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Abstract

The Structural Design of a Medicine college in Hebron City Nemra

WORKING TEAM:
Abd Elrazeq Hamed  Israa Kazem Osaily

Jalaa Hamdan

Palestine Polytechnic University

SUPERVISOR:

DR .MAHER AMRO

Project Abstract

The summary of the idea of this project, is to prepare a structural design of a Medicine

college, consisting of all facilities that should be available in any optimum medical

center .

This building is consisting of 5 floors with a nice elevation, which reflecting the medical
face of the building, on the other hand , no doubt that the structural design at a same level
of importance of architecture one ,by supporting the building with a structural element

_which will be designed according to ACI-318M code.

The project contains the structural analysis for vertical and horizontal loads and the

structural design and details for each member in the building.
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List of Abbreviations

e Ac= area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.
e A= area of non-prestressed compression reinforcement.

e Ag = gross area of section.

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

e At=area of one leg of a closed stirrup resisting tension within a (S).

e b =width of compression face of member.

e bw = web width, or diameter of circular section.

e C.= compression resultant of concrete section.

e C,= compression resultant of compression steel.

e DL = dead loads.

e d = distance from extreme compression fiber to centroid of tension reinforcement.
e Ec=modulus of elasticity of concrete.

e f¢'= compression strength of concrete .

e fy =specified yield strength of non-prestressed reinforcement.

e h=overall thickness of member.

e 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.

e L= length of clear span in long direction of two- way construction, measured
center-to-center of supports in slabs without beams and center to center of beam
or other supports in other cases.

e LL =liveloads.

e Lw = length of wall.

e M =bending moment.

e M, = factored moment at section.

xii




e M, =nominal moment.

e Pn=nominal axial load.

e Pu = factored axial load

e S = Spacing of shear or 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 'V, = factored shear force at section.

e Wc = weight of concrete. (Kg/m®).

e W = width of beam or rib.

e Wu = factored load per unit area.

e { = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.

£, = strain of tension steel.

e &= strain of compression steel.

p = ratio of steel area .




e M, =nominal moment.

e Pn=nominal axial load.

e Pu= factored axial load

e S = Spacing of shear or 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 V, = factored shear force at section.

e Wc = weight of concrete. (Kg/m?).

e W = width of beam or rib.

e Wu = factored load per unit area.

e ¢ = strength reduction factor.

e &, = compression strain of concrete = 0.003mm/mm.

e ¢, = strain of tension steel.

e &= strain of compression steel.

p = ratio of steel area .
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Chapter 4

Structural Analysis & Design

4-1 Introduction.

4-2 factored load.

4-3 Slabs thickness calculation
4-4 load calculations.

4-5 design of topping.

4-6 design of rib (A0-R1).

4-7 design of beam (A0-B37).

4-8 design of column(B0-CS).

4-9 design of isolated footing(F4).
4-10 design of stairs.

4-11 design of shear wall(B-Sh26).

4-12 design of composite beam(B38-C).




4.1) Introduction:-

or building material that can be delivered to the job site in a
ing material because it can be

Concrete is the only maj .
plastic state. This unique quality makes concrete desirable as a build

molded to virtually any form or shape.

on work is reinforced with steel. When concrete
stresses, steel supplies the necessary strength. Steel
mesh, or roughened or twisted bars. A bond forms

Concrete used in most constructi
structure members must resist extreme tensile

is embedded in the concrete in the form of a
between the steel and the concrete, and stresses can be transferred between both components.

In this project, all of design calculation for all structural members would be made upon

the structural system which was chosen in the previous chapter.

So, in this project, there are Two types of slabs : One way solid slab, one way ribbed
slab. They would be analyzed and designed by using finite element method of design, with aid of
a computer program called "ATIR- Soft ware " to find the internal forces, deflections and
moments for ribbed slabs and by using the previous program and Etabs,Safe, And programs to
find the internal forces, deflections and moments for One way solid slab, and then handle
calculation would be made to find the required steel for all members.

The design strength provided by a member, its connections to other members, and its
cross — sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength
calculated in accordance with the requirements and assumptions of ACI-318-08 code.

NOTE:
fc'=30N / mm* (MPa) For circular section but for rectangular

(fc'=30*.8=24MPa) .
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4 .2) Factored loads:

project

The factored loads on which the structural analysis and design is based for our

members, is determined as follows:
qu=12D.L+1.6L.L.

(4.3) Slabs thickness calculation:

o Y,

u'w RS U.lrlrl!l‘ ..h 5.

"{‘1
‘[ﬂ

=t
i

<

\I',‘-b

C 3

L I( P
| ,.f::
: ! ]
i
1 1 -
1 4
i
l,'[
i
]

I
B ( D

Figure (4-1): Ground Floor Slab.
(4.3.1) Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressed
beams or one way slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5
=558 /18.5=30.1cm
The maximum span length for both end continuous (for ribs):
hynin for both-end continuous = L/21
=563/21 = 26.8cm
Select Slab thickness h=32cm with block 24 cm & Topping 8cm
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(4.4) Load Calculations:

(4.4.1) One way ribbed slab:

d to be used in the analysis and design is

For the one-way ribbed slabs, the total dead loa

calculated as follows:

& Tem tuer Bar's
One way rib slab Shrinkage pera

Hollow Block { 2Bcm )

Fig. (4-2) One way rib slab
Calculation of the total dead load for one way rib slab is shown in the following table:

Table (4 — 1) Calculation of the total dead load for one way rib slab.

No. | Parts of Rib Calculation
1 Rib 0.14%0.24*25= 0.84 KN/m
2 Top Slab 0.08%0.54*25 = 1.08 KN/m.
3 Plaster 0.02*%0.54*%22 = 0.23 KN/m.
4 Block 0.4%0.24*10 = 0.96 KN/m
5 Sand Fill 0.07%0.54*17= 0.64 KN/m
6 Tile 0.03%0.54*24 = 0.38 KN/m
7/ Mortar 0.02%0.54%22 = 0.23 KN/m.

Nominal Total Dead load =4.36KN/m of rib
Nominal Total live load =5*0.54=2.7 KN/m of rib
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(4. 5) Design of Topping:

Dead load of topping
Tiles 0.03 * 24=0.72 KN/m’
Mortar 0.02 * 22=0.44 KN/m’
Sand 0.07 * 17=1.19 KN/m’
Slab 0.08%25=2  KN/m’

Partitions 1,00 * 2.38= 2.38 KN/m’.
Dead Load = 6.73 KN/m®. (for Stores)
Live Load = 5 KN/m®. (for Stores)
W,=12DL+1.6LL
—12%6:73 +1.6 % 5=16.1 KN/m?. (Total Factored Load)

M, = Wy sl® — 161604 _ 0.2146 KN.m

M, = f.*5
= 042 ff, =7 = 042 V222222 5 10° = 219 KN.m

&M, =0.55¢2.19 =12 KN.m
&M,, = 1.2 KN.m > M, = 0.2146 KN.m

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must

be provided.

For the shrinkage and temperature reinforcement :-
p = 00018

A, — p2b*h— 00018 = 1000 + 80 — 144 mran’.

Asrgg

# 0f @8 = i

= =2.88 — Spacing(S) = — = 0.347m = 347 mm.

5380(ﬂ)—2.5*cc < 380 (22)

—380*(3“) 25*2o<380*(3—3—°)

—380*(=-23—4’2—0) 25*20<380*(,284;o)

=330 mm. <380mm.
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Units:kN,meter

Moment/Shear Envelope (Factored)

<3 *h=3*80=240 mm.......... controlled.
<450 mm.

Use @8 @ 20 Cm C/C in both directions®

(4.6)Design of Rib (A0-R1)

Material :-
concrete B300 Fc'=24 N/mm?

Reinforcement Steel fy =420 N/mm®

Section :-

b=14cm bf=54 cm
h=32cm Tf=8 cm
Geometry Unitsmeter.cm
1 2 3
1 2
- il A A
| ] SFELIE T
| 0.7 | 5.8 1. 4.65 0.7
= f } —
; 6.65 5.5 J 1
s : J.
54.
32.
14.
A-A
Figure (4-3): Rib geometry.
loaddgroup no. 1
Dead/Live load - Servi
L Load factors: 1.20,1.20/1.60,0.00
idad 4.212.7
6.65 55

(Figure (4-4) : loading of Rib (A0-R1




—ioments:_spans 1to 2
== —
1 1 1 1 1
K 1.19/1.22 :
8.4 6.5
' 21.5
35.
| 2.66 : 3.99 ! 28 ; 2.2 l
\ o I
Figure (4-5) : Moment Envelop of rib (A0-R1)
Moment/Shear Envelope (Factored) Units:kN,meter
Shear
-37.9
-30.5 _—]
-20.1
141
f T t t
[—19.6
25.6 26.5
33.9

Figure (4-6) : Shear Envelop of rib (A0-R1

(4.6.1) Design of flexure of rib(A0-R1):

(4.6.1.1) Design of Negative moment of rib (A0-R1):
1) Maximum negative moment Mu © =28.7 KN.m.
Mn=Mu/¢=28.7/0.9=31.80 KN.m

L e s2h
0.85f, 0.85:24 20.6 m
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My _ 31.89¢10° _ 5 oonip ak,

T em—

ped® 140+« (284)°

2¢K sm )

,U-_—__E_’_ —
2@ i

o [ _ 22820208 \_
—'27.5'(1 1 g ) 0.00726.

A = p * by *d =0.00726 * 140 *284 = 288.66 mm’.

Jz o
............ e EHOS T Sl b, *d

— V2 140284 > —==2140 %284
4420 420

— 115.94mm? < 132.53mm’ ..........c.. Larger value is control.

L ASy = 132.53 mm® < Asreq =288.66 mm’.

As =288.66 mm”.»
2 ®14 = 307.88 mm’ > Asreq = 288.66 mm’. OK.
Use 2 @14 =
— Check for strain:- (s; = 0.005)
Tension = Compression
AR =—085% fl *b*a
307.88 * 420 =0.85 %24 * 140 * a
a=45.28 mm.

_ 4528 _
=25 03-27mm. * Note: f; = 24 MPa< 28 MPa— f3; =0.85¢ = 8,

a

d—c

* 0003€s = T

o 284 -53.27
53.27

*0.003 =0.013> 0.005 ¢ =0.9 OK

(4..6.1.2) Design of Positive moment of rib (A0-R1)

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=320-20- 10— 3 = 284 mm.
— My max =35 KN.m

Sl




bg < Distance center to center between ribs = 540 mml........ce Controlled.

< Span/4 = 6650/4 = 1662.5 mm.
< (16* ty) + by, =(16* 80) +140 =1420 mm.

—bg= 540 mm.
— My, = 0.85 f, #bg ¥ t, x(d—%‘:)

— 0.85 % 24 %0.54 ¥0.08 * {0.284—°—':§ «10% = 215.03 KN.m

dMpe= 0.9 *215.03 = 193.52 KN.m,
—dM,r=193.52 KN.m >> M= 35 KN.m. — a< ht

Design as rectangular section.

1) Maximum positive moment My ® =35 KN.m

Mn =Mu/ ¢ =35/0.9 =38.89 KN.m.

Ry AV 50 6
0.85f, 0.85124

oM 38.89¢10° _
bed® 540« (284)° 0.893 MPaX,,

1 ! 2K em
==(1— s

g, (1- | _ 0eva0e )=0.002175.

2086 420

—A, = p * b *d = 0.002175* 540 *284 = 333.56 mm".

e

............ (ACI-10.5.1)4s, . = £b,*d = f% £b, *d
¥y

S i

V&
4¢420

140284 > >+140=284
SNBO i mm? < 1300580 mm” ... Larger value is control.
—>ASmin = 132.53 mm® < As;eq = 333.56 mm>.
As = 333.56 mm?>.~
2 @16 =402.12 mm’ > Aseq = 333.56 mm’. OK. *Note: Agqe = 201.06 mm”.
Use2 @16
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_, Check for strain:- (s, = 0. 005)
Tension = Compression
Aty =0.85*f; *b*a
402.12 * 420 =0.85 * 24 * 540 * a

a=15.33 mm.
[}

=153 _ 18.04 mm * Note: f; = 24 MPa< 28 MPa— B1=0.85¢ = &
0.05

*0.003g, ===

= E}:%‘—“ % 0.003 = 0.0442 > 0.005 = ¢$=0.9 OK

2) Positive moment Mu ®) =21.5 KN.m.
Mn =Mu/ ¢ =21.5/0.9 =23.89 KN.m.

=B =2 _—06m
0.85f, 0.85+24

_ My _ 2389¢10° _ 0 540 MPaK,
bed®  540¢(284)° G

el e SiZskyem
ta- [1-2Emy,
A N ks 2«0.549%20.6 =
B 7 (1 ’1 = aao ) 0.001325.

A= p * by *d = 0.001325 * 540 *284 = 203.2 mm’.

f!
............ (ACI-10.5.1) A4S iy = I7 h,*d 2 =xb,*d

4(f) 7
_ V& 14
o 140+284 = ot 140 =284
SiBomm? < 132058imm ............. Larger value is control.

—>ASmin = 132.53 mm’ < As;eq =203.2 mm’.

As=203.2 mm’.~

2 @12 = 226.19 mm’ > As;eq = 203.2 mm?. OK. *Note: Agyz = 113.1 mm>.
Use 2 P12 -

— Check for strain:- (g, = 0.005)

Tension = Compression
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ASRELY, =085*f, *b*a
226.19 * 420 = 0.85 * 24 * 540 * a

a = 8.62 mm.

@
=262 _10.14 mm * Note: f = 24 MPa< 28 MPa— f; = 0.85¢ =7/
0.85

*0.003g, = =

_ 284-1014 4 5 )03 = 0.081 > 0.005 =& =0.9 OK.
10.14

Use2 @12

(4.6.2)Design of shear of rib (A0-R1)
1) Vu = 26.5 KN.

f'
d)Vc-:(b*l's_c*bw*d
=0.75 * % % 0.14 * 0.284 *10° =24.35 KN.

1.1*¥ ¢ Vo= 1.1 * 24.35 =26.79 KN.

—Check for items:-

1- tem 1: Vy < ‘b: ;
26.5 < 2= 13.395....... Not satisfy
2-Item 2 : % = Var= iV

13395 < 26.5< 26.79....... satisfy
db‘
o min 2 2™ 1 *by =2 = T2 %0.14= 1.04%10™

Try ®8 (2 Legs):

2¢50£10”°
— = —13*10° —5=0.384m
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7 Use ®8 @ 14 Cm C/C

2) Vu =30.5 KN.

7t
¢Vc=c1)*l'5—c-*bw*d
_ 075 * Y % .14 % 0.284 *10° =24.35KN.
6

1.1* ¢ V. = 1.1 * 24.35= 26.785 KN.

—Check for items:-

oV

1- tem1: Vy < =

30.5 < £222=13.39...... Not satisfy

2-Item2: Le<Vv,< 9V

18139 =30.5= 26.9:...... Not satisfy
Item (2) is satisfy — minimum shear reinforcement is required. -

-f
Ji
Ein = = * J * by = = = Y2 0,14 = 1.04*10™*,

1 fy 16 412

1.2 1_014 4
—*l = e W — *
S o y LS oo simorsind Control.

Try ®8 (2 Legs):

<105
d_ 285 _
S < et 143 mm.
< 600 mm.

=~ Use ®8 @ 14 Cm C/C
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(4.7) Design of Beam (A0-B037):
Material :-
concrete B300 Fc' = 24 N/mm’
Reinforcement Steel fy =420 N/mm*
Section :-

B =60

h =52cm

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one way

slabs unless deflections are computed as follow:
hypi, for one-end continuous = L/18.5

=660/18.5 = 35.68cm.
humin for both-end continuous = L/21

=660/21 =31.43 cm.
The controller beam total depth is 35.68cm.
5 Select Total depth of beam h= 52cm. ( drop beam).

Geometry Unitsimeter,cm

1 2 3
1 2
NI A Al
| 1
0.7 A A =
: 4.
— ) WO 59 oy
5.5 ! ! T 1
. 6.6
oo 5 —
2)
52.
60.
A-A
=

Figure (4-7) : Beam Geometry.

e e R R
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Loading

Load factors: 1.20,1.20/1.60,0.0¢

roup no-.

oad g ;
Dead/Live load - Service —
= _'T'_T‘_W————
r-’/ 9.8/38.2
59,8/38.2
. =l i T
TU.J
195 6
55
£ : -B3/
Figure (4-8)~ eam B37)
Moment/Shear Enve lope (Factored) Units:kN,meter
Moments: spans 1to 2
-682.6 B
-508. -487.2
2.491.8 e
= . .
N 1 2601.21 A
1 e L
99.3 iFET ! i 8.6
328.1
530.
| 2.2 : 3.3 | 3.96 . 2.64 |
| [T I I I |
Figure (4-9) : Moment Envelop for Beam (A0-B37)
Moment/Shear Envelope (Factored) Units:kN,meter
Shear
-524.5
-406.6 303,
-275.
i I i ,
191.4
309.3
466.
583.9

Figure (4-10) : Shear Envelop for Beam.




4.7.1 Design of flexure:-
4.7.1.1 Design of Positive moment:-
—>Mumax = 530 KN.m .

= GO Gy g L= 52 Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
— 500 — 40— 10— =462 mm.

Cox =2 * d=2* 462 =198 mm.

= B1* Cmax = 0.85 * 198= 168.3 mm.  *Note: f=24MPa <28 MPa— 8 = 0.85

Amax
Mnmax=o.35*f,,'*b*a*(d-§)

_0.85 %24 % 0.6 * 0.1683 * (0.462— 2= ) * 10°

=778.37 KN.m .
$=0.65+250_*(0.004-0.002) = 0.816
3

—OMnpg, = 0.82 * 778.37=638.26 KN.m . * Note: €= 0.004 — ¢ =0.82
—OMnpg = 638.26 KN.m > Mu =530 KN.m .

Singly reinforced concrete section. -

1) Maximum positive moment Mu ® =530 KN.m.

dMnpna = 638.26 KN.m > Mu = 530 KN.m — Singly reinforced concrete section

Mn = Mu /¢= 530/ 0.9 = 588.89 KN.m .

S _o0om

NRS f, 0.85:2¢

_ M, _ 588.89¢10°

= Ged g (oacay O MPaky

1 22K _sm
=_.1._ 1_ i
= = IR

L oy _ 2%4.6¢20.6 | _
206 (1 L )—0.01258.

—As= P * by, *d=0.01258 * 600 *462 = 3487.18 mm>.




(ACI-10.5.1)

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

V2, 6002462 = -——*600*462

4@420
=808.33 mm? < 924 T .

2
Ay, = 924 mm” < Asreq = 3487.18 muat.

Larger value is control.

As = 3487.18 mm’. +

_A-‘raq_’““”“— f bars = 12 bars.
SR et i

2 B
Use 12020 — As=12*314.16= 3769.92 mm” > Asreq = 3487.18 mm- . £

_, Check for strain:- (¢, > 0.005)
Tension = Compression
AvE Ty —0:85* [, *b*a
3487.18* 420 =0.85 * 24 * 600 * a
a=119.66 mm.
= 2258 - 140.78 mm. * Note: £ = 24 MPa< 28 MPa— By = 0.85¢ = =

a

*0.003, =%

_ 452-140.78 ® 3 =
=i % (.003 =.0068 > 0.005 = ¢ =0.9 OK.

“Use 12020

2)Positive moment My ) =328.1 KN.m .

GMnpax = 638.26 KN.m > Mu = 328.1 KN.m — Singly reinforced concrete section.

Mn = Mu /b= 328.1/0.9 = 364.56KN.m .

STk . 420
0.85f. 0.85:24 20.6 m

Mn 364.56+10™°

= hed®  0se(oaea): 285 MPakK,

m(]' 1 T)P




: q — 2200:20¢ ] 0.00734.
i 420

2
* b, *d =0.00734 * 600 *462 = 2034.64 mm-.

e 14 xd
(ACL-10.5.1)4550n = —“4{;}* b,sd 2 7B

—As=p

T e

4420
_ 808.33 mm? <924 mm’ .....oeeones

VB, 600%462 2 = * 600 * 462

Larger value is control.

s ASmin = 924 mm” < ASreq = 2034.64mm”.
As = 2034.64 mm”.

_Arg 203464 =7 bars.
# 0f ®20 B T 6.47 — # of bars

it}

Use 7®20 — As=7*314.16= 2199.12mm’ > ASreq = 2034.64mm’ . =

—» Check for strain:- (£; = 0.005)
Tension = Compression
A *xfy =0.85* f; *b*a
2199.12 * 420 = 0.85 * 24 * 600 * a

a=75.46 mm.
= % = 88.78 mm. * Note: f, = 24 MPa< 28 MPa— 3, =0.85¢ = _‘%

*0.003g, =22
c

= 22587 % 0,003 = 0.0126 > 0.005 = ¢ =0.9 OK.

g8.7¢8
Use 7020 -

4.7.1.2 Design of negative moment:-

1) Maximum negative moment Mu © =508 KN.m .

OMnpmax = 638.26 KN.om > Mu = 508 KN.m — Singly reinforced concrete section.
Mn = Mu /¢ = 508/ 0.9 = 564.44 KN.m .

L bl G o

0.85f, 0.85:24

\




-5
My _ 5644410 _ 4 4]MPa.K,
ped® 0.6% (0.462)

B _ 24415206 ) _ (11978
___(1_. il = ) 0.0

2
D b, td= 0.011978* 600 * 462 = 3320.3 mm'.

A ol
............ (ACI—IO.S.l).‘lSmm = Z——J(;.-)"F b,*d =2 ';;' = b, *d

VZE | £00%462 = —= %600 * 462
4420 420

= 808.33 mm” < 924 TG - ctiomcvenss Larger value is control.
—>ASmin =924 mm? < Aspeq =3320.3 mm?.
As = 3320.9 mm”.»

4 0f @20 = Zrez — 38222 _ 1() 6 # of bars = 11 bars.
4 31416

TSei1®20 — As =11 * 314.16 = 3455.76 mm’ > Asyeq = 3320.9 mm’

— Check for strain:- (s, = 0.005)
Tension = Compression
Ag*fy =085* fi*b*a
3455.76 * 420 =0.85 * 24 * 600 * a

a=118.58 mm.
_118.58
==a 13951 mm. * Note: f; =24 MPa< 28 MPa— f3,

*0.0035, — =2
c

_ 452-139,51
~ 139.51 *0.003 = 0.0069 > 0.005 = ¢ =0.9 OK.

Use 11020 -

(4.7.2) Design of shear:-
1) Vu =466 KN .

. B2

= .
=085e =2




J’—'*bw*d

*"'_*08*0462*103—226331(1\1

dVe=0¢*
=0.75

—» Check For dimensions:-

dVe + ( z*q) JF by *d) =226.33 +( 3
—22633+905 33 = 1131.66 KN > Vu = 466 KN.

240,75 % /24 * 0.8 *0.462*10°)

Dimension is big enough.-

—> Check For items:-

1- Ttem1: Vu < “‘:

466 < 226.33:2 = 113.17.......Not satisfy.

2-Ttem 2 : -“’7"’-<Vus o Ve
113.17< 466 < 226.33.......Not satisfy.

d Vsmin = o T2 *bu *d—‘”5 34 % 0.8 *0.462 * 10> = 84.87KN.

) . 2

= b °—;-5 (0.8 %0462 *10°=924KN.......... Control.
2 PV min = 92.4 KN.
Ve + GVS min = 226.33+ 92.4= 318.73 KN.
(ch < Vy =< (I)Vc 5 fbVS min
226.33< 4174 < 318.73.......... Not satisfy.

4-Ttem 4 : ¢V, + : k4
(b ¢Vsm1n<vu5¢vc+(;* )";;*bw*d)
226.33+92. 075
4 <466 <226.33+ (=2 *V24 * 0.8 * 0.462 *10°)
3R TG = 679... o Satisfy

Vs
(Fypsd) °7

Item (4) is satisfy — (22 ) =
s

Vsl -

] (‘b V)

=(466+0.75-301.78 ) = 319.55 KN. *Note: Ve = 226.33+0.75 = 301.78 KN

s
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@12 (4egs) =4 * 113.1 = 4524 mm’” .
Try @12 (4Legs) =4*1 e
(@113, 15[10]C6)/S = (3195571 10]7(-3))/(412 *0.462)) =S it

PN Contol
s< 2=462/2=231 mm.

< 600 mm.
s=231 mm < Smax = 269 mm Ok..

Use ®10 @20 Cm CIC.

2) Vu=406.6 KN.

f'
¢Vc=c1)*j-;-:*bw*d

=0.75 * % % 0.8 * 0.462 * 10° = 226.33KN.

—» Check For dimensions:-
dVe+( 2% * fFF * by *d) =22633+( 2*0.75 * 24 * 0.8 *0.462 * 10°)
=226.33+ 905.33=1131.66 KN > Vu = 406.6KN.

Dimension is big enough. -

— Check For items:-

I=Sltemi]s Vy, < 92&

406.6 <226.33/2 =113.17......Not satisfy.
A
2
143517 < 406.6="226.33....... Not satisfy.
3-Item3: ¢ V. <V, < ¢ Vc+ O VS min

2-Item 2 : < Vy = @V

in > — ’ __O.ﬁ =
¢ Vs = AT *bad =) 24* 0.8 ¥0.462 * 10° = 84.87 KN.

® S 0575
=5 by *d=——*08*0462*10°=04KN.......... Control.
% QVS min = 92.4KN.

e — e
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=1226.33+92.4 = 318.73KN.

Ve + P VSmin
PV < V= ¢Vc+(1)Vsmin

226.33< 406.6 < 924 .oovun Not satisfy.

e e

1L % 0.8 * 0.462 ¥10°
£26.33+ 92.4< 406.6 <226.33+ (=~ /24 *0.8%0 )

4-Ttem 4 : Cch T (bVS min < Vu

318.73< 406.6 < 679..cuercerenes Satisfy.

Ttem (4) is satisfy — (%) = (—ﬁ%—J
Vs = %" -Ve)

— (406.6/0.75 — 301.78 ) = 240.35KN. *Note: Ve = 226.33/0.75 =301.78 KN.
Try ®10 (4 Legs) =4 *79 =316 mm’ .

(@*79%[10](-6))/S = (240.35%[ 10JA(-3))/((412 ¥0.462)) — s=0.250m = 250 M s e

control
s< §=462/2 =231 mm.

<600 mm.
s=250 mm > Sy =231 mm  S=231.......... control.~

"Use 10 @ 20 Cm C/C! =

(4.8) Design of Column:-

= Design column(B0-C5) :
= Load Calculation:

p. =3325.14KN
P
0

Usep = pg =1.6%




pn=0.8%Ag{0.85* fe'+pg(fy - 0.85/2")}
5115.6 = 0.8* Ag[0.85%24 +0.016* (420 _0.85%24)]

Ag = 0.24m’
Use 0.4x 0.7 m with Ag= 0.28m?

2 Check Slenderness Effect:

= In 0.7 m-Dirction

EIK<34—12—A£1— ............... ACL—(10.12.2)
r M2

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

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

Lu=3.1 m
M1/M2 =1
K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be permitted to

be taken as 1.0.

klu M1
—<34-12—— ..ot e ACI — D
G T —(10.12.2)

%
1x3.1
0.3x0.7

.. short Coloumn in 0.7m..dirction

=14.76 < 22

= In 0.4 m-Dirction

klu M1

—T<34—12m ............... ACI—(10122)

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

R: radius of gyration=(0.3 h= \[i
A

\
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Lu=31 m
M1/M2 =1

K=1 , According to ACI 318-02 The effective length factor, k, shall be permitted to be taken as

1140

M1
El_“_<34——12—— ...............

r M2
1x3.1

0.3x0.4
- long Coloumn in 0.4m :dirction

ACI -(10.12.2)

=25.83 > 22

EI =0.4£‘I—g SRR [ACI318 — 05 (Eq. 10 —15)]
1+ B,

E, = 4750./f¢' = 4750 x~/24 =23270.15Mpa
Rnn (0 H(20.00) oo

Pa B 2325.14
3 3
Lg= L EOT 08, 08750
12 12

0. . ;

e 4252015 X 0.003788 o0 14 47 2
1+0.7
w2EIl

................ ACI318—05(Eq. 10-13)

T (KLu)®
3.14% x 20.44
=———— =20.971MN.
2 (1.0)(3.1)2
M1
Cm =0.6 —
'm +0.4(M2) .......... ..ACI 318 - 05 (Eq .10 —16)
Cni=i According to ACI 318 - 05 (10.10.6.4)
Cm
5§ =—
X - Pu 20 PRl ACI 318 - 05(Egq .10 —12)
0.75 P,
S 1

0.75 x 20971




—15+0.03x 400 =27mm = 0.027m

=15+0.03x}
8, =0.027 x1.268 =.0342

Chi
e=¢€

e 0.0342 _ 0.0855

h 0.4

From Interaction Diagram

gR, _3325.14 1 _; 5K
A 0.7%0.4 1000

2 =0.018
A, =px4, = 0.018x 700 x 400 = 5040 mm*’

. use20418

= Design of the Reinforcement:

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

S < 48dt (tie bar diameter).

S < Least dimension.
spacing <16xd, =16x1.8=28.8 cm

spacing <48xd, =48 x1.0 =48 cm

spacing < least .dim .= 25 cm
Usegl0 @25 cm




(4.9) Design of Isolated footing:-

d is determined, the proper footing can be designed. The

Once the ultimate column or loa : : o
following subsections describe the analysis and design of footing (F4)

1
LJ

SLUA-A F1 DUTAIL
SUALE20

Fig. (4-11) Geometry of Footing ¥4)

(4.9.1) Load Calculation:-

Factored load Pu = 3844 KN (Load from column (B0-CS5)
Soil weight = 18 KN/m?

Column dimentions =40*70 cm

Allowable soil pressure = 350 KN/m?

(4.9.2) Design of Footing Area:-

Allowable net soil pressure = 350-18%1-0.7%25=314.5 KN/m?
Area (A) = Total Weight / Soil Pressure
=3090 KN /314.5 KN/m?

=98 m’
Try 3.35 *3.05 Area=10.2 m?
Select Foot Geometry 3.35 * 3.05

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

Pu=3844 KN




2
Pnet (factored) = Pu/ Area = 3844 /10.2= 376.9 KN/m

(4.9.3) Determine the Depth of Footing Based on Shear Strength:-

Assumeh=70cm .....d= 700-75-20 = 605 mm

o Check for One Way Shear Strength
Vu= (3—232 -0.35—- 0.605) %376.9%3.05 =827.7KN

Vu = 827.7KN

o~ % 4 %3.05%0.605x10° = 1129.9KN

Ve>Vu OK
selecth=70cm ..... d =605 mm

o Check for Two Way shear Action (Punching).

The punching shear strength is the smallest value of the following equations:

1 2 z
e
¢V, =¢ 6[“&) 1. bd

1 o ’
W] s
28 ¢12[bo/d+2)‘/f° b,d
o, =¢%\/ f.bd

Where:

it Column Length (a) (.7

€™ Column Width ) N0 o

b, = Perimeter of critical section taken at (d/2) from the loaded area
=2(0.4+0.605)+2(0.7+0.605)= 4.62 m.
a, =40 for interior column

1 2 7
¢,V =¢_— 1+ _0-75 2
G| \/}:b"d— 1t =2 |* V24 * 462 £10% =
c 6 1.75 0.605 *10° =3667.8kN




L o)1 ba= 22 (4°*°°6°5+2)* 27%4,62%0.605*10° = 6194.5kN
12[1; e S )

47, = ¢1\/—ba’—07 e 30 %4,62+0,605%10° =3423.28kN ..... control

#(0.7+0.605)) *376.9 =3356. 7KV

PV =9

Vi = (3.05*3.35) — ((0.4+0.605)
Vu=3356.7 < DVE =3423.28.ccvceimneneeens

(4.9.4) Design for Bending Moment of long direction.

d =700-75-(20/2)=615 mm

Mu =376.9 *3.05 *1.325%1.325/2 = 1009.1 KN
N 420

T 085t 0.85%24
_ Mulg _ 1009.1*10° /09

2 > 0972 N/mm”
b*d 3.05*(0.615)
1 2mRn
= = 1 ° 1_
P e
2(20.6)(0.972)

1- SN S Y

20 206" \/ o )= 0002372

Asreq =0.002372 (3050) (615) = 4449.3 mm’* control
ASreq =4449.3 mm®
Pumin = 0.0018

A, min=0.0018 (3050) (700) = 3843 mm >

# of bars = As/ As por = 4449.3/201 = 22.1
= Note Apis =201 mm?
= s<3h=3*650=1950 mm
= s<450

__3050-75¢2-24:16__
= 109.4 S . ... control

take S=10cm

Use 24P 16




(4.9.5) Design for Bending Moment of short direction.

d =700-75-16-(20/2)=599 mm

M =376.9 ¥3.35 ¥1.325%1.325/2 = 1108.3 KN
420
™ T 085* fc  0.85%24

-3
_ Mulg_ 11083*10 /02.9= ot
b*d?>  3.35%(0.599)

=20.6

Rn

1 2mRn
= )
m i

p= V0 N _2206.02) ) _ 4 59049
20.6 420

Asneq = 0.00249 (3350) (599) = 4996.6 mm” control
ASreq =4996.6 mm*
p. =0.0018

A min=0.0018 (3350) (700) = 4221 mm?

# of bars = As/ AS par = 4996.6/201 = 24.86
= Note Apis =201 mm?
= s<3h=3*700=2100 mm
= s<450

_ 3350-75%2-26%16
S_— t—
= TLTLTE b e control

take S=10cm

Use 26® 16




(4.10)Stair Design:

L=0.8+3.9=4.7m
h,,_!-n=4.95/20=0.235
take h = 2bcm

(4.10.1) Load calculation:-

& TFlight dead load:
] Tileﬁ = 0.03*27*((O.33+O.15)/0.3)*1 =1.296 KN/m.

—90%0.02%((0.3+0.15)/0.3)*1= 0.66 KN/ m.

= Mortar

= Plaster = (22*0.02*1)/ (Cos 26.57) = 0.492 KN/ m.

= Steps = 25*((0.15*0.3)/(2*0.3))*1= 1.875 KN/ m.

= Slab = 25%0.25%1/ Cos 26.57=6.988 KN/ m.
Total dead load(flight) =11.311 KN/ m.

% landing dead load:

= Tiles = 24*0.03*1 = 0.72 KN/m.
=  Mortar =22%0.02*1= 0.44 KN/ m.
= sand =17*0.07*1 = 1.19 KN/ m.
= Slab =25%0.25%1=6.25 KN/ m.
= plaster =22%0.02*1= 0.44 KN/ m.
Total dead load(landing) =9.04 KN/ m. |

< Live load:-
Live load for stairs =3 KN/ m?.

* Factored load
For flight =1.2*11.311+ 1.6*3 = 18.37 KN/ m.
For landing=1.2%9.04+1.6%3=15.648 KN/ m.




(4.10.2)Design of shear:-

Assume @ 14 for main reinforcement
d =250-20-(14/2)= 223 mm

Vu=41 KN.
'*b,*d

®
e *‘/2—46*1 0.223 _136.56KN

Vu=41 KN < @Ve=136.56 KN. sy
SSSSNo shear Reinforcement is required. So the depth of the stair is...... oK.

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

Moments: spans 1to 1

< i
6.8 |
741
2.34 56.7
| I 2.34 J,
Shear
-48.7
s ) |
40.
46.5
Fi =12):
1gure(4-12) : Envelope Shear and moment Diagram of Stair
—\

7/



(4.10.3) Design of Bending:-

tude of the maximum moment by using the shear diagram.

Calculate the magni
Mu=56.7 KN.m
Mn = Mu/ § = 56.7/0.9 =63 KN.m

= .._f?—'- = _?2_ = 206 m
0.85 fe 0.85¢24

_Mp _ S0 _q 967 MPaK,
ped®  1¢(0.223)° 4

1 2xK.em
1 / e

= _:._( 3 1_2&1.267320.6 ) =0.00312

2U.6 240

—A;=p * by, *d=0.00312 * 1000 *223 = OS5 FOIM - 5o control

—ASmin = 0.0018*1000*250= 450 mm?>.
As = 695.76 mm>. -

_ ASpsg _ 695.76 _ ,
#0f @14 = ﬁ"- ==, =45 — Spacing(S) =4.5=0212m = 212 mm.

5380(2fis")—2.5>*<cc < 300(2;30)
g

=380 * (£=)-2.5% 20 <300 * (52 )
7y hy

S R0 (22 280
(égm )= 2.5* 20 =380%( oo )

=300mm. <330mm. ........... controlled.
<3*h=3*250="750 mm
<450 mm.




Use @14 @20 Cm.-
Temperature and shrinkage rein
As=0.0018*b*h

=0.0018%1000%250=450 mm®
Use ®14 @30 Cm.

Check for step:
<5 *h=5%250= 1250 mm

forcement:

<450 mm.

S=300<S max=450 mm

# 0f ©12 = 2722 = 2220 = 3,98 — Spacing(S) ~1/3.98=0.251 m =251 mm.
Dar

Use @12 @25 Cm.~

(4.11)Design of shear wall(B-Sh26):

Shear wall 2-2

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

= Section :-
t=25 cm .shear wall thickness
Lw = 5.15m .shear wall width
hw=4*5=20 m.story height




v/ Design:-

= Design of the Horizontal reinforcement:

Critical Section

l_w_ = EE =258 oo control

e
B 29 g
il

d=08xIw=0.8x515=4.12m

V. =687.1KN
M, =78432+687.7(4—2.58) = 881973 KN.m
VCI=—6£c—XbXd
= ‘/627 0.25x4.12*10° = 841 KN

_ A fe'xbxd N xd
c2e ar

4 4x L,
Assume N, =0
. V24 % 0.25 x 4.12 %103 , 0x4.12
1 T =1261.69 KN

2x N
; 1[ fe' + ]
= i*_ leh Xth

2 i, 10
Vs )

c3




M_zﬁ>=10.25>o
6877, 2

V., =Will apply
A5 @Ls.lsﬁho 025412 103 _ 505.83KN
i 10.25 10

Control for Vc3=505.83 KN

An i

g e

14 =ﬂ—Vc _887.7 50583 =411.1KN
T g 0.75

Avin _ 00255 = 0.0025% 0.25 = 0.000625
S
s
§ ket S IR
S

S, <3xh=3%x0.25=0.75m............ control
S, =250mm < Smax = 750mm............... ok

= Usedl0@25cm c/c inboth.sides.of the.wall




= Design of Vertical reinforcement:

h A,/ j h
M | L _0.0025 [|% S %
A =[0.0025 + 0.5(2.5 ] j( S, x I }

20 _Zﬁi-o.oozsﬂ x Sy x I

0 =[0.0025 + 0.5(2.5 —;1—5)( e 450

A, =0.0025% 5, x

-6
_2x785x107 _ 49512 m ... control
' 0.0025%0.25

= li = 5—15—0 =1716.7.mm
3 3

S, £3xh=3x0.25=750mm
S1<450mm
S1=25cm < Smax = 45C..cccueeeeeevvevriivenannnns ok

- Usedl0@25cm c/c For the reinforcement in two layers (vertical)

=  Design of Moment:

1046.4
2815.6

9156
7843.2
10549

Fi - 3
1gure(4-13) : Moment and Shear Diagram of shear wall
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(4.12)Design of composite Beam (B138-C):

‘ obbiagas " pra 102 il
- el BEA! 8 e
= C O pEAM 10?2 _ St
o T 5 [
' |
1 .

;K

\

BEAM 139 - ———-

BEAM 138

Ny

solid slab 32 cm

BEAM 108 Q El sEAM 08 D _ BEAM 108

—¥

Figure (4-14): Composite Geometry

Determination width of flange(effective width):
Be=L/4=14.5/4=3.625m

Be=3.6m

Determination of beam section (As):

Take be=3.6m ts=32cm Mu=2259KN/m
a=320mm

d=475/2+320 = 557.5 mm

Mn = As * Fy * (d-a/2)

2259/0.9 = As * 345 * (557.5-320/2)

Asreq =61 in2=0.0183 m2

Select W18*106  (A572 Grade 50)

A =31.1in2 = 0.02 m2

d=20.7 in=475mm

Fy = 50 Ksi = 345MPa

T=C

As * Fy = 0.85 fc *be*,

0.02*345 = 0.85*32%3 g%,

a="70.47mm

so the neutral axis in the slab

Cc =0.85 fc *be*a

\
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(6= 0.85%32*3600%70.47= 6900.4KN
s =As* By
Ts = 0.02*345 =6900 KN
Mn = Ts (d/2+ts-a/2)
= 6900(557.5/2+320-70.47/2)

=3888.25 KN.m 5 b
@Mn = 0.9%3888.25= 3499.43KN.m >Mu= 2259 KN.m

Connector design :

Select MC8*21.8

A = 6.7 in2 = 4322.6 mm2
d=8in=203.2 mm
tw=0.427 in=10.85 mm
bf=3.5in=88.9 mm
tf=0.525in = 13.3mm

Qn = 0.3(tf+0.5tw)Le¥ € * E€

Ec = 4700*”7 = 470032 = 26587.2MPa
Assume Lc =300 mm
Qn=0.3(13.3 +0.5%10.85)*300*/32 = 26587.2
Qn = 1554.45KN
Cmax = 0.85fc*be*ts
= (0.85*32%2000%320
= 17408 KN
Tmax = As* Fy
=(0.02*345
= 6900 KN
Cm_ax Tmax
N= @ = Q@ hich smaller
N=6900/1554.45=4.4
Use 5 channels per half span

Qn per one channel = 1554.45/5 =310.9 KN

Welding Calculation :

Type of welding is fillet welding
Select a= 10 mm

te =0.707a

=0.707*10 = 7.07 mm

Shear action :

ORnw = 0.75*te*0.6 * Fuw

\
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Fuw = 70Ksi = 483 MPa
@Rnw = 0.75%7.07%0.6 * 483

= 1.53kN/mm
L=Qn/ @Row = 310.9/ 1.53 =203.2mm

Perimeter of channel = %300 + 2%88.9 = 778mm
The welding is for all the perimeter.
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project
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Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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TABLE 9.5(?2)—5-5“{';
NONPREST
UNLESS DEFLECTIONS ARE C

INIMUM THICKNESS OF
ED BEAMS OR ONE-WAY SLABS
ALCULATED

e ————

Minimum thickness, h

—

Simply
supported

One end
continuous

Both ends
continuous

Cantilever

Member

mbers not supporting or attached to partitions or
g/{ﬁer construction likely to be damaged by large

deflections.

Solid one-
way slabs

/20

¢r24

£/28

£M1o

Beams or
ribbed one-
way slabs

/16

£/18.5

e/21

e/8

Notes:

Values given shall be used directly for members with normalweight concrete

(densi

less than 1.09.

w, = 2320

tions, the values shal
a) For structural liﬁ

1440-1920 kg/m°, t

W,

rg/mc*) and Grade 420 reinforcement. For other condi-

e modified as follows: .
htweight concrete having unit density,
e values shall be multiplied by (1.65 -

in the range

o.ﬁbswc) but not

b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + f,1700).

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)




TABLE 9.5() — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection mitation
_ . LSl
Flatroofs not supporting or attached to non- | Immediate deflection due to five load L .
structural elements likely to be damaged by
large deflections : : e
Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L 50
tural elements likely to be damaged by large
deflections : —
Roof or floor construction supporting or That part of the total deflection occurring after , >
attached to nonstructural ele?nenls likely to be | attachment of nonstructural elements (sum of £ /480°
damaged by large deflections the long-term deflection due to all sustained
ool or floor construction supporting or loads and the |mmeg|ate deflection due to any
atlached to nonstructural elements not fikely to addifonalIve load) £240%

be damaged by large deflections

* Limit notintended o safequard against ponding, Pondng should be checked b [ n, )
water, and considering long-term effects of all sustained koads, camber, construction tolerances, and reliability of provisions for drainage.
t Lon?-term deflection shal be determined in accordance vith 9.5.2.5 0r 95.4.3, but ma

y suftable calculations of deflection, includi

added deflections due to ponded

y be reduced by amount of deflection calculated fo occur before atiach.

men of nonstructural elements. This amount shall be determined on basis of accepted engineering data relating to time-deflection characteristics of members sim-

ilar to those being considered.

it may be exceeded f adequate measures are taken fo

§ Limit shall not be
does not exceed lim

prevent damage lo supported or attached elements,
}gealer than tolerance provided for nonstrugtural elements. Limit may be exceeded if camber is provided so that total deflection minus camber

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS)
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