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Abstract

The main objective of the project is to work the construction design of all the construction elements
contained in the project, from foundations, walls, columns, beams, slabs and many other construction

elements in the building.

The building consists of four floors leveling and ground floor and the first floor, and the total area
(9060.04) square meters, an educational building serving students in the field of engineering, includes
classrooms, teachers' offices, amphitheater, engineering workshops, places for student activities, car
garage and other services, and the design is architecturally characterized by a modern civilized style
and the student's sense of heritage architecture, and it can be said that when designing or reformulating
contemporary urban spaces in Arab cities, it should be said that the cultural and artistic heritage of
Avrab cities should be preserved in the cultural and technical heritage. The site was treated based on the
harmony of the building with the nature of the location of the decline and the overlap of relations
between the inside and the outside through the use of the courtyard as a vacuum to create the transition

from the public to private space.

We will use the Jordanian code to determine live loads, and determine the load of earthquakes. As for
structural analysis and section design, the US code (ACI_318 08) will be used and we will rely on
some computer programs such as: AutoCAD 20, Atir, and Microsoft Office, ETABS 18, SAFE.

The project will include a detailed structural study of the identification and analysis of the structural
elements and the different loads expected and then the structural design of the elements and the
preparation of the operational plans based on the design prepared for all the structural elements that
make up the structural structures of the building, and it is expected after the completion of the project

to be able to provide the structural design for all construction elements, God willing.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.
As = area of non-prestressed tension reinforcement.
A = area of non-prestressed compression reinforcement.
Ag = gross area of section.
Av = area of shear reinforcement within a distance (S).
At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.
bw = web width, or diameter of circular section.
¢ = compression resultant of concrete section.
Cs = compression resultant of compression steel.
DL = dead loads.
d = distance from extreme compression fiber to centroid of tension Reinforcement.
Ec = modulus of elasticity of concrete.
. = compression strength of concrete.
fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.
Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supports in slabs without beams and face to face of

beam  or other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

X1l



Wc = weight of concrete.

W = width of beam or rib.

Wou = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.
g = strain of tension steel.

& = strain of compression steel.

p =ratio of steel area .

X1V



-1 - 0¥ Juadl

daddall
dadal)
g9 pal) il aaf
gl Al
gosdall L) Glaod
&9 pal) Aliia 3gan
Gilaleal)
s iall J guid
Eadall Sieha)

gopiuall (aill Jgaad)

1-1

2-1

3-1

4-1

5-1

6-1

7-1

8-1

9-1



tdadial) 1-1

oy o Aanall dnaall Chuslailly gl e oSl el ) aibly Se plady) Gl
slall 138 oLy 4y daiall dlsall aaiialh cai€ie okl agia) 4T ae CaSilly el shadl bl skl aYla
celall B s aadiead) crienlg paall daladia) ) Yoeay ¢gpually jlanlly cililgaall dslag ilial o

daalally Lalel 4l Ve (8 Lacadiall 201 ) olaiVh Ty LaslsiSilly aail) clillaial dilaiudl
el (@adlly dnall 38Dally dnSull Badl)y hiddinally Gulaally laalad) Jie Galdll slise zlia) JS) Jead
Gl lalial Al Gl ASlse e » Y OIS il eliall 2V pes atls skiy L) sk aas
Ayl 58l ) (8 Lt el s (e alglag o)\ i (63 Guvigal) o3 ol L e cpellidly agilid Cabisay
1 el S aseatl) sa5 skl saxia el SLEY) mecail) bl aldll s g piall 138 8 bl jena

Al diae B (g)lendll Laleall agas

g9 pdal) Cilaaf 2-1

P Cpend ) g pdial) Calaal ausis
p A lera Cilaa]
aa) by Gl ad oy oy 801 glaty) alasio) A (e, 80 Bleally Gl (ulua) e gyl 5,58 a5
Bpala) duyiasll clehill delia Bale] ol aracad vie iy 4 Joall Sa Ayl gHlaaly 1Y) Lalal A e
Slasyy sl e anliall S gy, iy illy AU Cigysall BlinY) dauld Jalge slela Lupall paall
LAl Al clylie ) sleljag dva geadl)
s dgili) Célaa
Blele pe clhbidll Jlo ddlidy) opalic aus 5 Adbdal ajliall culial) Slasy) pladl jlasl e syl -
. Glead) llall e Ll
G Jsad) dal (e dabiad) clileadl DA e Dahyall s ol Laakd) claglea) 88 Calag o Jaall —

- alSie g e



CAalal) o Lgae Jaleill £6S Aijra 5 Auhyall Pl i€ o saas 48las) Gyba 5 ziles e Copaill -

189 dal) dd<ia 3-1
¢ e dgad 5Kl LAY yealial) maand ALY meeadl) 5 Jbatll L pg il I3e ASE. i
UL e B8] yealial) (o peaie (S st e Jlaall 30 8y ¢ Gl 13g] Ulase 00sS0 salaie) 5 (53)
zoleil) aiacais sl dant 5 (e, adle Aadlgl) Jlea¥) sty il il Ghang sually 33ee Y1y lactly
S aalay) jabiall Ll cillabid) Jae g & (gag, Liiall gla¥) dale SLae¥) ga 32Y) aa, g o350

2l s A A s e gopdiall 138 21AY ) lpasenan

e pial) i) land 4-1

& rabial) Cabiddd L) sl 8 Bleall GLaS) lgaal e sal B30 () pasdall Las) dueal 35a3
Aglay) bl Ajeall ol ) ALYl Gl 13a 8 dcape 3 ggsdall Jie degall bl dualiy o il
ay Ugalgine lly ALY aliiall 25 apenal 3 dadiall doleally Loalall d8jnall ClaS) clliSy (LBl 8 daiidll
) ela o) daal) Bom S A0

Gl ¢ cald dgan 435 g el Ampday (3l il Lgia gyl 138 5Las) ) candy Glaud s2e Sllia
PSR TR VNN I OVE VDRV U IR g PP

D g phall dada ddlaial i)

Ol (ool dlac g dnale Bacld ol & caleil) agadll e 5 daaal o ol -
c il Al e (B aeadd oAbl lgaatey Al claloaV) AiS 4 jigm JalSie el gl dalsll -
s daddd) ol

- LAl gl s o (b Jaal) 08 &) -



¢ g yaad) SBLadl (e Loli) 5 ) AR sl Ll U e SLEY) pecal) Syl i) b du -
e dadlgl) Jlaal)

- el sl Cillie lele e Aahaall Al cillabiall e} b Bl 5 5l ls) -

g9 pdall Ui 3908 5-1

bl ) o deaill DA deadl s dus ¢ RSl Aalll o opoyddl B b dedd) i

AT g3 )he A (e 202012021

slaluadl 6-1
((ACI=318-19) ddtall L8l asaleaill 3 paY) 360 slaiel-1
.(Atir, Safe, Etabs) Jis say! avaailly Jalaill ol alasiul—2

-(AutoCAD 20, Microsoft office Word & Power Point) Ji Gl b3

tggsiall Jguad 7-1
tots st dnyl o ol a5y
calal) dasidl Jads 1 Jg¥) Juadll
gapiall (Hlanall Caagll Jody 1 S Lt
coall LALEY) yealiall Ciay Jady D) Jadl)
AL yealiall ALY apeeailly didail) 2l Jeadl



g dal) clela) 8-1
Sy sl ladly o pdall Calaal aa Lgiilsig dulanall alsil) (e Leagdl @lldg dlenall cillabadall &y —1
ADL)
Y IS Gl Gy jseally 50ae YIS paliall 038 aysh AaaSy isall A35<al) LAY yualiall dudpy —2
O dale 5 ol cuilal) 3ang g gungal) (larall apanaill ao (laly
Jla¥) da Ll caas Alay) paliall Jilatg cud) e 3gall Jlea¥) aaas =3
il il e by 45Laty) jualiall anecas —4
By Jaliall Sl Al £g sl z5a) Lpasana s ) AALAY] jealiall L) illabdd) 5las) =5

. . -...”

g sdall el Jgaal 9-1

ot S AU (yaly g pdiall Jlael Juades g ) Jgosl

2021-2020 bl Aiuall J5¥) Joail) M5 g pall sl Jgand) (1-1) Jsan

@,\Lﬂ\

16 | 15|14 |13 (12 (11 |10| 9 |8 (7|6 |5 |43 ]2]|1
Jaléal)

godall s

Z:' JLAM.“ Gildaladal) Z\.....ba

Ll ial) Ludya

clatad) £ \gily BaasY) aujss
gasdall ALY Julasl
ALY aranatl
Gilabadall dfas)
g9 pial) i
g sl 2 o




-2 - A el

S)laral) iyl

3

daial)
g9l (e dale daal
gosdiall &hsa

4.8 Jablal) Cag
<ilgalsd)

A ghl) atalial)

JAlad) 5 ASal) Crag

Jalaal)

1-2

2-2

3-2

4-2

5-2

6-2

7-2

8-2



rdadiall 1-2

Alleally doleal) cilalliall ¢ el oo Lgia Caglly ¢olidly manaill iy 08 Wil dulanal) dunighl Cayes
AV e o) aaf S ma g oSa 4 a2 (land) Guigall dae 8 cllliall @lls Gy daadll e Yy ¢slull
agdl shall Culyas olill Aoy ISally painall daulal Tady

Aalait¥ly Ll dlan]) Cldaedl) o alaie WU cold) manaly el (o 1o (Hlanal) utigall Jos
gy S aias ) a2 gilally e LaaY)y

Guvia A58 Jola Lol gk lles ol e Wil 585 daely) dilee (8 (glendl) uvigall oo S
c@lanal) A Ailia g Aol il elid) ara iy dalaial ) dila) cAaidle

oo Y e gl Ay Sy cang JeST e siladl J s sae dabes S of Y dee b alall
by (il JK8 sy G (Hlanall aaanaills Gll Tany o(£5LEY) Aalilly doleadl Zall) Gaal o dows
S g sthad) aladYly clehall Guiatl azhial IV aisill (a3 ddbiaa) cililially Ciilagl) Gaias laeY) cpa

iyl gl LAl (g Loty Jyally dusgally HUV1 Zudys dbeall o3a

ig9pdall (o dale daal 2-2
L Chlga sk il dine sk (b el (53 5a¥) ¢ cadad s ol A gg)dall 8S8 adln
Gleliy loleny @byl e ael) sgaall Wjig ll ¢ Ll clalia) g b umy ala)l (i) e
CAY) Gl e byt s b 1S5 LUl claliall (Slalg dvia Jeliag may (epde ilKes u)
jolalally Gallall Aahl) (3Ra3 5 ) aludl o A5l JRD Jeww Cuns aaany e aleidll agadl
dakaiy aye sia (9060.04) ddleny) daluall glisg ,Js¥) Gillally siny) Gillag dused Gilshe Al (o Suall (3sSung
o (172) JSally , ally dlly SN g ppalls Blial¥) o selud Al dapall $Haally 408Y) laas (<& ()]

- sall alall g8sall



- P

alall adgall (1-2)J<al

1yl aBiga 3-2
3 o8 w8 e 18 a8 dalue ,Jilal) Alilae 8 dupall decall ol 3 () dedi a3

T LoVl s Il A0t 3



:adgal) Luaaf 1-3-2
O G, gopdall eV dadad oY aulid)l LA Ly aay e selad juleey puud 2o cllla
L @ban) aelly allall we (33lsls &5 ydall Aasall leasll 8 JalSal) sy el
b Glerall Llaall agae I = jiadll pranaill (V) dadad jlod) 8 dege Lala sac L (558
odls ¢ ple JSa Jhaall gavall daally (21 alge Ay (B paits @A) cuilal) sa  aBsall ddlaa ]
- oY) ddhe gilag ¢ Lall Ay ¢ sl dilag o adsal)
gsall L 5all A jally Aaeatll (3l Ay 4 o (53 il g 2 cDlalsall A2
Sl e S slail) o Lilsial s e )] el e st 3 culall sa bl sUaall.3
. il
Aglexd o i ¢ duelicad Aplat ¢ e sy ()] Ak Alasd) bl dasda : Adasl) bl Lalail.4
sl dlse  daesig ol aball udl e Wpdly (a)l) aadd e Sbadl od il 4uSy L &l

C Gang o) Lele i)y Aamall bl 8 dediied])

g lal)l 2-3-2

- 50 930 Al ail) e ggiune oo Ll DSl g LY s g sl (ggias aghon S AT A
Gun S O5S Hed sn 535 eV ST g Blalag 150 L sl 05 Gua (Jiina ¢l sa Al ¢l
I s 39a e Sang Dlag Bla pailall (058 Chmall Joad 8 G cdgia 4303 3.9 ) 4 phal) days s
DT Led Akl (b gl el g cugia daps 28.9 (M pihall dnyn duai Cus i) ha el a8l 0
Gy, A S cae jiake 589 Ley Uae¥) e Jabag Lgysl (e dedldll el Sl plas ed Ay
oS 63780 e sl L ZL dejud Jane ol dear Gun Lapal) dugiall 2alll e dusdl Lo~ L))

Lodeld



188N Jablcal) Chag 4-2
52 (9060.04) Zlasy) dalual) @dliis ,Js¥) Gillally (oum) alhag dsed Gilsha danyl e (iaall 01583

coa ) Al gl o Lolasil sl e a4l ), ) (8 Glaa)ylly Baoal) Cunliall COBAL ading , xa e

14 gl (gl 1-4-2
G JEAN 20 deamng 70 o gging s (% 1505) daluss (p —17.15) asaiar 4 dogustll Gilka

- ysaalls rmse sp LS bl g Cllge o (g5iat dnall daliaally , 3alskall

/]b /%%JI /L
N ™ ™N ™
N NN

i

W
4t

abk-_

7/
3

/
v

7

/IN

v

\

v

/N
WSSVl g | 1159514 7211 B R |

N

7

- |

Iy

4 Ggeil) 3k Libeas (3-2) 020

:3 dogead 3ol 2-4-2
t1-3 doged) 3ok 1-2-4-2
o Jll aadiy deeany 0 e gging, (e 1245.7) dalaw (o —13.35) Goseiar 1-3 Lsall 3ol

10



r3tal; baly

2
¢-13 35
FFL
=
-7.50
<

1-3 dgel 3l Likews (4-2) IS

:2-3 dageddl) Gl 2-2-4-2
Janl oy daany 230 e gging, ((p 427.1) daluas (o —10.50) swio 2-3 dugeall Gilka

Z\:\M L"_a\.a.)ij U"‘;’Jﬁ C_I\.::G} O yda g_ﬁ\s.q GJ:: nglaf} ’LB"!’H\ O

i
1
F::}‘?:E

|
|
L0
|

T T

TR A A

)
40} A0 [C=)]
PRI I

= N
%) =] > {s>sw) > o) O %)
te e
e TSNS IS TN INLT N
o o oo | o
o O il’ O Ty !
| |
S e || o
H | — S E— i
=2 BRas g I |
: = (= |
— | =B
[ s mE ‘H’
E 0,00 0,00 - I H
o] o o a9 o o o o = B 3l i
= =) E‘lﬁ =) E) =) C | | = ‘
T

2-3 Lgedll il Lieea (5-2) S

11



12 Ayguatll 3l 3-4-2
Baeia Aoy cakaally LyodlSlly davia Jeliey ) Gilelly Guwpre colSe o (gginsy , @ilshall G Janll

2 Agetl) (lda Lieaa (6-2) <)

:1 z\:guﬂ\ &b 4-4-2
iy, (2)amass (2)z0 le sing s (Cp 1430) Al (o ~4.00) Giseior 1 dugedll (3l
OSWls s 55 omeall Gals 739 pmally ,up s Cleliy Gaupie CilSe o (ginag Shaally , Bkl ¢ Jaml

PooR 2022
2220 AV

B 55059 :

: T R

2L 0010000
20
10

X
H00
LDOO0

edm
G

SIS 99O
=258 98

1 ausel) (3l Jabese (7-2) <20

12



:ga.'aff\ Gkl 5-4-2
daluar ,laghy A3l 730 dadly (o +1.00) LA) agaia I Jaing (2 +0.00) cosmsian ‘;.z.j{\ Gl
Jade los Gyl e (sinng Shyedls ,Gilshall G Jall pxdiey (3)anans (3)z0 wlo wsime s (Co 1664)

AQA AN
ARAAAN:
h AR
: 0 _ AHAAA A
o= ] - k S@aad K A4 3
Q =or A ﬁ FREREERERRS
i = (==} —' AT IITIITT
; oo ooy, CARMRE e Sy | :
8 sl T s
- P S | A 1 1111
[ oooooeooos. o P
1 =
R U c@ E=]
i e
A =
¢znm : ey

=¥ Gl Jada (8-2)J<all

:JsY) @l 6-4-2

dalae Lagin A3 20 daddsy (p +5.00) L3) Gseia I Jiiny (o +3.80) Gigwias Jo¥1 Gkl

ol laadlly dale cilaxdg, agaall 4)aY) ilsally  cpilasall CilSag 5181 o (gginsg LS Gleliy Ciguls

f _ioDEo e Je[ ? [ g8
™ Dollo(o e[le[lel] ™| &l gai~=
Ce[Jo[Jo e[Je[Je[] di ;

[

=
o
o

+6.00

dj‘Y\ L;,\\LS\ Ldia (9‘2)d§&.‘\

13



:algalgll 5-2
Y oll) Galdsll ) 4y aclal Alley dup g8 € (<0 claldll sigy (@lendl patigdl ()
cileladiuly el Al 5 Slealsl) Gn dsie Q)5 BlA () (@lanall g ¢ Ll ) (e g 5 (Al slay
Caasliall gl eclaidl) wjsh cld Aaaiica) dsall Cum (g Agalsll Jaalis (o Aluall JS slelye adde Ll (IS 1A

Agalal paacct Jlan 35 S dalal (n gt cclan il

Z&,y‘g.\d\ dgalsh 1-5-2

L3l AV dalaally nall )l Jaaall jeli L 5 sl Ll dgalsll oo dgalsll 028 a5
claidl) alaif aaes ) Al sl g g ) Aadisll T Cualiall Cadlaal dgalsl) sda I LW)
i) Cun asiialVlg = ladll (e 436Kl daalasll QS aladind g, el gl alasials derdiod) ddghl

- bl e ulal) 13g] Amda selinl s 5 aalss ) Yies Agalsll oda e

— my 18888
== ! G | 7 HOBE B
4 ) e I o | 499
{1([1-| [0 § o nliif
mmn il i
] Ll | 1% H-- i ‘ i
il n | 18 H ] -

a1
=& .

dugiall dgalsll (10-2)J<al

rAdladd) dgalgll 2-5-2

) AT Jalaally iaall A1) ) Cilge Jane el ey isall Zlal) dgalyl) dgalsll o3 a3
A gila g L ) Adadasl Tad Cualiall CB) Baadly zg ally Joadll Alsgnd Judl) Jabs ) a8
cies (Hlas JCa Lelyil) SIS s Lial gad jglay , oY)

14



} 1 § i

ALl Agalsh) (11-2)J<a)

:Zgyi.\\ dgalgd 3-5-2

o oyl J3al sglang , AR o) Ciise 4 Disell lae L (lohal) gaen dgalgll sda b el

e lally skl Culia CYER) el AV el Jalaally sl L3l dgal

ALLLLLLL]

T

Il

11t E‘
lr— iz

¥
| i | =

Aaall dgalsl) (12-2) <)

148 i) dgalsl 4-5-2

Geliall wysilly , Jo¥) el epdl) Jasally sl Js¥1 Gilally oY) Gallall dgalsll oda 3 el

Cdealdl e Jlen sedia el 1 Lalajll S Jlestioly 2l (U

[ [—

48,80 dgalsll (13-2) <l

15

/_/_/—



rddghl) adalial) 6-2

:(A-A) ahaiall 1-6-2

g skl Cileling glang , alshall (s JEEL ol ) g Adalal il Cilsa adaiall 138 b el

uu!“

] ]
] ;,-"ﬁflj
s’

A-A il (14-2)0<a

:(B-B) ahial) 2-6-2
i, el el oall Jandl selang 4 gl b o) Cige glaiall 138 3 gl

L Gdshall el )ls (i)

B-B akidl (14-2)J<al

16



rJalaally ASal) Chag 7-2

G bals i ally ¢ ASaN 8 Ageadly oleYls dabl) slelie & Cun ¢ ) Jon Al JIKET s
@l sy il ola ASall Ll g (15-2)dSal ¢ duagenlly 4aY) Aall Wahyy Judl ) Jseasl
has DA Ga b IS8 Gkl g 25 gl aal) Al b Daageally 281 AOAN daalls Wl i) Aluasal

- i) 21Vl selad) Gl o S5 Leilpguss A5l Zsng pe e oy

Jaladlly Al (15-2)J<al

:Jalad) 8-2
fle gapdall (g
gl Jeliall Yoy Gueb cpldne ) ALYL o)) oal) Jaaal -1
Ccaliie Cigusia agie SIST Ciginll (he da s Jalae DG Y ALV catyl) gl Jaadl-2
zsoally Joaall Asgad Calide Ciguia agia JST Jinall el culal) ope due b Jahae 36 -3
LYy Cuilagall Jg¥) Gallall B8l Culall e pals Janed
LSyl g Jsaal i) Jals bl Cillgdd Jlasll Jaadi-5

17



-3 - Gl Jeadl

Ay Chagll

dasial)

ALY asaall] (a iagl
ALY arasall) Jaa

Jlaady)

Laland) c),LIaY)

g9 puall 45s€al) Ailay) palinl)
il Jualgd

geilad) el

18

1-3

2-3

3-3

4-3

5-3

6-3

7-3

8-3



tdaadall 1-3

lghagy Ailadyl yualiall duhal Slady) culall JENY) e 0¥ Llesall alill e g pdal) dulpy 2

g b Sl meaty oAl lgae Jaladl) a5 sl o bl JlaaY) dands 2aby o Cus T liay
s riall (gala®Y) Culall ely aladnaVls Gl il

QLS slelyag 03lis) ahall goydall dualiall dALEY) yaliall jlodly (sall (ALY areal) Gl LS

Aplenall aseleatl) e Jailaig Ll aall 50 Gy algl) ()l e b

:g.\‘hi.'\:l\ asaaill (e gl 2-3

avigl Al pea o Gl e e dseand) g geie (Y ALY aeatll e alell Cangll )
e dadlgll JlalY) gaen Jeals o Lgill Jasas ¢zl ¢ =Ly ¢ G5 e Aumylad) ligall maead aglieg ¢ Alinyls
ALY ) ARSI slelye pa Al ()il aladiaN] Endla o Blaall cgll Guin i

Gty Alalal) jualiall 45L5Y) adaliall aganal 58 Ui g i 8 43 alll) o) 5 g2l LY apanaill (ld 13g1
é)AY\ 2 Sl
Building Code Requirements for Structural Concrete (ACI)

- ol oLy ALY ealinll apan3 2 L

Adliaal) Fgnlall il 2 iy ) Y1 e 8 Ol il 050 G - 1(Safety) LY e

Apala) 413 Jal Laiall eI (e 38 ) s a5 - (EcOnomical) dnlasy) 46l o

L gagl) ) 53l (lany 5 BRI (a3 g oS Liiall 8 JIa 6l cainsi - (Serviceability) plaaiul) 3ol Glaca @
sl ardine gl of Ll (e

Lindl o jlerdl) pranaill e Llisll o

19



:ébﬁd:}\ asadil) Ja)ra 3-3

o) Odilaye (J) AU sseail) dalie aadi Sa

t el Alayall —1
Bany Ahdall 4xilen paen (e gopdal agdl ALYl cdanng opdal) denb Cun (e ggydall LYY Aol ag

e Axdgial) A0gY) 2le¥lg ¢ allatll 13g] Lauslea) ALY Q) dae b cgg pial Laalaic) iy Ciges Al £l olga
s3lEl) dlsyal) -2
decs lid) & (g3l Slay) Ul Gy 3dsy Jeate IS0 Lasadl ehial o ein JST LAY aracall 8 ian

el das 2 Jaealig Aol cle Usilly 2880 blasall posy om0 4l DU L5LERY) palisilly Jrealis)

:Jaal) 4-3

Baal Ly e gl Of G, Lbeatd L) e a5 Liaid) e i Al (ool degana 8 Jlaal)
Sy el o lla S Jlea¥) Glia Dlee 3 Uad ¢l oY Alle 8y llea iy JleaY) e glsil
Lasdl e oyl il san Ao Jlaa¥l 038 (g0 dea S ) (9l g Juadll 138 g ¢ Aaliaall Galasy) yealiall

- e Jaladll 228K

sl LS g At il ) il gl g S Jlaa) s

Al Jlaa¥) 1-4-3

IDUIS dalig iy 8ygemn Laiall lgia (s Al Ayl yaliall 53 380 e Al Jlal) o
@y eiaals 20 adalgallS ddlin) eliaY ABLeaYl caigally latal) Cam (ag Aalosall Al jally Aiian) &gl
(ALY yaiall slad wans DA e lgben sy (il 8 iy aily (S0 25 i) ) 3l Jlael

gl b Aasiiouall dsall Ao gl CEESD Cpn (1-3) Jsanlly , 41 £35Sl dgall CliliSs

20



saldl e i) 28U
! Material QUfil(lli<t)'<l }?rt]asr)\sity
1 Tiles (&>l 23
2 Mortar (dsies! 4 gall) 22
3 Sand (Ja)l) 17
4 Reinforcement Concrete (daluall 43l )al) 25
5 Hollow Block (s 24 aSlews laiall & jaall Sleodll ghall) 10
6 Plaster (5,Ldll) 22

Feadical) Mgall dacgil) A8ESN (1-3)Jsas

(Partition load) =2 KN/m* s ;s adalsill (he zilil) cusall Jeal) W d8Layls

rdaal) Jlaali 2-4-3

Jlealy clanally c83gay) (Y ((alaiYIS yaine 5ygems adsally Hlatall i (o 5 Al Jleal) oy
Lals Jghaa e Waylaie sale 2aps Lasall daaia) dasds e Jlea¥) oda da adiaty Clanally aiallS gl

LSOV 35S ) oIl saaaally £gpdall b Al Jlaal) G (2-3) Jsaally cdibidall cagl) 3

) g5 (KN/m?) dal) Jlaay)
cupail) ety Je il 5
ol Clels 3.5
al<all 3
(A5 2 i) & yeual) 4
Ll 3
(poM ans) gha¥ly Jahaally yedl 4
Cilalaall 2
(AeadUnally (Sl (pupaS) A aSal) 4.5
Al aelie ()90 7olusally pentl) cile 5
05l amje NV lag caalbiall cilusm)) 4
LSl (3 Juls il adl e 7.5
Gl 8 bl 5

inall pealial Lal) Jlea¥) (2-3)Jsas

21



i) Jlal) 3-4-3
s2s il Jlealy AVl el Jlaaly zobill Jlaal Jadis i) Jalsall e dailill Jlaal) as
- @sally o) Lali e Byie Yiaal s Jlaal)
:(Wind Loads) gl Jleai 1-3-4-3

o Al (ggeaidl) 2Ll Aoy o alae¥) &zl Jlaad saaly ) e dail (g5 S5 2L Jlead
Sl e pdse b dcat Ll agng ol dadipe Jlaa aibila) Cus (e daligay V) phaa oo Lasdl g la)) uy

CAY) Alypaiall e aelly (addie

a Aland) Ailly ) ¢ ) Gum e Sl e 2L il (1-3) J<al

22



:(Snow Loads) gstill Jleal 2-3-4-3

£l s alasialy s g el (S8 eyl mlaw (e dihi) g i) e zofill Jlaal e
555 ) sl A yaatl (ululS Gl e Lglys ol mhae oo La iyl 3aB Jolaa DA (e Adiadl)

LSV bl 368 e 135k ) s e g LYY s ol Jlaa 4l G B Joand) 5 Lisd) e g

(KN/m?) zstil) Jlaa) (Salk) (h) s o ¢ Laial) ¢ L))
0 250 > h
(h-250)/1000 500 > h > 250
(h-400) / 400 1500 > h > 500

il whas e g LY G Sl Jlaal (3-3) san

3l lagy (» 925) b 53 5 oadl gl e il g i) aan3 smss ke bl Jlaal Jpan ) 1ol

t Y sl Jlaal Gl o5 S

h — 400
s.l= 200

925 — 400
s. 1 =—400

KN

23



:(Earthquake Loads) J ¥ Jleal 3-3-4-3

S5 pad s e g Lpdnall )Y il dd) ASal) Gas cAaadys 4880 el e IV Zan
a8 WU ud) deglie glacal @lliy maail) vie lae¥) goa Jleall oda 325 o g csliall e

BN Cagan Aoy Alainal) bl cpe Jlil Ml chas

BALEY) bl e 2l il b dejeadl Gl Ohan Gob 0 ol 3 giaglie

tdie SV e Al BV Cuinl calal (e prdiedinn llgely]

ciai o (Deflection)sily L ol caiss Gum e (Serviceability) Jscall Jad) adla 3ga -
sl (glexall Jhidl) e Ll 5 3l (Cracks) i)

Lol ddlal) algilly g3 -

Aleal) cLasy) 5-3

Do L) A Jlel) s g 2ty cadsall Liigill claball dee ¢ e 6V AsLasy) daball G
bl die Aol oyl Ayl 5aiill Lgian g Cilaslaall Jidatg cddoall slually saally il duyng adsall aliSialy
238 ey i)l Gl areail LD L5l Jeat 38 e Jomand) a0 SLEY) Gevigdll 4 pign L ST cledle

el daladiil a3 el &8 alaie) (Kay Bohadl)

24



g piall 4 g€al) Liliiy) pualinll 6-3

ey el daay panill lgiany ae lellaily jualiall oda aladfy ddbias 40LA) palic (e Sl OsS

Cuny ) (e dima eial meai (Kar 5 il L il Jlaa) daslia (8 oelial aes ollim saaly 52

038 aal ey Y] ealial) o Jaty) B G dasill BaS ) g s S laje (90 Asma Jlaal ol

'J.«ALRJ\

(Foundations) wluluy) e
(Columns) sxcy) @
(Beams) suall @

(Slabs) szl

(Shear walls) (=all 3> o
(Stairs) z1,2Y) e

(Expansion joints) sxall Jualss @

tsiall AGLY) jealial) Gany eamgs il (Sl

JOoiIst

Gk _——

= s = = FFStai
P

el ZALEY) jualiall ey (2-3) IS



: (Slabs) «lagsl) 1-6-3
LAY yealial) ) Leale 855al Jleaa¥) Cucn Buadyl) (gsdl) Ja e 50l dsladY) paliall oo 85le
clagdn ) Lgaya 090 el lg zhally ohaadly saeeYly psead) ia il b ALl
Claall sl alatio) e 4l A lenall clallaiall slelyes sl 8 ddaall llladll (o el 2gasl Tylaig
sl b Al
:(Solid Slabs) diaaall cladll 1-1-6-3
(One way solid slab) aalgll slai¥) <) Liaadll Claiall o
(Two way solid slab ) cpalasyl <y Lieaddl Glsall @

canlll olat¥) 3 Aanaal) Clakall waiud 5 s

:(Ribbed Slabs) 4&jall el 2-1-6-3

(One way ribbed slab) aafsll olai¥) b Cuanll Cildie @
(Two way ribbed slab) cpalasy) &l cuaall ciltic o

cnlgll olaty) 3 Cocmall Cltie aladial S Gus

5rec ) (o ala) led 2olm ) Glaluall Ladaas & sl slad¥) @l GlaeV) Gildie axdiudy 1
il 8 5, Laas 5l Glaliead) Alls 8 22350 cpalaty) @ Cuaal) Glaie W, i 7 6 0
slaiyl Cld Crmall Gt ot 5 dtecaall Claial) (e aalll slad] il aladial & g piall 13gd LAY

sl

26



:(One way ribbed slabs) asjgl slai¥) & cuasll claie 3-1-6-3

- \glled g Liys desy Sadtip L (3-3) SN 8 o sa LS aalg

‘ Ounmay i3k ~ Sharaacs & Tmoeratier Bars

HolewBock [ R en )

A;\jl\ slany) il Ciac Baie (3—3) Ja

:(One way solid slabs) asigll olai¥) il diaaal) cilaial) 4-1-6-3

satVl Cana (gl ol o ST skl saiVI) seadl (e desane o Asena oS @l
bl s ALD ) ) Gk e senll ) Jleal) aliee Jii Allall 3a g (el
(4-3) J<ally skl slatVl 3 (g9l mlss aas aiagsy ) el aladl b AWML sl

- aalg oladl ) dieadl) 8akall gy

one way solid slab

main reinforcment

gl olat¥ 1 3 danan sk (4-3) J<al

27



:(Beams) _gwad) 2-6-3

Cuny Juaty) Ll b saeeY) o jseall atsy clsiall lole s Al aLaY) jualiall ol 2
lie Jasig saaeY) M & joend) ) lgias claiall (e Jleall Jis Cun Jlaa) Ji & Agl) Sl JalSy

Al ) 5 bl )

,(Continuous Beam) syiwall guall,(Simply Supported) ddaswad) jgwall 1) s Hguall —

. (Cantilever Beam)

ol Lyl s -
Baall ¢ Y (gl e liy)l 05 S a9 (Hidden Beam) 8ysaue s —1
S el 3 sy sl g i) e S Leelin)) oo Al oy (Dropped Beam) ddsdle jsws —2
T-section i L-section ey (golell 5 o) calaty) aaf 3 seall e

(5-3) JISally paill (558 daglial UMl , pund) o a8lsl) aiall daglial LYY 2anll iy laall )5S

Eapdall (b rendin) sl elsil o

Etonge Bilock

Support (1) =

Loadiadl jsuall glgif (5-3) J<al)

28



:(Columns) sxs¥) 3-6-3

b s geal) Llisiy pgmal) ) 8a8all (o Jlaa) i Ll 3 oty dalad 4833 jalic
Jii Ao 538 GsS ayas lgasaad img ¢ oulal ang yeaie gd Gl ¢ ud) lalid S el )
L) maal) b Lgne dalaill Cun e cpeg Brae Y5 Lgale Aadlgll Jlaa) st
(short column) s,.sill saecy) —1

(long column) 4Lkl 5aee1 ~2

Doy sl EDB e gd puigl) adaial ol (glasall JEN G e Ll
Layall , Alkiceall -

Al -

Cun e 8aee M AT Capiea Glling caus (40X80) 5 aws (30X60) apaley) cuilS um (udiicad) aladiad 2

CAially dnaeally duleal) i et salal) dasda

“«%3 %
P
dllpa
2185
> ‘.' >
4% P
e
S — |
=0 ®
ohile
< A "‘
Siuie
ey e |
onNye r
s uye EE——
sin e
A A
%2S0,2
330y
g S $%
e n S,
%% n 4y
o
“aN?y
‘.=/

Lol 52a2Y) (6-3) J<all

29



:(Stairs) gL 4-6-3

(Blshll G (sasalall JED o illall adh B Cmgiss G JEDU Sl b aag (lese suaie z))Y)

Shear wall

Staircase

Tempreatuer & Shrinkage Bars

Shear wall

o ahia (7-3) J<al

:(Shear Wall) gaill ¢aa 5-6-3

it b s gl 3 hlall (e 8 Ulaly celad ghass @il ca Jams AU ghaall o
L) 2Ll BN Jlea A Lasl L) Gy 8 Al 4aY) Gadll (558 daglia i) (has Aidagy dalal)
O (8-3) J<ally aall JalS s il aal) (8 (paelatie cpalad) (8 lajisn el dlla ghas L3S )

pas3 o5 Ay ¢ A oAl daglaall ) ghaa e Wolily agiall als Qi o aial B8IS haall 038 05S5 lg
o3 Jictiy , ) Juadll & lgasanad (o Sal elldy el JalS 8 gyt IS Lgaiisiy el i) s
-l bl e fas A AT haally, selad) ghans, 2 G ohass, Ghas)

30



‘teel bars

Shear wall

=il ¢l (8-3) J<al)

:(foundations) cluluyl 6-6-3

ralial) DS aracai (ga ol 2o 2 Lgaanas o V) cLiial) el vie i Tag L Jf o b))
Jaia 58 J<8 e L) ) AL ohaadls saee V) e Jleall ity Slulol) o G o) G dslasy)

—igh LAS&\}'S e e A

(Isolated Foundation) dlaagis cilulad —1
(Combined Foundation) dssyje cilulul —2
(Strip Foundation) 4 s cilulad =3

(Mat Foundation) il cilulad —4

a3l Jlaalls o) dbyaaly, ¥y el (b LS yualiall Gn deasl) s cilulall) e
ool 0sSes il ) bl ) hasls 51 ) S jseall I i sakall e dadlgl) JleaY) (4, Ledle
Sl Ly J3lls zstilly # Ll e Aailil) Aualinall Jla) Liady isall 2l Jlaa¥) das (e Jgune

. il Jals 2al)

£ adsall daadag lgdle ZaBlgll Jlaal) o leling , cluludl doaeadl) Jlaa) 2 Jlaal) o3a (5S35
Jleallg Aol Jass 55l e elldy Aabidie sl (o bl Aot adgiall (pes, Aeaiioad) clulal) gsi aaas

cooeld U e daalgll
31



0sS g5l 1ay (Shallow Foundation) sbacdl el ey V) mhas (s L 005 38 (el

Byuas o) Ll lalad gl Alaiie selgal ilall gl ddand aelgdl cilalad 05 OIS gea 5an

Ak Sl e lgas L) Aseall Ll Slids ) Ll Jleal Jisd Zul J3ls e 050 5

Slo Jsanll i Ladie Lol ssalll 21y Cua (Deep Foundation )gaeadl (sl gsill 138 acsy duns)ys

chadl e Jaanll 508 lae) I Ll 3laa) D) ssalll 5 AN i) mdane e ol Guandill dallia ik
lepal) algY) e Gasalil] Allal)

e COlEmn rebars

column column sStirTups

sproad fooling's neck — o Stirrups in the joint area
/

MM N
LT
AVAVAVAY,

reinfocrcement bar grate

ileaiie a0 (9-3) J<al

P -

.

- .
(#) Strip or wall tooting. {f) Combinad footing

Aalayd scls (11-3) J<al iS5 sl (10-3) J<al

32



ragaliuy) oaall 7-6-3

1aa & yas o s o Jslas o a1 138 0 iy La s Ledla (o) elall 5 ol 5l aiid il gall 038 i
A gall slall (@l (o585 Y1 A il da g g Lasl Ao il () Aa el i) o paal) aaais ¢ lasd)
O ALaY) Gl aal) 285 o (1 Say s Al Ol pas aladiul e 2 Y S el Cuat el i dsay s,

et Y] o yaall (e )il ac @lia g jaall e sl Apalad) sl sl dil yall

(gravity walls) 4wdall o) jas
(cantilever walls) 4 sl o) yaal)
(braced walls) 4ee e O )2

sl gl (G Bpanall Cusliall (e aaall 3sasl Ll (Basement Walls) JI ohas alasial 2

o) &b gl ae Lol lasl

B ——ee T
l
retained , | retained
; [ e
earth STEM [T earth

TOE Si1AR & == — HEEL SLAB

toe heel = _— B
(a) gravity wall (b) cantilever wall
STEM = i ~ retained earth > - >-ratainad earntlsy
N\ + on this side T ‘'A "'\ ——
A I \\ 4 COUNTERFORT // | B b R & i
- ] G - : A~
—+ | \ \ BUTTRESS —+ // // %.
= PN \[~. Be, S -
7| X, A - s // 3
= o 1 (% \W\—3 B e |l
—t | 1 = B g
> L \ L f
>S< . HEEL SLAB - ) e R
S =
(c) counterfort wali
(d) buttress wall
™T approach
| pavement
y SRR ’ff”’;i"fﬁ:;‘; e - g B e SRR
FLOOR SLAB retained BRIDGE DECK retained
earth sarth
At L WALL
ABUTMENT
i —“'—"j"_" BASE SLAB ) ,_!l ) BASE SLAR
=== ===

(e) basement wall (f) bridge abutment

Ay el (12-3) J<al

33



Al Jalgd 7-3

el ol (o 230 Jealsh dalall g Liag¥ls JISEY) s o 50l 2081 SlaY) 3 Slal) J€ 3 S

Jealily Jaalsall 238 oo S5 JladY glia gnal clitial) Qs sieg claa Guimjall Jualsill (5% 285 clagan
Ll 35S 8 (gha 230 Jealsh alasinl aaing <Ly dalad) Sluagilly Ll RAY) Gans Jaalsdl) s3gly (Al
Y adaall clilaall yiiatg o Lgal sl (ygn (solall lulul ang ) Jealsill oda st of e cadinadl 360 Cuen
tsh LS Sl Al

Al Akl @l bl & (40m) (1

Agalal) dygha )l 3 sl 8 (36m) (2

Adagiall dsh )l 3 gl 3 (32m) (3

Asla) gl s (28m) (4

cSagee (<A 2048 Cpliald aladial ggydall 138 b 8 s e 3 ce daaldll Game Jie o e Y LS

Y OEeSEY 5 saaill Jeals
ceiaad) il () ey

ol s o = =
& e 2 Oles=als saeS

a3l Jals (13-3) Jsal

34



tQgalal) malp 8-3

AutoCAD (2020) for Drawings Structural and Architectural .1
Microsoft Office (2010) For Text Edition .2

Atir 18, SAFE,SPCLOUMN,FOUND,REVIT 20,ROBOT 20 .3

35



4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

Chapter Four -4-

Structural Analysis and Design
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Materials Properties were used
Factored Load

Slab thickness calculation
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Design of Topping
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Design of beam (B 148)
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4.12 Design of Basement Wall

4.13 Design of Stairs
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4.1 Introduction

Concrete is the only major building material that can be delivered to the job site in a
plastic state. This unique quality makes concrete desirable as a building material because it can

be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
structure members must resist extreme tensile stresses, steel supplies the necessary strength.

Steel is embedded in the concrete in the form of a mesh, or roughened or twisted bars.

A bond forms between the steel and the concrete, and stresses can be transferred
between both components. In This Project, there are two types of slabs: solid slabs and one-way
ribbed. 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 and

moments for ribbed slabs.

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

4.2 Materials Properties were used

For concrete, it was used a B300 (fc’ = 30*0.8 = 24MPa) concrete compressive strength.

For reinforcement steel, it is used a 420 Mpa steel yielding strength.

4.3 Factored Load

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

is determined as follows:

Qu-12DL+16LL

Service Wind LC: D + 0.6W

Service Wind LC: D + 0.75L + 0.75Lr + 0.45W
Qw-=1.4DL

Factored Seismic LC: 0.9D + E

Service Seismic LC: 0.6D + 0.7E
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4.4 Slab thickness calculation

Table (4-1) Minimum thickness, h

Minimum thickness, h

Simply One end Both ends
supported | continuous | continuous | Cantilever

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

Solid one-
way slabs ¢/20 /24 028 10
Beams or
ribbed one- /16 ¢/18.5 21 (/8
way slabs

Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-19, the minimum thickness of no prestressed beams or
one-way slabs (unless deflections are computed) as follow:

The maximum span length for one end continuous (for ribs):
h min for one-end continuous = L/18.5

=660 /18.5=35.6 cm
The maximum span length for both ends continuous (for ribs):
h min for both-end continuous = L/21

=597 /21 = 28.42 cm

Select Slab thickness h= 34cm with block 24 cm & Topping 10 cm.

4.5 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 in the following table:
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Table (4-2) Calculation of the total dead load for one-way rib slab

D.L from KN/m? &x¥xb KN/m
Tiles 23 0.03*23*0.55 0.379
Mortar 22 0.03*22*0.55 0.363
Sand 17 0.07*17*0.55 0.654
Topping 25 0.10*25*0.55 1.375
RC Rib 25 0.24*25*0.15 0.9
Hollow Block 10 0.24*10*0.40 0.96
Plaster 22 0.03*22*0.55 0.363
Partitions 2*0.55 1.1

Nominal Total Dead load = 6.09 KN/m of rib

Nominal Total live load

=3*0.55=1.65 KN/m of rib

4.6 Design of Topping

Topping in One way ribbed slab can be considered as a strip of 1 meter width and span
of hollow block length with both end fixed in the ribs.

wy = 1.2D + 1.6L

alllllllllllllllllg
|

40 cm

wi?

—_— w2
12

12

wi?
24

Figure (4-1) Topping Design

The calculation of the total dead load for the topping is shown below:

Table (4-3) Calculation of the total dead load on topping

D.L from KN/m? Sx¥x1 KN/m
Tiles 23 0.03*23 0.69
Mortar 22 0.03*22 0.66
Sand 17 0.07*17 1.19
Topping 25 0.10*25 2.5
Partitions 2 2
7.04
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W,=12DL+16LL
=12*7.04+1.6*3=13.248 KN/m (Total Factored Load)

_ W, x[2 13.248 x 0.40?

M, = o - 12 =0.1766 KN.m

M, = f,*Sm  (ACI 22.5.1, Equation 22-2)

2 1002
= 0.42\/f * % = 0.42 24 ==—"-% 107 = 343 KN.m

$M,, = 0.55 * 3.43 = 1.886 KN.m
dM,, = 1.886 KN.m > M,, = 0.1766 KN.m

-~ No structural reinforcement is needed, Shrinkage and temperature reinforcement must be
provided.

For the shrinkage and temperature reinforcement ACI 7.12.2.1 :
p =0.0018

As = p*bxh=0.0018 1000 * 100 = 180 mm?

Try bars ®8 = 50.3 mm?

n= Ij‘;ﬂ = %Z 3.578 = n =4 ®8 — As provide = 201.2 mm’

1000

Spacing(S) = - - 250 mm =25 cm

The smallest of (S):
280 280

<380 () -25* C. <380 ()

=380 * (222) - 2.5% 20 <380 * (22)
3y 3y
=380 * (7o)~ 2.5 %20 < 380 * ( )

g* 420 g* 420

=330 mm < 380 mm
<3 *h=3*100=300 mm, CONTROL

<450 mm

~Use @8 @ 25 cm in both directions. S= 250 mm < Spax = 300 mm - ok
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4.7 Design of Rib (37)

Section:
b =15cm bf =55 cm
h = 34cm Tf=10cm

Geometry Units:meter,cm

B 146 ] B 148 2 B 149
, 08 | 5.9 , 0.8 4.1 , 06
f T T T t 1
R 6.6 | 4.8 |
Ly T 1
“’TTE
15.
AA

Figure (4-2) Rib 37 Geometry

Loading
load group no. 1
Dead load - Service Units:kN,meter
6.09 6.09
6.6 48
Live load - Service Load factors: 1.20,1.20/1.60,0.00

| P Lol ) 18 ]
68 48

Figure (4-3) Loading Rib 37
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Moment/Shear Envelope (Factored) Units:kN,meter

_Moments: spans 1to 2

-43.4
28.5 -31.1
L 146123 |
T I 1
L i i i I 1
' : 123147 \\____//;f
78 13.8
35.9
! 264 I 3.96 . 3.12 ; 1.68 |
_Shear
39.4
324
-16.6
-10.6
t t t 1
20.8
28.7 28
329
Figure (4-4) Moment & Shear Envelope for Rib 37
Long-term deflection:
- sustained loads 100%G of dead; 50% of live

- duration of load 60 months ; attachment of element at 0 months (t1)

- apply 0% of dead load after attachment (t1)

1 2
A's | 2.26 | 0. |
As | 4.02 | 1.50 |
fr= 3 Es= 200 Ec = 23
Ig{m*4)= 0.00085 0.00085
lcrim®4)= 0.00024 0.00010
Mecr = 11.72 11.72
Ma,mx, d+l= 27.74 10.28
Ma,mx, sus= 24.07 T.67
Ma,sus.t1= 21.20 6.76
le,d+I 0.00028 0.00085
le,sust 0.00031 0.00085
le,sus,t1 0.00034 0.00085
e/1+50r = 1.60 2.00
ai,d+l= 15.903 0.701
ai,sust= 12.432 0.356
ai,sus.t1= 9.897 0.314
ail = L/ 1098 L/12389
(ai+at), t2-t1 L/ 255 LS 4362

Figure (4-5) Deflections for Rib 37
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Effective Flange width (be)
be For T- section is the smallest of the following:
be < 400 + b,,=400 +150 =550 mm ...Controlled.
< L Span/4 =4100/4 = 1025 mm.
<(16x T¢) + by, = (16x 100) +150 =1750 mm.

Design of flexure:
Design of positive moment of rib (Rib 37)
d = depth - cover — diameter of stirrups — (diameter of bar / 2)
=340-20 - 10 - — = 304 mm
— Mymax =+ 359 KN. m
— Myy = 085 f + by + tp + (d — L)

= 0.85 % 24 * 550 * 100 * (304 — 12ﬂ) «1076 = 284.988 KN.m

dMps = 0.9 *284.988 = 256.489 KN.m
—GMps = 256.489 KN.m > My max= 35.9 KN.m

~ DESIGN AS RECTANGULAR SECTION WITH b=550 mm
Mu =+ 35.9 KN.m

M, =Mu /p =35.9/0.9 =39.889 KN.m

fy 420
m= ;=
0.85f; 0.85%24

=20.588

My _ 39.889x10°
bxd? 550+ (304)2

b= 1 a- [1- Z*Rn*m) __ 1 <1 B \/1 B 2*0.78477*20.588) — 0.0019058
m 1’ fy 20.588 420

—Asreq = p * b *d =0.0019058* 550 * 304 = 318.665 mm?

R, =0.78477 MPa

fe 1.4
ASpin = 0.25*%*bw*d > E*bw*d

= 0.25+Y25 4150+ 304 > X%« 150 « 304
420 420

=132.97 mm*< 152 mm?.... Larger value is control.

—> AS min = 152 mM? < AS req = 318.665 mm?, ~ As = 318.665 mm?*-control
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2 D16 =402.2 mm*> Aseq = 318.665 mm* OK, - Use 2 ®16

— Check for strain: (¢, = 0.005)
Tension = Compression
As*fy=0.85*f/*b*a
402.2*420=0.85*24 *550 * a

a=15.055 mm.

f! = 24 MPa< 28 MPa— f; = 0.85
¢= = r=17T7Imm

g, = ? *0.003

_304-17.71
17.71

*0.003=0.0485>0.005 ~¢=09...0K

Design of negative moment of rib (Rib 37)

d = depth - cover — diameter of stirrups — (diameter of bar / 2)
1

=34O—20—1O—72:304mm

— Mymax=-31.1KN. m

M, =Mu /¢ =31.1/0.9 = 34.55 KN.m

=Ty - %20 _,55g8
0.85f/  0.85%24

_ My _ 3455x10°
bxd? 150+ (304)2

p=l(1- 1 _ZRgemy 1 (1 _ \/1 _M) = 0.00634
m fy 20.588 420

—Asreq = p * b *d =0.00634* 150 * 304 = 289.226 mm?

R, = 2.49 MPa

e
ASpin = O.ZS*E/I;*bW*d > ;;:*bw*d
= 025+ Y254 1504304 > X%« 150 « 304
420 420

=132.97 mm?< 152 mm? .... Larger value is control.

— AS pin = 152 mm? < As ¢q = 289.226 mm?, = As = 289.226 mm?- control
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2 ®14 = 308 MM’ > As;eq = 289.226 mm* OK, .. Use2 ®14

— Check for strain: (g, = 0.005)
Tension = Compression
As*fy=085*f *bh,*a

308 *420=0.85*24*150* a

a=42.274 mm.

f! =24 MPa< 28 MPa— f3, = 0.85
c= % =22 = 49.73 mm

£, = =% 0,003

_ 304-49.73

*0.003=0.015>0.005 - ¢p=0.9...0K
49.73

Design of (Rib 37) for shear
The maximum shear force at the distance d from the face of support, Vu = 32.4 KN

I

C:]..l*T*bW*d

VI,
6

¢V =0.75*40.955 = 30.716 KN

=11%* 150 * 304 *107° = 40.955 KN

Casel: V< Ve
324> 30'2716 =15.358 - Case (1) is NOT satisfied
Ve

Case2: = < V<oV,

15.358 < 32.4 <30.716 .. Case (2) is NOT satisfied

Case3:

Check for section dimensions:

Vs- 2y, — 2% 40.955=2245KN
o) 0.75

45



Vsmaz 2 * 0% y[ff *bu*d — 2*075* 24 *150 * 304 * 10°= 111.696 KN

_ VSmax

V' = . — 111.696/2 = 55.848 KN

Vs < Vs max — the section is large enough

If Vs<Vs' —  Spax <d/2 = 304/2=152mm - control Or Spmax <600mm

Check for Vs min:

1
VSmin = 72 * V24 5 150+ 304 107 = 13.96 KN

or

1
VSmin = 3* 150 * 304 « 103 = 15.2 KN ...control .

dVe< Vu<@WVe + Vspin)

30.716 KN < 32.4 KN < 0.75%(40.955+15.2) = 42.11 KN ... OK — Try 2 legs ®8

v, - ¥, g 200604200304 _ £999 42 mm

= —
S fytd 2.245%1000

Smax <d/2=304/2=152mm - control ~ or S;,4, <600mm

2 legs @8 @ 150 mm

4.8 Design of beam (B 148)

B=80cm

According to ACI-Code-318-08, the minimum thickness of no prestressed beams or one way
slabs unless deflections are computed as follow:

hmin for both ends continuous = L/21 =611/21 = 29.1 cm —Select Total depth of beam

h =44 cm. (34 cm slab and 10 cm drop) "for deflection requirements L/240"
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Geometry Units:meter,cm

1 2 3 4 5
1 2 3 4
A e A A e A e .
A A A s A s -
0.3 4.62 0.3 5.81 4.93 0.3 5.33 0.3
H 4.92 A 6.11 A 5.23 A 5.63
6 6 7 8
5 6 7
o e A e A
e B A
4.7 08 15 p§ 32 0.3
I I 1 5-18 T I Ll 2m T I T 3-3 1 I 1
44,
80.
AA
Figure (4-6) Beam (148) Geometry
Loading
load group no. 1
Dead load - Service Units:icN, meter
B80.5 {.ﬁ l B80.5 5
e ! i ] i 3 1
805
X0 38 T %85 1
Live load - Service Load factors: 1.20,1.20/1
—+ le1al b 1 248 | 1 I dzel ) Y 4 248 1}
y ey 811 i 523 583

5.18

ko1

Figure (4-7) Load of Beam (148)
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Moment/Shear Envelope (Factored) Units:kN,meter

-466.2
-401.2 -399.5 -411.4 -308.4
-347.6,-353.3 3001 -305.8 -337. -339.2
-220.7
q -131.5 -193:“-4
1. .
In |'|'| II '31|:| .I .&211 "aeulu gl llgﬂ.s |
Tt T Tt 1 ]
1.0901.14 11.08 0. 107 )5
"&3\/ \/m % \_/ 05 okt Mgy 2
177.
261. 281.7 2385 2008
197 295 ! 306 | 306 ! 262, 262 ! 282 , 282 ! 258 | 258 !2.05!1.5;@:13;‘
_Shear
444.3 438.3 -420.2
-369. -361. 3075 3828 3449 -349.3
' 252.7
-106.9
.98.2-T2.
In fn fn fn -11 I 3:2- 5/’ﬁ
I H'I L L i T B |
17%1.
197.1 167.4 197
2724 323, 320.7 330.2
380.2 :
398.3 405, 405.5

Figure (4-8) Moment & Shear Envelope for Beam 148

Long-term deflection:

- sustained loads 100% of dead; 50%

- duration of load 60 months ; attachment of element at 0 months (1)
- apply 0% of dead load after attachment (t1)

of live

1 2 3 4
A's | 0. | 0. 0. | 0. |
]
As | 19.45 | 21.12 12.88 | 17.65
fr= 3 Es= 200 Ec= 23
Ig{m*4)= 0.00568 0.00568 0.00568 0.00568
lcr(m™4)= 0.00157 0.00167 0.00112 0.00145
Mcr = 79.52 79.52 79.52 79.52
Ma,mx,d+l= 199.51 214 62 130.65 181.09
Ma,mx, sus= 164.06 173.07 89.99 143.85
Ma,sus.t1= 146.20 154.23 80.19 128.19
le,d+l 0.00167 0.00221 0.00175 0.00276
le,sust 0.00180 0.00185 0.00390 0.00184
le,sus,t1 0.00193 0.00195 0.00553 0.00208
e/1+50r = 2.00 2.00 1.65 2.00
ai d+l= 9.316 13.486 4317 9.960
ai,sust= 6.182 8.900 -0.597 5753
ai,sus,t1= 4.047 7.279 -0.489 4.395
ail = L/ 1126 L/ 984 L/ 1088 L/ 1011
(ai+at),t2-t1 L/ 294 L/ 254 L/ 1368 L/ 329

Figure (4-9) Deflections for Beam (148)
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Long-term deflection:

- sustained loads 100% of dead; 50% of live
- duration of load 60 months ; attachment of element at 0 months (t1)

- apply 0% of dead load after attachment (t1)

Dead factor = 1.40 Live factor = 1.60

5 6 7
A's 0. 0. 0.
As 14.71 10.18 10.18
fr= 3 Es= 200 Ec = 23
Ig{im*4)= 0.00568 0.00568 0.00568
lerim™d)= 0.00125 0.00117 0.00092
Mcr = 79.52 79.52 79.52
Ma,mx,d+l= 154.04 174.48 68.77
Ma, mx,sus= 128.98 144 .46 60.80
Ma,sus.t1= 114.94 128.72 54.78
le,d+l 0.00156 0.00137 0.00568
le,sust 0.00189 0.00159 0.00568
le,sus,t1 0.00226 0.00183 0.00568
e/1+50r = 2.00 1.71 2.00

Figure (4-9) Deflections for Beam (148)

Design of flexure:
Design of maximum negative moment
Mumax = 401.2 KN.m
Check whether the section will be act as singly or doubly reinforced section: Maximum nominal
moment strength from strain condition, €, = 0.004
Assume bar diameter @25
d = depth — cover — diameter of stirrups — (diameter of bar/ 2)
= 440 — 40 — 10 -25/2= 377.5 mm.

c :%d - %* 377.5 = 161.785 mm
a=B,c=0.85 x 161.785 = 137.517 mm

076 =

‘ a 137.517
My max = 0.85 fc'ab (d - E) = 0.85 * 24 * 137.517 * 800 * (377.5 - —) %1

= 6929 KN.m

€s=0.004
(=0.65+ 250 *(0.004-0.002) = 0.82 —@ = 0.82
3
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@Mn = 0.82 * 692.9 = 568.178 KN.m — Mu =401.2 KN.M < @Mn = 568.178 KN.m

-~ Design the section as singly reinforced concrete section.

— MU max =- 401.2 KN. m

M, =Mu/p =401.2/ 0.9 = 445.778 KN.m

_ 420

m= - = =20.588
0.85 f, 0.85+24

_ My _ 445.778x10°
bxd? 800x (377.5)2

b= 1(1 _ [{= Z*Rn*m) __t (1 B \/1 B 2*3.91*20.588) — 0.01043
m 1’ fy 20.588 420

—Asreq = p * b *d =0.01043* 800 * 377.5 = 3149.76 mm?

R, =3.91 MPa

fe
ASpin = 0.25*\(/];*bw*d > ;;:*bw*d
= 0.25+Y2% 4 800%3775 > %« 800 %3775
420 420

= 880.65 mm? < 1006.67 mm? .... Larger value is control.
— AS min = 1006.67 mm® < AS 1 = 3149.76 mm?, ~ As = 3149.76 mm?- control
7 ©25 = 3436.3 mm* > Asreq = 3149.76 mm* OK, .. Use 7 ®25
— Check for strain: (¢, = 0.005)
Tension = Compression

As*fy=085*f' *b,*a
3436.3 *420=0.85*24*800 * a

a=88.434 mm.
f! = 24 MPa< 28 MPa— f3; = 0.85
c =2 =22 - 104.04 mm
B 085
£, = =% 0.003
= 7210008 % 0,003 = 0.0078 > 0.005 - §=0.9 ... OK
104.04

50



Check for bar placement:

Sp= 800_40*2_20*2_(7*25) = 87.5mm > 25mm ... OK

Design of maximum positive moment
— Mymax =+281.7 KN. m
M, =Mu/p =281.7/0.9 = 313 KN.m

_ 420

m= - = =20.588
0.85 f, 0.85+24

_ My _ 313x10°
bxd%? 800+ (377.5)2

p:l(l _ ,1 _2*Rn*m) __1 (1 _ \/1 _M) = 0.007048
m fy 20.588 420

—As req = p * b *d =0.007048* 800 * 377.5 = 2128.58 mm?

R, = 2.745 MPa

fe
ASpin = 0.25*\(/;)*bw*d > tf;*bw*d
= 0.25+Y2% 4 800%3775 > 1%« 800 %3775
420 420

= 880.65 mm? < 1006.67 mm? .... Larger value is control.
— AS pin = 1006.67 mm® < As 1oq = 2128.58 mm?, - As = 2128.58 mm*- control
5 @25 = 2454.5 mm* > Asieq = 2128.58 mm* OK, . Use 5 ®25
— Check for strain: (¢, = 0.005)
Tension = Compression

As*fy=085*f *b,*a
24545 * 420=0.85*24 * 800 * a

a=63.167 mm.
! =24 MPa< 28 MPa— f; = 0.85
c =2 =21 - 74314 mm
b1 0.85
£, = =% 0.003
= 3775774314 4 5 003 = 0.0122 > 0.005 - =0.9 ... OK
74.314
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Check for bar placement:

5, = 20 CED) = 143.75 mm > 25mm ... OK

Design of (B 148 ) for shear

The maximum shear force at the distance d from the face of support, Vu = 380.2 KN

!
[

V= * by *d

o[

ﬁ

24 * 800 * 377.5 *10°° = 246.582 KN
®V, = 0.75 * 246.582 = 184.936 KN

Casel: V< %

380.2 > @ =02.468 - Case (L) is NOT satisfied

Case2: % <V,< Ve

92.468 < 380.2 <184.936 . Case (2) is NOT satisfied

Case3:

Check for section dimensions:

Vs- 22—y, — 2222 946582 =260.35 KN
b 0.75

VSmax=§*(b*\/E*bw*d - 2*0.75*\/24 * 800 * 377.5 * 10° = 739.74 KN

s _ VSmax

Vs = . — 739.74/2 = 369.873 KN

Vs < Vs max — the section is large enough

If Vs<Vs' —  Spax <d/2 = 377.5/2=188.75 mm - control or Spax <600mm

Check for Vs min:
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1
VSmin = 75 * V24 %800 + 377.5 x 107 = 92.468 KN

or

1
VSmin = 3 * 800 x 377.5 1073 = 100.667 KN ...control .

dVe < Vu<@WVe + Vspin)

184.936 KN < 380.2 KN < 0.75*(246.582+100.667) = 260.436 KN ...Not OK
Case4:

OVec+Vspmin) <Vy < 0(Vc+Vs)
0.75(246.582 + 100.667) < 380.2 < 0.75(246.582 + 369.873)

260.436 < 380.2 < 462.34 ... OK — Try 4 legs ®10

Ay, Vs _ 314%420+377.5

= — =
s fytsd 260.35%¥1000

=191.22 mm

Smax <d/2=377.5/2=188.75 mm - control ~ or S5, <600mm

4 legs @10 @ 150 mm

4.9 Design of Column (C 18)

Material:

Concrete B300 Fc' =24 Mpa
Reinforcement Steel Fy =420 Mpa

@ steel = 20mm @ stirrup = 10 mm

Cover = 40 mm

Load Calculation (From Column Group C 18):

Service Load:
Dead Load = 1160 KN
Live Load =290 KN

Factored Load:
Pu=1.2 x1160 + 1.6x290 = 1856 KN
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Dimensions of Column:
Assume concentrically loaded short column
Assume pg=0.01
¢ * Pn = 0.65x0.8xAg {0.85 fc'(1- pg) + pg * Fy}
1856 x10° = 0.65x0.8xAg {0.85*24 (1-0.01)+0.01*420}
Ag= 146303.93 mm?

Assume Rectangular Section

h =350 mm jﬁ j
Select b =600 mm o ' >
x 60 .
Classification of column section:
Check Slenderness Parameter:
KLu <34-12 M1 < 40 ACI 10.12.2
= vz =40 (10.12.2)

Lu: Actual unsupported (Unbraced) length.
K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length
factor k, shall be permitted to be taken as 1.0.

R: radius of gyration = \/% ~03h. o For rectangular section.

Lu=356m
M1/M2 =1
K=1 for columns in braced frame.

e System about X-Axis
K Lu _ 1.0 X 3.56

Rx 03x035 -7

System is braced,
339<34-12(1) <40...........33.9 > 22

=~ System is long about X

e System about Y-Axis
KL 1.0x3.56

— = -19.78
Ry 0.3 % 0.60

System is braced,
19.78 <34 —-12(1) <40............19.78 < 22 < 40

=~ System is Short about Y
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Bresler equation:
1 1 1 1

Pn Pny  Pny Po
Pny = Pn For short column without any eccentricity = Po

1 1 1 1 1

—_ + = —
Pn Po Pny, Po Pny
Nominal axial strength column Pn = Pny in ey, direction (long)

Minimum Eccentricity (min e):

min e =15+ 0.03 h
h in the direction of ey = 350 mm

mine = 15 4+ 0.03 X 350 = 25.5 mm

Magnification Factor (8,):

Cm
Ons = Pu =10 and <14
1-G7sx Pcr)
0.6+ 0.4 (Ml) > 0.4
= 0. 4 x| — .
cm viz) Z
cm=0.6+0.4x*(1)=1.0
2 X (Ex )
Pcr= ————=
(k X Lu)?
_ 0.4xEcxlg _ 1.2xPp _ bn? _ 7
ExI= 1+Bq 1 Pd T axPp+1.6xPL Ig = 12 ' E = 4750 X Vi
B. = 1.2 X 1160 — 075
47 1856
3
0.4 X 4750 X V24 x 0.60 X 01325 ,
Ex]= =11.4 MN
* 1+0.75 /m
b o X 11451000
T T ax3se2z 0%
1.0
Ops = =1.39 >10and <14

1- (573 >1<8858668.75)
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ey = 8ps X mine = 1.39 X 25.5 = 35.37 mm

Interaction Diagram:

ey = 3537mm , h=350mm

e, 3537
h 350
20
d—d 350—2x(40+10+5)
Y= = 350 = 0.66
From Charts:
Form Diagram A-9b (y = 0.60)
®xPn Pu 1.856 145 _
= = 1.28 Ksi

= — X
Ag  Ag ' 035x0.60 1000

pg = minpg = 0.01
Form Diagram A-9c (y = 75)
pg = minp, = 0.01

Select the reinforcement
Select, pg = 0.02

ASpeq = p X Ag = 0.02 X 60 X 35 = 42 cm? —select 14020 en

With Asproy = 43.96 cm?

Design of the Stirrups:
b=60cm, h=35cm
a) Lap splice at the foot of column:

Try 100% - lap splice (14 @ 20 with14 ¢ 20)
p = AS (28 % 3.14) /(35 * 60) = 4.18 < 8% ... OK
b) Closely spaced stirrups: S smallest of
1- 48*dbs = 48*10 =480 mm
2- 16*db =16*20 =320 mm ...control — Selected S =20cm

3- The least dimention of the column =350 mm
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c¢) At end support and below:

X=max (Ldc OR b) + cover — ( h slab or beam )

Ldc = (0.24*420*20)/ (1*v24) = 411.5 mm > 200 mm ... OK

— b>Ldc — 60cm>41.15cm

X=(60) +2—(44) =18 cm

X>05h—18cm>(0.5*35)=17.5cm ... OK

X< 2hcolumn — 18cm<70cm ... OK Selected X =60 cm

e=8cm — control, #NO of Stirrups= 60/8+1=8 — 8(¥10/8 cm
d) along lap splice or above:

Fy =420 Mpa , Fc = 24 Mpa.

Lsc = 0.071 *420*20 = 596.4 mm > 300 mm

Selected Lsc =100 cm with e =10 cm,

#NO of Stirrups — 10 $10/10 cm

g == N e = = 2= - mm—
:‘; z !g‘ 14820
[ I i
w~3|c0 w3
L= oS
m':':l Nl:-":l'
= . o [ &
=} = [Te] 5 52 1
D R 1 O gy S
27 27 27| |27
¥ 52 18

Ll LLLLE]
e o

g e10.L=180 @10,L=108

144
1.00
5
L
jsmsins

o .E 14820
I ———
g de |
(Y = ,_"'-;
o ) e E
[ 2 iy 3
i 2
-3 ;% T 62 14, ,,
b 27 27 27| |27
s 52 T
@10, L=180 €10, L=108

Figure (4-10) detailing column C18
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4.10 Design of Foundation (23)

Material:
Concrete B300 Fc' =24 Mpa
Reinforcement Steel Fy = 420 Mpa

Cover = 75 mm

Load Calculations:
Dead Load = 1160 KN “included own weight”
Live Load =290 KN
Total services load = 1160 + 290 = 1450 KN
Total Factored load = 1.2*1160 + 1.6*290 = 1856 KN
Column Dimensions (a * b) = 35 * 60 cm
Soil density = 18 KN/m?®
Allowable Bearing Capacity q,;; = 350 KN/m?
Assume h = 60cm
q all-net = 350 — (25 X 0.6) — (18 X 0.5) = 326 KN/m?

Area of Footing:

A — P totalservice _ 1450 _ 4 g4~ 2
d all-net 326

Assume Square Footing

B required =2.11m
— Selectb =2.15m
— Bearing Pressure:

P total factored 1856
T = A = 215+2.15

Design of Footing:
— Design footing for one way shear
Critical Section at distance (d) from face of column.
Assume h = 60 cm, bar diameter @ 16 for main reinforcement

and 7.5 cm Cover.
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d =600 - 75— 16 =509 mm

B—a 2.15-0.35

2

_ d) x L = 401.51 X ( _ 0.509) x 2.15 = 337.53 kN

Vu =qu><(

Q)VC=Q)x%x\/ﬂxbxd=O.75x%x\/ﬁx2150x506=666.2kN

- @Ve = 666.2KN >V, =33753 KN — Safe
—Design Footing for two way shear:

V, = p, total factored — FR;,
FRy, = q, X area of critical section

V, = 1856 — 401.51 x [(0.35 + 0.509)(0.6 + 0.509)] = 1473.51kN
The punching shear strength is the smallest value of the following equations:

_ column Length (a) 60

= =—=1.71
¢ column width (b) 35

-_

— b. = Perimeter of critical section taken at (d/2) from the loaded area.
=2x%(0.35+0.509) + 2 x (0.6 + 0.509) = 3.936 m

- ag = 40 for interior column

Substituting values in equations:

@VC=¢x%(1+é)x\/§xboxd=2658.4KN

1/( «
OVe =0 X b5+2 X [for x be X d = 3796.27 KN
d
@vc=¢x§x\/Exboxd=2453.68KN ........ CONTROL

- @Vc=2453.68 > =1473.51KN ...... OK

Design of Bending Moment LONG DIR :

select @16
d=600—-75-16/2 =517 mm
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2.15 2.15 — 0.35\2

M, = 40151 x (= )x( . ) = 349.61 kN.m
R M,  349.61x10° 0.676 MP

" BbdZ 0.9 x 2150 x 5172 4

%20 oss
M=085x24 “

_if,_ |, zmRa\_ 1 [ 2% 2058% 0676\ _ o
P = 420 | 2058 420 -

Agreq = p X b xd = 0.0016377 x 2150 x 517 = 1820.46 mm?

Agmin = 0.0018 X 2150 X 600 = 2322 mm?
Agreq = 1820.46 mm? < Agp;n = 2322 mm? - OK

— Take 13 ¢ 16 with Ag 4y = 2614.3 mm? > Ag,eq = 2322 mm?

Check maximum step (S) is the smallest of:
1. 3h=3x600=1800 mm
2. 450 mm — control

S =2150 - 75*2 - 13*16 / 12 = 149.33 mm< 450 mm - OK

Design of Bending Moment SHORT DIR :

select @16
d=600-75-16-16/2 =501 mm

2.15 2.15 — 0.60\2
M, = 401.51 X ( - ) X ( ) = 259.24 kN.m

2
M, 256.24 x 10°
Rn = GbdZ ~ 09 x 2150 x 5012 _ 02276 MPa
420
m= e x2a 2008
1 2.mR, 1 2 x 20.58 x 0.5276
P=m\ 1 1220 )T 2088\ ! _j N 420 = 0.001273

Agreq = p X b xd = 0.001273 x 2150 x 501 = 1371.02 mm?

Agmin = 0.0018 X 2150 X 600 = 2322 mm?
Agreq = 1371.02 mm? < Agpy;p = 2322 mm? - OK

— Take 13 @ 16 with Ag oy = 2614.3 mm? > Ag,eq = 2322 mm?
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Check maximum step (S) is the smallest of:
3h =3 x 600 = 1800 mm

450 mm — control

S =2150-75*%2 -13*16/ 12 = 149.3 mm< 450 mm - OK

Development length of steel reinforcement in footing:

Tension development length in footing:
LdT req = (9/10) * (Fy IANfc) * (! (( ktr+cb)! db))) * db > 300mm
Ktr=0, Yye=1,y¥s=0.8,yYt=1, fc =24 Mpa, fy =420 Mpa, db = 16 mm
cb Smallest of:

Cover + D bar/2 =75+ 16/ 2 =83 mm

a;/2 =

a1 =(S+Dbar)=(150 + 16) = 166 mm

166/2 = 83 mm.... is control

(( ktr+cb)/ db)) = (83+0)/16 =5.19 > 2.5 .....Selected 2.5

LdT xgy req = 395.05 mm > 300 mm .......0K
LdT ava.x = ((215-35) /2)-7.5=82.5cm > 39.505cm ...... OK
LdT ava.y = ((215-60) /2 )-7.5=70cm > 39.505cm ...... OK

Minimum bend diameter for @16
— D=6db =6*16=96mm
a = 12*db +0.5D+db= 12*16+0.5*96+16 35

200
= 25.6cm ... TAKE a =35 cm
F3@i6, I = 2.7m
» Compression development length in footing :( For Dowels 14 20 )
Ldc reg= 0.24 *fy *db / 1*4.9 = 411.51 mm > 0.043*fy*db= 361.2 mm > 200mm ..OK

Ldc ava.= h-cover — db footing = 600-75-2*16= 493mm > 411.51 mm = Ldc req...OK
elap splice of dowels in column in compression:

Lsc = 0.071 *420*20 = 596.4 mm > 300 mm

Selected Lsc=60cm , Ldc=50cm , a >= column size = 70 cm=a
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Figure (4-11) Detailing Foundation (F20)

4,11 Design of Shear wall (sh.w 17)

941051 KN—P 941.051 KN
=
o
m
137459 KN— L0TE.51 KN 01L36 KNm
o 8
-
)
140.11 KN §q—
384 KN
=
e
=+
10863.3 KN.m
3.92 , i i
= - shear force diagram bending Moment diagram

Figure (4-12) (sh.w 17)
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Material and Section:

concrete B300 Fc' = 24 Mpa
Reinforcement Steel fy = 420 Mpa
Wall thickness,h = 30cm , Cover =2cm
Lw=3.92m , hw=11m

Check for shear strength:
Maximum shear strength permitted:
d=0.8 Lw =0.8*3.92 = 3.136m == 3136 mm

BVamax = @=/f'hd = 0.75 + .83 + V24’ * 3136 * 300 = 2880.6 KN

OV, max = 2880.6 KN > V, max = 1078.51 KN.....0K

Shear strength provided by concrete Vc:

The critical Section is the smaller of:

‘7W= 3.92/2=3.92/2=196m. ...... control
hw

2=11/2=55m

Story Highet = 3.2 m

V.is the smallest of :

1V ==/f/hd = =v24 300 * 3136 = 768.16 KN

ud

N
2 — V. =0.27/f.'hd + o

= 0.27V24 x 300 * 6864 + 0 = 1244.42 KN

3— V., =]0.05/f + 1 hd
—_u___w
vV, 2

M, 1w_

2

M= 7109.7 + 938.4(4-1.96) = 9024.036 KN.m

M, l,_9024.036 3.9z
vV, 2 107851 2 ve

V. = [o.osm + W] 300 3136 = 512.44 KN ..... Control
Vc=512.44 KN
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Determine required horizontal shear reinforcement:

~@P*05*Vec=0.75%0.5%512.44 = 192.16 KN < Vumax = 1078.51 KN

— Horizontal reinforcement is required

Vs = VU yo 2107851 o 44 — 92557 KN
ST " ' T o5 A = 980
Avh Vs 925.57

= = = 0.00070272 m?
52 fy+d 420 6000 m"/m

o, 0.00070272
T ™7 03

= 0.00234 < 0.0025 - take p;= 0.0025

Maximum spacing is the least of:

Lw 3920
Smax :?:T: 784 mm

Smax = 3*h = 3300 =900 mm
Smax = 450 mm ... Control

Try @12, for 2 layers

= 0.0025 - S2horz.=301.6 mm < 450mm ....0K

0, = Avh = 2+113.1
t 7 Saxh T 5,%300

Take @12/250 mm Horizontal

Determine vertical shear reinforcement:

Ayy _ hy
2 = 0.0025 + 0.5 (2.5 — ) (p, — 0.0025) > 0.0025

\%

bw—1L _2806 — for this wall with = >2.5, takep, = 0.0025
Lw 3.92 Lw

Maximum spacing is the least of:

Lw 3920
Smax = ? = T = 1306.67 mm

Smax = 3*h = 3%300 =900 mm
Smax = 450 mm ... Control

pl — Apyp — 2%153.9
S1iv*h — §,%300

=0.0025 —>S1lver.=410.4 mm < 450mm ....0OK

Take @14/150 mm vertical
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Design of shear wall for flexure:

Uniformly distributed flexure reinforcement method.
The uniformly distributed vertical reinforcement @14 @ 150 mm

3920
A, = ( ) « 2 % 153.9 = 8043.84 mm?

150

A 8043.84 \ 420

=( S‘>f—y,=( ) =0.1197

L,h/) £ \3920 300/ 24

P,
a=——=0

lwhfe
c_ wHa 0.1197 4+ 0 _ 01244
l, 2w+0.858, 2%0.1197 +0.85%0.85
B, c
OM, = 0.545f;Ly(1 +—)(1 — )
Astfy lw

= 0.9[0.5 » 8043.84 420 * 3920(1 + 0)(1 — 0.1244)] « 10" — 6

®M,, =5217.91 KN.m < 10863.3 KN.m = Mu....... NOT OK

Boundary steel is required

Uniformly distributed and concentrated at ends reinforcement.
Vertical reinforcement for shear @14 @ 150 mm

@PM,, =5217.91 KN.m <10863.3 KN.m = Mu

Mug = Mu- Muv = 10863.3 — 521791 = 5645.39 kN.m

d =0.8*3920 = 3136 mm

m=—L_=_*20 _59588
0.85 f! ~ 0.85+24

_ My _  5645.39x10°
bxd?  0.9¥300% (3136)2

b= 1 a- [1- Z*Rn*m) __1 (1 B \/1 B 2*2.126*20.588) — 0.005357
m «I fy 20.588 420

—As req = p * b *d = 0.007048* 300 * 3136 = 5040.38 mm?
—Astor = Asreq + As (4 D14 ) = 5040.38 + 615.6 = 5655.98 mm?

R, =2.126 MPa

USE 20220 As prov. = 6284 mm?
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Lw  _ 3920
~ 600+0.009  600%0.009

=725.92 mm  X: Length of compression zone

LB > X/2 = 72592 /2 = 362.96 mm ....control
> x—0.1*Lw = 72592 — 0.1 *3920 = 333.92 mm

But; Select LB = 100 cm

As tension member:
5645.39 —106
Mug/® 09 X 09

~ Fy«(lw—LB) _ 420 x (3920 — 1000)

Asg = 5114.69 mm?

As compression short column:

OPrmax= 0.65%0.8%(0.85*24*((1000%300)-5114.69) +420*5114.69) = 4245.2 KN

4245.2 KN > C=5645.39/(3.92-1) = 1933.35
Boundary steel zones must be added

—Astor = As gt A (6 @14 ) = 5114.69 + 923.4 = 6038.09 mm?

USE 20920 As prov. = 6284 mm? > 6038.09 mm?

D12(@25cm
388 mm

60 60

%
010@15cm ©12@25em  G14@15cm 20020

20020

O8@m2 r

NO10@]15¢m

@8 @m2

@14@15cm
500 mm

Figure (4-13) Detailing shear wall (17)
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4.12 Design of Basement Wall

Material:

concrete B300

Fc' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?
)/SOil = 25 KN/m3 ) @soil = 35-00

Cover = 5cm

System and loads

Wall Hight = 4.50m

k,=1—sin@® =1-sin35 = 0.426
P,=k,xyxXh=0.426X 18 X 4.5 = 34.5KN /m?

h 45
H, =P, X = = 453 X — = 96.27 KN/m

2 2
h=2 =2 _ 0278
ST 18 M
P, =k, Xy X hy = 0.426 X 18 x 0.278 = 2.13 KN /m?

14
Hy; =P, Xxh=213%x45=96KN

Loading

—

34.

m\

Moment/Shear

Momentis: spans 1o 1

-51.3

1.03

234

2.47 . 2.03 |
T 1

Shear

17.4 -18.9

58.7
67.2

Figure (4-14) Moment/shear for basement wall
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My = 1.6 X Mpay —ve = 1.6 X 51.3 = 82.1Kn.m
Rp=1.6 X 67.2 =108 Kn

Rg = 1.6 X 18.9 = 30.24 Kn

M = 1.6 X Minax 4ve = 1.6 X 23.4 = 37.44 Kn.m
wall thiknees (t) = 300mm

Design of vertical reinforcement:

wall thiknees (t) = 300mm — assume @18 Ribar
Effective d: —

18
d= 300—50—7=241mm
M, =82.1 Kn.m

M, 82.1 x 10°
Rn = 3bdz = 0.9 x 1000 x 2412~ >/ MPa
m = fy __ 420 _ 20.6
0.85f, _ 0.85 x 24
1 2.m.R, 1 2 % 20.6 X 1.57
= f, |~ 206 1_\/ N 420 = 0.0039
A, = pbd = 0.0039 x 1000 x 241 = 940 mm?
A min = 0.0015bh = 0.0015 x 1000 X 300 = 450 mm?
A, =940 > Ag iy = 450 .......0K
take 14@15cm
For
M. = 37.44 Kn.m
M, 37.44 x 106
Rn = BbdZ ~ 0.0 x 1000 x 2412~ 072 MPa
b 40
0.85f/  0.85x24
1 2.m.R, 1 2 % 20.6 X 0.72
p=—[1-|1- | =508 1— [1- 70 —0.00175

Ag = pbd = 0.00175 x 1000 X 241 = 422 mm? < Ag pinp = 450 mm2TAKE Asmin
take 012@25cm

Design of horizontal reinforcement:

As = 0.0020bh = 0.002 x 1000 x 300 = 600 mm?
take p12@15cm
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*hinge: this design is without any axial force at top of the wall if want to take the axial

force the results maybe change for the worse or for the better:

Np = 243 Kn
Nl =56 Kn

N, =1.2x243 + 1.6 X 56 = 381.2 Kn

for p14@15cm
Mu(KN.m) Nu(KN)
1 82.1 0.0
2 82.1 381.2 From ETABS
a0 point Mu Nu
. n — 1 0 3623.0339
= i
P } 2 81.8869 3623.0339
> 3000
P 3 130.7097 3361.7306
A 2500
D / & 4 166.6755 2830.5646
rEletorshipe 7 2 5 189.5378 2269.4162
~#-with out axial s
force — 10 6 200.6301 1641.7757
with axial . - 7 2155348 1484.407
fore T 8 219.0774 1218.5825
\\\ 500 : .
~— 9 162.4676 592.991
20 20 150 w— @ ) 10 63.4636 -340.3838
T 500 11 0 -802.194

-1000

-1500

As we can see the worst case is when the axial force is equal zero, so the design is safe.
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Materials:

Concrete B300 Fc'=25N/mm2

Reinforcement Steel Fy =420 N/mm2

Design of Flight:
Determination of Thickness:

hmin = L/20 =5.62/20 = 28.1 cm
Take h=30cm

Run =300 mm
Rise = 166.7 mm

The Stair Slope by 6 = tan"(16.67 / 30) = 29°

Dead Load for Flight for 1m Strip:

Table (4-4) Dead Load Calculation of Flight

No. | Parts of Flight Calculation
1 | Tiles 23*0.03*1*((0.35+0.17)/0.3) = 1.20Kn/m
2 | Mortar 22*0.02*1*((0.3+0.17)/0.3) = 0.69Kn/m
3 | Stair (25/0.3) *((0.17*0.3)/2) = 2.125Kn/m
4 R.C 30*0.25*1 / c0s29° = 8.57Kn/m
5 | Plaster 22*0.03*1 / c0s29° = 0.754Kn/m

Sum 12.59Kn/m
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Dead Load For Solid 7 Landing For 1m Strip:

Table (4-5): Dead Load Calculation of Landing.

No. | Parts of Landing | Calculation
1 Tiles 23*0.03*1= 0.69Kn/m
2 Mortar 22*0.02*1= 0.44Kn/m
4 R.C 25*0.3*1= 7.5Kn/m
5 Plaster 22*0.03*1= 0.66Kn/m
Sum 9.3Kn/m
Dead/Live load - Service Load factors: 1.20/1.60,
12.6
0.3 0.3
/4.0 4. 0
0.6 3.81 1.72
3
1
2
1l9
1
11T
03 045 3.3 | 157 0.3
‘ " 06 : 3.3 : 1.72
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Moments:

35.1

0.6 2.47 92. 1.33 1.72

Shear

-58.9

56.5
63.7

Figure (4-16) Moment/shear for stairs

Design of Shear for Flight: - (Vu=56.5 Kn)

Assume bar diameter g 14 for main reinforcement

d =h- cover —dz—" =300 —-20 — % = 273 mm Beam width = 30 cm

Ve ==Vich,, d = 2229 Kn
® V,-0.75%222.9=167.2KN> Vu = 56.5Kn...... The slab thickness is adequate enough

Design of Bending Moment for Flight: - (Mu=92 Kn.m)

Mu =92 Kn.m
Mn=Mu/ ©=92/0.9=102.22 Kn.m

My _ 102.22x10°

N= BbaZ  1000x273%
R,=1.37 MPa
fy 420

m= ; =
0.85f, 0.85%X24

p=%<1 - 1 —%> = 0.003

420

= 20.59
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Asreq = p.b.d = 0.00379 x1000x273 = 923 mm°/m
As min= 0.0018*1000*300 = 540mm?/m

ASreq =923 MM>>Ag min=540mm?/m OK
Select 8614/m
Check for Spacing: -

S =3h =900 mm
280
S = 380*(3 ) —2.5%20 =330
% %420
S =450mm
S =330mm.......... is control

Design of landing:

Mu =75. 4Kn.m
Mn=Mu/0.9 = 83.8 Kn.m
d=273 mm

My, _ 754x10°

= Pba? _ 1000x2732
=1.01 MPa

M =20.59

R

2.m.Rp

p=$<1 - 1 ‘To> =0.0025
As=p*b*d=674 mm/m

Take As=674 mm> As min =450 mm
Take 6 @ 12/m

Temperature and shrinkage reinforcement:

As=0.0018bh = 0.0018 * 1000 * 300 = 540 mm

__As 540 _100_100__
" Asp12z 113 % ST T T g T evoem

Take5 @ 12/m

*hinge: as we know the deflection is directly proportional with load(W) and length of span (L),
And it is proportional to inversely with moment of inertia (1) and modiolus of elasticity (E), from
this we can resist deflection by increase (1) by increase the depth of slab or beam, or increase (E)
by increase area of steel (As) in slab.
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| #1215 L=80cm
—|~embedment not less than 10cmr

170

[1exta2=170]

1 é) RO 4
153/200} [153/20! - [153/20]
[60] [322 122 [30]
[127]

Figure (4-17) Detailing STAIRS

In this stair we decrease the depth to be (250 mm) and increase area of steel to create deflection

L
A <Amax = — :
240
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American Concrete Institute (A.C.l), Building code Requirement for .1
structural concrete (ACI-318M-14).
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