lx1 m Lx3 m Fy Fc’
0.4 1.6 420 24
Table 4-5 Stair data
Symbols are demonstrated in the figures below:
N
% I
—

Lx1 Lx2 Lx3

Figure 4-12 Stair geometry
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a: aA.J-\.“ &u'ﬁj

b: Azl (e

st da pll Cal

hf: sl clo ver. .

hl: el cle morter ver. tiles

n: (feldll sxe) cla ol ae thickness _thlckness . _

Lx2 = (n-1)*b B% ‘ (hor_ tiles thickness
Lz =n"a plaster hor. morter thickness

= tan-1(a/b i
a = tan-1(a/b) thicknessi flight thickness (hf)

Figure 4-13 Stair details

Statical system:-

h(flange) = h(landing)
= Lx/20

S8ocm Ground beam

— Lx -
[T e T i
A
1
40 cm

Figure 4-14 stair analytical system
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Lx=36+16+04=56m
h=Lx/20 m =0.280 m

_oads & diagrams:

Flight Loads:
flight dead loads Y (KN/m3) | thicknessm | y*h*1m (KN/m)
hor. Tiles = y*h*1m* (b+s)/b 23 0.04 0.85
ver. Tiles = y*h*a/b 23 0.03 0.36
hor. morter = y*h*1m 22 0.03 0.66
ver. morter = y*h*a/b 22 0.03 0.35
conc. Triangle =0.5*%a* y 25 ok ok 1.97
flight = y*h*1m/cosa 25 0.28 7.91
plaster = y*h*1m/cosa 22 0.03 0.75
Then:
dead (KN/m) 12.83
live*Im (KN/m) 5
W(flight) ultimate = 1.2*D+1.6*L  (KN/m) 23.40
Landing Loads:
dead tiles morter sand slab plaster
Y (KN/m3) 23 22 16 25 22
h m 0.03 0.02 0.07 0.28 0.02
‘2::;::; 0.69 0.44 1.12 7 0.44
Then:
dead (KN/m) 9.69
live*1m (KN/m) 5
W(landing) ultimate = 1.2*D+1.6*L  (KN/m) 19.63

Table 4-6 Flight & landing loads
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23.4 KN/m 9.63 KN/
TLXIXITITILT] km‘rrmwwgﬂ

40 cm 3.6m k 1.6m

Figure 4-15 Stair loads

Figure 4-16 Stair shear diagram

=

1

5
22.25 °

Figure 4-17 Stair moment diagram
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Stair design:

*concrete cover =20 mm

*assume @ = 12 mm

Take 1 m strib(b = 1000 mm)

= d =h-c-@/2 =280 - 20— 12/2 = 254 mm

Shear design:

Vu = 59.97 KN

BVC = 0.75**Fc*b*d*10°-3
=0.75 * = V24 x 1000 * 254 x 10" — 3
= 155.54 KN

@V c > Vu — thickness is OK

Moment design:

Secondary Reinforcement for both flight and landing:
As min = 0.0018*Ag = 0.0018*b*h = 0.0018*1000*280 = 504 mm?

select J10/15 cm with As = 523.3 mm?

Flight main Reinforcement:
Mu =85 KN.m
suppose ¥ =0.9 — Mn req = Mu/0.9 = 94.4 KN.m

m = Fy/0.85Fc' = 20.6

Kn = Mn req/bd?*10"6 = 1.46 Mpa

p = 1/m*(1-V(1-2*Kn*m/Fy)) = 0.0036
Asreq =pbd= 919.6 mm?
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check As min:
As min = 0.0018*b*h = 504 mm?
—AS req = 919.6 mm?

select @12/12cm| with As = 942.0 mm?

Check spacing:
Smin = larger{@,25 mm} = 25 mm
Smax = smaller{450 mm, 3h ,380*280/(2/3*Fy)-2.5Cc} = 330 mm

spacing is OK

Check strain:

T=C — a=Fy*As/0.85Fc'bE =19.4 mm

Bl = {0.85, Fc'<28 or 0.85-0.05*((Fc'-28)/7), Fc'>28} = 0.850
X =a/lpl mm= 22.8 mm

es = 0.003 * (d/x-1) = 0.0304

es>0.005 — OK

Landing main Reinforcement:

Mu =71 KN.m

suppose @ =0.9 — Mn req = Mu/0.9 = 78.9 KN.m
m = Fy/0.85Fc' = 20.6

Kn = Mn req/bd?*10"6 = 1.22 Mpa

p = 1/m*(1-V(1-2*Kn*m/Fy)) = 0.0030

Asreq = pbd =763.1 mm?2
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check As min:
As min = 0.0018*b*h = 504 mm?2
—ASreq=763.1 mm?

select |[@10/10cm| with As = 785.0 mm?2

Check spacing:

Smin = larger{@,25 mm} = 25 mm

Smax = smaller{450 mm, 3h ,380*280/(2/3*Fy)-2.5Cc} = 330 mm
spacing is OK

Check strain:

T=C — a=Fy*As/0.85Fc'bE=16.2 mm

B1=1{0.85, Fc'<28 or 0.85-0.05*((Fc'-28)/7), Fc'>28} =0.85
x=a/lfpl mm= 19.0 mm

€s =0.003 * (d/x-1) = 0.0371

es>0.005 — OK

Sacandary $10/15
©E10,/20
% Secondary #10/15
ZBCmI \

\EMaln #10/10
Sacondary #10/15

U_HOOK} #1020

3e10/20

Figure 4-18 Stair Reinforcement Details
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4.9 Design of Isolated Footing (F3)

Material & Load data:-

(Under Column 108 30*50 cm?)

Pu
Pu: ultimate load

LLe: external live load
h: footing depth

\/\ o(b): allowable pressure
a(bu): bearing pressure

TIARTITTRATITY e TTTARITIANAY!
INSNSNIUSNGA

o(b) allowable

Figure 4-19 Isolated footing geometry

Fy Mpa Fc' Mpa C cover mm @ mm
420 24 75 12
Ysoit KN/m3 Yre KN/m3 hsoil m LLe KN/m?
17 25 0.5 5
Ppead KN PLive KN o(b) allowable KN/m?

750 95 400

Table 4-7 Isolated footing data

_oad Calculations :-

Ptotal = PD + PL = 845 KN

pu=1.2*PD + 1.6*PL = 1052 KN

assume h=0.5m

d=h-c-@=500-75-12=413 mm
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Calculating net allowable pressure & dimensions:

Net Gan = 6p — Lle - Nsoir*ysoil - h*yre= 400 — 5 — 0.5*17 - 0.5*25 = 374 KN/m?

ob =374 KN/m?
ob = Pt/A —— Areq = Pt/ob = 2.25 m?

assume that footing is square:
VA=+225=15m

Selecta=b=15m
1.5*1.5*0.5

Bearing Pressure :-

case 1 Pu

concentric | ,,-,
e=0 =0
\/\ —d ! Lv
-Lm
o
| |
| I
a——
| |
o(bu)

Figure 4-20 bearing pressure for concentrically loaded footing

obu = Pu/A = 467.6 KN/m?
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Footing Design:-

One way shear:

\ |
\/ 0.413 ! 0.187
—d

0.3 m

shear critical
sectoin

|
131.1 KN

Figure 4-21 shear diagram

Lvm=(a-Ca)/2 -d = (1.5-0.3)/2-0.413 =0.187 m shear distance
Vu =Lv*o(bu)*b = 131.1 KN
@Vc = 0.75%1/6*VFc"*b*d*10° = 379.36 KN

@V ¢ > Vu — thickness is OK

Two way shear:

r % Pll % ﬂ‘ Perimeter
4yj \;17 T ;| I A
/2

a |
|

|
|
| |
I |
I b |
| |
| |
|
I

|
|
L _ Id/Z

| 4'—.«\' Slab
o(bu) - d/2 a/2
Fr = obu*(Ca+d)*(Cb+d) [ | | [b.=2x ((atd) + (b +d))

Figure 4-22 punching shear
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Calculating Vu:

area punching = (Ca+d)*(Cb+d) = 0.651 m?
Fr=0.651*467.6 = 304.4 KN

Vu =Pu - Fr=1052 - 304.4 =747.60 KN

Calculating gVc:

as (middle column) = 40.00

Bc = long/short = 1.67

b0 = 2*((Ca+d)+(Cb+d)) = 3252 mm

Ve KN = minimum of: —(2 +ﬁi) \/Ebod =2412.6 KN

(=2 +2) \/;bod = 3882.0 KN

4 %\/fi'bod =2193.2KN...........

agVc =0.75*Vc = 1644.9 KN
Then:
Ve > Vu — thickness 1s OK

Design of Bending Moment :-

Lm=(1.5-0.3)/2=0.6 m moment distance

T e

control

moment
critical
sectoin

126.2 KN.m

Figure4-23 Moment diagram
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Mu= 126.2 KN.m

suppose @ = 0.9 — Mnreq = Mu/0.9 = 140.2 KN.m
m = Fy/0.85Fc' = 20.6

Kn = Mn req/bd**10"6 =0.55 Mpa

p = 1/m*(1-V(1-2*Kn*m/Fy)) = 0.00132

Asreq=pbd =819.5mm?

check As min:
As min =0.0018*b*h = 1350 mm?2

—AS req = 1350.0 mm?

Select |12 @ 12| with As = 1356.5 mm?2

Check spacing:

spacing = (b-2*cover)/(#bars-1) = 12.3 cm

Smin = larger{@,25 mm} = 25 mm

Smax = smaller{450 mm, 3h ,380*280/(2/3*Fy)-2.5Cc} = 193 mm

spacing is OK

Check strain:

T=C — a = Fy*As/(0.85*Fc'*b) = 18.6 mm

Bl = {0.85, Fc'<28 or 0.85-0.05*((Fc'-28)/7), Fc'>28} = 0.850
x=a/fl mm =21.9 mm

€s = 0.003 * (d/x-1) = 0.054

es>0.005 — OK
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Check development length:
-bottom reinforcement:
tension development length (Ldt):
cbomm = min of: smallest s/2 = 123/2 = 61.5
smallest gross cover = 75 + 12/2 = 81
— cbmm=61.5

Let Ktr=0
cb+Ktr cb+Ktr _
T 5.13 mustbe <25 — T 2.50
_ 9 Fy  Ytspexys _
Ldt= o s T e db =296.3 mm > 300 mm

db
—Ldt =300.00 mm

Maximum Ldt available = (b-Ca)/2 — cover=(1.5-0.5)/2 -0.075 = 0.425 m= 425
mm
Ldt available is OK

-dowles:
compression development length (Ldc): @18
_ : Fy _
Ldc mm =max of: 0.24 * v db =370.4 mm
0.043 « Fy*xdb =325.1 mm

200 mm
— Ldc mm = 370.4 mm
Ldc available = h — cover — 2*db =500 — 75 — 2*12 = 401 mm
Ldc available is OK
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Fa

o

g0

1.5 0.1

Figure 4-24 Footing Details
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4-10 Design of Shear Wall (W5):-

_)
hw
>

Qo o o ol

LW

1T

Shear wall data:

h

Lwm

P

Shear

hw m

—

-
Moment

Figure4-25 Shear wall system

h story
4.1

Mu1l =

Nu

P

Mu =
Normal

m | h mm

250

A/ hw
0.007

Fc' Mpa

5.25

12.3

Fy Mpa

420 24

Table 4-8 Shear wall data

a = min. of { Lw/2 control , hw/2, h story}= 2.625 m

d = min. of { 0.8*Lw, 0.8*hw } = 4200 mm

b=h= 250 mm

Mul KN.m

Mu KN.m
4100

Vu KN

Nu KN

2990

788

1235

Horizontal reinforcement design:

V¢ KN = mini

1
—xVfc’*xbxd = 857.3 KN

6

mum of;

control
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Nu * d
0.27 xVfc'*b*xd + = 1635.9 KN
* Lw
- 2% Nu
V! LW*(\/fC +—) hxd
+ Lw+h/ |, — 3453.6 KN
2 Mul Lw 10 '
Vu 2

gVc =0.75*Vc = 643.0 KN

oVc <Vu — design horizontal reinforcement
Vu<@Vc+OVs

—Vs = (Vu-@Vce)/d =193.3 KN

AVh_VS*103
S  Fy=xd

= 0.11 mm?/mm

hmin = 0.0025 = VB
prmn = 5 ~Sh+h

AVh i = 0.0025+h = 0.625 =™
S mm

—AvVh/S controled = 0.625 mm2/mm

e try @10 with 2 legy

—Avh = A(1 leg)* #legs = 157 mm?
S=Avh/(Avh/S) =251 mm

Smax = Lw/5 = 1050 mm

Smax =3*h = 750 mm

Smax = 450 mm

—S controlled = 251 mm

select Sh =250 mm

. . Avh
—horizontal: [@10/25 cm with ph = Sh‘;h =0.0025
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Design of uniform distributed vertical reinforcement:

pv min = 0.0025 + 0.5 * (2.5 — :—:v“) * (ph — 0.0025) > 0.0025 = 0.0025

Aw/S min = pv*h = 0.625 mm2/mm

e Try @10 in 2 layers

—Avv = A(1 layer)*#layers = 157 mm?
S=Aw/(AwI/S) =251 mm

Smax = Lw/3 =1750 mm

Smax =3*h =750 mm

Smax =450 mm

—S controlled =251 mm

select Sv =250 mm

. . Avv
—vertical: @10/25 cm with pv = ——— 0.0025

Design of bending moment:

Ny
External forces
Internal forces T
I'T C
| c/2
|
(/2 _
(€w—co)2 €/2 |
|

Figure 4-26 Resultant External and internal forces acting on wall section®

(1) Reinforced Concrete, Dr. Nasr Younis Abboushi, page 623.
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Fcr—28
7

Bl = {0.85, Fc'<28 or 0.85-0.05%(-=2%), Fc'>28} = 0.850

Fy 0.044
= ¥ — = .
w pv =
Nu

~ h+*Lw=*Fc

¢ _ ato = 0.1026
Lw  085%fl+ 2*w

a = 0.039

—-C=0539m < 0.375*d = 0.375*4.2 = 1.575

— the wall section is tension-controlled, and ¢=0.9

Asv = AVV*LS‘—‘:]V = 3297mm?

Lw—c
T = Asv

* Fy = 1242.6 KN

Lw—c

Lw
Muv = O.9*(T*7+Nu* ) = 5554 KN.m

Muv >Mu — doesn't need boundary

sec A-A

l
|
:ﬂq\
_
0.25

Figure 4-27 Shear Wall details
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