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abstract

The idea of this project is the structural of a Justice Palace in Hebron City. The land
of project is a piece of land adjacent to the governmental complex. The Justice
Palace were designed architecturally in 2011. The project have five stores, ground
floor and two basement, and contain 8 part with total area= 11000 m2.

The structural analysis and design will be done in this project for the Justice Palace .
The design is based on(ACI_318) (design of reinforcement concrete) and by using
several software programs such as AutoCAD, Office, Atir, Safe, colw, etc. For the
determination of live loads the Jordanian code of loads will used.

The architectural drawing were first studied and corrected, the structural elements
were selected without any conflict with the architectural requirement. Analysis and
design of elements were done to make the requirement drawing for construction.

Vi



cligiaall Guygd

dadal) a8,
i i)l Olginl) dadia
i gosdall i dada
iii AU £ yda anli algd dada
iv iyl daia
Vv opdiilly S&Y dada
Vi Ty Ay ol Gedld) dada
Xii List of Abbreviations
| Gl alad) ;U ) Juadl
\ daial) Y-
\ Essdally ale iy s Y-
Y Eapdiall JLad) Gibaud ¥-)
Y g3 al) Cilaa £-9
v 9 diall Al o—1
Y E9ial) Qgaa )
v g9 sdal) cilabuia V-1
v Easdall a3}l Jgaal A=A
¢ @leral) Chagll | (A8 Juadl)
° datia \ -
° Eordall 0 daal Y-y
° gaal) adga v
! b dsa ¢—Y
v absall darl o—¥
\ 488y Lbluall Ciuag Y
v A Lged) 3l V=Y

vii




A @otad) gl gl Y-y
4 a8 Gkl Y-1-¥
Ve Js¥) Gl £-1-Y
R G Glall o—1-Y¥
\Y Gl galal) 1-1-y
‘Y &l (aldal) v-1-Y
V¢ oualdd) gilal) A=—¥
Vo clgalsl) g 7-Y
Vv Agal) Julas 8-v
\4 (ALY Chagl) | dED Juadl
\ dadia \ -
\ ALY araalll G Y-y
A ) A LLaaY) pualiall 40830 culud)al) vy
Y. Alady) Jlaalyy y—y-v
Y. dal) Jlaall Yoy
Y Qi) Jlaal) Foy—y
vy auy) Jlaaly E—v-v
vy b o—y-y
vy .l -y
vy SN V-y-y
Yy A8 gaad) byl E—v
s ALaN) ualinl) o—y
Az KRR y—o—v
Yo gl Y—o-—v
A baacy) Y—o-—Vy
Yv oadl) Gl ¢—o-Yy
Yv ALy ) o—o-¥
YA zbNY 1-e-Yy
YA <l V-o—v
ve ) Jualgh A—o—¥

viii




31 Structural Design & Analysis Chapter 4
31 Introduction 4.1
32 Factored Loads. 4.2
33 Determination of thickness. 4.3
37 Design of Rib. 4.4
55 Design of Beam 4.5
67 Design of Two way ribbed slab 4.6
78 Design of Column4. 4.7
82 Design of isolated footing. 4.8
89 Design of strip footing. 4.9
92 Design of mat footing. 4.10
96 Design of Basement wall 411
99 Design of Stair. 4.12
107 Design of Shear wall 4.13
V)¢ il gilly gl (B
Ve daxia \—o
Ve gkl Y-o
1A Sluagll) v-o
dohaad) g
v Eodall (Aajll Jgandl [ (V-Y) do
R Lall Jlaa¥) | (V) o
R daxiiciall gall duegil) BESY [ (Y-T) Jgaa
vy L) £ i) o zslil) Jlaal | (¥-F) s
vy Calculation of the total dead load for one way rib slab. | (Y-¢) Jg
o0 Calculation of the total dead load for beam | (Y—¢) Jsaa
v Calculation of two way dead load for rib [ (¥-¢) Jga
Yo Calculation of the total dead load for landing | (¢-¢) Jsaa
VoA Calculation of the total Fx | (e—¢%) Jssa




JEY) (g

! Eosdall Lajibal) o) g | (V) JS&
v L) Jguad JOA adgall Jo zLN ASa | (YY) J8&
A ) Lgudth) glla | (F-Y) J8&
q ol gl gl | (£-Y) Jed
Y ) Gl | (e-Y) Js&
1 Ja¥ Gl | (R-Y) Js&
'Y S Gl [ (VoY) Jsa
\y S gl [ (A-Y) Js&
V¢ el ol | (a-Y) Jsa
Vo ualddl gkl | (VoY) g8
‘1 Loyl Agind) dgalgh | (VV-Y) Js&
' L) dgalgl | (YY-Y) J8&
VY 48,8 dgalgh [ (VYP-Y) Js&
VY Lyal dgalgl | (YE-Y) J8&
Yy oisall Lglal) Lliay) jualiad) | (V-F) Jei
Y 2y oladly quanl) 538 | (Y-Y) Js&
Yo S lail cuasd) Base (Y-v) Je&
\L Llaaa diie [ (£-V) Je&
h ida ua | (0-7) Jsd
R e s | (V-Y) &
\3 Jebiess 3gas [ (V-F) S
\A ol gl | (A-Y) Jei
YA @Al Jlaa | (4-F) &
YA oA [ (Y e-Y) S
Y4 Lida Galad | (VYY) Jea
v. aSlaal) aana (B asad Juald [ (Y Y-F) JSi
ve Topping | (v-¢) Jea
vy ribl (figure4-2) (Y-t) Jsa&
vy Geometry of ribl (v-t) Js&
¥A Dead Load of ribl (¢-t) Js&
¥A Live load of ribl (o-t) Jsa




¥4 Moment diagram of ribl (1-¢) J&4
v Shear diagram of ribl (V-t) Js&
on Reactions of ribl (A-¢) Js&
oV Geometry of beam1 (3-¢) Jsa
Y Dead Load of beam1 (Ve-t) JS&
Y Live Load of beam1l (Vi-¢) Js&
oA Moment diagrams of beam1 (YY-¢) Js&
oA Shear diagrams of beam1 (V¥-¢) Jsa
v two way ribbed slab (Ve-t) Jsa
YA Place of column C4 (Yo-t)Jsd
AY Reinforcement of C4 (Yi-¢) Jsa
A Isolated footing5 (YV-t)dsd
AN Isolated footing Detail (YA-¢) Jsi
A4 Strip footing (Ya-t) Jei
q¥ Strip footing Detail (Ye—t) Jei
qy Footing 33 (YV—¢) Jei
ar Direction 1_Bottom Reinforcement | (YY-¢)Jsa
at Direction 2_Bottom Reinforcement | (Y¥-¢) Jsd
a¢ Direction 1_Top Reinforcement | (Y¢-¢)Js&
ae Direction 2_Top Reinforcement | (Yeo—¢)Js&
9 Basement Wall (Yi-¢) Jsa
qy Shear and Moment Diagram (YV-¢)Jed
LX) Stair(St5) (YA-¢)Jed
Yoy Loads on Stairs (Ya—t)Jsa
Yow Structural system of Flight (*o—t) Jsi
Vot Moment Diagram of flight (*V-¢)Jsd
KR Stair Section A-A (*r-t) Jsd
Y4 Fx-Diagram (*r-t)dsd
\.q Moment & Shear Diagram for Shear wall (Fe-¢) Jsa

Xi




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 LL =live loads.

e Lw =length of wall.

e M = bending moment.

e Mu = factored moment at section.

e Mn =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 V¢ =nominal shear strength provided by concrete.

e \/n =nominal shear stress.

Xii



Vs = nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Woc = weight of concrete. (Kg/ms).

W = width of beam or rib.

Wou = factored load per unit area.

@ = strength reduction factor.

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

& = strain of tension steel.

& = strain of compression steel.

p =ratio of steel area .
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Chapter Four: Structural Analysis & Design

4-1 Introduction.

4-2 Factored loads

4-3 Determination of thickkness
4-4 Load calculation

4-5 Design of Topping

4-6 Design of Rib 1

4-7 Design of Two way Rib Slab.
4-8 Design of one Way solid Slab.
4-9

4.1: Introduction

Concrete is a construction material composed of cement (commonly Portland
cement) as well as other cementations materials such as fly ash and slag cement,
aggregate (generally a coarse aggregate such as gravel, limestone, or granite, plus a fine
aggregate such as sand), water, and chemical admixtures. The word concrete comes from
the Latin word "concretus”, which means "hardened" or "hard".
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Concrete solidifies and hardens after mixing with water and placement due to a
chemical process known as hydration. The water reacts with the cement, which bonds the
other components together, eventually creating a stone-like material. Concrete is used to
make  pavements, architectural  structures,  foundations, = motorways/roads,

bridges/overpasses, parking structures, brick/block walls and footings for gates.

In This Project, there are two types of slabs: one-way ribbed and two-way ribbed
slabs. They would be analyzed and designed by using finite element method of design,
with aid of a computer Program called " ATIR- Software" to find the internal forces,
deflections for ribbed slabs, and then hand calculation would be made to find the required
steel for some 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-code.

4 .2 : Factored Loads:

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

members, is determined as follows:

Ou=1.2DL + 1.6LL ACI — 318 - 08 (9.2.1)

4.3 : Determination of Thickness:

4.3.1Determination of Thickness for One Way Rib Slab:
The structure may be exposed to different loads such as dead and live loads. The

value of the load depends on the structure type and the intended use.

32


http://en.wikipedia.org/wiki/Chemical_reaction
http://en.wikipedia.org/wiki/Mineral_hydration
http://en.wikipedia.org/wiki/Sidewalk
http://en.wikipedia.org/wiki/Architectural_structure
http://en.wikipedia.org/wiki/Foundation_(architecture)
http://en.wikipedia.org/wiki/Motorway
http://en.wikipedia.org/wiki/Road
http://en.wikipedia.org/wiki/Bridge
http://en.wikipedia.org/wiki/Overpass
http://en.wikipedia.org/wiki/Parking
http://en.wikipedia.org/wiki/Brick
http://en.wikipedia.org/wiki/Block
http://en.wikipedia.org/wiki/Footing

Slua gil) g ilidl) 3 ualdd) Juadll

Aadda 0

gl oY

L Gluagdll oY



D Aadaal) V-0
fosen sl )3 dmy ¢y 5a¥) (e SN ) 065 Ay Jlens ilabada e Jganll o g g il 138

oo Lasliy 7 yall aSlaall wanal ALl 4Lay) cillabadiall 5 4y jlenad) cillaladl) slae ) o3 cilllaial)
sl 4.
sl ALY 5 4y jlendl) ppanaill il glad pead L i

) Y—o

el Jia sty S arenall e Dl 05 o JSLE) aeae o alla JS e a1

A sndl) Lpaganaill zalyll pladid 3 A peally 5yal) DUl

sl Anadny Sl Adamal) domadal) Jalsall Sliie¥) o LAAT Gy 1 Jalgal) (4 22

dsd) o Akl gl 2k

sylaill A (e dabiadl) ALY yuabial) (py dapyd) 28 ¢ SLEY) apanail) isdad anl (e .3

38T a caranaill LA A prag 3y JG Lpapanal] jualinll o28 G335 a5 (e ¢ nall Al gl

e ey Saall Aasd) gl

T pafaxS £ 4 Ayl Jeat 548 Lalall dadll 4

Fagulal ks cilaial) s 3 (ONe-Way Ribbed Slab) cisie ol daainl 50815

e Lsa c3a) 4 (Two-Way Ribbed Slab ) cilsie alas aladiu) &5 L il g€

. Gl shal

PRGN g}uzlaj\ G.A\_).) .6

oh 5 & odall 138 8 Lgadiiind aies (o gudla el 820 llia

AR



ALY paliall dliadall e gyl Jaad Al 50 AUTOCAD 2010/2007 (a
A DG any zali ;3D studio Max & Sketch up5 (b

ALY jealiall (s A3LY) il ¢ Y @5 :STAAD PRO (cC
ALY pualiall JLEY) (il 5 el :ATIR (d

LAY Ll 08 e cilS g piall T3a 8 Aertiond) Al JleaY) L7
Sslats LA G gy A igh) puall A cpanadll Ly iy o iy ) cliall e .8
Lty abe S5 g plall (B A gind o (Sae A A
: Gluaglll ¥-o
led Lo IS ALy aliiall daplal liagd (Brasliy pasi (3 oS 50 gopudall 1agd (1S
Jals cciluagill (e degana a2 of . Al o3 DA . s 358 Eum L aselialy Jillady Jualds (g
c ) plds iy apliie HLEAY habdy (el maaills 325G a3 G
e el Mge Hlas) i Gy ddplenad) cilhbadll 388 ity Guud 4y o) ey Al s
Jaad 385 alajig adgall o Al Cilaglaa 55 (pa Alajall 038 8 25 . uall SLESY) Uil apaas
Aalall ghaad)l adloe daad Ly Glld 2ey Al dlly als figa )E P e cadsdl 45
Aasall o2 & LAY Gudigal) Jslagy gylanall asaigl) l) g alil) Gauiilly (3805300 sa0eY 1
ad g aliine S0 Aejse p€ Cumy daluall Abwal ghaall e (Sea 8 LS e Jgaal)

LAY gl e gy I3V Jlaal daglia 8 2 L Lalasiiad il ¢ il olasl 28l &b aliiia



Chapter Four

4 — 1 Introduction.

4 — 2 Factored Loads.

4 - 3 Determination of thickness.

4 — 4 Design of Rib.

4 — 5 Design of Beam.

4 — 6 Design of Two way ribbed slab.

4 — 7 Design of Column4.

4 8 Design of Isolated footing (Under Col. 4).
4 9 Design of Stirp footing .

4 — 10 Design of mat footing.

4 — 11 Design of Basement wall.
4 — 12 Design of Stair .

4 — 13 Design of Shear wall.
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Chapter Four Structural Design

4.1 Introduction

Concrete is a construction material composed of cement (commonly Portland cement) as
well as other cementations materials such as fly ash and slag cement, aggregate (generally a
coarse aggregate such as gravel, limestone, or granite, plus a fine aggregate such as sand),
water, and chemical admixtures. The word concrete comes from the Latin word "concretus”,

which means "hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a chemical
process known as hydration. The water reacts with the cement, which bonds the other
components together, eventually creating a stone-like material. Concrete is used to make
pavements, architectural structures, foundations, motorways/roads, bridges/overpasses, parking

structures, brick/block walls and footings for gates.

In This Project, there are two types of slabs: one-way ribbed and two-way ribbed slabs.
They would be analyzed and designed by using finite element method of design, with aid of a
computer Program called " ATIR- Software"” to find the internal forces, deflections for ribbed
slabs, and then hand calculation would be made to find the required steel for some 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-code.

4 .2 Factored Loads.
The factored loads on which the structural analysis and design is based for our project members,

is determined as follows:
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qu=1.2DL +1.6LL ACl - 318 -08 (9.2.1)

4.3 Determination of Thickness:
4.3.1Determination of Thickness for One Way Rib Slab:
The structure may be exposed to different loads such as dead and live loads. The value of
the load depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):

The minimum required thickness of the joist is:
hiin for one-end continuous = L.1/18.5
=620/18.5=33.5cm.
hiin for both-end continuous = L2/21
=711/21=33.9cm
hiin, for Cantilever = L3/8
=80/8 =10 cm,
hmin fOr Simply supported = L4/16
= 500/16 = 31.25cm

We selected h = 35cm
4.3:2 Load Calculation:
One - way ribbed slab.

For the one-way ribbed slabs, the total dead load to be used in the analysis and design is
calculated as follows:
smallest of the following:

b. = (4700-800) /4 =975 mm

Yy



b, = 120 + 16 t = 120 + 16 (80) = 1400 mm

be =520MM ....ooeeeees control

Calculation of the total dead load for one way rib slab is shown in the following table:

Calculation

+.5x0.27 x5=0.675KN/m

0.03 x 0.65 x 22 = 0.429

0.03x0.65x22 =0.429

5.048 KN/m

Nominal Total Dead Load:

D.L. torr = 1.0125+ 0.675 + 1.3 + 0.429+ 0.7735 + .429+ .429 =
5.048KN/m of rib

For library the live load is5 KN/m?




Chapter Four Structural Design

Live load = 5% 0.65 = 3.25 KN/m of rib
Fig. (4-1)Topping

4.3.3 Design of Topping:

"Design of Topping for Ribbed Slab:
Dead load of topping

Tiles 0.03x22= 0.66KN/m

Morter 0.03x22=0.66KN/m
Course sand 0.07x17=1.19KN/m
Topping .08x25=2KN/m

Total =4.51 KN/m

Live Load =5 x 1 =5 KN/m.

Wu = (1.2 x4.51) + (1.6 x 5)
= 13.412 KN/m

—> For a one meter strip Wu (13.412 ) KN/m
Assume slab fixed at supported points (ribs):

2
12

MU =%= 0.179KN.
ACI-318-08 (22.5.1) fr = 0.42x./Tc’

fr = 0.42x /24 = 2.0576 MPa

Mn = frxs
S = bgz _ 100080
Mn = 2.0576%1066666.667 x10° = 2.1947KN.m

Yo

=1066666.667mm®



®Mn =0.55 x 2.1947=1.207085KN.m

P Mn =1.207085 KN.m >> Mu = 0.179KN.m

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

For the shrinkage and temperature reinforcement:

p =0.0018 ACI-318-08 (7.12.2.1)
As = px b x h =0.0018 x 1000x 80 = 144 mm?

Try bars @ 8 with As =50.27

Bar numbers n=_ A5 _ 144 _ g7

Asg8 5027
Take 3 ® 8 with As = 150.8 mm2/m strip or ® 8 @ 300mm

In both direction step (S) is the smallest of :-

1) 3h =3*80=240mm............ control ACI-318-08 (10.5.4)
2) 450mm
3) s= 380(@j —2.5Cc =380 280 1_ 2.5x 20 =330mm
fs 2
3 x 420

BUT :

s< 300(@j =300 5 280 =300mm
fs 3 x 420

Take @ 8 @200mm in both direction S= 200mm<Smax =240mm.....ok

1



4.4 Design of Ribl :

&l BT o B & ET & BT H BT el BT
4
Bl - B2 B2 B2 2]
c3 foc] c3 c3 o
B ] E B
== —
T B2 = B3
B Rl % B2
i ——
c3 fo c3 e o4
B B B B B B
B3
=] B2 m -
B2
o
B
BT =L £l &L BT =h E7 =h £l &= 7

Fig. (4-2)One way ribbed slab

By using ATIR program we get the envelope moment and shear diagram as the follows:

SGeometry Units: meter, oo
1 2 = 4
1 2 3
]:: — Al —— ——
1. T 1. T p I
n.s 435 | [ | 4.2 o.e 4.2 o.e
5 ) ) 5. 5
t
4 5 L= T
4 & B
- — A e A ::[
—_r A p BN p M
. o.e s 4.2 [ 4.2 | o.e | 4 08 0.5
T 5. 5. ) ) 4.7
’ 65.
5.
15.
P

yv
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Fig.(4-3) Geometry of ribl

load group no. 1

Dead load - Service Units:kN,meter
5.04 5.04 5.04
A
5 5. 5
5.04 5.04 504
b
5 5 4.7

Fig.(4-4)Dead load of ribl

Loading
Live Toad - Service Load factors: 1.20, 1.2001.60,0.00
3.25 3.25 3.25
k 3 ¥
5 5. 5
3.25 325 305
k' h
5 5 47

Fig.(4-5)Live load of ribl

YA



Moment/Shear Envelope (Factored) Units:kM,meter
Moments: spans 1o &
-31.4 579 26.1 399
-16.5 5.\ 152 AT TN AT
(1.85 |2
I | jﬂil \ .-’}/ﬂld': |
s l‘g 1 ‘o
0. 1 0.69
2-.3|25.2.ﬁ|25.15|25.1.5|25.
I T T T T T T T T T
MomentiShear Envelope (Factored) Units: kM, meter
Shear
44 397 -30.9 30, -30.9
264 1.3 228 22, R 22.1
-1 5%
[ I I I I I I I I I I I
T N INE N N N |
17.2
236 23.4 22. 22.8 21.8 247
31.4 30 30.8 29.5 %3 7

Y4




~ 4.4.1 Design of Positive Moment for Rib.
Assume bar diameter ® 14 for main positive reinforcement :-

d:h—cover—dstirrups—d—;—BSO 20— 10—%—313mm

The maximum positive moment in all spans of rib =24.6KN.m

»Use M, max positive for span =5m

» Determine whether the rib will act as rectangular or T — section:

For hf=80 mm

d=350-20- 10—%—313mm

gMn = 0.9 0.85x fc'xbxhf x (d _%)

AMn = 0.9x 0.85x 24 x 0.65x 0.08 (0. 313—@) 260.6KN.m

dMn =260.6 KN.m> M, =24.6KN.m

Design as a rectangular with b, = 65 cm

As min = J_ Ay, BW(ACI-318-08 (105.1)

22

A's min =——_(150)(313) = 136.9mm?
4(420)

As min =%(bw)(d)

As min = %(150)(313) =156.5mm?’.....control

fy 420
0.85fc' 0.85x 24

m= =20.6



Mn  (24.6/0.9) x (10)7°
bd?  (0.65)(0.313)2

oo lfq_ [p_2mRn)_ 1 1_\/  2x0.429%20.6 | _ 50103
m fy 20.59 420

As =(0.00103) (650) (313) = 210.16 mm?*> As min = 156.5 mm®
Use 21Y with As=YY¥1.08mm?*>223.98mm?2
Select bottom bars 2®12

Rn = = 0.429MPA

* Check Strain:

Tension = Compression
A x fy =0.85x f_'xbxa

226.08x 420 =0.85x 24 x 650 x a
a=7.16mm

c= m =8.42mm
0.85

. 313-8.42
) 8.42
g, =0.108 > 0.005

x0.003=0.108

»Use My positive for span(5)=15.4 KN.m

dMn=260.6 KN.m> M, =15.4KN.m

Design as a rectangular with b, = 65 cm
As min = ‘/(_)(b w)(d) ACI-318-08 (10.5.1)

As min :4(£(150)(313) =136.9mm?

420)

A



. _ 14
A =——(bw)(d
S min (fy)( w)(d)

As min = %(150)(313) =156.5mm?’.....control

fy 420
m= —_“r _20.6
0.85fc'  0.85x24
-3
rn_ Mn _ (15.4/0.9)x10)° _ Jovioa

~ bd?  (0.65)(0.313)2

o=tfq [ 2mRn)_ 1 1_\/1_2><0.268><20.6
m fy 20.6 420

= 0.00642
As =(0.00642)(650) (313) = 130.7 mm?< As min = 156.5mm?
Select bottom bars 2d12

Total AS (provige) =226.08mm’
* Check Strain:

Tension = Compression
A x fy=0.85x f.xbxa

226.08x 420 =0.85x24x650x% a
a=4.97mm

_2
Py
497

0.85

c

c =5.85mm

313585
_ 337985 50030157
=" 5gs Ok

£, =0.157 > 0.005

&y



»Use M, positive for span(5)=17.5 kN.m
dMn=260.6 KN.m> M, =17.5 KN.m
Design as a rectangular with b, = 65 cm
fc'
As min =~—(bw)(d) ACI-318-08 (10.5.1
4 fy)( )(d) ( )

As min =£(150)(313) =136.9mm?

4(420)

As min :%(bw)(d)

As min = %(150)(313) =156.5mm?’.....control

fy 420
m = — Y  _20.6
0.85fc'  0.85x 24
-3
2n_ Mn _ (17.5/0.9) x (10) _ 0.305MPA

~ bd? (0.65)(0.313)?

p=lf1_ [y 2mRn)_ 1 1_\/1_2><0.305><20.6
m fy 20.6 420

= 0.00732
As =(0.00732)(650) (313) = 149.03mm*< As min = 156.5 mm®
Select bottom bars 2d12

Total AS (provige) =226.08mm’

* Check Strain:

Tension = Compression

¢y



A x fy=0.85x f_ 'xbxa

226.08x 420 =0.85x 24 x 650 x a
a=4.97mm

_ 313-585

S

g, =0.157 > 0.005

x0.003 =0.157

»Use M, positive for span(5)=17.2 kN.m
dMn=260.6 KN.m> M, =17.2 KN.m

Design as a rectangular with b, = 65 cm
fc'
As min =~—(bw)(d) ACI-318-08 (10.5.1
m fy)( )(d) ( )

2

4 (150)(313) = 136.9mm?
4(420)

As min =

. 1.4
A's min == (bw)(d)
(fy)
.14 )
As min = 30(150)(313) =156.5mm".....control

fy 420 _ 506

. __ 7Y
0.85fc 0.85x 24

_ Mn _ (17.2/0.9)x (10)°®
"~ bd?  (0.65)(0.313)2

polf1_ [y 2mRn)_ 1 1_\/1_2><0.30><20.6
m fy 20.6 420

=0.0072

= 0.30MPA

Rn

¢¢



As =(0.0072)(650) (313) = 146.5mm’< As min = 156.5 mm?
Select bottom bars 2d12

Total AS provige) =226.08 mm®

* Check Strain:

Tension = Compression
A x fy =0.85x f xbxa

226.08x420=0.85x24x650x a
a=7.16mm

313-8.42
_ 3197842 5.003=0.108
5T gm Ok
¢, =0.108 > 0.005

Use M, positive for span(5)=15.8 KN.m

dMn=260.6 KN.m> M, =15.8 KN.m

Design as a rectangular with b, = 65 cm
As min = ‘/_ (b w)(d) ACI-318-08 (10.5.1)

As min :4(£(150)(313) =136.9mm?

420)

A's min :%(bw)(d)

As min = %(150)(313) =156.5mm?.....control

¢o



420
fy

m= ~ 0.85x24
0.85fc 0.85x 24

=20.6

_ Mn _ (15.8/0.9) x (10)°
~ bd?  (0.65)(0.313)2

p-1fq_ [p_2mRn)_ 1 1_\/1_2><0.275><20.6
m fy 20.6 420

= 0.0066
As =(0.0066)(650) (313) = 134.45mm?< As min = 156.5 mm?
Select bottom bars 2d12

Rn = 0.275MPA

Total AS rovidey =226.08 mm?
* Check Strain:

Tension = Compression
A x fy=0.85x f 'xbxa

226.08x420=0.85x24x650xa
a=7.16mm

C= 7'—16 =8.42mm
0.85

313-8.42
_ 3197842 5.003=0.108
5T gm Ok

£, =0.108 > 0.005

»Use M, positive for span( 4.7 )=21.7 kN.m

®Mn=260.6 KN.m> M, =21.7 KN.m

Design as a rectangular with b, = 65 cm

2



As min = ‘/_ (b w)(d) ACI-318-08 (10.5.1)

As min :%(150)(313) =136.9mm?

420)

A's min =%(bw)(d)

As min = %(150)(313) =156.5mm”.....control

420
fy =

=———=20.6
m:—C' 0.85x24

Mn  (21.7/0.9)x (10)°
bd?2  (0.65)(0.313)2

1 2mRn 1 2x0.378x 20.6
p=—|1- |1— - 1— . [1—
m fy 20.6 420

= 0.0091
As =(0.0091)(650) (313) = 185.145mm?> As min = 156.5 mm?
Select bottom bars 212

Rn = = 0.378MPA

Total AS rovidey =226.08 mm?
* Check Strain:

Tension = Compression

A x fy =0.85x f_'xbxa
226.08x 420 = 0.85x 24x 650x a
a=7.16mm

a

A

= 7—16 =8.42mm
85

c

c

1



313-8.42
_ 3197842 5003=0.108
5T 8w Ok

£, =0.108 > 0.005

4.4.2 Design of Negative Moment for Rib:
According to ACI 8.9.3 — for beams built integrally with supports, design on the basic of

moments at faces of support shall be permitted.

The maximum negative moment at the face of support is for span( 5)

Mu = -19.8kN.m

®Mn = 260.6KN.m> M, = 19.8KN.m

Design as a rectangular with b, = 65 cm

As min = ‘/_ (bW)(d)ACI 318-08 (10.5.1)

As min :%(150)(313) =136.9mm’

20)

A's min :%(bw)(d)

A's min = %(150)(313) =156.5mm?.....control

m=_" =08£'152024=20'6
085fc' o0

_ Mn _ (19.8/0.9) x (10)®

= = =1.49Mpa
bd ? (0.15)(0.313)? b

A



m fy | 206 420

As = (0.00368)(150) (313) = 173.13 mm®> As min = 156.5 mm’

p=i(1— 1_2mRnJ 1 [1_\/1_2><1.49x20.6j=_00368

Select bottom bars 2®12

Total AS provige) =226.08 mm®

* Check Strain:

Tension = Compression
A x fy=0.85x f xbxa

226.08x 420 =0.85x 24 x150x a
a =31.03mm

a

A

=w=36.5mm -

0.85

C

C

. _313-365
*T 365
¢, =0.0227 > 0.005 Ok

x0.003 = 0.0227

Design Mu = -15.1kN.m...span(5m)

dMn = 260.6KN.m> M, = 15.1KN.m
Design as a rectangular with b, = 65 cm

As min :%(bw)(d)ACIGlS—OS (10.5.1)

As min :£‘;(150)(313) =136.9mm’

4(420)

€9



. _ 14
A =——(bw)(d
S min (fy)( w)(d)

As min = %(150)(313) =156.5mm?.....control

420
fy

. __ 420
Jefe 0-85%24

=20.6

_ Mn _ (15.1/0.9) x (10)®

kn= > = 2
bd (0.15)(0.313)

p:i 1. [p_2mRn)_ 1 1_\/1_
m fy 20.6

—=1.14Mpa

2x1.14 < 20.6

420

J =.00279

As = (0.00297)(150) (313) = 131.515 mm?<As min = 156.5 mm?

Select bottom bars 2d®12

Total AS (rovidey =226.08 mm?

* Check Strain:

Tension = Compression
A x fy =0.85x f,xbxa

226.08x 420 =0.85x24x150x a
a =31.03mm

a

A

C= w =36.5mm

0.85

C



_ 313-365

S

g, =0.0227 > 0.005

x0.003 = 0.0227

Design Mu = -16.5kN.m...span(5m)

dMn = 260.6KN.m> M, = 16.5KN.m

Design as a rectangular with b, = 65 cm
fc'
As min =~ (bw)(d) ACI-318-08 (10.5.1
m 1ry)( )(d) ( )

24

A's min =———(150)(313) =136.9mm?
4(420)

A's min :%(bw)(d)

As min = %(150)(313) =156.5mm”.....control

420

=———=20.6
m=—c, 0.85x24

-3
an Mr; _ (16.5/0.9)><(1O)2 _1.247Mpa
bd (0.150)(0.313)

o=ty fp_2mRn)_ 1 1_\/1_2><1.247><20.6 _ 00306
fy 20.6 420

m
As = (0.00306)(150) (313) = 144 mm°<As min = 156.5 mm’

Select bottom bars 2d12

Total AS (provige) =226.08mm’

o)



* Check Strain:

Tension = Compression
A x fy =0.85x f.xbxa

226.08x 420 =0.85x24x150x a
a =31.03mm

a

A

C= 31.03 _ 36.5mm -
0.85

C

. _313-365
* 365
£, =0.0227 > 0.005

x0.003 = 0.0227

Design Mu = -15.2kN.m...span(5m)

®Mn = 260.6KN.m> M, = 15.2KN.m

Design as a rectangular with b, = 65 cm
fc'
As min =———(bw)(d) ACI-318-08 (10.5.1
m 1ry)( )(d) ( )

2

4 (150)(313) =136.9mm’
4(420)

As min =

A's min =%(bw)(d)

As min = %(150)(313) =156.5mm”.....control

420

=———=20.6
m:—C' 0.85x24

oy



Mn _ (15.2/0.9)x (10)~°
bd?2  (0.150)(0.313)2

p-L(q [y 2mRn)_ 1 1_\/_2><1.149><20.6 _ 00281
m fy 20.6 420

As = (0.00281)(150) (313) = 132.3 mm?<As min = 156.5 mm?

Rn = =1.149Mpa

Select bottom bars 2®12

Total AS rovidey =226.08 mm?

* Check Strain:

Tension = Compression
A x fy=0.85x f_ 'xbxa

226.08x 420 =0.85x24x150x a
a =31.03mm

a
C=—

Py

C= 3103—36 5mm -

0.85

313-365 x0.003 = 0.0227

g, =0.0227 > 0.005
Design Mu =-17.7kN.m

dMn = 260.6KN.m> M, = 17.7KN.m

Design as a rectangular with b, = 65 cm

As min = ‘/_ 20y OW(@ACI-318-08 (10.5.1)

oy



As min :£(150)(313) =136.9mm’
4(420)

14
As min =—— (bw)(d
( fy)( )(d)
As min = %(150)(313) =156.5mm?.....control

fy 420 _ 506

m= T 0.85x24
0.85fc 0.85x 24

_Mn _(17.7/0.9)x(10)°
bd? (0.150)(0.313)?

o=y fp_2mRn)_ 1 1_\/1_2><1.338><20.6 00329
m fy 20.6 420

As = (0.00329)(150) (313) = 154.86 mm*<As min = 156.5 mm?

Rn

=1.338Mpa

Select bottom bars 2d12
Total AS (provige) =226.08mm’

Tension = Compression
A x fy =0.85x f.xbxa

226.08x420=0.85x24x650xa
a=7.16mm

o¢



. 313-8.42
s 8.42
&, =0.108 > 0.005

x0.003=0.108

4.4.3 Design of shear for Rib 1:

V= 26.4KN
Ve=1.1*/fc'b,, d

V, = %\/ﬁ* 150 * 313

V= 42.2KN.

®V.=0.75*42.2 = 31.6 KN

0.50v. <v, < O(v,)

No shear reinforcement req.

4.5 Design For Beam :

Calculation of beam load :

0.03x0.8x22 = 0.528KN/m

= 0.528 KN/m

0.03 x0 .8 x 22

0.35x0.8x25 =7 KN/m
9.54KN/m

Table (4 — 2) Calculation of the total dead load for beam

oo



Reactions

Factored

H HH H+—H HH HH HH H
DeadR 17. 46.25 18.3 23.59 29.03 22.35 28.14 9.8
LiveR 15.47 40.02 2768 27.76 27.07 24. 25.85 9.51
MaxR 3247 86.27 4598 51.34 56.1 46.35 53.99 19.31
MinR 16.12 59.75 1314 23.74 39.35 29.53 37.69 8.69
Service
DeadR 14.16 38.54 1525 19.66 2419 18.63 23.45 8.16
LiveR 9.67 25.01 173 17.35 16.92 15. 16.16 5.95
MaxR  23.83 63.55 3255 37 M1 33.63 39.61 141
MinR 13.62 46.98 1203 19.75 30.64 2312 29.42 747

Fig.(4-8)Reactions of rib1

Reaction of rib
0.65

Dead load for first span of beam = 1.2*DL +
DL = 1.2 *9.54 +(23.45*1.2) / .65)) = 54.74KN/m

Reaction of rib
0.65

Live load for first span of beam = 1.6LL +

16.16%1.6

LL=16*5+ =47.8KN/m
Check weather the section will be act as singly or doubly reinforced section
Assume bar diameter @18 for main reinforcement.

db 18

d =h-cover -d —:350—40—10—?:291m

stirrups

a:hf
Sy hf
Mn, max = 0.85x fc'xbxhf x(d _7)

Mn,max=0.85 *24*800*350(291 -350/2)*10° =662.592Kn .m
$=.82
Mu=192.4 KN.m< $Mn=543.325 KN.m..... singly reinforced concrete sectio

o1

n.




Geometry

Units:meter,cm

1 2 3 4
1 2 3
E :|
IIJ:!; 4.5 .0'5. 4.6 I(I.5I 4.8 I[!3]-
t 49 bl 5.1 b 5.2 t
f f f {
35
80.
A-A
C
load group no. 1
Dead load - Service Units:kN,meter
30.2 30.2 30.2
49 5.1 5.2
Live load - Service Load factors: 1.20,1.20/1.60,0.00
26.7 26.7 26.7
49 5.1 5.2




Moment/iShear

Enwvelope (Factored)

Units:kN ,meter

Moments: spans Tto 3
212.3 -230.8
I |
[ |
3
107.6
173.6 192.4
| 2.2 | 2.7 | 2.55 | 2.55 | 2.86 | 2.34 |
I 1 1 1 1 1 1
Moment/Shear Envelope (Factored) Units:kN meter
Shear
-236.8 222,
-194.1 -179.4 -174.6
-139.9
[ ! ! ! ! !
L/ il il !
131.1
165.8 173.6 207
216.2 249.7 .




4.5.1 Design for positive moment

Design for positive moment( 192.4) for maximum span(5.2) :

dMn=543.325>192.4...0k design rectangular

Mn  (192.4/0.9) x (10)°

Rn = > = >
bd (800)(291)

=3.2Mpa

420
0.85fc' 0.85x 24

p:i(l_ 1_2mRn): 1 (1_\/_2><3.2><20.6j=_0082

= 20.6

m fy 20.6 420

As =0.0082 (800) (291) =1908.96 mm?

As min = ‘/_)(b w)(d) ACI-318-08 (10.5.1)

As min =4(£(800)(291) = 678.85mm?

420)

. _ 14
A =——(bw)(d
S min (fy)( w)(d)

As min :ﬂ(bw)(d) =22 4800 * 291 = 776mm? (control)
() 420

As =0.0082 (800) (291) =1908.96 mm?> Aq min

Select bottom bars 8®18
Total AS provige) = 2034.72mm”

* Check Strain

Tension = Compression

o4



A x fy=0.85x f_ 'xbxa

2034.72x420=0.85x24x800x a
a=>52.36mm

a

B
52.36
C=

——=61.6mm
0.85

. _291-6L6
* 616

c

x0.003=0.011

£, =0.011> 0.005

Ok
Check space :

(800-80-20-8*18)/7 = 79.43 mm

79.43 mm >25mm .
79.43 mm >d, .0k

Design for positive moment( 107.6) for maximum span(5.1) :

dMn=543.325>107.6...0k design rectangular

Rn

_ Mn _ (107.6/0.9)x (10)°

m = fy 420 _
0.85fc' 0.85x24

~ bd?2 (800)(291)2

20.6

1

p:i 1_ 1_2mRn _
m fy 20.6

=1.76 Mpa

b

As = 0.0044 (800) (291) = 1024.65 mm*

_ 2x1.76x< 20.6

420

] =.0044



As min = ‘/(_)(b w)(d) ACI-318-08 (10.5.1)

As min =£(800)(291) = 678.85mm?

4(420)

A's min =%(bw)(d)

As min =£(bw)(d) =22 4800 * 291 = 776mm? (control)
() 420

As = 0.0044 (800) (291) = 1024.65 mm*> Ag min

Select bottom bars 5®18
Total AS provige) = 1271.7mm°

* Check Strain

Tension = Compression
A x fy =0.85x f.xbxa

1271.7x420=0.85x24x800x a
a=32.72mm

a
C=—

Py

32 2 =38.5mm

0.85

_291-385 100300197

&

g, =0.0197 > 0.005

Ok

Check space :
(800-80-20-5*18)/4 = 152.5 mm
152.5 mm >25mm .

152.5 mm >d, .ok

1)



Design for positive moment( 173.6) for maximum span(4.9) :
dMn=543.325>173.6...0k design rectangular

_ Mn _ (173.6/0.9) x (10)°

Rn = > = >
bd (800)(291)

= 2.85Mpa

Mo ¥ 420
0.85fc' 0.85x24

pol(q fp_2mRn)_ 1 1_\/1_2><2.85><20.6 _ 0073
m fy 20.6 420

As = 0.0073 (800) (291) = 1707.15 mm?

20.6

fc'
As min =——(bw)(d) ACI-318-08 (10.5.1
$ min 4(fy)( w)(d) ( )

24
4(420)

As min = (800)(291) = 678.85mm’

. 1.4
As min = =% bw)(d
S min (fy)( w)(d)
Asmin =22 owyd) =22 «800 + 291 = 776mm? (control)
(fy) 420

As =0.0073 (800) (291) = 1707.15 mm*> Ag min

Select bottom bars 7®18
Total AS provige) = 1780.38mm’

* Check Strain

Tension = Compression

Ty



A x fy=0.85x f_ 'xbxa

1780.38x 420 =0.85x 24 x800x a
a =45.8mm

a

B
C= @ =53.9mm
0.85
291-53.9
& =————
53.9
&, =0.013>0.005

c

x0.003=0.013

Ok

Check space :
(800-80-20-7*18)/6 = 95.7 mm
95.7 mm >25mm .

95.7mm >d, .0k

4.5.2-Design for Negative moment :

M, =-176.8KN.m
dMn=543.325>176.8...0k design rectangular

_ Mn _ (176.8/0.9) x (10)°
~ bd?  (800)(291)2

Rn = 2.9Mpa

mo_ ¥ 420
0.85fc' 0.85x 24

= 20.6

p=L(q_ fp_2mRn)_ 1 1_\/1_2><2.9><20.6
m fy 20.6 420

As = 0.0075(800) (291) = 1741.5 mm?

ay

J =.0075



As min = ‘/(_)(b w)(d) ACI-318-08 (10.5.1)

As min =£(800)(291) = 678.85mm?

4(420)

A's min =%(bw)(d)

As min =£(bw)(d) =22 4800 * 291 = 776mm? (control)
() 420

As = 0.0075(800) (291) = 1741.5 mm?> Aq min

Select Top bars 7018
Total AS (provigey =1780.38mm°

* Check Strain

Tension = Compression

A x fy =0.85x f xbxa

1780.38x420 = 0.85x 24 x800x a
a =45.8mm

a
c=—

B
¢ =53.9mm

_ 291-53.9

£, = x0.003 = 0.013 > 0.005...
53.9

OK

Check space :

(800-80-20-7*18)/6 =95.7mm>25mm

Design for Negative moment :

M, =-159.7 KN.m

dMn=543.325>159.7...0k design rectangular

¢



_ Mn _ (159.7/0.9) x (10)°
~ bd?2  (800)(291)2

= 2.62Mpa

p:i[l— 1_2man: 1 [1_\/1_2><2.2§8<20.6J:_0067

A = 0.0067(800) (291) = 1559.4mm?

As min = ‘/(;)(b w)(d) ACI-318-08 (10.5.1)

As min =4(£(800)(291) — 678.85mm?

420)
A's min =% (bw)(d)

Asmin=2% wyd) =22« 800 % 291 = 776mm? (control)
(fy) 420

A =0.0067(800) (291) = 1559.4mm?> Aq min

Total AS (provigey =1780.38mm

* Check Strain

Tension = Compression



A x fy=0.85x f_ 'xbxa

1780.38x420 = 0.85x 24 x800x a
a =45.8mm

a

A

¢ =53.9mm

. _291-539
* 539

C

x0.003=0.013 > 0.005...

OK
Check space :
(800-80-20-7*18)/6 =95.7mm>25mm

¢ 5.¥YDesign a beam for shear (at distance d) :

V, = 207KN
—_— 1 !
Ve=z\/fc'b, d
V, = %\/ﬁ* 800 * 291
V.=190.1KN.
® V.= 0.75*190.1=142.56KN

1
Vs min = E fclbw d

1
Vsmin = §bw d

1
Vsmin = 5 800 %291 = 77.6KN

1
Vg = § fC’de

"



vy = 2V24 + 800 + 291 =380.2KN

Case 4

B(We + Vsmin) < vy < O(v, + vy ) —stirrups are required
0.75*(190.1+77.6) <207< 0.75(190.1+380.2)

200.8<207< 427.7

Use stirrups 2U-shape (4legs stirrups) 8 @
As =201.1 mm®.

V=V, -V, =22 _190.1= 85.9KN
0

.75

Apfyed 2021420 %291

= = 287.6
v, 85.9 + 1000 mm
d
Smax = > O Spax < 600 mm

Smax = 145.5mm or < 600 mm control
Take 2U-shape (4leg stirrups) ®8@145mm

4.6 Design of Two way ribbed slab

4-A-1 Comparison between the thickness of one way rib slab and two way
rib slab :

4.6.1Check Thickness of one way rib slab& Two way ribbed slab
v’ Statically system for (R 1) :

The minimum required thickness is:
L _ 6900

—=——= 328.5 mm for simply supported.

v



*Check Thickness of two way rib slab:

v’ Statically system for Rib :

Rib slab :

7
e
0.08
s

_(65%8%31)+15%27+13.5
¢ (65+8)+(15%27)

=23.33cm

3 3 3
Inb:40*f—2 +40 % 8 % 7.67% + 15*% +25*j—2+ 25 % 27 * 7.672 +

27 %15 % 9.832 =125 *10* cm*

TA



0,52

0,8

I, = 35%80°% 12 = 149.33*10* cm*

AL
0
O
“\
AN
D 0,8
f———f
External:

Long direction L =930 cm

20480

l;=2——x 12.5 * 10"4 = 1048076.9 cm®

Internal :

In long direction L =7 cm

_930+80

I x+ 12.5 % 10%* = 1942307.7 cm*

In short direction L = 700 cm



0480

ly=2—— %125 « 10* = 826923.07 cm*

ls = 70‘;;80 «12.5 % 10* = 1500000 cm®

149.33%x10"4

o, =—— =0.995
1500000
149.33%10"4
o= —————=1.424=04
1048076.9
149.33x10"4
a3= ———— = 1.805
826923.07
xX1+xX2+x3+c4 9.3
Ofm = 2 =1.412<2 B = 7 =1.328
420
9300 (0.8+ ——)
= 1400 =232.25 > hyin =125 mm
36+5%1.328%(1.412—-0.2)

topping.

4.6.2Design of two way Rib slab_.

B L3
@ B 60 EgC32 Bao E
1
3
o
T
- &
g C3[1
=" B30 EJC30 B30
3

Figure (4-14): two way rib slab

4.6.3Load calculations:



Dead load calculations:

0.03x23x0.75

0.03x22x0.15° 0.Yv4
0.07x16x0.15° 0.£VYY
0.08x25x0.15° 0.At0
0.2Yx25%0.15%(0.15+0.9) V.164
0.2Yx5x0.0x0.® 0.3375

0.03x22x0.%5°

Table (4.3) Calculation of two way dead load for rib

Nominal Total Dead Load = 3.963 KN/RI
DL= 3.963/(0.65%) = 9.4 KN/m?
Nominal Total live load = 5 KN/m?

Determination of factored dead & live load

Factored dead load = 1.2*Dead load = 1.2*9.4= 11.25KN/m?>.

Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m?.

W =11.25 + 8 = 19.25 KN/m?

4.6.4Flexural Design for Rib :
Moments calculations :-

M, =C, Wla2 brib and M, =Cy, Wlb2 brib

L/Ly=7./93=0.752 ........... Case 6




The moment calculation will be done for the slab middle strip.
*Negative moments at continuous edge :
Ca’neg (Ia/lb:0.75) = 0.088 Ca’neg (Ia/|b=0.80) = 0.086

Caneg (Ia/1,=0.752) = 0.0879

Coneg (I/1,=0.75) = 0.0 Coneg (1/1,=0.80) = 0.0

Coneg (I/1,=0.752) = 0.0

*Positive moments :
C.p (I/1,=0.75) = 0.048 Cap (1/1,=0.80) = 0.045

Ca,D (Ia/|b=0752) =0.0478

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

Ca1(1/1,=0.75) = 0.055 Ca. (1/1,=0.80) = 0.051

Car (1/1,=0.752) = 0.05484

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

Cop (I/1,=0.75) = 0.012 Cbop (I/1,=0.80) = 0.015
Co.o (I/1,=0.752) = 0.01212

\Al



Co.(1/1,=0.75) = 0.016 Co. (1/1,=0.80) = 0.019

Co. (1/1,=0.752) = 0.01612

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

*Negative moments at Discontinuous edge (1/3 * positive moments):

15.55

b,neg =

M = 4.98 KN.m/Rib

4.6.5Design for Negative and Positive moment:

* Short direction

d:350—20—8—%=315 mm

Positive Moment:
Midspan: (Mu = +30.42 KN.m/Rib )

My, 30.42x10°
= = = 0.52Mpa.
" @bd? T 0.9x650x3152 p
f 420
=—2_ = = 20.6

m= - =
0.85f/  0.85x24

p=l<1_ 1 — 2M-Rn ) :L(l_\/l—w ) = 0.00126
m 420 20.6 420

A, = p.b.d =0.00126 x650x315 = 258.9 mm”. Control.

Check for Ag min -

Aimin =0.253 b a>1%p g
’ fy f;

y

Asmin =0.2522 150 x 315 = 137.78 mm?

\al



A, min = —=150 x 315 = 157.5 mm?
! 420

As,required =258.9 mm2.

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

________________________

Check spacing :

S— 150—40—210—(2><14) =62mm>d, =14 >25 OK

Check for strain:

Asfy _ 307.72x420

a= - = = 9.746 mm
0.85b f!  0.85x650x24
a 9.746
c=—=——>=11.5mm
B,  0.85

315-11.5

e, = 0.003 (=) = 0.003 ) = 0.079 > 0.005 0k

Negative Moment:
Continuous edge : (Mu = - 53.9 KN.m/Rib)

_ M, __ 539x10°
" @bd2 T 0.9x150x3152 4.02 Mpa.
420
Jy =206

m= 7 =
0.85f)  0.85x24

p=i<1 _ [y _zmRn ) =L<1 _\/1 _ 2X20.6X4.02 ) — 001
m 420 20.6 420

A= p.b.d =0.010 x150x315 = 509.2 mm>. Control.

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

Check spacing :

S— 150—40—210—(2><20) =50mm>d, =20>25 OK

\&4



Check for strain:

_ Asfy _ 628x420

= - = = 86.2 mm
0.85b f!  0.85x150x24

86.2
= = =22 =101.4mm
B, 0.85

315-101.4
101.4

e, = 0.003 (=) = 0.003 ) = 0.0063 > 0.005

* Long direction

d:350—20—8—%=315mm

Positive Moment:
Midspan: (Mu = +14.95 KN.m/Rib )

_ My __ 14.95x10°

" @bd2 ~ 0.9%x650x3152 0.257 Mpa.
420

=y _ =206

m= - =
0.85f/  0.85x24

Ok

p:1<1_ | _zmEy ) :;<1_\/1_M > = 0.0062
m 420 20.6 420

A = p.b.d = 0.0062 x650x315 = 126.35 mm®.
Check for Agmin -

Acmin =0.254L¢ b d > j;—‘*bw.d

fy y

Ao =025 2% 150 x 315 = 137.78 mm?



A, min = —=150 x 315 = 157.5 mm? Control.
! 420

As’required = 157.5 mmz.

1A A e LR RS PLARAS Lo} LAV P e R

Check spacing :

S— 150—40—210—(1><16) =74mm>d, =16 >25 0K

Check for strain:

a= Asfy _ 200,96x420

= - = = 6.36 mm
0.85b f!  0.85x650x24

a 636
cC=—=—=75mm
B,  0.85

315-7.5

e, = 0.003 (=) = 0.003 ) =0.123 > 0.005 Ok

Negative Moment :

Discontinuous edge

A :¥= 52.5mm?

A required = 157.5 mm?, Control.

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

Check spacing :

S— 150—40—210—(2><12) =66mm>d, =12>25 OK

Check for strain:

A



_ Asfy  226.08x420

= - = = 31.03mm
0.85b f!  0.85x150x24

c=2 =39 _ 365mm
B, 085

e, = 0.003 (=5) = 0.003 (*:22%) = 0.023 > 0.005 0k
4.6.6Shear Design for Rib :

W, (I,/1,=0.75) = 0.88 W, (1,/1,=0.80) = 0.86

W, (1/1,=0.752) = 0.8792

e The total load on the panel being ( 7x9.3x20.2 = 1315.02KN)

e The load per rib at face of the long beam is
(0.8792x1315.02x0.65/(2x9.3)=40.4 KN)
Vg = 40.4— 20.2x0.65%0.315 = 36.3 KN

Ve == £Jf¢ byd = =24 x 150 X 315 X 107 = 42.43KN

g V. =0.75%x42.43 =31.83KN.
0.5 9 V. =0.5%31.83=15.9 KN

Vemin =z 150 X 315 X 1073 = 15.75 KN Control

Vemin == V24 X 150 X 315 X 1073 = 14.46KN

2 Vc < Vu <g (Vc + Vs,min)
31.83<36.3<43.635KN
Case (3) for shear Design : Minimum shear reinforcement

Use stirrups U-shape (2 leg stirrups ) g 10 A, = 2 x 78.5 = 157 mm?.

A%



d d 315
Smax < E < 600mm E

= 157.5mm Control.

_ 3 Ay fyt __ 157x420x3

Sreq = ™ T 13188 mm > S, take S = 150 mm

164y fye _ 157 x 42016 _ . oo takes
= = = . mm axke
req bw fC' 150@ max

= Spax = 150 mm

Use 2-Leg 9 10 @ 140 mm , and 2-Leg @ 10 @ 200 mm in the middle space.

4.7 Pos. (C4,B3): Design of column C3:

B2 5 &
B3
g / %ﬁl \ Cp
|. )
% B
4
B3
B2 B

Figure (4-15): Place of column (C4,B3)

Col. 4 40cm*40cm 28 Mpa

420Mpa

YA
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C3:

DI = 966KN/m2
LI=912KN/m2

Pu = 2618.4KN/m2

e In 0.4m-Direction(about x axis)

kI—u<34—12m ............... ACI -(10.12.2)
r M?2

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).

R: radius of gyration = \/L\: ~03h .. For rectangular section
Lu=425 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.

vAa



m<34—12ﬂ ............... ACI —(10.12.2)
r M2

1x4.25

0.3x0.4

. Long Column in 0.4m:direction

=354>22

¢ In 0.4 m-Direction (about y axis)

KU gy oML ACI —(10.12.2)
M2

r

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

R: radius of gyration = \/L:z 0.3h

Lu=4.25m

M1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k,
shall be permitted to be taken as 1.0.

m<34—12ﬂ ............... ACI —(10.12.2)
r M2

1x4.25

0.3x04

~.long Coloumn in 0.4m:direction

=35.41> 22

E I
El =04—2 ..., [ACI318-05 (Eq. 10-15)]
1+ B,

E, = 4750,/ fc' = 4700 x /28 = 24870Mpa
_1.2DL _ 1.2*(966)

—0.443<1
Ps Pu 2618.4
3 3
Ig _ bxh _ 0.4x0.4 _ 0.00213m*
12
£y _ 04x24870x0.00213 _ , o

1+0.443



72El

P o= s ACI1318—05(Eq. 1013
cr (KLU)Z ( q )
2
314476 h3omN.
(1.0x 4.25)*
M1
Cm = O.6+O.4(mj ............ ACI 318 — 05(Eq.10 —16)
Cm=1.... According to ACI318-05(10.10.6.4)
5 =M 510 ACI318—05(Eq. 10 -12)
1- Pu
0.75P,
1
Os —1_ 26184 =18>1
0.75x 8032

d = 500-40-10-(25/2) = 437.5
d=40+ 10 + (25/2) = 62.5
y=0.9
From the interaction diagram constructed in PCA _ COLUMN program:
min p=0.01
Select the longitudinal bars:
A, =p xA4 = 0.01x400 * 400=1600 mm’
Select 12 g 16 with As =2412mm* >1600mm?

4.7.1Design of the Stirrups:

The spacing of ties shall not exceed the smallest of:-

AN



spacing <16xd, =16x16 =25.6 cm
spacing <48xd, =48x1.0=48cm
spacing < least.dim.=20 cm

Usegl0 @ 20 cm

el1f@l2dcm

10
32— L=14Bcm
10
32

ploE20cm
l_ﬂlz L=108cm

o | o o

[
‘% O—IS e b A

3 12616

Figure (4-16):Reiniforcement of C4

4.8 Design of Isolated footing (Under Col. 4):

28 Mpa 420 Mpa

4.8.1Load Calculation:-
- From column (4): (DL &LL)

* Service dead load ( DL) = 966 KN

* Service live load (LL) =912 KN

* Column dimensions =40 cm*40 cm

* Allowable soil pressure =400 KN/ m?

AY



DL(KN) | LL(KN) | Column all. soil pressure
dimensions
966 912 (40%40) cm | 400 KN/ m?

4.8.2Calculating the weight of footing:

- Weight of footing ( assume n

= 0.55*%25 = 13.75 KN/m?

footing — 55Cm)

Wfooting

- Required sizes of footing:

A,required = P - 966 +912 =4.9m?
0, 400-5—(0.55%25)
Try 2.6* 2.
hfooting Wfooting qnet A, requ | red

55cm 13.75 KN/nj 300 KN/m? | 6.72

4.8.3Depth of footing and shear design:
Pu =1.2DL +1.6LL =1.2*966 + 1.6*912 = 2618.4 KN

2618.4
= = 2
qu 26%26 387.34 KN/m
Try area Pu qu
2.6m* 2.6m 2618.4 KN 387.34 KN/m?

4.8.4Determine the Depth of Footing Based on Shear Strength:-
v Check for One Way Shear Strength

AY



Vu=(|§—g—d]*qu*b:(2—;5—0'—;0—dj*387.34*2.6 ™S | skum®

AVe =%@*2.6*d*103

Inclined crack

[

Let,gVc =Vu
d =0.406m Critical section for | R

Y ributary area for
h = 406+ 75 + 20 = 501mm one-way shear ] ooty gese |

Column

v' Try h =550 mm .....d =550 — 75 — 20= 455
mm

s B
NN

One-way shear,

0.75 406 501 550 455

4.8.5for Two Way shear Action (Punching).

* The punching shear strength is the smallest value of the following

equations:

1(, 2)\[.
¢.\/C = ¢g(1+ E]\/Ibod
A =¢.%( %s +2)Hbod

b, /d

#V. =41 b

Where:

A¢



Column Length (a) 400
© " Column Width (b) 400

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

= 4 * (0.40+0.455) = 3.42m.
VU = ((2.6*2.6) — ((0.40 + 0.455) * (0.4 + 0.455)) * 387.34 = 2335.3kN

a, =40....... for interior column

AV :¢%(1+ﬁ£}/ f.'b,d :%*[Pr%j*\/2_8*3.42*0.455*103 —3087.8kN

’ *
Ve =g~ % y2]t.'b.d =0'75*[40 0'455+2j* 28*3.42*0.455*10° = 3767.9kN
12\ b, /d 12 3.42

PV = ¢-%\/ fclbod =0'—;5* 28*3.42*0.455*10°% = 2058.5kN

Vu=2240.3 KN >®V¢ =2058.52KN.................. not OK
(Two Way Shear is not OK)
h (mm) d (mm) b, (M) Vu (KN) | ¢V, (KN)
650 555 3.82 2146.7 2804.6

(Two Way Shear is OK)

v" Design for Bending Moment of both direction.

h (mm) d (mm) b(m)
650 555 2.25




125 I=1%n %325 L=1 0
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400
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Figure (4-17): Isolated Footing 5

d = 650-75-20 = 555 mm

Mu =387.34*2.6*1.85*1.85/2 =1723.37 KN.m

= fy 420
0.85* fc'  0.85*28
_ Mu/¢ _ 1723.37*%10°/0.9 _

=17.47

Rn = > = ,—=2.15Mpa
b*d 2.6*(0.555)
1 2mRn
=—(1- -
p=—( y )

sz 1 - Ji_W)zo_ooeg
420

ASreq = 0.0069 (2600) (555) = 10063.66mm?> ASpin = 3042 mm?

ASmin =0.0018*b*h == 0.0018 (2600) (650) = 3042 mm? ...

AT



_T7E*9 _99%
g= 2600 75212 22 25=90.5 mm

*Step(S) is smallest of:

1. 3h = 3*650 = 1950 mm
2. 450 mm - control
S =90.5 mm < S,max =450 mm - OK

1723.37 | 17.47| 0.96 Mpa | 0.0069 10063.66( 3042 |90.5

*Check strain
Tension = Compression
A x fy=0.85x f 'xbxa

10793.75x 420 = 0.85x 28 x 2600 x a
a=73.3mm

C=86.2

_ 555-86.2

& % 0.003 =0.0163 > 0.005...0k
86.2

10793.75 73.3 86.2 0.0163

AY



4.8.6Development length of flexural reinforcement:

Ld for @ 20:
L, = gx fy 8 axfBxyxl 5 :gx 420 X1XIXO'8Xlx25:57l.5mm
10 /fc’ k, +C 10 /28 2.5
(mJJ
Available length = ((2600-400)\2) - 75=1100
1100mm > 571.5mm ............... ok

4.8.7 Load transfer at the column-foundation interface (Dowels design ):

*In footing :

®Pnb = D(0.85fCc'A, x %)

A;=0.40*0.40 = 016m2
Az— 6* 2.6=6.76 m?

/ 1/67 6552 e, A 65
A

CDPn.b 0.65x (0.85x 28 x 0.16 x 6.76) x 2600 = 43504.11KN
®Pn = 43504.11> Pu = 2618.4........... ok
The Dowels are not needed for footing

As,min =0.005 * Ac = 0.005 * 400 * 400 = 800 mm2

Use 22d 25 , As,provided = 10793.75 mm? > As, required = 10063.66 mm?

¥

LT T T e
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ﬁ —
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Figure (4-18): Isolated Footing Detail
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4. 9 Design of strip Footing:

S
.A?-.-.

S

T,

e

e

o

ol

Iy
I
T

Figure (4-19): strip footing

4.9.1 Determination of load:
From slab and Wight wall

Total factored load =100 KN/m.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/mz2.,
Assume footing to be about (60 cm) thick.
live load =5 kN/m®

Qatiow =400 - 5- 2.6*18 — 0.3*25 = 345.9 kN/m?

= For one meter strip

A4



A= 150 = 0.44 m?
3459 M

B=0.8m,h=30cm
d= 300 — 75— 20 = 205 mm
Quit = 150/ 0.8 *1 = 187.5 KN/m?.

4.9.2 Check of One Way Shear:

Vu = 1*(0.275-0.205)*187.5 = 13.125 kN
oVe=2/fcxdxb

75
oVe = o 24%0.205%1=125.5kN

@Ve >Vu

4.9.3 Design of Bending Moment:

In longitudinal direction

Mu = 187.5*0.275%/2 = 7.1 kN.m

Mn = 71 =7.88KN.m
0.9

* -3
Kn= M _788710° 0
bd 1*0.205
fy 420 =20.588

m= - =
0.85*fc  0.85*24

p1[1— /1_2xmenJ
m f,



PO {1_\/1_2x20.588><0.187

~ 20,588 420
ASpeq = p*b*d =0.000144*205*1000 = 731.22 mm*

J =3.567*10"°

AShrinkage = 0.0018 b * h = 0.0018* 300 *1000 = 540mm’
ASpeq = 731.22 > ASq i1yage = 540mm?
Use ¢ 14

No.=731.22/154 =475 , Use 5 bars
¢ 14 at 20 cm c/c

Check of strain:
As*fy=085*f.*b*a

770* 420 = 0.85* 24*1000*a
a =15.85mm
x= 2 158 10 65mm
B 085
. _205-1865
* 1865
¢, =0.03 > 0.005

X0.003

= OK

In transverse direction :
Aqmin =0.0018 * B * h
Aqnin = 0.0018 * 800* 300 = 432 mm?

Use ¢ 12
No.=432/113=3.82 , Use 4 bars

Use 4y 12

4.9.4 Development Length of main Reinforcement

F
ldreq — 9 y ¢e¢s¢t * db

— k k
10 l\/ﬁ kt;‘;cb

9



9 420 1+1+0.8
— %k *
10 1x+/24 2.5

Ld available = 400 - (250/2) - 75= 200mm

ld,eq = *14 = 346 mm

Ld vailapie= 200 mm < ldreq = 346mm
Use Using hook >16* ¢
Required length of hook>16*¢ >16*1.4 = 22.4 cm

Use Hooksel. = 25 cm > Hookreq = 22.4cm

@14@E200mm

.
[ ]
b
¥
-]
| I
)
0,13
10m !

1m 0. 1m

Fig. (4-20) Strip Footing Detail

4-10 Design of mat footing:
Let take F33:

Y



Fig.(4-21): Footing 33

By using Safe program we find the reinforcement of mat foundation
shall be as follow:

E+3

13.0
12.0
1.0

10.0
9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

Fig.(4-22):Direction 1: Bottom Reinforcement

¥



Fig.(4-23):Direction2: Bottom Reinforcement

Fig.(4-24):Directionl: Top Reinforcement

Q¢

E+3

13.0
12.0
11.0
10.0
8.0
8.0
7.0

6.0
5.0
4.0
3.0
20
1.0
0.0

520.
480,
440,
400.

360.

320.
280,
240
200.
160.
120.
B0.

40.



Fig.(4-25):Direction2: Top Reinforcement

q0

0.00
0.00
0.00

0.00
D.UCII
000

0.00
0.00
0.00
0.00
rog
0.00
0.00

0.00



4-11Design of Basemen wall

4.10.1 load calculation

SEMAME

|
=

0,35
—

4,75
4
4,33

=

UJ]- 013

Fig.(4-26) basement wall

Fc’=28 MPa, Fy=420 Mpa, ys=18KN/m®, qall=400KN/m? ¢=30, surcharge
=5KN/m? , wall thickness =30 cm
K=1-sin¢g =1-sin30=0.5
W,=K=xhxy=0.5=x435%18 = 39.15 KN /m?
Wy, =K*P=05x5=25KN/m?

4,33

wWs=25 Wes=2915

1



From Atir we have moment and shear envelop :

Moment/Shear Envelope (Factored)  UnitskN meter

Moments: spans 1to 1

5.5 97

228 85.7 1.87

Shear

-68.2
-47.4

37.2 347

Fig.(4-27) shear and moment diagram

4.11.2Design of Bending Moment
D=300 — 40 - 10=250 mm

o M0
b-d?
*1N6
R, = 557710 =0.99MPa .

" 0.9*1000*250°

v




fy

m =
0.85x fc'
m =429 _1765
0.85x 28
1 2mR * *
o =_{1_ /1— " J _ 1 [1_\/1_ 2*17.65 0.99J —0.0024
m f, 17.65 420
As req = 0.0024*1000*250= 602.2 mm“m........... control

p = 0.0024 > pmin = 0.0015 ... ....0K
Check for spacing
3h=3*350=1050mm
S=450

For horizontal bars use the half of the min. in each side
0.5*Ash,in=0.5*0.0025*300*1000=375 mm?/m
Use ¢ =10

Check for strain:

Tension = Compression

A * fy =0.85* fc' *b*a
753.6* 420 = 0.85* 281000 * a

a=13.3mm
c= a = E =15.65mm
£ 0.85
& = M*O.O% =0.045
15.65

&, =0.01108 > 0.005—— 0k



4.11.3Check for shear

0.75
PV, = %/E* bxd= Tm* 1000 * 250 * 1073 = 165.35KN

0.5 ¢ V.=0.5*165.35 = 82.67TKN
V. >Vu

Vu < 0.5¢Vc

165.35KN >47.4KN
82.67KN>47.4KN

The thickness is enough

4-12 Po.(ST 5): Design of Stairs

L Bo4

(4-28) : Stair (ST1A 5)
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NOTE: (Material)

v *B300.... fc'=30N /mm?(MPa) For circular section

but for rectangular section ( fc'=30*0.8 = 24MPa ) .

4.12.1Determination of Thickness:
L=0.4+3.0+0.6=4.0m.

hreq = L/ 20

Nreq =400/20=20cm ............. take h=20 cm.
= Use h =20cm.

0 = tan™(16.0/ 3.0) = 28.1°

Cos 6=10.88

height rise run LL fc' fy

3.5m 16.0cm 30cm 5 KN/m?2 24 Mpa 420 Mpa

- Minimum slab thickness for deflection is (for simply supported one way
solid slab)
h,min =L/ 20

h,min =3.85/20=19.25cm. ............. take h=20 cm.

= Use h =25cm.

B =tan(16/ 30) = 28°




h,min (cm) 0

25 28°

4.12.2Load Calculations

Dead Load calculations of Flight :

0.03 x 22
Plaster = W = 0.747 KN/m
0.20 x 25
concrete = o528 5.7KN/m
0.3+ 0.16
mortar = o3 0.02 x 22 =0.675KN/m
) 0.3 x0.16
stair = 03—><2 25 =2 KN/m
0.35+0.16
Tile = T a— 0.03 x27 =1.377KN/m

Total load (DL) = 10.5 KN/m

Live load (LL) =5 KN/m

4.12.3Dead Load calculations of Landing

material ama h(m) b(m) KN/m
Tiles 22 0.03 1 0.66
Mortar 22 0.02 1 0.44
RC 25 0.20 1 5
Plaster 22 0.03 1 0.66
Total load (DL) 6.76

Live load (LL) = 5 KN/m2

Table (4 — 4) Calculation of the total dead load for landing.

KR




Total Factored load,,,, (W = 1.2DL + 1.6LL)

For Wy, , W =1.2%10.5+ 1.6*5 = 20.6 KN/m

For W

landing /

W =1.2*6.76+ 1.6*5 =16.112 KN/m

Wflight (KN/m) Wlanding (KN/m)
20.6 16.112

load group no. 1

Dead load - Service Units:kN,meter
20.6

16.1

3.2 0.6

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

| T N ls.00)

3.2 0.6

Fig. (4-29) Loads on stairs




4.12.4 Structural System Of Flight:

20EKM M2

S0P

S03KH

3 08m
Q.dm

Fig.(4-30) Structural System Of Flight

4.12.5Check for shear strength For Flight:

Assume @ 14 for main reinforcement:-
d=h-20-db/2=200-20-14/2 =173 mm
Vu =27.28KN

_ 0.75*/24*1000*173
6

Ve =105.94KN /m

Vu=27.28 KN < 0.5* ¢9vc=52.97 KN .

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



db (mm) h(mm) d (mm) Vu (KN) gVe (KN)
@ 14 200 223 27.28 105.94
4.12.6Design of Flexure:
MomentiShear Envelope (Factored) Units:kM,meter
Moments: spans Tfo 1

Fig.(4-31) Moment diagram Of Flight

m =
0.85x24

Mu = 36.8kN.m
Mn =Mu/0.9=36.8/0.9=236.8 KN.m.
d=17.3cm.
K. - Mn
b-d?
* 6
<, = 36810 e
1000*173
_ by
0.85x fc'
420 _ 20.6




2mK * *
pzi 1- h_2mK, |_ 1 1—\/1—2 20.6*1.23
m f, 20.6 420

AS,, = 3.02*10°*100*17.3 = 5.22 cm”

As,. =0.0018*b*h = 0.0018*100* 20 = 3.6cm?
As,. = 3.6cm’ < AS = 9.22 cm?

Use @ 14@25cm >>> 1.53/.25 = 6.12 cm’
As provided = 6.12 > Asreq

Check for strain:

Tension = Compression

A *fy = 0.85* fc' *b*a
646* 420 = 0.85* 24*1000* a
a=13.3mm
_ 2 _183 _ie6mm
B 085
;o 2181560 00
15.6

&, =0.0389 > 0.005—— ok

4.12.7 Secondary reinforcement:

AS g rinage = 0-0018 x b x h = 0.0018 100 x 20 = 3.6cm”

Use @12 @ 30 cm

J =3.02*10°

................. With As = 3.76 cm?2.
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Figure (4-32) : Stair Section A-A



4.13 Design of Shear wall:

4.13.1Calculation of loads:

W Base2 Floor = Weight of slab + Weight of stair + 0.5* (Weight of upper columns
&walls ) = 19500KN

W Base1 Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns
&walls + Weight of lower columns & walls ) = 21850KN

W Ground Floor = Weight of slab + Weight of stairs +(+,® Weight of lower columns &
walls) = 11390KN

Wrotal =W Base2 + W Base1t W Ground

Wrotat = 52740KN

4.13.2Calculation of shear force on shear walls:

From Uniform Building Code 1997 (UBC):
Z=0.3 zone"3"

R=55
1=1
Ca=0.24
Cv=0.24
h =12.2

Ct=0.0488
Where:

Z=Seismic zone factor as given in table 16-1.



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

I= 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 = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the base to level i, n or x, respectively.
3/4 -
T :Ct(hn) Eq.... 30-8 (UBC)

T =0.0488(12.2)*'* =0.32

*
v, = Sy 2 02871 0137w
RT = 55%0.33

V <0.11*WKN.....control
V >0.03*WKN
F, =0.07*T *V =0.07*0.32*5801.4 =129.95KN

Table (4 —5) Calculation of the total Fx.



Fx-Diagram

6850 P

Ground

14810 Lo

Basment 1 1945&

Basment 2

Figure (4-33) : Fx-Diagram

By using the software (ATEER.) to Analysis the shear wall it was get
result as the following:

Vu-Diagram Mu-Diagram

175 175
315 %| Ground 490 743.75KN.m

—=|

520 »| Basment 1 1010 11.75KN.m
—=|
4 Basment 2
6654 .75KN.m

Figure (4-34) : Moment & Shear-Diagram for Shear Wall.



Shear Wall Design Parameters:
fc' =24 MPa

fy =420 MPa.

h=30 cm. Shear wall thickness.
L.,,= 3. shear wall width
Hw=11.75 m. Story height.

Design of the Horizontal reinforcement:
Internal forces & moments:

D Fx =Vu =1010KN

Critical Section

Lw_35_ 1.75m(Control )
2 2

hw = 1.7 =5.875m
2 2

Mu = 2311.7 +1010*(4.3—-1.75) = 4887.2KN.m

Design it by using Reinforced concrete:

Vu =1010KN
Vn =Vu/0.75 =1346.7KN

\RK



4.13.3Design of shear
d =0.8*Lw=0.8*3.5=2.8m

Ve, = %* fc'*h*d = %\/24 *0.3*2.8 = 685.9KN (Control )

Jfc'*h*d N, *d +24*030*2.8 1*28
Ve, = + =

+ =1228.8KN
4 4='<|W 4 4*35
PESN 2*1
I, |+ fc' + u 3.5 V24 +
ve | Afe ( 'w*hJ Khxd |24 ( 3:570.3)1,03"28 _ 559 8KN
3= M, I, 10 | 2 48872 35 10

v, 2 1010 2

Vs =Vn -Vcl

Vs =1346.7 — 685.9 = 660.8KN
(AVh j Vs  660.8*10°°

s2 )

= = =5.6*107*m
Fy*d  420%2.8

(—A‘;hzmin j =0.0025*h = 0.0025*0.30 = 0.75*10 *m(Control )

S2= % ~3500/5 = 700mm

S2=3*h=3*300=900mm
select >2¢12 > As = 2.26cm2

ﬂ =0.625mm
S2

% =0.75 — S2 = 301.3mm(Control )

Select.....S2 = 25cm < Sreq. = 30.13cm
S2selected = 25cm < 75cm < 70cm
use....2¢10 @ 25cm(c/ c)in 2layer

Select 2 12/ 25cm. In tow layer



Puin = (0.0025+05(2.5- h—W)( Avh _ 0.0025))S, h,
Iw”"S,h

hy 175 536525
L, 35

Avn=0.0025xS, xh,

S, = 1 L, = 1>< 3.5=1166.7mm
3 3

S, =3xh =3x300=900mm

Select 2¢14With area As = 3.06mm?
306 = 0.0025x S, x 300

~.'S, = 408mm(Control )

Select S, = 25cm < 40.8cm

S =25cm

—> Select 2¢14/25cmc/c

Mu = 6654.75 KN.m
> L

~ 600 * (S,,/hw)
Assume Sn/hw = 0.007

3.5
>
600  0.007
C,=C-01xL,
C, =0.833—0.1x3.5 = 0.483m

C

C =0.833

c, == =983 _ 4 4165m
20 20

Select Theboundaryelement = 50cm > 48.3cm

ARA



3.5

ps, =W s, —s = - 306 = 4284mn’

sl

Z 1

Lw  2+(0.85*% B* fc* Lw*h)/(As, * Fy)

Z _ 1

Lw 2+ (0.85x0.85x 24x3.5%0.3) /(4284 x107° x 420)

=0.0825

Mu =0.9x Fy x 0.5x As, x wa(l_(Li/ZD =
w

0.0825

0.9*420*0.5*4284x107° x3.5* (1 ) =2716.9kN.m

Mu =6654.75—-2716.9 = 3937.85kN.m

Design

3 Mu/ ¢ _3937.85x10°/0.9
fy x (Lw—Cw)  420x (3500 —500)

As = 3472.53 + (4x113.04) = 3924.69mm?

. Useg20—— Select 14¢20 — As = 4396 mm?

Ast = 3472.53mm?

YYY
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