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Abstract

The Structural Design of College of applied science.

Work Team
Almo’tsm Al Hathaleen Halim Naser abu Maria
Mohammad Al Najgjrah
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Palestine Polytechnic University — 2011

Supervisor:
Dr. Maher Amro

The project ideais in the analysis and design of all structural elements of
the building of the college of Applied Science proposed, where each
element will be studied separately and structural design work for him.

The project consists of four floors, plus basement, which containsinside
laboratories, stores, health units, followed by the ground floor which has
a stage, classrooms and a cafeteria, and then the first floor and second
and two components of classrooms, |aboratories and offices for staff,
whilethe top floor It isaFlat Roof It consists of staff offices and
administrative offices.

The building will be designed "structurally" the adoption of the code
loads the Jordanian and the adoption of the A.C.I Code in the design of
concrete, where the project contains a structural anaysis of the
components of the building and design, and also contains a " structural
plans for the implementation of the building. "
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List of Abbreviations

a = depth of equivalent rectangular stress block, cm.
a, = depth of equivalent rectangular stress block at balanced condition, cm.

a,. = depth of equivalent rectangular stress block at maximum ratio of

tension — reinforcement , cm
A, = areaof concrete section resisting shear transfer.

A = Gross area of section.
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A, = area of shear reinforcement within a distance (S).

A, = area of one leg of aclosed stirrup resisting tension within a(S).
A, = areaof tension reinforcement ,cm?

A = areaof reinforcement at compression side, cm®

b = width of beam in rectangular beam section , cm

b, = effective width of flange in T-section beam, cm.

b, = width of web for T-section beam, cm.

C. = compression force in equivalent concrete block.

C, = compression force in compression reinforcement.

d = distance from extreme compression fiber to centroid of tension — side
reinforcement.

d' = distance from extreme compression fiber to centroid of compression-
side reinforcement.

E, = modulus of elasticity of reinforcement ,MPa

f'c = gpecified compressive strength of concrete.

f, = specified tensile strength of reinforcement.

M , = nominal bending moment.

M, = factored (ultimate) bending moment.

R, = coefficient of resistance.

t =dab thicknessin T-section beam, cm.

b, = factor as defined by ACI 10.2.7.3.

e's = strain in compression — side reinforcement.

e, = Yyield strain of reinforcement.

r =ratio of tension reinforcement.

r, = ratio of tension reinforcement at balanced condition.

r . = ratio of reinforcement equivalent to compression forcein slab of T-
section beam.

I mx = Maximum ratio of tension reinforcement permitted by ACI 10.3.3.
r ., = minimum ratio of tension reinforcement permitted by ACI 10.5.1.
I e = required ratio of tension reinforcement.
f = strength reduction factor.

DL = dead load.
h = overadl thickness of member.
| =moment of inertia of section resisting externally applied factored loads.
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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 supportsin other cases.

LL = Live Load.

Ld = development length.

Lw = length of wall.

M = bending moment.

Pn =nominal axial load.

Pu = factored axial load.

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

V,, = nominal shear stress.

Vg =nominal shear strength provided by shear reinforcement.

V, = factored shear force at section.

W, = weight of concrete .(Kg/m®)

W = width of beam of rip.

W, = factored load per unit area.

d = flexural depth of the beam, cm.

L =beam clear span, from support face to other support face.

N = number of stirrups required within a given segment of the beam.

N1 = number of legs for each stirrup.

V4 =nominal shear strength provided by shear reinforcement at the section
where Vsisthe max permitted by ACI 11.12.1. Locating of this section is
needed to define which maximums provisions applies.

Veeqa = required nominal shear strength provided by shear reinforcement.
V,, = factor shear force at distance d from the face of the support.

V., reqa = factored shear force at the mid- span of the beam, will not be zero if

the beam is partialy loaded with superimposed |oads.
fV, ..« = reduced shear strength of the beam section located along the beam

span where minimum shear reinforcement is required in accordance with.
X, = the distance aong the beam at which V4 occurs. For any beam section

within the distance X, , V,, isbased on 11.5.4.3, otherwiseis based on

11541,
X e = distance from the face of the support along the beam span after which

stirrups shall be placed with the maximum spacing per. 11.5.4.1 and 11.5.4.3
E. = modulus of elasticity of concrete ,MPa, see 8.5.1

El =flexural stiffness of compression number.
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f, = calculated stress in reinforcement at service load, MPa.

I, =moment of inertia of gross concrete sectional about centroidal axis,
neglecting reinforcement , mm?*

I . = moment of inertia of reinforcement about centroidal axis of member
cross section ,mm*

k = effective length factor for compression member.

M, =smaller factor end moment on a compression member .positive if

member is bent in single curvature, negative if bent in double curvature mm-
n.

M, = larger factored end moment on compression member ,always
positive, mm-2

R, =nomina axial load strength at balanced strain condition. See 10.3.2, N.
P. =critical load, see Eq.(10-10),N.

P, =nominal axial load strength at given eccentricity, N.

P, =nomina axial load strength at zero eccentricity, N.

P, =factored axia load at given eccentricity, N £ fP, .

r =radius of gyration of cross section of a compression member ,mm

d,. = moment magnification factor for frames not braced against sides way,
to reflect of member curvature between ends of compression member.
RL:ribl.

B1: bearl

R .W:Retaining wall.
B.W: Basement wall.
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Chapter Four

Structural Analysis And Design 4

4.1 Introduction:

The project consists of several structural elements that will be designed
according to the ACI code, and by using the finite element method using many
computer software such as "ATIR" and to find the internal forces, deflections and

moments for all the structural element in order to design the elements.

4.2 Determination of thickness of ribbed slabs ( T section ) :

According to ACI-Code-318-05, the minimum thickness of one way slabs are
computed, as follows:
For rib (RO5) in the 5™ Floor.
hmin for one-end continuous = L/18.5
=6.2/185=33.5cm

P Weselected h = 32cm.
Note:- the places where the value of h equal 33.5 will be increased with

reinforcement .



4.2-1 Load Calculations (T section):

Dead load:

Tiles 0.03" 0.52" 23 = 0.3588 kN/m of rib
Mortar 0.02" 0.52" 22 =0.2288 KN/m of rib
Coarse Sand Fill 0.07° 052" 16 = 0.5824 kN/m of rib
Topping 0.08" 0.52" 24.5 =1.0192 kN/m.
Concrete Rib 0.24" 0.12" 245 = 0.7056 kKN/m of rib
Block 0.24 040" 9 =0.864 kN/m of rib
Plaster 0.02" 0.52" 22 =0.2288 kN/m of rib

Nominal Total Dead Load = 0.3588 + 0.2288+ 0.5824 + 1.0192 + 0.7056 +
0.864+ 0.2288 = 3.987 kN/m of rib

Nominal Tota liveload =5~ 0.52 = 2.6 kKN/m of rib

Total Dead Lad (Unfactored) = 3.987 /0.52 = 7.667 kN/m?

Total liveload =5kN/m?

4.2-2 Design of topping:

Factor load From ACI code the equation tell that:
DL =4.17kN/m2.

Tiles=0.03*23=0.69

Mortar =0.02* 22=0.44

Concrete =0.08*24.5=1.92

Sand =0.07*16=1.12

DL =4.17kN/m2.

qu=12DL +1.6LL.

qu=1.2(4.17) + 1.6 (5) = 13.004 kN/m2,




Assume slab fixed at supported points (ribs):
_q, 1” _13.004" (0.4)°

M, = 0.1734kN.m
12 12
_
Mn =0.42fc' x b” h
* 2
=042 V24 x 2998 _ 5 1947kNm.

f” Mn=0.55" 2.1947 =1.20711kN.m.
f ~ Mn=1.2071kN.m > Mu = 0.1734kN.m.

The Topping can be constructed in plain concrete, Therefore, shrinkage and
temperature reinforcement must be provided.
For the shrinkage and temperature reinforcement:

r =0.0018
As,, =r b” h=0.0018" 100" 8=1.44cm’/1Im

Use ®8/25 cm (498/m), with As = 2.01cm?/m both directions.

As =2.0lcm’/m> As,, =1.44cm*/m

4.2-3 Design of ribs (R13) at 3* floor

Using "Atir" software for the following values of moment and shear:

T

B E
Iy i ’
i A
Yy 54 0%
i 7 o TS T i x;‘iu
| A" i ot TR I el
k- ——t—+ ———t= ———t= +—|
P TR A e o AR,
: g SR - ., e
4‘3“- —_— 8.3 By -\"‘-.._ "fﬂ-
SB ng
1 34 il | L5 I 1.r I 14 | L4 | > | 1.4

Fig. (4-2-3-A) Moment Diagram of Rib (R13)
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Fig. (4-2-3-B) Shear Diagram of Rib (R13)

4.2-4 Design of negative moment for rib (R13):

Assume dlab isfixed at support points (Ribs)
Maximum negative moment is Mu=5.4 kN.m
Mn=5.4/0.9=6.00 kN.m
d=h-cover - ®s— ®/2=32-2-1-0.8/2 = 286 mm

m=_1 - 40 _,459
085 fc  0.85 24

Mn _ 6.00" 10°

kn= ——= - > =0.611 Mpa
b” d= 120" (286)
_ 1 - fi- 2mKn)
m fy

_ 1 1- \/1_ 2(20.588)(0.611)): 0.00148
20.1 420

ASreq, = 0.00148 (120) (286) = 50.8 mm?

As,, = 0.25%t (bw)(d)? %(bw)(d) .................... (ACI-105.1)

As,, = 0.25@(120)(286)3 %(120)(286)

(420)



As, =114.4mn¥ >100mnT............. the larger is control
As,, =114.4mnY

ASy =50mm’<As,, =114.4mm’................. use AS,,

Select 2D 10 MM ...ovviiiiiiiiiieieiiii e eeeeee. TO@ AS provided = 158 mmz2,

Check for strain
Tension = compression
Asxfy=085xf xbxa

158" 420=0.85" 24" 120" a
a=27.108mm

o = 286- 30.12,
) 30.12
e, =0.0255 > 0.005

0.003

P Ok @=09

4.2-5 Design of positive moment for rib (R13):

For al spans

Effective flange width (bE) according to ACl-code (8.10.2):

b For T-section isthe smallest of the following:

be =L, /4=355/4=88.75cm
be =12+16t=14+16(8) =142cm
be =C/Cspacing=52cm........controls

Use Mu max. Positive for spans= 9.5 kN.m
Mn=9.5/0.9=10.56 kN.m



Determine whether the rib will act as rectangular or T-section:
Assumea=t =8cm

C=085f "a b

C=0.85 (24) (0.08) (0.52) 1000= 848.64 kN

Mn=T or C(d-0.5a) = 84.864 (0.286 — 0.5 (0.08)) = 208.765 kN.m
Mn available =208.765 kN.m > Mn required = 10.22 kN.m

Then design as arectangular with by =52cm

fy 420

m= = = - =20.588
0.85" fc 0.85" 24
. 6
k = ,'\"”2 - 1056 10 _ = 0.248MPa
b” d? 520 (286)
" :l(l- 1- 2mKn)
m fy

co 1 - \/1_ 2(20.588)(0.248)): 0.000594
20.588 420

As=r " b"d
As,, =0.000594" 520" 286 =88.34 mm?

As,, = 0.25—Vf°¢(bw)(d)3 E(bw)(ol) .................... (ACI - 10.5.1)
(fy) fy
J24 1.4
As,, = 0.25~="(120)(286) 2 = (120)(2
51 =025 o (120)286) 2 % (120) 290
As,;,, =114.4mn7 >100mnY ............thelarger control

As,. =114.4mn7
Asyin=114.4mm* > As = 88.34 cni’.......0k
Select 2P 10 MM ..eovviiiieiiieiiieiiii e eeeeen. TO@ AS provided = 158 mmz2,



Check for strain
T=C
As" fy=0.85" f."b" a
2° 79 420=0.85" 24" 520" a
a = 6.256mm

o _286-7.36.
*T 736
e, =0.1135> 0,005

P Ok
4.2-6 Design of shear for rib (R13):

0.003

ACI - 318 — Categories for shear design:
VU gitica = 15.2KN

Use ®10 with two legs

Av =2" 79=158 mm2

1. VUE%FVC

fl
leve=2 F¥ % p, d

6
:EF chl' 0.75° @' 0.120" 0.286
2 2 6
=10.5kN
1
Vu> EF Vc............not control

2. %FVCEVUE FVc

F Vc=10.5" 2=21.0KN
Vu<F Vc............control

No shear reinforcement required



Use ® 8@25cmclc

Thefigure (4-2-6-A) shows the distribution of reinforcement in therib :-

TYPICAL HECTION TR RKIBBED SLAIL



4-3 Design of Beam (b5) :-

Using "Atir" software for the following values of moment and shear:

Fig. (4-3) Moment and shear Diagram of Beam

Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 4
-347.1
-279. -294.6
‘ | 3.24 ‘
' /132 !
+HH H
124 —0
1= 13.2
11 63.1
280.6
| 198 | 242 | 162 | 198 3.45 | 3.45 | 245 105
I I I I I I I I |
Shear
-350.5
-255.1 -248.2 -302.
-206.5 -199.7
-112.1
1.
[ 1 1 1 1 1 1 1
1 1 1 1T 1 1 n
125.2
152.4
193.5 173.7 204,
295.3 272.5
343.9
Fig. (4-3)

4.3-1Check if singly or doubly.

d =320- 40- 10- 10 = 260mm

Mumax = 294.6kN.m




Check Singly Or Doubly:

0.003 _ 0.003+0.004
c d
c=111.43mm

a=b “c

a=0.85" 111.43 = 94.7155mm
Crax —111.43mm

A = 94.7155mm

Mn =0.85" fc"b" a,,(d- a,,/2)

Mn =0.85" 24" 0.9" 0.0947155(0.26- 0.0947155/ 2)

Mn =369.78KN.m

FMn=0.82" 369.78 = 303.2196kN.m > Mumax = 294.6kN.m
P The section must be singly reinforced section:
P Compute Area of steel

4.3-2 Design of positive moment for beam of spans singly reinforcement (B5):

Span 1
d =320- 40- 10- 10 =260mm
Mu=189kN.m
FMn=0.82" 353.6 =303.219kN.m > Mu =189kN.m

P The section must be singly reinforced section:

m=_ Y - 40 _,55eg
085 fc 085 24
 _Mu/F _(0189/09) .\

" b d®2 09 (0.26)°



r:i(l- 1_2mkn)
m fy
-1 \/1_ 2" 20588 3452,
20.588 420
r =0.0091
As=0.0091" 900" 260
As=2121 mm®
1.4 fcC
As. ==—(b)(d)3 0.25 (5)[(C) P— (ACI - 10.5.1)
fy (fy)
1.4 V24

As,. :@(900)(260)3 025> (900)(260)

ASuin =780mm? > 682.5 mm?

Use F 20
# of bar =2121/314=6.75 bar
Use7F20 ................. Areaof sted = 7° 314 =2198 mm 2

Space between bar center to center
(900-80-20-40)/6=126.7mm
Check for strain
T=C
As" fy=0.85" f."b" a
7 314" 420=0.85" 24" 900" a

a=50.3mm
=2 _%03_g5omm
b 085
_260-592. 0
59.2

e, =0.0101>0.005
p Ok



Span 2
d =320- 40- 10- 10 =260mm
Mu=14.7kN.m
FMn=0.82" 369.78 = 303.219kN.m > Mu =14.7kN.m

P The section must be singly reinforced section:

m= fy _ 420
085" fc 085 24

= 20.588

_ Mu/F _(0.0147/0.9)

K, = - 7 =0.27MPa
b d? 0.9 (0.26)
r:i(l- 1_2mkn)
m fy
-1y \/1_ 2’ 20588' 0.27,
20.588 420
r =0.00065
As=0.00065" 900" 260
As=152.1 mm?
1.4 fc¢
As. ==—(b)(d)3 0.25 (5)[(C) P— (ACI - 10.5.1)
fy (fy)
1.4 V24
As. =-——_(900)(260)3 0.25~="(900)(260
o0 = (135 200)260)7 025" (o00)260)
ASuin =780mm? > 682.5 mm?
Use F 16
# of bar =780/314=3.88 bar
US4 F 16 i Areaof sted = 4" 201 =804 mm 2

Space between bar center to center
(900-80-20-40)/3=253.3mm
Check for strain
T=C
As fy=085 f."b" a



4 201" 420=0.85" 24" 900" a
a=18.4mm

o = 260- 217,
7217
e, =0.033>0.005

0.003

p Ok
Span 3
d =320- 40- 10- 10 =260mm
Mu = 280.6kN.m
FMn=0.82" 353.6 =303.219kN.m > Mu = 280.6kN.m

P The section must be singly reinforced section:

fy 420

m=— 9 =" -50583
085 fc 0.85 24

_ Mu/F _ (0.2806/0.9)
"" b d2 09 (0.26)°

k =5.13MPa

r:i(l- 1_2 m kn)
m fy

1 \/1_ 2° 20.588" 5.13

20.588 420 )

r =0.0143

As=0.0143" 900" 260
As=3352.6 mm?

- %(b)(d)a 0.25 ¢ (b)(d ) e (ACI - 10.5.1)

(fy)

AS

min

As,. :i(goo)(zcso)3 0.25% (900)(260)

(420)

ASuin =780mm? > 682.5 mm?



Use F 25
# of bar =3352.6/491=6.83 bar
USe7 F 25MM...ccieiiiiiieciieeee e Areaof steel = 7° 491 =3437 mm ?
Space between bar center to center
(900-80-20-40)/6=126.7mm
Check for strain

T=C

As fy=0.85" f."b" a

77 491" 420=0.85" 24" 900" a

a=78.63mm

o - 260- 925,
T 925
e, =0.0054 > 0.005

0.003

p Ok
Span 4
d =320- 40- 10- 10 =260mm
Mu=63.1kN.m
FMn=0.82" 353.6 = 303.219kN.m > Mu = 63.1kN.m

P The section must be singly reinforced section:

fy 420

m=— =2 -950583
0.85" fc 0.85 24

_ Mu/F _ (0.0631/0.9)

kn_ s 2 . 2
b’ d?> 09 (0.26)

=1.1524MPa




r:i(l- 1_2mkn)
m fy
-1y \/1_ 2’ 20588' 11524,
20.588 420
r =0.00283
As=0.00283" 900" 260
As=662.22 mm?
Jice
s, =24 (b)(d)? 0.25 Y (0)(d) (ACI - 10.5.1)
fy (fy)
1.4 V24

As,. :@(900)(260)3 025> (900)(260)

ASmin =780mm? > 682.5 mm?

Use F 16

# of bar =780/201=3.88 bar

Used4 F 16 MM........ceeevvveeeeeeeevinnnnnnn......Area of steel =4° 201 =804 mm ?
Space between bar center to center

(900-80-20-40)/3=253.3mm

Check for strain
T=C
As" fy=0.85" f."b" a
4 201" 420=0.85" 24" 900" a

a=18.4mm
-2 —18'4 =21.7mm
b 0.85
e, = M 0.003
21.7

e, =0.033>0.005
p Ok



4.3-3 Design of negative moment for beam (B5):
d =320- 40- 10- 10 =260mm_
For support # 2 .
Mu=130.8kN.m

0.003 _ 0.003+0.004
c d
c=111.43mm

a=b ¢

a=0.85" 111.43=94.7155mm
Crax —111.43mm

A = 94.7155mm

Mn =0.85" fc"b" a,,(d- a,,/2)

Mn =0.85" 24" 0.9" 0.083786(0.26- 0.083786/ 2)

Mn =289.37KN.m

FMn=0.82" 289.7 = 237.2834kN.m > Mu =130.8kN.m

P The section must be singly reinforced section:

fy 420

m=—7 ="’ -20588
0.85 fc 085 24

_ Mu/F _(0.1308/0.9)

Ky =—— ) 7 = 2.39MPa
b d* 0.9 (0.26)
=L jpo 2 kn
m fy
=1 g \/1_ 27 20.588" 2.39,
20588 420
r =0.0061

As=0.0061" 900" 260
As=1427.4 mm?

As

(fy)

. =%(b)(o|)3 0.25 Y- (b)(d Yo o

(ACI - 10.5.1)



As,, :%(900)(260)3 0.25% (900)(260)
ASnin=780mm? > 682.5 mm?
Use F 18
# of bar =1427.4/254=5.7 bar.
Use6 F 18MM.......ccvvvvveiiiinnn, Area of steel =6 254 =1524 mm ?
Space between bar center to center
(900-80-20-40)/5=152mm

Check for strain
T=C
As fy=085 f."b" a
6" 254" 420=0.85" 24" 900" a
a=34.9mm

o o 260- 4101,
*T 4101
e, =0.016 > 0.005

0.003

p Ok

For support # 3&4:

d =320- 40- 10- 10 =260mm_
Mu=294.6kN.m



0.003 _ 0.003+0.004
c d
c=111.4mm

a=b ¢
a=0.85"111.4=94.7mm
Crax —111.43mm

A = 94.7155mm

Mn =085 fc¢'b” a(d- a_./2)

Mn =0.85" 24" 0.9" 0.0947155(0.26- 0.0947/2)

Mn =369.78KN.m

FMn=0.82" 369.78 = 303.22kN.m > Mu = 294.6kN.m

P The section must be singly reinforced section:

fy 420

m=—7 ="’ -20588
0.85 fc 085 24

_ Mu/F _ (0.2946/0.9)

Ky = - > =5.386MPa
b”d* 0.9 (0.26)
r:i(l- 1_2mkn)
m fy
-1 \/1_ 27 20.588" 5.386
20.588 420
r =0.0152

As=0.0152" 900" 260
As=3557.5 mm?

Asu =2 b)) 025 Y o))

(fy)

As,. :%(900)(260)3 0.25% (900)(260)

ASin=780mm? > 682.5 mm?

(ACI - 10.5.1)



Use F 25

# of bar =3000/491=6 bar Use 6F 25

# of bar = 611.5/314=1.94bar use 2F 20

Use 6F 25& 2F 20............... Areaof steel = 6*491+2* 314 =3574 mm *
Space between bar center to center

(900-80-20-40)/7=108.5mm

Check for strain
T=C
As fy=0.85" f."b" a
3574° 420=0.85" 24" 900" a
a=81L7mm

o - 260-96.18.
*7 96.18
e, =0.0052>0.005

Ok

0.003



1l

look at fig (4-3-3)

; g L T TR
i ". -~ .- 2 < - ‘.. i
TR k; : - - B
il farn . sy :
e = = =Y oa ‘.= " ox

Fig.(4-3-3)

4-3-3 Design of shear for beam of singly reinforcement (B5):

ACI - 318 — Categories for shear design:
VU gitica = 302 kN

Use ®10 with two leg, Av=2*179=158mm’
1
1. VuE£=FVc
2
leve=t- g€y -y
2 2 6
= % 0.75 V24, 900" 260 =71.647 kN
1
Vu> EF Vc............not control
1

2. EFVC£Vu£ FVc

leve=l-pdfc -y

w

F Vc=71.647" 2=143.3kN



Vu>F Vc............not control
3. FVCEVUEFVc+FVs,,

FVs,, @ 0.75(:—13)' bw” d3 Oiés\/f_c" bw” d

0'25 J247 097 0.26” 10°

FVs, 2 0.75 (%)' 0.9° 0.26” 10° 3

FVs, 3 585kN3 53.73
FVs,, =58.5kN

FVc+FVs,, =143.3+585= 201.8kN
Vu>FVc+FVs,,..........not control

4. FVc+FVs, EVUEFVCc+F~ %w/ fc bw d

FY— ;C “bw” d=0.75 —*/32)_4’ 900" 260 = 286.6KN

FVc+F~ % fc ~ bw’ d =143.3+286.6 = 429.9 >Vu

FVs, +FVc3 Vu
P FVs, =Vu- FVc=286.8- 143.3=143.5kN

_F AV fy d _0.75 158" 420° 260 _

req. — 9cm............ control .
FVsq, 143.5" 10

Select » 10@ 10em ¢/c L



4-4 Design of two way ribbed slab:
4.4-1 Load Calculations (T section):

Dead load:
Tiles 0.03" 0.52" 0.52" 23 =0.186576 kN/ rib
Mortar 0.02" 0.52" 0.52" 22 =0.118976 KN/ rib
Coarse Sand Fill ) ) )

0.07 052 052 16 =0.3028 kN/ rib
Topping 0.08" 0.52° 0.52" 24.5 = 0.53 kN/rib
Concrete Rib 0.24" (0.4+0.52)" 012" 24.5 = 0.649kN/ rib
Block 024 04 04" 9 =0.3456 KN/ rib
Plaster 0.02" 0.52" 0.52" 22 =0.118976 kN/ rib

Nominal Total Dead Load = 2.25208 kN/rib
WuD=1.2x2.25208/(0.52)*> =10KN
WuL =1.6 ©° 5= 8 kN/m?

Tofind Vuonrib :-

Table 12-6:-

La/Lb=6.5/9.4=0.7

Wa=0.81

Wb=0.19
Vua=(10+8)’ (04 6,'50) 081, ) 52 = 24,6400KN

294

Vua=(10+8)’ (94" 6;52); 019 450 =8.22kN
fVe= %\/ﬂ “ 0.12" 0.286” 1000=21.01KN
1.1Vc<Vu

Check Singly or Doubly:




. f f
fVsmin=—bw  d3 —" /fc  bw" d
3 16

fVsmin = % 0.12" .286" 1000 = 8.58

, 0.75,

J24° 0.12° 0.286° 1000 = 7.88

item:3
fVc<Vu£fVc+fVsmin
21.01<24.6402 £ 21.01+8.58
21.01< 24.6402 £ 29.59

S£600£d/2---286/2=143mm
Av, 1 bw, 1724
s 3 fyt 6 420

AV, 1012, 0, W24
s 3420 6" 420

AVy 0.092383 0.2333

S

AV_ 02333

S
Av=0.2333" 0.143=0.03336m"

~0.12" 1000 =

~0.12° 1000

* Positive moment

Ca.dl=0.068, Call=0.068

Cb.dI=0.016, Cb.|1=0.016

Matve=[Cadl.W.L&]

Martve=[0.068x10x6.5 %+0.068x8x6.5%] x0.52=26.89KN.m
Mat+ve=[0.016x10x9.4 °+0.016x8x9.4%] x0.52=13.23KN.m

M aximum moment is Mat+ve=26.89KN.m

m=— Y - 40 _,55eg
085 fc 085 24
 _MU/F _ (02689/0.9) _ o

" b d? 052" (0.286)



Ly p.2mkn
m

fy )
r= L 4 \/1_ 2’ 20588° 0.70244
20.588 420
r =0.00172

As=0.00172" 520" 286
As=253.1mm?

As. =24 ow)(d)® 0.25 " (bw)(d)

.................... ACl - 10.5.1
fy (fy) ( )

As,, :%(120)(286)3 0.25%(120)(286)
Asyin=114.4mm? > 100 mm?
Use 2F 14
As=253.1/154=2 bar use 2 bar

Use 2F 14mm.......ccocovevevevnnn......Areaof sted =2 154 =308 mm 2

Check for strain
T=C
As" fy=0.85" f."b" a
2° 154" 420=0.85" 24" 120" a
a=52.84mm

e, = 286- 62.168, 0.003
62.168
e, =0.0108 > 0.005

Ok

Design the negative reinforcement :



1/3* As of positive moment

%3'1 =84.39mm?

Use 2F 10 30cmc/c L
Note :-" there is no negative moment in one panel tow way slab , but we will

take 1/3 of the area of steel of positive moment .

4.4-2 Determine thickness of two way ribbed slab:

bh* _ 0.8(0.32)°

b= =0.00218453
12
3 3 3 3
Is = bh® _ 0.52(0.105)"  0.4(0.025) N 0.12(0.025)" _ 0.000596
12 3 3 3
_ 0.000569. 96=11" 10°°
0.52
a, = b _ .00?18423 — 0.1986
Is 11" 10
s, = 0.000218453, 96=79" 10"
0.52
a,= b__ '002,184_533 =0.27652278
Is 79710
a, =0.475
02<a, <2

_ Ln(0.8+ fy/1400)
™" 36+5b(a,, - 0.2)

b= 54 . 1.44615
6.5



_9.4(0.8+420/1400) _ 1034
™" 36+5" 1.44617(0.475- 0.2) 37.9893
h=32>27cm

=0.272m

4.5 Design of Short Column(C37) in Basement:

4.5.1 Design of longitudinal Reinforcement :

The Column is an internal one.

P.=6730 KN

I:)n(max) = =
0.65 0.65
Assumer , =0.035

P, mag = 0.8" Ag{0.85 fc +r (f, - 0.85f,)}

n (max)

10353.85= 0.8" Ag{0.85" 24+ 0.035(420- 0.85" 24)}
Ag = 3763.85cm?

Select 70*70cm ......... with Ag = 4900 cm? > Agreq = 3763.85 cn?

4.9.2 Check Slenderness Effect :

IO 3y 0@ L0 g ACI 10-12-2
&§r g &M 25

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

I
R: radius of gyration=0.3 h = \/;

K=1



Lu=3.36m
r=0.3h=03x07=0.21

ﬂ:lo
M?2

1x3:36 £34-12x1£ 40............... ACl - (10.12.2)

0.21
16 £ 22 £ 40

\ ShortColoumn

\' Senderness effect must not be considered

P mao = 08" Ag{0.85 fc +r (f, - 0.85f)}
10353.85=0.8" 4900{0.85" 24+ (420- 0.85" 24)}
r, =0.015

A s=0.015* 700* 700

A s= 7350mny?

Check Asmin;
r min=1%

Asmin = 0.01* 700* 700 = 4900mn

> 4 As min < As req

Use 16025mm .............. with As = 7840 mn? > AS;eq = 7350 mn?

4.9.3 Design of the Tie Reinforcement

For @ 10 mm ties :

S £16 db (longitudonal bar diameter).............c......... ACI -7.10.5.2

S £ 48dt (tie bar diameter).
S £ Least dimension.

S£16° 25=40cm
S£48° 1.0=48cm
SE70

Use ®10@ 40cmties



4.9.4 Short column detail:-

‘4! 16025

TO

62

GEd0 L=240



4-5 Design of long column (C59):

DL=358.51KN

LL=246.752KN

Assume 50%x25cm

Wcolu=0.25%0.5x3.856x5%24.5=59.05K N

Pn=

_Pu_(DI+LI)" 5+59.05 _ 3085.36
f 0.65 0.65

Pn=0.85" Ag(0.85fc(1-rg) +r gfy)

4.74671=0.85" Ag(0.85" 24(1-0.02) +0.02" 420)

4.74671=22.7136Ag

Ag=0.20n7

Pn = 4746.71KN

Try 0.6x0.4

474671 =08  0.24(0.85 ~ 24(1- rg)+420 " rg)
4.74671 =0.192 (20.4- 20.4rg + 420 r g)

4.74671 =3.9168 - 3.9168 r g +80.64r g

0.82991 = 76.7232 rg

rg =0.011 > 0.01ok

The dimension of column is sufficient
* Check Slenderness Effect:

klu M1

r

re34-1200 ACI - (10.12.2)
M2

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

R: radius of gyration=0.3 h= \/;

Lu=3.0m
M1l&M2 =1



K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, Kk,
shall be permitted to be taken as 1.0.

klu M1

—<3H-12—— s ACI - (10.12.2)

r M 2

*

1"3.27 _ 27.25 > 22
0.3*0.4
\ long Coloumn

=

El =04—% ... [ACI318- 2002 (Eq. 10- 15)]

1+b,

E, = 4750,/ fc' = 4750* y/24 = 23270.15Mpa
_12DL _12(35851) _, ,,
Pu 3085.36
_b*h® _06*0.4°
¢ 12 1
0.4* 23270.15* 10° * 0.0032

El = = 26.13MN.m?
1+0.14

b,

I =0.0032m*

_ pZEl

P, LT ACI318- 2002(Eg. 10- 13)
u

_3.14%°*26.13

c — W = 24.09MN.

cm=06+042ML0 . ACI318- 2002(Eq.10- 16)
eM2g
Cm=1.... According to ACI318- 2002(10.10.6.4)
d = Cm
™ " 1- (Pu/0.75P,
d = 1
®o1- (3085.36/0.75* 24.09*103)

310 oo, ACI318- 2002(Eg. 10- 12)

=1.21>1



. =15+0.03* h =15+ 0.03* 400 = 27mm = 0.027 m
=e,, d, =0027*1.21=0.033m

e

e
e_0.033 _ 0.0825
h 04

In The Other Direction

E.|
El 04— oo, [ACI318- 2002 (Eq. 10- 15)]
1+b,

E, = 4750,/ fc = 4750* /24 = 23270.15Mpa
_1.2DL _1.2(38551) _

b, 0.14
Pu 3085.36
* 3 * 3
} _b*h’ _04*06° _ 0,
12 12
* * 106 *
£l = 0.3* 23270.15*10° * 0.0072 — 44.09MN.m
1+0.14
p ’El
R e— ACI318- 2002(Eq. 10- 13)
(KLu)
2 %
) = 314774409 _ 40.65MN.
(L.0*3.27)°
Cm=0.6+ o.48dﬂ9 ............ ACI318- 2002(Eq.10- 16)
eM2g
Cm=1.... According to ACI318- 2002(10.10.6.4)
Cm
d.= 310 e ACI318- 2002(Eg. 10- 12)
1- (Pu/0.75PR,

1

d. = —=111>1
1- (3085.36/0.75* 40.65* 10°)

e, =15+0.03* h=15+0.03* 600 = 33mm = 0.033m
e=e, d_=0024%1.11=0.03663 m

e _ 0.03663
h

=0.061




From Interaction Diagram

TP, 308536, 145 _ o0 s b
A, 0.6*04 1000

r, =0011

A<= p * Ag = 0.011*400* 600 = 2640 mm?

Use f 20 with area 314mm?

Usel1l0f 20mm  ...... ...... with area 314* 10 =3140mm?

Spacing:
600- 80- 20- 20
3
400- 80- 20- 20
3
Distance between stirrups :-
S<16 *longitudinal bar = 16*20 =320 mm
< lessdimension < 400mm
< 40* diameter of stirrups =40* 10=400mm

Use f 10@25cm C/C.

=15.3cm c/c

=9.3cm c/c

The figure (4-5-A) shows the distribution of the reinforcement in the column

section :-

-%:-::‘? .. \éf:j‘ L “.-”.- . ‘Ej:-: . .I --::,%_.:}_ =
g J ,- -:.h-. .J .- 3 ! " -' . . :',' .
S 8.10920"
,‘::'_, .e- L i_:j 'E‘ c‘(_*i

60 cm

figure (4-5-A)



4-7 Design of isolated footing for column(45):
Qali(net) =400KN
service load
DL=229.07x5=1145.35KN
LL=179.23x5=896.15KN
DL=1145.35+59.05=1204.4KN weight of column=59.05KN
LL=179.23x5=896.15KN

1204.4+896.15
oot 400
L=45.25=2.29

A=23 23

=5.25m°

4-7-1 Design of one way shear:
Assume h=60cm
D=600-75-20=505mm
_Pu_(DI+LI)" 5+59.05 _ 2100.55

Pn = =3231.62KN
f 0.65 0.65
q= 12" DI +16LI _ 287,9.12 — 544.96KN
A 23" 23

Vu :(?-0.3-0.505)' 2.3" 544.26
Vu=43187KN

fVc :%@ 0.505" 2.3" 1000=711.27KN

fV =711.27KN?3 Vu=43187KN
P Ok
b 4-7-2 Design of two way shear:
Assume h=60cm
D=600-75-20=505mm

o= PU _(DI+L1)" 545005 _ 210055 _ 0 ooy

f 0.65 0.65




12" DI +1.6LI _2879.12

A 23 23

Vu =544.26(2.3" 2.3-1.105" 0.905)
Vu=2334.85KN

=544.26KN

fve =f %JE bo d

FVCET (";Ed +21f¢” bo” d

FVCEf (é+2)ﬁ' bo” d

fVC=0.75%@' 4.02" 0.505" 1000=

2486.35KN
fVec3 Vu

Ok no punching

4-7-3 Design of flexural

2
Mu =544.26" 2.3(0'825 ) = 452.21KN.m
fy 420

m=— 9 =" -50583
085 fc 0.85 24

_ Mu/F _ (.45221/0.9)

Ky = = - =0.856MPa
b”d* 23" (0.505)
rzi(l- 1_2mkn)
m fy
=1 4 \/1- 27 20.588" 0.856,
20.588 420

r =0.00208



As=0.00208" 2300 505

As= 2416 mm?

As., =0.0018 ~ 2300 ~ 600 = 2484 MM e, ( ACI - 10.5.1)
ASin =2484mm? > 2416 mm? control

Use 14F 16 MM oot e, in both direction

The figure (4-6-A) shows the distribution of the reinforcement in the foundation

section:-

=
it
.
rrey
e
Jap|s [=ga5
=8

1= &5 1-700
R

11 L zet-h g i k'-.' I4#1¢ =200 =
i a7 5l
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4.8 Design of combined footing :
Footing for the column C90 & C91 :
C90: 50*40
D.L =817.07 KN.
L.L =524.57 KN .
C91: 60*40
D.L =1377.5KN.
L.L =804.12KN.
P =817.07+524.57+1377.5+804.12 = 3523.3KN .



4.8.1 Determination of footing dimintions:

Allowable soil pressure = 400 KN/m2

A =Plgal.
Ag=3523.3/400=8.8m2.
AssumeB =2.3m. ....... L=11.77/2.3 =3.85m.

Distance between the two columnsis 2 m center to center

FR Positionat the center between the two coulumn
P X =1.175m from C90 center

P X =0.575m from C91 center

4.8.2 Determination of footing depth:
Selecth=80cm ....d=70.5cm.
Factored load :

Pu90=12D.L +1.6 L.L =1819.8KN..
Pu9lu=12D.L +1.6L.L =2939.6 KN.

Ou = Pu90+Pu91
Ag
Qu= 1819.8+2939.6  =537.5 KN/m2.
(2.3*3.85)

Check for one way shear strength for C90 :



Vu=1819.8- 537.5(0.25+ 0.5+ 0.705)2.3=82.87KN

f Ve=f .(%*\/f_c'*bw*d)

f Vc=0.75* %* 24*1000* 2.3* 0.705=992.87Kn

f Vc=992.87Kn>Vu=82.87Kn
\ Sdfe

Check for one way shear strength for C91 :

Vu=2939.6- 537.5(1.05+ 0.6 + 0.705) * 2.3 = 28.231KN

f Ve=f .(%*ﬁ*bw*d)

f Vc=0.75* %* 24*1000* 2.3* 7.05=992.87Kn

f Vc=992.87Kn>Vu=28.231Kn
\ Sdofe

Check for two way shear action (punching)

The punching shear strength is the smallest value of the following equations:
v, =f 28+ 2905 % d

6 b. g
fv =t 282 4000 % 4

128b,/d 5

fV, =f .%\/f%od

Whre:

_ Column Length (a)
€ Column Width (b)

b, _ Perimeter of critical section taken at (d/2) from the loaded area

a,=30 ...... for exterior column



a,=40 ... for interior column

v, =t 1F+ 29t %= 075 24* 3.31* 0.705* 1000 = 3475.8Kn
6% b, g (50/40)

fV, =f. i +2—\/f¢0d—075 g 30 24* 3.31* 0.705* 1000 = 4565.5Kn
12§ 12 e331/0705

fV, =f —w/ Yd= 0375* 24* 0.705* 3.31* 1000 = 2858Kn

f V. =2858Kn ..... Control

Vi, = Pu- FR,

FR, =s,, *area of critical section

Vi, =1819.8- [537.5* (0.75+0.3525) * (0.4 + 0.705)] =1165KN
f Vc=2858Kn>Vy. =1165Kn........ satisfied

Chick tow way shear for C91:

*** When we tack the column as interior:

fve=f . w/ %d_075 24 4,82* 0.705* 1000 = 5549.1Kn
(60/50)
f Vg =f. i +2—\/f¢od—075*€e 40 24+ 4,82* 0,705* 1000 = 6087.3Kn
12§ 12 e482/0705g

f V. =f —\l QD d —% 24* 0.705* 4.82* 1000 = 4161.8Kn



*** \WWhen we tack the column as exterior:

fV, =f —gl 20\/ %d_075gi 2 Q. [24+3.715% 0.705% 1000 = 4277Kn

(60/50)
fve=f. 2 +21/ %d_075 z 30 24* 3.715* 0.705* 1000 = 4565.5Kn
12 e3715/0705g
fV, =f —w/ %d_0—75 24* 0.705* 3.715* 1000 = 3207.7Kn

f V, =3207.7Kn ..... Control
Vigg = PU- FR

FR, =s,, *area of critical section
VU, =2939.6- [537.5* (0.4+0.705)* (0.6 + 0.705)] = 2164.52KN

f Vc=3207.7Kn>Vy. =2164.52Kn........ satisfied

4.8.3 Design for Bending Moment:
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Mul =537.5* ((0.5)?/2)* 2.3=1551Knm

Mu2 =537.5* ((1.35)%*/ 2)* 2.3=155.1Knm
Mu@ zeroshear : -

1891.8-(537.542.3*x) = 0.0
X = 1472 m.

MU@,., ,,, = 537.5* ((1.472)%/ 2)* 2.3- 1819.8* 0.972 = 429.5KN.m

For negative moment : Mu=429.5kn.m.
_Mn_ 4295/0.9
bd*> 23" (0.705)°

_ fy _ 420
0.85* fc  0.85* 24

*10°2 = .42Mpa

=20.588

&
18, m
m f

QI IO:

O
\/ 2" 20. 588 0.42 — 0.00101
~20. 588 p

ASi, =T *b*d =0.00101* 2300* 705=1637.7 mnt

ASyrinege = 0.0018* b* h = 0.0018* 2300* 800 = 3312mn?

\ As=3312mn¥

Use 17@ 16 MM cooieiieee e, with Aprovided = 3417 mn?
Check for Strain:

Tension = Compression

As* fy=0.85* fc*b* a

3417* 420 = 0.85* 24*1000* a

a =30.59mm

o = 705- 30.59
° 30.59

e, =0.066>0.005  ...... OK

*0.003



For positive moment Mu = 1126.5 Kn.m

_ Mn _ 11265/09
bd? ~ 2.3° (0.705)

fy 420

*10° =1.1Mpa

= -= =20.588
0.85* fc  0.85* 24
5
—Ql- 1- 2°m kn?
mg f, 5

\/ 2 20588 11__00027
~20. 588

2
ASeq =1 *b*d =0.0027* 2300* 705 = 4378.05 mnY

ASyyege = 0.0018% b* h = 0.0018* 2300* 800 = 3312mn?
\ As=4378.05mn?

Use 18@18mm et With Aprovided = 4554 mnt
Check for Strain:
Tension = Compression
As* fy=0.85* fc*b* a
4554* 420 = 0.85* 24* 2300* a
a =40.765mm
705- 40.765

e, =— 2% 0003
40.765

e, =0.049>0.005

Use the column bars asa dowels



4.8.4 Combined Footing Details:
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4.9 Design of wall Footing:
4.9.1 Load Calculation :
Weight of wall (D.L.) = (height) Thickness* 1mwide* y.
=4*5*1* 0.20* 25=100 KN/m
From tow way rib D = 7.667* (9.6/2)*4 = 147.2 KN/m
L =5%(9.6/2)*4 =96 KN/m

D.L tota = 100+147.2=247.2 KN/m
Total P=247.2+96 = 343.2 KN/m

4.9.2 Determine the Footing Width:

Allowable soil pressure = 400 KN/m?

Footing width = Wiow =342 _ h8s8cm
allowable soil pressure 400

Select 1 m
The main reinforcement needs an enough

Distance to anchorage development length due

to the following Equation:

4.9.3 Determine of footing depth :
Assume h ¢geting = 45 cm (NO Bunching shear )



4.9.4 Design of shear :

= 1.2*Dw+1.6%L

gu= 1.2%247.2+1.6*96= 450.24 KN

Oou = 450.24/(1* 1) = 450.2 KN/m?

N footing=45Ccm = d=45-7-1=32cm.

Bearing pressure:

45](-).2* (1- 2.20 - 0.32) =36.016KN

0.75* %\/ﬂ* 1000* 320 =196KN

FV. >V,

4.9.5 Determine Reinforcement for Moment Strength:

_ footing width- wall width footingwidth- wall width
MU = (P (0 > ( . )

=450.2*1* 0.4* (0.2
= Mu = 36.016 KN.m

D=44-7-1=36cm
Mn:§:4OKN.m
0.9
* 6
n=Mn_ A0710° _ 4 308mpa
bd?>  1000° 360
m=_ Y- 40 _6

© 0.85* fc  0.85%24



&
r =i91- 1-

Mg

2mkn
f

[SHERNed

1 \/1_ 2’ 20.6" 0.3089  0.00074
" 206 420 P
ASq =1 *b*d =0.00074*100* 36 = 2.66 cm’

Check As,,

_0.25*,[fc*b*d _ 0.25* /24 *1000* 360
" Fy 420

As, =10.49cm?

Not less than
14*b*d 1.4*1000* 360

= = =12.00cm?
Sin Fy 420

ASq < ASy,

1.3* A, =1.3* 2.66 = 3.458cm” < As,;, =10.49cm?
ASyrinege = 0.0018* b* h = 0.0018* 100* 44 = 7.92cm?
\ As=7.92cm’ > 3.458cm?

Select4f 16@20....AS, o 4eq = 7-7CM° > 7.2cm?.....0K

A

Select 4P16@ 25cmc/C .oovvvviiiniiinnnnn. with As prov. = 8.04 cm#/m.

* Check of strain

Tension = Compression

As* fy=0.85* fc*b* a

804* 420 = 0.85* 24*1000* a
a =16.55mm

e, = 320- 1947, 0.003 = 0.0524
19.47

e, =0.0524 > 0.005..........0K



4.9.6 Development length of main reinforcement:

For ®14 bars db=1.6cm:

fy
Ld = abgd
2, fc 9.5
Ld=_2%0 1x1x1%16

2424

Ld =60cm3 40cm
AvailableLd=40-7 =33cm £ 57.15cm

1
Jic

So a standard hook of (15 cm ) must be used to provide Ld.

=19.2cm

0.24* fy*1.4*0.7*

4.9.7 Design of Secondary Bottom Reinforcement:

Asmin for shrinkage & temperature
AS$,in=0.0018* b* h
ASqmin= 0.0018 * 100*40

As=7.2 cm?

Select5®14 @ 20cm .............. with As prov. =7.7 cm2,

4.9.8 Design of dowels bar:

As Ming =0.0012 * 100 * 21 = 2.52cm?
Use longitudinal shear wall bars

Use f 12@35 cm

fy
Ld = ab.gd
2,/ fc 9%

For f14 bars



Ld= ﬂ1* 1*1*1.2

2424

Ld =51.443 30cm

Available Ld =45-7 =38cm £ 51.44cm
(0.24*fy*1.4*0.7)/(fy)*° = 20.164 cm

So a standard hook of (25 cm ) must be used to provide Ld.

4.9.9 Strip Footing Detail:
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4.10 Design of Shear wall:
4.10.1 Calculation of loads:

W ri0or = Total dead loads of the floor .

W Basement Floor = Weight of slab + Weight of stairs + 0.5¢ (Weight of upper columns
&walls + Weight of lower columns & walls) = 13159.1 KN

W Ground Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns
&walls + Weight of lower columns & walls) = 19750.19KN

W First Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns
&walls + Weight of lower columns & walls) = 20626.21 KN

W second Floor = Weight of slab + Weight of stairs + 0.5¢ (Weight of upper columns
&walls + Weight of lower columns & walls) = 17465.57 KN

W hird Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns &

walls + Weight of lower columns & walls) =8352.566 KN

WTotal =W Basement T w Ground T w Firg w Second t \W Third

Wrotar = 79353.636 KN



4.10.2 Calculation of shear force on "'shear walls”:

From Uniform Building Code 1997(UBC), the total design base shear in agiven

direction shall be determine from the following formula:

v= W (Eq.30- 4)

Thetotal design base shear shall not be less than the following:

V =0.11CalW.............. (Eq.30- 5)

hn=Haguiiding =19.32m

Z=30
R=55
| =1.0
Ca=024

Ct =0.0488
Cv=0.24

Where:

Z = seismic zone factor as givenin Table 16-I.

R = numerical coefficient representative of the inherent over strength and global
ductility capacity of lateral force resisting systems, as set forth in Table 16-N or
16-p.

| = importance factor given in Table 16-K.

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in Section 1630.2.2.

Cv = saismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the baseto Level i, n or X, respectively.



Eq...30-8 (UBC)T=C,(h )"

T =0.0488* (19.32)**=0.45
_Cvrl,,, 02410
R*T  55%045
Not Exceed
* * * *
25*Ca*l,, _25%024*1

V, * 79353.64 = 7695kN

V, = * 79353.64 = 8656.76kN

And Not Lessthan
V, =0.11* Ca* | *W =0.11* 0.24* 1* 79353.64 = 2095kN

2>V =7695 kN ---- Control
Ft=0.07x T xV =0.07 x 0.45 x 7695 = 242.4 kN

FX Diagram

1631.05 kN
3974.12 kN

+19.32

+15.41
5988.32 kN

\ 7278.3 kN
\ 7695 kN

+11.50

= N W

+07.59

®

+03.68

-+00.00




4.10.3 Shear Wall Design Parameters:
Fc =24 MPa

Fy =420 MPa.

h=20 cm. Shear wall thickness.
L= 5 m. shear wall width
Hw=19.32 m. Story height.

4.10.4 Design of the Horizontal Reinforcement:

Vu=2443 KN
Vn=24.43/0.75 = 32.573KN

d=0.8*Lw=0.84=32m.
fc¢
Vo= e h” d
Vc= %* 24 * 200* 3200 = 0.523kn

Vs=Vh-Vau

=32.573-0.523=32.05 KN

An_ Vs _3205%1000
s, fy*d 420%3200

=0.024 mm.

A~ 00025+ h=0.0025* 200mm = 0.500mm.
S

S, =Lw/5=4000/5=800 mm.
S, =3*h=3*200=600 mm.
Use2 ®12mm  ...... e with As = 2.26 cm?



& =0.024 mm < 0.500 mm

S
% =0.500
S
-> S, = 452mm

Select SZ =35cm < S2 =452cm< SZ:GOcm

Use2012 @ 25cm C/IC ..oevneeeee. for the reinforcement in two layers.

4.10.5 Design of Vertical reinforcement:

A, =[0.0025+0.5(2.5- L—)(S'A“’h - 0.0025)]S,*h

,kh

w1932 _ 13525

Lw 4
>> Am:0.0025 S h.

S,= Lw /3=4000/3=1333.3 mm.
S,=3* h=3*200 =600 mm.
Use2 ®12mmM  ...oovvvvvvnvnnnn..... With As = 2.26 cm?.

>>226 = 0.0025* S * 200
S, =452mm
Select 5 =35cm< S =60cm

Select 32350m< S =60cm< 32133.33cm

Use 2912 @ 25¢cm C/C . for the reinforcement in two layers



4.10.6 Shear Wall Detail
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4.11 Design of Basement wall:
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4.11.1 Load Calculation:

8 =30° y=18KN/m3

ko = 1-sin30° = 0.5

Wumin = 5%0.5= 2.5 KN/n?



Wumax = 0.5*5+18*3.8*0.5 = 36.7 KN/m?
Factored load:-

Wumin = 1.6* 2.5= 4.0 KN/m?

Wumax = 1.6¥37.7 = 58.72 KN/m?

4.11.2 Wall Design:

Assume h =25 cm

d=250-20-7=233mm
support 1 = 76.912 kn.

support 2 =42.256 kn.

Design of shear:-

Qu = 58.72-14.4*(0.16+0.223)= 53.2048 kn/m.

Vu=76.912-(58.72+53.2048)* (0.16+0.223)
2

Vu= 75.856kn.

f *\Vc= %* 0.75* Jfc*b*d = %* 0.75* +/24* 1000* 0.233

f Vc=136.56kn >>Vu = 75.856kN
\ No Shear Reiforcement Required



Design for bending:-

(ux = 4+14.4x
>Fy=0.0 1+

42.256 — (4+(4+14.4x))*x = 0.0
2
X =2.16 m (zero shear).

(ux =4 + 14.4*2.16 = 35.104 kn/m

Mux =42.256*2.16- 4*(2.16)"2 — (35.104-4)*2.16* 2.16 = 76.42 kn.m.
2

2 3
:1(1_ 1. 2mRn)
m fy
* *
r= L \/1_ 2 202" 171 _ (0043
20.2 420

As,, =0.0043*1000* 223 = 959mn* /m

= 0.25,/ fc xp*d = 0.25./24*1000* 223 — 64.3mm? / m
fy 420
But not less than
* * 2 * *
As. = 1.4* bw* d _ 1.4*1000* 223 ~73.98mnt/m

fy 420
ASyyinage = 0.0018* 1000* 250 = 45mn /m

AS 1eq = 959 mm* /m> As in = 73.98mn? /m

Select ®14@15cmM oo with As = 1026 mm2/m

AS min = 0.002* b* h



=0.002 * 1000 * 250

=500 mm?/m

For shrinkage and temperature use ®8@20cm

*** Design of Secondary Reinforcement:

As = (2/3)*Asreq. = (2/3)* 1026 = 684 mm*/m

Select ®12@15cm errrirna WIth AS =753.33 mm?#/m



4.11.3Detail of basement wall:
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Design of Stairs :

4.12.1 Determination of Slab Thickness:
-L=3.6+0.75=4.35m.

- hreq = L/ 20.

-heg=435/20=2175cm ............. take h= 25 cm.
p Use h = 25cm.

-9 = tan(191 / 330) = 30°

-Cos 8 = 0.866
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» The stairs at section (A-A) will be carried on the shear wall.

4.12.2 Load Calculations at section (A-A):

Dead load

Live load

5.00
Al e %
4 a
360 0Tz
i Fad
L L4 .

=10 (4-/Y) SIT1ICTLHIFrAl Q/SIAMN O SAIr< ar <atrionNn ( A -A )

Dead Load:
Slab = 0.25*25* 1/cos30 = 7.22 KN/m?.
Plastering = 0.02* 22* 1/c0s30 = 0.51 KN/ m?.
Stair = (0.17*0.3)*25%1 = 2.125 KN/ m?.




2*0.3
Tiles =(0.33+0.17)*0.03*27/0.3 = 1.35 KN/ m?°.
Mortar = (0.17+0.3)*.02*22/0.3=0.69 KN/ m?.
Total dead load = 7.22+0.51+2.125+1.35+0.69
= 11.9 KN/ m?.
Live load:
Live load for stairs =5 KN/ m?.

Factored load

Qu =1.211.9+ 1.6*5 = 22.28 KN/ m*.
For one meter Strip, qu = 22.28 KN/ m.

Load on landing :-

Dead Load:

= Tiles =0.03*27=0.81 KN/m2

= Slab =0.25*25 = 6.25 KN/nm2

= Plaster = 0.02*22 = 0.44 KN/m2,
=  Mortar = 0.02*22=0.44 KN/m2,

Total dead load = 0.81+6.25+0.44+0.44
=7.94 KN/m2,
Live load:
Live load for stairs =5 KN/ m?.

Factored load

Qu=1.2*7.94+ 1.6*5=17.53 KN/ m°.
For one meter Strip, qu = 17.53 KN/ m.



4.12.3 Design of Shear :

= Assume @ 14 for main reinforcement:-
So, d = 200-20-14 = 166 mm..
Take d= 166 mm

486

s
57.8-30.6;

= Vu=50.6 KN.

f /T *b,*d
= fve=-—Y°© v =

_0.75* J24*1000* 166
6

* Vu=53.6 KN < @.Vc=101.66 KN .

>>>>No shear Reinforcement is required. So the depth of the stair is OK.

= fVc

=101.66KN



4.12.4 Design of Bending Moment :

The Following figure shows the Moment Envel ope acting on the stair

Moment diag.
= - - Fi i R . [ o - F P ] x - e -
i s / /z / N o . /z R -
TSt T o SR I e i e =
624
P Vs i
i M4 4
217 2185

Mu =62.4 KN.m.
Mnreq=Mu/0.9=62.4/0.9=69.33 KN.m.
d =166 mm.

" b

* -3
K, _6933"10° _, compa .

1* 0.166°

0.85" fc

_ 420
0.85" 24

x * * O
co1g 2mkn:_ g \/ 2 20588 2529_ 0 voea.
mg v, 5 20588 p

=20.588




As req = 0.0064* 1000* 166 = 1066.54 mm*

- [fee , 14
As min = - (ow)(d) * =2 (bw)(c)

2
4(420)

Asmin=484 <« 5533

Asmin=

(1000)(166) 3 %(1000)(166)

Asmin=553.3mm?......

Useld 4@ 15¢cm. .............. with As=(100/ 15)* 154 = 1078 mm?2.

Asprovided=1078 > Asreg..............e.........OK.

Check for strain:
Tension = Compression
A* fy=0.85* fc'*b*a
1078* 420 = 0.85* 24*1000* a
a=22.2mm

o = 166 - 26.1
° 26.1
e, =0.016 > 0.005 %#4® ok

*0.003

4.12.4.1 Development length of bars:

fy
L, = —"a" b g’ d,
2, fe

=420 - 11" 1" 14=600mm

L
NV

Lq available > Lgreq= 60Cm

Control.



4.12.4.2 Secondary reinforcement:

As=%’ ASq =%’ 1078 = 215.6mnT

ASyinkage = 0.0018" b” h=0.0018" 1000" 200= 360mnt
Use®10 @20CM ....ocvevvnnnnes With As=(1000/ 200)* 79 = 395 mm?.

4.12.5 Stairs at section (A-A) Details:-




4.12.6 Design of landing:-

Dead load = 17.53 KN/ m.
Liveload = 5.0 KN/ m.

= Vu=78 KN.

f /T *b,*d
= fve=-Y°o v =

_0.75* J24*1000* 166
6

* Vu=78 KN < @.Vc=101.66 KN .

>>>>No shear Reinforcement is required. So the depth of the stair is OK.

fVc =101.66KN

Design of moment :-

Mu = 100.5 KN.m.
Mnreq=Mu/0.9=64.3/0.9=71.4KN.m.
d =166 mm.
k = an
b xd

_71.4*10°
" 1*0.166°
m=_
0.85" fc

420
m=———
085" 24

=2.6MPa .

=20.588

128 0
r=—0¢1- |1- T =
mg f, 5 20588

T= = 0.0066.

2mk, 9 1 & \/1_ 2*20588* 2.6 0
§ 420 4



As req = 0.0066* 1000* 166 = 1095 mm*

| ffee , 14
As min=7 - (ow)(d) * = (ow)(d)

W24 , 14
As min= g 1000168)* -2 (1000)166)

Asmin=484 < 553.3

Asmin=5533mm”.......... Control.
Use 19 14@ 12.5cm. .............. with As=(100/ 12.5)* 154 = 1230 mm?.
Asprovided=1230> ASTIed........covvvveiiennnnn, OK.

Check for strain:

Tension = Compression
A* fy=0.85* fc' *b* a
1230* 420 = 0.85* 24*1000* a
a=25.3mm

o = 166- 29.7
° 29.7
e, =0.014 > 0.005 %4® ok

*0.003

For shrinkage and temperature use 1® 10@ 20 cm .

4.13 Design of one Way Solid Slab for stair :



4.13.1 Determination of thickness:

Hin for one way solid slab = L/20
Hmin=4/20=0.2m.

Take h=h,;,=20 cm.

4.13.2 Determination of load:

D.L =0.20* 25=5kN/m?

FromTANK L.L =10kN/m?

D.L =5kN/m?

L.L =10KN/m?

qu =1.2*5+1.6*10 = 22KN/m?

qu = 22KN/m?

For Im Strip in X direction qu =22KN/m

moment and shear diagram fro atir (BEAMD)

Wcmenila:  spans 100 1

Efear

il

4.13.3 Design of Shear:

d=20-2-0.12/2=17.4cm
f *Vc3Vn

1

f *Vc= E* 0.75* ./fc *b*d = %* 0.75* /24 * 1* 0.174* 1000 = 106.5

f Vc=106.55>>Vu=44.0KN
\ No Shear Reiforcement Required




4.13.4 Design of Reinforcement:

d=20-2-1.2/2=17.4cm.

Mu =485 KN.m
m=_ Y - 40 _,54
0.85* fc 0.85*24
Mnx = @ =53.89KN.m
0.9
* 6
kn= M _ 53.89 102 ~1.78Mpa
b*d* 1000*174
, :l(l- 1. 2mkn)
m fy
* *
r= L \/1_ 2*206*1.78, _ ;) 51404y
20.6 420

As,, =0.00424*100* 174 = 737.4mn7 /' m

As,, =0.0018*100*17.4 = 3.132cn? / m

ASey> AShin

Select @ 12@15cm ... with AS prov. = 7.91 mm#/m > 737.4 mm3/m.
*** Design of Top Reinforcement

Use for shrinkage and temperature @ 8@25cm c/c.
Detailsfor stair dlab :-

------------------------------




4.14 Wall for well.

P=5KN/m2
= N
g
9 N\
E well o :
3 0 M
s 3

‘ D.L=36KN/m2 LL=2.5KN/m2

(4-2-3) Loading :

*Self weight of earth :
4 =9" h" K,
Assume that :
Jei =18 Kn/m®
g =30
K =05
¢, =18" 5.0 0.5=36.0KN/m’



*Load from live load (cars , people ) :
9, =P" K,
0, =5 0.5=25KN/m?
*water loud :
g =g h
Assume that :

Oyt =10 Kn/m®
gqwater =10" 3.5=35KN/m?

Moments: spans 1to 1

2.12 48.3 1.73

Shear

-41.4

35.4 32.5




Design :

Thickness Calculation :

Assume p =0.01

Mu =48.3 kN.m

Mn =48.3/0.9 =53.67kN.m

m= Fy _ 420 _
0.85fc 0.85" 24

fy 420

=y —Y =001 il
1- 0.5mr 1- 0.5" 20.6” 0.01

s 16

Kn=M2b d:\/ 5?,.67 1,0
bd 0.9° 1000” 4.7

h=112.7+30+10 =152.7 mm

sdlect h=200mm

=112.7 mm

Wall Design :

d =200- 30- 12=158mm
Mnx 53.67  10°

Kn= = -
b*d? 1000  158°

=1.08Mpa

1

- h- 2mKn
m

fy
r= L \/1_ 2’ 20.588” 1.08
20.6 420

r =

)

) = 0.0027

As, =0.0027 * 1000 * 158 = 427 mm?

As,. =.0012*1000* 200 = 240mn? / m

AS., =360mnT /m< As,, =427mn7 /m

= 4.7Mpa

/' m



#of bar inon meter—4—27—3
154

Select F14@25cm c/c

Design of Secondary Reinforcement:
Select the greater of:

AS, ey = 0.002* 1000* 200 = 400mnT /m

#of bar inon meter—ﬂ)—BS
113

Select F12@25cm c/c

Check for Shear :
f “Vc32Vn

fr VC—%\/— b’ d—075\/_ 1000 158

f Vc=96.75>Vu=41.4kN
\ No Shear Reiforcement Required
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2. Building Code Reguirements for Structural Concrete(ACl 318M -
08)

3- SoY1 a8 (Uniform Building Code 1997) (UBC)



APPENDIX (A)

ARCHITECTURAL

DRAWINGS

This appendix is an attachment with this project



APPENDIX (B)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project



APPENDIX (C)

TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply
supported

One end
continuous

Both ends
continuous

Cantilever

Member

Members not supporting or attached to partitions or
other construction likely to be damaged by large

deflections.

Solid one-
way slabs

£/20

€124

£/28

£Mo

Beams or
ribbed one-
way slabs

ENne6

tN8.5

er21

£is

Motes:

directly for members with normalweight concrete
) and Grade 420 reinforcement. For other condi-

Values given shall be usgd
{;ﬁansilzewc = 2320 kg/m
tions, the values shall be modified as follows:
htweight concrete having unit density, w,., in the range

a) For stmcturaat li 1
1440-1920 kg/m®, the values shall be multiplied by (1.65 - 0.803w,.) but not

less than 1.09.
b) For f, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700)

(MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)



TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection fo be considered

Fial roos not supporting o atached fo non- | Immediate deflecion due 0 v load L _
struchural elements Besl 1o be damaged by (80
large deflections

Floots nol supporting of atached 1o ponstruc- | Immediate deflecion due 1 e foad L
hral elemets Bely 1 be damaged by large £/360

Roat ar focr construction supporting of Thiat peart of the total deflection occuring afler

attachad Io norsiructurd alements likely fo be | atiachmeant of nonstruciural alements (sum of {480

damaged by large deflections gmﬁmwmmnﬂﬁm
n dafiaction dus 1o any

Ruoal ar fioce conslruction stpperting of 4 “""9?*

aftached 1o nonstructural elements o el to | 230Nl ive load)

be damaged by large deflections

* Lt rock iniended 10 againgt ponding. should ba checked by sestable caloubiions of deflaction, including added dafiacions due %o ponded

walif, and coesideting aflfects of all sustained anber, construchon tokemnges, and iefisksity of provisioes for

! deflocion shall be determined i accordance with 5.5.2.5 or 0.5.4.3, but may bo reduced by amount of defiection caloulalid b0 occur befors attach

mmmhmmMHWmememmwmmmmdem

*ummmdemmwmmmmﬂmwm

Lﬂmﬂmwmmwummwmmmumamnmmmwm

(24

(MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS)
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